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…

8.1	In-band sharing between systems operating in the aeronautical mobile satellite (route) and aeronautical mobile (route) services

ICAO has outlined that even though AM(R)S and AMS(R)S would represent two different ITU-R services within the frequency band 117.975-137 MHz, the same on-board cockpit avionics system (for VHF communications) would be used for ground and satellite communications. Indeed, AMS(R)S would not correspond to a new aeronautical service but would relay VHF communications operating under the AM(R)S over oceanic and remote areas, without modification to aircraft equipment. AMS(R)S would therefore not trigger new compatibility issue with aircraft system.

ICAO is of the position that if there is any potential interference between AM(R)S and AMS(R)S space stations, it would be resolved by the ICAO through conventional frequency planning exercise, assigning frequencies to the satellite system over interested regions, to ensure compatibility between ground and satellite facilities. Therefore, from an ICAO perspective there is no need to perform a comprehensive compatibility study within ITU-R between these two different services, that cover the same system on-board the aircraft. Both are technically similar services as the same on-board cockpit avionics system (for VHF communications) would be used for ground and satellite communications.

Terrestrial out of band and spurious limits exists to ensure that adjacent and near adjacent channels can coexist when a distant wanted channel is adjacent in the band to an unwanted channel and the unwanted transmitter is substantially nearer to the victim receiver than the wanted transmitter.

AMS(R)S signals will always be subject to a spreading loss in the range of 130-135 dB which exceeds the spreading loss of operation AM(R)S signals by at least 10-15 dB.

Therefore, terrestrial equipment standards intended to minimise the probability of adjacent and near adjacent channel interference are not needed for AMS(R)S equipment installed on a satellite as this form of interference will not occur as a result of an AMS(R)S signal.

The detailed ITU regulatory framework associated with AMS(R)S is outside the scope of this technical report. Article 9 coordination procedures may complement the ICAO framework in order to ensure full compatibility between AM(R)S and AMS(R)S systems. 

A coordination process as defined in RR Article 9 could be considered for a new AMS(R)S allocation in all or part of the frequency band 117.975-137 MHz. An example of coordinationa pfd threshold that could be used for coordination between AMS(R)S transmitting space stations and AM(R)S under a relevant RR No. 9.11A coordination process is provided in Table 12:

Table 12

Coordination Threshold to protect AM(R)S in all of part of the frequency band 117.975-137 MHz

		

		Units

		Aircraft



		k = 1.38064852e-23 (J/K) 

		dBW/K/Hz

		−228.60



		Standard room temperature, T0 = 290 K

		dB-K

		24.62



		Rx noise figure, NF, 

		dB

		6



		Noise density, N0 = kT0 + NF

		dB(W/Hz)

		−197.98



		Protection criteria, I/N 

		dB

		−10



		Max RFI power density at receiver input

		dBW/Hz

		−207.98



		Max RFI power density at receiver input

		dBW/4 kHz

		−172



		Feeder loss

		dB

		2



		Receiver antenna gain

		dBi

		−1



		dBW to dBW/m2 (RR IV Rec. ITU-R P.525 section 2.3: 10 log(4/2))

		dB

		4.18



		Polarization mismatch loss

		dB

		3



		Max AMS(R)S power flux-density at antenna input

		dB(W/(m2 · 4 kHz))

		−161.8







		Parameters

		Units

		Values

		Remarks



		Minimum AM(R)S desired power density

		dBW/m2

		-120

		VDL: Sections 6.3.2 & 6.3.5.2, ICAO Annex 10 Volume III Part I



		Channel bandwidth, Hz

		kHz

		25

		VDL: Section 6.1.4.1, ICAO Annex 10 Volume III Part I



		Minimum AM(R)S desired power density

		dB(W/(m2 · 4 kHz))

		-128

		-120 – 10*log(25kHz/4kHz) = -128

Appendix 3 of Radio Regulations: #8  The reference bandwidth of all space service spurious domain emissions should be 4 kHz. (WRC-03)

Hence, most Article 5 footnotes with pfd on Earth’s surface from space stations have 4 kHz reference bandwidth for frequency bands under 15 GHz, as well as in RR Article 21, Table 21-4.



		Co-channel criteria, D/U

		dB

		20

		Section 4.1.4.1, ICAO Annex 10 Vol V



		Required AM(R)S coordination level

		dB(W/(m2 · 4 kHz))

		-148

		Within the AM(R)S Designated Operational Coverage (DOC)



		Additional path loss from the edge of AM(R)S DOC to a country’s border

		dB

		2

		Using AM(R)S DOC of 480 km range and satellite slant range of 2831 km to a country’s border, 20*log(2831/(2831-480)) = 1.6 dB, round-off to 2 dB.  Note 1



		AMS(R)S space station coordination threshold

		dB(W/(m2 · 4 kHz))

		-150

		Note 2





Note 1: The 480 km range is the Designated Operational Coverage (DOC) to be protected for the existing AM(R)S terrestrial stations.  This is for aircraft operating at a range of 250 nautical miles from the AM(R)S ground stations and 40,000 feet above mean sea level as published by the current global Communication Service Providers.

Note 2: to be applied when the power flux density level of an aeronautical mobile-satellite (R) service space station exceeds −150 dB(W/(m2 · 4 kHz)) on the Earth’s surface over the territory of a country. This level is for coordination between ICAO systems operating in VHF AM(R)S and VHF AMS(R)S services.



An important assumption in the application of the coordination threshold is that it is applied at the antenna input of an AM(R)S receiver onboard an aircraft operating at the edge of a terrestrial service volume, as defined by 250 nmi in range and at 40,000 feet above mean sea level.

[Editor’s note : other ways to address the threshold for coordination are under consideration. In particular, characteristics in Table 12 are still under consideration.]

…



image1.png








image3.emf
USWP5B31-03_Final  NC_r1_RadarSim.docx


USWP5B31-03_Final NC_r1_RadarSim.docx
		U.S. Radiocommunications Sector

Fact Sheet



		Working Party:  ITU-R WP 5B

		Document No:  USWP5B31-03



		Ref:  5B/731-E Annex 17

		Date:  March 07, 2023



		Document Title:  Proposed updates to Working Document towards a Preliminary Draft New Report, ITU-R M.[RADAR SIMULATIONS], “Simulations of performance for specific primary surveillance radars”



		Author(s)/Contributors(s):

Chris Tourigny

FAA Spectrum Engineering Services



Michael Tran

MITRE



		

Phone: 202-267-3071

Email: chris.tourigny@faa.gov



Phone: 703-983-1295

  Email: mtran@mitre.org





		Purpose/Objective:  This contribution proposes updates to Annex 1 of the document 5B/731 Annex 17.



		[bookmark: _Hlk129180084]Abstract:  This contribution proposes additional descriptions to the introduction section and Figure A1-12 regarding radar performance in pulsed interference in Annex 1, to suppress Annex 2 of the Report, some minor updates, and to elevate the status to PDN Report if there is no contribution to Annex 2 of the Report.












		Radiocommunication Study Groups

		[bookmark: ditulogo][image: ]



		

		



		

		



		[bookmark: recibido][bookmark: dnum]Source:	Document 5B/731 Annex 17

Subject:	New Report ITU-R M.[RADAR SIMULATIONS]

		Document 5B/



		[bookmark: ddate]

		10 July 2023



		[bookmark: dorlang]

		English only



		[bookmark: dsource]United States of America



		[bookmark: drec]Proposed Updates to working document towards a preliminary draft new 
report itu-r M.[radar simulations]



		[bookmark: dtitle1]Simulations of performance for specific primary surveillance radars









Introduction

This contribution proposes additional descriptions to the introduction section and Figure A1-12 regarding radar performance in pulsed interference in Annex 1, to suppress Annex 2 of the Report, some minor updates, and to elevate the status to PDN Report if there is no contribution to Annex 2 of the Report.
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Simulations of performance for specific primary surveillance radars



[Editors’ Note: There are two annexes to this report that study similar topics. The development of annex 1 is more mature for the review necessary to elevate to Draft New Report. The development of Annex 2 is still in progress. A proposal was made in the November 2022 WP5B meeting to split the Annexes and move the material in Annex 1 inA/Dto a separate report for finalization. The meeting decided to provide another meeting cycle to review the status of the development of the annexes and if no further significant progress can be made in Annex 2, Annex 2 will considered to be suppressed to allow the more mature material to be considered for elevation.]
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Glossary / Abbreviations

A/D:	Analog-to-digital converters

ATC:	Air traffic control 

BPF:	Bandpass filter

CA-CFAR:	Cell averaging constant false alarm rate

CIC:	Cascaded integrator comb

CFAR:	Constant false alarm rate

CPI:	Coherent processing interval

CUT:	Cell under test

DFT:		Discrete Fourier transform

DSP:		Digital signal processing

FFT:		Fast Fourier transform

I/N:		Interference to noise ratio

LFM:	Linear frequency modulation

LNA:	Low-noise amplifier

LP:	Long pulse

MP:	Medium pulse

NLFM:	Non-linear frequency modulation

NM:	Nautical miles

OFDM:	Orthogonal frequency-division multiplexing

PD:	Probability of detection

PFA:	Probability of false alarm

PRF:	Pulse repetition frequency

PRI:	Pulse repetition interval

PSR:	Primary surveillance radar

QPSK:	Quadrature phase shift keying

RF:	Radio frequency 

RCS:	Radar cross-section

SNR:	Signal to noise ratio

WCSS:	Wideband communication system signal 

Related ITU Recommendations and Reports

Recommendations

ITU-R M.1461-2	Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services

ITU-R M.1463-3:	Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz

ITU-R M.1464-2:	Characteristics of non-meteorological radiolocation radars, and characteristics and protection criteria for sharing studies for aeronautical radionavigation and meteorological radars in the radiodetermination service operating in the frequency band 2 700-2 900 MHz

ITU-R M.1465-3:	Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency range 3 100-3 700 MHz

Introduction

Primary surveillance radars (PSR) are used in an extensive range of applications, including air traffic control, weather monitoring and emergency search and rescue operations. Many PSRs are fixed and ground based, while those that are used for search and rescue activities are typically mounted on mobile platforms such as ships and aircraft. 

Although the principles of operation of all PSRs are the same, there is a high level of diversity in radio frequency (RF) pulse generation (transmit chain) and detection algorithms (receive chain). Therefore, detailed analysis of both the transmit and receive chains, including differences in signal processing algorithms is required to obtain a measure of system performance.

Modern PSRs are typically designed using software models of electronic components. Since there is a high level of diversity between PSR transmit and receive chains, radar performance under different interference scenarios can be effectively modelled in a software environment.

The software modelling approaches that are demonstrated in this report provide a way to estimate system performance with respect to a range of example interference sources and radar types. This flexibility offers the ability to change various parameters at various stages and obtain information on resultant radar performance. 

This report demonstrates and provides examples for the:

a)	simulation of radar transmit pulses;

b)	simulation of receiver chain signal processing steps;

c)	simulation of various interference sources; and

d)	prediction of PSR performance when affected by a selected set of interference sources.

Given the diversity of radar types, the impact on a PSR from a given interference source is application dependent. For example, the performance criteria of interest for weather radars can be different to that of air traffic control radar. The weather radars are not modelled in this report.

It is noted that each radar deployed has its own contract of performance and all of them cannot be addressed or studied at ITU-R level.  This report is specific and uses some architecture of one or two designs of PSR since not all radar processing blocks are modelled due to their unavailability. Hence, the simulation results can’t be generalized to other radars in the same band or in different frequency bands.

Example results from software simulation are presented in one or more of the following formats:

a)	for pulsed signal interference, probability of detection as a function of signal-interference to-noise ratio (I/N) at variousunder pulsed interference with various pulse-widths and duty cycles with no frequency offset signal levels‑expressed with respect to receiver noise floor.

b)	probability of detection as a function of signal-to-interference ratio for a given radar receiver.

c)	maximum range of detection as a function of interference level, expressed with respect to receiver noise floor, for a given constant radar cross section; and

d)	minimum detectable (at a given probability of detection) radar cross-section at a fixed distance as a function of the level of interference.

Furthermore, simulation of transmit chain can be particularly useful for studying performance of other systems that could be impacted by radars.

This report provides examples of simulated results of select radars that are in operation in some administrations in the presence of various interference sources based on various software implementations and a range of relevant parameters (e.g., probability of detection, frequency range, radar type, etc.).  This report is not intended to initiate changes to the established radar protection criteria in ITU-R Recommendations.

Annex 1 in Tthis Report contains two Annexes that provides example simulations performed for a given set of assumptions. The assumptions that were used and the results that were obtained are unique to the types of radars and the specific simulation tools chosen. Thus, it should not be generalized to give the impression that these simulations and their associated conditions would be applicable to all situations.

Annex 1 presents simulations of the radar performance for several air traffic control PSRs in the presence of various example interference sources (pulsed and continuous). PSRs are used worldwide to separate and control air traffic in the airport terminal areas, in en-route airspace between airports, and on the surface of airport runways. Many of the PSRs also provide weather data that can be used to assist pilots with navigating around storms; however, the weather applications are not modelled in this Annex.

Annex 2 presents a comprehensive technical investigation on the radar simulated performance degradation in the presence of high duty cycle digitally modulated signals, particularly to enhance the understanding of effects of potential interference into radars from the signal waveforms of modern wideband communication systems.  




Annex 1

Example simulations of performance for particular primary surveillance radar

A1.1	Introduction

The basic principle of a PSR is to transmit high-energy electromagnetic signals of modulated or unmodulated waveforms through a directive high-gain antenna and to receive the reflections of those signals for processing to extract target information such as object range, azimuth, and velocity. A simple block diagram of a PSR is shown in Figure A1-1.

Figure A1-1

A simplified block diagram of a modern primary surveillance radar
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En-route air traffic control (ATC) PSRs currently use the frequency band 1 215-1 350 MHz (up to 1 370 MHz in some Ccountries) and the airport-area ATC PSRs use the frequency band 2 700‑2 900 MHz. The system characteristics and protection criteria for the en-route ATC PSRs are found in Recommendation ITU-R M.1463-3 and the airport-area ATC PSRs are found in Recommendation ITU-R M.1464-2. PSRs may be located at other locations than at airports according to the operational requirement.

[bookmark: _Toc451440026]A1.2	Transmitters

ATC PSRs peak output power ranges from 25 kW solid-state transmitters to high power 5 MW klystron transmitters. They use a variety of modulations including continuous wave pulses, linear frequency modulated (chirped) pulses, and non-linear frequency modulated (chirped) pulses. PSRs utilize either a single frequency or multiple frequencies with and without sub-carrier frequencies for frequency diversity for target detection enhancement in poor weather.

A subset of the system characteristics for three sample ATC en-route PSRs operating in the frequency band 1 215‑1 390 MHz, found in Recommendation ITU-R M.1463-3, are provided in Table A1-1:

Table A1-1

Sample of Characteristics of air traffic control, en-route primary surveillance radars 
operation in the frequency band 1 215-1 390 MHz

		Parameter

		Units

		System 2

		System 8



		Peak power into antenna

		dBm

		80

		78.8



		Frequency range

		MHz

		1215-1390

		1240-1350



		Pulse duration

		µs

		88.8; 58.8 (Note 1)

		115.5; 17.5 (Note 2)



		Pulse repetition rate

		Pps

		291.5 or 312.5 average

		319 average



		Chirp bandwidth

		MHz

		0.77

		1.2



		Compression ratio

		

		68.3:1 and 45.2:1

		150:1; 23:1



		RF emission bandwidth (3 dB)

		MHz

		1.09

		1.2



		Antenna maximum gain

		dBi

		32.4-34.2, transmit

33.8-40.9, receive

		34.5



		Antenna azimuthal beamwidth

		degrees

		1.4

		1.2



		Antenna horizontal scan characteristics

		Rpm

		360 dego at 5 rpm

		360 dego at 5 rpm



		Receiver IF bandwidth

		kHz

		690

		1 200



		Receiver noise figure

		dB

		2

		3.2



		Platform type

		

		Fixed

		Fixed



		NOTE 1 – The radar has 44 RF channel pairs with one of 44 RF channel pairs selected in normal mode. The transmitted waveform consists of an 88.8 µs pulse at frequency f1 followed by a 58.8 µs pulse at frequency f2. Separation of f1 and f2 is 82.854 MHz.

NOTE 2 – This radar utilizes two fundamental carriers, F1 and F2, with two sub-pulses each, one for medium range detection and one for long range detection. The carriers are tunable in 0.1 MHz increments with a minimum separation of 26 MHz between F1 (below 1 300 MHz) and F2 (above 1 300 MHz). The carrier sub-pulses are separated by a fixed value of 5.18 MHz. The pulse sequence is as follows: 115.5 μs pulse at F1 + 2.59 MHz, then a 115.5 μs pulse at F2 + 2.59 MHz, then a 17.5 μs pulse at F2 – 2.59 MHz, then a 17.5 μs pulse at F1 – 2.59 MHz. All four pulses are transmitted within a single pulse repetition interval.







A subset of the system characteristics for three sample ATC airport PSRs operating in the frequency band 2 700‑2 900 MHz, found in Recommendation ITU-R M.1464-2, are provided in Table A1-2:

Table A1-2

Sample Characteristics of air traffic control airport primary surveillance radar 
operating in the frequency band 2 700 - 2 900 MHz

		Parameter

		Units

		Radar A

		Radar B

		Radar C



		Platform type (airborne, shipborne, ground)

		

		Ground, ATC

		Ground, ATC

		Ground, ATC



		Peak power

		kW

		1 400

		1 320

		25



		Pulse duration

		µs

		0.6

		1.03

		1.0, 89.0; (Note 1)



		Pulse repetition rate

		pps

		973-1 040 (selectable)

		1 059-1 172

		722-935 (short impulse)

788-1 050 (long impulse)



		Duty cycle

		%

		0.07 max

		0.14 max

		9.34 max



		Chirp bandwidth

		MHz

		N/A

		N/A

		2



		Compression ratio

		

		N/A

		N/A

		89



		RF emission bandwidth (−20 dB)

(−3 dB)

		MHz

		6

		5



0.6

		2.6 (short impulse)

5.6 (long impulse)

1.9



		Antenna main beam gain

		dBi

		33.5

		33.5

		34



		Antenna azimuthal beamwidth

		degrees

		1.35

		1.3

		1.45



		Antenna horizontal scan characteristics

		degrees/s

		75

		75

		75



		Receiver IF 3 dB bandwidth

		MHz

		13

		0.7

		1.1



		Receiver noise figure

		dB

		4 maximum

		4 maximum

		3.3



		(1)NOTE 1 – This radar utilizes two fundamental carriers with a minimum separation of 30 MHz.







Modelling primary surveillance radar transmitter signals

The received electromagnetic signal can be expressed as:

		s(t) = A(t) sin (2fot + (t))	(1)

where:

	f0 =	radar transmit carrier frequency (Hz);

	A(t) =	signal amplitude (Volts) as a function of Swerling I distribution (varying from scan to scan) and the fixed signal amplitude at a specified distance;

[bookmark: _Hlk65632464]	(t) =	signal down-chirp instantaneous phase (rad) = 2(f0t – (*df/0)t2) for -0/2 ≤ t ≤ 0/2, where f0 = radar center frequency, 0 = radar pulse width, and df = radar chirp frequency.

The phase of the transmitting signal, (t), can be modelled for unmodulated narrow pulse or linear frequency modulated (LFM) long pulse. 

It is important that the software model of the ATC PSRs match closely to the actual systems. A comparison of modelled signal spectrum with the measured spectrum is necessary to validate the model.

[bookmark: _Toc451440027]A1.2.1	Modelling radar C

This radar utilizes two fundamental carriers, F1 and F2, with a minimum separation of 30 MHz between F1 and F2. Two frequencies are provided to compensate the atmospheric fading, distortion, and other effects on any one frequency.  Effects that degrade one frequency are not expected to affect the other frequency farther away. Radar C transmits on four different frequencies, F1 ± 0.5 MHz and F2 ± 0.5 MHz, as shown on Figure A1-2.

Figure A1-2

Radar C transmitting sequence
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A1.2.2	Modelling radar system 8

Figure A1-3 shows the complex baseband chirp signal with 2 long pulses (modulated with F1 + 2.59 MHz and with F2 + 2.59 MHz, respectively) and 2 medium pulses (modulated with F2 – 2.59 MHz and with F1 – 2.59 MHz, respectively) with a gap of 4 µs between each pulse.

Figure A1-3

Radar system 8 normalized baseband chirp pulses

[image: ]

A1.3	General descriptions of radar receivers

The general radar architecture and values can be different from other manufacturers, depending on the type and application of the radar.

In modern solid-state PSRs, reflected radar signals are received and processed through a chain of electronic components such as RF filters, low-noise amplifiers (LNA), beamformers, RF down-converters, analog-to-digital converters (A/D), matched filters, pulse compressors, Doppler filters, envelope detectors, coherent/non-coherent integrators, constant false alarm rate processors, and target detectors. Depending on the specific design and purpose of a PSR system, some signal processing methods are not used.  Figure A1-4 shows a simplified block diagram of a modern PSR receiver.

Figure A1-4

Simplified block diagram of a modern primary surveillance radar receiver
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RF down converter

The RF signal received from the radar antenna goes to a RF filter and to a wideband LNA amplifier that operates over a large dynamic range (> 90 dB) and can accept signals up to –20 dBm without saturation.  The noise figure of the LNA is typically less than 3 dB.  This effectively establishes the system noise figure for a radar. This received RF signal is routed into the F1 bandpass-filter (BPF) and the F2 BPF before down-converting to intermediate frequencies (IF #1 and IF #2), respectively.  The signals are passed through several stages of the IF processing chain (amplifier and filter) such that they fall within the dynamic range of the A/D converters. The I/Q splitter separates the digital signals into in-phase data (I) and quadrature-phase (Q), F1 I/Q signals and F2 I/Q signals, as shown in Figure A1-4.

Pulse compression

Radar range resolution depends on the bandwidth of the received signal, which is inversely proportional to the pulse duration.  So, short pulses (SPs) are better for range resolution. The received signal strength is proportional to the pulse duration.  Since the amplitude of the transmit pulse is limited by the maximum power of the radar, long pulses (LPs) provide higher energy and are better for signal reception. Pulse compression is employed to transmit a long pulse that has a bandwidth of a short pulse, by frequency modulating (linear FM or non-linear FM) or phase modulating (phase coded) the transmitted long pulse. The bandwidth of the linear/non-linear FM waveform is known as the chirp bandwidth. The matched filter is designed to maximize the signal-to-interference ratio in the presence of receiver noise. The pulse compression matched filter matches the received waveform with the reference waveform, through a correlation process or fast Fourier transform (FFT)-process, which provides the delays corresponding to the target ranges. Hence, each long pulse is compressed down to 1 µs (the radar range resolution).

Figure A1-5 provides the details of the generation of the discrete complex signal to be input to the pulse compression block.

Figure A1-5 

Simplified block diagram of a last IF stage receiver
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Let xk = Ik + jQk, the received complex samples, be the inputs to the pulse compression block and yk be the replica waveform samples, then the correlation of xk and yk is given below:

		

for n = 0, 1, 2, …, M-1, where M is the number of samples covering the entire radar pulse.

Figure A1-6 shows a simplified block diagram for radar pulse compression using a fast convolution technique, where the complex waveform samples, xk = Ik + jQk, are used as the inputs.

Figure A1-6

Simplified block diagram of radar pulse compression using fast fourier transform technique
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Fast convolution is used to implement the correlator. Taking the discrete Fourier transform (DFT), which can be efficiently computed using FFT algorithms, on both sides of the above equation, we have:

		

		

for k = 0, 1, 2, …, M-1.

Rearranging the above equation, we have:

		

		

where:

		

		

Now, the time-domain correlation sequence can be computed by taking the inverse DFT of Z(k):

		

for n = 0, 1, 2, …, M-1.

[bookmark: _Toc451440028]A1.4	Example simulated performance in various noise environments

A1.4.1	Radar system 8 analysis and simulation

[bookmark: _Hlk523151803]Figure A1-7 shows the radar medium pulse (cosine-square shape for the rising edge and falling edge) and the normalized power spectrum (shape pulse and rectangular pulse). The spectrum of the shape pulse has better emission levels outside the main lobe than the spectrum of the rectangular (rec) pulse.

[bookmark: _Hlk523151277]Figure A1-7

Radar medium pulse and its normalized power spectrum

		[image: ]

		[image: ]





The following assumptions are made for the purpose of this example: the System 8 radar is required to meet a probability of detection (PD) of 80%, the target is a Swerling I with radar cross section of 2.2 m2 at 200 nautical miles (NM), and the probability of false alarm (PFA) is 1x10-6.  Table A1-3 shows the derivation of the single-pulse (LP) received signal-to-noise from a target radar cross section of 2.2 m2 at 200 NM, based on the equation below:



The above assumptions are not strictly link to System 8 and some applications may have other performances, sometimes even more stringent.

Table A1-3

Derived single-pulse received signal-to-noise for a 2.2 m2 radar cross-section target at 200 NM

		Parameters

		Units

		Long pulse
(113 µs)

		Long Pulse
(115.5 µs)



		Pt = Transmit power, (50kW LP)

		dBW

		46.99

		46.99



		G = Max antenna gain

		dBi

		35.00

		35.00



		Carrier frequency (1 240-1 350 MHz)

		MHz

		1 350

		1 350



		Wavelength, 

		m

		0.22

		0.22



		Target cross section area, 

		m2

		2.20

		2.20



		Transmit pulse width (115.5+/−2.5 µs), 

		s

		1.130E-04

		1.155E-04



		Receiver

		

		

		



		Thermal noise, No = kT0

		dBW/Hz

		−203.98

		−203.98



		Rx noise figure, F

		dB

		3.20

		3.20



		Rx noise, No + F

		dBW/Hz

		−200.78

		−200.78



		Rx noise bandwidth, (1/)

		Hz

		8 849.56

		8 658.01



		System implementation Loss, L

		dB

		1.00

		1.00



		Range, R = 200 NM, in dB

		dB

		55.69

		55.69



		Received single-pulse S/N from 200 NM

		dB

		11.93

		12.03







The received signal level from the target fluctuates due to reflections that occur due to complex formed surfaces across the target’s radar cross-section (RCS). The Swerling models (I – V), based on the Chi-square probability distribution with specific degrees of freedom, are used to describe the statistical properties of the radar cross-section of complex objects:

–	Swerling I model, a Chi-square distribution with two degrees of freedom, applies to a target consisting of many independent scatterers of roughly equal areas like airplanes, where the radar cross-section is constant from pulse to pulse in a single scan, but varies independently from scan to scan. The Swerling I model is a good model to use for a surveillance radar.

–	Swerling II model is similar to Swerling I model, except the RCS values are independent and vary from pulse to pulse.  The Swerling II model is a good model for a target tracking radar.

–	Swerling III model, a Chi-square distribution with four degrees of freedom, applies to a target consisting of one dominant reflector with many independent small scatterers, where the radar cross-section is constant from pulse to pulse in a single scan, but varies independently from scan to scan.

–	Swerling IV model is like the Swerling III model, except the RCS varies from pulse to pulse, rather than from scan to scan.  Examples include some helicopters and propeller driven aircraft.

–	Swerling V model, also known as Swerling 0, applies to the targets (without any fluctuation) with a constant RCS.

The radar simulation models the received amplitude variations from only RCS fluctuation in order to compare with the previous measured radar tests, for comparison purpose.  Hence, the simulation didn’t take into the received signal power variations due to atmospheric, clutter, diffraction, ducting, etc.

Based on the radar scan rate and the 3-dB radar beamwidth, there are about 12 radar pulses hitting the slow-moving target per the 3-dB radar beamwidth.  However, for the fast-moving targets, the number of radar pulses hitting the target per 3-dB radar beamwidth will be smaller. System 8 radar is built to provide a 5-pulse non-coherent processing technique to improve the probability of target detection.  Utilizing 5-pulse non-coherent processing and assuming the PFA of 1x10-6, Figure A1-8 plots the System 8 PD, as a function of a single-pulse signal power to noise power ratio (S/N in dB).  Figure A1-8 also includes the case of PFA = 3.5x10-6 and the case where the number of pulses for non-coherent processing is reduced by 1, keeping PFA at 1x10-6.

Figure A1-8 

System 8 radar: single-pulse signal to noise ratio as a function of
 probability of detection and probability of false alarm

[image: ]

From Figure A1-8, the single pulse S/N of 11.9 dB is required to meet a Swerling-I probability of detection, PD = 80% with a probability of false alarm, PFA = 1x10-6.  Hence, the single-pulse (long pulse) received S/N of 11.93 dB in Table A1-3 meets the required single-pulse S/N from Figure A1‑8. 

Cascaded integrator comb (CIC) decimation filter is a computationally efficient, linear phase, narrowband low-pass filter, which is used to filter out the signals at the 5.18 MHz offset.  When the received RF signal is down-converted to IF and then from IF to baseband, the resulting signal will have a combination of LP and medium pulse (MP) signals at 0 Hz and at 5.18 MHz, depending on desired LP or MP processing chains. For example, the processing chains for the LP signal will have the LP signal at the baseband and the MP signal at 5.18 MHz.  Similarly, the processing chains for the MP signal will have the MP signal at the baseband and the LP signal at 5.18 MHz.  CIC decimation filter designed with very deep null at 5.18 MHz is used to filter out the undesired signal in each chain and has the following transfer function:



Figure A1-9 shows the CIC filter frequency response, where the signal at the baseband will pass through and the signal with spectrum around 5.18 MHz will be filtered out.

[bookmark: _Hlk35607002]Figure A1-9 

Cascaded integrator comb filter magnitude frequency response 

[image: ]

Figure A1-10 shows an example of the LP radar signal processing chains from LP IF signal (after A/D converter) through IF phase rotation processing, CIC filter processing, IF gain correction, and the LP compressed signal processing: the normalized received IF long pulse (top left), the normalized compressed LP – In-phase (I) component (top right), the normalized compressed LP – Quad-phase (Q) component (bottom left), and the normalized compressed LP – I minus Q (bottom right), where the compressed signal is normalized to the maximum amplitude of (I – Q). The normalized compressed (I – Q) provides an enhanced signal detection (the presence of a peak clearly shown the presence of the LP signal from noise), as compared to the use of normalized compressed I alone or Q alone.

Figure A1-10 

Example of radar processing from the received IF signal to the pulse compressed signal
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Using the required probability of false alarm, PFA = 1x10-6 and a required radar cross section of 2.2 m2 at 200 NM, Figure A1-11 shows that the Swerling I simulated probability of detection (PD) with the integration of 5 pulses from the I-component, as a function of single pulse S/N (dB), closely matches the Swerling I theoretical PD with the integration of 5 pulses.  For each S/N value, each PD in Figure A1-11 is the average of 11 PD from 11 runs, each run of 50,000 long pulses (sampling at 82.88 MHz).

[bookmark: _Hlk52930188]Figure A1-11 

Swerling I – Probability of detection (integration of 5 pulses)

[image: ]

[bookmark: _Hlk129164733]Figure A1-12 shows the simulated Swerling I probability of detection as a function of I/N under pulsed interference with various pulse widths and duty cycles with no frequency offset. Each point ‘o’ is based on 8,000 scans of 5 long pulses, sampling at 82.88 MHz.  Note that in Figure A1-12, the I/N represents the peak pulse interference power over the receiver average noise power.  The simulation includes the Doppler effects of aircraft traveling away from the radar, which results in pulses delaying at the radar receiver.  The blue horizontal line represents the desired signal to noise ratio (SNR) with PD = 80%. The red horizontal line is the probability of detection when the desired SNR is reduced by 1 dB from interference (see Figure A1-11). From Figure A1‑12, the system 8 radars with an average transmit duty cycle of 3.68 % (115.5 µs of long pulse multiplied by the pulse repetition frequency of 319) can tolerate a high level of I/N up to +30 dB for pulsed interference signals with low duty cycles up to 0.4% but can tolerate only to I/N of +10 dB for pulsed interference signals with a duty cycle of 0.5%.

[bookmark: _Hlk67436330]Figure A1-12 

Swerling I – Probability of detection with on-tune peak pulse interference

[image: ]

Figure A1-13 shows the simulated Swerling I probability of detection as a function of I/N under the broadband long-term evolution (LTE) signal interference and under white noise interference. Each point ‘o’ is based on 10,000 scans of 5 pulses, sampling at 82.88 MHz. The simulation includes the Doppler effects of aircraft traveling away from the radar, which results in pulses delaying at the radar receiver.  The blue horizontal line represents the desired SNR (PD around 80%) and no interference. From Figure A1-13, the broadband LTE signals have somewhat higher interference effects on the radar, compared to the interference effects of the white noise for several high levels of I/N.

Figure A1-13 

Swerling I – Probability of detection in the broadband long term evolution signal interference
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[bookmark: _Toc451440029]Annex 2

[bookmark: _Toc451440030]Impact on radar probability of detection due to interference from 
wideband communication signals

Scope

An investigation on the radar performance degradation due to the presence of high duty cycle digitally modulated communication signals (such as orthogonal frequency-division multiplexing (OFDM)) is presented in this report. The aim of this study is to enhance the understanding of effects of interference into radars from the signal waveforms of modern wideband communication systems.

This report provides a comprehensive technical investigation on the radar performance, i.e., degradation in the probability of detection in the presence of high duty cycle digitally modulated miscellaneous nature communication signals, particularly to enhance the understanding of effects of interference into radars from the signal waveforms of modern wideband communication systems.

[bookmark: _Toc400022548][bookmark: _Toc451440031]A2.1	Introduction

The interference analysis between a radiodetermination service and systems in other services to date has considered an interference-to-noise ratio (I/N) limit that should not be exceeded as a given protection criteria (refer to Recommendation ITU-R M.1461). This limit is set so that the increase in the noise floor due to interference is not exceeded typically by 1 dB at the input of the detector.

Radar receiver matched filters are designed to maximize the signal-to-interference ratio in the presence of receiver noise. Some digital communications modulation techniques, whilst “noise like” when averaged over hundreds of milliseconds, have a significant structure in both the frequency and time domains over the shorter periods typical of a radar pulse (e.g., microseconds) and radar coherent processing interval (CPI). When applied to the pulse compression filter, this structure may produce “peaks” in the compressed output which may result in localized noise floor increases after coherent processing. The localized noise floor increases may result in false alarms and greater desensitization of the radar. 

Hence when the interfering signal is of high duty cycle, at even low power levels as much as 6 dB below noise level, there will be degradation to radar detection performance. Objects that would otherwise be detected will be lost due to the presence of low level interference that is not necessarily visible on the radar display. 

Hence the degradation of the probability of detection depends on the nature of the communication signals.

Section 2 includes a schematic of typical radar, descriptions of the widely used processing methods of pulse compression, Doppler filtering, and constant false alarm rate (CFAR) detection. Section 3 outlines the simulation process and types of interference signals used in the simulations. The results of the analysis are provided in annexes 1-3. Section 4 has conclusions and an interpretation of the results.

[bookmark: _Toc400022549][bookmark: _Toc451440032]A2.2	Radar schema

Figure A2-1 shows a simplified radar block diagram. Some signal processing steps are omitted for clarity. Most signal processing steps are linear and could happen in different order to shown in the Figure A2-1.

FIGURE A2-1





The Report analyses the output at each of four observation points A, B, C and D. 

At point (A): Radar returns in fast-time (uncompressed range) and slow-time (pulse index) domain. Assumes a single channel after beamforming stage.

At point (B): Radar returns after applying matched filter based pulse compression. In compressed range and slow-time domain.

At point (C): Range-Doppler map after Doppler processing.

At point (D): A detection map in binary form is obtained after CFAR detection. Monte-Carlo simulations are used to generate probability of detection curves from detection maps.

[bookmark: _Toc400022550][bookmark: _Toc451440033]A2.2.1	Radar processing steps

A simplified radar schematic diagram is shown in Figure A2-1. In this radar schematic two different sections are readily identifiable, analogue RF stage and the digital signal processing (DSP) stage. The current interference analysis between radar and systems in other services is assessed within the RF stages. This is conducted with respect to two different criteria; the saturation of the low noise amplifier and the I/N ratio at the IF stage. The focus of this Report is how the DSP stages act on different interfering signals. These DSP stages include pulse compression, Doppler filtering, and CFAR detection.

[bookmark: _Toc400022551][bookmark: _Toc451440034]A2.2.2	Pulse compression

Pulsed Doppler radars typically send a burst of pulses in the direction of interest. The amplitude of each transmit pulse is limited by the maximum power constraints of the radar. Therefore, pulse energy is dependent on the pulse width. Increasing the pulse energy improves the signal to noise ratio (SNR) of target returns, hence detection performance. On the other hand, the range resolution of radar is directly proportional to the pulse width. Better resolution requires shorter pulses. In order to satisfy these contrasting requirements, pulse compression waveforms are used. 

Pulse compression waveforms are obtained by adding frequency or phase modulation to a simple pulse. The most common types of pulse compression waveforms include linear FM, non-linear FM, bi-phase and poly-phase codes. The bandwidth of the linear/non-linear FM waveform is known as the chirp bandwidth. The pulse compression filter in the receiver chain is matched to this transmit waveform, which effectively peaks its response to a returned pulse at a delay corresponding to target range. This is done by sampling the returned pulse within the pulse width, known as fast-time sampling. 

Linear and non-linear FM waveforms are considered in this Report. Pulse width and chirp bandwidth as specified in Recommendations ITU-R M.1463 and ITU-R M.1464 used in the analysis. Matched filter based pulse compression is applied.

[Editor’s note: Clarification on the difference of the Tx BW and the Rx IF bandwidth should be included here, and wherever required. Should radar Tx BW match the Rx bandwidth?]

[Australia comment: Non-linear chirps create wider emissions not captured by 3 dB BW, so wider IF BW is required. For System 9 in Recommendation ITU-R M.1463, 3 MHz RF emissions is for the primary radar mode. Radar has other modes which requires wider RF emissions (up to 8 MHz). Additionally, radar received data are oversampled for reasons like reducing straddling losses, and this requires IF BW to be sufficiently large.] 

[Chairman’s note: Several references in the ITU refer to the necessary bandwidth of a radar being the 20 dB BW and not the 3 dB BW]

[bookmark: _Toc400022552][bookmark: _Toc451440035]A2.2.3	Doppler processing

Doppler processing refers to spectral analysis of the radar returns from a fixed range over several pulses. The sampling of radar returns at a fixed range is referred to as slow-time sampling. Doppler processing usually involves coherent integration of target returns from several pulses within an interval referred as CPI. Doppler processing differentiates targets based on their radial velocities and improves target SNR, hence detection, proportional to the coherent processing gain.

The period between two consecutive pulses or slow-time sampling interval is called pulse repetition interval (PRI). The reciprocal of PRI is called pulse repetition frequency (PRF). A simple form of Doppler processing involves applying a windowed Fourier transform in slow time on complex radar returns to generate a Doppler spectrum. The unambiguous Doppler spectrum will be limited from 
–PRF/2 to +PRF/2. This form of Doppler processing is used in the analysis with Chebyshev windowing with sidelobe level 40 dB below the mainlobe magnitude in the frequency domain.

[bookmark: _Toc400022553][bookmark: _Toc451440036]A2.2.4	Constant false alarm detection

A range-Doppler map is obtained after pulse compression and Doppler processing stages. This range-Doppler map is then passed through a detector to identify possible targets. Modern radars usually use an adaptive threshold detection scheme called CFAR detection to achieve predictable detection and false alarm behaviours. Each cell in the range-Doppler map is tested for possible target existence. The underlying interference of each cell under test (CUT) is estimated using set of reference cells in the neighbourhood. A number of immediately neighbouring cells (guard cells) are omitted when choosing reference cell, to avoid target energy spill over to adjacent cells. CFAR algorithms defer on how reference cells are used to estimate the interference in CUT.

The simplest form of CFAR scheme is known as cell averaging CFAR (CA-CFAR) and visualised in Figure A2-2. In CA-CFAR reference cells are summed to get the interference estimate in CUT. This interference estimate is multiplied by a threshold multiplier (set by the acceptable false alarm rate) to compute the threshold. The threshold is compared to CUT to declare a target detect. The threshold is computed for each cell in the range-Doppler map. The output of the CFAR will be a binary map indicating target detects.

In this Report, CA-CFAR with 32 reference cells (8 cells with 4 guard cells in each direction unless CUT is at an edge of the range-Doppler map) is used. Threshold multiplier is set to obtain a probability of false alarm (Pfa) of 10-4. 

Figure A2-2

The schematic of the typical constant false alarm rate process 





[bookmark: _Toc400022554][bookmark: _Toc451440037]A2.3	Simulation process and types of output 

[Editor’s note: Clarify the terminology used for interfering signals]

[Australia comment: Characteristics of the interfering signals are described in section 3.2]

[bookmark: _Toc400022555][bookmark: _Toc451440038]A2.3.1	Radar characteristics

Three studies are considered in this annex: airborne radars in the frequency band 1 300-1 400 MHz, ground-based radars in frequency band 1 300-1 400 MHz and shipborne radars in frequency band 2 700-3 500 MHz. Two of these radars are modern electronically steerable type radars using multiple antenna elements. These radars have a wide IF bandwidth and ability to track objects simultaneously in multiple directions. The other is a conventional horn-fed reflector antenna which is mechanically rotated for search and tracking of objects. The results are for average and worst case probability of detection degradation due to interference at a level compatible with protection criteria currently recommended in Recommendations ITU-R M.1461-2, ITU-R M.1463-3, ITU‑R M.1464-2 and ITU-R M.1465-3.

Table A2-1

		Parameter

		Units

		Airborne radar (Systems 9 Rec.
ITU-R M.1463)

		Ground based radar (Systems 8 Rec.
ITU-R M.1463)

		Shipborne radar 
(Radar M Rec.
ITU-R M.1464)



		Pulse width 

		μs

		14

		115.5*

		20



		Chirp bandwidth

		MHz

		2

		1.2

		2

[Editor’s note: Check this value]Rec. states “up to 20 MHz”, we chose 2 MHz.



		Pulse repetition frequency

		kHz

		7

		0.319

		10



		Receiver IF bandwidth

		MHz

		10

		1.2

		10

[Check the value]Rec. states “10-30 MHz”. We chose 10 MHz.



		Receiver noise figure

		dB

		3

		3.2

		1.5



		*	Single transmit frequency and single pulse width is used.





[bookmark: _Toc400022556]

[bookmark: _Toc451440039]A2.3.2	Modern wideband communication system signal characteristics

Two types of interference are applied. In both cases the interference level is set at 6 dB below the receiver noise level. 

1	Interference caused by OFDM communications signals. Interference signals are generated according to 3rd Generation partnership project Release 8 specifications. Fully loaded frames with 25 resource blocks (5 MHz channel bandwidth) with frequency division duplexing, quadrature phase shift keying (QPSK) modulation, single transmission antenna, and single receiving antenna are used. Each frame is 10 ms in duration. The spectrogram of a single ‘fully loaded’ co-channel frame is shown in Figure A2-3. Some of the visible structure in the OFDM signal is explained in the Figure. 

2	Gaussian interference is also applied to investigate whether interference caused by wideband communications signals differs from typical Gaussian interference. The spectrogram of the signal is shown in Figure 4.

3	SC-OFDM uplink interference [TBD]

[Editor’s note: Add a time signal representing the signal below.]

[Australia comment: Visible structures in the OFDM signal are explained in Figure 3.] 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure A2-3

Spectrogram of the interfering wideband quadrature phase shift keying communication signal fully loaded with user data downlink only (scale in dBW) (Baseband signal no carrier)

[image: Graphical user interface

Description automatically generated]

Figure A2-4

Spectrogram of the interfering Gaussian signal (scale in dBW) 

[image: Chart

Description automatically generated]

[bookmark: _Toc400022557][bookmark: _Toc451440040]A2.3.3	Simulation process

Simulations have been carried out in several steps:

Step 1

Input the interfering wideband communication system signal (WCSS) signal to the radar receiver chain after the digital receiver. The output at the locations A, B and C of Figure 1 are shown in Figure A1.1, Figure A1.2 and Figure A1.4, respectively. Radar waveform and signal processing parameters are given in Annex 1.

Step 2

Objects of varying amplitudes (SNR) are randomly placed at cells in the range-Doppler map. Probability of detection of such Objects for various SNR levels is computed using Monte-Carlo simulations at a fixed false alarm rate. The SNR is swept from 2‑22 dB (see Figure A1.5 and others).

Step 3

Objects of varying amplitudes are placed at the range-Doppler cell where the highest noise floor increase exits. This is referred as the “worst case” scenario. The SNR is swept from 2‑22 dB (see Figure A1.5 and others).

Step 4

Repeat the Steps 1 to 3 with a Gaussian signal as an interferer.

Note that interference signal levels are 6 dB below the receiver noise floor in all cases.

[Chairman’s note:  Which are figures A1.1-A1.5 referred to above]

[bookmark: _Toc400022558][bookmark: _Toc451440041]A2.4	Conclusions

The study investigated radars using modern electronically steerable antennas and conventional horn-fed mechanically rotated reflector type antennas for their performance in the presence of interference 6 dB below the noise floor. The aim is to quantify the probability of detection degradation in the presence of a modern communication signal interferer.

Typically the increase in SNR required to achieve the same Pd in the presence of Gaussian interference is 1 dB which is equivalent to the noise floor increase when I/N = ‑6 dB. However, in case of some radars, additional loss of probability of detection is found at the presence of wideband communication signal interference compared to the Gaussian interference. The differences are prominent in the worst case scenarios, where objects falls within most affected range-Doppler cells. 

[Australia Note 1: In these preliminary studies the I/N = -6 dB has been assumed to apply for an entire Coherent Processing Interval (100% during a period of approx. 100 ms). Further studies will be conducted to represent the dynamic nature of OFDM networks.

Australia Note 2: The OFDM signal used here is downlink QPSK only and analysis w.r.t Uplink SC-OFDM and other modulation schemes is pending.]

[Editor’s note:

1) Put the two figures side-by-side and point to the structure.

[Australia comment: The structure present in the range-Doppler map is highlighted in Figure A1.4]

2) Find a more appropriate place for figures outside of the conclusion. 

[Australia comment: Figures are moved to Annex]

3) The figures of Range-Doppler maps are not well understood by the ITU-R community. There is some confusion around interpretation of such figures. Add a few paragraphs and better description of these figures.]

[Australia comment: More text is added to better describe range-Doppler maps]

[Editor’s Note: The reason for this difference needs to be described in this report.]

[Australia comment: The reason for difference can be attributed to physical hybrid ARQ indicator channel in OFDM frames, and discussed in more detail in Annex 1.]

Results indicate that the treatment of interference from WCSS, assumed to be noise-like, may not be valid in some cases, especially with modern radars with wider IF bandwidth and pulse compression. The key difference is in the localised increase of noise due to WCSS interference compared to Gaussian noise signal. The objects falling within the cells in the vicinity of this localised noise floor increases are difficult to be detected by the radar. The probability of detection versus SNR curves clearly quantifies this phenomenon.








[bookmark: _Toc400022559][bookmark: _Toc451440042]Annex 2-1

[bookmark: _Toc400022560][bookmark: _Toc451440043]A2-1.1	Results of interference with airborne radar in the frequency range 1 300‑1 400 MHz

A CPI consisting of 600 pulses as typical in radars with long range detection capability is considered. Given PRF is 7 kHz, PRI is equal to 143 μs. When 14 μs pulses are used, the radar operates with 9.8% duty cycle. The CPI time is 85.7 ms.

Data from 9 frames (each frame is 10 ms) of the interfering WCSS signal is required to fill up a single radar CPI. Interference at the radar receiver before any signal processing steps is shown in Figure A2-1-1 in typical range (fast-time) – pulse (slow-time) domain. 

Figure A2-1-1

A radar coherent processing interval with wideband communication system signal interference before any signal processing steps (scale in dBW) (observed at A in Figure A2-1)

[image: ]

NOTE – Only the WCSS interference is presented here without receiver noise.

Interference into a receiver with linear compression and Doppler processing

In the radar, received echoes are matched filtered to the transmission pulse to maximise the SNR of target returns. The interference is matched filtered to a linear FM waveform with 14 μs in duration and 2 MHz chirp bandwidth as per the airborne radar system 9 specifications. Results are shown in Figure A2-1-2. It is evident that some structure is present (caused by the WCSS interference) which is different to typical noise after pulse compression. The structure repeats itself every 5 ms, which is equivalent to half of an OFDM frame. 

This structure can be attributed to primary and secondary synchronisation channels, physical broadcast channel, and system information block signals which are transmitted at an elevated power level compared to user data and which repeats in subframe 0 and subframe 5 in every OFDM frame. Such structure in the interference may pass through the radar signal processing chain, and may result in a detection loss.

figure A2-1-2

A radar coherent processing interval after pulse compression 
(matched filtered to linear frequency modulation waveform) (scale in dBW) (observed at B in Figure A2-1)

[image: ]

[Editor’s note: To add a figure with different pulses for a fixed distance. To explain why there is an increase of the signal every 35 samples so about every 5 ms. Is there any link with the Figure 3 of the annex or with the paragraph 3.2?] 

[Australia comment: This increase of the signal can be attributed to primary and secondary synchronisation channels, Physical Broadcast Channel, and System Information Block signals in the OFDM frames.]

[Editor’s note: Convert the vertical axis of the map in time. Use term map. More explanation of the figures is required to avoid confusion.] 

[Australia comment: Vertical axis is changed to time. More explanation added.]

NOTE – Only the WCSS interference is presented here without receiver noise.

Figure A2-1-3

Characteristics of the linear frequency modulation waveform used in the matched filter

[image: ]

After the pulse compression, Doppler processing is applied in slow-time to coherently integrate target returns at specific velocities. A range-Doppler map after Doppler processing is shown in Figure A2-1-4. Though the structure which was seen after the pulse compression stage is partially diminished due to coherent integration process which rejects interference unless it integrates across pulses for a fixed range position, some artefacts of the interference can still be seen in the range‑Doppler map. Some Doppler bins seem to be more susceptible to OFDM interference than others. This structure in Doppler repeats at every 1 kHz and has wider spread in range. It can be attributed to physical hybrid ARQ indicator channel in OFDM frames, which appears at the beginning of each subframe (which is 1 ms separated in time, consistent with 1 kHz repetition in Doppler) and also appears at three frequencies thus inducing a wider structure in range. This may result in a masking effect where targets present in or close to such Doppler bins may not get detected. 

[Chairman’s note: What is ARQ and should it be in the list of abbreviations]

Figures A2-1-4 and A2-1-4B compare the differences in range-Doppler maps with wideband QPSK communication signal as interferer and the Gaussian signal as an interferer, respectively. The key difference is the absence of structure in processed Gaussian signal. This localised noise floor increase either, introduces additional false alarms, or degrades detection probability for a set false alarm rate.

figure A2-1-4

Range-Doppler map of wideband communication system signal interference after pulse compression 
(Linear frequency modulation) and Doppler processing (scale in dBW) (observed at C in Figure A2-1)

[image: ]

[image: ]

[Editor’s note: To explain why in this figure the increase of the signal looks like a noise and not anymore with a steep like in Figure A1-2.]

[Australia comment: It is due to the coherent integration process, which rejects interference unless it integrates across pulses for a fixed range position. This explanation is also added to text above.]

[Editor’s note: More explanation on these maps.]

NOTE – Only the wideband communication interference is presented here without receiver noise.

Figure A2-1-4B

Range-Doppler map of Gaussian signal interference after pulse compression 
(Linear frequency modulation) and Doppler processing (scale in dBW)

[image: ]

Next, a probability analysis was undertaken in order to quantify possible degradation in radar detection performance in the presence of wideband communication signal interference. A non‑fluctuating target was injected at different SNR levels in the presence of wideband communication signal interference and receiver noise, and the probability of target detection was estimated. Results were then compared with the case where only the receiver noise is present without wideband communication signal interference. Interference-to-noise (I/N) level was set at 
–6 dB as per Recommendation ITU-R M.1461-1.

A CA-CFAR adaptive threshold detector was used to detect the injected target. The threshold multiplier was set to 10.94 dB, which results in a false alarm rate (Pfa) of 10-4. Probability of detection results are shown in Figure A2-1-5 for a range of target SNR levels with and without interference. In the ‘average case’, the target was injected with a random range and velocity, thus it has an equal likelihood of appearing in any range-Doppler cell. In the ‘worst case’, the target was injected with particular range and velocity parameters such that it will appear in a range‑Doppler cell where more structural interference is present.

Figure A2-1-5

Probability of detection of a non-fluctuating target with and without wideband 
communication signal and Gaussian interference for linear frequency modulation waveform

[image: ]

[Editor’s note: To find a difference between average and worst case is logical. Focused on the average results, the parameters used to find a SNR loss of 1.4 dB instead of 1 dB should be provided: radar sensitivity, post-processing, directivity, distances between victim and interferer, the characteristics of the interferer,…] 

[Australia comment: Characteristics of the interferers are as given in section 3.2. No assumptions were made on the distance between the interferer and the radar, as this analysis is based on the assumption that interference level at the radar receiver is -6 dB below the noise level. Post processing steps are as described in sections 2.2-2.4.] 

[Editor’s note: Additional information for clarification. Provide information how any of the parameters affects the results presented here.]

Note that “worst case” refers to the case where the target was injected on or around a strong interference structure present in the range-Doppler map. “Average case” refers to the case where target was injected randomly in the range-Doppler map regardless of interference structure. A linear FM waveform was used.

If wideband communication signal interference is “noise like” to the radar receiver, 1 dB increase in the noise floor at I/N of –6 dB is expected. But for the “average case” 1.4 dB loss in SNR is observable when comparing linear regions of the probability of detection (Pd) curves. It suggests that some underlying structure is present in the interference after passing through a typical radar signal processor, which is different to Gaussian noise. For the “worst case”, detection loss is much more significant. An SNR of 15.3 dB is required to achieve a detection probability of 0.5 in the ‘worst case’ interference; where as an SNR of 10.6 dB is sufficient in the noise only case to achieve the same detection performance.

These results are consistent with NTIA Report TR-06-444 Effects of RF Interference on Radar Receivers (available at: http://www.its.bldrdoc.gov/publications/2481.aspx) which states “The Pd of simulated radar targets for single channel operation was always measurably degraded, by as much as 0.15 (with Pd dropping to 0.75 from a nominal 0.90), at I/N = –6 dB.” In the results presented in Figure A1.5, Pd has dropped from 0.9 to 0.71 at SNR of 13.1 dB for the ‘average case’. 

Interference into a receiver with non-linear compression and Doppler processing

The above analysis was repeated for a non-linear FM waveform (Figure A2-1-7) which is widely used in modern radars. Wideband communication signal interference matched filtered to a non‑linear FM pulse with 14 μs duration and 2 MHz bandwidth is shown is shown in Figure A2‑1-6. Similar to the linear FM case, a structure in the interference can be seen after pulse compression.

Figure A2-1-6

A radar coherent processing interval after pulse compression 
(matched filtered to non-linear frequency modulation waveform) (Scale in dBW)

[image: ]

NOTE – Only the wideband communication signal interference is presented here without receiver noise.

Figure A2-1-7

Characteristics of the non-linear frequency modulation waveform used in the matched filter

[image: ]

Doppler processed results are shown in Figure A2-1-8. 

Figure A2-1-8

Range-Doppler map of wideband quadrature phase shift keying communication signal interference after pulse compression (non-linear frequency modulation) and Doppler processing (scale in dBW) 

[image: ]

NOTE – Only the wideband communication signal interference is presented here without receiver noise.

A probability of detection analysis was performed similar to the linear FM waveform case. I/N level was set at –6 dB, and non-fluctuating target with different SNR settings was injected using the procedure described previously. 

CA-CFAR detector was used with the threshold multiplier set to 10.30 dB which results in a false alarm rate (Pfa) of 10-4. Probability of detection results for the non‑linear FM radar waveform are shown in Figure A2-1-9.

Compared to the linear FM case, all the Pd curves are shifted towards left, indicating that a non-linear frequency modulated (NLFM) waveform is capable of achieving better detection performance for the same target parameters, and same noise/interference settings; but degrade in detection due to WCSS interference is still significant. In the ‘average case’ where the target was randomly placed in the range-Doppler map, an SNR of 11.6 dB is required to achieve a detection probability of 0.5. This is 1.3 dB additional SNR requirement compared to the no interference case. The fact that this loss is greater than 1 dB indicates the presence of some structure (unlike noise) in the WCSS interference when matched filtered to NLFM radar waveform and Doppler processed.

In the “worst case” scenario where target was injected to a particular range-Doppler cell where an interference structure is present, i.e., thus generating a high CA-CFAR noise estimate, a 4 dB loss in SNR is found compared to the noise only case.

Figure A2-1-9

Probability of detection of a non-fluctuating target with and without wideband communication signal 
and Gaussian interference for non-linear frequency modulation waveform

[image: ]

NOTE – “Worst case” refers to the case where target was injected on or around strong interference structure present in the range-Doppler map. “Average case” refers to the case where target was injected randomly in the range-Doppler map. NLFM waveform was used and false alarm rate was set to 10-4.

Table A2-1-1 summarises the main findings of the study by comparing target SNR levels required to achieve a detection probability of 0.5 in different interference scenarios including Gaussian and WCSS waveforms with respect to two different radar waveforms considered. It can be seen that the NLFM waveform is slightly robust to communication signal interference compared to the LFM waveform, but degradation in detection due to OFDM interference at I/N = –6 dB is still significant for both waveforms.

Table A2-1-1

Target signal to noise ration levels required to achieve a detection probability of 0.5 in the presence of interference for linear and non-linear frequency modulation radar waveforms. 
In all cases false alarm rate is set to 10-4

		

		I/N = -∞ dB
(noise only)

		I/N = –6 dB
(‘average case’)

		I/N = –6 dB
(‘worst case’)



		WCSS interference into linear FM radar receiver

		10.6 dB

		12.0 dB

		15.3 dB



		Gaussian interference into linear FM radar receiver

		10.6 dB

		11.6 dB

		13.8 dB



		WCSS interference into non-linear FM radar receiver 

		10.3 dB

		11.6 dB

		14.3 dB



		Gaussian interference into non-linear FM radar receiver

		10.3 dB

		11.3 dB

		12.6 dB







[bookmark: _Toc400022561]


[bookmark: _Toc451440044]Annex 2-2

[bookmark: _Toc400022562][bookmark: _Toc451440045]A2-2.1	Results of interference with ground-based radar in the frequency range 1 300‑1 400 MHz

Two types of interference (WCSS and Gaussian) are applied to Radar 8 in Recommendation ITU-R M.1463-3. In both cases the interference level is set at 6 dB below the receiver noise level. 

Figure A2-2-1

Probability of detection of a non-fluctuating target in System 8 with international mobile telecommunication 
and Gaussian interference for linear frequency modulation waveform

[image: ]

Figure A2-2-2

Probability of detection of a non-fluctuating target in System 8 with international mobile telecommunication 
and Gaussian interference for non-linear frequency modulation waveform

[image: ]

Table A2-2-1 summarises the results. In this case the detection loss due to a wideband communication signal is almost the same as that by a Gaussian interferer. Note the IF bandwidth of 1.2 MHz compared to 10 MHz IF bandwidth for the two other radars in this study. The bandwidth of the interferer is much greater than the IF bandwidth of the radar. This may be the reason why results for WCSS interferer and Gaussian interferer only differ slightly.

Table A2-2-1

Target signal to noise ration levels required to achieve a detection probability of 0.5 in the presence of interference for linear and non-linear frequency modulation radar waveforms. 
In all cases false alarm rate is set to 10-4

		

		I/N = -∞ dB
(noise only)

		I/N = –6 dB
(‘average case’)

		I/N = –6 dB
(‘worst case’)



		WCSS interference into linear FM waveform

		10.6 dB

		11.7 dB

		12.5 dB



		Gaussian interference into linear FM radar receiver

		10.6 dB

		11.6 dB

		12.4 dB



		WCSS interference into non-linear FM radar receiver

		10.0 dB

		11.0 dB

		12.2 dB



		Gaussian interference into non-linear FM radar receiver

		10.0 dB

		11.0 dB

		12.1 dB







[Editor’s note: It can be noticed no significant impact of an IMT interference compared to a Gaussian interference. The comparison between the bandwidths of the receiver and of the transmitter may lead to suggest as a mitigation technic the reduction of the receiver bandwidth that would directly decrease the noise level due to the interference.] 

[Australia comment: Reducing the receiver IF BW will help reducing the effects of the interferer directly. But most modern electronically steerable radars operate in multiple modes with non-linear FM waveforms, thus require a wider IF BW.]




[bookmark: _Toc451440046]Annex 2-3

[bookmark: _Toc400022564][bookmark: _Toc451440047]A2-3.1	Results of interference with ship borne radar in the frequency range 2 700‑3 500 MHz

Two types of interference (WCSS and Gaussian) are applied to shipborne radar M given in Recommendation ITU-R M.1464-2. In both cases the interference level is set at 6 dB below the receiver noise level. 

Results, summarised in Table A2-3-1, show a significant detection loss in the presence of wideband communication signal interference. To achieve the same detection probability of 0.5 compared to the noise only case, an additional target SNR of 1.3 dB is required in the ‘average’ case, and in the ‘worst’ case additional target SNR of 4.5 dB is required when linear FM waveform is used. 

Results also indicate that wideband communication signals cannot be treated as typical Gaussian interference, and effects of the wideband communication interference on the radar is more than just the noise floor increase. The loss in the presence of Gaussian interference is 1 dB which is equivalent to the noise floor increase when I/N = –6 dB. However, increased detection loss is observed in the presence of wideband communication interference at the same interference power level.

Figure A2-3-1

Probability of detection of a non-fluctuating target in System M with international mobile telecommunication and Gaussian interference for linear frequency modulation waveform

[image: ]

Figure A2-3-2

 Probability of detection of a non-fluctuating target in system M with international mobile telecommunication 
and Gaussian interference for non-linear frequency modulation waveform

[image: ]

Table A2-3-1

Target signal to noise ration levels required to achieve a detection probability of 0.5 in the presence of interference for linear and non-linear frequency modulation radar waveform for system M. 
In all cases false alarm rate is set to 10-4

		

		I/N = -∞ dB
(noise only)

		I/N = -6 dB
(‘average’ case)

		I/N = -6 dB
(‘worst’ case)



		WCSS interference into linear FM radar receiver

		10.6 dB

		11.9 dB

		15.1 dB



		Gaussian interference into linear FM radar receiver

		10.6 dB

		11.6 dB

		13.3 dB



		WCSS interference into non-linear FM radar receiver

		10.4 dB

		11.8 dB

		14.2 dB



		Gaussian interference into non-linear FM radar receiver

		10.4 dB

		11.4 dB

		13.2 dB










Annex 2-4

A2-4.1	Results of interference with air traffic control radar in the frequency range 1 215‑1 400 MHz

Two types of interference (WCSS and Gaussian) are applied to air traffic control radar System 1 and System 2 given in Recommendation ITU-R M.1463-3. In both cases the interference level is set at 6 dB below the receiver noise level. 

Figure A2-4-1

Probability of detection of a non-fluctuating target in system 1 with international mobile telecommunication 
and Gaussian interference for non-linear frequency modulation waveform

[image: Chart

Description automatically generated]

Table A2-4-1

Target signal to noise ration levels required to achieve a detection probability of 0.5 in the presence of interference for System 1. In all cases false alarm rate is set to 10-4

		

		I/N = -∞ dB
(noise only)

		I/N = -6 dB
(‘average’ case)

		I/N = -6 dB
(‘worst’ case)



		WCSS interference into radar receiver

		11.0 dB

		12.2 dB

		14.2 dB



		Gaussian interference into radar receiver

		11.0 dB

		11.8 dB

		13.8 dB







Figure A2-4-2

Probability of detection of a non-fluctuating target in system 2 with international mobile telecommunication 
and Gaussian interference for non-linear frequency modulation waveform

[image: H:\PROJECTS\Radar_Spectrum_Sharing\Analysis\System_2\pd.png]

Table A2-4-2

Target signal to noise ration levels required to achieve a detection probability of 0.5 in the presence of interference for system 2. In all cases false alarm rate is set to 10-4

		

		I/N = -∞ dB
(noise only)

		I/N = -6 dB
(‘average’ case)

		I/N = -6 dB
(‘worst’ case)



		WCSS interference into radar receiver

		12.1 dB

		13.4 dB

		15.8 dB



		Gaussian interference into radar receiver

		12.1 dB

		13.1 dB

		14.4 dB







Analysis is based on 88.8 μs duration linear chirp modulated waveform at a single frequency with PRF of 291.5 Hz. Dual frequency operation is not analysed. 
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Mathematical models for radiodetermination radar and aeronautical mobile systems antenna patterns for use in interference analyses 
Additional Information on Cosine on a Pedestal



Introduction

At the last meeting of WP-5B a cosine on a pedestal pattern was introduced. There are problems of its applicability and how to select the proper pattern. There is a need to discuss removing the new cosine on a pedestal antenna patterns from consideration.

Proposal

The United States of America would like to propose removing the new cosine on a pedestal information after discussion with WP-5B delegates.

Also, in section 6.2 Planar phased antenna array, the US would like to add the following text below figure 27: “The parameters Nx, Ny, dx, and dy used in the above equations are not currently defined in any ITU-R Recommendation related to radar characteristics. In the absence of these parameters, it is recommended that sharing and capability studies associated with radar and aeronautical mobile systems (with single or multiple interferers) use peak or average masks, as described in section 2.1.1.”



Attachment: 1


Attachment 1

[bookmark: _Hlk129061814]Additional Information on Cosine on a Pedestal

Proposal

We should leave M.1851 as it is without the inclusion of cosine on a pedestal pattern as this just adds unneeded complications. The parabolic patterns are expected to also show similar types of results and are not included in this contribution.

Analysis

[bookmark: _Hlk125527551][bookmark: _Hlk125527615]At the last meeting of WP-5B, cosine on a pedestal procedure was introduced. The radiation patterns for a raised cosine to the power n are formed by adding the uniform pattern multiplied by the pedestal edge illumination plus (1- pedestal edge illumination) multiplied by the cosine to the power n pattern. The equations of the uniform and the cosine to the power n are found in ITU-R Recommendation M.1851.

The problem with cosine on a pedestal is that there could be several ways to obtain the peak sidelobe levels and this makes it difficult to choose the appropriate pattern for compatibility analysis. For example, if an ITU-R Recommendation has only the peak sidelobe (SLL) of about 21 dB below the antenna peak gain and the actual pattern type is not provided, then what should be chosen for the pattern. The highlighted cell in table-1 shows that a possible choices could include Cos with pedestal edge factor of 0.2, or Cos2 with pedestal edge value of 0.5 or Cos3 with pedestal edge value of 0.4. These patterns may be similar but checking whether they are or not requires extra analysis.

To plot the radiation patterns with pedestal edge illumination the following beamwidth factor, K, should be used. If other pedestal edge illumination values are needed those can also be derived.

Table-1 Values of K (Beamwidth Factor) and Sidelobe Level

		Pedestal

Value

		K
COS

		SLL
COS

		K
COS2

		SLL
COS2

		K
COS3

		SLL
COS3

		K
COS4

		SLL
COS4



		0

		68.1365

		-23

		82.5443

		-31.46

		95.0555

		-39.2954

		106.1805

		-46.7411



		0.1

		64.56

		-22.7166

		73.13

		-40.0616

		78.57

		-34.0733

		82.11

		-32.3622



		0.2

		61.72

		-21.65

		67

		-31.596

		69.63

		-25.09

		70.87

		-28.176



		0.3

		59.46

		-20.2855

		62.81

		-26.7936

		64.09

		-23.3392

		64.52

		-20.2195



		0.4

		57.6

		-18.9125

		59.7

		-24.076

		60.37

		-21.8747

		60.44

		-19.7713



		0.5

		55.95

		-17.6515

		57.34

		-21.2063

		57.67

		-20.7696

		57.63

		-19.3178



		0.6

		54.64

		-16.5321

		55.47

		-18.644

		55.62

		-19.9149

		55.55

		-18.9205



		0.7

		53.47

		-15.5496

		53.98

		-16.774

		54.02

		-17.4181

		53.95

		-17.7341



		0.8

		52.45

		-14.6882

		52.71

		-15.3382

		52.74

		-15.6399

		52.67

		-15.7713



		0.9

		51.58

		-13.9308

		51.69

		-14.1955

		51.65

		-14.3056

		51.67

		-14.3498



		1

		50.7741

		-13.2615

		50.7741

		-13.2615

		50.7741

		-13.2615

		50.7741

		-13.2615







[bookmark: _Hlk125545191]The effect of pedestal edge illumination on different patterns combinations is shown in table-2.







Table-2 Effect of pedestal edge illumination on different patterns combinations.

		Pattern

		Effect of pedestal edge illumination (C)



		Cos

		· The peak sidelobe increases up to the uniform pattern peak sidelobe level as the pedestal edge illumination is increased.

· The sidelobe pattern slopes down from the first peak sidelobe similar to the case where the pedestal edge illumination.

· This pattern may be used for sharing and compatibility analysis.

· The peak and average pattern equations are not provided at this time.



		Cos2

		· The peak sidelobe increases up to the uniform pattern level as the pedestal edge illumination is increased.

· The first sidelobe can be below its adjacent sidelobes depending on the pedestal value.

· It is preferred to use pedestal edge illumination greater than 0.5 to obtain a usable pattern for radar antennas.

· The peak and average pattern equations are not provided at this time.



		Cos3

		· The peak sidelobe increases up to the uniform pattern level as the pedestal edge illumination is increased.

· The first sidelobe is below the adjacent sidelobes. In some cases, the first sidelobe is merged with the main lobe.

· This pattern is not useful for sharing and compatibility analysis.

· The peak and average pattern equations are difficult to provide.



		Cos4

		· The peak sidelobe increases up to the uniform pattern level as the pedestal edge illumination is increased.

· The first sidelobe is below the adjacent sidelobes. In some cases, the first sidelobe is merged with the main lobe.

· This pattern is not useful for sharing and compatibility analysis.

· The peak and average pattern equations are difficult to provide.










Plots of radiation patterns with different pedestal edge illuminations.

Table-3 Table of Figures for different patterns with varying pedestal edge illuminations

		No Pedestal

		[image: ]

		[image: ]



		Hamming C=0.08

		[image: ]

		[image: ]



		C=0.1

		[image: ]

		[image: ]



		C=0.2

		[image: ]

		[image: ]



		C=0.3

		[image: ]

		[image: ]



		C=0.4

		[image: ]

		[image: ]



		C=0.5

		[image: ]

		[image: ]



		C=0.6

		[image: ]

		[image: ]



		C=0.7

		[image: ]

		[image: ]



		C=0.8

		[image: ]

		[image: ]



		C=0.9

		[image: ]

		[image: ]



		C=1

		[image: ]

		[image: ]










In section 6.2 Planar phased antenna array, the US would like to add the following text below figure 27, 

“The parameters Nx, Ny, dx, and dy used in the above equations are not currently defined in any ITU-R Recommendation related to radar characteristics. In the absence of these parameters, it is recommended that sharing and capability studies associated with radar and aeronautical mobile systems (with single or multiple interferers) use peak or average masks, as described in section 2.1.1.”
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Estimate Radar Intermediate Filter Bandwidth from ITU-R Recommendations



Introduction

At the last meeting of WP-5B there was interest by some delegates to define a methodology to estimate radar representative intermediate filter (IF) bandwidth to calculate receiver noise power for interference analysis, when that value is missing. This contribution provides a possible methodology using existing ITU-R Recommendations radar characteristics.

Proposal

The United States of America would like to discuss the methodology in the attachment and get feedback to decide if this work should continue in WP-5B.




ATTACHMENT 1



Estimate Radar Intermediate Filter Bandwidth from ITU-R Recommendations

Introduction

The purpose of this contribution is to provide a methodology on how to estimate radar receiver intermediate filter (IF) bandwidth when it is not provided in Radar ITU-R Recommendations. The IF bandwidth is needed to calculate noise power for interference and compatibility studies.

[bookmark: _Hlk129003021]Radar systems that do not have a defined IF bandwidth, are known as direct-conversion receiver (DCR), homodyne, synchrodyne, zero-IF or Direct RF Sampling receiver. The homodyne, synchrodyne, zero-IF receivers are radio receiver designs that demodulate the incoming radio signal using synchronous detection driven by a local oscillator whose frequency is identical to, or very close to the carrier frequency of the intended signal. This contrasts with the standard superheterodyne receiver where this is accomplished only after an initial conversion to an intermediate frequency. The following sections provide short descriptions of radar receiver types and an example of methodology to estimate IF receiver bandwidth.

Receiver Types

A short description of the receiver types that may be employed by radar systems are as follows.

Super-Heterodyne Receiver

In Super-heterodyne or IF receiver architecture, the local oscillator (LO) signal frequency in the receiver mixer is set to be either higher (called high injection) or lower (called low injection) than the desired RF band signal carrier frequency by a fixed frequency difference, called intermediate frequency (IF or fIF) so that the frequency translated lower frequency version of the received RF signal is obtained at a fixed frequency of fIF in the receiver. The IF stage signal is further converted to baseband using another mixing stage in the receiver. This architecture provides superior filtering performance for the receiver for interferers and channel selection but suffers from the image frequency issue. The size of heterodyne receiver implementation is larger due to various on and off-chip filtering elements in the architecture. Higher size, cost, power consumption, and lower flexibility and reconfigurability are some of the known issues of this receiver architecture as the frequency tuning range of this architecture encounters dead frequency bands in the RF due to various inter-related frequencies for different filtering elements in the architecture. To further increase the image rejection and improve the channel selectivity, two or more IF stages can be added in the heterodyne receiver. Increasing the number of IF stages further limit the receiver frequency tuning range, and increases the size, cost, and power consumption for the receiver system.

Homodyne receiver, Direct-Conversion Receiver (DCR)

The simplest of mixer-based receiver architectures is the homodyne (or zero-IF (intermediate frequency) or direct-conversion) receiver architecture in which the LO frequency is set exactly equal to the RF signal carrier frequency so that the resultant signal is obtained at/around DC (direct-current or zero frequency). Still this architecture is relatively simple to implement, and it is more flexibility and easily reconfigurable, low cost, on-chip integrate-able occupying relatively less space in the design real estate and consuming relatively lower power, historically this architecture has been difficult to implement because of known issues of image (for quadrature modulated signals), flicker (or 1/f) noise, and fixed and variable DC-offsets due to various signal leakages. Various analog and digital techniques have been developed to address the challenges faced by this homodyne radio receiver architecture. Several receiver design topologies such as conventional zero-IF active or passive switching mixer-based receivers, multi (five or six)-port based receivers, and N-path mixer receivers come under the architectural paradigm of homodyne radio receivers.

Some applications for RF-Sampling Data Converters listed below are examples of implementations with usable bandwidth narrower than the entire Nyquist bandwidth:

· 4G Long Term Evolution (LTE) multi-carrier

· 5G massive MIMO (sub-6GHz)

· Microwave backhaul

· Phased-array radars

Direct RF Sampling Receiver

In a direct RF-sampling architecture, the data converter digitizes a large portion of frequency spectrum directly at RF and hands it off to a signal processor to examine the available information. This function has traditionally been handled by analog processing (mixers, local oscillators, and their IF filters and amplifiers) into the digital domain. A new class of direct RF-sampling analog to digital converters (ADCs) is being designed in advanced Complementary Metal–Oxide–Semiconductor (CMOS) processes that allow much higher conversion rates with lower power than some previous generations. Additionally, this design approach also enables more digital integration, which is used for a low-power, multi-gigabit serial interface and on-chip digital-down conversion (DDC). Combined, they make for a very size- and power-efficient digital interconnect between the data converter and digital processor.

The ADC sends the data to a Fast Fourier Transform (FFT) for processing. A typical FFT is taken using large/very large number of sample points. For most ADC sample rates, this means that the bin frequency size represents a span of hundreds of Hz or a few kHz. An FFT bin size is defined as the Nyquist spectrum (sampling frequency divided by 2. For example, a 131 MSPS ADC with a 216 (65.5 MHz) sample FFT has a bin size of 65.5 MHz/655000 samples = 1 kHz per bin. So, the noise of the ADC is spread across the Nyquist zone in relatively large bin widths that are 1000 times as large compared to the bin width defined within Noise Spectral Density (NSD). This includes more noise energy in a single FFT bin.

For the example above, if a very large 65.5 Million Samples (MS) FFT were now to be used for the 131 MSPS ADC, the bin width would be 65.5 MHz/65.5 million samples = 1 Hz. In this case, the noise floor of the FFT would be equal to the noise spectral density of the ADC, but the total noise power still has never changed. The same noise power is only spread across finer frequency bin widths. 

[bookmark: _Hlk126305302]Methodology to Estimate Radar IF Receiver Bandwidth

Since the information regarding the digital processing (ADC, FFT etc.) is not normally provided for radar systems in ITU-R Recommendations, we need a simple method to estimate the radar receiver bandwidth for the noise power calculation used in interference analysis when it is not provided in the radar recommendations. The simplified method requires the radar duty cycle and the radar range resolution. 

The following equations are used in the radar receiver bandwidth calculations.

The radar wavelength  is given by:

						(1)

Where c is the speed of light and f is the radar frequency. From reference 1 equation 3-9, and using the ITU-R radar recommendation parameters of Pulse Repetition Frequency (PRF) in Hz and transmitted pulse width in seconds, the radar unambiguous range in meters is given by:

					(2)

Using the radar antenna azimuth beamwidth and antenna scan revolution per minute (RPM), the radar dwell time, or update rate or coherent processing interval CPI or  in seconds, is given by:

		(3)

From reference 2 equation 4.15, the bandwidth of the filter establishes the Doppler resolution,  and hence the velocity resolution. The filter bandwidth is limited to the inverse of the integration time  where for pulse doppler we have

						(4)

And for a FM-CW triangular waveform we have

					(5)

For FM-CW modulation with two-phase triangular LFM Waveform, if the pulse modulating frequency is fm, then the waveform has a period of 1/fm. This period is divided into two equal CPIs; however, the CPI duration (1/PRF), the value for , must be somewhat less than a half this period. At the start of each phase of the transmitted signal, returns are still being received from the previous phase of the cycle. Therefore, as the two phase FM-CW transmitted signal starts its up ramp, target returns from the previous down ramp are still being received. Also, at the start of the transmitted down ramp, target returns from the previous up ramp are still being received. During this changeover period, the system cannot assume that returns are those of the current transmitted phase, so the processing must be blanked. The early part of the transmission of the new CPI and the subsequent blanking of returns from the processing are known as space charging, since it conveys the image that the volume of space surrounding the radar out to its maximum detection range must be filled, or charged, with the new waveform before returns can be processed. 

A space charging period must be allowed at the start of any new CPI, whereby the transmitted waveform used during the previous CPI differs from that used during the new CPI. Space charging must be allowed for in all LFM waveforms and for pulsed waveforms when the PRF is changed. When the PRF is constant for pulsed radar then the space charge time is zero.

If the maximum unambiguous range is knows, the time delay for the maximum range is therefore . A value of 50% margin can be set as the space charging time, , at the start of each new CPI.

From reference 2 equation 10.6, for pulsed radar with a constant PRF, 

						(6)

And for FM-CW modulation with two-phase triangular LFM Waveform with a typical 50% charge time margin is, 

					(7)

In the case of pulsed radar and two phase linear FM waveform , adding the space charging,  for pulsed radar is

 					(8)

And for FM-CW two phase linear FM waveform

 					(9)

Using reference 1 equation 4.104, the Doppler resolution, in Hz, of the LFM pulse is the same as the that of the single pulse where

						(10)

From reference 2 equation 3-20, the radar target range resolution for unmodulated pulse is given by

						(11)

And for frequency modulated pulse with bandwidth , the range resolution is given by 

					(12)

From reference 2 equation 10-11, the modified range resolution including the charge time is given by

					(13)

Using this modified range resolution, we can solve for the approximate filter bandwidth, BIF, of what is to represent the IF bandwidth where the receiver noise power can then be computed to support interference and compatibility analysis when it is not provided in ITU-R Recommendations.

The following is a simple example to show the calculation of estimated bandwidth with references.

table 1

Example to estimate Bandwidth.

		Parameter

		Value

		Units

		Reference



		Constants

		

		

		



		Speed of light

		299792458

		m/s

		Constant



		Boltzmann's constant

		1.38E-23

		

		Constant



		Inputs and Assumptions

		

		

		



		Waveform type (1=Pulse, 2=LFM pulse, 3=FMCW sawtooth)

		1

		value

		ITU-R Rec Input



		Radar frequency f_tx

		1.3

		GHz

		ITU-R Rec Input



		Pulsewidth

		102.4

		us

		ITU-R Rec Input



		Chirp Bandwidth (if non-chirp, input zero)

		1.25

		MHz

		ITU-R Rec Input



		Pulse repetition frequency (PRF)

		748

		Hz (pulse/sec)

		ITU-R Rec Input



		Azimuth Beamwidth (Radar FOV)

		2.2

		deg

		ITU-R Rec Input



		Sector Scanned

		360

		deg

		ITU-R Rec Input



		Scan rate in azimuth

		30

		deg/s

		ITU-R Rec Input



		Rotation Rate

		5

		RPM

		From deg/s



		Calculations

		

		

		



		Wavelength l 

		0.2306

		m

		Ref-2 Eq 1-1



		Unambiguous Range, Assume same as Run

		185.0

		km

		Ref-1 Eq 3.9



		Update Rate (Dwell time, Coherent processing interval)

		13.636

		sec

		Az*60/(360*RPM)



		The filter bandwidth is limited to the inverse of the integration time or the coherent processing interval Phase Duration (Coherent processing time), tint

		0.07

		Hz

		Ref-2 Eq 4-15



		Space charging time at the start of each new CPI (without any margin), TSC

		0.00123450

		sec

		Ref-2 Eq 10-6



		maximum coherent Integration Time, tint (CPI time or Dwell time)

		0.07209883

		sec

		Ref-2 Eq 10-7



		Frequency Doppler shift (Resolution=1/tint)

		13.87

		Hz

		Ref-1 Section 8.1.3, Ref-1 Eq 4.104



		Velocity Resolution

		1.60

		m/s

		Ref-2 Eq 4-16



		Range Resolution (Pulsed or Chirp Waveform)

		119.92

		m

		Ref-2 Eq 3-20, 3-21



		Approximate Bandwidth to compute noise power (BIF)

		1.2936

		MHz

		Ref-2 Eq 10-11







Some Radar Parameters Meaning

The following is a list of some radar parameters.

		Mean Transmitter Power

		The average power radiated by the transmitting antenna Reference Range and Target Target’s radar cross-section (reflection strength) at which radar achieves desired detection probability specified at a given distance (reference range)



		Transmitter Bandwidth

		The total spectrum spanned by the transmitter Range Resolution Forward distance required between two point targets to resolve into two detections 



		IF Receiver Bandwidth

		The Intermediate Filter (IF) bandwidth used to calculate the noise power.



		Range bins

		Discrete samples in time are converted to range bins



		Compression gain

		The net gain in power resulting from isolating a target’s power in range 



		Carrier Frequency

		Frequency of the RF carrier 



		Noise Factor

		The ratio of the system output noise relative to thermal background noise. 



		Duty Factor

		The ratio of time in which the system transmits 



		FOV Azimuth

		Angular width of area within main-beam of radar in horizontal direction 



		FOV Elevation

		Angular height of area within main-beam of radar in vertical direction 



		Azimuth Resolution

		Horizontal angle required between two point targets to resolve into two detections 



		Range Rate Limits

		Minimum and maximum detectable per-second change in relative range between ego vehicle and target



		Dwell time

		The time that an antenna beam spends on a target, depends predominantly on the antennas horizontally beamwidth and the turn speed of the antenna. If we assume that a well-designed parabolic antenna got a beamwidth of 1.6 degrees, the full circle of 360 degrees is divided by 360°/1.6° = 225 different directions. 5 seconds divided by the number of 225 gives a dwell time of 5 s / 225 = 22.22 milliseconds.



		Maximum unambiguous range (Rmax)

		Is the longest range to which a transmitted pulse can travel out to and back again between consecutive transmitted pulses. The relationship between the PRF or their reciprocal value inter-pulse period T (PRT) and Rmax determines the unambiguous range of the radar. 



		Target Speed

		Speed Limits for Radar analysis is set such that for Aeronautical Radio Navigation Systems (ARNS), the target speed limit is between 20 and 666.74 knots (46.3 to 1234.8 km/hr)







Some Radar Types

Radars use complex technologies for many applications and for various purposes. Radar systems can be classified under various categories. The following is a list of some of the most common commercial radar systems employed today that could use receiver systems that do not include an intermediate filter (IF) in their receiver design.

Air Traffic Control Radars: Air traffic control radars are used both at civilian and military airports. Airborne radar is designed specifically to meet the strict space and weight limitations that are necessary for all airborne equipment. Even so, airborne radars develop the same peak power as shipboard and shore-based sets.

Air Surveillance Radar Sets (ASR): These radars are used for the identification of aircraft, determination of aircrafts approach sequence and for individual aircraft approach controls by Air Traffic control operators. These radars are used under all weather conditions.

Radio Altimeter: The basic function of a radio altimeter is to provide accurate height measurements above the Earth surface with a high degree of accuracy and integrity during the approach, landing, and climb phases of aircraft operation.

Surface Movement Radar (SMR): Surface Movement Radar (SMR) is the most widely used surveillance system for airport surveillance at present. SMR refers to primary radar that provides surveillance cover for the maneuvering area, which is defined as that used for the take-off, landing, and taxiing of aircraft, excluding aprons.

En-route Radars: En-Route Radar is a special type of air traffic control radar developed for en-route control of airspace. It can be used to monitor air traffic outside the special control areas near airfields.

Precision Approach Radars (PAR): The Precision Approach Radar guide aircraft to safe landing under conditions approaching zero visibility. By means of radar, aircraft are detected and observed during the final approach and landing sequence. Guidance information is supplied to the pilot in the form of verbal radio instructions, or to the automatic pilot (autopilot) in the form of pulsed control signals.

Weather Radars: The weather data it finds could be used both for approach support and for feeding into the wider weather data concentration systems. The antenna rotation rate between systems is quite variable (3 to 6 rpm is common). Assuming multiple elevations are used, the weather picture gathered might be updated with a frequency of one minute and upwards (this depends on the complexity and number of the elevations required and the antenna rotation rate). Radar in recent years has become an important tool for the measurement of precipitation and the detection of hazardous weather conditions.

Speed Gauges: Speed gauges are very specialized CW-radars. A speed gauge uses the Doppler- frequency for measurement of the speed. Since the value of the Doppler-frequency depends on the wavelength, these radar sets use a very high frequency in K-Band.

Non-Destructive Material Test: A special radar can be used to penetrate material to detect material-defects.

References:
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Introduction

Resolution 155 (Rev.WRC-19) in its resolves 15 identifies the need to develop power flux-density (pfd) hard limits to protect terrestrial services from emission from the Unmanned Aircraft Earth Station (UAES). Examples for such hard limits are given in Annex 2 to Resolution 155 (Rev.WRC‑19). Resolves 16 of Resolution 155 (Rev.WRC-19) asks for a review of the pfd limits given in its Annex 2, and that WRC-23 shall review and, if necessary, revise those pfd limits.

In accordance with “invites ITU-R” of Resolution 155 (Rev.WRC-19) studies described in this Report were performed in order to assist in determining the need to review and, if necessary, revise the pfd limits contained in Annex 2 of Resolution 155 (Rev.WRC-19).

Proposal

The United States of America proposes to assist in answering the above resolves with the attached contribution, which analyses the pfd required to protect the Fixed Service in frequency bands which the FS shares with the FSS.

Since this report had been develop over the last study cycle and was substantially finished in 2020 the USA is proposing to update the status of the Report to a draft new Report.
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PRELIMINARY DRAFT NEW REPORT ITU-R M.[UA_PFD]



Review of power flux-density limits in accordance with resolves 16 
of Resolution 155 (Rev.WRC-19)

(202X)

[Editor’s note:

At this stage, this document contains no studies in respect of MS. Furthermore, there has yet not been any detailed discussion on the technical content of this document and no agreement can at this stage be assumed in respect of the parameters and criteria used in the studies. Reply Since the above note was inserted in 2019 no MS receiver characteristics have been provided so it has not been possible to  update this study.  This point is already adressed at the end of the introduction.]
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Abbreviations/Glossary 

CCDF:	Complementary cumulative distribution function

CNPC:	Command and non-payload communication

FDP:	fractional degradation of performance

I/N:	Interference to noise

pfd:	Power flux density

UA:	Unmanned aircraft

UAS:	Unmanned aircraft systems

Related ITU Recommendations, Reports

Recommendations 

ITU-R F.758 	System parameters and considerations in the development of criteria for sharing or compatibility between digital fixed wireless systems in the fixed service and systems in other services and other sources of interference

ITU-R F.1108	Determination of the criteria to protect fixed service receivers from the emissions of space stations operating in non-geostationary orbits in shared frequency bands

ITU-R F.1245	Mathematical model of average and related radiation patterns for line-of-sight point-to-point fixed wireless system antennas for use in certain coordination studies and interference assessment in the frequency range from 1 GHz to about 70 GHz

ITU-R M.1643	Technical and operational requirements for aircraft earth stations of aeronautical mobile-satellite service including those using fixed-satellite service network transponders in the band 14-14.5 GHz (Earth-to-space)

Introduction 

Resolution 155 (Rev.WRC-19) in its resolves 15 identifies that power flux-density (pfd) hard limits that need to be developed for unmanned aircraft systems (UAS) command and non-payload communication (CNPC) links; one possible example of such a provisional limit to protect the fixed service is provided in its Annex 2

Resolves 16 of Resolution 155 (Rev.WRC-19) asks for a review of the pfd limits given in its Annex 2, and that WRC-19 shall review and, if necessary, revise those pfd limits. This resolves deals with the review of Annex 2 required to protect terrestrial.  This implies that all current and future terrestrial service needs to be protected in all countries and thus the pfd process should not be limited to the protection of the fixed service in specific countries

There seems to be discrepancies between the language used in these resolves e.g. resolves 14 referred to the UAS-CNPC shall not cause harmful interference to the terrestrial service. Under RR. Nos. 5.43 and 5.43A it implies that UAS-CNPC also shall not claim protection from terrestrial. This implies that UAS CNPC will operate under non-protection, non-interference basis (e.g. secondary status) this inconsistency needs to be addressed. 

In reviewing Annex 2 of Resolution 155 it was noted that while resolves 16 referred to the pfd hard limit to be reviewed which in reality merely understood to be the fixed service however resolves 14 made reference to the terrestrial services, consequently inconsistencies need to be addressed. Noting that terrestrial services are not limited to the fixed service.

[Note: Updates to Resolution 155 (Rev.WRC-19) for WRC-23 are anticipated to address these topics.]

In accordance with “invites ITU-R” of Resolution 155 (Rev.WRC-19) studies contained in this Report were performed in order to assist in determining the need to review and provide technical parameters to revise, as appropriate, the pfd limits contained in Resolution 155 (Rev.WRC-19).

During the development of these studies it was determined, following the methodology detailed in Annex 1, that different pfd masks were required for each of the two sub-bands within the frequency band 14-14.47 GHz to protect the terrestrial services. The following two studies were therefore undertaken:

–	Study #1: 14-14.3 GHz – For protection of the terrestrial services in the countries listed in RR No. 5.505 (see Annex 2).

–	Study #2: 14.25-14.47 GHz – For protection of the terrestrial services in this frequency range for relevant administrations not being subject of study #1 (see Annex 3).

These studies only consider the protection of the fixed service since the required characteristics for other terrestrial services to which this frequency band is allocated are not available, but it can be assumed, because of the operation of those services, that these other services would be appropriately protected with the technical conditions defined herein to protect the fixed service.

It is therefore considered that the pfd limits which protect the fixed service would be sufficient for all terrestrial services which have allocations in these frequency bands.

1	General comments

In its development and assessments of the pfd masks WP5B considered the following:

· Limiting of pfd is a well-established method to protect terrestrial services, for example, from interference caused by geostationary and non-geostationary space stations (see Article 21.16); 

· The pfd limits are defined on the earth’s surface and are exclusively dependent on the characteristics of the terrestrial service (victim) receiver and independent of altitude and relative location of the UA earth station;

· Due to the narrowband characteristics of the UAS CNPC links, no distinction of pfd masks for different UA earth station altitudes, and consequently for different reference bandwidths, is needed because the interference bandwidth is always narrower than the terrestrial service bandwidth;

· All protection criteria advised by the concerned working parties were included in the analyses. 

· In particular for the fixed service:

· Long-term protection with an I/N = -10 dB not to be exceeded for more than 20% of the time;

· Short-term protection with I/N = +19 dB not to be exceeded for more than 2.7x10-4 % of the time; 

· Fractional Degradation of Performance less than 10% in the worst month;

Note: Even though the long-term and short-term I/N levels (-10 dB, +19 dB, respectively) can be exceeded for specific UA earth station locations relative to the affected fixed-service station (in a static calculation case) the motion of the UA limits the amount of time for which the I/N level can be exceeded to less than that identified in the protection criteria. 

· UA earth stations flying at multiple altitudes covering all ICAO’s anticipated scenarios were analysed;

· Two sets of UA flight trajectories were analysed;

· Scenario 1: Random entry and exit point of the UA within the field of view of the fixed-service station;

· Scenario 2: UA entry and exit points within the field of view of the fixed service station are separated by 180 degrees, forcing all UA flights to be directly over the top of the victim fixed service station;

· Multiple fixed service stations antenna gains from 28 dBi up to 49 dBi were used to assess both the effects of the antenna beam width (relevant for interference duration and long-term protection criteria) and of the antenna gain (relevant for peak interference level and short-term protection criteria);

· That according to the advice of WP 5C, analyses were performed for two elevations for each antenna gain of the fixed service antennas: 0 degrees and 5 degrees;

· That the examination of whether a frequency assignment of an UA earth station complies with the pfd limits is out of the scope of this report but it could be similar to the methodologies used for Res. 169 (WRC-16), or other aeronautical mobile earth stations operating in the FSS.

This resulted for each of the two scenarios, for a 24 months simulation period, and all combinations of inputs parameters, in over 2 billion calculation samples.

In the following study

· Annex 1 describes the details of the methodology used including the UA earth station flight paths and study scenarios;

· Annex 2, Study #1 contains the assessment for the frequency range 14.0-14.3 GHz using the methodology described in Annex 1;

· Annex 3, Study #2 contains the assessment for the frequency range 14.25-14.47 GHz using the methodology described in Annex 1;

During the development of this Report, the following concerns on the applicability of a pfd limit were raised.

The issue of how the earth station on board any aircraft would be coordinated with terrestrial systems has been the subject of intensive discussions at various WARCS and WRCs for several decades. Currently there is no agreed established methodology to perform this task. There are two reasons for this fact:

1	the aircraft earth station is considered as an aeronautical mobile satellite earth station for which there is no established procedure for coordination, and

2	the involvements of many administrations over the territories of which the aircraft flies.

This issue is currently also being discussed under WRC-19 agenda item 1.5 (Earth station in motion - aircraft station).

There was some idea that such a type of earth station could be considered as a source of interference from an altitude above the ground to the surface of the Earth on which the terrestrial service would operate. One possible way to protect the service areas of those terrestrial services on the surface of the Earth is the establishment of an appropriate pfd as a guideline to assist administration to evaluate whether or not such a CNPC/unmanned aircraft (UA) protects their terrestrial service, based on the terms and conditions described in the Resolution 155 (Rev.WRC-19) using the concept of “Not causing harmful interference Nor claiming protection”. Now the question is how such a pfd could be established for an earth station, which is in motion at different altitudes and at different directions in which the amount of received signal on the surface of the Earth is always varying. Consequently, such a course of action may be used as guidance, to the extent technically possible, for the estimation of the power produced on the surface of the Earth but it would be in fact uncertain on the exact amount of pfd produced at any moment and under all circumstances. However, such type of guidance to estimate pfd establishment merely protects the service with typical technical and operational characteristics and NOT the assignments relating to the terrestrial station for which there is another coordination procedure in Article 9 of the Radio Regulations namely RR No. 9.17 and RR No. 9.18. Since the aircraft earth station is always in motion when transmitting and receiving no coordination procedure currently addresses that situation.

This issue was also reflected in Resolution 156 (Rev.WRC-19) dealing with Earth station on mobile platforms. The proposed pfd approach may protect to some extent and with some uncertainty in an approximate manner the” terrestrial service area”. However, whether such a course of action will sufficiently protect the assignments pertaining to terrestrial stations of other administrations has to be determined.

Moreover, the applicability of the pfd for the protection of the terrestrial service (and not the protection of the assignment) needs to be carefully examined to verify its validity for such protection due to the moving feature of the earth stations on board the aircraft. Consequently, for the protection of terrestrial stations and their assignments the non-interference conditions should be applied. The mobile service has also to be taken into account in order to ensure the protection of the terrestrial services. The current study does not provide analysis for mobile service due to lack of characteristics in any Recommendation or registered assignment in the frequency band 14-14.47 GHz, inclusion of a margin to cover the protection of all allocated terrestrial services needs to be studied and included as appropriate in the final results. A fixed margin to be studied has been proposed to be included in the pfd value to permit the administration operating allocated terrestrial services in order to take further action on licensing stage. 

The following arguments provide explanation on the relevancy of pfd for station aboard aircraft to protect terrestrial services:

	In reviewing Resolution 155 (Rev.WRC-19) Working Party 5B notes that the pfd approach contained in Article 21 of the Radio Regulations is used for the protection of terrestrial services where coordination between earth station and terrestrial station assignments is governed by Article 9 of the Radio Regulations namely RR No. 9.17 and RR No. 9.18.

	Coordination for earth stations is governed by the procedures called by RR No. 9.6. Under this provision RR No. 9.17 describes the case of earth station coordination which requires coordination with administration inside the coordination area of the earth station. 

	The determination of the coordination area is described in RR Appendix 7. In accordance with section 1.4.7 of RR Appendix 7 the coordination area for an earth station onboard an aircraft is predetermined with a coordination distance of 1 000 km. Effectively coordination is required with all terrestrial stations inside a radius of 1 000 km around an earth station onboard an aircraft. Given that the operation of unmanned aircraft is expected to be worldwide a case-by-case coordination is not possible.

	In order to come to a practical solution, it is necessary to define parameters which limit the emission of earth station onboard unmanned aircraft in such a way that their impact on terrestrial stations will not exceed the level of a permissible interference. This report therefore aims to define pfd limits to protect terrestrial services from emissions of earth stations onboard unmanned aircraft to avoid the coordination process. This is the same principle used in Recommendation ITU-R M.1643 and has been adopted in the technical study contained in this Report.

	The appropriateness of the pfd masks is dependent on the representability of the victim parameters taken into account in the study. 

	For example in the case of 14.25-14.47 GHz, the Fixed service parameters were worst case parameters for configurations in Europe that are more stringent that in Recommendation ITU-R F.758. In such a situation, all Fixed service stations would be protected apart from those with exceptional characteristics.

2	Summary of the Study

This report demonstrates that the fixed service (and by extension all terrestrial services as noted above) can be protected, in accordance with all three of the required protection criteria, from interference caused by UA earth stations using the following pfd masks for the following frequency ranges:

. In accordance with resolves 16 of Resolution 155 (Rev.WRC-19) this study reviewed the pfd limits in Annex 2 of Resolution 155 (Rev.WRC-19), and concluded that they should be revised in accordance with the following: 

1	In the frequency range 14.25-14.47 GHz used by stations (FIXED SERVICE), within line-of-sight of the territory of an administration not subject to RR No. 5.505

· in the frequency band 14.25-14.3 GHz on the territory of countries listed in RR No. 5.508;

· in the frequency band 14.3-14.4 GHz in Regions 1 and 3;

· in the frequency band 14.4-14.47 GHz worldwide;

where services are operating in this range, the maximum pfd produced at the surface of the Earth by emissions from a single earth station on board a UA communicating with a space station of the fixed-satellite service should not exceed:

	 for 0° ≤  ≤ 90°

	where  is the angle of arrival of the radio wave at the Earth’s surface. 

2	In the frequency band 14-14.3 GHz used by terrestrial stations, inside and at the border of the territory of an administration where terrestrial services are operating in this band according to RR No. 5.505, the maximum pfd produced at the surface of the Earth by emissions from a single earth station on board a UA communicating with a space station of the fixed-satellite service should not exceed:

[bookmark: _Hlk526149573]	 for 0° ≤  ≤ 90°

	where  is the angle of arrival of the radio wave at the Earth’s surface.

A comparison of these masks with that from the “Example provided by WRC-15” in Annex 2 of Resolution 155 (Rev.WRC-19) is shown in Figure 1.

The impact of multiple UAS/CNPC need to be taken into account.

The process is merely took into account specific type of fixed service and also did not take into account any Mobile service. Moreover, such course of action does not cover the full range of fixed and mobile service Consequently it is proposed that if exceeded these pfd masks are used as a baseline in finding agreements with affected administrations to avoid unacceptable interference into stations of the terrestrial service.

FIGURE 1

Comparison of power flux density masks
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ANNEX 1

Methodology

1	Principle

The methodology provides a verification of whether the protection criteria for a fixed service station are respected with non-stop co-channel line-of-sight operation during a period of one month of a single unmanned aircraft (UA).

The UA flight path is defined randomly on great-circle trajectories at a constant altitude and speed.

2	Process

The figure below shows the stages of the methodology adopted.

Figure 2

Process of the methodology
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3	Geometry

a)	Principle

According to WGS84 definitions:

Semi-major axis:					a = 6 378 137 m

Flattening coefficient:				F = 1/298.257223563

The following parameters are inferred:

Semi-minor axis:					b = a(1-F) = 6 356 752.3142 m

First eccentricity:					e =  = 8.181919084262210-2

Second eccentricity:				e’ =  = 8.209443794969610-2

Mean radius of the semi-axes:		R1 = 6 371 008.7714 m

The different references used are the following:

–	ECEF (Earth-Centered, Earth-Fixed)

–	WGS84 (World Geodetic System 84)

–	ENU (East, North, Up).

They are presented in the figure below, where the angles φ and λ represent respectively the WGS84 latitude and longitude.

figure 3

Coordinate references systems
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b)	Receiver: fixed service station 

Due to the applied methodology the results are independent from the location (latitude and longitude) of the fixed service. 

The antenna height of the station used for the study is 30 m and is always pointing in the same direction.

c)	Transmitter: Unmanned aircraft earth station

The UA trajectory is defined by an entry point and an exit point selected on the fixed service station’s line-of-sight circle, then by the points equally distributed on the great circle trajectory between those two points. The distance between two intermediary points on the great circle is the distance equivalent to one second trajectory at the given speed.

Two different scenarios are considered in each study:

Scenario 1:

In the scenario 1, the entry and exit points are both chosen randomly on the line-of-sight circle of the fixed service station.

Scenario 2:

In the scenario 2, the entry points are chosen randomly on the line-of-sight circle of the fixed service station but the exit points are forced to be at 180° of their corresponding entry point, so that the UA always flies over the fixed service station.

In Figures 4 and 5 example flight trajectories for scenario 1 and 2 are shown, colour-coded to show interference to noise ratio (I/N) (blue low and red high).

		Figure 4

Flight trajectories scenario 1

		Figure 5

Flight trajectories scenario 2
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The following altitudes have been considered: 1 000 m, 4 000 m, 7 000 m, 10 000 m, 13 000 m and 16 000 m. Several aircraft speeds were used in the simulation, and it was found that the results were not dependent on this parameter. However, the results presented in this study were generated for an aircraft speed of 200 kt (370 km/h).

Figure 6 below shows the parameters used to define the line-of-sight circle:

figure 6

Parameters for line-of-sight circle
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With  as the azimuth of the visibility circle of the Fixed service station.

4	Characteristics of fixed service station

a)	Interference level

The interference level is obtained by applying the following formula:

		

with:

	f 	in Hz;

	 	as the speed of light in m/s;

	 	as the receive gain of the fixed service station;

		is the angle of arrival of the radio-frequency wave in degrees; and

	 	as the angle between the point of boresight of the fixed service station antenna as the UA as seen from the fixed service station in degrees.

b)	Noise level

The receiver noise power density of the fixed service station considered in this study is, according to Recommendation ITU-R F.758, -136 dBW/MHz.

5	Protection criteria

In accordance Rec. ITU-R F.758, all of the following three protection criteria are used in the study:

–	The long-term protection criterion of not exceeding an I/N level of -10 dB for more than 20 percent of the time.

–	The short-term protection criterion  of an I/N level of +19 dB for more than 2.710-4 percent of the time.

–	A fractional degradation of performance (FDP) threshold of 10% according to the methodology set out in in Recommendation ITU-R F.1108.






ANNEX 2

Study #1 14-14.3 GHz 

Summary

To ensure protection of the fixed service from emissions of a UA communicating with a satellite, the pfd mask is proposed to be applied in the identified frequency band 14-14.3 GHz which is also used by the fixed service on a co-primary basis with the fixed-satellite service in certain countries identified in RR No. 5.505.

For verification that the pfd mask protects the fixed service in this frequency band, the methodology described in Annex 1 was applied.

1	Fixed service receive characteristics 

a)	Antenna gain

The antenna gain used for the studies is selected, respectively, as 37 and 28 dBi. The antenna pattern is based on Recommendation ITU-R F.1245 for point-to-point links.

b)	Antenna elevation

For the antenna elevation, the following values were taken into account: 0° and 5°.

c)	Examples of interference to noise ratio complementary cumulative distribution function for Scenario 1

Based on the proposed pfd mask the following two figures present the complementary cumulative distribution function (CCDF) of the I/N caused at the victim fixed service station having an antenna gain of 37 dBi and elevation angle of 0° and 5°, respectively. In both cases, the long-term and the short-term protection criteria are not exceeded at any time.

FIGURE 7

Interference to noise ratio exceedance 37 dBi and 0° fixed service antenna elevation

[image: ]

FIGURE 8

Interference to noise ratio exceedance 37 dBi and 0° fixed service antenna elevation
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The two following figures demonstrate the compliance of the pfd mask with the FDP criterion, protecting a fixed service station having an antenna gain of 37 dBi and an elevation angle of 0° and 5°, respectively.

FIGURE 9

Fractional degradation of performance 37 dBi and 0° fixed service antenna elevation
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FIGURE 10

Fractional degradation of performance 37 dBi and 5° fixed service antenna elevation
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Using the proposed pfd mask, the following two figures show the CCDF of a fixed service station with an antenna gain of 28 dBi and an elevation angle of 0° and 5°, respectively. Both figures demonstrate that both, the long‑term and the short-term protection criteria are not exceeded at any time.

FIGURE 11

Interference to noise ratio exceedance 28 dBi and 0° fixed service antenna elevation
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FIGURE 12

Interference to noise exceedance 28 dBi and 5° fixed service antenna elevation
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The two following figures show the compliance of the proposed pfd mask with the FDP criterion. Both figures demonstrate that the pfd mask protects a fixed service station with an antenna gain of 28 dBi and an elevation angle of 0° and 5°, respectively.°.

FIGURE 13

Fractional degradation of performance 28 dBi and 0° fixed service antenna elevation
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FIGURE 14

Fractional degradation of perfromance 28 dBi and 5° fixed service antenna elevation
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The protection of fixed service stations having even smaller antenna gains becomes less critical because of the significantly lower interference level reception; hence, not further diagrams are needed.

d)	Examples of interference to noise ratio complementary cumulative distribution function for scenario 2

Based on the proposed pfd mask the following two figures present the CCDF of the I/N caused at the victim fixed service station having an antenna gain of 37 dBi and elevation angle of 0° and 5°, respectively. In both cases, the long-term and the short-term protection criteria are not exceeded at any time.

FIGURE 15

Interference to noise ratio exceedance 37 dBi and 0° fixed service antenna elevation
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FIGURE 16

Interference to noise ratio exceedance 37 dBi and 5° fixed service antenna elevation
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The two following figures demonstrate the compliance of the pfd mask with the FDP criterion, protecting a fixed service station having an antenna gain of 37 dBi and an elevation angle of 0° and 5°, respectively.

FIGURE 17

Fractional degradation of performance 37 dBi and 0° fixed service antenna elevation
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FIGURE 18

Fractional degradation of performance 37 dBi and 5° fixed service antenna elevation
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Using the proposed pfd mask, the following two figures show the CCDF of a fixed service station with an antenna gain of 28 dBi and an elevation angle of 0° and 5°, respectively. Both figures demonstrate that both, the long‑term and the short-term protection criteria are not exceeded at any time.

FIGURE 19

Interference to noise ratio exceedance 28 dBi and 0° fixed service antenna elevation
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FIGURE 20

Interference to noise exceedance 28 dBi and 5° fixed service antenna elevation
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The two following figures show the compliance of the proposed pfd mask with the FDP criterion. Both figures demonstrate that the pfd mask protects a fixed service station with an antenna gain of 28 dBi and an elevation angle of 0° and 5°, respectively.

FIGURE 21

Fractional degradation of performance 28 dBi and 0° fixed service antenna elevation
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FIGURE 22

Fractional degradation of performance 28 dBi and 5° fixed service antenna elevation
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The protection of fixed service stations having even smaller antenna gains becomes less critical because of the significantly lower interference level reception; hence, not further diagrams are needed.




ANNEX 3

Study #2 14.25-14.47 GHz

1	Fixed service receive characteristics 

a)	Antenna gain

The antenna gains used in this study were 49, 45, 35, 28 or 18 dBi.

The antenna patterns shown in Figure 7 are based on Recommendation ITU-R F.1245 for point-to-point  links.

FIGURE 23

Antenna patterns for various fixed service antenna gains
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b)	Antenna elevation 

or the antenna elevation, the following values were taken into account: 0°, 1°, 2°, 3°, 4° and 5°. 

c)	Examples of interference to noise ratio complementary cumulative distribution function for Scenario 1

The variation in antenna gain, elevation angle and altitude leads to a total of 180 cases, to reduce the complexity of the report, some examples were selected.

The following two figures correspond to a fixed service station with maximum antenna gain of 49 dBi with elevation angles of 0° and 5°, respectively.

FIGURE 24

Interference to noise ratio exceedance 49 dBi and 0° fixed service antenna elevation
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FIGURE 25

Interference to noise ratio exceedance 49 dBi and 5° fixed service antenna elevation
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The following two figures correspond to a fixed service station with maximum antenna gain of 35 dBi with elevation angles of 0° and 5°, respectively.

FIGURE 26

Interference to noise ratio exceedance 35 dBi and 0° fixed service antenna elevation
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FIGURE 27

Interference to noise ratio exceedance 35 dBi and 5° fixed service antenna elevation
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d)	Examples of interference to noise ratio complementary cumulative distribution function for scenario 2

The variation in antenna gain, elevation angle and altitude leads to a total of 180 cases, to reduce the complexity of the report, some examples were selected.

The following two figures correspond to a fixed service station with maximum antenna gain of 49 dBi with elevation angles of 0° and 5°, respectively.

FIGURE 28

Interference to noise ratio exceedance 49 dBi and 0° fixed service antenna elevation
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FIGURE 29

Interference to noise ratio exceedance 49 dBi and 5° fixed service antenna elevation
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The following two figures correspond to a fixed service station with maximum antenna gain of 35 dBi with elevation angles of 0° and 5°, respectively.

FIGURE 30

Interference to noise ratio exceedance 35 dBi and 0° fixed service antenna elevation
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FIGURE 31

Interference to noise ratio exceedance 35 dBi and 5° fixed service antenna elevation



M:\BRSGD\TEXT2019\SG05\WP5B\600\683e.docx ( )	14.04.23	21.02.08

image2.png

pfd in dBW/(m>MHz)
st
S 3

[
S

-130

-140

10

Annex 2 Resolution 155 (WRC-15)
— - - pfd mask study #1
- — - pfd mask study #2
20 30 40 50 60 70 80

Angle of arrival of the radio wave at the Earth's suurface in degrees

90






image3.png

Determine ENU coordinates of the circle according
to aircraft altitude and Fixed Service antenna height

‘WGS84 location of
Fixed Service station

V2

Draw two random angles to define ENU start and
end points (scenario 1)

Fixed Service station
‘WGS84 > ECEF

Or

Draw one random angle to define ENU start point
and a trajectory which passes over the Fixed Service
station (scenario 2)

2

Determine ECEF coordinates for two points of line-of-sight
circle

2

Determine WGS84 coordinates of the two points

2

Calculate the great-circle distance between the two points of
the Fixed Service station visibility circumference

2

Determine the number of points according to the speed of the
aircraft for a 1 second increment

2

Determine the path points with 1 second increments in WGS84

2

Determine the path points with 1 second increments in ECEF
and the Fixed Service station— UA vectors in ENU

If we consider two points A and B on the sphere, of
latitudes ©, and gg and longitudes ., and . then
the angular distance in radians S between A and
Bis given by the fundamental spherical
trigonometry relation. using AA=l.5—%:

Sa_p=arc cos (sin @, sin g+ cos P4 cos P cos
)

v
— - The distance S in metres is obtained by multiplying
Calculate the off-axis gain values and apply the pfd mask S, 5 by the average radius of the Earth.
2

Calculate the level of interference received by the Fixed
Service station

2

At end of path, check 1 month has elapsed, otherwise continue
with new trajectory

2

Compare interference levels with short-, long-term I/N and
FDP thresholds

Vary the elevation and antenna gain of Fixed
Service station and altitude of UA applying the
pfd masks







image4.png

Lecef







image5.png







image6.png







image7.png







image8.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


P


r


o


b


a


b


i


l


i


t


y


 


I


/


N


 


i


s


 


e


x


c


e


e


d


e


d


 


i


n


 


%


STPTC


LTPTC


 1km  0° 37dBi 200kts


 4km 0° 37dBi 200kts


 7km 0° 37dBi 200kts


10km 0° 37dBi 200kts


13km 0° 37dBi 200kts


16km 0° 37dBi 200kts




image9.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


P


r


o


b


a


b


i


l


i


t


y


 


I


/


N


 


i


s


 


e


x


c


e


e


d


e


d


 


i


n


 


%


STPTC


LTPTC


 1km  5° 37dBi 200kts


 4km 5° 37dBi 200kts


 7km 5° 37dBi 200kts


10km 5° 37dBi 200kts


13km 5° 37dBi 200kts


16km 5° 37dBi 200kts




image10.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 0° 37dBi 200kts


13km 0° 37dBi 200kts


10km 0° 37dBi 200kts


 7km 0° 37dBi 200kts


 4km 0° 37dBi 200kts


 1km 0° 37dBi 200kts




image11.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 5° 37dBi 200kts


13km 5° 37dBi 200kts


10km 5° 37dBi 200kts


 7km 5° 37dBi 200kts


 4km 5° 37dBi 200kts


 1km 5° 37dBi 200kts




image12.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


P


r


o


b


a


b


i


l


i


t


y


 


I


/


N


 


i


s


 


e


x


c


e


e


d


e


d


 


i


n


 


%


STPTC


LTPTC


 1km  0° 28dBi 200kts


 4km 0° 28dBi 200kts


 7km 0° 28dBi 200kts


10km 0° 28dBi 200kts


13km 0° 28dBi 200kts


16km 0° 28dBi 200kts




image13.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


P


r


o


b


a


b


i


l


i


t


y


 


I


/


N


 


i


s


 


e


x


c


e


e


d


e


d


 


i


n


 


%


STPTC


LTPTC


 1km  5° 28dBi 200kts


 4km 5° 28dBi 200kts


 7km 5° 28dBi 200kts


10km 5° 28dBi 200kts


13km 5° 28dBi 200kts


16km 5° 28dBi 200kts




image14.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 0° 28dBi 200kts


13km 0° 28dBi 200kts


10km 0° 28dBi 200kts


 7km 0° 28dBi 200kts


 4km 0° 28dBi 200kts


 1km 0° 28dBi 200kts




image15.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 5° 28dBi 200kts


13km 5° 28dBi 200kts


10km 5° 28dBi 200kts


 7km 5° 28dBi 200kts


 4km 5° 28dBi 200kts


 1km 5° 28dBi 200kts




image16.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


P


r


o


b


a


b


i


l


i


t


y


 


I


/


N


 


i


s


 


e


x


c


e


e


d


e


d


 


i


n


 


%


STPTC


LTPTC


 1km 0° 37dBi 200kts


 4km 0° 37dBi 200kts


 7km 0° 37dBi 200kts


10km 0° 37dBi 200kts


13km 0° 37dBi 200kts


16km 0° 37dBi 200kts




image17.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


C


D


F


 


i


n


 


%


STPTC


LTPTC


1km 5° 37dBi 200kts


4km 5° 37dBi 200kts


 7km 5° 37dBi 200kts


 10km 5° 37dBi 200kts


 13km 5° 37dBi 200kts


 16km 5° 37dBi 200kts




image18.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 0° 37dBi 200kts


13km 0° 37dBi 200kts


10km 0° 37dBi 200kts


 7km 0° 37dBi 200kts


 4km 0° 37dBi 200kts


 1km 0° 37dBi 200kts




image19.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 5° 37dBi 200kts


13km 5° 37dBi 200kts


10km 5° 37dBi 200kts


 7km 5° 37dBi 200kts


 4km 5° 37dBi 200kts


 1km 5° 37dBi 200kts




image20.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


P


r


o


b


a


b


i


l


i


t


y


 


I


/


N


 


i


s


 


e


x


c


e


e


d


e


d


 


i


n


 


%


STPTC


LTPTC


 1km 0° 28dBi 200kts


 4km 0° 28dBi 200kts


 7km 0° 28dBi 200kts


10km 0° 28dBi 200kts


13km 0° 28dBi 200kts


16km 0° 28dBi 200kts




image21.emf

-40 -30 -20 -10 0 10 20


I/N in dB


10


-4


10


-3


10


-2


10


-1


10


0


10


1


10


2


P


r


o


b


a


b


i


l


i


t


y


 


I


/


N


 


i


s


 


e


x


c


e


e


d


e


d


 


i


n


 


%


STPTC


LTPTC


 1km 5° 28dBi 200kts


 4km 5° 28dBi 200kts


 7km 5° 28dBi 200kts


10km 5° 28dBi 200kts


13km 5° 28dBi 200kts


16km 5° 28dBi 200kts




image22.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 5° 28dBi 200kts


13km 0° 28dBi 200kts


10km 0° 28dBi 200kts


 7km 0° 28dBi 200kts


 4km 0° 28dBi 200kts


 1km 0° 28dBi 200kts




image23.emf

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20 21 22 23 24


Months


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


F


D


P


 


i


n


 


%


FDP Limit 10%


16km 5° 28dBi 200kts


13km 5° 28dBi 200kts


10km 5° 28dBi 200kts


 7km 5° 28dBi 200kts


 4km 5° 28dBi 200kts


 1km 5° 28dBi 200kts




image24.png

Gain (dBi)

Antenna gain pattern for IUT-R F.1245 for various maximum gain
50

% 70 50 30 -0 10 3 5 70 90
angle ()






image25.png

dfin%

‘Cumulative distribution of UN at 14GHz

Random scenarlo_Antenna gai

9 dBi Elovation =0°

10

10°

100

10°

102

FOP(%) = 0.38 (16000m), .35 (13000m), 039 (10000m),
0.41(7000m), 0.51(4000m), 0.7 (1000m)

+Long tem protecion arteria
1000m_0°_459B1 200K1_Ku
4000043081 2004 Ku
| ——— 7000m_0"_49081_200k_ku
| ——— 10000m_0°_450Bi_200K_Ku
| ——— 13000m_0°_450Bi_200_Ku
| —— 16000m_ 0" 4508 200K ku

INingB







image26.png

dfin%

10

10°

100

10°

102

‘Cumulative distribution of UN at 14GHz

Random scenarlo_Antenna gai

9 dBi Elovation

FOP(%) = 0.4 (16000m), 0.23 (13000m), 0.
0.24 (7000m), 0.7 (4000m), 0.02 (1

+ Long tem proecion arteria
1000m_5°_459B1 200K1_Ku
4000 543081 200 Ku
+ | ——— 7000m_5"_401B1_200_ku
| ——— 10000m_5°_450Bi_200K_Ku
| ——— 13000m_5*_454Bi_UAV_Ku
| —— 16000m_5°_450Bi_200Kd_ku

10 o 10 20
INingB







image27.png

dfin%

10

10°

10°

10°

102

‘Cumulative distribution of IN at 14GHz
Random sconario_Antenna gain = 35 dBi Elovation =0°

+  Long tem proecion arteria
1000m_0° 35081 200K_Ku
2000035081 2004 Ku
+ | ——— 7000m_0"_35B1_200K_ku
| ——— 10000m_0°_354Bi_200K4_Ku
| —— 13000m_0°_35dBi_200_Ku
| —— 16000m_ 0" 3508 200K ku

.25 (16000m),0.25 (13000m),0.24 (10000m),
027 (7000m), 0.2 (4000m), 021 (1000m)

FOP(%)

» 2 10 o 10 20
INingB







image28.png

dfin%

‘Cumulative distribution of IN at 14GHz
Random sconario_Antenna gain = 35 dBi Elovation

10

+ Long tem proecion arteria
1000m_5°_35081 200K1_Ku
4000m 535081 200_Ku
+ | ——— 7000m_5'_35B1_200K_Ku
| ——— 10000m 5°_354Bi_200K_Ku
| —— 13000m_5°_35dBi_200k_Ku
| —— 16000m_5°_350Bi 200K Ku

10°

10°

10°

102 FDP(%) =0.27 (16000m), 0.28 (13000m),0.27 (10000m),
.15 (7000m), 012 (4000m), 0.03 (1000m)

» 2 10 o 10 20
INingB






image29.png

dfin%

10

10°

100

10°

102

‘Cumulative distribution of UN at 14GHz
Trajoctory 180° sconario_Antonna gain = 49 dBi Elovation =0°

+Long tem protecion arteria
1000m_0°_459B1 200K1_Ku
4000043081 2004 Ku
+ | ——— 7000m_0"_491B1_20040_Ku
| ——— 10000m_0°_450Bi_200K_Ku
| ——— 13000m_0°_450Bi_200_Ku
| —— 16000m_ 0" 4508 200K ku

FOP(2%) = 0.15 (16000m), 0.19 (13000m),0.28 (10000m),
0.27 (7000m), 0.3 (4000m), 024 (1000m)

INingB







image30.png

dfin%

‘Cumulative distribution of UN at 14GHz

Trajoctory 180° sconario_Antonna gain = 49 dBi Elovation =5°

10

10°

100

10°

102 FDP(%) = 0,85 (16000m), 0.77 (13000m), 0,52 (10000m),
0.35 (7000m),0.44 (4000m),0.13 (1000m)

+  Long protectionciiera
1000m_5°_454B1 200K0_Ku
4000 543081 200 Ku
| ——— 7000m_5'_49081_200k_ku
| ——— 10000m_5°_454Bi_200K0_Ku
| —— 13000m_5°_45Bi_200_Ku
| —— 16000m_5°_450Bi 200K Ku

INingB

10 20







image31.png

dfin%

10

10°

100

10°

102

‘Cumulative distribution of UN at 14GHz
Trajoctory 180° sconario_Antonna gain = 35 dBi Elovation =0°

+ Long tem protecion arteria
1000m_0° 35081 200K_Ku
4000m_0_350B1 2004 Ku
| ——— 7000m_0"_35B1_200K0_Ku
| ——— 10000m_0°_3548i_200K0_Ku
| ——— 13000m_0°_35dBi_200_Ku
| —— 16000m_ 0" 3508 200K Ku

FOP(%) = 0.22 (16000m), 0.18 (13000m), 017 (10000,
021 (7000m), 0.27 (4000m), 0.28 (1000m)

INingB







image1.png








image7.emf
USWP5B31-09_Final  NC_AI1.10-15GHz.docx


USWP5B31-09_Final NC_AI1.10-15GHz.docx
		US Radiocommunication Sector

FACT SHEET



		Working Party: ITU-R WP 5B

		Document No: USWP5B31-09



		Reference: 5B/731 Annex 15 – Annex 3 

		Date: 12 February11 April 2023



		Document Title: Sharing of the frequency band 15.4-15.7 GHz between RLS radars and future non-safety AM(OR)S systems



		Author(s)/Contributor(s):



Andrew Meadows

Air Force



Dominic Nguyen

eSimplicity for AFSMO



		



Phone: 334-467-4720

E-mail: andrew.meadows.1@us.af.mil

          

Phone: 703-606-7394

E-mail: dominic.nguyen@esimplicity.com







		Purpose/Objective: The purpose of this document is to finalize the sharing studies between non-safety aeronautical mobile (off-route) service (AM(OR)S) and Radiolocation service in support of WRC-23 AI 1.10.





		Abstract: WRC-19 approved AI 1.10 for the WRC-23 study cycle to consider a possible introduction of new non-safety AMS applications in the 15.4-15.7 GHz band. During the November 2022 meeting, France/German requested US to include the Adaptive Transmit Power Control (ATPC) feature to the non-safety AM(OR)S system. This contribution includes the ATPC feature and finalizes the sharing studies between non-safety AM(OR)S and Radiolocation service.



		Fact Sheet Preparer: Dominic Nguyen












		Radiocommunication Study Groups

		[bookmark: ditulogo][image: Logo

Description automatically generated]



		

		



		

		



		Source:	Document 5B/731 Annex 15 – Annex 3

Subject:	WRC-23 agenda item 1.10
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				United States of America



		Sharing of the frequency band 15.4-15.7 GHz between RLS radars and future non-safety AM(OR)S systems







1	Introduction



The United States of America would like to finalize the sharing study between non-safety AM(OR)S and Radiolocation in the frequency band 15.4-15.7 GHz by providing some editorial and technical corrections for the multiple clusters analysis.



The United States proposals are in track changes. Attachment revisions are presented for consideration.














		Attachment



				[bookmark: dsource]Annex 15 to Working Party 5B Chairman's Report



		[bookmark: drec]WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW 
REPORT ITU-R M.[NON-SAFETY AM(OR)S CHARACTERISTICS 
AND SHARING STUDIES]



		[bookmark: dtitle1]





[bookmark: dbreak][bookmark: _Toc107929243][bookmark: _Toc120132380]ANNEX 3 





		[bookmark: _Hlk124340487]Sharing of the frequency band 15.4-15.7 GHz between RLS radars 
and future non-safety AM(OR)S systems







There are no proposed changes prior to this point in the document.

[bookmark: _Toc120132604]…

[bookmark: _Toc124329524]A3.4	Study D

This section assesses sharing between multiple clusters of AM(OR)S stations operating in the frequency band 15.4-15.7 GHz and an RLS system operating in the band 15.4-17.3 GHz. It determines minimum separation zones around the RLS receiver to meet the protection criterion I/N = −6 dB. 

[bookmark: _Toc120132605][bookmark: _Toc124329525]A3.4.1	Methodology 

The study evaluates the aggregate I/N variable at the RLS receiver, and determines the required separation distance to meet the protection criterion. The impact of GDTs (if some are present in a given scenario, for instance 6.2.1 and 6.2.3) is not taken into account. The simulation setup is described in Table A3-5 below. Figures A3-14 through A3-17 depicts the sharing scenarios between multiple clusters of AM(OR)S and radiolocation.

[bookmark: _Toc120132606][bookmark: _Toc124329526]A3.4.2	Results

Figures A3-18 through A3-21 provide the ECDF of I/N measured at the RLS receiver in the four operational scenarios, in two different configurations of the AM(OR)S clusters. Figures A3-22 to A3‑25 repeat the simulation by introducing separation distances indicated in the title of each figure.

[bookmark: _Toc120132607][bookmark: _Toc124329527]A3.4.3	Summary

Depending on the interference scenario under consideration and the AMS system characteristics, a separation distance is required between AM(OR)S and RLS stations. 

TABLE A3-5

Simulation setup of Study D

		

		

		[bookmark: _Toc120132608]Units

		[bookmark: _Toc120132609]Scenario



		

		

		

		6.2.1

		6.2.2

		6.2.3

		6.2.4



		[bookmark: _Toc120132614]Clusters deployment



		[bookmark: _Toc120132615]Number of clusters

		[bookmark: _Toc120132616]-

		[bookmark: _Toc120132617]5

		[bookmark: _Toc120132618]3

		[bookmark: _Toc120132619]4

		[bookmark: _Toc120132620]8



		[bookmark: _Toc120132621]Location 

		

		[bookmark: _Toc120132622]All clusters randomized within 254 km from the radius of the simulations area

		[bookmark: _Toc120132623]All clusters randomized within 48467 km from the radius of the simulations area

		[bookmark: _Toc120132624]All clusters randomized within 46784 km from the radius of the simulations area

		[bookmark: _Toc120132625]All clusters randomized within 332 km from the radius of the simulations area



		[bookmark: _Toc120132626]AM(OR)S stations deployment within a cluster 



		[bookmark: _Toc120132627]Position of AM(OR)S stations inside a cluster

		[bookmark: _Toc120132628]-

		[bookmark: _Toc120132629]ADTs randomized within 70 km from the GDT

		[bookmark: _Toc120132630]According to Table 6-1

		[bookmark: _Toc120132631]Relay ADT randomized 300 km from the GDT; observation ADTs randomized 5 km from the relay ADT

		[bookmark: _Toc120132632]ADT#3 is fixed; ADT#2 and ADT#4 randomized within 500 km from ADT#3; 

[bookmark: _Toc120132633]ADT#1 within 500 km from ADT#2; ADT#5 within 500 km from ADT#4



		[bookmark: _Toc120132634]Altitude of AM(OR)S stations AGL

		[bookmark: _Toc120132635]km

		[bookmark: _Toc120132636]According to Table 6-1



		TPO

		[bookmark: _Toc120132638]dBm

		[bookmark: _Toc120132639]Adapt the ATPC algorithm described in section A11.6.1Maximum power level for all AM(OR)S systems as per Table A1-1



		[bookmark: _Toc120132640]Antennas of AM(OR)S stations

		–

		[bookmark: _Toc120132642]According to section A1.2



		ADTs BW 

		[bookmark: _Toc120132644]MHz

		[bookmark: _Toc120132645]10

		[bookmark: _Toc120132646]10

		[bookmark: _Toc120132647]10

		[bookmark: _Toc120132648]10



		[bookmark: _Toc120132649]GDTs BW

		

		[bookmark: _Toc120132650]10

		–

		[bookmark: _Toc120132652]10

		–



		[bookmark: _Toc120132654]AM(OR)S stations centre frequency 

		[bookmark: _Toc120132655]GHz

		[bookmark: _Toc120132656]Randomized in 15.4-15.7



		[bookmark: _Toc120132657]Simulation parameters



		[bookmark: _Toc120132658]Simulation area radius

		[bookmark: _Toc120132659]km

		[bookmark: _Toc120132660]400

		[bookmark: _Toc120132661]800 

		[bookmark: _Toc120132662]900

		[bookmark: _Toc120132663]1500



		PL ADTs – RLS 

		[bookmark: _Toc120132665]dB

		[bookmark: _Toc120132666]According to Rec. ITU-R P.528-5 (with 5% time)



		PL AM(OR)S Tx – AM(OR)S Rx

		dB

		According to Rec. ITU-R P.528-5 (with 95% time)



		[bookmark: _Toc120132667]Number of snapshots

		–

		

		

		

		



		[bookmark: _Toc120132673]RLS receiver deployment



		[bookmark: _Toc120132674]Location

		–

		[bookmark: _Toc120132676]Randomized within the simulation area



		[bookmark: _Toc120132677]Altitude AGL

		[bookmark: _Toc120132678]km

		[bookmark: _Toc120132679]Uniformly randomized between 0.3 and 13.7, see Table A2-1



		[bookmark: _Toc120132680]Antenna pointing

		–

		[bookmark: _Toc120132682]Uniformly randomized within ±45° in azimuth and between +5° and −45° 
in elevation as per Table A2A-1



		[bookmark: _Toc120132683]Protection criterion 

		–

		[bookmark: _Toc120132685]I/N = −6 dB according to section A2.1.3



		[bookmark: _Toc120132686]Antenna

		–

		[bookmark: _Toc120132688]According to section A2.1.2 and Attachment A to Annex 2



		[bookmark: _Toc120132689]Centre frequency 

		[bookmark: _Toc120132690]GHz

		[bookmark: _Toc120132691]Randomized in 15.4-15.7



		[bookmark: _Toc120132692]BW

		[bookmark: _Toc120132693]MHz

		[bookmark: _Toc120132694]25

		[bookmark: _Toc120132695]25

		[bookmark: _Toc120132696]25

		[bookmark: _Toc120132697]25







FIGURE A3-14

Sharing studies between multiple AM(OR)S clusters and radiolocation 
based on the wildfire observation scenario
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FIGURE A3-15

Sharing studies between multiple AM(OR)S clusters and radiolocation based 
on the search and rescue scenario
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FIGURE A3-16

Sharing studies between multiple AM(OR)S clusters and radiolocation based 
on the surveillance mission scenario
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FIGURE A3-17

Sharing studies between multiple AM(OR)S clusters and radiolocation based 
on the Internet above the clouds scenario
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FIGURE A3-18

ECDF (%) of I/N at the RLS receiver in scenario 6.2.1; the protection criterion of RLS (I/N = −6 dB) 
is indicated by a vertical red line; the left Figure is without ATPC, and the right Figure is with ATPC 
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FIGURE A3-19

As in Figure A3-18, in scenario 6.2.2
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FIGURE A3-20

As in Figure A3-18, in scenario 6.2.3

[image: Chart, line chart

Description automatically generated][image: Chart, line chart

Description automatically generated]





FIGURE A3-21

As in Figure A3-18, in scenario 6.2.4
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FIGURE A3-22

ECDF (%) of I/N at RLS receiver in scenario 6.2.1; RLS protection criterion RLS is shown 
as a vertical red line; In the left Figure, 560 km exclusion zone in green; and 565 km in blue; In the right Figure, 555 km exclusion zone in green and 560 km in blue
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FIGURE A3-23

As in Figure A3-22, in scenario 6.2.2; In the left Figure, 1200715 km exclusion zone in green; and 1205720 km in blue; In the right Figure, 1005 km exclusion zone in green and 1010 km in blue
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FIGURE A3-24

As in Figure A3-22, in scenario 6.2.3; In the left Figure, 875 km exclusion zone in green; and 880 km in blue; In the right Figure, 715 km exclusion zone in green and 720 km in blue
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FIGURE A3-25

As in Figure A3-22, in scenario 6.2.4; In the left Figure, 1 435 km exclusion zone in green; and 1 440 km in blue; In the right Figure, 1 330 km exclusion zone in green and 1 335 km in blue
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Table A3-6 below provides the separation distance between non-safety AM(OR)S and radiolocation.

TABLE A3-6

Separation distance between systems operating in the aeronautical mobile service (off-route) 
and radiolocation service 

		

		[bookmark: _Toc120132698]Non-safety AM(OR)S transmitter bandwidth 
(MHz)

		[bookmark: _Toc120132699]Non-safety AM(OR)S transmitter e.i.r.p. 
(dBW)

		[bookmark: _Toc120132700]Separation distance between Radiolocation and the center of non-safety AM(OR)S cluster deployment 
(km) without ATPC feature

		Separation distance between Radiolocation and the center of non-safety AM(OR)S cluster deployment(km) with ATPC feature



		[bookmark: _Toc120132701]Figure 4-2 – Wildfire observation scenario

		[bookmark: _Toc120132702]10

		[bookmark: _Toc120132703]−2

		[bookmark: _Toc120132704]565

		560



		[bookmark: _Toc120132705]Figure 4-3 – Search and rescue scenario

		[bookmark: _Toc120132706]10

		[bookmark: _Toc120132707]35

		[bookmark: _Toc120132708]*7201205

		1010



		[bookmark: _Toc120132709]Figure 4-4 – Surveillance mission scenario

		[bookmark: _Toc120132710]10

		[bookmark: _Toc120132711]35

		[bookmark: _Toc120132712]880

		720



		[bookmark: _Toc120132713]Figure 4-5 – Internet above the clouds scenario

		[bookmark: _Toc120132714]10

		[bookmark: _Toc120132715]48

		[bookmark: _Toc120132716]1 440

		1 335







[bookmark: _ATTACHMENT_A_to_3]*Editor’s note: For the Search and rescue scenario, the previous separation distance (720km) is from the edge of the AM(OR)S cluster to Radiolocation. The correct value is 1205 km for the distance between the center of the cluster to Radiolocation.

There are no proposed changes prior to this point in the document.
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1	Introduction



The United States of America would like to provides an answer to Russian concerns and proposes this document be elevated to draft new Recommendation ITU-R M.[AMS CHARACTERISTICS_1 780-1 850 MHZ] and sent to SG 5 for approval.
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Scope

This Recommendation provides information on the technical characteristics and protection criteria for systems operating in the aeronautical mobile service (AMS) planned to or currently operating within the frequency range 1 780-1 850 MHz for use in sharing and compatibility studies as needed.

Keywords

Aeronautical mobile service, technical characteristics, protection criteria

Abbreviations/Glossary

AMS:	Aeronautical mobile service

RR:	Radio Regulations

The ITU Radiocommunication Assembly,

considering

a)	that systems and networks operating in the aeronautical mobile service (AMS) are used for airborne data-links, including video to support remote sensing, including but not limited to earth sciences, land management, and disaster management applications, as well as telemetry;

b)	that based on the applications, availability of hardware components, and propagation characteristics, the frequency range 1 780-1 850 MHz facilitates the use of current or planned operating systems and networks for such applications,

recognizing

a)	that the frequency range 1 710-1 980 MHz is allocated on a primary basis in all three ITU Regions to the fixed and mobile services;

b)	that Radio Regulations (RR) Nos. 5.384A and 5.388 identifies the use of the frequency range 1 710-2 025 MHz for international mobile telecommunications;

c)	that RR No. 5.386 provides a primary allocation to the space operation (Earth-to-space) and space research (Earth-to-space) services in Region 2 (except Mexico), in Australia, Guam, India, Indonesia and Japan on a primary basis, subject to agreement obtained under RR No. 9.21, having particular regard to troposcatter systems;,

d)	that the use of the AMS in the 1 780-1 850 MHz does not preclude the use of this frequency band by any application of the services to which it is allocated and does not establish priority in the Radio Regulations,

e)	that the application of protection criteria may require consideration for inclusion of the statistical nature of the criteria and other elements of the methodology for performing compatibility studies (e.g., antenna scanning including motion of the transmitter and propagation loss). Further development of these statistical considerations may be incorporated into future revisions of this and other related Recommendations, as appropriate,

recommends

that the technical characteristics and protection criteria for systems operating in the AMS given in the Annex 1 should be used in performing sharing and compatibility analyses.



ANNEX 1

Technical characteristics and protection criteria for data links operating in the aeronautical mobile service in the frequency range 1 780-1 850 MHz

1	Introduction		2

2	Operational deployment		2

3	Technical characteristics of aeronautical mobile systems		3

3.1	Transmitter and receiver characteristics		3

3.2	Antenna characteristics		3

4	Protection criteria		3



[bookmark: _Toc99551671]1	Introduction

Systems and networks operating in the AMS are used for airborne datalinks to support remote sensing, etc., applications. Aeronautical mobile data link systems are operated between ground stations and aircraft stations. 

[bookmark: _Toc99551672]2	Operational deployment

Data links operating in the aeronautical mobile service includes transmission from and to, either aircraft stations or a ground terminal considered as an aeronautical station. These transmissions could use bidirectional air‑to‑ground links, or relay through another airborne platform using an air-to-air data links. Links can be either simplex or duplex. The link lengths vary greatly in these applications. Although some of the link lengths may be relatively short, many of the link lengths approach the radio line‑of‑sight distance. The operational altitude of airborne platforms equipped with these datalinks can vary up to 20 000 m.

The ground terminals may be at a permanent location, or they may be transportable. Transportable ground terminals can be moved to meet operational needs and the duration of use while it remains at a particular location is dependent upon operational requirements.

A single ground terminal may simultaneously support several aircraft stations at the same time via different links.

[bookmark: _Toc99551673]3	Technical characteristics of aeronautical mobile systems

Typical technical characteristics for representative airborne data links for the frequency range 1 780‑1 850 MHz are provided in Table 1.

[bookmark: _Toc99551674][bookmark: _Hlk62056089]3.1	Transmitter and receiver characteristics

The aeronautical mobile systems operating or planned to operate within the frequency range 1 780‑1 850 MHz typically use digital modulations. A given transmitter may be capable of radiating more than one waveform.

[bookmark: _Toc99551675]3.2	Antenna characteristics

A variety of different types of antennas are used by systems in the frequency range 1 780-1 850 MHz. Antennas in this range are generally of a variety of sizes and vary between the airborne component of the link and the ground-based component of the link. The airborne antenna gains are typically between 3 and 16 dBi. The ground-based antenna gain can typically be between 3 and 31 dBi. 

[bookmark: _Toc99551676]4	Protection criteria 

An I/N ratio of about −6 dB is the suitable protection criteria for AMS systems. This represents the required protection criterion for the AMS systems. If multiple potential interference sources are present, protection of the AMS systems requires that this criterion is not exceeded due to the aggregate interference from the multiple sources.

[bookmark: _Hlk67501243][bookmark: _Hlk66989359]

TABLE 1

Typical technical characteristics of representative systems operating in aeronautical mobile service in the frequency range 1 780-1 850 MHz

		Parameter

		Units

		System 1
Airborne

		System 1
Ground

		System 2
Airborne

		System 2
Ground



		Transmitter



		Tuning range

		MHz

		1 780-1 850

		1 780-1 850

		1 780-1 850

		1 780-1 850



		Power output

		dBm

		35-39

		30-39

		42-50

		42



		Emission bandwidth (3 dB)

		MHz

		6 / 10 / 20

		6 / 10 / 20

		0.158 / 0.97 / 1.23 / 4.0

		0.158 / 0.97 / 1.23 / 4.0



		Receiver



		Tuning range

		MHz

		1 780-1 850

		1 780-1 850

		1 780-1 850

		1 780-1 850



		IF Selectivity (3 dB)

		MHz

		6 / 10 / 20

		6 / 10 / 20

		0.2 / 1 / 1.5 / 4.5

		0.2 / 1 / 1.5 / 4.5



		Noise figure

		dB

		3.5

		3

		2.5

		2.5



		Antenna



		Antenna type

		

		Omnidirectional

		Omni-directional

		Directional

		Omni-directional

		Directional

		Omni-directional

		Directional



		Antenna gain

		dBi

		3

		6

		19

		31

		3.5

		16

		3

		30



		1st sidelobe

		dBi

		Not applicable

		Not applicable

		6

		11

		Not applicable

		9

		Not applicable

		17



		Polarization

		

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		Omni

		Omni

		Rec ITU-R M.1851
Cosine distribution

		Omni

		Rec ITU-R M.1851 
Uniform distribution

		Omni

		Rec ITU-R M.1851
Uniform distribution



		Horizontal beamwidth

		Degrees

		360

		360

		16

		3.3

		360

		33

		360

		4.4



		Vertical beamwidth

		Degrees

		90

		90

		16

		3.3

		35

		33

		40

		4.4



		Antenna height

		Meters

		20 000

		10

		10

		10

		20 000

		20 000

		10

		10



		I/N protection criteria

		dB

		−6

		−6

		−6

		−6

		−6

		−6

		−6

		−6








TABLE 1 (cont.)

		Parameter

		Units

		System 3
Airborne

		System 3
Ground



		Transmitter



		Tuning range

		MHz

		1 780-1 850

		1 780-1 850



		Power output

		dBm

		48.75

		48.75



		Emission bandwidth (3 dB)

		MHz

		0.7

		0.7



		Receiver



		Tuning range

		MHz

		1 780-1 850

		1 780-1 850



		IF Selectivity (3 dB)

		MHz

		1

		1



		Noise figure

		dB

		3

		3



		Antenna



		Antenna type

		

		Omni

		Omni

		Omni



		Antenna gain 

		dBi

		3

		3

		13



		1st sidelobe

		dBi

		Not applicable

		Not applicable

		6



		Polarization

		

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		Omni

		Omni

		Biconical dipole 
(Recommendation ITU-R F.1336)



		Horizontal beamwidth 

		degrees

		360

		360

		360



		Vertical beamwidth 

		degrees

		180

		180

		10



		Antenna height

		Meters

		15 000

		10

		10



		I/N protection criteria

		dB

		−6

		−6

		−6







______________
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[bookmark: dbreak]1	Introduction

At the previous meeting of Working Party 5B the meeting discussed several input contributions and made progress on a revision to Recommendation ITU-R M.2116. This contribution seeks to continue the development of this revision. 

2	Proposal

The United States proposes the following edits to the preliminary draft revision to Recommendation ITU-R M.2116-0 which are contained in Attachment 1. The proposed edits are highlighted in yellow. It is also proposed to elevate the status of this document to Draft Revision.

It should be noted that in certain instances the United States has provided USA notes for clarification. These notes are not intended to be retained for the final output of this document.
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		Attachment



		PRELIMINARY DRAFT REVISION OF 
RECOMMENDATION ITU-R M.2116-0



		Technical and operational characteristics and protection criteria for the systems operating in the aeronautical and maritime mobile services systems operating within the 4 400-4 990 MHz frequency range





Summary of revision

The revision provides characteristics of new systems operated in the aeronautical mobile service and adds an annex for the characteristics of systems operated in the maritime mobile service. It also refines the operational description of the systems.

Attachment:	1




ATTACHMENT

PRELIMINARY DRAFT REVISION OF 
RECOMMENDATION ITU-R M.2116-0

Technical and operational characteristics and protection criteria for thesystems operating in the aeronautical and maritime mobile services systems operating within the 4 400-4 990 MHz frequency range

(2018)

{Editor’s Note: References to international airspace, international waters, are to be revisited when the alternative on terminology will be chosen}

Scope

This Recommendation provides information on the technical and operational characteristics and protection criteria for systems operating in the aeronautical and maritime mobile services (AMS) planned to or currently operating within the frequency range 4 400-4 990 MHz for use in sharing and compatibility studies as needed and does not contain any address aeronautical mobile telemetry systems.

Keywords

Aeronautical mobile service, maritime mobile service, technical characteristics, protection criteria

Abbreviations/Glossary

AMDL	Aeronautical mobile service data link

AMS	Aeronautical mobile service

AMT:	Aeronautical mobile telemetry

MDL:	Maritime mobile service data link

MMS:	Maritime mobile service

RR:	Radio Regulations

UAV:	Unmanned aerial vehicle

Related ITU-R Recommendations and Reports

Recommendations

ITU-R SM.329:	Unwanted emissions in the spurious domain 

ITU-R SM.1541:	Unwanted emissions in the out-of-band domain

ITU-R M.1851:	Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses

Reports

ITU-R M.2119:	Sharing between aeronautical mobile telemetry systems for flight testing and other systems operating in the 4 400-4 940 and 5 925-6 700 MHz bands and 5 925-6 700 MHz bands

The ITU Radiocommunication Assembly,

considering

a)	that systems and networks operating in the aeronautical mobile service (AMS) are used for broadband, airborne data-links including aircraft links to/from ground, to other aircraft, or, in certain instances to/from ships to support various applications such as remote sensing, e.g.for earth sciences, land management, energy distribution system monitoring and support security, law enforcement and humanitarian assistance efforts, etc., applications;

b)	that systems and networks operating in the maritime mobile service (MMS) use broadband maritime data-links to support various applications, such as remote sensing for earth sciences, energy distribution systems monitoring security, law enforcement and humanitarian assistance efforts;

bc)	that systems and networks operating in the AMS and MMSare also used for narrow-band, airborne data-links;

c)	that the physics of the propagation of electromagnetic energy, the availability of hardware components, etc., within the 4 400‑4 990 MHz frequency range facilitates the use of current or planned operating systems and networks for such applications,

recognizing

a)	that the frequency range 4 400-4 990 MHz is allocated on a primary basis in all three ITU regions to the mobile service;

b)	that other radio services are allocated on either a primary or secondary basis in all or parts of the frequency range 4 400-4 990 MHz all three ITU regions;

c)	that the Radio Regulations (RR) No. 5.442 provides some restrictions for the use of AMS in parts of the frequency bands 4 825-4 835 MHz and 4 950-4 990 MHz;

d)	that technical characteristics and protection criteria for aeronautical mobile telemetry systems are not contained in this Recommendation,

d)	that AMS systems in the 4 400-4 990 MHz band are not standardised by ICAO; 

e)	that the frequency band 4 400-4 990 MHz is not considered for distress and safety communications for the global maritime distress and safety system in accordance with the RR;

f)	that the use of the AMS and MMS in the frequency range 4 400-4 990 MHz does not preclude the use of this frequency band by any current and planned application of the services to which it is allocated and does not establish any priority in the RR;

[Editor’s note: the considering g needs to be kept or deleted]

g)	that regulatory provisions relevant for AMS and MMS are contained in Chapter VIII and Chapter IX (e.g. Articles 43 and 51) of the RR respectively;

h)	that these AMS, MMS systems are not considered as safety-of-life systems,

recommends

1	that the technical and operational characteristics and protection criteria for systems operating in the AMS given in the Annex 1 should be used considered in when performing sharing and compatibility analyses.

2	that the technical and operational characteristics and protection criteria for systems operating in the MMS given in the Annex 2 should be considered when performing sharing and compatibility analyses;

23	that the following Note is considered as part of this Recommendation.

NOTE – The characteristics and protection criteria should not have any adverse effect to Appendix 30B of the Radio RegulationsRR

NOTE – While this Recommendation addresses AMS generally, receiver characteristics of System 2 from Table 1 (in Annex 1) are representative of characteristics for AMT airborne relay and ground receivers, and receiver characteristics of System 5 from Table 1 (in Annex 1) are representative of characteristics for AMT shipborne receivers;

[Editor’s note: this text needs to be clarified noting the requirement of Resolution 416 that “emissions limited to transmission from aircraft stations only”]

[bookmark: _Hlk129102876][USA note: At the end of the previous meeting the US provided clarification regarding the language in Resolution 416 limiting emissions from aircraft stations only. Hence AMT can have airborne relay receivers to relay information to ground stations or ship stations. In this scenario there can be no transmission from ground or ship stations to aircraft stations, but there may be air to air and air to ground/ship links. This NOTE identifies which receivers are representative of AMT systems operating in the band per RR No. 5.440A and 5.442. Therefore, the above note was proposed so that the revision would remain in line with the original scope of this document.] 



Annex 1

Technical and operational characteristics and protection criteria for systems operating in the aeronautical mobile service

1	Introduction

Systems and networks operating in the AMS are used for broadband, airborne data-links including aircraft to aircraft to support remote sensing, etc.,various applications, such as remote sensing for earth sciences, and energy distribution system monitoring.

These aeronautical mobile systems operating throughout the 4 400‑4 990 MHz frequency range or portions thereof may also be used to support security, law enforcement, and humanitarian assistance efforts.  Sometimes these tasks are of unpredictable nature and immediate operations can be required at any time. However, some operations can be planned in advance, for which any coordinated use with relevant national authorities is possible. 

Additionally, some operations (e.g., to fight against piracy, to escort ships, for deep sea rescue, for search and rescue/emergency operations at sea, etc) can also take place in the 



areas which are not administered by any ITU Member State

2	Operational deployment

Aeronautical mobile data links (AMDL) are operated between aeronautical stations and aircraft stations, or between aircraft stations or aircraft stations and ship stations equipped with AMS data links (AMDL) and can be deployed within the  national territory of anywhere within a country whose administration has authorized their use in accordance with regulations These aeronautical mobile systems operating throughout the 4 400‑4 990 MHz frequency range or portions thereof may also be used to support security, law enforcement, and humanitarian assistance efforts.  Sometimes these tasks are of unpredictable nature and immediate operations can be required at any time. However, some operations can be planned in advance, for which any coordinated use with relevant national authorities is possible. 

Additionally, some operations (e.g., to fight against piracy, to escort ships, for deep sea rescue, for search and rescue/emergency operations at sea, etc) can also take place in the 



areas which are not administered by any ITU Member State

Depending on the area not administered by any ITU Member State some of these operations can be planned in advance. Coordinated use with the relevant national authorities is a typical practice for planned operations, where appropriate. Whereas some other operations (e.g., emergency cases) may take place at an unpredictable time and location.





[Editor’s note: it was proposed to consider this text as description of the characteristics for AMS operation without prejudice to the potential rights for protection of AMS/MMS stations in these areas. There is no agreement on the above two paragraphs because questions have been raised regarding which international law is being referred to and the typical use of AMS] 

{Editor’s Note: Concerns were expressed that the term territorial sea is not needed}

AMDL includes transmission from and to, either aircraft stations or a ground terminal considered as an aeronautical station. These transmissions could use bidirectional air‑to‑ground links, or relay through another airborne platform using an air‑to‑air data link. Links can be either simplex or duplex. The link lengths may vary greatly in these applications. Although some of the link lengths may be relatively short, many of the link lengths approach the radio line‑of‑sight distance. The operational altitude of airborne platformsaircraft equipped with these AMDLs can vary from ground/sea levelup to 20 000 m. In case of using directional antennas, the direction of the airborne antenna’s main lobe when communicating with its aeronautical station normally points away from the territory if the aeronautical station is located away from the territory of another coastal state. In certain instances the direction of the airborne antenna’s main lobe can point in the direction of the territory of another coastal state if the aeronautical station is between the aircraft and this territory (e.g., when aeronautical station is located on board ship). [In case of using directional antennas the direction of the airborne antenna’s main lobe when communicating with its aeronautical station is normally pointing away from the territory of another coastal state.]

[Editor’s note: this last sentence was proposed to be kept/deleted. Clarification was provided to aid interpretation.]

The ground terminals (aeronautical stations) may be either at a permanent location or they may be transportable. Transportable ground terminals can be moved to meet operational needs and the duration of use while it the length of time they remains at a particular location is dependent upon operational requirements. In certain instances, an aeronautical station may be located, for example, on board ship or on a platform at sea.

A single ground terminal may simultaneously support several aircraft stations at the same time via different links.

The application of system 6 is on-board aircraft for wide area ocean surface exploration system used to conduct multiple activities including maritime search and rescue, disaster relief support activities and support to air crash investigations conducted in national territories and areas not administered by any ITU Member State. The system consists of multiple aircraft conducting video surveillance of a wide ocean surface area. In order to achieve the required coverage that satisfies large video surveillance footprints, the aircraft are part of a mesh network to deliver high resolution video to either a ship or land-based command and monitoring centres. The received video data are used to identify objects of interest, such as, aircraft debris and distressed personnel. Between 10 and 20 aircraft (e.g., Systems 1 and 2 in Table 1) could be expected to participate in a task.

The mesh network can be configured in multiple ways depending on the task requirements, either as a single network or multiple sub-networks assigned with dedicated frequency channels and bandwidths. Figure 1 depicts the above-mentioned system and its application. Table 1 contains the characteristics of this radio systems used for payload communications. In Table 1 for System 6, Airborne 1 and Airborne 2 represent two aircraft with similar radio system characteristics and are used to identify two ends of a single hop communication link within the mesh network.

FIGURE 1

Operation of airborne for wide area ocean surface exploration system

 

[Editor’s note: the appropriate term should be used in the rest of the section once it is agreed]

The application of System 7 in Table 1 is earth surface exploration operating on national territories and areas which are not administered by any ITU Member State. to conduct or support activities including maritime search and rescue, disaster relief and rescue in such areas. Once the visual monitoring results are taken by any aircraft, the captured video is delivered from one aircraft to the other by using 5 MHz AMDL and any audio communication between aircrafts is delivered by using 8 kHz AMDL as depicted in Figure 2. The details of technical characteristics are given in Table 1. 

The centre frequency for two AMDLs will be selected in the tuning range. In Figure 2 two aircrafts are operating in one set. There could be multiple sets.

FIGURE 2

Example of configuration of two aeronautical datalinks by system 7

[image: A screenshot of a video game

Description automatically generated]

System 8 is designed to be used both on national territory and in areas not administered by any ITU Member State.

The main application of this system:

–	exchange of various information, including the transfer of high-speed data, with aircraft and ships performing various commercial and science missions;

–	organization of monitoring of linear and area hazardous production facilities and areas.

Direct communication between aircrafts and ships is also possible. 

With regard to the areas that are not administered by any ITU Member State, the use of this system is intended to conduct planned research missions in local areas, for example, scientific studies of the sea surface or the atmosphere.

The construction of this system is planned on the basis of a modern telecommunication equipment.

3	Technical characteristics of aeronautical mobile systems

Typical technical characteristics for representative airborne data links for the frequency range 4 400-4 990 MHz are provided in Table 1.

3.1	Transmitter and receiver characteristics

The aeronautical mobile systems operating or planned to operate within the frequency range 4 400‑4 990 MHz typically use digital modulations. A given transmitter may be capable of radiating more than one waveform. The out-of-band and spurious emissions of these aeronautical systems are compliant with Recommendation ITU-R SM.1541 (Annex 11) and Recommendation ITU-R SM.329 (Category A), respectively.

3.2	Antenna characteristics

A variety of different types of antennas are used by systems in the frequency range 4 400‑4 990 MHz. Antennas in this range are generally of a varietydiffer in of sizes and vary between the airborne component of the link and the ground based component of the link. The airborne antenna gains are typically between +3 dBi and 19 dBi. The ground based antenna gain is typically between 3 dBi and 31 dBi. Horizontal, and vertical polarizations could be used.

Antenna characteristics available in the Table 1 should be used for studies unless measured data is available.

4	Protection criteria 

An increase in receiver effective noise of 1 dB would result in significant degradation in communication range. 

Such an increase in effective receiver noise level corresponds to an (I + N)/N ratio of 1.26, or an I/N ratio of about −6 dB . This represents the required protection criterion for the AMS systems referenced herein from interference due to another radiocommunication service or another application in the mobile service. If multiple potential interference sources are present, protection of the AMS systems requires that this criterion is not exceeded due to the aggregate interference from the multiple sources.



[Editor’s note: No agreement on removal of 20% of time or addition of sentence regarding sharing studies.]

[USA note: The US continues to support no change to the protection criteria as is consistent with other AMS Recommendations (e.g. M.2114, M.2115, etc.).]
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TABLE 1

Typical technical characteristics of representative systems operating in the aeronautical mobile service systems operated `in the frequency range 4 400-4 990 MHz

		Parameter

		Units

		System 1

Airborne

		System 1

Ground

		System 2

Airborne

		System 2

Ground



		Transmitter



		Tuning range

		MHz

		4 400-4 990(1)

		4 400-4 990(1)

		4 400-4 990(1)

		4 400-4 990(1)



		Power output

		dBm

		45

		45

		35-39

		30-39



		Bandwidth (3 dB)

		MHz

		1

		1

		6 / 10 / 20

		6 / 10 / 20



		Receiver(4)



		Tuning range

		MHz

		4 400-4 990(1)

		4 400-4 990(1)

		4 400-4 990(1)

		4 400-4 990(1)



		Selectivity (3 dB)

		MHz

		1

		1

		6 / 10 / 20

		6 / 10 / 20



		Noise figure

		dB

		3.5

		3

		3.5

		3



		Thermal noise level

		dBm

		−110.5

		−111

		−102.5 to −97.5

		−103 to −98



		Antenna(4)



		Antenna type

		

		Omnidirectional

		Omni-directional

		Directional

		Omnidirectional

		Omni-directional

		Directional



		Antenna gain

		dBi

		3

		3

		19

		31

		3

		6

		19

		31



		1st sidelobe

		dBi

		N/A(2)

		N/A(2)

		6

		11

		N/A(2)

		N/A(2)

		6

		11



		Polarization

		

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		N/A(2)

		N/A(2)

		Uniform distribution(3)

		N/A(2)

		N/A(2)

		Uniform distribution(3)



		Horizontal beamwidth

		Degrees

		360

		360

		16

		3.3

		360

		360

		16

		3.3



		Vertical beamwidth

		Degrees

		90

		90

		16

		3.3

		90

		90

		16

		3.3











TABLE 1 (CONTINUED)

		Parameter

		Units

		System 3

Airborne

		System 3

Ground and shipborne

		System 4

Airborne 

		System 4

Ground



		Transmitter



		Tuning range

		MHz

		4 400-4 940(1)

		4 400-4 940(1)

		4 400-4 940(1)

		4 400-4 940(1)



		Power output

		dBm

		42-50

		42

		43

		37



		Bandwidth (3 dB)

		MHz

		0.158 / 0.97 / 1.23 / 4.0

		0.158 / 0.97 / 1.23 / 4.0

		0.158 / 2.4 / 4.8 / 9.6

		0.158 / 2.4 / 4.8 / 9.6



		Receiver(4)



		Tuning range

		MHz

		4 400-4 940(1)

		4 400-4 940(1)

		4 400-4 940(1)

		4 400-4 940(1)



		Selectivity (3 dB)

		MHz

		0.2 / 1 / 1.5 / 4.5

		0.2 / 1 / 1.5 / 4.5

		0.2 / 2.6 / 5.0 / 10

		0.2 / 2.6 / 5.0 / 10



		Noise figure

		dB

		2.5

		2.5 (ground)/6 (shipborne)

		2.5

		3



		Thermal noise level

		dBm

		118.5 to 105.0

		118.5 to 105.0

		118.5 to 101.5

		118 to 101



		Antenna(4)



		Antenna type

		

		Omni-directional

		Directional

		Omni-directional

		Directional

		Omni-directional

		Directional

		Omni-directional

		Directional



		Antenna gain 

		dBi

		3.5

		16

		3

		30

		4.5

		16

		4

		30



		1st sidelobe

		dBi

		N/A(2)

		9

		N/A(2)

		17

		N/A(2)

		9

		N/A(2)

		17



		Polarization

		

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		N/A(2)

		Uniform distribution(3)

		N/A(2)

		Uniform distribution(3)

		N/A(2)

		Uniform distribution(3)

		N/A(2)

		Uniform distribution(3)



		Horizontal beamwidth 

		degrees

		360

		33

		360

		4.4

		360

		33

		360

		4.4



		Vertical beamwidth 

		degrees

		35

		33

		40

		4.4

		35

		33

		60

		4.4











TABLE  1 (ENDCONTINUED)

		Parameter

		Units

		System 5

Airborne

		System 5
Ground and shipborne



		Transmitter



		Tuning range

		MHz

		4 400-4 990(1)

		4 400-4 990(1)



		Power output

		dBm

		45

		45



		Bandwidth (3 dB)

		MHz

		0.4 / 3 / 8.5

		0.4 / 3 / 8.5



		Receiver(4)



		Tuning range

		MHz

		4 400-4 990(1)

		4 400-4 990(1)



		Selectivity (3 dB)

		MHz

		0.4 / 3 / 17

		0.4 / 3 / 17



		Noise figure

		dB

		3.5

		3.5 (ground)/6 (shipborne)



		Thermal noise level

		dBm

		−114.5 to −98

		−114.5 to −98



		Antenna(4)



		Antenna type

		

		Omni-directional

		Directional

		Omni-directional

		Directional



		Antenna gain 

		dBi

		3

		19

		3

		19

		31



		1st sidelobe

		dBi

		N/A(2)

		6

		N/A(2)

		6

		11



		Polarization

		

		Vertical

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		N/A(2)

		Uniform distribution(3) See equation(5)

		N/A(2)

		Uniform distribution(3) See equations(5) & (6)



		Horizontal beamwidth

		degrees

		360

		16

		360

		16

		3.3



		Vertical beamwidth

		degrees

		90

		16

		360

		16

		3.3











TABLE 1 (CONTINUED) 

		
Parameter

		Units

		System 6
Airborne 1

		System 6
Airborne 2

		System 6
Ship borne

		System 6
Ground



		Transmitter



		Tuning range

		MHz

		4 800-4 990

		4 800-4 990

		4 800-4 990

		4 800-4 990



		Power output

		dBm

		27-33

		27-33

		35

		35



		Bandwidth (3 dB)

		MHz

		5/10/20/40 (software configurable)

		5/10/20/40 (software configurable)

		5/10/20/40 (software configurable)

		5/10/20/40 (software configurable)



		Receiver(4)



		Tuning range

		MHz

		4 800-4 990

		4 800-4 990

		4 800-4 990

		4 800-4 990



		Selectivity (3 dB)

		MHz

		5/10/20/40

		5/10/20/40

		5/10/20/40

		5/10/20/40



		Noise figure

		dB

		6

		6

		6

		4



		Thermal noise level

		dBm

		−101 to −92

		−101 to −92

		−103 to −94

		−103 to −94



		Antenna(4)



		Antenna type

		

		Omnidirectional

		Omnidirectional

		Omni-directional

		Directional

		Omni-directional

		Directional



		Antenna gain

		dBi

		4.7

		4.7

		6

		11.8

		6

		11.8



		1st sidelobe

		dBi

		N/A

		N/A

		N/A

		Note 2

		N/A

		Note 2



		Polarization

		

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		N/A

		N/A

		Note 1

		Note 2

		Note 1

		Note 2



		Horizontal beamwidth

		Degrees

		360

		360

		360

		30

		360

		30



		Vertical beamwidth

		Degrees

		90

		90

		28

		18

		28

		18











TABLE 1 (CONTINUED)

		Parameter

		Units

		System 7
Airborne 1

		System 7
Airborne 2



		Transmitter



		Tuning range

		MHz

		4 400-4 990

		4 400-4 990



		Power output

		dBm

		30-43

		30-43



		Bandwidth (3 dB)

		MHz

		5 / 0.008

		5 / 0.008



		Receiver(4)



		Tuning range

		MHz

		4 400-4 990

		4 400-4 990



		Selectivity (3 dB)

		MHz

		5 / 0.008

		5 / 0.008



		Noise figure

		dB

		6

		6



		Thermal noise level

		dBm

		-103 / −131

		-103/ −131



		Antenna(4)



		Antenna type

		

		Directional

		Directional



		Antenna gain

		dBi

		14

		14



		1st sidelobe

		dBi

		-1

		-1



		Polarization

		

		Vertical

		Vertical



		Antenna pattern

		

		Uniform distribution
(Refer to Rec. ITU-R M.1851)

		Uniform distribution
(Refer to Rec. ITU-R M.1851)



		Horizontal beamwidth

		Degrees

		24

		28



		Vertical beamwidth

		Degrees

		24

		28









TABLE 1 (END)

		Parameter

		Units

		System 8
Airborne

		System 8
Ground

		System 8
Shipborne



		Transmitter



		Tuning range

		MHz

		4 800-4 990

		4 800-4 990

		4 800-4 990



		Power output

		dBm

		26

		46

		46



		Bandwidth (3 dB)

		MHz

		40/50/60/80/100
(software configurable)

		40/50/60/80/100
(software configurable)

		40/50/60/80/100
(software configurable)



		Receiver(4)



		Tuning range

		MHz

		4 800-4 990

		4 800-4 990

		4 800-4 990



		Selectivity (3 dB)

		MHz

		40/50/60/80/100

		40/50/60/80/100

		40/50/60/80/100



		Noise figure

		dB

		9

		5

		5



		Thermal noise level

		dBm

		−89 … -85

		−93 … -89

		−93 … -89



		Antenna(4)



		Antenna type

		

		Omnidirectional

		Directional (steerable, MIMO)

		Directional (steerable, MIMO)



		Antenna gain

		dBi

		0

		15

		15



		1st sidelobe

		dBi

		N/A

		N/A

		N/A



		Polarization

		

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		N/A

		Rec. ITU-R F.1336

		Rec. ITU-R F.1336



		Horizontal beamwidth

		Degrees

		360

		65

		65



		Vertical beamwidth

		Degrees

		90

		90

		90





Notes:

(1)	RR No. 5.442 applies.

(2)	N/A – Not applicable.

(3)	Refer to Recommendation ITU-R M.1851. 

(4)	A typical value of the feeder loss associated with these systems can range from 0-3 dB with 2 dB as the representative value.

(5)	For antenna gain 19 dBi: and  otherwise. Here,  (x in radians) and . 

(6) 	For antenna gain 31 dBi: Gψ= 20.log10𝑠𝑖𝑛𝑐15.5𝜋sin𝜓+31.0 ∀ψ∈−64.25°, 64.25° and  otherwise. Here,  (x in radians) and .

In the Table “-“ means range of values, and “/” means discrete values. 
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ANNEX 2

Technical and operational characteristics and protection criteria for systems operating in the maritime mobile service

1	Introduction

Systems and networks operating in the MMS use broadband data-links to support various applications, such as remote sensing for earth sciences, and energy distribution system monitoring.

These maritime mobile systems operating throughout the 4 400‑4 990 MHz frequency range or portions thereof may also be used to support security, law enforcement, and humanitarian assistance efforts. Sometimes these tasks are of unpredictable nature and immediate operations can be required at any time, however some of these operations can be planned in advance, for which any coordinated use with relevant national authorities is possible. 

Additionally, some operations (e.g., to fight against piracy deep sea rescue, for search and rescue/emergency operations at sea, etc) can also take place in areas which are not administered by any ITU Member State.  

It can be single link involving MMS stations (between coast stations and ship stations, or between ship stations) or a mesh network involving several MMS stations.

2	Operational deployment

The maritime mobile systems listed in Table 2 uses maritime mobile service data links to create a network between ship stations and coast stations to transfer data between nodes. These transmissions could include ship-to-ship, ship-to-coast, or coast-to-ship datalinks. This system can be deployed near a coast or out in areas which are not administered by any ITU Member State.





The usage of this systems supports several operations, such as maritime search and rescue, disaster relief, and surveillance. These radio systems may be based on ship stations and coast stations to allow for datalinks required to transfer data such as imaging and video amongst the users of this mesh network. The mesh network allows for the ships to communicate with other vessels both near port and out in open waters with enough bandwidth capacity to facilitate multiple users over large areas. The links utilized are expected to extend to radio-line of sight only, however there may be multiple nodes and if the mesh network is used the deployment may cover an area larger (e.g., line-of-sight link) than any one individual desired link. 

Depending on the area not administered by any ITU Member State some of these operations can be planned in advance. Coordinated use with the relevant national authorities is a typical practice for planned operations, where appropriate; whereas some other operations (e.g., emergency cases) may take place at an unpredictable time and location. 





3	Technical characteristics of systems operating in the maritime mobile service

Typical technical characteristics for representative maritime data links for the frequency range 4 400-4 990 MHz are provided in Table 2. 

3.1	Transmitter and receiver characteristics

The maritime mobile systems operating or planned to operate within the frequency range 4 400‑4 990 MHz typically use digital modulations. A given transmitter may be capable of radiating more than one waveform. The out-of-band and spurious emissions of these maritime systems are compliant with Recommendation ITU-R SM.1541 (Annex 11) and Recommendation ITU-R SM.329 (Category A), respectively.

3.2	Antenna characteristics

The maritime mobile systems listed in Table 2 may use a variety of types of antennas that can be installed on either the ship station or ground station. These antenna gains are typically between 2.5 and 15 dBi. 

The shipborne antenna height as described in Table 2 is in the range of 10 to 30 metres.

4	Protection criteria 

An increase in receiver effective noise of 1 dB would result in significant degradation in communication range.

Such an increase in effective receiver noise level corresponds to an (I + N)/N ratio of 1.26, or an I/N ratio of about -6 dB . This represents the required protection criterion for the MMS systems referenced herein from interference due to another radiocommunication service or another application in the mobile service. If multiple potential interference sources are present, protection of the MMS systems requires that this criterion is not exceeded due to the aggregate interference from the multiple sources.



[Editor’s note: No agreement on removal of 20% of time or addition of sentence regarding sharing studies.]

[USA note: The US supports a -6 dB I/N for protection criteria for this application of the Mobile Service as is consistent with other applications of the Mobile Service. ]

TABLE 2

Typical technical characteristics of representative systems operating in the maritime mobile service
in the frequency range 4 400-4 990 MHz

		Parameter

		Units

		System 1
Shipborne

		System 1
Ground

		System 2
Shipborne

		System 2
Ground



		Transmitter



		Tuning range

		MHz

		4 400-4 940

		4 400-4 940

		4 800-4 990

		4 800-4 990



		Power output

		dBm

		39

		39

		46

		46



		Bandwidth (3 dB)

		MHz

		5.6/11.3/22.6

		5.6/11.3/22.6

		40/50/60/80/100
(software configurable)

		40/50/60/80/100
(software configurable)



		Receiver(2)  



		Tuning range

		MHz

		4 400-4 940

		4 400-4 940

		4 800-4 990

		4 800-4 990



		Selectivity (3 dB)

		MHz

		5.6/11.3/22.6

		5.6/11.3/22.6

		40/50/60/80/100

		40/50/60/80/100



		Noise figure

		dB

		6

		6

		5

		5



		Thermal noise level

		dBm

		−100.5 to −94.5

		−100.5 to −94.5

		−93 … −89

		−93 … −89



		Antenna(2)  



		Antenna type

		

		Omnidirectional

		Omni-directional

		Directional (steerable, MIMO)

		Directional (steerable, MIMO)



		Antenna gain

		dBi

		6

		4.2

		2.5

		6

		4.2

		2.5

		15

		15



		1st sidelobe

		dBi

		N/A(1)

		N/A(1)

		N/A(1)

		N/A(1)



		Polarization

		

		Vertical

		Vertical

		Vertical

		Vertical



		Antenna pattern

		

		N/A(1)

		N/A(1)

		Rec. ITU-R F.1336

		Rec. ITU-R F.1336



		Horizontal beamwidth

		Degrees

		360

		360

		65

		65



		Vertical beamwidth

		Degrees

		30

		37

		69

		30

		37

		69

		90

		90



		Notes:

(1)	N/A – Not applicable.

(2)	A typical value of the feeder loss associated with these systems can range from 0-3 dB with 2 dB as the representative value.
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		PRELIMINARY DRAFT REVISION OF RECOMMENDATION ITU-R M.1638-1



		Characteristics of and protection criteria for sharing studies for radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars operating in the frequency bands between 5 250 and 5 850 MHz





Summary of revision

The summary of revisions to this Recommendation is as follows:

1)	Add terms to Abbreviations/Glossary section

2)	Add related ITU Recommendations and Reports 

3)	Update considering b) and f)

4)	Move considering c) to recognizing c)

5)	Add recognizing a) and b)

6)	Provide updates to section 1 for clarification and additional information regarding aeronautical radionavigation. Moved footnote in table 1 to appropriate frequency band

7)	Add three new radars to Table 2 (24, 25, and 26)

8)	Update section 3.1 to provide additional information regarding aeronautical radionavigation radars.
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ATTACHMENT 

PRELIMINARY DRAFT REVISION OF RECOMMENDATION ITU-R M.1638-12

Characteristics of and protection criteria for sharing studies for radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars operating in the frequency bands between 5 250 and 5 850 MHz

(2003-2015-202X)

Scope

This Recommendation describes the technical and operational characteristics of, and protection criteria for, radars operating in the frequency band 5 250-5 850 MHz, except ground based meteorological radars which are contained in Recommendation ITU-R M.1849. These characteristics are intended for use when assessing the compatibility of these systems with other services.

Keywords

Radar, shipborne, land-based, aeronautical, protection, multi-function

Abbreviations/Glossary

ARNS:	Aeronautical radionavigation service

CW:	Continuous wave

ECCM:	Electronic counter measures

I/N:	Interference to noise ratio (dB)

RR:	Radio Regulations

UAS:	Unmanned aircraft system

Related ITU Recommendations, Reports

Recommendations

ITU-R M.1372	Efficient use of the radio spectrum by radar stations in the radiodetermination service

ITU-R M.1461 	Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services

ITU-R M.1849	Technical and operational aspects of ground-based meteorological radars

Report

ITU-R M.2204	Characteristics and spectrum considerations for sense and avoid systems use on Unmanned Aircraft Systems (UAS)

The ITU Radiocommunication Assembly,

considering	

a)	that antenna, signal propagation, target detection, and large necessary bandwidth characteristics of radar to achieve their functions are optimum in certain frequency bands;

b)	that the technical characteristics of radiolocation (except ground based meteorological radars) and radionavigation radars are determined by the mission of the system and vary widely even within a frequency band;

c)	that the radionavigation service is a safety service as specified by No. 4.10 of the Radio Regulations (RR) and requires special measures to ensure its freedom from harmful interference;

dc)	that representative technical and operational characteristics of radiolocation (except ground based meteorological radars) and radionavigation radars are required to address sharing and compatibility with these systems as necessary;

ed)	that procedures and methodologies to analyse compatibility between radars and systems in other services are provided in Recommendation ITU-R M.1461;

fe)	that radiolocation, radionavigation and meteorological radars operate in the frequency bands between 5 250-5 850 MHz;

gf)	that ground-based radars used for meteorological purposes are authorized to operate in the frequency band 5 600-5 650 MHz on a basis of equality with stations in the aeronautical radionavigation service (ARNS) (see Radio Regulations (RR) No. 5.452);

hg)	that Recommendation ITU-R M.1849 contains technical and operational aspects of ground based meteorological radars and can be used as a guideline in analysing sharing and compatibility between ground based meteorological radars with systems in other services,

recognizing

a)	that Report ITU-R M.2204 contains characteristics and spectrum considerations for sense and avoid systems use on unmanned aircraft systems; 

[Editor’s note:  Work is currently underway to replace Report ITU-R M.2204 “Characteristics and spectrum considerations for sense and avoid systems use on unmanned aircraft systems” with an ITU-R Handbook on UAS DAA systems.  This recognizing will need to be updated once the handbook has been approved.]

[USA Note: The current Report ITU-R M.2204 is in force and will remain in force until the new handbook is developed. It is unclear how long this replacement will take and therefore the current recognizing a) should be sufficient until such work is complete.]

b)	that mobile, except aeronautical mobile, service also is allocated on a primary basis in the frequency bands 5 250-5 350 MHz and 5 470-5 725 MHz and is used in accordance with RR Nos. 5.446A, 5.447F and 5.450A;

c)	that radiolocation systems are widely deployed for various purposes and are planned to continue their operations;

d) 	that radiolocation systems operating in the frequency band 5 350-5 470 MHz should operate in accordance with RR No. 5.448D;

e)	that the radionavigation service is a safety service as specified by RR No. 4.10 and requires special measures to ensure its freedom from harmful interference;

f)	that the application of the RR No. 4.10 may require mitigation technics and/or operational provisions taking into account recognizing c);

g)_	that numerous features of radiodetermination radars can be expected to help suppress low-duty cycle (less than 5%) pulsed interference, especially from a few isolated sources and techniques for suppression of low-duty cycle pulsed interference between two or more pulsed system are contained in Recommendation ITU-R M.1372 – Efficient use of the radio spectrum by radar stations in the radiodetermination service;



recommends

1	that the technical and operational characteristics of the radiolocation (except ground based meteorological radars) and radionavigation radars described in Annex 1 should be considered representative of those operating in the frequency bands between 5 250 and 5 850 MHz;

2	that Recommendation ITU-R M.1461 should be used as a guideline in analysing sharing and compatibility between radiolocation (except ground based meteorological radars) and radionavigation radars described in Annex 1 with systems in other services;

3	that the criterion of interfering signal power to radar (except to ground based meteorological radars) receiver noise power level I/N, of −6 dB should be  used as the required protection trigger level for the radiodetermination sharing studies with other services. T and this protection criterion represents the net protection level if multiple interferers are present.;



[Editor’s Note:  The text in square brackets above has been proposed for deletion by some Administrations while other Administrations wish to keep the text.]



[USA Note: The US notes that Recommendation ITU-R M.1732 is referenced in recognizing g) and pulsed interference as well as mitigation techniques are discussed in sections 4 and 5, respectively, so these proposed recommends are not necessary.]





Annex 1

Characteristics of radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars

1	Introduction

The frequency bands between 5 250 and 5 850 MHz that are allocated to the ARNS, radionavigation and radiolocation services on a primary basis as shown in Table 1. 

TABLE 1

		Frequency Bband
(MHz)

		Allocation



		5 250-5 255

		Radiolocation



		5 255-5 350

		Radiolocation



		5 350-5 460

		Aeronautical radionavigation
Radiolocation



		5 460-5 470

		Radiolocation
Radionavigation



		5 470-5 570

		Maritime radionavigation
Radiolocation(1)



		5 570-5 650

		Maritime radionavigation
Radiolocation(1)



		5 650-5 725

		Radiolocation



		5 725-5 850

		Radiolocation



		(1)	In accordance with RR No. 5.452, between 5 600 and 5 650 MHz, ground-based radars for meteorological purposes are authorized to operate on a basis of equality with stations in the maritime radionavigation service. Recommendation ITU-R M.1849 contains characteristics of ground based meteorological radars.







The radiolocation radars perform a variety of functions, such as:

–	tracking space launch vehicles and aeronautical vehicles undergoing developmental and operational testing;

–	sea and air surveillance;

–	environmental measurements (e.g. study of ocean water cycles and weather phenomena such as hurricanes);

–	Earth imaging; and

–	national defense and multinational peacekeeping.

The aeronautical radionavigation radars are used primarily for airborne weather avoidance and windshear detection, and perform a safety service (see RR No. 4.10). Airborne doppler navigation systems are installed in aircraft (helicopters, as well as fixed-wing aircraft) and used for specialized applications such as continuous determination of ground speed and drift angle information of an aircraft with respect to the ground. In addition, detect and avoid radars may be used for collision avoidance on-board unmanned aircraft.

In Table 2, there are multifunction radars.

Multifunction radar can perform search, tracking, radionavigation including weather detection, functions with the same antenna in a single frequency band. For example in airborne applications, mechanically steered antennas or phase array antennas are commonly used, and the functions typically include search and tracking of aerial and surface target search, and terrain and weather avoidance.

In shipborne applications mechanically steered antennas or phase array antennas are commonly used, and the functions typically include search and tracking of aerial and surface target search and weather avoidance. These multifunction radars provide space and weight (essential in the airborne applications) saving, and adaptable operating modes base on changing requirements. 

2	Technical characteristics

The frequency bands between 5 250 and 5 850 MHz are used by many different types of radars on land-based fixed, shipborne, airborne, and transportable platforms. Table 2 contains technical characteristics of representative systems deployed in these frequency bands. This information is generally sufficient for general calculations to assess the compatibility between these radars and other systems. These radars are conventionally operated as monostatic radar with transmitter and receiver at the same location (Fig. 1a). However, Radars 10A and 14A of Table 2 are additionally operated as bistatic radar where the transmitter and receiver are spatially separated (Fig. 1b).

The advantage of the separation of transmitter and receiver is the possible enhancement of the radar cross-section of an object. The effect is exemplarily shown in Fig. 1c for a square plane. This is especially important if the object to be detected does not reflect much energy in the direction of the incident radar signal.

The distance between the transmitter and receiver (baseline) is typically in the range of 30-50 km. Synchronization of the transmitter and receiver can be achieved by a radio link or global navigation satellite service or by time standards. This operation mode with passive receiver at a different location than the transmitter should be taken into account in compatibility studies. Since the receivers are not changed, the protection criteria of the mono-static and bi-static radar receiver are equal.

FIGURE 1

1a: Monostatic radar; 1b: Bi-static radar; 1c: Diffracted power of a simple square plane







This Table contains characteristics of some frequency-hopping radars which are operating in this frequency range. Frequency hopping is one of the most common electronic‑counter-counter-measures (ECCM). Radar systems that are designed to operate in hostile electronic attack environments use frequency hopping as one of its ECCM techniques. This type of radar typically divides its allocated frequency band into channels. The radar then randomly selects a channel from all available channels for transmission. This random occupation of a channel can occur on a per beam position basis where many pulses on the same channel are transmitted, or on a per pulse basis. This important aspect of radar systems should be considered, and the potential impact of frequency hopping radars should be taken into account in sharing studies.



TABLE 2

Characteristics of radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars 

		Characteristics

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7

		Radar 8

		Radar 9



		Function

		

		Instrumentation

		Instrumentation

		Instrumentation

		Instrumentation

		Instrumentation

		Surface and air search

		Multifunction Surface and air search

		Research and Earth imaging

		Search



		Platform type (airborne, shipborne, ground)

		

		Ground

		Ground

		Ground

		Ground

		Ground

		Ship

		Ship

		Airborne

		Airborne



		Tuning range 

		MHz

		5 300

		5 350-5 850

		5 350-5 850

		5 400-5 900

		5 400-5 900

		5 300

		5 450-5 825

		5 300

		5 250-5 725



		Modulation

		

		N/A

		None

		None

		Pulse/chirp pulse

		Chirp pulse

		Linear FM

		None

		Non-linear/ linear FM

		CW pulse



		Tx power into antenna

		kW

		250

		2 800

		1 200

		1 000

		165

		360

		285

		1 or 16

		0.1-
0.4



		Pulse width

		µs

		1.0

		0.25, 1.0, 5.0

		0.25, 0.5, 1.0

		0.25-1 (unmodulated)
3.1-50 (chirp)

		100

		20.0

		0.1/0.25/1.0

		7 or 8

		1.0



		Pulse rise/fall time 

		µs

		0.1/0.2

		0.02-0.5

		0.02-0.05

		0.02-0.1

		0.5

		0.5

		0.03/0.05/0.1

		0.5

		0.05



		Pulse repetition rate 

		pps

		3 000

		160, 640

		160, 640

		20-1 280

		320

		500

		2 400/1 200/
750

		1 000-4 000

		200-1 500



		Chirp bandwidth 

		MHz

		N/A

		N/A

		N/A

		4.0

		8.33

		1.5

		N/A

		62, 124

		N/A



		RF emission bandwidth

		–3 dB

–20 dB

		MHz

		4.0

10.0

		0.5-5

		0.9-3.6

6.4-18

		0.9-3.6

6.4-18

		8.33

9.9

		1.5

1.8

		5.0/4.0/1.2

16.5/12.5/7.0

		62, 124

65, 130

		4.0

10.0



		Antenna pattern type (pencil, fan, cosecant-squared, etc.)

		

		Pencil

		Pencil

		Pencil

		Pencil

		Pencil

		Cosecant-squared

		Fan

		Fan

		Pencil



		Antenna type (reflector, phased array, slotted array, etc.)

		

		Parabolic
reflector

		Parabolic

		Parabolic

		Phased array

		Phased array

		Parabolic

		Travelling wave feed horn array

		Two dual polarized horns on single pedestal

		Slotted array





TABLE 2 (CONT.)

		Characteristics

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7

		Radar 8

		Radar 9



		Antenna polarization

		

		Vertical/left-hand circular

		Vertical/left-hand circular

		Vertical/left-hand circular

		Vertical/left-hand circular

		Vertical/left-hand circular

		Horizontal

		Horizontal

		Horizontal and vertical

		Circular



		Antenna main beam gain 

		dBi

		38.3

		54

		47

		45.9

		42

		28.0

		30.0

		26

		30-40



		Antenna elevation beamwidth 

		degrees

		2.5

		0.4

		0.8

		1.0

		1.0

		24.8

		28.0

		28.0

		2-4



		Antenna azimuthal beamwidth 

		degrees

		2.5

		0.4

		0.8

		1.0

		1.0

		2.6

		1.6

		3.0

		2-4



		Antenna horizontal scan rate 

		degrees/s

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		36, 72

		90

		N/A

		20



		Antenna horizontal scan type (continuous, random, 360°, sector, etc.) 

		degrees

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		Continuous

360

		30-270

Sector

		Fixed to left or right of flight path

		Continuous



		Antenna vertical scan rate 

		degrees/s

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A

		N/A

		N/A

		N/A



		Antenna vertical scan type (continuous, random, 360°, sector, etc.) 

		degrees

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A (Tracking)

		N/A

		Fixed

		Fixed in elevation 
(–20 to –70)

		N/A



		Antenna side‑lobe (SL) levels (1st SLs and remote SLs) 

		dB

		–20

		–20

		–20

		–22

		–22

		–20

		–25

		–22

		–25



		Antenna height 

		m

		20

		20

		8-20

		20

		20

		40

		40

		To 8 000

		9 000



		Receiver IF 3 dB bandwidth

		MHz

		1

		4.8, 2.4, 0.25

		4, 2, 1

		2-8

		8

		1.5

		1.2, 10

		90, 147

		1



		Receiver noise figure 

		dB

		6

		5

		5

		11

		5

		5

		10

		4.9

		3.5



		Minimum discernable signal 

		dBm

		–105

		–107

		–100

		–107, –117

		–100

		–107

		–94 (short/medium pulse)

–102 
(wide pulse)

		–90, –87

		–110








TABLE 2 (CONT.)

		Characteristics

		Unit

		Radar 10

		Radar 10A

		Radar 11

		Radar 12

		Radar 13

		Radar 14

		Radar 14A

		Radar 15



		Function

		

		Radionavigation, Surface and Air Search

		Radionavigation, Surface and Air Search

		Radiolocation

		Radiolocation

		Radiolocation

		Radiolocation

		Radiolocation

		Radiolocation



		Platform type (airborne, shipborne, ground)

		

		Shipborne 

Ground 

		Ground

(bistatic)

		Ground

		Shipborne

		Ground

		Ground



		Ground

(bistatic)

		Ground



		Tuning range 

		MHz

		5 250-5 875

		5 250-5 875

		5 250-5 350

		5 400-5 900

		5 450-5 850

		5 300-5 800

		5 300-5 800

		5 400-5 850



		Modulation

		

		Bi-phase
Barker Code

		Bi-phase
Barker Code

		Coded Pulse

		Coded Pulse

		Pulsed, non-coherent

		NA

		NA

		Un-Modulated Pulse



		Tx power into antenna

		kW

		90

		90

		0.400

		25

		750

		50

		50

		1 000



		Pulse width 

		us

		0.30-14.0

		0.30-14.0

		0.08

		0.32

		1

		NA

		NA

		.25-1



		Pulse rise/fall time 

		us

		0.04-0.1

		0.04-0.1

		.03/.03

		.015/.035

		.108/.216

		.100/.100

		.100/.100

		.150/.200



		Pulse repetition rate 

		pps

		4 000-5 000

		4 000-5 000

		5 000

		8 000

		160-1 280

		NA

		NA

		160 - 640



		Chirp bandwidth 

		MHz

		1.5

		1.5

		N/A

		N/A

		NA

		NA

		NA

		NA



		RF emission 	–3 dB
bandwidth	–20 dB

	

		MHz

		4

12

20 at –40 dB

		4

12

20 at –40 dB

		6
11

		1.55
20

		.8
4.1

		470
490

		470
490

		1.8
10



		Antenna pattern type (pencil, fan, cosecant-squared, etc.)

		

		Fan

		Fan

		N/A

		N/A

		Pencil

		Pencil

		Pencil

		N/A



		Antenna type (reflector, phased array, slotted array, etc.)

		

		Passive Phased Array

		Passive Phased Array

		Phased array

		Phased array

		Parabolic

		Phased array

		Phased array

		Horn
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		Characteristics

		Unit

		Radar 10

		Radar 10A

		Radar 11

		Radar 12 

		Radar 13

		Radar 14

		Radar 14A

		Radar 15



		Antenna polarization

		

		Horizontal

		Horizontal

		Vertical

		Vertical

		Linear Vertical

		NA

		NA

		Vertical, Linear



		Antenna main beam gain 

		dBi

		33 (<55)

		33 (<55)

		16

		25

		42.94

		40

		40

		42



		Antenna elevation beamwidth 

		degrees

		7

		7

		12.5

		26

		2.5

		2.5

		2.5

		1.2



		Antenna azimuthal beamwidth 

		degrees

		1.8

		1.8

		12.5

		2

		2.5

		2.5

		2.5

		1.2



		Antenna horizontal scan rate 

		degrees/s

		6-60

		6-60

		N/A

		N/A

		25

		30

		30

		Variable - 45



		Antenna horizontal scan type (continuous, random, 360°, sector, etc.) 

		degrees

		360

		360

		N/A

		360

		360

		360

		360

		360



		Antenna vertical scan rate 

		degrees/s

		N/A

		N/A

		N/A

		N/A

		25

		N/A

		N/A

		variable - 45



		Antenna vertical scan type (continuous, random, 360°, sector, etc.) 

		degrees

		N/A

		N/A

		N/A

		Electronically Steered

		N/A

		Electronically Steered

		Electronically Steered

		N/A



		Antenna side‑lobe (SL) levels (1st SLs and remote SLs) 

		dB

		–29

		–29

		N/A

		N/A

		–8.7

		–40

		–40

		–22



		Antenna height 

		m

		45

		30

		N/A

		30

		NA

		NA

		NA

		NA



		Receiver IF 3 dB bandwidth 

		MHz

		11

		11

		10

		7

		2.75

		NA

		NA

		20



		Receiver noise figure 

		dB

		3

		3

		10

		4

		3

		4

		4

		2.3



		Minimum discernable signal 

		dBm

		–115

		–115

		–111

		–116

		–107

		–100

		–100

		–112
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		Characteristics

		Unit

		Radar 16

		Radar 17

		Radar 18

		Radar 19 

		Radar 20 

		Radar 21

		Radar 22

		Radar 23



		Function

		

		Aeronautical radionavigation

		Multifunction

		Multi-function

		Multi-function

		Multi-function

		Multi-function

		Multi-function

		Multi-function



		Platform type (airborne, shipborne, ground)

		

		Airborne

		Airborne

		Ground

		Ground

		Shipborne

		Ground/ship

		Surface and air search, ground-based on vehicle

		Search, ground-based on vehicle



		Tuning range

		MHz

		5 440

		5 370

		5 600-5 650

		5 300-5 700

		5 400-5 700

		5 300-5 750

		5 400-5 850

		5 250-5 850



		Modulation

		

		N/A

		N/A

		NA

		Un-modulated Pulse

		Un-modulated Pulse

		N/A

		Coded pulse/barker code and Frequency hopping

		Coded pulse/barker code and Frequency hopping



		Tx power into antenna

		kW

		0.200 peak

		70 peak

		7.5

		250

		350

		300-400  peak

		12 peak

		70



		Pulse width

		us

		1-20

		6.0

		0.0005-0.20



		0.8 to 2.0



		2

		.05..4.0

		4.0-20.0

		3.5/6.0/1.0



		Pulse rise/fall time

		us

		0.1

		0.6

		0.0005/0.0005

		0.08

		.096/0.33

		0.1

		0.2

		0.3



		Pulse repetition rate

		pps

		180-1 440

		200

		3 000

		250-1 180

		250-500

		200-1 300

		1 000-7 800

		2 500-3 750



		Chirp bandwidth 

		MHz

		

		

		NA

		NA

		NA

		NA

		NA

		NA



		RF emission bandwidth

		–3 dB

–20 dB

		MHz

		

		

		2

15

		1.25

8.3

		0.4

2.88

		NA

		5

Not available

		5

Not available



		Antenna pattern type (pencil, fan, cosecant-squared, etc.)

		

		Pencil

		Fan

		Pencil

		Pencil

		Pencil

		Conical

		Pencil

		Pencil



		Antenna type (reflector, phased array, slotted array, etc.)

		

		Slotted array

		Parabolic

		Parabolic Reflector

		Parabolic Reflector

		Parabolic Reflector

		Parabolic

		Phased array

		Phased array








TABLE 2 (ENDCONT.)

		Characteristics

		Unit

		Radar 16

		Radar 17

		Radar 18

		Radar 19

		Radar 20

		Radar 21

		Radar 22

		Radar 23



		Antenna polarization

		

		Horizontal

		Horizontal

		Horizontal

		Horizontal

		Horizontal

		Vertical

		Vertical

		Horizontal



		Antenna main beam gain

		dBi

		34

		37.5

		38.5

		44.5

		40

		44.5

		35

		31.5



		Antenna elevation beamwidth

		degrees

		3.5

		4.1

		2.2

		1

		1.7

		2.0

		30

		30



		Antenna azimuthal beamwidth

		degrees

		3.5

		1.1

		2.2

		1

		1.7

		2.0

		2

		2



		Antenna horizontal scan rate

		degrees/s

		20

		24

		3.4

		Variable

		6

		36

		Variable

		Variable



		Antenna horizontal scan type (continuous, random, 360°, sector, etc.)

		degrees

		Continuous

		180

Sector

		360

		NA

		360

		360

		360

		360

sector



		Antenna vertical scan rate

		degrees

		45

		N/A

		6.5

		Variable

		NA

		3

		NA

		NA



		Antenna vertical scan type (continuous, random, 360°, sector, etc.)

		degrees

		Sector

		N/A

		NA

		NA

		NA

		30

		Sector

		Sector



		Antenna side‑lobe (SL) levels (1st SLs and remote SLs)

		dB

		–31

		–20

		–31

		–25

		–29

		–30

		–40

		–30



		Antenna height

		m

		Aircraft altitude

		Aircraft altitude

		10

		10

		10

		10..40

		10

		6-13



		Receiver IF 3 dB bandwidth

		MHz

		1.0

		0.6

		3

		0.75

		0.5

		0.8

		4

		5



		Receiver noise figure

		dB

		5

		6

		4

		3

		2

		3

		5

		13



		Minimum discernable signal

		dBm

		–109

		–106

		–123

		–109

		–115

		–120

		–103

		–108











TABLE 2 (end)

		Characteristics

		Unit

		Radar 24*

		Radar 25

		Radar 26



		Function

		

		Detect and avoid

		Radiolocation

		Instrumentation



		Platform type (airborne, shipborne, ground)

		

		Airborne

		Ground

		Ground



		Tuning range

		MHz

		5 350-5 460

		5 250-5 900

		5 400-5 900



		Modulation

		

		Coded pulse

		Coded pulse

		Un-modulated Pulse



		Tx power into antenna

		kW

		1.3

		5-4250

		200-5 500



		Pulse width

		us

		1.0/1.25/2.5/5.0

		1-25

		0.5-10



		Pulse rise/fall time

		us

		0.05

		0.0082-0.0132/0.012-0.016

		0.02-0.15 / 0.02-0.15



		Pulse repetition rate

		pps

		15 000/20 000/
1 000/5 000

		40-320

		100-1 000



		Chirp bandwidth

		MHz

		N/A

		NA

		NA



		RF emission bandwidth

		-3 dB

-20 dB

		MHz

		7.2/8.2/8.7/47
25.3/15.9/15.1/60.6

		1-100

5-210

		0.5-2

4-20



		Antenna pattern type (pencil, fan, cosecant-squared, etc.)

		

		Fan

		Pencil

		Pencil



		Antenna type (reflector, phased array, slotted array, etc.)

		

		Phased array

		Parabolic

		Parabolic, Cassegrain Feed



		Antenna polarization

		

		Vertical

		Left-hand Circular

		Vertical Linear, LHC



		Antenna main beam gain

		dBi

		22

		57

		55



		Antenna elevation beamwidth

		degrees

		5.4

		0.5

		0.5



		Antenna azimuthal beamwidth

		degrees

		55.6

		0.5

		0.5



		Antenna horizontal scan rate

		degrees/s

		

		22

		25



		Antenna horizontal scan type (continuous, random, 360°, sector, etc.)

		degrees

		110 Sector

		360

		360



		Antenna vertical scan rate

		degrees

		230

		15

		20



		Antenna vertical scan type (continuous, random, 360°, sector, etc.)

		degrees

		Electronic scan sector
(-40° to 40°)

		Sector
(–10 to +90)

		Sector (–5 to +90)



		Antenna side‑lobe (SL) levels (1st SLs and remote SLs)

		dB

		–13

		–18

		–19



		Antenna height

		m

		1 500-15 000

		50

		40



		Receiver IF 3 dB bandwidth

		MHz

		7.2/8.2/8.7/47

		1-300

		1-10



		Receiver noise figure

		dB

		3

		4

		4



		Minimum discernable signal

		dBm

		-95

		-130

		–110








*[Editor’s notes: Question has been raised concerning the suitability of this frequency band for detect sense-and-avoid radar in this frequency range for which RR No. 4.10 applies. It is noted that a draft new report is under consideration by the WP 5B to analyse the suitability of the existing allocation for detect sense-and-avoid system]

[USA note: As stated in recognizing a) this draft new report/handbook is intended to replace current in force Report ITU-R M.2204, which lists this band for ARNS airborne radar in section 4.1 Table 3.] 

3	Operational characteristics

3.1	Aeronautical radionavigation radars

Radars operating in the ARNS in the frequency band 5 350-5 460 MHz are primarily airborne systems used for flight safety. Both weather detection and avoidance radars, which operate continuously during flight, as well as windshear detection radars, which operate automatically whenever the aircraft descends below 2 400 ft (732 m), are in use. Both radars have similar characteristics and are principally forward-looking radars which scan a volume around the aircraft’s flight path. These systems are automatically scanned over a given azimuth and elevation range, and are typically manually (mechanically) adjustable in elevation by the pilot (who may desire various elevation “cuts” for navigational decision-making). Within this frequency range airborne doppler navigation radars are also used for acquiring information such as ground speed and aircraft drift angle with respect to the ground. 

With the emergence of UAS, new detect and avoid radars (Radar 24, Table 2), operating in the 5 350‑5 460 MHz frequency band will be developed and employed for the purpose of mitigating collision risk with other aircraft during all phases of flight. The minimum operational performance standards for detect and avoid radars specify that, based on interference within a channel, the radar shall be capable of switching automatically between a minimum of three frequency channels within the utilized band. This requirement would allow the detect and avoid system to maintain the ability to operate under safety critical conditions while in the presence of other systems operating in the same frequency band.

3.2	Radiolocation radars

There are numerous radar types, accomplishing various missions, operating within the radiolocation service throughout the frequency range 5 250-5 850 MHz. Table 2 gives the technical characteristics for several representative types of radars that use these frequencies that can be used to assess the compatibility between radiolocation radars and systems of other services. The operational use of these radars is briefly discussed in the following text.

Test range instrumentation radars are used to provide highly accurate position data on space launch vehicles and aeronautical vehicles undergoing developmental and operational testing. These radars are typified by high transmitter powers and large aperture parabolic reflector antennas with very narrow pencil beams.

The radars have auto tracking antennas which either skin track or beacon track the object of interest. (Note that radar beacons have not been presented in Table 2; they normally are tunable over the frequency range 5 400-5 900 MHz, have transmitter powers in the range 50‑200 W peak, and serve to rebroadcast the received radar signal.) Periods of operation can last from minutes up to 4‑5 h, depending upon the test program. Operations are conducted at scheduled times 24 h/day, 7 days/week.

Shipboard sea and air surveillance radars are used for ship protection and operate continuously while the ship is underway as well as entering and leaving port areas. These radars operate continuously during the shipʼs deployment, based on shipʼs schedule and availability. These radars perform missions such as marine environmental protection; law enforcement in ports, and inland waterways, coastal security; humanitarian assistance, and/or disaster response and search and rescue missions involving small cross section targets such as light aircraft, lifeboats, canoes, dinghies, and swimmers with life jackets. These surveillance radars usually employ moderately high transmitter powers and antennas which scan electronically in elevation and mechanically a full 360° in azimuth. Operations can be such that multiple ships are operating these radars simultaneously in a given geographical area.

Other special-purpose radars are also operated in the frequency band 5 250-5 850 MHz. Radar 7 (Table 2) is an airborne synthetic aperture radar which is used in land-mapping and imaging, environmental and land-use studies, and other related research activities. It is operated continuously at various altitudes and with varying look-down angles for periods of time up to hours in duration which depends upon the specific measurement campaign being performed.

4	Protection criteria

The desensitizing effect on radars operated in this frequency band from other services of a CW or noise-like type modulation is predictably related to its intensity. In any azimuth sectors in which such interference arrives, its power spectral density can simply be added to the power spectral density of the radar receiver thermal noise, to within a reasonable approximation. If power spectral density of radar-receiver noise in the absence of interference is denoted by N0 and that of noise-like interference by I0, the resultant effective noise power spectral density becomes simply I0 + N0. An increase of about 1 dB for the radiolocation radars except ground based meteorological radar would constitute significant degradation. Such an increase corresponds to an (I + N )/N ratio of 1.26, or an I/N ratio of about −6 dB. For the radionavigation service and meteorological[footnoteRef:1] radars considering the safety-of-life function, an increase of about 0.5 dB would constitute significant degradation. Such an increase corresponds to an I /N ratio of about –10 dB. However, further study is required to validate this value. These protection criteria represent the aggregate effects of multiple interferers, when present; the tolerable I/N ratio for an individual interferer depends on the number of interferers and their geometry, and needs to be assessed in the course of analysis of a given scenario. [1:  	The protection criteria for ground-based meteorological radars is found in Recommendation ITU‑R M.1849.] 


The aggregation factor can be very substantial in the case of certain communication systems, in which a great number of stations can be deployed.

The effect of pulsed interference is more difficult to quantify and is strongly dependent on receiver/processor design and mode of operation. In particular, the differential processing gains for valid-target return, which is synchronously pulsed, and interference pulses, which are usually asynchronous, often have important effects on the impact of given levels of pulsed interference. Several different forms of performance degradation can be inflicted by such desensitization. Assessing it will be an objective for analyses of interactions between specific radar types. In general, numerous features of radiodetermination radars can be expected to help suppress low-duty cycle pulsed interference, especially from a few isolated sources. Techniques for suppression of low-duty cycle pulsed interference are contained in Recommendation ITU-R M.1372 – Efficient use of the radio spectrum by radar stations in the radiodetermination service.

5	Interference mitigation techniques

In general, mutual compatibility between radiolocation (except ground based meteorological radars) and aeronautical radionavigation is fostered by the scanning of the antenna beams, which limits main beam couplings. Additional mitigation is afforded by differences between the waveforms of the two types of radars and the associated rejection of undesired pulses via receiver filtering and signal processing techniques such as limiting, sensitivity time control and signal integration. Additionally, interference can be mitigated by separation in carrier frequency or discrimination in time through the use of asynchronous pulse rejection/suppression techniques. In radar-to-radar interactions, separation in frequency is not always necessary for compatible operation because high degrees of isolation in power coupling and in time either occur naturally or can be achieved by good design. Additional details of interference mitigation techniques employed by radar systems are contained in Recommendation ITU‑R M.1372.
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Introduction

This Handbook is intended as a replacement for Report ITU-R M.2204-0 (11/2010) “Characteristics and spectrum considerations for sense and avoid systems used on unmanned aircraft systems”.  Earlier efforts were made to update to Report ITU-R M.2204-0 however, it was decided that a Handbook would be a more appropriate location to catalog the information currently found in the report.  This new ITU-R Handbook will provide information on appropriate frequency bands for Detect and Avoid (DAA) radar systems onboard unmanned aircraft or for ground based DAA radar systems to support unmanned aircraft operations.

Proposal

This contribution continues the process of developing a new ITU-R Handbook for unmanned aircraft DAA system by addressing comments received from other administrations during previous ITU-R WP 5B meetings. This new Handbook will explore the list of frequency bands allocated to the Aeronautical Radionavigation and Radionavigation Services, which could be used for Detect and Avoid radar systems installed on unmanned aircraft or on the ground in support of unmanned aircraft operations.
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[bookmark: _Hlk517074496][Editor’s note: The intent of establishing this new Handbook is to replace ITU-R Report M.2204 “Characteristics and spectrum considerations for sense and avoid systems use on unmanned aircraft systems” working document towards a preliminary draft new Report ITU-R M.[UA_AIRBORNE_DAA] (Annex 32 to Doc. 5B/225) and working document towards a preliminary draft new Report ITU-R M.[UA_GROUND_DAA] (Annex 33 to Doc. 5B/225).]

[Editor’s note: Chapter 2 of this A framework for the Handbook is presented here that includes relevant UAS information provided by ICAO. Administrations are urged to bring contributions to the next meeting of WP 5B to continue the process of developing this Handbook.]

[Editor’s note:  In the present contribution, one Administration would like to discuss the aim of the Handbook.

It is proposed that before starting reviewing this document to agree on the following principles:

–	Noting that SARPs on DAA are expected to be reviewed by the ICAO in October 2022.

–	To revise and update the general description based on information from ICAO that are currently copied from Report ITU-R M.2204.

–	To identify the relevant performance parameters from the SARPs on DAA that could be used in order to define which frequency bands would appropriate for the identified scenarios instead of seeking to list all the frequency bands allocated to radionavigation or aeronautical radionavigation in order to assess their suitability.

–	To give priority to onboard DAA systems.

–	To understand what the principle for the ground DAA system is that seems to be regular surveillance radar in order to send information to UA via C2/CNPC link; the impact on the C2/CNPC link should also be assessed.]
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[bookmark: _Toc109203654][bookmark: _Toc89938141]CHAPTER 1

[bookmark: _Toc169523603][bookmark: _Toc109203655]The unmanned aircraft

[bookmark: _Toc169523604][bookmark: _Toc187465675][bookmark: _Toc387830628][bookmark: _Toc89938142][bookmark: _Toc109203656]1	Introduction

1.1	Unmanned aircraft systems

Unmanned aircraft (UA) are powered aircraft that do not carry a human pilot, use aerodynamic forces to provide vehicle lift, and employ a remote pilot, fly semi-autonomously, or autonomously. The current state-of-the-art in unmanned aircraft system (UAS) design and operation has led to the rapid development of UAS applications to fill many diverse requirements. UAS applications include agricultural applications, communications relays, aerial photography, mapping, emergency management, scientific research, environmental monitoring, hurricane tracking, cloud seeding, volcano monitoring, forest fire suppression, emergency management, search and rescue operations, and law enforcement applications. The safe operation of UAS in civil airspace requires addressing the same issues as manned aircraft, namely integration into the air traffic control (ATC) system. Because the pilot is no longer onboard, a method of replacing the pilot’s responsibility to “see and avoid” other aircraft is required (see International Civil Aviation Organization’s (ICAO’s) Annex 2 “Rules of the Air”). While manned aircraft have systems to avoid cooperative aircraft , they rely on the onboard pilot to see and avoid non-cooperative aircraft and obstacles. In order to for the UAS to detect non-cooperative targets, new electronic technologies, including detect and avoid (DAA) radars, are being used to detect non-cooperative aircraft.

[bookmark: _Toc89938143][bookmark: _Toc109203657]1.2	Terminology

Control and non-payload communications: The radio links, used to exchange information between the UA and UACS, that ensure safe, reliable, and effective UA flight operation. The functions of command and non-payload communication (CNPC) can be related to different types of information such as: telecommand messages, non-payload telemetry data, support for navigation aids, air traffic control voice relay, air traffic services data relay, target track data, airborne weather radar downlink data, non-payload video downlink data.

Detect and avoid: The capability to see, sense or detect conflicting traffic or other hazards and take the appropriate action

Intruder: An aircraft (manned or unmanned) that enters the DAA surveillance volume and tracked by the DAA system.

Unmanned aircraft: Designates all types of aircraft remotely controlled.

Unmanned aircraft control station: Facilities from which a UA is controlled remotely.

Unmanned aircraft systems: Consists of the following subsystems:

–	UA: (i.e. the aircraft itself);

–	UACS;

–	CNPC;

–	ATC communications subsystem (not necessarily relayed through the UA);

–	DAA;

–	Payload subsystem (e.g. Video camera …).

Separation provision: The tactical process of keeping aircraft away from hazards by at least the appropriate separation minima.

Separation minima: The minimum displacements between an aircraft and a hazard which maintain the risk of collision at an acceptable level of safety.

Strategic conflict management: Airspace organization and management, demand and capacity balancing and traffic synchronization components.

[bookmark: _Toc89938144][bookmark: _Toc109203658][bookmark: _Toc51922588]1.3	Related ITU recommendations and reports

Recommendations 

ITU-R M.1638-1	Characteristics of and protection criteria for sharing studies for radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars operating in the frequency bands between 5 250 and 5 850 MHz

ITU-R M.1796-2	Characteristics of and protection criteria for terrestrial radars operating in the radiodetermination service in the frequency band 8 500-10 680 MHz

ITU-R M.2007	Characteristics of and protection criteria for radars operating in the aeronautical radionavigation service in the frequency band 5 150-5 250 MHz

ITU-R M. 2008-1	Characteristics and protection criteria for radars operating in the aeronautical radionavigation service in the frequency band 13.25-13.40 GHz

Report

ITU-R M.2204	Characteristics and spectrum considerations for sense and avoid systems use on Unmanned Aircraft Systems (UAS)




[bookmark: _Toc109203659][bookmark: _Toc89938145]CHAPTER 2

[bookmark: _Toc109203660]Principles of detect and avoid

[bookmark: _Toc89938146][bookmark: _Toc109203661]2	Principles of detect and avoid

2.1	Detect and avoid systems

The principle of a DAA system is that it fits into the total systems approach to collision avoidance. As shown in Figure 1, the approach to collision avoidance uses a layered approach. Current technologies that may accommodate these layers include ATC procedures, ground and surface ATC surveillance systems, automatic dependent surveillance-broadcast (ADS-B), airborne collision avoidance system also called traffic collision avoidance system (TCAS), and DAA. 

Figure 1

Layered collision avoidance approach

[image: Diagram
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[bookmark: _Toc89938147][bookmark: _Toc109203662]2.2	Applicability of detect and avoid to overall collision avoidance approach

An important point to consider in the design of a detect and avoid system is how it fits into the total systems approach to collision avoidance. Using the three layer approach described in ICAO Document 9854[footnoteRef:1] (strategic conflict management, separation provision, and collision avoidance) for conflict management will limit, to an acceptable level, the risk of collision between aircraft and hazards. ICAO Doc 10019[footnoteRef:2] specifically defines conflict management approach towards DAA. As shown in Figure 1, The DAA system provides the “remain well clear” function as the separation provision and “collision avoidance” function as the collision avoidance. [1: 	Global Air Traffic Management Operational Concept, International Civil Aviation Organization Document 9854, First Edition, 2005.]  [2:  	Manual on Remotely Piloted Aircraft Systems (RPAS), International Civil Aviation Organization (Doc. 10019), 1st edition 2015.] 


Figure 2

Three layers of conflict management approach towards detect and avoid
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[bookmark: _Toc89938148]2.2.1	Strategic conflict management

Strategic conflict management includes pre-flight actions performed to minimize potential flight path conflicts with, and maximize separation from, intruders. Strategic conflict management also includes risk mitigation that is achieved through airspace organization and management, demand and capacity balancing, and traffic synchronization.

[bookmark: _Toc89938149]2.2.2	Remain well clear/separation provision

In this phase, actions are undertaken by all participants to ensure the safe execution of the flight depending on the airspace classification. Separation provisions by ATC and “remain-well-clear (RWC)” by pilots/remote pilots are utilized in this phase. At the remain well clear level of DAA, the system identifies the pilot to a potential violation of the DAA Remain Well Clear volume. Based on the information provided by the DAA system, the pilot identifies whether, and if so, what type of a manoeuvre is necessary to avoid the intruder, and then executes that manoeuvre. If operating under an ATC clearance, the UA Pilot coordinates with ATC to obtain an amended clearance before executing the manoeuvre.

[bookmark: _Toc89938150]2.2.3	Collision avoidance

Collision avoidance is the last layer to of conflict management and aims to prevent an intruder from penetrating the near mid-air collision (NMAC) volume. The airborne collision avoidance system is a system that is currently used to this effect on manned aircraft. As indicated in the figure above, DAA systems are expected to perform the collision avoidance function in addition to the “remain well clear function”. 

[bookmark: _Toc89938151][bookmark: _Toc109203663][Editor’s note: The following sections of Chapter 2 would require an update following new material available within ICAO.]

2.3	Aircraft-based detect and avoid

There are factors that drive the performance requirements needed from an RF-based airborne DAA sensor as shown in Figure 2. The number of factors that drive the performance requirements for an airborne DAA sensor is large resulting in a very difficult multidimensional trade space containing both dependent variables and independent variables. These factors include characteristics of the encounter including NMAC volume, the latencies in the actual airborne DAA system implementation, and the performance parameters of the radar used as the airborne DAA sensor.

Figure 3 

Detect and avoid sensor performance requirement factors

[image: ]

[bookmark: _Toc89938152]2.3.1	Encounter characteristics for aircraft-based detect and avoid

The first major factor driving the sensor performance requirements shown in Figure 3 is Encounter characteristics, which include collision course geometries, closing speeds between the UA and the intruder, the selected NMAC or remain well clear volume, collision avoidance zone size and overall aircraft traffic density. The second major class of factor driving the needed sensor performance includes the latencies in the system implementation. Specific latency drivers that need to be taken into account are minimum allowable detection/detection times, pilot response latencies, UA communications system latencies, airborne DAA sensor data processing delays and expected UA aero-performance characteristics. The last major factor driving airborne DAA sensor performance includes the characteristics of the radar such as angular accuracy, available power-aperture (i.e. detection range), radar cross-section of the intruder aircraft and track rate.

Closing speeds between the UA and an intruder and the NMAC or well clear volume, on the other hand, do have bearing on the necessary detection range needed to detect, track and perform a collision avoidance manoeuvre. Obviously, the faster the closing speed between the two aircraft, the longer the detection range from the radar that is needed. Additionally, larger NMAC or well clear volumes also increase detection range. Each plot in Figure 3 shows the distance between the UA and the intruder aircraft as a function of time before a manoeuvre is needed, and the time at which each curve is at a minimum is the point of closest approach assuming that the UA can perform a turn at a 15° bank angle. Using the minimum as a proxy for horizontal NMAC distance, one can see that a larger NMAC volume drives the system designer to needing a longer detection range.

Figure 4

Near mid-air collision size vs. time required to start avoidance manoeuvre
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[bookmark: _Toc89938153]2.3.2	System latencies for aircraft-based detect and avoid

The DAA encounter timeline shown in Figure 4 defines the 8 major elements that need to be accounted for in an airborne DAA scenario. Again, as with the considerations associated with encounter geometries, system latencies ultimately drive the radar sensor detection range.

UA performance has a large impact on the system latencies. Obviously, a slower moving aircraft has more time to devote to detecting an intruder but is often less manoeuvrable so it will probably have less ability to affect a collision avoidance manoeuvre in order to avoid a collision. On the other hand, UA that fly faster will have less time to devote to detecting an intruder, but these UA are often more manoeuvrable so they will probably have a greater ability to turn away from the collision.

Figure 5

Collision encounter timeline
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[bookmark: _Toc89938154]2.3.3	Radar performance considerations for aircraft-based detect and avoid

Lastly, specific requirements on the performance of the radar component of the DAA system will affect the radar design and performance and be a main driver in frequency band selection. In particular, size weight and power (SWAP) and the required accuracy of intruder position (as measured by angular and range resolution) will affect determination of a suitable frequency for an airborne radar sensor. 

2.3.4	The detection range of an intruder

The detection range of an intruder is highly dependent on the transmit power-gain product of the radar. Transmit power is usually the highest power consuming element in the radar, which will affect power consumption directly and other SWAP elements indirectly. In order to constrain the radar transmit power and power consumption, lower frequencies are preferred for two factors:

–	in general, lower frequencies have lower rain attenuation and atmospheric absorption factors as shown in Figure 5 below;

–	higher efficiency amplifiers are more readily available at lower frequencies and hence same output power can be obtained at lower power consumption.

For antenna gain evaluation, higher frequencies will have higher antenna gain for same antenna size.

Figure 6

Plot of atmospheric absorption at microwave frequencies

[image: Atmospheric absorption or electromagnetic energy vs. frequency]



[bookmark: _Toc89938155]2.3.5	The accuracy of the intruder position

In order to estimate the intruder position, the radar measures the range, azimuth (bearing) and elevation angle of the intruder relative to the ownership UA.

The range resolution and accuracy is mainly dependent on the frequency bandwidth of the waveform and is usually sufficient to achieve required accuracy.

The radar usually relies on monopulse processing to improve angle accuracy. Typical accuracies are in the 1:10-1:20 of the 3 dB beamwidth of the antenna. For same antenna size, the beamwidth is reduced as the frequency is increased, and hence the accuracy is improved as the frequency is increased.  Note that reducing the beamwidth may have the adverse effect of needing a longer frame time to cover all the required field of regard, hence these parameters are usually traded in a system optimization.

Thus, the proper selection of frequency is critical to the success of the airborne DAA radar. There is no optimum solution that fits all UAS classes, the solution will depend on the UAS class, and operational environment. As shown in Figure 6, the X band gives a compromise for trading all parameters. A lower band would have lower power consumption for same range requirement but may need a larger size antenna to achieve the required antenna gain and intruder position accuracy. Frequencies below C band are not expected to achieve required angle accuracy. 

On the high frequency side, Ku band and higher can achieve required gain and position accuracy with smaller size but may need higher power to achieve required detection range.

Figure 7

Qualitative evaluation of parameters that affect choice of frequency band
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[bookmark: _Toc89938156]2.3.6	Other technical considerations for aircraft-based detect and avoid

Another factor that must be taken into account in the determination of a suitable frequency for an airborne radar sensor is electromagnetic interference compatibility, both local compatibility on the UA, as well as compatibility with co-primary users of the spectrum. For example, if a UA is carrying another radar as part of its mission payload, one would prefer that the DAA sensor frequency be out-of-band from the mission payload radar in order to minimize interference between the two radars. In addition, the prevalence of other radars (e.g. weather radars) in a certain frequency band may impact the use of that frequency band for airborne DAA.

[bookmark: _Toc89938157][bookmark: _Toc109203664]2.4	Ground-based detect and avoid

The radiofrequency part of a ground-based detect and avoid (GBDAA) for unmanned aircraft could use already existing air traffic control systems to locate and provide information on the location of the various aircraft in the considered by UAS for DAA purposes. However, air traffic control systems are not optimized to meet the needs of small low flying UAs. Therefore, additional GBDAA is needed to augment existing air traffic control surveillance.

GBDAA systems detect and generate tracks within its Declaration Volume (DV) of airborne traffics. Unlike air traffic control radars, DAA radars detect aircraft that fly at relatively low altitudes with smaller radar cross-sections.

As with the ABDAA, GBDAA compliments other surveillance sensors by providing detection of non-cooperative traffic (i.e., those without operating transponders or ADS-B Out capabilities). Aircraft tracks are established at sufficient range and accuracy to enable an UA flying within GBDAA Operational Volume (OV) to remain well clear of other aircraft.

FIGURE 8

Ground-based detect and avoid
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In some cases, there are no significant differences between the GBDAA and ABDAA systems. The requirements are simply to support the safety case, whether that’s achieved with airborne sensors, ground-based sensors, or both. However, it should be noted that the capability of ground-based vs airborne radar is different. A GBDAA radar looking up can see both in front and behind and aircraft of interest, whereas an ABDAA radar onboard the aircraft is generally pointed in the direction of flight and can only detect objects across a field of view in the direction it is flying. Additionally, smaller UAS are limited in the size and power of radar they can carry, whereas ground based radar has less limitation with regards to size or weight of the DAA radars. There are also different technical challenges; for example, with GBDAA where line-of-sight over hills and buildings will need to be considered during implementation whereas with ABDAA implementation may require careful consideration of ground clutter (and returns from objects on the ground more generally) at low altitudes.

GBDAA systems use ground based sensor as the surveillance sensor and may have multiple GBDAA sensors to cover the necessary Surveillance Volume. The GBDAA can be utilized to enable transit operations, or operations at lower altitudes in area near airports as well as to enable extended operations.




[bookmark: _Toc109203665][bookmark: _Toc89938158]CHAPTER 3

[bookmark: _Toc109203666]Spectrum [considerations]

[bookmark: _Toc88488051][Editor’s note:  Two Administrations proposed text for this section.  These proposed texts are presented below.  Further development of this text is needed.]

[Editor’s note:  First proposal.]

[bookmark: _Toc89938159][bookmark: _Toc109203667]3	Spectrum [considerations]

The spectrum considered for DAA systems is limited to frequency band for which contain an allocation to radionavigation service or to aeronautical radionavigation service on a primary basis.  Worldwide allocations would be needed for UA that are designed to fly throughout the world however, for some specific UA applications, regional allocation may be appropriate.

Frequencies below 500 MHz are considered not suitable for DAA on-board aircraft equipment considering the technology is not mature enough at this stage.  As for frequency bands above 40 GHz, there are not enough information to make a determination on usability for DAA implementation.

Some of the frequency bands that are currently allocated to the radionavigation service and/or the aeronautical radionavigation service may also be allocated to other services and used by other applications; therefore, sharing the bands between incumbent system and DAA could be difficult.

When a frequency band is allocated in the same band to one or more other services, co-existence has to be ensured taking into account priories identified in allocation.

Where no priority between co-primary users exists deployment of DAA systems requires further analyses to determine compatibility with other services prior to its operational deployment. 

3.1	Performance requirements for remain clear area

[bookmark: _Toc89938160]3.1.1	Configuration 1

[TBD]

[bookmark: _Toc89938161]3.1.2	Configuration 2

[TBD]

[bookmark: _Toc89938162]3.1.3	Configuration XXX

[TBD]

[bookmark: _Toc88488052][bookmark: _Toc89938163][bookmark: _Toc109203668]3.2	Performance requirements for collision avoidance

[bookmark: _Toc89938164]3.2.1	Configuration 1

[TBD]

[bookmark: _Toc89938165]3.2.2	Configuration 2

[TBD]

[bookmark: _Toc89938166]3.2.3	Configuration XXX

[TBD]




CHAPTER 4

Detect and avoid system description and compatibility

4	Detect and avoid system description and compatibility

4.1	Existing DAA systems

[Editor’s note: Potential bands to be considered in this section include the 1 215-1 300 MHz, 1 300-1 350 MHz, 2 900-3 100 MHz bands 5 350-5 470 MHz, 8 750-8 850 MHz, 9 300-9 500 MHz, 13.25-13.4 GHz, 15.4-15.7 GHz, and 24.45-24.65 GHz.]

4.1.1	Existing DAA systems in the 2 700-2 900 MHz band

4.1.1.1	Description of Ground Based DAA system in the 2 700-2 900 MHz band1

The frequency band 2 700-2 900 MHz is allocated to the Aeronautical Radionavigation and the on a primary basis and frequency band 2 700-2 900 MHz is allocated for radionavigation services on primary basis and the following footnotes are applicable:

5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.423	In the band 2 700-2 900 MHz, ground-based radars used for meteorological purposes are authorized to operate on a basis of equality with stations of the aeronautical radionavigation service.

5.424	Additional allocation:  in Canada, the band 2 850-2 900 MHz is also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars.

5.424A	In the band 2 900-3 100 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the radionavigation service.     (WRC-03)

5.426 	The use of the band 2 900-3 100 MHz by the aeronautical radionavigation service is limited to ground-based radars.



[TBD]

4.1.1.2	Compatibility of DAA system in the 2 700-2 900 MHz band1 with other services and systems

Operation of ground based DAA systems in the 2 700-2 900 MHz is possible however, many aviation radars already operate in this band and these radars are typically found at airports. In addition meteorological radars (RR No. 5.423) are also operated in this band. The 2 700-2 900 MHz frequency band can be used to support ground based DAA systems located beyond major airports and away from meteorological radars.

Operation of DAA systems on-board unmanned aircraft is not compatible in the 2 700-2 900 MHz band due to ground based only restriction in RR No. 5.337 and the potential for interference with existing aviation and meteorological radars in the band. Due to the operation of existing ground based aviation and meteorological radars in this band, it is unlikely that DAA systems on-board UA could operate compatibly with the existing systems.

[TBD]

4.1.2	Existing DAA systems in the 9 000-9 200 MHz band

4.1.2.1	Description of DAA system in the 9 000-9 200 MHz band

The frequency band 9 000-9 200 MHz is allocated to the Aeronautical Radionavigation and the Radiolocation Services on a primary basis and the following footnotes are applicable:

5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC 15)

5.473A	In the band 9 000-9 200 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, systems identified in No. 5.337 operating in the aeronautical radionavigation service, or radar systems in the maritime radionavigation service operating in this band on a primary basis in the countries listed in No. 5.471.     (WRC-07)

4.1.2.2	Compatibility of DAA system in the 9 000-9 200 MHz bandwith other services and systems

Operation of ground based DAA systems in the 9 000-9 200 MHz is possible however, ground based DAA systems will need to be compatible with existing aviation surveillance radar system which are typically found at airports.  As a result, location of a DAA system on some airports may be difficult in this band.  The 9 000-9 200 MHz frequency band can be used to support ground based DAA systems located beyond major airports.

In some administrations maritime radionavigation radar systems are employed for shore-based applications and coordination of ground based DAA systems with these maritime radars will be necessary.

Operation of DAA systems on-board unmanned aircraft is not compatible in the 9 000-9 200 MHz band due to ground based only restriction in RR No. 5.337 and the potential for interference with existing aviation radars in the band. Due to the operation of existing ground based aviation radars in this band, it is unlikely that DAA systems on-board UA could operate compatibly with the existing aviation systems.

4.1.3	Existing DAA systems in the 13.25-13.4 GHz band

4.1.3.1	Description of DAA system in the 13.25-13.4 GHz band

The frequency band 13.25-13.4 GHz is allocated to the Aeronautical Radionavigation, the Earth exploration-satellite (active), and the space research (active) services on a primary basis and the following footnotes are applicable:

5.497	The use of the band 13.25-13.4 GHz by the aeronautical radionavigation service is limited to Doppler navigation aids

5.498A	The Earth exploration-satellite (active) and space research (active) services operating in the band 13.25 13.4 GHz shall not cause harmful interference to, or constrain the use and development of, the aeronautical radionavigation service.     (WRC-97)

5.499	Additional allocation:  in Bangladesh and India, the band 13.25-14 GHz is also allocated to the fixed service on a primary basis. In Pakistan, the band 13.25-13.75 GHz is allocated to the fixed service on a primary basis.    (WRC 12)

4.1.3.2	Compatibility of DAA system in the 13.25-13.4 GHz bandwith other services and systems

Operation of ground based or airborne DAA systems in the band 13.25-14 GHz will need to be compatible with existing aviation radar system that operate in the band 13.25-13.4 GHz.  An example of an existing aeronautical radionavigation system can be found in ITU-R Recommendation M.2008-1.  Colocation of a DAA system on an aircraft that is also equipped with an aviation radar that operates in this band may be difficult to achieve.  Further, DAA systems in the band 13.25-14 GHz must employ Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.

Since the frequency band 13.25-13.4 GHz is also allocated to the fixed service in Bangladesh, India, and Pakistan the suitability of this band needs to be further studied in those locations where fixed service is allocated on a primary basis.

4.2	New systems DAA under consideration

4.2.1	Description DAA system X

[TBD]

4.2.2	Compatibility DAA system X with other services and systems

[TBD]

[The text below is still being reviewed for either incorporation into the text above or for deletion.]

[Editor’s note: Second proposal.]

[Editor’s note: Some concern was raised over the use of the words “suitable or suitability” in this text.  It was felt that these words were too strong, and it was suggested that another term such as “prospective usage” be used instead.]

[bookmark: _Toc89938167][bookmark: _Toc109203669]3.1	Spectrum analysis on suitability for detect and avoid system onboard unmanned aircraft

[bookmark: _Toc51922592][bookmark: _Toc88482786][bookmark: _Toc89938168]3.1.1	Criteria for suitability of spectrum for detect and avoid systems

1	The spectrum analysis on suitability is limited to frequency band for which an allocation to radionavigation service or to aeronautical radionavigation service on a primary basis.

[Editor’s note: Administrations are invited to provide rationale on the previous sentence.]

Worldwide allocation would be needed for certified UA but for open or some specific unmanned, regional allocation may be appropriate. The impact of regional harmonization compared to a global one will need to be addressed.

[Editor’s note: The consideration of regional allocation may be different as we are dealing with airborne DAA or ground based DAA.]

2	Frequencies below 500 MHz are considered not suitable for DAA onboard aircraft equipment considering the technology not mature enough at this stage. As for frequency bands above 40 GHz, there are not enough information to make a determination on suitability for DAA implementation.

[Editor’s note: Administrations are invited to provide rationale on the previous sentence. For high frequency band that 40 GHz, there are RNS and ARNS allocations that might be also studied depending also on the conclusion of WRC-19.]

3	Coexistence with other incumbent services/existing applications

Some of the frequency bands that are currently allocated to the radionavigation service and/or the aeronautical radionavigation service may also be allocated to other services and used by other applications; therefore, sharing the bands between incumbent system and DAA could be difficult.

When a frequency band is allocated in the same band to one or more other services, co-existence has to be ensured taking into account priories identified in allocation footnotes and that RR No. 4.10 applies for the radionavigation service.

Where no priority between co-primary users exists, RR No. 4.10 also does not provide priority, so deployment of detect and avoid systems requires further analyses to determine compatibility with other services prior to its operational deployment. 

4	Performance

[To be developed]

[bookmark: _Toc51922593][bookmark: _Toc88482787][bookmark: _Toc89938169][bookmark: _Toc109203670]3.2	Suitability of frequency bands

[Editor's note: The following sections contain applicable provisions from the Radio Regulations, including allocations and relevant footnotes, and are provided as a baseline to facilitate the determination of the suitability of spectrum for DAA operations. The suitability of frequency bands will take into account co-existence with other services/systems operating in that band.]

[bookmark: _Toc88482788][bookmark: _Toc89938170]3.2.1 	Frequency band 960-1 215 MHz 

3.2.1.1	Allocations to operate detect and avoid and other services in the frequency band 960‑1 215 MHz

The frequency band 960-1 215 MHz is allocated to Aeronautical Radionavigation on a primary basis and the following footnotes are applicable:

5.327A	The use of the frequency band 960-1 164 MHz by the aeronautical mobile (R) service is limited to systems that operate in accordance with recognized international aeronautical standards. Such use shall be in accordance with Resolution 417 (Rev.WRC-15).     (WRC-15)

5.328	The use of the band 960-1 215 MHz by the aeronautical radionavigation service is reserved on a worldwide basis for the operation and development of airborne electronic aids to air navigation and any directly associated ground-based facilities.     (WRC-2000)

5.328AA	The frequency band 1 087.7-1 092.3 MHz is also allocated to the aeronautical mobile-satellite (R) service (Earth-to-space) on a primary basis, limited to the space station reception of Automatic Dependent Surveillance-Broadcast (ADS-B) emissions from aircraft transmitters that operate in accordance with recognized international aeronautical standards. Stations operating in the aeronautical mobile-satellite (R) service shall not claim protection from stations operating in the aeronautical radionavigation service. Resolution 425 (WRC-15) shall apply.     (WRC-15)

3.2.1.2 	Suitability of the frequency band 960-1 215MHz for detect and avoid systems 

No restriction in the RR

The frequency band 960-1 215 MHz is operated by various aeronautical systems including DME, TACAN, TCAS, ADS-B, Multilateration, and non-ICAO (e.g. Recommendation ITU-R M.2013) systems and co-existence with DAA systems onboard aircraft is not ensured. The 1 164-1 215 MHz portion of the band is also used for RNSS (space-to-Earth) and (space-to-space) services on a ubiquitous basis, including on aircraft, and this use presents additional co-existence issues.

This frequency band 960-1 215 MHz is not suitable for airborne and ground based DAA systems.

[bookmark: _Toc88482789][bookmark: _Toc89938171]3.2.2 	Frequency band 1 215-1 300 MHz 

[TBD]

[bookmark: _Toc88482790][bookmark: _Toc89938172]3.2.3 	Frequency band 2 700-3 100 MHz

3.2.3.1 	Allocations to operate detect and avoid and other services in the frequency band 2 700-3 100 MHz

The frequency band 2 700-2 900 MHz is allocated to Aeronautical Radionavigation on a primary basis and frequency band 2 700-2 900 MHz is allocated for radionavigation on primary basis and the following footnotes are applicable:

5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.423	In the band 2 700-2 900 MHz, ground-based radars used for meteorological purposes are authorized to operate on a basis of equality with stations of the aeronautical radionavigation service.

5.424	Additional allocation:  in Canada, the band 2 850-2 900 MHz is also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars.

5.424A	In the band 2 900-3 100 MHz, stations in the radiolocation service shall not cause harmful interference to, nor claim protection from, radar systems in the radionavigation service.     (WRC-03)

5.426 	The use of the band 2 900-3 100 MHz by the aeronautical radionavigation service is limited to ground-based radars.

3.2.3.2 	Suitability of the frequency band 2 700-2 900 MHz for detect and avoid systems

Operation of ground based DAA systems in the 2 700-2 900 MHz is suitable however, many aviation radars already operate in this band and these radars are typically found at airports. In addition meteorological radars (RR No. 5.423) are also operated in this band. The 2 700-2 900 MHz frequency band can be used to support ground based DAA systems located beyond major airports.

Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.337 in the frequency band 2 700-2 900 MHz. Additionally, many radars are operated including for meteorological radars (RR No. 5.423) making the 2 700-2 900 MHz frequency band not suitable for DAA systems onboard UA.

3.2.3.3 	Suitability of the frequency band 2 900-3 100 MHz for detect and avoid

Operation of ground based DAA systems in the frequency band 2 900-3 100 MHz may be suitable however, compatibility with shipboard maritime radionavigation systems is a significant issue.

This frequency band 2 900-3 100 MHz can be used to support ground bases DAA systems provided operations are compatible with maritime radars that operate in this band.

Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.426 in the frequency band 2 900-3 100 MHz. Additionally various radar systems operate in this band and co-existence with DAA systems onboard aircraft is not ensured.

The frequency band 2 900-3 100 MHz is considered not suitable for DAA systems onboard UA.

[bookmark: _Toc88482791][bookmark: _Toc89938173]3.2.4 	Frequency band 9 000-9 200 MHz

3.2.4.1 	Allocations to operate detect and avoid and other services in the frequency band 9 000‑9 200 MHz

The frequency band 9 000-9 200 MHz is allocated to Aeronautical Radionavigation on a primary basis and the following footnotes are applicable:

5.337	The use of the bands 1 300-1 350 MHz, 2 700-2 900 MHz and 9 000-9 200 MHz by the aeronautical radionavigation service is restricted to ground-based radars and to associated airborne transponders which transmit only on frequencies in these bands and only when actuated by radars operating in the same band.

5.471	Additional allocation:  in Algeria, Germany, Bahrain, Belgium, China, Egypt, the United Arab Emirates, France, Greece, Indonesia, Iran (Islamic Republic of), Libya, the Netherlands, Qatar and Sudan, the frequency bands 8 825-8 850 MHz and 9 000-9 200 MHz are also allocated to the maritime radionavigation service, on a primary basis, for use by shore-based radars only.     (WRC‑15)

5.473A	In the band 9 000-9 200 MHz, stations operating in the radiolocation service shall not cause harmful interference to, nor claim protection from, systems identified in No. 5.337 operating in the aeronautical radionavigation service, or radar systems in the maritime radionavigation service operating in this band on a primary basis in the countries listed in No. 5.471.     (WRC-07)

3.2.4.2 	Suitability of the frequency band 9 000-9 200 MHz for detect and avoid systems

No restriction in the RR.

Noting that the use of the radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band 9 000-9 200 MHz is suitable for operation of ground based DAA systems.

DAA systems need to be compatible with existing aviation surveillance radar system that operate in the frequency band 9 000-9 200 MHz and colocation of a DAA system with existing aviation surveillance radars that operates in this band may be difficult.

In some administrations maritime radionavigation radar systems for use by shore-based radars are also allocated and coordination of DAA operations with these maritime radars is required.

Operation of DAA systems onboard UA is not suitable due to ground based only restriction in RR No. 5.337 in the frequency band 9 000-9 200 MHz.

[bookmark: _Toc88482792][bookmark: _Toc89938174]3.2.5	Frequency band 13.25-13.4 GHz

3.2.5.1	Allocations to operate detect and avoid and other services in the frequency band 13.25‑13.4 GHz

The frequency band 1 325-1 340 MHz is allocated to Aeronautical Radionavigation on a primary basis and the following footnotes are applicable:

5.497	The use of the band 13.25-13.4 GHz by the aeronautical radionavigation service is limited to Doppler navigation aids

5.498A	The Earth exploration-satellite (active) and space research (active) services operating in the band 13.25‑13.4 GHz shall not cause harmful interference to, or constrain the use and development of, the aeronautical radionavigation service.     (WRC-97)

5.499	Additional allocation:  in Bangladesh and India, the band 13.25-14 GHz is also allocated to the fixed service on a primary basis. In Pakistan, the band 13.25-13.75 GHz is allocated to the fixed service on a primary basis.    (WRC‑12)

3.2.5.2	Suitability of the frequency band 13.25 ‑ 13.4 GHz for ground based detect & avoid systems

No restriction in the RR.

Noting that the use of the space research services shall not constraint the use and development of aeronautical radionavigation service, operation of ground based DAA systems is suitable provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.

The use of the Earth exploration-satellite (active) service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service. However there are operational EESS (active) missions for which compatibility with DAA systems has not been ensured. Therefore DAA systems should take all practicable measures to minimize the chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.

DAA systems need to be compatible with existing aviation radar system that operate in the band 13.25-13.4 GHz and colocation of a DAA system on an aircraft that is also equipped with an aviation radar that operates in this band may be difficult. Further, compatibility with ground based DAA systems will also be required.

Since the frequency band 13.25-13.4 GHz is also allocated to the fixed service in Bangladesh, India, and Pakistan the suitability of this band needs to be further studied in those locations where fixed service is allocated on a primary basis.

[bookmark: _Toc88482793][bookmark: _Toc89938175][bookmark: _Toc109203671]43.3 	Summary

[Editor's note: The Summary section will identify the suitability of each band for DAA operations based on a review of the applicable provisions of the Radio Regulations as well as taking into account co-existence with other services/systems operating in each band.]

		Radionavigation 
frequency band

		Suitability for Airborne DAA

		Suitability for Ground DAA

		Reason/Recommendation



		960-1 215 MHz

		This frequency band is not suitable for DAA systems onboard UA

		This frequency band 960-1 215 MHz is not suitable for ground DAA systems

		Co-existence with DAA systems onboard aircraft is not ensured due to the presence of various aeronautical systems. The use of RNSS (space-to-Earth) and (space-to-space) services in 1 164-1 215 MHz on a ubiquitous basis, presents additional co-existence issues



		1 215-1 300 MHz

		The frequency band 1 215-1 300 MHz is not suitable for DAA onboard UA due to the difficulty in coordinating with existing high powered ground based radars and the limited number of administrations where this band may be used.

		The frequency band 1 215-1 300 MHz may be suitable for Ground DAA.

		[TBD]



		2 700-2 900 MHz

		This frequency band is not suitable for DAA systems onboard UA

		This frequency band is suitable for ground DAA systems

		Operation of ground based DAA systems located beyond major airports are suitable. Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.337



		2 900-3 100 MHz

		This frequency band is not suitable for DAA systems onboard UA

		This frequency band is suitable for ground DAA systems

		Operation of the ground based DAA systems shall be compatible with maritime radars that operate in this band. Compatibility with shipboard maritime radionavigation systems is a significant issue.

Operation of DAA systems onboard unmanned aircraft is not suitable due to ground based only restriction in RR No. 5.337



		9 000-9 200 MHz

		This frequency band is not suitable for DAA systems onboard UA

		This frequency band is suitable for ground DAA systems

		Noting that the use of the radiolocation service shall not cause harmful interference to nor claim protection from the aeronautical radionavigation service, the band is suitable for operation of ground based DAA systems. Operation of DAA systems onboard UA is for ground based as per restriction in RR No. 5.337



		13.25-13.4 GHz

		This frequency band is suitable for DAA systems onboard UA

		This frequency band is not suitable for ground DAA systems

		Operation of ground based DAA systems is suitable provided the DAA system employs Doppler frequency shift processing to comply with the Doppler aids requirement in RR No. 5.470.

DAA systems shall avoid chance of interference causing the premature obsolescence of in-orbit EESS (active) assets.

Compatibility between existing aviation radar system and ground DAA system may be difficult. Further, compatibility with ground based DAA systems will also be required.



		14-14.3 GHz

		[TBD]

		[TBD]

		



		15.4-15.7 GHz

		[TBD]

		[TBD]

		



		24.45-24.65 GHz

		[TBD]

in Region 1

		[TBD]

		



		

		[TBD]

in Region 2

		[TBD]

		



		

		[TBD]

in Region 3

		[TBD]

		



		31.8-33.4 GHz

		[TBD]

		[TBD]

		



		43.5-47.0 GHz

		[TBD]

		[TBD]

		



		66.0-71.0 GHz

		[TBD]

		[TBD]

		



		95.0-100.0 GHz

		[TBD]

		[TBD]

		



		123.0-130.0 GHz

		[TBD]

		[TBD]

		



		191.8-200.0 GHz

		[TBD]

		[TBD]

		



		235.0-238.0 GHz

		[TBD]

		[TBD]
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Annex 10 to Working Party 5B Chairman’s Report



		PRELIMINARY DRAFT NEW REPORT ITU-R M.[DIGITAL-VOICE]



		Digital voice communication in the VHF maritime band





Scope

The purpose of this report is to investigate in a new directiona new approach for the possible expansion of the number of VHF maritime voice channels based on the implementation of digital technology. Analyses concerning operational reliability, impacts to the GMDSS, mode of operation (simplex/duplex), bandwidth, range, etc. are the necessary milestones objectives to decide determine on the feasibility of implementation of digital voice radio telephony in the VHF maritime mobile band

The Report contains of seven chapters: 

· First part of the Report, up to Chapter 5, gives an overview of current situation; 

· Second part of the Report, from Chapter 6, describes possible ways for implementationto address coexistence with existing analogue and digital voice channels. 

· In addition to basic analysis of the digital technology in the VHF maritime mobile band, discussions on a plan for a crossover from analogue to digital are required. This includes time frame, possibility of parallel operationtransitional times for operation from analogue to digital, possible technical objectivesrequirements to the manufacturers, testing etc.

· The Report does not take into account the lifespan of current VHF radios which could be as long as 20 years. 



Keywords

Analogue communications, digital communications, migration, GMDSS, VHF radio, DSC

Abbreviations/Glossary

ACELP	Algebraic code-excited linear prediction

ADPCM	Adaptive differential pulse-code modulation

AIS	Automatic identification system

AMBE	Advanced multi-band excitation

AMR-WB	Adaptive multi-rate wideband

[bookmark: _Hlk121862418]ATIS	Automatic transmitter identification system

CIRM	Comité International Radio-Maritime

CEPT	European Conference of Postal and Telecommunications Administrations

CS-ACELP 	Conjugate-structure algebraic-code excited linear prediction

DSC	Digital selective call

DMR	Digital mobile radio

DPMR	Digital private mobile radio

ETSI	European Telecommunications Standards Institute

EU	European Union

FDMA	Frequency division multiple access

FEC	Forward error correction

FRAND 	Fair, reasonable and non-discriminatory

FSK	Frequency shift keying

GMDSS	Global maritime distress and safety system

HF	High frequency

IALA	International Association of Marine Aids to Navigation and Lighthouse Authorities

IMO	International Maritime Organization

LD-CELP	Low delay code excited linear prediction

MF	Medium frequency

MMSI	Maritime mobile service identity

MoU	Memorandum of understanding

MSC	Maritime Safety Committee

NXDN	Next generation digital narrowband

PAMR	Public access mobile radio

PESQ	Perceptual evaluation of speech quality

PMR	Private mobile radio

POTS	Plain old telephone service

PSTN	Public switched telephone network

RAINWAT	Regional Arrangement on the Radiocommunication Service for Inland Waterways

RALCWI 	Robust advanced low complexity waveform interpolation

RR	Radio Regulations

SB-ADPCM 	Sub-band adaptive differential pulse code modulation

SMS	Short message service

SNR	Signal to noise ratio

SOLAS	Safety of Life at Sea

TETRA	Trans-European trunked radio system

TDMA	Time division multiple access

TCP/IP	Transmission control protocol/internet protocol

TWELP	Tri-wave excited linear prediction

Tx	Transmission

VDES	VHF data exchange system

VHF	Very high frequency

VTS	Vessel traffic service 

WRC	World Radiocommunication Conference

Related ITU Recommendations and Reports

Recommendations:

ITU-R M.493	Digital selective-calling system for use in the maritime mobile service

ITU-R M.541 	Operational procedures for the use of digital selective-calling equipment in the maritime mobile service

ITU-R M.585	Assignment and use of identities in the maritime mobile service  

ITU-R M.1084	Interim solutions for improved efficiency in the use of the band 156-174 MHz by stations in the maritime mobile service

ITU-R M.1171 	Radiotelephony procedures in the maritime mobile service

ITU-R M.1309	Digitally coded speech in the land mobile service  

ITU-R M.1808	Technical and operational characteristics of conventional and trunked land mobile systems operating in the mobile service allocations below 869 MHz to be used in sharing studies in bands below 960 MHz  

Reports:

ITU-R BT.2140	Transition from analogue to digital terrestrial broadcasting

ITU-R M.2010 	Improved efficiency in the use of the band 156-174 MHz by stations in the maritime mobile service

ITU-R M.2231	Use of Appendix 18 to the Radio Regulations for the maritime mobile service  

ITU-R M.2288	Digital voice communication system on MF/HF radio channels of the maritime mobile service for shore-to-ship/ship-to-shore applications

ITU-R M.2474	Conventional digital land mobile radio systems

ITU-R SM.2022	The effect on digital communications systems of interference from other modulation schemes  

[bookmark: _Toc66434770][bookmark: _Toc66434893][bookmark: _Toc380056497][bookmark: _Toc380059748][bookmark: _Toc380059785][bookmark: _Toc396153636][bookmark: _Toc396383863][bookmark: _Toc396917296][bookmark: _Toc396917345][bookmark: _Toc396917407][bookmark: _Toc396917460][bookmark: _Toc396917627][bookmark: _Toc396917642][bookmark: _Toc396917747][bookmark: _Toc84926806]1	Introduction

The voice radio telephony in the VHF maritime mobile band is the most important communication for shipping. At this moment the congestion in the VHF maritime mobile band has become a serious problem not only in European Conference of Postal and Telecommunications Administrations (CEPT) countries and is continuing to grow. As a consequence of the implementation of DSC, AIS and VDES the number of voice channels in the VHF maritime mobile band has been reduced rapidly. 

The first intent to cope with this problem was the reduction to 12.5 kHz/6.25 kHz bandwidths as indicated in Recommendation ITU-R M.1084 but has never been implemented. Also splitting duplex channels into simplex does not lead to the doubling of available voice channels due to the fact that AIS Rx sensitivity will be degraded in the “upper legs” unless the antennas are separated significantly. This is not always possible on ships.

The Recommendation ITU-R M.1084 provides ways to improve efficiency in the use of the band 156-174 MHz by stations in the maritime mobile service; specifically describes technical characteristics when using channels spaced by 12.5 kHz and 6.25 kHz, migration to narrow-band channels, an example method for implementing interleaved narrowband channels at 12.5 kHz or 6.25 kHz offset spacing and assignment of channels numbers to interleaved channels and simplex operation of duplex channels. 

This ITU Report gives an analysis to investigate the feasibility of implementation of digital voice radio telephony in the VHF maritime mobile band. This Report could be the base for future discussions.

[bookmark: _Toc84926808][bookmark: _Toc380056499][bookmark: _Toc380059750][bookmark: _Toc380059787][bookmark: _Toc396153638][bookmark: _Toc396383865][bookmark: _Toc396917298][bookmark: _Toc396917347][bookmark: _Toc396917409][bookmark: _Toc396917462][bookmark: _Toc396917629][bookmark: _Toc396917644][bookmark: _Toc396917749][bookmark: _Toc84926810][bookmark: _Toc380056503][bookmark: _Toc380059753][bookmark: _Toc380059791][bookmark: _Toc396153641][bookmark: _Toc396383869][bookmark: _Toc396917302][bookmark: _Toc396917413][bookmark: _Toc396917633][bookmark: _Toc396917648][bookmark: _Toc396917753]2	Current regulation 2.1 – International Telecommunication Union

A scan and information delivered by the members of ITU WP 5B produced the following list of possible ITU documents related to the subject.

[bookmark: _Ref79577077][bookmark: _Toc84926811]2.1.1	Regulations/recommendations/reports

Radio Regulations Appendix 18.

See the section Related ITU Recommendations and Reports.

The Radio Regulations Appendix 18 describes which frequencies and bandwidth are designated to which channel and what should be the use of the channel. For instance, analogue or digital. Together with the performance standards and resolutions of IMO is this the bases of the use and how (analogue or digital) of VHF radio channels.

Recommendation ITU-R M.1084 recommends how to assign channel numbers when 25 kHz channels are divided into 12.5 or 6.25 kHz sub-channels. This recommendation could be used when assigning new channel numbers to the (digital) voice channels and depending on the chosen technique used to (automatically) switch to analogue if required.

[bookmark: _Toc66434902][bookmark: _Toc66436657][bookmark: _Toc66438649][bookmark: _Toc66438868][bookmark: _Toc66439087][bookmark: _Toc66439306][bookmark: _Toc66439523][bookmark: _Toc66778329][bookmark: _Toc66778572][bookmark: _Toc84926812]2.2	International Maritime Organization

As stated in the previous paragraph VHF radio communication performance standards for maritime are defined by IMO within SOLAS and IMO resolutions. This section will focus on these performance standards and resolutions.

[bookmark: _Toc84926813]2.2.1	Regulations as of March 2021

From a desktop scan on the possible IMO documents related to the use of VHF radio, the following documents were identified.

SOLAS performance standards

–	Resolution A.694(17);

–		Resolution A.803(19) Performance standards for shipborne VHF radio installations capable of voice communication and digital selective calling;

–	Resolution MSC.68(68), annex 1;

–	Resolution A.805(19);

–	Assembly Resolution A.609(15);

SOLAS Convention Chapter IV/4-1(b);

SOLAS IV 7.1.1;

SOLAS IV 7.1.2;

Resolution MSC.131(75).

[bookmark: _Toc84926814]2.2.2	Performance standards

The main performance standard for VHF radio on ships is from IMO Resolution A.803(19). This performance standard defines the minimal requirements for the use, availability, installation, robustness, etc. for VHF radios on board of ships.

Below an overview of the most important requirements from the IMO Resolution A.803(19). This Resolution has been reviewed by the eight meeting of the IMO sub-committee on Navigation, Communications and Search and Rescue in April 2021.

General:

[bookmark: _Hlk61882307]The installation, which may consist of more than one piece of equipment, should be capable of operating on single-frequency channels or on single- and two-frequency channels.

[bookmark: _Hlk61882339][bookmark: _Hlk61882353]The equipment should provide for the following categories of calls using both voice and digital selective calling (DSC):

–	distress, urgency and safety;

–	ship operational requirements;

–	public correspondence.

[bookmark: _Hlk61882399]The equipment should provide for the following categories of communications using voice:

–	distress, urgency and safety;

–	ship operational requirements;

–	public correspondence.

The equipment should comprise at least:

[bookmark: _Hlk61882503]–	a transmitter/receiver including antenna;

–	an integral control unit or one or more separate control units;

–	a microphone with a press-to-transmit switch, which may be combined with a telephone in a handset;

–	an internal or external loudspeaker;

[bookmark: _Hlk61882522]–	an integral or separate digital selective calling facility; and

–	a dedicated DSC watch keeping facility to maintain a continuous watch on Channel 70.

The installation may also include additional receivers;

[bookmark: _Hlk61882543]A distress alert should be activated only by means of a dedicated distress button. This button should not be any key of an ITU-T digital input panel or an ISO keyboard provided on the equipment;

The dedicated distress button should:

–	be clearly identified; 

–	be protected against inadvertent operation.

[bookmark: _Hlk61882585]The distress alert initiation should require at least two independent actions;

[bookmark: _Hlk61882605]The equipment should indicate the status of the distress alert transmission;

[bookmark: _Hlk61882616]It should be possible to interrupt and initiate distress alerts at any time.

Class of emission, frequency bands and channels:

–	The equipment may be designated for operation on one or more channels selected from and in accordance with Appendix 18 of the Radio Regulations.

[bookmark: _Hlk61882643]–	The radiotelephone facility should be capable of operating as follows:

•	in the band 156.3 MHz to 156.875 MHz on single-frequency channels as specified in Appendix 18 to the Radio Regulations;

•	in the band 156.025 MHz to 157.425 MHz for transmitting and the band 160.625 MHz to 162.025 MHz for receiving on two-frequency channels as specified in Appendix 18 to the Radio Regulations.

[bookmark: _Hlk61882733]–	The digital selective calling facility should be capable of operating on Channel 70;

–	Class of emission should comply with Appendix 19 of the Radio Regulations;

Controls and indicators:

–	General:

•	Change of channel should be capable of being made as rapidly as possible, but in any event within 5 s;

[bookmark: _Hlk61882758]•	The time taken to switch from the transmit to the receive condition, and vice versa, should not exceed 0.3 s;

•	An on/off switch should be provided for the entire installation with a visual indication that the installation is switched on;

[bookmark: _Hlk61882809]•	A visual indication that the carrier is being transmitted should be provided;

[bookmark: _Hlk61882828]•	The equipment should indicate the channel number, as given in the Radio Regulations, to which it is tuned. It should allow the determination of the channel number under all conditions of external lighting. Where practicable, Channel 16 and Channel 70 should be distinctively marked;

•	Control of the equipment should be possible at the position from which the ship is normally navigated. Control from that position should have priority if additional control units are provided. When there is more than one control unit, indication should be given to the other units that the equipment is in operation;

•	The equipment should not be able to transmit during a channel switching operation;

•	Operation of the transmit/receive control should not cause unwanted emissions.

–	Radiotelephone facility;

–	Provision should be made for changing from transmission to reception by use of a press‑to-transmit switch. Additionally, facilities for operation on two-frequency channels without manual control may be provided;

–	The receiver should be provided with a manual volume control by which the audio output may be varied;

–	Squelch (mute) control should be provided on the exterior of the equipment.

Permissible warming-up period:

–	The equipment should be operational within 1 min of switching on.

Transmitter output power:

[bookmark: _Hlk61882946]–	The transmitter output power should be between 6 and 25 W;

[bookmark: _Hlk61882999][bookmark: _Hlk61882981]–	Provision should be made for reducing the transmitter output power to a value of between 0.1 and 1 W. However, this reduction of the power is optional on Channel 70.

Receiver parameters:

[bookmark: _Hlk61883016]–	Radiotelephone facility. The sensitivity of the receiver should be equal to or better than 2 μV e.m.f. for a signal-to-noise ratio of 20 dB;

[bookmark: _Hlk61883042]–	Digital selective calling facility. With a DSC modulated input signal having a level of 1 μV e.m.f. to its associated VHF receiver, the DSC equipment should be capable of decoding the received message with a maximum permissible output character error rate of 10 -2;

–	Immunity to interference. The immunity to interference of the receiver should be such that the wanted signal is not seriously affected by unwanted signals.

[bookmark: _Hlk14760533]2.3	International Association of Marine Aids to Navigation and Lighthouse Authorities

On the shore side, IALA defines Standards, Guidelines and Recommendations on VHF radio to communicate with shipping on their waters/area of responsibility for safety. In the process of adaption and migration to digital VHF radio, all parties involved need to be addressed, to ensure proper and clear communications between ships and ships and shore.

Although there were initiatives before IALA started their discussion in February 2019 at a IALA ENAV WG3 intersessional meeting with a presentation on this subject. The discussion was followed up at ENAV23 in Singapore where there were several presentations about possible more efficient use of the spectrum currently used by VHF radio. The presentations focussed at that moment on one specific international standard, namely dPMR, as an example but there are other possible solutions.

From this IALA ENAV meeting, a liaison note was sent to CEPT FM58 and IEC stating their vision on digitisation of VHF radio.

[bookmark: _Toc84926816]2.3.1	Correspondence

IALA in their Liaison Note on 04. April 2019 stated the following (IALA ENAV Committee, 2019‑04) text.

“IALA recognises and agrees that the maritime voice service on the maritime VHF band should be digitised. In this respect, IALA recommends that the following shall be included in the consideration:

[bookmark: _Hlk61883172]That any evaluated technologies should have a clear migration path both from the current analogue voice services to the new digital voice services by allowing both the digital and analogue services to co-exist in the same transceiver for the duration of the entire migration period. This could extend to using the same antenna and other existing physical installation hardware;

[bookmark: _Hlk61883198]The channel efficiency be a high priority by allowing four (4) or more digital voice channels for each 25 kHz maritime VHF voice channel; 

[bookmark: _Hlk61883220]The digital service includes the capability of transmitting the location of the radio for the entire duration of the digital voice conversation;

[bookmark: _Hlk61883242]The digital service allows a short message service (SMS) without the need to set up a digital or other voice call;

[bookmark: _Hlk61883265]The digital voice quality be similar to or better than the analogue voice service especially using weaker radio signals at the extents of the radio coverage.

IALA is currently evaluating digital private mobile radio (dPMR) as one of the candidate technologies and is able to share high-level evaluation reports when this process is completed”

[bookmark: _Toc84926817]2.3.2	Standards, guidelines and recommendations

From a review of the possible IALA documents related to the use of VHF radio, the following documents were identified:

Maritime Radio Communications Plan (MRCP) (Edition 15 December 2017);

R1012 VTS communications (Edition 1.0 December 2017);

G1089 Provision of VTS services (INS, TOS & NAS) (Edition 1.0 December 2012);

G1111 Preparation of operational and technical performance requirements for VTS systems (Edition 1.0 May 2015);

G1132 VTS VHF voice communications (Edition 1.0 December 2017).

[bookmark: _Toc84926818]2.4	Other bodies/countries/companies

[bookmark: _Toc84926819]2.4.1	Regional arrangement on the radiocommunication service for inland waterways 

The regional arrangement on the radiocommunication service for inland waterways (RAINWAT) regulates radiocommunication on some European inland waterways. It is based on Art. 6 of the RR and concluded between the administrations of the following countries: 

Austria, Belgium, Bulgaria, Croatia, the Czech Republic, France, Germany, Hungary, Luxembourg, Moldova, Montenegro, the Netherlands, Poland, Romania, Serbia, the Slovak Republic and Switzerland.

The current revision of the RAINWAT agreement is from 11 October 2016. 

There are differences between the performance requirements of IMO as stated in paragraph 3.3 and the operational and technical requirements of the equipment as stated in Annex 3 of the RAINWAT agreement. The most important differences are:

Dual watch is not allowed;

DSC usage is not allowed in radiocommunication on inland waterways;

Identification of the radio by automatic transmitter identification system (ATIS) code is required and the reception of the ATIS signals on the loudspeaker or handset can be suppressed by suitable technical measures;

The output power for mobile VHF radiotelephone equipment shall be set to a value between 0.5 and 25 W, however:

–		the output power for frequencies designated for service categories ship-to-ship, ship-to port and on-board communications shall be limited automatically to a value between 0.5 and 1 W;

–	for nautical information the Administrations may demand the reduction of the output power to a value between 0.5 and 1 W for vessels within their territory;

Output power for handheld equipment used on Inland waterways shall be set to a value between 0.5 and 6 W. The following exceptions apply:

–		the output power for frequencies designated for service categories ship-to-ship, ship-to port and on board communications shall be limited automatically to a value between 0.5 and 1 W; 

–	for nautical information the Administrations may demand the reduction of the output power to a value between 0.5 and 1 W for vessels within their territory.

[bookmark: _Toc84926820]2.4.2	Cybernetica

Cybernetica made a report on "Analyses of different digital radio protocols for use in maritime communication (Y-399-70)" where they compared different digital radio protocols. This analysis resulted in the following advice:

"Technically, the standards are comparable and offer similar functionality. However, the dPMR published as open ETSI standard is more preferred."

The full report can be found in Annex 1.

[bookmark: _Toc84926821]2.4.3	Estonia

The test in Estonia the participants in the test were generally positive about the introduction of digital communication. The range of digital communications was the same (or better) than the range of analogue communication. At maximum distances that the digital [dPMR] communication was understandable (d = 19.6 NM) – analogue communications experienced very high noise and was not understandable. During the digital switchover period, when the digital station and the analogue station are very close together, the digital station signal will overlap the analogue channel, but this did not cause any interference during testing.

The full report can be found in Annex 2.

[bookmark: _Toc84926822]2.4.4	The Netherlands

The Netherlands did a trial in The Port of Rotterdam to test digitisation of VHF radio to include users in the process. Before and during the trial several issues were raised to consider:

–	An appropriate used voice codec and digital VHF system seems to be a possible solution for a future replacement or co-existence of the present analogue VHF;

–	In principle: one analogue voice Channel can be converted into 4 digital voice Channels;

–	Technologies should have in principle a clear migration path both from current analogue voice services to new digital voice services by allowing both digital and analogue services to co-exist in the same transceiver for the duration of the entire migration period. This could be extended to using the same antenna and other existing physical installation hardware;

–	The technology should confirm during the migration period to the standards set by international bodies like IMO and ITU. Next to this additional regional functionality could be applicable;

–	Digital services should include the capability to embed additional information such as short messages (SMS) and position information of the radio for the entire duration of the digital voice conversation;

–	Digital voice quality should be similar or better than the analogue voice quality, especially at the extent of the radio coverage where the radio signals are weaker; 

–	From a financial point of view (digital) radios should have the same price as analogue radios;

[bookmark: _Hlk61883572]–	The present dPMR technique/digital equipment should detect an analogue or digital signal and switch over automatically to the right frequency; 

–	In relation to maritime there should be clear functional requirements, such as: must have, need to have, nice to have, undesirable and compare this to possible different technical standards and solutions.

The full report can be found in Annex 3:

[bookmark: _Toc83305569][bookmark: _Toc84926823]2.4.5	Comité International Radio-Maritime

The Comité International Radio-Maritime (CIRM)’s view is that the following issues need to be considered in the ongoing work on this subject:

–	A cost benefit analysis covering the entire maritime community, i.e. VHF coast stations, commercial shipping, recreational boating, ports, harbours and marinas etc.;

–	The relative merits of TDMA vs. FDMA (e.g. in terms of frequency spectrum efficiency);

–	Management of co-existence of digital and analogue channels;

–	Should there be an allocation of a separate channel for digital distress, safety and calling (or should Channel 16 or Channel 70 take on this role);

–	What will be the future relationship between digital voice and DSC (e.g. could the same technology be used for DSC);

–	Could digitisation create an opportunity for SMS on VHF channels and position information with low overhead;

–	What ITU alignment issues are involved;

[bookmark: _Toc380056507][bookmark: _Toc380059757][bookmark: _Toc380059795]–	An implementation plan that clearly sets out how digitisation would be introduced and the impact of each stage on the maritime community.

[bookmark: _Toc84926824][bookmark: _Toc396153645][bookmark: _Toc396383873][bookmark: _Toc396917306][bookmark: _Toc396917417][bookmark: _Toc396917637][bookmark: _Toc396917652][bookmark: _Toc396917757]3	Overview of the current situation 

This section gives an overview of how the maritime VHF service is built up in general at the moment and the impact of VDES from 1 January 2024 as stated in IMO MSC.1/Circ.1460/Rev.2.

The current use of the VHF band after the WRC-2019 is shown in the figure below.

Figure 1

The current VHF frequency plan after the 2019 World Radiocommunication Conference
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In the past, several analogue VHF voice channels were given over to other maritime purposes than voice. Examples of these are DSC and AIS. Most recently from 2012 VHF channels are given to the development of IMO’s e-Navigation where channels were assigned to VDES and AMRD group B. 

[bookmark: _Toc66778383][bookmark: _Toc66778626][bookmark: _Toc66778384][bookmark: _Toc66778627][bookmark: _Toc66778385][bookmark: _Toc66778628][bookmark: _Toc66778386][bookmark: _Toc66778629][bookmark: _Toc66778387][bookmark: _Toc66778630][bookmark: _Toc66778388][bookmark: _Toc66778631][bookmark: _Toc66778389][bookmark: _Toc66778632][bookmark: _Toc66778390][bookmark: _Toc66778633][bookmark: _Toc66778391][bookmark: _Toc66778634][bookmark: _Toc66778392][bookmark: _Toc66778635][bookmark: _Toc66778393][bookmark: _Toc66778636][bookmark: _Toc66778394][bookmark: _Toc66778637][bookmark: _Toc66778395][bookmark: _Toc66778638][bookmark: _Toc66778396][bookmark: _Toc66778639][bookmark: _Toc66778397][bookmark: _Toc66778640][bookmark: _Toc66778398][bookmark: _Toc66778641][bookmark: _Toc66778399][bookmark: _Toc66778642][bookmark: _Toc66778400][bookmark: _Toc66778643][bookmark: _Toc66778401][bookmark: _Toc66778644][bookmark: _Toc66778402][bookmark: _Toc66778645][bookmark: _Toc66778403][bookmark: _Toc66778646][bookmark: _Toc66778404][bookmark: _Toc66778647][bookmark: _Toc66438703][bookmark: _Toc66438922][bookmark: _Toc66439141][bookmark: _Toc66439360][bookmark: _Toc66439577][bookmark: _Toc66778405][bookmark: _Toc66778648][bookmark: _Toc66438704][bookmark: _Toc66438923][bookmark: _Toc66439142][bookmark: _Toc66439361][bookmark: _Toc66439578][bookmark: _Toc66778406][bookmark: _Toc66778649][bookmark: _Toc66438705][bookmark: _Toc66438924][bookmark: _Toc66439143][bookmark: _Toc66439362][bookmark: _Toc66439579][bookmark: _Toc66778407][bookmark: _Toc66778650][bookmark: _Toc84926825]4	Maritime radio usage cases

The maritime environment can be divided into two different zones, the open sea and the coastal/inland areas, such as harbours and rivers. 

In marine environment, voice communication over VHF band are widely used. There are two main usage cases.

Ship-to-Ship communication. Normally vessels are listening to Channel 16 (distress and alerting frequency). Therefore, Channel 16 is used as call channel, to negotiate working channel (normally channel 6). If the vessels MMSI address is known, a preferable method is to use digital selective calling (DSC) call to negotiate working channel. 

Ship-to-Shore communication. Protocols are similar. Coastal stations are using fixed traffic channels, Channel 16/DSC can be used to advise vessels to switch to working channel.

Figure 2

Maritime communication
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Ship-to-Ship communication is implemented using simplex channels (vessels cannot contact each other over duplex channel). Ship-to-Shore communication can be over duplex channel but, in this case, other vessels can hear only the coast part of communication. In some situations (security related communication), it is preferred that all vessels can listen to both parties. When free simplex channels are not available coastal station broadcast vessel TX back to sea on coastal TX frequency (The Gulf of Finland reporting system working channels are used like this).

With satellite and mobile communication development duplex channels are rarely used to VHF-PSTN connections (commercial service) therefore it will not be taken into account in this Report.

[bookmark: _Toc84926826]5	Terrestrial radio usage

In terrestrial communication, mainly two type of communication is in use: peer-to-peer direct network and centralised repeater network.

In direct network mode, all radios in network work in the same frequency. There are no master-slave relationship and each radio in responsible for channel access rules. This is how maritime communication works today in analogue VHF band.

In a digital network, communication can be individual (like analogue VHF Ship-to-Ship call in traffic channel), group calls (used in DSC group call) and broadcast call.

Figure 3

Peer-to-peer direct network
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In a centralised repeater network, communication follows a star topology. All communication is between base station and radio. Two frequencies could be in use – TX and RX are separate frequencies as in the maritime duplex channels. In the repeater network it is possible to extend the network via additional inter-connected base stations (as communication between radios in different base stations coverage). 

AIS VDE communication uses similar approx. – direct communication between vessels are allowed when no base station in view.

Figure 4

Centralised repeater network
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[bookmark: _Toc84926827]6	Digital voice VHF Appendix 18 of the Radio Regulations 

[Editor’s Note: this section should be further developed at next WP5B meeting.]

6.1 Technical characteristics of marine VHF radios

Marine VHF radios with DSC (DSC, digital selective calling, is used for distress calling and general automated calling purposes, and it is required by most administrations) capability are divided into three main classes:

· Class A, mandatory carriage for SOLAS ships under GMDSS SOLAS Chapter IV.

· Class D, voluntary carriage by non-SOLAS vessels.

· Class H, handheld radios for non-SOLAS voluntary carriage.

Some of these have integral GNSS, and some also have texting capability (RTCM SC123 standard).

Digital voice-capable radios would need to meet the current requirements of their respective classes.

6.2 Technical characteristics of the VHF maritime band, RR Appendix 18

The VHF maritime band covers the frequency ranges, 156.025 to 157.425 MHz, and 160.625 to 162.025 MHz, with a gap in the middle frequency range between 157.425 and 160.625 MHz, and it is channelized in 25 kHz channels with channel numbers in two digits and four digits in accordance with Recommendation ITU-R M.1084-5.

RR Appendix 18 contains simplex and duplex channels, and some of the duplex channels may be used in simplex mode, designated by four-digit channel numbers.

Footnotes are used in RR Appendix 18 to designate how the channels are used, for example:

· For DSC, channel 70, footnotes j) and f).

· For AIS, channels AIS 1 and AIS 2, footnotes f), l), and p).

· For VDES, numerous channels in both the lower and upper frequency ranges, footnote w).



[bookmark: _Toc84926828]7	Technical parameters

The technical parameters of transmitting apparatus must comply with the ITU regulations.

[bookmark: _Toc84926829]8	Requirements for voice communication and associated digital selective calling in the VHF band

Gathered from the previous chapters, the following requirements could be composed (the source of regulation is given in brackets):

–	Should be capable of operating on single-frequency channels or on single- and two‑frequency channels (IMO);

–	Operating in the bands 156.025 MHz to 157.325 MHz and 160.625 MHz to 161.925 MHz on single-frequency and two-frequency channels (ITU/IMO);

–	Should provide at least three priorities of communications using voice (IMO);

–	A dedicated DSC watchkeeping facility to maintain a continuous watch on channel 70 (IMO);

–	DSC facility should be capable of operating on Channel 70 (IMO);

–	Should provide at least three categories of calls using both voice and DSC (IMO);

–	Should be capable of disabling DSC capabilities (RAINWAT);

–	Switch time between transmit and receive condition, and vice versa, should not exceed 0.3 seconds (IMO); 

–	Transmitter output power should be between 6 and 25 Watt for a fixed installation (IMO);

–	Reducing the transmitter output power to a value of between 0.1 and 1 Watt (IMO);

–	Reduction of the power is optional on Channel 70 (IMO);

–	The sensitivity of the receiver should be equal to or better than 2 μV e.m.f. for a signal‑to‑noise ratio of 20 dB (IMO);

–	DSC modulated input signal having a level of 1 μV e.m.f. to its associated VHF receiver, the DSC equipment should be capable of decoding the received message with a maximum permissible output character error rate of 10-2 (IMO);

–	Should allow both the digital and analogue services to co-exist during the migration to future digital services (IALA/NL); 

–	Channel efficiency be a high priority by allowing four (4) or more digital voice channels for each 25 kHz maritime VHF voice channel. (IALA/NL); 

[Editor’s note: Shall we add and investigate if the space between current channels can be used? This could help with finding a migration plan.]

–	The ability to regularly transmit the location of the radio for the entire duration of the digital voice communication (IALA/NL);

–	SMS without the need to set up a digital or other voice call (IALA/NL);

–	Digital voice quality be similar to or better than the analogue voice service especially using weaker radio signals at the extents of the radio coverage (IALA);

–	The capability of transmitting the identification (MMSI) of the radio for the entire duration of the digital voice conversation (ITU);

–	The capability of transmitting the identification (ATIS) of the radio for the entire duration of the analogue voice conversation (RAINWAT);

–	Could/should detect an analogue or digital signal and switch over automatically to the appropriate frequencies (NL);

–	Should be possible for Coastal stations to relay transmissions (with the same voice quality in digital mode) (NL);

–	Should be able to work in a network (trunked system) (NL);

–	Should be able to auto connect to a trunked system (NL);

–	Mobiles should automatically be activated (transmit SAR position and identification);

–	Be able of “graceful degradation”.

[bookmark: _Toc84926830]9	Voice CODECS

It is the view that licensing and patents are important considerations when selecting an appropriate vocoder. Use of technology should not involve patents unless a patent owner was prepared to donate or sell the patent. Although this is the “best” for the maritime community, sometimes a small fee for the patent could be acceptable if a formal declaration of the patent holder is in place not to increase the fee. 

The VHF band today offers channels with a spectrum bandwidth of 25 kHz for analogue speech communications. Using technologies available today this can be split up to improve the spectral efficiency by applying digital encoding techniques to the speech signals. For instance, the TETRA system allows for four TDMA speech channels to be carried over its 25 kHz radio channel by encoding each speech channel into a 7 200 bps data stream, which, after removing the error correction, results in a 4 800 bps voice channel. Adding control and overhead signalling, this results in a total over-air data rate of 36 kbps using pi/4 QPSK modulation.

Alternatively, following an FDMA approach and splitting the 25 kHz radio channel into four separate radio channels yields a channel bandwidth of 6.25 kHz. Again, by using conventional technology, this allows for an over air data rate of 4800 bps, using 4 FSK modulation and still remaining within the adjacent channel power limits. Removing the signalling overhead, this results in a speech channel of 3600 bps, of which approx. 1/3 is used for error correction, so that the data channel available for encoding the speech waveform is approx. 2 400 bps.

Two of the most used vocoders for mobile radio at present are AMBE+2 and Algebraic code-excited linear prediction (ACELP). AMBE+2 is used by DMR and dPMR, and ACELP is used by TETRA. Both AMBE+2 and ACELP are covered by patents. 

[bookmark: _Toc84926831]9.1 	CML Microcircuits

CML Microcircuits offers various solutions for vocoders for use in low data rate radio channels, among them the CMX7262 and CMX618/638.

Detailed information on these vocoders could be found here: https://www.cmlmicro.com/digital-voice-2/ 

These are available as hardware devices on the open market with no additional license fees.

[Chairman’s note: CML Microcircuits would appear to be a commercial product and therefore whether it can be specifically mentioned in an ITU document needs to be checked]

[bookmark: _Toc84926832]9.2 	Digital voice systems

Digital Voice Systems offers various solutions for vocoders, among them the AMBE+2 series which could be found on https://www.dvsinc.com/products/compare.shtml.

AMBE+2 is covered by patents, but is made available under licences by their developers under the ETSI FRAND policy (Fair, Reasonable And Non-Discriminatory). Whilst this does impose a cost on each radio produced, it is consistent for all manufacturers; however, this may make smaller manufacturers hesitate to enter the market. 

[bookmark: _Toc84926833]9.3 	VoiceAge

VoiceAge Corporation has developed the ACELP which is a patented speech coding algorithm. 

The ACELP method is widely employed in current speech coding standards such as: AMR, EFR, AMR-WB (G.722.2), VMR-WB, EVRC, EVRC-B, SMV, TETRA, PCS 1900, MPEG-4 CELP and ITU-T G-series standards G.729, G.729.1 (first coding stage) and G.723.1. The ACELP algorithm is also used in the proprietary ACELP.net codec. More information could be found on: http://www.voiceage.com/Overview.html. 

ACELP is covered by patents, but is made available under licences by their developers under the ETSI FRAND policy (Fair, Reasonable And Non-Discriminatory). Whilst this does impose a cost on each radio produced, it is consistent for all manufacturers; however this may make smaller manufacturers hesitate to enter the market. The licence for ACELP is significantly lower than that charged for the AMBE+2 and is a single one-off charge which makes it much simpler to manage and cost.

[Chairman’s note: see note in para 9.1]

[bookmark: _Toc66778417][bookmark: _Toc66778660][bookmark: _Toc84926834]9.4 	International Telecommunication Union - Telecommunications Codecs

ITU-T has described a number of Codecs as listed below. Details are contained in Annex 4:

ITU-T Codecs - G.711;

ITU-T Codecs - G.722 and G.722.1;

ITU-T Codecs - G.723.1;

Recommendation ITU-T G.726: (ADPCM);

Recommendation ITU-T G.728: Coding of speech at 16 kbit/s using LD-CELP;

Recommendation ITU-T G.729: Coding of speech at 8 kbit/s using CS-ACELP;

Recommendation ITU-T G.729.1: ITU-T G.729 based embedded variable bit-rate coder: An 8‑32 kbit/s, scalable wideband, coder-bitstream interoperable with ITU-T G.729 codecs.

[bookmark: _Toc66438716][bookmark: _Toc66438935][bookmark: _Toc66439154][bookmark: _Toc66439373][bookmark: _Toc66439590][bookmark: _Toc66778419][bookmark: _Toc66778662][bookmark: _Toc66438717][bookmark: _Toc66438936][bookmark: _Toc66439155][bookmark: _Toc66439374][bookmark: _Toc66439591][bookmark: _Toc66778420][bookmark: _Toc66778663][bookmark: _Toc66438825][bookmark: _Toc66439044][bookmark: _Toc66439263][bookmark: _Toc66439482][bookmark: _Toc66439699][bookmark: _Toc66778528][bookmark: _Toc66778771][bookmark: _Toc66438826][bookmark: _Toc66439045][bookmark: _Toc66439264][bookmark: _Toc66439483][bookmark: _Toc66439700][bookmark: _Toc66778529][bookmark: _Toc66778772][bookmark: _Toc84926835]9.5 	Free open audio codec

[bookmark: _Hlk66363343]Free open audio codec (Opus) is a totally open, royalty-free, highly versatile audio codec. More details can be found on http://opus-codec.org. It supports bit rates from 6 to 510 kbps.

[bookmark: _Toc84926836]9.6 	Comparison of voice CODECS

[Editor’s note: Table 2 should be renumbered to Table 1, and all the number of Tables should be modified accordingly.]

Table 2

Comparison of voice CODECS

		Codec
(Note 5)

		Audio Band-width (Note 1)

		Samples

		Speed

		FEC

		Use policy

		Quality



		CMX 7262 (TWELP) (Note 2)

		300-3 400

		

		2 400 bps

		add

		Patent

		POTS (Note 4)



		CMX 618/638 (RALCWI) (Note 2)

		300-3 400

		

		2 400 bps

		add

		Patent

		POTS (Note 4)



		AMBE+2 (Note 3)

		300-3 400

		

		2 450 bps

		add

		Patent (FRAND)

		POTS (Note 4)



		ACELP

		300-3 400

		

		7 200 bps

		Incl.

		Patent (FRAND)

		POTS (Note 4)



		G.711.0 [28]- G.711.1 [29]

		50-4 000

		40-320

		6 400 bps

		add

		Free

		



		G.722 [30] – G.722.1 [31] – G.722.2 [32]

		50-7 000

		320

		6 400 bps

		add

		Free

		



		G.723.1 [33]

		

		

		5 400 bps

		add

		Free

		



		G.726 [34]

		

		

		16 000 bps

		add

		Free

		



		G.728 [35]

		

		

		16 000 bps

		add

		Free

		



		G.729 [36]

		50-4 000

		

		8 000 bps

		add

		Free

		



		G.729.1 [37]

		50-4 000

		

		8 000 bps

		add

		Free

		



		Opus

		Below 3 000

		

		6 000 bps

		add

		Free

		Poor



		Note 1: The audio bandwidth for analogue FM is 300-3 000 Hz.

Note 2: CMX7262 and CMX618/638 are commercially available as chip devices in volume. In this case there is no additional licence fee.

Note 3: AMBE+2 is available as both low-volume commercial chip devices or as a software package for popular micro controllers under a licensing agreement.

Note 4: POTS = “Plain Old Telephone System”

Note 5: Noise Reduction: Voice codecs that use a model of the human vocal tract as the basis for their algorithm have an inherent facility to reject background noise and other non-voice signals (this includes AMEBE+2, ACELP, RALCWI, TWEWLP and OPUS). Audio codecs that convert an analogue signal (which could be voice, music, tones etc) do not have this facility and so could require additional noise reduction (this includes most of the ITU G.7xx codecs).





The ability of a radio channel to transfer a significant number of bits whilst still remaining within the spectrum mask defined for its channel is limited. In the case of AIS, one 25 kHz marine channel can only transfer 9 600 bps. 

By using a multi-level modulation scheme, such as 4-FSK, this can be doubled to approximately 19 200 in a 25 kHz channel and by extrapolation, 9 600 bps in a 12.5 kHz channel and 4 800 bps in a 6.25 kHz channel. This is the over-air bit rate, and to get to the bit rate available to the vocoder, both the signalling overhead and forward error correction must be deducted – generally these would account for about half the over-air rate to ensure a robust and usable system, so the maximum bit rates available to the vocoder is effectively 2 400 bps per voice channel. This basic engineering fact then rules out a significant number of the vocoders detailed here. 4-FSK can be received and transmitted by existing VHF FM radio modulators, PA’s and demodulators with only minor adjustments to filtering.

Using even higher level modulation schemes, such as 8-PSK or 16-QAM, would allow higher bit rate vocoders to be used, however the hardware to implement these schemes requires linear transmitters and receivers with much more complex decoders and so are significantly more expensive, power hungry and with reduced receiver sensitivity.
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There are multiple digital radio protocols in use worldwide, for different purpose and goals, most of them proprietary. 

[bookmark: _Toc84926838]10.1 	Digital private mobile radio 

The dPMR memorandum of understanding was established in February 2007 to develop open, non‑proprietary EU standard for 6.25 kHz channel audio protocol (dPMR Association, 2012). It is published by ETSI under the reference License-free version (ETSI TS 102 490, 2013-02) and Licensed version (ETSI TS 102 658). 

Table 3

Technical specifications of digital private mobile radio

		Access Method

		FDMA



		Channel Spacing

		6.25 kHz



		Transmission Rate

		4 800 bps



		Modulation

		4-level FSK



		Vocoder

		AMBE+2



		Codec Rate

		3 600 (Voice 2 450 + Error Correction 1 150 bps)







Protocol defines four modes. Tier1 - License Exempt dPMR or dPMR446. Tier 2: Licensed dPMR Mode 1 for operations without repeater, Licensed dPMR Mode 2 for operations with repeater and Licensed dPMR Mode 3 for multi-site, multi-channel trunked repeaters.

dPMR classifies itself as "specifically target highly functional, spectrum efficient solutions employing proven, low cost and low complexity".

NXDN and DPMR is similar protocols but not compatible. dMPR is not known in US market.

[bookmark: _Ref79397701][bookmark: _Toc84926839]10.2 	Next generation digital narrowband

Icom and JVC KENWOOD began the collaboration in 2003 to develop protocol to provide voice and/or data at 6.25 kHz or an “equivalent” bandwidth. Following the announcement of the NXDN protocol in 2005, the NXDN forum was established in July 2008, (Next Generation Digital Narrowband (NXDN) ™ Forum, 2014).

[Chairman’s note: Icom, JVC and Kenwood are commercial companies and therefore whether it can be specifically mentioned in an ITU document needs to be checked]

Table 4

Technical specifications of next generation digital narrowband

		Access Method

		FDMA



		Channel Spacing

		6.25 kHz or 12.5 kHz



		Transmission Rate

		4 800 bps (at 6.25 kHz channel)



		Modulation

		4 l FSK



		Vocoder

		AMBE+2, 3 600 bps (at 6.25 kHz channel)



		Codec Rate

		3 600 bps (Voice 2 450 bps + Error Correction 1 150 bps)





Protocol defines three levels: Conventional (with and without repeater); Type-C trunking (with control channel) and Type-D trunking (without control channel).

NXDN protocol documentation is downloadable from NXDN forum.

[bookmark: _Toc84926840]10.3 	Digital mobile radio 

Digital communication standard to allow easy migration from existing 12.5 kHz narrowband FM analogue channel. 12.5 kHz channel size allows re-use of existing frequency licenses and site infrastructure and doubles network capacity (6.25 kHz channel efficiency) (ETSI TR 102 398). 

DMR is non-proprietary EU standard. It is first published 2005 by ETSI under the reference TS 102 361-1 ETSI TS 102 361-1.

Table 5

Technical specifications of digital mobile radio

		Access Method

		2 slot TDMA



		Channel Spacing

		12.5 kHz



		Transmission Rate

		9 600 bps (symbol rate of 4 800 symbols/sec)



		Modulation

		4 l FSK



		Vocoder

		AMBE+2



		Codec Rate

		3 600 bps (Voice 2 450 bps + Error Correction 1 150 bps)







DMR defines three tiers: Tier-I – license free 446 MHz operation, power limited to 0.5 W; Tier-II – direct replacement for analogue conventional radio, can be used with repeaters; Tier-III – trunking mode and data services.

[bookmark: _Ref79422300][bookmark: _Toc84926841]10.4 	Trans-European trunked radio system 

TETRA is European standard for trunked radio system, designed for government agencies, emergency services and public safety networks. TETRA is European version of trunked radio similar to Project 25. 

Tetra is EU open standard, published by ETSI under the reference ETS 300.392, ETSI TS 300 396‑1, ETSI TS 100 392-2.

Table 6

Technical specifications of trans-European trunked radio system

		Access Method

		4 slot TDMA



		Channel Spacing

		25 kHz



		Transmission Rate

		7.2 kbit/s per timeslot



		Modulation

		π/4 DQPSK



		Vocoder

		ACELP 4.567 kbit/s



		Codec Rate

		7 200 bps (Voice 4 567 bps + Error Correction, 2 633 bps)







TETRA system works mainly as a trunking mobile radio network, but it is possible to use TETRA radio as conventional radio (DMO mode).

[bookmark: _Toc84926842]10.5 	Comparison of digital radio protocols

Table 7

Comparison of digital radio protocols

		Protocols

		Over-air rate

		Access Method

		Bit rate for vocoder

		Modulation

		Vocoder

		Channel 

spacing



		DPMR

		4 800 bps

		FDMA

		3 600

		4 FSK

		AMBE+2

		6.25 kHz



		NXDN

		4 800 bps

		FDMA

		3 600

		4 FSK

		AMBE+2

		6.25 kHz



		DMR

		9 600 bps

		TDMA 2 slot

		3 600

		4 FSK

		AMBE+2

		12.5 kHz



		Tetra

		7 200 bps

		TDMA 4 slot

		7 200

		π/4 DQPSK

		ACELP

		25 kHz



		Note: Tetra π/4 DQPSK requires a linear transmitter and receiver what results in a significant hardware cost increase compared with conventional constant envelope schemes.





[bookmark: _Toc84926843]10.6 	Other issues raised

The Ministry of Infrastructure and Water Management (Rijkswaterstaat) in the Netherlands have asked about the ability of DPMR to support ATIS operation on Inland Waterways – the significant difference between DPMR and marine operations is the use of the MMSI in marine operations which demands the use of a 30-bit addressing field, whereas DPMR today can only support 24-bits. ETSI ERM TG MARINE have recognised that there are significant differences between the investigated technologies and marine operations and have already been working on the modifications to the DPMR addressing protocol to support 30-bit modes, which should make it suitable for both MMSI and ATIS addressing modes.

It was recognised that support of legacy functionality is needed during the full migration period. The ability to support ATIS functionality on Europe’s Inland waterways and disabling some maritime functionality (such as DSC) is mandatory by RAINWAT.

[bookmark: _Toc66778544][bookmark: _Toc66778787][bookmark: _Toc66434987][bookmark: _Toc66436742][bookmark: _Toc66438840][bookmark: _Toc66439059][bookmark: _Toc66439279][bookmark: _Toc66439496][bookmark: _Toc66439713][bookmark: _Toc66778545][bookmark: _Toc66778788][bookmark: _Toc84926844]10.7 	Summary 

[bookmark: _Hlk70489127]Current maritime VHF radio is inherently FDMA in nature, one radio channel carries one voice channel. TETRA and DMR are TDMA systems in which one radio carrier can carry multiple voice channels, however the timing of these is critical to its operation and so is limited to systems where there is a ”master” transmitter that can define the slot timing accurately for all units in the network. Whilst this may be feasible close to coast, clearly this is not possible in the high seas or areas not covered by a coast station.

Figure 5

Frequency division multiple access vs. Time division multiple access

[image: ]

TETRA is designed for large public safety networks and requires expensive infrastructure and although its spectrum efficiency meets the ”6.25 kHz per voice channel” requirement, its deployment requires 25 kHz channelization and its TDMA nature make it unsuitable for the maritime environment. 

DMR is designed to replace 12.5 kHz analogue commercial channels and does meet the “6.25 kHz per voice channel” requirement, but, like TETRA, its TDMA nature makes it unsuitable for maritime use. 

DPMR and Next Generation Digital Narrowband (NXDN) suits well to replace analogue audio in maritime environment. They both provide:

–	standardised minimal cost digital radio solution, working on 6.25 kHz channels;

–	group call and individual call;

–	short data transmission;

–	security Services (location and status transmission);

–	coexistence with analogue audio.

They both claim: improved audio quality in weak signal conditions; better range performance (this is taken to mean a good quality of service out to the range boundary rather than much greater absolute range). 

NXDN uses 16 bit user and 16 bit group address space. DPMR uses 24 bit address, both need modification to support 32 bit MMSI address as radio ID. Both are using AMBE+2 codec. This codec is proprietary, usage needs license from Digital Voice Systems, Inc.

DPMR is ETSI open standard, NXDN is standard published by NXDN forum.

Technically, the standards are comparable and offer similar functionality. However, the DPMR published as open ETSI standard is more preferred.

[bookmark: _Ref79394421][bookmark: _Toc84926845]11 	Possible advice for digital public mobile radio marine

ETSI is working on a draft document (ETSI TR 103 784)[footnoteRef:1] for using digital voice calls in the marine VHF band. It is based on the modified DPMR protocol to use 32 bit address space instead 24 bit. (ETSI TS 102 658, 2019-01; ETSI, 2019). [1: 	The final document and publication is expected in November 2022.] 


[Editor’ note: the status of ETSI TR 103 784 will be further checked and updated.] 

The following sections are a short summary about changes from TS 102 658 and comments about technical details.

[bookmark: _Toc84926846]11.1 	Proposed changes from ETSI TS 102 658

[Editor’s Note: this section will be reviewed at next WP5B meeting.]

11.2 	Address field related changes

For 32 bit address support frame encoding is changed (chapter "5 Frame coding"). Total frame length is same, but field are changed:

–	"Frame Number" – unchanged;

–	"Called ID (lower 16 bits)" – changed from 12 bit to 16;

–	"Communications mode" – unchanged;

–	"Category" – new field, 2 bit long;

–	"Version", "Comms format", "Reserved" – fields removed, total 6 bits.

Similar changes are in Header frame and ACK frame content. Address fields are changed, added "category" and "Version", "Comms format", "Reserved" fields are removed. Total frame size is unchanged.
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"Communication mode" field defines following:

–	Voice communication + slow data (slow data contains position latitude and longitude);

–	Data Communication Type 2 (user data with FEC);

–	Data Communication Type 2 (user data with FEC) + Appended data;

–	Reserved for future use.

11.4 	"Category" field related changes

New "Category" field defines the order of priority of communications according to Article 53 of the RR:

–	Distress;

–	Urgency;

–	Safety;

–	Routine.
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To migrate from the current analogue VHF voice to digital a concept roadmap has yet to be confirmed by IMO and ITU. An indicative roadmap was proposed by JRC (Japan Radio Company) in January 2019. This is a second version of this roadmap.

This roadmap below can only indicate the meetings and possible actions. This roadmap is not in any way a prescription of what should be done but only what could be a possible way forward. The roadmap is an indication of the organisations possible involved and the possible moments the organisations could discuss the digitisation of VHF radio. 

This roadmap is an indication of the organisations possible involved and the possible moments in time the organisations could discuss the digitisation of VHF radio. The roadmap does not take in account the lifespan of current VHF radio’s.

Figure 6

Roadmap
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[Editor’s note: The figure on Roadmap will be further reviewed and updated.]

In the process of digitisation of VHF radio, there might be some questions that need to be discussed by the different organisations and between these organisations. Those could be:

Should there be a cost benefit analysis be performed covering the entire maritime community, i.e. VHF coast stations, commercial shipping, recreational boating, ports, harbours and marinas etc.?

Should all VHF analogue channels move over to digital or should for instance GMDSS channels to be kept analogue like Channel 16 and Channel 70 (DSC)?

Should there be an allocation of a separate channel for digital distress, safety and calling (or should Channel 16 or Channel 70 take on this role)?

How is the co-existence of digital and analogue channels managed?

Is it appropriate to use the techniques covered in this document or do more investigation about the relative merits of TDMA vs. FDMA (e.g. in terms of frequency spectrum efficiency)?

What will be the future relationship between digital voice and DSC (e.g. could the same technology be used for DSC)?

Could digitisation create an opportunity for extra services on VHF channels like SMS, position information with low overhead and EMC detection?

What are the implications of the current channel raster? (ITU-R RR Appendix 18)?

What will the eventually implementation plan will be? Should this plan clearly sets out how digitisation would be introduced and the impact of each stage on the maritime community? 

Will the existence of Patents and IPR present an impediment to migration from Analogue to Digital?

The above questions became apparent during the preparation of this report and are just an indication. Because of the importance of VHF radio for the maritime community more questions are due to arise by the different organisations involved. It would be beneficial that all questions, information, results and reports of tests/pilots are shared among all organisations.

[bookmark: _Toc84926848]13 	Conclusions

This is a first Report on the digitisation of the analogue maritime VHF channels and further developments will be closely monitored. This ITU Report could potentially be the base for future discussions in ITU and IMO.

Intention of the work item was to investigate the possible expansion of the number of VHF voice channels based on the implementation of digital technology. In addition, a plan for change over from analogue to digital was required. Any migration plan is currently merely indicative. 

Analysis concluded: Current maritime VHF radio is inherently FDMA in nature, one radio channel carries one voice channel. TETRA and DMR are TDMA systems in which one radio carrier can carry multiple voice channels, however the timing of these is critical to its operation and so is limited to systems where there is a “master” transmitter that can define the slot timing accurately for all units in the network. Whilst this may be feasible close to coast, clearly this is not possible in the high seas or areas not covered by a coast station. 

DPMR and NXDN suit well to replace analogue audio in maritime environment. Technically, the standards are comparable and offer similar functionality. However, the DPMR published as open ETSI standard is more preferred. 

Two test trials were carried out by two CEPT administrations. Full reports of the trials can be found in Annex 2 and Annex 3.

For further observation on the issue: 

The Digital channelling arrangements need to fit within the existing analogue channel plan. (Compatible with Recommendation ITU-R M.1084);

Practical trials undertaken in Estonia and the Netherlands demonstrate that digital systems operated successfully in coexistence with analogue systems in these locations;

Similar technologies already exist and are used in other communities but need to have minor modifications for use in the maritime community;

Analogue and digital channels may need to exist in parallel during a migration period and some analogue channels may need to be retained in perpetuity. 

[bookmark: _Ref66437589][bookmark: _Toc84926849]



ANNEX 1

Report from CYBERNETICA

Analyses of different digital radio protocols for use in maritime communication

[Editor’s note: the sections of Annex 1 to Annex 4 will be renumbered in the format: A1-1, A1-1 1.1…]

Background

[bookmark: _Ref79418044]Maritime radio usage cases

In marine environment, voice communication over VHF band is widely used. There are two main usage cases:

Ship-to-Ship communication. Normally vessels are listening Channel 16 (distress frequency). Therefore, Channel 16 is used as call Channel, to negotiate working channel (normally Channel 6). If vessels MMSI address is known, preferable method is to use Digital Selective Calling (DSC) call to negotiate working channel; 

Ship-to-Shore communication. Protocols are similar. Coastal stations are using fixed traffic channels, Channel 16/DSC can be used to advice vessels to switch to working channel.

Figure 7

Maritime communication
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Ship-to-Ship communication is done using simplex channels (vessels cannot contact each other over duplex channel). Ship-to-Shore communication can be over duplex channel but, in this case, other vessels can hear only the coast part of communication. In some situations (security related communication), it is preferred that all vessels can listen to both parties. When free simplex channels are not available coastal station broadcast vessel TX back to sea on coastal TX frequency. (The Gulf of Finland reporting system working channels are used like this).

With satellite and mobile communication development duplex channels are rarely used to connect make VHF-PSTN connections (commercial service).

Terrestrial radio usage

In terrestrial communication, mainly two type of communication is in use: Peer-to-Peer Direct Network and Centralised Repeater Network [39].

In Direct Network mode, all radios in network work in the same frequency. There are no Master-Slave relationship and each radio in responsible for channel access rules. This is how maritime communication woks in analogue VHF band.

In digital network, communication can be individual (like analogue VHF Ship-to-Ship call in traffic channel), group calls (used in DSC group call) and Broadcast Call. 

Figure 8

Peer-to-peer direct network
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In Centralised Repeater Network communication follows star topology. All communication is between Base station and radio. In dMPR licensed mode 2 two frequencies are in use - TX and RX are separate frequencies as the maritime duplex channels. In the repeater network is possibility to extend network via base station (as communication between radios in different base stations coverage). 

AIS VDE communication uses similar approx. – direct communication between vessels are allowed when no base station in view.

Figure 9

Automatic identification system VHF data exchange direct network
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IALA recommendations

IALA in their Liaison Note on 04 April 2019 stated following recommendations (IALA ENAV Committee, 2019-04) [12]:

6.25 kHz should be used (one 25 kHz channel divided into for channels);

New networks should support Short Messages (SMS);

New network should support transmitting radios location duration voice call;

Digital voice quality should be similar to or better than analogue voice. 

Transceivers addressing

In digital networks radio stations normally have Identity. In maritime digital communication (DSC) there is already ID in use - MMSI number. Same number is used by AIS network. It is preferable when same ID can be used in new digital network.

[bookmark: _Ref79397870]Overview existing digital radio protocols

There are multiple digital radio protocols in use worldwide, for different purpose and goals, most of them proprietary. 

Digital private mobile radio 

The DPMR MoU was establish in February, 2007 to develop open, non-proprietary EU standard for 6.25 kHz channel audio protocol (dPMR Association , 2012) [1]. It is published by ETSI under the reference License-free version (ETSI TS 102 490, 2013-02) and Licensed version ETSI TS 102 658 [10]. 

Technical specifications of DPMR (dPMR Association , 2012):

Access Method: FDMA;

Transmission Rate: 4 800 bps;

Modulation: 4-level FSK;

Vocoder: AMBE+2;

Codec Rate: 3 600 bps (Voice 2 450 bps + Error Correction 1 150 bps).

Protocol defines four modes. Tier1 – License Exempt dPMR or dPMR446. Tier 2: Licensed dPMR Mode 1 for operations without repeater, Licensed dPMR Mode 2 for operations with repeater and Licensed dPMR Mode 3 for multi-site, multi-channel trunked repeaters.

dPMR classifies itself as "specifically target highly functional, spectrum efficient solutions employing proven, low cost and low complexity".

NXDN and dPMR is similar protocols but not compatible. dMPR is not known in US market.

[bookmark: _Ref79397752]Next generation digital narrowband 

Icom and JVC KENWOOD began the collaboration in 2003 to develop protocol to provide voice and/or data at 6.25 kHz or an “equivalent” bandwidth. The announcement of the NXDN protocol in 2005, the NXDN forum was established in July, 2008 (dPMR Association , 2012), (NXDN ™ Forum, 2014).

Table 8

Technical specifications of next generation digital narrowband

		Access Method

		FDMA



		Access Method

		FDMA



		Vocoder

		AMBE+2, 3 600 bps (at 6.25 kHz channel)



		Channel Spacing

		6.25 kHz or 12.5 kHz



		Transmission Rate

		4 800 bps (at 6.25 kHz channel)



		Codec Rate

		3 600 bps (Voice 2 450 bps + Error Correction 1 150 bps)







Protocol defines three levels: Conventional (with and without repeater); Type-C trunking (with control channel) and Type-D trunking (without control channel)

NXDN protocol documentation is downloadable from NXDN forum.

[bookmark: _Ref79391920]Digital mobile radio 

Digital communication standard to allow easy migration from existing 12.5 kHz narrowband FM analogue channel. 12.5 kHz channel size allows re-use of existing frequency licenses and site infrastructure and doubles network capacity (6.25 kHz channel efficiency) ETSI TR 102 398 [5]. 

DMR is non-proprietary EU standard. It is first published 2005 by ETSI under the reference TS 102 361-1 - TS 102 361-4  (ETSI TS 102 361-1, 2006-01)

Table 9

Technical specifications of digital mobile radio

		Transmission Rate

		9 600 bps (symbol rate of 4 800 symbols/sec)



		Modulation

		4-level FSK



		Access Method

		2slot TDMA



		Modulation

		4-level FSK Modulation



		Vocoder

		AMBE+2



		Channel Spacing

		12.5 kHz







DMR defines three tiers: Tier-I – license free 446 MHz operation, power limited to 0.5 W; Tier-II – direct replacement for analogue conventional radio, can be used with repeaters; Tier-III – trunking mode and data services.

[bookmark: _Ref79422246]Trans-European trunked radio system 

TETRA is European standard for trunked radio system, designed for government agencies, emergency services and public safety networks. TETRA is European version of trunked radio similar to Project 25. 

Tetra is EU open standard, published by ETSI under the reference ETS 300.392 - ETS 300.396 (ETSI TS 300 396-1 [11], ETSI TS 100 392-2 [7]).

Table 10

Technical specifications of Trans-European trunked radio system

		Transmission Rate

		7.2 kbit/s per timeslot



		Modulation

		π/4 DQPSK



		Access Method

		4 slot TDMA



		Vocoder

		ACELP 4.567 kbit/s



		Channel Spacing

		25 kHz







TETRA system works mainly as a trunking mobile radio network, but it is possible to use TETRA radio as conventional radio (PTT mode).

Summary 

TETRA is designed for large networks and requires expensive infrastructure and does not provide the 6.25 kHz channel requirement. 

DMR is meant to replace 12.5 kHz analogue channel and so does not allow to make separate 6.25 kHz channels. Lot of maritime audio traffic is broadcast (or all vessel), so TDMA does not offer advantages here.

dPMR and NXDN are well suited to replace analogue audio in maritime environment. They both provide:

–	standardised minimal cost digital radio solution, working on 6.25 kHz channels;

–	group call and individual call;

–	short data transmission;

–	security Services (location and status transmission);

–	coexistence with analogue audio.

They both claim: improved audio quality in weak signal conditions; better range performance (this is taken to mean a good quality of service out to the range boundary rather than much greater absolute range). 

NXDN uses 16 bit user and 16 bit group address space. dPMR uses 24 bit address, both needs modification to support 32 bit MMSI address as radio ID. Both are using AMBE+2 codec. This codec is proprietary, usage needs license from Digital Voice Systems, Inc.

dPMR is ETSI open standard, NXDN is standard published by NXDN forum.

Technically, the standards are comparable and offer similar functionality. However, the dPMR published as open ETSI standard is more preferred.

Digital private mobile radio marine

ETSI has proposed draft document for using digital voice for Routine category calls in the marine VHF band. It is based modified dPMR protocol to use 32 bit address space instead 24 bit.

Last documents version is V 1.2.0 created 09.04.2019. Document is based license free dPMR ETSI TS 102 490 [9] 

Next chapters are short summary about changes from TS 102 490 and comments about technical details.

Proposed changes from ESI TS 102 490

For 32 bit address support frame encoding is changed (Chapter 5 "Frame coding"). Total frame length is same, but field are changed:

Table 11

Address field related changes

		Frame Number

		Unchanged



		Called ID (lower 16 bits)

		changed from 12 bit to 16



		Communications mode

		Unchanged



		Category

		new filed, 2 bit long



		Version

		Comms format", "Reserved" – fields removed, total 6 bits







Similar changes are in Header frame and ACK frame content. Address fields are changed, added "category" and "Version", "Comms format", "Reserved" fields are removed. Total frame size is unchanged.

Comment: It remains unclear whether this protocol sufficiently "future proof" when there are no "Version" field.

"Communication mode" field related changes

The ”Communication mode” field defines the settings as set out in Table 12. 

Table 12

Communications mode field related changes

		Voice communication

		no user data in SLD field



		Voice + slow data

		position data in SLD field



		Voice and appended data

		Type 2



		Data communication type 2

		Payload is user data with FEC





"Category" field related changes

Table 13

Category field related changes

		New "Category" field defines:



		Routine



		Safety



		Urgency



		Distress





Channel Code

ETSI TS 102 658 Chapter "6.1.5 Channel Code describes algorithm to calculate 24 bit value of "channel code" from channels centre frequency. 

Algorithm gives integer value from 0-63.

Comment: ITU Recommendation ITU-R M.1084 [21] recommends how to assign channel number when 25 kHz channels are divided 12.5 or 6.25 kHz sub-channels. There is example for channel 01 and surrounding 60 and 61 channels:

Table 14

Channel Frequency

		Channel number

		Ship Frequency

		Coast Frequency



		60

		156.025

		160.625



		160

		156.03125

		160.63125



		260

		156.0375

		160.6375



		360

		156.04375

		160.64375



		01

		156.050

		160.650



		101

		156.05625

		160.65625



		201

		156.0625

		160.6625



		301

		156.06875

		160.66875



		61

		156.075

		160.675







An open question remains whether Channel Code be generated from ITU-R M.1084 [21] channel number.

[bookmark: _Toc123025361][bookmark: _Toc123026312][bookmark: _Toc498337843]Call types

Chapter explains how DSC (ITU-R M.493-15, 2019) [19] calls should be used to make call dPMR channel. There are defined " Individual, Routine, Data" for individual call and no information about group calls (Recommendation does not specify Data telecommand for group call).

Frequency field should be proposed 6.25 kHz Channel.

Comment: It remains unclear whether audio call be "All mode RT" (technically, yes it is digital data), or whether future version of ITU-R M.493 [19] should add "digital RT" option. Channel should be ITU-R M.1084 [21] channel number. It is open whether this channel number related "Channel Code".

Subscriber mapping

Chapter explains how to use MMSI address as radio protocols address field. There are defined that address can be individual or group MMSI address.

Comment: This chapter refers to Recommendation ITU-R M.585-7 [20]

In maritime communication, most calls are "All Call" (s.t broadcasted to all listeners in current channel). 

Recommendation ITU-R M.585-7 does not define "All Call" MMSI. There is MMSI address 009990000 to address all coastal stations. For DSC "All ships" calls in the ITU-R M.493-15 [19] are defined special messages, without destination MMSI address.

One option to consider is whether some legal MMSI address (for example 000000000) should be selected and documented in the future versions of ITU-R M.585-7.





ANNEX 2

[bookmark: _Ref66437687][bookmark: _Toc84926850]Report from Estonia

Summary of the maritime communication test 

Previous measurements:

Sensitivity of transceivers: 

AT 20 dB SINAD 4 	dBµV

AT 5% BER 		8 dBµV

[bookmark: _Hlk24529056][bookmark: _Hlk21520591]The Figure 10 describes a signal for which the perceived quality of the communication is 2, i.e. interrupted and poorly understood. The data of the manufacturer and the measured signal are consistent. Vv = -7,5... 14 dB µV (at speed V = 20 Knots).

Figure 10

Signal voltage at the receiver inlet as the perceived quality of the communication is 2
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Description automatically generated with medium confidence]

The instrument’s noise is −25 dBµV. It is not possible to estimate how much the received radio transmitter signal must be more powerful than the noise signal. The actual noise signal strength is unknown.

[bookmark: _Hlk24529580]An additional measurement was performed. The receiver was introduced into a noisy environment and an approximate signal of noise in relation to the interruption of the communication was checked. Measurement location are shown in Figure 11 (the source of noise is a LED screen mounted on the Shopping Centre).

Figure 11

Measurement location for assessing environment with high radio interference
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[bookmark: _Ref70581296]Figure 12

Signal vs interference level during signal interruption situation
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As a result of the measurement, the communication was interrupted when the signal to-noise ratio was less than SNR <14.7 dB. The power of the signal must exceed noise by more than 30 times.

The measurement was carried out on 214th channels (156.7125 MHz).

Figure 13

6.25 kHz channel spacing between two 25 kHz step channels as used during the transition period
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74th analogue channel (Ks = 25 kHz) and the 214th digital channel, the bands may overlap.

Figure 14

Example of frequency overlap (foverlap = 3 kHz) between 74th digital and 214th analogue channel
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In the case described in Figure 14, the digital signal at point A must be at least  = 14.7 dBµV/m above the yellow line point B (explanation on Figure 12 above).

The communication was carried out using the vessel on-board analogue station and temporarily installed a digital station with an additional antenna: 

The digital station installed on board the vessel: Icom IC-F5400D;

Antenna: Celwave CX4 146-162.5 MHz.

For taking measurements vertically polarised dipole antenna was fitted to the ship: 

Measuring antenna Rohde & Schwarz HZ-12;

'The length of the dipole element: L = 0.913 m (f = 156 MHz), gain G = 2.15 dBi.

Figure 15

Antennas installed on a vessel
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Figure 16

On-board measurement instrumentation Rohde & Schwarz 
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The distance between Pirita and Hundipea ports d = 3.2 NM (5.9 km) and the estimated quality of communication between them on a scale of 5 is 2 for analogue and 5 for digital stations.

Figure 17

Path of the vessel
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[bookmark: _Toc380059619][bookmark: _Toc380059761]The vessel (callsign – Jaam1) set out from Pirita along the edge of the Viimsi peninsula around Naissaar island to the direction of the Pakri peninsula. When leaving Pirita, the quality of the digital communication with Hudipea port (callsign – Jaam2) was assessed until the connection was lost. Estimates are shown on a map (Figure 18) with green symbols. After navigating around Naissaar direct visibility (line of sight LOS) with the tip of the Pakri peninsula was achieved from a distance of 21 NM (39 km), since the tip of the peninsula is elevated 23 m above sea level. At the Pakri peninsula, in the viewpoint parking lot, there was a vehicle with a digital and analogue station (call sign – Jaam3 stationary) and two handheld stations (switchable between analogue and digital) one in the Pakri lighthouse (Jaam3 handheld-tower) and another on observation platform (plateau) (Jaam3 handheld-plateau).

Table 15

On the evaluation of the quality of digital communications

		Digital



		Quality of communications [0... 5] Vessel  - Pakri

		Coordinates



		Distance [NM]

		Stationary

		Handheld-tower

		Handheld plateau

		Handheld on vessel

		Latitude

		Longitude



		19.6

		2

		

		0

		

		59°37,031 ′

		24°30,303 ′



		18.9

		4

		

		0

		

		59°36,64 ′

		24°29,5 ′



		16.8

		5

		5

		0

		

		59°35,18 ′

		24°26,3 ′



		8.5

		5

		5

		5

		3

		59°29,72 ′

		24°13,85 ′



		6.3

		5

		5

		5

		4

		59°28,46 ′

		24°10,67 ′



		2.7

		5

		5

		5

		5

		59°26,06 ′

		24°05,64 ′



		Communication between Hundipea and Pirita

		

		

		



		

		Distance [NM]

		

		Handheld on vessel

		

		59°45,891 ′

		24°71,8338 ′



		

		3.2

		

		5

		

		

		



		Communication between Hundipea and the vessel

		

		

		



		

		7.7

		Intermittent

		3

		

		59°34,661 ′

		24°42,529 ′



		

		9.8

		No signal

		0

		

		59°37,009 ′

		24°40,24 ′



		Quality of communications [0... 5] Vessel — Pakri

		Coordinates



		Distance [NM]

		Stationary

		Handheld-tower

		Handheld plateau

		Handheld on vessel

		Latitude

		Longitude



		19.6

		2

		

		0

		

		59°37,031 ′

		24°30,303 ′



		18.9

		4

		

		0

		

		59°36,64 ′

		24°29,5 ′



		16.8

		5

		5

		0

		

		59°35,18 ′

		24°26,3 ′



		8.5

		5

		5

		5

		3

		59°29,72 ′

		24°13,85 ′



		6.3

		5

		5

		5

		4

		59°28,46 ′

		24°10,67 ′



		2.7

		5

		5

		5

		5

		59°26,06 ′

		24°05,64 ′



		Communication between Hundipea and Pirita

		

		

		



		

		Distance [NM]

		

		Handheld on vessel

		

		59°45,891 ′

		24°71,8338 ′



		

		3.2

		

		5

		

		

		



		Communication between Hundipea and the vessel

		

		

		



		

		7.7

		Intermittent

		3

		

		59°34,661 ′

		24°42,529 ′



		

		9.8

		No signal

		0

		

		59°37,009 ′

		24°40,24 ′







Table 16

Quality of analogue communication

		Analogue



		Quality of communication [Graded 0 to 5]

		Coordinates



		Distance [NM]

		Onboard station on vessel

		Handheld on vessel

		Latitude

		Longitude



		18.2

		2

		

		59°36,14 ′

		24°28,4 ′



		11.6

		3

		

		59°31,7 ′

		24°18,59 ′



		8.5

		4

		1

		59°29,72 ′

		24°13,85 ′



		6.3

		

		2

		59°28,46 ′

		24°10,67 ′



		2.7

		

		5

		59°26,06 ′

		24°05,64 ′



		Communication between Hundipea and Pirita

		

		



		Distance

		Handheld on board

		

		59°45,891′

		24°71,8338 ′



		3.2

		2

		

		

		







Measurement results in the above tables were recorded on the map (Figure 18). Map in Google:

https://www.google.com/maps/d/viewer?mid=1kaQC1VE_env6Mac5T9k2pGHsrseyaCME&ll=59.50154582929907%2C24.322173566386027&z=11.

[bookmark: _Ref71036888]Figure 18

Measuring points and results on a map
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Colour codes:

Green – measuring point for digital communication;

Violet – measuring point for digital communication;

Yellow – measuring point for analogue communication;

Dark green – shore station.

After leaving Pirita harbour there were interruptions in communications between Jaam1 and Jaam2, at the distance d = 6.3 NM (Vessel – Hundipea port), and between Jaam1 and Jaam3, at a distance d = 13.4 – 14.3 NM (Vessel – Pakri fixed station). Such weakening of the signal may be caused due to the multipath propagation, as described in the measurement methodology (Annex 2), influencing the quality of both analogue and digital communications. The waterfall diagram on measurement screenshots (Figures 19, 20) shows the variation of signal strength (measured electric field strength) within 10 seconds. On the map variations are marked with a zigzag symbol. At the place where the communication appears – there is no change in the colour of the symbols. Orange symbols mark places where communication was lost due to radio propagation attributes.

In the case of analogue voice, it is possible to distinguish and understand the speech even in case of a very weak signal, for example by storing and processing (using ear-muffs). The Digital signal is completely interrupted, thus the operator does not know that someone is trying to start communicating (Figure 21). As a consequence, in one case there is the risk of integrity loss, but in the second case, the loss of availability is not guaranteed and it is also the biggest weakness of digital communication. As soon as it is possible to decode the signal, digital communication ensures significantly better understanding than analogue signals. Analogue and digital communications quality became comparable only at the last measurement point d = 2.7 NM.

[bookmark: _Hlk23862452]Figure 19

Variation of the signal strength due to propagation attributes between Jaam1 and Jaam2

[image: Graphical user interface

Description automatically generated]

Figure 20

Variation of the signal strength due to propagation attributes between Jaam1 and Jaam3
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[bookmark: _Ref71037021]Figure 21

Jaam1 calling Jaam2, Jaam2 not decoded
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Brief summary

[bookmark: _Hlk70489508]Participants in the test were generally positive about the introduction of digital communication. The range of digital communications was the same (or better) than the range of analogue communication. At the maximum distances that the digital communication was understandable (d = 19.6 NM) – analogue communications experienced very high noise and were not understandable. During the digital switchover period, when the digital station and the analogue station are very close together, the digital station signal will overlap the analogue channel, but this did not cause any interference during testing.

Description of transceivers

Icom IC-F3162T

Switching between analogue and digital mode:

1	P 0 (for analogue – digital switch) 

2	Analog – Digital choice [image: Graphical user interface, text
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3	P 0 (for analogue – digital switch)[image: Text
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Figure 22

Icom IC-F3162T
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Figure 23

Icom IC-F5122D
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Icom IC-F1000D that works only in digital mode

Figure 24

Icom IC-F1000D
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Icom IC-F5400D that works only in digital mode

Figure 25

Icom IC-F5400D
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[bookmark: _Hlk24636891]Description of marine VHF communication digitalisation testing methodology

Introduction

This measurement methodology is designed to test possibilities to increase the number of VHF voice channels by switching from analogue to digital channels and reducing channel bandwidth (channel step) Ks = 25 kHz to Ks = 6.25 kHz. This method of measurement is intended to evaluate the effects of the digitalisation of marine radio communications. 

Evaluation measurement shall be carried out in the frequency range f = 156.7-156.8 MHz (or more precisely f = 156.709375–156.7625 MHz; ITU Radio Regulations Appendix 18 channel designator K = 15;74).

Figure 26

Distribution of ducts in the frequency range
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A speech contains certain redundant information that is not reasonable to be sent over the channel. The dPMR standard uses the source to codec AMBE+2 (Advanced Multiband Excitation) or more advanced.

Figure 27

Channel block-diagram 
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The dPMR standard uses Hamming code (Hamming code can correct single errors) in combination with interleaving. However, these are effective up to a certain point. In case of fading, long link or noise, bit errors can reduce the channel’s capacity and make it incomprehensible. To assess the quality of the communication calls are made from various distances (d). In break points (d):

Quality of the speech is assessed in the 5-point scale (good without interruption; good with disruptions; distorted without interruption; distorted with interruption; impossible to understand);

Measure the signal to-noise ratio SNR (Signal power or averaged level during transmission/ noise level without transmission). The electric field strength E is measured and signal power is calculated;

Signal to-noise ratio SNR provided that adjacent analogue channels (K s = 25 kHz) are working, and digital communication is interrupted. Pictures of spectrum and measurement results are recorded in the event of a disruption. 

The measurement shall be carried out between shore station, vessel, and handheld stations.

The distance d shall be determined using the multi- ray propagation model for over-the-sea communication. 

Figure 28

Three ways the VHF radio waves are propagated at sea 
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The reflection of radio waves on the surface of the sea will have a significant effect on the loss of the link. Therefore, only the marine propagation model can be used for this calculation.

Theoretical dual-beam distribution model at sea for line-of-sight:

			(1)

where:

	L2-ray 	is the net loss of the link for two-ray propagation [dB]

	λ 	is the wavelength [m]

	d 	is the distance between the sender and the receiver [m]

	ht and hr 	are the height of the transmitter and receiver antenna [m].

Antenna heights:

[bookmark: _Hlk17731298]	hb 	= 100 m and hmk = 1.5 m (handheld station, boat) where hb – base station antenna height and hm – mobile transceiver antenna height.

Antenna gain:

	Gb 	= 7 dBi (base station on shore); Gm = 2,15 dBi (craft); Gk = 0 dBi (handheld transceiver). 

Transceiver gain:

[bookmark: _Hlk17820319][bookmark: _Hlk24699080]	PWK	= 5 W = 36,9 dBm (handheld transceiver)

	Pwb 	= 25 W = 43,9 dBm (base station)

	PWM 	= 25 W = 43,9 dBm.

Radio receiver sensitivity PRmin = −115 dBm.

Transmission power including antenna:

	Base station Pb = 43,9 + 7 = 50,9 dBm and Pr = −115−7 = −122 dBm

	Vessel (G = 2,15 dBi and G = 3 dBi) Pm = 43,9 + 2,2 = 46,1 dBm

	Handheld transceiver: Pk = 36,9 dBm.

Information about evaporation duct

[bookmark: _Hlk24979868]In case of sunny weather or changes in temperature a layer of steam may appear over the water. The layer may start from he = 7 m but normally it starts between 25 and 40 m], in this case radio wave is transmitted in the channel between stream and surface of sea and model of three-ray propagation must be used.

The below figure shows that FSL (Free Space Loss) and the two-ray propagation model are not usable at a – distances longer than dbreak (break point dbreak  – 3 km).

Figure 29

[bookmark: _Hlk24701181]Comparison between two- and three-ray propagation models (f = 5 GHz, h r = 10 m) 

[image: Chart, scatter chart

Description automatically generated]

In this link budget calculations, the two-ray propagation model is used.

Link loss

The calculation allows selecting a lower measurement distance for the test, analyse the measured and theoretical results.

Link loss in the case of two-ray propagation, where the antenna height ht = 100 m and hr = 1.5 m and d = 37 km ( nautical miles).

			(2)

[bookmark: _Ref78900939]Table 17

Antenna elevation and distance

		Link loss depending on antenna heights d = 30 NM [dB]



		H /h s [m]

		1.50

		4

		10

		100



		1.50

		182.57086

		174.05148

		166.09268

		146.0928



		4

		174.05148

		165.53211

		157.57332

		137.57413



		10

		166.09268

		157.57332

		149.61456

		129.61963



		Link loss depending on antenna heights d = 20 NM [dB]



		H /h s [m]

		1.50

		4

		10

		100



		1.50

		175.68442

		167.16504

		159.20625

		139.2065



		4

		167.16504

		158.64567

		150.68689

		130.68868



		10

		159.20625

		150.68689

		142.72818

		122.7394



		Link loss depending on antenna heights d = 13.5 NM [dB]



		H /h s [m]

		1.50

		4

		10

		100



		1.50

		168.87395

		160.35458

		152.39578

		132.39633



		4

		160.35458

		151.83521

		143.87644

		123.88037



		10

		152.39578

		143.87644

		135.91785

		115.94242



		Link loss depending on antenna heights d = 8 NM [dB]



		H /h s [m]

		1.50

		4

		10

		100



		1.50

		160

		151.48063

		143.52184

		123.52338



		4

		151.48063

		142.96127

		135.00256

		115.01348



		10

		143.52184

		135.00256

		127.04434

		107.11266



		Link loss depending on antenna heights d = 5.4 NM [dB]



		H /h s [m]

		1.50

		4

		10

		100



		1.50

		152.95635

		144.43698

		136.47821

		116.48166



		4

		144.43698

		135.91764

		127.95905

		107.98362



		10

		136.47821

		127.95905

		120.00155

		100.15559



		Link loss depending on antenna heights d = 2,7 NM [dB]



		H /h s [m]

		1.50

		4

		10

		100



		1.50

		140.91515

		132.3958

		124.43711

		104.45093



		4

		132.3958

		123.87656

		115.91859

		96.017048



		10

		124.43711

		115.91859

		107.965

		88.58803







Finding measurement distances

Sea area-1 (IMO Resolution A.801 (19) [55]).
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where:

	h 	is the height of the mobile station antenna

	H 	is the height of the base station antenna

	d 	= 30 NM = 55.56 km (NM – nautical mile)

	d 	= 20 NM = 37.04 km.

From Table 17, it can be found that:

a)	link loss between mobile and base station at 30 NM from PL = 137.6 dB.

	Pr 	= 46.7-137.6 = −90.9 dBm. This condition Pr > Prmin ensures connection (Prmin = −122 dBm that is receiver sensitivity limit).

b)	link between two mobile stations (antenna heights hm = 4 m) is limited by direct visibility, but the transmission power of 25w allows the connection to be achieved from d = 20 NM (37 km):

	PL 	= 158.6 dB

	Pr 	= 46.7-158.6 = −111.9 dBm. This condition P r > Prmin provides connection (Pr = 117.2 dBm).

	Line-of-site Dlos = 4.12 = 4,12 = 16.48 km = 8.9 NM

c)	link between two handheld transceivers (height of antenna 1.5 m)

	d 	= 10 km

	PL 	= 153 dB; P Rmin = −115 dBm (antenna gain G = 0 dB)

	Pr 	= 36.9 − 153 = −116.1 dBm This condition Pr  Prmin may ensure communication.

d)	link between the handheld transceiver and the mobile station (antenna heights 1.5 m and 4 m) d = 18 km = 9.7 NM

	PL 	= 153 dB; Prmin = −117.2 dBm (antenna gain G k = 0 dB and Gm = 2.15 dB)

	Pr 	= 36.9 − 154.6 = −117.7 dBm This condition P r Prmin may ensure connectivity from distance d = 18 km = 9.7 NM.

e)	link between the handheld transceiver and base station (height of 1.5 m and 100 m for aerials) d = 55 km = 30 NM.

	Line-of-site distance: 

	dlos 	= 4,12 =  4,12 = 46,24 km = 25 NM

	PL 	= 146 dB; Prmin = −122 dBm (antenna gain Gk = 0 dB and Gm = 7 dB)

	Pr 	= 36,9 − 146 = −109,1 dBm, thus Pr > Prmin and link could be assured to distance d = 55 km, but actually there is no link out of line-of-site dlos = 46.24 km = 25 NM.

Testing distance between mobile and base stations

Distance needed is derived to ensure the same condition (P s = 25 W, d = 30 NM = 55.56 km) for the mobile transceiver with transmit power Ps = 5 W. Sender + antenna gain: Pm = 36.9 + 2.2 = 39.1 dBm

The necessary power at the receiver input Pr = −90.9 dBm 

Therefore, link loss PL =| −90.9 – 39.1| = 130 dB.

For verifying maximum distance, transmitter output power is reduced Ps = 1 W = 30 dBm: d = 30 NM = 55.56 km) Pm = 30 + 2.2 = 32.2 dBm.

The minimum power at the receiving antenna should be Prmin = −122 dBm (antenna gain Gk = 0 dB and Gm = 7 dB).

Thus, the maximum link loss can be PLmax = |−122 − 32.2| = 154.2 dB.

Line-of-site dlos = 4.12 = 4,12 = 49.44 km = 23.5 NM.

Power spectral density for the digital transceiver.

According to Recommendation ITU-R M.489-2 [18], the radio channel with step Ks = 25 kHz used to transmit 3 kHz voice signal needs bandwidth B = 16 kHz (max deviation devmax = )

Measurement plan

[bookmark: _Hlk24961233]The electric field measurement must be performed from a tripod using a measurement antenna with linear vertical polarisation and circular direction diagram. 

Icom DPMR (digital maritime mobile radio) protocol shall be used to assess the quality of communications. Two analogue radio transceivers with channel step K s = 25 kHz and transmit power up to Ps = 25 W.

Transceivers output power is programmed to be switchable between values Ps = 1 W, 5 W, 25 W (for hand-held transceivers Ps = 1 W, 5 W).

Each antenna used in the test shall be vertical with linear vertical polarization and circular direction diagram.

Antennas mounted on vessel or with magnetic mount having amplification G = 2.15 dBi are used. Antenna height hm = 4 m. Onshore station antenna height hm = 100 m with amplification G = 7 dBi. 

Handheld transceiver antennas have amplification G = 0 dBi.

One vessel and one boat or vessel with a lower deck (where handheld transceiver with antenna height of hs = 1.5 m above sea level can be used) are required for testing. On shore there should be a handheld transceiver and base station. The test between the two boats (height hs = 1,5 m) shall be carried out between the boat and the onshore handheld transceiver. As described in 2-c connection is expected to break at d = 10 km. In case there is not a boat, one handheld transceiver shall remain ashore, and communication should be tested between the ship and the shore-based handheld transceiver (according to point 2-d – communication is expected to break at d = 18 km) should be tested. Between vessel and handheld transceiver maximum length of the link d (tested until the link is broken) will be measured. In other cases, the electrical field strength (noise floor vs radio signal) shall be measured.

The calculation of the measurement points does not take into account any rain loss. In the case rain, loss adds to link loss and distances will change (probably marginally).

Important measurement points in clear weather are:

–	Communications test with handheld transceiver until the link is lost, including speech quality evaluation. When the link is broken, electric field strength E can be measured from tripod height. The testing also includes the situation when adjacent analogue channels (in steps K s = 25 kHz) are occupied. It is expected that the communication will be lost at d = 18 km = 9.7 NM. In this section, the measurement will certainly be carried out.

–	In addition, the quality of the speech at the shoreline base station is assessed with reduced power Psmobile = 5 W, 1 W. Communication test between boat and handheld transceiver will be done from distance d = 10 km = 5.4 NM. The electric field strength shall be measured on board. If the link is not lost, the adjacent analogue channels (in steps Ks = 25 kHz) shall be occupied, and the test will be repeated;

Also, the quality of the speech with the shoreline base station will be assessed.

–	After the vessel is moved to distance d = 20 NM = 37 km from the base station while continuous monitoring quality of the speech using reduced power PS = 5 W. In case of change the electric field strength E shall be measured and adjacent analogue channels (with steps KS = 25 kHz) will be occupied and quality of the speech evaluated;

–	If possible, proceed further until the link is lost or d = 30 NM = 55 km;

(Line-of-site dlos = 49 km = 26,5 NM for antenna heights h = 4 m and 100 m);

•	The quality of the communication is monitored continuously with reduced output power Ps = 5 W and, in case of changes, the electric field strength E will be measured adjacent analogue channels (with steps KS = 25 kHz) will be occupied and quality of the speech evaluated;

•	If the link is lost transmitting power shall be increased to Ps = 25 W. 

Mobile communications engineering, William C. Y. Lee, Chapter “Path loss over flat terrain [40].

Annex to measurement methodology

Three-ray propagation model:
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[bookmark: _Ref66437783][bookmark: _Toc84926851]

Annex 3

Digital private mobile radio trial – port of Rotterdam 

[bookmark: _Toc32953539]Foreword

Communication between ships and shore has taken place traditionally through the use of VHF radio. VHF radio equipment is used for shipping both at sea and inland. Over the years, the use of VHF radio, and the wish to communicate and be sure that your message is received and understood, has grown. Digitisation in other areas of communication has improved the way to communicate (GSM, LTE, etc.). But, in the marine bands the introduction of new digital communication channels for data has put pressure on the availability of VHF voice channels.

With the introduction of VDES (VHF Data Exchange System) a problem arises that this would not be an easy task for the Netherlands to contend with. The ITU (International Telecommunication Union) has taken the decision that the frequencies for VDES are available from 1 January 2017 in the World Radio Conference of 2015. Because the Netherlands has foreseen the same problems as they encountered they sent in a paper to MSC97 to raise awareness of this problem. Due to this, IMO (International Maritime Organisation) agreed that from 1 January 2024 these frequencies should be freed by Contracting States and VDES could then use these frequencies. In the World Radio Conference of 2019, ITU also decided on the use of frequencies for VDES satellite communication.

During the IALA eNAV Communication (International Association of Lighthouse Authorities) communications workgroup intersessional meeting in Sydney a possible technical way of a more efficient use of VHF frequencies was presented. This should at least have the same performance standards (functionality) as the current VHF radio.

There are multiple ways to achieve this but the technical candidate solution presented is called dPMR (digital Private Mobile Radio), currently used in land mobile communications as a replacement for analogue FM voice communication in both VHF and UHF bands. There was, as far as it is known, no specific test done for maritime use of dPMR as a candidate technology to replace analogue VHF radio. Replacing analogue VHF radio needs to be done in such a way that both the “old” and new technology could be used next to each other and therefore an important task is the possible migration plan.

This new candidate technology could also have a place within Maritime Safety Information and/or Smart Shipping because it is possible to embed small data/text with the voice transmission. This information could contain the intentions of ships or information about hazards.

For situational awareness it is commonly known that eye-sight, VHF radio and radar are the main tools to accomplish this. Next to this, the use of AIS and by transmitting the position of the VHF (digital) radio could complete the picture by showing identification, size, location and which ship is transmitting. 

[bookmark: _Toc32953540]Goals

The purpose of the trial was to identify if dPMR could be a possible candidate technology to replace and possibly improve the current voice communication by VHF radio by digitising the voice. 

[bookmark: _Toc32953541]Inquiry goal 1 current functionality

The first inquiry goal was to identify if:

The quality of the speech was equal or better than with current VHF radio under various ranges;

Migration strategy from current situation to a mixed and maybe a full digital situation;

Possible (harmful) interference of current communication;

Possible (harmful) interference of new digital communication;

Are multiple systems from different vendors capable of working together.

[bookmark: _Toc32953542]Inquiry goal 2 new functionality

Because dPMR is a ETSI standard, there are already extra functionality embedded in this standard that could be used:

Could position information embedded with the signal be used;

Is it possible to identify the transmitting station;

Could short messages for Maritime Safety Information and/or broadcasting your intention (Smart Shipping) be sent;

Are there possibilities to check the validity of transmissions;

Is there more functionality needed (must have, need to have and nice to have).

[bookmark: _Toc32953543]Tracks

To ensure that these goals would be reached there were identified two tracks during the trials.

Work together with the users of VHF radio (mariners, operators, skippers, etc.) if the quality of the speech and range is enough and if possible new features are a possible asset.

Check with national ITU organisation (Agentschap Telecom), waterway users and authorities if dPMR will interfere with the current communication, discuss a possible migration strategy and possible adjustments to the standard to make it more appropriate for maritime.

[bookmark: _Toc32953544]Setup

[bookmark: _Toc32953545]Groups

Before the trial started two main groups were identified. One group of users that actively participated to the trial and one group observers that would be informed about the technology and developments.

The group that actively participated to the trial were technicians, VTS operator, skipper and law enforcement agency for frequency (national ITU organisation). 

At first, the idea was to have a small group of observers for the trial. After defining this group, and sending out the invitation, there was a lot of additional interest . This group consists of policy makers, managers, advisors and technicians from different governmental and non-governmental organisations. In total, during the day, 40 people visited the trial.

[bookmark: _Toc32953546]Area

During the planning of the trial a suitable area needed to be chosen. The Netherlands is very flat with almost no mountains, as a result radio signals carry far and will possibly interfere with other signals. Next to this, the complete area of the Netherlands has about 7500 ships sailing on a daily base where most are concentrated around the big ports like Port of Rotterdam. The Netherlands also have a lot of infrastructure such as locks and bridges where communication is needed.

So an ideal place to test interference would be around the Port of Rotterdam.

[bookmark: _Toc32953547]Locations

For the test, the Port of Rotterdam was contacted for their assistance and to use some of their assets and personnel. The Port of Rotterdam was willing to help us with this trial and offered a de-commissioned VTS centre in the middle of the city and one of their assistance vessels. Also they provided us with an experienced VTS operator and crew for the vessel. These employees of the Port of Rotterdam had been working for at least 30 years at the Port on the vessel or VTS centres.

The below figure shows the trial area, VTS centre, vessel and monitoring setup. 

Figure 30

Trial Area
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On the right side is the VTS centre where one of the antennas was placed on a height of 16 meter. The dots show how the vessel sailed and the time the vessel was on a specific location.

Figure 31

Vessel traffic service centre in port of Rotterdam
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Figure 32

Vessel used belonging to the port of Rotterdam
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The monitoring setup/site of the ITU organisation (Agentschap Telecom).

[bookmark: _Toc32953548]Used hardware

The antenna installation on the ship was 0 dB omni-directional antenna (Procom CXL2) with 6 meter RG214 coax cable.

The antenna installation on the VTS centre was a 0 dB omni-directional antenna (Procom CXL2) with a 15 meter RG213 and 5 meter Ecoflex coax cable between the two cables was a lightning security.

During the test the following equipment was used:

	Mobile station Kenwood NEXEDGE NX720 (VTS centre)

	Mobile station Icom IC-F5400DP (ship)

	Portable Kenwood NX220

	Portable Icom IC-F3400DPT.

The transmit power measurements at the connector of the station were:

	43 dBm and 30 dBm (Kenwood NEXEDGE NX720)

	43 dBm, 39 dBm and 36 dBm. (Icom IC-F5400D ).

Figure 33

Pictures of the equipment
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[bookmark: _Toc32953549]Used frequencies

A trial license for the period from the 1 December 2019 till the end of 1 July 2020 was obtained. This was done so more trials could take place. Next to this it would provide the opportunity to give different users and interested people to hear and experience the quality of voice and use of the equipment. Plans were made to give participants of the VTS-ENAV Symposium (25-29 May 2020) a chance to experience the digitisation of VHF radio (dPMR).

Although a license has been received to use all maritime frequencies, the test was made on frequencies used by Rijkswaterstaat only, so as not to affect the normal port operations. 

Figure 34

Rijkswaterstaat frequencies used in the trial

[image: A screenshot of a computer

Description automatically generated with medium confidence]

[bookmark: _Toc32953550]Considerations

[bookmark: _Toc32953551]IALA

That any evaluated technologies have a clear migration path from the current analogue voice services to the new digital voice services by allowing both the digital and analogue services to co-exist in the same transceiver for the duration of the entire migration period. This could extend to using the same antenna and other existing physical installation hardware;

The channel efficiency should be a high priority, by allowing four (4) or more digital voice channels for each 25 kHz maritime VHF voice channel; 

The digital service includes the capability of transmitting the location of the radio for the entire duration of the digital voice conversation;

The digital service allows a Short Message Service (SMS) without the need to set up a digital or other voice call; 

The digital voice quality be similar to, or better than, the analogue voice service, especially using weaker radio signals at the extent of the radio coverage.

[bookmark: _Toc32953552]Before trial

That the candidate technologies are easy to use by the users and limit the possibility of the users to make mistakes;

That the candidate technology is independent of other (supporting) technology (like GPS) and manufacturer (no vendor lock);

Support the current functionality of VHF radio (DSC / ATIS);

Costs of the equipment is around the same as current;

Impact on current regulations is minimal (RR Appendix 18) [42];

The candidate technology, with most of the requested functionality, should already be available;

The candidate technology should be future-proof;

Could support (Cyber) security for instance to check your own transmissions;

Support of Smart Shipping, for instance sending small data packets with the intentions of the ship;

Harmonised;

Should be implemented using open standards.

[bookmark: _Toc32953553]Results

[bookmark: _Toc32953554]Start trial

Before the trial was started, the equipment and installation (antenna and cabling) were tested. The first results were that the antennas initially used were not good enough and needed to be replaced.

The next test was to test the installation. On the ship, this was all good after replacing the antenna but on the VTS centre a problem with the cabling was encountered. This problem with the cabling needed us to replace the cabling in the VTS centre. This was done very quickly by the technical staff of the Port of Rotterdam.

After the installation was tested again, there were no problems with cabling or antennas. 

During the testing of the installation both technicians of CML and Koning and Hartman checked the configuration of the stations and tested them. These tests passed ok but not all of the envisioned features could not be tested at that moment because of some missing parts. These parts were delivered after the test but did not jeopardise the main purpose of the test.

Figure 35

Checking the configuration of settings
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After everything was tested the scenarios were checked again. The red line in the scenario’s was to go sailing and test on different distances with different power levels, digital and analogue communication and two languages English and Dutch. During the test, the time, distance, power, language and possible (harmful) interference were recorded. For the last test, the equipment of our ITU organisation was used and of course informed the VTS operators of the Port of Rotterdam to inform us if something unusual within communication happened.

[bookmark: _Toc32953555]Test day

Figure 36

Questions and observations
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On the test day (10 December 2019) there was a short instruction and roles. The main group of the attendees would be busy with the trial while two other staff would accompany the observers. There was a presentation about the trial to the observers after which the observers were asked to post up their questions and observations.

[bookmark: _Toc32953556]Use of equipment

Figure 37

Monitoring of equipment during the trial
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After a short introduction and demonstration, the use of the equipment was easy to use. They are similar as VHF radio equipment. For the trial, there were buttons programmed to switch between high and low power and change between all channels analogue and digital. Also, the display showed which channel you were using, transmitting level, reception level and the station on the ship recorded the voice communications.

Next to the default installation, an emergency button function on the Kenwood equipment was also programmed. This as a possible feature to show to the observers.

[bookmark: _Toc32953557]Voice quality

During the test all voice was recorded on the ship side only. This was because the equipment at the VTS centre did not have this functionality. Therefore, only recordings coming from the VTS centre and recorded on the ship are accountable for the test.

Both users on the ship and the VTS centre were enthusiastic about the quality of the digital voice and said that especially on the edges of the transmitting range the sound was clear and less tiring to listen to. Also the interference was much less.

During the test, the reception quality of the digital transmissions was higher than on the same range when compared with analogue ones.

A question arose that if the operator could distinguish if the mariner would still be able to operate a ship by the sound of his/her voice was answered: that to determine this would not only be done by the voice quality but also by the sentence structure, response time and ability to response.

[bookmark: _Toc32953558]Interference

During the test the ITU organisation (Agentschap Telecom) monitored if the equipment stayed in the standard (ETSI TS 102.658 [10] and Appendix 18) [42] and if it caused (harmful) interference. They measured that frequency 162,500 MHz was used for analogue communication and frequency 162.534375 MHz for digital communication (dPMR).

The two positions where the monitoring took place from was about 4 km from the VTS centre (because monitoring next to the transmitter has no use). Locations were Wilhelminahaven/Nieuwe Waterwegstraat and the Karel Doormanweg, both near the waterway.

The monitoring equipment consists of a broadband-omni-directional antenna at a height of 10 meter connected to a Tektronix RSA real-time spectrum analyser. At the same time this was monitored with a Rohde & Schwarz direction-tracker. This antenna height was 6 meter. During the test, no irregularities were discovered. A small note was that some of the communication could not be received due to the lower height of the antennas what could be explained.

On the ship, signals were also monitored with a Rohde & Schwarz FSH-6 spectrum-analyser if they noticed any interference in the spectrum when they were unable to connect to the VTS centre and ship. Also, no irregularities were found. A note was that they only sailed on the main fairways and not all the inlets / basins at the Port of Rotterdam.

During the test there were some findings these were:

–	On lager distances, quality deteriorated when sailing. This was probably caused by the horizon / line of sight that current VHF radio also encounters;

–	On a specific area of the fairway the quality deteriorated because of large storage tanks standing between the VTS and vessel. The large storage tanks probably blocked or reflected the signal. (multipath);

–	When the quality deteriorated it presented itself by losing the connectivity or a “metallic/robotised” sound. When it happened with analogue VHF communication it caused noise).

During the trial, it was not possible to test the Adjacent and Nearby Channel Rejections and this was tested later for both the current 25 kHz analogue FM (voice) and 6.25 kHz dPMR (digital voice) channels. This test is to quantify the interference potential of an adjacent / near dPMR channel on an existing analogue voice channel. 

Also additional qualitative testing was also done to establish the closest distance an interfering dPMR radio would need to be before affecting the analogue reliever. This is particularly important when it comes to channel planning and migration strategies.

These tests were done by using the ETSI specification procedure, measurements were made using two different instruments to perform the SINAD measurement, the 2955R having a flat filter response, whereas the 8 903 measurement uses the psophometric filter as defined in ETSI EN 300 086 [41]. A third set of measurements were made using the TIA procedure.

Two channel plans have been proposed for implementing the replacement of analogue voice with digital voice:

Direct replacement – where a 25 kHz analogue channel is split exactly into 4 dPMR channels; 

ITU-style, where the channel centre of digital channels is aligned with the channel of the analogue channel, so that the extreme digital channels overlap into the adjacent analogue channels.

These two channel plans are indicated in the channel selections as D5 to D8 and I5 to I9 respectively.

[bookmark: _Toc32953559]After trial considerations/questions

During and after the trial the following additional observations/considerations came out:

–	Be able of shutting down a transmitter remotely

–	Be able to limit the maximum time of one conversation

–	Be able of integration GMDSS (DSC, MSI)

–	Capable of dual watch functionality

–	Identification integration embedded in signal like MMSI, Callsign or ATIS for the entire duration of the digital voice conversation

–	Be able to switch automatically between analogue and digital voice transmissions

–	Capable of detection of poor signal

–	Capable of detecting of interference

–	To be able to cope with multicast / diversity

–	Support (half) duplex

–	Possible of to dedicate one digital channel for data only

–	Support multi languages by voice and user interface

–	Tests were in perfect weather/communication conditions, so how does it operate when not

–	Must have an interface to connect to other bridge equipment for instance obtaining ships position from its centralised positioning system

–	How can you detect destruction of the signal, like with analogue

–	Would the repeater and trunking possibilities enhance communication and safety in a Port or traffic dense area.

Figure 38

Users appeared content with the operation of the digital radio system
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[bookmark: _Toc32953560]Conclusions

[bookmark: _Toc32953561]Use equipment

During the test the users had no problem with operating the equipment. There might be some slight adjustments to the user interface when integrating DSC/dual watch functionality.

[bookmark: _Toc32953562]Voice quality

Both the users and the observers found the voice quality the same or better than analogue. The users reported back that listening to digital voice with the noise reduction made it easier and less intensive to listen. Concluding that with digital transmission of voice, if a mariner is still capable of operating his ship is equal as analogue.

The bad reception or failure of digital VHF that caused a “metallic/robotised” sound of losing the connection is similar of analogue VHF where it causes noise. The impact and acceptance of this against the gains has to be analysed and decided.

[bookmark: _Toc32953563]Frequencies

In the lab tests, the equipment exceeds the requirements of both ETSI and TIA standards by some margin and the rejection of the dPMR channels in excess of 70 dB in the direct frequency replacement format indicates that that the same adjacent channel practices can be applied to both analogue and digital implementations.

In the case of the ITU channel plan, the 61 dB result on Channel I5 indicates that this arrangement could be marginal and would need very careful consideration before implementing.

The Walk Test was provided to illustrate the difference in range of the interferers that could be expected in a typical deployment. It shows that the use of Channel I5 in close proximity to the wanted analogue channel will produce more interference than the existing analogue channel and so calls into question its usefulness in a real-world scenario. Although Channel D5 does interfere slightly more than the analogue, it is not significantly so (only 11 m compared to 10 m). All the other channels showed that they would introduce less interference than the existing analogue channel and so could be deployed using the same (or possibly stricter) channel planning criteria as currently used for analogue channels.

The field test did not show any (harmful) interference.

[bookmark: _Toc32953564]Additions

The use of the candidate technology dPMR for maritime use could be a good option. Some possible functionalities need to be defined by IMO in their performance standards. 
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ANNEX 4

International Telecommunication Union Codecs

International Telecommunication Union -Telecommunication Codecs - G.711

Recommendation ITU-T G.711.0 [28] describes a lossless compression scheme of G.711 bitstream, mainly aimed for transmission over IP (e.g. VoIP).

The coder operates on frame lengths of 40, 80, 160, 240 and 320 samples, has a maximum algorithmic delay equals to the frame length, and has a worst-case computational complexity of less than 1.7 weighted million operations per second (WMOPS) for encoder plus decoder.

This Recommendation includes an electronic attachment containing the ANSI C code (fixed-point arithmetic implementation of the specification), as well as a non-exhaustive set of test signals for use with it.

Recommendation ITU-T G.711.1 [29] describes embedded wideband speech and audio coding algorithm operating at 64, 80 and 96 kbit/s.

The encoder input and decoder outputs are sampled at 16 kHz by default, but 8-kHz sampling is also supported. When sampled at 16 kHz, the output of the ITU-T G.711.1 coder can encode signal with a bandwidth of 50-7 000 Hz at 80 and 96 kbit/s, and for 8-kHz sampling, the output may produce signal with a bandwidth ranging from 50 up to 4 000 Hz, operating at 64 and 80 kbit/s (the bandwidth of the narrowband signal output from the decoder is characterised by the built-in split-band filterbank which has cut-off frequency of 4000 Hz). At 64 kbit/s, ITU-T G.711.1 is compatible with Recommendation ITU-T G.711. The coder operates on 5 ms frames, has a maximum algorithmic delay of 11.875 ms, and has a worst-case computational complexity of 8.70 WMOPS.

The encoder produces an embedded bitstream structured in three layers corresponding to three available bit rates: 64, 80 and 96 kbit/s. The bitstream can be truncated at the decoder side or by any component of the communication system to adjust the bit rate to the desired value, but since it does not contain any information on which layers are contained, an implementation would require outband signalling on which layers are available.

The underlying algorithm has a three layer coding structure: log companded pulse code modulation (PCM) of the lower band including noise feedback, embedded PCM extension with adaptive bit allocation for enhancing the quality of the base layer in the lower band, and weighted vector quantisation coding of the higher band based on modified discrete cosine transformation (MDCT).

International Telecommunication Union – Telecommunication Codecs – G.722 and G.722.1

Recommendation ITU-T G.722 describes the characteristics of an audio (50 to 7 000 Hz) coding system which may be used for a variety of higher quality speech applications. The coding system uses sub-band adaptive differential pulse code modulation (SB-ADPCM) within a bit rate of 64 kbit/s. The system is henceforth referred to as 64 kbit/s (7 kHz) audio coding. In the SB-ADPCM technique used, the frequency band is split into two sub-bands (higher and lower) and the signals in each sub-band are encoded using ADPCM. The system has three basic modes of operation corresponding to the bit rates used for 7 kHz audio coding: 64, 56 and 48 kbit/s. The latter two modes allow an auxiliary data channel of 8 and 16 kbit/s respectively to be provided within the 64 kbit/s by making use of bits from the lower sub-band.

Recommendation ITU-T G.722, Appendix II [30] describes digital test sequences for the verification of the ITU-T G.722 64 kbit/s SB-ADPCM 7 kHz codec. This guide gives information concerning the digital test sequences which should be used to aid verification of implementation of the ADPCM codec part of the wideband coding algorithm.

Recommendation ITU-T G.722.1 [31] describes a low complexity encoder and decoder that may be used for 7 kHz bandwidth audio signals working at 24 kbit/s or 32 kbit/s. Furthermore, this algorithm is recommended for use in hands-free applications such as conferencing where there is a low probability of frame loss. It may be used with speech or music inputs.

The digital input to the coder may be in a 14-, 15- or 16-bit 2's complement format, at a sampling rate of 16 kHz (handled in the same way as in Recommendation ITU-T G.722). The analogue and digital interface circuitry at the encoder input and decoder output should conform to the same specifications described in Recommendation ITU-T G.722. The algorithm is based on transform technology, using a Modulated Lapped Transform (MLT). It operates on 20 ms frames (320 samples) of audio. Because the transform window (basis function length) is 640 samples and a 50 percent (320 samples) overlap is used between frames, the effective look-ahead buffer size is 20 ms. Hence the total algorithmic delay of 40 ms is the sum of the frame size plus look-ahead. All other delays are due to computational and network transmission delays.

Recommendation ITU-T G.722.1 [31] includes a software package which contains the encoder and decoder source code and a set of test vectors for developers. These vectors are a tool that can provide an indication of success in implementing this codec. 

Recommendation ITU-T G.722.2 [32] describes the high quality Adaptive Multi-Rate Wideband (AMR-WB) encoder and decoder that is primarily intended for 7 kHz bandwidth speech signals. AMR-WB operates at a multitude of bit rates ranging from 6.6 kbit/s to 23.85 kbit/s. The bit rate may be changed at any 20-ms frame boundary.

Annex C includes an integrated C source code software package which contains the implementation of the ITU-T G.722.2 encoder and decoder and its Annexes A and B and Appendix I.

A set of digital test vectors for developers is provided in Annex D. These test vectors are a verification tool that can provide an indication of success in implementing this codec. Digital test sequences are necessary to test for a bit-exact implementation of the adaptive, multi-rate wideband (AMR-WB) speech-transcoder; voice-activity detection; comfort noise generation; and source controlled rate operation.

International Telecommunication Union – Telecommunication Codecs – G.723.1

ITU-T G.723.1 [33] specifies a coded representation that can be used for compressing the speech or other audio signal component of multimedia services at a very low bit rate. In the design of this coder, the principal application considered was very low bit-rate, visual telephony as part of the overall ITU‑T H.324 [51] family of Recommendations. This coder has two bit rates associated with it (5.3 and 6.3 kbit/s).

Recommendation International Telecommunication Union -Telecommunication G.726: (ADPCM)

The characteristics below are recommended for the conversion of a 64 kbit/s A-law or Mu-law pulse code modulation (PCM) channel to and from a 40, 32, 24 or 16 kbit/s channel. The conversion is applied to the PCM bit stream using an ADPCM transcoding technique. The relationship between the voice frequency signals and the PCM encoding/decoding laws is fully specified in Recommendation ITU-T G.711.

The principal application of 24 and 16 kbit/s channels is for overload channels carrying voice in Digital Circuit Multiplication Equipment (DCME).

The principal application of 40 kbit/s channels is to carry data modem signals in DCME, especially for modems operating at greater than 4 800 kbit/s.

The Appendix II describes the test sequences (vectors) for the ADPCM algorithms of Recommendation ITU-T G.726 at the four fixed bit rates (16 kbit/s, 24 kbit/s, 32 kbit/s, 40 kbit/s) for both A-law and Mu-law.

NOTE: Recommendation ITU-T G.726 [34] is the consolidation of Recommendation ITU-T G.721 [52] (1988) and Recommendation ITU-T G.723 [33] (1988), which are now superseded as individual Recommendations.

Recommendation International Telecommunication Union -Telecommunication G.728: Coding of speech at 16 kbit/s using LD-CELP

Recommendation ITU-T G.728 contains the description of an algorithm for the coding of speech signals at 16 kbit/s using low-delay, code-excited, linear prediction.

The LD-CELP algorithm consists of an encoder and a decoder. The essence of CELP techniques, which is an analysis-by-synthesis approach to codebook search, is retained in LD-CELP. The LD‑CELP however, uses backward adaptation of predictors and gain to achieve an algorithmic delay of 0.625 ms. Only the index to the excitation codebook is transmitted. The predictor coefficients are updated through LPC analysis of previously quantised speech. The excitation gain is updated by using the gain information embedded in the previously quantised excitation. The block size for the excitation vector and gain adaptation is five samples only. A perceptual weighting filter is updated using LPC analysis of the unquantised speech.

Recommendation International Telecommunication Union -Telecommunication G.729: Coding of speech at 8 kbit/s using CS-ACELP

Recommendation ITU-T G.729 [36] contains the description of an algorithm for the coding of speech signals at 8 kbit/s using Conjugate-Structure Algebraic-Code-Excited Linear-Prediction (CS‑ACELP). This coder is designed to operate with a digital signal obtained by first performing telephone bandwidth filtering (Recommendation ITU-T G.712 [53]) of the analogue input signal, then sampling it at 8 000 Hz, followed by conversion to 16-bit linear PCM for the input to the encoder. The output of the decoder should be converted back to an analogue signal by similar means. Other input/output characteristics, such as those specified by Recommendation ITU-T G.711 [28] for 64 kbit/s PCM data, should be converted to 16-bit linear PCM before encoding, or from 16-bit linear PCM to the appropriate format after decoding. The bitstream from the encoder to the decoder is defined within this Recommendation.

Recommendation ITU-T G.729 and its Annexes and Appendices offer different functionalities in terms of various bit rates and/or DTX operations using either fixed point or floating point arithmetic. Table 18 summarises these functionalities.
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Recommendation International Telecommunication Union -Telecommunication G.729.1: G.729 based embedded variable bit-rate coder: An 8-32 kbit/s, scalable wideband, coder-bitstream interoperable with International Telecommunication Union - Telecommunication G.729 codecs

Recommendation ITU-T G.729.1 [37] describes an 8-32 kbit/s, scalable, wideband speech and audio coding algorithm interoperable with ITU-T G.729 [36], ITU-T G.729A and ITU-T G.729B codecs. The output of the ITU-T G.729.1 coder has a bandwidth of 50-4 000 Hz when operated at 8 and 12 kbit/s and 50-7 000 Hz when operated from 14 to 32 kbit/s. At 8 kbit/s, ITU-T G.729.1 codecs are fully interoperable with codecs conforming to Recommendation ITU-T G.729, Recommendation ITU-T G.729 Annex A and Recommendation ITU-T G.729 Annex B. The coder operates on 20 ms frames and has an algorithmic delay of 48.9375 ms. By default, the encoder input and decoder output are sampled at 16 kHz. The encoder produces an embedded bitstream structured in 12 layers corresponding to 12 available bit rates from 8 to 32 kbit/s. The bitstream can be truncated at the decoder side or by any component of the communication system to adjust "on the fly" the bit rate to the desired value with no need for outband signalling. The underlying algorithm is based on a three-stage coding structure: embedded Code-Excited Linear Predictive (CELP) coding of the lower band (50-4 000 Hz), parametric coding of the higher band (4 000-7 000 Hz) by Time-Domain Bandwidth Extension (TD-BWE), and enhancement of the full band (50-7 000 Hz) by a predictive transform coding technique referred to as Time-Domain Aliasing Cancellation (TDAC).
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Abstract:  To make a successful distress alert call attempt on the MF/HF frequency bands requires expert knowledge about the current propagation characteristics at the time of transmitting the call attempt. That expertise is not always available on ships today.    This proposal provides additional clarification when transmitting a distress alert call attempt on the MF/HF frequency bands, highlighting the fact that a multi-frequency call attempt will always have the highest probability for reception.  
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1. Introduction

This proposal provides additional clarification when transmitting a distress alert call attempt on the MF/HF frequency bands, highlighting the fact that a multi-frequency call attempt will always have the highest probability for reception.  

2. Summary of changes

Listed below are the proposed changes to Document 5B/731 Annex 2 which contribute to the revision of Recommendation ITU-R M.541-10:

1. Modified section A1-3.1.3 to clarify that the distress alert on the HF band can be a multi-frequency call attempt and that MF and VHF are single-frequency call attempts.

2. Modified section A3-6.1.1 to highlight the factors that impact transmissions on the HF band, and to provide instruction for using this band.

3. Modified section A3-6.2.1 to highlight the factors that impact transmissions on the HF band, and to provide instruction for using this band.

3. Attachments

The following attachment contains the proposed changes to Annex 2 of the chairman’s report with track changes highlighted in blue.  
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[Note: This Recommendation is incorporated by reference]

Summary of revision

The proposed modifications of this Recommendation update and complement the operational procedures for the use of DSC for introduction of automatic connection system (ACS).

The narrow-band direct-printing telegraphy (NBDP) related texts are deleted from the Recommendation as the NBDP service will be excluded from GMDSS by 1 January 2024.

Modified Scope, Abbreviations/Glossary and recommends. Deletion of NBDP related explanations from Annexes 1, 2 and 4. Added ACS operational procedures as new Annex 5, changed old Annex 5 to Annex 6, changed old Annex 6 to Annex 7 and added section 2.3. Change the overall referenced Annex number.
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Attachment 

PRELIMINARY DRAFT REVISION OF RECOMMENDATION ITU-R M.541-10

Operational procedures for the use of digital selective-calling 
equipment in the maritime mobile service

(1978-1982-1986-1990-1992-1994-1995-1996-1997-2004-2015-202X)

Scope

The Recommendation contains the operational procedures for digital selective-calling (DSC) equipment whose technical characteristics are given in Recommendation ITU‑R M.493. The Recommendation contains sixeven annexes. In Annexes 1 and 2 the provisions and procedures are described for distress, urgency and safety calls and for routine calls, respectively. In Annexes 3, 4, 5 and 5 6 the operational procedures for ships, for coast stations and Man overboard devices are described and Annex 6 7 lists the frequencies to be used for DSC.

Keywords

Digital selective-calling, equipment, operational procedures, GMDSS, distress alert

Abbreviations/Glossary

ACS:	Automatic connection system

AIS :	Automatic identification system

AMRD: 	Autonomous maritime radio device

BQ:	End of sequence for an acknowledge message

CS	Coast station

DSC: 	Digital selective calling

EOS	End of sequence

FEC	Forward error correction

kHz:	Kilohertz

GMDSS:	Global maritime distress and safety system

HF:	High frequency

MF:	Medium frequency

MHz:	Megahertz

MOB:	Man overboard

MMSI:	Maritime mobile service identity

NBDP	Narrowband direct-printing

RCC:	Rescue coordination centre

RQ:	End of sequence acknowledge required

RR:	Radio Regulations

SOLAS:	International convention for the safety of life at sea

UTC:	Coordinated universal time

VHF:	Very high frequency

Related ITU Recommendations and Reports

Recommendations 

ITU-R M.493	Digital selective-calling system for use in the maritime mobile service

ITU-R M.585	Assignment and use of identities in the maritime mobile service

ITU-R M.689	International maritime VHF radiotelephone system with automatic facilities based on DSC signalling format

ITU-R M.1082 	International maritime MF/HF radiotelephone system with automatic facilities based on digital selective calling signalling form

ITU-R M.1171	Radiotelephony procedures in the maritime mobile service

ITU-R M.1371	Technical characteristics for an automatic identification system using time-division multiple access in the VHF maritime mobile band

ITU-R M.2135	Technical characteristics of autonomous maritime radio devices operating in the frequency band 156-162.05 MHz



The ITU Radiocommunication Assembly,

considering

a)	that digital selective-calling (DSC) will be used as described in Recommendation ITU‑R M.493;

b)	that the requirements of Chapter IV of the International Convention for the Safety of Life at Sea (SOLAS), 1974, as amended, for the global maritime distress and safety system (GMDSS) are based on the use of DSC for distress alerting and calling and that operational procedures are necessary for the use of that system;

c)	that, as far as is practicable, operational procedures in all frequency bands and for all types of communications should be similar;

d)	that DSC provides the primary means of transmitting a distress alert. Provisions of transmitting a distress alert by other methods and procedures are described in the Radio Regulations (RR);

e)	that conditions when alarms have to be actuated should be specified,

recommends

1	that the technical characteristics of equipment used for DSC in the maritime mobile service should be in conformity with the relevant ITU-R Recommendations;

2	that the operational procedures to be observed in the MF, HF and VHF bands for DSC should be in accordance with Annex 1 for distress, urgency and safety calls and Annex 2 for other calls;

3	that provisions should be made at stations equipped for DSC for:

3.1	the manual entry of address, type of call, category of call and various messages into a DSC sequence;

3.2	displaying the information in a user readable format;

3.3	the verification and if necessary the correction of such manually formed sequences;

3.4	automatically set the information when possible;

3.5	a specific aural alarm and visual indication to indicate receipt of a distress or urgency call or a call having distress category. It should not be possible to disable this alarm and indication. Provisions should be made to ensure that they can be reset only manually; 

3.6	aural alarm(s) and visual indication for calls other than distress and urgency. The aural alarm(s) may be capable of being disabled;

3.7	such visual indicators to indicate:

3.7.1	type of received call address (to all stations, to a group of stations, geographical, individual);

3.7.2	category of call;

3.7.3	identity of calling station;

3.7.4	numerical or alpha-numerical type of information, e.g. frequency information and telecommand;

3.7.5	type of “end of sequence” character;

3.7.6	detection of errors, if any; 

4	that the equipment should be simple to operate;

5	that the operational procedures given in Annexes 3, 4 and 5, which are based on the relevant procedures from RR Chapter VII, Articles 30, 31, 32 and 33, be used as guidance for ships and coast stations;

6	that the operational characteristics of the automatic connection system (ACS) should be in conformity with Annex 5;

7	that the operational characteristics of the Autonomous maritime radio devices (AMRD) Group A MOB devices should be in conformity with Annex 6;

68	that the frequencies used for distress and safety purposes using DSC are those contained in Annex 67 to this Recommendation (see RR Appendix 15).

NOTE 1 – The following definitions are used throughout this Recommendation:

Single frequency: the same frequency is used for transmission and reception.

Paired frequencies: frequencies which are associated in pairs; each pair consisting of one transmitting and one receiving frequency.

International DSC frequencies: those frequencies designated in the RR for exclusive use for DSC on an international basis.

National DSC frequencies: those frequencies assigned to individual coast stations or a group of stations on which DSC is permitted (this may include working frequencies as well as calling frequencies). The use of these frequencies must be in accordance with the RR.

Automatic DSC operation at a ship station: a mode of operation employing automatic tuneable transmitters and receivers, suitable for unattended operation, which provide for automatic call acknowledgements upon reception of a DSC and automatic transfer to the appropriate working frequencies.

Call attempt: one or a limited number of call sequences directed to the same stations on one or more frequencies and within a relatively short time period (e.g. a few minutes). A call attempt is considered unsuccessful if a calling sequence contains the symbol “acknowledge RQ” (symbol No.117) at the end of the sequence and no acknowledgement is received in this time interval.
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Annex 1

Provisions andOperational procedures for distress, urgency and safety calls

[bookmark: _Toc121819861]A1-1	Introduction

The terrestrial elements of the GMDSS adopted by the 1988 Amendments to the International Convention for SOLAS, 1974, are based on the use of DSC for distress, urgency and safety communications.

[bookmark: _Toc121819862]A1-1.1	Method of calling

The provisions of RR Chapter VII are applicable to the use of DSC in cases of distress, urgency or safety.

[bookmark: _Toc121819863]A1-2	Digital selective calling distress alert

The DSC distress alert provides for alerting, maritime mobile service identity (MMSI)self-identification, ship’s position including time, and if entered nature of distress as defined in the RR (see RR Chapter VII).

[bookmark: _Toc121819864]A1-3	Procedures for digital selective calling distress alerts

[bookmark: _Toc121819865]A1-3.1	Transmission by a mobile unit in distress

A1-3.1.1	The DSC equipment should be capable of being pre-set to transmit the distress alert on at least one distress alerting frequency.

A1-3.1.2	The distress alert shall be composed in accordance with Recommendation ITU‑R M.493. Although the equipment may be able to automatically include the ship’s position information and the time the position was valid, if this information is not available to the equipment then the operator has to manually enter the ship’s position and time at which it was valid. If time permits, Eenter the nature of distress as appropriate. 

[bookmark: _Toc121819866][bookmark: _Hlk128562234]A1-3.1.3	Distress alert attempt

For sea areas A3 and A4, At MF/ and HF a distress alert attempt may be transmitted as a single frequency or a multi‑frequency call attempt (see section A3-60). For sea areas A1 and A2, At MF and VHF distress alert attempt only single frequency call attempts are used.

A1-3.1.3.1	Single frequency call attempt

A distress alert attempt should be transmitted as 5 consecutive calls on one frequency. To avoid call collision and the loss of acknowledgements, this call attempt may be transmitted on the same frequency again after a random delay of between 3 ½ and 4 ½ min from the beginning of the initial call. This allows acknowledgements arriving randomly to be received without being blocked by retransmission. The random delay should be generated automatically for each repeated transmission, however it should be possible to override the automatic repeat manually.

ForAt MF/ and HF, single frequency call attempts may be repeated on different frequencies after a random delay of between 3 ½ and 4 ½ min from the beginning of the initial call. However, if a station is capable of receiving acknowledgements continuously on all distress frequencies except for the transmit frequency in use, then single frequency call attempts may be repeated on different frequencies without this delay.

FIGURE A1-1

Single-frequency call attempts 
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A1-3.1.3.2	Multi-frequency call attempt

A distress alert attempt may be transmitted as up to 6 consecutive (see Note 1) calls dispersed over a maximum of 6 distress frequencies (1 at MF and 5 at HF). A VHF call may be transmitted simultaneously with an MF/HF call. Stations transmitting multi-frequency distress alert attempts should be able to receive acknowledgements continuously on all frequencies except for the transmit frequency in use, or be able to complete the call attempt within 1 min.

Multi-frequency call attempts may be repeated after a random delay of between 3 ½ and 4 ½ min from the beginning of the previous call attempt.

NOTE 1 – A VHF call may be transmitted simultaneously with an MF/HF call.

FIGURE A1-2

Multi-frequency call attempts 
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[bookmark: _Toc121819867]A1-3.1.4	Distress

In the case of distress the operator should transmit a distress alert as described in Annex 3.

[bookmark: _Toc121819868]A1-3.2	Reception

The DSC equipment should be capable of maintaining a reliable watch on a 24-hour basis on appropriate DSC distress alerting frequencies.

[bookmark: _Toc121819869]A1-3.3	Acknowledgement of distress alerts

Acknowledgements of distress alerts should be initiated manually.

Acknowledgements by DSC should be transmitted on the same frequency as the distress alert was received.

A1-3.3.1	Distress alerts should normally be acknowledged by DSC only by appropriate coast stations. Coast stations should, in addition, set watch on radiotelephony and, if the “mode of subsequent communication” signal in the received distress alert indicates teleprinter, also on narrow-band direct‑printing (NBDP) (see Recommendation ITU-R M.493). In both cases, the radiotelephone and NBDP frequencies should be those associated with the frequency on which the distress alert was received. 

A1-3.3.2	Acknowledgements by coast stations of DSC distress alerts transmitted on MF or HF should be initiated with a minimum delay of 1 min after receipt of a distress alert, and normally within a maximum delay of 2 ⅓¾ min. This allows all calls within a single frequency or multi‑frequency call attempt to be completed and should allow sufficient time for coast stations to respond to the distress alert. Acknowledgements by coast stations on VHF should be transmitted as soon as practicable.

A1-3.3.3	The acknowledgement of a distress alert consists of a single DSC distress acknowledgement call and automatically includes the MMSIidentification of the ship whose distress alert is being acknowledged.

A1-3.3.4	Ships receiving a DSC distress alert from another ship should set watch on an associated radiotelephone distress and safety traffic frequency in order to receive subsequent distress calls and messages.  The acknowledgement of a DSC distress alert from another ship should be made and acknowledge the call by radiotelephony after a short interval so that a coast station may acknowledge receipt in the first instance. (see RR Nos. 32.28 – 32.35).

A1-3.3.5	The automatic repetition retransmission of a distress alert attempt should be terminated automatically on receipt of a DSC distress alert acknowledgement.

3.3.6	When distress, urgency, and safety traffic cannot be successfully conducted using radiotelephony, an affected station may indicate its intention to conduct subsequent communications on the associated frequency for NBDP telegraphy.

[bookmark: _Toc121819870]A1-3.4	Distress alert relays

Distress alert relays should be initiated manually.

A1-3.4.1	A distress alert relay should use the call format for distress alert relays as specified in Recommendation ITU-R M.493 and the calling attempt should follow the procedures described in § 3.1.3 to 3.1.3.2 for distress alerts, except that the distress relay is sent manually as a single call on a single frequency. Ship stations not provided with the DSC distress alert relay function should relay the alert by radio- telephony.

A1-3.4.2	Any ship, receiving a distress alert on an HF channel which is not acknowledged by a coast station within 5 min, should transmit an individual distress alert relay addressed to the appropriate coast station or rescue coordination centre.

A1-3.4.3	Distress alert relays transmitted by coast stations, or by ship stations addressed to more than one vessel, should be acknowledged by ship stations using radiotelephony. Distress alert relays transmitted by ship stations should be acknowledged by a coast station transmitting a “distress alert relay acknowledgement” call in accordance with the procedures for distress acknowledgements given in § A1-3.3 to A1-3.3.3.

[bookmark: _Toc121819871]A1-4	Procedures for digital selective calling urgency and safety calls

A1-4.1	DSC, on the distress and safety calling frequencies, should be used by coast stations to advise shipping, and by ships to advise coast stations and/or ship stations, of the impending transmission of urgency, vital navigational and safety messages, except where the transmissions take place at routine times. The call should indicate the working frequency which will be used for the subsequent transmission of an urgent, vital navigational or safety message.

A1-4.2	The announcement and identification of medical transports should be carried out by DSC transmission, using appropriate distress and safety calling frequencies. Such calls should use the call format for an urgency or safety call of the type medical transport and be addressed to all ships at VHF and Geographic Area at MF/HF.

A1-4.3	The operational procedures for urgency and safety calls should be in accordance with the relevant parts of Annex 3, § A1-2.1 or A1-2.2 and § A1-3.1 or A1-3.2. 

[bookmark: _Toc121819872]A1-5	Testing the equipment used for distress and safety calls

Testing on the exclusive DSC distress and safety calling frequencies should be limited as far as possible. VHF, MF and HFDSC test calls should be in accordance with Recommendation ITU-R M.493 and the call may should be acknowledged by the called station. Normally there would be no further communication between the two stations involved.





Annex 2

Provisions andOperational procedures for routine calls

[bookmark: _Toc121819873]A2-1	Frequency/channels

A2-1.1	As a rule, paired frequencies should be used at HF and MF, in which case an acknowledgement is transmitted on the frequency paired with the frequency of the received call. In exceptional cases for national purposes a single frequency may be used. If the same call is received on several calling channels, the most appropriate shall be chosen to transmit the acknowledgement. A single frequency channel should be used at VHF. 

[bookmark: _Toc121819874]A2-1.2	International calling

The paired frequencies listed in RR Appendix 17 and in Annex 5 of this Recommendation should be used for international DSC calling at HF.

A2-1.2.1	At HF and MF international DSC frequencies should only be used for shore-to-ship calls and for the associated call acknowledgements from ships fitted for automatic DSC operation where it is known that the ships concerned are not listening to the coast station’s national frequencies.

A2-1.2.2	All ship-to-shore DSC calling at HF and MF should preferably be done on the coast station’s national frequencies.

[bookmark: _Toc121819875]A2-1.3	National calling

Coast stations should avoid using the international DSC frequencies for calls that may be placed using national frequencies.

A2-1.3.1	Ship stations should keep watch on appropriate national and international channels. (Appropriate measures should be taken for an even loading of national and international channels.)

A2-1.3.2	Administrations are urged to find methods and negotiate terms to improve the utilization of the DSC channels available, e.g.:

–	coordinated and/or joint use of coast station transmitters;

–	optimizing the probability of successful calls by providing information to ships on suitable frequencies (channels) to be watched and by information from ships to a selected number of coast stations on the channels watched on‑board.

[bookmark: _Toc121819876]A2-1.4	Method of calling

A2-1.4.1	The procedures set out in this section are applicable to the use of DSC techniques, except in cases of distress, urgency or safety, to which the provisions of RR Chapter VII are applicable.

A2-1.4.2	The call shall contain information indicating the station or stations to which the call is directed, and the identification of the calling station.

A2-1.4.3	The call should also contain information indicating the type of communication to be set up and may include supplementary information such as a proposed working frequency or channel; this information shall always be included in calls from coast stations, which shall have priority for that purpose.

A2-1.4.4	An appropriate digital selective calling channel chosen in accordance with the provisions of RR Nos. 52.128 to 52.137 or Nos. 52.145 to 52.153 as appropriate, shall be used for the call.

[bookmark: _Toc121819877]A2-2	Operating procedures

The technical format of the call sequence shall be in conformity with the Recommendation ITU-R M.493relevant ITU‑R Recommendations.

The reply to a DSC call requesting an acknowledgement shall be made by transmitting an appropriate acknowledgement using DSC.

Acknowledgements may be initiated either manually or automatically. When an acknowledgement can be transmitted automatically, it shall be in conformity with the Recommendation ITU-R M.493relevant ITU‑R Recommendations.

The technical format of the acknowledgement sequence shall be in conformity with the Recommendation ITU-R M.493relevant ITU‑R Recommendations.

For communication between a coast station and a ship station, the coast station shall finally decide the working frequency or channel to be used.

The forwarding traffic and the control for working for radiotelephony shall be carried out in accordance with Recommendation ITU‑R M.1171.

Prior to a transmission the transmitting device should check as far as possible that no other call is in progress.



[bookmark: _Toc121819878]A2-2.1	Coast station initiates call to ship station (see Note 1)

If a ship station has to be called, the coast station selects the appropriate MMSI or Maritime identity of the terminal, frequency band and transmitter site, if available.

NOTE 1 – See Recommendations ITU-R M.689 and ITU-R M.1082 for further details of procedures applicable only to the semi‑automatic/automatic services.

A2-2.1.1	Assuming DSC is appropriate, tThe call is composed by the coast station as follows:

–	format specifier,

–	address of the ship (MMSI),

–	category of call,

–	self-identification (MMSI) of the coast station, which is included automatically,

–	telecommand information,

–	working frequency information in the message part of the sequence, if appropriate,

–	usually “end of sequence” signal “acknowledge RQ” (symbol No.117). However, if the coast station knows that the ship station cannot respond or the call is to a group of ships the frequency is omitted and the end of sequence signal should be “EOS” (symbol No.127), in which case the following procedures (§ A2-2.2) relating to an acknowledgement are not applicable.

A2-2.1.2	The coast station verifies the calling sequence.

The call shall be transmitted once on a single appropriate calling channel or frequency only. Only in exceptional circumstances may a call be transmitted simultaneously on more than one frequency.

A2-2.1.3	The coast station operator chooses the calling frequencies which are most suitable for the ship’s location.

A2-2.1.3.1	The coast station initiates the transmission of the sequence on one of the frequencies chosen. Transmission on any one frequency should be limited to no more than 2 call sequences separated by intervals of at least 45 s to allow for reception of an acknowledgement from the ship.

A2-2.1.3.2	If appropriate, a “call attempt” may be transmitted, which may include the transmission of the same call sequence on other frequencies (if necessary with a change of working frequency information to correspond to the same band as the calling frequency) made in turn at intervals of not less than 5 min, following the same pattern as in § A2-2.1.3.1.

A2-2.1.4	If an acknowledgement is received further transmission of the call sequence should not take place.

If the acknowledgement is positive, Tthe coast station shall then prepare to transmit traffic on the working channel or frequency it has proposed. If the acknowledgement is negative, the coast station should await the call from the ship station.

A2-2.1.5	When a station called does not reply, the call attempt should not normally be repeated until after an interval of at least 150 min. The same call attempt should not be repeated more than five times every 24 h. The aggregate of the times for which frequencies are occupied in one call attempt, should normally not exceed 1 min.

FIGURE A2-1

Procedure for coast station which initiates call to ship station





[bookmark: _Toc121819879]A2-2.2	The following procedures apply at the ship stations:

A2-2.2.1	Upon receipt of a calling sequence at the ship station, the received message should be displayed.

A2-2.2.2	When a received call sequence contains an end of sequence signal “acknowledge RQ” (symbol No.117), an acknowledgement sequence should be composed and transmitted.

The format specifier and category information should be identical to that in the received calling sequence.

A2-2.2.3	If the ship station is not equipped for automatic DSC operation, the ship’s operator initiates an acknowledgement to the coast station after a delay of at least 5 s but no later than 4 ½ min of receiving the calling sequence, using the ship-to-shore calling procedures detailed in § 2.2. However the transmitted sequence should contain a “acknowledge BQ” (symbol No.122) end of sequence signal in place of the signal “acknowledge RQ” (symbol No.117) signal.

If such an acknowledgement cannot be transmitted within 5 min of receiving the calling sequence then the ship station should instead transmit a calling sequence to the coast station using the ship‑to‑shore calling procedure detailed in § 2.23.

A2-2.2.4	If the ship is equipped for automatic DSC operation, the ship station automatically transmits an acknowledgement with an end of sequence signal “acknowledge BQ” (symbol No.122). The start of the transmission of this acknowledgement sequence should be within 30 s for HF and MF or within 3 s for VHF after the reception of the complete call sequence.

A2-2.2.5	If the ship is able to comply immediately the acknowledgement sequence should include a telecommand signal which is identical to that received in the calling sequence indicating that it is able to comply.

If no working frequency was proposed in the call, the ship station should include a proposal for a working frequency in its acknowledgement.

A2-2.2.6	If the ship is not able to comply immediately the acknowledgement sequence should include the first telecommand signal 104 (“unable to comply“ symbol No. 104), with a second telecommand signal giving additional information (see Recommendation ITU‑R M.493).

At some later time when the ship is able to accept the traffic being offered, the ship station initiates a call to the coast station using the ship-to-shore calling procedures detailed in § A2-2.3.

A2-2.2.7	If a call is acknowledged indicating ability to comply immediately and communication between coast station and ship station on the working channel agreed is established, the DSC call procedure is considered to be completed.

A2-2.2.8	If the ship station transmits an acknowledgement which is not received by the coast station then this will result in the coast station repeating the call (in accordance with § A2-2.1.5). In this event the ship station should transmit a new acknowledgement. 

FIGURE A2-2

Procedure for ship station which receives call from coast station





[bookmark: _Toc121819880]A2-2.3	Ship station initiates call to coast station (see Note 1)

This procedure should also be followed both as a delayed response to a call received earlier from the coast station (see § A2-2.2.2) and to initiate traffic from the ship station.

NOTE 1 – See Recommendations ITU-R M.689 and ITU-R M.1082 for further details of procedures applicable only to the semi‑automatic/automatic services.

A2-2.3.1	Assuming a DSC is appropriate tThe call is transmitted composed by the ship station as follows:

−	key in or select on the DSC equipment,

–	format specifier,

–	address of the coast station (MMSI),

–	category of call (default is routine),

–	self-identification (MMSI) of the ship station, which is automatically included,

–	telecommand information,

–	working frequency, or position (for MF/HF only) information in the message part of the sequence if appropriate,

–	telephone number required (semi-automatic/automatic connections only),

–	the ship station automatically inserts the category, self-identification and “end of sequence” signal RQ.

–	usually “end of sequence” signal “Acknowledge RQ” (symbol No. 117).

A2-2.3.2	The ship station verifies the calling sequence.

A2-2.3.3	The ship station selects the single most appropriate calling frequency preferably using the coast station’s nationally assigned calling channels, for which purpose it shall send a single calling sequence on the selected frequency.

A2-2.3.4	If a called station does not reply, the call sequence from the ship station should not normally be repeated until after an interval of at least 5 min for manual connections, or 5 s or 25 s in the case of semi-automatic/automatic VHF or MF/HF connections respectively. These repetitions may be made on alternative frequencies if appropriate. Any subsequent repetitions to the same coast station should not be made until at least 15 min have elapsed.

A2-2.3.5	The coast station should transmit an acknowledgement, after a delay of at least 5 s but not later than 4 ½ min for manual connections, or, within 3 s for semi-automatic/automatic connections, containing the format specifier, the address of the ship (MMSI), the category of call, the coast station self-identification and:

–	if able to comply immediately on the working frequency suggested, the same telecommand and frequency information as in the call request;

–	if no working frequency was suggested by the ship station then the acknowledgement sequence should include a channel/frequency proposal;

–	if not able to comply on the working frequency suggested but able to comply immediately on an alternative frequency, the same telecommand information as in the call request but an alternative working frequency;

–	if unable to comply immediately the first telecommand signal of “unable to comply” (symbol No. 104) with a second telecommand signal giving additional information. For manual connections only, this second telecommand signal may include a queue indication.

The end of sequence signal “acknowledge BQ” (symbol No.122) should also be included.

A2-2.3.6	For manual connections, if a working frequency is proposed in accordance with § A2-2.3.45 but this is not acceptable to the ship station, then the ship station should immediately transmit a new call requesting an alternative frequency.

A2-2.3.7	If an acknowledgement is received further transmission of the same call sequence should not take place. On receipt of an acknowledgement which indicates ability to comply, the DSC procedures are complete and both coast station and ship station should communicate on the working frequencies agreed with no further exchange of DSC calls.

A2-2.3.8	If the coast station transmits an acknowledgement which is not received at the ship station then the ship station should repeat the call in accordance with § A2-2.3.4.

FIGURE A2-3

Procedure for ship station which initiates call to coast station





[bookmark: _Toc121819881]A2-2.4	Ship station initiates call to ship station

The ship-to-ship procedures should be similar to those given in § A2-2.3, where the receiving ship station complies with the procedures given for coast stations, as appropriate, except that, with respect to § A2-2.3.1, the calling ship should always insert working frequency information in the message part of the calling sequence.





Annex 3

Operational procedures for ships for digital selective calling communications on MF, HF and VHF

Introduction

Procedures for DSC communications on MF and VHF are described in §§ 1 to 5 below.

The procedures for DSC communications on HF are in general the same as for MF and VHF. Special conditions to be taken into account when making DSC communications on HF are described in § 6 below.

[bookmark: _Toc121819882]A3-1	Distress

[bookmark: _Toc121819883]A3-1.1	Transmission of digital selective calling distress alert

A distress alert should be transmitted if, in the opinion of the Master, the ship or a person is in distress and requires immediate assistance.

A DSC distress alert should as far as possible include the ship’s last known position and the time (in UTC) when it was valid. The position and the time should be included automatically by the ship’s navigational equipment if this information is not included it should be inserted manually.

The DSC distress alert attempt is transmitted as follows:

–	tune the transmitter to the DSC distress channel (2 187.5 kHz on MF, channel 70 on VHF) if not done automatically by the ship station.

–	if time permits, key in or select on the DSC equipment 

–	the nature of distress,

–	the ship’s last known position (latitude and longitude) if not provided automatically,

–	the time (in UTC) the position was valid if not provided automatically,

–	type of subsequent distress communication (telephony),

in accordance with the DSC equipment manufacturer’s instructions;

–	transmit the DSC distress alert;

–	prepare for the subsequent distress traffic by tuning the transmitter and the radiotelephony receiver to the distress traffic channel in the same band, i.e. 2 182 kHz on MF, channel 16 on VHF, while waiting for the DSC distress acknowledgement.

[bookmark: _Toc121819884]A3-1.2	Actions on receipt of a distress alert

Ships receiving a DSC distress alert from another ship should normally not acknowledge the distress alert by DSC since acknowledgement of a DSC distress alert by use of DSC is normally made by coast stations or rescue coordination centre only (see Annex 1 § A1-3.3.4 and Annex 3 § A3-6.1.4).

If a ship station continues to receive a DSC distress alert on an MF or VHF channel, a DSC acknowledgement should be transmitted to terminate the call only after consulting with a rescue coordination centre (RCC) or a coast station (CS) or rescue coordination centre and being directed to do so.

Ships receiving a DSC distress alert from another ship should also defer the acknowledgement of the distress alert by radiotelephony for a short interval, if the ship is within an area covered by one or more coast stations, in order to give the coast station time to acknowledge the DSC distress alert first.

Ships receiving a DSC distress alert from another ship shall:

–	watch for the reception of a distress acknowledgement on the distress channel (2 187.5 kHz on MF and channel 70 on VHF);

–	prepare for receiving the subsequent distress communication by tuning the radiotelephony receiver to the distress traffic frequency in the same band in which the DSC distress alert was received, i.e. 2 182 kHz on MF, channel 16 on VHF;

–	in accordance with the provisions of RR No. 32.23 acknowledge the receipt of the distress alert by transmitting a message by radiotelephony on the distress traffic frequency in the same band in which the DSC distress alert was received, i.e. 2 182 kHz on MF, channel 16 on VHF.

[bookmark: _Toc121819885]A3-1.3	Distress traffic

On receipt of a DSC distress acknowledgement the ship in distress should commence the distress traffic by radiotelephony on the distress traffic frequency (2 182 kHz on MF, channel 16 on VHF) in accordance with the provisions of RR Nos. 32.13C and 32.13D.

[bookmark: _Toc121819886]A3-1.4	Transmission of a digital selective calling distress alert relay

[bookmark: _Toc121819887]A3-1.4.1	Transmission of a digital selective calling distress relay call on receipt of a digital selective calling distress alert

In no case is a ship permitted to transmit an all ships DSC distress alert relay on receipt of a DSC distress alert on either VHF or MF channels. If no aural watch is present on the relative channel (2 182 kHz on MF, channel 16 on VHF), the coast station or rescue coordination centre should be contacted by sending an individual DSC distress alert relay.

The DSC distress alert relay is transmitted as follows:

–	select the distress alert relay format on the DSC equipment,

–	key in or select on the DSC equipment:

–	the address (MMSI) of the appropriate coast station or rescue coordination centre;

–	the contents of the DSC distress alert received from the ship in distress (included automatically), i.e., MMSI of the ship station in distress, nature of distress, position and time information and type of subsequent communication;

–	transmit the DSC distress alert relay;

–	prepare for the subsequent distress traffic by tuning the transmitter and the radiotelephony receiver to the distress traffic channel in the same band, i.e., 2 182 kHz on MF and channel 16 on VHF, while waiting for the DSC distress acknowledgement.

[bookmark: _Toc121819888]A3-1.4.12	Transmission of a DSC digital selective calling distress relay call on behalf of someone else

A ship knowing that another ship is in distress shall transmit a DSC distress alert relay if:

–	the ship in distress is not itself able to transmit the distress alert,

–	the Master of the ship considers that further help is necessary.

In accordance with RR No. 32.19B the DSC distress alert relay on behalf of somebody else should preferably be addressed to an individual CS coast station or RCCrescue coordination centre.

The DSC distress alert relay is transmitted as follows:

–	select the distress alert relay format on the DSC equipment,

–	key in or select on the DSC equipment:

–	theMMSI (9-digit identity) of the appropriate coast station or in special circumstances all ships call (VHF). or Ggeographic area call (MF/HF),

–	the MMSI (9-digit identity) of the ship in distress, if known,

–	the nature of distress, if known,

–	the latest position of the ship in distress, if known,

–	the time (in UTC) the position was valid, (if known),

–	type of subsequent distress communication (telephony);

–	transmit the DSC distress alert relay;

–	prepare for the subsequent distress traffic by tuning the transmitter and the radiotelephony receiver to the distress traffic channel in the same band, i.e. 2 182 kHz on MF and channel 16 on VHF, while waiting for the DSC distress acknowledgement.

When the function of distress alert relay call by DSC is not implemented such as DSC class D or class E, distress alert relay should be transmitted to the appropriate coast station or rescue coordination centre using radiotelephony in accordance with the provisions of RR No. 32.19E when the DSC distress alert is not acknowledged by a coast station or another ship station within 5 minutes.

[bookmark: _Toc121819889]A3-1.5	Acknowledgement of a digital selective calling distress alert relay received from a coast station 

Coast stations or rescue coordination centre, after having received and acknowledged a DSC distress alert, may if necessary, retransmit the information received as a DSC distress alert relay, addressed to all ships (VHF only), all ships in a specific geographical area (MF/HF only), or a specific ship.

[bookmark: dsgno]Ships receiving a distress alert relay transmitted by a coast station shall not use DSC to acknowledge the call, but should acknowledge the receipt of the call by radiotelephony on the distress traffic channel in the same band in which the relay call was received, i.e. 2 182 kHz on MF, channel 16 on VHF. 

Acknowledge the receipt of the distress alert relay by transmitting a message, in accordance with the provisions of RR No. 32.23, by radiotelephony on the distress traffic frequency in the same band in which the DSC distress alert relay was received.

[bookmark: _Toc121819890]A3-1.6	Acknowledgement of a digital selective calling distress relay call received from another ship

Ships receiving a distress alert relay from another ship shall follow the same procedure as for acknowledgement of a distress alert, i.e. the procedure given in § 1.2 above.

[bookmark: _Toc121819891]A3-1.7	Cancellation of an inadvertent digital selective calling distress alert

A station transmitting an inadvertent DSC distress alert shall cancel the distress alert using the following procedure:

A3-1.7.1	Immediately cancel the distress alert by transmitting a DSC self-cancel on all the frequencies where the inadvertent DSC distress alert was transmitted, if the ship station is capable hereof. A DSC self-cancel is a distress acknowledgement where the self-id and the distress id is identical as defined in Recommendation ITU-R M.493.

A3-1.7.2	Subsequently cancel the distress alert aurally over the telephony distress traffic channel associated with each DSC channel on which the “distress alert” was transmitted, by transmitting a message in accordance with the provisions of RR No. 32.53E.

A3-1.7.3	Monitor the telephony distress traffic channel associated with the DSC channel on which the distress alert was transmitted, and respond to any communications concerning that distress alert as appropriate.

[bookmark: _Toc121819892]A3-2	Urgency

[bookmark: _Toc121819893]A3-2.1	Transmission of urgency messages

Transmission of urgency messages shall be carried out in two three steps:

–	announcement of the urgency message using DSC,

–	transmission of the urgency messagecall and

–	transmission of the message using radiotelephony.

The announcement is carried out by transmission of a DSC urgency call on the DSC distress calling channel (2 187.5 kHz on MF, channel 70 on VHF).

The urgency call and message isare transmitted on the distress traffic channel (2 182 kHz on MF, channel 16 on VHF).

The DSC urgency call may be addressed to all stations at VHF, or a geographic area at MF/HF, or to a specific station. The frequency on which the urgency message will be transmitted shall be included in the DSC urgency call.

The transmission of an urgency message is thus carried out as follows:

Announcement:

–	select the appropriate calling format on the DSC equipment (all ships (VHF only), geographical area (MF/HF only) or individual);

–	key in or select on the DSC equipment:

–	specific area or MMSI (9-digit identity) of the specific station, if appropriate,

–	the category of the call (urgency),

–	the frequency or channel on which the urgency message will be transmitted,

–	the type of communication in which the urgency message will be given (radiotelephony),

in accordance with the DSC equipment manufacturer’s instructions;

–	transmit the DSC urgency announcement.

Transmission of the urgency call and message:

–	tune the transmitter to the frequency or channel indicated in the DSC urgency announcement;

–	transmit the urgency call and message using radiotelephony in accordance with the provisions of RR No. 33.12.

[bookmark: _Toc121819894]A3-2.2	Reception of an urgency message

Ships receiving a DSC urgency call announcing an urgency message addressed to more than one station shall NOT acknowledge the receipt of the DSC call, but should tune the radiotelephony receiver to the frequency indicated in the call and listen to the urgency message.

[bookmark: _Toc121819895]A3-3	Safety

[bookmark: _Toc121819896]A3-3.1	Transmission of safety messages

Transmission of safety messages shall be carried out in two three steps:

–	announcement of the safety message using DSC,

–	transmission of the safety messagecall and

–	transmission of the message using radiotelephony.

The announcement is carried out by transmission of a DSC safety call on the DSC distress calling channel (2 187.5 kHz on MF, channel 70 on VHF).

In accordance with RR No. 33.32 safety messages should preferably be transmitted on a working frequency in the same band(s) as those used for the safety call or announcement.

The DSC safety call may be addressed to all ships (VHF only), ships in a specific geographical area (MF/HF only), or to a specific station.

The frequency on which the safety message will be transmitted shall be included in the DSC call.

The transmission of a safety message is thus carried out as follows:

Announcement:

–	select the appropriate calling format on the DSC equipment (all ships (VHF only), geographical area (MF/HF only), or individual);

–	key in or select on the DSC equipment:

–	specific area or MMSI (9-digit identity) of specific station, if appropriate,

–	the category of the call (safety),

–	the frequency or channel on which the safety message will be transmitted,

–	the type of communication in which the safety message will be given (radiotelephony),

in accordance with the DSC equipment manufacturer’s instructions;

–	transmit the DSC safety announcement.

Transmission of the safety call and message:

–	tune the transmitter to the frequency or channel indicated in the DSC safety call;

–	transmit the safety call and message in accordance with the provisions of RR No. 33.35.

[bookmark: _Toc121819897]A3-3.2	Reception of a safety message

Ships receiving a DSC safety call announcing a safety message addressed to more than one station shall NOT acknowledge the receipt of the DSC safety call, but should tune the radiotelephony receiver to the frequency indicated in the call and listen to the safety message.

[bookmark: _Toc121819898]A3-4	Public correspondence

[bookmark: _Toc121819899]A3-4.1	Digital selective calling channels for public correspondence

[bookmark: _Toc121819900]A3-4.1.1	VHF

VHF DSC channel 70 is used for DSC for distress and safety purposes as well as for DSC for public correspondence.

[bookmark: _Toc121819901]A3-4.1.2	MF

International and national DSC channels separate from the DSC distress and safety calling channel 2 187.5 kHz are used for digital selective-calling on MF for public correspondence.

Ships calling a coast station by DSC on MF for public correspondence should preferably use the coast station’s national DSC channel.

The international DSC channel for public correspondence may as a general rule be used between ships and coast stations of different nationality. The ships transmitting frequency is 2 189.5 kHz, and the receiving frequency is 2 177 kHz.

The frequency 2 177 kHz is also used for DSC between ships for general communication.

[bookmark: _Toc121819902]A3-4.2	Transmission of a digital selective calling call for public correspondence to a coast station or another ship

A DSC call for public correspondence to a coast station or another ship is transmitted as follows:

–	select the format for calling a specific station on the DSC equipment;

–	key in or select on the DSC equipment:

–	the 9-digit identity of the station to be called,

–	the category of the call (routine),

–	the type of the subsequent communication (normally radiotelephony),

–	a proposed working channel if calling another ship. A proposal for a working channel should NOT be included in calls to a coast station; the coast station will in its DSC acknowledgement indicate a vacant an appropriate working channel,

in accordance with the DSC equipment manufacturer’s instructions;

–	transmit the DSC call.

[bookmark: _Toc121819903]A3-4.3	Repeating a call

A DSC call for public correspondence may be repeated on the same or another DSC channel, if no acknowledgement is received within 5 min.

Further call attempts should be delayed at least 150 min, if acknowledgement is still not received.

[bookmark: _Toc121819904]A3-4.4	Acknowledgement of a received call and preparation for reception of the traffic

On receipt of a DSC call from a coast station or another ship, a DSC acknowledgement is transmitted as follows:

–	select the acknowledgement format on the DSC equipment,

–	transmit an acknowledgement indicating whether the ship is able to communicate as proposed in the call (type of communication and working frequency),

–	if able to communicate as indicated, tune the transmitter and the radiotelephony receiver to the indicated working channel and prepare to receive the traffic.

[bookmark: _Toc121819905]A3-4.5	Reception of acknowledgement and further actions

When receiving an acknowledgement indicating that the called station is able to receive the traffic, prepare to transmit the traffic as follows:

–	tune the transmitter and receiver to the indicated working channel;

–	commence the communication on the working channel by:

–	the MMSI (9-digit identity) or call sign or other identification of the called station,

–	“this is”,

–	the MMSI (9-digit identity) or call sign or other identification of own ship.

It will normally rest with the ship to call again a little later in case the acknowledgement from the coast station indicates that the coast station is not able to receive the traffic immediately.

In case the ship, in response to a call to another ship, receives an acknowledgement indicating that the other ship is not able to receive the traffic immediately, it will normally rest with the called ship to transmit a call to the calling ship when ready to receive the traffic.

[bookmark: _Toc121819906]A3-5	Test calls using digital selective callingTesting the equipment used for distress and safety

Testing on the exclusive DSC distress and safety calling frequency 2 187.5 kHz should be limited as far as possible. DSC test calls by ship stations should normally be transmitted using the DSC format specifier as “individual” and the category as “safety”. The test of a distress button itself should be performed without any emission of radio waves.

Test calls should be transmitted by the ship station and acknowledged by the called station. Normally there would be no further communication between the two stations involved.

A VHF and MF test call to a station is transmitted as follows:

–	key in or select the format for the test call on the DSC,

–	key in the MMSI (9-digit identity) of the station to be called,

–	transmit the DSC test call,

–	wait for acknowledgement.

[bookmark: _Toc121819907]A3-6	Special conditions and procedures for digital selective calling communication on HF

General

The procedures for DSC communication on HF are – with some additions described in §§ A3-6.1 to §A3-6.3 below – equal to the corresponding procedures for DSC communications on MF/VHF.

Due regard to the special conditions described in § A3-6.1 to §A3-6.3 should be given when making DSC communications on HF.

[bookmark: _Toc121819908][bookmark: _Hlk128562335]A3-6.1	Distress

[bookmark: _Toc121819909]A3-6.1.1	Transmission of digital selective calling distress alert and choice of HF bands

In sea areas A3 and A4 a DSC distress alert on HF is intended to be received by coast stations and a DSC distress alert on MF and/ VHF is intended to be received by other ships in the vicinity.

The DSC distress alert should as far as possible include the ship’s last known position and the time (in UTC) it was valid. If the position and time is not inserted automatically from the ship’s navigational equipment, it should be inserted manually.

Propagation characteristics of HF radio waves are impacted by for the actual seasons, and time of the day, sea conditions, and the weather.  All these conditions  should be taken into account when choosing HF bands for transmission of DSC distress alert. To maximize the probability of the  successful reception of the alert by coast stations, the distress alert should be sent as a multi-frequency call attempt (see section A1-3.1.3.2). 

As a general rule the DSC distress channel in the 8 MHz maritime band (8 414.5 kHz) may in many cases be an appropriate first choice.

Transmission of the DSC distress alert in more than one HF band will normally increase the probability of successful reception of the alert by coast stations.

DSC distress alert may be sent on a number of HF bands in two different ways:

a)	either by transmitting the DSC distress alert on one HF band, and waiting a few minutes for receiving acknowledgement by a coast station;

	if no acknowledgement is received within 3 min, the process is repeated by transmitting the DSC distress alert on another appropriate HF band etc.;

b)	or by transmitting the DSC distress alert at a number of HF bands with no, or only very short, pauses between the calls, without waiting for acknowledgement between the calls.

It is recommended to follow procedure a) in all cases, where time permits to do so; this will make it easier to choose the appropriate HF band for commencement of the subsequent communication with the coast station on the corresponding distress traffic channel.

Transmitting the DSC distress alert on HF:

–	tune the transmitter to the chosen HF DSC distress channel (4 207.5, 6 312, 8 414.5, 12 577, 16 804.5 kHz);

–	follow the instructions for keying in or selection of relevant information on the DSC equipment as described in § A3-1.1;

–	transmit the DSC distress alert.

In special cases, for example in tropical zones, transmission of DSC distress alert on HF may, in addition to ship‑to‑shore alerting, also be useful for ship-to-ship alerting.

[bookmark: _Toc121819910]A3-6.1.2	Preparation for the subsequent distress traffic

After having transmitted the DSC distress alert on appropriate DSC distress channels (HF, MF and/or VHF), prepare for the subsequent distress traffic by tuning the radiocommunication set(s) (HF, MF and/or VHF as appropriate) to the corresponding distress traffic channel(s).

Where multiple frequency call attempts are transmitted the corresponding distress traffic frequency should be 8 291 kHz.

If method b) described in § A3-6.1.1 has been used for transmission of DSC distress alert on a number of HF bands:

–	take into account in which HF band(s) acknowledgement has been successfully received from a coast station;

–	if acknowledgements have been received on more than one HF band, commence the transmission of distress traffic on one of these bands, but if no response is received from a coast station then the other bands should be used in turn.

The distress traffic frequencies are (see RR Appendix 15, Table 15-1):

	HF (kHz):

	Telephony	4 125	6 215	8 291	12 290	16 420
Telex			4 177.5	6 268	8 376.5	12 520	16 695

	MF (kHz):

	Telephony	2 182
Telex			2 174.5

	VHF: Channel 16 (156.800 MHz).

[bookmark: _Toc121819911]A3-6.1.3	Distress traffic

The procedures described in § A3-1.3 are used when the distress traffic on MF/HF is carried out by radiotelephony.

The following procedures shall be used in cases where the distress traffic on MF/HF is carried out by radiotelex:

–	The forward error correcting (FEC) mode shall be used;

–	all messages shall be preceded by:

–	at least one carriage return,

–	line feed,

–	one letter shift,

–	the distress signal MAYDAY;

–	The ship in distress should commence the distress telex traffic on the appropriate distress telex traffic channel as follows:

–	carriage return, line feed, letter shift,

–	the distress signal “MAYDAY”,

–	“this is”,

–	the 9-digit identity and call sign or other identification of the ship,

–	the ship’s position if not included in the DSC distress alert,

–	the nature of distress,

–	any other information which might facilitate the rescue.

[bookmark: _Toc121819912]A3-6.1.4	Actions on reception of a digital selective calling distress alert on HF from another ship

Ships receiving a DSC distress alert on HF from another ship shall not acknowledge the alert, but should:

–	watch for reception of a DSC distress acknowledgement from a coast station;

–	while waiting for reception of a DSC distress acknowledgement from a coast station:

	prepare for reception of the subsequent distress communication by tuning the HF radiocommunication set (transmitter and receiver) to the relevant distress traffic channel in the same HF band in which the DSC distress alert was received, observing the following conditions:

–	if radiotelephony mode was indicated in the DSC distress alert, the HF radiocommunication set should be tuned to the radiotelephony distress traffic channel in the HF band concerned;

–	if telex mode was indicated in the DSC distress alert, the HF radiocommunication set should be tuned to the radiotelex distress traffic channel in the HF band concerned. Ships able to do so should additionally watch the corresponding radiotelephony distress channel;

–	if the DSC distress alert was received on more than one HF band, the radiocommunication set should be tuned to the relevant distress traffic channel in the HF band considered to be the best one in the actual case. If the DSC distress alert was received successfully on the 8 MHz band, this band may in many cases be an appropriate first choice;

–	if no distress traffic is received on the HF channel within 1 to 2 min, tune the HF radiocommunication set to the relevant distress traffic channel in another HF band deemed appropriate in the actual case;

–	if no DSC distress acknowledgement is received from a coast station within 5 min, and no distress communication is observed going on between a coast station and the ship in distress:

–	inform a RCC via appropriate radiocommunications means,

	transmit a DSC distress alert relay if instructed to do so by a RCC or a coast station. 

[bookmark: _Toc121819913]A3-6.1.5	Transmission of digital selective calling distress alert relay

In case it is considered appropriate to transmit a DSC distress alert relay:

	distress alert relays on HF should be initiated manually;

–	follow the procedures described in § A3-6.1.1 above (except the call is sent manually as a single call on a single frequency) and should preferably be addressed to an individual rescue coordination centre or coast station or rescue coordination centre;

–	follow the instructions for keying in or selection of call format and relevant information on the DSC equipment as described in § A3-1.4;

–	transmit the DSC distress alert relay.

[bookmark: _Toc121819914]A3-6.1.6	Acknowledgement of a HF digital selective calling distress alert relay received from a coast station

Ships receiving a DSC distress alert relay from a coast station on HF, addressed to all ships within a specified area, should NOT acknowledge the receipt of the relay alert by DSC, but by radiotelephony on the telephony distress traffic channel in the same band(s) in which the DSC distress relay call was received.

[bookmark: _Toc121819915][bookmark: _Hlk128562448]A3-6.2	Urgency

Transmission of urgency messages on HF should normally be addressed:

–	either to all ships within a specified geographical area,

–	or to a specific coast station.

Announcement of the urgency message is carried out by transmission of a DSC call with category urgency on the appropriate DSC distress channel.

The transmission of the urgency message itself on HF is carried out by radiotelephony or radiotelex on the appropriate distress traffic channel in the same band in which the DSC announcement was transmitted.

[bookmark: _Toc121819916]A3-6.2.1	Transmission of DSC digital selective calling announcement of an urgency message on HF

–	choose the HF band considered to be the most appropriate, taking into account that the propagation characteristics for HF radio waves are impacted by the at the actual seasons,  and time of the day, sea conditions, and the weather; the 8 MHz band may in many cases be an appropriate first choice;

–	key in or select call format for either geographical area call or individual call on the DSC equipment, as appropriate;

–	key in or select relevant information on the DSC equipment keyboard as described in § 2.1;

–	transmit the DSC call; and

–	if the DSC call is addressed to a specific coast station, wait for DSC acknowledgement from the coast station. If acknowledgement is not received within a few minutes, repeat the DSC call on another HF frequency deemed appropriate.

[bookmark: _Toc121819917]6.2.2	Transmission of the urgency message and subsequent action

–	tune the HF transmitter to the distress traffic channel (radiotelephony or telex) indicated in the DSC announcement;

–	if the urgency message is to be transmitted using radiotelephony, follow the procedure described in § 2.1;

–	if the urgency message is to be transmitted by radiotelex, the following procedure shall be used:

–	use the forward error correcting (FEC) mode unless the message is addressed to a single station whose radiotelex identity number is known;

–	commence the telex message by:

–	at least one carriage return, line feed, one letter shift,

–	the urgency signal “PAN PAN”,

–	“this is”,

–	the 9-digit identity of the ship and the call sign or other identification of the ship,

–	the text of the urgency message.

Announcement and transmission of urgency messages addressed to all HF equipped ships within a specified area may be repeated on a number of HF bands as deemed appropriate in the actual situation.

[bookmark: _Toc121819918]A3-6.3	Safety

A3-6.3.1	Transmission of digital selective calling announcement and safety messages on HF

The procedures for transmission of DSC safety announcement and for transmission of the safety message are the same as for urgency messages, described in § A3-6.2, except that:

–	in the DSC announcement, the category SAFETY shall be used,

–	in the safety message, the safety signal “SECURITE” shall be used instead of the urgency signal “PAN PAN”.

[bookmark: _Toc121819919]A3-6.3.2	Reception of safety messages

When the DSC safety announcement for unscheduled HF MSI addressed to a geographical area is received on one of distress and safety calling frequencies, the HF MSI receiver shall be tuned to the frequency specified in the DSC announcement.

The DSC safety announcement is received as follows:

–	the format specifier (geographical area),

–	address (geographical area),

–	the category of the call (safety),

–	the frequency or channel on which the HF MSI will be transmitted,

–	the type of communication in which the HF MSI will be transmitted (FEC).



Annex 4

Operational procedures for coast stations for digital selective calling 
communications on MF, HF and VHF

Introduction

Procedures for DSC communications on MF and VHF are described in §§ A4-1 to A4-5 below.

The procedures for DSC communications on HF are in general the same as for MF and VHF. Special conditions to be taken into account when making DSC communications on HF are described in § A4-6 below.

[bookmark: _Toc121819920]A4-1	Distress (see Note 1)

[bookmark: _Toc121819921]A4-1.1	Reception of a digital selective calling distress alert

The transmission of a distress alert indicates that a mobile unit (a ship, aircraft or other vehicle) or a person is in distress and requires immediate assistance. The distress alert is a digital selective call using a distress call format.

Coast stations in receipt of a distress alert shall ensure that it is routed as soon as possible to an RCC. The receipt of a distress alert is to be acknowledged as soon as possible by the appropriate coast station.

NOTE 1 – These procedures assume that the RCC is sited remotely from the DSC coast station; where this is not the case, appropriate amendments should be made locally.

[bookmark: _Toc121819922]A4-1.2	Acknowledgement of a digital selective calling distress alert

The coast station shall transmit the distress alert acknowledgement on the distress callingsame DSC frequency on which the call distress alert was received.

The acknowledgement of a DSC distress alert is transmitted as follows:

–	key in or select on the DSC equipment (see Note 1):

–	distress alert acknowledgement,

–	MMSI (9-digit identity) of the ship in distress (will be inserted automatically, if available),

–	nature of distress(will be inserted automatically, if available),

–	distress coordinates(will be inserted automatically, if available),

–	the time (in UTC) when the position was valid (will be inserted automatically, if available).

	NOTE 1 – Some or all of this information might be included automatically by the equipment;

–	transmit the acknowledgement;

–	prepare to handle the subsequent distress traffic by setting watch on radiotelephony, and, if the “mode of subsequent communication” signal in the received distress alert indicates teleprinter, also on NBDP, if the coast station is fitted with NBDP. In both cases, the radiotelephone and NBDP frequencies should be those associated with the frequency on which the distress alert was received (on MF 2 182 kHz for radiotelephony and 2 174.5 kHz for NBDP, oron VHF 156.8 MHz/channel 16 for radiotelephony; there is no frequency for NBDP on VHF).

[bookmark: _Toc121819923]A4-1.3	Transmission of a digital selective calling distress alert relay

Coast stations shall initiate and transmit a distress alert relay in any of the following cases:

–	when the distress of the mobile unit has been notified to the coast station by other means and a broadcast alert to shipping is required by the RCC; and

–	when the person responsible for the coast station considers that further help is necessary (close cooperation with the appropriate RCC is recommended under such conditions).

In the cases mentioned above, the coast station shall transmit a shore-to-ship distress alert relay addressed, as appropriate, to all ships (VHF only), to a geographical area (MF/HF only) or to a specific ship.

The distress alert relay shall contain the identification of the mobile unit in distress, its position and other information which might facilitate rescue.

The distress alert relay is transmitted as follows:

–	key in or select on the DSC equipment (see Note 1 of § A4-1.2 of this Annex):

–	distress alert relay,

–	the format specifier (all ships (VHF only), geographical area (MF/HF only), or individual station),

–	if appropriate, the address (MMSI) of the ship, or geographical area,

–	MMSI (9-digit identity) of the ship in distress, if known,

–	nature of distress, if known,

–	distress coordinates, if known,

–	the time (in UTC) when the position was valid, if known;

–	transmit the distress alert relay;

–	prepare for the reception of the acknowledgements by ship stations and for handling the subsequent distress traffic by switching over to the radiotelephony distress traffic channel in the same band, i.e. 2 182 kHz on MF, 156.8 MHz/channel 16 on VHF.

[bookmark: _Toc121819924]A4-1.4	Reception of a distress alert relay

If the distress alert relay is received from a ship station, coast stations on receipt of the distress alert relay shall ensure that the call is routed as soon as possible to an RCC. The receipt of the distress alert relay is to be acknowledged as soon as possible by the appropriate coast station using a DSC distress alert relay acknowledgement addressed to the ship station. If the distress alert relay call is received from a coast station, other coast stations will normally not have to take further action.

[bookmark: _Toc121819925]A4-2	Urgency

[bookmark: _Toc121819926]A4-2.1	Transmission of a digital selective calling announcement

The announcement of the urgency message shall be made on one or more of the distress and safety calling frequencies using DSC and the urgency call format.

The DSC urgency call may be addressed to all ships (VHF only), to a geographical area (MF/HF only), or to a specific ship. The frequency on which the urgency message will be transmitted after the announcement shall be included in the DSC urgency call.

The DSC urgency call is transmitted as follows:

–	key in or select on the DSC equipment (see Note 1 of § 1.2 of this Annex):

–	the format specifier (all ships call (VHF), geographical area (MF/HF only), or individual station),

–	if appropriate, the address (MMSI)of the ship, or geographical area,

–	the category of the call (urgency),

–	the frequency or channel on which the urgency message will be transmitted,

–	the type of communication in which the urgency message will be transmitted (radiotelephony);

–	transmit the DSC urgency call.

After the DSC announcement, the urgency message will be transmitted on the frequency indicated in the DSC call.

[bookmark: _Toc121819927]A4-3	Safety

[bookmark: _Toc121819928]A4-3.1	Transmission of a digital selective calling announcement

The announcement of the safety message shall be made on one or more of the distress and safety calling frequencies using DSC and the safety call format.

The DSC safety call may be addressed to all ships (VHF only), to a geographical area (MF/HF only), or to a specific ship. The frequency on which the safety message will be transmitted after the announcement shall be included in the DSC safety call.

The DSC safety call is transmitted as follows:

–	key in or select on the DSC equipment (see Note 1 of § A4-1.2 of this Annex):

–	the format specifier (all ships call (VHF only), geographical area (MF/HF only), or individual station),

–	if appropriate, the address (MMSI) of the ship, or geographical area,

–	the category of the call (safety),

–	the frequency or channel on which the safety message will be transmitted,

–	the type of communication in which the safety message will be transmitted (radiotelephony);

–	transmit the DSC safety call.

After the DSC announcement, the safety message will be transmitted on the frequency indicated in the DSC call.

[bookmark: _Toc121819929]A4-4	Public correspondence

[bookmark: _Toc121819930]A4-4.1	Digital selective calling frequencies/channels for public correspondence

[bookmark: _Toc121819931]A4-4.1.1	VHF

The frequency 156.525 MHz/channel 70 is used for DSC for distress and safety purposes. It may also be used for calling purposes other than distress and safety, e.g. public correspondence.

[bookmark: _Toc121819932]A4-4.1.2	MF

For public correspondence national and international DSC frequencies are used which are different from the frequencies used for distress and safety purposes.

When calling ship stations by DSC, coast stations should use for the call, in the order of preference:

–	a national DSC channel on which the coast station is maintaining watch;

–	the international DSC calling channel, with the coast station transmitting on 2 177 kHz and receiving on 2 189.5 kHz. In order to reduce interference on this channel, it may be used as a general rule by coast stations to call ships of another nationality, or in cases where it is not known on which DSC frequencies the ship station is maintaining watch.

[bookmark: _Toc121819933]A4-4.2	Transmission of a digital selective calling from a coast station call to a ship

The DSC call is transmitted as follows:

–	key in or select on the DSC equipment (see Note 1 of § A4-1.2 of this Annex):

–	the MMSI (9-digit identity) of the ship to be called,

–	the category of the call (routine),

–	the type of subsequent communication (radiotelephony),

–	working frequency information;

–	transmit the DSC call.

[bookmark: _Toc121819934]A4-4.3	Repeating a call

Coast stations may transmit the call twice on the same calling frequency with an interval of at least 45 s between the two calls, provided that they receive no acknowledgement within that interval.

If the station called does not acknowledge the call after the second transmission, the call may be transmitted again on the same frequency or another calling frequency after a period of at least 310 min or on another calling frequency after a period of at least 5 min.

[bookmark: _Toc121819935]A4-4.4	Preparation for exchange of traffic

On receipt of a DSC acknowledgement with the indication that the called ship station can use the proposed working frequency, the coast station transfers to the working frequency or channel and prepares to receive the traffic.

[bookmark: _Toc121819936]A4-4.5	Acknowledgement of a received digital selective calling call

Acknowledgements shall normally be transmitted on the frequency paired with the frequency of the received call. If the same call is received on several calling channels, the most appropriate channel shall be chosen for transmission of the acknowledgement.

The acknowledgement of a DSC call is transmitted as follows:

–	key in or select on the DSC equipment (see Note 1 of § A4-1.2 of this Annex):

–	the format specifier (individual station),

–	MMSI (9-digit identity) of the calling ship,

–	the category of the call (routine),

–	if able to comply immediately on the working frequency suggested by the ship station, the same frequency information as in the received call,

–	if no working frequency was suggested by the calling ship station, then the acknowledgement should include a working channel/frequency proposal,

–	if not able to comply on the working frequency suggested, but able to comply immediately on an alternative frequency, the alternative working frequency,

–	if unable to comply immediately the appropriate information in that regard;

–	transmit the acknowledgement after a delay of at least 5 s, but not later than 4 ½ min.

After having transmitted the acknowledgement, the coast station transfers to the working frequency or channel and prepares to receive the traffic.

[bookmark: _Toc121819937]A4-5	Test calls using digital selective callingTesting the equipment used for distress and safety calls

Perform VHF, MF and HF DSC test calls in accordance with Recommendation ITU-R M.493. DSC test calls by coast stations should normally be transmitted to a ship station using the DSC format specifier as “individual” and the category as “safety”. The test calls by coast station should be acknowledged by a ship station called. Normally there would be no further communication between the two stations involved.

Acknowledgement of a DSC digital selective calling test call from a ship station

The coast station should acknowledge test calls from a ship station.

[bookmark: _Toc121819938]A4-6	Special conditions and procedures for digital selective calling communication on HF

General

The procedures for DSC communication on HF are – with some additions described in § A4-6.1 to A4-6.3 below – equal to the corresponding procedures for DSC communications on MF/VHF.

Due regard to the special conditions described in § A4-6.1 to A4-6.3 should be given when making DSC communications on HF.

[bookmark: _Toc121819939]A4-6.1	Distress

[bookmark: _Toc121819940]A4-6.1.1	Reception and acknowledgement of a digital selective calling distress alert on HF

Ships in distress may in some cases transmit the DSC distress alert on a number of HF bands with only short intervals between the individual calls.

The coast station shall transmit DSC acknowledgement on all HF DSC distress channels on which the DSC distress alert was received in order to ensure as far as possible that the acknowledgement is received by the ship in distress and by all ships which received the DSC distress alert.

[bookmark: _Toc121819941]A4-6.1.2	Distress traffic

The distress traffic should, as a general rule, be initiated on the appropriate distress traffic channel (radiotelephony or NBDP) in the same band in which the DSC distress alert was received.

For distress traffic by NBDP the following rules apply:

–	all messages shall be preceded by at least one carriage return, line feed, one letter shift and the distress signal MAYDAY;

–	FEC broadcast mode should be used.

[bookmark: _Toc121819942]A4-6.1.3	Transmission of digital selective calling distress alert relay on HF

HF propagation characteristics should be taken into account when choosing HF band(s) for transmission of DSC distress alert relay.

IMO Convention ships equipped with HF DSC for distress and safety purposes are required to keep continuous automatic DSC watch on the DSC distress channel in the 8 MHz band and on at least one of the other HF DSC distress channels.

In order to avoid creating on board ships uncertainty regarding on which band the subsequent establishment of contact and distress traffic should be initiated, the HF DSC distress alert relay should be transmitted on one HF band at a time and the subsequent communication with responding ships be established before eventually repeating the DSC distress alert relay on another HF band.

[bookmark: _Toc121819943]A4-6.2	Safety

[bookmark: _Toc121819944]A4-6.2.1	Transmission of safety announcements and messages on HF

The announcement for unscheduled HF MMSI shall be made on all MF/HF distress and safety calling frequencies (§A7-1) using DSC and the safety call format. The DSC safety call shall be addressed to a geographical area. The frequency on which the HF MSI will be transmitted after the announcement shall be included in the DSC safety call.

After the DSC announcement, the HF MMSI message shall be transmitted on the frequency indicated in the DSC call.

The DSC announcement for unscheduled HF MMSI is transmitted as follows:

–	the format specifier (geographical area),

–	address (geographical area),

–	the category of the call (safety),

–	the frequency or channel on which the HF MMSI will be transmitted,

–	the type of communication in which the HF maritime mobile service identity will be transmitted.

Note: For the announcements on all MF/HF DSC distress and safety calling frequencies, the frequency in message 2 should be the same MSI-HF frequency for NBDP in appendix 15 of Radio Regulations which is thought to be appropriate for the promulgation of the unscheduled HF NBDP MSI.

6.2	Urgency

6.2.1	Transmission of urgency announcement and message on HF

For urgency messages by NBDP the following apply:

–	the urgency message shall be preceded by at least one carriage return, line feed, one letter shift, the urgency signal PAN PAN and the identification of the coast station;

–	FEC broadcast mode should normally be used.

	ARQ mode should be used only when considered advantageous to do so in the actual situation and provided that the radiotelex number of the ship is known.

6.3	Safety

6.3.1	Transmission of safety announcements and messages on HF

For safety messages by NBDP the following apply:

–	the safety message shall be preceded by at least one carriage return, line feed, one letter shift, the safety signal SECURITE and the identification of the coast station;

–	FEC broadcast mode should normally be used.

	ARQ mode should be used only when considered advantageous to do so in the actual situation and provided that the radiotelex number of the ship is known.



Annex 5

Operational procedures for both ship and coast stations for automatic connection system using digital selective calling communications on MF and HF

Introduction

The automatic connection system (ACS) means automatic connection function using DSC for shore-to-ship, ship-to-shore or ship-to-ship communication with the most appropriate working frequency (or channel) in the MF and HF bands of the maritime mobile service.

The procedures for ACS using DSC communications on MF and HF are described in this annex.

The procedure for ACS shall not interrupt a reliable watch on a 24-hour basis on appropriate DSC distress alerting frequencies unless while the equipment is transmitting.

An example of flowchart of ACS operational procedures is shown in figure A5-1.




Figure A5-1

Example of automatic connection system operational procedures 





[bookmark: _Toc121819945]A5-1	Frequencies and method of calling for automatic connection system frequencies

[bookmark: _Toc121819946]A5-1.1	Frequencies for automatic connection system

The frequencies described in § A7-2.3 of this Recommendation should be used for ACS.

[bookmark: _Toc121819947]A5-1.2	Method of calling

A5-1.2.1	The procedures set out in this section are applicable to the use of DSC techniques, except in cases of distress, urgency or safety, to which the provisions of RR Chapter VII are applicable.

A5-1.2.2	The ACS call should contain information indicating the station or stations to which the call is directed, and the identification of the calling station.

A5-1.2.3	The ACS call should also contain information indicating the type of subsequent communication to be set up and should include supplementary information such as a proposed working frequency or channel which is identified as the most appropriate with low noise level. This process should be repeated for each ACS frequency bands. 

[bookmark: _Toc121819948]A5-2	Operating procedures

[bookmark: _Toc121819949]A5-2.1	Scanning

The receiver designated for ACS (ACS receiver) while the equipment is in standby should:

–	for MF only equipment, monitors only the ACS frequency in the MF Band (2 MHz band) without scanning.

–	for MF/HF equipment, scan up to six ACS frequencies in MF and HF band specified in § A5-1.1,

–	scan all of six ACS frequencies within two seconds per one cycle,

–	when the DSC dot pattern is detected, pause scanning on that frequency and decode receiving signal, 

–	resume standard scanning when the identification of the received signal is not addressed to the own station or remaining ACS sequential transmission is not completed, 

–	stop scanning when an acknowledgement is received, 

–	restart scanning ACS frequencies after completing call set up. 

[bookmark: _Toc121819950]A5-2.2	Calling station

The following procedures should apply at calling station of ACS.

A5-2.2.1	The operator enters the identification (MMSI) of the called station and selects the type of subsequent communication and then initiates ACS call. 

A5-2.2.2	The ACS receiver stops scanning during the transmission of the ACS message.

A5-2.2.3	When the called station is a ship station, the receiver searches the appropriate working frequency which is unoccupied and with low noise in each frequency band. The ACS complements the identified channels or frequencies into Message 2 for the ACS sequential transmission in each frequency band.

ACS sequential transmission to a ship station is composed as follows:

–	Category of call: ACS;

–	Message 1 first telecommand: type of communication (e.g. J3E, F1B or Data);

–	Message 1 second telecommand: number of remaining ACS sequential transmission;

–	Message 2: proposed working frequency which is in the same frequency band of the ACS transmission.

ACS sequential transmission to a coast station is composed as follows:

–	Category of call: ACS;

–	Message 1 first telecommand: type of communication (e.g. J3E, F1B or Data);

–	Message 1 second telecommand: number of remaining ACS sequential transmission;

–	Message 2: own ship’s position information.

A5-2.2.4	ACS transmits up to six ACS sequential transmission using frequencies as specified in §A5-1.1 

A5-2.2.5	The ACS receiver restarts scanning after up to six ACS sequential transmissions and then waits for a response from the called station.

A5-2.2.6	When ACS receives a positive response from the called station, ACS tune the transmitter using the working channel or frequency and type of communication in accordance with the received positive response.

A5-2.2.7	The ACS receiver restarts scanning after setting up communication.

A5-2.2.8	The operator starts communication.

[bookmark: _Toc121819951]A5-2.3	Called station

The following procedures should apply at the called station when ACS receive call with its own identification.

A5-2.3.1	ACS checks the number of remaining ACS sequential transmissions calculating and updating the remaining time (Countdown Timer) according to the number of remaining ACS sequential transmissions, and records received signal conditions (e.g.  received signal level, symbol error rate, noise level) for the received ACS frequency. If Countdown Timer or remaining number is zero, the procedure then goes to A5-2.3.3. Otherwise, the procedure goes to A5-2.3.2.

A5-2.3.2	The ACS receiver continues scanning ACS frequencies. During the scanning, if a call to own station on a different ACS frequency from the same calling station is received before Countdown Timer becomes zero, the procedure goes to A5-2.3.1. If no call to own station on a different ACS frequency from the same calling station is received before Countdown Timer becomes zero, the scanning ends and the procedure goes to A5-2.3.3.

A5-2.3.3	Repeat A5-2.3.1 and A5-2.3.2 until the scanning time period is expired. ACS then makes aural alarm and display that an ACS call request has been received. The system checks if there is on-going communication for own station. If all kinds of MF/HF radiocommunication (radiotelephone, data and so on) automated procedure are provided in the DSC equipment, the check can be made automatically according to the status (active or on hold) of every automated procedure. Otherwise, the check can be made by the operator manually. When there is on-going communication for own station, the received ACS call should be set as on hold and then the procedure goes to restart scanning. When there is no on-going communication for own station, the procedure goes to A5-2.3.4.

A5-2.3.4	The proposed mode should be checked. If the proposed mode is unavailable for own station, a negative response should be transmitted on the most appropriate frequency as recorded in A5-2.3.1 and then the procedure goes to restart scanning. 

The negative response is composed as follows:

–	Category: 						ACS

–	Message 1 first telecommand: 			Unable to comply

–	Message 1 second telecommand: 		Unable to use proposed mode

–	Message 2: 					no information

If the proposed mode is available for own station, the frequency identification and following response should be made in accordance with A5-2.4.

A5-2.3.5	When a suitable frequency has been identified and operator accept the ACS call, ACS initialises communication using designated working frequency and type of communication in accordance with the transmitted positive response.

A5-2.3.6	The receiver designated for ACS restart scanning after setting up communication.

A5-2.3.7	The operator starts communication using the working frequency and type of communication in accordance with setting up communication.

[bookmark: _Toc121819952]A5-2.4	Frequency identification and following response to a calling station

[bookmark: _Toc119879339][bookmark: _Toc121819953]A5-2.4.1	Response to a coast station 

When the calling station is a coast station, the ACS of the called station (ship station) checks whether the working frequency (RX frequency for ship station) proposed by coast station is appropriate for the type of subsequent communication by using the receiver which is handling communication (e.g. the frequency is not busy, sufficient S/N etc.). When it is not suitable in the most appropriate frequency band as recorded in A5-2.3.1, ACS of the called station (ship station) checks again the proposed working frequency for the selected type of communication in the second most appropriate frequency band as recorded in A5-2.3.1.

When the proposed working frequency in most or second most appropriate working frequency band is suitable to use for subsequent communication, ACS notifies operator of the identified working frequency with proposed mode and the operator can decide whether to accept the ACS call. 

If the operator decides to accept the ACS call, ACS responds to the calling station on the most appropriate ACS frequency as recorded in A5-2.3.1 including the working frequency or channel positively. Then the procedure goes to A5-2.3.5. 

Positive response to a coast station with acceptance of the connection is composed as follows:

–	Category of call: 				ACS

–	Message 1 first telecommand: 		type of communication (e.g. J3E, F1B or Data)

–	Message 1 second telecommand: 	no information

–	Message 2: 					working frequency

If the operator decides to reject the ACS call, ACS responds to the calling station on the most appropriate ACS frequency as recorded in A5-2.3.1 negatively and the procedure goes to restart scanning. 

Negative response to a coast station when the operator decides to reject the call is composed is follows:

–	Category: 					ACS

–	Message 1 first telecommand: 		Unable to comply

–	Message 1 second telecommand: 	No operator available or Operator temporarily unavailable

–	Message 2: 					position if available, or no information



When it is not suitable on most and second most appropriate frequency band, ACS responds to reject the connection to the calling station on the most appropriate ACS frequency as recorded in accordance with A5-2.3.1, and then the ACS receiver restarts scanning.

Negative response to a coast station with when there is no identified working frequency is composed as follows:

–	Category of call: 				ACS

–	Message 1 first telecommand: 		Unable to comply

–	Message 1 second telecommand: 	Unable to use proposed channel

–	Message 2: 					position if available, or no information

FIGURE A5-2

Flow Chart for the Working Frequency Identification and following ACS response for the Called Station when calling station is a coast station





[bookmark: _Toc119879340][bookmark: _Toc121819954]A5-2.4.2	Response to a ship station 

A5-2.4.2.1	 Response of a ship to a ship station

When the calling station is a ship station and the called station is a ship station, the ACS of the called station checks whether the proposed working frequency is suitable for the subsequent communication (e.g. the frequency is not busy) in the most appropriate frequency band recorded in A5-2.3.1. 

When the most appropriate band is a MF band and the proposed working frequency in the MF band is not suitable, ACS checks whether the proposed working frequency is appropriate for the type of communication in the second most appropriate frequency band (i.e. a HF band) as recorded in A5- 2.3.1. If the proposed working frequency in the HF band is not suitable, then ACS searches the HF band for another working frequency suitable for the type of communication.

Note: In MF band, ACS checks only proposed working frequency because frequencies are limited in MF band, therefore ACS does not search alternative working frequency in MF band.

When the most appropriate band is a HF band and the proposed working frequency in the HF band not suitable, ACS searches another working frequency suitable for the type of communication in the same frequency band. It should use the receiver which is handling communication. 

When there is suitable working frequency in most or second most appropriate band for subsequent communication, ACS notifies operator of the identified working frequency with proposed mode and the operator can decide whether to accept the ACS call. 

If the operator decides to accept the ACS call, ACS responds to the calling station on the most appropriate ACS frequency as recorded in A5-2.3.1 including the working frequency or channel positively. Then the procedure goes to A5-2.3.5.

The positive response from a ship station to a ship station with acceptance of the connection is composed as follows:

–	Category of call: 				ACS

–	Message 1 first telecommand: 		type of communication (e.g. J3E, F1B or Data)

–	Message 1 second telecommand: 	no information

–	Message 2: 					working frequency

If the operator decides to reject the ACS call, ACS responds to the calling station on the most appropriate ACS frequency as recorded in A5-2.3.1 negatively and the procedure goes to restart scanning. 

The negative response from a ship station to a ship station when the operator decides to reject the call is composed as follows:

–	Category: 					ACS

–	Message 1 first telecommand: 		Unable to comply

–	Message 1 second telecommand: 	No operator available or Operator temporarily unavailable

–	Message 2: 					position if available, or no information

When there is no suitable working frequency in most and second most appropriate frequency bands ACS responds to reject the connection to the calling station on most appropriate ACS frequency as recorded in A5-2.3.1.

The negative response from a ship station to a ship station when there is no identified working frequency is composed as follows:

–	Category of call: 				ACS

–	Message 1 first telecommand: 		Unable to comply

–	Message 1 second telecommand: 	Unable to use proposed channel

–	Message 2: 					position if available, or no information



When there is no identified working frequency, ACS responds for reject connection to the calling station on most appropriate ACS frequency as recorded in A5-2.3.1 with the following conditions:

–	When the most appropriate frequency band is MF band and the proposed working frequency is not suitable, and also there is no alternative suitable working frequency in the second most appropriate frequency band of HF; or

–	When the most appropriate frequency band is HF band and the proposed working frequency is not suitable, and also there is no alternative suitable working frequency; or

–	In the case of ACS for MF band only, the proposed working frequency is not suitable.

Then the receiver designated for ACS restarts scanning.



FIGURE A5-3

Flow Chart for Working Frequency Identification and following ACS response for the Called Station when calling station and called station are both ship stations





c)	When the calling station is a ship station and the called station is a coast station, the following procedure in Figure A5-4 applies to the frequency identification.

When a suitable frequency is not identified according to Figure A5-4, ACS responds to reject the connection to a calling station on most appropriate ACS frequency as recorded in A5-2.3.1 and the receiver designated for ACS restarts scanning.

When a suitable frequency is identified according to Figure A5-4, ACS responds to accept the connection to a calling station on most appropriate ACS frequency as recorded in A5-2.3.1.

Response from a coast station to a ship station with acceptance of the connection is composed as follows:

–	Category: 					ACS

–	Message 1 first telecommand		type of communication (e.g. J3E, F1B or Data)

–	Message 1 second telecommand: 	no information

–	Message 2: 				working frequency

Response from a coast station to a ship station with rejection of the connection is composed as follows:

–	Category: 					ACS

–	Message 1 first telecommand: 		unable to comply

–	Message 1 second telecommand: 	busy

–	Message 2: 				no information

FIGURE A5-4

Flow Chart for the Selection of the Working Frequency for the Called Station when calling station is a ship station and called station is a coast station





A5-2.3.5	When a suitable frequency has been identified, ACS initialises communication using designated working frequency and type of communication in accordance with the transmitted positive response.

A5-2.3.6	The receiver designated for ACS restart scanning after setting up communication.

A5-2.3.7	The operator starts communication using the working frequency and type of communication in accordance with setting up communication.

A5-2.4.2.2	Response of a shore station to a ship station

When the calling station is a ship station and the called station is a coast station, the following procedure in Figure 9 applies to the frequency identification and following ACS response.

When the most appropriate band is MF band, ACS searches the MF band for available working frequency (e.g. the frequency is not busy) for the proposed communication type. If no suitable frequency in the MF band is identified, ACS searches the second most appropriate band for available working frequency.

When the most appropriate band is a HF band, ACS searches the HF band for available working frequency (e.g. the frequency is not busy) for the proposed communication type.

When a suitable frequency is not identified according to Figure A5-5, ACS responds to reject the connection to a calling station on most appropriate ACS frequency as recorded in A5-2.3.1 and the receiver designated for ACS restarts scanning.

The negative response from a coast station to a ship station when there is no identified working frequency is composed as follows:

–	Category of call: 				ACS

–	Message 1 first telecommand: 		Unable to comply

–	Message 1 second telecommand: 	busy

–	Message 2: 					position if available, or no information

When a suitable frequency is identified according to Figure A5-5, ACS notifies operator of the identified working frequency with proposed mode and the operator can decide whether to accept the ACS call. 

If the operator decides to accept the ACS call, ACS responds to the calling station on the most appropriate ACS frequency as recorded in A5-2.3.1 including the working frequency or channel positively. Then the procedure goes to A5-2.3.5.

The positive response from a coast station to a ship station with acceptance of the connection is composed as follows:

–	Category of call: 				ACS

–	Message 1 first telecommand: 		type of communication (e.g. J3E, F1B or Data)

–	Message 1 second telecommand: 	no information

–	Message 2: 					working frequency

If the operator decides to reject the ACS call, ACS responds to the calling station on the most appropriate ACS frequency as recorded in A5-2.3.1 negatively and the procedure goes to restart scanning. 

The negative response from a coast station to a ship station when the operator decides to reject the call is composed as follows:

–	Category: 					ACS

–	Message 1 first telecommand: 		Unable to comply

–	Message 1 second telecommand: 	No operator available or Operator temporarily unavailable

–	Message 2: 					position if available, or no information

FIGURE A5-5

Flow Chart for the Working Frequency Identification and following ACS response for the Called Station when calling station is a ship station and called station is a coast station





[bookmark: _Toc121819955]A5-2.5	Selection of working frequency

A5-2.5.1	The pre-setting of working frequencies in each MF/HF band is the basis for the search for the available working frequency in A5-2.2.3 and A5-2.4. The working frequency for subsequent communication should be selected from Appendix 17 of the RR according to the type of subsequent communication. In radiotelephony, simplex operation using single frequency is recommended for ship-to-ship radiocommunication, however, duplex or semi-duplex operation using paired frequencies is recommended for public correspondence between coast station and ship station. 

A5-2.5.2	If the subsequent type of communication is HF radiotelephony, the working frequency should be selected in the frequencies of section 1 of the RR Appendix 17 Part B. However, the frequencies for the distress and safety traffic or frequencies for calling should be avoided. 

A5-2.5.3	In radiotelephony between coast station and ship station, working frequency should be proposed always by the coast station. If the proposed working frequency is not available for ship station called, then the ship station responds with its position information and wait for another proposal of working frequency by the coast station. 

A5-2.5.4	To minimize interference of working frequencies, if the last digit of MMSI of ship station called is an even number, then it is recommended to use working frequency of even channel number in each frequency band of the RR Appendix 17. If the last digit of MMSI of ship station called is an odd number, then it is recommended to use working frequency of odd channel number in each frequency band. 



[Editor’s note: The number of working frequencies for duplex operation is expected to be sufficient. However, there are only 2 to 7 frequencies in each frequency band assignable to ship stations for simplex operation in the RR Appendix 17. There are only 2 available working frequencies in 8 MHz band. These 2 working frequencies are expected to be insufficient for radiocommunication between ship stations. Further consideration is required for the introduction of ACS.]



Annex 56

Autonomous maritime radio device group A Mman overboard devices using VHF DSC digital selective calling for alerting and automatic identification system technology for tracking

Introduction

AMRD Group A MOB devices using DSC operate on VHF channel 70 for alerting using VHF DSC and on automatic identification system (AIS) frequencies for tracking. The devices are also fitted with a VHF DSC and an Automatic Identification System (AIS) transmitter. Technical and operational characteristics are described in Recommendations ITU-R M.493 and ITU-R M.13712135.

[bookmark: _Toc121819956]A6-1	DSC Digital selective calling alert

MOB devices may be activated manually or automatically if a person falls overboard. The device will transmit a DSC distress alert upon activation. The alert message is a distress alert with the nature of distress field set to man overboard and the subsequent communications field set to no information.

There are no voice communications from MOB devices.

MOB devices may operate in either:

–	open loop mode, with the DSC distress alert addressed to all stations – i.e. a standard distress alert; or

–	closed loop mode, with the DSC distress alert relay message addressed to a specific station or group of stations – normally the parent vessel.

In both cases, the AIS transmitter is activated and transmits AIS Man Overboard messages.

[bookmark: _Toc121819957]A6-2	Identification

MOB devices are programmed with a distinctive maritime identifier, coded in accordance with Recommendation ITU-R M.585.

[bookmark: _Toc121819958]A6-3	Position updating

MOB devices are fitted with an integrated electronic position fixing device. However, it should be noted that the initial distress alert from a MOB device will not contain a position and time information, as the integrated electronic position fixing device will not have locked onto the satellite constellation.

As soon as the internal electronic position fixing device is able to provide an accurate position and time, the MOB device will transmit a further DSC distress alert and an AIS message with the position and time from the position fixing device automatically inserted. 

[bookmark: _Toc121819959]A6-4	Acknowledgment

AMRD Group A MOB devices are fitted with a DSC receiver for reception of acknowledgment messages. 

An acknowledgment message causes the MOB device to stop transmitting DSC alerts. Accordingly, DSC acknowledgment messages should only be sent when the Master or person in charge of the recovery vessel considers it prudent to do so. 

The AMRD Group A MOB device will continue transmitting its position via using AIS functionality until manually turned off or the battery is exhausted.

As with other VHF DSC distress alerts, DSC acknowledgments to open loop MOB device alerts are normally only sent by coast stations, or under direction of a coast station. However, the recovery vessel may send a DSC acknowledgment message if the person in the water has been recovered.

Once the person in the water is recovered, the AMRD Group A MOB device shall should be switched off as soon as possible and an announcement cancelling the distress alert made on VHF channel 16 should be provided.

[bookmark: _Toc121819960]A6-5	Cancellation of an inadvertent distress alert

A station transmitting an inadvertent distress alert from a AMRD Group A MOB device shall should cancel the distress alert using the following procedure:

–	immediately turn off the MOB device, which causes a DSC self-cancel message to be sent automatically;

–	cancel the distress alert aurally on VHF channel 16(see RR No. 32.53E);	Comment by Chairman: I believe aurally is correct. Orally is of the mouth which to me seems wrong

–	monitor VHF channel 16, and respond to any communications concerning that distress alert as appropriate.





Annex 67

Frequencies used for digital selective calling

A7-1	The frequencies used for distress, urgency, and safety purposes using DSC are as follows (RR Appendix 15):



		2 187.5

		kHz



		4 207.5

		kHz



		6 312

		kHz



		8 414.5

		kHz



		12 577

		kHz



		16 804.5

		kHz



		156.525

		MHz (Note 1)





NOTE 1 – The frequency 156.525 MHz may also be used for DSC purposes other than distress, urgency, and safety.

A7-2	The frequencies assignable on an international basis to ship and coast stations for DSC, for purposes other than distress, urgency, and safety, are as follows (see Note 2):

[bookmark: _Toc121819961]A7-2.1	Ship stations (see Note 2)

			2 177 (Note 3)

			2 189.5

		

		kHz



			4 208

			4 208.5

			4 209

		kHz



			6 312.5

			6 313

			6 313.5

		kHz



			8 415

			8 415.5

			8 416

		kHz



			12 577.5

			12 578

			12 578.5

		kHz



			16 805

			16 805.5

			16 806

		kHz



			18 898.5

			18 899

			18 899.5

		kHz



			22 374.5

			22 375

			22 375.5

		kHz



			25 208.5

			25 209

			25 209.5

		kHz



		

		

		156.525

		MHz 







[bookmark: _Toc121819962]A7-2.2	Coast stations (see Note 2)

		2 177

		

		

		kHz



		4 219.5

		4 220

		4 220.5

		kHz



		6 331

		6 331.5

		6 332

		kHz



		8 436.5

		8 437

		8 437.5

		kHz



		12 657

		12 657.5

		12 658

		kHz



		16 903

		16 903.5

		16 904

		kHz



		19 703.5

		19 704

		19 704.5

		kHz



		22 444

		22 444.5

		22 445

		kHz



		26 121

		26 121.5

		26 122

		kHz



		

		

		156.525

		MHz







NOTE 2 – The following (kHz) paired assigned frequencies (for ship/coast stations) 4 208/4 219.5 kHz, 6 312.5/6 331 kHz, 8 45/8 436.5 kHz, 12 577.5/12 657 kHz, 16 805/16 903 kHz, 18 898.5/19 703.5 kHz, 22 374.5/22 444 and 25 208.5/26 121 are the first choice international frequencies for DSC (see RR Appendix 17).

NOTE 3 – The frequency 2 177 kHz is available to ship stations for intership calling only.

[bookmark: _Toc121819963]A7-2.3	Frequencies for automatic connection system using digital selective calling for ship and coast stations 

[2 174.5 kHz]  ACS Calling 2MHz 

[4 177.5 kHz]  ACS Calling 4MHz

[6 268 kHz]   ACS Calling 6MHz

[8 376.5 kHz]  ACS Calling 8MHz

[12 520 kHz]   ACS Calling 12MHz

[16 695 kHz]   ACS Calling 16MHz.]

.

[Editor’s note] These frequencies for ACS should be updated according to the decision made by WRC-23. Therefore, if this revision to the ITU-R M.541-10 need to be decided before WRC-23, then the proposed frequencies for ACS should be deleted.   

3	In addition to the frequencies listed in § 2 above, appropriate working frequencies in the following bands may be used for DSC (see RR Chapter II, Article 5):

	1 606.5-3 400	kHz	(Regions 1 and 3)

	1 605.5-3 400	kHz	(Region 2) (For the band 1 605-1 625 kHz, see RR No. 5.89)

	4 000-27 500	kHz

	156-162.025	MHz
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ANNEX 1

List of Terminology used in the M-Series of ITU-R Recommendations related to aeronautical, maritime and radiolocation services.

Introduction

The M-Series of ITU-R Recommendations published during the 2020-2023 study cycle were reviewed with the intent of finding terminology unique to aeronautical, maritime, and radiolocation services for consideration by the CCV. The provided terminology is not present in the ITU Terms and Definitions Database.

Terminology and definitions 



Recommendation ITU-R M.1798-2 : Characteristics of HF radio equipment for the exchange of digital data and electronic mail in the maritime mobile service



		Constant length (CL)

		(No definition provided - abbreviation only)



		Communication manager (CM)

		(No definition provided - abbreviation only)



		Code rate (CR)

		(No definition provided - abbreviation only)



		Coastal radio stations (CRSs)

		(No definition provided - abbreviation only)



		Control signals (CS)

		(No definition provided - abbreviation only)



		Global link network (GLN)

		(No definition provided - abbreviation only)



		Internet protocol for boat communication (IPBC)

		(No definition provided - abbreviation only)



		IPBC radio network

		Radio network achieved by whole of the radio cells dedicated for IPBC traffic



		Information-receiving station (IRS)

		(No definition provided - abbreviation only)



		Navigational area (NAVAREA)

		(No definition provided - abbreviation only)



		Network control centre (NCC)

		(No definition provided - abbreviation only)



		Pactor IP-Bridge (PIB)

		(No definition provided - abbreviation only)



		Pseudo-Markov compression (PMC)

		(No definition provided - abbreviation only)



		Radio cell

		Radio electric coverage area for a transmitter of a coast station, and for a radio transmission channel in an HF maritime sub-band



		Radio transmission channel

		Physical support which allows data transport; this support is characterized by a central frequency in a maritime HF sub-band and a bandwidth of 10‑20 kHz.



		Speed levels (SLs)

		(No definition provided - abbreviation only)







Recommendation ITU-R M.1465-4 : Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency range 3 100-3 700 MHz



		Continuous-phase frequency shift keying (CPFSK)

		(No definition provided - abbreviation only)







Recommendation ITU-R M.1796-3 : Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 8 500-10 680 MHz



		Weather avoidance (WA)

		(No definition provided - abbreviation only)



		Wind-shear detection (WS)

		(No definition provided - abbreviation only)







Recommendation ITU-R M.2092-1 : Technical characteristics for a VHF data exchange system in the VHF maritime mobile band



		Announcement signalling channel (ASC)

		(No definition provided - abbreviation only)



		Application-specific messages (ASM)

		(No definition provided - abbreviation only)



		Bulletin board (BB)

		(No definition provided - abbreviation only)



		Bulletin board signalling channel (BBSC)

		(No definition provided - abbreviation only)



		Bandwidth-time (BT)

		(No definition provided - abbreviation only)



		Certificate authority (CA)

		(No definition provided - abbreviation only)



		Carrier to multipath (C/M)

		(No definition provided - abbreviation only)



		Designated area code (DAC)

		(No definition provided - abbreviation only)



		Data link service (DLS)

		(No definition provided - abbreviation only)



		Data signalling channel (DSCH)

		(No definition provided - abbreviation only)



		End delivery notification (EDN)

		(No definition provided - abbreviation only)



		Fixed access time-division multiple access (FATDMA)

		(No definition provided - abbreviation only)



		Link config ID (LCID)

		(No definition provided - abbreviation only)



		Link management entity (LME)

		(No definition provided - abbreviation only)



		Multiple incremental time division multiple access (MITDMA)

		(No definition provided - abbreviation only)



		Physical channel number (PCN)

		(No definition provided - abbreviation only)



		Presentation interface (PI)

		(No definition provided - abbreviation only)



		Random access channel (RAC)

		(No definition provided - abbreviation only)



		Random access time-division multiple access (RATDMA)

		(No definition provided - abbreviation only)



		Ranging channel (RC)

		(No definition provided - abbreviation only)



		Recursive systematic convolutional (RSC)

		(No definition provided - abbreviation only)



		Selection interval (SI)

		(No definition provided - abbreviation only)



		Terrestrial bulletin board (TBB)

		(No definition provided - abbreviation only)



		VHF data exchange system (VDES)

		(No definition provided - abbreviation only)



		VHF data exchange-satellite (VDE-SAT)

		(No definition provided - abbreviation only)



		VHF data exchange-terrestrial (VDE-ER)

		(No definition provided - abbreviation only)



		VHF data link (VDL)

		(No definition provided - abbreviation only)







Recommendation ITU-R M.2135-1 : Technical characteristics of autonomous maritime radio devices operating in the frequency band 156-162.05 MHz



		Mobile Aid to Navigation (MAtoN)

		(No definition provided - abbreviation only)







Recommendation ITU-R M.2058-1 : Characteristics of a digital system, referred to as navigational data for broadcasting maritime safety and security related information from shore-to-ship in the maritime HF frequency band



		Control and display unit (CDU)

		(No definition provided - abbreviation only)



		Data stream (DS)

		(No definition provided - abbreviation only)



		Galois field or finite field (GF)

		(No definition provided - abbreviation only)



		Modulation information stream (MIS)

		(No definition provided - abbreviation only)



		Navigational Data (NAVDAT)

		System name



		Navigational Telex (NAVTEX)

		System name



		System of information and Management (SIM)

		(No definition provided - abbreviation only)



		Transmitter information stream (TIS)

		(No definition provided - abbreviation only)







Recommendation ITU-R M.2010-2 : Characteristics of a digital system, referred to as navigational data for broadcasting maritime safety and security related information from shore-to-ship in the 500 kHz band



		Electronic chart and display information system (ECIDS)

		(No definition provided - abbreviation only)







Recommendation ITU-R M.1849-3 : Technical and operational aspects of ground-based meteorological radars



		Centre for collaborative adaptive sensing of the atmosphere (CASA)

		(No definition provided - abbreviation only)







______________
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1.  Introduction

This contribution seeks to further this work by addressing any remaining questions/comments posed in the Chairman’s Report Annex 15 regarding the studies of adjacent band compatibility between the potential new AMS allocation in 22-22.21 GHz and EESS (passive) in 22.21-22.5 GHz in A14.1 (Study BA) of the working document.

2.  Proposal

Consider revisions to the Chairman’s Report for inclusion in the Working Document as appropriate.
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Compatibility studies between future non-safety AM(OR)S systems planned to operate in 22-22.21 GHz and EESS (passive) in 22-22.21-22.5 GHz
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The frequency band 22.21-22.5 GHz is globally allocated to the EESS (passive) on a primary basis. This annex contains two studies that evaluate the maximum unwanted emission limits in this band of AM(OR)S stations planned to operate in the adjacent band 22-22.21 GHz. 

[bookmark: _Toc120135440][bookmark: _Toc124421873]A9.1	Study A

This study determines the OOB emissions limits of future AM(OR)S transmitters planned to operate in the frequency band 22-22.21 GHz to protect EESS (passive) space borne sensors operating in the adjacent band 22.21-22.5 GHz. 

[bookmark: _Toc120135441][bookmark: _Toc124421874]A9.1.1	Methodology

[bookmark: _Toc120135442]A9.1.1.1	Introduction

The unwanted emissions characteristics of future AM(OR)S systems are provided in Table A1-1 and graphically represented in Fig. A1-1 in Annex 1. The study takes a Monte Carlo approach well explained in Annex 13 with some specificities highlighted in the following sections. 

[bookmark: _Toc120135443]A9.1.1.2	EESS (passive) characteristics

A typical EESS (passive) space borne sensor operating in the frequency band 22.21-22.31 GHz i.e., at the lower edge of the EESS (passive) band is described in Table A2-10 of this Report. It is considered representative of other sensors operating under the same allocations and taken as a basis for the study. 

According to Table A2-10, the trajectory of the satellite hosting this sensor is a retrograde circular orbit with 98.6° inclination and 833 km altitude AGL. The longitude of the ascending node at the beginning of the simulation has little influence on the results but for definiteness, it is chosen as 0°. The study considers a complete revolution of the satellite around the Earth i.e., which has a duration of 110 min according to the standard Keplerian model. 

Figure A9-1 bellows shows the successive positions over the revolution in the ECDF coordinate framework. Figure A9-2 further shows the successive positions of the sub-satellite point on a projected map. 

Figure A9-1

Assumed orbit in the ECDF coordinate framework of the EESS (passive) satellite hosting sensor S1 over a complete 110 min revolution; the time stamp associated to each position is read from the attached colour bar
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Figure A9-2

As in Figure A9-1 but showing the position of the sub-satellite point in a projected map
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The frequency band 22.21-22.5 GHz is used for meteorological measurements related to the rain and the water vapour in the atmosphere. According to section 4.1 in Recommendation ITU-R RS.1861‑1, this kind of sensor has a fixed pointing. 

According to Table A2-10, the antenna associated to the sensor S1 is offset 45° from the nadir, to the right in the direction of the movement, so that the incidence angle at the surface of the Earth is constant and equals 53.1°. Figure A9-3 shows the direction of the antenna boresight during the considered revolution of the satellite. 

Figure A9-3

Successive orientation of the antenna boresight; the time associated to each position can be read 
from the attached colour bar
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The swath of the sensor is determined from the pointing of the antenna and the beam characteristics. According to Table A2-10, the swath width is 1 707 km. Figure A9-4 shows the footprint of the sensor on the Earth ball. 

Figure A9-4

Footprint of the sensor S1 over a complete revolution of the satellite; the swath has a width of 1 707 km
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The satellite can be assumed to perform measurements over the complete surface of the Earth. However, for compatibility studies, Recommendation ITU-R RS.2017-0 prescribes to perform analysis over a 10 000 000 km2 area of interest. It is chosen arbitrarily over Europe, and considering the satellite speed on its orbit and the swath width of 1 707 km, this area of interest is observed between t = 9.9 min and t = 25.9 min. 

Figure A9-5 shows this area of interest on the Earth ball.

The aggregate interference power level from AM(OR)S transmissions is calculated for all successive positions of the satellite when it flies over the area of interest. The complete satellite orbit is divided in 1 000 evenly spread sample points. The area of interest is limited by the 90th and the 235th sample points so that 146 aggregate interference values can be generated per revolution of the satellite. 

In order to achieve statistical significance, the same revolution is repeated until 1 000 000 samples are obtained i.e., the revolution is repeated 6 849 times. Finally, an ECDF curve is drawn and compared against the protection criterion of EESS (passive) highlighted in section A2.5.3 of this Report, according to which at most 0.1% of the samples should be below above −139 dBm measured in the band 22.21-22.31 GHz. 

Figure A9-5

Successive positions of the satellite between t = 9.9 min and t = 25.9 min, and area of interest
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[bookmark: _Toc120135444]A9.1.1.3	AM(OR)S characteristics

While other Monte Carlo sharing and compatibility studies in this Report have considered independent snapshots, i.e. a new deployment of AM(OR)S stations from one snapshot to the other, this study has reproduced the actual cruising of aircraft over the surface of the Earth. This has been made in order to capture potential interference segments i.e., series of snapshots producing an aggregate interference level of more than −139 dBm/100 MHz due to the successive positions of aircraft. 

Also, while other studies in this Report considered the four operational scenarios described in section 6.2, this study has taken a more generic approach by considering independent airborne data terminals (ADTs) flying at 900 km/h with constant bearing at an altitude of 15 km AGL (the exact altitude having little influence on the results), which is the maximum height of AM(OR)S system referenced in Table A1-1. The ADTs are equipped with AM(OR)S System 3 (see Table A1-1). The receiving station has not been simulated, but two different configurations of the antenna have been considered: 

–	45° above the local horizon, i.e. an “upwards WBLOSDL” in the sense of section 5.3;

–	no elevation, i.e. an “horizontal WBLOSDL”. 

A number of these AM(OR)S transmitters is deployed over the area of interest. To make sure that interference from ADTs outside of the area of interest is also taken into account, the deployment zone extends over the boundaries of the footprint. Figures A9-6 and A9-7 respectively show the area of interest and deployment zone of the ADTs on a projected map. 

Figure A9-6

Area of interest (approximately 10 000 000 km2)

[image: ]

Figure A9-7

Area of interest (blue marks) and deployment zone of the ADTs (red marks)

[image: ]

Figure A9-8 shows an exemplary run of the simulation i.e., a revolution of the EESS satellite, where 100 AM(OR)S stations are deployed at t = 0 s and travel for 110 minutes. One can see that some trajectories start in the area of interest and eventually get out of it, or even out of the deployment area before the end of the simulation. 

Figure A9-8

Trajectories of 100 AM(OR)S transmitters over the 110 min satellite revolution
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For illustration purposes, Fig. A9-9 shows the measured aggregate interference level at the EESS sensor over a complete trajectory. In this example, and in this example only, 5 000 AM(OR)S stations have been deployed over the whole globe. Other characteristics are indicated in the title of the figure. In this example, 3 samples have returned an interference level greater than −139 dBm/100 MHz but none of them were located in the area of interest. 

Figure A9-9

Variation of the aggregate interference level at the EESS sensor over the whole trajectory; the passage over the area of interest is marked between green lines; density of stations is [49/10 000 000 km2]; OOB limit is 0 dB(W/100 MHz); pointing is 45° above the local horizon
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[bookmark: _Toc120135445]A9.1.1.4	Calculation principle

The goal of the analysis is to determine the unwanted emission limit in 22.21-22.31 GHz to apply to all ADTs so that the EESS (protection) criterion mentioned further above is met. In that respect, ADTs are assumed to use a channel of 100 MHz with flat PSD that completely overlaps with the measurement band 22.21-22.31 GHz of the sensor. This is relevant for the purpose of this analysis even though WRC-23 A.I. examines only the possibility to allocate the adjacent band 22-22.21 GHz to the AM(OR)S. 

For a given density, this unwanted emission limit is searched by attributing a transmit power output to the ADTs, collecting 1 000 000 interference samples in the area of interest i.e., by simulating 6 849 revolutions and plotting the ECDF of these samples. If the protection criterion of EESS is not met, the power level is decreased and the whole simulation repeated. The first power level that meets the protection criteria is the actual unwanted emission limit. 

[bookmark: _Toc120135446][bookmark: _Toc124421875]A9.1.2	Results 

TABLE A9-1

Unwanted emissions limits for ADTs in dB(W/100 MHz) in 22.21-22.31 GHz

		

		Number of ADTs in the MAI (10 000 000 km2)



		

		1

		5



		Upwards (+45°)

		−1

		−18



		Horizontal (0°)

		−1

		−15







[bookmark: _Toc120135447][bookmark: _Toc124421876]A9.1.3	Summary

Depending on the configuration of AM(OR)S stations and their density inside the area of interest of the EESS (satellite) hosting the S1 sensor, the average unwanted emissions in the band 22.21‑22.5 GHz should be kept below −1 and −18 dB(W/100 MHz). 






[bookmark: _A14.1_Study_A][bookmark: _Toc107929338][bookmark: _Toc120135448][bookmark: _Toc124421877]A9.2	Study B

[bookmark: _Toc107929339][bookmark: _Toc120135449][bookmark: _Toc124421878]A9.2.1	Calculation of aggregate interference

An assessment of the aggregate RFI expected from non–safety AM(OR)S systems into EESS (passive) is achieved by a dynamic simulation. The analysis will be conducted in which the orbit of the EESS (passive) spacecraft under investigation is dynamically simulated i.e. actual flight paths as contrasted with statistical distribution “snapshots”. Calculations will be performed to determine the potential interference from the proposed non–safety AM(OR)S systems into the EESS (passive) band and will consider the aggregate effect from multiple sources. The simulation will propagate the satellite based on its orbital parameters, and the time step is selected to be an irrational number to ensure that the beam dynamics of the passive sensor do not exhibit periodic behavior. At each time step, the simulation will compute the directional vectors from each source to the EESS (passive) and then compute the gain of the transmit and receive antennas using their respective antenna patterns.

The interfering signal power level,  (W), received by a spaceborne radiometer at the  timestep from the  active transmitter is calculated from:

			(A9-1)

where:

	:	i-th AM(OR)S source transmitter power (W) in the EESS (passive) band, adjusted for power control as described in section A11.6.1

	:	i-th AM(OR)S source antenna gain towards spaceborne sensor

	:	spaceborne receive antenna gain towards i-th AM(OR)S source

	:	attenuation due to atmospheric absorption between i-th AM(OR)S source and space borne sensor

	:	free space path loss between i-th AM(OR)S source and space borne sensor

	:	losses (dB) due to polarization mismatch between i-th AM(OR)S source and spaceborne sensor.

The aggregate interference at the  timestep, (W), is calculated by the summation of the received interference from active AM(OR)S stations within line of sight of EESS (passive):

		 	(A9-2)

Thus, the aggregate interference can be represented in the logarithmic domain as:

			(A9-3)

Based on time series values for the interfering signal power level, a CCDF curve will be generated in order to assess if the result exceeds the recommended performance and interference criteria that are defined in Recommendation ITU-R RS.2017-0. The criteria will be used as a metric to assess the impact that the non–safety AM(OR)S allocation would have on the EESS (passive) systems operating in the 22.21-22.5 GHz band. From Recommendation ITU-R RS.2017-0, outlined in section A4.4.3 of this Report, the following is prescribed for the frequency range 22.21-22.5 GHz:

–	reference bandwidth: 100 MHz;

–	maximum interference level: −169 dBW;

–	percentage of area or time permissible interference level may be exceeded: 0.1%;

–	the area analyzed should be 10 000 000 km2.

The selection of the simulation area will be chosen to reflect the operational area of sensors operating in the 22.21-22.5 GHz band.

Determination of Out-of-band limit (OOBL)

The methodology is applied for each scenario described in section 6.2 and taking into account the calculation scheme previously described in this section but also including out-of-band attenuation characteristics from section A1.1:

1. Determine the simultaneous apparent value of antenna gain coupling between one EESS (passive) system and one AM(OR)S AM(OR)S system at 0.1% of occurrence. This value is subsequently the sum of antenna gains between a pair of active systems (EESS + AM(OR)S AM(OR)S for a given unitary event as simulated according to A9.2.3. This value is denoted parameter α.

2. Determine the value of RF propagation loss according to section 8.2 between one EESS (passive) system and one AM(OR)SAM(OR)S system at 0.1% of occurrence. Again as in 1), this value is taken from the simulation statistics between paired systems. This value is denoted parameter β.

3. Determine the maximum number of AM(OR)S AM(OR)S systems that can operate under the simulation parameters described in section A9.2.3 under the condition of not exceeding the protection limit -169 dBW/100MHz at 0.1%. This value is denoted parameter γ.	Comment by USA: Need to mention in dB unit to acquire nominal value for realistic deployment. Right now assumes that exceedance aggregation occurs for some number of systems possibly more than realistic.

4. The out-of-band limit for a single AM(O)RS system under a given scenario is computed as 

		(A9-X)

[bookmark: _Toc107929340][bookmark: _Toc120135450][bookmark: _Toc124421879]A9.2.2	Simulation parameters for AM(OR)S 

The AM(OR)S OOB emissions inside the target range 22.21-22.31 GHz was calculated from Fig. A1‑1 in Annex 1. 

AM(OR)S system selection as well as operational altitude, and horizontal link distances for each scenario are selected from guidance by Table 6-1 as well as antenna characteristics via Table A1-2.

The 22.21-22.5 GHz EESS (passive) analysis of this study will focus on current available representative characteristics of AM(OR)S systems within this frequency range. If the deployment densities are significantly different from the values referenced in section 6.4 of this Report, the simulation will need an update to verify co-existence potential. The calculation methodology from section A9.1.1 is inherited for consideration of aggregated emission reception.

This analysis assumes the band edge reduction and incursion into the OOB region as described in section A1.1 and Fig. A1-1. This equates to −10.3 dB FDR (Channel 1, 50 MHz) and −45.83 dB FDR (Channel 2, 50 MHz) in the EESS (passive) frequency band of 22.21 to 22.31 GHz. If more than two channels are utilized by a scenario (e.g. scenario 6.5), then channels further away from the band edge than the two immediately adjacent band are subject to even more FDR and will have significantly less impact on observed interference power in-band of the EESS passive than the nearest two to the band edge. If the FDR is lower than the presumed value, the simulation and co-existence may have to be revaluated. It noted that the intended allocation of AM(OR)S frequency segments within the 22-22.21 GHz is not limited to the band edge cases. However, for this study it is the objective to determine the maximum density of AM(OR)S systems operational near the band edge (within 100 MHz of the edge), which can be supported and simultaneously protecting incumbent EESS systems in the neighboring band.

[bookmark: _Toc107929341][bookmark: _Toc120135451][bookmark: _Toc124421880]A9.2.3	Simulation parameters of EESS (passive)

The operational altitude of the EESS (passive) sensor and antenna pattern are described in section A2.5 and are 833 km and Recommendation ITU-R RS.1813-1 respectively.

The analysis band for this study is 22.21-22.31 GHz centered at 22.26 GHz. An AM(OR)S emission center frequency of 22 160 MHz, 50 MHz from the band edge, with a 100 MHz bandwidth was chosen to be in line with the EESS (passive) protection criteria of −169 dB(W/100 MHz). Subsequent channels incorporate a 50 MHz offset further away from the band edge to accommodate channel assignment specific to AM(OR)S scenarios. Analysis was done along the band edge to determine the level of unwanted emissions into the EESS (passive) band. Table A9-1 below gives the rest simulation parameters that were assumed for this simulation.

Table A9-2

General simulation parameters

		Parameter

		Units

		Value



		Simulation frequency

		MHz

		22 160



		Duration

		days

		3025



		Time step

		sec.

		0.51 × π



		Atmospheric losses

		–

		P.676-132



		RF prop. models 
Air-space 
Ground-space

		

		Rec. ITU-R P.1409-2
Rec. ITU-R P.619-5



		Polarization losses

		dB

		3 (C-V)



		FDR

		

		10.3 (C1), 47.0 (C2)







The simulation was run for a 2530-day duration with a 1 0.5 × π second time step to collect an appropriate amount of sample points to achieve statistical significance of results. Atmospheric losses (La) were calculated using Recommendation ITU-R P.676-1213. According to guidance from WPs 3K and 3M liaison statement Document 5B/369 the preferred propagation model for ground-space interference computations is Recommendation ITU-R P.619-5 and the preferred propagation model for ground‑air interference computations is Recommendation ITU-R P.1409-2. These were implemented to produce propagation losses noting that Recommendation ITU-R P.619-5 and Recommendation ITU‑R P.1409-2 internally account for atmospheric losses attributed to use of Recommendation ITU‑R P.676. The irrational time step of 1 0.5 × π was chosen to create a random non-uniform distribution of the EESS (passive) locations and azimuth pointing angles during satellite orbit within the simulation run time.

The RF and general parameters of the AM(OR)S system under simulation were derived from System 1 of Table A1-1 in section A1.1. In the absence of an explicit deployment, a generic one was considered and provisionally proposed to be representative. Two configurations were constructed which aim to approximate the description of “Wildfire Detection” found in section 6.2.1, “Search and Rescue” found in section 6.2.2, “Borer Surveillance Mission” found in section 6.2.3, and “Data Networks” found in section 6.2.4. 

[bookmark: _Hlk108441977]Note that for the following four configuration scenarios the operational parameters were adapted from section 6.3 “Technical setup of the scenarios”. For instance, geometric spacing and relative location are adapted from Table 6-1. Additional technical parameters implemented (which may not be explicitly stated in section 6) in order to illustrate interaction with the EESS (passive) system are taken into account individually in the following descriptions.

For the first configuration (operational scenario 6.2.1, Wildfire observation), a density of randomly deployed ground central locations was placed in a ground centred 10 million km2 EESS passive mission area of interest (MAI) centred at 68° W, 0° N, with associated ground stations taken in ratio 2 to 1 ground to air stations. See Figs A9-1 and A9-2, with associated ground stations taken in ratio 2 to 1 ground to air stations. Communication between air and ground station enforced a pointing arrangement consistent with section 6.2.1 were based on shortest distance to ground receiver. Channel assignment was allocated on a sequential basis in accordance with section 6.5 “Spectrum occupancy” Table 6-5. A single experimental simulation was performed for each transmitter density deployment and the repetition of the run may serve to establish bounds of uncertainty in a subsequent iteration of this study. The aim of this analysis was to determine what density of systems could operate a downlink main beam within the MAI without imposing harmful interference to the EESS (passive) service.

The second configuration (scenario 6.2.2, Search and Rescue), a density of randomly deployed clusters was placed in a ground centred 10 million km2 EESS passive mission area of interest (MAI) centred at 68° W, 0° N. Each cluster was defined by seven coordinated aeronautical users operating bi-directional air-air links within the specially defined region. In this scenario, altitude is varied nominally, and average relative spacing between craft remains roughly constant with cluster centre and individual craft performing exploration similar to behaviour of a random walk (for purposes here adequately approximate expected flight trajectories).

The third configuration (scenario 6.2.3, Border Surveillance Mission), a density of randomly deployed clusters was placed in a ground centred 10 million km2 EESS passive mission area of interest (MAI) centred at 6852° W, 140° SN. Each cluster was defined by two coordinated aeronautical observation users operating in relay (air-air bidirectional links) with an additional aircraft which communicates (return link) with a single ground station located within the specially defined region.

For the fourth configuration (operational scenario 6.2.4, Data Networks), a list of commercial air-routes was used to serve as the navigational reference basis for AM(OR)S device air platform station emissions. The density of flight paths is taken to be representative of the route traffic given by the dataset. Air-air transmissions consistent with the description in section 6.2.4 were established which enforced a pointing arrangement based on shortest distance to air-based receiver. Channel assignment was allocated on a sequential basis in accordance with section 6.5. Transmissions are assumed to be continual during nominal flight, and pointing assignment (pair-assignment) is on the basis of nearest neighbour. Operational altitude of a cluster is 10 km. A single experimental simulation was performed, and the repetition of the run may serve to establish bounds of uncertainty in a subsequent iteration of this study. The aim of this analysis was to determine the density of systems that could operate a return (air-air link) within the MAI without imposing harmful interference to the EESS passive service. Two 10 million sq. km EESS passive MAIs centred at (68° W, 0° N) and (91° W, 0° N) were considered as representatives of over ground and oversea areas, respectively. See Figs A9‑1 and A9-2.

The example R1 MAI to be used for this simulation was selected over the both Amazon River basin and oversea MAI. 

When the EESS R1 sensor main beam is within the MAI, the active air-air and air-ground links with line-of-sight to the R1 were computed and aggregated receive power density computed using section A9.1.1. Interference events are considered only for that time that the EESS R1 sensor is making measurements from within the MAI. However, an extension of the MAI of 1 degree in each direction was used to determine those aeronautical systems that could additionally contribute interference.

Figure A9-10 shows the ground demark of the EESS R1 MAI utilized for all simulation runs of configurations 1 and 4 (over ground case).

Figure A9-11 shows the ground demark of the EESS R1 MAI utilized for all simulation runs of configurations 4 (oversea case).

Figure A9-12 shows the aeronautical flight paths utilized by subsequent simulation runs of configuration 4 (over ground case). The source of this data set given in public domain by linkopenflights.org.

Figure A9-13 shows routes in and immediately around the MAI utilized by subsequent simulation runs of configuration 4 (over ground case).

Figures A9-14 and A9-6 show routes in and immediately around the MAI utilized by subsequent simulation runs of configuration 4 (oversea case), for low and high route density, respectively.

Figure A9-15 shows the ground station segment utilized by subsequent simulation runs of configuration 1. Also plotted is the EESS R1 MAI for reference.

Figure A9-16 shows the air station segment utilized by subsequent simulation runs of configuration 1. Also plotted is the EESS R1 MAI for reference.

Figure A9-17 shows the antenna pattern for sensor R1 utilized by subsequent simulation runs. Figure A9‑18 shows the antenna pattern for AM(OR)S air-stations utilized by subsequent simulation runs.

Figure A9-19 shows the selectivity curves used by simulations including both the receiver and emission source for the case of the emission occupying the band subset immediately adjacent to the receiver allocated band. These curves are used to determine the FDR used by the simulations as described in section A9.1.2.

Figure A9-20 shows the antenna pattern for AM(OR)S Systems 1 and 3 air-stations utilized by subsequent simulation runs.

		[bookmark: _Toc120135452]FIGURE A9-10

[bookmark: _Toc120135453]EESS example of R1 over ground MAI for EESS (passive) observations

		[bookmark: _Toc120135455]FIGURE A9-11

[bookmark: _Toc120135456]EESS R1 MAI (overseas) example of oversea MAI for EESS (passive) observations
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[bookmark: _Toc120135459]Aeronautical route deployment
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[bookmark: _Toc120135462]Aeronautical route deployment
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[bookmark: _Toc120135465]Aeronautical route deployment (low route number)
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[bookmark: _Toc120135468]Aeronautical route deployment (high route number)
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[bookmark: _Toc120135471]Ground station segment deployment (low density) (one blue dot represents a ground station 
in scenario 6.2)
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[bookmark: _Toc120135474]Ground station segment deployment (med. density) (one blue dot represents a ground station 
in scenario 6.2)
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[bookmark: _Toc120135477]EESS (passive) sensor R1 gain
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[bookmark: _Toc120135480]Emission and receiver selectivity curves
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Figure A9-20

AM(OR)S air-stations gain
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[bookmark: _Toc107929342][bookmark: _Toc120135482][bookmark: _Toc124421881]A9.2.4	Results

The following figures illustrate the findings from the study of the RF interference impact of four scenarios on EESS R1 sensors.

Figure A9-21 shows interference level CCDFs seen for operation system air-to-ground links conforming to configuration 1 (Wildfire observation, section 6.2.1), where the total number of transmitters within or immediately around the MAI are stated in the legend. FDR and RF propagation losses are included in these plots.

Figure A9-22 shows interference level CCDFs seen for operation system ground-to-air links conforming to configuration 1 (Wildfire observation, section 6.2.1), where the total number of transmitters within or immediately around the MAI are stated in the legend. FDR and RF propagation losses are included in these plots.

Figure A9-23 shows interference level CCDFs seen for operation system forward air-air links conforming to configuration 2 (Search and Rescue, section 6.2.2), where the total number of transmitters within or immediately around the MAI are stated in the legend. FDR and RF propagation losses are included in these plots.

Figure A9-24 shows interference level CCDFs seen for operation system return air-air links conforming to configuration 2 (Search and rescue, section 6.2.2), where the total number of transmitters within or immediately around the MAI are stated in the legend. FDR and RF propagation losses are included in these plots.

Figure A9-25 shows interference level CCDFs seen for operation system air-to-ground links conforming to configuration 3 (Border surveillance, section 6.2.3), where the total number of transmitters within or immediately around the MAI are stated in the legend. FDR and RF propagation losses are included in these plots.

Figure A9-26 shows interference level CCDFs seen for operation system ground-to-air links conforming to configuration 3 (Border surveillance, section 6.2.3), where the total number of transmitters within or immediately around the MAI are stated in the legend. FDR and RF propagation losses are included in these plots.

Figure A9-27 shows interference level CCDF for the air-air air-to-ground link for configuration 2 (Data networks, section 6.2.4) for aggregate representative interference sources. FDR and RF propagation losses of are included in this plot. This is the inland case.

[bookmark: _Toc107929343][bookmark: _Toc120135507][bookmark: _Toc124421882]Figure A9-28 shows interference level CCDF for the air-air forward links for configuration 2 (Data networks, section 6.2.4) for aggregate representative interference sources. FDR and RF propagation losses of are included in this plot. This is the over-sea case.
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[bookmark: _Toc120135484]Received interference configuration 4.2 (wildfire observation) (aggregate source System 2) 
(air-to-ground links)
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[bookmark: _Toc120135487]Received interference configuration 4.2 (wildfire observation) (aggregate source System 4) 
(ground-to-air links)
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[bookmark: _Toc120135490]Received interference configuration 4.3 (search and rescue) (aggregate source System 1) (forward)
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[bookmark: _Toc120135493]Received interference configuration 4.3 (search and rescue) (aggregate source System 2) (return)
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[bookmark: _Toc120135496]Received interference configuration 4.4 (border surveillance) (aggregate source System 1) 
(observation, relay links)
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[bookmark: _Toc120135499]Received interference configuration 4.4 (border surveillance) (aggregate source System 2) 
(relay links)
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[bookmark: _Toc120135502]Received interference configuration 4.5 (data networks above the clouds inland case) 
(aggregate source System 4) (forward)

		[bookmark: _Toc120135504]FIGURE A9-28

[bookmark: _Toc120135505]Received interference configuration 4.5 (data networks above the clouds oversea case) 
(aggregate source System 4) (forward)
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A9.2.5	Summary

The following results are based on studies conducted using densities below and above the typical deployment density numbers provided in section 6.4 of this Report. The purpose of this sensitivity analysis was to assess the sensitivity of the interference predictions based on the deployment density assumptions. It is also remarked that deployment densities can vary by geographic regions, and it is useful to capture the results of a sensitivity analysis to reduce the need to re-run simulations and instead support extrapolation to different areas of the Earth.

Note that this limit is based on the nominal average operational emission and adjusted to respect OOB emission levels in the EESS (passive).

Wildfire observation (operational scenario 6.2.1)

The results of section A9.1 indicate that the first configuration (operational scenario 6.2.1, wildfire observation) can support operations in the downlink transmission direction without imposing harmful interference into the EESS (passive), according to typical deployment densities, defined by ground station platforms and their associated aeronautical users operating within the specially defined region.

The air-ground link transmission direction (utilizing System 2 as described as an option in Table 6‑1) appears to support the utilization of multiple clusters, which should be noted. Considering the return transmission direction, the interference potential is greater for the EESS passive, and a maximum number of clusters supporting operations in the ground-to-air transmission in the immediate adjacent two channels is approximately 8.

The study conducted found the majority of the contribution to this harmful interference from wildfire observation comes from non-safety-of-life AM(OR)S ground-to-air link systems operating immediately adjacent to the EESS (passive) band specifically within 50 MHz of the band edge of 22.21 GHz. The study shows it is necessary to limit the ground-to-air OOB emissions of the AM(OR)S to −17 dB(W/100 MHz) for operations within 50 MHz of the band edge in order to ensure the protection of the EESS passive service. Note that this limit is based on the nominal average operational emission and adjusted to respect OOB emission levels in the EESS (passive). It is advantageous (from a spectrum sharing perspective) to allocate ground-to-air link operations further away from the 22.21 GHz band edge as possible.

Search and rescue (operational scenario 6.2.2)

The results of section A9.1 indicate that the second configuration (operational scenario 6.2.2, search and rescue) can support without imposing harmful interference into the EESS (passive), according to typical deployment densities, each defined by seven coordinated aeronautical users operating bi-directional air-air links within the specially defined region. It is noted that this assumption is greater than the typical number of clusters defined in operational scenarios (see Table 6-4).The forward and return air-air transmission directions (utilizing Systems 1 and 2 as described as options in Table 6-1) have a noted difference in impact to EESS. Considering the forward transmission direction, the interference potential is greater for the EESS passive, and a maximum number of clusters supporting operations in the forward transmission in the immediate adjacent two channels is approximately 4. This difference appeared to be exclusively due to the system configuration differences between 1 and 2.

The majority of the contribution to this harmful interference from search and rescue operations comes from non-safety-of-life AM(OR)S air-air systems operating immediately adjacent to the EESS (passive) band specifically within 30 MHz of the band edge in order to ensure the protection of the EESS passive service. This study found it is therefore necessary to limit the OOB emissions of specifically the return links to −1720 dB(W/100 MHz) in order to ensure the protection of the EESS passive service.

Border surveillance (operational scenario 6.2.3)

The results of section A9.1 indicate that the third configuration (operational scenario 6.2.3, border surveillance) can, under certain system configurations, support without imposing harmful interference into the EESS (passive), each defined by two coordinated aeronautical observation users operating in relay (air-air bidirectional links) with an additional aircraft which communicates (return link) with a single ground station located within the specially defined region. This was taking into consideration typical deployment densities (see Tables 6-5A and 6-5B).

The observation/relay and exclusive relay transmission direction (utilizing Systems 1 and 2 as described as options in Table 6-1) have a noted difference in impact to EESS. Considering the observation/relay transmission direction, the interference potential is greater for the EESS passive, and a maximum number of clusters supporting operations in the forward transmission in the immediate adjacent two channels is approximately 4. The use of system 1 for the observation/relay appeared to be primarily responsible for the greater interference levels compared to the relay exclusive transmission mode.

The majority of the contribution to this harmful interference from border surveillance operations comes from non-safety-of-life AM(OR)S air-air relay return systems operating immediately adjacent to the EESS (passive) band specifically within 20 MHz of the band edge in order to ensure the protection of the EESS passive service. This study found it is therefore necessary to limit the OOB emissions of specifically the return observation/relay links to −23 dB(W/100 MHz) in order to ensure the protection of the EESS passive service.

Data networks (operational scenario 6.2.4)

The results of section A9.1 indicate that the fourth configuration (operational scenario 6.2.4, data networks above the clouds) cannot support without imposing harmful interference into the EESS (passive) more than approximately 4 aeronautical platforms operating over inland regions as well as not more than approximately 4 aeronautical platforms operating over oversea (near the shore) regions. The study found it is necessary to limit the OOB emissions of the AM(OR)S to −232 dB(W/100 MHz) immediately adjacent to the EESS (passive) band specifically within 80 MHz of the band edge of the frequency band 22.21 GHz in order to ensure the protection of the EESS passive service.

The majority of the contribution to this harmful interference from data networks above the clouds operations comes from non-safety-of-life AM(OR)S air-air relay forward systems operating immediately adjacent to the EESS (passive) band specifically within 80 MHz of the band edge in order to ensure the protection of the EESS passive service.

Summary of OOBL

Table A9-X

Determination of Out-of-band Limit (OOBL)(OOBL) per System (dBW/100MHz)

		Scenario

		Link

		α (dBi)

		β (dB)

		γ

		OOBL 



		6.2.1

		DL

		20

		-177

		T

		T



		6.2.1

		UL

		34

		-177

		8

		-17



		6.2.2

		FWD

		40

		-177

		32

		-17



		6.2.2

		RET

		33

		-177

		128

		-4



		6.2.3

		OBS

		42

		-177

		16

		-23



		6.2.3

		RET

		34

		-177

		32

		-11



		6.2.4

		FWD A

		40

		-177

		8

		-23



		6.2.4

		FWD B

		38

		-177

		16

		-18





Table A9-X shows the determination of the out-of-band limit per system to meet the protection criteria to meet the protection criteria in the EESS (passive) band 100 MHz segment consisting of 22.21-22.31 GHz.  The symbol T indicates incomplete information to compute.



General remarks

It appears that ground-air and air-air links with certain system configuration are more impactful to out-of-band interference seen by EESS passive.

As noted in section A9.2.1, the objective of this study is to determine the maximum density of AM(OR)S systems operational near the band edge (within 100 MHz of the edge), which can be supported and simultaneously protecting incumbent EESS systems in the neighbouring band. The full deployment of AM(OR)S clusters for the various scenarios would likely make use of the 22‑22.21 GHz range and some subset of systems could be assigned near the band edge. The results of this study indicate that certain AM(OR)S scenarios, link modes, or system configurations are less impactful to out-of-band interference seen in the neighbouring segment 22.21-22.31 GHz used by EESS passive service and can therefore allow greater population density of AM(OR)S near this segment and should be given preference over the other configurations. Conversely, the more impactful configurations/modes in adherence to the indicated power emission limits determined by this study will also help support protection of EESS passive service.
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		Purpose/Objective: To begin consideration under the terms of Res. 731 of sharing by Terahertz Spectroscopy, an evolving radio determination service, of passive spectrum above 71 GHz 



		Abstract:   Terahertz Spectroscopy, is a very short range, typically less than 1 m, nondestructive testing technology that meets the definition of a radiodetermination service.  It needs large contiguous blocks of spectrum above 71 GHz to sense unique spectral information about materials which may fall into bands that are covered by the present terms of 5.340. Res. 731, originally proposed by US input to WRC-2000 in conjunction with the initial approval of most allocations above 100 GHz, provides a mechanism to determine if sharing without harmful interference is possible and requests ITU-R studies on such sharing.  CEPT has recently completed ECC Decision (22)03 which included a detailed emission standard for this spectrum use which it calls “Radiodetermination systems for industry automation in shielded environments (RDI-S)”.  This document contains a Working Document for  characteristics and sharing criteria for this technology as well as a LS statement seeks a dialogue on this sharing issue to clarify how other WPs propose to proceed on this unprecedented application of Res. 731 concepts.  
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		WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW RECOMMENDATION ITU-R M.[THZ_SPEC]



		Characteristics and Sharing Criteria of Terrestrial Terahertz Spectroscopy/ Radiodetermination Systems for Industry Automation in Shielded Environments (RDI-S) in the band 71-275 GHz






Introduction

There is growing interest in a noncommunications  EHF  (30-300 GHz) technology called alternatively “Terahertz Spectroscopy” or “Radiodetermination Systems for Industry Automation in Shielded Environments (RDI-S)” that fits the definition of a radiodetermination service and is generally used indoors.  While many designs for this technology conflict with the “(a)ll emissions are prohibited” provision of  5.340, the sharing guidelines and procedures of Resolution 731 (Rev.WRC-19) may be applicable if limits can be determined that protect vital passive services from harmful inerference.interference for passive services. It is noted that THz spectroscopy plans to utilize active bands not allocated to radio determination however, Resolution 732 (Rev. WRC-12) provides provisions to investigate interoperability of active service above 71 GHz. This document proposes characteristics for this use and a sharing approach that could be used to determine if it meets the requirements of Res. 731731 for passive services and Res. 732 for active services.	Comment by Cramer (US), Joseph: EHF?  Suggest not having acronyms without first saying what they represent – even “simple” ones.  Also, saying “noncommunications” will likely get some delegates on the microphone to express concerns.  Do you really want to say non-communications?  How does that help?  Suggest saying:  “There is a growing interest in a technology called “[Decide what the ITU will call this].” 

Proposal

The United States of America proposes to begin developing a Preliminary Draft New Recommendations on this Topic and to send a Liaison Statement to WP1A, WP4A, WP4B, WP4C, WP5A,WP5C, WP5D, WP7A,WP7C and WP7D in order to develop a common understanding on how to proceed in addressing the Res 731 issues related to this technology which have not been addressed since the 20 November 2020 letter from the Chairmen of Study Groups 1,5 and 7 on Consideration of sharing and adjacent-band compatibility between passive and active services above 71 GHz.
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		Characteristics and Sharing Criteria of Terrestrial Terahertz Spectroscopy/ Radiodetermination Systems for Industry Automation in Shielded Environments (RDI-S) in the band 71-275 GHz












1 Introduction 

The ransmissions in the EHF terahertz band (30-300 GHz) of the electromagnetic spectrum remained mostly unexplored until about three decades ago when time-domain spectroscopy was introduced for noncommunications sensing applications.  Terahertz techniques have found niche applications for non-destructive inspection in areas as diverse as art conservation and industrial quality control. Terahertz imaging is also an extremely sensitive probe of hydration in biological tissue and other materials.	Comment by Cramer (US), Joseph: When this Report is finished, will this sentence be accurate?  How does it help the reader and the ITU?  	Comment by Cramer (US), Joseph: Would like to understand how this helps in an ITU document?  I think you hurt your overall case.  It is a sensing application, yes?  The added description doesn’t seem to help.  

The technique of terahertz time-domain spectroscopy was first demonstrated by researchers in 1988 by groups at IBM and AT&T Bell Laboratories. It relies on femtosecond laser pulses that excite a device emitting electromagnetic transients containing frequency components between 100 GHz and several terahertz and a receiver detecting these transients, also gated by the same laser.

There is a growing need to provide short range, usually indoor, sensing for industrial and professional application for measuring different physical parameters like presence, distance, velocity or material properties of a target object. The obtained information can be further processed and used for industrial automation and real time nondestructive quality control purposes in a wide variety of manufacturing operations to improve the quality and yield of products.  This technology aswas used during the NASA Space Shuttle Program to provide safety critical data on space vehicles. 

This Report discusses [what?] … The technology discussed here is called “Terahertz Spectroscopy” generally in the technical literature and in some countries and is alternatively called “Radiodetermination Systems for Industry Automation in Shielded Environments (RDI-S)” in other countries.  In this document we will abbreviate it as “TS/RDI-S”.  This reports reviews both its technical characteristics and its ability to share with allocation services if both technical parameters and locations and details of usage are carefully controlled. The use of this technology is a radiodetermination service pursuant to 1.9 as it is the “determination of the … characteristics of an object, or the obtaining of information relating to these parameters, by means of the propagation properties of radio waves.”	Comment by Cramer (US), Joseph: ITU-R RR. 1.9?  Need to make it clearer…  

The spectrum needed for this functionality includes bands where “all emissions are prohibited” under the provisions of 5.340. However, Resolution 731 (Rev.WRC-19) (Res. 731) provides for possible sharing to passive spectrum in 71-275 GHz under certain conditions that assures that the passive services do not receive harmful interference.  Res. 731 also provides “that, to the extent practicable, the burden of sharing among active and passive services should be equitably distributed among the services to which allocations are made.”  This report shows that the technical characteristics of TS/RDI-S make it capable of sharing spectrum with passive services protected by 5.340 if the technical parameters of emissions are kept within limits developed for protection of the passive services and an administration authorizing such emissions limits the locations where they can be used and the manner of their use.  This technology can perform very useful function in many industrial processes with under such limitations.	Comment by Cramer (US), Joseph: So, is the goal to show that this technology can, and should be permitted, to utilize spectrum where RR 1.9 says it can’t be used?  -- I’m trying to understand the purpose… 



2 Related ITU Recommendations, Reports

Recommendations

ITU-R  RS.2017-0 	Performance and interference criteria ITU-R  P.2109-1	Prediction of building entry loss	Comment by NASA: Presently there is no need to mention these recommendation as this is characteristics document for THz

ITU-R  P.676-13 	Attenuation by atmospheric gases and related effects

for satellite passive remote sensing

ITU-R  RS.1861-1	Typical technical and operational characteristics of Earth exploration-satellite service (passive) systems using allocations between 1.4 and 275 GHz  

ITU-R  RA.1272-1 	Protection of radio astronomy measurements above 60 GHz from ground based interference  



3 Abbreviations and acronyms

TBD

4 Service applications

TS/RDI-S has a wide variety of applications in industrial operations but none in consumer products.  Uses generally include industrial process monitoring and control; non-destructive imaging; and
research and development spectroscopy.  It has been used for industrial online factory process monitoring and control by measuring  parameters such as multilayer thickness of extruded plastics; multilayer thicknesses of paints (including wet paint); basis weight; density; delamination and moisture. 

It could be used in factories that make tires, rubber, building products, paper, plastic pipe, coated steel pipe, blow molded bottles, aircraft coatings, fuel tanks, and many other products. 



As a nondestructive imaging device TS/RDI-S has been used to image the Space Shuttlespace craft external
tank, the Space Shuttle thermaltanks, protection system, Orionsystems of spacecraft thermal protection system,
, military aircraft coatings, military ship coatings, radomes, food, pharmaceuticals, and other
 products.



All of the nonmilitary application above are intrinsically indoor uses and involve transmission paths between the transmitter and the object being observed of less than 10 cm.  The potential of such signals causing harmful interference to other radio services is substantial decreased by propagation loss which in addition to the usual free space loss includes the attenuation by atmospheric gases described by Recommendation ITU-R P.676-13 (08/2022) and the building entry loss described by Recommendation ITU-R P.2109-1 (08/2019), although the model in the latter recommendation covers up to only 100 GHz.

5 System Design

There are two basic technologies that can be used in this application.  Impulsive/time domain signals and FM/CM signals.  In the impulsive/time domain approach a picosecond duration pulse is generated and connected with a very broadband antenna directional antenna.  This results in a radiating signal with high directionally and bandwidths exceeding 100 GHz.  Basic parameters are given below

TABLE 1

Main parameters of Impulsive/Time Domain TS/RDI-S



		Parameter

		Value

		Notes



		Modulation Scheme

		Impulsive time domain signal

		



		Operating frequency range

		71 GHz – 6 THz

		



		Modulation bandwidth

		50GHz - 6THz

		



		Pulse Repetition rate

		80-120 MHz

		



		Duty Cycle

		< 10-3

		



		Average power

		 < 10 W

		



		Distance to Target

		< 1m

		





Alternatively, signals can be generated with a nonpulsed CW signal with monotonically changing frequency.  While such signals have different ability to take measurements than the impulsive/time domain signal they also have the ability to transmit at varying powers over different bands that have different allocations.  Thus they can have lower output power in bands that have more complex harmful interference vulnerabilities such as the passive bands in 5.340.    Basic parameters are given below

















TABLE 2

Main parameters FMCW TS/RDI-S



		Parameter

		Value

		Notes



		Modulation scheme

		e.g. frequency modulated continuous wave (FMCW) or pulse-based modulation schemes

		Combination of different OFRs possible



		Operating frequency range (OFR)

		116−130 GHz

134−141 GHz

174.8−182 GHz

185−190 GHz

231.5−250 GHz

		



		Available modulation bandwidth

		14 GHz, 7 GHz, 7.2 GHz, 5 GHz, 18.5 GHz

		



		Used modulation bandwidth

		up to 14 GHz

up to 7 GHz

up to 7.2 GHz

up to 5 GHz

up to18.5 GHz

		-20 dB bandwidth



		Sweeptime

		10 µs to 5 ms

		for a single frequency sweep over entire modulation bandwidth



		Duty cycle

		≤ 5%

		



		Conducted peak carrier power

		up to -5 dBm

		Maximum peak output power at antenna feeding point



		Conducted mean power

		-18 dBm

		with 5% duty cycle and −5 dBm peak carrier power



		Conducted mean power spectral density 

		-59.8 dBm/MHz

		with 15 GHz modulation bandwidth and −18 dBm mean power



		Maximum mean power spectral density (e.i.r.p.)

		-23.8 dBm/MHz

		calculated with 36 dBi maximum antenna gain















Spectrum Sharing Issues



The ability of TS/RDI-S to share section with the passive services in bands subject to 5.340 has been reviewed in the CEPT Electronics Communications Committee and the parameters given in Table 3 have been found to be acceptable under the stated conditions.

The spectrum that TS/RDI-S is expected to use overlaps present passive allocations for Radio Astronomy Service/RAS, Earth Exploration Satellite Service (passive)/EESS(p) and Space Research Service/SRS that I protected under the terms of 5.340.  The spectrum also overlaps other bands that are not allocated to the radiodetermination service. Passive services pose scenarios that need to be investigated if sharing is feasible with this application.  Below are estimates of transmitter densities that are expected for this application.



TABLE 3

Sharing Parameters forEstimated unit number and device densities of TS/ RDI-S Sharingdevices in the band 116 GHz to
260 GHz



		Parameter

		Value



		Worldwide accumulated number of RDI-S devices in the field 5 years after launch

		200000



		Average density of TS/RDI-S devices       on land 

		0.0076 devices/km²







For 5.340consideration of sharing capability, the table below shows the maximum powers expected in various bands.

TABLE 4

Maximum TS/RDI-S Emission Powers Expected in Various Bands and Other Services



		Frequency range

		Maximum duty cycle

		Maximum mean e.i.r.p. spectral density (Note 2)

		Maximum peak e.i.r.p. (Note 4)

		Unwanted emission limits (Note 1)



		

		A

		B

		C

		D





		116 to 122.5 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		-15 dBm/MHz max. mean e.i.r.p. spectral density (Note 2)



and



35 dBm max. peak e.i.r.p. (Note 4)



		122.5 to 123 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		123 to 130 GHz

		100%

		+10 dBm/MHzTBD

		60 dBmTBD

		



		130 to 134 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		134 to 141 GHz

		100%

		+10 dBm/MHzTBD

		60 dBmTBD

		



		141 to 148.5 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		148.5 to 151.5 GHz (Note 3)

		100%

		-15 dBm/MHzTBD

		35 dBmTBD

		



		151.5 to 158.5 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		158.5 to 164 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		164 to 167 GHz (Note 3)

		100%

		-15 dBm/MHzTBD

		35 dBmTBD

		



		167 to 174.5 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		174.5 to 174.8 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		174.8 to 182 GHz

		100%

		+10 dBm/MHzTBD

		60 dBmTBD

		



		182 to 185 GHz (Note 3)

		100%

		-15 dBm/MHzTBD

		35 dBmTBD

		



		185 to 190 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		190 to 191.8 GHz (Note 3)

		100%

		-15 dBm/MHzTBD

		35 dBmTBD

		



		191.8 to 200 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		200 to 209 GHz (Note 3)

		100%

		-15 dBm/MHzTBD

		35 dBmTBD

		



		209 to 226 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		226 to 231.5 GHz (Note 3)

		100%

		-15 dBm/MHzTBD

		35 dBmTBD

		



		231.5 to 235 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		235 to 238 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		238 to 241 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		241 to 244 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		244 to 246 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		246 to 250 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		250 to 252 GHz (Note 3)

		100%

		-15 dBm/MHzTBD

		35 dBmTBD

		



		252 to 260 GHz

		100%

		-5 dBm/MHzTBD

		45 dBmTBD

		



		Note 1: The operating frequency range (OFR) is defined over the 10 dB reduction of the intentional transmission (“10 dB bandwidth”) radiated by the equipment into the air. The unwanted emission limits apply to the frequencies outside the OFR. The measurement bandwidth for the unwanted emissions domain is 1 MHz.

Note 2: The given maximum mean e.i.r.p. spectral density is valid for averaging over the whole measurement cycle Tmeas_cycle of the device including any Toff times in 1 MHz resolution bandwidth of the measuring receiver.

Note 3: Sub-band protected by the provision RR No. 5.340 [6].

Note 4: The maximum peak e.i.r.p. shall be measured/evaluated in 1 GHz bandwidth.



All use should be indoors with professional installation.  If an administration chooses not to license such systems and treats them as devices for industrial, scientific and medical (ISM) applications or short range devices (SRD) without a license, it should require a specific license for any outdoor use with technical and regulatory conditions to assure that emissions are adequately shielded to protect other incumbent services because the propagation losses would be significantly less than for indoors uses resulting in higher possible interference signals.











Additional requirements for radiodetermination systems for industry automation in shielded environments (RDI-S) to allow licence-exempt use:

1. For RDI-S, the 10 dB contiguous bandwidth shall be equal to or higher than 35 GHz;

2. The operation of RDI-S sensors is envisaged for industrial purposes only;

3. Installation and maintenance of RDI-S equipment shall be performed by professionally trained individuals only;

4. RDI-S equipment shall not be marketed to private end customers;

5. RDI-S equipment shall only be operated indoors (i.e. inside a building) or inside similarly shielded environments;

6. Installers have to ensure that the device main beam is not pointing towards windows or other weak shielded parts of the shielded environment. The direction of main radiation shall be indicated on the specific radiodetermination device;

7. Installers have to ensure that there are no unwanted obstacles in the main beam of the antenna in order to minimise unintentional reflections and scattering;

8. Slow sweeping RDI-S devices with sweep slopes smaller than 2.5 GHz/ms shall notch-out the frequency bands subject to the provision RR No. 5.340 [6] by at least additional 10 dB reduction in mean and peak power (i.e. limits in Table 10 columns B and C reduced by 10 dB);

9. The provider is required to inform the users and installers of RDI-S equipment about the installation requirements and additional special mounting instructions;

10. For RDI-S devices using an antenna gain smaller than 20 dBi, the maximum conducted peak output power shall be limited to 15 dBm.
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WRC-2000 adopted Res. 731 on consideration by a future competent world radiocommunication conference of issues dealing with sharing and adjacent-band compatibility between passive and active services above 71 GHz as part of an action that included most of the present allocations in 100-275 GHz.  The inclusion of such a resolution in the new allocations was contained in inputs as was based on the lack of knowledge at the time of future active transmitter needs above 71 GHz as well as unknown technology that would be available.  Res. 731 was amended at WRC-19 to address issues above 275 GHz but the original WRC-2000 71-275 GHz sharing text remains unchanged.

WRC-2000 adopted Resolution 732 for consideration by a future competent world radiocommunication conference of issues dealing with sharing and adjacent-band compatibility between active services above 71 GHz. Terahertz spectroscopy requires to use wide bandwidths that extend beyond bands that are not allocated to the radiodetermination service. Working Party 5B is requesting information and characteristics for active services above 71 GHz to determine the feasibility of interoperability on incumbent services and this new technology.  In the case of possible future satellite services that may be undefined at this time, would the protection limits of RS.2017 be adequate to protect such services? In the case of terrestrial services, are existing ISM band OOBE standards used by administrations adequate to protect such services? What technical and regulatory provisions would be required to protect incumbent passive and active systems?



On 20 November 2020 the Chairmen of Study Groups 1, 5 and 7 issued a letter/“2020 Chairmen’s Letter” on Consideration of sharing and adjacent-band compatibility between passive and active services above 71 GHz that stated “work under Resolution 731 (Rev. WRC-19) pertaining to the protection of the passive services with respect to invites the ITU Radiocommunication Sector 1 will be done within Working Parties (WP) 7C and 7D, which will be the lead groups working in close cooperation with WPs 5A and 5C”.  At the time of this letter the chairmen probably understood that the only possible sharing would involve Fixed and Mobile services.  However, there is a growing interest and requirement for a very wideband, very short range radiodetermination, generally indoor transmitter application above 71 GHz which is variously called “Terahertz Spectroscopy” or “Radiodetermination systems for industry automation in shielded environments (RDI-S)”.  This technology generally involves very low power focused indoor transmissions on contiguous spectrum int eh range of 71 to 275 GHz. While this spectrum use is different than the much more common radar-like radiodetermination, it appears to meet the 1.9 definition of radiodetermination since it involves “The determination of … characteristics of an object, or the obtaining of information relating to these parameters, by means of the propagation properties of radio waves.” Thus WP5B believes that its interest in TS/RDI-S as a radiodetermination service use makes it appropriate to approach WP7C and WP7D on the sharing issues with passive bands for this technology.



WP5B is now developing characteristics for TS/RDI-S and requests information from WP7C and WP7D on what information they need to carry out their assigned Res. 731 roles pursuant to the letter and what procedures 7C and 7D wish for interaction on this topic







		

Status:	For information and action

		



		Deadline: 	[Next WP 5B meeting]

		



		Contact:	

		E-mail:	





_________________
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		Purpose/Objective:  The purpose of this contribution is to propose an update to the terrestrial and satellite characteristics based on a recent update to the RTCA MOPS DO-362A and EUROCAE MOPS ED-265 that standardize and define this CNPC Link.



		Abstract:  This contribution contains characteristics and protection criteria for terrestrial and satellite based systems that can be used for remote control of unmanned aircraft.
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Introduction

At WRC-2012 it was agreed, under RR No. 5.443C, that the frequency band 5 030-5 091 MHz could be used by the aeronautical mobile (R) service limited to internationally standardized aeronautical systems.  Industry, international standards development organizations and ICAO have been working since then to develop the technology and standards necessary to use that allocation.  Consequently, it is now possible to provide characteristics and protection criteria for such systems for use in any future sharing studies within ITU-R.

Proposal

The United States of America proposes to assist in answering the above need by providing characteristics for such Control and Non-Payload Communications (CNPC) links operating in the AM(R)S allocation under RR No. 5443C and used in air-ground applications between Unmanned Aircraft (UA) and their Control Station (CS) where the Remote Pilot (RP) is located.
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WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW RECOMMENDATION ITU-R M.[CNPC_CHAR_5GHZ]



Characteristics and Protection Criteria of Terrestrial and Satellite Unmanned Aircraft System Control and Non-Payload Communications Links

operating in the aeronautical mobile (route) service and aeronautical

mobile satellite (R) Service in the band 5 030-5 091 MHz







Scope

This Recommendation specifies the characteristics of control and non-payload communications (CNPC) links, carrying command and control (C2) information, operating in the aeronautical mobile (route) service (AM(R)S) and aeronautical mobile satellite (route) service (AMS(R)S) in the frequency band 5 030-5 091 MHz in order to be used in analysing compatibility between unmanned aircraft systems (UAS) CNPC C2 Links operating in the AM(R)S, as well in the AMS(R)S and other services.
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The ITU Radiocommunication Assembly,

considering

a)	that …

[bookmark: _Hlk130977766]recognizing

a)	that the frequency band 5 030-5 091 MHz is allocated to both the aeronautical mobile (route) service (AM(R)S) and the aeronautical mobile-satellite (route) service (AMS(R)S) and are planned to be used for unmanned aircraft (UA) control and non-payload communication (CNPC) command and control (C2) Links to support the safe operation of UA;

b)	that the frequency band 5 030-5 091 MHz is also allocated to the aeronautical radionavigation service;

c)	that UAS CNPC Links support the safeguarding of human life and property therefore RR No. 4.10 applies;

dc)	that some internationally standardized microwave landing systems operate in this band in accordance with RR No. 5.444,

ed)	that from Radio Regulations (RR) No. 5.444, in the frequency band 5 030-5 091 MHz, the requirements of microwave landing system have priority over other uses of this frequency band;

fe)	that use of the frequency band 5 030-5 091 MHz by the AM(R)S and AMS(R)S is limited to internationally standardized aeronautical systems in accordance respectively with RR No. 5.443C and RR No. 5.443D.

recommends

1	that the technical and operational characteristics of the UA CNPC Links for command and control (C2) operating in the AM(R)S and AMS(R)S described in the Annex should be considered representative of AM(R)S and AMS(R)S systems operating in the frequency band 5 030-5 091 MHz and should be used in studies of compatibility with systems operating under an allocation to another service.

2	that an aggregate interference protection criterion I/N for terrestrial system UAS CNPC receiving stations of −6 dB should be used.



ANNEX

1	Introduction and scope

The cCharacteristics and protection criteria of unmanned aircraft systems (UAS) CNPC C2 Links and their spectrum requirements must support the safe operation of unmanned aircraft (UA) in non-segregated airspace. There is a strong and growing demand for the use of UAS (also known as remotely piloted aircraft systems (RPAS) within the international civil aviation organization (ICAO)) in civil applications. These UA flights will share airspace with passenger carrying aircraft so their operation needs to be managed to safely allow the introduction of this new paradigm in aviation.

As these communications are critical for a safe management of the controlled airspaces, especially in terminal approach areas with high density of aircraft, future ICAO standards are obviously mandatory for these kinds of communications.

The CNPC C2 Link between the unmanned aircraft control station (UACS) and the UA support the following two ways of communication:

–	The forward link: To send telecommands to the unmanned aircraft for flight and navigation equipment control. 

–	The return link: To send telemetry (e.g. flight status) from the UA to the UACS. It is anticipated that in some flight conditions or in specific airspaces it maywould be necessary to downlink video streams.

The potential types of C2 information exchanges carried over the CNPC C2 Link system are: 

The UA control – To support the remote pilot's activity to fly the UA, power plant status information from the aircraft back to the remote pilot is essential on a frequent basis relative to the dynamics of the UA. 

The UA avionics – Avionics systems send information (e.g. flight guidance system, flight management system, ATC communication, detect and avoid, weather radar, status reporting system) over the CNPC C2 Llink system from the UA to the UACS.

One aspect of the management of safe UAS operations is the management of the interference received by the receivers that link the UA and the UA CS. To enable this interference analysis to be undertaken the characteristics and protection criteria for these links operating in the AM(R)S and AMS(R)S allocations under RR Nos. 5.443C and 5.443D are proposed. This recommendation contains those characteristics and protection criteria based on systems which are currently under development and that will have to comply with the international standardization being developed by ICAO.

The CNPC C2 Link consists of a suite of air-to-ground links that can be used simultaneously or independently, as required, to provide operational coverage and performance.  In total it consists of a terrestrial based component, a high altitude relay based component and a satellite based component.

The terrestrial component uses an airborne radio system (ARS) on the UA to communicate with a ground radio system (GRS) that connects to the UACS. The high altitude relay component uses a similar airborne radio system (ARS) on the UA to communicate to a beyond line of sight ground radio system (via the airborne radio relay system ARRS) that connects to the UACS. The satellite component uses an airborne earth station (AES) on the UA to communicate with a ground earth station (via the geostationary satellite) that connects to the UACS.

FIGURE 1

Example command and non-payload communications link system components

[image: ]

2	Characteristics of command and non-payload communication links at 5 GHz

2.1	Unmanned aircraft, airborne radio relay and control station characteristics for terrestrial control and non-payload communication link

[bookmark: _Hlk103936437]TABLE 1

Transmission and reception characteristics for the terrestrial control 
and non-payload communication link Ssystem 1

		[bookmark: _Hlk103936484]Terrestrial command and non-payload communication Ssystem 1



		

		Units

		UA AirborneARS

		GroundGRS or ARRS



		Frequency of operation

		MHz

		5 030 to 5 091

		5 030 to 5 091



		Duplexing

		

		Time division duplex (TDD)

		Time division duplex (TDD)



		Transmit/receive duration Up from control station Down from the UA

		msec

		TBD60 Receive + 2.5 guard time

65 Transmit + 2.5 guard time

		TBD60 Transmit + 2.5 guard time

65 Receive + 2.5 guard time



		Modulation

		

		GMSK or QPSK

		GMSK or QPSK



		Modulation symbol rates

		ksps

		GMSK: TBD 

including error 

correction/detection, guard times and synchronization overhead

		GSMK: TBD

including error correction/detection, guard times and synchronization overhead



		Forward error correction

		

		GMSK: Rate 5/8 Turbo Conv.

Code

QPSK: Rate 5/9 and Rate 1/3 TCC

		GMSK: Rate 5/8 Turbo Conv. Code

QPSK: Rate 5/9 and Rate 1/3 TCC



		Error detection

		

		32-bit CRC

		32-bit CRC



		Baseband Input/Output Signal

		

		User Data

		User Data



		User data block size transmitted per TDD frame

		bits

		GMSK: TBD

QPSK @ TBD

QSPK @ TBS

		GMSK: TBD

QPSK @ TBD

QSPK @ TBD



		User data rates

		kbps

		GMSK Tx: 7.04, 16.0, 25.6 and 34.56

GSMK Rx: 7.04, 16.0 and 25.6

QPSK Tx/Rx @ 20 ksps: 20.64 and 34.88;

Includes TDD duty cycle overhead

		GMSK Rx: 7.04, 16.0, 25.6 and 34.56

GSMK Tx: 7.04, 16.0 and 25.6

QPSK Tx/Rx @ 20 ksps: 20.64 and 34.88;

Includes TDD duty cycle overhead



		Occupied bandwidth, C

		kHz

		Variable per application with a maximum of 250

		Variable per application with a maximum of 250



		Antenna gain

		dBi

		2

		22.5



		Cable loss

		dB

		2

		1



		Antenna pattern 

		

		Constant azimuth

Constant elevation

		Constant azimuth

Tailored in elevation

See Table 2



		Antenna polarization

		

		Vertical with aircraft flying straight and level

		Vertical



		Maximum antenna height

		m

		22 860 (MSL)

Typical 8 000

		2 to 50

Typical 10



		Service range

		km

		550

Typical 200

		550

Typical 200



		Transmitter conducted power

		dBm

		40

		40



		Transmitter in band emission limits

		dBc/kHz

		−96 at 2 MHz offset

See Table 3

		−96 at 2 MHz offset

See Table 3



		Receiver noise figure

		dB

		7

		7



		Receiver sensitivity

		dBm

		GMSK: TBD

QPSK @ TBD

QSPK @ TBD

		GMSK: TBD

QPSK @ TBD

QSPK @ TBD



		Receiver in band rejection – except the operating channel

		dB

		One channel separation: 23

Two channel separation: 43

Three channel separation: 57

2 MHz or more separation: 63

		One channel separation: 23

Two channel separation: 43

Three channel separation: 57

2 MHz or more separation: 63



		Protection criteria (aggregate) I/N

		dB

		[TBD (see editor’s note)]-6

		[TBD (see editor’s note)]-6



		





TABLE 2

Transmission and reception characteristics for the terrestrial control 
and non-payload communication link system 2

		Terrestrial control and non-payload communication system 2



		

		Units

		Airborne

		Ground



		Frequency of operation

		MHz

		5 030 to 5 091

		5 030 to 5 091



		User data rates

		kbps

		7.04 to 34.8

		7.04 to 34.8



		Duplexing

		

		TDD

		TDD



		Transmit/receive duration up from control station down from the UA

		msec

		25 Up plus 20 Guard

85  Down plus 20 Guard

		25  Up plus 20 Guard

85  Down plus 20 Guard



		Modulation

		

		TBD

		TBD



		Modulation symbol rates

		ksps

		TBD

		TBD



		Forward error correction

		

		TBD

		TBD



		Error detection

		

		32-bit CRC

		32-bit CRC



		User data block size transmitted per TDD frame

		bits

		TBD

		TBD



		User data rates

		kbps

		TBD

		TBD



		Occupied bandwidth, C

		kHz

		Variable per application with a maximum of 397 (TBC)

		Variable per application with a maximum of 397 (TBC)



		Antenna gain

		dBi

		3

		22.5



		Cable loss

		dB

		2

		3



		Antenna pattern 

		

		Omni

		See Table 2



		Antenna polarization

		

		Vertical with aircraft flying straight and level

		Vertical



		Maximum antenna height

		m

		22 860 (MSL)

Typical 8 000

		2 to 50

Typical 10



		Service range

		km

		50 (TBC)

		50 (TBC)



		Transmitter conducted power

		dBm

		30 (TBC)

		30 (TBC)



		Transmitter out-of-band emission limits

		

		See. Table XX (Table 4 at this stage)

		See. Table XX (Table 4 at this stage)



		Receiver noise figure

		dB

		7 (TBC)

		7 (TBC)



		Receiver sensibility

		dBm

		TBD

		TBD



		Receiver selectivity/blocking

		

		See. Table XX (Table 5 at this stage)

		See. Table XX (Table 5 at this stage)



		Protection criteria

		

		[TBD (see editor’s note)]

		[TBD (see editor’s note)]



		





TABLE 2

Control station elevation antenna pattern
is constant in azimuth for Ssystem 1

		System 1



		Elevation degrees

		Gain dBi



		0.5

		21.5



		1.5

		22.0



		2.5

		22.5



		3.5

		22.0



		7

		19.5



		11.5

		16.5



		16

		14.0



		32

		9.0



		64

		4.0



		>75

		3.0







[Editor’s note: All the gains indicated for the antenna pattern in Table 2.1 are positive, which is questionableReply Antenna has a peak gain of 21.5dBi and a front-to-back ratio of 18.5dB so gain to back is 3dB]

TABLE 2.2

Control station antenna pattern
Pattern for system 2

		Antenna Pattern for System 2



		(TBD)





TABLE 3

Transmitter out of channel in band emission limits in the 5030-5091MHz band for Ssystem 1

		System 1



		Offset from carrier frequency

		dBc/kHz



		Channel width ÷ 2

		−54



		1.5 × channel width

		−74



		500 kHz

		−90



		2 000 kHz

		−96







[Editor’s note: It needs to be clarified how Table 3 is addressing out of channel emissionsReply see title change]

TABLE 4

Transmitter out of band emission limits

		

		Maximum command and non-payload communication link system power spectral density in the out of band domain



		

		AirborneAES 

		GES or ARRSGround 



		System 1

		TBD

		TBD



		System 2

		TBD

		TBD







[Editor’s note: It is envisioned that the proposed Recommendation will eventually include the out of band emission characteristics of AM(R)S transmissions into adjacent bands including those below 5 030 MHz that would be necessary for sharing studies to resolve the provisional nature of the ‑75 dBW/MHz protection value in RR No. 5.443C.]

TABLE 5

Terrestrial System 1 Link Budget 



TBDCommand and non-payload communication link system receiver selectivity/blocking limits








2.2	Unmanned aircraft and control station characteristics for control and non-payload communication link via satellite

[bookmark: _Hlk108537506]2.2.1	Control and non-payload communication via satellite system 1

It is to be noted that:

–	feeder links between the UACS and the satellite are assumed to be in the frequency band 5 030-5 091 MHz, but may also be accommodated in other frequency bands;

–	a QPSK 1/2 digital video broadcasting - return channel via satellite (DVB-RCS) type waveform is considered;

–	the availability (link availability from the ground earth station to the UA and from the UA to the ground earth station) considered in this example is 99.99%;

–	the link budgets are performed for UA and UACS located in Western Europe, corresponding to the worst case in terms of sharing with microwave landing system (according to ICAO database used in Report ITU-R M.2205). On other areas more favourable from a sharing point of view, additional margin is available;

–	the path loss includes the degradation due to atmospheric effects. The multipath and scintillation effects are included in the 3 dB link budget margin. Such a value is consistent with the margins needed for multipath and scintillation in the propagation channel of the 1.5/1.6 GHz aeronautical band;

–	the link budget is carried out considering rain loss on the satellite – UA link, this representing the worst case compared to the UACS – Satellite link.

The feeder link is assumed to be in the frequency band 5 030-5 091 MHz, this case being the most restrictive one. A QPSK 1/2 DVB-RCS type waveform is considered. The availability (link availability from the ground earth station to the UA and from the UA to the ground earth station) that is considered is 99.99%.

[bookmark: _Toc237746957][bookmark: _Toc237747005][bookmark: _Toc237747033][bookmark: _Toc239767463][bookmark: _Toc246145806]TABLE 6

Aeronautical mobile satellite (route) service return link budget for system 1

		System

		

		 

		Repeater

		



		Availability (%)

		99.99%

		 

		Repeater gain (dB)

		110.5



		Satellite longitude (degrees)

		–2.8

		 

		Tx feeder loss (dB)

		1.0



		Conditions

		Rain UL

		 

		Amplifier BO (OBO) (dB)

		3.5



		Modulation

		QPSK 1/2

		 

		Amplifier NPR (dB)

		17.0



		Useful bit rate per carrier (kbps)

		44.0

		 

		C/IM0 degradation (dB/Hz)

		67.2



		Duplex ratio

		0.5

		 

		 

		



		Symbol rate per carrier (kbauds)

		103.5

		 

		Satellite Tx antenna

		



		Minimum bandwidth per carrier (kHz)

		139.8

		 

		Tx antenna diameter (m)

		6.0



		 

		

		 

		Tx e.i.r.p. per carrier (dBW)

		14.1



		Aircraft Earth stations

		

		 

		Max Tx e.i.r.p. per carrier (dBW)

		17.1



		Frequency (MHz)

		5 000

		 

		Downlink C/I inter-spots (dB)

		17.0



		Elevation (degrees)

		39.5

		 

		Downlink C/I0 inter-spots (dB/Hz)

		67.2



		Carrier HPA power (W)

		20.0

		 

		 

		



		Antenna gain (dBi)

		3.0

		 

		Downlink propagation

		



		Tx loss (dB)

		2.0

		 

		Total path loss (dB)

		198.0



		Power control uncertainty (dB)

		0.5

		 

		 

		



		Tx e.i.r.p. per carrier (dBW)

		13.5

		 

		Ground Earth station

		



		 

		

		 

		Downlink frequency (MHz)

		5 000



		Uplink propagation

		

		 

		Elevation (deg)

		39.5



		Total path loss (dB)

		198.5

		 

		Antenna diameter (m)

		3.8



		 

		

		 

		G/T (dB/K)

		18.8



		Satellite Rx antenna

		

		 

		Downlink C/N0 (dB/Hz)

		63.5



		Rx antenna diameter (m)

		6.0

		 

		 

		



		Rx antenna gain (dBi)

		45.1

		 

		Demodulation

		



		Rx feeder loss (dB)

		0.5

		 

		MLS degradation (dB)

		1.0



		Satellite G/T (dB/°K)

		18.7

		 

		Total C/(N0+IM0+I0) (dB/Hz)

		57.0



		Uplink C/N0 (dB/Hz)

		62.4

		 

		Total C/(N+IM+I) (dB)

		6.8



		Uplink C/I0 inter-spots (dB/Hz)

		67.2

		 

		Required C/(N0+IM0+I0) (dB/Hz)

		54.0



		Uplink C/I inter-spots (dB)

		17.0

		 

		Required C/(N+IM+I) (dB)

		3.8



		 

		

		 

		Margin (dB)

		3.0





[bookmark: _Toc237746958][bookmark: _Toc237747006][bookmark: _Toc237747034][bookmark: _Toc239767464][bookmark: _Toc246145807]

TABLE 7

Aeronautical mobile satellite (route) service forward link budget for system 1

		[bookmark: RANGE_A3_G34]System

		

		 

		Repeater

		



		Availability (%)

		99.99%

		

		Repeater gain (dB)

		104.5



		Satellite longitude (degrees)

		–2.8

		

		Tx feeder loss (dB)

		1.0



		Conditions

		Rain DL

		

		Amplifier BO (OBO) (dB)

		4.0



		Modulation

		QPSK ½

		

		Amplifier NPR (dB)

		17.0



		Useful bit rate per carrier (kbps)

		7.0

		

		C/IM0 degradation (dB/Hz)

		59.2



		Duplex ratio

		0.5

		

		 

		



		Symbol rate per carrier (kbauds)

		16.5

		

		Satellite Tx antenna

		



		Minimum bandwidth per carrier (kHz)

		22.2

		

		Tx antenna diameter (m)

		6.0



		 

		

		

		Tx e.i.r.p. per carrier (dBW)

		44.7



		Ground Earth station

		

		

		Max Tx e.i.r.p. per carrier (dBW)

		47.7



		Frequency (MHz)

		5.000

		

		Downlink C/I inter-spots (dB)

		17.0



		Elevation (degrees)

		39.5

		

		Downlink C/I0 inter-spots (dB/Hz)

		59.2



		Number of carriers

		20

		

		 

		



		HPA power (W)

		100.0

		

		Downlink propagation

		



		Antenna diameter (m)

		3.8

		

		Total path loss (dB)

		198.5



		Antenna gain (dBi)

		44.1

		

		 

		



		Tx loss (dB)

		1.0

		

		Aircraft Earth station

		



		Power control uncertainty (dB)

		0.5

		

		Downlink frequency (MHz)

		5.000



		Tx e.i.r.p. per carrier (dBW)

		49.6

		

		Elevation (deg)

		39.5



		 

		

		

		G/T (dB/K0

		–23.0



		Uplink propagation

		

		

		Downlink C/N0 (dB/Hz)

		51.9



		Total path loss (dB)

		198.0

		

		Downlink C/N (dB)

		9.7



		 

		

		

		 

		



		Satellite Rx antenna

		

		

		Demodulation

		



		Rx antenna diameter (m)

		6.0

		

		MLS degradation (dB)

		1.0



		Rx antenna gain (dBi)

		45.1

		

		Total C/(N0+IM0+I0) (dB/Hz)

		49.0



		Rx feeder loss (dB)

		0.5

		

		Total C/(N+IM+I) (dB)

		6.8



		Satellite G/T (dB/K)

		18.7

		

		Required C/(N0+IM0+I0) (dB/Hz)

		46.0



		Uplink C/N0 (dB/Hz)

		98.9

		

		Required C/(N+IM+I) (dB)

		3.8



		Uplink C/I0 inter-spots (dB/Hz)

		59.2

		

		Margin (dB)

		3.0



		Uplink C/I inter-spots (dB)

		17.0

		

		 

		







[Editor’s note: The previous table was quoted from Report ITU-R M.2233 (Annex 3 § 6)] 

2.2.2	Control and non-payload communication via satellite system 2

It is to be noted that:

–	The overall CNPC C2 link comprises the links between the remote pilot station / ground earth station (GES) and the satellite, as well as between the satellite and the remotely piloted aircraft (RPA). 

–	The feeder link i.e. the section of the CNPC C2 link from the satellite to the GES and from the GES to the satellite is assumed to provide equivalent or better performance than the section of the CNPC C2 link between the satellite and the RPA.

Table 8 and Table 9 provide the technical characteristics and link budgets for the portions of the forward and return link between the satellite and the RPA.

TABLE 8

Satellite C band system link budget for system 2 (worst case)

		Return link

		

		Forward link



		System

		

		 

		System

		



		Availability (%)

		99.99% (TBC)

		 

		Availability (%)

		99.99% (TBC)



		Satellite longitude (degrees)

		TBD

		 

		Satellite longitude (degrees)

		TBD



		Conditions

		Clear Sky

		 

		Conditions

		Clear Sky



		Modulation

		QPSK 1/3

		 

		Modulation

		QPSK 1/3



		Instantaneous Bearer Data Rate (kbps)

		83.3

		 

		Instantaneous Bearer Data Rate (kbps)

		95.2



		Duplexing

		Time Division Duplex (TDD)

		

		Duplexing

		Time Division Duplex (TDD)



		Transmit/receive duration (msec)
Up from Satellite
Down from the UA

		25 Up plus 20 Guard,

85  Down plus 20 Guard

		

		Transmit/receive duration (msec)
Up from Satellite
Down from the UA

		25 Up plus 20 Guard,

85  Down plus 20 Guard



		Duplex ratio

		0.3

		 

		Duplex ratio

		0.7



		Symbol rate per carrier (kbauds)

		278

		 

		Symbol rate per carrier (kbauds)

		317



		Minimum bandwidth per carrier (kHz)

		347

		 

		Minimum bandwidth per carrier (kHz)

		397



		 

		

		 

		

		



		Aircraft Earth stations

		

		 

		Satellite Tx antenna

		



		Frequency (MHz)

		5 090

		 

		Frequency (MHz)

		5 090



		Elevation (degrees)

		30

		 

		Elevation (degrees)

		30



		Tx power (W)

		25.0

		 

		Tx power per bearer (W)

		20.0



		Antenna gain (dBi)

		7.23

		 

		Antenna gain (dBi)

		33.8



		Tx loss (dB)

		0.0 (TBC)

		 

		Tx loss (dB)

		1.0



		Tx e.i.r.p. per carrier (dBW)

		21.2

		 

		Tx e.i.r.p. per bearer (dBW)

		45.8



		

		

		 

		

		



		 

		

		 

		

		



		Uplink propagation

		

		 

		Downlink propagation

		



		Total path loss (dB)

		198.4

		 

		Total path loss (dB)

		198.4



		 

		

		 

		

		



		Satellite Rx antenna

		

		 

		Aircraft Earth station

		



		Rx antenna diameter (m)

		1.64

		 

		Downlink frequency (MHz)

		5090



		Rx antenna gain (dBi)

		33.8

		 

		Elevation (deg)

		30



		Rx loss (dB)

		0.5 (TBC)

		 

		Rx antenna gain (dBi)

		7.23



		Satellite G/T (dB/°K)

		6.3

		 

		G/T (dB/°K)

		-17.5



		Uplink C/N0 (dB/Hz)

		54.7

		 

		Downlink C/N0 (dB/Hz)

		55.5





TABLE 9

Satellite C band system link budget for system 2 (best case)

		Return link

		

		Forward link



		System

		

		 

		System

		



		Availability (%)

		99.99% TBD

		 

		Availability (%)

		99.99% TBD



		Satellite longitude (degrees)

		TBD

		 

		Satellite longitude (degrees)

		TBD



		Conditions

		Clear Sky

		 

		Conditions

		Clear Sky



		Modulation

		QPSK 1/3

		 

		Modulation

		QPSK 1/3



		Instantaneous Bearer Data Rate (kbps)

		83.3

		 

		Instantaneous Bearer Data Rate (kbps)

		95.2



		Duplexing

		Time Division Duplex (TDD)

		

		Duplexing

		Time Division Duplex (TDD)



		Transmit/receive duration (msec)
Up from Satellite
Down from the UA

		25 Up plus 20 Guard,
85 Down plus 20 Guard

		

		Transmit/receive duration (msec)
Up from Satellite
Down from the UA

		25 Up plus 20 Guard,
85 Down plus 20 Guard



		Duplex ratio

		0.3

		 

		Duplex ratio

		0.7



		Symbol rate per carrier (kbauds)

		278

		 

		Symbol rate per carrier (kbauds)

		317



		Minimum bandwidth per carrier (kHz)

		347

		 

		Minimum bandwidth per carrier (kHz)

		397



		 

		

		 

		

		



		Aircraft Earth stations

		

		 

		Satellite Tx antenna

		



		Frequency (MHz)

		5 090

		 

		Frequency (MHz)

		5 090



		Elevation (degrees)

		90

		 

		Elevation (degrees)

		90



		Tx power (W)

		25.0

		 

		Tx power per bearer (W)

		20.0



		Antenna gain (dBi)

		11.1

		 

		Antenna gain (dBi)

		37.8



		Tx loss (dB)

		0.0 (TBC)

		 

		Tx loss (dB)

		1.0



		Tx e.i.r.p. per carrier (dBW)

		25.1

		 

		Tx e.i.r.p. per bearer (dBW)

		49.8



		

		

		 

		

		



		 

		

		 

		

		



		Uplink propagation

		

		 

		Downlink propagation

		



		Total path loss (dB)

		197.7

		 

		Total path loss (dB)

		197.7



		 

		

		 

		

		



		Satellite Rx antenna

		

		 

		Aircraft Earth station

		



		Rx antenna diameter (m)

		1.64

		 

		Downlink frequency (MHz)

		5090



		Rx antenna gain (dBi)

		37.8

		 

		Elevation (deg)

		90



		Rx loss (dB)

		0.5 (TBC)

		 

		Rx antenna gain (dBi)

		11.1



		Satellite G/T (dB/°K)

		10.3

		 

		G/T (dB/°K)

		-13.6



		Uplink C/N0 (dB/Hz)

		63.3

		 

		Downlink C/N0 (dB/Hz)

		64.1





TABLE 10

Satellite & aircraft transmit mask for system 2, with transmit bandwidth BTx=400 kHz

		

		Rejection

		Bandwith



		0

		0 dBc

		< BTx



		1

		−50 dBc

		3. BTx



		2

		−72 dBc

		 1.0 MHz







TABLE 11

Satellite & aircraft receive mask for system 2, with receive bandwidth BRx=400 kHz

		

		Rejection

		Bandwith



		1

		0 dBc

		< BRx



		2

		−50 dBc

		3. BRx



		3

		−74 dBc

		 4.0 MHz
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This document proposes new Recommendation with characteristics and protection criteria for aeronautical radionavigation systems, including unmanned aircraft (UA) detect and avoid (DAA) radar system operating in the aeronautical radionavigation service (ARNS) in the frequency band 15.4-15.7 GHz. These technical and operational characteristics are to be used as a guideline in analyzing compatibility between radars operating in the aeronautical radionavigation service and systems in other services within this band. 
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[Editor’s Note:  During the July 2022 WP 5B meeting, it was agreed that further work was required to fully develop this document.  This additional work needs to include a more robust description of the Detect and Avoid (DAA) radar systems similar to what is found in section 5 of Annex 1 in Recommendation ITU-R M.1796-2.  The work also needs to improve the protection criteria section of this recommendation to include protection information for pulsed interferes and continuous noise-like interferes as well as the aggregate impact of interference from multiple sources of interference and multiple types of interference (see Annex 2 of Recommendation ITU-R M.1796-2).  In addition, information on the relationship between the DAA radars in this Recommendation and DAA radars in other ITU-R Recommendations such as Recommendation ITU-R M.1796-2 would be helpful.  Finally, the relationship and compatibility requirements for airborne and ground based DAA radars that are proposed for this band.]

[USA Note: The current draft has already been update to separate the airborne DAA radar from the ground based DAA radar in Section 2 of the Annex and expands the protection criteria in Section 4 as well taking into account Annex 2 of Recommendation ITU-R M.1796-2.]

Scope

This Recommendation specifies the characteristics and protection criteria of radars operating in the aeronautical radionavigation service (ARNS) in the frequency band 15.4-15.7 GHz. The technical and operational characteristics should be used in analysing compatibility between radars operating in the aeronautical radionavigation service and systems in other services.

Keywords

15.4-15.7 GHz, radar, characteristics, protection.

Abbreviations/Glossary

ABDAA:	Airborne detect and avoid  

ARNS:	Aeronautical radionavigation service

DAA:	Detect and avoid

e.i.r.p:	Effective isotropically radiated power

ESA:	Electronically scanned array

FMCW:	Frequency-modulated continuous wave

GBDAA:	Ground based detect and avoid 

LFM:	Linear frequency modulation

PSD:	Power spectral density

RCS:	Radar cross-section

RR:	Radio Regulation

SNR:	Signal-to-noise power ratio

UA:	Unmanned aircraft

UAS:	Unmanned aircraft system

Related ITU Recommendations, Reports 

Recommendations 

ITU-R M.1372	Efficient use of the radio spectrum by radar stations in the radiodetermination service

ITU-R M.1730	Characteristics of and protection criteria for the radiolocation service in the frequency band 15.4-17.3 GHz

ITU-R S.1340	Sharing between feeder links for the mobile-satellite service and the aeronautical radionavigation service in the Earth-to-space direction in the band 15.4-15.7 GHz

Report

ITU-R M.2204	Characteristics and spectrum considerations for sense and avoid systems use on Unmanned Aircraft Systems (UAS)

The ITU Radiocommunication Assembly,

considering

a)	that antenna, signal propagation, target detection, and wide necessary bandwidth of radar required to achieve their functions are optimum in certain frequency bands;

b)	that the technical characteristics of radars operating in the aeronautical radionavigation service (ARNS) are determined by the mission of the system and vary widely even within a frequency band;

c) 	that the performance characteristics of receivers should be adequate to ensure that they do not suffer from interference due to transmitters situated at a reasonable distance and which operate in accordance with the Radio Regulations,

recognizing

a)	that the frequency band 15.4-15.7 GHz is allocated on a primary basis to aeronautical radionavigation, and radiolocation services, and that the fixed-satellite service (Earth-to-space) is also allocated on a primary basis in the frequency band 15.43-15.63 GHz;

b)	that the radiolocation services operating in the frequency band 15.4-15.7 GHz shall not cause harmful interference to, or claim protection from the aeronautical radionavigation service;

c)	that Unmanned Aircraft Detect and Avoid systems support the safeguarding of human life and property therefore RR No. 4.10 applies;



cd)	that numerous features of radiodetermination radars can be expected to help suppress low-duty cycle (less than 5%) pulsed interference, especially from a few isolated sources and. Ttechniques for suppression of low-duty cycle pulsed interference between two or more pulsed system are contained in Recommendation ITU-R M.1372 – Efficient use of the radio spectrum by radar stations in the radiodetermination service; 

de)	that the fixed-satellite service (Earth-to-space) operating in the frequency band 15.43‑15.63 GHz is limited to feeder links of non-geostationary systems in the mobile-satellite service and is subject to coordination under Radio Regulation (RR) No. 9.11A;

fe)	that the limit of effective isotropically radiated power (e.i.r.p) of stations operating in the aeronautical radionavigation service is provided in Recommendation ITU-R S.1340;

gf)	that for stations operating in the fixed-satellite service (Earth-to-space), the minimum coordination distance required to protect the aeronautical radionavigation stations (RR No. 4.10 applies) from harmful interference from feeder-link earth stations and the maximum e.i.r.p. transmitted towards the local horizontal plane by a feeder-link earth station are provided in Recommendation ITU-R S.1340;

hg)	that for some specific systems performance requirements may be available,

recommends

1	that the technical and operational characteristics of the radars operating in the ARNS described in the Annex should be considered representative of those operating in the frequency band 15.4-15.7 GHz and used in studies of compatibility with systems in other services;

2	that, in the absence of performance requirements, the criterion of interfering signal power to radar receiver noise power level [(I/N) of −6 dB/-10 dB], should be used as the required protection level for the aeronautical radionavigation radars, and that this represents the aggregate protection level if multiple interferers are present[[footnoteRef:2]]. [2: ] 


[USA Note: 

The US notes that removal of I/N -10 dB and square brackets [] was an oversight in Chairman’s report.

The US also notes that footnote 1 with safety margin language is not needed in the presence of recognizing c) referencing RR No 4.10 and Recommendation ITU-R M.1732 addressing pulsed interference technique is referenced in recognizing d) as well in Section 5.2]



3	that compatibility assessments should recognize the safety of flight function of the ARNS radar and include an appropriate aviation safety margin;

 4	that, in the case of pulsed interference, additional analysis should consider the undesired transmitter pulse train characteristics and the receiver signal processing to the extent possible in Recommendation ITU-R M.1372 as specified in recognizing c).

 

Annex

Technical and operational characteristics of radars operating in the
aeronautical radionavigation service in the
frequency band 15.4-15.7 GHz

1	Introduction

ARNS system operates on a primary basis in the frequency band 15.4-15.7 GHz. This Annex presents the technical and operational characteristics of representative ARNS radars operating in this frequency band.

Some ARNS systems are installed in unmanned aircraft (UA) or on the ground to detect non-cooperative aircraft as a surveillance system contributing to the UA detect and avoid (DAA) system. These radars are used for collision avoidance on-board UA and can be used as a part of the integration of unmanned aircraft system (UAS)[ in non-segregated airspace].

[Editor’s Note:  The text in square brackets above has been proposed for deletion by some Administrations while other Administrations wish to keep the text.]

Some ARNS systems are used for landing.

2	Description of the detect and avoid radar systems characteristics

[Editor’s note: The description of the DAA radar systems below is needs to include the types of UAS systems that employ the DAA radars identified in Table 1, representative operational scenarios, scanning strategies, operations in and around airports, and interference detection capabilities for each type of system.  These descriptions should also indicate whether the DAA is used throughout the entire flight or if its use is limited to certain segments of the flight.  A discussion on the range of operation is determined would also be helpful.  Also ensure that the text on DAA radar systems is consistent with the DAA descriptions in the Handbook on DAA systems that is currently under development.] 

[USA Note: Many of the comments in Editor’s note above has been addressed in the description below as well in section 2.1 and 2.2.]



The safe flight operation of UA in non-segregated airspace necessitates advanced techniques to detect and track nearby aircraft, terrain, remain well clear of obstacles, and properly act and respond to certain weather conditions. UA must avoid these objects in the same manner as manned aircraft. Two primary sensor systems are operational to allow a UAS to meet this requirement. The first class comprises sensor(s) or electronic system(s) on the air vehicle and is called airborne detect and avoid (ABDAA). The second class involves sensor(s) or electronic system(s) monitoring the air space from the ground and is refer to as ground based DAA (GBDAA).

[USA Note: The text above was in red colour without any comments or editor’s note. It is USA opinion that it was an oversight hence the font was changed to black colour.]

2.1	Airborne detect-and-avoid radar

ABDAA radars are being developed for the purpose of enhancing flight safety by providing warnings of potential collisions or conflicts with non-cooperative aircraft[footnoteRef:3]. The mission of this class of airborne radars encompasses several partially-overlapping functions referred to as collision avoidance, conflict avoidance, self-separation, safe separation, sense-and-avoid and due regard. This class of radars is of particular interest in unmanned aircraft (UA) applications where there is no onboard pilot to provide the safety-of-flight function visually. Unmanned aircraft are powered, aircraft that do not carry a human pilot, use aerodynamic forces to provide vehicle lift, and may fly semi-autonomously or autonomously, or be piloted remotely. [3:  	Aircraft that are not equipped with an air traffic control radar beacon system transponder, automatic dependent surveillance-broadcast system, traffic alert and collision avoidance system or airborne collision avoidance system.] 


Detect-and-avoid radars must track all potentially threatening aircraft (called ‘intruders’) in their field of regard while simultaneously searching for new threats. Since more than one intruder will frequently be in the radar’s field of regard, a multi-target tracker is required. This requires either fairly rapid track-while-scan operation, or alternatively, interleaved search and track functions in a mode called ‘search while track’ in which the track updates are scheduled as they are required. This type of operation requires beam agility beyond the capability of a mechanically scanned antenna. For this reason, airborne DAA radars typically use either electronically scanned antennas or beamforming techniques to provide the required search and track functions.

The range required for detection and tracking depends on the amount of warning time required. This in turn depends on the speed of the host platform (called the ‘ownship’), the speed of intruder aircraft, the ownship’s manoeuvring capability, the type of avoidance manoeuvre (e.g. lateral vs vertical) and delays in initiating and executing the avoidance manoeuvre. A relatively fast UA with limited manoeuvrability would require a sensor with a greater range than a slower, more manoeuvrable UA.

The goal of airspace access for appropriately equipped UA systems is to achieve a level of safety equal to that of an aircraft with a pilot in the cockpit. The remote pilot will need to be aware of the environment within which the aircraft is operating, be able to identify the potential threats to the continued safe operation of the aircraft and take the appropriate action. In order for UAS to operate in non-segregated civil airspace, they must be integrated safely and adhere to current operational rules that provide an acceptable level of safety similar to that of a conventional manned aircraft. The DAA radar is part of an unmanned aircraft collision avoidance system whose primary function is to provide the capability to detect, track and report non-cooperative air traffic information to the remote pilot in order to maintain adequate separation from intruder aircraft. The system utilizes a “Pilot-in-the-Loop” approach in which the ground-based UA pilot will have final authority regarding UAS manoeuvres to avoid other aircraft (manned or unmanned). 

2.2	Ground based detect-and-avoid radar

GBDAA is used for air traffic surveillance in support of DAA operations for unmanned aircraft. GBDAA detects and generate tracks within its declaration volume of airborne traffics. Unlike primary radars, DAA radars detect aircraft that flies at relatively low altitudes with smaller radar cross-sections. 

As with the ABDAA, GBDAA compliments other surveillance sensors by providing detection of non-cooperative traffic (i.e., those without operating transponders or ADS-B Out capabilities). Aircraft tracks are established at sufficient range and accuracy to enable an UA flying within GBDAA operational volume to remain well clear of other aircraft. 

FIGURE 1

Ground-based detect and avoid

[image: Diagram, map

Description automatically generated]

Presently, in the frequency band 15.4-15.7 GHz, there are no significant differences between the GBDAA and ABDAA systems. The requirements are simply to support the safety case, whether that’s achieved with airborne sensors, ground-based sensors, or both. However, it should be noted that the capability of ground-based vs airborne radar is different. A GBDAA radar looking up can see both in front, behind and aircraft of interest, whereas an ABDAA radar onboard the aircraft is generally pointed in the direction of flight and can only detect objects across a field of view in the direction it’s pointed. Additionally, smaller UAS are limited in the size and power of radar they can carry, whereas ground based radar has less limitation with regards to size or weight. There are also different technical challenges; for example, with GBDAA where line-of-sight over hills and buildings will need to be considered during implementation whereas with ABDAA implementation may require careful consideration of ground clutter (and returns from objects on the ground more generally) at low altitudes.

GBDAA systems use ground based sensor as the surveillance sensor and may have multiple GBDAA sensors to cover the necessary Surveillance Volume. The GBDAA can be utilized to enable transit operations, or operations at lower altitudes in area near airports as well as to enable extended operations.

3	Characteristics of aeronautical radionavigation detect and avoid radar

The technical parameters are provided in Table 1.

TABLE 1

Representative technical parameters of radionavigation radar

		Parameter

		Units

		Radar 1

(Note 1)

		Radar 2

(Note 1)

		Radar 3

(Note 1)



		Platform

		

		Aircraft

		Aircraft

		Airborne



		Platform height 

		km

		Up to 12

		Up to 12

		Up to 12



		

		

		

		

		



		Radar type

		

		FMCW

		FMCW

		Pulse-Doppler



		Range class

		

		Short range

		Short range

		Medium range



		Operating range

(Note 2)

		km

		0.8 (small UAS)
2.0 (small General Aviation aircraft (GA))



		1.8 (small UAS)
4.5 (small General Aviation aircraft)



		9





		Maximum number of drones within the same operating area

		

		10

		10

		3 to 12



		Ground speed 

(Note 2)

		km/h

		50-100 (small UAS)

200 (small GA)

		50-100 (small UAS)

200 (small GA)



		< 700





		Frequency tuning range 

		GHz

		15.4-15.7
(Note 32)

		15.4-15.7
(Note 32)

		15.4-15.7
(Note 43)



		Channel selection method between radars

		

		(Note 23)

		(Note 23)

		SW selectable
(Note 45)



		Emission type

		

		QXN

		QXN

		FXN



		Modulation

		

		FMCW

		FMCW

		LFM



		Pulse width (1 meter range resolution)

		s

		220

		197

		0.25 to 20

(Note 56)



		Pulse rise and fall times 

		s

		5/5

		0.5/0.5

		< 0.1



		RF emission bandwidth 
	  −3 dB

	−20 dB

	−40 dB

		MHz

		176

184

201

		152

164

269

		(Band 1-MHz)

25

80

155



		Pulse repetition frequency

		ps

		4 000

		4 000

		1-200



		Average transmitter power (conducted)

		W

		2

		10

		30



		Out-of-band emission characteristics

		dBc

		< 50

		< 40

		<-75
(through 3rd harmonic)



		Spurious emission characteristics (conducted)

		dBc

		-72

		-87

		-60



		Receiver IF bandwidth
	−3 dB

	−20 dB

	−60 dB

		MHz

		15

32

58

		15

32

58

		<200

<300

<400



		Sensitivity

		dBm

		-147

		-141

		-121



		Receiver noise figure

		dB

		1.5

		1.5

		4



		Calculated Rx noise power

		dBW

		-130.7

		-130.7

		-133

(Note 67)



		Saturation level

		dBW/m2

		-35

		-30

		-40



		Effective Incident RX Thermal Noise power

		dBW/m2

		-176.6

		-176.6

		-107.5



		Antenna type

		

		Bi-Static Phased Array

		Bi-Static Phased Array

		ESA
(Note 78)



		Antenna placement

		

		Aircraft (manned or
unmanned)

		Aircraft (manned 
or unmanned)

		Aircraft (manned
or unmanned) 



		RX Element gain

		dBi

		2

		2

		27



		Antenna gain

		dBi

		12

		15

		27



		First TX antenna side lobe

		dBi

		-3 at 50°

		-1 at 52°

		<-20



		Horizontal beamwidth

		degrees

		40

		32

		4



		Vertical beamwidth

		degrees

		40

		28

		2



		Polarization

		

		Vertical

		Horizontal

		Horizontal



		Horizontal Antenna scan

		degrees

		±60

		±60

		± 65



		Vertical Antenna scan

		degrees

		±20

		±60

		-40, +50



		Protection Criteria

(aggregate) I/N

		dB

		-6

		-6

		-6



		Notes: 

1	In some cases a UAS is unable to equip with airborne DAA. These radars can also be deployed on the ground in order to provide the intended DAA functions.

2    These radars have similar detection range on the same aircraft even if it flies at a different speed as long as the radar tracking software is expecting and designed for the correct aircraft speeds. What matters is radar cross section (RCS, i.e. “size”) of the target.

23	Radar is pre-programmed at the factory to any centre frequency inside this band. The set range resolution directly affects BW. Therefore, the range resolution will be a factor when programming the centre frequency, to ensure that the spectral power is within the 15.4 to 15.7 GHz band. For radars set with larger RR (i.e. smaller BW’s), multiple radars can be programmed and operated inside the 15.4 to 15.7 GHz band, allowing for coverage of larger areas.

34	Utilized bandwidth - Inclusive of frequency-channel guard-bands.

45	Channel selection is purely SW-defined and can be on-the-fly dynamic. Some settings may allow radar to self-configure based on detected spectrum-conflict.

56	Waveform is software-defined on a CPI-by-CPI basis, and optimized for targets, and spectral environments.

67	Compressed bandwidth before processing gain.

78	High T/R ESA RF beamforming on both transmit and receive.



		







4	Characteristics of aeronautical radionavigation landing system

This system is an electronic landing aid that provides flight path data to an approaching aircraft as the aircraft flies into range of the landing system. There are two separate surface transmitters, one for azimuth and one for elevation, as well as a receiver installed on the aircraft. The system utilizes a one-way transmission where the angular information is displayed on a cross-point indicator allowing the aircraft to align itself with the runway.

The technical parameters are provided in Table 2.

TABLE 2

Technical parameters of landing system

		Parameter

		Units

		Transmitter

		Receiver



		Platform

		

		Land/Ship

		Aircraft



		Platform height 

		km

		Land: 0.01
Ship: 0.015-0.024

		Maximum: 2



		Ground speed 

		km/h

		Land:  0
Ship:  < 50

		< 350



		Number of aircraft per landing system

		

		1

		1



		Frequency tuning range 

		GHz

		15.4-15.7

		15.4-15.7



		Emission type

		

		Pulse

		Not applicable



		Pulse width 

		s

		0.3

		Not applicable



		Pulse rise and fall times 

		ns

		Rise Time:  25-50; 
Fall Time:  25-200

		Not applicable



		RF emission bandwidth at 
	  −3 dB

	−20 dB

	−40 dB

		MHz

		4.8

18.5

65

		Not applicable



		Pulse repetition frequency

		pps

		15000

		Not applicable



		Out-of-band emission characteristics

		dBc

		 <43

		 Not applicable



		Spurious emission characteristics

		dBc

		65

		Not applicable



		Average transmitter power 

		W

		Peak: 2500; 
Average: 7

		Not applicable



		Receiver IF bandwidth at
	  −3 dB

	−20 dB

	−60 dB

		MHz

		Not applicable

		12

17

24



		Sensitivity

		dBm

		Not applicable

		−72



		Receiver noise figure

		dB

		Not applicable

		11.5



		Calculated Rx noise power

		dBW

		Not applicable

		−121.7



		Image rejection

		dB

		Not applicable

		60



		Spurious rejection

		dB

		Not applicable

		50



		Antenna type

		

		Parabolic Reflector

		Horn



		Antenna placement

		

		Ground/Surface

		Bottom of aircraft





		Antenna gain

		dBi

		Horizontal: 32; 
Vertical: 26

		6



		First antenna side lobe

		dBi

		At least 17 dB below peak

		At least 17 dB below peak



		Horizontal beamwidth

		degrees

		Horizontal: 40; 
Vertical: 2

		70



		Vertical beamwidth

		degrees

		Horizontal: 1.3; Vertical: 6

		36



		Polarization

		

		Vertical

		Vertical



		Antenna scan

		degrees

		Sector Scan

		Fixed







5	Protection criteria

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]5.1	Continuous noise-like interference

Radars are affected in fundamentally different ways by unwanted signals of different forms, and an especially sharp difference prevails between the effects of continuous noise-like energy and those of pulses. Continuous-wave interference of a noise-like type inflicts a desensitizing effect on radiodetermination radars, and that effect is predictably related to its intensity.

The desensitizing effect on radars from other services of a continuous-wave or noise-like type modulation is predictably related to its intensity. In any azimuth sectors in which such interference arrives, its power spectral density (PSD) can, to within a reasonable approximation, simply be added to the PSD of the radar receiver thermal noise. If PSD of radar‑receiver noise in the absence of interference is denoted by N0 and that of noise-like interference by I0, the resultant effective noise PSD becomes simply I0 + N0.

Given that, the radar protection criteria traditionally established within ITU-R are based on the penalties incurred to maintain the target-return signal-to-noise ratio in the presence of the interference, requiring that the target-return power be raised in proportion to the increase of noise power from N0 to I0 + N0. That can only be done by accepting shorter maximum ranges on given targets, sacrificing observation of small targets, or modifying the radar to give it a higher transmitter power or power-aperture product. 

These penalties vary depending on the radar’s function and the nature of its targets. For most radars, an increase in the effective noise level of about 1 dB would inflict the maximum tolerable degradation on performance. In the case of a discrete target having a given average or median Radar cross-section (RCS), that increase would reduce the detection range by about 6% regardless of any RCS fluctuation characteristics that target might have. This effect results from the fact that the achievable free-space range is proportional to the 4th root of the resultant signal-to-noise power ratio (SNR), from the most familiar form of the radar range equation. A 1 dB increase of effective noise power is a factor of 1.26 in power, so it would, if uncompensated, require the free-space range from a given discrete target to be reduced by a factor of 1/(1.261/4), or 1/1.06; i.e. a range capability reduction of about 6%. In the range equation, the SNR is also directly proportional to transmitter power, to power-aperture product (for a surveillance radar), and to target radar cross section. Alternatively, therefore, the 1 dB increase of effective noise power could be compensated by forgoing detection of targets except those having an average radar cross section 1.26 times as large as the minimum-size target that could be detected in the interference-free regime or by increasing the radar transmitter power or its power-aperture product by 26%. Any of these alternatives is at the limit of acceptability in most radar missions, and the system modifications would be costly, impractical, or impossible, especially in mobile radars. For discrete targets, those performance penalties hold for any given probability of detection and false-alarm rate and any target fluctuation characteristics.

5.1.1	Aggregation of interference contributions

The 1 dB increase referred to throughout the above discussions corresponds to an (I + N)/N ratio of 1.26, or an I/N of about −6 dB. This represents the tolerable aggregate effect of all interferers. It applies for reception via the radar’s main beam as well as for simultaneous reception via side lobes. The tolerable I/N for an individual noise-like interferer therefore depends on the number of interferers and their geometry and should be assessed in the analysis of a given scenario. This is a consequence of the fact that almost all the radars in this band serve event-driven missions, observe non-cooperative targets, and do not have the benefit of redundancy, including the re-transmission of packets that is becoming used more and more in communications technologies. Basically, sensing, including radar, is a fundamentally different use of the RF spectrum than is communications, and the same interference-protection rules are not appropriate for both.

5.2	Pulsed interference

The effect of pulsed interference is more difficult to quantify and is strongly dependent on receiver/processor design and mode of operation. In particular, the differential processing gains for valid-target return, which is synchronously pulsed, and interference pulses, which are usually asynchronous, often have important effects on the impact of given levels of pulsed interference. Several different forms of performance degradation can be inflicted by such desensitization. Assessing it will be an objective for analyses of interactions between specific radar types. Assessing it will be an objective for analysis of interactions between specific pulsed radar types.

In general, numerous features of radiodetermination radars can be expected to help suppress low-duty cycle pulsed interference, especially from a few isolated sources. Techniques for suppression of low-duty cycle pulsed interference are contained in Recommendation ITU-R M.1372. When multiple interferers are present, the recommended I/N protection criteria remains unchanged. The total interference level actually arriving at the radar receiver depends on the number of interferers, their spatial distribution and their signal structure and needs to be assessed in the course of an aggregation analysis of a given scenario. If interference were received from several azimuth directions, an aggregation analysis has to cumulate simultaneous contributions from all these directions, being received via the radar antenna’s main beam and/or side-lobes, in order to assess compatibility.

For typical radars an increase of about 1 dB would constitute significant degradation, equivalent to a detection-range reduction of about 6%. Therefore, the criterion of interfering signal power to radar receiver noise power level (I/N) of −6 dB should be used as the required protection level for the aeronautical radionavigation radars provided that this represents the aggregate protection level if multiple interferers are present. The compatibility assessments should also recognize the safety of flight function of the ARNS radar; therefore, RR No 4.10 applies. and include an appropriate aviation safety margin.



[

–	For typical radars an increase of about 1 dB would constitute significant degradation, equivalent to a detection-range reduction of about 6%. Such an increase corresponds to an I/N ratio of 1.26, or an I/N ratio of about −6 dB.

–	For the radionavigation service considering the safety-of-life function, an increase of about 0.5 dB would constitute significant degradation. Such an increase corresponds to an (I/N) ratio of −10 dB.]

[Editor’s Note:  The text in square brackets above has been proposed for deletion by some Administrations while other Administrations wish to keep the text.  Work to improve the protection criteria section in this recommendation needs to address the relevance of this text.]

These protection criteria represent the aggregate effects of multiple interferers, when present; the allowable I/N ratio for an individual interferer depends on the number of interferers and their geometry and needs to be assessed in the course of analysis of a given scenario. The aggregation factor can be very substantial in the case of certain communication systems in which a great number of stations can be deployed.



________________
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[Editor’s note: During the July 2022 WP 5B meeting, it was agreed that further work was required to fully develop this document.  This additional work needs to include a more robust description of the Detect and Avoid (DAA) radar systems similar to what is found in Section 5 of Annex 1 in Recommendation ITU-R M.1796-2. The work also needs to improve the protection criteria section of this recommendation to include protection information for pulsed interferes and continuous noise-like interferes as well as the aggregate impact of interference from multiple sources of interference and multiple types of interference (see Annex 2 of Recommendation ITU-R M.1796-2).  In addition, information on the relationship between the DAA radars in this Recommendation and DAA radars in other Recommendations such as ITU-R M.1796-2 would be helpful.  Finally, the relationship and compatibility requirements for airborne and ground based DAA radars that are proposed for this band.]

[USA Note: The current draft has already been update to separate the airborne DAA radar from the ground based DAA radar in Section 2 of the Annex and expands the protection criteria in Section 4 as well taking into account Annex 2 of Recommendation ITU-R M.1796-2.]



Scope

This document specifies the characteristics and protection criteria of radars operating in the aeronautical radionavigation service (ARNS) in the frequency band 24.45-24.65 GHz. The technical and operational characteristics should be used in analysing compatibility between radars operating in the aeronautical radionavigation service and systems in other services.

Keywords

24.45-24.65 GHz, radar, characteristics, protection.

Abbreviations/Glossary

ABDAA:	Airborne detect and avoid

ARNS:	Aeronautical radionavigation service

CDMA:	Code-division multiple access

DAA:	Detect and avoid

e.i.r.p.:	Effective isotropically radiated power

ESA:	Electronically scanned array

FDMA:	Frequency division multiple access

FMCW:	Frequency-modulated continuous wave

GBDAA:	Ground based detect and avoid

LFM:	Linear frequency modulation

PSD:	Power spectral density

RCS	Radar cross-section

RR:	Radio Regulation

SNR	Signal-to-noise power ratio

TDMA:	Time-division multiple access

UA:	Unmanned aircraft

UAS:	Unmanned aircraft system

Related ITU Recommendations, Reports 

Recommendations 

ITU-R M.1372	Efficient use of the radio spectrum by radar stations in the radiodetermination service

Report

ITU-R M.2204	Characteristics and spectrum considerations for sense and avoid systems use on Unmanned Aircraft Systems (UAS)

The ITU Radiocommunication Assembly,

considering

a)	that antenna, signal propagation, target detection, and wide necessary bandwidth of radar required to achieve their functions are optimum in certain frequency bands;

b)	that the technical characteristics of radars operating in the aeronautical radionavigation service (ARNS) are determined by the mission of the system and vary widely even within a frequency band;

c) 	that the performance characteristics of receivers should be adequate to ensure that they do not suffer from interference due to transmitters situated at a reasonable distance and which operate in accordance with the Radio Regulations,

recognizing

a)	that the frequency band 24.45-24.65 GHz is allocated on a primary basis to the radionavigation (including aeronautical radionavigation), fixed, mobile except aeronautical mobile, and inter-satellite services in ITU‑R Region 2;

b)	that the frequency band 24.45-24.65 GHz is allocated on a primary basis to the radionavigation (including aeronautical radionavigation), inter-satellite, fixed, and mobile services in ITU-R Region 3;

c)	that Unmanned Aircraft Detect and Avoid systems support the safeguarding of human life and property therefore RR No. 4.10 applies;

d)	that numerous features of radiodetermination radars can be expected to help suppress low-duty cycle (less than 5%) pulsed interference, especially from a few isolated sources and. Ttechniques for suppression of low-duty cycle pulsed interference between two or more pulsed system are contained in Recommendation ITU-R M.1372 – Efficient use of the radio spectrum by radar stations in the radiodetermination service;

e)	that the inter-satellite service operating in the frequency band 24.45-24.65 GHz shall not claim protection from harmful interference from airport surface detection equipment stations of the radionavigation service,

recommends

1	that the technical and operational characteristics of the ARNS radars operating in the ARNS described in the Annex should be considered representative of those operating in the frequency band 24.45-24.65 GHz and used in studies of compatibility with systems in other services;

2	that, in the absence of performance requirements, the criterion of interfering signal power to radar receiver noise power level (I/N) of [−6 dB/−10 dB ], should be used as the required protection level for the aeronautical radionavigation radars, and that this represents the aggregate protection level if multiple interferers are present;.

3	that compatibility assessments should recognize the safety of flight function of the ARNS radar and include an appropriate aviation safety margin;

 4	that, in the case of pulsed interference, additional analysis should consider the undesired transmitter pulse train characteristics and the receiver signal processing to the extent possible in Recommendation ITU-R M.1372 as specified in recognizing c).



[USA Note: The US notes that safety margin language is not needed in the presence of recognizing c) referencing RR No 4.10 and Recommendation ITU-R M.1732 addressing pulsed interference technique is referenced in recognizing d) as well in Section 5.2]





Annex

Technical and operational characteristics of radars operating in the
aeronautical radionavigation service in the
frequency band 24.45-24.65 GHz

1	Introduction

ARNS system operates in Regions 2 and 3 on a primary basis in the frequency band 24.45‑24.65 GHz. This Annex presents the technical and operational characteristics of representative ARNS radars operating in this frequency band.

ARNS systems are installed in unmanned aircraft (UA) or on the ground to detect non-cooperative aircraft as a component of an UA Detect and Avoid (DAA) system. These radars are used for collision avoidance on-board UA and can be used as a part of the integration of unmanned aircraft system (UAS)[ in non-segregated airspace.

[Editor’s note: The text in square brackets above has been proposed for deletion by some Administrations while other Administrations wish to keep the text.]

2	Description of the detect and avoid radar system characteristics

[Editor’s note: The description of the DAA radar systems below is needs to include the types of UAS systems that employ the DAA radars identified in Table 1, representative operational scenarios, scanning strategies, operations in and around airports, and interference detection capabilities for each type of system.  These descriptions should also indicate whether the DAA is used throughout the entire flight or if its use is limited to certain segments of the flight.  A discussion on the range of operation is determined would also be helpful.  Also ensure that the text on DAA radar systems is consistent with the DAA descriptions in the Handbook on DAA systems that is currently under development.]

[USA Note: Many of the comments in Editor’s note above has been addressed in the description below as well in section 2.1 and 2.2.]



The safe flight operation of UA in non-segregated airspace necessitates advanced techniques to detect and track nearby aircraft, terrain, remain well clear of obstacles, and properly act and respond to certain weather conditions. UA must avoid these objects in the same manner as manned aircraft. Two primary sensor systems are operational to allow a UAS to meet this requirement. The first class comprises sensor(s) or electronic system(s) on the air vehicle and is called airborne detect and avoid (ABDAA). The second class involves sensor(s) or electronic system(s) monitoring the air space from the ground and is refer to as ground based DAA (GBDAA).

2.1 	Airborne detect-and-avoid radar

ABDAA radars are being developed for the purpose of enhancing flight safety by providing warnings of potential collisions or conflicts with non-cooperative aircraft [footnoteRef:1]. The mission of this class of airborne radars encompasses several partially-overlapping functions referred to as collision avoidance, conflict avoidance, self-separation, safe separation, sense-and-avoid and due regard. This class of radars is of particular interest in unmanned aircraft (UA) applications where there is no onboard pilot to provide the safety-of-flight function visually. Unmanned aircraft are powered, aircraft that do not carry a human pilot, use aerodynamic forces to provide vehicle lift, and may fly semi-autonomously or autonomously, or be piloted remotely. [1:  	Aircraft that are not equipped with an air traffic control radar beacon system transponder, automatic dependent surveillance-broadcast system, traffic alert and collision avoidance system or airborne collision avoidance system].] 


Detect-and-avoid radars must track all potentially threatening aircraft (called ‘intruders’) in their field of regard while simultaneously searching for new threats. Since more than one intruder will frequently be in the radar’s field of regard, a multi-target tracker is required. This requires either fairly rapid track-while-scan operation, or alternatively, interleaved search and track functions in a mode called ‘search while track’ in which the track updates are scheduled as they are required. This type of operation requires beam agility beyond the capability of a mechanically scanned antenna. For this reason, airborne DAA radars typically use either electronically scanned antennas or beamforming techniques to provide the required search and track functions.

The range required for detection and tracking depends on the amount of warning time required. This in turn depends on the speed of the host platform (called the ‘ownship’), the speed of intruder aircraft, the ownship’s manoeuvring capability, the type of avoidance manoeuvre (e.g. lateral vs vertical) and delays in initiating and executing the avoidance manoeuvre. A relatively fast UA with limited manoeuvrability would require a sensor with a greater range than a slower, more manoeuvrable UA.

The goal of airspace access for appropriately equipped UA systems is to achieve a level of safety equal to that of an aircraft with a pilot in the cockpit. The remote pilot will need to be aware of the environment within which the aircraft is operating, be able to identify the potential threats to the continued safe operation of the aircraft and take the appropriate action. In order for UAS to operate in non-segregated civil airspace, they must be integrated safely and adhere to current operational rules that provide an acceptable level of safety similar to that of a conventional manned aircraft. The DAA radar is part of an unmanned aircraft collision avoidance system whose primary function is to provide the capability to detect, track and report non-cooperative air traffic information to the remote pilot in order to maintain adequate separation from intruder aircraft. The system utilizes a “Pilot-in-the-Loop” approach in which the ground-based UA pilot will have final authority regarding UAS manoeuvres to avoid other aircraft (manned or unmanned).

2.2 	Ground based detect-and-avoid radar

GBDAA is used for air traffic surveillance in support of DAA operations for unmanned aircraft. GBDAA detects and generate tracks within its declaration volume of airborne traffics. Unlike primary radars, DAA radars detect aircraft that flies at relatively low altitudes with smaller radar cross-sections.

As with the ABDAA, GBDAA compliments other surveillance sensors by providing detection of non-cooperative traffic (i.e., those without operating transponders or ADS-B Out capabilities). Aircraft tracks are established at sufficient range and accuracy to enable an UA flying within GBDAA operational volume to remain well clear of other aircraft.

FIGURE 1

Ground-based detect and avoid
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Presently, in the frequency band 15.4-15.7 24.45-24.65 GHz, there are no significant differences between the GBDAA and ABDAA systems. The requirements is simply to support the safety case, whether that’s achieved with airborne sensors, ground-based sensors, or both. However, it should be noted that the capability of ground-based vs airborne radar is different. A GBDAA radar looking up can see both in front, behind and aircraft of interest, whereas an ABDAA radar onboard the aircraft is generally pointed in the direction of flight and can only detect objects across a field of view in the direction it’s pointed. Additionally, smaller UAS are limited in the size and power of radar they can carry, whereas ground based radar has less limitation with regards to size or weight. There are also different technical challenges; for example, with GBDAA where line-of-sight over hills and buildings will need to be considered during implementation whereas with ABDAA implementation may require careful consideration of ground clutter (and returns from objects on the ground more generally) at low altitudes.

GBDAA systems use ground based sensor as the surveillance sensor and may have multiple GBDAA sensors to cover the necessary surveillance volume. The GBDAA can be utilized to enable transit operations, or operations at lower altitudes in area near airports as well as to enable extended operations.

3	Characteristics of aeronautical radionavigation detect and avoid radar

The technical parameters are provided in Table 1.

TABLE 1

Technical parameters of detect and avoid radar

		Parameter

		Units

		Radar 1
(Note 1)

		Radar 2
(Note 1)



		Platform

		

		Airborne 

		Airborne 



		Platform height 

		km

		Up to 20

		Up to 20



		

		

		

		



		Radar type

		

		FMCW

		FMCW



		Range class

		

		Short range

		Medium range



		Operating range

(Note 2)

		km

		3

		8



		Maximum number of drones within the same operating area

		

		3 to 8

		3 to 10



		Ground speed 

(Note 2)

		km/h

		<430

		<430



		Target speeds (max)

		m/s

		<200

		<200



		Frequency tuning range 

(Note 32) 

		GHz

		24.45-24.65

		24.45-24.65



		Channelization methods

		

		FDMA: 3 ch 45 MHz 
CDMA: 4 ch

TDMA: 4 ch

LFM-dir: up/down

		FDMA: 3 to 6 ch  
CDMA: 4 ch

TDMA: 4 ch

LFM-dir: up/down



		Channel selection method between radars

(Note 34)

		

		SW selectable

		SW selectable



		Emission type

		

		FXN

		FXN



		Radar Modulation

		

		LFM

		LFM



		Modulation bandwidth

		MHz

		45

		10 to 50
(Note 4)



		Pulse width 

		s

		200

		50 to 200
(Note 45)



		Pulse rise and fall times 

		s

		< 1

		< 1



		RF emission bandwidth at 
	−3 dBc

	−20 dBc

	−40 dBc

		MHz

		
<48

<54

<60

		
110% BWchirp
120% BWchirp
130% BWchirp



		Pulse repetition frequency

		kHz

		4.7

		2 to 10



		Average transmitter power 

		W

		2

		12



		Out-of-band emission characteristics

		dBc

		< -75

(through 3rd harmonic)

		< -75

(through 3rd harmonic)



		Spurious emission characteristics

		dBuV/m in 1MHz BW

		< 83

		< 83



		Receiver IF bandwidth
	−3 dB

	−20 dB

	−60 dB

		MHz

		
< 10

< 20

< 70

		
<10

< 30

< 40



		Sensitivity (MDS)
(at RX input. SNR = 12 dB)

		dBm

		−119

		−122



		Receiver noise figure

		dB

		6

		3



		Calculated Rx noise power
(Note 46)

		dBW

		−131

		−134



		Saturation level

		dBm

		−40

		−40



		Antenna type

		

		ESA
(Note 67)

		ESA
(Note 67)



		Antenna placement

		

		Fixed
(internally sealed package)

		Fixed
(internally sealed package)



		Antenna gain

		dBi

		21

		27



		First antenna sidelobe

		dBi

		< −16

		< −16



		Horizontal beamwidth
(2-way at 0,0)

		degrees

		2

		2



		Vertical beamwidth
(2-way at 0,0)

		degrees

		6

		2



		Polarization

		

		Horizontal

		Horizontal



		Horizontal antenna scan
(from boresight)

		degrees

		±60

		±60



		Vertical antenna scan
(from boresight)

		degrees

		±40

		±40



		Protection Criteria

(aggregate) I/N

		dB

		-6

		-6



		Notes:

1	In some cases a UAS is unable to equip with airborne DAA. These radars can also be deployed on the ground in order to provide the intended DAA functions.

2    These radars have similar detection range on the same aircraft even if it flies at a different speed as long as the radar tracking software is expecting and designed for the correct aircraft speeds. What matters is radar cross section (RCS, i.e. “size”) of the target.

23	Utilized bandwidth - Inclusive of frequency-channel guard-bands.

34	Channel selection is purely SW-defined and can be on-the-fly dynamic.  Some settings may allow radar to self-configure based on detected spectrum-conflict.

45	Waveform is software-defined on a CPI-by-CPI basis, and optimized for targets, and spectral environments.

56	Compressed bandwidth before processing gain.

67	High T/R ESA RF beamforming on both transmit and receive.







4	Protection criteria

4.1	Continuous noise-like interference

Radars are affected in fundamentally different ways by unwanted signals of different forms, and an especially sharp difference prevails between the effects of continuous noise-like energy and those of pulses. Continuous-wave interference of a noise-like type inflicts a desensitizing effect on radiodetermination radars, and that effect is predictably related to its intensity. The desensitizing effect on radars from other services of a continuous-wave or noise-like type modulation is predictably related to its intensity. In any azimuth sectors in which such interference arrives, its power spectral density (PSD) can, to within a reasonable approximation, simply be added to the PSD of the radar receiver thermal noise. If PSD of radar‑receiver noise in the absence of interference is denoted by N0 and that of noise-like interference by I0, the resultant effective noise PSD becomes simply I0 + N0.

Given that, the radar protection criteria traditionally established within ITU-R are based on the penalties incurred to maintain the target-return signal-to-noise ratio in the presence of the interference, requiring that the target-return power be raised in proportion to the increase of noise power from N0 to I0 + N0. That can only be done by accepting shorter maximum ranges on given targets, sacrificing observation of small targets, or modifying the radar to give it a higher transmitter power or power-aperture product. 

These penalties vary depending on the radar’s function and the nature of its targets. For most radars, an increase in the effective noise level of about 1 dB would inflict the maximum tolerable degradation on performance. In the case of a discrete target having a given average or median Radar cross-section (RCS), that increase would reduce the detection range by about 6% regardless of any RCS fluctuation characteristics that target might have. This effect results from the fact that the achievable free-space range is proportional to the 4th root of the resultant signal-to-noise power ratio (SNR), from the most familiar form of the radar range equation. A 1 dB increase of effective noise power is a factor of 1.26 in power, so it would, if uncompensated, require the free-space range from a given discrete target to be reduced by a factor of 1/(1.261/4), or 1/1.06; i.e. a range capability reduction of about 6%. In the range equation, the SNR is also directly proportional to transmitter power, to power-aperture product (for a surveillance radar), and to target radar cross section. Alternatively, therefore, the 1 dB increase of effective noise power could be compensated by forgoing detection of targets except those having an average radar cross section 1.26 times as large as the minimum-size target that could be detected in the interference-free regime or by increasing the radar transmitter power or its power-aperture product by 26%. Any of these alternatives is at the limit of acceptability in most radar missions, and the system modifications would be costly, impractical, or impossible, especially in mobile radars. For discrete targets, those performance penalties hold for any given probability of detection and false‑alarm rate and any target fluctuation characteristics.

4.1.1	Aggregation of interference contributions

The 1 dB increase referred to throughout the above discussions corresponds to an (I + N)/N ratio of 1.26, or an I/N of about −6 dB. This represents the tolerable aggregate effect of all interferers. It applies for reception via the radar’s main beam as well as for simultaneous reception via side lobes. The tolerable I/N for an individual noise-like interferer therefore depends on the number of interferers and their geometry and should be assessed in the analysis of a given scenario. This is a consequence of the fact that almost all the radars in this band serve event-driven missions, observe non-cooperative targets, and do not have the benefit of redundancy, including the re-transmission of packets that is becoming used more and more in communications technologies. Basically, sensing, including radar, is a fundamentally different use of the RF spectrum than is communications, and the same interference-protection rules are not appropriate for both.

4.2	Pulsed interference 

The effect of pulsed interference is more difficult to quantify and is strongly dependent on receiver/processor design and mode of operation. In particular, the differential processing gains for valid-target return, which is synchronously pulsed, and interference pulses, which are usually asynchronous, often have important effects on the impact of given levels of pulsed interference. Several different forms of performance degradation can be inflicted by such desensitization. Assessing it will be an objective for analyses of interactions between specific radar types. Assessing it will be an objective for analysis of interactions between specific pulsed radar types.

In general, numerous features of radiodetermination radars can be expected to help suppress low-duty cycle pulsed interference, especially from a few isolated sources. Techniques for suppression of low‑duty cycle pulsed interference are contained in Recommendation ITU-R M.1372. When multiple interferers are present, the recommended I/N protection criteria remains unchanged. The total interference level actually arriving at the radar receiver depends on the number of interferers, their spatial distribution and their signal structure and needs to be assessed in the course of an aggregation analysis of a given scenario. If interference were received from several azimuth directions, an aggregation analysis has to cumulate simultaneous contributions from all these directions, being received via the radar antenna’s main beam and/or side-lobes, in order to assess compatibility.

For typical radars an increase of about 1 dB would constitute significant degradation, equivalent to a detection-range reduction of about 6%. Therefore, the criterion of interfering signal power to radar receiver noise power level (I/N) of −6 dB should be used as the required protection level for the aeronautical radionavigation radars provided that this represents the aggregate protection level if multiple interferers are present. The compatibility assessments should also recognize the safety of flight function of the ARNS radar; therefore, RR No 4.10 applies. include an appropriate aviation safety margin.



[–	For typical radars an increase of about 1 dB would constitute significant degradation, equivalent to a detection-range reduction of about 6%. Such an increase corresponds to an I/N ratio of 1.26, or an I/N ratio of about −6 dB.

–	For the radionavigation service considering the safety-of-life function, an increase of about 0.5 dB would constitute significant degradation. Such an increase corresponds to an (I/N) ratio of −10 dB.]

These protection criteria represent the aggregate effects of multiple interferers, when present; the allowable I/N ratio for an individual interferer depends on the number of interferers and their geometry and needs to be assessed in the course of analysis of a given scenario. The aggregation factor can be very substantial in the case of certain communication systems in which a great number of stations can be deployed.
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[bookmark: _Hlk32223518]Note: There is deep and serious divergence of views on the purpose, concept and approach under which suborbital vehicle could operate and governed by a valid regime of the radio regulations. These divergences are demarcation, altitude, radio regulations and class of station.

[Editor’s Note: The title may need to be reviewed]

[Editors Note: it is expected that the present Report will only talk about the technical aspects of sub-orbital vehicles without mentioning the WRC topic, Res., etc.] 

1	Introduction

[Resolution 772 (WRC-19), in preparation for WRC-23 agenda item 1.6, invites the ITU-R:

	"1	to study spectrum needs for communications between stations on board sub‑orbital vehicles and terrestrial/space stations providing functions such as, inter alia, voice/data communications, navigation, surveillance and TT&C;

	2	to study appropriate modification, if any, to the Radio Regulations, excluding any new allocations or changes to the existing allocations in Article 5, to accommodate stations on board sub-orbital vehicles, whilst avoiding any impact on conventional space launch systems with the following objectives:

–	to determine the status of stations on sub-orbital vehicles, and study corresponding regulatory provisions to determine which existing radiocommunication services can be used by stations on sub-orbital vehicles, if necessary;

–	to determine the technical and regulatory conditions to allow some stations on board sub-orbital vehicles to operate under the aeronautical regulation and to be considered as earth stations or terrestrial stations even if a part of the flight occurs in space;

–	to facilitate radiocommunications that support aviation to safely integrate sub‑orbital vehicles into the airspace and be interoperable with international civil aviation;

–	to define the relevant technical characteristics and protection criteria relevant for the studies to be undertaken in accordance with the bullet point below;

–	to conduct sharing and compatibility studies with incumbent services that are allocated on a primary basis in the same and adjacent frequency bands in order to avoid harmful interference to other radiocommunication services and to existing applications of the same service in which stations on board sub-orbital vehicles operate, having regard to the sub-orbital flight application scenarios.

	3	to identify, as a result of the studies above, whether there is a need for access to additional spectrum that should be addressed after WRC-23 by a future competent conference."]

[bookmark: _Hlk32223663]2	Abbreviations/Glossary

ADS-B:	Automatic dependant surveillance – broadcast

ADS-C:	Automatic dependant surveillance – contract

AMS(R)S:	Aeronautical mobile satellite (route) service

GNSS:	Global navigation satellite service

ICAO:	International Civil Aviation Organization

MES:	Mobile Earth station

MSS:	Mobile satellite service

RNSS:	Radionavigation satellite service

RR:	Radio Regulations

TT&C:	Telemetry, tracking & telecommand

[bookmark: _Hlk73971791]3	Relevant ITU-R Recommendations and Reports

Recommendations

ITU-R M.1038-0	Efficient use of the geostationary-satellite orbit and spectrum in the 1-3 GHz frequency range by mobile-satellite systems

ITU-R M.1184-3	Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service and other services

ITU-R M.1316-1	Principles and a methodology for frequency sharing in the 1 610.6‑1 613.8 MHz and 1 660-1 660.5 MHz bands between the mobile-satellite service (Earth-to-space) and the radio astronomy service

ITU-R M.1471-1	Guide to the application of the methodologies to facilitate coordination and use of frequency bands shared between the mobile-satellite service and the fixed service in the frequency range 1-3 GHz

ITU-R M.1741-0	Methodology for deriving performance objectives and its optimization for IP packet applications in the mobile-satellite service

ITU-R M.1787-4	Description of systems and networks in the radionavigation-satellite service (space-to-Earth and space-to-space) and technical characteristics of transmitting space stations operating in the bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz

ITU-R M.1901-3	Guidance on ITU-R Recommendations related to systems and networks in the radionavigation-satellite service operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz, 1 559-1 610 MHz, 5 000-5 010 MHz and 5 010‑5 030 MHz

ITU-R M.1903-1 	Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) and receivers in the aeronautical radionavigation service operating in the band 1 559-1 610 MHz

ITU-R M.1905-1 	Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) operating in the band 1 164‑1 215 MHz

ITU-R M.1638-1	Characteristics of and protection criteria for sharing studies for radiolocation (except ground based meteorological radars) and aeronautical radionavigation radars operating in the frequency bands between 5 250 and 5 850 MHz

ITU-R RS.1260-2	Feasibility of sharing between active space-borne sensors and other services in the range 420-470 MHz

ITU-R SA.363-5	Space operation systems

Reports

ITU-R M.2413-0	Reception of automatic dependent surveillance broadcast via satellite and compatibility studies with incumbent systems in the frequency band 1 087.7‑1 092.3 MHz

ITU-R M.2477-0	Radiocommunications for suborbital vehicles

4	Suborbital vehicles 

4.1	Description of suborbital [flight and suborbital] vehicle

While Report ITU-R M.2477-0 includes a definition of suborbital flight, following further considerations and taking into account the diversity of applications, it may be necessary to provide more flexibility to the description of suborbital fight and suborbital vehicles.  

[Editors Note: Various descriptions of suborbital flights are provided below. They are still being debated and discussed.]

	For radiocommunication purposes a suborbital flight is described as an intentional flight of a vehicle travelling at speeds at which it does not achieve its corresponding orbital velocity, reaching the upper atmosphere and beyond without becoming a satellite (see RR No. 1.179) [before returning back to the surface of the Earth]. 

	An intentional flight of a vehicle expected to reach the upper atmosphere without completing a full orbit around the Earth and without having the capability nor the intent to become a satellite (see RR No. 1.179) before returning back to the surface of the Earth.

	An intentional flight of a vehicle expected to reach the upper atmosphere without reaching the lowest altitude of a stable circular satellite (see No. 1.179) before returning back to the surface of the Earth.

Some examples of suborbital flights are shown in Annex 1.

A suborbital vehicle is a vehicle executing a suborbital flight;”

4.2	Operational concepts

[bookmark: OLE_LINK11]Currently, there are a variety of technical solutions to achieve suborbital flight. Launch modes include horizontal and vertical.  Landing modes include horizontal landing and vertical landing.  Recovery modes include self-controlled return and parachute recovery. Thrust modes include rocket power and combined power. Suborbital flights can be implemented by different combinations of the above modes. Annex 1 provides the corresponding use cases in European airspace which would be used for spectrum needs and functional analysis. Figures 1 and 2 show examples of the operational concepts of a suborbital flight.

Figure 1

[bookmark: _Hlk103149640][bookmark: _Hlk103149708]Examples of various operational concepts of suborbital flight
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Figure 2

Examples of suborbital flights
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With the rapid development of the various new suborbital flight concepts in recent years, such as hypersonic flight and reusable carrier rocket technology, suborbital flight has become an operational reality, which supports a wide range of fields including transportation, tourism, and scientific research. 

Suborbital vehicles may be categorised in different broad applications: [Space] transportation; Scientific research; Technology testing and demonstration; Deployment of satellite launcher; Remote sensing; and Astronaut training. Examples of some different applications of suborbital flight are addressed below:

1.	[Tourism flights consisting of a flight carrying crewmembers and passengers to beyond the Karman Line (the unofficial boundary between the Earth’s atmosphere and space), using a reusable suborbital rocket. The suborbital flight achieves Mach 3 velocity during launch and will spend a few minutes in zero gravity before deploying parachutes to return to the surface of the Earth. 

2.	A suborbital vehicle ferried by a special airplane and then released at a high altitude from a conventional aircraft. This suborbital vehicle, which is part airplane and part rocket, uses rocket thrust to increase altitude beyond the Karman line and then return to the surface of the Earth like a glider.

3.	A conventional space launch provider using a first-stage reusable booster as part of its mission.  Some components would remain in the atmosphere and other would reach space.  The rocket will have its own communications requirements (e.g. for telemetry, tracking and telecommand), separate from any telemetry information of the satellite payload. 

4.	Related to scientific research, is the use research rockets or sounding rockets, which aim to collect scientific data and conduct engineering tests in a simple, cost-effective and time efficient way.]

See also, Report ITU-R M.2477 for details and information about suborbital vehicles and associated flights

[4.3	Regulatory considerations [Status of stations on sub-orbital vehicles]

Radio stations operating onboard sub-orbital vehicles are expected to operate in frequency bands currently allocated to certain terrestrial and space radiocommunications services, including various aeronautical related services used by conventional aircraft, while not creating new constraints on applications of the same service and on other radiocommunication services that are allocated on a primary basis in the same and adjacent frequency bands. 

There is no intention to define a new category of station in the RR, and hence the station onboard a sub-orbital vehicle would have to conform to the definitions of terrestrial stations in RR No. 1.62, earth stations in RR No. 1.63, and space stations in RR No. 1.64.

The difficulty relative to the status of stations that may be applicable to suborbital vehicles is due to the lack of an agreed demarcation line between the Earth’s atmosphere and space.  As the sub-orbital vehicle may be physically located within the major portion of Earth’s atmosphere and/or for a brief period of time in space, the definitions could lead to an inconsistency in the application of the regulations for the stations on the sub-orbital vehicle which intend to operate as terrestrial and/or earth stations, due to the brief period of time in space, since the terrestrial and earth stations would have to remain in the major part of the Earth’s atmosphere to comply with these definitions.

One consequence of the inconsistency could be that the definition of space station found in RR No. 1.64 should be the baseline for the classification of a station onboard sub-orbital vehicle. In such a case, in accordance with the definition of the RR. No. 1.64, the classification of the stations on-board a sub-orbital vehicle has to be “space stations” when the operation “is beyond, is intended to go beyond, or has been beyond, the major portion of Earth’s atmosphere”. These stations would therefore need to use the appropriate space service allocation. However, the relevant space service allocation or directions of the space services to be used for sub-orbital vehicles do not always exist in the current Table of Frequency Allocations. [Such view may be applicable where the demarcation line between the Earth atmosphere and space is defined, which is not the case.] [According to this view, operation of an earth station or terrestrial station onboard suborbital vehicles during the brief period of time that it may be in space, irrespective of being safety related or not, can be only notified in accordance with RR No. 4.4.] Consequently, an earth station or a terrestrial station onboard sub orbital vehicle operating in space could then only be notified under RR No. 4.4. 

[The radiocommunications required to apply RR No. 4.10 for aeronautical application would then have to remain beyond the major portion of the atmosphere. The Method also addresses the safety radiocommunications when located outside airspace under international or national aviation regulation while remaining in major portion of the atmosphere.] If the application of RR No. 4.4 is not sufficient for earth stations or terrestrial stations intending to reach space, then following additional studies would be required to be undertaken under possible new agenda item for WRC‑27[ by completing of the operational scenarios for the different types of sub-orbital vehicles intending to reach space and to define functional requirements in terms of radiocommunications, list if any, listing of the current aeronautical safety of life radiocommunication systems and associated frequency bands which require RR No. 4.10 when located in space, listing the need of non-safety of life radiocommunication systems and associated frequency bands which would require coexistence provisions when operated in space, conducting for the frequency bands listed previously; appropriate regulatory, technical and operation studies complying with RR No. 1.64 on the definition of space stations when sub-orbital vehicles are operated in space while not adversely affect the services sharing the band and in the adjacent band].

Another consequence of the inconsistencyapproach is to consider the classification of stations in the context of all Article 1 definitions in that terrestrial and earth stations onboard the sub-orbital vehicle retain the status of the terrestrial station or earth station during the whole flight when the purpose of the radiocommunications does not change without change to classification, within their respective service allocations, and including the brief period of time the suborbital vehicle may be located in space. A terrestrial station is defined as, “a station effecting terrestrial radiocommunication,” and terrestrial radiocommunication (RR No. 1.7) is defined as, “any radiocommunication other than space radiocommunication or radio astronomy”. As per RR No. 1.61, be it a terrestrial station or Earth station associated with a space service, each station shall be classified by the service in which it operates permanently or temporarily. While the sub-orbital vehicle is physically located beyond the Earth’s atmosphere for a brief period of time, the physical location of the sub-orbital vehicle on which the stations are located does not change the need for, or purpose of the use of, specific radiocommunication applications.  [Or] Location of the communication equipment on board a suborbital vehicle does not change the purpose and use of the application performed by such equipment and studies performed to date indicate that the interference environment would not be impacted negatively as a result of brief physical placement of a station inside the major portion of the Earth’s atmosphere or beyond it.

[A further view was expressed that, upon review of the RR provisions, it could be considered that there are no difficulties with the existing RR Article 5 allocations when a space station on-board sub‑orbital vehicle goes beyond or is intended to go beyond a major portion of the Earth’s atmosphere, based on the space radiocommunication service in which the station operates.] Report ITU-R M.2477 states that some suborbital vehicle operations may require temporarily making unavailable large areas of international and national airspace for conventional aircraft during the period of their transition to and from space. This results in airspace disruptions, extra travel time, re-routing flight paths, additional aircraft fuel consumption, etc. However, the studies in the Report also show the technical capability of some current aircraft avionics systems to be operated onboard suborbital vehicles, to facilitate the safe integration of suborbital vehicles into the same airspace as conventional aircraft during their transition to and from space which would minimize the airspace disruption. 

The report also identified several existing radiocommunications services that are envisaged for use by stations onboard suborbital vehicles including, but not limited to:

a)	Aeronautical radionavigation service for surveillance and navigation;

b)	Aeronautical mobile service, including the aeronautical mobile (Route service), for VHF voice and data communications and automatic dependent surveillance -broadcast (ADS-B);

c)	Aeronautical mobile satellite service, including the aeronautical mobile satellite (Route) service (AMS(R)S), for voice and data communications and surveillance ADS‑B and automatic dependent surveillance – contract (ADS-C);

d)	Mobile satellite service, including AMS(R)S, for communications and telemetry, tracking and command (TT&C) applications;

e)	Aeronautical radiodetermination service (not a specifically defined service in the RR) for surveillance;

f)	Radionavigation satellite service (RNSS) for navigation with global navigation satellite systems operating in the frequency bands 1 164-1 215 MHz and 1 559-1 610 MHz, and

g)	Space operation service for TT&C.

5	Functional and spectrum needs for communications between stations on-board sub‑orbital vehicles and terrestrial/space stations

5.1	Radiocommunication functional needs

There are functional needs for radiocommunications between stations on-board sub-orbital vehicles and terrestrial/space stations providing functions such as, inter alia, voice/data communications, navigation, surveillance, and TT&C.

5.1.1	Telemetry, tracking and command 

Telemetry, radio telemetry and space telemetry are defined in Radio Regulations (RR) Nos. 1.131, 1.132, and 1.133. Radio telemetry for sub-orbital vehicles provide information about the status of vehicle and its subsystems. It is envisioned that the real-time telemetry is transmitted to ground stations, relay satellites, or space stations over radio frequency links. Additionally, some sub-orbital vehicles may require transmitting real-time high-definition digital videos from multiple feeds carrying visual information about the vehicle status to ground terminals directly or through relay satellites or space stations. 

Telecommand and space telecommand are defined in RR Nos. 1.134 and 1.135. Radiocommunications for telecommand are used to initiate, modify or terminate functions of equipment on sub-orbital vehicles. 

Space tracking is defined in RR No. 1.136. It is envisioned that sub-orbital vehicle will rely on dedicated radio frequency links to measure in real time the position and velocity of the vehicle by means of radiodetermination. Such tracking is expected to be performed through either ground station terminals or relay satellites or space stations.

A desired aspect of sub-orbital vehicles’ TT&C links is the ability to maintain the link throughout various phases of flight including atmospheric re-entry where radio communication with the vehicle experiences significant attenuation due to plasma effects caused by extreme heating and ionization of air around the vehicle. 

5.1.2	Communications

It is expected that sub-orbital vehicles will establish and maintain communications with ground-based mission control centres during the full duration of flight through either direct communication between the various suborbital stations and ground, or through relay satellites or space stations. These communication links are like the communications commonly established by aircraft. In order to integrate into airspace used by conventional aircraft, suborbital vehicles are expected to use the same internationally or nationally standardized aviation safety systems. Passenger communications which may, for example, be for entertainment purposes are not considered safety of life.

As mentioned before, an important aspect of sub-orbital vehicle communication requirements is the desire to maintain the communication links throughout various phases of flight or have necessary mitigation and procedures in place, as required. Therefore, when designing the communication equipment to be deployed and procedures to be implemented for suborbital vehicles operation, considerations would have to be given to:

–	atmospheric effects during re-entry where radio communication with the vehicle experiences significant attenuation due to plasma effects caused by extreme heating and ionization of air around the vehicle;

–	additional Doppler effects caused by the increase in speed relative to conventional aircraft; and

–	the vehicle’s altitude and increased separation distances from ground stations.

5.1.3	Surveillance

A surveillance service provides the identification and position of users of the airspace and obstructions. For example, the ADS-B, using the frequencies 978 MHz and 1 090 MHz, is an ICAO‑standardized aeronautical surveillance system. It provides airspace navigation service providers and other users of the airspace surveillance data for high-altitude, high-velocity vehicles, including suborbital vehicles. One of the use-cases for this system includes equipping the suborbital vehicle to report ADS-B messages in all phases of flight for the purpose of aeronautical surveillance and collision avoidance from other airspace users, such as conventional aircraft operating in the airspace at lower altitudes and at much lower comparative velocities. Other surveillance technologies exist for use by conventional aircraft and suborbital vehicles, such as ADS-C. The principal surveillance application would be the same as that used for conventional aircraft.

5.1.4	Navigation

Navigation is the determination of the position and velocity of a moving vehicle. It is expected suborbital vehicles would continue to utilize the same radionavigation systems currently in use for conventional aircraft. There are several electronic aids currently available for navigation, including global navigation satellite system (GNSS), which are operated under the RNSS allocation (space-to-Earth).

[5.2	Spectrum needs for sub-orbital vehicles 

The expectation is that suborbital vehicles will use the space and terrestrial radiocommunications similar to systems used by conventional aircraft for the purposes of air traffic management.

Considering that suborbital vehicles are expected to consist of only a small fraction of overall aviation traffic, the spectrum requirements for the operation of suborbital vehicles are not expected to significantly impact on overall aviation spectrum requirements.

Examples of services and frequency bands identified for stations on board sub-orbital vehicles can be found in Annex 2.]

Annex 1 provides the corresponding use cases in European airspace which would be used for spectrum needs and functional analysis. 

6	Summary

[To be added]








[Annex 1

Use cases for sub-orbital vehicles

[Editors Note: The Figures need to be edited for the ITU audience.  Also, there is a need to explain the acronyms such as “A to A]

A to A type:
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The figure represents in a single logarithmic scale graph, the main aerospace systems categories w.r.t. their altitudes and speeds, plotted at their max ‘Embedded mechanical energy’ level (kinetic + potential energies / mass) during a typical nominal operation.”

It is recognized that the frequency accommodation for suborbital vehicles should not negatively impact the current use of frequencies by any other radiocommunication services.

A3.1	Examples of radiocommunications services and frequencies

[Editors Note: it is expected to revisit this section at next meeting.]

There are several existing radiocommunications services [currently or envisioned to] be used by stations on-board suborbital vehicles. These services include, but may not necessarily be limited to:

[bookmark: _Hlk104470216]–	The aeronautical mobile (route) service, e.g., VHF voice and data communications and ADS-B, in accordance with ICAO SARPs.

–	AMS(R)S receive only: ADS-B, in accordance with ICAO SARPs.

–	RNSS: The GNSS systems using the frequency bands 1 164-1 215 MHz and 1 559-1 610 MHz can be used for navigation.

–	The mobile satellite service (MSS) in the frequency bands 1 518-1 544 & 1 545‑1 559 MHz (space-to-Earth), 1 610-1 626.5 MHz, and 1 626.5-1 645.5 & 1 646.5‑1 660.5 MHz (Earth-to-space), and 1 668-1 675 MHz (Earth-to-space) can be used for safety  and non-safety applications.

–	Mobile service: TT&C applications in the aeronautical mobile service are provided using aeronautical mobile telemetry systems in the frequency band 2 200-2 290 MHz for telemetry, and the frequency band 2 025-2 110 MHz for command and the frequency band2 360‑2 395 MHz for telemetry. 

	According to Recommendation ITU-R RS.1260-2, launch vehicle range safety command destruct receivers operate in parts of the  frequency band 420‑450 MHz.

–	Radiolocation Service: The radiolocation service in the frequency band 5 450-5 850 MHz can be used for SOV tracking in safety and non-safety applications.

[A3.2	Application of existing mobile satellite service radio regulations

[Note: This section is beyond the mandate activities and scope of the ITU-R, in particular there is no clear answer if the WRC will proceed.  There are unfounded statements making them difficult to agree with.  This is a matter for the WRC.]

The operation of MSS systems providing aeronautical radiocommunications in the above-identified frequency bands are regulated under existing RR provisions. The application of MSS systems to support suborbital vehicles would require communications between the MSS satellite and the mobile Earth station (MES) at all stages of the flight, including when the MES is on the ground, in the atmosphere [and when briefly in space.] The existing RR Article 9 procedures are/would be adequate to capture any new coordination requirements in the operation of MESs onboard sub-orbital vehicles in the MSS bands that result with other MSS satellite systems and networks, and other space services operating in the MSS bands.

This approach would permit the existing frequency coordination procedures identified under Section II of RR Article 9 to remain applicable in the coordination and operation of MSS communications to sub‑orbital vehicles, during the intervals of time when a sub-orbital vehicle is in space.

For coordination and protection of terrestrial services, is noted that the operation of MESs on sub‑orbital vehicles in space would result in less interference to terrestrial services, relative to the comparable case of an MES operating on the Earth’s surface or within the Earth’s atmosphere on an aircraft. This reduction in the potential for interference at the Earth’s surface results from the increased separation of the MES to the Earth when operating in regions of space.

Similarly, no changes would be necessary for MSS satellite transmissions to support the operation of MESs on sub-orbital vehicles, since the required satellite transmissions powers, if anything, would be lower. When operating earth stations on sub-orbital vehicles, there would be a lower path-loss between the MES and associated MSS satellite, together with a reduction in the atmospheric impairment and multipath degradation.

The above factors would ensure the protection of terrestrial services is maintained in the use of MSS communications, and that the existing regulatory provisions and coordination requirements in the use of MSS communication in the 1.6/1.5 GHz frequency bands remain effective. Additionally, it is noted that RR Nos. 5.208B and 5.379C would continue to apply to MESs operating on sub-orbital vehicles, to maintain the protection of radioastronomy operating in the frequency bands 1 660.0-1 660.5 MHz and 1 668-1 670 MHz.

Since the definition of an MES requires it to be either on the Earth’s surface or within the major portion of the Earth’s atmosphere (see RR Nos. 1.25 and 1.63), it would be necessary to clarify the regulations to ensure that MESs may also be used on suborbital vehicles when beyond the Earth’s atmosphere.] 




[Annex 2]

Radiocommunication analysis for example of use cases in Europe
for sub-orbital vehicles

[Editor’s note: The table needs to be reformatted so that the text can be understood. Further discussion is needed regarding this information.  Trademarks must be removed, acronyms explained, etc. Concerns with this information being used is another concern. Should this and the previous Annex be merged into ITU-R M.2477?]
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[Editor’s note: to further consider previous example before extending to other use cases.]
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Each system is represented by 2 point (Velocity, Alt) at its operation highest embedded energy Ee’ (Cinetic and potential energies / Mass)
Making the best of Earth's very deep gravity well and thick atmosphere, only state-of-the-art high-performance systems are able to fly very high and fast.
The ICAO contracting States recognize that every State has complete and exclusive sovereignty over the airspace above its territory. (Chicago Conv., Art.1)
> Ininternational and customary law, there s an absence of delimitation between the sovereign airspace and outer space.

A: 155 km = Lowest ‘stable’ circular Earth orbit. V=7,81 km/s (28110 km/h). Ee = 32 MJ/kg. Atmospheric re-entry after a few 90min orbits (~few hours).

B: 50 km = Max theoretical buoyaney altitude (stratospheric balloons),

: Embedded energy threshold (Ee ~ 1100 ki/kg) beyond which a thermal protection system (TPS) is usually needed to survive re-entry heating.

D: FL660 = UTA ceiling (Upper Traffic Area), FLL95-FL660= Class-C (Controlled airspace), UIR above until UNL (unlimited)= Class-G airspace

€: Dragon capsule trajectory to the ISS (e.g. CRS-18, 25/7/2019, Falcon F9-85, SpaceX). Max-Q (serodyn. press.) =(Q) , MECO (main eng. cut-off) =Q)

- Reentry, descent & landing of the SpaceShuttle STS (32 M)/kg). lonisation (Blackout) during 13min, between “80 & 50km altitude (max 1477 °C).

GTO: Geost, Transfer Orbit, Apogee (35786 km, 1,64km/s)/Perigee (630km, 9,88km/s), Ee=54450 kg, 6V (GTO-GEO)=+1,43km/s

: Average duration for a non-propelled space object in a circular orbit to fall back down to Earth (hyp. Solar radio flux F10™150, m/A™100 kg/m2).

> 1: Circular orbital speed at 160k altitude = 7,81 km/s = 28 000 km/h (*Mach 24). - L: Escape velocity at 100km = 11,27 km/s (40 557 km/h)

Oc: enveloppe of Earth's circular orbits/ O: enveloppe of Earth's orbits (Ee> 32 MJ/kg) / T: telecommunication blackout due to re-entry ionisation & heating

Clv\\z\rcrzﬁ'* Other aerospace systems: I/ Space objects -~

—— —
0wM 4 60 80 wom

Ee = Embedded energy = (Ec+Ep) / M (Joule/kg, excl. any extra spare propellant for re-entry or LDG), Orbital Ee = 32 Mi/kg. / Po = 1 atm = 1043 P (se level)
AMSL: Altitude (Above Mean Sea Level) / BFR: Big Falcon Rocket o ‘Starship’ (SpaceX) / SBT: Subsonic Transport / ULA: Ultra Light Aircraft

FH: FalconHeavy central booster (FH-BS, Arabsat-6A, 11 April 2019, SpaceX), Landing on drone-ship at 1000km from KSC in 10min (av.V ~6000 km/h)

FXX: Falcon XX (Suborbital P2, Dassault Aviation)/ VSH: Véh. Suborbital Habité (Dassault Aviation)/ ICBM: Intercontinental Ballistic Missile (~ 7km/s)

GEO: Geostationnary Orbit (3,07km/s) / LEO: Low Earth Orbit (between 155km [7,8 km/s] and 2000km [6,9km/s]) / MEO: Medium Earth Orbit

HAPS: High Altitude Platforms, stratospheric aircraft (18 to ~30 km) — purpose: scientific, observation, telecommunications / LDG: landing

HST: Hypersonic transport / ISS: International Space Station / P2P: suborbital point-to-point transport (up to ‘near-orbital’ ~7,5km/sec)

SR71: hypersonic aircraft Lockheed ‘Blackbird’, 33m, 66t, record 25,9km at Mach 3,2 (27/7/1976), heating. 150°C (canopy) up to 560°C (nozzle)

5p: spacePlane (Airbus) / $52: SpaceshipTwo (Virgin Galactic) / SST: Supersonic Transport / STS: Space Transportation System.

SD: NASA Stardust capsule, fastest man-made object to re-enter Earth’s atmosphere 12,4 km/s at 135km altitude.
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USE CASE : A to A SUBORBITAL FLIGHT
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