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Scope
This [Recommendation/Report] identifies technical characteristics, frequency bands, characteristics and protection criteria, and compatibility and sharing studies for the modernization of high-frequency spectrum use in the aeronautical mobile (OR) service. It assesses compatibility with incumbent services that are allocated on a primary basis in band and adjacent band. 
[Editor’s note: the following text is expected to be reviewed at a later stage]
[Studies will be segmented into sub-bands to address separately sharing and compatibility with other services operated under primary allocation: AM(R)S, AM(OR)S, Fixed/Mobile, Fixed Broadcasting, AMS Broadcasting, Amateur Fixed, Land Mobile Broadcasting, Mobile, Maritime Mobile and Standard Frequency and Time for use in interference and compatibility studies within the 2.8 to 18.05 MHz frequency band. One section is expecting to address the sharing and/or compatibility studies with existing AM(OR)S.]
Abbreviations/Glossary
ADS-C	Automatic Dependent Surveillance - Contract
AOC	Air Operator Certificate

AM(R)S	Aeronautical Mobile Route Service
AM(OR)S	Aeronautical Mobile Off-Route Service
CPDLC	Control Pilot Data Link Communications
e.i.r.p.	Effective Isotropic Radiated Power
FSK	Frequency Shift Keying
HF	High Frequency
HFDL	High Frequency Data Link
NVIS	Near vertical incidence skywave
OFDM	Orthogonal Frequency Division Multiplexing
PSK	Phase Shift Keying
QAM	Quadrature Amplitude Modulation
RF	Radio Frequency
RR	Radio Regulations

VHF	Very High Frequency
WBHF	Wide-b Band High Frequency
[bookmark: _Hlk178064906]Definitions for Article 1 and descriptions
AM(R)S: aeronautical mobile route (R) service:  An aeronautical mobile service reserved for communications relating to safety and regularity of flight, primarily along national or international civil air routes.xxx from Article 1.33
AM(OR)S: aeronautical mobile off-route (OR) service:  An aeronautical mobile service intended for communications, including those relating to flight coordination, primarily outside national or international civil air routes.xxx from Article 1.34
Skywave: The propagation of radio waves reflected or refracted back toward Earth from the ionosphere
Groundwave: Radio waves propagating parallel to and adjacent to the surface of the Earth, following the curvature of the Earth
Related ITU Recommendations and Reports
Recommendation ITU-R BS.80 – Transmitting antennas in HF broadcasting
Recommendation ITU-R BS.705 – HF transmitting and receiving antennas characteristics and diagrams
Recommendation ITU-R F.240 – Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30 MHz  
Recommendation ITU-R F.1761 – Characteristics of HF fixed radiocommunication systems
Recommendation ITU-R F.1762 – Characteristics of enhanced applications for high frequency (HF) radiocommunication systems
Recommendation ITU-R F.1821 – Characteristics of advanced digital high frequency (HF) radiocommunication systems
Recommendation ITU-R SM.339 – Bandwidths, signal-to-noise ratios and fading allowances in complete systems
Report ITU-R BS.458 – Characteristics of systems in LF, MF and HF broadcasting
Report ITU-R F.2061 – HF fixed radiocommunications systems
Report ITU-R F-2062 – Enhanced high frequency digital radiocommunication systems capable of providing enhanced applications
Report ITU-R F.2087 – Requirements for high frequency (HF) radiocommunication systems in the fixed service
Editor’s Note: Add more Related ITU Recommendations and Reports as they become available from the incumbent services responsible Working Parties.
Annex 1
Frequency bands, technical characteristics, and protection criteria for the modernization of high-frequency spectrum use in the aeronautical mobile (OR) service within the 2.8 to 18.05 MHz frequency range
1. 1	Introduction
The Aeronautical Mobile (OR) Service (AM(OR)S) utilizing the Appendix 26 frequency range between 3 025 kHz and 18 030 kHz HF Radio communications has been a very important radiothe primary communication system for aircraft when communications is needed over long-range routes beyond the range of ground- terrestrial radio systems operating at higher frequencies.[footnoteRef:2]based VHF radios. Next generation Wide-band High Frequency (WBHF) technologies can accommodate digital technologies for aeronautical systems operating under Aeronautical Mobile Off-Route Service (AM(OR)S). The next generation of WBHF radio systems are expected to address the limitations of today’s HF (High Frequency) radio communications systems to enable broadband applications using standard waveforms and channel bandwidths and significantly improving HF data rate, voice clarity, and link availability. These modernized HF systems have to coexist  alongside current HF systems. The next generation of WBHF radio systems are expected to address the limitations of today’s HF radio communications systems. To support inclusion of WBHF systems, such a system, revision of the Appendix 26 (Rev.WRC-15) of the ITU Radio Regulations (RR) is being studied to consider appropriate regulatory actions to support modernization of systems operating in the aeronautical mobile (OR) service within the frequency range defined in Appendix 26. subject to study under agenda item 1.9 to consider possible modifications to accommodate technical and regulatory elements to permit an overlay of WBHF channels on the current RR Appendix 26 (Rev.WRC-15) allotment plan without altering the current channelization. In essence, this Report provides methods to modify the Appendix 26 (Rev.WRC-15) allotment plan without altering the current channelization. [2:  For the purposes of this document, the frequency range utilized by Appendix 26 (3 205 kHz to 18 030 kHz) will also be called the “HF” frequency range.  This is done because the frequency range of Appendix 26 falls within the generally accepted “HF” frequency range which is between 3 MHz and 30 MHz.  ] 




 
Annex 1 addresses the frequency bands, technical characteristics, and protection criteria for modernization of high-frequency spectrum use in the aeronautical mobile (OR) service that will be needed to meet the objectives of WRC-27 agenda item 1.9 (AI 1.9).[footnoteRef:3] without altering the current allocations. [3: 	] 

[2	
2.	Aeronautical Mobile (OR) Service Uusage in the Appendix 26 Ffrequency Rrange General description of high frequency usage of AM(OR)S aeronautical mobile (OR) serviceGeneral description of high frequency usage of aeronautical mobile (OR) service
[Editor’s note: the following section is covering AMS and need to be reconsidered to make it specific for AM(OR)S or to be deleted.]
Unlike the AM(OR)S, which is dedicated to communications while on established air routes, the AM(OR)S is used for situations outside of normal flight paths. It is used specifically for aircraft communications when an aircraft is not flying on a standard published airway where line-of-sight radio is not possible and, due to range limitation to cover all portions of the routes flown, very HF coverage is insufficient. The use of HF frequencies is necessary because they facilitate long range communications coverage. 
AM(OR)S is often used for air-to-ground voice communications, for the broadcast of air traffic service, meteorological information for situations like emergency diversions, search and rescue operations, or when an aircraft needs to communicate while in flight over remote areas. 
WBHF technologies have been identified to improve performance requirements for the modernization of AM(OR)S operations. These technologies allow for improved data transmission capabilities compared to traditional narrowband HF, enabling faster and more reliable communication through implementation of wider channel bandwidths that are typically on the order of 6 to 48 kHz.
Implementation of wider channel bandwidths will result in improved voice quality, higher data rates, improved ground station monitoring and improved handover in the presence of signal degradation.
3.
The aeronautical mobile service is a mobile service between aeronautical stations and aircraft stations, or between aircraft stations, in which survival craft stations may participate; emergency position-indicating radio-beacon stations may also participate in this service on designated distress and emergency frequencies.
The objective of this service is to provide communications between a pilot and a controller within a given sector. The controller must be able to communicate with all aircraft inside the sector using only one radio channels (each sector has a unique frequency assigned). The number and dimension of the sectors condition the location of the communication centers and the frequency assigned to each sector establishes a double direction pilot-controller; controller-pilot channel which is the fundamental instrument in the functions of information, surveillance, and control of aircraft in flight.
The categories of messages handled by the aeronautical mobile service and the order of priority in the establishment of communications and the transmission of messages shall be as follows:
	Distress calls, distress messages, and distress traffic (emergency messages).
	Urgency messages.
	Communications relating to direction finding (to modify the course).
	Flight safety messages (movement and control).
	Meteorological messages (meteorological information).
	Flight regularity messages.
	There are two types of aircraft-controller communications:
○	Controller-pilot voice communications.
○	Controller-pilot data-link communications (CPDLC).
From an HF perspective, voice communications are provided using radio channels in the HF and VHF frequency bands. The channels in HF are only used for long-distance communications, when it is impossible to establish communication using VHF. HF radio communications utilize practically the whole HF spectrum (3 MHz to 30 MHz), depending on times of the day, seasonal variations, solar activity, etc.
Considering the operational usage, WBHF will be operated in similar locations and in the same manner as the existing HFDL system. HF is typically used in areas that lack VHF coverage, such as Oceanic and Remote areas.]
3	Appendix 26 Overview
	Aircraft use specific HF frequencies allocated for AM(OR)S as defined in the ITU Radio Regulations, Appendix 26. 
Appendix 26 specifically refers to the "frequency allotment plan for the aeronautical mobile service," essentially outlining the designated frequency bands allocated for air traffic communication within the AM(OR)S. This includes details on channel usage and related information. It is primarily concerned with radio frequencies used by aircraft for communication, including both voice and data transmission when flying outside of established air routes. Unlike Aeronautical Mobile Route Service (AM(R)S), which is primarily used for safety-critical communications on established air routes, the off-route service is used for less critical communications when an aircraft deviates from its planned path. This service is typically used for coordinating flight changes, requesting information about weather conditions in an unexpected area, or communicating with ground stations outside of standard air traffic control zones.
Frequency allotments within Appendix 26 are based upon channel bandwidths that are limited to 3 kHz.   Implementation of wider channel bandwidths will need to be accomplished within the scope of the current Appendix 26 allotment plan. 
The AM(OR)S frequencies within Appendix 26 are listed below in Table 1. 

· 
· 
TABLE 1
Appendix 26 Frequency Ranges Exclusive to AM(OR)S (kHz)
	3 025-3 155
	8 965-9 040

	3 900-3 950 (Region 1 only)
	11 175-11 275

	4 700-4 750
	13 200-13 260

	5 680-5 730
	15 010-15 100

	6 685-6 765
	17 970-18 030


· 
· 
· 
2. Frequency bands[footnoteRef:4] [4: 	] 

The frequency bands allocated within Appendix 26 (Rev.WRC-15) of the Radio Regulations are as follows:
3 025-3 155 kHz
3 900-3 950 kHz (Region 1 only)
4 700-4 750 kHz
5 680-5 730 kHz
6 685-6 765 kHz
8 965-9 040 kHz
11 175-11 275 kHz
13 200-13 260 kHz
15 010-15 100 kHz
17 970-18 030 kHz
[Editor’s note: to describe how WBHF systems are planned to use the channelization within the frequencies allocated the AM(OR)S recognizing that there are different uses in various Regions/countries.]
4.4	Adjacent Band Incumbent ServicesFrequency bands allocated to other services 
Table 2 lists the adjacent band services that will need to be considered for this study.

TABLE 2
Incumbent Services Adjacent to AM(OR)S Allocations
	Frequency band (kHz)
	Adjacent Band Services

	2850 - 3025
	AM(R)S

	
	

	3155 - 3200
	FIXED/MOBILE (except AM(R))

	
	

	3800 - 3900
	FIXED
LAND MOBILE

	
	

	3950 – 4000
	FIXED
BROADCASTING

	
	

	4650 - 4700
	AM(R)S

	
	

	4750-4850
	FIXED
LAND MOBILE
BROADCASTING

	
	

	5480 – 5680
	AM(R)S

	
	

	5730 – 5900
	FIXED
LAND MOBILE

	
	

	6525 - 6685
	AM(R)S

	
	

	6765 – 7000
	FIXED
MOBILE (except AM(R))

	
	

	8815 - 8965
	AM(R)S

	
	

	9040 – 9305
	FIXED

	
	

	10150 - 11175
	FIXED
Mobile (except AM(R)S)

	
	

	11275 – 11400
	AM(R)S

	
	

	12230 - 13200
	MARITIME MOBILE
5.109	The frequencies 2 187.5 kHz, 4 207.5 kHz, 6 312 kHz, 8 414.5 kHz, 12 577 kHz and 16 804.5 kHz are international distress frequencies for digital selective calling. The conditions for the use of these frequencies are prescribed in Article 31.


	
	

	13260 – 13360
	AM(R)S

	
	

	15005 - 15010
	STANDARD FREQUENCY AND TIME SIGNAL (15000 kHz)

	
	

	15100 - 15600
	BROADCASTING

	
	

	17900 - 17970
	AM(R)S

	
	

	18030 - 18052
	FIXED

	
	


TBD
5.	Technical Ccharacteristics 
5.1. 	Technical and operational characteristics of WBHF systemsAM(OR)S Legacy 3 kHz Channel Bandwidth Technical Parameters 
An AM(OR)S HF transmitter is used for aircraft communications in areas beyond regular flight paths. Table 3-6 lists typical parameters for AM(OR)S aeronautical and aircraft station which can vary depending on the aircraft type and operating regions regulations. 
A few additional technical parameters are listed below: 
· The carrier frequencies of 3023 and 5680 kHz are intended for worldwide common use
· Aeronautical radio stations are limited to single-side-band emissions (J3E)
· The upper sideband shall be employed, and the assigned frequency shall be 1400 Hz higher than the carrier frequency
· Occupied bandwidth cannot exceed 2.800 kHz
· A channel bandwidth of up to 2.8 kHz contained within a given frequency channel power limits as defined in Table 3.
TABLE 3 
AM(OR)S Power Limits for Aeronautical and Aircraft Stations
	Class of emission
	Power limit values
(peak envelope power supplied to the antenna)

	
	Aeronautical station
	Aircraft stations

	J3E
	36 dBW 
	23 dBW 

	A1A, A1B
	30 dBW 
	17 dBW 

	F1B
	30 dBW 
	17 dBW 

	A2A, A2B
	32 dBW 
	19 dBW 

	H2A, H2B
	33 dBW 
	20 dBW 

	(R, J) 2 (A, B, D)
	36 dBW 
	23 dBW 

	J (7,9) (B, D, X)
	36 dBW 
	23 dBW



3 kHz channel bandwidth AM(OR)S transmitter and receiver parameters are included in Tables 4 and 6 below, along with emission and mask parameters that are included in Table 5.

TABLE 4
AM(OR)S 3 kHz Channel Bandwidth Typical Transmitter Parameters
	Parameter
	Aeronautical Ground and Aircraft Station

	Frequency Range (MHz)
	3.025-18.030

	Occupied Bandwidth (kHz)
	2.8

	Channel Separation (kHz)
	3

	Signal to Noise Ratio (dB)
	10

	Antenna Type
	Directional

	Power (Watts)
	1000

	Emission Type (Telephony)
	J3E

	Emission Type (Telegraphy)
	A1A, A1B, F1B, (A, H) 2 (A, B)
(R, J) 2 (A, B, D), J (7, 9) (B, D, X)

	Modulation Type
	Upper Sideband
Amplitude Modulation

	Propagation Mode
	Skywave

	Range (km)
	Aeronautical Ground Stations: >1000
Aircraft Stations: <500

	Protection Criteria (dB)
	15




	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	

	


	
	

	


	
	
	

	
	
	

	
	
	


For aircraft station transmitters first installed after 1 February 1982 and for aeronautical stations transmitters in use after 1 February 1983:

TABLE 5
AM(OR)S 3 kHz Channel Bandwidth Emission Mask
	Frequency separation Δ from the assigned frequency (kHz)
	Minimum attenuation below peak envelope power (PX) (dB)

	1.5 ≤ Δ < 4.5
	30

	4.5 ≤ Δ < 7.5
	38

	7.5 ≤ Δ
	43*

	*For transmitter power up to and including 50W: 43+10log10 (PX) (W). For transmitter powers more than 50W, the attenuation shall be at least 60 dB.




FIGURE 1
AM(OR)S 3 kHz Legacy Channel Bandwidth Emission Mask	Comment by USA: Add footnote

5.1.1	Emission Spectrum Mask for WBHF
[TBD]

[image: ]

TABLE 6
AM(OR)S 3 kHz Channel Bandwidth Typical Legacy Receiver Parameters
	Parameter
	Aeronautical  Ground  and Aircraft Stations

	Frequency Range (MHz)
	3.025-18.030

	Receiver Bandwidth (kHz)
	2.8

	Receiver Sensitivity (dB)
	3

	Receiver Filter Response
	[TBD]

	Antenna Gain
	[TBD]

	Antenna Type
	[TBD]

	Antenna Polarization
	[TBD]

	Antenna Height
	[TBD]

	Antenna Height
	[TBD]

	Propagation Mode
	Skywave

	Range (kM)
	 Aeronautical Ground: >1000
Aircraft: <500

	Protection Criteria (dB)
	15




5.2. 	AM(OR)S Wwide-band Cchannel Bbandwidth Ttechnical Pparameters 
AM(OR)S systems with wider channel bandwidths The WBHF system will utilize the existing 2.8 to 18.05 MHz AM(OR)S HF aeronautical frequency bands, so no additional spectrum will need to be allocated., and nNew modulation waveforms consistent with the emission designators as defined in appendix 26 will be implemented. will fall under the same J2D emission designator as legacy HFDL.  Tables 1,2 and 3 provide typical technical characteristics of a WBHF system. 

Except for channel bandwidths, modulation types, and the emission mask, wide-band receiver and transmitter parameters are the same as those listed in Tables 3-6.  

The following emission mask, Ttable 7, specifications are based upon the 3 kHz channel bandwidth emission masks as show in Ffigure 1 above. The primary difference between the mask in Ffigure 1 and the mask in Ffigure 2, below, is the channel bandwidth. The Ffigure 2 mask supports channel bandwidths of up to 48 kHz in 3 kHz increments. ImplementationAdherence to this mask ensures non-interference with adjacent legacy HF services.

TABLE 7
[bookmark: _Hlk188534073]AM(OR)S Wide-band Emission Mask
	Frequency separation Δ from the assigned frequency (kHz)
	Minimum attenuation below peak envelope power (PX) (dB)

	BW/2 ≤ Δ < BW/2 +3  
	30

	BW/2 +3 ≤ Δ < BW/2 +6  
	38

	BW/2 +6  ≤ Δ
	43*

	*For transmitter power up to and including 50W: 43+10log10 (PX) (W). For transmitter powers more than 50W, the attenuation shall be at least 60 dB.
BW is the channel bandwidth (defined by Nx3 kHz, where N is the number of contiguous bonded 3 kHz channels)


[image: ]

FIGURE 2 
AM(OR)S Wwide-b andchannel bandwidth Eemission Mmask
[image: ]


Table 1
WBHF technical characteristics
	Parameter
	Ground station
	Aircraft station

	Channel bandwidths (kHz)
	6,9,12,15,18,21,24,27,
30,33,36,39,42,45,48
	6,9,12,15,18,21,24,27,
30,33,36,39,42,45,48

	Emission type
	SSB
	SSB

	Duplex type
	Half-Duplex, Full Duplex, and Broadcast
	Half-Duplex, and Broadcast

	Waveform type
	Walsh, BPSK, QPSK, 8 PSK, 16‑QAM, 32-QAM, 64-QAM, 256-QAM
	Walsh, BPSK, QPSK, 8 PSK, 16‑QAM, 32-QAM, 64-QAM, 256 QAM

	Power spectral density
	6 kW/3 kHz
	400 W/3 KHz

	HF propagation
	Skywave
	Skywave



Table 2
Characteristics of advanced digital HF radiocommunication systems (ISB and Contiguous channels Systems)
	Parameter
	Propagation mode

	
	Ground wave
	Sky wave

	
	
	NVIS
	Oblique incidence

	Frequency band (MHz) range
	2-10
	2-10
	3-30

	Approximate service area
	Up to 80 km
	Between 80 and 200 km
	Greater than 200 km

	Antenna polarization
	Vertical
	Horizontal
	Vertical/horizontal

	Transmitting antenna gain (dBi)
	1-3
	1-6
	6-15

	Maximum e.i.r.p. (dBW)
	1-29
	10-32
	16-55

	S/N (dB)1
	SSB 17
DRM 18
	SSB 25
DRM 26
	SSB 26
DRM 26

	Necessary bandwidths and types of emission 
	SSB/ISB: 3, 6, 9, 12 kHz, 18, 24, and 48 kHz
3K00J2D, 6K00J2D, 9K00J2D 12K0J2D, 18K0J2D, 24K0J2D and 48K0J2D

	
	DRM: 3, 4.5, 5, 9, 10 and 20 kHz
3K00J2D, 4K50J2D, 5K00J2D, 9K0J2D, 10K0J2D, 20K0J2D

	Note:  More detailed information on required S/Ns can be found in Recommendation ITU-R F.339.
Note:  For emission type the last letter (D) refers to data transmissions.  If emission is not data (D), substitute (E) for voice, (C) for facsimile, (W) combination or (X) for cases not otherwise covered.


Table 3
Characteristics of advanced digital HF radiocommunication systems (non-contiguous multichannel systems)
	Parameter
	Propagation mode

	
	Ground wave
	Sky wave

	
	
	NVIS
	Oblique incidence

	Frequency band (MHz)
	2-12 (TBC)
	2-12 (TBC)
	3-30 (TBC)

	Approximate service area
	Up to 80 km (ground)
Up to 200 [NM] (sea)
	Up to 300 km
	Greater than 300 km

	Antenna polarization
	Vertical
	Vertical/horizontal
	Vertical/horizontal

	Transmitting antenna gain (dBi)
	1-3
	1-6
	1-15

	S/N per channel (dB)1
	17
	25
	25

	Necessary bandwidth and 
	SSB: 3 kHz 

	Type of modulation per channel
	3K00J2D

	Sensitivity for 10 dB SINAD in 3 kHz (dBm)
	‒111

	Receiver IF filter bandwidth (kHz)
	> 200 kHz

	Note: 1 second interleave, 16 channels.
Note: For emission type the last letter (D) refers to data transmissions.  If emission is not data (D), substitute (E) for voice, (C) for facsimile, (W) combination or (X) for cases not otherwise covered.




5.3. 	Adjacent Bband Iincumbent Sservices Ttechnical Pparameters
Incumbent services operating in Aadjacent band incumbent servicess include AM(R)S, Fixed, Mobile (Except AM(R), Land Mobile, Broadcasting, Maritime Mobile and Standard Frequency and Time. The adjacent band frequency bands where these services are operation technical parameters are listed in Table 8.

TABLE 8	Comment by Andre Tarpinian (DON CIO): TBD – Populate table with adjacent band receiver parameters received from LS from other WPs
Adjacent Band Incumbent Services Receiver Technical Parameters
	Technical Parameters
	AM(R)S
	Fixed
	Mobile (Except AM(R)
	Land Mobile
	Broadcasting
	Maritime Mobile
	Standard Frequency and Time

	Bandwidth (kHz)
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	Modulation
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	Antenna Type
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	Antenna Gain
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	Polarization
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	Receiver Sensitivity
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	Noise Environment
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[TBD]







6.	Protection Ccriteria
[TBD]	Comment by Andre Tarpinian (DON CIO): TBD – Insert introductory language for in and adjacent band protection criteria; introduce section 6.3 as well here. I/N is provided in 6.1 and 6.2
6.1.	AM(OR)S Legacy 3 kHz Channel Bandwidth Systems
The in-band protection criteria for legacy AM(OR)S is [TBD].




	
	
	
	

	
	
	
	



WBHF protection criteria considerations
[RR Appendix 26 (Rev.WRC-15) rules are based on 3 kHz channels where channels are assigned, and a spectral mask defined by the carrier frequency and/or the assigned frequency such that the spectrum emission limits are specified for the assigned and first, second and third adjacent 3 kHz bandwidth channels.  To accommodate WBHF, RR Appendix 26 (Rev.WRC-15) will need to allow for a spectral mask definition to accommodate multiple contiguous channels configured as a single wideband channel, defined around the center frequency and bandwidth of the wideband channel Wideband HF will meet the same spectrum emission limits with respect to adjacent channels as the existing 3 kHz allotments, which will ease compatibility analysis.]
[Editor’s note: The previous paragraph is expected to be reviewed to provide background on the WBHF protection criteria to be considered in the studies.]
The proposed protection criteria would not change and would be equivalent to 15 dB Desired-to-Undesired (D/U) ratio per 3 kHz channel for Data on Data, Data on Voice, and Voice on Data. Considering wideband channels, the protection ratio would be 15 dB D/U per 3 kHz.
[The proposed power spectral density (W/kHz) would not exceed the existing HFDL and HF Voice frequencies authorized in RR Appendix 26 (Rev.WRC-15). This would be 6 kW/3kHz for the Aeronautical Station and 400 W/3 kHz for the Aircraft station. When a larger bandwidth is used, the total peak envelope power may increase, but the power spectral density would not exceed the current levels seen in each 3 kHz bandwidth.]
[TBD] – Additional Considerations and characteristics
6.2.	Adjacent Band Incumbent Services
Table 9 lists the I/N protection criteria for adjacent band services. These I/N values were obtained from ITU-R reports and recommendations for oceanographic radar and radar sounders that are operating in the HF range.

TABLE 9
Protection Criteria for Services that are Adjacent to the Allocated AM(OR)S Frequency Bands	Comment by USA: Add reference footnotes
	Service
	I/N (dB)

	AM(R)S
	-6

	Fixed
	-6

	Land Mobile
	-10

	Broadcasting
	-20

	Maritime Mobile
	-10

	Standard Frequency and Time
	-20



· 
· 



6.3.	Derivation of Noise and Maximum Interference Levels

The external noise is a combination of three components: man-made noise, galactic noise, and atmospheric noise. 
Man-made noise depends on the frequency and the environment. Section 5 in Recommendation ITU-R P.372-10 details how to derive median values of man-made noise energy, , for several environments:

where  is the operational frequency expressed in MHz and c and d , Table 10 are dependent on the environment. 
TABLE 10	Comment by USA: Review table and qualify c/d
Noise Calculation Factors
	Environmental category
	c
	d

	Rural (curve C)
	67.2
	27.7

	Quiet rural (curve D)
	53.6
	28.6



Applying this formula for “rural” and “quiet rural” environments, one can then derive the resulting man-made noise level .
With regards to galactic noise and atmospheric noise, Figure 3 lists the noise energy contributions of noise sources across the 3-30 MHz band. 
FIGURE 3
Noise Energy vs. Frequency
[image: noise_spectrum_geneva_v2]
Galactic noise  only depends on frequency. The galactic noise component will not be observed at frequencies below the ionospheric critical frequency of 10 MHz (Recommendation ITU-R P.372-10).
Atmospheric noise  depends on frequency, time of day, and season. The Geneva 0 UT represents atmospheric noise energy during midnight hours vs. the 12 UT which represents atmospheric noise energy closer to noon.
6.3.1.	Maximum Interference Level for In-band Legacy 3kHz AM(OR)S and Adjacent Band Services
Once the external noise, , is known, the maximum interference level,  , into a given receivers’ bandwidth is shown in the formula below:

		
where:
	 = the maximum interference level in the incumbent service receiver (dB/W)
 = I/N for a given service type (dB)
 = the external noise value in dBW/Hz as a function of the selected noise environment (dBW/Hz)
= Receiver Bandwidth (Hz)

The maximum interference level, , is derived using the value of the lowest atmospheric noise level (quiet rural). The in-band legacy 3 kHz AM(OR)S and adjacent band services maximum interference levels calculation results are shown in tables 11 and 12 respectively.

TABLE 11
Legacy 3 kHz AM(OR)S Maximum Interference Levels
(Quiet Rural)
	Service
	I/N (dB)
	Receiver Bandwidth (kHz)
	Maximum Interference Level (dBW/RBW)

	AM(OR)S
	[TBD]
	2.8
	[TBD]




TABLE 12
Incumbent adjacent band Maximum Interference Levels
(Quiet Rural)
	[bookmark: _Hlk191289848]Service
	I/N (dB)
	Receiver Bandwidth (kHz)
	Maximum Interference Level (dBW/RBW)

	AM(R)S
	-6
	2.8
	-117

	Fixed
	-6
	3
	-117

	Land Mobile
	-10
	12
	-115

	Broadcasting
	-20
	200
	-113

	Maritime Mobile
	-10
	2.8
	-121

	Standard Frequency and Time
	-20
	10
	-116



Note: The maximum interference level calculations used an average Maximum Noise level of -145.7 dBW/Hz. Receiver bandwidths were taken from NTIA Report 04-413. 





	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



7.	Propagation Models
When considering scenarios involving aircraft, the propagation models contained in ITU-R Recommendations P.525-4 and P.528-3 are generally used for studies and simulations. 
[]
7.1	Propagation models for WBHF AM(OR)S 
[TBD]


[ANNEX 2]
[8. 	Compatibility and Ssharing Sstudies]
Maintaining consistency with the operational factors as defined in Appendix 26 while maintaining legacy, except for channel width, system parameters will provide compliance with the HF spectral mask regarding adjacent channel power. Maintaining compliance with the HF emission mask will assure that WBHF AM(OR)S can coexist without conflict with legacy HF voice and data transmissions, as well as existing systems in frequency band that are adjacent to the Appendix 26 HF AM(OR)S allocations.
Given these conditions, no extensive interference and compatibility studies are  required if it can be shown that WBHF AM(OR)S systems comply with the power limitations and emission masks of the legacy systems.
Should additional studies be required the protection criteria outlined in Section XX along with the methodologies outlined in Section XX would be used for analysis and/or simulations.

8.1.	Analysis Methodology
8.1.1.	In Band
The analysis consists of demonstrating that advanced or 4G Automatic Link Establishment (ALE) systems will provide a level protection that will assure that interference to legacy AM(OR)S 3 kHz transmissions will not be impacted in the presence of WBHF AM(OR)S transmissions.


8.1.2.	Adjacent Band
Adjacent band analysis consists of demonstrating that typical aeronautical and aircraft station transmitters are in alignment with legacy system parameters and meet the requirements of legacy system emission masks. To accomplish this, spectrum analyser measurements of aeronautical and aircraft station transmitters will be measured over a range of various WBHF channel bandwidths (6, 12, 24 and 48 kHz). These measurements will then be compared to the emission mask requirements. Should the measured emission spectrum meet the emission mask requirements, no additional out of band analysis will be required.  Figure 4 is a simplified block diagram of the measurement setup.

FIGURE 4
Measurement configuration

9. 	Analysis and Results
9.1. 	In Band Analysis	Comment by Andre Tarpinian (DON CIO): This section discusses and provides examples of how the deployment of Advanced or 4G ALE can be used as a mechanism for effectively sharing bandwidth between legacy AM(OR)S services (voice and data) and wide band AM(OR)S implementations.]
[TBD]

9.1.1 	In Band Analysis Results

[this section will include an example of how ALE can be used to eliminate detailed/complex interference/compatibility studies]

9.2	Adjacent Band Analysis
[TBD]
9.2.1.	Legacy 2.8  kHz Analysis Results
[will be used to show that spectrum behaviour in adjacent bands meets the mask- Pending measurements]
Figure 5. Legacy 2.8 kHz Measurement vs. Emission Mask
9.2.2	WBHF AM(OR)S Analysis Results
Tables XX to YY show the exceedance, if any, between the adjacent band measured emission and the maximum interference level as calculated for the following services: AM(R)S, Fixed, Land Mobile, Broadcasting, Maritime Mobile, and Standard Frequency and Time for low, mid, and high end center frequencies [actuals frequencies TBD from measurements] for QAM, PSK, and FSK modulation types.

Table 13. Adjacent Band AM(R)S Analysis Results
[image: ]

See Appendix 1, Figures 1 to 9 for AM(R)S for 6 kHz QAM (Low/Medium/High) measurement vs. emission mask results to correlate to results in Table 13 results. 
See Appendix 1, Figures 10 to 18 for AM(R)S for 12 kHz QAM (Low/Medium/High)  measurement vs. emission mask results to correlate to results in Table 13 results. 
See Appendix 1, Figures 19 to 27 for AM(R)S for 24 kHz QAM (Low/Medium/High)  measurement vs. emission mask results to correlate to results in Table 13 results. 
See Appendix 1, Figures 28 to 36 for AM(R)S for 48 kHz QAM (Low/Medium/High)  measurement vs. emission mask results to correlate to results in Table 13 results. 

[repeat for Fixed, Land Mobile, Broadcasting, Maritime Mobile, and Standard Frequency and Time]

10.0. 	Summary
[TBD]













APPENDIX 

Figures 1 to 9 for AM(R)S for 6 kHz QAM (Low/Medium/High) measurement vs. emission mask results to correlate to results in Table 13 results. 
Figures 10 to 18 for AM(R)S for 12 kHz QAM (Low/Medium/High) measurement vs. emission mask results to correlate to results in Table 13 results. 
Figures 19 to 27 for AM(R)S for 24 kHz QAM (Low/Medium/High) measurement vs. emission mask results to correlate to results in Table 13 results. 
Figures 28 to 36 for AM(R)S for 48 kHz QAM (Low/Medium/High) measurement vs. emission mask results to correlate to results in Table 13 results. 
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