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	[bookmark: _Hlk518309834]Purpose/Objective:  The purpose of this contribution is to provide updates to document 5B/712 Annex 11 to mature the technical characteristics and protection criteria for the VHF datalink (VDL) systems operating in the frequency band 136 – 137 MHz, allocated to the aeronautical mobile (route) service. VDLM2 is internationally standardized by ICAO.

	Abstract:  This contribution provides updates to document 5B/712 Annex 11 on the technical characteristics and protection criteria for the VHF datalink Mode 2 (VDLM2) systems operating in the 136 – 137 MHz frequency band, allocated to the AM(R)S.
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[bookmark: dbreak]Introduction
This contribution provides updates to document 5B/712 Annex 11, on the technical characteristics and protection criteria for VHF datalink (VDL) Mode 2 (VDLM2) operating in the aeronautical mobile (route) service in the frequency band 136 - 137 MHz.
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ATTACHMENT
wd-pdn [recommendation/report]
ITU-r m.[amrs-vDLhf]
Characteristics and protection criteria for the International Civil Aviation Organization (ICAO) standardized VHF datalink Mode 2 (VDLM2) systems operating in the aeronautical mobile (route) service in the frequency band 117.975136-137 MHz

 [Editorial note: This document has not been agreed at May 2019 meeting of WP 5B.]
Scope
This [Recommendation/Report] provides the technical characteristics and protection criteria for the International Civil Aviation Organization (ICAO) standardized VHFvoice and datalink (VDL) Mode 2 (VDLM2) communications systems operating in the aeronautical mobile (route) service (AM(R)S) in the frequency band 117.975136-137 MHz. These technical characteristics and protection criteria should be used for compatibility studies with VDLM2 systems.

Keywords
AM(R)S, VHF, VDL, CSC, protection criteria, air-to-ground communications, ground-to-air communications
Abbreviations/Glossary
AM(R)S	Aeronautical mobile (route) service
ICAO	International Civil Aviation Organization
VHF	Very high frequency
VDL	VHF datalink
CSC	Common signalling channel

Related ITU Recommendations, and Reports 
Recommendation ITU-R SM.1535	The protection of safety services from unwanted emissions
[The ITU Radiocommunication Assembly,
considering
[bookmark: _Hlk518318043][bookmark: _Hlk518314001]a)	that the frequency band 117.975136-137 MHz is currently used by international civil aviation organization (ICAO)-standardized for both voice and VHF datalink Mode 2 (VDLM2) data communications worldwide for air-to-ground, air-to-air, and ground-to-air aeronautical safety communications;
[bookmark: _Hlk518318101][bookmark: _Hlk518314239]b)	that aeronautical safety communications are used in all areas that aircraft operate and land, and in all phases of flight;
c)	that aircraft may be equipped with up to three aeronautical mobile (route) service (AM(R)S) radio stations utilizing a combination of voice and data radios;
d)	that mobile stations of the maritime mobile service may communicate on the aeronautical emergency frequency 121.5 MHz and, where required, the auxiliary frequency 123.1 MHz under the condition laid down in Article 31 for distress and safety purposes with stations of the aeronautical mobile service,
recognizing
a)	that in high aircraft density areas, such as in Europe and North America, the utilization of VHF channels in the 117.975-137 MHz is highly congested;
b)	that the International Civil Aviation Organization (ICAO) develops standards and recommended practices for civil aviation;
c)	that Annex 10 to the Convention on International Civil Aviation contains standards and recommended practices for aeronautical radiocommunication systems used by civil aviation;
d)	that the AM(R)S is a safety service;
e)	that RR 4.10 provides recognition that safety services require special measures to ensure their freedom from harmful interference;
[bookmark: _Hlk518317084]f)	that Recommendation ITU-R SM.1535 provides a guideline for the protection of safety services from unwanted emissions;
g)	that RR No. 5.202, provides an additional allocation in the frequency band 136‑137 MHz to the aeronautical mobile (OR) service on a primary basis in certain countries,
recommends
1	that the technical and operational characteristics of the VHF datalink (VDL) Mode 2 (VDLM2) systems operating in the 136-137 MHz frequency band, allocated to the AM(R)S and described in Annex 1, should be considered representative of those systemsoperatingin the frequency band 117.975-137 MHz and should be used for compatibility studies with systems operating in other services;
[bookmark: _Hlk522610802]2	that the criterion of interfering signal power to receiver noise power level, I/N = −10 dB, should be used as the required protection level for the VDLM2 systems operating in the AM(R)S in the frequency range 117.975136-137 MHz, and that this represents the aggregate protection level if multiple interferers are present.


Annex 1
Technical and operational characteristics of the VHF datalink (VDL) Mode 2 (VDLM2) systems operating in the aeronautical mobile (route) service in the 
frequency band 117.975136-137 MHz
A1.1	Introduction
The frequency band 13617.975-137 MHz is allocated to the AM(R)S and is the principle communications band for voice and data aeronautical safety data communications in the air-to-ground, air-to-air, and ground-to-air directions. These systems are internationally standardized by the International Civil Aviation Organization (ICAO) for VHF datalink (VDL) Mode 2 (VDLM2). These communications are used inat all airspacesports where air traffic services are available and in all phases of flight.
[bookmark: _Hlk522609769][bookmark: _Hlk522609742]A1.2	Technical characteristics of the VHF datalink (VDL) Mode 2 (VDLM2) systems operating in the aeronautical mobile (route) service systems in the frequency band 117.975136‑137 MHz
The technical characteristics of representative AM(R)SVDLM2 systems operating in the frequency bandrange 117.975136-137 MHz are presented in Table A1.1. Some stations use different antennas to transmit and to receive signals.
Table A1.1
Characteristics of aeronautical mobile (route) serviceVDLM2 systems operating in the frequency band 117.975136-137 MHz
	Platform
	Units
	Aircraft
	Base station

	Type of emission
	
	Voice
	Data
	Voice
	Data

	[bookmark: _Hlk517183495]Modulation type
	
	AM-DSB
	D8PSK/MSK CSMA
	AM-DSB
	D8PSK/MSK CSMA

	Type of operation
	
	Simplex
	Simplex
	Simplex
	Simplex

	Max antenna height
	m
	15240 (MSL)
	15240 (MSL)
	15 – 50 (AGL)
(15 typical)
	15 – 50 (AGL)
(15 typical)

	Transmitter

	Power
	W
	5 to 25 (note 1)
	18 to 25 (note 1)
	25 to 100
	25 to 100

	Coverage radius
	km
	370
	370
	370
	370

	Bandwidth
	kHz
	8.33/25
	25
	8.33/25
	25

	Antenna gain
	dBi
	0
	0
	2.2
	2.2

	Radiation pattern
	
	Omni
	Omni
	Omni
	Omni

	Antenna polarization
	
	Vertical
	Vertical
	Vertical
	Vertical

	Receiver

	Noise figure
	dB
	6
	6
	6
	6

	IF bandwidth
	kHz
	8.33/25
	25
	8.33/25
	25

	Antenna gain
	dBi
	0
	0
	2.2
	2.2

	Radiation pattern
	
	Omni
	Omni
	Omni
	Omni

	Antenna polarization
	
	Vertical
	Vertical
	Vertical
	Vertical

	Note 1: The minimum aircraft transmit output powers (voice) are 16 watts for 200 nautical miles max range with 8.33/25 kHz channel separation, and 4 watts for 100 nautical miles max range with 8.33/25 kHz channel separation.  The minimum aircraft transmit output powers (data link – mode 0/2) are 15 watts for 200 nautical miles with 25 kHz channel separation, and 4 watts for 100 nautical miles with 25 kHz channel separation.



A1.3	Aeronautical mobile (route) service protection levels in the frequency band 117.975-137 MHz
Using the values in Table 1, Table 2 shows the interference protection level for the AM(R)S systems operating in the frequency band 117.975 to 137 MHz. Note that since they are normalized in 4 kHz, the interference protection levels apply to AM(R)S systems using 8.33 kHz and/or 25 kHz channels.
[bookmark: _Hlk517277049]Table A1.2
Aeronautical mobile (route) service protection levels in the frequency band 117.975-137 MHz
	Station type
	Units
	Base station
	Aircraft

	k = 1.38064852e-23 (J/K) 
	dBW/K/Hz
	-228.60
	-228.60

	Standard room temperature, T0 = 290K
	dB-K
	24.62
	24.62

	Rx noise figure, NF, 
	dB
	6
	6

	Noise density, N0 = k * T0 + NF
	dBW/Hz
	-197.98
	-197.98

	Protection criteria, I/N 
	dB
	-10
	-10

	Max RFI power density 
	dBW/Hz
	-207.98
	-207.98

	Max RFI power density 
	dBW/4 kHz
	-172
	-172

	dBW to dBW/m2 
	dB
	4.18
	4.18

	Maximum receiver antenna gain 
	dBi
	2.2
	0

	Max RFI pfd at antenna input,[footnoteRef:1] [1: 	] 

	dB(W/(m2 · 4 kHz))
	-170.0
	-167.8


]
[Editor’s note:  At its November 2018 meeting WP 5B considered how this protection criteria could be met for the case of a satellite interferer such as an NGSO short duration satellite operating in the SOS in the band 137-138 MHz. 
One view is Under the conditions of:
–	a maximum power flux density (pfd) threshold limit of –140 dB(W/(m2 · 4 kHz)) on the Earth is applied in the frequency band 137‑138 MHz for emissions from any non-GSO short duration satellite assuming free space path loss,
–	only one non-GSO short duration satellite is transmitting per channel at a given time in the same geographical area,
–	the unwanted emissions at and below 136.9875 MHz from the short duration non-GSO satellites, with respect to the pfd threshold limit above, should be attenuated by at least 30 dB for satellites operating on the first SOS channel above 137 MHz, attenuated by at least 43 dB for satellites operating on the second SOS channel above 137 MHz, and attenuated by at least 55 dB for satellites operating on the third or higher SOS channel above 137 MHz,
–	assuming inclusion of apportionment factor and aeronautical safety margin the following calculation reflects one view on how to meet the protection criteria for AM(R)S.  There has not been an agreement on all its parameters:
	Value
	Description

	–170
	AM(R)S protection criteria (dB(W/(m2 · 4 kHz))), aggregate for all interference

	3
	Apportionment Factor (dB)

	–173
	AM(R)S protection criteria (dB(W/(m2 · 4 kHz))), aggregate for all SOS

	

	–140
	SOS single satellite PFD (dB(W/(m2 · 4 kHz)))

	0.3
	SOS aggregate factor (dB)

	30
	SOS first channel attenuation (dB)

	2
	Aeronautical Safety Margin (6 dB) and additional correction factors

	–5.3
	Base station antenna gain adjustment factor (effective antenna gain is –3.1 dBi to satellite interference)

	–173
	Aggregate received SOS PFD (dB(W/(m2 · 4 kHz)))



Another view is under the conditions of:
–	a maximum power flux density (pfd) threshold limit of –140 dB(W/(m2 · 4 kHz)) on the Earth is applied in the frequency band 137‑138 MHz for emissions from any non-GSO short duration satellite assuming free space path loss,
–	only one non-GSO short duration satellite is transmitting per channel at a given time on the same geographical area,
–	the unwanted emissions at and below 136.9875 MHz from the short duration non-GSO satellites, with respect to the pfd threshold limit above, should be attenuated by at least 30 dB for satellites operating on the first SOS channel above 137 MHz, attenuated by at least 43 dB for satellites operating on the second SOS channel above 137 MHz, and attenuated by at least 55 dB for satellites operating on the third or higher SOS channel above 137 MHz.

	AM(R)S Protection Criteria
	Units
	Ground
	Airborne

	Parameter
	
	Method 2

	Boltzmann constant k  
	dBW/(K·Hz)
	–228.60
	–228.60

	To 
	dB-K
	24.62
	24.62

	Noise Figure 
	dB
	4.00
	6.00

	Cable loss 
	dB
	3.00
	0.00

	Noise Density 
	dBW/Hz
	–196.98
	–197.98

	I/N 
	dB
	–6.00
	–6.00

	Max RFI power density, 
	dBW/Hz
	–202.98
	–203.98

	Max RFI power density, 
	dBW/(m2·4 kHz)
	–166.95
	–167.95

	BS and Aircraft Antenna gain 
	dBi
	–5.00
	–2.50

	Polarization discrimination 
	dB
	1.50
	1.50

	Wavelength 
	m
	2.19
	2.19

	Effective area 
	m2
	–4.19
	–4.19

	Max RFI PFD, 
	dBW/(m2·4 kHz)
	–156.26
	–159.76

	
	
	
	

	Factors to be considered in the compatibility analyses
	

	Apportionment factor 
	dB
	3.00
	0.00

	Aeronautical Safety Margin 
	dB
	6
	6

	Max PFD single service 
	dBW/(m2·refBW)
	–165.26
	–165.76

	
	
	
	

	SOS single satellite PFD 
	dBW/(m2·4 kHz)
	–140
	–140

	Aggregate Factor 
	dB
	0.3
	0.3

	First channel attenuation 
	dB
	30
	30

	Received SOS PFD 
	dBW/(m2·4 kHz)
	–169.7
	–169.7

	
	
	
	

	Margin 
	dB
	4.44
	3.94



Negative margin indicates interference to AM(R)S.
]
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