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	SUMMARY

	The objective of this contribution is to initiate discussion on the interference protection criteria of AMS(R)S operating in the aeronautical VHF frequency band. This AMS(R)S protection criteria could indeed necessary for compatibility analyses conducted in ITU as part of WRC-23 AI 1.7.




INTRODUCTION
ITU is currently considering a potential new allocation for AMS(R)S in all or part of the aeronautical VHF frequency band 117.975-137 MHz, as part of WRC-23 AI1.7. According to ITU-R Resolution 428, a requirement to approve this allocation would be that AMS(R)S technical characteristics ensure the protection of systems using existing primary services in adjacent frequency bands and ensure that planned usage of those system is not constrained.
Studies conducted by ITU WP-5B provide conditions so that AMS(R)S does not cause harmful interference to adjacent band systems.
AMS(R)S is by nature a safety of life system and therefore, it shall be protected from harmful interference: as a consequence, a system wich would create harmful interference on AMS(R)S shall immediately stops its emission. As a consequence, to fulfil the conditions of ITU Resolution 428, it is necessary to study the impact of adjacent band services on AMS(R)S. These studies have been conducted by ITU WP-5B.
Studies conducted by ITU WP-5B has not yet concluded on the capability of the AMS(R)S satellite receiver to operate in the VDL Mode 2 CSC channel (centered on 137.975 MHz), with the interference environment induced by services operating in the frequency band 137-138 MHz. As a matter of fact, the acceptable level of interference which must be tolerated by AMS(R)S satellite receiver is not yet defined, and the aggregated interference level caused by systems operating in the frequency band 137-138 MHz is still under discussion. However this acceptable level of interference would be useful to close the ITU compatibility analyses.
The objective of this paper is  to compare several protection criterias commonly used by ICAO and ITU.
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper and its annex;
initiate discussion on the acceptable level of interference for AMS(R)S satellite receiver to be considered for the protection of AMS(R)S. 














ANNEX: COMPARISON OF SEVERAL PROTECTION CRITERIAS
Several approaches are investigated and compared using the following typical metrics of interference characterization:
· Carrier to interference power ratio (C/I)
· Interference to noise power ratio (I/N)
· Degradation of energy per bit to noise power spectral density ratio ().
· Remaining energy per bit to effective noise power spectral density ratio () link budget margin.
The characterization of the interference through the  degradation or the remaining  link budget margin relies on a link budget analysis at the satellite receiver. It is detailed below.
	Minimum signal power at satellite antenna port  (dBm)
	-131,8
	PDNR Space VHF

	Bit rate  (bit/s)
	31.5 kbits/s
	

	Energy per bits  (dBm.s)
	-176,8
	

	Noise power spectral density  (dBW/Hz)
	-198,6
	Computed from equivalent system noise temperature of ITU-R SA.2426

	 (dB)
	21,82
	

	 threshold  (dB)
	13,8
	Minimum  for an uncorrected BER of 10-3 for a D8PSK modulation with Reed Solomon code, as required by DO-224

	Link budget margin  (dB)
	8.02
	



· The noise power spectral density  is computed from the ITU-R SA.2426, which provide the maximum space station system noise temperature of up to 1000 K. Note that this value includes cable loss and filters.
· ICAO SARPs requires that VDL mode 2 aircraft receiver to achieve a corrected BER of 10-4. DO-224 transforms this requirements to a corrected BER of 10-3. DO-224 also estimates that the presence of the Reed Solomon code degrades the received power by 0.8 dB. For a non-coded D8PSK, the minimum  to obtain a BER of 10-3 is 13 dB. Adding the 0.8 dB to take into account the Reed Solomon code, the resulting threshold is 13.8 dB. 
The presence of an interference induces a degradation of the  link budget margin. An interference is characterized by its equivalent noise  and assuming a noise-like interference,  can be expressed as:

 is the interference power in the VDL Mode2 channel and  is the channel bandwidth.
The  degradation induced by the interference is therefore:

And the resulting link budget margin in presence of interference is:

7 potential AMS(R)S satellite receiver protection criterias are compared:
Criteria 1 - Closure of link budget: this criteria provides the interference power  such that the remaining link budget margin  is equal to 0 dB.
Criteria 2 – D/U=20 dB: this criteria is used for for ground AM(R)S coordination. It must be interpreted as the ratio of VDL Mode 2 Desired over VDL Mode 2 Undisered power ratio. The application of this criteria for AMS(R)S satellite receiver protection would deserve additional discussion. As a matter of fact, this criteria is also used for the protection of Space Operation Systems (see ITU Recommendation SA.363), associated with a time criteria of 1%, and it is stated that these criteria are insufficient to guarantee the safety of spacecraft in certain brief critical phases. 
Criteria 3 – 3 dB  degradation: This criteria is used for the protection of space research service (SRS) Eart-to-Space link, according to ITU Recommendation SA.1396, where it is stated that an “increase of 3 dB in overall system noise due to interference is considered harmful to an Earth-to-space link”.
Criteria 4 – 1 dB  degradation: This criteria is used for the protection of near-Earth research satellite, according to ITU Recommendation SA.609, where it is stated that an “1 dB increase in overall system noise due to interference is considered harmful”.
Criteria 5 – I/N=-6 dB: this criteria is used for the protection of current L band AMS(R)S (see ITU-R M.1234). This criteria is also used for the protection of near-Earth research satellite, according to ITU Recommendation SA.609.
Criteria 6 – C/I=30 dB: this criteria is based on a D/U=20 dB, on top of which an extra 10 dB is added to take into account that interference affecting the AMS(R)S satellite receiver comes from non-aeronautical systems.  
Criteria 7 – I/N=-10 dB: this criteria has been applied to protect the AM(R)S stations from interference caused by space operation services during WRC-19. This criteria is also used for the protection of several space applications and meteorology satellite receivers (see ITU Recommendation SA.1155). 
The equivalent C/I, I/N,  degradation and remaining link budget margin are given in the table below for the different criterias.
	 
	Closure of link budget (proposed by Spain)
	D/U=20 dB (coordination criteria for AM(R)S)
	3 dB degradation
	1 dB degradation
	I/N=-6 dB (ITU Rec SA.609)
	C/I=30 dB (proposed by France)
	I/N=-10 dB (ITU Rec SA.1155)

	C/I
	15,6
	20,0
	22,8
	28,7
	28,8
	30,0
	32,8

	I/N
	7,3
	2,8
	0,0
	-5,9
	-6,0
	-7,2
	-10,0

	Link budget degradation
	8,0
	4,6
	3,0
	1,0
	1,0
	0,8
	0,4

	Remaining link margin
	0,0
	3,4
	5,0
	7,0
	7,0
	7,3
	7,6
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