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(Presented by John Mettrop)

	SUMMARY

	This paper proposes that the draft ICAO Postion to WRC-19 be amended with respect to agenda item 1.7 to take into account recent changes to the proposed solutions to include use of the frequency band 137-138 MHz. 


1. INTRODUCTION

1.1 Agenda item 1.7 of the 2019 World Radiocommunication Conference (WRC-19) addresses the spectrum needs of non-geostationary orbit (non-GSO) satellites for telemetry, tracking and command and to assess the suitability of existing space operation service (SOS) frequency bands to support the requirement.
1.2 At the last International Telecommunication Union (ITU)  Working Party 7B meeting, through document 7B/308, received a proposal to consider the frequency band 137-138 MHz for communication in the space to Earth direction. As a result of the meeting the new method was included in the draft Conference Preparatory Text and text included in a Preliminary Draft New Report ITU-R SA.[SHORT DURATION NGSO – SHARING STUDIES] (annex 5 to Working Party 7B Chairman’s Report).
2. DISCUSSION

2.1 The frequency band 137-138 MHz is allocated to the SOS however there are only 22 satellite networks current registered the emissions from which are centred on 137.5 MHz with a low duty cycle. The proposed introduction of additional short duration satellites using sub-divisions of the frequency band and high duty cycles would change the emission profile of the systems operating in the frequency band 137-138 MHz.
2.2 The frequency band 137-138 MHz is adjacent to the frequency band 117.975-137 MHz that is assigned to the aeronautical mobile (R) service and used for the provision of analogue & digital aeronautical communication. VHF Datalink Mode 2 (VDL 2) is a carrier sense multiple access system originally designed as a replacement for the aircraft communication addressing and reporting system used by airlines for operational control with the common signalling channel on 136.975 MHz. However, due to the lack of a viable alternative, it has been adopted by air traffic control for the provision of controller pilot datalink communication.
2.3 Given that the frequency band 117,.975 – 137 MHz is recognised as supporting an aeronautical safety service any proposal to modify the use of an adjacent frequency band should be studied especially given recent experiences with adjacent band issues.  
2.4 Adjacent band interference can either be caused by the out-of-band emissions from the transmitter of one system falling in the passband of a receiver of the adjacent band system or the fundamental transmission of one system being received through the skirts of a receiver from the adjacent band system. 

2.5 The system characteristics for both systems are given in Appendix 1, however information was not available with respect to the roll-off of the transmitter or receiver for the proposed satellite system. As a result the following analysis is based on a co-channel study which is then used to identify the transmitter/receiver roll-off required for both systems to ensure compatibility. These figures are then used to determine whether compatibility can be achieved and if so the roll-off requirements for the satellite transmitter and receiver. 
Satellite Signal into a VDL 2 Receiver

	
	Units
	Orbital height of the Satellite

	
	
	300 
	1000

	
	
	(km)
	(km)

	Power into the antenna port
	(dBm)
	30
	30

	Satellite Antenna gain
	(dBi)
	0
	0

	Free space path loss (32.4+20log(fMHz)+20logdkm)
	(dB)
	124.7
	135.1

	VDL 2 Airborne antenna gain
	(dB)
	0
	0

	Signal at the receiver
	(dBm)
	-94.7
	-105.1

	
	
	
	

	Minimum wanted VDL signal
	(dBm)
	-87
	-87

	Co channel S/I Protection criteria
	(dB)
	20
	20

	Safety margin
	(dB)
	6
	6

	Maximum co-channel interference
	(dBm)
	-113
	-113

	
	
	
	

	Margin
	(dB)
	-18.3
	-7.9


VDL 2 Signal into a Satellite Receiver
	
	Units
	VDL Transmitter Location

	
	
	Airborne
	Ground

	Satellite Height
	(km)
	300
	1000
	300
	1000

	Typical separation distance 
	(km)
	3
	3
	25
	25

	Power into the antenna port
	(dBm)
	44
	44
	47
	47

	VDL 2 antenna gain
	(dBi)
	0
	0
	2.15
	2.15

	Free space path loss (32.4+20log(fMHz)+20log(dkm))
	(dB)
	84.7
	84.7
	103.1
	103.1

	Satellite Antenna gain
	(dB)
	5
	5
	5
	5

	Signal at the receiver
	(dBm)
	-35.7
	--35.7
	--49.0
	-49.0

	
	
	
	
	
	

	Minimum received satellite carrier power
	(dBm)
	-89.3
	-110.1
	-89.3
	-110.1

	Carrier to noise ratio objective
	(dB)
	12
	12
	12
	12

	Maximum co-channel interference 
	(dBm)
	-101.3
	-122.1
	-101.3
	-122.1

	
	
	
	
	
	

	Margin
	(dB)
	-65.6
	-86.4
	-52.3
	-73.1


2.6 The link budgets above indicate that were the two systems co-channel then for in both directions (satellite into VDL 2 & VDL2 into satellite) there is a negative margin that would have to be mitigated. However in this case the two systems are not co-channel and hence the the roll-off of both the relevant tranmitters and receivers will mitigate the negative margin. Ideally the mitigation effects of the roll-offs should ensure the margins turn positive indicating compatibility without the need for any additional mitigation.

2.7 From the link budgets above it can be deduced that in the case of a satellite signal into a VDL 2 receiver the worst case margin that would need to be mitigated is -18.3 dB whilst in the case of a VDL 2 transmitter into a satellite receiver the value is -86.4 dB. This would therefore mean that the following roll-offs would be required, noting that in each case the unwanted transmitter will have to roll-off sufficiently before the signal is co-channel with the wanted signal and the receiver of the wanted signal will need to roll-off sufficiently to reject the fundamental signal of the unwanted transmitter. As a result the following roll-offs are required:
Required Transmitter/Receiver Roll-off

	
	Satellite
	VDL 2

	Transmitter
	18.3 dB
	86.4 dB

	Ground Receiver
	86.4 dB
	18.3 dB


2.8 Given that the centre frequency of the satellite and VDL 2 signals are 137.0125 MHz & 136.975 MHz respectively, the separation between the two signals is 37.5 kHz or one and half channels. To be on the cautious side it is assumed that the two signakls are only one channel apart.  
2.9 Unfortunately no information on the expected roll-off of the transmitted signal nor the receive filter for the satellite downlink are not defined and hence the above roll-offs, as a minimum, would have to be built into the satellite tranmitter and satellite ground station receiver. Whilst it may be feasible for the satellite transmitter to achieve an 18.3 dB roll-off it is unlikely that the receiver will be able to achieve the required adjacent channel roll-off requirement of 86.4 dB.

2.10 For VDL 2 the adjacent channel transmitter emissions and receiver rejection are defined in ICAO SARPs and are in line with the requirements of the Radio Regulations. These figures effectively require the transmitter roll-off on the first adjacent channel to be 42 dB airborne & 45 dB ground and the receiver roll-off to be 40 dB airborne and 44 dB ground. These figures will ensure the protection of VDL 2 receivers from the satellite transmissions but will not ensure the protection of the satellite ground receiver from the adjacent channel emissions of a VDL 2 transmitter.
3. CONCLUSIONS

· Whilst the satellite transmitter emission mask has not been defined it is likely based on this analysis that it should not cause harmful interference to VDL 2 but the maximum level of emission in the adjacent frequency band should be specified.

· The VDL 2 tranmitter roll-off is insufficient to protect the satellite ground station receiver and it is unlikely that the satellite ground station receiver roll-off will be sufficient to protect the receiver from the VDL 2 fundamental signal and hence additional mitigation measures would be required. Within the satellite ground receiver. 
· The ICAO position should be modified to reflect the recent developments and reflect the need for to either oppose the proposal to use the frequency band 137-138 MHz or to adjacent frequency band limitations of the satellite emission mask and require that satellite ground receivers cannot claim protection from VDL 2.   
4. ACTION BY THE MEETING

4.1 The meeting is invited to:

a) Comment on the compatibility study contained in this document;

b) support the conclusions of the document. 
c) Support the proposed modification of the ICAO position to WRC-19 contained in Annex 1 .

— END —

Appendix 1
System Charcteristics

Non-GSO satellite

The following chacteristics are taken from ITU-R contribution 7B/308 and assume that the lowest usble frequency is centred on 137.0125 MHz with a 25 kHz bandwidth.
Transmitter

	Parameter
	Units
	Satellite

	Altittude
	km
	300 – 1 000

	Power into antenna port
	dBm
	30

	Antenna gain
	dBi
	0

	Adjacent
channel
emissions
	1st
	dBm
	a

	
	2nd
	dBm
	b

	
	4th
	dBm
	c


Receiver

	Parameter
	Units
	Ground

	Received carrier power
	Altitude 300 km
	dBm
	-89.6

	
	Altitude 1000 km
	dBm
	-110.1

	Antenna Gain
	dB
	5

	Carrier to noise ratio objective
	dB
	12

	Adjacent
channel
rejection
	1st
	dB
	x

	
	2nd
	dB
	y

	
	3rd
	dB
	z


VDL 2 System Characteristics

The following characteristics have been taken from ICAO Annex 10 Volume 2 supplemented with information from RTCA minimum operatal performance standards with the highest assignable channel taken as 136.975 MHz with a 25 kHz bandwidth.
Transmitter

	Parameter
	Units
	Airborne
	Ground

	Power into antenna port
	dBm
	44
	47

	Antenna gain
	dB
	0
	2.15

	Adjacent

Channel

emissions
	1st 
	dBm
	2
	2

	
	2nd 
	dBm
	-28
	-28

	
	4th 
	dBm
	-38
	-38


Receiver

	Parameter
	Units
	Airborne
	Ground

	Sensitivity
	dBm
	-94
	-98

	Channel sensing level
	dBm
	-87
	-87

	Antenna Gain
	dB
	0
	2.15

	Co-channel S/I protection criteria
	dB
	-20
	-20

	Adjacent Channel

rejection
	1st 
	dB
	40
	44

	
	2nd & 3rd 
	
	N/A
	54

	
	4th 
	dB
	60
	60


Annex 1

WRC-19 Agenda Item 1.7
Agenda Item Title: 
To study the spectrum needs for telemetry, tracking and command in the space operation service for non-GSO satellites with short duration missions, to assess the suitability of existing allocations to the space operation service and, if necessary, to consider new allocations, in accordance with Resolution 659 (WRC-15). 
Discussion: 
Requirements have been identified for non-GSO satellites with short duration missions. Studies leading up to WRC-15 determined that those requirements would not necessitate new regulatory regimes, rather they could be addressed as part of the space operation service (SOS). WRC-19 studies will determine if existing SOS allocations are sufficient, and if not, will consider new allocations within the frequency ranges 150.05 ‒ 174 MHz and 400.15 ‒ 420 MHz. Portions of these frequency bands are utilized by aviation for systems operating in the fixed service, for aviation support of maritime search and rescue operations, and for emergency position indicating radio beacons (EPIRBs) which operate in the frequency band 406 ‒ 406.1 MHz which is monitored globally by satellite (COSPAS-SARSAT). Protection of EPIRBs from in-band and adjacent band interference is ensured by several provisions of the ITU Radio Regulations (RR). In this respect, Article 5 allocates the band 406 ‒ 406.1 MHz exclusively to the mobile-satellite service (Earth-to-space) limited to EPIRBs, see RR No. 5.266. Appendix 15 to the RR states that any emission capable of causing harmful interference to distress and safety communications in the band 406 ‒ 406.1 MHz is prohibited, see also RR Nos. 5.267 and 4.22. Resolution 205 (Rev. WRC-15) ensures protection of EPIRBs operating in the band 406 ‒ 406.1 MHz from adjacent band interference by requesting administrations not to make new frequency assignments to the fixed and mobile service stations in the adjacent bands 405.9 ‒ 406.0 MHz and 406.1 ‒ 406.2 MHz. 
The frequency band 137-138 MHz; adjacent to the aeronautical mobile (Route) service (AM(R)S) allocation at 117.975-137 MHz; is allocated to the SOS and used tends to be limited to meteorological satellites transmitting datas including low resolution images and low data rate mobile satellites. Method C for this agenda item proposes, in line with invites ITU-R 2 of Resolution 659, the use of this frequency band to support non-GSO satellites with short duration missions. Studies have shown that such use would, without the application of additional mitigation, not be compatible with adjacent band VHF data link systems operating under the AM(R)S in the frequency band below 137 MHz and especially the common signalling channel on 136.975 MHz. With the VHF data link being a carrier sense system any interference from the adjacent frequency band could have significant implications for the continued viability of that system which is used to support controller pilot data link communication.
However, aviation is also currently considering proposals by various entities for the use of so called space planes to either act as a relatively cheap re-useable satellite launch vehicle or to carry tourists who wish to experience space travel. It is expected that such vehicles will be the precursor to hypersonic travel that could cut the time taken to travel from Europe to Australia from approximately 24 hours to 90 minutes. 

Such vehicles will need access to spectrum to both monitor the flight progress as well as interact with air traffic control for clearance through other traffic to both climb to the cruise altitude as well as to descend into the destination airport. Given that they intended to operate above the Karman line but sub-orbitally any spectrum requirement does not naturally fall under either terrestrial or satellite definitions and hence the spectrum need may well either totally or in part be met under a space operation service allocation. Therefore, ICAO would not want to see any action taken under this agenda item that would preclude the use of SOS allocations for space planes should this service be deemed appropriate for such use.
ICAO Position: 
To oppose consideration of possible allocation to the space operation service in the frequency range 405.9 ‒ 406.2 MHz unless agreed ITU-R studies have proven aviation use of the EPIRBs operating in the frequency band 406 ‒ 406.1 MHz is protected in accordance with Resolution 205 (Rev. WRC-15) and RR No. 5.267. 
To oppose the use of 137-138 MHz unless appropriate regulatory limits are placed on the emisisons falling into the 117.975-137 MHz and that the use of  the SOS allocation for non-GSO short duration missions cannot claim protection from emissions from systems operating under the AM(R)S allocation below 137 MHz.
To oppose any new allocations to the space operations service in other frequency bands/ranges that could impact aviation systems unless agreed ITU-R studies have proven sharing and compatibility with those systems. 

To ensure that any change to the regulatory provisions and spectrum allocations resulting from this agenda item do not preclude the use of any particular allocations for space planes if the radiocommunication service is deemed appropriate for such use.
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