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WRC-23 AI1.7 VHF AMS(R)S
Coordination of Systems Operating in the Aeronautical Mobile Satellite (Route) Service with Systems operation in the Aeronautical Mobile (Route) Service within the Frequency Band 117.975-137 MHz
(Presented by John Mettrop)

	SUMMARY

	This paper investigates the potential coordination mechanisms available within the Radio Regulations that could be used for the coordination of systems operating in the AMS(R)S with systems operating in the AM(R)S. For each potential coordination mechanism it identifies the information that would have to be generated and the advantages/disadvantages of each mechanism.


1. INTRODUCTION

1.1 Agenda item 1.7 of WRC-23 seeks to re-introduce an allocation to he aeronautical mobile satellite (route) service (AMS(R)S) into the frequency band 117.975 – 137 MHz currently allocated exclusively to the aeronautical mobile (route) service (AM(R)S). Should WRC-23 agree to re-introduce an allocation to the AMS(R)S in the frequency band 117.975- 137 MHz then it will need to be assured that:

· system(s) operating in the AMS(R)S can practically operate in this frequency band without causing harmful interference to existing systems operating in the AM(R)S

· that there is a practical mechanism for coordinating between systems operating in the AMS(R)S and AM(R)S.

1.2 This paper investigates the current mechanisms available within the ITU for co-ordinating systems using non-geostationary satellites with terrestrial systems, what information might be required to support those mechanisms and their advantages/disadvantages.
2. DISCUSSION

2.1 Current Situation 
2.1.1 The frequency band 117.975 – 137 MHz is currently allocated on a global basis to the AM(R)S although there are several countries in which part of the frequency band are also allocated to the aeronautical mobile off-route service through two footnotes. Coordination of assignments within the frequency band are generally carried out through ICAO in line with the coordination procedures used within the ITU.
2.1.2 Whilst assignment planning may vary between regions or individual countries the rules are based on ICAO Annex 10 Volume 5 and Volume II of the Handbook on Radio Frequency Spectrum Requirements. Those rules call for a desired to undesired ratio of 20dB or a separation distance not less than the sum of the distances to the associated radio horizon of each service volume, whichever is small. The rules do also allow for the use of desired to undesired ratio of 14 dB in areas of severe congestion such as Europe although even then for area services such as those that are likely to be provided over oceanic areas within line of sight of land the 20 dB/Radio horizon rule is still used.
2.2 Potential Future Situation 
2.2.1 Assuming that WRC-23 agenda item is successful then an allocation to the AMS(R)S will be introduced into the frequency band 117.975 – 137 MHz and it is likely there will be a stipulation that the implementation of a satellite system(s) in the AMS(R)S cannot constrain the use of the existing AM(R)S allocation. 
2.2.2 To ensure that there are no constraints placed on systems operating under the existing allocation to the AM(R)S some form of coordination process or development of hard limits/coordination thresholds will be required. That coordination process will either need to be defined through a footnote that calls for the application of one or more of the provisions of Article 9 of the Radio Regulations (RR) either with or without modification of provisions within Chapter III
, Articles 7 - 11 and associated texts, be defined in a Resolution or the application of a hard limit/coordination threshold. Should WRC-23 decide that the process can be administered by ICAO as both are aeronautical services then it can be reasonably assumed that the process applied by ICAO would need to be analogous to those that the ITU would apply. It may be noted that some types of ITU coordination listed in RR Article 9 are mandatory for satellite and terrestrial systems. Therefore, they would apply by default, i.e. independently whether they are listed in the RR for a particular band or not.
2.2.3 The goal of that coordination process will be:

· The satellite systems operating in the AMS(R)S cannot object to changes in the operational deployment of systems operating in the AM(R)S

· That the satellite systems operating in the AMS(R)S shall take into account changes in the operational deployment of systems operating in the AM(R)S

· That the coordination process takes into account the coordinated operational coverage that goes beyond administrations legal boundaries

2.2.4 Consideration has been given to all three potential coordination processes satellite to terrestrial, satellite to satellite and terrestrial to satellite. Given the intent that deployment of systems in the AMS(R)S should not constrain the deployment or operation of existing systems operating in the AM(R)S however, in regulatory terms “not constrain” has no regulatory implication. Therefore, unless the allocation to AMS(R)S were made secondary it is recommended that coordination of both the AMS(R)S and AM(R)S even if there may be a clause that ensures that the satellite system cannot object to any coordination of a terrestrial system. This will ensure that the satellite system(s) will have knowledge of the changes to the terrestrial systems and can therefore take account of those changes where necessary.
2.3 Potential Coordination Procedures as Defined in the Radio Regulations
2.3.1 Existing Procedures

2.3.1.1 The ITU procedure for effecting coordination with or obtaining agreement of other administrations are defined in RR Article 9. These regulations are complemented by relevant rules of procedure that provide clarification on the application of particular regulatory provisions or establishing the necessary practical procedures that may not be provided for in the current regulatory provisions.
2.3.1.2 Assuming that the satellite system will use non-geostationary satellites and that the systems operating in the AMS(R)S will not be allowed to constrain the operation or deployment of terrestrial systems providing AM(R)S then co-ordination could be effected under the following provisions of RR Article 9. Should the WRC-23 decide on a primary allocation to the AMS(R)S and that systems operating under that allocation cannot constrain the deployment or operation of terrestrial systems providing AM(R)S without making it secondary then formally the two services would not be on an equal basis. Therefore, it is necessary to identify a coordination process within RR Article 9 that could be used it is assumed that both services would be on an equal basis.
2.3.1.3 Satellite System into Terrestrial System

2.3.1.3.1 Option 1
2.3.1.3.1.1 WRC-23 introduces the requirement to coordinate under No 9.11A supported by Nos. 9.14 & 9.15
	RR provision
	9.11A
	for a station for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision, the provisions of Nos. 9.12 to 9.16 are applicable

	Supporting RR Provisions
	9.14
	for a transmitting space station of a satellite network for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision or to No. 9.11A in respect of receiving stations of terrestrial services where the threshold value is exceeded;

	
	9.15
	for either a specific earth station or typical earth station of a non-geostationary satellite network for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to No. 9.11A, in respect of terrestrial stations in frequency bands allocated with equal rights to space and terrestrial services and where the coordination area of the earth station includes the territory of another country;


2.3.1.3.1.2 Coordination would have to be effected or agreement sought with those administration identified through the application of  Appendix 5 of the Radio Regulations as indicated below:
	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.14

Non-GSO / terrestrial, GSO / terrestrial
	1)
See § 1 of Annex 1 to this Appendix; In the bands specified in No. 5.414A, the detailed conditions for the application of No. 9.14 are provided in No. 5.414A for MSS networks or

2)
In the band 11.7-12.2 GHz (Region 2 GSO FSS):
−124 dB(W/(m2 · MHz)) for 0° ( ( ( 5(
−124 + 0.5 (( – 5) dB(W/(m2 · MHz))
for 5° < ( ( 25(
−114 dB(W/(m2 · MHz)) for ( > 25(
where ( is the angle of arrival of the incident wave above the horizontal plane (degrees)

3)
Bandwidth overlap
	See § 1 of Annex 1 to Appendix 5 
	Note: only threshold value 3) applies

	No. 9.15

Non-GSO/

terrestrial
	The coordination area of the earth station

covers the territory of another

administration
	Appendix 7
	According to Table 10 of Appendix 7 coordination distance between an aircraft Earth station and an aircraft station would be 1 000km


2.3.1.3.2 Option 2

2.3.1.3.2.1 WRC-23 introduces a hard pfd limit into Article 21 or in a footnote to protect terrestrial stations from satellite transmitters. Protection of terrestrial stations from earth station is ensured through coordination under No. 9.17.

	RR provision
	9.17
	for any specific earth station or typical mobile earth station in frequency bands above 100 MHz allocated with equal rights to space and terrestrial services, in respect of terrestrial stations, where the coordination area of the earth station includes the territory of another country, with the exception of the coordination under No. 9.15


2.3.1.3.2.2 Coordination would have to be effected or agreement sought with those administration identified through the application of  Appendix 5 of the Radio Regulations as indicated below:

	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.17

GSO,

non-GSO/

terrestrial
	The coordination area of the earth station covers the territory of another administration
	Appendix 7
	According to Table 10 of Appendix 7 coordination distance between an aircraft Earth station and an aircraft station would be 1 000km


2.3.1.3.3 Option 3

2.3.1.3.3.1 WRC-23 introduces coordination under No. 9.21.

	RR provision
	9.21A
	for any station of a service for which the requirement to seek the agreement of other administrations is included in a footnote to the Table of Frequency Allocations referring to this provision


2.3.1.3.3.2 Coordination would have to be effected or agreement sought with those administration identified through the application of  Appendix 5 of the Radio Regulations as indicated below:

	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.21

Terrestrial,

GSO,

non-GSO/

terrestrial,

GSO,

non-GSO
	Incompatibility established by the use of Appendices 7, 8, technical Annexes of Appendices 30 or 30A, pfd values specified in some of the footnotes, other technical provisions of the Radio Regulations or ITU-R Recommendations, as appropriate

i) Bandwidth overlap, and

ii) any network in the space research service (SRS) with a space station within an orbital arc of ±20° of the nominal orbital position of a proposed network in the FSS
	Methods specified in, or adapted from, Appendices 7, 8, 30, 30A, other technical provisions of the Radio Regulations or ITU-R Recommendations
	According to Table 10 of Appendix 7 coordination distance between an aircraft Earth station and an aircraft station would be 1 000km 


2.3.1.4 Terrestrial System into Satellite System

2.3.1.4.1 Option 1

2.3.1.4.1.1 WRC-23 introduces the requirement to coordinate under No.  9.11A supported by No. 9.16.

	RR provision
	9.11A
	for a station for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision, the provisions of Nos. 9.12 to 9.16 are applicable

	Supporting RR provision
	9.16
	for a transmitting station of a terrestrial service for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to No. 9.11A and which is located within the coordination area of an earth station in a non-geostationary-satellite network;


2.3.1.4.1.2 Coordination would have to be effected or agreement sought with those administration identified through the application of  Appendix 5 of the Radio Regulations as indicated below:

	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.16

Terrestrial/

non-GSO
	Transmitting terrestrial station is situated within the coordination area of a receiving earth station
	
	The coordination area of the effected earth station has already been determined using the calculation method of Appendix 7 (1 000 km)


2.3.1.4.2 Option 2

2.3.1.4.2.1 WRC-23 introduces a hard limit into Article 21 or in a footnote to protect satellite reception. The requirement of coordination of terrestrial stations vs receiving earth stations under No. 9.18 will apply by default.

	RR provision
	9.18
	for any transmitting station of a terrestrial service in the bands referred to in No. 9.17 within the coordination area of an earth station, in respect of this earth station, with the exception of the coordination under Nos. 9.16 and 9.19;


2.3.1.4.2.2 Coordination would have to be effected or agreement sought with those administration identified through the application of  Appendix 5 of the Radio Regulations as indicated below:

	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.18

Terrestrial/

GSO,

non-GSO
	Transmitting terrestrial station is situated

within the coordination area of a receiving

earth station 
	See Remarks column
	The coordination

area of the affected earth

station has already been

determined using the

calculation method of

No. 9.17 (which would imply 1,000km)


2.3.1.4.3 Satellite System into Satellite System

2.3.1.4.4 Option 1

2.3.1.4.4.1 WRC-23 introduces the requirement to coordinate under No. 9.11A supported by No.9.12 and 9.17A.

	RR provision
	9.11A
	for a station for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision, the provisions of Nos. 9.12 to 9.16 are applicable

	Supporting RR provisions
	9.12
	for a station in a satellite network using a non-geostationary-satellite orbit, for which the requirement to coordinate is included in a footnote to the Table of Frequency Allocations referring to this provision or to No. 9.11A, in respect of any other satellite network using a non-geostationary-satellite orbit, with the exception of coordination between earth stations operating in the opposite direction of transmission;

	
	9.17A
	for any specific earth station, in respect of other earth stations operating in the opposite direction of transmission or for any typical mobile earth station in respect of specific earth stations operating in the opposite direction of transmission, in frequency bands allocated with equal rights to space radiocommunication services in both directions of transmission and where the coordination area of the earth station includes the territory of another country or the earth station is located within the coordination area of another earth station, with the exception of the coordination under No. 9.19


2.3.1.4.4.2 Coordination would have to be effected or agreement sought with those administration identified through the application of RR Appendix 5 as indicated below:

	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.12

Non-GSO/

non-GSO
	Bandwidths overlap
	Check by using the assigned frequencies and bandwidths
	


2.3.1.4.5 Option 2
2.3.1.4.5.1 No mandatory coordination between satellites is introduced. For Earth stations coordination under No. 9.17A applies by default.

	Article
	9.17A
	for any specific earth station, in respect of other earth stations operating in the opposite direction of transmission or for any typical mobile earth station in respect of specific earth stations operating in the opposite direction of transmission, in frequency bands allocated with equal rights to space radiocommunication services in both directions of transmission and where the coordination area of the earth station includes the territory of another country or the earth station is located within the coordination area of another earth station, with the exception of the coordination under No. 9.19


2.3.1.4.5.2 Coordination would have to be effected or agreement sought with those administration identified through the application of  Appendix 5 of the Radio Regulations as indicated below:

	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.17A

GSO,

non-GSO/

GSO,

non-GSO
	The coordination area of the earth station

covers the territory of another

administration or the earth station is located

within the coordination area of an earth

station
	Appendix 7
	


2.3.1.4.6 Option 3

2.3.1.4.6.1 Article 9.21.

	Article
	9.21A
	for any station of a service for which the requirement to seek the agreement of other administrations is included in a footnote to the Table of Frequency Allocations referring to this provision


2.3.1.4.6.2 Coordination would have to be effected or agreement sought with those administration identified through the application of  Appendix 5 of the Radio Regulations as indicated below:

	Article 9

Reference
	Threshold/Condition
	Calculation Method
	Remarks

	No. 9.21

Terrestrial,

GSO,

non-GSO/

terrestrial,

GSO,

non-GSO
	Incompatibility established by the use of Appendices 7, 8, technical Annexes of Appendices 30 or 30A, pfd values specified in some of the footnotes, other technical provisions of the Radio Regulations or ITU-R Recommendations, as appropriate

i) Bandwidth overlap, and

ii) any network in the space research service (SRS) with a space station within an orbital arc of ±20° of the nominal orbital position of a proposed network in the FSS
	Methods specified in, or adapted from, Appendices 7, 8, 30, 30A, other technical provisions of the Radio Regulations or ITU-R Recommendations
	According to Table 10 of Appendix 7 coordination distance between an aircraft Earth station and an aircraft station would be 1 000km 


2.3.2 Suitability of Existing Procedures
2.3.2.1 The application of any of the coordination procedures above would rely on either bandwidth or geographical overlap, or a technical criterion (e.g. a pfd value) to identify which existing assignments a proposed new assignment would have to coordinate with. However, this presents three potential issues:

1) Coordination with assignments whose operational coverage extends beyond the boundaries of the administration operating the service as is routinely the case at least within Europe with aeronautical services. This would require that the process considers the actual coordinated operational coverage of an assignment and does not limit that consideration to a country’s legal boundary, includes territorial seas.
2) How to determine the bandwidth overlap since this will depend on frequency tolerances, doppler shift, stability etc and whether either a coordination threshold or a hard limit should be applied to minimise the number of assignments identified with which a proposed assignment will need to be coordinated. (See Annex 1 for consideration of coordination threshold/hard limit)
3) Which assignments need to be considered. Both the ICAO and the ITU hold databases containing aeronautical VHF assignments, but the two databases do not necessarily align and then there is at least one country where the data is held locally and is not reflected in either the ICAO or ITU databases. Additionally, the ICAO database or those held nationally may not have all the parameters required to allow coordination to take place.
2.3.2.2 Where the current processes deemed suitable then action would need to be taken to  modify the provisions within RR Chapter III
, Articles 7 - 11 and associated texts to address the above issues whilst ensuring that there are no un-intended consequences for the coordination of other services.
2.3.3 Alternatives to Existing Coordination Procedures

2.3.3.1 Alternatively, Article 21 could be modified to extend the frequency range covered by the Article such that it encompasses the frequency band 117.975 – 137 MHz and includes a hard limit expressed either defined as a power flux density or a radiated power. However, if a hard limit were to be used then it would have to take into account various technical parameters such as bandwidth, Doppler shift, transmitter spectral mask, receiver roll-off, antenna gains & patterns etc.
2.3.3.2 A second alternative would be to define the coordination process in a Resolution with all the relevant parameters that might be needed in the application of that process that would not necessarily have been captured in the various frequency assignment databases.
2.4 Conclusion
2.4.1.1 There is currently no coordination procedure described within the Radio Regulations that would currently meet the coordination goal
 for systems operating in the AMS(R)S with those operating in the AM(R)S in the frequency band 117.975 – 137 MHz. However, it should be possible to identify modifications to the existing provisions within the Radio Regulations related to coordination to allow for one or all of them to be suitable, but that will also require additional work to ensure that those modifications do not have un-intended consequences for the coordination of other radio services.
2.4.1.2 There are two alternatives methods that could be considered.  Modification of Article 21 to ensure that it will be applicable in the frequency band 117.975 -137 MHz and includes a hard limit that takes account of various technical parameters of the satellite and terrestrial systems or include the coordination procedure and any limits needed through a footnote to the Article 5 Table of Frequency Allocations.
2.4.1.3 The availability of the relevant data fields within any database used  to ensure it is suitable for use in the coordination procedure proposed will need to be checked and the databases modified and updated as necessary.
3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) note and review the contents of this working paper;

b) Provide comments on the suitability of the various coordination processes and agree which should be proposed;
c) Discuss and conclude on the use of a coordination threshold and/or hard limit. 

d) Support any work required to prepare the relevant proposals with respect to the coordination procedure(s) for CPM-23 and WRC-23 

— END —

Annex 1 
Coordination Threshold/Hard Limit

4. INTRODUCTION

4.1 To minimise the coordination burden on administrations, operators, and administrators a coordination threshold is normally applied to avoid coordination being undertaken in situations where there is obvious compatibility. Alternatively, a hard limit can be applied where people are confident that the application of such a limit will ensure the protection of radio systems operating under a specific service allocation which then removes the need for coordination.

4.2 Additionally, a hard limit or coordination threshold must take into account various parameters that affect the performance of the radio system at a given frequency offset and whilst a co-channel level may be acceptable in a number of cases there may need to be a value for a given frequency offset.
5. LMITS

5.1 When protecting a radio system, you should either ensure that the interfering signal does not exceed the sensitivity of the victim radio (normally taken as the noise floor of the receiver) or that the interfering signal is at least X dB below the minimum wanted signal where X equates to the protection criteria
5.2 Using the information from ICAO Annex 10 Volume III and incorporating various assumptions where necessary the maximum level of interference that will protect the wanted signal and the receiver thermal noise floor of the current terrestrial systems taking into account a 6dB safety margin can be calculated as follows:
Maximum Level of Interference that will Protect the Wanted Signal

	
	Units
	Analogue
	Digital

	
	
	25 kHz
Offset Carrier
	8.33 kHz
	VDL Mode 2

	Minimum Wanted Signal
	µV/m
	30
	30
	75

	
	dB µV/m
	29.5
	29.5
	37.5

	Protection Criteria
	dB
	20
	20
	20

	Safety Margin
	dB
	6
	6
	6

	Maximum Level of Interference
	dB µV/m
	3.5
	3.5
	11.5

	Equivalent Received power at the Antenna
	dBm
	-115.8
	-115.8
	-107.8


Maximum Level of Interference that will Protect the Wanted Signal

	
	Units
	Analogue
	Digital

	
	
	25 kHz
Offset Carrier
	8.33 kHz
	VDL Mode 2

	Bandwidth
	kHz
	16
	5
	14

	Noise Factor
(assumed)
	dB
	2
	2
	2

	Noise Temperature
	K
	300
	300
	300

	Boltzmann’s Constant
	J/K
	1.38 x 10-23
	1.38 x 10-23
	1.38 x 10-23

	Thermal Noise Floor of the Receiver
	dBm
	-132
	-137
	-133

	Feeder Loss
(assumed)
	dB
	2
	2
	2

	Antenna Gain
(assumed)
	dB
	1
	1
	1

	Maximum Level of Interference
	dB µV/m
	-9.7
	-14.7
	-10.7

	Equivalent Received power at the Antenna
	dBm
	-129
	-134
	-130


5.3 Taking the worse case for each type of radio would imply the use of -9.7 dB µV/m for 25 kHz & -14.7 dB µV/m  for 8.33 kHz analogue radios, and -10.7 dB µV/m for VDL Mode 2 as a hard limit/coordination threshold
� Chapter III – “Coordination, notification and recording of frequency assignments and Plan modifications”


� Chapter III – “Coordination, notification and recording of frequency assignments and Plan modifications”


� Coordination goal:


The satellite systems operating in the AMS(R)S cannot object to changes in the operational deployment of systems operating in the AM(R)S


That the satellite systems operating in the AMS(R)S shall take into account changes in the operational deployment of systems operating in the AM(R)S


That the coordination process takes into account the coordinated operational coverage that goes beyond administrations legal boundaries
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