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	SUMMARY

	This paper explores the current elements surrounding the coordination and planning of VHF SATCOM services in relation to terrestrial networks, seeking clarifications on some of the concepts discussed.  Initial suggestions are proposed for discussion and potential incorporation into an Flimsy and LS to WP 5B as appropriate 





INTRODUCTION
With the ongoing development of WRC-23 Agenda Item 1.7 for VHF SATCOM voice since 2019, and the later introduction of a datalink component in May 2021, discussions are continuing on the ‘what’ and ‘how’ of these applications (especially the VDL component).  Much of the recent discussions have been with the VDL proposals, as these are more complicated to integrate with terrestrial networks due to existing CPDLC requirements combined with protocol integration and digital decoding.   After discussions within the US with some interested stakeholders and experts, the following information and recommendations may be helpful in guiding or clarifying the topic.  It should be noted that the below is provided on an evolving subject with a wide international interest, and therefore additions or modifications are welcome to ensure the FSMP membership has the best data to inform aviation’s position at WRC-23.  
Should consensus be possible on some of the points raised, it is proposed these items be captured in a FSMP Flimsy to be carried forward to the next FSMP meeting.  Such material may also be of use to ITU-R WP 5B in their deliberations in July 2023, and therefore a liaison statement format has been suggested if applicable.
SPECIFIC CONSIDERATIONS OF VDL SATCOM NETWORKS FOR MINIMUM NEEDED PROTECTIONS
Terrestrial and SATCOM network interactions
Concerns have been raised about the unknown effects of direct interactions between satellite and terrestrial VDL stations on the same frequency.  While additional work in the future during ICAO SARPs standardization may resolve the current concerns, at this time the default planning process should ensure the coverage area of terrestrial and satellite VDL stations is isolated to ensure aircraft at the edge of terrestrial coverage do not have a loss of any performance through additional noise on the terrestrial frequency being used.  Any interfering signals should be reduced to the minimum levels specified in aviation standards to ensure no constraint on existing terrestrial systems. 
This concern may only apply to the coverage of those stations and not aircraft at the edge of the respective coverage.  Under this scenario, these aircraft would see each other and the VDL CSMA mechanism would provide some mutual loss of channel utilization.  Such a scenario would also create a hidden terminal effect for the respective ground station and satellite.  However, the significantly lower channel utilization of an aircraft compared to a base station means this is expected to be extremely limited in terms of performance loss.   
Suggestion: Terrestrial and SATCOM VDL networks shall be coordinated to remain isolated for operations on the same frequency by coverage.  However, coordination between different aircraft while they are terrestrial and earth stations respectively may not be required. 
1.1 Ranges of existing terrestrial networks
VDL networks were originally designed by the international airlines to provide AOC capabilities.  Existing terrestrial networks are now extensive given modern aircraft data requirements, including ground station coverage out over oceanic areas.  This has been a priority for airlines, as VDL performance and costs are often better than other oceanic services.  Therefore, networks are planned to acquire aircraft at the greatest range possible for known routes.   While this range is not formally specified, current deployments are operating on an assumption of a 250 NM range at FL400.  However better range/performance has been seen up to 400 NM under the most optimal equipment and environmental conditions.  
CPDLC functions are still being introduced by different administrations according to individual national requirements.  In the US, the FAA Datacomm program specifies that coverage out to sea for CPDLC should ensure a minimum of 115 NM from the coast at FL250.
Suggestion: While there are multiple different ranges, it is suggested that protection for terrestrial coverage should be ensured at 250 NM oceanic range from national coastlines at FL400.  This would ensure existing terrestrial networks are not constrained while also not overprotecting some stations that may provide greater coverage on an inconsistent basis.  
1.2 PFD values for protection of terrestrial coverage under any ITU-R coordination process
Several values have previously been used to define necessary protection for VDL systems at the edge of terrestrial coverage[footnoteRef:1]: [1:  VHF voice systems use the same radios as the VDL systems, and also are specified with a 20 dB D/U demodulation requirement.] 

-176 dBW/m2/4 kHz was recommended at WRC-19 Agenda Item 1.7.  This was based on VDL radio performance at 136.975 MHz, and how to protect it against small NGSO satellites above 137 MHz.  As there were no guarantees available on limiting aggregate emissions, the proposed PFD level included an aggregate protection factor to accommodate up to 79 small satellites transmitting simultaneously (an extra 19 dB of margin).  
-140 dBW/m2/4 kHz – Has been suggested by serval administrations in current CPM work.  
-166 dBW/m2/4 kHz – Has been suggested by the US at the ITU-R WP 5B meeting in November 2022, and was based on initial receiver noise figures of the radios provided.  
-148 dBW/m2/4 kHz  - Derived from ICAO standards and CSP planning functions to ensure a full 20 dB D/U decode and the expect receiver sensitivity of the radio.  
Suggestion:  After recent datalink CSP discussions for the coordination of AMS(R)S to AM(R)S, a value of -148 dBW/m2/4 kHz has been agreed as providing the necessary planning margin between the VDL systems.   Defining the level against other non-aviation systems with different parameters and waveforms may require other values to be used, with -166 dBW/m2/4 kHz likely to be the most appropriate based on documented radio performance.  
AM(R)S to AMS(R)S VDL SATCOM OPERATING SCENARIOS
1.3 The following scenarios have been discussed in the industry ConOps for VDL SATCOM services and assumes some level of Article 9 coordination.  Further consideration of VHF SATCOM voice may also be required and how that would be incorporated into any ICAO planning process, but this section purely considers VDL coordination and planning.
1.4 Scenario #1 – Base Scenario - Complete isolation of terrestrial networks from VHF SATCOM
Administrations not wishing to participate in any VHF SATCOM service in their FIRs with terrestrial coverage could object/not accept the appropriate Article 9 satellite coordination requests at the ITU-R.  This would implement the required protection of their networks at an agreed PFD level and point in space, ensuring terrestrial networks are not impacted in any way by VHF SATCOM operations.
1.5 Scenario #2a – Overlapping coverage to provide continuity of VHF services between SATCOM and terrestrial VDL networks
Those administrations wishing to incorporate Oceanic VHF services to complement their extended terrestrial networks could accept/not object the appropriate Article 9 satellite coordination requests at the ITU-R and then enter negotiations with the satellite operator to provide VHF SATCOM services up to a specified point from their national coastline under national licensing rules.  While the satellite operator would still agree to meet the PFD coordination threshold for existing terrestrial networks to ensure those frequencies are isolated as per the Scenario #1, dedicated SATCOM frequencies could be authorized/licensed in oceanic areas near the national coastline to create a ‘handover’ region.  This would enable an aircraft at the edge of terrestrial or SATCOM coverage to be referred to the dedicated frequency, traverse the gap in coverage, and then be moved to a suitable channel when fully in coverage of the respective SATCOM or terrestrial network.  
The handover region would be decided each Administration separately, but would need to balance a potential ‘no-comm’ situation with up to 4 mins to require the relevant network[footnoteRef:2], while also minimizing the increase of RF energy being received over land of that administration that may limit current or future terrestrial ground station assignments. [2:  Based on worst case current no-comm procedure as the CMU/ATSU tries relevant frequency lookup tables and then negotiates/handshakes with alternative media approved by the aircraft operator.] 

Any process to manage such a handover region would likely require some form of ICAO planning process at the PIRG level.  However, there is no existing process that could be easily used, including the likely need for coordination between different PIRGs to plan between neighbouring FIRs. 
1.6 Scenario #2b - Full VHF SATCOM coverage over national territory
An Administration wishes to use VHF SATCOM services over its national territory, accepts/does not object to the appropriate Article 9 satellite coordination requests at the ITU-R and then implements appropriate national licensing mechanisms in negotiation with the satellite provider.  The protections of existing frequencies are maintained as per Scenario #1, but the VHF SATCOM system operates over part or all of an Administration on dedicated channels.  As this would encompass a handover region also, the setup of a similar process at the ICAO PIRGS to plan these between neighbouring FIRs would still be needed.  
SUMMARY
The number of outstanding unknown variables for the VHF SATCOM agenda item, especially for the VDL component, need to be clarified to help progress agenda item 1.7.  Consolidating the agreed ‘knowns’ and ‘unknowns’ within an FSMP Flimsy may help progress the work (assuming consensus on some/all of the components can be reached).  Should progress be substantial, then a LS to ITU-R WP 5B may be productive to inform the ITU-R of the progress in ICAO.  Annexes A and B are provided as options for frameworks should the approaches be agreeable to the meeting.  
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
discuss and add/modify/agree the suggested items in paragraphs 2.1.3, 2.2.3, and 2.3.6;
Review the scenarios describved in Section 3;
Create a flimsy capturing agreements or oustanding questions as detailed in Annex A; and
Based on discussions and the appropriateness of the agreements, consider sending the information (in part or all) to ICAO WP 5B in the LS proposed in Annex B;
— END —

[bookmark: _Hlk126590326]ANNEX A – Proposed Flimsy for Agreement or Outstanding Coordination Items for WRC-23 AI 1.7

FLIMSY XX
1. INTRODUCTION
1.1 The below items were captured during the FSMP WG/16 discussions from the 15-24th February 2023 and are intended to assist with the resolution of variables for WRC-23 Agenda Item 1.7 – VHF SATCOM.   Additional work is expected at the next FSMP AG/17 meeting in Aug 2023
1.2 Terrestrial and SATCOM network interactions
1.2.1 Terrestrial and SATCOM VDL networks shall be coordinated to remain isolated for operations on the same frequency by coverage.  However, coordination between different aircraft while they are terrestrial and earth stations respectively may not be required. 
1.3 Ranges of existing terrestrial networks
1.3.1 Protection for terrestrial coverage should be ensured at 250 NM oceanic range from national coastlines at FL400.  This would ensure existing terrestrial networks are not constrained while also not overprotecting some stations that may provide greater coverage on an inconsistent basis.  
1.4 PFD values for protection of terrestrial coverage under any ITU-R coordination process
1.4.1 A value of -148 dBW/m2/4 kHz has been agreed as providing the necessary planning margin between the same system configurations.   Defining the level against other non-aviation systems with different parameters and waveforms may require other values to be used, with -166 dBW/m2/4 kHz likely to be the most appropriate based on documented radio performance.  
2. VDL SATCOM OPERATING SCENARIOS
2.1 Scenario #1 – Base Scenario - Complete isolation of terrestrial networks from VHF SATCOM
2.1.1 Administrations not wishing to participate in any VHF SATCOM service in their FIRs with terrestrial coverage, they could object/not accept the appropriate Article 9 satellite coordination requests at the ITU-R.  This would implement the required protection of their networks at an agreed PFD level and point in space, ensuring terrestrial networks are not impacted in any way by VHF SATCOM operations.
2.2 Scenario #2a – Overlapping coverage to provide continuity of VHF services between SATCOM and terrestrial VDL networks
2.2.1 Those administrations wishing to incorporate Oceanic VHF services to complement their extended terrestrial networks could accept/not object the appropriate Article 9 satellite coordination requests at the ITU-R and then enter negotiations with the satellite operator to provide VHF SATCOM services up to a specified point from the national coastline under national licensing rules.  While the satellite operator would still agree to meet the PFD coordination threshold for existing terrestrial networks to ensure those frequencies are isolated as per the Scenario #1, dedicated SATCOM frequencies could be authorized/licensed in oceanic areas near the national coastline to create a ‘handover’ region.  This would enable an aircraft at the edge of terrestrial or SATCOM coverage to be referred to the dedicated frequency, traverse the gap in coverage, and then be moved to a suitable channel when fully in coverage of the respective SATCOM or terrestrial network.  
2.2.2 The handover region would be decided each Administration separately, but would need to balance a potential ‘no-comm’ situation with up to 4 mins to require the relevant network[footnoteRef:3], while also minimizing the increase of RF energy being received over land of that administration that may limit current or future terrestrial ground station assignments. [3:  Based on worst case current no-comm procedure as the CMU/ATSU tries relevant frequency lookup tables and then negotiates/handshakes with alternative media approved by the aircraft operator.] 

2.2.3 Any process to manage such a handover region would likely require some form of ICAO planning process at the PIRG level.  However, there is no existing process that could be easily used, including the likely need for coordination between different PIRGs to plan between neighbouring FIRs. 
2.3 Scenario #2b - Full VHF SATCOM coverage over national territory
2.3.1 An Administration wishes to use VHF SATCOM services over its national territory, accepts/does not object to the appropriate Article 9 satellite coordination requests at the ITU-R and then implements appropriate national licensing mechanisms.  The protections of existing frequencies are maintained as per Scenario #1, but the VHF SATCOM system operates over part or all of an Administration on dedicated channels.  As this would encompass a handover region also, the setup of a similar process at the ICAO PIRGS to plan these between neighbouring FIRs would still be needed.  


ANNEX A – Proposed LS to WP 5B for Agreement on Coordination Items for WRC-23 AI 1.7
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[bookmark: dbreak]At its recent Frequency Spectrum Management Panel (FSMP) Meeting in February 2023, ICAO has discussed various elements to clarify its views on elements supporting ARC-23 – Agenda Item 1.7.  These are captured below and provided for information to WP 5B:

[Editor’s Note: The below is included as possible material.  If agreed, it would need to be written in an appropriate style for a LS to WP 5B]

[Terrestrial and SATCOM network interactions
Terrestrial and SATCOM VDL networks shall be coordinated to remain isolated for operations on the same frequency by coverage.  However, coordination between different aircraft while they are terrestrial and earth stations respectively may not be required. 
Ranges of existing terrestrial networks
Protection for terrestrial coverage should be ensured at 250 NM oceanic range from national coastlines at FL400.  This would ensure existing terrestrial networks are not constrained while also not overprotecting some stations that may provide greater coverage on an inconsistent basis.  
PFD values for protection of terrestrial coverage under any ITU-R coordination process
A value of -148 dBW/m2/4 kHz has been agreed as providing the necessary planning margin between the same system configurations.   Defining the level against other non-aviation systems with different parameters and waveforms may require other values to be used, with -166 dBW/m2/4 kHz likely to be the most appropriate based on documented radio performance]

ICAO would request WP 5B keep ICAO informed on the progress made on this issue.
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