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	SUMMARY

	This paper discusses several areas of consideration for the coordination of any new AMS(R)S frequencies with existing and future AM(R)S assignments.  It presents several questions for the work of both the FSMP, PT-T, and FVSG, and their implications for the ICAO position for WRC-23.



INTRODUCTION
The development of WRC-23 Agenda Item 1.7 has raised multiple questions for existing VHF operators and users about how VHF SATCOM systems will interface with terrestrial VHF services.  These have centered on the congested national VHF environments that will likely prohibit its use domestically in areas and have been outstanding since the agenda item was proposed in early 2019.  This paper recommends the work now focus on how the system will be implemented across the boundaries of administrations/regions and what the implications are for ICAO’s position to WRC-23.  It suggests ICAO address: coverage planning at the edge of oceanic areas, additional considerations specific to VDLM2, the VHF SATCOM coordination process, and a means to declare assigned frequencies.  While ICAO’s PT-T and FVSG groups will likely be the main forums to address and solve these topics, the questions and outcomes are directly relevant to FSMP and the ICAO position for WRC-23.
BACKGROUND
The frequency band 117.975-137 MHz is allocated on a primary basis to the AM(R)S service and used for air-ground, ground-air, and air-air systems, providing the primary means of voice and data communications for air traffic management and airline operational control on a global basis.  ITU-R Resolution 428 (WRC-19) invites WRC-23 to consider a new primary allocation to the AMS(R)S based on the results of sharing and compatibility studies. This new AMS(R)S service is intended to support direct pilot-air traffic controller voice, as well as the more recent proposal for data communications, in oceanic and remote areas.  This must be achieved without modifying aircraft equipment, ensuring the protection of systems using existing primary VHF services, and not constraining the planned usage of those systems.
In the United States, the AM(R)S allocation in 117.975-137 MHz supports the primary Air Traffic Control (ATC) and Aeronautical Operational Control (AOC) systems for all manned aircraft.[footnoteRef:2]  This includes both standard voice communications but also the recently introduced national ATC datalink system, utilizing data messages for ATC and AOC functions to aircraft in the air and on the ground.  Additionally, there is significant utilization by terrestrial VHF systems within this allocation today, thus severely limiting any options for new regional or national satellite frequency assignments that could be harmonized with future terrestrial assignments. [2:  In the US, traffic types are split into 4 different categories to align with the FANS protocol structure: Air Traffic Services (ATS, which includes ATC messages), AOC, Airline Administrative Communications (AAC), and Aircraft Health Monitoring Systems (AHMS).  AAC and AHMS are not safety services, and the bulk of all data sent on VDL networks is now from AHMS, up to 75% of total datalink traffic.] 

COVERAGE PLANNING AT THE EDGE OF OCEANIC AREAS
Since the proposal and adoption of agenda item 1.7, there have been questions about how the systems being proposed will co-exist with existing terrestrial VHF aviation systems given the highly congested VHF spectrum in some world regions.  ITU-R Resolution 428 (WRC-19) to the agenda item reflected this in Resolves 1, that the compatibility studies of the system be conducted “…while ensuring the protection of systems using existing primary services in those frequency bands and not constraining planned usage of those systems”.  Yet the current work on developing the systems has not directly addressed how this requirement will be fulfilled technically or operationally.
This is especially relevant for administrations that have a highly congested VHF spectrum which border large oceanic areas, such as the USA.  The current terrestrial voice and datalink networks in the US provide coverage over the entire United States up to 40,000ft altitude, including up to 250 nautical miles from the national coastline as aircraft transition between US oceanic and terrestrial control.[footnoteRef:3]  This range limitation is primarily limited by radio line of sight (RLOS) of the terrestrial ground stations and aircraft, with aircraft receiving very low signal levels they need to decode at.    [3:  Some stations can provide coverage significantly further than this depending on physical and environmental conditions.] 

Applying the Resolution 428, Resolves 1 condition to current assignments means that aircraft communicating with a terrestrial base station near the coastline should not experience any interference from any VHF SATCOM down to the noise floor of the receiver.  The current ICAO regulations captured in the existing draft ITU-R report specify the noise floor needed to receive both voice and data at -105 dBm and -113.8 dBm respectively[footnoteRef:4], and therefore the received SATCOM signal should be below that.  Yet to achieve this low power level for co-frequency systems, a gap would result in SATCOM coverage in the neighboring oceanic areas as aircraft transition between terrestrial and SATCOM VHF services, eliminating apparent options for co-frequency without a means of synchronization between networks. [4:  Based on the current ITU-R draft report for 1.7 using the airborne receiving function sensitivity of 30 microvolts per meter for voice and −120 dBW/m² for VDLM2, and then their corresponding D/U ratios of 15 and 20 dB respectively to receive/decode messages successfully.  https://www.itu.int/dms_ties/itu-r/md/19/wp5b/c/R19-WP5B-C-0481!N33!MSW-E.docx ] 

Given the above, the only means of guaranteeing coverage sufficient to transition between VHF SATCOM and terrestrial networks would be to allow higher power at the edge of terrestrial VHF coverage, requiring that VHF SATCOM be on different frequencies to terrestrial VHF to maintain their protection  Yet to achieve the necessary signal power at the oceanic/terrestrial transition point, the signal power would result in VHF SATCOM signals propagating back into domestic airspace to some extent.[footnoteRef:5]  This raises two important questions:   [5:  It is assumed that SATCOM coverage planning would incorporate any additional margin to overcome differences in propagation losses, aircraft antenna directivity variations, and suitable overlap in coverage for such a transition rather than the minimum signal possible (assumed to be between the 200-250 NM boundaries for the USA).  Furthermore, signals from the SATCOM system would likely propagate further than normal terrestrial links given the reduced effects of RLOS losses from the transmission of 600 km LEO constellations.  ] 

· What are the coordination mechanisms that should be in place if an administration is willing to allow costal assignments to be potentially affected by such usage?  
· How would such usage be compatible with Resolves 1 of Resolution 428 when an administration does not, or cannot, accommodate current and future external changes to its domestic channel plan by VHF SATCOM?  As any VHF SATCOM assignments at the edge of oceanic areas can now potentially restrict what can be done terrestrially on those frequencies in the future.

One possibility to the above is that ICAO should consider recommending that any new primary AMS(R)S allocation cannot interfere with or claim protection from AM(R)S stations and those aircraft in communication with those terrestrial stations.  This would allow for regional channel planning processes to reach the necessary agreements, while protecting those states that do not which to have constraints place on their own channel plans.  Such an approach would also support how the VHF SATCOM systems were initially presented to ICAO in 2019 and with Resolves 1 of ITU-R Resolution 428.  This would have additional implications that would need to be investigated, such as the implementation Article 9 coordination mechanisms to process adjacent administration and regions but would be a possible means to meet the Agenda Item’s requirements.  
ADDITIONAL CONSIDERATIONS FOR VDLM2
VDLM2 has additional requirements and complexities that need to be addressed.  While many of these are at the system level and should be incorporated into PT-T and the FVSG meetings, like the previous section, the outcome may have implications on the necessary regulatory conditions specified in the ITU-R.  The following questions have been presented to the ICAO FVSG, and are copied here for information:
· What protocol will SATCOM VDLM2 use (FANS/ATN?)
· If ATN, how will the network avoid aircraft attempting to connect on their own initiative?
· How will assignments to SATCOM stations be coordinated with terrestrial channel plans?
· What will be the coverage/signal strength over land for administrations that are not using the system in terrestrial airspace (i.e. if it only operates in neighboring oceanic areas)?
· What requirements will be placed on planning criteria for new or modified terrestrial assignments?
· What is the function that moves an aircraft from a terrestrial to a SATCOM network (and vice versa) when each network is a different CSP?  Both on entering and exiting oceanic regions.
· What are the technical and operational conditions that would initiate such a move?
· What agreements will operators need to have in place, if any?  
· If the SATCOM and ground station appear to be same CSP to the aircraft, does this introduce a risk with the current VDLM2 connection orientated protocol letting an aircraft potentially jump between sub-optimal stations as seen on terrestrial networks?

It has already been noted that achieving VDLM2 SATCOM will be a significantly more complex problem than with any potential voice system, with additional work and studies required.  The sensitivities with systems across the 137 MHz allocation boundary alone could be problematic and need significant work to overcome.  Unfortunately, the late introduction of such a system into the Agenda Item may complicate that further.  Therefore, it is recommended that previous discussions of separating the work on a 136-137 MHz AMS(R)S allocation for WRC-23 be strongly considered.  This will allow both systems to be assessed for a decision at WRC-23 without hindrance, but not tie their fates together given they are very different implementations of the same AMS(R)S.  
VHF SATCOM CHANNEL COORDINATION ORGANIZATION
Assuming all the previously raised regulatory and technical processes issues can be addressed to the satisfaction of affected administrations, at this time there have been no formal plans for a specific organization or function to manage the necessary coordination.   In the current version of the ITU-R report, it states that: “Protection of in-band systems operating under AM(R)S and AM(OR)S, ….. would be resolved through conventional frequency planning exercise, involving the relevant aeronautical authorities including ICAO, and assigning frequencies to the satellite system over interested regions in a manner that ensures compatibility between ground and satellite facilities.”  This process will be central to any implementation of VHF SATCOM, yet there does not appear to be any work to clarify what this might be and its implications for any action by ITU-R or its member states.  Is the assumption that ICAO will take this on in some form, and if so, what responsibilities and functions are they expected to fulfill?  If not ICAO, then it is uncertain what organization would have the means or remit to do the necessary coordination between ICAO states.
DECLARATION OF FREQUENCY ASSIGNMENTS
The above frequency coordination process will need current information on regional and national assignments and channel plans.  While some administrations have mechanisms in place to share these externally, others do not.  This raises several questions:
· What is proposed to ensure visibility of domestic and SATCOM assignments between administrations, ANSPs, and AMS(R)S frequency coordinators?
· If ICAO were to be the coordinator, will all administrations/ANSPs need to develop a mechanism to share their domestic assignments with ICAO to allow for channel planning (and in reverse to account for VHF SATCOM usage in national assignment planning if necessary)?  
SUMMARY
While SATCOM VHF services have a potential for benefits to the future aviation industry, any implementation must show that is it protecting the same terrestrial VHF systems it intends to augment, especially at the boundaries of oceanic regions.  This requirement is particularly acute for VDLM2 systems given the recent work in many administrations to develop robust CPDLC networks.  Such a system requirement was a fundamental understanding in initial the presentations to ICAO in 2019 to build support for an agenda item and is reflected in the ITU-R resolution for the WRC-23 agenda item.  While development of working systems is a priority to progress the agenda item, these important questions for existing VHF operators and users should be addressed before any potential ITU-R decision is made.  While these discussions should be primarily within ICAO given the expertise, it may have a direct bearing on the ITU-R Radio Regulatory text that would be approved at WRC-23.  Hence the need for aviation to discuss and solve these questions soon.  
ACTION BY THE MEETING
The meeting is invited to:
Note and review the contents of this working paper;
Consider what regulatory measures are required, and how/who should they be implemented in coordinating any new AMS(R)S assignments between administrations and/or regions;  
Ensure this paper and the resulting discussion is made available to PT-T and FVSG groups for consideration and feedback to FSMP.
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