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	SUMMARY

	This paper provides some initial considerations on how VHF SATCOM could be implemented in the current spectrum and regulatory environment in the United States.  It is a thought exercise to stimulate discussion on how to manage VHF SATCOM assignments alongside the existing terrestrial spectrum management framework.  
 




INTRODUCTION
This paper is an early thought exercise on how the VHF SATCOM concept might be implemented in the US to explore the various aspects of integrating a SATCOM system into terrestrial networks.  It is an educated guess that makes some assumptions, identifies what work will need to be addressed, and what risks/considerations would be needed.  Additionally, the US focus is based on ASRI’s role in the planning/licensing of US VHF frequencies and recognizes that other administrations will have different considerations that may differ significantly.  In summary, this is not necessarily the right answer, but a possible answer.  Feedback is encouraged to further refine or correct, and additional work and development by the US aviation industry will be ongoing concurrently to further refine.
BACKGROUND
In the Unites States, ASRI (and its predecessor Aeronautical Radio - ARINC) has been providing an industry led frequency coordination process since 1929.  Operating under the rules of both the Federal Communications Commission (FCC) and the Federal Aviation Administration (FAA), ASRI is the single licensee for all channels in the 128.825-132 and 136.5-136.975 MHz bands in the United States for AOC and datalink operations (known as non-Federal bands).  Maintaining the aircraft operator ownership it started in the early 20th century, it operates and manages parts of the VHF on behalf of the industry through a multi-stakeholder process.  This included industry developed policy and assignment rules to operate in a non-discriminatory manner for all users, whilst supported on a cooperative (i.e. non-profit) basis.  Other bands in the aero VHF spectrum, primarily ATC voice, are managed and operated directly by the FAA.  
In reviewing the WRC-23 Agenda Item 1.7 (VHF SATCOM), ASRI has begun to discuss with the US industry how VHF SATCOM might be implemented in the frequency bands ASRI manages.  The following is an early thought process that is designed to facilitate feedback (good, and bad) to better understand the views on how VHF SATCOM might be implemented.
REQUIREMENTS FOR VHF SATCOM IN THE US
The primary VHF SATCOM requirements for US aviation industry are not to negatively impact or constrain the current terrestrial VHF usage.  Therefore, the following are key requirements in the US national implementation.  
AM(R)S has priority over the AMS(R)S 
SATCOM assignments should not expect permanent assignments, anticipating that VHF channel plan changes will result in the necessary movement and/or consolidation of SATCOM assignments (the same condition as terrestrial assignments are required to adhere to).  This is especially relevant with the congested terrestrial environment in the US that can change, and therefore the SATCOM assignments will be expected to be moved/reassigned to accommodate terrestrial changes.  
Any process should not add to existing application approval request timelines with national regulators
The new VHF SATCOM assignment process should not affect the existing terrestrial approval process, either in additional steps or timelines.  Operators requiring VHF service already must plan for up to 6+ months for full license approval.  This should not be extended further at the national level to maintain flexibility of operations and respond to aircraft operator needs.  
VHF assignments made in the US will not be registered in ICAO or the ITU-R MIFR 
All current industry and FAA assigned VHF channels in the United States are not registered at ICAO or the ITU-R.  Regional coordination is conducted on a bilateral basis with neighbouring administration under existing frameworks.  In several informal discussions, nether the US regulators nor industry appear to wish to change the process.  
CORE ASSUMPTIONS/LIMITATION OF THIS PAPER
This paper only considers the non-Federal VHF bands in the United States of 128.825 - 132 and 136 - 136.975 MHz.  
VDLM2 SATCOM networks are not able to operate co-frequency with terrestrial VHF assignments without suitable physical separation.[footnoteRef:2]  However, VHF voice assignments do not have the same technical limitation.  This reflects the complexity of the VDLM2 system over VHF voice, which is a more procedurally controlled system.  Though it should be noted that this assumption may change with SARPs development if VDLM2 SATCOM co-frequency coexistence can be verified and certified.   [2:  Current concerns raised have focused on latency and protocol compatibility for the extended range on VDLM2 SATCOM compared to terrestrial VDLM2.] 

VHF SATCOM spot beams allows a reasonably consistent management of SATCOM coverage to enable suitable physical separation to terrestrial coverage (either through fixed or steerable SATCOM antennas).
VHF SATCOM payloads are technically limited to a maximum of 5 concurrent frequencies per satellite, varying in functions of either VDLM2, POA, or 25 kHz voice as required by the region.
VHF SATCOM IMPLEMENTATION AREAS
The VHF band in the United States is heavily congested, with multiple users often sharing the same frequency in high traffic areas such as the Northeast.  However, there may be options for national VHF SATCOM assignments in the 136-136.475 MHz band if suitable conditions are applied.  At this time terrestrial VDLM2 assignments are implemented or planned for 136.100, 136.150, 136.300, and 136.350 MHz.  These are spaced to avoid co-site interference and intermodulation products from these and other VDLM2 assignments in the 136.500-136.975 MHz band.[footnoteRef:3]  Therefore, if VHF SATCOM assignments were limited to communicating with aircraft only when flying above FL100 to avoid co-site and intermodulation concerns, there is a potential that the remaining 13 assignments in the 500 kHz band may be used for both coastal and overland operation.[footnoteRef:4]   [3:  See previous information on VDLM2 planning in the United States in FSMP WG/06 IP04: https://www.icao.int/safety/FSMP/MeetingDocs/FSMP%20WG6/IP/FSMP-WG06-IP04_Channel%20Plan%20for%20136-136.975%20MHz%20Band.DOCX ]  [4:  The assignments of 136.450 and 136.475 are currently restricted to US government usage.  ] 

There may be some considerations needed for assignments directly adjacent to the terrestrial assignments as co-site for VDLM2 for the first adjacent channel can be up to 13 miles between aircraft, so CSPs would need to determine if this was an acceptable performance degradation due ICAO standardization and national implementation.  
The available assignments in neighbouring administration have not been thoroughly reviewed to make any determination of suitability, but anecdotally the 136-137 MHz band is more lightly used than other parts of the VHF band.  
REGIONAL COORDINATION
To implement the necessary regional coordination, a dedicated VHF SATCOM channel plan could be implemented by the ICAO regional offices to create a pre-agreed list of suitable assignments in a specific region.    This could be implemented in stages to allow an easier initial compatibility with terrestrial assignments first, followed by more involved process later.
For example, in the NACC region the 1st stage would identify common frequencies already available in the NAC region for VHF SATCOM.[footnoteRef:5]    These would be already available assignments declared by States, such as the above potential channels in the United States (and any others the FAA is considering for VHF voice in the United States).  The ICAO NACC office would then compile these to identify an initial list of common frequencies that might be suitable.   [5:  Given the previously discussed FL100 restriction is for on the ground co-site and intermodulation issues, this may be a State by State decision depending on their differing requirements.] 

Once VHF SATCOM operators are assigned, these can be tracked by the ICAO NACC office in a suitable COM table. The work would also be coordinated with the NAT SPG to ensure the NAT system is suitably covered and frequency handover procedures are known for aircraft entering and exiting the North Atlantic oceanic FIRs.  Additionally, national-only assignment may be feasible if agreement can be reached with neighbouring States under their agreed terms. 
FREQUENCY COORDINATOR PROCESS
While the US Government under the FAA would plan for ATC voice assignments, frequency requests for AOC and VHF datalink under ASRI would likely follow a modified existing procedure for assignment.  The following is based on that assumption, noting that no policy has been considered at this time.  
Firstly, ASRI would use its US Aeronautical Frequency Committee (AFC) industry advisory board to implement a suitable US channel plan and necessary procedures for VHF SATCOM.[footnoteRef:6]  With the potential for multiple VHF SATCOM operators and limited available channels, this policy would recognize that VHF SATCOM frequency demand will likely significantly exceed what is available.  Therefore, the AFC should address how all VHF SATCOM operators could be accommodated in the limited available spectrum in a non-discriminatory manner.  These would include: [6:  ASRI has been using the AFC since the 1950s to develop industry views and best practice to ensure the most equitable and efficient use of the HF and VHF spectrum.  A similar process has been ongoing for the last 15 years as terrestrial VDLM2 has evolved into the CPDLC functions.] 

Channel plans.[footnoteRef:7] [7:  This work would be used to inform the NACC regional office of possible VHF SATCOM assignments useable in the region.] 

Adjacent channel planning considerations.
Channel planning criteria for potential co-frequency satellite and terrestrial assignments.
Justification criteria for requesting additional SATCOM channels.
SATCOM channels usage reporting requirements.
Potential limits/future rebalancing of different operators’ assignments.
Interference assessment and resolution process.
Once national licensing rules and industry advised policies are established, a potential VHF SATCOM operator would apply to ASRI for an assignment in accordance with the regional channel plan, or if any national exceptions were available. [footnoteRef:8]   ASRI would then assign them under the allowed national licensing process (see below).  Licensing fees would also need to be addressed. These could be based on the cost for coverage of a terrestrial station multiplied by a scaling factor based on the ratio of a SATCOM operators declared coverage area to the standard terrestrial station coverage area. (with any suitable modifications for the complexity of coordinating such a service).[footnoteRef:9]      [8:  US States or territories like Hawaii and Guam may have different considerations in US channel planning.  ]  [9:  Noting that usable coverage will be significantly smaller than occupied coverage that ITU-R coordination is based upon, and therefore additional metrics may need to be developed to accurately capture this at the frequency coordinator level.] 

During this process, ASRI would liaise with the ICAO NACC regional office to inform and update on the necessary work and outcomes, while the US regulators (FCC and NTIA) would engage with the neighbouring Administrations should bilateral coordination be required.  Once an assignment is finalized, the FAA could inform the ICAO NACC Office to update the relevant COM table.  
US LICENSING FRAMEWORK
Recent developments in the US to augment terrestrial cellular services with SATCOM has encouraged the development of a regulatory framework for the licensing of SATCOM assignments in a terrestrial band. The framework being developed for the augmentation of the cellular service may provide a baseline for the augmentation of the VHF service.  The US FCC recently released a Supplemental Coverage from Space (SCS) proposal for cellular systems that could have some applicability.[footnoteRef:10]   In that proposal, terrestrial licensees can enter into agreements with SATCOM operators to provide SATCOM area assignments.  A terrestrial licensee that is the only license for those frequencies can then effectively sub-lease assignments to SATCOM operators on a shared basis without significant changes the existing band structure while allowing greater flexibility for industry to manage the usage.  While still an early consideration and planned for different systems and their requirements, ASRI filed comments supporting a development of a similar concept for the VHF band if WRC-23 Agenda Item 1.7 is approved.[footnoteRef:11] [10:  See FCC NPRM: https://docs.fcc.gov/public/attachments/FCC-23-22A1.pdf]  [11:  See ASRI comments to FCC on SCS proposal: https://www.fcc.gov/ecfs/search/search-filings/filing/10512144417361] 

ADDITIONAL CONSIDERATIONS
There is a need to recognize that available aero VHF spectrum is minimal in several areas and each SATCOM constellation may not be used to its full frequency capacity in those locations.  This will vary depending on the number of SATCOM operators wishing to provide service in the same area (and if they can share SATCOM assignments with terrestrial or each other).  What is the expected number of SATCOM operators and is there any additional methods to help manage such multiple providers?
Coordination between different Administrations may be complex given geographical and political considerations and the need to coordinate between ICAO regions for overlapping coverage.  This would require a global review of ICAO level policies between regions and it is recommended that the ICAO handbook Vol. II be expanded to consider VHF SATCOM planning criteria before it is fully deployed, including polar region coverage and coordination.  

SUMMARY
The potential introduction of VHF SATCOM into the 117.975 to 137 MHz band will require several aspects to be addressed that have not previously been considered in the current or planned terrestrial assignments.  It will not be a simple drop in and use system.  While at the early stages, these aspects should now start to be highlighted so any introduction of VHF SATCOM is properly managed and does not affect terrestrial VHF usage that is a fundamental system for aviation ATM and is highly congested in several areas of the world.  
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper; and
consider the aspects raised and provide feedback to the author to further inform potential VHF SATCOM management processes.
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