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SYSTEM DESCRIPTION AND PLANNED TECHNICAL CHARACTERISTICS FOR MODERNIZED VHF AERONAUTICAL COMMUNICATIONS SYSTEM

(Presented by Sai Kalyanaraman, Collins Aerospace)

	SUMMARY

	Proposal to modernize VHF data link aeronautical communications via technology insertion and application of modern waveforms to significantly improve VHF data rate and link availability.  This paper seeks feedback from the FSMP on the proposal, and how the system could be implemented in the current VHF spectrum rules at the ITU-R and nationally.  




1. INTRODUCTION
1.1 Historically, VHF Radio communications has been recognized as the line-of-sight communication system by default for safe, efficient air travel.  However, modern technology now provides alternate solutions with increased data rates, namely satellite communications (SATCOM; such as Inmarsat and Iridium for aeronautical use) and L-band Digital Aeronautical Communication System (LDACS) which are now proposed for use in future European airspace line-of-sight aeronautical communications.  The current ICAO roadmap shows VHF radio use ending in the mid 2030s.

1.2 Currently the possibility of a next generation VHF radio system, “A-VDL,” is being explored that will address the limitations of today’s VHF radio communications systems, namely slow throughput of data over VHF Data Linke Mode 2 (VDL2).  In order to accomplish these performance improvements, the existing VHF radio regulations governing the allocation and use of VHF aeronautical spectrum do not need to be updated.  However, administrative changes are required to document and authorize use of any new modulation waveform.

1.3 VHF communications can be modernized by implementing one or more, additional, higher data rate waveforms capable of interoperating with the existing VHF Radio communications system but increasing the raw bit rate 3x.  A proposed waveform capable of providing 95 kbps using the existing 25 kHz channels, and meeting the existing VDL2 spectral mask has been simulated.  In order to gain better understanding of the applicability of this technology insertion, a pair of existing VHF radios were modified with another advanced waveform providing 31.5 kbps using existing 8.33 kHz channels, and meeting the existing VDL2 spectral mask.  Test results confirm the viability of the technology insertion to improve VHF Radio communications rates up to 95 kbps and ensure interoperability with existing VHF Radio communications systems.



2. DISCUSSION
System Operation
2.1 The proposed A-VDL waveform is a more spectrally efficient waveform than legacy VDL Mode 2, offering 3 times the raw bit rate of VDL Mode 2 (~95 kbps vs 31.5 kbps).  This new waveform operates in the existing VHF 25 kHz channel allocations and meets the existing VDL Mode 2 spectral mask characteristics, ensuring the new waveform is compatible/interoperable with all existing aeronautical VHF waveforms in use today.

2.2 The current Carrier Sense Multiple Access (CSMA) protocol for VDL Mode 2 has been shown to be a significant contributor to low throughput performance when the network is loaded above 27%.  Implementation considerations for adding A-VDL to the existing VHF data link system requires a decision on whether to retain the CSMA protocol for the A-VDL waveform or move to an alternative protocol concept, like TDMA, enabling additional throughput performance efficiencies for A-VDL communications.  Another alternative is a protocol concept, like connectionless TDMA, which could be deployed utilizing the improved ground infrastructure possible through System Wide Information Management (SWIM).  The implementation of the physical waveform (network physical layer) is separate from the protocol (network link layer). For the purposes of this paper, retention of CSMA is assumed.  

2.3 The initial concept is to retain the existing VHF Data Link concept of operations and simply expand the choices to include the new higher data rate waveform as an option during the initial negotiation between the aircraft system and the ground system.  Changes necessary to add the new waveform would not change the flight crew or ground station operator procedures.

2.4 The existing VHF Data Link concept of link establishment is slightly modified to add the new waveform to the negotiation process currently in use for selecting between ACARS and VDL Mode 2.  The modified process would support selecting between ACARS, VDL Mode 2 and A-VDL; however, a more robust implementation might be advisable since future technology insertions could be foreseen to further extend the viability of VHF long into the future through addition of more complex, higher data rate waveforms at appropriate technology insertion points.  Just like the existing negotiation process, moving away from the CSC frequency only occurs when the aircraft and network service provider ground station agree on the waveform/frequency to move data link communications.

2.5 The initial contact attempt by an aircraft on each new flight leg will involve a specific log-on request downlink message, with a corresponding explicit log-on confirm uplink message from a ground station granting access, just like today’s VDL Mode 2 network.  This allows the VHF Data Link System to control customer aircraft access to VHF Data Link services.

Aircraft Equippage
2.6 The proposed airborne radio upgrade uses existing VHF radio form factors while adding the A-VDL capability.


2.7 No changes are anticipated for VHF radio tuning panels; however, changes to routers may or may not be necessary depending on the industry definition of how A-VDL tuning is to be accomplished.

Ground Equippage
2.8 The A-VDL waveform would also be implemented into VHF Data Link System ground station radios.  Existing ground station sites, including antenna placement, support operations with the new waveform with no changes beyond updating the ground station radio to support the new waveform.  Discussions with at least one ground station radio provider indicate that addition of the proposed waveform is viable for their current generation products which are starting to ship later this year.  To simply add the additional waveform requires some minor modifications to ground station negotiation protocol.  However, as noted earlier, changes to increase efficiency through updating the protocol would require more extensive ground station software changes.

Spectrum Needs
2.9 After reviewing current ITU radio regulations, it appears that the proposed, upgraded VHF Radio communications systems does not require any changes to regulation or spectrum allocation.  Changes to implement advanced waveforms meeting current channel assignments and spectral mask requirements satisfy the current radio regulations.

2.10 Administrative changes authorizing the new waveform(s) are believed to be sufficient to allow fielding of the proposed, upgraded VHF Radio communications system.

2.11 Some industry activities to update Minimum Operational Performance Standards (MOPS) and Minimum Aviation System Performance Standards (MASPS) as needed to include new A-VDL capabilities would be necessary for aircraft certification.

Benefits to Industry
2.12 Higher data rate VHF communications, combined with current ICAO activities redefining what constitutes a safety message thereby reducing the number of safety messages, provides a viable, cost effective line-of-sight communications link meeting the needs of future airspace ATM.  Many regions of the world have determined that VDL Mode 2 satisfies their ATM requirements for the foreseeable future.  The ability to only upgrade airborne and ground infrastructure in areas requiring performance improvements reduces cost and schedule pressures to upgrade the entire system to achieve operational benefits.  This avoids the signicant expenditures required to field alternative line-of-sight communications links. 

3. CONCLUSION:
a. Utilizing existing 25 kHz VHF frequency assignments and advanced modulation techniques provides a higher data rate VHF Radio communications system interoperable with the existing VHF Radio communications airborne and ground infrastructure.  The airborne and ground infrastructure providers benefit through increased data rates coupled with the ability to control expenses by only modifying key ground stations and aircraft initially and scheduling update of the remaining ground stations and aircraft as funds are available.
b. The upgraded VHF Radio communications system addresses the shortcomings of legacy VHF Radio communications and provides a compelling, cost effective alternative to LDACS, or other similar systems, to meet the line-of-sight aeronautical safety services communications needs of next generation airspace operations.
c. Efforts will continue to share the A-VDL concept with EUROCONTROL, MITRE, and industry forums, suggesting industry actions to upgrade VHF Radio communications systems to support future airspace line-of-sight communications needs as an interoperable and cost effective alternative to new systems that are currently being pursued.

4. ACTION BY THE MEETING
	The meeting is invited to: 
a. Comment on the proposed development and deployment strategy.
b. Add agenda item for further discussion on this topic at the next FSMP.
c. Initiate revision of the ICAO roadmap to extend life of VHF Radio communications.
d. Initiate any actions this group deems important to furthering VHF Radio communications upgrades as an important component of next generation airspace operations.
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