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	SUMMARY

	This IP summarises the current design of the VHF system on Skykraft satellites, as well as recent test activities, constellation status and planned tests for later this year.  It is provided to inform the Working Group about the solution proposed by one potential provider.
The paper notes the effect on service delivery cost and supply diversity of specifying a very high required signal level at a remote aircraft station.




INTRODUCTION
Skykraft is on track to deliver an operational capability, representing global dual-redundant coverage, excluding the poles, in late 2026.  Polar coverage will be added 12-18 months after a customer signs a contract for such a service.  The designs of the satellite systems are being regularly updated to reflect current likely requirements in the drafting of the SARPs.
RECENT PROGRESS 
The low-rate initial production satellites have been shipped to California for launch.  These will provide a representative on-orbit capability for demonstrations from mid this year.  This is a 5 satellite stack with total launch mass of 325 kg.  This will be the third set of 5 satellites we have launched on the pathway to providing a space-based VHF service.  This will make a total of 15 satellites launched with a combined mass of over just under a metric ton since the start of 2023, all dedicated to the delivery of a space-based VHF service that is reliable, cost-effective, safe, and fit for purpose.
[image: No alt text provided for this image]In late 2024 we conducted digital data link testing over the Southern Ocean to collect data that may help address concerns raised about propagation effects on VDL mode 2 links.  The power levels achievable from the block 3 satellites launched in June 2023 were adequate to see the waveform, but not to reliably decode the signals due to the low SNR.  Early analysis showed no signs of any strong delayed replica of the signal, which would indicate multipath, however deeper analysis will be needed to properly confirm this.  This analysis has been deferred to focus manpower on more pressing issues, including maximising the performance of the recently shipped satellites and increasing the VHF transmit power on the satellites to 400 W per antenna.Figure 1. Latest batch of 5 satellites at vibration test facility

SATELLITE CAPABILITIES
The space-based VHF service is provided by satellites in orbit, with associated ground infrastructure to interface to the ANSP.  The satellite VHF system antennas, amplifiers and waveform generators, preamplifiers and receivers, satellite-to-satellite real-time datalinks, space-ground links and a Hall-effect thruster for constellation positioning.  
Technical characteristics presented here are relatively stable, but some changes should be expected as our design insights and customer requirements evolve.
The VHF transmit-receive array is a set of 6 crossed Yagi antennas, each with 3 elements (ie reflector, driven element and a single director) and each antenna boom is 2 meters long.  For the avoidance of doubt, each crossed Yagi comprises a total of 6 elements, being a 3 element Yagi in each plane orthogonal to the direction of propagation.  This crossed Yagi provides 6 dBi of gain across the entire 118-137 MHz band with acceptable VSWR and so forth.  The orthogonal Yagi’s are independently driven on transmit, and have independent receive paths.  All transmit and receive system are synchronous to a master clock, and, for example, RHCP is generated on transmission, and a near optimal slant polarised beam is synthesised on receive.  Both the transmit and receive paths on the satellites can therefore deal with an unpredictable Faraday rotation – suffering a 3 dB loss on the Space-Aircraft link, and negligible polarisation mismatch on the Aircraft-Space link.  In addition, because of the common clock and digital waveform generation and reception, adjacent antennas on the satellite can be used as a phased array when necessary.  This represents a recurring theme, where the space segment can incorporate features not normally found on aircraft or terrestrial infrastructure to help overcome difficulties in providing the space-based service, such as a very weak long-range signal from an aircraft VHF transmitter.
As a result of clear indications that the required power density at the aircraft is -109 dBW/m2 we have increased the required power output of the VHF amplifier to 200 W per polarisation, for a total of 400 W (minus minor feed losses) from each circularly polarised antenna.  This has flow-on effects on power generation, energy storage, power conditioning and distribution and heat dissipation, which are being accommodated in a design update.  The basis for this is recent discussions in the correspondence group and PT-SBV that indicate the requirement for signal level at the aircraft will be drawn from “2.2.1.2 POWER Recommendation. On a high percentage of occasions, the effective radiated power should be such as to provide a field strength of a least 75 microvolts per metre (minus 109 dBW/m2) within the defined operational coverage of the facility, on the basis of free-space propagation”.
We note that historically, space-based VHF has been treated the same as an extended range VHF facility, with a sensitivity of 30 uV/m for the airborne receiving function (eg CNS SG/24 WP/26 of 30 Nov 2020).  This change ranslates into an 8 dB increase in EIRP at the satellite.  We are investigating ways to further increase the EIRP through options such as more and/or higher gain antennas and distributed amplifiers.  We highlight that specifying very high signal levels at the aircraft, the same levels as specified for busy voice channels in terminal airspace, has major implications for the cost of the space segment of the space-based VHF service which is typically a replacement or supplement for HF communications, or satvoice, neither of which approach VHF in pilot-controller communication effectiveness.  Skykraft are confident of providing a service that will meet the -109 dBW/m2 requirement, however it is difficult and adds to costs.  The degree of difficulty and cost in meeting this requirement will differ between the potential suppliers.  In addition, these high power levels also make mitigation of interference at ranges shorter than the radio horizon difficult, limiting scope to improve frequency reuse over time.
LRIP SATELLITE TECHNICAL DETAILS
This section describes the Low Rate Initial Production (LRIP) satellites, presently enroute to the USA for launch.  As would be expected by the name, these comprise the satellite systems that will be fitted to the full-rate production satellites, with some deviations where the final, fully conformant system is not yet ready for flight, or at least, was not ready for flight at the time of final assembly.  In some cases we also removed some systems from some of the spacecraft to reduce mass, since the full compliment of systems on every satellites is not needed for this mission, yet the total mass needed to be kept close to 300 kg.
These LRIP satellites will operate at an altitude of around 500 km, exercising their thrusters to climb, descend and control their spacing around the orbital plane.  They will also confirm, and build confidence and efficiency in operation of, systems such as the real-time Inter-Satellite Links, power and onboard communication systems and digital voice feeds to and from the ground stations.
The VHF transmitter generates the RF signal at low amplitude and has a linear amplifier arrangement to drive the antenna.  Forward and reverse power is measured in real time and included in telemetry relayed to the Skykraft control system.  At present only one crossed Yagi antenna pair is used for transmission at any time, but near term design improvements will remove this limitation.  The VHF transmit power is also lower than the constellation reference design, being of order 10 W per channel (20 W RHCP) rather than the 200 W per channel (400 W RHCP) on the constellation design.  With a 6 dBic Yagi on transmit the EIRP on the LRIP satellites is 18 dBWic after allowing for losses of 1 dB on the satellite.  This represents a signal an order of magnitude higher than on the last generation of satellites, but still an order of magniutude lower than planned on the follow-on satellites with the upgraded VHF power amplifiers.
The Yagi antennas are canted down below the Earth Horizon, keeping beam shape loss at the horizon negligible, while providing adequate signal coverage directly under the satellite. 
The common timing reference, large number of independent receivers, and high level of processing power on the constellation satellites provides the infrastructure needed to perform null-steering on receive.  This allows monitoring of frequencies that may have multiple allocations within the satellite’s extensive field of view.  It also allows the satellite to reject signals arriving from other satellites, enhancing the rate of channel reuse for space-based VHF frequencies.  This is important because while the radio horizon from a satellite to aircraft is no greater than 3300 km, the satellite to satellite visibility exceeds 5000 km.  Therefore, without intelligent null-steering on the satellite, distant satellites might be heard on VHF channels that the satellite sends to the Air Traffic Controller.
PLANNED TESTING
The LRIP satellites will be tasked for several background tasks, as well as supporting specific demonstrations with targeted customers.
Scintillation and other line of sight variations.  As a background task the satellites will monitor a selection of ATIS stations on an ongoing basis.  The intent of this is to log variations in the signal which would reveal effects such as scintillation.  Extensive logging of carrier signal level will be undertaken, with regular logging of audio which would help with subjective assessments.
Aircraft in-flight monitoring to assess multipath and effect of maneurve.  The signal strength and voice quality from aircraft in flight will also be monitored to gain confidence in any effects resulting from aircraft orientation, as well as issues with multi-path due to reflections from the ground or ocean. If issues are identified, further observation campaigns can be conducted to further understand the phenomena and identify mitigations.
Aircraft on-ground monitoring to assess remote field utility.  Aircraft on the ground are a unique challenge because of the potential for fading effects due to ground reflection.  A campaign of monitoring VHF signals from aircraft on the ground in a range of surface environments will also be conducted.  This is focused specifically at assessing utility of a space-based service to provide air traffic control services while aircraft are on the ground at infrequently used, or otherwise underserved airfields.
CONCLUSION
In this paper we have described the current state of the VHF system on Skykraft satellites as well as recent testing, the current deployment timeline and activities planned for the satellites currently awaiting launch.  The impact of selecting a service level of -109 dBW/m2 should be considered when selecting that service level, as the variation allowed for extended range VHF facilities indicates that it is not always necessary.
ACTION BY THE MEETING
The meeting is invited to:
note and review the contents of this working paper;
consider the impact of selecting a high power density service level for space-based VHF on service cost, market competition and future scope to reduce interference ooiutside the DOC.
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