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[bookmark: _Toc111458866]Doppler shift
Given that the VHF analog voice use case assumes a “party line” for flight crew situational awareness in a particular airspace sector, and VDL Mode 2 utilizes Carrier Sense Media Access (CSMA) to minimize data packet collisions, any Doppler compensation by the satellite would have to ensure that all aircraft in the intended coverage area would still be able to correctly receive the satellite signal on the intended frequency.  However, if the satellite shifts its transmitting frequency to compensate for Doppler shift for aircraft in front of the satellite, won’t that make it more problematic for aircraft behind the satellite to correctly receive the signal, since they would require a frequency shift in the opposite direction? Preliminary ITU studies have shown that it will be necessary to use LEO satellites which will result in a Doppler effect of up to +/-4kHz, which is incompatible with the Eurocae ED92C standards and therefore not consistent with considering (a) of Res 428 (…without modification to aircraft equipment).

[Answer] A key driver of the design of the LEO satellite system is that it has to behave in such a way that not any modification will be required in the aircraft equipment. In this sense, and concerning the 4kHz Doppler shift, a Doppler shift pre-compensation mechanism is being defined to guarantee the compatibility of the satellite transmissions with the specified maximum frequency error. Basically, the transmissions from the satellite will be shifted in frequency in order to compensate the Doppler shift for the targeted aircraft (and a large area around it) in order to comply with the standards and messages can be received without modification to aircraft equipment.

The Doppler introduced by the satellite varies from -3.2 kHz to +3.2 kHz in the satellite footprint and in the direction of the satellite movement, that is in latitude.  On the other hand, the variation for the same latitude is much lower (see figure). It is then clear that aircrafts located in front or behind will be affected by a Doppler shift with a different sign, being necessary to apply a Doppler pre-compensation mechanism to guarantee that the aircraft receives correctly.

Several potential solutions are possible to do that, avoiding entering in technical details to save Intellectual Properties:
· For point to point communications:
· Using beam forming or directional antenna to create an oblique footprint with radiation that is adapted to the Doppler effect observed by the aircraft. i.e, the satellite could radiate only in forward or rear direction with a negative or positive pre-compensated shift in frequency  as shown in the figure below.
[image: ]

· Alternatively, a combined solution, which is omnidirectional radiation with multiple pre-compensated shift frequencies.
· for point-to-point connection, the needed shifted frequency could be calculated using several solutions.

[image: ]
Doppler Compensation issues and difficulties coming from it: the decoders used, and, error rate over doppler calculation are not available and similarly many calculation are missing power etc. How this may be solved?

[Answer] It is understood that the question is asking for BER or FER measurements when Doppler shift is introduced to VHF data service. Such measurements are on going, as they take some time to be carried out due to its statistical nature. However, it has been monitored the link status while Doppler shift is present, both a fix one and a Doppler variation and the link is not lost with the VHF2100 radios. The test carried out have been for different receiver input power.

If you looked at the Technical Standard Order (TSO) for VHF comm there are different TSO classes for radios that support or do not support offset carrier.

[Answer] For VHF voice service, offset carrier mode (also known as CLIMAX) is widely used in Europe and some parts of the world. It allows the same frequency to be shared between 2 or more VHF stations in accordance with ICAO Annex 10 specification.
For 2 carrier offsets on 25 kHz channel spacing, it is not necessary to apply Doppler pre-compensation as the effective acceptance bandwidth of +/- 8 kHz based on ICAO Annex 10, Volume III section 2.3.2.3 specification is higher than the maximum Doppler. More carriers offset could be implemented with Doppler pre-compensation and better frequency stability at the satellite.
For 8.33 kHz channel spacing, Doppler pre-compensation mechanism will be needed with or without carrier offset.

The voice and data issues with the compensation how this is resolved?
[Answer] For the voice service, based on ICAO Annex 10, it is more tolerant to Doppler shift and could work with or without pre-compensation. For the data service, a pre-compensation  mechanism will be implemented.

CSMA behavior when applying Doppler pre-compensation: if a pre-compensation is applied addressed to one specific aircraft, would other aircrafts with different Doppler be able to detect the channel busy even in case of not being able to decode the packet?

[Answer] The Doppler pre-compensation is valid for an area around the specific aircraft. Aircraft for which the pre-compensation is not valid are far away. For those aircraft, even if their CSMA did not detect the channel as busy and decided to transmit, their transmissions are unlikely to affect the original transmission (because of the distance) and will be received normally by the satellite receiver.

An aircraft needs to receive the last channel 136.975Mhz (CSC) to get into the VDL2 Network, a possible compensation of the Doppler effect on satellite emission would make the emission of the VDL2 CSC channel (136.975MHz) closer to the edge of the band (137MHZ).

[Answer] The satellite transmitter mask is designed to comply with the out of band emissions taking into account the Doppler shift. We presented the transmitted signal of a COTS equipment with a shift of two time the Doppler and there was not emission in the adjacent band. In the worst case it will be shifted 8 kHz (two times the Doppler shift). This moves the last channel to 136.983 MHz max, still more than 60 dBc of out of band attenuation. We presented plots of COTS equipment exhibiting this out of band level. See Figure 7 in the ITU-R PNDR for AI 1.7.
Note that the necessary bandwidth for the VDL-2 signal (worst case) is assumed to be 14.0 KHz corresponding to a 14K0G1DE class type signal (DO-224 Signal-In-Space Minimum Aviation System Performance Standards (MASPS) For Advanced VHF Digital Data Communications Including Compatibility with Digital Voice Techniques section 3.2.1.2.4) and R-REC-SM.1138.
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[bookmark: _Toc111458867]VDLm2
Can you explain in general how satellite-based VDLm2 stations are working assuring fully interoperability with ground-based VDLm2 ones? What protocol will SATCOM VDLM2 use (FANS/ATN?) If ATN, how will the network avoid aircraft attempting to connect on their own initiative? What is the function that moves an aircraft from a terrestrial to a SATCOM network (and vice versa) when each network is a different Communication Service Provider (CSP)? Both on entering and exiting oceanic regions. What are the technical and operational conditions that would initiate such a move? How a handover from the terrestrial VDL network to the satellite VDL network through the CVME (Central VHF Management Entity) and vice versa will happen seamlessly for the aircrafts? In a multi service providers environment, how the transferring of frequencies will work between those entering oceanic and coming into terrestrial between service providers, and what are the conditions under that is initiated?

[Answer] The Space Based VHF is agnostic to the protocols running on top of the Aviation VHF Link Control (“AVLC”) layer. It will use the same AVLC protocol as on the ground-based VDLm2 radio. The protocols that will be used on top of this are transparent (just as they are for the ground-based VDLm2 radio). The Ground Station Information Frames (“GSIF”) will indicate the available services (AOA and/or ATN) over space-based VDL radio.
The VDLm2 system is based on a CSMA (Carrier Sense Multiple Access) protocol which senses or listens whether the channel for transmission is busy or not and, transmits in the event the channel is idle. Nevertheless, when deploying a ground network based on this CSMA protocol, there is a well-known problem which is caused by the fact that the ground stations are not able to detect the transmissions done by the other stations as they are not in line-of-sight and they cover the sky. This issue can produce collisions due to simultaneous transmission and potentially degrading the performance. However, in the case of the space-based VDLm2 station which will cover a very wide area on the ground, the issue of the hidden transmitter would not happen, simply because the space-based VHF system would be in line-of-sight with the ground station. In the event, the ground-based VDL station transmits, the space-based VHF station would not transmit unless the signal received is below the detection threshold.
The airborne system only receives and processes VDL frames and it cannot tell the difference between VDL frames originating from a ground-based VDL station and a space-based VDL station.
Handoff between a ground-based VDL station and a space-based VDL station is identical to a handoff between two ground-based VDL stations. In the CVME, the space-based VDL station is simply just another station that it is being managed, albeit with a much larger coverage map.
Ground-based and space-based VDL services can be provided using the same or different DSP ID. However, it is suggested to use the “same DSP ID” because it does not require any changes in avionics configuration (no software modifications would ever be needed in the avionics). It should be noted that in case the space-based VDL service is required to operate with its own DSP ID that is different from the existing DSP IDs then the transfer from space-based to ground-based station would happen exactly in the same way as it is done currently on the ground. When an aircraft configured to be allowed to access the VDL service of different service providers for example Collins and SITA, loses datalink service when it flies outside the coverage area of one service provider but, it then detects the availability of VDL service from the other service provider and it will switch to that service provider. Such mechanism is already actively being used on the current aircraft fleet.
As currently done on the ground, an overlap between the ground and satellite coverage should be ensured to guarantee the continuity of service and to avoid any loss of connection.

The space-based VHF system will work exactly in the same manner as the ground-based system and it should be seen as a complementary component to the ground-based network, allowing to cover remoter or oceanic area. 
In terms of the channel allocation for the operation of the space-based VHF system, it can be envisaged several scenarios: 
· The use of the CSC
The airborne system is connected to the ground Common Signalling Channel. The aircraft flies from the continental to the oceanic area. The airborne system will remain connected to the ground CSC until that the receiver signal or the quality of signal reach a certain threshold and at that point, the airborne system will decide on its own to switch on the space-based VHF station. 
In general, the aircraft LME (Link Management Entity) will monitor the signal quality parameter values of all transmissions from ground stations. When it determines that a ground station change is needed, it will send an XID to the selected (new) ground station. The same logic will be used for the space-based VHF system 
It should be noted that the use of CSC is subject to the compatibility with the services operating above 137 MHz. Such constraints would not apply or will be less by using an alternate frequency, although the outcome of the studies is not finalised yet, some technical constraints may be imposed on the operation of the CSC.
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· The use of an alternate frequency
The principle is similar to the ground:
· The airborne system is initially connected on the CSC
The airborne system is connected to the ground CSC frequency, and it flies from the continental area to the oceanic one. When the aircraft arrives close to the edge of the coverage, the Central VHF Management Entity (“CVME”) will send a Ground-based requested aircraft-initiated handoff (“GRAHIO”) command to indicate to the airborne system to switch to the alternate frequency (either the same as on the ground allocated to the CSP or a dedicated channel for the space operation)
· The airborne system is connected to an alternate frequency
The Central VHF Management Entity (“CVME”) will send a GIHO command to the airborne system to indicate to switch to the channel allocated to the space-based VHF system (either a specific channel or a channel belonging to the CSP)
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[bookmark: _Hlk107354103]How will assignments to SATCOM stations be coordinated with terrestrial channel plans? What requirements will be placed on planning criteria for new or modified terrestrial assignments? 

[Answer] Coordination of the channel assignments for Space Based VHF (either dedicated or shared) are expected to be performed through the existing mechanisms for frequency management for VHF spectrum.
Additionally, the following aspects should also be taken into account. Firstly, it should be similar to how terrestrial stations are being coordinated amongst the assignees of the channel and at the borders. Secondly, upon filing of satellite, the ITU will request coordination between satellite service providers and those Administrations’ that will be within the satellite coverage. To follow on that ITU notification, there may be a need for internal coordination between the national telecom regulator and the aviation regulator/ANSP within those Administrations. It should be no different from how terrestrial/satellite coordination are being done at national level.

The current proposal is to handle satellite frequency assignments like any other, thus a study will be made for each channel-region assignment considering adjacent frequencies.
For a better planning and coordination, there should be a minimal period for effective coordination between affected users/parties. In any radiocommunication services, any planned/new/modification to frequencies shall require coordination between the different users. It will be necessary for the aviation regulator/ANSP to highlight this to its national telecom regulator to trigger coordination with the affected users. Furthermore, it is not appropriate to ‘reserve’ frequency unless they are put into use within a short period of time, which is to avoid spectrum hoarding. This is consistent with many national telecom regulators’ principles on the use of frequency, “use it or lose it”.


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)?

[Answer] The satellite system will be deployed guaranteeing its compatibility with terrestrial networks, not impacting the ones not using it even being under the satellite coverage. This will be achieved with proper frequency coordination as it is done for terrestrial networks.

What agreements are needed to have in place, if any, if the ground-based and the space-based operators are different? 

[Answer] Terrestrial-based and space-based VDL services can be provided using the same DSP ID or a different DSP ID. The “same DSP ID” approach is preferred because it does not require any changes in avionics configuration (no software modifications would ever be needed in the avionics).

If the SATCOM and Ground Station (GS) 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 ground stations?

[Answer] The risk already exists in existing networks either given to specific user terminals behavior or in areas where two or more stations (either two GS or one GS and the Space Station) appear to have similar signal quality from an aircraft terminal point of view. Geographical areas in which this can happen are limited.
The addition of Space Based VHF, given the high coverage areas that the satellite radio will have, is likely not to increase this situation. The areas in which special attention should be taken are the boundaries of the satellite transmitters and the terrestrial transmitters coverage, respectively.

What is the compatibility between terrestrial VDL and satellite VDL in terms of co-channel operation?

[Answer] For the co-channel operation, it should be seen the space-based VHF system as a complementary component to the ground-based VDL station. It means that in area where it is impossible to deploy a ground-based VDL station, hence no coverage from the ground, the space-based VHF station will take the hand-over. As both systems are similar (same modulation, same CSMA protocol), both systems will co-exist as it is already the case for the ground-based VDL stations which use the same channel.
It should be noted that the impact is greater if considering only the ground component as there is the issue of the hidden transmitter. In the case between the space-based VDL system and the ground-based VDL station, this issue does not exist as both are in line-of-sight.
The satellite-based VDL station covers a very wide area, hence by design there are no hidden transmitters. The reason being that the satellite will be in light-of-sight with ground-based VDL station. In the event, the ground-based VDL station transmits, the space-based VHF station would not transmit unless the signal received is below the detection threshold.

This bullet point addresses a few scenarios to consider for space-based VDL OPS, notably the switchover mechanism between space-based VDL and ground-based VDL:
Aircraft from Europe to USA are on different channels.

[Answer] Aircraft flying between Europe and USA operate on exactly the same VDL CSC channel but with large gaps in coverage. Satellite-based VDL can fill the gaps in coverage. The underlying principle of the space-based VDL is that it appears to the aircraft as “just another VDL station” hence all the same, existing handoff mechanisms apply. 
Additionally, in the specific case of oceanic coverage, it should be mentioned that as this area is considered international, an alternate frequency can be different to the one used in the USA and Europe.

Aircraft up to within 250nm from a terrestrial VDL system

[Answer] For coverage near the coasts of continents the space-based VDL station allows the VDL service to be extended out to the oceanic region in a seamless fashion. The space-based VDL service can be provided on the same frequency as the terrestrial-based VDL stations or it can be provided on an alternate frequency to which the aircraft would be commanded to switch by the CVME, as it is done currently in the scope of VDL multi-frequency management.

GRAIHO (Role of the CVME for the space-based VDL stations)

[Answer] Space-based VDL stations will be managed by the CVME just as the existing terrestrial-based VDL stations are already managed. The space-based VDL stations will be simply added to the inventory of VDL stations managed by the CVME with their own, appropriate coverage maps.

Behavior in case of potential collisions. What happens if the aircraft does not detect the busy channel state, could it cause a significate increase of collisions?

[Answer] If they occur, transmissions from the aircraft performed while the channel is being used by another transmitter are likely to increase the level of collisions. It is important however to mitigate this by the fact that, as highlighted in previous answers, the broadcast nature of the satellite signal transmission and the low blockage of the Line of Sight of the satellite signal for aircrafts in flight lowers the probability of such events where an aircraft is transmitting while the channel is busy. The increase in collisions, if any, will thus likely not be significant.
An aircraft (a2) may not detect packets with a Doppler pre-compensation addressed to another aircraft (a1), not detecting a busy channel state. In this situation this aircraft (a2) may transmit, but it will not affect the aircraft (a1) caption from the satellite as they will be far from each other. On the other hand, aircraft (a2) could transmit to the satellite as it sees the channel free, but it would be received by the satellite always listening.

Is it required that all aircrafts receive the packets addressed to all aircrafts? This is obvious for broadcast packets but may not be needed for unicast ones?

[Answer] It is not necessary that all unicast transmissions be received by all aircrafts in the coverage area for the system to function. However, the reception of the signal by a subset of the aircrafts could lead the transmitters of the aircrafts not receiving the transmission to believe the channel is not busy and initiating a transmission themselves, which could result in collisions lowering the overall offered capacity of the VHF service volume. It is thus desirable that all aircrafts are able to sense the presence of energy on the channel for CSMA purposes.




[bookmark: _Toc111458868]Operations.

Referring to ENAIRE/Indra’s trials proposal, what assumptions of the bands did you use for these tests, etc.? Can the current avionics work without modification?

[Answer] This is a key design driver for the satellite system, it will be designed and implemented to guarantee that no modification is needed in the avionics. As examples:
a. The satellite EIRP will guarantee the minimum power flux density at the aircraft VHF antenna input for both voice and data services.
b. Doppler effect will be pre-compensated
c. Detailed link budget has been computed and documented in draft PDNR M. [SPACE VHF] for WRC-23 AI1.7 where feasible solution is found to work with current avionics, taking into consideration the aircraft VHF antenna pattern, signal propagation loss, scintillation effect etc. in both space to Earth and Earth to space direction.

Given that the VHF analog voice use case assumes a “party line” for flight crew situational awareness in a particular airspace sector, and VDL Mode 2 utilizes Carrier Sense Media Access (CSMA) to minimize data packet collisions, any Doppler compensation by the satellite would have to ensure that all aircraft in the intended coverage area would still be able to correctly receive the satellite signal on the intended frequency. Please, clarify or justify this.

[Answer] For CSMA / VDL2, this situation will happen when the aircrafts are flying in regions located very far from each other, to note that in terrestrial networks the situation is equivalent, aircrafts located in places that are far from each other will not listen among them due to terrestrial coverage limits.
For VHF voice, based on ICAO Annex 10, it is more tolerant to Doppler shift and could work with or without Doppler pre-compensation.

Is it necessary to assign only unused/less used frequency spectrum to space-based VHF?

[Answer] With good understanding of the coverage footprint and proper frequency planning, it is not necessary to restrict the assignment to unused/less used frequency spectrum. The reuse of frequency will allow optimal usage of the VHF channel so long as it does not cause interference to other users. Also, the sharing of same frequency between satellite and terrestrial VHF stations will optimize the VHF voice channel utilization and ease the workload of both air traffic controllers and pilots. However, it requires the implementation of offset carrier mode (CLIMAX).

Will there an issue due to latency?

[Answer] The one-way latency of voice signals from ATC to aircraft (or vice versa) via LEO satellite is about 4 ms (at zenith) and 18.9 ms (at horizon) due to the longer signal propagation path for satellite at 600km altitude as compared to terrestrial station. This is far below the current latency of a remote VHF radio station relayed via VSAT (Geo-Stationary Satellite, GSS), which is about 250ms each way (one-way).
For Voice service, there is no issue for single carrier mode. To implement multi-carrier offset between satellite and terrestrial station, the latency should be less than 10ms to avoid significant inter-symbol interference effect. These could be mitigated by implementing best signal selection for the signals received at ATC. For the signals transmitted to aircraft, a time delay could be introduced at the terrestrial station to match the signal transmitted by satellite.

Is there any concern with capacity?

[Answer] Capacity management will be similar to current practices.
For Voice service, ATC controllers will be managing the usage of the channel. Users listening to the “party line” will know when the usage is reaching full capacity and will be mindful to use of the “line” efficiently. Re-sectorization of FIR may also help to rebalance the capacity and workload of the ATC controllers.

The satellite orientation can be dynamic and complex. How to ensure that its coverage does not exceed the approved area?

[Answer] Satellite orbit, position, orientation, antenna pointing, transmission power can be constantly monitored and corrected by ground control centre to achieve the desired coverage.
Modern technologies allow satellite positions to be reasonable stabilized to ensure that their VHF coverages will not exceed their respective approved areas.

We have concerns about the management of the boundary condition handoff. What is the design concept? At the land/oceanic boundary it’s a common event to see aircraft move back-n-forth between a VHF radio and Satellite communication media causing ATC delays. Will there be the possibility of satellite-based station and a ground radio causing ping-pong bouncing issues and comm. gaps at these boundaries?  This situation is not really a VGS handoff, but a media handoff, which tends to be problematic.

[Answer] Satellite infrastructure is an extension of ground infrastructure, and it will be used as additional VHF ground stations. CSP will decide when to use Ground or Space infrastructure, and if Space is used, constellation management will route the information dynamically to the best satellite to be used at each circumstance and time for the transmission to Aircrafts.

How will the handing of the actual message content work for data link messaging?   Will the SB-CNS Service Provider deploy their own ATN ground network infrastructure for ATN CPDLC connectivity or use the existing networks of ARINC and or SITA?    What is the expected relationship here?  

[Answer] SB-CNS Service Provider will reuse the existing ATN ground network infrastructure deployed by SITA and ARINC. SB-CNS Service Provider will reach an agreement to get connected to this ground infrastructure. Constellation will have capacity for FANS 1/A as well as for ATN.

How will SB-CNS Service Provider handle all the AOC message content for airlines that use ARINC or SITA exclusively as their CSP? Same question, but for customers that use ARINC as Primary (SITA is backup only) or SITA as Primary (ARINC is backup only). Will SB-CNS Service Provider have an ACARS GMP or send all this content to the ARINC/SITA central processor for A/G conversion and routing? What is the expected relationship here?

[Answer] Relationship with Airlines will remain as it´s now. Constellation will deliver the information to the pertinent CSP. SB-CNS Service Provider does not plan to provide an independent AOC service.

How will SB-CNS Service Provider handle all of the ATC (FANS) message content?  Today ANSPs address FANS Gateways which act as message brokers and communicate with the ACARS central processors.  For this to work, must ARINC/SITA develop a new interface to Indra and identify this as a new connection media that must be tracked and managed?

[Answer] Constellation is an extension of Ground infrastructure and is managed as if another Ground VHF station were available. SB-CNS Service Provider does not plan to provide an independent ATC (FANS) ACARS service.

VHF Voice: Will the SB-CNS Service Provider Voice service use a new frequency so that ARINC/SITA existing domestic and semi-oceanic services are protected?

[Answer] For voice services with offset configuration, the transitions between space and terrestrial VHF stations are transparent to users (ATC and pilots) as the operating frequency remains the same. Otherwise, users will carry out normal frequency change procedures (which is common and current practice).

What is the operational concept for SB-CNS Service Provider's Voice service? Is it a stand-alone service & totally managed by the SB-CNS Service Provider, or it is ARINC/SITA existing call centers considered a part of the solution for G-to-A calls, phone patches and so on? What is the expected relationship here?

[Answer] SB-CNS Service Provider VHF Voice communication services for ATC purposes should be agreed and coordinated with ANSPs managing the airspaces.
SB-CNS Service Provider VHF Voice communication services for AOC purpose (if given the case) should be agreed and coordinated with CSPs managing their airlines.

For VHF voice, how do aircraft transit between space-based and terrestrial based systems/coverages?

[Answer] For voice services with offset configuration, the transitions between space and terrestrial VHF stations are transparent to users (ATC and pilots) as the operating frequency remains the same. Otherwise, users will carry out normal frequency change procedures (which is common and current practice).

Space-based VHF voice may have a much larger coverage, would it have sufficient capacity for the entire coverage?

[Answer] Space-based VHF voice will be mainly used in oceanic or remote continental regions where traffic volumes are expected to be low. As non-surveillance services are usually provided in these regions, voice transmissions will mainly be for position reporting. For this reason, it is unlikely such system will have insufficient capacity. In the event that there is capacity limitation due to the large coverage, the space-based VHF service provider could consider reducing the coverage and resizing the sector.

Would space-based VHF voice aggravate the current VHF frequency congestion in some regions?

[Answer] Space-based VHF voice will be mainly used in oceanic or remote continental regions where VHF voice is not currently available. So, it should not affect the terrestrial systems except for those operating near the coast of busy continents. For coverage near the coasts of busy continents, careful frequency planning and management are needed.

Would space-based VHF voice reduce the number of VHF frequencies available for terrestrial based systems?

[Answer] Space-based VHF voice will be mainly used in oceanic or remote continental regions where VHF voice is not currently available. So, it can reuse those frequencies, which are currently used in areas that are far away, say 600 NM away, from the edge of its coverage. For coverage near the coasts of continents, offset carrier systems should be implemented wherever possible to reduce the number of VHF frequencies needed.
ANSPs should also consider sharing secondary frequencies between adjacent sectors. This will reduce the number of VHF frequencies deployed and can be implemented using the large coverage of space-based system.




[bookmark: _Toc111458869]System Design Checklist

Considering the following high-level requirements for space-based VHF ATC Voice system:
· A space-based VHF ATC voice system must allow a full integration into given ATM procedures for the pilots and the controllers as well.
· It must be possible for aircraft to participate without any modification of their comms equipment.
· The used radio waveform AM DSB does not know any identity of aircrafts or satellites, it is just analog broadcast.

How a 24/7 operation can be ensured for any sector by just selecting one frequency mapped to this sector?

[Answer] Satellite coverage will be overlapped up to a certain area, so a collateral satellite could service just in case. Moreover, there will be a number of backup satellites. Space-Earth links will be at least duplicated.
In terms of frequency management point of view, there will be several different channels to be assigned to collateral sectors. Then at a certain distance, channels will be reused.

How can we also operate at least one backup frequency within the sector?

[Answer] Each satellite will handle several frequencies.

How can we also monitor the guard channel 121,5Mhz within the sector?

[Answer] The satellite payload receiver will have the capability to listen to several voice channels simultaneously.

What antenna characteristic is used for the space segment to ensure a stable uplink from the AC to space? What coverage is given for the downlink if the “uplink characteristic” of the receiving antenna is also used for transmitting into the downlink?

[Answer] There are several solutions for the satellite antenna. To guarantee a stable solution the antenna just shall guarantee enough gain in all the defined coverage. It can be achieve using omnidirectional antennas, isoflux antennas, or more complex antennas like array or reconfigurable antennas. The purpose of this study is not to define the technological solution of the antenna but to evaluate the feasibility of establishing communication with the required parameters. The final solution will depend on each manufacturer and will be a solution that combines the satellite solution with the satellite constellation solution that guarantees continuity of coverage and service.

Aircraft antenna presents a nule on its vertical and this will produce los of coverage when the satellites are located on top of it. How this problem will be solved in order to ensure smooth coverage?

[Answer] In terms of Doppler shift, the worst solution is to transmit to aircrafts right below them, as this is the moment when doppler rate of change is bigger. This effect is present and different technical solutions can be used to avoid this effect, in terms of different satellite configurations (antenna type, antenna orientation, constellation design, beamformimg).
By design, consellation shall ensure enough overlapping coverage in order to ensure that gaps are not produced in the coverage, it´s a question of constellation and satellite design.

Which radios have been tested for the Doppler shift as there are many different radios?

[Answer] Voice: Collins VHF 2100; Jotron TR-7750(ground radio), Dittel; Data: Collins VHF-2100, IDTS MTP-200; Jotron TR-7750(ground radio)

What frequencies will be used for the demonstration phase with the HAPS and the IOD1 LEO satellite?

[Answer] The tests will use a frequency for voice and frequency for data inside the AM(R)S band (117.975 to 137 MHz). A frequency coordination analysis has been carried out to select VHF frequencies not currently used in the demonstration region.
To be completed with other statements already captured in other documents since this is an important question and has been already sufficiently addressed.

There are different technical aspects that have to be considered for a highly reliable and high-performance data link service (Link Budget related questions, antenna location matters, etc.) For instance, for Airbus fleets data antennas are top mounted while voice antennas are bottom mounted. Will this negatively affect voice operations? For Boeing fleets, Data link antennas are typically bottom mounted. Will this cause shadowing issues and result in unreliable data link communications?

[Answer] Constellation design is done envisioning a communication between satellite and aircrafts in a horizontal (or quasi horizonal) plane, in order to minimize this shadowing effects.

In the USA we have the CSC and two VDL Alternates used by each CSP (ARINC / SITA). How many VHF transceivers are carried on each Satellite (ignoring spares)? Will there be sufficient capacity to manage all the expected growth in VDL Data Link Messaging?

[Answer] Satellite includes capacity to operate with several VHF simultaneous channels to ensure capacity.

If the Satellites will contain multiple VDLM2 radios and channels how will the channels be effectively managed? Today our GMP issues the commands to move aircraft from ACARS to VDL and VDL to ACARS. GSIFs cause this to occur. Over the oceans there will be no POA service.  If the aircraft fall off VDL how will it return to VDL? 

[Answer] Constellation will provide POA & VDLM2 services in oceanic. If Aircraft connects either VDLM2 or POA will be in function of Aircraft´s settings regarding connectivity, given that aircraft settings can be adjusted for priority and geographical areas.

Additional system design questions:

What is the TX Output Power of the VHF satellite radio? If not 25w, any concerns about asymmetric link RSSI?

[Answer] Transmitted power is a trade-off with satellite antenna gain. It will between 20 to 85 watts as is being discussed in ITU-R studies, in order to ensure the proper link budget.
Link budget is more beneficial for Aircraft to Satellite (uplink) than for Satellite to aircraft (downlink). In the downlink, the satellite ensures enough power for the required budget link.

Where is SB-CNS Service Provider getting the radio’s ICAO Address from? Will each satellite have its own ICAO address? If each satellite has unique ICAO, how often does SB-CNS Service Provider anticipate the aircraft being in range of satellite? (How often will the aircraft need to do a HO?)

[Answer] Pending to define, very low level detail.
One option is that every aircraft should transmit to a single ICAO radio address and Constellation will manage changes of satellites ICAO addresses, but more options are possible. This is transparent for the constellation.
Satellites don´t have a fixed ICAO address. Handover between satellites will be handled by constellation. Aircraft connection to Constellation should be seen as a connection with a single radio, independent of which satellite is used.

How many satellites does SB-CNS Service Provider anticipate the aircraft being in range of at any one time? (we typically are required to have at least 2)

[Answer] Constellation ensures a minimum of 2 satellites at any time, depending on the position. In most cases, number of satellites in view is higher than that.
In normal operation a single satellite is providing the service to an aircraft, and this is managed by the constellation.

How to prevent interference caused by faulty satellite transmitters?

[Answer] Space-based VHF system shall be designed with the capability of automatic and/or remotely manual switching off any faulty transmitters on board its satellites.




[bookmark: _Toc111458870]Acronyms

	Acronym
	Description

	AC
	Aircraft

	ACC
	Area Control Center

	ADS-B
	Automatic Dependent Surveillance – Broadcasting

	ADSP
	ATM Data Service Provider

	AM(R)S
	Aeronautical Mobile (Route) Service

	AMS(R)S
	Aeronautical Mobile Satellite (Route) Service

	ANSP
	Air Navigation Service Provider

	AOA
	ACARS over AVLC

	AOC
	Airlines Operational Control

	ATCO
	Air Traffic Controller Operator

	ATM
	Air Traffic Management

	AVLC
	Aviation VHF Link Control

	CPDLC
	Controller to Pilot Data Link Communications

	CSC
	Common Signalling Carrier

	CSP
	Communications Service Provider

	CVME
	Central VHF Management Entity

	D/U
	Desired / Undesired

	FIR
	Flight Information Region

	GSIF
	Ground Station Information Frames (“

	HAPS
	High Altitude Platform System

	HSL
	High Speed Link

	ICAO
	International Civil Aviation Organization

	IOD
	In Orbit Demonstration 

	ITU
	International Telecommunication Union

	LEO
	Low Earth Orbit

	LME
	Link Management Entity

	MSS
	Mobile Satellite Service

	NM
	Nautical Miles

	OoB
	Out of Band

	POA
	Plain Old ACARS

	PFD
	Power Flux Density

	RF
	Radiofrequency

	SAL
	Sal Oceanic ACC

	SB-CNS
	Space-based Communication, Navigation and Surveillance

	SB VHF
	Space-based VHF

	SC
	SpaceCraft

	TBC
	To Be Confirmed

	Tx
	Transmission

	VDL
	VHF Data Link

	VDLm2
	VDL Mode 2

	VDR
	VHF Data Radio

	VHF
	Very High Frequency

	VLD
	Very Large Demonstration
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Coverage on ground based VDL 

CSC channel f=136.975 MHz

Coverage provided by space 

based VHF on the CSC channel

Coverage overlap ensures continuity of service and makes it 

possible for aircraft to transition from ground based VDL 

services to space based VDL services without frequency change
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Coverage on ground based VDL 

CSC channel f=136.975 MHz

Coverage on dedicated space 

based VHF VDL channel

GRAIHO = frequency 

change command

Coverage overlap ensures continuity of service and makes it 

possible to operate the space based service on a dedicated 

channel different from ground based VDL services
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