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Introduction
During RAN#95-e, a WI [1] was agreed on Air to Ground related requirements for RAN4. Air to Ground (ATG) refers to service of aircraft with data. The aircraft are served from ground based BS. It is assumed that an external UE is mounted on the aircraft. The UE may have a larger amount of power and a larger antenna gain than terrestrial UEs.
Network deployment assumptions
The airborne UEs are served from base stations on the ground. According to the WID, the range of the BS may be up to several hundred km. The WI does not state whether it should be assumed that ATG BS are separate infrastructure to the terrestrial network (TN) or not. However, to achieve sufficient link budget and sufficient capacity for airborne and ground users and considering the likely need for different antenna pointing directions, it is likely that the ATG BS cannot be the same as BS serving terrestrial users.
Proposal 1: Assume that the ATG BS are specific infrastructure for ATG and that their antenna installation is optimized for serving distant aircraft.
When considering co-existence, it is also of interest to decide whether the ATG BS are co-located with TN BS or not.
Proposal 2: RAN4 to clarify whether ATG BS can be co-located with TN BS.
A further consideration is the number of aircraft that are served from the ATG BS. Presumably in a busy air corridor or when relatively close to large population centres then a large number of aircraft may be within a radius of a few hundred km.
Proposal 3: RAN4 clarify an assumption on the density of aircraft within the simulation area.

If the number of aircraft is large, then the ISD between ATG base stations and the number of beams from each BS may be determined by the need to provide capacity rather than coverage. A denser network of ATG BS and aircraft may be the more challenging scenario from the viewpoint of co-existence to TN, and so should be considered carefully.
Proposal 4: Determine the ATG BS ISD and number of beams per BS considering the capacity that needs to be provided to aircraft as well as coverage.

The WID describes a scenario of aircraft at cruising altitude and several hundred km away. However, an assumption is needed on what altitude range is considered, and what stages of the aircraft flight. In particular, RAN4 should determine whether the take-off, approach and landing stages of the flight need to be taken into account. A general assumption is operation at >10,000m or >10,000 ft, but RAN4 should discuss whether it is prudent to make the specification more robust for operation at lower altitudes.
Proposal 5: For commercial aircraft flight, RAN4 should clarify the range of altitudes that are applicable, and whether take-off, approach and landing are considered.

Apart from commercial aircraft, there may be other types of aircraft for which ATG systems may be used. An example is helicopters, which may operate at lower altitude and move with lower speed.
Proposal 6: RAN4 should discuss whether to consider other scenarios with lower altitude and speed (in addition to commercial aircraft) when setting requirements.

If the network of ATG BS is dedicated for ATG operation, then the likely location of such BS should be considered. For serving commercial aircraft at longer range, it may be that ATG BS are not deployed in dense urban or urban locations but are more likely to be deployed in rural locations. Clearly, if the system is to be operational near to airports then deployment of ATG BS in a non-rural location is a possibility.
Proposal 7: Clarify whether ATG BS are deployed in dense urban or sub-urban locations or are deployed in rural locations.

UE assumptions
ATG UEs are assumed to be mounted externally on aircraft. Link budget analysis [2] suggests that existing UE power classes may not be sufficient for maintaining a good link over the distances mentioned in the WID. The UE will need to have higher gain beamforming and possibly an output power more similar to a BS.
Observation 1: The ATG UE may in fact be more similar to a BS than a UE if the range mentioned in the WID is to be achieved.
UEs will be constrained by the possibilities for mounting on the aircraft, taking into account the need to maintain the fuselage aerodynamics. The array itself might not be able to be oriented to be perpendicular to the direction of travel (in the same manner that a BS array is perpendicular to the ground). Apart from the array geometry, other aspects such as the possibilities for radome may be impacted by the aircraft environment.
Proposal 8: RAN4 should clarify the impacts of the aircraft environment on the possibilities for UE array geometry, output power, radome etc.

If the UE is more like a BS in RF terms, it may be that the requirements should in some circumstances be more like BS requirements. For a BS, the output power is declared subject to a maximum limit for some classes. There are not allowances for MPR, A-MPR etc., but the output power should be declared to take into account the need for any backoff.
Proposal 9: RAN4 to discuss whether in some circumstances, in particular for output power, the ATG UE requirements should be more similar to BS requirements than other UE power classes.

To improve capacity and throughput, it may be relevant to consider dual connectivity for ATG UEs, in which the UE points different beams towards different ATG BS on the ground. RAN4 should discuss and check further whether this scenario is relevant; it may have some implications to RF requirements in addition to RRM and demod.
Proposal 10: RAN4 to clarify whether scenarios with DC and possibly beams to more than one ATG BS could be relevant.

Within the context of Satellite and HAPS operation, RAN1-3 NTN specifications provide for the UE to pre-compensate timing and Doppler using ephemeris information. For ATG, the scenario differs in that the UE is in the air and the BS is on the ground. The equivalent of ephemeris information would be a knowledge of BS positions. However, it is not clear whether the framework within NTN can work in this scenario, or whether pre-compensation can be performed by a proprietary means, or whether no pre-compensation of Doppler and time can be expected. [3] describes in more detail timing, cell range and Doppler issues associated with using TN and NTN functionality.
Proposal 11: RAN4 clarify whether pre-compensation of time and Doppler by the UE can be assumed and if so, how it is achieved.

Other co-existence considerations
In n78, TDD operation is assumed. The WID indicates that large aircraft-BS distances may be present, of e.g. 200km. In this case, some aspects specific to TDD operation need to be considered:
· Whether BS-BS interference occurs
· For ATG BS to adjacent or co-channel ground BS, BS-BS interference to the nearest ground BS may be unlikely since the ATG BS can be synchronized with the ground network
· However, the risk of BS-BS interference towards more distant ground BS and towards other ATG BS, and/or the need for larger guard period (GP) may need investigation [3].
· UE-UE interference
· An ATG UE whose timing advance is set for a distant BS may cause interference towards UEs that are closer to the aircraft or on the ground. However, if beamforming points the beam to the ATG BS, not UEs just under the aircraft and considering the likely distance between an aircraft and any ground UE, this may not be significant.
· ATG UEs near to one another but connected to different BS at different distances might have different TA to the extent that their DL and UL clash. However, considering again beamforming and the likely separation of aircraft, interference is not likely to be significant.
· RIM
· If ATG BS send beams towards the sky, there may be a risk of atmospheric bending and interference towards distant networks (remote interference), as has already been reported and investigated for some terrestrial network deployments.
Proposal 12: RAN4 should discuss and confirm whether there are any BS-BS interference issues due to the large ISD
Proposal 13: RAN4 should discuss and confirm whether there can be any UE-UE interference scenarios due to aircraft in proximity to one another being connected to BS at different distances
Proposal 14: RAN4 should discuss and confirm whether remote interference scenarios at distant ground locations due to atmospheric effects can occur.

Co-existence simulation considerations
If co-existence between an ATG network deployment and a terrestrial network deployment is studied then it is likely that the ATG network BS density will be lower and ISD higher than the terrestrial network (depending on the assumptions made on the density of ATG basestations needed to achieve sufficient capacity to serve all aircraft, as deployed above). For each ATG BS, there may be tens or even hundreds of TN cells.
ATG to TN downlink considerations
It might be expected that the impact of ATG BS towards the terrestrial network is largest for TN BS that are close to the ATG BS. If statistics are collected over the whole of the TN deployment, then there is a risk that a downlink degradation around the ATG BS might be masked by an averaging process over which the throughput of TN basestations that are distant from the ATG BS is averaged with the TN basestations that suffer throughput loss. However, even if the average impact to throughput degradation in the terrestrial network over a wide area does not mean that a localised throughput loss in the area around ATG BS is acceptable. To consider the impact to the TN in a reasonable manner, in addition to average impacts across the whole TN, particular attention should be paid to the downlink throughput performance for TN cells in the areas immediately around ATG BS.
Proposal 15: For DL ATG to TN co-existence analysis, in addition to average impacts to the whole terrestrial network, also examine the impact to TN cells that are in the area immediately around ATG BS.
It might also be the case that the simulation complexity is too great if all TN basestations over a wide ATG deployment area of hundreds of km are explicitly modelled. Further discussion may be needed as to whether to only model TN BS that are in proximity to ATG BS in order to reduce simulation complexity.

ATG to TN uplink considerations
Interference towards TN basestations in the uplink would be due to transmissions from aircraft. The aircraft could be distributed over the whole of the simulation area, and thus uplink degradations might not be restricted to TN BS that are close to ATG BS.
The simulation complexity involved in modelling all TN basestations within an ATG deployment may be too large. Simplifications to the simulation scenario would depend on assumptions for the UE. For the co-channel signal, if the UE beamforms the signal towards ATG BS then the impact to TN may be limited. However, the size of sidelobes and grating lobes needs to be considered. Unwanted emissions may not be beamformed and could impact the whole area. However, without beamforming, the RX power of unwanted emissions is likely to be too low to significantly impact the TN.
Further clarification of the UE scenarios, aircraft height and deployment scenarios and link budgets towards the TN is needed to clarify a reasonable approach for modelling ATG to TN co-existence.
Proposal 16: For UL ATG to TN co-existence analysis, clarify the assumptions on the aircraft UE beamforming capability and power in order to consider how to define a realistic simulation scenario

TN to ATG downlink co-existence
The downlink for ATG refers to ATG BS transmissions towards the aircraft. In principle, the aircraft could experience interference from all ground based TN basestations. In reality, depending on the UE beamforming the UE is likely to experience interference from the direction in which its beam is pointing. As for the ATG to TN uplink case, further clarification on the UE architecture and consideration of link budgets for interference is needed in order to define a realistic simulation scenario with reasonable complexity.
Proposal 17: For DL TN to ATG co-existence analysis, clarify the assumptions on the aircraft UE beamforming capability in order to consider how to define realistic simulations.

TN to ATG uplink co-existence
The uplink for ATG refers to aircraft UE transmissions towards the ground BS. It is likely that most interference towards the ATG BS will arise from TN UEs that are close to the ATG BS, and thus there may be scope for simplifying the simulation by only modelling TN cells within a certain area around the ATG BS.
Proposal 18: For UL TN to ATG co-existence analysis, consider whether the simulation can be simplified by only modelling TN cells that are within a certain area around the ATG BS.

Conclusion
Proposal 1: Assume that the ATG BS are specific infrastructure for ATG and that their antenna installation is optimized for serving distant aircraft.
Proposal 2: RAN4 to clarify whether ATG BS can be co-located with TN BS.
Proposal 3: RAN4 clarify an assumption on the density of aircraft within the simulation area.
Proposal 4: Determine the ATG BS ISD and number of beams per BS considering the capacity that needs to be provided to aircraft as well as coverage.
Proposal 5: For commercial aircraft flight, RAN4 should clarify the range of altitudes that are applicable, and whether take-off, approach and landing are considered.
Proposal 6: RAN4 should discuss whether to consider other scenarios with lower altitude and speed (in addition to commercial aircraft) when setting requirements.
Proposal 7: Clarify whether ATG BS are deployed in dense urban or sub-urban locations or are deployed in rural locations.
Proposal 8: RAN4 should clarify the impacts of the aircraft environment on the possibilities for UE array geometry, output power, radome etc.
Proposal 9: RAN4 to discuss whether in some circumstances, in particular for output power, the ATG UE requirements should be more similar to BS requirements than other UE power classes.
Proposal 10: RAN4 to clarify whether scenarios with DC and possibly beams to more than one ATG BS could be relevant.
Proposal 11: RAN4 clarify whether pre-compensation of time and Doppler by the UE can be assumed and if so, how it is achieved.
Proposal 12: RAN4 should discuss and confirm whether there are any BS-BS interference issues due to the large ISD
Proposal 13: RAN4 should discuss and confirm whether there can be any UE-UE interference scenarios due to aircraft in proximity to one another being connected to BS at different distances
Proposal 14: RAN4 should discuss and confirm whether remote interference scenarios at distant ground locations due to atmospheric effects can occur.
Proposal 15: For DL ATG to TN co-existence analysis, in addition to average impacts to the whole terrestrial network, also examine the impact to TN cells that are in the area immediately around ATG BS.
Proposal 16: For UL ATG to TN co-existence analysis, clarify the assumptions on the aircraft UE beamforming capability and power in order to consider how to define a realistic simulation scenario
Proposal 17: For DL TN to ATG co-existence analysis, clarify the assumptions on the aircraft UE beamforming capability in order to consider how to define realistic simulations.
Proposal 18: For UL TN to ATG co-existence analysis, consider whether the simulation can be simplified by only modelling TN cells that are within a certain area around the ATG BS.
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