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1	Introduction
During RAN4#104bis-e, a WF on co-existence evaluation was agreed. Some parameters remained open in the WF, and this contribution provides some analysis and views for those parameters.
[bookmark: _Ref178064866]2	Discussion
ISD assumed for simulations
It was agreed to assume an ISD in the range [14] – 200km, and also that only one ATG BS will be included in the co-existence simulation. With only a single ATG BS, the ISD is not critical, however it does impact the radius within which aircraft are assumed to operate.
For ATG (Agressor) DL to TN (Victim) DL, the ATG cell size is unlikely to have a strong influence on the result, since it depends mainly on ATG TX power and the distance of TN UEs from the ATG BS.  For TN (Agressor) to ATG (Victim) UL, again ATG cell size does not matter because the dependency is on the distance of TN UEs from the ATG BS.
For ATG (Agressor) to TN (Victim) UL, the worst case scenario may be actually when an aircraft is directly over a TG, regardless of the ATG cell size, depending on the UE antenna assumption. If the UE antenna is omnidirectional then the RX power at a TN network directly under the aircraft is largest. This is discussed more in our companion paper on preliminary results.
For TN (Agressor) to ATG (Victim) DL, again the worst case scenario may be actually when an aircraft is directly over a TG, regardless of the ATG cell size, depending on the UE antenna assumption. If the UE antenna is omnidirectional, the TN directly under the aircraft will provide the largest interference. This is discussed more in our companion paper on preliminary results.
[image: ]
Figure 1: Worst simulation case for ATG (Agressor)-TN (Victim) UL and TN (Agressor)-ATG(victim) DL

[bookmark: _Toc118730942]The ATG cell size does not have a large impact on the simulation results for any of the cases
[bookmark: _Toc118730943]The worst case for ATG (Agressor)-TN (Victim) UL and TN (Agressor)-ATG(victim) DL might be with the TN directly below the aircraft

[bookmark: _Toc118730946]Update the assumption for ATG (Agressor)-TN (Victim) UL and TN (Agressor)-ATG(victim) DL TN position to consider TN placed at the ATG site and also TN directly below the aircraft (whichever is the worst case, depending on the UE antenna assumption).

It is important to note that ISD is not the same as cell range. It has been agreed that the ATG BS antennas will be pointed towards the horizon with some uptilt. This means that BS will serve UEs that are at some distance from the BS, but not ones that are immediately underneath of the BS.
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The ISD should be dimensioned to provide sufficient capacity, so that there is enough data provided to all of the aircraft. Thus, in a route that is busy with aircraft, the BS may be positioned regularly to provide capacity, but each BS will serve aircraft that are at some significant distance.
As discussed in [1], for n1, with an uptilt of 5.85 degrees will provide coverage from 50 – 200km from the BS assuming a maximum altitude of 10km. This seems a reasonable assumption for the co-existence evaluation.

[bookmark: _Toc118730947]For n1 (2GHz), position ATG UEs between 50-200km from the ATG BS in the co-existence simulations assuming 5.85 degrees uptilt

For 4GHz, we assume a sub-array implementation with a vertical width of around 10 degrees. This suggests a similar trigonometry to 2GHz.

[bookmark: _Toc118730948]For 4GHz, position ATG UEs between 50-200km from the ATG BS in the co-existence simulations assuming 5.85 degrees uptilt

Note that the lower end of the distance range in proposals 1 and 2 may need to be adjusted if a different maximum height is agreed.

BS up-tilt 
[1] presents a discussion on BS up-tilt. For co-existence simulations, an uptilt of 5.85 degrees is proposed 
[bookmark: _Toc118730949]Assume 5.85 degrees uptilt 

BS height
Proposals for the BS height range from 25 to 30m. In our view, either of these or somewhere in between can be adopted, it will not make a significant difference. We propose 27.5m as halfway between the two.
[bookmark: _Toc118730950]BS height is 27.5m

UE array assumption
Making an assumption for the UE antenna array is rather difficult, since the constraints on the UE array depend on avionics considerations. As discussed in [2], assuming an omni-directional UE can lead to a need for a large transmit power, in particular for 4GHz.
For a co-existence simulation, however, what is of importance is to ensure that the worst case is covered. An omni-directional UE with a large transmit power may be difficult to build physically, but since it will have a wide beamwidth and enough power to reach the ATG BS it may be suitable for a model of a worst case.
[bookmark: _Toc118730944]It may be impractical to build a high power omni-directional UE physically, but as an assumption for a co-existence simulation it may be OK since it will have a wide beamwidth and highest expected power.
Alternatively, and to be more realistic, assuming a UE array with panels, each of 4 elements could give a 10dB gain (and corresponding TRP reduction), or a larger array could be built to achieve 20dB gain.
Our understanding is that a beamforming array is likely to be needed to achieve the link budget with reasonable power. Although the array size may be difficult to agree in RAN4, it may be sufficient to assume a power sufficient to achieve the link budget and a wider beamwidth, as this would represent the worst case for co-existence.


UE output power
An assumption is needed on UE output power for co-existence simulations. For co-existence simulations, it is reasonable to assume a worst case so that co-existence will work for lower UE output power.
The UE output power has some relation to the antenna assumption.
For 2GHz, if an omni-directional antenna is assumed we propose to assume an output power of 50dBm for the UE (even though from an implementation perspective this seems unlikely; it would be needed for the link budget). Alternatively, 40dBm power and 10dBi antenna gain (and corresponding array size/pattern pattern) could be assumed.
For 4GHz, we propose to assume an EIRP from the UE of 55dBm. How this maps to TRP depends on the antenna assumptions, which should be discussed further.
[bookmark: _Toc118730951]For 2GHz, if an omni-directional antenna is assumed, assume 50dBm UE output power (as worst case for simulation purposes). Alternatively assume some UE antenna gain and a lower output power.
[bookmark: _Toc118730952]For 4GHz, assume a UE EIRP of 55dBm. FFS on the UE antenna array and TRP needed to achieve this EIRP.


ATG and TN BS antenna array assumption
For the BS antenna array two options were presented, re-using element-based array patterns copied from previous co-existence studies or adopting the model incorporated into TR 38.803 and sent to ITU-R.
We re-iterate that the reason for the development of the sub-array model is that regulators have seen that typical BS implementations in the field are based on sub-arrays and that the antenna models used for 3GPP co-existence simulations have not been aligned to implementation practice. This can have an impact in some circumstances. 3GPP updated the antenna model since it does not look good in regulatory fora if 3GPP co-existence studies are based on models that do not reflect implementations that they see. 
[bookmark: _Toc118730945]The sub-array model has been sent to ITU-R, and it may be good to align models with those used by regulators.
It is possible that the 3GPP study on co-existence for ATG may be referred to or examined by regulators, and it may make the regulatory process more difficult if it appears again that the 3GPP simulations are based on old antenna models and not on the model sent to ITU. Although the antenna model may not make a large difference in the ATG simulations, it would be preferable to ensure that the up-to-date model is used in the ATG simulations and so we propose to use the sub-array based model from TR 38.803.
[bookmark: _Toc118730953]Use the sub-array model from TR 38.803 for the BS antenna array


TN system parameters
At RAN4#104bis-e, it was proposed to refer to TR 38.863 for the TN system parameters. This seems reasonable, however the system parameters in TR 38.863 do not cover 4GHz. Some additions/differences to TR 38.863 are proposed:
[bookmark: _Toc118730954]For TN system parameters, take table 6.4.4.2-1 in TR 38.863 as a baseline, assuming: 43dBm BS output power for 2GHz, 53dBm BS TRP output power for 4GHz, 30kHz SCS and 100MHz bandwidth for 4GHz.


Propagation modelling
For the TN network (i.e. TN-UE propagation), the existing TN propagation models from e.g. 38.803 can be re-used.
[bookmark: _Toc118730955]For TN  BS-UE propagation, apply a TN propagation model
The ATG BS and TN BS are assumed to be at around 25m height in a non-urban area. Since there will not be much clutter and the BS are well above any clutter, the most appropriate propagation model from ATG UE to TN/ATG BS is LoS.
[bookmark: _Toc118730956]For ATG UE – ATG/TN BS propagation, use LoS propagation model
For propagation between an ATG UE and a TN UE, since the TN UE is at roughly ground level and the ATG UE will be distant from the TN UE, it is reasonable to re-use the NTN channel model as used in 38.863.
[bookmark: _Toc118730957]For ATG UE – TN UE propagation, use the NTN propagation model
For BS-BS propagation, since the BS are at around 25m height it is reasonable to expect direct propagation with and LoS is probably sufficient.
[bookmark: _Toc118730958]For TN BS – ATG BS propagation, assume LoS

Conclusion
In the previous sections we made the following observations: 
Observation 1	The ATG cell size does not have a large impact on the simulation results for any of the cases
Observation 2	The worst case for ATG (Agressor)-TN (Victim) UL and TN (Agressor)-ATG(victim) DL might be with the TN directly below the aircraft
Observation 3	It may be impractical to build a high power omni-directional UE physically, but as an assumption for a co-existence simulation it may be OK since it will have a wide beamwidth and highest expected power.
Observation 4	The sub-array model has been sent to ITU-R, and it may be good to align models with those used by regulators.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Update the assumption for ATG (Agressor)-TN (Victim) UL and TN (Agressor)-ATG(victim) DL TN position to consider TN placed at the ATG site and also TN directly below the aircraft (whichever is the worst case, depending on the UE antenna assumption).
Proposal 2	For n1 (2GHz), position ATG UEs between 50-200km from the ATG BS in the co-existence simulations assuming 5.85 degrees uptilt
Proposal 3	For 4GHz, position ATG UEs between 50-200km from the ATG BS in the co-existence simulations assuming 5.85 degrees uptilt
Proposal 4	Assume 5.85 degrees uptilt
Proposal 5	BS height is 27.5m
Proposal 6	For 2GHz, if an omni-directional antenna is assumed, assume 50dBm UE output power (as worst case for simulation purposes). Alternatively assume some UE antenna gain and a lower output power.
Proposal 7	For 4GHz, assume a UE EIRP of 55dBm. FFS on the UE antenna array and TRP needed to achieve this EIRP.
Proposal 8	Use the sub-array model from TR 38.803 for the BS antenna array
Proposal 9	For TN system parameters, take table 6.4.4.2-1 in TR 38.863 as a baseline, assuming: 43dBm BS output power for 2GHz, 53dBm BS TRP output power for 4GHz, 30kHz SCS and 100MHz bandwidth for 4GHz.
Proposal 10	For TN  BS-UE propagation, apply a TN propagation model
Proposal 11	For ATG UE – ATG/TN BS propagation, use LoS propagation model
Proposal 12	For ATG UE – TN UE propagation, use the NTN propagation model
Proposal 13	For TN BS – ATG BS propagation, assume LoS
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