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1	Introduction
During RAN4#104bis, a number of issues remain open in respect of UE antenna array and power assumptions and analysis of some co-existence scenarios.
This contribution presents some further link-budget analysis aimed at providing insight into UE power, antenna and co-existence.
[bookmark: _Ref178064866]2	Discussion
In deciding on the UE antenna array and transmit power requirements, an important consideration is the SNR target for the link budget. In order to provide a satisfactory eMBB experience to a substantial number of users within an aircraft, the link budget needs to be sufficient to achieve high SNR even when the aircraft is far from the basestation. The expected SNR has not been discussed, and in this contribution we consider potential UL SNR targets from 0dB and 20dB.
[bookmark: _Toc118296962]RAN4 discuss and agree on expected UL SNR target
During RAN4#104bis, a cell ISD of up to 200km was discussed for the co-existence simulations. In this contribution, we assume that the longest range from the ATG BS will be 200km, which is somewhat different to the co-existence assumption but can give a largest case estimate for UE power and interference effects.

2.1	2GHz ATG scenario
For the 2GHz ATG scenario, the possibility of an omni-directional UE antenna has been discussed.
A typical antenna gain for a 2GHz single column antenna is assumed to be around 17dBi in boresight. Thus, at the edge of the 3dB beamwidth the gain is 14dBi in the vertical boresight. We assume that in the worst case, the aircraft may also be at the horizontal beam edge and hence that the gain in the worst case at the ATG BS antenna is 11dBi.
Free-space pathloss FSPL at 200km and 2GHz is around 145dB.
It was pointed out during the RAN4#104bis discussion that an omni-directional UE antenna may not be entirely omnidirectional since it does not need to point upwards. Nonetheless, we assume that, including losses, the gain for a non-beamforming UE antenna would be around 0dBi.
Based on these assumptions, for a 20dB SNR target at 200km, the UE power would need to be:
-92dBm (BS noise floor in 20MHz) + 145dB (pathloss) – 11dBi (BS antenna gain) + 20dB (SNR) = 62dBm
For a 10dB SNR target, the UE power would need to be 52dBm, and for 0dB 42dBm. Clearly, in both cases, a rather excessive UE power would be needed. 
[bookmark: _Toc118729939]If an omni-directional UE antenna would be used then the needed UE power would be in the range of 40-60 dBm for 200km cell range
The link budget for the UE could be significantly improved by using a combination of directional panels with some tilt and some degree of beam steerability. For example, with a 2x2 panel with 5dBi element directivity, around 8-11dBi of gain would be achieved, which would reduce the needed UE power correspondingly.
[bookmark: _Toc118729940]UEs consisting of several downtilted panels and a few elements per panel could reduce the UE power significantly.

If an omni-directional antenna would be assumed, then the UE would radiate power in all directions. The closest TN BS to the ATG UEs would be those directly underneath the aircraft. BS directly underneath the aircraft are thus the most likely to experience interference due to the ATG UE. Since the aircraft will be moving with high speed over the ground, the distance to ground Ues or BS directly underneath the aircraft will rapidly increase and thus the interference may not last for long.
For the purposes of considering interference towards ground UEs, we take the highest assumption for interference power of 62dBm, and an assumption of 10km separation from the ATG UE to the TN BS. The TN BS will be pointing it’s antenna downward and we assume that the TN BS antenna gain to be no more than 0dB in the direction of the aircraft, which is likely to be a pessimistically high assumption (Just possible within a sidelobe of the TN BS). With these pessimistic assumptions, the RX power at the TN BS would be 62dBm – 118dB (10km pathloss) = -56dBm. This is a few dB less than the ACS requirement for a WA BS. The receiver interference would be around the noise floor.
If the UE  would have an ACLR requirement the same as for a PC1 of 37dB, then in this pessimistic scenario the interference power at the TN BS would be -93 dBm. This may be somewhat higher than the noise floor of a TN BS in 20MHz. However, the assumptions are pessimistic, and if the aircraft would be in a sidelobe of a TN BS then it is likely that it will quickly move out of the sidelobe. Also the assumed TX power of the ATG UE is very high, and if the TX power would be 10-20dB lower then clearly the interference level would be well below the noise floor. 
Thus, even with the highest possible power estimate for an ATG UE, a pessimistically large estimate for the TN antenna gain and an aircraft distance relatively close to the TN BS, the interference level from the omni-directional ATG UE does not appear likely to cause degradation. However, this observation should be re-checked once an antenna pattern, output power and ACLR have been identified and with co-existence simulations.
[bookmark: _Toc118729941]An omni-directional ATG UE at 2GHz does not seem likely to cause interference towards TN BS directly under the aircraft if it meets the same ACLR as a PC1 UE. This observation should be re-checked using simulations if omni-directional is possible once the maximum TX power and ACLR has been decided.

The TN BS close to the ATG BS will be likely to be at least 50km from the aircraft (based on the calculation of the ATG BS – ATG UE distance in [1]), at which the pathloss is at least 14dB higher than at 10km. It is not likely that the TN BS antenna gain is higher than 0dBi when it is close to the ATG BS either, and thus it may be expected that also for TN BS close to the ATG BS there will not be significant interference from the ATG UE. This will be true for both co-located and non-co-located BS.

[bookmark: _Toc118729942]An omni-directional UE at 2GHz is not likely to cause interference towards TN BS close to, or co-located with the serving ATG BS. Again, should be checked with simulation once UE assumptions are clearer.

If the ATG UE has some beamforming gain towards the ATG BS then the RX power at the ATG BS will increase. To evaluate whether degradation to the TN can occur, a view on the gain of the ATG UE is needed, and then a calculation and simulations should be carried out.
In the downlink, an ATG UE that has an omni-directional antenna may receive interference from a large number of TN BS on the ground. To estimate the impact of the interference, we assume that the gain of each TN BS in the direction of the ATG UE is 0dBi. This is very pessimistic as it assumes that the ATG UE is within a sidelobe from all of the TN BS simultaneously. We also assume that the ATG can see 57 TN BS (highly pessimistic), with 43dBm TX power with a mean distance of 20km (FSPL 125dB).
In this case, the RX power at the ATG UE will be -64dBm, which is below the PC1 UE ACS requirement. The interference level could be somewhere around the noise floor, but the scenario is pessimistic. 
The TN BS will have an ACLR of 45dB, and thus the interference power from the BS at the ATG UE even in this extremely pessimistic scenario would be well below the noise floor. 

[bookmark: _Toc118729943]An omni-directional ATG UE at 2GHz seems not likely to suffer interference from TN directly below the aircraft, but simulations should be used for checking..

2.2 4GHz ATG Scenario
For the 4GHz UE scenario, we assume that the BS antenna gain is 24dBi in the peak direction, and allow for the aircraft to be at both 3dB horizontal and 3dB vertical element beamwidth; thus the worst case BS gain is 18dBi. The assumed CBW is 100Mhz. The FSPL at 200km for 4GHz is around 150dBm.
To achieve 20dB SNR, the UE EIRP needs to be 63 dBm. This reduces to 43dBm for 0dB SNR. The EIRP may be achieved using UE output power and array gain. To achieve 43dBm EIRP using a 29dBm TRP, an array of at least 12 dual polarized elements would be needed. For 63dBm EIRP, the array size for a 29dBm TRP UE would be infeasible. To achieve reasonable UE SNR, it is likely that a larger UE output TRP than 29dBm and an antenna array will be needed.
[bookmark: _Toc118729944]For a 4GHz UE, depending on target SNR, an EIRP of around 43-63dBm is needed.
[bookmark: _Toc118729945]To achieve sufficient EIRP, UE output TRP likely needs to be more than 29dBm and it is likely that a UE array is needed.

During RAN4#104bis, it was noted that for ATG UL to TN UL, co-located ATG and TN BS may be the worst case from a co-existence point of view. The reason is that the ATG UE will directly point it’s beam at the ATG BS site, which implies also pointing the beam at the TN site.
We take a worst case assumption of 63dBm ATG UE EIRP and an antenna gain at the TN BS of 0dBi in the direction of the aircraft. 0dBi is pessimistically high for the TN BS antenna gain, since the TN BS will be downtilted. 50km is assumed to be the closest distance of an ATG UE to it’s serving BS. The FSPL for 50km is 138 dB.
Taking these pessimistic assumptions, the RX power at the TN BS is 63 dBm – 138 dB + 0 dBi = -75dBm. This is well below the TN BS ACS level and the RX interference should be below the noise floor.
If the ACLR for the UE is 31dB (as for PC2 TN UE) then the UE interference power towards the BS will be lower than -106dBm even in this pessimistic case, which is below the BS noise floor.
Potentially the interference could be worse if the UE ACLR would be set lower. Further simulations may be needed, but based on this simple link budget analysis it seems that ATG – TN UL interference for co-located BS will be negligible.
[bookmark: _Toc118729946]For 4GHz, ATG UL to TN UL interference for co-located BS is expected to be negligible. This observation may be re-checked using simulation once UE power and ACLR for ATG are confirmed.

For the downlink, for TN (aggressor) to ATG (victim) interference, co-located BS may be the worst case since the ATG UE RX beam will be pointing towards the ATG site, where the TN BS is co-located.
Taking a TN BS output power of 53dBm and 0dBi antenna gain for the TN BS (pessimistically high assumption) and a minimum distance of 50km to the serving ATG (138dB pathloss), the RX power at the UE antenna boundary would be -85dBm, and thus the interference power to the UE would be -85dBm + UE antenna gain. Even with as much as 25dB UE antenna gain, the receive power in this pessimistic scenario would be lower than the UE ACS. Assuming a TN BS ACLR of 45dB, the power arriving at the UE antenna boundary would be less than -130dBm. Even with significant UE antenna gain, the interference power would be well below the UE noise floor.
Further simulations may be needed, but this simplistic analysis suggests that TN (DL) – ATG (DL) interference will not be significant for the co-located case.
[bookmark: _Toc118729947]At 4GHz, TN (DL) – ATG (DL) interference is likely to be small for the co-located BS scenario, but this should be confirmed by simulation.


Conclusion
In the previous sections we made the following observations: 
Observation 1	If an omni-directional UE antenna would be used then the needed UE power would be in the range of 40-60 dBm for 200km cell range
Observation 2	UEs consisting of several downtilted panels and a few elements per panel could reduce the UE power significantly.
Observation 3	An omni-directional ATG UE at 2GHz does not seem likely to cause interference towards TN BS directly under the aircraft if it meets the same ACLR as a PC1 UE. This observation should be re-checked using simulations if omni-directional is possible once the maximum TX power and ACLR has been decided.
Observation 4	An omni-directional UE at 2GHz is not likely to cause interference towards TN BS close to, or co-located with the serving ATG BS. Again, should be checked with simulation once UE assumptions are clearer.
Observation 5	An omni-directional ATG UE at 2GHz seems not likely to suffer interference from TN directly below the aircraft, but simulations should be used for checking..
Observation 6	For a 4GHz UE, depending on target SNR, an EIRP of around 43-63dBm is needed.
Observation 7	To achieve sufficient EIRP, UE output TRP likely needs to be more than 29dBm and it is likely that a UE array is needed.
Observation 8	For 4GHz, ATG UL to TN UL interference for co-located BS is expected to be negligible. This observation may be re-checked using simulation once UE power and ACLR for ATG are confirmed.
Observation 9	At 4GHz, TN (DL) – ATG (DL) interference is likely to be small for the co-located BS scenario, but this should be confirmed by simulation.
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