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1	Introduction
During RAN4#105, we presented preliminary simulation results and proposals on how to properly capture some worst coexistence scenarios [1]. The proposals were agreed in the RAN4#105 way forward [2] and slightly modified in RAN4#106 [3]. In the present contribution, based on our preliminary simulation results, we analyze the impact of different co-existence assumptions. Only Phase 1 scenarios, i.e., scenarios 1–4 and 9–12, have been considered [4].  
[bookmark: _Ref178064866]2	Discussion
2.1	General considerations
Due to the nature of the ATG network deployment assumptions, we proposed in [1] a new method for determining ACIR values for co-existence during RAN4#105. Our proposal was motivated by the deployment assumption that there is only one single-sector ATG BS and ATG UEs are dropped in a straight line, mimicking an air corridor. As a result, the TN cell(s) located closer to the ATG BS in the direction of the air corridor will experience a larger throughput loss. Hence, we proposed to not only collect full-network statistics, but also single TN cell statistics to determine which is worst case from a co-existence perspective. Both performance metrics, network average and worst cell, were agreed and captured in the RAN4#105 way forward [2]. 
During RAN4#106, it was agreed to consider “5% and average throughput loss of the cell (sector) among the 1st ring cells in front of ATG BS” [3]. We believe that the worst cell in the entire deployment will most likely be among the 1st ring cells in front of the ATG BS. However, if that were not the case, we still think that RAN4 should consider the worst case (i.e., the worst cell captured in the RAN4#105 WF) regardless of this cell being in the 1st ring cells in front of the ATG BS or not.
[bookmark: _Toc131966073]RAN4 should follow the worst case (worst cell) as the design target for co-existence, regardless of this cell being in the 1st ring cells in front of the ATG BS.
[bookmark: _Toc131966082]Co-existence conclusions are based on the worst TN cell throughput degradation, regardless of this cell being in the 1st ring cells in front of the ATG BS. Nevertheless, sharing results considering on either average network performance or worst cell in 1st ring cells in front of the ATG BS for discussion is not precluded. 

Furthermore, during RAN4#105, we raised another proposal addressing the characteristics of the ATG deployment, i.e., geometry, ATG UE antenna, etc. In the TN (Aggressor, DL) – ATG (DL) and ATG (Aggressor, UL) – TN (UL) scenarios, the worst case from an interference perspective may be when the ATG UE is flying over a TN cluster and the serving ATG BS is located far away. How far away should be based on the most challenging deployment scenario. 
In the TN (Aggressor, DL) – ATG (DL) case, given that the WID targets cell coverage ranges up to 300 km [5], a distance of 300 km between ATG BS and ATG UE(s), with the ATG UE(s) located over the TN cluster, should be considered as the worst case for coexistence.

[bookmark: _Toc131966074]In TN (Aggressor, DL) – ATG (DL) scenario, ATG UEs flying over a TN cluster while ATG BS is 300 km away is the worst case from a co-existence perspective. This will be supported with simulation results in Section 2.2. 

In the ATG (Aggressor, UL) – TN(UL) case, the worst case should be the case in which the ATG UE transmits at full power directly above of the TN cluster. Obviously, the ATG UE will transmit with full power when it is far enough from the ATG BS. For alignment between companies and to reduce simulations efforts, 300 km distance could be used as in the TN (Aggressor, DL) – ATG (DL) case above.
[bookmark: _Toc131966075]In ATG (Aggressor, UL) – TN(UL) scenario, ATG UEs flying over the TN cluster  and transmitting with full power is the worst case from a co-existence perspective as will be shown in the next section. 
[bookmark: _Toc131966083]In TN (Aggressor, DL) – ATG (DL) and ATG (Aggressor, UL) – TN(UL) scenarios, to base co-existence conclusions on ATG UEs flying over a TN cluster while ATG BS is 300 km away is always worst case from a co-existence perspective.  Nevertheless, sharing results based on the alternative deployment for discussion is not precluded. 

For alignment between companies, it could be agreed that, in TN (Aggressor, DL) – ATG (DL) and ATG (Aggressor, UL) – TN (UL) scenarios, ATG UEs horizontal position must be within the TN cluster horizontal extent.
[bookmark: _Toc131966084]In TN (Aggressor, DL) – ATG (DL) and ATG (Aggressor, UL) – TN (UL) scenarios, ATG UEs horizontal position must be within the horizontal extent of the TN cluster.

Finally, for results in the TR, we should make the x-axis on plots based on ATG BS/UE ACLR/ACS, whichever applies, and the y-axis as the percentage of throughput loss. This makes easier to directly read off from the plots the ATG BS/UE ACLR/ACS value that meets the 5% throughput loss requirement. Another issue with presenting co-existence results with x-axis based on ACIR, is that, it is more difficult to observe the individual impact that the ATG BS/UE ACLR/ACS, whichever applies, in the throughput degradation.
[bookmark: _Toc131966076]Presenting co-existence simulation results plots based on ATG BS/UE ACLR/ACS  values, whichever applies, on the x-axis makes it easier to directly read off from the plots the ATG BS/UE ACLR/ACS value that meets the 5% throughput loss requirement. 
[bookmark: _Toc131966085]Co-existence simulation results plots to be presented based on ATG BS/UE ACLR/ACS values, whichever applies, on the x-axis, and percentage of throughput loss on the y-axis.

In the following two sections we study the impact of both the ATG network deployment assumption and the ATG UE altitude distribution on the co-existence results. The simulation settings used for calculating the results can be found in [6]. Throughout this contribution, in accordance with proposal 1 above, when the TN is the victim network, results are shown for the TN cell that is most impacted by the ATG network operation.

2.2	Impact of ATG network deployment assumption
In this section we show the impact of the ATG network deployment in the co-existence results to motivate proposals 2 and 3 above. The scenarios impacted by these proposals are 2, 3, 10 and 11 [4]. For the results shown in this section, we have assumed non-colocated 8-column non-sub-array antennas in the TN and ATG BSs, ATG UEs uniformly distributed in altitude (between 3 and 10 km heights) and a 16x1 array antenna at the ATG UE at 4 GHz (omnidirectional at 2 GHz). Furthermore, two different labels are used to refer to the two possible deployments:
· Original deployment: the ATG BS is located inside the TN cluster and the horizontal distance between ATG BS and ATG UE is uniformly distributed in the [20, 100] km interval.
· Proposed deployment: the ATG BS is located 300 km away from the center of the TN cluster and ATG UEs x-coordinate is uniformly distributed over the horizontal extent of the TN cluster. This deployment captures proposals 2 and 3 in the section above.


In scenario 2 (below), the proposed deployment is the worst case. However, the throughput loss is very low for both cases and the ATG UE ACLR level required is well below current TN requirements. 


[image: ]


In scenario 3 (below), the proposed deployment is clearly the worst case. The ATG UE ACS level required is not below TN requirements. We will elaborate more on this in section 2.3.
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In scenario 10 (below), the proposed deployment is clearly the worst case. The ATG UE ACLR level required is below the current TN requirement.
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In scenario 11 (below), the proposed deployment is the worst case. The ATG UE ACS level required is not below the TN requirements. We will elaborate more on this in section 2.3.
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2.3	Impact of ATG UE altitude
In this section we show the impact of the ATG UE altitude distribution on the co-existence results. The simulation settings used for calculating the results can be found in [6]. As mentioned earlier, when the TN is the victim network, results are shown for the TN cell that is most impacted by the ATG network operation. Lastly, as motivated in the section above, when simulation results are presented for scenarios 2, 3, 10, and 11, results are shown for ATG UEs flying over TN cluster with the ATG BS located 300 km away from the TN cluster and ATG UEs.
We show results for scenarios 1–4 and 9–12 [4] where three cases have been simulated: (1) ATG UEs are uniformly distributed between 3 and 10 km heights, (2) all ATG UEs have a fixed height of 3 km or (3) 10 km. Furthermore, for the results shown in this section, we have assumed non-colocated 8-column sub-array antennas in the TN and ATG BSs and a 16x1 array antenna at the ATG UE.


In scenario 1 (below), the 3 km case is the worst case. The ATG BS ACLR level required is well below current TN requirements of 45 dB for all cases.

[image: ]

In scenario 2 (below), the 3 km case is the worst case. The ATG UE ACLR level required is well below current TN requirements.
[image: ]
In scenario 3 (below), the 3 km case is the worst case. The ATG UE ACS level required is above current TN requirement (33 dB). This is mostly due to the ATG UE antenna assumption (i.e., a single UE panel deployed on the abdomen of the airplane facing downwards and with the longest dimension of the array aligned with the direction of the flight route) with the ATG UE located above the cluster receiving strong interference from the TN BSs that are in the direction of the flight route. 
For the uniform altitude case, an ATG UE ACS level around 35 dB is needed to be below a 5% throughput loss in the 5th percentile case. For an ATG UE ACS level of 33 dB, i.e., the current TN UE ACS level, we observe a throughput loss of 7% for the 5th percentile. 
For the 3 km case, an ATG UE ACS level around 40 dB is needed to be below a 5% throughput loss in the 5th percentile case. For an ATG UE ACS level of 33 dB, i.e., the current TN UE ACS level, we observe a throughput loss of 17% for the 5th percentile.
In our view, it may be acceptable to agree that due to the aircraft only being near 3 km during take-off and landing and that it is the ATG UE (not the ground network) that suffers degradation, 3 km does not need to be the main criterion for optimizing ACLR/ACS. However, it would be good to make sure that the ATG network is not completely broken when ATG UEs are at a height of 3 km. The 17% throughput loss reported above may be acceptable.
[image: ]


In scenario 4 (below), the 3 km case is the worst case. The ATG BS ACS level required is below current TN requirement of 46 dB in all cases.
[image: ]
In scenario 9 (below), the uniform distribution is the worst case. The ATG BS ACLR level required is not below current TN requirements in all cases. The uniform distribution seems to produce a distortion floor of 5.4%. That is, with the current TN requirement of 33 dB UE ACS, the minimum throughput loss that 5th percentile TN UEs suffer due to the operation of the ATG network is slightly over 5% even for very high ATG BS ACLR levels. This may need further investigation.
 
[image: ]


In scenario 10 (below), the 3 km case is the worst case. For the uniform distribution, the ATG UE ACLR level required is below current TN requirements. The throughput loss at ACLR of 30 dB for the uniform and the fixed 3 km distributions are 4.4% and 5.4%, respectively.

[image: ]

In scenario 11 (below), the 3 km case is the worst case. The ATG UE ACS level required would be above the current TN requirement (33 dB). This is mostly due to the omni-directional ATG UEs located above the TN cluster receiving interference from the 37 TN BSs while located 300 km away from the ATG BS. 
For the uniform altitude distribution, an ATG UE ACS level around 35 dB is needed to be below a 5% throughput loss in the 5th percentile case. For an ATG UE ACS level of 33 dB, i.e., the current TN UE ACS level, we observe a throughput loss of 7.9% for the 5th percentile. For the 3 km case, an ATG UE ACS level around 40 dB is needed to be below a 5% throughput loss in the 5th percentile case. For an ATG UE ACS level of 33 dB, i.e., the current TN UE ACS level, we observe a throughput loss of 16.3% for the 5th percentile.
In our view, it may be acceptable to agree that due to the aircraft only being near 3 km during take-off and landing and that it is the ATG UE (not the TN) that suffers degradation, 3 km does not need to be the main criterion for optimizing ACLR/ACS. However, it would be good to make sure that the ATG network is not completely broken when ATG UEs are at a height of 3 km. The 16.3% loss reported above may be acceptable.
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In scenario 12 (below), the 3 km case is the worst case. The ATG BS ACS level required is below current TN requirements in all cases.
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[bookmark: _Toc131966077]For the three ATG UE height distributions studied, adopting current TN ACLR/ACS requirements for the ATG network meets the co-existence criteria. Further discussion may be needed for scenarios 3, 9, and 11.
[bookmark: _Toc131688936][bookmark: _Toc131688966]
[bookmark: _Toc131966078]The case where all ATG UEs are located at a height of 3 km should not be the main criterion for optimization of ACLR/ACS as long as TN throughput is not significantly degraded. On the other hand, it would be good to make sure that the ATG network is not completely broken when ATG UEs are at a height of 3 km. A certain throughput loss higher than 5% may be acceptable in that situation.
2.4	Initial proposal of BS ACLR and ACS for ATG network
In this contribution, the impact of ATG UE altitude has been considered and compared for Phase 1 co-existence scenarios. For all the parameters cases, i.e., the ATG BS ACLR and ACS values needed to meet co-existence requirements are mostly below current TN BS ACLR and ACS requirements.
[bookmark: _Toc131966079]For the ATG UE altitude distributions considered, the ATG BS ACLR and ACS values needed to meet co-existence requirements are mostly below current TN BS ACLR and ACS requirements. It is reasonable that extreme cases are not the design target, but desirable that the system is not completely broken in that case.

[bookmark: _Toc131966086]Adopt the standardized ACLR and ACS values of 45 and 46 dB, respectively, for the ATG BS as baseline.
In the coming meetings, we will check whether the standardized TN BS ACLR and ACS values remain suitable for all variants of BS number of columns, BS antenna models, BS co-location, etc. A final decision should be made after all variants have been checked.
2.5	Initial proposal of UE ACLR and ACS for ATG network
For the different scenarios considered, only scenarios 3 and 11 seems to require ATG UE ACS levels above what is currently used for TN UEs. In all other scenarios, required ATG UE ACS levels for coexistence are below TN UE requirements. 
For the uniform and fixed 3 km ATG UE altitude distributions, an ATG UE ACS level of 33 dB produces 5th percentile throughput loss of 7.9 and 16.3%, respectively. While it is reasonable that the extreme case of fixed ATG UE altitude at 3 km is not the design target, it is also desirable that the system is not completely broken in that case. In that sense, adopting an ACS requirement of 33 dB for the ATG UE ACS may be a reasonable compromise.
For the UE ACLR, it is interesting to consider that a UE supporting 256QAM will need to achieve an EVM of at least 30dB. If the UE supports 64QAM then at least 21dB is needed. The ACLR is generally several dBs larger than the EVM. So, in general, if the UE transmitter has sufficient linearity to support the EVM requirement then it should be able to support the TN ACLR.
[bookmark: _Toc131966080]The extreme case of all UEs fixed at a 3km height should not be the design target, but it is desirable that the system is not completely broken for that case.
[bookmark: _Toc131966081]Adopting the TN UE ACS requirement for the ATG UE may be a reasonable compromise.
[bookmark: _Toc131966087]Adopt ACLR and ACS values of 30 and 33 dB, respectively, for the ATG UE as baseline.
In the coming meetings, we will check whether the ATG UE ACLR and ACS values of 30 and 33 dB, respectively, remain suitable for all assumptions of BS number of columns, BS antenna models, BS co-location, etc. A final decision should be made after all assumptions have been checked.
Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN4 should follow the worst case (worst cell) as the design target for co-existence, regardless of this cell being in the 1st ring cells in front of the ATG BS.
Observation 2	In TN (Aggressor, DL) – ATG (DL) scenario, ATG UEs flying over a TN cluster while ATG BS is 300 km away is the worst case from a co-existence perspective. This will be supported with simulation results in Section 2.2.
Observation 3	In ATG (Aggressor, UL) – TN(UL) scenario, ATG UEs flying over the TN cluster  and transmitting with full power is the worst case from a co-existence perspective as will be shown in the next section.
Observation 4	Presenting co-existence simulation results plots based on ATG BS/UE ACLR/ACS  values, whichever applies, on the x-axis makes it easier to directly read off from the plots the ATG BS/UE ACLR/ACS value that meets the 5% throughput loss requirement.
Observation 5	For the three ATG UE height distributions studied, adopting current TN ACLR/ACS requirements for the ATG network meets the co-existence criteria. Further discussion may be needed for scenarios 3, 9, and 11.
Observation 6	The case where all ATG UEs are located at a height of 3 km should not be the main criterion for optimization of ACLR/ACS as long as TN throughput is not significantly degraded. On the other hand, it would be good to make sure that the ATG network is not completely broken when ATG UEs are at a height of 3 km. A certain throughput loss higher than 5% may be acceptable in that situation.
Observation 7	For the ATG UE altitude distributions considered, the ATG BS ACLR and ACS values needed to meet co-existence requirements are mostly below current TN BS ACLR and ACS requirements. It is reasonable that extreme cases are not the design target, but desirable that the system is not completely broken in that case.
Observation 8	The extreme case of all UEs fixed at a 3km height should not be the design target, but it is desirable that the system is not completely broken for that case.
Observation 9	Adopting the TN UE ACS requirement for the ATG UE may be a reasonable compromise.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Co-existence conclusions are based on the worst TN cell throughput degradation, regardless of this cell being in the 1st ring cells in front of the ATG BS. Nevertheless, sharing results considering on either average network performance or worst cell in 1st ring cells in front of the ATG BS for discussion is not precluded.
Proposal 2	In TN (Aggressor, DL) – ATG (DL) and ATG (Aggressor, UL) – TN(UL) scenarios, to base co-existence conclusions on ATG UEs flying over a TN cluster while ATG BS is 300 km away is always worst case from a co-existence perspective.  Nevertheless, sharing results based on the alternative deployment for discussion is not precluded.
Proposal 3	In TN (Aggressor, DL) – ATG (DL) and ATG (Aggressor, UL) – TN (UL) scenarios, ATG UEs horizontal position must be within the horizontal extent of the TN cluster.
Proposal 4	Co-existence simulation results plots to be presented based on ATG BS/UE ACLR/ACS values, whichever applies, on the x-axis, and percentage of throughput loss on the y-axis.
Proposal 5	Adopt the standardized ACLR and ACS values of 45 and 46 dB, respectively, for the ATG BS as baseline.
Proposal 6	Adopt ACLR and ACS values of 30 and 33 dB, respectively, for the ATG UE as baseline.
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