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1	Introduction
During RAN4#106bis-e, first, we presented simulation results and proposals on how to properly capture worst-case coexistence scenarios [1]. These scenarios proposed as worst-case were agreed and captured in the WF [2]. Second, we studied the impact of ATG UE altitude distribution [1]. Based on our initial results, it was agreed to, initially:
· Adopt the standardized ACLR and ACS values of 45 and 46 dB, respectively, for the ATG BS as baseline.
· Adopt ACLR and ACS values of 30 and 33 dB, respectively, for the ATG UE as baseline.
In the present contribution, we build on those initial results studying the impact of different co-existence assumptions one by one. Namely, ATG BS antenna model, TN BS number of columns, ATG UE antenna and BS antenna co-location. Note that only Phase 1 synchronized scenarios, i.e., scenarios 1–4 and 9–12, have been considered [3].  
[bookmark: _Ref178064866]2	Discussion
2.1	General considerations
In the following sections we study how the different simulation parameters influence the co-existence results. The simulation settings used for calculating the results can be found in [4]. 
In accordance with our proposals and results in RAN4#106bis-e [1], throughout this contribution, when the TN is the victim network, results are shown for the TN cell that is most impacted by the ATG network operation. Additionally, for scenarios 2, 3, 10 and 11, results are shown for ATG UEs flying over the TN cluster with the ATG BS located 300 km away from the TN cluster and ATG UEs.
2.2	Impact of BS antenna model
For the BS antenna array model, two options were agreed during RAN4#105 [5], (1) re-using element-based array patterns copied from previous co-existence studies and (2) adopting the model incorporated into TR 38.803 and sent to ITU-R. The adoption of the latter was motivated by the most up-to-date and realistic model that has been shared with the regulators.
In the following, we study the impact of the antenna model used at the ATG BS. For the results shown in this section, we have assumed non-co-located TN and ATG BSs, 8-column non-subarray TN BS antennas, ATG UEs uniformly distributed in altitude (between 3 and 10 km altitudes) and 16x1 array antennas at the ATG UEs.
Note that in this section we only look at the model used at the ATG BS 8-column antenna while in the next section, we separately consider both the model used at the TN antenna and the number of antenna columns.  
In scenario 1 (below), the non-subarray model is the worst case. The ATG BS ACLR level required is well below the current TN requirements.
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In scenario 2 (below), no differences are observed between the subarray and non-subarray cases. The ATG UE ACLR level required is well below current TN requirements.
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In scenario 3 (below), the non-subarray model is slightly the worst case. As already observed in [1], the ATG UE ACS level required is above current TN requirement (33 dB), 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.
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.
[image: ]

In scenario 4 (below), the subarray model is slightly the worst case. The ATG BS ACS level required is well below current TN requirements.
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In scenario 9 (below), the non-subarray model is the worst case. The ATG BS ACLR level required is not below current TN requirements in all cases. The 8-column non-subarray presents 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.
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In scenario 10 (below), we don’t see any differences between the subarray and non-subarray models. The ATG UE ACLR level required is well below current TN requirements.
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In scenario 11 (below), the non-subarray model is the worst case, but very similar to the subarray model. 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.
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In scenario 12 (below), the subarray model is the worst case. The ATG BS ACS level required is well below current TN requirements.
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[bookmark: _Toc135056744]Both subarray and non-subarray antenna configurations can be the worst case, depending on the scenario. In most cases, the co-existence performance is quite similar between the models.
[bookmark: _Toc135056745]If we adopt ATG BS ACLR and ACS at 45 and 46 dB, respectively, both subarray and non-subarray cases are mostly covered.
[bookmark: _Toc135059211]RAN4 to check both subarray and non-subarray configurations in setting ATG network ACLR/ACS requirements.

2.3	Impact of the number of TN BS columns
As we pointed out in [5][6], 8 column is certainly possible for 2GHz and may be likely to be used for the ATG BS. For the victim BS, it is important to consider that the eventual requirements need to be suitable for protecting legacy deployments, and an 8-column AAS may not be the usual case for all kinds of legacy deployment in 2GHz.
Here, we study the impact of the number of antenna columns in the TN BSs for a 2 GHz carrier frequency. We show results for scenarios 9–12 where one and eight antenna columns at the TN are assumed using both subarray and non-subarray configurations. Furthermore, for the results shown in this section, we have assumed non-colocated TN and ATG BSs, 8-column non-subarray ATG BS antennas, ATG UEs uniformly distributed in altitude (between 3 and 10 km altitudes) and 16x1 array antennas at the ATG UEs.
In scenario 9 (below), the 8-column non-subarray is the worst case. The ATG BS ACLR level required for the one-column cases is well below current TN requirements. 
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In scenario 10 (below), the 8-column cases are the worst case. The ATG UE ACLR level required is well below current TN requirements.
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In scenario 11 (below), 8-column is the worst case. The ATG UE ACS level required is higher than current TN requirements.
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In scenario 12 (below), 8-column is the worst case. The ATG BS ACS level required is well below current TN requirements.
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[bookmark: _Toc135056746]If we assumed BS ACLR and ACS at 45 and 46 dB, respectively, both one and eight column cases are well covered.
[bookmark: _Toc135059212]RAN4 to consider both one- and eight-column TN BS arrays and select the worst case for setting ATG network ACLR/ACS requirements.

2.4	Impact of ATG UE antenna
Now, we study the impact of antenna array assumed at the ATG UE BSs for a 4 GHz carrier frequency. We show results for scenarios 1–4 where 16x1 and 8x2 antenna arrays are compared. Furthermore, for the results shown in this section, we have assumed non-colocated 8-column subarray configurations TN and ATG BSs and ATG UEs uniformly distributed in altitude (between 3 and 10 km altitudes).


In scenario 1 (below), no differences between the ATG UE antenna arrays are observed. The ATG BS ACLR level required is well below current TN requirements.
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In scenario 2 (below), no differences between the ATG UE antenna arrays are observed. The ATG UE ACLR level required is well below current TN requirements.
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In scenario 3 (below), the 16x1-array is the worst case the ATG UE ACS level required is above current TN requirement (33 dB).
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In scenario 4 (below), no differences between the ATG UE antenna arrays are observed. The ATG BS ACS level required is well below current TN requirements.
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[bookmark: _Toc135056747]Minimal differences between ATG UE antenna array options at 4 GHz except in scenario 3 where the 16x1 array is the worst case.
[bookmark: _Toc135059213]It is enough to consider the 16x1-array case for the ATG UE and the conclusions hold for both options.
2.5	Impact of BS co-location
Finally, we study the impact of TN and ATG BS co-location. Note that, as shown in [1], the worst case for scenarios 2, 3,10 and 11 (the scenarios with potential co-location impact), is when ATG UEs are located over a TN cluster while ATG BS is 300 km away. In this case, identified as worst case, the co-location assumption is not relevant. However, to verify that the co-located case is not worse case than the earlier identified worst case, in this section we compare both cases.
For the results shown in this section, we have assumed 8-column non-subarray configuration at the TN and ATG BS, ATG UEs uniformly distributed in altitude (between 3 and 10 km altitudes) and 16x1 array antennas at the ATG UEs.
In the plots below, the following two labels are used to refer to the two possible deployments:
· Colocated: the ATG BS is located inside the TN cluster and colocated with the TN-cluster center (and the central TN BS) while the horizontal distance between ATG BS and ATG UE is uniformly distributed in the [20, 100] km interval.
Non-colocated: 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. 

In scenario 2 (below), the non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, is the worst case. The ATG UE ACLR level required is well below current TN requirements.
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In scenario 3 (below), the non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, is the worst case. The ATG UE ACS level required is below current TN requirements.
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In scenario 10 (below), the non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, is the worst case. The ATG UE ACLR level required is well below current TN requirements.
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In scenario 11 (below), the non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, is the worst case. The ATG UE ACS level required is below current TN requirements.
[image: ]

As can be seen, BS co-location barely impacts the co-existence of TN and ATG networks.
[bookmark: _Toc135056748]The non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, is the worst case.
[bookmark: _Toc135059214]Requirements to be derived based on the non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, are also sufficient to enable co-location as a deployment option.
2.6	Proposal of BS ACLR and ACS for ATG network
In this contribution, the impact of several simulation parameters has been considered and compared for Phase 1 co-existence scenarios. For all the parameters considered, i.e., ATG UE altitude, BS antenna model, number of BS antenna columns, BS co-location, ATG UE antenna array, the ATG BS ACLR and ACS values needed to meet co-existence requirements are mostly below current TN BS ACLR and ACS requirements.
[bookmark: _Toc135056749]For all the simulation parameters considered, the ATG BS ACLR and ACS values needed to meet co-existence requirements are mostly below current TN BS ACLR and ACS requirements. 
[bookmark: _Toc135059215]Adopt the standardized TN BS ACLR and ACS values for the ATG BS.

2.7	Proposal of UE ACLR and ACS for ATG network
For the different simulation parameters and 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. 
[bookmark: _Toc131688995][bookmark: _Toc135056750]Adopting the TN UE ACS requirement for the ATG UE may be a reasonable compromise.
[bookmark: _Toc131689001][bookmark: _Toc135059216]Adopt ACLR and ACS values of 30 and 33 dB, respectively, for the ATG UE as baseline.

3	Co-existence results for TR 38.876
3.1	Synchronized scenarios
During RAN4#106bis-e, the format to report results for inclusion in TR38.876 was agreed and captured in the WF [1]. In our companion contribution [7], we have updated the format and in this section, we report Ericsson co-existence results following the format proposed in [7].
In the following tables, we assumed non-colocated ATG and TN BS antennas and uniform ATG UE altitude distribution. In the 4 GHz scenarios (scenarios 1 to 4), an ATG UE 16x1 antenna array was assumed. 
For scenario 1, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG BS ACLR 45 dB

	Ericsson

	Non-Subarray
	5% in the whole network
	0.10

	
	
	Average of all users in the whole network
	0.01

	
	
	5% of users within the cell with largest throughput loss for the case of TN DL victim
	2.47

	
	
	Average of all users within the cell with largest throughput loss for the case of TN DL victim
	0.27

	
	Subarray
	5% in the whole network
	0.04

	
	
	Average of all users in the whole network
	0.01

	
	
	5% of users within the cell with largest throughput loss for the case of TN DL victim
	0.02

	
	
	Average of all users within the cell with largest throughput loss for the case of TN DL victim
	0.24



For scenario 2, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG UE ACLR 30 dB

	
	
	
	Maximum distance between ATG BS and ATG UE

	
	
	
	100 km
	300 km

	Ericsson

	Non-Subarray
	5% in the whole network
	0.00
	0.00

	
	
	Average of all users in the whole network
	0.00
	0.00

	
	
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	0.00
	0.05

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	0.01
	0.00

	
	Subarray
	5% in the whole network
	0.00
	0.00

	
	
	Average of all users in the whole network
	0.00
	0.00

	
	
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	0.00
	0.00

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	0.01
	0.01



For scenario 3, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG UE ACS 33 dB

	
	
	
	Maximum distance between ATG BS and ATG UE

	
	
	
	100 km
	300 km

	Ericsson

	Non-Subarray
	5% in the whole network
	3.60
	7.02

	
	
	Average of all users in the whole network
	1.35
	2.22

	
	Subarray
	5% in the whole network
	6.35
	11.93

	
	
	Average of all users in the whole network
	1.97
	3.21




For scenario 4, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG BS ACS 46 dB

	Ericsson

	Non-Subarray
	5% in the whole network
	1.08

	
	
	Average of all users in the whole network
	0.34

	
	Subarray
	5% in the whole network
	0.91

	
	
	Average of all users in the whole network
	0.49



For scenario 9, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG BS ACLR 45 dB

	Ericsson

	Non-Subarray
	5% in the whole network
	0.16

	
	
	Average of all users in the whole network
	0.03

	
	
	5% of users within the cell with largest throughput loss for the case of TN DL victim
	5.38

	
	
	Average of all users within the cell with largest throughput loss for the case of TN DL victim
	0.76

	
	Subarray
	5% in the whole network
	0.02

	
	
	Average of all users in the whole network
	0.03

	
	
	5% of users within the cell with largest throughput loss for the case of TN DL victim
	1.51

	
	
	Average of all users within the cell with largest throughput loss for the case of TN DL victim
	0.74



For scenario 10, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG UE ACLR 30 dB

	
	
	
	Maximum distance between ATG BS and ATG UE

	
	
	
	100 km
	300 km

	Ericsson

	Non-Subarray
	5% in the whole network
	0.02
	0.32

	
	
	Average of all users in the whole network
	0.04
	0.20

	
	
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	0.72
	4.38

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	0.06
	0.37

	
	Subarray
	5% in the whole network
	0.13
	0.42

	
	
	Average of all users in the whole network
	0.02
	0.14

	
	
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	0.79
	2.93

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	0.04
	0.27



For scenario 11, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG UE ACS 33 dB

	
	
	
	Maximum distance between ATG BS and ATG UE

	
	
	
	100 km
	300 km

	Ericsson

	Non-Subarray
	5% in the whole network
	3.62
	7.85

	
	
	Average of all users in the whole network
	2.45
	3.92

	
	Subarray
	5% in the whole network
	3.45
	8.21

	
	
	Average of all users in the whole network
	2.59
	4.08




For scenario 12, we have:
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Throughput Loss (%) at ATG BS ACS 46 dB

	Ericsson

	Non-Subarray
	5% in the whole network
	2.01

	
	
	Average of all users in the whole network
	0.55

	
	Subarray
	5% in the whole network
	3.23

	
	
	Average of all users in the whole network
	0.68




Conclusion
In the previous sections we made the following observations: 
Observation 1	Both subarray and non-subarray antenna configurations can be the worst case, depending on the scenario. In most cases, the co-existence performance is quite similar between the models.
Observation 2	If we adopt ATG BS ACLR and ACS at 45 and 46 dB, respectively, both subarray and non-subarray cases are mostly covered.
Observation 3	If we assumed BS ACLR and ACS at 45 and 46 dB, respectively, both one and eight column cases are well covered.
Observation 4	Minimal differences between ATG UE antenna array options at 4 GHz except in scenario 3 where the 16x1 array is the worst case.
Observation 5	The non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, is the worst case.
Observation 6	For all the simulation parameters considered, the ATG BS ACLR and ACS values needed to meet co-existence requirements are mostly below current TN BS ACLR and ACS requirements.
Observation 7	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	RAN4 to check both subarray and non-subarray configurations in setting ATG network ACLR/ACS requirements.
Proposal 2	RAN4 to consider both one- and eight-column TN BS arrays and select the worst case for setting ATG network ACLR/ACS requirements.
Proposal 3	It is enough to consider the 16x1-array case for the ATG UE and the conclusions hold for both options.
Proposal 4	Requirements to be derived based on the non-colocated case, with ATG UEs located over the cluster and 300 km away from the ATG BS, are also sufficient to enable co-location as a deployment option.
Proposal 5	Adopt the standardized TN BS ACLR and ACS values for the ATG BS.
Proposal 6	Adopt ACLR and ACS values of 30 and 33 dB, respectively, for the ATG UE as baseline.
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