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1 Background
RAN#96 meeting approved RP-221369 Revised WID on Air-to-ground network for NR in Rel-18. The agreements and open issues are captured in this way forward. 
Previous agreed WFs are R4-2310401, R4-2217736, R4-2220542, R4-2303573, R4-2306607 and R4-2314755.
2 Open issues
2.1 Topic #1: Simulation assumption
2.1.1 Issue 1-1: more clarification on non-synchronized layout
· Agreement: 
· List following clarification in the final TR.
Case 1 - Angle between ATG BS boresight and nearest TN BS boresight in azimuth is 0 degree. 
Figure 1 depicts this case with the agreed assumptions in WFs [1] [2], also highlighted below – 
· The nearest TN BS sector points at the ATG BS in azimuth, with angle between the ATG BS boresight and nearest TN boresight as 0 degree (In Figure 1, highlighted through the orange dotted line)
· ATG BS points at the ATG UE (In Figure 1, highlighted through the orange dotted line).
· ATG BS, ATG UE and TN cluster center are in a straight line.
· Isolation distance is the between the ATG BS and nearest TN BS.
· ATG UE is dropped between the maximum and minimum distance assumption depending on the ATG/ TN BS antenna configuration.
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Figure 1: Angle between ATG BS boresight and nearest TN BS boresight in azimuth is 0 degree

Case 2 - Angle between ATG BS boresight and nearest TN BS boresight in azimuth is 30 degrees. 
Figure 2 depicts this case with the agreed assumptions in WFs [1] [2], also highlighted below – 
· The nearest TN BS sector points at the ATG BS in azimuth, with angle between the ATG BS boresight and nearest TN boresight as 30 degrees (In Figure 2, highlighted through the orange dotted line)
· ATG BS points at the ATG UE (In Figure 2, highlighted through the orange dotted line)
· Isolation distance is the between the ATG BS and nearest TN BS.
· ATG UE is dropped between the maximum and minimum distance assumption depending on the ATG/ TN BS antenna configuration.
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Figure 2: Angle between ATG BS boresight and nearest TN BS boresight in azimuth is 30 degrees

Case 3 - Angle between ATG BS boresight and nearest TN BS boresight in azimuth is 60 degrees. 
Figure 3 depicts this case with the agreed assumptions in WFs [1] [2], also highlighted below – 
· The nearest TN BS sector points at the ATG BS in azimuth, with angle between the ATG BS boresight and nearest TN boresight as 60 degrees (In Figure 3, highlighted through the orange dotted line)
· ATG BS points at the ATG UE (In Figure 3, highlighted through the orange dotted line)
· Isolation distance is the between the ATG BS and nearest TN BS.
· ATG UE is dropped between the maximum and minimum distance assumption depending on the ATG/ TN BS antenna configuration.
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Figure 3: Angle between ATG BS boresight and nearest TN BS boresight in azimuth is 60 degrees


2.1.2 Issue 1-3: ATG gNB-to-TN gNB path-loss modelling
· Agreement:
· There is no mandatory path loss model when evaluating ATG gNB-to-TN gNB CLI. All simulation results with two models below will be captured into final TR. Final non-synchronized simulation results will only for information without impacting RF requirements.
· [bookmark: OLE_LINK1] RMa modeling in TR 38.901 with updating hUT as 30m:
· Note: the original RMa modeling in TR 38.901 has following restrictions.  
· 
[bookmark: _Toc146741046]The applicable range of User Terminal antenna height- hUT in the proposed RMa Pathloss model is . Using the model with hUT of 30m might likely lead to inaccuracy of the results. 
· The applicable maximum distance - d2D in the proposed RMa Pathloss model is 10 km for LoS and 5km for NLoS. This again questions the validity and accuracy of the model, if applied to the ATG non-synchronized scenarios.
· Free space modeling: 
· Note: Interference may arise through a range of propagation mechanisms whose individual dominance depends on climate, radio frequency, time percentage of interest, distance and path topography. Free space modeling is one of such mechanism. At any one time single free space or other mechanism may be present.   

2.2 Topic #2: Observation of non-synchronized scenario results
[bookmark: OLE_LINK2]For non-synchronized scenarios, isolation distance is required to make sure the co-existence between ATG and TN network in adjacent channel. During the simulation, two kinds of pathloss modelings have been used. 
· The most optimistic isolation distance is tens of kilometers, which is based on RMa modeling in TR 38.901 with updating hUT as 30m. 
· The most pessimistic isolation distance is based on free space modeling. Dozens of kilometers to hundreds of kilometers isolation distance is observed when assuming 0 degree, 30 degree and 60 degree angle between ATG BS boresight and nearest TN BS boresight in azimuth.
2.3  Information: Summary of non-synchronized scenario results
2.3.1 [bookmark: OLE_LINK3][bookmark: OLE_LINK5]Detailed simulation results based on RMa modeling in TR 38.901 with updating hUT as 30m
2.3.1.1 Simulation scenario 5: ATG DL -> TN UL (4GHz)
Table 1: Simulation results for Scenario 5 – 4GHz ATG DL interfering TN UL based on RMa model in 38.901
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	17
	11
	9

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	12
	7
	6

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

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

	CATT
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	19
	13
	8

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	<5
	<5
	<5

	ZTE
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	20
	3
	17

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

	Qualcomm
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	Equal or higher 5km
	
	

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



Detailed observation
Following list companies’ simulation results.
· Observation: Simulation result from CATT revision of R4-2315097.
The isolation distances are summarized in Table 1.
Table 1: Simulation results for Scenario 5 – 4GHz ATG DL interfering TN UL
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CATT

	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	<5
	<5
	<5

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	19
	13
	8



· [bookmark: _Hlk135229656]Observation: Simulation result from Ericsson R4-2311264.
In scenario 5 (below), the isolation distance needed to maintain the throughput degradation of the TN (most impacted cell) at 5% is more than 32 km for the zero-degree case, more than 11 km for the thirty-degree case, and more than 3 km for the sixty-degree case.
· Observation: Simulation result from CMCC R4-2315191.
Table 1: Simulation results for Scenario 5 – 4GHz ATG DL interfering TN UL based on RMa model in 38.901
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	17
	11
	9

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	12
	7
	6

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

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


Observation 2: for 4GHz ATG DL interfering TN UL case, isolation distance is in the range [6, 17]km for 0 degree, 30 degree and 60 degree. Detailed simulation results are in table 1.

· Observation: Simulation result from ZTE R4-2316526
Observation 1: for Case 5 with overlapping coverage, the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% with isolation distance as 20km.
Observation 2a: for Case 5 with non-overlapping coverage, the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% with isolation distance as 3km with 30 degree angle shift.
Observation 2b: for Case 5 with non-overlapping coverage, the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% with isolation distance as 17km with 60 degree angle shift.


2.3.1.2 Simulation scenario 7: TN rural DL -> ATG UL (4GHz)
Summary of simulation results:
Table 2: Simulation results for Scenario 7 – 4GHz TN DL interfering ATG UL based on RMa model in 38.901
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	16
	9
	8

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	11
	7
	5

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

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

	CATT
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	18
	13
	11

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	15
	10
	7

	Qualcomm
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	9
	
	

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

	ZTE
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	20
	9
	6

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



Detailed observation
Following list companies’ simulation results.
· Observation: Simulation result from Ericsson R4-2311264.
In scenario 7 (below), the isolation distance needed to maintain the throughput degradation of the ATG network at 5% is around 150 km for the zero-degree case, around 16 km for the thirty-degree case, and around 6 km for the sixty-degree case.
· Observation: Simulation result from CATT revision of R4-2315097.

The isolation distances are summarized in Table 2.
Table 2: Simulation results for Scenario 7 – 4GHz TN DL interfering ATG UL
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CATT

	Non-Subarray
	5% in the whole network
	18
	13
	11

	
	
	Average of all users in the whole network
	15
	10
	7



· Observation: Simulation result from CMCC R4-2315191.

Table 2: Simulation results for Scenario 7 – 4GHz TN DL interfering ATG UL
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-Subarray
	5% in the whole network
	16
	9
	8

	
	
	Average of all users in the whole network
	11
	7
	5

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
	
	
	


Observation 3: for 4GHz TN DL interfering ATG UL case, isolation distance is in the range [5, 16]km for 0 degree, 30 degree and 60 degree. Detailed simulation results are in table 2.

· Observation: Simulation result from ZTE R4-2316526
Observation 3: for Case 7 with overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 20km.
Observation 4a: for Case 7 with non-overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 9km with 30 degree angle shift.
Observation 4b: for Case 7 with non-overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 6km with 60 degree angle shift.

· Observation: Simulation result from Qualcomm R4-2315974
Observation 4: For cases 7, where ATG UL is a victim and TN DL is aggressor, isolation distance larger than 9km and 14km for 4GHz and 2GHz, respectively, is required to ensure throughput loss below the 5% threshold mark assuming RMa pathloss model between ATG and BS gNBs.
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Figure 4 Throughput loss as a function of isolation distance for case 7 (left) and case 14 (right) assuming RMa 38.901 model.

2.3.1.3 Simulation scenario 14: TN rural DL -> ATG UL (2GHz)
Summary of simulation results:
Table 3: Simulation results for Scenario 14 – 2GHz TN DL interfering ATG UL based on RMa model in 38.901
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	18
	12
	10

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	13
	0
	6

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

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

	CATT
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	26
	19
	19

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	22
	18
	16

	Qualcomm
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	14
	
	

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

	ZTE
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	17
	10
	6

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



Detailed observation
Following list companies’ simulation results.
· Observation: Simulation result from CATT revision of R4-2315097.
The isolation distances are summarized in Table 3.
Table 3: Simulation results for Scenario 14 – 2GHz TN DL interfering ATG UL
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CATT

	Non-Subarray
	5% in the whole network
	26
	19
	19

	
	
	Average of all users in the whole network
	22
	18
	16



20 km isolation distance is needed.
· Observation: Simulation result from CMCC R4-2315191..
Following table list our simulation results.
Table 3: Simulation results for Scenario 13 – 2GHz TN DL interfering ATG UL
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-Subarray
	5% in the whole network
	18
	12
	10

	
	
	Average of all users in the whole network
	13
	0
	6

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
	
	
	


Noted: the reason that 30 degree will lead to less isolation distance is because at 30degree direction, antenna pattern is almost null and lead to less interference in our simulation.
Observation 4: for 2GHz TN DL interfering ATG UL case, isolation distance is in the range [6, 18]km for 0 degree, 30 degree and 60 degree. Detailed simulation results are in table 3.

· Observation : Simulation result from ZTE R4-2316526
Observation 5: for Case 14 with overlapping coverage in Rural channel model case, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 17km.
Observation 6a: for Case 14 with non-overlapping coverage in Rural channel model case, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 10km with 30 degree angle shift.
Observation 6b: for Case 14 with non-overlapping coverage in Rural channel model case, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 6km with 60 degree angle shift.

· Observation: Simulation result from Qualcomm R4-2315974
Observation 4: For cases 7, where ATG UL is a victim and TN DL is aggressor, isolation distance larger than 9km and 14km for 4GHz and 2GHz, respectively, is required to ensure throughput loss below the 5% threshold mark assuming RMa pathloss model between ATG and BS gNBs.
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Figure 4 Throughput loss as a function of isolation distance for case 7 (left) and case 14 (right) assuming RMa 38.901 model.


2.3.2 [bookmark: OLE_LINK6]Detailed simulation results based on free space modeling
2.3.2.1 Simulation scenario 5: ATG DL -> TN UL (4GHz)
Summary of simulation results:
Table 4: Simulation results for Scenario 5 – 4GHz ATG DL interfering TN UL based on free space modeling
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	>400
	50
	35

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	200
	30
	15

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

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

	ZTE
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	100
	10
	80

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

	Ericsson
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	230
	33
	21

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



Detailed observation
Following list companies’ simulation results.
· Observation: Simulation result from Ericsson R4-2315445.
We have only focused on the FSPL model as agreed in the TR [3] and questioned on the validity of the RMa model proposed in offline email discussions and in our companion contribution [1].
In Scenario 5, Figure 1 shows the results for the non-subarray antenna configuration. As can be seen from the figure, isolation distance needed to maintain the 5% throughput degradation criteria for ATG network is 230 km for the zero-degree case, more than 33 km for the thirty-degree case, and more than 21 km for the sixty-degree case. 
 [image: ]
[bookmark: _Ref146704357]Figure 1: Isolation distance for Scenario 5, non-subarray model

[bookmark: _Toc146739722][bookmark: _Toc146739758]For Scenario 5, where TN BS is the victim, the isolation is unreasonably large for real world deployments.
.
· Observation: Simulation result from CMCC R4-2315191.
Table 4: Simulation results for Scenario 5 – 4GHz ATG DL interfering TN UL based on free space modeling
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	>400
	50
	35

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	200
	30
	15

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

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


Observation 5: for 4GHz ATG DL interfering TN UL case, isolation distance is in the range [15, >400]km for 0 degree, 30 degree and 60 degree. Detailed simulation results are in table 4.

· Observation: Simulation result from ZTE R4-2316526
Observation 7: for Case 5 with overlapping coverage, the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% with isolation distance as 100km.
Observation 8a: for Case 5 with non-overlapping coverage, the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% with isolation distance as 10km with 30 degree angle shift.
Observation 8b: for Case 5 with non-overlapping coverage, the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% with isolation distance as 80km with 60 degree angle shift.
.

· Observation: Simulation result from Qualcomm R4-2315974
This scenario aims at identifying the isolation distance between TN cluster and ATG gNB when the TN gNBs are the victim while experiencing interference from the ATG gNB. Figure 3 presents the throughput loss as a function of the isolation distance for case 5 considering FSPL model. It can be observed that an isolation distance in the greater than 5km is needed to ensure the throughput loss is below the 5% loss threshold. 
[image: ]
[bookmark: _Ref142632496]Figure 3 Throughput loss as a function of isolation distance for case 5 assuming FSPL. 
Observation 3: For case 5, where TN UL is a victim and ATG DL is aggressor, isolation distance equal 5km or higher is required to ensure throughput loss below the 5% threshold mark. For RMa model, smaller isolation distances are expected. 
· Observation: Simulation result from Huawei R4-2316200
 The simulation results for scenario 5 were provided below assuming 5km isolation distance. The throughput loss is 2.6% which is less than 5%. Thus, there is no serious throughput loss for scenario 5.


2.3.2.2 Simulation scenario 7: TN rural DL -> ATG UL (4GHz)
[bookmark: OLE_LINK4]Table 5: Simulation results for Scenario 7 – 4GHz TN DL interfering ATG UL based on free space modeling
	Company
	ATG/ TN BS antenna model
	Performance Metric

	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	>500
	75
	55

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	>300
	45
	25

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

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

	ZTE
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	550
	50
	40

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

	Ericsson
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	>300
	70
	37

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

	Qualcomm
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	203
	
	

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

	Huawei
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	>1000
	
	

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



Detailed observation
Following list companies’ simulation results.
· Observation: Simulation result from Ericsson R4-2315445.
We have only focused on the FSPL model as agreed in the TR [3] and questioned on the validity of the RMa model proposed in offline email discussions and in our companion contribution [1].
In Scenario 7, Figure 2 shows the results for the non-subarray antenna configuration. As can be seen from the figure, isolation distance needed to maintain the 5% throughput degradation criteria for ATG network is more than 300 km for the zero-degree case, around 70 km for the thirty-degree case, and around 37 km for the sixty-degree case. 
 [image: ]
[bookmark: _Ref146704060]Figure 2: Isolation distance for Scenario 7, non-subarray model



· Observation: Simulation result from CMCC R4-2315191.
.
Table 2: Simulation results for Scenario 7 – 4GHz TN DL interfering ATG UL
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-Subarray
	5% in the whole network
	>500
	75
	55

	
	
	Average of all users in the whole network
	>300
	45
	25

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
	
	
	


Noted: the reason that 30 degree will lead to less isolation distance is because at 30degree direction, antenna pattern is almost null steering and lead to less interference in our simulation.
Observation 6: for 4GHz TN DL interfering ATG UL case, isolation distance is in the range [25, >600]km for 0 degree, 30 degree and 60 degree. Detailed simulation results are in table 5.

· Observation: Simulation result from ZTE R4-2316526
Observation 9: for Case 7 with overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 550km.
Observation 10a: for Case 7 with non-overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 50km with 30 degree angle shift.
Observation 10b: for Case 7 with non-overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 40km with 60 degree angle shift.
.
· Observation: Simulation result from Qualcomm R4-2315974
 
Observation 5: For cases 7, where ATG UL is a victim and TN DL is aggressor, isolation distance larger than 203km and 220km for 4GHz and 2GHz, respectively, is required to ensure throughput loss below the 5% threshold mark assuming FSPL pathloss model between ATG and BS gNBs. 
Observation 6: Observed significant difference between the isolation distances for RMa 38.901 and FSPL model is more impactful for the case when TN DL is aggressor as we have 57 interfering BSs compared to a single interfering gNB in the case of ATG DL as interferer.
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[bookmark: _Ref146465913]Figure 5 Throughput loss as a function of isolation distance for case 7 (left) and case 14 (right) assuming FSPL model.
· Observation: Simulation result from Huawei R4-2316200

Table 2 the performance loss for different isolation distance
	Isolation distance
	5km
	100km
	1000km

	SINR at 50% CDF point
	-8dB
	2
	7dB

	SINR at 5% CDF point
	-30dB
	-10
	1dB

	Throughput loss at 5% CDF point
	100% (51.589Mbps loss)
	85.8% (43.698Mbps loss)
	6.7% (3.48Mbps loss)




2.3.2.3 Simulation scenario 14: TN rural DL -> ATG UL (2GHz)

Summary of simulation results:
Table 6: Simulation results for Scenario 14 – 2GHz TN DL interfering ATG UL based on free space modeling
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	>500
	>100
	80

	
	
	Average of all users within the cell with largest throughput loss for the case of TN UL victim
	500
	75
	35

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

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

	ZTE
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	700
	90
	70

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

	Ericsson
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	300
	120
	90

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

	Qualcomm
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	220
	
	

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

	Huawei
	Non-subarray
	5% of users within the cell with largest throughput loss for the case of TN UL victim
	>1000
	
	

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



Detailed observation
Following list companies’ simulation results.
· Observation: Simulation result from Ericsson R4-2315445.
We have only focused on the FSPL model as agreed in the TR [3] and questioned on the validity of the RMa model proposed in offline email discussions and in our companion contribution [1].
In Scenario 14, Figure 2 shows the results for the non-subarray antenna configuration the isolation distance needed to maintain the throughput degradation of the ATG network at 5% is, around 300 km for the zero-degree case, around 120 km for the thirty-degree case, and around 90 km for the sixty-degree case.
[image: ]
[bookmark: _Ref146704156]Figure 3: Isolation distance for Scenario 14, non-subarray model

· Observation: Simulation result from CMCC R4-2315191.
Table 6: Simulation results for Scenario 13 – 2GHz TN DL interfering ATG UL
	Company
	ATG/ TN BS antenna model
	Performance Metric
	Isolation distance (km) for 5% throughput loss

	
	
	
	Angle between ATG BS boresight and nearest TN BS boresight in azimuth

	
	
	
	0°
	30°
	60°

	CMCC
	Non-Subarray
	5% in the whole network
	>500
	>100
	80

	
	
	Average of all users in the whole network
	500
	75
	35

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
	
	
	



Observation 7: for 2GHz TN DL interfering ATG UL case, isolation distance is in the range [35, >500]km for 0 degree, 30 degree and 60 degree. Detailed simulation results are in table 6.
· Observation : Simulation result from ZTE R4-2316526
Observation 11: for Case 11 with overlapping coverage in Rural channel model case, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 700km.
Observation 12a: for Case 11 with non-overlapping coverage in Rural channel model case, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 90km with 30 degree angle shift.
Observation 12b: for Case 11 with non-overlapping coverage in Rural channel model case, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 70km with 60 degree angle shift

· Observation: Simulation result from Qualcomm R4-2315974
Observation 4: For cases 7, where ATG UL is a victim and TN DL is aggressor, isolation distance larger than 9km and 14km for 4GHz and 2GHz, respectively, is required to ensure throughput loss below the 5% threshold mark assuming RMa pathloss model between ATG and BS gNBs.
	[image: ]
	[image: ]


Figure 4 Throughput loss as a function of isolation distance for case 7 (left) and case 14 (right) assuming RMa 38.901 model.
  
Observation 5: For cases 7, where ATG UL is a victim and TN DL is aggressor, isolation distance larger than 203km and 220km for 4GHz and 2GHz, respectively, is required to ensure throughput loss below the 5% threshold mark assuming FSPL pathloss model between ATG and BS gNBs. 
Observation 6: Observed significant difference between the isolation distances for RMa 38.901 and FSPL model is more impactful for the case when TN DL is aggressor as we have 57 interfering BSs compared to a single interfering gNB in the case of ATG DL as interferer.
 
	[image: ]
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Figure 5 Throughput loss as a function of isolation distance for case 7 (left) and case 14 (right) assuming FSPL model.
· Observation: Simulation result from Huawei R4-2316200
[bookmark: _Hlk141983772]Table 2 the performance loss for different isolation distance
	Isolation distance
	10km
	100km
	1000km

	SINR at 50% CDF point
	-8dB
	7dB
	14.5dB

	SINR at 5% CDF point
	-25dB
	-2.5dB
	11dB

	Throughput loss at 5% CDF point
	100% (40.22Mbps loss)
	87.7% (32.295Mbps loss)
	24.8% (9.99Mbps loss)


Observation 3: For scenario 14, the reason why such large throughput loss can be observed is that ATG single carrier scenario without adjacent channel interference has a good throughput performance. As the UL Tx power for ATG UE is restricted, ATG UE can transmit higher power to ease the interference from TN network.
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