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Introduction
In RAN#95e meeting, the work item [RP-221369] on Air-to-ground network for NR was approved as one of Rel-18 RAN4 package. In this contribution, we want to share some further updated simulation results for it based on the agreed simulation assumption so far.
Table 6.1-1: Simulation scenarios for ATG coexistence study
	No.
	Combination
	Aggressor
	Victim
	Simulation frequency
	Notes
	Study Phase

	
	
	deployment scenario
UL/DL
	CBW
duplex mode
	deployment scenario
UL/DL
	CBW
duplex mode
	
	
	

	1
	TN with ATG
	ATG DL
	100MHz
TDD
	TN rural DL
	100MHz
/TDD
	3.5 GHz
	
	Phase 1

	2
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural UL
	100MHz
TDD
	3.5GHz
	
	Phase 1

	3
	TN with ATG
	TN rural DL
	100MHz
TDD
	ATG DL
	100MHz
TDD
	3.5GHz
	
	Phase 1

	4
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG UL
	100MHz
TDD
	3.5GHz
	
	Phase 1

	5
	TN with ATG
	ATG DL
	100MHz
TDD
	TN rural UL
	100MHz
/TDD
	3.5GHz
	
	Phase 2

	6
	TN with ATG
	ATG UL
	100MHz
TDD
	TN rural DL
	100MHz
TDD
	3.5GHz
	
	Phase 2

	7
	TN with ATG
	TN rural DL
	100MHz
TDD
	ATG UL
	100MHz
TDD
	3.5GHz
	
	Phase 2

	8
	TN with ATG
	TN rural UL
	100MHz
TDD
	ATG DL
	100MHz
TDD
	3.5GHz
	
	Phase 2

	9
	TN with ATG
	ATG DL
	20MHz FDD
	TN rural DL
	20MHz FDD
	2 GHz
	
	Phase 1

	10
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural UL
	20MHz FDD
	2 GHz
	
	Phase 1

	11
	TN with ATG
	TN rural DL
	20MHz FDD
	ATG DL
	20MHz FDD
	2 GHz
	
	Phase 1

	12
	TN with ATG
	TN rural UL
	20MHz FDD
	ATG UL
	20MHz FDD
	2 GHz
	
	Phase 1

	13
	TN with ATG
	ATG UL
	20MHz FDD
	TN rural DL
	20MHz TDD
	2 GHz
	n1/n39
	Phase 2

	14
	TN with ATG
	TN rural DL
	20MHz TDD
	ATG UL
	20MHz FDD
	2 GHz
	n39/n1
	Phase 2



Discussion
2.1 Unsync scenario with RMA pathloss
2.1.1 Case 5 
Based on the following simulation results for overlapping scenario with isolation distance as 20km (overlapping scenario), the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% which is acceptable from the legacy coexistence performance criteria.  
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Figure 1a. simulation results for Case 5 [TN cell with largest throughtput loss of victim network, overlapping scenario]

[image: ]
[image: ]
[image: ]
Figure 1b. simulation results for Case 5 [TN cell with largest throughtput loss of victim network, 30 degree, non-overlapping scenario]
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Figure 1c. simulation results for Case 5 [TN cell with largest throughtput loss of victim network, 60 degree, non-overlapping scenario]
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.

2.1.2 Case 7
Based on the following simulation results for overlapping scenario with isolation distance as 20km (overlapping scenario), the performance degradation of ATG network as victim network is less than 5% which is acceptable from the legacy coexistence performance criteria. 
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Figure 2a. simulation results for Case 7 [overlapping scenario]
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Figure 2b. simulation results for Case 7 [non-overlapping scenario, 30 degree]
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Figure 2c. simulation results for Case 7 [non-overlapping scenario, 60 degree]
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.
2.1.2 Case 14
In the following figure 17b, TN DL interfering ATG UL, there are relative high interference, however due to the high SINR within the ATG uplink carrier, therefore the tolerance for ACI is still okay. If with 3*ISD isolation, the ACI from TN DL would be further reduced and there would be no coexistence problems anymore. 
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Figure 3a. simulation results for Case 14 [overlapping scenario]
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Figure 3b. simulation results for Case 14 [non-overlapping scenario, 30 degree]
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Figure 3c. simulation results for Case 14 [non-overlapping scenario, 60 degree]
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.
2.2 Unsync scenario with free space pathloss
2.2.1 Case 5 
Based on the following simulation results for overlapping scenario with isolation distance as 100km (overlapping scenario), the performance degradation of TN cell of largest throughtput loss of victim network is less than 5% which is acceptable from the legacy coexistence performance criteria.  
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Figure 4a. simulation results for Case 5 [TN cell with largest throughtput loss of victim network, overlapping scenario]
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Figure 4b. simulation results for Case 5 [TN cell with largest throughtput loss of victim network, 30 degree, non-overlapping scenario]
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Figure 4c. simulation results for Case 5 [TN cell with largest throughtput loss of victim network, 60 degree, non-overlapping scenario]

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.

2.2.2 Case 7
[image: ]
Figure 5a. simulation results for Case 7 [overlapping scenario]
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Figure 5b. simulation results for Case 7 [non-overlapping scenario, 30 degree]
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Figure 5c. simulation results for Case 7 [non-overlapping scenario, 60 degree]
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.

2.2.3 Case 14
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Figure 6a. simulation results for Case 14 [overlapping scenario]
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Figure 6b. simulation results for Case 14 [non-overlapping scenario, 30 degree]
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Figure 6c. simulation results for Case 14 [non-overlapping scenario, 60 degree]
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.
Conclusions
In this contribution, we shared some further views on coexistence study for ATG coexistence and proposals are made as following:
For RMA channel model:
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.
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 5: for Case 11 with overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 17km.
Observation 6a: for Case 11 with non-overlapping coverage, 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 11 with non-overlapping coverage, the performance degradation of ATG BS as victim network is less than 5% with isolation distance as 17km with 60 degree angle shift.

For Free space channel model:
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 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 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.
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Annex
6.4.2.1 Scenario 5: 4GHz ATG DL interfering TN UL

This scenario captures the co-existence results after evaluation from all possible options. Here ATG DL with both AAS subarray and non-subarray model is interfering TN UL deployed in rural macro environment. Plots will be included once the results are captured in the excel sheet from the interested companies.

Table 6.4.2.1-1: 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°

	ZTE [RMA]
	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
	
	
	

	
	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 [FSPL]
	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
	
	
	

	
	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
	
	
	



6.4.2.2 Scenario 6: 4GHz ATG UL interfering TN DL


6.4.2.3 Scenario 7: 4GHz TN DL interfering ATG UL

This scenario captures the co-existence results after evaluation from all possible options. Here TN DL with both AAS subarray and non-subarray model is interfering ATG UL deployed in rural macro environment. Plots will be included once the results are captured in the excel sheet from the interested companies.

Table 6.4.2.3-1: 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°

	ZTE [RMA]
	Non-Subarray
	5% in the whole network
	20
	9
	6

	
	
	Average of all users in the whole network
	
	
	

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
	
	
	

	ZTE [FSPL]
	Non-Subarray
	5% in the whole network
	550
	50
	40

	
	
	Average of all users in the whole network
	
	
	

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
	
	
	




6.4.2.4 Scenario 8: 4GHz TN UL interfering ATG DL


6.4.2.5 Scenario 13: 2GHz ATG UL interfering TN DL


6.4.2.6 Scenario 14: 2GHz TN DL interfering ATG UL

This scenario captures the co-existence results after evaluation from all possible options. Here TN DL with both AAS subarray and non-subarray model is interfering ATG UL deployed in rural macro environment. Plots will be included once the results are captured in the excel sheet from the interested companies.

Table 6.4.2.6-1: 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°

	ZTE [RMA]
	Non-Subarray
	5% in the whole network
	17
	10
	6

	
	
	Average of all users in the whole network
	
	
	

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
	
	
	

	ZTE [FSPL]
	Non-Subarray
	5% in the whole network
	700
	90
	70

	
	
	Average of all users in the whole network
	
	
	

	
	Subarray
	5% in the whole network
	
	
	

	
	
	Average of all users in the whole network
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Case 7: overlapping scenario, iso=20km
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Case 7: overlapping scenario, iso=8km, 30 degree
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Case 7: overlapping scenario, iso=8.7km, 30 degree
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Case 7: overlapping scenario, iso=9km, 30 degree
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Case 7: overlapping scenario, iso=10km, 30 degree
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Case 7: overlapping scenario, iso=5km, 60 degree
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Case 7: overlapping scenario, iso=6km, 60 degree
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Case 7: overlapping scenario, iso=10km, 60 degree
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Case 14, non-overlapping scenario, iso=17km
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Case 5:overlapping scenairo, iso=95km
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Case 5:,non-overlapping scenairo,30 degree,iso=10km

mean throughput loss

5% cdf throughput loss
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Case 5:,non-overlapping scenairo,60 degree,iso=60km

mean throughput loss

5% cdf throughput loss
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Case 5:,non-overlapping scenairo,60 degree,iso=80km

mean throughput loss

5% cdf throughput loss
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Case 7: overlapping scenario, iso=550km
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Case 7: overlapping scenario, iso=50km, 30 degree

mean throughput loss

5% cdf throughput loss
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Case 7: overlapping scenario, iso=40km, 60 degree

mean throughput loss

5% cdf throughput loss
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Case 14, overlapping scenario, iso=700km
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Case 14,non-overlapping scenario, iso=90km,30 degree

mean throughput loss

5% cdf throughput loss
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Case 14,non-overlapping scenario, iso=70km,60 degree

mean throughput loss

5% cdf throughput loss
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Case 5:overlapping scenairo, iso=20km

mean throughput loss

5% cdf throughput loss
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Case 5:,non-overlapping scenairo,30 degree,iso=1km

mean throughput loss

5% cdf throughput loss
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Case 5:,non-overlapping scenairo,30 degree,iso=2km

mean throughput loss

5% cdf throughput loss
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Case 5:,non-overlapping scenairo,30 degree,iso=3km

mean throughput loss

5% cdf throughput loss
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Case 5:,non-overlapping scenairo,60 degree,iso=5km

mean throughput loss

5% cdf throughput loss


