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[bookmark: _Ref465963108]Introduction
In RAN#95e meeting, the work item [RP-221369] on Air-to-ground (ATG) network for NR was approved as one of Rel-18 RAN4 package. In RAN4#107, progress, captured in [1], was made regarding ATG coexistence results for synchronized cases and fine tuning of simulation parameters for non-synchronized cases. In this contribution, we share our ATG coexistence results based on the latest WF agreed in RAN4#108 with the focus on identifying the isolation distances for asynchronized operation between TN and ATG deployments. 
Non-Synchronized Coexistence analysis
In this contribution we provide our views on the simulation results for phase #2, i.e., non-synchronized case to derive the needed isolation distance required as well as decide on the necessity of synchronized ATG network and TN. The list of ATG coexistence scenarios to be investigated by RAN4 is shown in Table 1.
[bookmark: _Ref131490358]Table 1 ATG and TN non-synchronized coexistence scenarios
	No.
	Combination
	Aggressor
	Victim
	Simulation frequency
	Notes
	Study Phase

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

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

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

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

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

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

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



As agreed in [1], there is no need to consider ATG UE - TN UE CLI because ATG BS - TN BS CLI is the dominate interference. Thus, the isolation distance for non-synchronized case is only derived from ATG BS- TN gNB CLI. As a results, we will focus in this section on the yellow highlighted cases in Table 1 to derive the needed isolation distance. 
Regarding simulation configuration, we focus in this contribution on the case where the TN and ATG network coverage is overlapping, as depicted in Figure 1, where the isolation distance represents the distance between the ATG gNB and the nearest TN gNB. Additionally, legacy gNB and UE ACLR/ACS have been adopted to derive the isolation distance required. 


[bookmark: _Ref142631495]Figure 1 Top view of non-synchronized scenarios case 1

After RAN4#108, offline calibration between the interested companies has been carried out to calibrate the coupling loss between ATG and TN BSs considering two different pathloss models, namely, FSPL and RMA model in TR 38.901. Based on that offline activity, it can be observed that the interference experienced assuming FSPL is higher compared to the assumption of RMa 38.901 model. 
Observation 1: Inter-gNB cross-link interference assuming FSPL model is higher compared to the RMa 38.901 assumption.  
Observing RMa pathloss model in TR 38.901, it can be observed that the direct application of this model for inter-gNB cross-link interference is not straightforward as some parameters are defined that will not be applicable to be used in the model. Considering the RMa model provided in Figure 2, it can be observed that the user terminal height () is limited to 10m. Also, the distance between ATG and TNs is capped at 10km, which might be exceeded when deriving the isolation distance values. 
Observation 2: The application of RMa 38.901 model to derive the isolation distance between TN and ATG need adjustments to account for higher antenna heights and 2D distances. 
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[bookmark: _Ref146098054]Figure 2 RMa model in TR 38.901
TN UL victim and ATG DL aggressor (case 5)
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. 
ATG UL victim and TN DL aggressor (cases 7 and 14)
Case 7 (case 14) considers the isolation distance between TN cluster and ATG gNB when the ATG gNB is the victim while the TN cluster are the aggressors for 4GHz (2GHz). Figure 4 shows the isolation distance required for 4GHz and 2GHz to meet the target throughput loss assuming the RMa 38.901 model between the ATG and TN gNBs. It can be observed that an isolation distance larger than 9km and 14km for 4GHz and 2GHz, respectively, is required to ensure throughput loss below the 5% threshold mark. It is worth noting that Cases 7 and 14 represent larger isolation distance compared to case 5 as the number of interfering gNBs in the TN cluster is larger compared to the single cell assumed for ATG. 
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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[bookmark: _Ref146109073]Figure 4 Throughput loss as a function of isolation distance for case 7 (left) and case 14 (right) assuming RMa 38.901 model.
Assuming now the FSPL model, Figure 5 shows the isolation distance required for 4GHz and 2GHz to meet the target throughput loss assuming the FSPL model between the ATG and TN gNBs. It can be observed that an isolation distance at least 203km and 220 km is required to meet the 5% throughput loss threshold.   
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. 
Due to the significant difference in terms of pathloss between the RMa 38.901 model and the FSPL, the isolation distance is much higher as observed. It should be noted that the 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. 
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.
Based on the analysis in this contribution, the operation of unsynchronized TN and ATG seems quite challenging and to yield it feasible, either large isolation distance or high ACIR values would be required, which would make the deployment impractical. 
Proposal 1: RAN4 to consider only synchronized operation of TN and ATG deployments to avoid either large isolation distance or higher ACIR values. 
Conclusion
In this contribution we have shared our views on open items regarding the ATG coexistence simulation work. Our proposals and observations are summarized as follows:
Observation 1: Inter-gNB cross-link interference assuming FSPL model is higher compared to the RMa 38.901 assumption.  
Observation 2: The application of RMa 38.901 model to derive the isolation distance between TN and ATG need adjustments to account for higher antenna heights and 2D distances. 
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 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.
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.
Proposal 1: RAN4 to consider only synchronized operation of TN and ATG deployments to avoid either large isolation distance or higher ACIR values. 
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