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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#106 meeting, progress, captured in [1], was made regarding Air-to-ground co-existence evaluation and parameters. In this contribution, we share our preliminary ATG coexistence results based on the agreed simulation assumption from past RAN4 meetings. 
Coexistence scenarios in RAN4
As agreed in R4-2220542, list of ATG coexistence scenarios to be investigated by RAN4 is shown in Table 1 where green (grey) highlighted cells represent the synchronized (unsynchronized) cases. In this contribution we focus only on the synchronized cases. 
[bookmark: _Ref131490358]Table 1 ATG 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
	
	
	

	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
	
	FFS

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

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

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

	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
	FFS

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



 In terms of network layout, RAN4 has agreed that for horizontal distribution, random between minimum and maximum distance in the straight line and for vertical distribution, it is suggested to be based on ATG UE uniform distribution among 3 to 10km. Figure 1 presents the network layout for 2GHz simulations with TN network being Rural with 7.5KM ISD from top and front view. In this case the ATG BS and the TN cluster are co-located (note that only a limited number of points are shown for ease of visualization). 
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[bookmark: _Ref131492014]Figure 1 Visualization top (left) and front (right) of ATG network layout for the TN and ATG co-located case.

In Figure 2 we present the case where the TN network is deployed beneath the ATG. Note that in this layout, the TN cluster location is adjusted to be below the ATG. As agreed in [1], the below figure shows the TN cluster with an additional outer ring of BSs to consider more aggressive interference from the TN network at the ATG UE. 
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[bookmark: _Ref131588319]Figure 2 Visualization top (left) and front (right) of ATG network layout for the TN and ATG non-collocated case.
For the case where the TN and ATG are non-collocated (i.e., TN cluster is beneath the ATG UE) as depicted in Figure 2, the number of TN clusters is adjusted to include an additional external ring as agreed in [1]. This to push the ATG UE to experience more realistic interference from the TN. To confirm this, we consider case 11 where the ATG UE is the victim, and the TN BSs are the aggressors. The distribution of the experienced aggregate interference from the TN cluster 
[image: ]
[bookmark: _Ref131808182]Figure 3 Aggregate interference at the ATG UE from TN BSs.
Observation 1: It is observed that around 2dB difference between typical 19 sites network layout and 19 sites with additional external ring in terms of aggregate interference power from the TNs towards ATG UE. 
In our paper, whenever we present results for collocated TN and ATG, we consider an additional ring in the TN cluster compared to the legacy 19 sites (57 cells).
Observation: 
Preliminary simulation results
TN network as victim
Downlink analysis (Case 1,9: Victim is TN UE)
In Figure 4 and Figure 6 we present the throughput loss% as a function of the ACIR. It can be observed that the ACI caused by the ATG BS is not negligible especially the 5% which requires an ACIR that is quite close to the legacy ACIR (i.e., 32.7 dB). Figure 5 presents the throughput distribution comparing the SINR with only co-channel and SINR with adjacent channel for the case when the ATG BS and TN cluster are collocated and un-collocated. We can observe that the throughput curves for ACIR=30dB will lead to around 2.5% mean TP loss and 10% 5% throughput loss. Thus, based on our preliminary results for case 1 and case 9, RAN4 to further discuss if it is sufficient to reuse the legacy FR1 ACLR of 45dB for ATG BS. 

Observation 2: For case 1 and case 9, RAN4 to further discuss if it is sufficient to reuse the legacy FR1 ACLR of 45dB for ATG BS.
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[bookmark: _Ref131807808]Figure 4 RMa 2GHz where TN UE is victim for TN and ATG co-located deployment.
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[bookmark: _Ref131808189]Figure 5 throughput distribution for RMa 2GHz when TN UE is victim (ACIR = 30 dB).
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[bookmark: _Ref131807811]Figure 6 RMa 4GHz where TN UE is victim for TN and ATG co-located deployment.
Uplink analysis (Case 2,10: Victim is TN BS)
Figure 7 and Figure 8 present the TP loss% for the case when the TN BS is victim and ATG UE are aggressors. It is observed that the ACI caused by ATG UE towards the TN BS is very small and can be negligible. We also observe that the un-collocated layout results in higher throughput compared to the collocated one. Based on the preliminary results for case 2 and case 10 impacting the ATG UE ACLR and its effect on the TN BS, it can be observed that the legacy FR1 UE PC3 ACLR requirement 30dBc requirement for ATG UE should be sufficient.

Observation 3: For Cases 2 and 10, the ACI caused by ATG UE towards the TN BS is very small and can be negligible. Thus, the legacy FR1 UE ACLR requirement of 30dBc requirement for ATG UE should be sufficient.

[image: ]
[bookmark: _Ref131771695]Figure 7 RMa 2GHz where TN BS for TN and ATG co-located deployment.

[bookmark: _Ref131771701][image: ]
Figure 8 RMa 4GHz where TN BS for TN and ATG co-located deployment.
ATG network as victim
Downlink analysis (Case 3,11: Victim is ATG UE)
Figure 9 and Figure 10 present the TP loss for the case when ATG UE is victim and TN BSs are aggressors. It is observed that the ACI caused by TN BSs towards the ATG UE is impactful for the low ACIR regimes. Based on the preliminary results for case 3 and case 11 impacting the ATG UE ACLR and its effect on the TN BS, it can be observed that the legacy FR1 UE PC3 ACLR requirement 30dBc requirement for ATG UE should be sufficient.

Observation 4: For Cases 3 and 11, although the ACI caused by TN BSs towards the ATG UE is high in the low ACIR regimes, legacy FR1 UE ACS requirement of 33dBc requirement for ATG UE should be sufficient.

[bookmark: _Ref131804972][image: ]
[bookmark: _Ref131808597]Figure 9 RMa 2GHz where ATG UE is victim for TN and ATG un-collocated deployment.

[bookmark: _Ref131804976][image: ]
[bookmark: _Ref131808599]Figure 10 RMa 4GHz where ATG UE is victim for TN and ATG un-collocated deployment.


Uplink analysis (Case 4,12: Victim is ATG BS)
Figure 11 and Figure 12 presents the TP loss when ATG BS is victim and TN UEs are aggressors. It is observed that the ACI caused by TN UEs towards the ATG BS is impactful for the low ACIR regimes. Based on the preliminary results for case 4 and case 12 impacting the ATG BS ACS and its effect on the TN BS, it can be observed that the legacy FR1 BS ACS of requirement 46dBc requirement for ATG BS should be sufficient.

Observation 5: For Cases 4 and 12, although the ACI caused by TN BSs towards the ATG UE is high in the low ACIR regimes, legacy FR1 BS ACS requirement of 46dBc requirement for ATG BS should be sufficient.
[bookmark: _Ref131805031][image: ]
[bookmark: _Ref131808681]Figure 11 RMa 2GHz where ATG BS is victim for TN and ATG co-located deployment.
[bookmark: _Ref131805033][image: ]
[bookmark: _Ref131808682]Figure 12 RMa 4GHz where ATG BS is victim for TN and ATG co-located deployment.

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: It is observed that around 2dB difference between typical 19 sites network layout and 19 sites with additional external ring in terms of aggregate interference power from the TNs towards ATG UE. 
Observation 2: For case 1 and case 9, RAN4 to further discuss if it is sufficient to reuse the legacy FR1 ACLR of 45dB for ATG BS.

Observation 3: For Cases 2 and 10, the ACI caused by ATG UE towards the TN BS is very small and can be negligible. Thus, the legacy FR1 UE ACLR requirement of 30dBc requirement for ATG UE should be sufficient.

Observation 4: For Cases 3 and 11, although the ACI caused by TN BSs towards the ATG UE is high in the low ACIR regimes, legacy FR1 UE ACS requirement of 33dBc requirement for ATG UE should be sufficient.

Observation 5: For Cases 4 and 12, although the ACI caused by TN BSs towards the ATG UE is high in the low ACIR regimes, legacy FR1 BS ACS requirement of 46dBc requirement for ATG BS should be sufficient.
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