[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting # 101-bis	R4-2200782
Electronic Meeting, January. 17-25, 2022

Agenda Item:		6.13.2.2
Source: 		Qualcomm Incorporated
Title: 	Coexistence simulation restuls for HAPS
Document for:	Approval
1. Introduction
[bookmark: _Hlk85806903]The HAPS and TN coexistence performance were presented with simulation results in this contribution. The simulations were based on the agreed HAPS simulation assumptions captured in [1] of RAN4 #101 e-meeting.  
Through the simulation results, ACIR/ACS values and interference coordination methods were proposed to conclude the HAPS study. 
2. Discussion
2.1 Simulation topology for coexistence
The topology used for coexistence is showed in Figure 1 and Figure 2 that TN clusters are dropped uniformly in the HAPS coverage. Only one TN cluster is dropped in each snapshot, and the centre of TN cluster is dropped uniformly in the HAPS coverage. Through this way, different HAPS performance levels can be reached as showed in Figure 3. Wrap-around is not considered. 
It needs to be mentioned that the HAPS topology is 7 equal-side hexagons. The UE is uniformly dropped and the UE access will depend on the calculated coupling loss.
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Description automatically generated]Figure 1. HAPS and TN coexistence topology 
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Figure 2. HAPS topology 
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Figure 3. HAPS DL SINR Distribution Heatmap in rural

2.2 Simulation assumptions for coexistence
The simulation assumptions are aligned with the agreements in [1] of RAN4 #101 e-meeting. 
The HAPS UEs and TN UEs are assumed in the same coverage area, which means the HAPS UE is randomly dropped in the TN coverage.
For the HAPS UL interfering to TN UL scenario, since only 3 HAPS UEs in one cell, the HAPS’s interference will be averaged in the 19 base stations. 
For the TN UL interfering to HAPS UL scenario, the accumulated interference from all the TN UEs in the HAPS coverage should be considered. In current simulation, only one TN cluster’s UEs are accumulated as the TN interference . 
3-step ACLR is assumed. The UL bandwidth for HAPS UE and TN UE are different, and thus the ACLR calculation for asymmetric bandwidth is referred to 3GPP TR36.942 Chapter 5.1.1.4.1. 

2.3 Simulation cases for coexistence
 The coexistence test cases are summarized in Table 1. The target of HAPS is to extend the coverage; therefore, the interested scenario is rural.
Table 1. Coexistence test case summary
	Case No.
	Scenario

	1
	HAPS DL interfering to AAS TN DL

	2
	AAS TN DL interfering to HAPS DL

	3
	HAPS UL interfering to AAS TN UL

	4
	AAS TN UL interfering to HAPS UL

	Note: only rural scenario is considered.



2.4 Simulation results for coexistence
The simulation results are summarized in Table 2 for better comparing the differences. The results are also included in the spreadsheet in the annex. 

Table 2. Coexistence performance summary
	1
	HAPS DL to AAS TN DL
	Required ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	
	
	Mean throughput loss
	38.41%
	23.95%
	12.26%
	5.14%
	1.86%
	0.62%
	0.20%
	0.06%

	
	
	5-ile throughput loss
	100.00%
	68.11%
	39.34%
	17.38%
	6.66%
	2.37%
	0.77%
	0.21%

	2
	AAS TN DL to HAPS DL
	Required ACIR [dB]
	20
	25
	30
	35
	40
	45
	50
	55

	
	
	Mean throughput loss
	9.35%
	6.55%
	4.43%
	2.85%
	1.69%
	0.98%
	0.48%
	0.22%

	
	
	5-ile throughput loss
	100.00%
	100.00%
	100.00%
	100.00%
	25.79%
	11.51%
	7.52%
	2.37%

	3
	HAPS UL to AAS TN UL
	Required ACIR [dB]
	5
	-
	-
	-
	-
	-
	-
	-

	
	
	Mean throughput loss
	0.05%
	-
	-
	-
	-
	-
	-
	-

	
	
	5-ile throughput loss
	  0.01%
	-
	-
	-
	-
	-
	-
	-

	4
	AAS TN UL to HAPS UL
	Required ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	
	
	Mean throughput loss
	94.76%
	85.29%
	68.20%
	45.06%
	23.21%
	9.36%
	3.23%
	1.06%

	
	
	5-ile throughput loss
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A




Table 3. ACLR/ACS requirement for TN in 2GHz
	System
	NR

	BS
	ACLR
	45 dB

	
	ACS
	46 dB

	UE
	ACLR
	30 dB (ACLR1), 43 dB (ACLR2)

	
	ACS
	33 dB



· HAPS interfering AAS TN 
From test case 1, the needed ACIR is about 26dB to ensure that the TN DL edge throughput loss brought by HAPS DL is smaller than 5%. From test case 3, the performance impact brought by the HAPS UL is very limited. 
Therefore, comparing with the ACLR/ACS requirement listed in Table 3, the HAPS deployment will not impact AAS TN deployment in 2GHz with current defined ACLR/ACS requirement in 3GPP.  
· AAS TN interfering HAPS
From test case 2, the required ACIR value is about 37dB for 5-ile throughput loss, and 27dB for mean throughput loss. Due to the very low elevation angle (11 degree) in the edge area and the large coverage radius (100km), the edge performance of HAPS is vulnerable and easily impacted by external interference. 
In test case 4, the 5-ile SINR is smaller than -10dB, therefore the edge throughput is 0. It is difficult to use 5-ile performance loss as the metric to measure the interference impact from TN to HAPS. If the mean throughput loss can be referred to measure the interference level, the required ACIR is also about 34dB for mean throughput loss for test case 4. The AAS TN UL interference is accumulated interference, and it is related closely with the statistical UE number.  In current simulation, only one TN cluster is counted, if more TN clusters are considered in the HAPS coverage area, the required ACIR would be higher. 
With above simulation results and analysis, we have the following observations and proposals:
Observation 1: The interference from HAPS to AAS TN is acceptable. Introducing HAPS will not impact current TN deployment.
Observation 2: The edge performance of HAPS is vulnerable. It is difficult to measure the interference’s impact brought by other systems using 5-ile performance loss. The operators’ coordination mechanism is needed to enable the co-coverage of HAPS and TN, e.g., HAPS UE will handover/roam to TN network configured by network in this case.  
Proposal 1: The ACLR/ACS for TN UE is also applicable for HAPS UE. HAPS can support existing TN UE.
Proposal 2: The frequency coordination measures are needed to enable HAPS and TN coexistence in the same coverage. The HAPS operator should plan its frequency deployment considering the ACI impact from TN but there is no need to specify the corresponding RAN4 requirements.
3. Conclusion
In this paper, we present the HAPS coexistence performance with AAS TN, including both DL to DL and UL to UL scenarios.  We have the following observations and proposals: 
[bookmark: _Hlk54179883]Observation 1: The interference from HAPS to AAS TN is acceptable. Introducing HAPS will not impact current TN deployment.
Observation 2: The edge performance of HAPS is vulnerable. It is difficult to measure the interference’s impact brought by other systems using 5-ile performance loss. The operators’ coordination mechanism is needed to enable the co-coverage of HAPS and TN, e.g., HAPS UE will handover/roam to TN network configured by network in this case.  

Proposal 1: The ACLR/ACS for TN UE is also applicable for HAPS UE. HAPS can support existing TN UE.
Proposal 2: The frequency coordination measures are needed to enable HAPS and TN coexistence in the same coverage. The HAPS operator should plan its frequency deployment considering the ACI impact from TN but there is no need to specify the corresponding RAN4 requirements.
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Template

				Template for collecting results



						Template:

						Case #: Aggressor* to Victim*

						*Please indicate the aggressor and victim system (HAPS, TN)
*Please indicate TN BS type (AAS, nonAAS)
*Please indicate the Deployment scenario (Rural, Urban)

						Required ACIR [dB]				5		10		15		20		25		30		35		40

						Throughput Loss		Average

								5%-tile







HAPS DL->TN DL UMa



						Case 3: HAPS DL  to TN DL, AAS, Urban Macro

						Note 1: TN location is randomly dropped in HAPS coverage area. 

				Source		Required ACIR [dB]				5		10		15		20		25		30		35		40

				Nokia		Throughput Loss		Average		0.38%		0.05%		0.03%		0.01%		0.00%		0.00%		0.00%		0.00%

								5%-tile		1.73%		0.58%		0.13%		0.02%		0.00%		0.00%		0.00%		0.00%

						Throughput Loss		Average

								5%-tile

						Throughput Loss		Average

								5%-tile

						Throughput Loss		Average

								5%-tile





HAPS DL->TN DL RMa

						Case 3: HAPS DL  to TN DL, AAS, Rural

						Note 1: TN location is randomly dropped in HAPS coverage area. 

				Source		Required ACIR [dB]				5		10		15		20		25		30		35		40

				Nokia		Throughput Loss		Average		28.80%		16.80%		8.10%		3.30%		1.10%		0.30%		0.10%		0.10%

								5%-tile		77.10%		53.20%		26.60%		9.80%		1.80%		0.30%		0.20%		0.00%

				Qualcomm		Throughput Loss		Average		38.41%		23.95%		12.26%		5.14%		1.86%		0.62%		0.20%		0.06%

								5%-tile		100.00%		68.11%		39.34%		17.38%		6.66%		2.37%		0.77%		0.21%

						Throughput Loss		Average

								5%-tile

						Throughput Loss		Average

								5%-tile





TN DL RMa ->HAPS DL

						Case 4: TN DL, AAS, Rural to HAPS DL  

						Note 1: TN location is randomly dropped in HAPS coverage area. 

				Source		Required ACIR [dB]				20		25		30		35		40		45		50		55

						Throughput Loss		Average

								5%-tile

				Qualcomm		Throughput Loss		Average		9.35%		6.55%		4.43%		2.85%		1.69%		0.98%		0.48%		0.22%

								5%-tile		100.00%		100.00%		100.00%		100.00%		25.79%		11.51%		7.52%		2.37%

						Throughput Loss		Average

								5%-tile

						Throughput Loss		Average

								5%-tile





HAPS DL -> HAPS DL RMa

						Case 7: HAPS DL to HAPS DL,Rural

						Note 1: ISDCC refers to center-to-center inter-system distance 

						Note 2: To ensure a non-zero throughput, select HAPS UE with coupling  loss < 140 dB.

				Source		Required ACIR [dB]				5		10		15		20		25		30		35		40		Required ACIR [dB]				5		10		15		20		25		30		35		40

				Nokia		Average Throughput Loss		0km ISDCC		37.50%		20.30%		9.10%		3.50%		1.20%		0.40%		0.10%		0.00%		5%-tile Throughput Loss		0km ISDCC		75.00%		46.90%		20.10%		6.10%		2.20%		0.20%		0.10%		0.00%

								10km ISDCC		35.40%		18.90%		8.40%		3.30%		1.20%		0.50%		0.20%		0.20%				10km ISDCC		70.20%		47.40%		20.40%		5.10%		1.50%		0.50%		0.10%		0.00%

								20km ISDCC		33.70%		18.10%		8.10%		3.30%		1.40%		0.70%		0.50%		0.40%				20km ISDCC		73.00%		44.80%		17.20%		5.10%		2.90%		2.10%		1.50%		1.30%

								30km ISDCC		31.60%		17.00%		7.60%		3.00%		1.10%		0.50%		0.20%		0.20%				30km ISDCC		72.90%		44.90%		11.90%		4.80%		2.30%		1.40%		1.30%		1.10%

								40km ISDCC		32.00%		17.50%		8.00%		3.30%		1.30%		0.60%		0.40%		0.40%				40km ISDCC		64.20%		33.20%		10.60%		3.30%		1.60%		0.50%		0.10%		0.00%

								50km ISDCC		28.40%		15.20%		6.80%		2.60%		0.90%		0.30%		0.10%		0.10%				50km ISDCC		62.00%		33.60%		8.90%		3.50%		2.20%		0.10%		0.10%		0.00%

						Average Throughput Loss		0km ISDCC																		5%-tile Throughput Loss		0km ISDCC

								10km ISDCC																				10km ISDCC

								20km ISDCC																				20km ISDCC

								30km ISDCC																				30km ISDCC

								40km ISDCC																				40km ISDCC

								50km ISDCC																				50km ISDCC

						Average Throughput Loss		0km ISDCC																		5%-tile Throughput Loss		0km ISDCC

								10km ISDCC																				10km ISDCC

								20km ISDCC																				20km ISDCC

								30km ISDCC																				30km ISDCC

								40km ISDCC																				40km ISDCC

								50km ISDCC																				50km ISDCC





HAPS UL RMa -> TN UL

								Case 2: HAPS UL, Rural to TN UL AAS

								Note 1: TN location is randomly dropped in HAPS coverage area. 

								Note 2: 3 UEs are scheduled in HAPS UL, each UE is allocated 6 PRBs

								Note 3: “N/A” indicates that the victim network’s cell-edge throughput is 0.

								Note 4: the HAPS UE is allocated in the TN cluster, and only one HAPS beam works since only one TN cluster. The interference is averaged in 7 HAPS beams. 



						Source		Required ACIR [dB]				5		10		15		20		25		30		35		40

						 		Throughput Loss		Average

										5%-tile

						Qualcomm		Throughput Loss		Average		0.05%

										5%-tile		0.01%

								Throughput Loss		Average

										5%-tile

								Throughput Loss		Average

										5%-tile





TN UL -> HAPS UL RMa

						Case 2: TN UL to HAPS UL, Rural

						Note 1: TN location is randomly dropped in HAPS coverage area. 

						Note 2: To ensure a non-zero throughput, select HAPS UE with coupling  loss < 140 dB.

						Note 3: 3 UEs are scheduled in HAPS UL, each UE is allocated 6 PRBs.

						Note 4: “N/A” indicates that the victim network’s cell-edge throughput is 0.

				Source		Required ACIR [dB]				5		10		15		20		25		30		35		40

				Nokia		Throughput Loss		Average		23.50%		14.30%		6.30%		2.40%		0.80%		0.40%		0.10%		0.00%

								5%-tile		N/A		37.10%		19.60%		6.00%		3.00%		0.60%		0.20%		0.10%

				Qualcomm (Note 2 is not applicable)		Throughput Loss		Average		94.76%		85.29%		68.20%		45.06%		23.21%		9.36%		3.23%		1.06%

								5%-tile		N/A		N/A		N/A		N/A		N/A		N/A		N/A		N/A

						Throughput Loss		Average

								5%-tile

						Throughput Loss		Average

								5%-tile





HAPS UL -> HAPS UL RMa

						Case 7: HAPS UL  to HAPS UL, Rural

						Note 1: ISDCC refers to center-to-center inter-system distance 

						Note 2: To ensure a non-zero throughput, select HAPS UE with coupling  loss < 140 dB.

						Note 3: 3 UEs are scheduled in HAPS UL, each UE is allocated 6 PRBs.

				Source		Required ACIR [dB]				5		10		15		20		25		30		35		40		Required ACIR [dB]				5		10		15		20		25		30		35		40

				Nokia		Average Throughput Loss		0km ISDCC		32.90%		14.10%		4.50%		1.70%		0.90%		0.70%		0.60%		0.60%		5%-tile Throughput Loss		0km ISDCC		51.70%		24.00%		10.80%		7.20%		2.10%		1.00%		0.50%		0.20%

								10km ISDCC		31.80%		14.10%		4.90%		2.00%		1.30%		1.00%		1.00%		0.90%				10km ISDCC		56.10%		34.30%		24.10%		14.20%		9.10%		7.80%		4.80%		2.20%

								20km ISDCC		30.40%		13.20%		4.30%		1.60%		0.80%		0.50%		0.50%		0.10%				20km ISDCC		51.80%		30.80%		16.10%		9.50%		7.70%		5.80%		3.80%		1.60%

								30km ISDCC		30.00%		13.40%		3.90%		1.00%		0.30%		0.10%		0.00%		0.00%				30km ISDCC		57.30%		24.00%		11.90%		2.10%		1.10%		0.50%		0.40%		0.10%

								40km ISDCC		30.30%		14.00%		4.70%		1.70%		1.00%		0.80%		0.70%		0.20%				40km ISDCC		52.40%		24.00%		12.80%		6.60%		3.40%		1.40%		0.10%		0.00%

								50km ISDCC		28.00%		12.80%		3.90%		1.20%		0.60%		0.40%		0.30%		0.30%				50km ISDCC		50.60%		30.70%		15.10%		10.80%		8.20%		7.20%		5.20%		3.30%

						Average Throughput Loss		0km ISDCC																		5%-tile Throughput Loss		0km ISDCC

								10km ISDCC																				10km ISDCC

								20km ISDCC																				20km ISDCC

								30km ISDCC																				30km ISDCC

								40km ISDCC																				40km ISDCC

								50km ISDCC																				50km ISDCC

						Average Throughput Loss		0km ISDCC																		5%-tile Throughput Loss		0km ISDCC

								10km ISDCC																				10km ISDCC

								20km ISDCC																				20km ISDCC

								30km ISDCC																				30km ISDCC

								40km ISDCC																				40km ISDCC

								50km ISDCC																				50km ISDCC
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