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1. Introduction
During RAN4#101-bis-e, most open issues with HAPS coexistence simulations have been resolved with some agreements on the simulation assumptions [1][2]. The latest HAPS simulation assumptions have been captured in the document [3]. There is also an agreement that more scenarios should be studied to better understand TN’s ACI impact on HAPS UE and HAPS UE’s impact to TN. 
In this contribution, we update our previous simulation results [4] using the latest assumptions and also present the results of two more scenarios to complete HAPS adjacent channel coexistence study.
2. HAPS coexistence simulation results
For HAPS adjacent channel coexistence in a FDD band, all possible scenarios can be classified as:
1. HAPS DL as aggressor
2. HAPS DL as victim
3. HAPS UL as aggressor
4. HAPS UL as victim
Coexistence simulation results using the latest simulation assumptions are presented below. 
HAPS DL as aggressor
When HAPS DL is the aggressor, the victim can be either a TN DL or a HAPS DL in the adjacent channel. HAPS UEs are always assumed to be in the rural environment. An urban macro or rural TN may appear randomly within the HAPS coverage area [3]. Altogether there are three cases when HAPS DL is the aggressor:
1. [bookmark: _Hlk91967252]Victim is a Urban Macro TN DL (HAPS DL→UMa TN DL)
2. Victim is a Rural TN DL (HAPS DL→Rural TN DL)
3. [bookmark: _Hlk91967278]Victim is a HAPS DL (HAPS DL→HAPS DL)
Case 1: Victim: TN DL in Urban Macro environment (HAPS DL→UMa TN DL)
Table 1. Degradation of DL throughput in UMa TN system (scenario: HAPS DL → UMa TN DL)
	Required ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Throughput Loss
	Mean
	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%


Case 2: Victim: TN DL in Rural environment (HAPS DL→Rural TN DL)
Table 2. Degradation of DL throughput in RMa TN system (scenario: HAPS DL → Rural TN DL)
	Required ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Throughput Loss
	Mean
	28.8%
	16.8%
	8.1%
	3.3%
	1.1%
	0.3%
	0.1%
	0.1%

	
	5%-tile
	77.1%
	53.2%
	26.6%
	9.8%
	1.8%
	0.3%
	0.2%
	0.0%


Case 3: Victim: HAPS DL (HAPS DL→HAPS DL)
In this case, ACIR degradation is evaluated with different “center-to-center inter-system distance” (ISDCC) between the two HAPS.
Table 3. Degradation of DL mean throughput in HAPS system
	ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	0km ISDCC
	37.5%
	20.3%
	9.1%
	3.5%
	1.2%
	0.4%
	0.1%
	0.0%

	10km ISDCC
	35.4%
	18.9%
	8.4%
	3.3%
	1.2%
	0.5%
	0.2%
	0.2%

	20km ISDCC
	33.7%
	18.1%
	8.1%
	3.3%
	1.4%
	0.7%
	0.5%
	0.4%

	30km ISDCC
	31.6%
	17.0%
	7.6%
	3.0%
	1.1%
	0.5%
	0.2%
	0.2%

	40km ISDCC
	32.0%
	17.5%
	8.0%
	3.3%
	1.3%
	0.6%
	0.4%
	0.4%

	50km ISDCC
	28.4%
	15.2%
	6.8%
	2.6%
	0.9%
	0.3%
	0.1%
	0.1%


Table 4. Degradation of DL 5%-tile throughput in HAPS system 
	ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	0km ISDCC
	75.0%
	46.9%
	20.1%
	6.1%
	2.2%
	0.2%
	0.1%
	0.0%

	10km ISDCC
	70.2%
	47.4%
	20.4%
	5.1%
	1.5%
	0.5%
	0.1%
	0.0%

	20km ISDCC
	73.0%
	44.8%
	17.2%
	5.1%
	2.9%
	2.1%
	1.5%
	1.3%

	30km ISDCC
	72.9%
	44.9%
	11.9%
	4.8%
	2.3%
	1.4%
	1.3%
	1.1%

	40km ISDCC
	64.2%
	33.2%
	10.6%
	3.3%
	1.6%
	0.5%
	0.1%
	0.0%

	50km ISDCC
	62.0%
	33.6%
	8.9%
	3.5%
	2.2%
	0.1%
	0.1%
	0.0%



The results of mean throughput and 5%-tile throughput degradation are shown in Figure 1. One can observe that the impact to Urban Macro TN DL is relatively small compared to rural TN DL and HAPS DL. The required ACIR for 5% loss in mean throughput is 18.7 dB and for 5% loss in 5%-tile throughput is 23.0 dB.
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[bookmark: _Ref92034271]Figure 1. (a) Mean throughput loss and (b) 5%-tile throughput loss as a function of ACIR when HAPS DL is the aggressor
Observation 1: The required ACIR for the HAPS DL aggressor scenarios is 23.0 dB.
For TN UE with 33 dB ACS, the required ACIR corresponds to 23.5 dB ACLR for HAPS.
Observation 2: HAPS DL coexistence simulation results indicate the required ACLR for HAPS is about 24 dB.
HAPS DL as victim
When HAPS DL is the victim, the aggressor can be either a TN DL or a HAPS DL. The latter has been studied in case 3 of Section 2.1. Here we consider an aggressor of TN DL in a rural environment.
Case: Aggressor is a Rural TN DL (Rural TN DL → HAPS DL)
In the simulations, one TN cluster of 57 cells is randomly dropped within the HAPS coverage area as defined in [3]. Throughput loss of HAPS DL due to ACI from TN DL for various ACIR is shown in Table 5 below. The impact of ACI looks minor since HAPS UEs are distributed in a large area and most of HAPS UEs are far from TN base stations.
[bookmark: _Ref95465067]Table 5. Degradation of DL throughput in HAPS system coverage (scenario: Rural TN DL → HAPS DL)
	Required ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Throughput Loss
	Mean
	1.4%
	0.8%
	0.8%
	0.5%
	0.5%
	0.4%
	0.3%
	0.3%

	
	5%-tile
	3.4%
	2.9%
	2.4%
	2.4%
	1.9%
	1.4%
	1.1%
	1.1%


If we focus on the HAPS UEs in the TN’s coverage area, the ACI impact would be more significant. Therefore,  we conducted another set of simulations, where we intentionally dropped HAPS UEs within the TN cluster as illustrated in Figure 2, and computed the mean throughput loss of those UEs. The results are shown in Table 6. Assuming HAPS UE has the same requirement of TN UE, with the 33 dB ACS, the mean throughput loss is about 9% for those HAPS UEs located in the TN coverage area. This loss can be mitigated by frequency planning when HAPS is deployed if overlap of coverage with existing TN is anticipated.
Figure 3 shows the impact of TN DL ACI on HAPS UE. For the HAPS UEs distributed in a large area, the overall impact from a single TN cluster is small, but for the HAPS UEs near TN BS, the ACI may lead to a moderate loss. 
[image: ]
[bookmark: _Ref95466383]Figure 2. x-y locations of HAPS UEs and TN UEs at one simulation drop. HAPS UEs are intentionally placed within TN coverage.
[bookmark: _Ref95466461]Table 6. Degradation of DL throughput for HAPS UEs within TN 
	Required ACIR [dB]
	5
	10
	15
	20
	25
	30
	35
	40

	Throughput Loss
	Mean
	43.8%
	32.5%
	24.5%
	20.0%
	15.4%
	11.4%
	7.0%
	4.5%
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[bookmark: _Ref95485002]Figure 3. Mean throughput loss of HAPS UE as a function of ACIR due to ACI from TN DL 
Observation 3: For HAPS UEs outside the TN coverage, the impact of ACI from TN DL is negligible. For HAPS UEs within the TN coverage, the DL throughput loss due to ACI from TN DL is about 9%.
HAPS UL as aggressor
When HAPS UL is the aggressor, the victim can be either a TN UL or a HAPS UL. The latter case is studied in Section 2.4. This section will focus on the former case in the rural environment, looking at the impact of HAPS UL ACI on TN UL. 
Case: Victim is a Rural TN UL (HAPS UL → Rural TN UL)
The throughput loss in TN UL, both mean and 5%-tile, from simulations are listed in Table 7 as a function of ACIR offset (used in the ACIR model [3]). The loss is minimal as expected since most of the widely distributed HAPS UEs are far away from TN BS. The ACI from HAPS UE in this scenario does not seem to be a concern for TN UL.
[bookmark: _Ref95500432]Table 7. Degradation of UL throughput in RMa TN system (scenario: HAPS UL → Rural TN UL)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	Throughput Loss
	Mean
	0.4%
	0.3%
	0.1%
	0.1%
	0.1%
	0.0%
	0.1%
	0.1%

	
	5%-tile
	4.2%
	2.4%
	2.3%
	1.9%
	1.2%
	1.3%
	1.1%
	0.6%


Observation 4: The impact of HAPS UL ACI is negligible for TN UL.
From the results in Sections 2.2 and 2.3, no serious impact is observed if HAPS UE has the same ACLR/ACS requirements as the existing TN UE. We therefore would like to make the following proposal. 
Proposal 1: Existing TN UE’s ACLR/ACS requirements are applicable to HAPS UE.
HAPS UL as victim
When HAPS UL is the victim, the aggressor can be either a TN UL or a HAPS UL in the adjacent channel. There are three cases to be considered:
1. Aggressor is a Urban Macro TN UL (UMa TN UL→HAPS UL)
2. Aggressor is a Rural TN UL (Rural TN UL→HAPS UL)
3. Aggressor is a HAPS UL (HAPS UL→HAPS UL)
Results of simulations using the latest assumptions [3] are presented here. It is still undecided whether a maximum coupling loss (CL) should be applied to HAPS UE. We considered two different assumptions: (i) An outage CL of 140 dB is applied, i.e., a connected UE must have CL<140 dB. This criterion accounts for 92% of HAPS UEs. (ii) No CL limit is applied. When assumption (ii) is used, the 5%-tile throughput may go to zero thus making it impossible to evaluate 5%-tile throughput loss. Results of both assumptions are presented.
Case 1: Aggressor: TN UL in Urban Macro environment (UMa TN UL→HAPS UL)
Table 8. Degradation of UL throughput in HAPS system (UMa TN UL→HAPS UL, CL<140 dB)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	Throughput Loss
	Mean
	2.9%
	2.7%
	2.6%
	2.3%
	2.2%
	1.8%
	0.9%
	0.7%

	
	5%-tile
	13.6%
	10.9%
	10.7%
	9.8%
	8.4%
	5.0%
	4.7%
	1.4%


Table 9. Degradation of UL throughput in HAPS system (UMa TN UL→HAPS UL, No CL limit)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	Throughput Loss
	Mean
	3.2%
	2.9%
	2.8%
	2.5%
	2.4%
	2.0%
	1.1%
	0.9%

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


Note: “N/A” indicates that the victim network’s 5%-tile throughput is 0.
Case 2: Aggressor: TN UL in Rural environment (Rural TN UL→HAPS UL)
Table 10. Degradation of UL throughput in HAPS system (Rural TN UL→HAPS UL, CL<140 dB)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	Throughput Loss
	Mean
	14.4%
	7.2%
	3.0%
	1.4%
	0.7%
	0.6%
	0.1%
	0.0%

	
	5%-tile
	35.4%
	22.6%
	12.6%
	11.5%
	7.5%
	5.0%
	4.5%
	1.1%


Table 11. Degradation of UL throughput in HAPS system (Rural TN UL→HAPS UL, No CL limit)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	Throughput Loss
	Mean
	14.3%
	7.1%
	3.0%
	1.4%
	0.7%
	0.6%
	0.1%
	0.0%

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


Note: “N/A” indicates that the victim network’s 5%-tile throughput is 0.
Case 3: Aggressor: HAPS UL (HAPS UL→HAPS UL)
Table 12. Degradation of UL mean throughput in HAPS system (HAPS UL→HAPS UL, CL<140 dB)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	0km ISDCC
	13.1%
	5.4%
	2.0%
	0.9%
	0.8%
	0.5%
	0.3%
	0.2%

	10km ISDCC
	13.3%
	5.0%
	2.0%
	0.7%
	0.8%
	0.9%
	0.5%
	0.3%

	20km ISDCC
	12.5%
	5.1%
	1.6%
	1.2%
	0.4%
	0.4%
	0.2%
	0.1%

	30km ISDCC
	12.8%
	5.2%
	1.4%
	0.7%
	0.6%
	0.4%
	0.3%
	0.0%

	40km ISDCC
	11.7%
	4.2%
	1.6%
	0.6%
	0.4%
	0.4%
	0.1%
	0.2%

	50km ISDCC
	11.0%
	4.4%
	1.8%
	0.8%
	0.8%
	0.3%
	0.1%
	0.0%


Table 13. Degradation of UL 5%-tile throughput in HAPS system (HAPS UL→HAPS UL, CL<140 dB)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	0km ISDCC
	30.2%
	6.1%
	5.0%
	3.9%
	2.1%
	2.2%
	0.5%
	0.4%

	10km ISDCC
	29.6%
	9.9%
	10.2%
	9.2%
	7.1%
	4.6%
	2.8%
	4.4%

	20km ISDCC
	25.9%
	10.6%
	6.4%
	4.8%
	4.6%
	2.9%
	1.6%
	2.4%

	30km ISDCC
	32.2%
	10.2%
	8.6%
	5.2%
	2.5%
	1.5%
	0.8%
	0.2%

	40km ISDCC
	26.6%
	9.4%
	4.3%
	2.9%
	2.4%
	1.1%
	1.4%
	0.2%

	50km ISDCC
	19.7%
	8.6%
	3.8%
	3.4%
	2.2%
	3.2%
	1.2%
	0.3%


Table 14. Degradation of UL mean throughput in HAPS system (HAPS UL→HAPS UL, No CL limit)
	ACIR offset XACIR [dB]
	-25
	-20
	-15
	-10
	-5
	0
	5
	10

	0km ISDCC
	12.9%
	5.3%
	2.0%
	0.9%
	0.8%
	0.6%
	0.4%
	0.3%

	10km ISDCC
	13.0%
	4.8%
	2.0%
	0.6%
	0.8%
	0.9%
	0.5%
	0.3%

	20km ISDCC
	12.3%
	5.0%
	1.6%
	1.3%
	0.5%
	0.5%
	0.3%
	0.2%

	30km ISDCC
	12.5%
	5.1%
	1.4%
	0.7%
	0.5%
	0.4%
	0.3%
	0.0%

	40km ISDCC
	11.5%
	4.2%
	1.6%
	0.6%
	0.4%
	0.4%
	0.1%
	0.2%

	50km ISDCC
	10.8%
	4.3%
	1.7%
	0.7%
	0.7%
	0.2%
	0.1%
	0.0%


Note: 5%-tile throughput degradation for HAPS UL→HAPS UL with no CL limit is all “N/A”.
From the above simulation results, we can see clearly that the maximum 140 dB CL makes almost no difference in mean throughput loss. By eliminating a small portion of UEs whose link is too weak to connect to HAPS, we still get the same ACI caused degradation in mean throughput. Furthermore, for the same ACIR, the 5%-tile throughput loss usually exceeds the mean throughput loss. If we don’t impose a maximum CL, 5%-tile throughput loss evaluation will be impossible, and the required ACIR for coexistence will be determined by mean throughput loss alone. That will lead to a relaxed requirement.
Observation 5: Imposing a maximum CL of 140 dB makes little difference (≤ 0.3%) in mean throughput loss results for all cases, while it allows to evaluate 5%-tile throughput loss.
Observation 6: For the same ACIR, a higher loss typically occurs at 5%-tile throughput. Using mean throughput alone to determine ACS requirement will result in a more relaxed requirement.
Proposal 2: Adopt a maximum CL of 140 dB for HAPS UE in adjacent channel coexistence simulations.
The above results of mean throughput and 5%-tile throughput degradation in the victim HAPS UL are shown in Figure 4. For the scenario HAPS UL→HAPS UL, the largest loss from the simulated inter-system distances (ISDCC) is plotted. If 5% loss protection is required for both mean throughput and 5%-tile throughput, the required ACIR offset is 0 dB. On the other hand, if 5% loss protection is required for only mean throughput, the required ACIR offset is -17 dB.
Observation 7: To protect HAPS UL from ACI, simulation results indicate that 0 dB ACIR offset is required if the 5% loss criterion applies to both mean throughput and 5%-tile throughput, while -17 dB ACIR offset is required if only mean throughput is considered.
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[bookmark: _Ref92035382]Figure 4. (a) Mean throughput loss and (b) 5%-tile throughput loss as a function of ACIR when HAPS UL is the victim
3. Conclusion
In this contribution, we have presented comprehensive simulation results for HAPS adjacent channel coexistence. Observations from these results and some of our proposals are listed below. Our proposals for HAPS BS ACLR/ACS requirements are presented in another paper [5].
Observation 1: The required ACIR for the HAPS DL aggressor scenarios is 23.0 dB.
Observation 2: HAPS DL coexistence simulation results indicate the required ACLR for HAPS is about 24 dB.
Observation 3: For HAPS UEs outside the TN coverage, the impact of ACI from TN DL is negligible. For HAPS UEs within the TN coverage, the DL throughput loss due to ACI from TN DL is about 9%.
Observation 4: The impact of HAPS UL ACI is negligible for TN UL.
Observation 5: Imposing a maximum CL of 140 dB makes little difference (≤ 0.3%) in mean throughput loss results for all cases, while it allows to evaluate 5%-tile throughput loss.
Observation 6: For the same ACIR, a higher loss typically occurs at 5%-tile throughput. Using mean throughput alone to determine ACS requirement will result in a more relaxed requirement.
Observation 7: To protect HAPS UL from ACI, simulation results indicate that 0 dB ACIR offset is required if the 5% loss criterion applies to both mean throughput and 5%-tile throughput, while -17 dB ACIR offset is required if only mean throughput is considered.
Proposal 1: Existing TN UE’s ACLR/ACS requirements are applicable to HAPS UE.
Proposal 2: Adopt a maximum CL of 140 dB for HAPS UE in adjacent channel coexistence simulations.
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