


[bookmark: page1]3GPP TSG-RAN WG4 Meeting #99-e		   			  									     R4-2110690 Electronic Meeting, May 19-27, 2021

[bookmark: _Hlk68024912]Source:	Nokia, Nokia Shanghai Bell
[bookmark: _Hlk54178313]Title:	HAPS uplink simulation results and simulation alignment data
Agenda item: 	9.12.2.2 Simulation results	
Document for:	Discussion and Approval
1. Introduction
In RAN4#98bis-e meeting, agreements regarding HAPS in NTN coexistence are captured in [1][2] as an output of email discussions [3][4]. The agreements are listed as follows.
	WF NTN_Solutions_Part1 [1]:
· RAN4 shall further refine FR1 NR band description for HAPS deployment at @2GHz for use in coexistence studies.
· NR band n1 as example band for HAPS related coexistence studies at 2GHz.
· Separate HAPS coexistence scenarios from Satellite coexistence scenarios.
· Note: the two NTN systems may consider different bands, different simulation parameters
WF NTN_Solutions_Part2 [2]:
· Agreed on HAPS co-existence scenarios.
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· Agreed on UL TPC for HAPS UE.
· Consider different UL power control setting for UE served by TN and for UE served by HAPS. One potential model with UE transmit power Pt determined according to:
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· Detailed assumptions are captured in R4-2106106.


HAPS adjacent channel interference simulation results for the DL have been submitted for RAN4#98bis-e [5]. In this contribution, we provide UL simulation results and simulation alignment data for HAPS coexistence study. 
2. Simulation results
Results presented here consist of SINR distributions for alignment purpose and UL adjacent channel interference (ACI) simulation results based on the HAPS simulation assumptions in [6][7]. 
2.1. Simulation alignment data
Figure 1 shows DL SINR of the terrestrial network with the layout and assumption of [6] in Urban Macro and Rural Macro environments, while Figure 2 shows DL SINR of the HAPS network in rural environment. In the TN and HAPS coexistence scenario, TN is the victim network in the DL, and the DL SINR of TN with the presence of HAPS ACI of various ACIR is in Figure 3, assuming the center-to-center inter-system distance (ISDCC) is 0, i.e., HAPS is right above the center of TN.
For UL simulations, HAPS is considered as the victim network and the ACS requirement for HAPS is to be determined. Using the scheduled bandwidth assumption of [7], the UL SINR of the HAPS coverage without ACI is shown Figure 4. When ACI from TN is present, assuming ISDCC = 0, UL SINR of HAPS is in Figure 5 with various ACIR for the ACI.
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Figure 1. DL SINR of TN in UMa and RMa environments
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[bookmark: _Ref71476552]Figure 2. DL SINR of HAPS in rural environment
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[bookmark: _Ref71477078]Figure 3. DL SINR of TN with the presence of HAPS ACI 
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[bookmark: _Ref71477885]Figure 4. UL SINR of HAPS
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[bookmark: _Ref71478187]Figure 5. UL SINR of HAPS with the presence of TN ACI
2.2. FDD UL HAPS coexistence simulation results 
UL simulations of HAPS coexistence focus on ACI impact on HAPS uplink performance in order to determine a proper requirement of HAPS adjacent channel selectivity (ACS). Coexistence scenarios for simulations include (1) TN UL interfering with HAPS UL and (2) HAPS UL interfering with HAPS UL. The maximum ACIR in UL simulations is limited by the UE’s ACLR requirement of 30 dB (for power class 3). 
[bookmark: _Hlk68184687]Rural NR UL interfering with HAPS UL
Table 1. Degradation of UL average throughput in HAPS system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	0km ISDCC
	7.9%
	4.2%
	1.7%
	0.4%
	0.0%
	0.0%

	10km ISDCC
	10.0%
	4.8%
	1.9%
	0.6%
	0.1%
	0.0%

	20km ISDCC
	9.4%
	5.6%
	2.4%
	0.8%
	0.1%
	0.0%

	30km ISDCC
	13.5%
	8.7%
	4.0%
	0.9%
	0.1%
	0.0%

	40km ISDCC
	13.3%
	8.3%
	3.4%
	0.7%
	0.0%
	0.0%

	50km ISDCC
	11.7%
	6.6%
	2.2%
	0.4%
	0.0%
	0.0%


Table 2. Degradation of UL cell-edge throughput in HAPS system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	0km ISDCC
	21.5%
	10.8%
	7.0%
	3.1%
	3.0%
	2.8%

	10km ISDCC
	35.0%
	18.6%
	8.6%
	5.0%
	3.1%
	3.9%

	20km ISDCC
	43.4%
	25.6%
	7.5%
	5.0%
	3.7%
	1.0%

	30km ISDCC
	55.0%
	48.0%
	28.8%
	12.5%
	2.6%
	0.9%

	40km ISDCC
	64.2%
	48.4%
	28.8%
	13.8%
	3.4%
	0.5%

	50km ISDCC
	64.7%
	46.1%
	24.2%
	7.5%
	3.7%
	3.2%


HAPS UL interfering with HAPS UL
Table 3. Degradation of UL average throughput in HAPS system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	0km ISDCC
	9.7%
	4.7%
	1.7%
	0.6%
	0.3%
	0.2%

	10km ISDCC
	9.4%
	4.6%
	1.6%
	0.5%
	0.2%
	0.1%

	20km ISDCC
	9.3%
	4.5%
	1.6%
	0.5%
	0.1%
	0.1%

	30km ISDCC
	9.1%
	4.5%
	1.6%
	0.5%
	0.2%
	0.1%

	40km ISDCC
	8.8%
	4.4%
	1.6%
	0.6%
	0.3%
	0.2%

	50km ISDCC
	8.0%
	4.0%
	1.5%
	0.5%
	0.2%
	0.1%


Table 4. Degradation of UL cell-edge throughput in HAPS system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	0km ISDCC
	14.5%
	15.9%
	6.9%
	1.2%
	0.4%
	0.0%

	10km ISDCC
	22.6%
	19.7%
	9.3%
	6.3%
	0.0%
	0.0%

	20km ISDCC
	21.9%
	17.4%
	9.9%
	2.0%
	1.3%
	0.6%

	30km ISDCC
	20.7%
	23.4%
	14.8%
	6.1%
	6.5%
	0.4%

	40km ISDCC
	12.6%
	10.5%
	8.2%
	3.3%
	0.0%
	0.0%

	50km ISDCC
	19.2%
	17.8%
	10.5%
	5.9%
	0.3%
	0.1%


2.3. Simulation results summary
The agreed coexistence protection criteria for ACI is 5% throughput degradation in the victim network. Table 5 shows the worst case (among different ISDCC) ACIR for 5% loss in the HAPS UL average throughput and cell edge throughput. The ACI caused degradation is more significant in the cell edge throughput. The highest ACIR for 5% cell edge throughput loss is 26.2 dB (interpolated value) in the case of HAPS+HAPS coexistence. Using the 30 dB ACLR requirement for UE, the worst case 26.2 dB ACIR corresponds to an ACS of 28.5 dB according to
	
	


Based on the UL simulation results presented here, the required ACS for HAPS is no more than 29 dB.
[bookmark: _Ref68097064]Table 5. Worst case ACIR for 5% throughput loss in HAPS UL
	Simulation scenario
	ACIR for 5% average throughput loss (dB)
	ACIR for 5% cell-edge throughput loss (dB)

	Rural macro TN + HAPS
	13.9
	24.2

	HAPS + HAPS
	9.7
	26.2



Observation 1: For HAPS UL, ACI causes a higher degradation in cell-edge throughput than in average throughput.
Observation 2: Initial simulation results indicate that the required ACS for HAPS is 29 dB.
3. Conclusion
We presented SINR distributions in HAPS coexistence scenarios for simulation alignment, as well as UL simulation results of HAPS adjacent channel interference simulations. The results show the impact of ACI on HAPS UL performance. We have the following observations:
Observation 1: For HAPS UL, ACI causes a higher degradation in cell-edge throughput than in average throughput.
Observation 2: Initial simulation results indicate that the required ACS for HAPS is 29 dB.
References
[1] [bookmark: _Ref71357782][bookmark: _Ref71358706][bookmark: _Ref67772056]R4-2106103, WF on [307] NTN_Solutions_Part1, 3GPP RAN4#98bis-e.
[2] [bookmark: _Ref71357797][bookmark: _Ref71358709]R4-2106104, WF on [308] NTN_Solutions_Part2, 3GPP RAN4#98bis-e.
[3] [bookmark: _Ref71358819]R4-2106147, Email discussion summary for [98-bis-e][307] NTN_Solutions_Part1.
[4] [bookmark: _Ref71358822]R4-2106148, Email discussion summary for [98-bis-e][308] NTN_Solutions_Part2.
[5] [bookmark: _Ref71453278][bookmark: _Ref71359397]R4-2107195, Nokia, Nokia Shanghai Bell, “HAPS adjacent channel coexistence simulation results,” 3GPP RAN4#98bis-e.
[6] [bookmark: _Ref71453671]R4-2106106, Simulation assumptions for HAPS co-existence, 3GPP RAN4#98bis-e.
[7] [bookmark: _Ref68030521]R4-21xxxxx, Nokia, Nokia Shanghai Bell, “HAPS uplink simulation assumptions,” 3GPP TSG-RAN WG4 Meeting #99-e.


3GPP
image1.png
HAPS altitude
Carrier frequency 2GHz
Duplex scheme FDD

HAPS + TN (UMa)

Coexistence scenarios HAPS + TN (RMa)
HAPS + HAPS (RMa)

0, 10, 20, 30, 40, 50

HAPS network

Ground-based HAPS network HAPS network
network

> Cowragecdse(ct) > Coverageedge(cE)
> Coveragecenter(cC) > Cowragecenter(CQ)
—— Service o
—— Senicelink > o
------ > interference ink mmmmb iterferencelink

@ (®)





image2.png
7
P =P, xminil max| R, , .
CL

x—ile

where, P, =23dBm, R ; =TBD dB, CL_;. and y are set as following:

- CL, ;. = 88 + 10*log,, (200/X) + 11 -,

where X is UL transmission BW (MHz) and Y is the BS noise figure

- y=1

UEs connected to TN and HAPS networks may have different X (transmission BW) in this model.
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