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1. Introduction
The NTN WI has been started in RAN4#98-e. The discussions of the general aspect of NTN, including use cases, deployment scenarios, architecture, frequency bands, are summarized in [1]. The discussions on NTN coexistence study are summarized in [2]. Agreed way forward for issues in the general aspect and coexistence study are respectively documented in [3] and [4]. With respect to HAPS, the agreements in [3][4] are listed below :
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Furthermore, the chairman’s note [5] captures the agreed scenarios of initial NTN coexistence simulations as follows:
	Agreements:
RAN4 agreed to take following scenarios for initial simulation alignment purpose in Q2 2021:
TN deployment: NR only with Rural, Urban Macro
NTN deployment: GEO, LEO-600, LEO-1200, HAPS 
Satellite Set: Set1 
The detailed set as following:
	No.
	Frq.
	TN
	TN scenario
	NTN
	Prioritize (Selected set for simulator alignment in Q2’ 2021)

	1
	2GHz
	NR
	Rural
	GEO
	THALES, Nokia

	2
	2GHz
	NR
	Rural
	LEO 600km
	THALES, Nokia

	3
	2GHz
	NR
	Rural
	LEO 1200km
	

	4
	2GHz
	NR
	Urban macro
	GEO
	THALES, Nokia

	5
	2GHz
	NR
	Urban macro
	LEO 600km
	THALES, Nokia

	6
	2GHz
	NR
	Urban macro
	LEO 1200km
	

	25
	2GHz
	NR
	Rural
	HAPS
	Nokia

	26
	2GHz
	NR
	Urban macro
	HAPS
	Nokia



	No.
	Frq.
	NTN
	NTN

	1
	2GHz
	GEO
	GEO

	2
	2GHz
	GEO
	LEO 600km

	5
	2GHz
	LEO 600km
	LEO 600km

	9
	2GHz
	LEO 1200km
	LEO 1200km

	10
	2GHz
	HAPS
	HAPS


Companies are encouraged to bring simulation results at least for above cases in Q2’ 2021 for simulator alignment purpose.



and noted that the simulation assumption provided in [5] “was for simulation alignment purpose; companies are encouraged to follow such simulation assumption to provide results in April RAN4 meeting.”
In this contribution, we present the initial results of HAPS coexistence simulations.
2. Simulation results
Coexistence simulations were conducted for the scenarios illustrated in Figure 1. The two coexistence systems can be (a) terrestrial NR network and HAPS network; (b) HAPS network and HAPS network. The terrestrial NR network has a layout of 19 sites/57 sectors (3 sectors/site) and the HAPS network consists of 7 sectors in two layers as described in [7]. At 2 GHz frequency, HAPS has a coverage radius of 100 Km. Uniformly distributed UEs are dropped in the coverage area of each network with the density of 10 UEs per sector. Details of the simulation assumption are given in [7].
Adjacent channel interference (ACI) is modelled, consistent with [8], by attenuating the aggressor network signals by ACIR (Adjacent Channel Interference Ratio). Since NR UE is assumed for the HAPS network, the maximum ACIR is limited by the NR UE  requirement of ACLR or ACS according to 
	
	(1)


Throughput calculation is based on the instantaneous SINR following the methodology in [8]. The average throughput and cell-edge (5%-tile) throughput degradation of the victim network due to ACI is tabulated with various ACIR and inter-system distances (center-to-center distance of two networks). Varying the distance between the two systems allow us to understand the effect of both path loss and HAPS antenna gain.
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[bookmark: _Ref67826374]Figure 1. Coexistence scenarios of (a) HAPS and TN, (b) HAPS and HAPS.
2.1. FDD DL HAPS coexistence simulation results 
[bookmark: _Hlk68184687]For downlink simulations, we consider one HAPS network as the aggressor in order to study HAPS transmitter’s ACLR requirement. The victim network can be a terrestrial NR network in TN+HAPS coexistence or can be another HAPS network in HAPS+HAPS coexistence. The simulations evaluate the impact of HAPS ACI on the victim network UEs. Maximum ACIR in this case is limited by the UE’s ACS of 33 dB.
HAPS DL interfering with Urban Macro NR DL
Table 1. Degradation of DL average throughput in UMa NR system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	0km ISDCC
	6.7%
	3.2%
	1.4%
	0.5%
	0.0%
	0.0%

	10km ISDCC
	2.9%
	1.2%
	0.4%
	0.0%
	0.1%
	0.0%

	20km ISDCC
	0.9%
	0.4%
	0.0%
	0.0%
	0.0%
	0.0%

	30km ISDCC
	2.0%
	1.0%
	0.4%
	0.0%
	0.0%
	0.0%

	40km ISDCC
	2.1%
	0.8%
	0.4%
	0.1%
	0.0%
	0.2%

	50km ISDCC
	1.3%
	0.7%
	0.3%
	0.2%
	0.1%
	0.0%


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

	0km ISDCC
	29.4%
	14.0%
	3.8%
	0.0%
	0.0%
	0.0%

	10km ISDCC
	15.4%
	6.5%
	2.0%
	0.0%
	0.0%
	0.0%

	20km ISDCC
	3.6%
	2.1%
	0.1%
	0.0%
	0.0%
	0.0%

	30km ISDCC
	9.9%
	3.2%
	0.0%
	0.0%
	0.0%
	0.0%

	40km ISDCC
	8.8%
	1.6%
	0.0%
	0.0%
	0.0%
	0.0%

	50km ISDCC
	4.2%
	2.2%
	0.0%
	0.0%
	0.0%
	0.0%


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

	0km ISDCC
	1.0%
	0.5%
	0.1%
	0.0%
	0.0%
	0.0%

	10km ISDCC
	0.6%
	0.3%
	0.0%
	0.1%
	0.0%
	0.0%

	20km ISDCC
	0.3%
	0.1%
	0.1%
	0.1%
	0.1%
	0.0%

	30km ISDCC
	0.8%
	0.4%
	0.1%
	0.1%
	0.1%
	0.1%

	40km ISDCC
	0.9%
	0.3%
	0.1%
	0.0%
	0.0%
	0.0%

	50km ISDCC
	0.8%
	0.4%
	0.1%
	0.1%
	0.0%
	0.0%


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

	0km ISDCC
	1.9%
	2.5%
	0.0%
	0.0%
	0.0%
	0.0%

	10km ISDCC
	1.7%
	1.2%
	0.0%
	1.2%
	0.8%
	0.5%

	20km ISDCC
	1.8%
	0.8%
	1.3%
	0.0%
	1.3%
	0.0%

	30km ISDCC
	2.3%
	2.0%
	0.0%
	0.0%
	1.3%
	3.0%

	40km ISDCC
	2.0%
	0.9%
	0.0%
	0.0%
	0.0%
	0.0%

	50km ISDCC
	1.6%
	2.3%
	1.6%
	1.1%
	0.0%
	1.5%


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

	0km ISDCC
	39.2%
	22.1%
	10.4%
	4.2%
	1.6%
	0.7%

	10km ISDCC
	38.8%
	21.6%
	10.1%
	4.0%
	1.5%
	0.5%

	20km ISDCC
	38.4%
	21.4%
	9.9%
	4.0%
	1.6%
	0.7%

	30km ISDCC
	34.3%
	18.8%
	8.5%
	3.3%
	1.1%
	0.3%

	40km ISDCC
	34.4%
	19.0%
	8.7%
	3.4%
	1.1%
	0.3%

	50km ISDCC
	31.6%
	17.5%
	8.2%
	3.3%
	1.2%
	0.5%


Table 6. Degradation of DL cell-edge throughput in HAPS system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	0km ISDCC
	N/A
	N/A
	43.5%
	20.1%
	7.6%
	1.8%

	10km ISDCC
	N/A
	N/A
	44.0%
	26.2%
	13.7%
	3.8%

	20km ISDCC
	N/A
	N/A
	46.8%
	27.5%
	11.4%
	4.9%

	30km ISDCC
	N/A
	N/A
	45.8%
	25.5%
	9.4%
	3.4%

	40km ISDCC
	N/A
	N/A
	48.7%
	19.9%
	6.3%
	0.0%

	50km ISDCC
	N/A
	N/A
	47.8%
	16.8%
	2.3%
	1.3%

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


2.2. Simulation results summary
The agreed protection criteria for adjacent channel interference is 5% degradation in victim network throughput. Table 7 shows the worst case DL ACIR for 5% loss in average throughput and cell edge throughput of the victim network for each simulation scenario. For FDD DL, it appears that TN+HAPS coexistence has much lower ACI than HAPS+HAPS coexistence. In HAPS+HAPS coexistence, the cell edge throughput suffers a higher degradation than the average throughput. Considering the existing 33 dB ACS for the UE, the required ACLR for HAPS should not be more than 33 dB (using 30 dB ACIR based on Table 7 and the ACIR model (1)).
[bookmark: _Ref68097064]Table 7. Worst case downlink ACIR for 5% throughput loss in simulated scenarios
	Simulation scenario
	ACIR for 5% average throughput loss (dB)
	ACIR for 5% cell-edge throughput loss (dB)

	Urban macro NR + HAPS
	7.4
	14.4

	Rural macro NR + HAPS
	< 5
	< 5

	HAPS + HAPS
	19.4
	29.9



Observation 1: For FDD DL, terrestrial NR + HAPS coexistence scenarios have lower adjacent channel interference than HAPS + HAPS scenario. 
Observation 2: For FDD DL, the victim network suffers a higher degradation in cell-edge throughput than in average throughput.
Observation 3: Based on simulation data, HAPS ACLR requirement should not be more than 33 dB.
3. Conclusion
We presented HAPS coexistence simulation results for FDD DL scenarios based on the assumption detailed in [7]. From the initial results, we have observed that for FDD DL coexistence: (1) the impact of adjacent channel interference (ACI) is mainly in the HAPS+HAPS scenario and no tangible effect in TN+HAPS scenarios; (2) for HAPS+HAPS coexistence, ACI causes a larger degradation in cell edge throughput than in average throughput. 
Observation 1: For FDD DL, terrestrial NR + HAPS coexistence scenarios have lower adjacent channel interference than HAPS + HAPS scenario.
Observation 2: For FDD DL, the victim network suffers a higher degradation in cell-edge throughput than in average throughput.
Observation 3: Based on simulation data, HAPS ACLR requirement should not be more than 33 dB.
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Topic #5: HAPS Frequency Bands x‘:?

= RAN4 to study one example band in FR1 for HAPS, from the existing NR bands
identified for HAPS deployment.
« Note1: Example band should be used as an example for technical study.

+ Note2: Regarding HAPS deployment, more discussion might be needed, which frequency
range, whether it is co-channel deployed with terrestrial BS or not.

* No concern raised so far

= RAN4 to study coexistence scenarios in order to derive RF requirements used as
baseline for HAPS.
* Note: Regarding HAPS deployment, more discussion might be needed, which frequency
range, whether it is co-channel deployed with terrestrial BS or not.
* No concern raised so far
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Way Forward — HAPS x‘:?

-
<=Frequency bands:
= Consider 2GHz FDD & Inputs from operators are encouraged.

= Performance metric:

= Agree that the adjacent channel requirements for HAPS should be determined based ona
5% throughput degradation in the victim network in HAPS and TN co-existence scenarios.

<= BS & UE requirements:

= RAN4 to study ACLR & ACS requirements on HAPS BS for adjacent channel coexistence with
terrestrial IMT systems.

= Consider UE requirements as specified in TS 38.101-1.
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