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1. Introduction
The latest agreements in NTN coexistence aspect from RAN4#100-e are captured in the WF document [1] as the outcome of discussions [2]. For HAPS coexistence study, simulation assumptions have been updated in [3] based on RAN4#100-e agreements. 
The major issue remaining for HAPS coexistence simulations is the UL scheduled bandwidth and the number of scheduled UEs. In this contribution, we propose a simple model for UL bandwidth allocation which better reflects the reality of bandwidth utilization. Some minor changes in HAPS simulation assumption are also proposed to align with current NTN coexistence agreements. In addition, we also update HAPS DL adjacent channel interference simulation results based on the latest simulation assumptions.
2. HAPS coexistence simulation assumptions
HAPS assumption
A polarization gain of 3 dB has been assumed in HAPS and TN calibrations [1]. This same assumption can be used in the SINR calculation of the coexistence simulations since both HAPS and TN use cross-polarized antenna arrays.
Proposal 1: Assume a 3 dB polarization gain for SINR calculation for both HAPS and TN in the coexistence simulations.
The 7.8 dBi antenna element gain in HAPS antenna assumption has already accounted for a 2 dB Ohmic loss (see Appendix of [4]). To avoid the Ohmic loss being applied again in the simulations by misunderstanding, we suggest adding a note to the HAPS parameter table in [3] for clarification.
[bookmark: _Ref79149589]Proposal 2: Add a note in HAPS parameter table to clarify that a 2 dB Ohmic loss has been included in the antenna element gain.
With the above proposals, HAPS parameters for coexistence simulations should be modified as shown in Table 1 below. The highlighted areas are the newly added information.
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	Number of cells
	7

	Antenna array configuration (row x column)
	2 x 2 for 1st layer cell
4 x 2 for 2nd layer cell

	Antenna polarization
	Linear  

	Element gain1
	7.8 dBi

	Element HPBW horizontal/vertical
	65⁰ for both H/V

	Element front-to-back ratio horizontal/vertical
	30 dB for both H/V

	Element spacing horizontal/vertical
	0.7 wavelength for both H/V

	Antenna panel tilt (from the horizon)
	90⁰ for 1st layer cell
23⁰for 2nd layer cell

	EIPR/cell
	56.8 dBm (1st layer cell), 
59.8 dBm (2nd layer cell)

	EIRP spectral density/cell
	43.8 dBm/MHz (1st layer cell),
46.8 dBm/MHz (2nd layer cell)

	Tx power per antenna panel 
	43 dBm

	Conducted power (before ohmic loss) per antenna element (dBm)
	34 dBm for 2 x 2 (x 2 polarizations for 1st layer cell)
31 dBm for 4 x 2 (x 2 polarizations for 2nd layer cell)

	Polarization gain for SINR
	3 dB

	Noise figure
	5 dB

	Indoor UE percentage
	0%

	Coverage area (7 cells combined)
	A 100 Km radius circular area centered by the serving HAPS

	UE distribution
	Uniformly distributed in the coverage area

	Note 1: The element gain includes the Ohmic loss of 2 dB.



Terrestrial network assumption
In NTN simulation assumptions for satellite based deployments [5], percentage of outdoor UEs in the terrestrial network is assumed to be 100%. While in HAPS simulation assumptions, two options are being considered [1]. Since the rest of TN parameters for HAPS coexistence study are the same as those in the satellite based NTN coexistence assumptions, we suggest adopting the same 100% outdoor UE assumption for TN
Proposal 3: Adopt 100% outdoor UEs for TN in HAPS coexistence simulation assumptions.
Considering Proposal 1 and Proposal 3, the TN parameters for HAPS coexistence study should be modified as in Table 2 below, with the changes indicated by highlight.
[bookmark: _Ref85659622]Table 2. Terrestrial network parameters
	Terrestrial environment
	Urban macro
	Rural macro

	Network layout 
	19 sites (57 cells) wrap-around
	19 sites (57 cells) wrap-around

	Inter-site distance 
	750 m
	7.5 Km

	BS antenna height
	25 m
	30 m

	BS transmit power
	46 dBm
	46 dBm

	Conducted power per antenna element
	25 dBm
	25 dBm

	BS antenna array (M, N, P)
	(8, 8, 2)
	(8, 8, 2)

	Polarization gain for SINR
	3 dB
	3 dB

	BS antenna Element spacing horizontal/vertical 
	H 0.5λ / V 0.7λ
	H 0.5λ / V 0.9λ

	BS antenna downtilt
	10⁰
	3⁰

	BS antenna element gain pattern
	Tables 4, 5 of [3]
	Tables 4, 5 of [3]

	BS noise figure
	5 dB
	5 dB

	Indoor UE percentage
	0%
	0%

	Minimum BS-UE distance
	35 m
	35 m



Uplink scheduled bandwidth
How to model HAPS UL scheduled bandwidth is still an open issue. Ideally we would like to use the same assumption used for TN UL, but the large gap in propagation loss between HAPS and TN makes adopting the TN assumption problematic. For TN UL, the system bandwidth is equally divided for three scheduled UEs. For a 20 MHz carrier in 2 GHz band with 15 KHz SCS, each scheduled UE would be allocated 33 RBs (~6 MHz). Compared to TN, HAPS has a much larger coverage area and HAPS UEs have a longer propagation distance. If the HAPS UE is in NLOS condition, there will be additional >20 dB clutter loss. As shown in Figure 1, the coupling loss can be large for some of HAPS UEs. For those UEs in poor channel condition, transmission using 1/3 of system bandwidth will result in a very low power spectral density and an unacceptable SINR. 
Previously we proposed using 2 RBs (0.36 MHz) for one HAPS UE and scheduling 10 UEs per HAPS cell [6]. That assumption is not ideal either since it only utilizes 1/5 of the system bandwidth and most UEs have a channel condition sufficient for larger bandwidth transmission. Therefore, we propose a new model that considers the UE’s coupling loss when scheduling HAPS UL bandwidth. 
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[bookmark: _Ref85708982]Figure 1. HAPS and TN coupling loss distributions in RMa environment
The model is modified from the assumption used for TN UL and strives to determine a suitable number of RBs that meet a target SNR. It consists of these steps to allocate  RBs to the UE:
1. Select 3 UEs for scheduling. Each UE is initially assigned 1/3 of the system bandwidth (i.e., 33 RBs for a 20 MHz carrier with 15 KHz SCS, or 5.95 MHz).
2. Calculate SNR for the initial bandwidth allocation ( MHz, ) assuming max. transmit power ( dBm):  , where  is the coupling loss in dB, and  is the noise power in dBm, , with HAPS noise figure  dB.
3. If SNR ≥ target,  allocate  RBs. Otherwise, allocate the largest , or bandwidth  MHz, such that SNR ≥ target.
4. If there is no  to satisfy the target SNR, allocate .
In summary, the scheduled bandwidth is determined based on the UE’s coupling loss to satisfy a target SNR. A UE can be allocated between 1 and 33 RBs. We further propose 3 dB as the target SNR value. Note that in UL power control, the CLx-ile value for X MHz scheduled bandwidth is based on 15 dB SNR, so as long as the target SNR < 15 dB, the UE will transmit at full power ( dBm) when . This justifies using full power to determine the allocated RBs in the proposed model. 
Figure 2 shows the results of using this bandwidth allocation model with the target SNR set to 3 dB for HAPS in rural environment. The CDF of allocated number of RBs () is shown in Figure 2(a). About 40% of UEs are getting less than 33 RBs and about 8% of UEs are given the minimum 1 RB. Resource utilization is approximately 70%. This profile of bandwidth scheduling better resembles a realistic scenario than the previous assumption. The SINR over the scheduled bandwidth is shown in Figure 2(b). 
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[bookmark: _Ref85727599]Figure 2. CDF distribution of (a) allocated number of RBs, (2) SINR of HAPS UL in rural environment using the proposed bandwidth allocation model. Observed resource utilization is 70%.
Proposal 4: Schedule 3 UEs in HAPS UL. Each UE’s bandwidth is calculated based on the UE’s coupling loss for a 3 dB target SNR. 
Observation 1: Approximately 60% of HAPS UEs can be allocated 1/3 of the system bandwidth (33 RBs). Resource utilization of scheduling 3 UEs with flexible bandwidth is about 70%.
With the above proposal, the DL and UL transmission bandwidth parameters in the HAPS coexistence assumptions [3] should be modified as follows.
Table 3. DL and UL transmission bandwidth
	[bookmark: _Hlk69370416]Parameters
	Downlink
	Uplink

	Subcarrier spacing (SCS)
	15 KHz
	15 KHz

	Channel bandwidth
	20 MHz
	20 MHz

	Scheduled bandwidth per TN UE 
	20 MHz 
	33 RBs

	Number of scheduled UEs per TN cell
	1
	3

	Scheduled bandwidth per HAPS UE
	20 MHz
	[Flexible 
1-33 RBs]

	Number of scheduled UEs per HAPS  cell
	1
	[3]





Uplink transmission power control model
The UL power control has been agreed as follows [3]:


where, Pmax = 23 dBm, CLx-ile and γ are set as following:
-	CLx-ile = 88 + 10*log10 (200/X) + 11 – Y, 
where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1
The scheduled bandwidth from Proposal 4 can be applied for the X MHz here. Practically, however, all but a tiny fraction of UEs would transmit at the full power. To complete UL power control assumption, we would like to make the following proposal and modify the UL power control parameter table as shown in Table 4.
Proposal 5: Use the scheduled bandwidth from Proposal 4 for HAPS UL power control. 
[bookmark: _Ref71402430]Table 4. UL power control parameters
	UL power control parameter
	TN
	HAPS

	Pmax (dBm)
	23
	23

	Rmin (dB)
	-54
	-54

	γ
	1
	1

	X, transmission bandwidth (MHz)
	5.94
	[Flexible 0.18 – 5.94]

	Y, BS noise figure (dB)
	5
	5


3. HAPS coexistence DL simulation results
Evaluation of HAPS DL adjacent channel interference impact to TN has been updated using the latest simulation assumptions [3] and 100% outdoor UE assumption for both HAPS and TN. Various values of ACIR are simulated with the HAPS-TN separation distance (ISDCC) from 0 to 50 Km. Note that the maximum ACIR is limited by the NR UE’s ACS requirement of 33 dB. Degradations of average throughput and cell-edge throughput due to ACI from HAPS are listed in Tables 5 to 8. 
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Figure 3. Center-to-center inter-system distance (ISDCC) between HAPS and TN
(1) HAPS DL interfering with Urban Macro NR DL
Table 5. Degradation of DL average throughput in UMa NR system
	ACIR [dB]
	5
	10
	15
	20

	0km ISDCC
	3.7%
	1.4%
	0.4%
	0.1%

	10km ISDCC
	1.3%
	0.4%
	0.1%
	0.0%

	20km ISDCC
	0.2%
	0.1%
	0.1%
	0.0%

	30km ISDCC
	0.5%
	0.2%
	0.0%
	0.0%

	40km ISDCC
	0.8%
	0.2%
	0.0%
	0.0%

	50km ISDCC
	0.4%
	0.1%
	0.0%
	0.0%


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

	0km ISDCC
	8.0%
	3.3%
	0.7%
	0.1%

	10km ISDCC
	2.7%
	1.1%
	0.6%
	0.0%

	20km ISDCC
	0.5%
	0.0%
	0.4%
	0.2%

	30km ISDCC
	0.8%
	0.4%
	0.0%
	0.0%

	40km ISDCC
	2.0%
	0.0%
	0.0%
	0.0%

	50km ISDCC
	0.7%
	0.0%
	0.0%
	0.0%


(2) HAPS DL interfering with Rural NR DL
Table 7. Degradation of DL average throughput in RMa NR system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	0km ISDCC
	19.5%
	10.9%
	5.4%
	2.0%
	0.8%
	0.0%

	10km ISDCC
	18.2%
	9.4%
	4.5%
	1.7%
	0.7%
	0.2%

	20km ISDCC
	14.2%
	6.8%
	3.2%
	1.1%
	0.1%
	0.1%

	30km ISDCC
	20.5%
	11.0%
	4.8%
	2.0%
	0.2%
	0.3%

	40km ISDCC
	27.2%
	15.5%
	7.4%
	2.9%
	1.0%
	0.3%

	50km ISDCC
	28.8%
	16.4%
	8.0%
	3.1%
	1.0%
	0.4%


Table 8. Degradation of DL cell-edge throughput in RMa NR system
	ACIR [dB]
	5
	10
	15
	20
	25
	30

	[bookmark: _Hlk84492719]0km ISDCC
	58.5%
	33.1%
	17.5%
	7.2%
	2.8%
	3.1%

	10km ISDCC
	53.7%
	29.7%
	13.5%
	6.7%
	2.8%
	1.1%

	20km ISDCC
	40.2%
	21.7%
	10.5%
	4.1%
	1.0%
	3.3%

	30km ISDCC
	54.0%
	29.3%
	12.6%
	6.6%
	3.2%
	3.4%

	40km ISDCC
	63.3%
	37.6%
	16.8%
	8.5%
	3.7%
	3.4%

	50km ISDCC
	64.2%
	37.1%
	19.5%
	6.7%
	5.1%
	1.4%



Based on these simulation results, we have the following observation.
Observation 2: Preliminary simulation results indicate a minor HAPS DL adjacent channel interference to TN. Urban TN experience less impact than rural TN.
4. Conclusion
In this contribution, we made a few proposals to resolve the remaining issues in HAPS coexistence simulation assumptions and reported preliminary DL simulation results using the latest assumptions. Our proposals and observations are recapitulated below.
Proposal 1: Assume a 3 dB polarization gain for SINR calculation for both HAPS and TN in the coexistence simulations.
Proposal 2: Add a note in HAPS parameter table to clarify that a 2 dB Ohmic loss has been included in the antenna element gain.
HAPS parameters
	Number of cells
	7

	Antenna array configuration (row x column)
	2 x 2 for 1st layer cell
4 x 2 for 2nd layer cell

	Antenna polarization
	Linear  

	Element gain1
	7.8 dBi

	Element HPBW horizontal/vertical
	65⁰ for both H/V

	Element front-to-back ratio horizontal/vertical
	30 dB for both H/V

	Element spacing horizontal/vertical
	0.7 wavelength for both H/V

	Antenna panel tilt (from the horizon)
	90⁰ for 1st layer cell
23⁰for 2nd layer cell

	EIPR/cell
	56.8 dBm (1st layer cell), 
59.8 dBm (2nd layer cell)

	EIRP spectral density/cell
	43.8 dBm/MHz (1st layer cell),
46.8 dBm/MHz (2nd layer cell)

	Tx power per antenna panel 
	43 dBm

	Conducted power (before ohmic loss) per antenna element (dBm)
	34 dBm for 2 x 2 (x 2 polarizations for 1st layer cell)
31 dBm for 4 x 2 (x 2 polarizations for 2nd layer cell)

	Polarization gain for SINR
	3 dB

	Noise figure
	5 dB

	Indoor UE percentage
	0%

	Coverage area (7 cells combined)
	A 100 Km radius circular area centered by the serving HAPS

	UE distribution
	Uniformly distributed in the coverage area

	Note 1: The element gain includes the Ohmic loss of 2 dB.


Proposal 3: Adopt 100% outdoor UEs for TN in HAPS coexistence simulation assumptions.
Terrestrial network parameters
	Terrestrial environment
	Urban macro
	Rural macro

	Network layout 
	19 sites (57 cells) wrap-around
	19 sites (57 cells) wrap-around

	Inter-site distance 
	750 m
	7.5 Km

	BS antenna height
	25 m
	30 m

	BS transmit power
	46 dBm
	46 dBm

	Conducted power per antenna element
	25 dBm
	25 dBm

	BS antenna array (M, N, P)
	(8, 8, 2)
	(8, 8, 2)

	Polarization gain for SINR
	3 dB
	3 dB

	BS antenna Element spacing horizontal/vertical 
	H 0.5λ / V 0.7λ
	H 0.5λ / V 0.9λ

	BS antenna downtilt
	10⁰
	3⁰

	BS antenna element gain pattern
	Tables 4, 5 of [3]
	Tables 4, 5 of [3]

	BS noise figure
	5 dB
	5 dB

	Indoor UE percentage
	0%
	0%

	Minimum BS-UE distance
	35 m
	35 m


Proposal 4: Schedule 3 UEs in HAPS UL. Each UE’s bandwidth is calculated based on the UE’s coupling loss for a 3 dB target SNR. 
Observation 1: Approximately 60% of HAPS UEs can be allocated 1/3 of the system bandwidth (33 RBs). Resource utilization of scheduling 3 UEs with flexible bandwidth is about 70%.
DL and UL transmission bandwidth
	Parameters
	Downlink
	Uplink

	Subcarrier spacing (SCS)
	15 KHz
	15 KHz

	Channel bandwidth
	20 MHz
	20 MHz

	Scheduled bandwidth per TN UE 
	20 MHz 
	33 RBs

	Number of scheduled UEs per TN cell
	1
	3

	Scheduled bandwidth per HAPS UE
	20 MHz
	[Flexible 
1-33 RBs]

	Number of scheduled UEs per HAPS  cell
	1
	[3]


Proposal 5: Use the scheduled bandwidth from Proposal 4 for HAPS UL power control. 
Observation 2: Preliminary simulation results indicate a minor HAPS DL adjacent channel interference to TN. Urban TN experience less impact than rural TN.
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