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1. Introduction
In RAN4#99-e meeting, agreements regarding NTN coexistence were captured in [1][2] as an output of email discussions [3][4]. 
At RAN4#99 it was agreed to conduct simulation alignment prior to the RAN4#100 meeting. Nokia have been contributing to this effort. This contribution discusses remaining issues in simulation assumption for NTN coexistence study. 
2. HAPS based NTN deployment simulations
As agreed at RAN4#99 the HAPS simulation assumptions are listed in [5]. The following sections discuss the remaining open issues and describe the assumption we currently use to generate the simulation results [6] for this meeting.
HAPS antenna
HAPS antenna parameters have been updated in RAN4#99 based on the antenna element gain analysis attached in Appendix.  Table 1 summarizes the current HAPS antenna model. Highlighted parameter values are the changes from the original assumption.
[bookmark: _Ref79149589]Table 1. HAPS antenna 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 gain
	7.8 dBi

	Element HPBW horizontal/vertical
	 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)
	 for 1st layer cell
 for 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

	Noise figure
	5 dB



Terrestrial network assumption
The TN parameters have not been fully defined in the output simulation assumption document [5]. Here we have revised the TN BS antenna model in Tables 2-4 to align with the assumption in TR 38.921. Highlighted parameter values are changes compared to our original proposal. 
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 
	1 Km
	2 Km

	BS antenna height
	25 m
	35 m

	BS transmit power
	46 dBm
	46 dBm

	BS antenna array (M, N, P)
	(16, 8, 2)
	(16, 1, 2)

	BS antenna Element spacing horizontal/vertical ()
	Table 4
	Table 4

	BS antenna downtilt
	10⁰
	6⁰

	BS antenna element gain pattern
	Table 3
	Table 3

	BS noise figure
	5 dB
	5 dB

	Indoor UE percentage
	70%
	50%



[bookmark: _Ref79139745]Table 3. Terrestrial BS antenna pattern
	Description
	Equation
	Unit

	Peak normalized element radiation pattern
	
	dB

	Peak gain normalized element radiation pattern
	

	dBi

	


Composite array radiation pattern
	
, where


	



dBi



[bookmark: _Ref79139836]Table 4. Terrestrial BS array antenna parameters
	Parameter
	Urban Macro
	Rural Macro

	 (dB)
	30
	30

	(dB)
	30
	30

	 (deg.)
	90
	90

	 (deg)
	90
	65

	 (dBi)
	5.5
	6.4

	 
	0.5
	0.5

	
	0.5
	0.7



We think the terrestrial network assumption should be aligned as much as possible for HAPS simulations and LEO/GEO simulations. 
Proposal 1: Align the terrestrial network assumption with NTN simulation assumptions for HAPS coexistence scenarios.
Uplink scheduled bandwidth
For uplink transmission in 2 GHz band, terrestrial networks and HAPS may have very different bandwidth allocation. Compared to the terrestrial networks, HAPS generally operates with a longer propagation distance and a higher propagation loss. The path loss of UEs within HAPS coverage also varies significantly. LOS condition with HAPS depends on environment and elevation angle. When in NLOS with HAPS, the UE may experience a deeper shadow fade and a large clutter loss (17-20 dB for 2 GHz in rural environment) [7]. Figure 1 shows serving cell path loss CDF of HAPS and TN at 2 GHz frequency in rural environment, assuming 100 Km HAPS coverage radius and 2 Km TN inter-site distance. 
Observation 1: HAPS networks have much higher path loss than terrestrial networks.
Due to the large path loss difference, we cannot assume the same scheduled bandwidth for TN and HAPS, otherwise we would see some UEs in the HAPS network have a very low power spectral density. In order for all the UEs served by HAPS to have a minimum SINR, the scheduled bandwidth for the UE needs to be kept as low as 2 RBs. Figure 2 shows the UL SINR distribution of HAPS served UEs with 2 RB bandwidth allocation. Considering a typical assumption of 10 active UEs per cell, we propose that for UL simulations each HAPS cell schedules 10 UEs with 2 RBs per UE.
Proposal 2: For the HAPS network, UL scheduled bandwidth is 2 RBs per UE and 10 UEs are scheduled per cell. Scheduled UE resources are randomly distributed across the bandwidth.
For the terrestrial network, the assumption of 3 active users sharing 20 MHz bandwidth for NTN simulations [10] can be adopted. Table 5 summarizes the assumption of transmission bandwidth for both DL and UL.
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[bookmark: _Ref71394790]Figure 1. Serving cell pathloss distribution of HAPS and TN (RMa, 2 Km ISD)
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[bookmark: _Ref71395821]Figure 2. HAPS UL SINR distribution, assuming 2 RB scheduled bandwidth
[bookmark: _Ref67939752]Table 5. Assumption of 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 
	16 RBs

	Number of scheduled UEs per TN cell
	1
	3

	Scheduled bandwidth per HAPS UE
	20 MHz
	2 RBs

	Number of scheduled UEs per HAPS  cell
	1
	10


Uplink transmission power control model
The UL transmission power control model used in previous coexistence studies [8][9] has been agreed to be reused for HAPS coexistence simulations. UE transmit power is set based on the link’s coupling loss CL according to



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
We propose adopting  dB for this model and using the scheduled bandwidth and BS noise assumption for X and Y. Note that HAPS and TN have different value of X since their scheduled bandwidth per UE is different in UL. The proposed parameters for UL power control are listed in Table 6.
Proposal 3: Use the following parameters to set the UE’s UL transmit power in the agreed UL power control model:
[bookmark: _Ref71402430]Table 6. 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
	0.36

	Y, BS noise figure (dB)
	5
	5


3. Satellite based NTN deployment simulations
As agreed at RAN4#99 the satellite based NTN deolyment simulations for the NTN LEO simulations is based on the assumptions listed in [10].
It have not been necessary to add additional assumptions as compared to the ones detailed in the agreed document. The results are detailed in the corresponding document also submitted for RAN4#100. 
4. Conclusion
To complete the simulation assumption for HAPS coexistence study, we have the following observation and proposals.
Observation 1: HAPS networks have much higher path loss than terrestrial networks.
Proposal 1: Align the terrestrial network assumption with NTN simulation assumptions for HAPS coexistence scenarios.
Proposal 2: For the HAPS network, UL scheduled bandwidth is 2 RBs per UE and 10 UEs are scheduled per cell. Scheduled UE resources are randomly distributed across the bandwidth.
Proposal 3: Use the following parameters to set the UE’s UL transmit power in the agreed UL power control model:
	UL power control parameter
	TN
	HAPS

	Pmax (dBm)
	23
	23

	Rmin (dB)
	-54
	-54

	γ
	1
	1

	X, transmission bandwidth (MHz)
	5.94
	0.36

	Y, BS noise figure (dB)
	5
	5
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Appendix: HAPS antenna element gain 
The assumption of antenna element gain and half power beamwidth (HPBW) is to be applied to a paraboloid gain pattern conventionally used by 3GPP. In this model, the antenna gain in dB as a function of azimuth  and elevation  angles in degree is expressed as follows,
	
	(A1)


, where ,  are horizontal/vertical HPBW respectively and both  and  are set to 30 dB in our assumption. 
Given the beamwidth parameters  and , the peak directivity of the antenna element can be calculated (as described in section 8.1.2 of TR 38.921):
	
	(A2)


, where the directivity  is in dB and  is  in linear scale, i.e.,
	
	(A3)


With an Ohmic loss  dB, the element max. gain in dBi can be calculated as
	
	(A4)


Using a common assumption of  dB loss and  dB, Table 7 shows the calculated directivity and max. gain based on different antenna beamwidths. Case 1 in the table represents the HAPS assumption of antenna element beamwidths in Table 7, for which the calculated gain 7.8 dBi is not far from the originally proposed value of 8 dBi. Cases 2 and 3 can be found in Table 8.1.2-1 of TR 38.921 and the calculated gains here match the numbers in the TR. Note that a 2 dB Ohmic loss has been accounted for in the max. antenna gain, so the loss should not be propagated to system level simulations.
[bookmark: _Ref72588738]Table 7. Calculated max. antenna gain from different beamwidth assumptions
	Parameter
	Case 1
	Case 2
	Case 3

	 (deg.)
	65
	90
	90

	 (deg.)
	65
	65
	90

	 (dBi)
	9.8
	8.4
	7.5

	 (dB)
	2.0
	2.0
	2.0

	 (dBi)
	7.8
	6.4
	5.5


Observation A1: The assumption of 8 dBi element antenna gain and 65⁰ horizontal/vertical HPBW for HAPS coexistence simulations is a realistic assumption. 
Observation A2: The loss of directivity has been accounted for in the antenna element gain assumption and should not be double counted in simulations.
However, we do agree that a larger physical space is required for implementing antenna elements of smaller beamwidths. Therefore, we propose revising antenna element separation parameter from 0.5 wavelength to 0.7 wavelength. That is consistent with the separation parameters used in Table 8.1.2-1 of TR 38.921. To comply precisely with the 2.0 dB directivity loss assumption, we can also change the antenna gain from 8 dBi to 7.8 dBi. In addition, EIRP per cell can also be added, but the values have to be recalculated from antenna element gain, array panel size, and transmit power without adding the 2 dB loss. 
Observation A3: A reasonable separation distance between adjacent elements with 65⁰ beamwidth may be 0.7 wavelength.
Proposal A1: In light of the latest input and analysis regarding HAPS antenna parameters, revise the HAPS assumption from R4-2106106 as follows:
	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 gain
	7.8 dBi

	Element HPBW horizontal/vertical
	 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)
	 for 1st layer cell
 for 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

	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
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