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1.	Introduction
The NTN WI has been started in RAN4#98-e. HAPS is part of NTN study scope. The discussions of the coexistence study of HAPS, including simulation scenarios, antenna model, propagation model and UE assumptions are summarized in [1].  Some of the assumptions are open and worthy of continuous study. In this contribution, simulation topology and UE assumptions are proposed for further discussion. 
2. Discussion
2.1 Simulation topology
It is proposed in [1] to use the simulation topology in Figure 1 and the coexistence scenarios are summarized in Table 1 for the co-existence study.  Only adjacent channel coexistence scenarios are considered in RAN4 study scope. 
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[bookmark: _Ref67826374]Figure 1. Coexistence scenarios of (a) HAPS and TN, (b) HAPS and HAPS.
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Table 1. HAPS coexistence scenarios
	HAPS altitude 
	20 Km

	Carrier frequency 
	2 GHz

	Duplex scheme
	FDD

	Coexistence scenarios
	HAPS + TN (UMa)

	
	HAPS + TN (RMa)

	
	HAPS + HAPS (RMa)

	Center-to-center inter-system distance (Km)
	0, 10, 20, 30, 40, 50



[image: ]The HAPS radius is about 100km for 2GHz, which is much larger than the TN cells. It will be very complicated to simulate all the TN cells in the HAPS coverage, as illustrated in Figure 2.  
Figure 2. Illustration of coexistence simulation between HAPS and TN

Therefore, the topology of coexistence simulation needs to be simplified. At the same time, it needs to be ensured that there is TN cells around the admitted HAPS UEs when simulating the HAPS UE’s interference to TN UE. Otherwise, the real interference’s impact cannot be measured. Based on above considerations, the topology in Figure 3 is proposed for HAPS and TN coexistence. 






[image: ]Figure 3. The simulation layout between HAPS and TN
In every snapshot of the Monte Carlo simulation, one TN cluster is dropped randomly into HAPS coverage. Each cluster consists of 19 cells, 57 sectors. Through large number of snapshots, the TN clusters can locate at different places of HAPS coverage. The HAPS UE and TN UE are uniformly distributed in the TN cluster’s coverage.  By wrap-around, each HAPS UE is surrounded by TN UEs in three layers cells. This can be considered as the worst case. In realistic deployment, the HAPS UEs are very sparse. 
Random dropping TN cluster is the easiest way to implement to cover different places of HAPS area. A candidate location set can be considered as the other option to implement, which has higher complexity but also higher accuracy to model the interference. A candidate location set contains the possible centers of TN cluster in the simulation, and the center of TN cluster will select one from the candidate location set for each snapshot.  For example, the center-to-center inter-system distance 0, 10, 20, 30, 40, 50km in Table 1 can be considered as a candidate location set, but the size is not enough to cover different places in HAPS area.  The set size can be flexible, which depends on the granularities. 
Below are the detailed simulation cases for the coexistence study: 
· Coexistence between HAPS and TN: 
· HAPS interferes TN
· HAPS DL interferes TN DL
· HAPS UL interferes TN UL 
· TN interferes HAPS 
· TN DL interferes HAPS DL (negligible due to the altitude’s difference)
· TN UL interferes HAPS UL (usually the HAPS UE will have higher Tx power. There might have some small interference when TN UE is located at cell edge and HAPS UE is in good channel condition.) 
· Coexistence between HAPS and HAPS: 
· HAPS DL interferes HAPS DL
· HAPS UL interferes HAPS UL

Proposal 1: the coexistence simulation layout between HAPS and TN shown in Figure 3 is proposed to be considered. 
2.2 Simulation assumption: HAPS antenna model  
A reference antenna model proposed for HIBS (HAPS as IMT base stations) study in ITU WP-5D is shown in Figure 4. The antenna array is composed of seven antenna panels (six side panels and one downward facing panel). Antenna elements on each panel are co-phased to form one beam in two crossed linear polarizations to serve one cell. There are a total of seven cells in two layers, one cell in the 1st layer and six cells in the 2nd layer. 
[image: ]For each HAPS panel, the antenna pattern uses the similar one with TN antenna pattern. Other parameters of this antenna model are listed in Table 2.  The HAPS EIRP is proposed to be aligned with ITU WP5D discussion, 55dBm for the 1st layer cell and 58dBm for the 2nd layer cell. 
Figure 4. HAPS antenna model

Table 2. HAPS antenna assumptions
	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
	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
	0.5 wavelength for both H/V

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

	HAPS Platform e.i.r.p./cell
	55 dBm (1st layer cell), 
58 dBm (2nd layer cell)

	HAPS Platform e.i.r.p. Spectral Density/cell
	42 dBm/MHz (1st layer cell),
45 dBm/MHz (2nd layer cell)



Proposal 2: The HAPS EIRP is proposed to use 55dBm for the 1st layer cell and 58dBm for the 2nd layer cell. 

2.3 Simulation assumption: UE assumption 
The same UE characteristics should be used for both TN UEs and HAPS UEs. To keep aligned with other RAN4 study assumptions, the UE noise figure is proposed to be 9dB. The UE assumptions are summarized in Table 3. 

[bookmark: _Ref67930078]Table 3. UE assumption
	UE antenna array (M, N, P)
	(1, 1, 2)

	UE antenna element gain
	0 dBi, omni-directional

	UE transmit power
	23 dBm

	UE noise figure
	9 dB



Proposal 3:  The UE noise figure is proposed to be 9dB. 

2.4 Simulation assumption: HAPS UE scheduled bandwidth  
For FDD at 2 GHz band, 20 MHz channel bandwidth and 15 KHz subcarrier spacing is assumed. 
For downlink simulations, UEs are scheduled in a round-robin fashion and the scheduled UE is given the full bandwidth for both TN and HAPS network. 
For uplink simulations, 3UEs are usually assumed for simultaneous transmission in TN network. For the number of scheduled UEs per HAPS cell, two options can be considered as candidates. 
· Option 1: 10 scheduled UEs per HAPS cell, to get aligned with RAN1 NTN simulations [3]  
· Option 2: 3 scheduled UEs per HAPS cell, to get aligned with ITU WP-5D discussions [2]
[bookmark: _Ref67939752]Table 4. Proposed DL and UL transmission bandwidth 
	[bookmark: _Hlk69370416]Parameters
	Downlink
	Uplink

	Subcarrier spacing (SCS)
	15 KHz
	15 KHz

	Channel bandwidth
	20 MHz
	20 MHz

	Number of scheduled UEs per TN cell
	1
	3 

	Number of scheduled UEs per HAPS cell
	1
	3 or 10  



Proposal 4:   For uplink simulations, 3UEs are usually assumed for simultaneous transmission in TN network. For the number of scheduled UEs per HAPS cell, two options, 3 or 10, can be considered as candidates.

2.5 Uplink transmission power control model 
The TN uplink power control model is agreed to be used in the HAPS system. The UE transmit power determined according to 


Where  is the UE maximum transmit power, and   is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss (path loss + UE and BS antenna gains),  is the x-percentile CL value, and  is the balancing factor for UEs with bad channel and UEs with good channel. 
,  = 23 dBm and = -54 dBm are agreed in [1]. The   value can be determined by the targeted SNR value, allocated UE bandwidth, and noise figure. The  can be calculated as below.

 is the target received power for the PUSCH channel, and .
If the targeted SNR value is aligned with TN network, 15dB, then the detailed equation can be deducted as 

The targeted SNR value is related with operator’s deployment requirement, and it would be much helpful if operator could comment on the target SNR value in HAPS system. 
Proposal 5: The  value can be determined by the targeted SNR value. The targeted SNR value is related with operator’s deployment requirement, and it would be much helpful if operator could comment on the target SNR value in HAPS system. 

3. Conclusion
In this paper, we analysis HAPS coexistence simulation topology and assumptions. We have the following proposals: 
Proposal 1: the coexistence simulation layout between HAPS and TN is proposed to be considered. 
Proposal 2: The HAPS EIRP is proposed to use 55dBm for the 1st layer cell and 58dBm for the 2nd layer cell. 
Proposal 3:  The UE noise figure is proposed to be 9dB. 
Proposal 4:   For uplink simulations, 3UEs are usually assumed for simultaneous transmission in TN network. For the number of scheduled UEs per HAPS cell, 3 or 10 can be considered as candidates.
Proposal 5: The  value can be determined by the targeted SNR value. The targeted SNR value is related with operator’s deployment requirement, and it would be much helpful if operator could comment on the target SNR value in HAPS system. 
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