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1. Introduction
In the NTN WID [1], RAN4 objectives are defined as follows.
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.
Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite



With respect to HAPS, the WID added this description in RAN#90-e:
	In the context of this work item, HAPS refers to a high altitude platform system for which at least the service link (HAPS – UE) operates a 3GPP specified NR mobile service in allocated spectrum which regulation allows. If needed, the terminology “HAPS” may be revisited.



Email discussions during RAN#90-e also concluded that [2]
“ Proposal 5: The scope and work load associated to adjacent channel co-existence study(ies) between HAPS and TN in existing 3GPP band(s) allowed by regulation for HAPS as IMT BS operation shall be clarified before being considered to be part of the Rel-17 NR-NTN-solutions WI.”
Furthermore, the following agreements were made in the last RAN4 meeting [3]:
· 3GPP RAN4 should provide/conduct relative independent adjacent channel coexistence studies to develop RF requirements for NTN.
· NTN RF requirements shall be specified assuming no impact on TN RF requirements.
· For coexistence studied, both NTN/NTN and NTN/TN in adjacent channels should be considered.
· RAN4 need to consider how to take into account the heterogeneous cell patterns of NTN and TN networks assuming that they serve the same areas.
· Use TR 38.821 as a baseline/starting point, as long as HAPS is still included, and NTN study aligns with WID in RAN.
· Further discuss if and which HAPS scenarios should be considered by RAN4 as part of the WI NR-NTN-solutions.
From standardization perspective, HAPS operational scenario is not as challenging as LEO and GEO satellites due to its shorter propagation path and lower mobility. Our view about HAPS adjacent channel co-existence is presented in [4]. 
In this contribution, we further discuss HAPS simulation scenarios and assumptions.
2. Discussion
1. Simulation methodology
Co-existence between HAPS and terrestrial mobile networks (TN) can be studied based on system level simulations following similar methodology in [5]. The impact of co-channel interference from the aggressor network is examined in terms of the throughput loss in the victim network. We propose reusing the same 5% throughput loss criteria as in [5] to determine the adjacent channel requirements. Since HAPS is expected to support the same UE devices used for terrestrial networks, there should be no impact to the UE, and the existing UE adjacent channel requirements apply to the HAPS co-existence scenarios. The ACLR and ACS requirements for HAPS should therefore be derived from the 5% throughput loss and the existing ACLR and ACS parameters for the UEs. The ACLR value is derived when HAPS is an aggressor. The ACS value is derived when HAPS is a victim. 
Proposal 1: 	Existing UE adjacent channel requirements apply to HAPS and TN co-existence scenarios.
Proposal 2: 	Determine the adjacent channel requirements for HAPS based on a 5% throughput degradation in the victim network in HAPS and TN co-existence scenarios.
As the co existence studies should focus on the worst case scenario we propose to use frequency reuse factor 1.
Proposal 3:	RAN4 to use frequency reuse factor 1 for co-existence studies.

Co-existence scenarios
HAPS may cover a large area with multiple cells. Study of adjacent channel interference (ACI) between HAPS and TN needs to consider the separation distance between the two networks. A cellular layout of 7 sites, 21 cells with a certain ISD may be used to model TN. This scenario is illustrated in Figure 1, where HAPS is operating near a well-covered cellular network. The topology of the scenario can be characterized by these parameters:
· HAPS coverage radius
· HAPS number of cells
· HAPS and TN separation distance (2D, center-to-center)
· TN number of cells
· TN inter-site distance
Another scenario worth considering is when HAPS coverage overlaps spotty TN cells, which are typically seen near remote villages or towns. In that case, the isolated TN coverage is noise limited and ACI from HAPS may have a greater impact. A simple topology of this scenario is shown in Figure 2. For the co-existence study, we should consider the scenarios of both densely deployed TN and sparsely deployed TN.
Proposal 4: 	Consider both densely deployed TN and sparsely deployed TN in HAPS-TN co-existence scenarios.
Since HAPS may operate in the terrestrial bands of paired and unpaired spectrum, both FDD and TDD need to be simulated. In the TDD mode, HAPS and TN are most likely unsynchronized, so HAPS downlink transmission may inflict TN uplink reception and TN downlink transmission may impact HAPS uplink reception. 
Proposal 5: 	Adjacent channel interference in co-existence scenarios should be studied for both FDD and TDD. 
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[bookmark: _Ref61119733]Figure 1.  HAPS and TN co-existence scenario 1
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[bookmark: _Ref61167784]Figure 2.  HAPS and TN co-existence scenario 2


Simulation assumptions
HAPS antenna design is a key element that impacts simulation results and must be included in the simulation assumptions. A reference design proposed for HIBS (HAPS as IMT base stations) study in ITU WP-5D [6] is shown in Figure 3. 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 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. Some parameters of the reference array are listed in Table 1 for information. 

Proposal 6: 	Adopt a reference HAPS antenna array for adjacent channel co-existence simulations.
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[bookmark: _Ref61200638]Figure 3. Example of HAPS antenna array and cell layout
[bookmark: _Ref61201481]Table 1. Example HAPS antenna parameters for IMT bands below 2.7 GHz 
	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
	 for 1st layer cell
 for 2nd layer cell

	Tx power per antenna panel 
	46 dBm



Other simulation assumptions depend on the frequency band and terrestrial network environment. Table 2 lists examples of simulation assumptions for Band n1 in Urban Macro and Rural Macro terrestrial environments. The TN network topology may include both the 7-site scenario of Figure 1 and the isolated 1-site scenario of Figure 2. Different separation distances between TN and HAPS may need to be simulated since the antenna gains of HAPS and TN in the interfering links vary with the distance dependent elevation angles. While a proper mix of indoor/outdoor UEs typical of the terrestrial environment should be used for TN, we may assume that the UEs connected to HAPS are all outdoor UEs to minimize the outage rate in the simulations. Details of the simulation assumptions should be determined considering the selected scenarios and the terrestrial bands for HAPS deployment.

Proposal 7: 	Determine simulation assumptions based on the HAPS co-existence scenarios and the terrestrial bands for HAPS deployment.



[bookmark: _Ref61249740]Table 2. Example system level simulation parameters for rural scenario
	Frequency band 
	Band n1 (UL: 1920-1980 MHz, DL: 2110-2170 MHz)

	Terrestrial environment
	Urban Macro
	Rural Macro

	Channel bandwidth
	20 MHz
	20 MHz

	HAPS altitude 
	20 Km
	20 Km

	HAPS coverage radius
	100 Km
	100 Km

	HAPS and TN coverage center distance
	0, 20, 40 Km
	0, 20, 40 Km

	HAPS channel model
	NTN urban [7]
	NTN rural [7]

	HAPS indoor UE percentage
	0%
	0%

	TN inter-site distance
	1 Km
	2 Km

	TN BS antenna height 
	25 m
	35 m

	TN BS transmit power
	46 dBm
	46 dBm

	TN BS antenna array configuration
	8 x 8 x 2 (M=8, N=8, P=2)
0.5 wavelength spacing
	8 x 1 x 2 (M=8, N=1, P=2)
0.5 wavelength spacing

	TN BS antenna downtilt
	10⁰
	6⁰

	TN channel model 
	UMa model [8]
	RMa model [8]

	TN BS element gain
	8 dBi
	8 dBi

	TN BS element HPBW horizontal/vertical
	65⁰ for H/V
	65⁰ for H/V

	TN BS element radiation pattern
	As in Table 7.3-1 of [8]
	As in Table 7.3-1 of [8]

	TN indoor UE percentage
	70%
	50%

	Body loss
	4 dB
	4 dB

	UE antenna gain
	-3 dBi
	-3 dBi

	UE antenna array
	1 x 1 x 2 (M=1, N=1, P=2)
	1 x 1 x 2 (M=1, N=1, P=2)

	UE transmit power
	23 dBm
	23 dBm



3. Conclusion
We have discussed simulation methodology, scenarios, and assumptions for HAPS adjacent channel co-existence study. Our view can be summarized in the following proposals.
Proposal 1:	Existing UE adjacent channel requirements apply to HAPS and TN co-existence scenarios.
Proposal 2: 	Determine the adjacent channel requirements for HAPS based on a 5% throughput degradation in the victim network in HAPS and TN co-existence scenarios.
Proposal 3:	RAN4 to use frequency reuse factor 1 for co-existence studies.
Proposal 4: 	Consider both densely deployed TN and sparsely deployed TN in HAPS-TN co-existence scenarios.
Proposal 5: 	Adjacent channel interference in co-existence scenarios should be studied for both FDD and TDD. 
Proposal 6: 	Adopt a reference HAPS antenna array for adjacent channel co-existence simulations.
Proposal 7: 	Determine simulation assumptions based on the HAPS co-existence scenarios and the terrestrial bands for HAPS deployment.
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