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1. Introduction
In RAN4#97-e meeting, there were extensive discussions on NTN frequency band and deployment scenarios to be considered for co-existence study and specification work. The relative agreement as following were captured in the agreed way forward [1]:
Agreements:
· Topic #1: General RAN4 use cases related aspects (cont’d)
· RAN4 should consider all the relevant sources (including but not limited to ITU-R Radio Regulations, relevant national regulations, pre-existing Harmonized Standards developed for example in ETSI, coexistence studies approved by regulatory bodies and/or 3GPP specifications) in order to specify NTN RF requirements.
· RAN4 should select appropriate exemplary bands for NTN and to carry the needed adjacent channel coexistence studies in order to specify NTN RF requirements.
· For coexistence studied, both NTN/NTN and NTN/TN in adjacent channels should be considered.
· For exemplary band in FR1, RAN4 should consider at least satellite scenarios C1.1, C2.1 (LEO Earth Fixed Beams and Earth Moving Beams) and A1 (GEO):
· C1.1: LEO @ 600 km altitude, FR1, Earth fixed beams
· C2.1: LEO @ 600 km altitude, FR1, Earth moving beams
· A1: GEO @ 35,786 km altitude, FR1, Earth fixed beams 
· Further include following scenarios:
· C1.2: LEO @ 1200 km altitude, FR1, Earth fixed beams
· C2.2: LEO @ 1200 km altitude, FR1, Earth moving beams
· 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.
· RAN4 should consider both Earth fixed beam & Earth moving beam.
· The simulation scenarios shall be defined based on the permutation and/or combination between NTN/TN or NTN/NTN scenarios.

This paper will further discuss the example bands and deployment scenarios for NTN system. Finally the scenarios for co-existence study are given.

2. Discussion
2.1. Example frequency bands
There is already a consensus to consider at least an example band in FR1 and the example FR2 band is FFS. For FR1, a good choice might be 1980-2010/2170-2200MHz. It will be very typical and comprehensive to use this band for co-existence study since it is adjacent to FDD band n1 and TDD band n34. However it should be noted that the main focus of this band was not LEO satellite before. Hence, we propose to consider this band for GEO with priority. For LEO, it seems the Ka band (17.7 - 20.2 GHz for DL and 27.5 - 30.0 GHz for UL) is more appropriate for co-existence study since it is more appropriate to provide high channel bandwidth and throughput as intended for LEO system. There was a concern to conduct co-existence study and NTN specification work in FR2 due to lack of FDD TN specification in this frequency range. However we think it’s not reasonable to hold on the study in FR2 due to such argument. It is anyway unrealistic to wait for FDD TN system specified in FR2 in the near future. The FDD system specification in FR2 can be specified based on satellite system directly.
Regarding HAPS, it is agreed in RAN#90e that it 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. A typical frequency around the current IMT bands could be used for conducting co-existence study. To reduce the workload, it is propose to consider only one single example frequency for HAPS. The selected frequency should be close to both FDD band and TDD band so that the co-existence study is applicable to both systems. In this regard, 2GHz will be a good choice since there are both FDD bands and TDD bands operating around.  
Proposal 1: It is proposed to consider 1980-2010/2170-2200MHz for GEO satellite.
Proposal 2: It is proposed to consider 17.7 - 20.2 (DL) and 27.5 - 30.0 GHz (UL) for LEO satellite.
Proposal 3: It is proposed to consider 2GHz for HAPS as the example frequency for co-existence study.

2.2. NTN deployment scenarios
Although we have the following agreement in last RAN4 meeting, further discussion is still needed. 
· For exemplary band in FR1, RAN4 should consider at least satellite scenarios C1.1, C2.1 (LEO Earth Fixed Beams and Earth Moving Beams) and A1 (GEO):
· C1.1: LEO @ 600 km altitude, FR1, Earth fixed beams
· C2.1: LEO @ 600 km altitude, FR1, Earth moving beams
· A1: GEO @ 35,786 km altitude, FR1, Earth fixed beams 
· Further include following scenarios:
· C1.2: LEO @ 1200 km altitude, FR1, Earth fixed beams
· C2.2: LEO @ 1200 km altitude, FR1, Earth moving beams
· 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.
· RAN4 should consider both Earth fixed beam & Earth moving beam.
It is noted that both 600km and 1200 km altitude are considered for LEO. It may not be so necessary from co-existence point of view. To down select the NTN scenarios, we propose to only focus on 1200km for LEO satellite. 
Further we propose to focus the lower altitude scenario on HAPS. Although it is just a special case of non-terrestrial access with lower delay/Doppler value and variation rate from RAN1/2 point of view, HAPS will operate in the same bands as TN does. The co-existence situation is quite different from satellite scenario and should be well studied.
Another issue to be discussed is the beam characteristics to be considered for LEO. Currently both earth fixed beams and earth moving beams are proposed for LEO satellite. From our understanding, co-existence study is a static simulation method based on statistic average of large amount of snap shot. There is no difference between fixed beams and moving beams. We think using earth fixed beams is enough for co-existence study.
Based on the above discussion, table 2.2-1 summarized the NTN scenarios for co-existence study. 
Proposal 4: It is proposed to only focus on earth fixed beam scenario for satellite. 
Proposal 5: It is proposed to consider the NTN scenarios in Table 2.2-1 for co-existence study.
Table 2.2-1 NTN scenarios for co-existence study
	
	Scenario
	Operating frequency

	GEO based non-terrestrial access network
	Scenario A
	2GHz is used in the simulation. (1980-2010/2170-2200)

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	20GHz (17.7-20.2 GHz for DL and 27.5-30.0 GHz)

	HAPS
	-
	2GHz 




2.3. TN deployment scenarios
For terrestrial IMT network, the following deployment scenarios were considered for co-existence in the past studies. For co-existence with NTN, we think the indoor scenario should be deprioritized since the large penetration loss will make the mutral interference not so critical. To further reduce the work load for outdoor scenaros, Rural and Dense urban could be considered with priority. 
· Rural.
· Urban macro
· Dense urban
· Micro / Small cell outdoor
· Indoor hotspot.

Proposal 6: It is proposed to consider Rural and Dense urban scenario with priority for terrestrial network.

2.4. Down selection on simulation scenarios
Based on above consideration, the scenarios for coexistence study can be down-select as following.
Table 2.4-1 proposed scenarios for co-existence study
	 
	Set 1
	Set 2

	
	GEO
	LEO 600km
	LEO 1200km
	HAPS
	GEO
	LEO 600km
	LEO 1200km
	HAPS

	NR / NB-IoT
	Rural
	X
	-
	X
	X
	X
	-
	X
	X

	
	Urban macro
	-
	-
	-
	-
	-
	-
	-
	-

	
	Dense Urban
	X
	-
	X
	X
	X
	-
	X
	X

	
	Micro/small cell outdoor
	-
	-
	-
	-
	-
	-
	-
	-

	
	Indoor hotspot
	-
	-
	-
	-
	-
	-
	-
	-

	NTN
	GEO
	Set 1
	X
	-
	X
	X
	N/A
	N/A
	N/A
	N/A

	
	LEO 1200km
	
	X
	-
	X
	X
	N/A
	N/A
	N/A
	N/A

	
	LEO 600km
	
	-
	-
	-
	-
	N/A
	N/A
	N/A
	N/A

	
	HIBS
	
	X
	-
	X
	X
	N/A
	N/A
	N/A
	N/A

	
	GEO
	Set 2
	N/A
	N/A
	N/A
	N/A
	X
	-
	X
	X

	
	LEO 1200km
	
	N/A
	N/A
	N/A
	N/A
	X
	-
	X
	X

	
	LEO 600km
	
	N/A
	N/A
	N/A
	N/A
	-
	-
	-
	-

	
	HAPS
	
	N/A
	N/A
	N/A
	N/A
	X
	-
	X
	X



It can be down-selected to 30 coexistence cases (x 1 Frequency Ranges) x 1 scenarios(Earth Fixed Beam) x 1 BW configuration from list in WF[1], 70 coexistence cases (x 2 Frequency Ranges) x 2 scenarios (Earth Fixed Beam, Earth Fixed Beam) x 3-4 BW configurations.

3. Conclusion
This contribution discussed the frequency band and scenarios for NTN system and gave the following proposals.
Proposal 1: It is proposed to consider 1980-2010/2170-2200MHz for GEO satellite.
Proposal 2: It is proposed to consider 17.7 - 20.2 (DL) and 27.5 - 30.0 GHz (UL) for LEO satellite.
Proposal 3: It is proposed to consider 2GHz for HAPS as the example frequency for co-existence study.
Proposal 4: It is proposed to focus on fixed beam scenario for satellite. 
Proposal 5: It is proposed to consider the NTN scenarios in Table 2.2-1 for co-existence study.
Proposal 6: It is proposed to consider Rural and Dense urban scenario with priority for terrestrial network.

Based on the above proposal, the scenarios for co-existence study can be further down selected as the following table.
Table 3-1.  Proposed scenarios for co-existence study
	 
	Set 1
	Set 2

	
	GEO
	LEO 1200km
	HAPS
	GEO
	LEO 1200km
	HAPS

	NR / NB-IoT
	Rural
	X
	X
	X
	X
	X
	X

	
	Dense Urban
	X
	X
	X
	X
	X
	X

	NTN
	GEO
	Set 1
	X
	X
	X
	N/A
	N/A
	N/A

	
	LEO 1200km
	
	X
	X
	X
	N/A
	N/A
	N/A

	
	HAPS
	
	X
	X
	X
	N/A
	N/A
	N/A

	
	GEO
	Set 2
	N/A
	N/A
	N/A
	X
	X
	X

	
	LEO 1200km
	
	N/A
	N/A
	N/A
	X
	X
	X

	
	HAPS
	
	N/A
	N/A
	N/A
	X
	X
	X
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