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1. Introduction
The NTN WI is presented in [1], where the following RAN4 objectives are defined:
	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 



Furthermore the following agreements were made in [4]:
· 3GPP RAN4 should provide/conduct relative independent adjacent channel coexistence studies to develop RF requirements for NTN.
· 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.
· Further discuss if and which HAPS scenarios should be considered by RAN4 as part of the WI NR-NTN-solutions.
In this contribution we present further considerations for the use cases and deployment scenarios for NTN. In particular, we note that HAPS are already deployed in the LTE spectrum and discuss what is needed to enable also NR deployment.


2. Frequency bands
The NTN WID defines different scenarios:
1. Low Earth Orbiting satellites (LEO)
2. Geostationary satellites (GEO)
3. High Altitude Platform Systems (HAPS).
[bookmark: _Hlk54179883]From the technical report [2] the main characteristics for separating the 3 scenarios based on height is shown in table 1 below. 
Table 1: Typical characteristics of Airborne or Space-borne vehicles
	Characteristics
	Geostationary satellites
	Non-Geostationary satellites
	Airborne platforms

	Altitude
	35 786 km
	Low Earth Orbiting satellites: From 600 km up to 1500 km
Medium Earth Orbiting satellites: From 7000 up to 20000 km
	Typically from 8 to 50 km

	Motion
	Typically within a cube of 50-100 km side around the theoretical orbital position fixed in terms of elevation/azimuth with respect to a given earth point
	We shall assume here only circular orbits around the earth
	Typically in motion within TBD km from the notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point

	Elevation angle (NOTE 1)
	Typically more than 10° for user terminal and more than 5° for gateways

	NOTE 1:	The minimum Elevation angle refers to the minimum angle under which the airborne/spaceborne platform can be seen by a terminal. Below is a summary table of minimum elevation angles for different types of satellite and aerial based systems applications.



Further, from the technical reports [2] and [3] some key definitions for the 3 scenarios can be extracted as shown in table 2. 
Table 2: Definitions of GEO, LEO and HAPS deployments
	
	GEO
	LEO
	HAPS

	Platform orbit  / altitude [2]
	35786 km
	300 – 1500 km 
	20 km 

	Typical beam footprint size [2]
	200 – 3500 km
	100 – 1000 km
	5 – 200 km

	Cell pattern [3]
	Earth fixed: same as in cellular
	Motion over Earth or earth fixed
	Motion over Earth  & 
Possibly UE altitude dependent

	Max Round trip time [3]
	541.46 ms
	28.408 – 51.661 ms
	3.526 ms

	Max differential delay  [3]
	16  ms
	4.44  - 7.158 ms
	0.697 ms



All three deployments have by ITU been allocated spectrum for operation. The GEO and LEO use cases are naturally treated as satellite operation with allocations mainly within the S (2–4 GHz) and Ka (26–40 GHz) band. Spectrum for satellite systems have been defined by ITU for decades, while HAPS frequency bands 47/48 GHz, 2 GHz, 27/31 GHz and 6 GHz were defined at three world radiocommunication conferences (WRC-97, WRC-2000 and WRC-12) respectively.
Observation 1:	ITU separates spectrum for satellite and HAPS deployments in separate groups.
High-Altitude Platform Stations (HAPS) are stratospheric platforms—e.g., fixed wing airplanes (including drones), balloons, and airships—that can provide a variety of connectivity and other services to end users on the ground. In particular, HAPS can act as high-altitude IMT base stations (HIBS), providing connectivity directly to mobile handsets, modems and IoT devices using standard 4G and 5G technologies in the service-link, with network latency that is comparable to that of terrestrial cell towers but with up to 200 times the geographic coverage from a single vehicle. Thus, HAPS would be complementary of terrestrial IMT networks and may use the same frequency bands as ground-based IMT base stations. The bands 1885-1980 MHz; 2010-2025 MHz and 2110-2170 MHz are already identified for HAPS mobile services by ITU. Additional frequency bands below 2.7GHz are to be decided by WRC-23. We note that these bands are not available for other satellite services [6].
[bookmark: _Hlk61461789]The ability for mobile network operators to use their mobile access spectrum licenses to provide services via HAPS will facilitate the rapid deployment of IMT systems into rural areas that currently lack connectivity. HAPS can also be used in emergencies like disasters to quickly enable mobile service in a large geographic area, where terrestrial service may become unavailable. The use of mobile spectrum in these situations is especially important to allow legacy 4G/5G handsets to connect to the service provided by HAPS.
Observation 2: 	Reuse of terrestrial spectrum and already defined 3GPP bands for HAPS deployments will facilitate a rapid deployment of IMT systems into rural areas.
As further discussed in [8], HAPS providing mobile services using the LTE spectrum is already a reality. It should be natural to evolve this to 5G and NR support. 
Observation 3: 	HAPS are already deployed in the LTE spectrum it should be natural also to support these deployments in NR spectrum.
We believe that HAPS can connect ordinary UEs in the same way as ground-based base stations and do not require any specific 3GPP band specifications. There are no technical (possibly apart from coexistence) limitations that prevent HAPS from using mobile terrestrial bands to provide service. All terrestrial bands could in principal be used for mobile HAPS service provided coexistence performance has been ensured as further discussed below and in [8].
Proposal 1: 	There is no need to specify any new HAPS specific bands in NTN WI but select at least one example band from the existing NR bands identified for HAPS deployment.
By allowing HAPS to use terrestrial spectrum of an existing terrestrial operator it also enables the operators to keep control with the deployments. When operating in terrestrial spectrum, the co-channel interference is dealt with in the terrestrial network through careful deployment of the frequencies and may not be a concern for RAN4. Therefore, RAN4 should only focus on adjacent channel issues. In order to progress the work efficiently, we propose to prioritize FR1, since FR1 frequencies are more suitable for HAPS mobile service and are already in use by HAPS (e.g., Loon in Kenya and Peru).
Proposal 2: 	To demonstrate coexistence between HAPS and TN networks, RAN4 to study at least one example band in FR1 and focus on adjacent channel issues.

For the satellite part of NTN, as agreed in the [4] RAN4 should select appropriate exemplary band(s) and carry the needed adjacent channel coexistence studies in order to specify NTN RF requirements. In order to progress the work efficiently, we propose to prioritize FR1.
Proposal 3:	RAN 4 to choose one example NR bands in FR1 belonging to satellite spectrum, identified by ITU for IMT deployment and focus on adjacent channel issues
For LEO and GEO deployments it can be argued that the UE also should also expect at least the same performance in terms of RF characteristics as a terrestrial gNB, so the RF requirements for the service link should be at least same level as those for a terrestrial gNB. 
Observation 4:	The RF requirements for the service link provided by LEO and GEO deployments should be at least same level as those for a terrestrial gNB.
[bookmark: _Hlk54203556]In order to provide similar performance for the UE from NTN deployments, being HAPS, LEO and GEO scenarios, the current RF requirements for a gNB should be used as baseline. 
Proposal 4:	RF requirements for a terrestrial gNB should be used as baseline for HAPS, LEO and GEO deployments.
NTN deployment acts as the connection between terrestrial network and the UE via its service and feeder links. The transparent deployment is in principal a simple RF conversion at the satellite node, meaning the service for the UE has to be provided at the goundstation. However, as the UE in the transparent deployment RF wise is connected to the satellite, the satellite should still provide the same performance in terms of RF characteristics. 
Proposal 5:	Satellites in transparent deployments should provide same performance in terms of RF characteristics.
3. Terminal side
In [4] it was agreed that for FR1, RAN4 shall consider handheld UE & VSAT UE with the following characteristics:
· Handheld: Omnidirectional antenna, 500 km/h (e.g. on board a high speed train), Linear: +/-45°X-pol, up to 200 mW (UE power class 3)
· VSAT: Directive antenna (up to 60 cm equivalent aperture diameter), Up to 1200 km/h (e.g. mounted UE on a building or moving platforms, e.g., aircrafts, trains, vessels or vehicles. Examples of such UE can be ESIM and VSAT), Circular polarisation, up to 20 W Tx power.”
The TX Power of the VSAT is such that this resembles a IAB Node and for that reason it is logical to consider reusing all or a subset of the requirements for IAB-MT [TS 38.174] for NTN VSAT requirements. However there are also a large number of differences between IAB:
· IAB-MT requirements are only specified for TDD
· No operating band below 2.4 GHz is currently supported
· IAB-MT is not expected to roam between networks
Therefore this points require more discussion
Proposal 6 	RAN4 to discuss how much the IAB requirements or a subset can be reused for the VSAT Terminal type in NTN.
Both terminal types have high speed characteristics, whereas in the LEO case the satellite moves even faster (around 7.5 km/s). Speed dependent issues and characteristics should be studied for the LEO case at least. As the relative speed is largest for that case, the requirements found can be applied to the other cases. As the LEO satellite speed is much higher than the UE speed this would allow for using stationary UEs in the studies, which also can be applied to the other cases, thereby simplifying the work.
Proposal 7 	RAN4 to discuss whether user movement really is needed in the studies or whether speed dependent issues can be based on the LEO case without user movement.

4. Conclusion
This contribution initiates the discussions related to NTN and its deployment and has the following proposal and observations:
Observation 1:	ITU separates spectrum for satellite and HAPS deployments in separate groups.
Observation 2: 	Reuse of terrestrial spectrum and already defined 3GPP bands for HAPS deployments will facilitate a rapid deployment of IMT systems into rural areas.
Observation 3: 	HAPS are already deployed in the LTE spectrum it should be natural also to support these deployments in NR spectrum.
Proposal 1: 	There is no need to specify any new HAPS specific bands in NTN WI but select at least one example band from the existing NR bands identified for HAPS deployment.
Proposal 2: 	To demonstrate coexistence between HAPS and TN networks, RAN4 to study at least one example band in FR1 and focus on adjacent channel issues.

Proposal 3:	RAN 4 to choose one example NR bands in FR1 belonging to satellite spectrum, identified by ITU for IMT deployment and focus on adjacent channel issues
Proposal 4:	RF requirements for a terrestrial gNB should be used as baseline for HAPS, LEO and GEO deployments.
Proposal 5:	Satellites in transparent deployments should provide same performance in terms of RF characteristics.
Proposal 6 	RAN4 to discuss how much the IAB requirements or a subset can be reused for the VSAT Terminal type in NTN.
Proposal 7 	RAN4 to discuss whether user movement really is needed in the studies or whether speed dependent issues can be based on the LEO case without user movement.
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