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1	Introduction
A new WI on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86, with an updated WID approved at RAN#88 [1]. In this contribution, we provide an overview of NTN scope, scenarios, architecture, and requirements.
[bookmark: _Ref178064866]2	Discussion
2.1	Scope, scenarios, and architecture
Reference scenarios have been heavily discussed in Rel-16 and captured in TR 38.821 [2]. In Rel-17, though it is not necessary to discuss the details again. Instead, it is beneficial to identify and explicitly agree on key system assumptions that are needed for determining the detailed design. 
Note that the updated WID [1] has made it clear that the focuses are FDD and that it is assumed that UEs  have GNSS capabilities. The following discussion further presents our general views on scope and scenarios.  
2.1.1	LEO vs. GEO
During the last couple of years, a set of prominent LEO networks have been proposed. These proposals feature using large LEO constellations with thousands of LEO satellites to provide global broadband access. For GEO networks, the communications techniques used are mature. GEO satellites also have very long lifespan (~20 years). The need of evolving NR to support GEO NTNs is less urgent than LEO NTNs. Furher, LEO NTN seems to need more discussion on specification changes and many changes that are done for LEO apply also for NTN GEO. For example most user plane discussions to take into acocunt longer RTT are valid for both LEO and GEO. Therefore, it appears sensible to prioritize LEO NTNs in Rel-17 WI.
[bookmark: _Toc47626592]Rel-17 NR NTN WI to prioritize discussing solutions for LEO NTNs. 


2.1.2	Earth fixed cells vs. Earth moving cells
Earth moving cells were heavily discussed in Rel-16, while earth fixed cells were briefly treated towards the end of Rel-16. Earth fixed cells appear to be a more friendly scenario in terms of radio interface design. Further, to our understanding, modern satellites have the capability to generate Earth fixed cells with beam steering techniques. We believe that it is sensible to first progress on Earth fixed cells. Once sufficient progress has been made for Earth fixed cells, Earth moving cells can be further considered. This would streamline the discussion as working first on Earth fixed cells can facilitate the later discussion on earth moving cells. 
[bookmark: _Toc47626593]Rel-17 NR NTN WI to prioritize considering solutions specific to Earth fixed cells. 
2.1.3	Air interface for radio links
In the updated WID [1], it has been clarified that transparent payload is assumed in Rel-17. A transparent payload receives a signal from the ground, converts the carrier frequency of the signal, filters and amplifies the signal, and transmits the signal back to the ground. So, the feeder link’s radio interface should be the same as the service link’s radio interface, and both would use NR Uu-interface. Additionally, with transparent payload, it appears not necessary to consider inter-satellite link.
[bookmark: _Toc47626588]As transparent payload is assumed in Rel-17, both feeder link and service link use the NR Uu interface.
2.1.4	HAPS as IMT BS (aka. HIBS)
The overall NTN WI objective aims to provide implicit compatibility to support HAPS. In addition, there is a specific HAPS objective about co-channel operation between HAPS and terrestrial networks. The co-channel operation implies that the HAPS uses mobile spectrum as used in terrestrial networks to provide services. In other words, the HAPSs are used as IMT base stations (HIBS) in the mobile service. Note that WRC 2023 will consider HIBS (agenda item 1.4).
[bookmark: _Toc47626594]Clarify that the HAPS objective is about using HAPS as IMT base stations, i.e., HIBS.
2.2	Assumptions
There were many assumptions and design requirements made in Rel-16 on NTN for the study purpose. Many of them would not lead to direct specification change but serve as use case scenario assumptions. Thus, it is sufficient to focus on examining those that have direct  specification impact. 
As we propose to prioritize LEO NTNs in Rel-17, we focus on LEO NTNs (300 – 1500 m altitude) related design assumptions below. 
Maximum cell size affects many aspects including maximum differential delay, maximum Doppler difference, etc. In Rel-16, a maximum cell diameter of 1000 km for LEO NTN was considered. This appears to be an unusually large cell diameter for LEO NTN, for which a proper justification has not been provided. Minimum elevation angle may affect aspects including maximum RTT for a given satellite orbit altitude, cell selection and reselection, etc. In Rel-16, the minimum elevation angle for sat-gateway was assumed to be 10 degrees. Though 10 degrees was also considered for sat-UE minimum elevation angle in LEO NTN, the link budget analysis in fact assumed a sat-UE minimum elevation angle of 30 degrees.  
With the maximum cell diameter, minimum elevation angle for sat-gateway / sat-UE, transparent payload, 300 – 1500 m altitude, delay related assumptions, including RTT range, maximum one-way delay variation rate, maximum one-way differential delay (between 2 UEs) in LEO NTNs, can be determined. Similarly, Doppler related assumptions, including downlink Doppler shift range, maximum downlink Doppler variation rate, and maximum downlink differential Doppler shift (between 2 UEs) in LEO NTNs, can be determined.
Assumption on UE types may also be necessary. LEO NTNs are of interest in both FR1 and FR2. In FR1, they have the potential to connect handheld with omni-directional antenna. In FR2, they may utilize larger bandwidth to connect to device with directional antenna (such as VSAT). To maximize synergy with terrestrial NR design, the maximum channel bandwidths for NTN can follow the existing values: 100 MHz for FR1 and 400 MHz for FR2. Note that if an NTN network has more bandwidths than the maximum channel bandwidths supported in FR1 / FR2, carrier aggregation can be applied.
Nevertheless, assumptions on these are more pertinent for RAN1 to decide.
[bookmark: _Toc47626589]Many assumptions made in Rel-16 NTN SI will not affect directly specification development and thus there is no need to reach WI agreements on those.
[bookmark: _Toc47626590]Key assumptions that may have design impact are more pertinent for RAN1 to decide. 
[bookmark: _Toc47626595]RAN2 waits for RAN1 input on e.g. delay and Doppler related assumptions.
2.3	Location services for NTN
In this section, we discuss the following objective related to Location Services (LCS) for NTN.
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]


As stated in the approved WID, UEs with GNSS capabilities are assumed. Further, the WID is considering transparent payload which means the gNB are on the ground as in terrestrial networks. That is location services should work as per current standard and we do not foresee any immediate changes needed.
[bookmark: _Toc47626591]The location services should work as per current standard and we do not foresee any immediate changes needed. 

2.4	PCI confusion in HAPS/HIBS deployment
In this section, we discuss the following objective related to HAPS.
· Verify the applicability of existing Rel-16 ANR techniques to solve PCI confusion in order to support co-channel operation between HAPS & terrestrial networks and develop enhancements if needed [RAN2/3]


As stated in the approved WID, this objective on HAPS is of secondary priority. Thus, we propose that the discussion on this objective can be deferred to late stage (i.e., until the first-priority objectives have sufficiently progressed).
[bookmark: _Toc47626596]As the objective on HAPS is of secondary priority, its discussion can be deferred until sufficient progress has been made for the first-priority objectives.

Conclusion
In the previous sections we made the following observations: 
Observation 1	As transparent payload is assumed in Rel-17, both feeder link and service link use the NR Uu interface.
Observation 2	Many assumptions made in Rel-16 NTN SI will not affect directly specification development and thus there is no need to reach WI agreements on those.
Observation 3	Key assumptions that may have design impact are more pertinent for RAN1 to decide.
Observation 4	The location services should work as per current standard and we do not foresee any immediate changes needed.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-17 NR NTN WI to prioritize discussing solutions for LEO NTNs.
Proposal 2	Rel-17 NR NTN WI to prioritize considering solutions specific to Earth fixed cells.
Proposal 3	Clarify that the HAPS objective is about using HAPS as IMT base stations, i.e., HIBS.
Proposal 4	RAN2 waits for RAN1 input on e.g. delay and Doppler related assumptions.
Proposal 5	As the objective on HAPS is of secondary priority, its discussion can be deferred until sufficient progress has been made for the first-priority objectives.
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