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Introduction
In RAN#86, the new WID “NR-NTN” [1] was approved, and it was concluded that the Rel-17 NR-NTN NWI should include two activities:

Normative activity on NR-NTN to develop specifications to support the following scenarios:

Transparent payload based LEO scenario addressing at least 3GPP class 3 UE with and without GNSS capability and both Earth fixed &/or moving cell scenario (as per SI outcome).
Note 1: Addressing LEO will provide the flexibility to also support transparent payload based HAPS based scenarios.
Transparent payload based GEO scenario addressing UE with GNSS capability.

Note 2: Addressing LEO and GEO scenarios will enable NR to support all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km.

Study activity on NTN scenarios addressing
Transparent payload based HAPS scenarios: Study of enablers for Spectrum coexistence with cellular (additional Coresets, PCI confusion mitigation, ..)

IoT-NTN based scenarios

NTN-network based location of UE (for regulatory services): identify possible solutions 

The following principles were laid:

FDD is assumed for core specification work for NR-NTN.

NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG

Earth fixed Tracking area is assumed with Earth fixed and moving cells
UEs with GNSS capabilities are assumed.

Regarding exact impacts on RAN3, the following NG-RAN architecture enhancements should be specified (see TR 38.821)
to support feeder link switch over in Transparent payload architecture based LEO scenarios
network identities handling

registration update and paging handling

cell relation handling and related features e.g. neighbours, ANR, RAN paging … 
In this contribution, we shall shed some initial thoughts on NTN LEO Feeder Link Switch-Over.

Discussion
During Rel-16 NTN-SID phase, much wider range of study was made and the main NTN scenarios were summarized in Table 4.2-1[2] below.

Table 4.2-1: Reference scenarios

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


For transparent payload architecture, the stationary GEO in space has little impact on RAN3, hence it can be omitted.

The LEO satellite with transparent payload (scenario C1/C2 in Table 4.2-1) plays the role like “smart radio antenna” connecting to NTN-GW on ground directly, and its internal radio handling such as frequency carrier converting, filtering, power amplifying are almost agnostic to RAN3.

Observation 1: The internal radio handlings in LEO satellite with transparent payload are almost agnostic to RAN3. 

For clarity, we shall continue using the definitions given in TR38.821[2] as follows:

Feeder link: Wireless link between NTN Gateway and satellite
NTN-gateway: an earth station or gateway is located at the surface of Earth, and providing sufficient RF power and RF sensitivity for accessing to the satellite (resp. HAPS). NTN Gateway is a transport network layer (TNL) node.

On ground NTN gNB: gNB of a transparent satellite (respectively HAPS) payload implemented on ground. 
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Figure 5.1-1: Networking-RAN architecture with transparent satellite

As shown in Figure 5.1-1[2] above, for LEO satellite with transparent payload, the “On ground NTN gNB” transceives the NR-Uu signal to/from fixed NTN-GW(s) in planned and delicate way, e.g. via OAM provision, and then the NTN-GW further transceives the NR-Uu signal to/from target LEO satellite(s) according to ephemeris in planned way, and then the LEO satellite(s) simply relays and transceives the NR-Uu signal to/from target geographic areas. It can be envisaged that all activities are done in planned way.
Observation 2: There are “delicate E2E transceiving planning for NTN, e.g. via OAM provision” for the normal operation of  LEO satellites with transparent payload.
From the “On ground NTN gNB” perspective, it is facing and connecting to NTN-GW(s) directly, so there seems no need to know much about LEO satellite(s) flying in space, as it just transceives the corresponding NR-Uu signal to/from fixed NTN-GW(s), and NTN-GW(s) does everything in consequence as planned. There may be one questionable point regarding NTN-cell DL broadcast info, which should be adapt to earth deployment topology, however, that can be discussed by RAN3 later after RAN2 makes relevant progress.

Proposal 1: The “On ground NTN gNB” shall know as little as possible about LEO satellite(s) flying in space, as NTN-GW(s) will do everything with NR-Uu signal in consequence as planned.

Since the feeder link is defined between NTN-GW and satellite over SRI, hence it is natural that NTN-GW should be responsible for feeder link switch over between LEO satellites in planned way, so the “On ground NTN gNB” is not naturally responsible for feeder link switch over, but via internal implementation or OAM provision, the “On ground NTN gNB” can know  some status of current feeder link switch over to some extent, e.g. to which LEO satellites it is connecting in certain time period.
Proposal 2: In principle, the “On ground NTN gNB” is not responsible for feeder link switch over, and the NTN-GW(s) performs feeder link switch over with each other in planned way.
Generally, the LEO satellite switch over action is common event between neighbour NTN-GWs, but not necessarily between neighbour gNBs. The expected switch over actions largely depend on LEO satellite ephemeris and NTN deployment on ground and it should not be triggered by some UEs for radio or load reasons.

Observation 3: The expected LEO satellite switch over actions largely depend on LEO satellite ephemeris and NTN deployment on ground and it should not be triggered by some UEs for radio or load reasons.  

In order to achieve so called “soft switch over” as illustrated in 8.7.2.1[2], the single LEO satellite may have to connect to two neighbour NTN-GWs/gNBs simultaneously in some transition area, and to provide overlapped NTN coverage in certain geographic area. With such mechanism, a group of UEs (even stationary without moving) have to perform hard handover between different NTN cells, then later when the next satellite in the same orbit comes to serve, they may have to perform hard handover back between different NTN cells again. It is worth noting that for UE in the quasi-same place, it had better be served by the same NTN cell or same gNB as long as the source cell is still good enough. Unless the UE itself moves far away across the NTN cell border, then handover becomes necessary based on UE measurement report.
Observation 4: The envisaged “soft switch over”  may incur unnecessary UE hard handover and ping pong between different NTN cells even though UE is stationary and the source cell is still good enough.  
The “soft switch over” is studied mainly for smoother service continuity purpose, however, if there is sufficient number of LEO satellites in space and if the next/subsequent LEO satellite in the same orbit can always replace its previous one sharply in time, the service continuity can be still achieved. It is worth noting that different transparent LEO satellites may be connected to the same “On ground NTN gNB”, hence the next/subsequent LEO satellite can make the beam/radio resource preparation ahead before replacing its previous beam towards the same target area. The only difference is that a group of UEs (even stationary without moving) may have to perform RACH in the same NTN cell also without packet loss concerns. Hence, the “soft switch over” seems not essential with next/subsequent transparent LEO’s relay in time.

Observation 5: The “soft switch over” seems not essential with next/subsequent transparent LEO’s relay in time.
Furthermore, in the so called “hard switch over”,  the single LEO satellite can still connect to two neighbour NTN-GWs/gNBs simultaneously in the transition area, but it can provide non-overlapped coverage in different geographic areas. With such mechanism,the limited number of LEO satellites in space can be shared as much as possible across multiple NTN-GWs.

Observation 6: Regardless of “soft or hard switch over”,  the single LEO satellite can connect to multiple neighbour NTN-GWs/gNBs simultaneously for satellite sharing. 
Proposal 3: To support “hard switch over” and “ LEO satellite sharing” across multiple neighbour NTN-GWs/gNBs with higher priority.
Conclusion
RAN3 is kindly asked to consider following proposals:

Proposal 1: The “On ground NTN gNB” shall know as little as possible about LEO satellite(s) flying in space, as NTN-GW(s) will do everything with NR-Uu signal in consequence as planned.

Proposal 2: In principle, the “On ground NTN gNB” is not responsible for feeder link switch over, and the NTN-GW(s) performs feeder link switch over with each other in planned way.
Proposal 3: To support “hard switch over” and “ LEO satellite sharing” across multiple neighbour NTN-GWs/gNBs with higher priority.
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