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1   Introduction
This document aims to identify the key issue about conditional HO associated to feeder link hard switch involving transparent LEO architecture in non-territorial network, and propose the possible solutions to address the problem.
2   Discussion
In TR 38.821 v16.0.0, there are five types of conditional handover triggering conditions for connected mode mobility enhancement, i.e. Measurement-based triggering, Location(UE and Satellite) triggering, Time(r)-based triggering, Timing advance value based triggering, Elevation angles of sources and target cells based triggering. Except Measurement-based triggering, other types of triggering conditions rely on UE/satellite location information, and/or satellite deterministic movement, directly or indirectly. For this purpose, ephemeris data is pre-provisioned or broadcast to UE, and stored in UE or uSIM.
During NTN operation, it may become necessary to switch the feeder link (SRI) between different NTN GWs toward the same satellite. This may be due to e.g. maintenance, traffic offloading, or (for LEO) due to the satellite moving out of visibility with respect to the current NTN GW. The switchover should be performed without service disruption to the served UEs.

For feeder link hard switch scenario, at time T1, the satellite stops to transfer the signalling from the serving GW1. At time T2, the satellite starts to transfer the signalling from the target GW2. During the time interval between time T1 and time T2, the feeder link between the satellite and GW is unavailable and the NR-Uu is interrupted.
For a potential normative phase, it is proposed to focus on the following,

(1) GEO based satellite access with transparent payloads

(2) LEO based satellite access with transparent payloads or regenerative payloads

For LEO based satellite access with transparent payloads, the satellite payload implements frequency conversion as a Radio Frequency amplifier in both uplink and downlink direction. It corresponds to an analogue RF repeater. Hence the satellite repeats the NR-Uu radio interface from the feeder link (between the NTN gateway and the satellite) to the service link (between the satellite and the UE) and vice versa. The Satellite Radio Interface (SRI) on the feeder link is the NR-Uu. In other words, the satellite does not terminate NR-Uu.

For this architecture option, NR-Uu has no information about the forthcoming feeder link hard switch, which can lead to abrupt breakdown of NR-Uu and consequent service interruption.

Observation 1: For LEO based satellite access with transparent payloads, NR-Uu has no information about the forthcoming feeder link hard switch, which can lead to abrupt breakdown of NR-Uu and consequent service interruption.
To alleviate the potential service impact and maintain service continuity, UE or network should initiate HO based on feeder link hard switch information. Given the deterministic movement of LEO satellite and the stationary GW on the earth, network or UE can estimate the timeline of forthcoming feeder link hard switch with high accuracy, if network or UE know in advance the ephemeris data of LEO satellite and location information of ground GW.

For the scenario of feeder link switch initiated by network maintenance, which cannot be estimated by the network in advance, some type of signalling should be sent from satellite service platform to NTN RAN gNB or UE, to notify the forthcoming network maintenance and consequent feeder link hard switch.

We propose to add feeder link hard switch as another HO triggering condition to avoid the NR-Uu link failure during the process the feeder link hard switch.

Proposal 1: Feeder link hard switch is added as another HO triggering condition to avoid the NR-Uu link failure during the process the feeder link hard switch.
There are two potential options for feeder link hard switch triggered HO as explained below, with pros and cons.

(1) feeder link hard switch triggered HO with UE initiation

UE should know ephemeris data of LEO satellite and location information of ground GW. UE may store and update ephemeris data of LEO satellite and location information of ground GW. With the vision of forthcoming feeder link hard switch, UE initiates HO procedure.
(2) feeder link hard switch triggered HO with network initiation

In this solution, there is no need for UE to know ephemeris data of LEO satellite and location information of ground GW. UE need not store and update ephemeris data of LEO satellite and location information of ground GW. 

Ephemeris data of LEO satellite and location information of ground GW are stored and updated in network side, e.g. gNB.

With the vision of forthcoming feeder link hard switch, network initiates HO procedure.

Solution (1) requires larger UE storage capacity and frequent update of ephemeris data of LEO satellite and location information of ground GW, thus higher signalling overhead via air interface. Solution (2) leads to more HO delay, because HO procedure initiated from network side, rather than UE side.
We propose to further evaluate the pros and cons of the two solutions in WI phase, and take into account other NTN working assumptions, especially working assumptions about provision/use mechanism of satellite ephemeris data and conditional handover triggering conditions.

Proposal 2: It is proposed to further evaluate the pros and cons of the two solutions in WI phase, taking into account other NTN working assumptions.
3   Conclusion
In this contribution, we considered LEO feeder link switch issue, and we get the following observations and proposals:
Observation 1: For LEO based satellite access with transparent payloads, NR-Uu has no information about the forthcoming feeder link hard switch, which can lead to abrupt breakdown of NR-Uu and consequent service interruption.

Proposal 1: Feeder link hard switch is added as another HO triggering condition to avoid the NR-Uu link failure during the process the feeder link hard switch.

Proposal 2: It is proposed to further evaluate the pros and cons of the two solutions in WI phase, taking into account other NTN working assumptions.
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