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1 Introduction

Among the WI objectives for RAN3 we can find [1] the support for feeder link switchover for Transparent payload architecture in LEO scenarios.

Referring to what was discussed and captured in [2], we will describe a possible solution.
2 Discussion
During operation, it may be necessary to switch the link towards the satellite (SRI, Satellite Radio Interface) between two different ground stations (NTN GWs). This may be due to e.g. maintenance, traffic offloading, or (for LEO) due to the satellite moving out of visibility of the current NTN GW. The switchover should be performed without disrupting service to the served UEs. This is shown in Figure 1.
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Figure 1 Scenario for feeder link switch for transparent LEO [2].

From the definition of architecture options given in [2], we note that in the transparent case the gNB is on the ground, hence a switch is needed from gNB1 to gNB2. If the satellite can be served by a single feeder link at a time, then the RRC connection for all UEs served by gNB1 needs to be dropped. After gNB2 takes over, the UEs should find the reference signals corresponding to gNB2 and perform initial access on a cell belonging to gNB2. [2] To ensure service continuity, there should be a transition period when both gNBs connect to the satellite (with two feeder links serving the satellite), and their cells overlap on the coverage area. This is shown in Figure 2. RRC aspects of the this have been discussed by RAN2 and are out of our scope.
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Figure 2 Feeder link switchover for transparent LEO with one (top) or two feeder links (bottom) serving the satellite [2].
A “hard” switchover, without simultaneous connectivity between the satellite and the 2 NTN-GWs, would require preparing and executing the hand-over precisely using ephemeris data and accurate time information. A seamless switchover, on the other hand, relies on the temporary overlap of cells from the gNBs located at the old and the new NTN GWs. The UEs would be handed over from the old to the new gNB, before the old gNB detaches from the satellite.
It is a prerequisite that the cells from the new gNB are seen as neighbors by the old gNB, hence Xn needs to be up and running between the two gNBs. Furthermore, the whole process (from UEs measuring the new cells to handover completion) needs to take place before the old gNB detaches from the satellite (potentially critical for the LEO case).

Observation 1: To ensure service continuity during satellite link switchover for the transparent case, it is a prerequisite that Xn is up and running between the old and the new gNB.
2.1 gNB Configuration Data

Exchanging the appropriate information at Xn Setup and/or NG-RAN Node Configuration Update about the satellite(s) potentially involved will help the two gNBs better coordinate the switchover. For example [2],
· A list of satellites to which the gNB connects;

· For each satellite in the list, an ID, a list of cells from the gNB which is served through the satellite, and the ephemeris data for the satellite.
Proposal 1: Add to Xn Setup and NG-RAN Configuration Update procedures the list of satellites to which the gNB connects, and for each satellite on the list include at least the list of cells from the gNB served through the satellite, and the ephemeris data.
2.2 Xn Procedure for Switchover
The switchover may be predictable/periodic (e.g. based on the LEO satellite ephemeris information and NTN GWs location) or event-triggered (e.g. for maintenance). A predictable/periodic switchover in principle does not require any signaling support, because it happens at regular intervals due to satellite motion according to information which is known in advance. Event-triggered switchover can be supported with a non-UE-associated Xn procedure (e.g. Satellite Connection Preparation) to signal from the old to the new gNB that it should connect to the specified satellite. An optional list of cells served through the satellite could be included in the initiating message. [2] The signaling flow is shown in Figure 3.
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Figure 3 Signaling flow for satellite feeder link switchover [2].

Proposal 2: Introduce a new XnAP Class 1, non-UE-associated Satellite Connection Preparation procedure to support satellite feeder link switchover for transparent satellites.
2.3 Specification Aspects

In principle, the above could also be used for non-LEO satellites (e.g. GEO, to support traffic offload). For this reason, it seems beneficial to avoid limiting the scope to LEO when describing this in specification text (both Stage 2 and Stage 3).

Proposal 3: We should not limit the scope of satellite link switchover to LEO only, but rather adopt a generic wording in specification text if possible.

As far as Stage 3 is concerned, in general it seems appropriate to add NTN-related IEs to existing messages as optional with criticality “reject”. This will enable a receiving node that does not understand the IEs to reject the procedure using the Error Indication procedure, avoiding possible misconfigurations in non-NTN-supporting nodes.
Proposal 4: Introduce all necessary NTN-related IEs in RAN3 protocols as optional with criticality “reject”.
Furthermore, one possible question is how to encode the ephemeris data in ASN.1. The de-facto standard for this information is the TLE (Two-Line Element) format: an ASCII file with a 24-character title line followed by two 70-character lines (see the Annex in [2]). TLE can then be encoded in ASN.1 as UTF8String (SIZE(164)). The TLE format seems appropriate as a baseline to start discussion, although alternative encodings might be also discussed. It is to be noticed that in our [3], the IE carrying the ephemeris information is always optional.

Proposal 5: Agree the corresponding Stage 2 and Stage 3 proposals [3]
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[4] (currently provided in the form of CR/draft CR for endorsement).
3 Conclusions and Proposals
Our proposals are summarized below.
Proposal 1: Add to Xn Setup and NG-RAN Configuration Update procedures the list of satellites to which the gNB connects, and for each satellite on the list include at least the list of cells from the gNB served through the satellite, and the ephemeris data.
Proposal 2: Introduce a new XnAP Class 1, non-UE-associated Satellite Connection Preparation procedure to support satellite feeder link switchover for transparent satellites.

Proposal 3: We should not limit the scope of satellite link switchover to LEO only, but rather adopt a generic wording in specification text if possible.

Proposal 4: Introduce all necessary NTN-related IEs in RAN3 protocols as optional with criticality “reject”.
Proposal 5: Agree the corresponding Stage 2 and Stage 3 proposals [3]
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