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1 Introduction

During NTN operation, it may become necessary to switch the feeder link (SRI) between different Earth stations 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 Earth station. The switch may potentially cause a major service disruption over any network interfaces transported over the SRI (Uu, F1, NG, and/or Xn, depending on the NTN architecture option) toward the UEs served by the satellite switching feeder link.
We will analyze this scenario for different NTN architecture options. At least in some cases, it may be beneficial to provide some information in the RNL to ensure the switch is performed without affecting services.
2 Discussion
Due to e.g. maintenance, traffic offloading, or if (for LEO) the satellite moves out of visibility with respect to the old Earth station, it may become necessary to switch the feeder link to a new Earth station. The scenario is shown in Figure 1 below.
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Figure 1 Switching the feeder link between Earth stations toward the same satellite.

The implications for this scenario are different depending on the different NTN architecture options currently considered [1]:

1. Transparent satellite based non-terrestrial access network (Sec. 5.1 of [1]);

2. Regenerative satellite and split gNB (Sec. 5.3.2 of [1]);

3. Regenerative satellite and on-board gNB(s) (Sec. 5.2.1 of [1]);

4. Regenerative satellite with Inter-Satellite Links (ISLs), gNB processed payload (Sec. 5.2.1 of [1]);

5. gNB processed payload, Relay-like architecture (Sec. 5.3.3 of [1]).

We will discuss more in detail the various options.
2.1 Transparent Satellite

In this case, the SRI transports the Uu interface as well as all the information to be broadcasted into the served cells; in this case the satellite is essentially a “bent pipe”, and the gNBs are located at the ground stations. The switchover will have to consist in the new gateway connecting to the satellite before the old one loses visibility and activating a set of cells so that the satellite may “overlay” them on the existing coverage area, on top of those provided by the old gateway. The served UEs will then measure the new cells, and the old gNB will trigger mobility to the new cells.
A prerequisite for this solution is 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. In addition, the whole process from cell reporting to handover completion needs to take place before the satellite is disconnected from the old Earth station (this may be critical for the LEO case).

Observation 1: In case of transparent satellite, switching the satellite link from the old to the new Earth station requires Xn to be up and running between the two gNBs on the ground, involves the new gNB overlaying a new set of “neighbor” cells over those provided by the old gNB, and offloading UEs from the old to the new gNB; the whole process must be completed before the satellite is disconnected from the old Earth station.

In this case it may be beneficial for the two gNBs to exchange information over Xn, about the satellite(s) potentially involved. This can be done by signaling over the Xn Setup and/or Configuration Update procedures the following information:
· A list of satellites to which the gNB connects;

· For each satellite in the list, an ID, a list of cell(s) from the gNB which is served through the satellite, and the ephemeris data for the satellite.

With the above information, the receiving gNB can locate the satellite at the appropriate moment and start serving its own cells through it so that the served UEs can be offloaded to the new cells. This can address the case of switchovers due to the LEO satellite movement.

Proposal 1: To cover the case of satellite switchovers due to e.g. LEO satellite movement, the gNBs on the ground should exchange over Xn Setup and/or NG-RAN Node Configuration Update procedures, a list of satellites to which they connect, including a satellite ID, a list of cell(s) served through the satellite, and the ephemeris data for the satellite.
For “planned” switchovers, we might envisage a dedicated, non-UE-associated Xn procedure (e.g. SATELLITE CONNECTION REQUEST/REPLY/FAILURE messages) to signal to the new gNB that it should start connecting to the specified satellite. The old gNB would indicate a list of served cells through the satellite, and the new gNB would respond with a list of served cells through that satellite.

Proposal 2: For planned satellite link switchovers (e.g. triggered by OAM), a dedicated, non-UE-associated Xn procedure (e.g. Satellite Connection Request, Class 1) should be introduced to signal from the old to the new gNB that it should connect to the specified satellite.

The signaling flow is shown in Figure 2 below.
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Figure 2 Signaling flow for “planned” satellite link switchovers, transparent satellite case.
2.2 Regenerative Satellite, Split gNB
In this case, the satellite hosts the DU, and the CU(s) are on the ground. Notice that due to NG-RAN architecture [2], it is not possible to connect a DU to more than one CU, nor to have a “seamless” switch of a DU between CUs: F1 must be torn down and set up again.
Observation 2: For the “regenerative satellite, split gNB” option, it is not possible to have a seamless switch of the F1 interface toward the DU on the satellite between an “old” and a “new” CU on the ground.
However, the satellite link switchover scenario might be supported for this architecture option is if the CU is centralized. In this case, the Earth stations are part of the transport network between the DU on the satellite and the centralized CU (Figure 2 below). Both the old and the new feeder link are part of the TNL which transports the F1 interface between the CU and the DU.
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Figure 3 Centralized CU scenario for Arch. 2: the feeder links are part of the transport network for F1.

With this scenario, switching the feeder link is equivalent to adding/removing an SCTP association between the CU and the DU. According to current specifications, this can be triggered from the gNB-CU.
Proposal 3: For the “regenerative satellite, split gNB” architecture option, satellite link switchovers can be supported as SCTP association addition/removals by deploying a centralized CU; this is supported by current specifications.

It seems beneficial for the DU to signal, at F1 Setup and/or DU Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the CU may take it into consideration when configuring the TNL.

Proposal 4: The DU should signal, at F1 Setup and/or DU Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the CU may take it into consideration when configuring the TNL.
2.3 Regenerative Satellite, on-board gNB
In this case (with or without ISLs), the gNB is on the satellite. Also in this case, the switchover can be supported by considering the Earth stations as part of the transport network between the gNB and the AMF (see Figure 3 below). With this scenario, switching the feeder link is equivalent to adding/removing an SCTP association between the gNB and the AMF. According to current specifications, this can be triggered from the AMF.
Proposal 5: For the “regenerative satellite, on-board gNB” architecture option, satellite link switchovers can be supported as SCTP association addition/removals between the gNB and the AMF; this is supported by current specifications.
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Figure 4 Scenario for Archs. 3-4: the feeder links are part of the transport network for NG.
It seems beneficial for the gNB to signal, at NG Setup and/or RAN Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the AMF may take it into consideration when configuring the TNL.

Proposal 6: The gNB should signal, at NG Setup and/or RAN Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the AMF may take it into consideration when configuring the TNL.

Proposal 7: Capture in the TR the TP provided.
3 Conclusions and Proposals
Our proposals are summarized below.
Proposal 1: To cover the case of satellite switchovers due to e.g. LEO satellite movement, the gNBs on the ground should exchange over Xn Setup and/or NG-RAN Node Configuration Update procedures, a list of satellites to which they connect, including a satellite ID, a list of cell(s) served through the satellite, and the ephemeris data for the satellite.

Proposal 2: For planned satellite link switchovers (e.g. triggered by OAM), a dedicated, non-UE-associated Xn procedure (e.g. Satellite Connection Request, Class 1) should be introduced to signal from the old to the new gNB that it should connect to the specified satellite.
Proposal 3: For the “regenerative satellite, split gNB” architecture option, satellite link switchovers can be supported as SCTP association addition/removals by deploying a centralized CU; this is supported by current specifications.
Proposal 4: The DU should signal, at F1 Setup and/or DU Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the CU may take it into consideration when configuring the TNL.

Proposal 5: For the “regenerative satellite, on-board gNB” architecture option, satellite link switchovers can be supported as SCTP association addition/removals between the gNB and the AMF; this is supported by current specifications.

Proposal 6: The gNB should signal, at NG Setup and/or RAN Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the AMF may take it into consideration when configuring the TNL.

Proposal 7: Capture in the TR the TP provided.
4 References

[1] TR 38.821 v. 0.3.0.
[2] TS 38.401 v. 15.4.0.
Text Proposal for TR 38.821 v. 0.3.0

START OF CHANGES

8.x
Switching the Feeder Link Toward the Satellite
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 causing service disruption to the served UEs. This can be done in different ways according to the NTN architecture option deployed.
8.x.1
Transparent Satellite

The switchover relies on the temporary overlap of cells from the gNBs located at the old and the new NTN GWs. The UEs are then 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).
It may be beneficial for the two gNBs to exchange information at Xn Setup and/or NG-RAN Node Configuration Update about the satellite(s) potentially involved, for example:

· A list of satellites to which the gNB connects;

· For each satellite in the list, an ID, a list of cell(s) from the gNB which is served through the satellite, and the ephemeris data for the satellite.

The switchover may be time-based (e.g. at regular intervals for LEO constellations, based on the ephemeris information) or event-triggered (e.g. for maintenance). In this case, it could be beneficial to introduce a dedicated, non-UE-associated Xn procedure (Satellite Connection Request) to signal from the old to the new gNB that it should connect to the specified satellite, optionally including the list of cells served through the satellite. The signaling details are shown in Fig. 8.x.1-1.
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Figure 8.x.1-1: Signaling flow for “planned” satellite link switchovers, transparent satellite case
8.x.2
Regenerative Satellite, Split gNB

The switchover can be supported for this architecture option only if the gNB-CU on the ground is centralized. In this case, both NTN GWs are part of the TNL transporting the F1 interface between the gNB-DU on the satellite and the centralized gNB-CU. The switchover is then equivalent to adding/removing an SCTP association between the CU and the DU. According to current specifications, this is triggered from the gNB-CU. It seems beneficial for the DU to signal, at F1 Setup and/or DU Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the CU may take it into consideration when configuring the TNL.
8.x.3
Regenerative Satellite, gNB on Board

In this case, both NTN GWs are part of the TNL transporting the F1 interface between the gNB on the satellite and the AMF. The switchover is then equivalent to adding/removing an SCTP association between the gNB and the AMF. According to current specifications, this is triggered from the AMF. It seems beneficial for the gNB to signal, at NG Setup and/or RAN Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the AMF may take it into consideration when configuring the TNL.
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