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Introduction
In relation to Rel-17 work item “Solutions for NR to support non-terrestrial networks (NTN)” [1], this contribution aims at clarifying the possible feeder link switch over scenarios applicable to LEO based satellite systems. It also analyses the possible impacts onto the NG-RAN procedures.

Discussion

TR 38.821 [2] background study on feeder link switch over

In clause 8.7.1, TR 38.821 “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.”
A feeder link switch over has been illustrated in the figure below extracted from TR 38.821.
[image: ]
Figure 8.7.1.1-1: Feeder link switch for transparent LEO NTN

Recall of Feeder link switch over related discussion at RAN3#109-e

# 38_NTN_FeederSwitch
- ZTE
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.
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.
To support “hard switch over” and “ LEO satellite sharing” across multiple neighbor NTN-GWs/gNBs with higher priority.
- HW
feeder link switch should be performed without causing service disruption to the served UEs.
feeder link hard switch impact on RAN3 is pending RAN2 progress.
Unless RAN3 issue is detected this topic should be put on hold pending to RAN2 progress.
- E///
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.
Introduce a new XnAP Class 1, non-UE-associated Satellite Connection Preparation procedure to support satellite feeder link switchover for transparent satellites.
We should not limit the scope of satellite link switchover to LEO only, but rather adopt a generic wording in specification text if possible.
Introduce all necessary NTN-related IEs in RAN3 protocols as optional with criticality “reject”.
- Th
Supporting NTN soft feeder link switch over shall be considered as first priority for Rel. 17.
Supporting NTN hard feeder link switch over shall be considered as second priority for Rel. 17.
- SS (5395)
During feeder link switch over for one satellite served by two GWs simultaneously, it is necessary to take more consideration how to avoid the issue of RLF and RRC re-establishment so as to keep the service continuity for the UE after the state transition from IDLE to CONNECTED.
During feeder link switch over for one satellite served by two GWs simultaneously, it is beneficial to ensure UE in idle state directly access in cell2 due to DL paging or UL signaling/data, since handover procedure can be avoidable and it also can reduce signaling overhead.
- SS (5405)
beneficial to exchange assistance information over Xn to mitigate RACH congestion for HOs due to feeder link switch over
- CATT
Both hard and soft hard link switch should be supported in NTN Rel-17 WI.
A new Xn procedure should be introduced to exchange the necessary info for feeder link switch, including satellite information, served cell(s) information, and an optional time T for the target gNB to start the establishment of the new feeder link.
Detailed design of the Uu interface is pending to the discussion of RAN1 and RAN2.
Introduce a Container to transfer the satellite configuration in UPLINK RAN CONFIGURATION TRANSFER and DOWNLINK RAN CONFIGURATION TRANSFER NGAP messages.
++ Suggested guidelines/topics for discussion from Chair (looking at possible consensus):
+ Consensus to support feeder link switchover in specs; full solution requires both RAN2 and RAN3 impact
+ Consensus to support both hard and soft switchover? If so, prioritize soft switchover? Potential WA to support both with e.g. same procedure(s)?
+ Xn impact: information to be signaled between “old” and “new” gNBs? List of satellites/cells? Ephemeris? Timers? Others?
+ Any NG impact? E.g. sat config container in RAN config transfer messages? Others?
+ st2/3 TPs (XnAP, NGAP)? (lots of FFSs)
+ need to liaise RAN2?
(E/// - moderator)
Summary of offline disc R3-205494 noted

Most companies agree on the support of feeder link switchover - with the assumption of RAN2 and RAN3 specification impact, however, as commented, we have to look whether all scenarios are covered (inter-PLMN) and what impacts on specification work proprietary solutions would have.
With the above statement, there is common understanding to support soft and hard switchover in Rel-17;
Stage 2 and later Stage 3 will have to be further developed.
 To be continued...


Feeder link and satellite switch over transition scenarios

The feeder link corresponds to a wireless link between the NTN gateway and the satellite. It can refer to a radio or alternatively to an optical link.
Proposal 1: Feeder link can be defined as a wireless link between the NTN Gateway and the satellite.

In the case of transparent payload, a GEO or a LEO satellite can be connected to several NTN-GW at a given time. Hence each NTN-GW may address different radio resources of the satellite.
Proposal 2: In the case of transparent payload, a GEO or a LEO satellite can be connected to several NTN-GW at a given time. Hence each NTN-GW may address different radio resources of the satellite.

For Non GEO satellite, a satellite will have to be connected successively to different NTN Gateways encountered in its field of view.
To ensure service continuity over a given geographical area, a switch over has to take place to replace the serving satellite and/or NTN Gateway by a subsequent one.
The satellite switch over is the procedure that transfers all established connections with UEs served in a given geographical area by a given NTN Gateway between 2 successive satellites.
Proposal 3: satellite switch over is the procedure that transfers all established connections with UEs served in a given geographical area by a given NTN Gateway between 2 successive satellites. 

The feeder link switch over is the procedure that transfers all established connections with UEs served in a given geographical area between 2 NTN gateways (and possibly successive satellites).
Proposal 3bis: A feeder link switch over is the procedure that transfers all established connections with UEs served in a given geographical area between 2 NTN gateways (and possibly successive satellites). 

The differences between satellite and feeder link switch-over are illustrated in the figure below:
 [image: ]
Figure 1: Types of switch over scenarios (satellite and feeder link)

A feeder link switch over 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.
Observation 1: A feeder link switch over 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 feeder link switchover should be performed without causing service disruption to the served UEs. In other word, service continuity shall be ensured. In the case of hard switch over scenario a “short” disruption may occur but should be remain acceptable from user point of view.
Proposal 4: The feeder link switchover shall not cause service disruption to the served UEs.

In the following, we assume that there is at least one gNB attached to each NTN Gateway.

Soft and hard switch-over differ by the capability to provide temporary overlapping cells provided by NTN gateway(s) via same or old/new satellites. This depends on the satellite capability to support several service links and feeder links simultaneously.
Observation 2: Soft and hard switch differs by the capability to provide temporary overlapping cells provided by NTN gateway(s) via same or old/new satellites.

In case of soft switch, the satellite network may be designed to ensure a duration of at least few seconds (TBC) during which the cells provided by NTN gateway(s) via same or old/new satellites are overlapping on the targeted service area. 
[bookmark: _GoBack]In case of hard switch, the satellite network may be designed to ensure a duration of maximum few hundred milliseconds (TBC) during which no cell is provided by NTN gateway(s) via same or old/new satellites on the targeted service area. 

Satellite switch over transition scenarios (soft and hard)

In the following, the transition scenario is illustrated for the soft satellite switch-over:
  [image: ]
Figure 2: Soft satellite switch over transition scenario 

In the case of soft switch, the targeted service area can be served simultaneously by overlapping cells generated by same or different gNB attached to the NTN Gateway during a certain time via old/new NTN gateway (and/or old/new satellite). This can be ensured by appropriate design and sizing of the constellation as well as careful planning of the feeder link switch events.


Hereunder is illustrated a hard satellite switch over:
  [image: ]
Figure 3: Hard satellite switch over transition scenario 


Feeder link switch over transition scenarios (soft and hard)
In the following we shall illustrate the different transition scenarios associated to Feeder link switch over with and without satellite change.
In the case of satellite change, only soft switch will be considered since it doesn’t require the satellite capability to support several service links and feeder links simultaneously.

 [image: ]
Figure 4: Soft feeder link switch over transition scenario (without satellite change) 


[image: ]
Figure 5: Hard feeder link switch over transition scenario (without satellite change) 


[image: ]
Figure 6: Soft feeder link switch over transition scenario (with satellite change) 

Feeder link and satellite switch over impact on NG-RAN procedures

It is assumed that feeder link and satellite switch over can take place when the conditions of sufficient min elevation for UEs in the targeted service area and the involved NTN Gateway(s) are ensured at least at a given time (hard switch) or during a certain duration (soft switch).
· Satellite switch-over is the most common
· Feeder link switch over (with/without change of satellite) may be needed in special cases when the number of satellite constellation is not sufficient in some areas

For soft feeder link switch over, a temporary overlap of cells is generated via old/new NTN gateway (and possibly old/new satellite), by the same or different gNB. To prevent interference between the cells during this overlap time,
· Two distinct radio resources may be simultaneously used via the old/new NTN gateway (and possibly old/new satellite) for both overlapping cells.
· The superposed cells may be associated to different Physical Cell ID (PCI)
· It is a prerequisite that the cells from the new gNB are seen as neighbors by the old gNB.
· The whole process (from UEs measuring the new cells to handover completion) needs to take place before the old gNB detaches from the satellite.
Some enhancements should be defined to minimize the time it takes to transfer the established connections with the targeted coverage area during the soft feeder link switch over such as collective hand-over procedure.
Proposal 5: RAN3 to discuss the need for enhancements such as collective hand-over procedure to minimize the time it takes to transfer the established connections with the targeted coverage area during the soft feeder link switch over.

For hard feeder link switch over, the targeted area can be covered by a given cell successively generated via old/new NTN Gateway (and possibly old/new satellite), by the same or different gNB. This requires to prepare and execute the switch-over precisely using ephemeris data and accurate time information. This may require a complete new signal acquisition and full synchronization transition from the UE perspective.
Proposal 6: RAN3 to discuss the need for enhancements to hand-over procedure to avoid RLF and RRC re-establishment by minimizing the interruption of established connections with the targeted coverage area during the hard feeder link switch over.

In both cases,
· the feeder link switch over is network originated.
· In case of gateway hand-over, Xn should be up and running between gNBs associated to the two NTN Gateways.
· 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 schedule of the feeder link switch over events

Conclusion
The following proposals in this document are listed below:

Proposal 1: Feeder link can be defined as a wireless link between the NTN Gateway and the satellite.
Proposal 2: In the case of transparent payload, a GEO or a LEO satellite can be connected to several NTN-GW at a given time. Hence each NTN-GW may address different radio resources of the satellite.
Proposal 3: satellite switch over is the procedure that transfers all established connections with UEs served in a given geographical area by a given NTN Gateway between 2 successive satellites. 
Proposal 3bis: A feeder link switch over is the procedure that transfers all established connections with UEs served in a given geographical area between 2 NTN gateways (and possibly successive satellites).
Observation 1: A feeder link switch over 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.
Proposal 4: The feeder link switchover shall not cause service disruption to the served UEs.
Observation 2: Soft and hard switch differs by the capability to provide temporary overlapping cells provided by NTN gateway(s) via same or old/new satellites.
Proposal 5: RAN3 to discuss the need for enhancements such as collective hand-over procedure to minimize the time it takes to transfer the established connections with the targeted coverage area during the soft feeder link switch over.
Proposal 6: RAN3 to discuss the need for enhancements to hand-over procedure to avoid RLF and RRC re-establishment by minimizing the interruption of established connections with the targeted coverage area during the hard feeder link switch over.
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