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Abstract: This paper proposes a new Sol#X for KI#1 to resolve open issues for handling feederlink switchover unavailability event for TR23.700-29.
1. Discussion
[bookmark: _Toc151529969]This PCR proposes a new solution for Key Issue #1: to resolve the open issues for feeder link swithover unavailability event.
When a RAN node (eNB or gNB) on boarding regenerative based satellite (denoted as RAN-Sat) flies from service area A associated to ES1 to service area B associated to ES2, the feeder link of the satellite with NTN gateway on the ground  may be unavailable while the UE is still with service linkneeds to switchover from ES1 to ES2 as in Figure A-3. Due to the change of service areas, the serving AMF/MME on the ground may be different after feeder link switchover unavailability event is  finishedcompleted. In this case, the UE needs to perform registration request for mobility registration update.
Different from the transparent payload-based satellite, for a RAN node on boarding the regenerative based satellite, the TNL association over the feeder link would result in longer delay to transfer RAN-Sat configuration from an old AMF/MME to a target AMF/MME if the AMF/MME changes is needed due to the change of the services areas. To allow the UE preparing for such service interruption, the UEs accessing regenerative based satellite needs to be aware of such feeder link unavailability switchover event especially when it would result in AMF/MME changes. 
2. Proposal
It is proposed to capture the following changes vs. TR 23.700-29.
[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc151176058][bookmark: _Toc151701866][bookmark: _Toc157596881][bookmark: _Toc158028859][bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037][bookmark: _Toc146636837][bookmark: _Toc148441189]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Second change (All new text)* * * *
[bookmark: _Toc157596920][bookmark: _Toc157698963]6.X	Solution #X: Support of Feeder link Unavailability Periodswitchover with AMF/MME changes
[bookmark: _Toc157596921][bookmark: _Toc157698964]6.X.1	Description
When a UE accessing RAN node (eNB or gNB) on boarding regenerative based satellite (denoted as RAN-Sat) flies from service area A associated to ES1 at time T1 to service area B associated to ES2 at time T3, the feeder link of the satellite with NTN gateway on the ground is unavailable for a period of time, in which the feeder link may needs to switchover from ES1 to ES2 as in Figure 6.X.1-1A-3. The following 5GS/EPS enhancement are needed for handling feeder link unavailability event.
· During RAN-Sat mobility, the UE having service link with RAN-Sat may suffer service interruption due to several reasons, e.g. RAN-Sat does not support S&F operation mode, UE does not need delay tolerant services provided by RAN-Sat in S&F mode, etc.
· For transparent payload-based satellite access, the UE enters CM-idle state due to unavailable service link when moving out of coverage. However, for regenerative payload-based satellite access, feeder link unavailability event may occur in RAN-Sat access coverage, the UE with available service link would be in CM-connected state during feeder link unavailability event.
· Due Due to the change of service areas, the serving AMF/MME on the ground may be different after regaining feeder link or feeder link switchover is completed. In this case, the UE needs to perform registration request for mobility registration update.
Different from the transparent payload-based satellite, for a RAN node on boarding the regenerative based satellite, the TNL association over the feeder link would result in longer delay to transfer RAN-Sat configuration from an old AMF/MME to a target AMF/MME if the AMF/MME changes is needed due to the change of the services areas. To allow the UE preparing for such service interruption, e.g. requesting Unavailability Period Duration for saving UE power consumption, the UEs accessing regenerative based satellite needs to be aware of such feeder link unavailability eventswitchover event especially when it would result in AMF/MME changes. 
Editor’s Note: It is FFS whether feeder link switchover event would result in service interruption due to long delay for TNL association over the feeder link to transfer RAN-Sat configuration from an old AMF/MME to a target AMF/MME if the AMF/MME changes is needed due to the change of the services areas.


Figure 6.X.1-1: Feeder link Uavailablile Event for UE having service link with RAN on boarding satellite mobility
The principles of this solution is to treat the unavailability of the feeder link as similar to the UE being under discontinuous coverage as described in clause 5.4.13 of TS 23.501 and clause 4.13.8 of TS 23.401.
Editor’s Note: It is FFS whether feeder link unavailability and service link unavailability needs to be distinguished. If yes, how the support for discontinuous coverage in UE and AMF/MME is FFS.are applied to EPS/5GS as follows:
· The RAN-Sat provides feeder link switchover event information to the serving UEs via SIB info or AMF. Accordingly, either the UE or the AMF determines if feeder link switchover event is about to happen.
· The AMF determines whether the change of the AMF/MME is needed after feeder link switchover event and indicates to the UE if registration request procedure for mobility registration update is need after feeder link switchover is completed. 
· For AMF aware feeder link switchover event, the indication can be sent via UE Configuration Update command message including Configuration Update indication
· For UE aware feeder link switchover event, the indication can be sent via Registration Accept message including an mobility update indication for feeder link event in respond to the Registration Request message from the UE. 
· Enhance the support of discontinuous network coverage for satellite access in TS23.501 clause 5.4.13 and the support of Unavailability Period as indicated in TS23.501 clause 5.4.1.4 for supporting feeder link switchover event as follows: 
· For Mobility management and power saving optimization, see TS 23.501 clause 5.4.13.1. 
· The unavailability period is caused by the FL switchover event and the FL switchover period duration includes TNL association and NGAP interface disconnection/suspension with the old AMF via a first feeder link, and TNL association and NGAP interface reconnection/resume with a second AMF via a second feeder link, whereby the first and the second AMF can be the same or different. 
· A UE indicating support for "Unavailability Period Support" shall support the procedures for feeder link switchover event.
· If both the UE and the network indicates support of unavailability period due to discontinuous coverage and/or feederlink unavailability, the AMF determines the related parameters as follows: 
· Unavailability Period Duration is set based on FL switchover period duration if known, 
· Start of the Unavailability Period is set based on start time of the FL switchover event if known, and 
· Unavailability Type indicates FL switchover.
· For Overload control, see TS 23.501 clause 5.4.13.5. The AMF can determine maximum offset time and provide it to the serving UEs to distribute NAS signalings from/to all serving UEs.
· For AMF aware feeder link switchover event, the maximum offset time can be sent via UE Configuration Update command message.
· For UE aware feeder link switchover event, the maximum offset time can be sent via Registration Accept message in respond to the Registration Request message from the UE or via SIB info broadcast by the RAN-Sat.
[bookmark: _Toc157596922][bookmark: _Toc157698965]6.X.2	Procedures
There are no impacts to 3GPP procedures.
Figure 6.X.2-1 describes the procedures for Feeder link switchover w/o AMF/MME changes.


Figure 6.X.2.1-1: Feeder link switchover w/o AMF changes
1. The RAN-Sat provides feeder link switchover event info to UE or old AMF. For AMF aware of feederlink switchover event, it may obtain it from O&M or local preconfiguration. 
The UE or old AMF determines if FL switchover event is about to happen.
2. The UE and the old AMF negotiates FL switchover event parameters, e.g. feerlink switchover period duration and/or start time of feederlink switchover event, via NAS messages for handling UE’s state and keeping UE registered during FL switchover event. 
3. 
As part of this step, the AMF determines whether the change of the AMF/MME is needed after feeder link switchover event and indicates to the UE if registration request procedure for mobility registration update is need after feeder link switchover is completed.
· For AMF aware feeder link switchover event, the indication can be sent via UE Configuration Update command message including Configuration Update indication
· For UE aware feeder link switchover event, the indication can be sent via Registration Accept message including an mobility update indication for feeder link event in respond to the Registration Request message from the UE. 
4. The UE stores the FL switchover event parameters received from the old AMF.
5. The UE enters CM-idle state and starts a FL switchover event timer (based on feerlink switchover period duration at the start time of the FL switchover event in Step 5a; In Step 5b, during feeder link switchover event, the RAN-Sat and the old AMF releases/suspends N2 connection with the first TNL association, and the RAN-Sat connects/resumes N2 connection with the second TNL association to the same old AMF or a target AMF. 

6. After the FL switchover event is completed, e.g. based on the expiry of the FL switchover event timer, the UE sends Registration Request message for Mobility Registration Update based on the FL switchover event parameters if available (as implicit indication). Alternatively, FL switchover event parameters include a registration indication (as explicit indication) that indicates the UE to perform registration request procedure after the FL switchover event.
7. This step is the same as TS23.502 Figure 4.2.2.2.2-1, step 4-19. Specifically, the target AMF retrieves UE context from the old AMF via Namf_Communication_UEContextTransfer response message in respond to the Namf_Communication_UEContextTransfer message.
8. The AMF sends Registration Accept message to the UE in responding to Step 6.
9. The UE initiates Service Request message to re-establish PDU Session(s).
[bookmark: _Toc157596924][bookmark: _Toc157698967]6.X.3	Impacts to Services, Entities and Interfaces
The following impacts are foreseen by this solution:
AMF/MME:
-	Determine whether feeder link switchover event is about to happen (AMF/MME aware of feeder link swithcover event)
-  Determine whether the change of the AMF/MME is needed after feeder link switchover event and indicates to the UE if registration request procedure for mobility registration update is need after feeder link switchover is completed.
-	Enhance support of discontinuous network coverage for satellite access and the support of Unavailability Period for feeder link switchover.

RAN-Sat (gNB or eNB):
-	broadcast SIB info regarding feeder link switchover event and parameters.

-	Provision to AMF the N3 DL TNLA corresponding to new Transport Network Layer address.
UE: 
-	Determine whether feeder link switchover event is about to happen (UE aware of feeder link swithcover event)
-	Negotiate feeder link switchover event parameters with the AMF/MME.
-	Enhance support of discontinuous network coverage for satellite access and the support of Unavailability Period for feeder link switchover.UE and AMF/MME implementations need to incorporate feeder link unavailability in their support for discontinuous coverage.
* * * *End change * * * *
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