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Abstract: Providing update to solution#7 on Key Issue 1 on Feeder link switchover for Regenerative payload in 3GPP TR 23.700-29
1. Introduction/Discussion
It is proposed to solution#7 in 3GPP TR 23.700-29 to address the FFS.
2. Text Proposal
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It is proposed to add the following revision of chapter 6.7 in 3GPP TR 23.700-29 to address the FFS.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc324232213][bookmark: _Toc326248709][bookmark: _Toc22286587][bookmark: _Toc23317648][bookmark: _Toc92987387]6.7	Solution#7 for Key Issue #1: Feeder link switchover with DL data continuity
[bookmark: _Toc326248710][bookmark: _Toc22286588][bookmark: _Toc23317649][bookmark: _Toc92987388]6.7.1	Description
[bookmark: _Toc509873782][bookmark: _Toc509905232][bookmark: _Toc22286589]It is observed that the feeder link switchover for Regenerative-based satellite access is different from Transparent-based satellite access. Also there is a potential issue of DL data continuity in case of hard feeder link switchover. In this solution a procedure for Feeder link switchover for Regenerative-based satellite access is proposed. During feeder link switchover especially hard feeder link switchover, the Core Network should temporarily buffer the DL data.
The mechanism of this solution can also apply to Regenerative-based satellite access for IoT/EPS accordingly, then the detailed procedure is not described in this chapter.

[bookmark: _Toc23317650][bookmark: _Toc92987389]6.7.2	Procedures
6.7.2.1 Feeder link switchover without AMF change
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Toc326248711][bookmark: _Toc22286590]Figure 6.X.2-1 describes the procedures for Feeder link switchover without AMF change.




Figure 6.7.2.1-1: Feeder link switchover without AMF change
1. The NG-RAN onboard the satellite connects to 5GC via NTN Gateway 1. 
For the the upcoming Feeder link switchover, the NG-RAN may perform switchover preparation depending on a solution out of scope of SA2, e.g. if it is assumed that two “logical” gNBs are onboard satellite to assist the Feeder link switchover.
In case of hard feeder link switchover, the NG-RAN informs 5GC about the upcoming hard feeder link switchover. The NG-RAN can inform AMF the upcoming hard feeder link switchover per UE session, or per node. The per node message for informing AMF the upcoming feeder link switchover is assumed to be designed by RAN WG3. 
NOTE 1:  In case of soft feeder link switchover, in theory the NG-RAN is able to connect to two NTN Gateway during a given period then the procedures 1-4 for buffer DL Data is not necessary. In practice, since all the connected UEs within a NG-RAN need to be handed over during feeder link switchover, the NG-RAN needs to maintain the feeder link to old NTN Gateway until the last UE is handed over, otherwise DL data to some UEs may lost due to disconnection of old NTN Gateway. Considering the amount of UEs and the limited overlap between two feeder links, the NG-RAN and 5GC may not be able to complete all these procedures within this interval. This solution propose the NG-RAN to decide to utilize same mechanism(procedures 1-4) when it is soft feeder link switchover, e.g. based on actual situation of the UEs and feeder links.
Editor’s Note: Whether it is scalable to inform the AMF about the upcoming hard feeder link switchover using UE associated signalling or is better to use “per node” signalling is FFS. 
2. In case of hard feeder link switchover, the The AMF informs the corresponding SMF(s) about the upcoming hard feeder link switchover receive from NG-RAN. 
· The AMF can inform SMF the upcoming hard feeder link switchover in Nsmf_PDUSession_UpdateSMContext Request per PDU session, as illustrated in 2.a. 
· Or the AMF can inform SMF(s) the upcoming feeder link switchover per SMF node via a new service which could be decided in normative phase, as illustrated in 2.b. The AMF needs to determine all the SMF(s) impacted by the NG-RAN, e.g. by searching in all the PDU sessions. In practice there are less SMFs needs to be informed, comparing to the number of PDU sessions.
Editor's note:	It is FFS whether it is feasible to contact all SMFs during the glitch between the two feeder links connections and whether the solution is scalable.
3. Based on hard feeder link switchover information, the SMF(s) controls the UPF(s) to buffer the DL data of the corresponding PDU sessions. 
· 3.a If in 2.a the AMF informs SMF the upcoming feeder link switchover per PDU session, then SMF controls the UPF(s) to buffer the DL data of the corresponding PDU sessions. 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]3.b If in 2.b the AMF informs SMF the upcoming feeder link switchover per SMF node, and if this information has not been received from other AMFs earlier, the SMF determines all the UPF(s) and corresponding PDU sessions impacted by the NG-RAN, e.g. by searching in all the PDU sessions and related N4 sessions, then the SMF controls the UPF(s) to buffer the DL data of the corresponding PDU sessions.
4. The SMF responds to AMF.
5. The NG-RAN onboard the satellite performs Feeder link switchover to NTN Gateway 2. After the Feeder link is switched, the NG-RAN is assumed to get a new Transport Network Layer address. Details of this procedure are out of scope of 3GPP. 
6. The NG-RAN connects to AMF via NTN Gateway 2 by using the new Transport Network Layer address.
NOTE 2:  Depending on the RAN solution, the NG-RAN onboard the satellite may just update the TNLA with AMF with the new Transport Network Layer address; or a new NG-RAN onboard the satellite may connects to AMF with the new Transport Network Layer address if it assumes two gNBs onboard satellite to assist the Feeder link switchover, along with the disconnection or suspension between the old NG-RAN and AMF. The details of the procedure are out of scope of SA2.
7. [bookmark: OLE_LINK13]The NG-RAN notifies the AMF about the N3 DL TNL address corresponding to new Transport Network Layer address. The NG-RAN can use N2 Path Switch Request based on machanism of Xn handover, or PDU Session Resource Modify Indication.
8. The AMF informs the SMF(s) about the new N3 TNL address for DL data for the corresponding PDU session in Nsmf_PDUSession_UpdateSMContext Request.
9. The SMF controls the UPF(s) to send DL data to the new N3 TNL address of NG-RAN.
If there is buffered DL data in UPF the SMF controls the UPF(s) to send buffered data and received data in sequence.
The SMF responds to AMF with Nsmf_PDUSession_UpdateSMContext Response. The SMF may includes new UL TNL information for UL data.
10. The AMF responds to NG-RAN by N2 Path Switch ACK or PDU Session Resource ModifyConfirm. 

Editor's note:	It is FFS on how to support Feeder link switchover with AMF change.
6.7.2.1 Feeder link switchover with AMF change
It assums it is responsibility of RAN WG to alleviate or avoid the AMF change, since the AMF change inevitably causes ping-pong effect of UEs among old AMF-new AMF-old AMF during the movement of a NG-RAN serving group of UEs. For example, if the service link is Quasi-Earth-fixed then it might be possible the NG-RAN onboard a satellite can handover all the UEs to subsequent satellite connected to old AMF, before the NG-RAN connectes to new AMF after Feeder link switchover. So the AMF serving UEs is not changed.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Case 1: Hard Feeder link switchover
[bookmark: _GoBack]Since the NG-RAN only connects one Feeder link during the switchover, the procedures of N2 based handover for AMF change in 4.9.1.3 23.502 can not apply, given the N2 handover procedures assumes the 'two NG-RANs' are connected with 5GC during handover.
Before Feeder link switchover, the NG-RAN informs 5GC about the upcoming hard feeder link switchover, then SMF(s) controls the UPF(s) to buffer the DL data of the impacted PDU sessions. The procedures 1-4 of 6.7.2.1-1 are reused for this case.
After Feeder link switchover, the NG-RAN connects to new AMF with the new Transport Network Layer address and changes TAs. The UEs initiates Mobility Registration Update re-registeration procedures to new AMF due to TAs change, including List Of PDU Sessions To Be Activated, as described in 4.2.2.2.2 23.502. In the procedures the SMF controls the UPF(s) to send buffered and received DL data to the new N3 TNL address of NG-RAN.
Case 2: Soft Feeder link switchover
The procedures of N2 based handover in 4.9.1.3 23.502 can be reused during Soft Feeder link switchover, with following principles:
· The handover happens when the satellite connects two Feeder links.
· The NG-RAN onboard satellite connects to the new AMF with the new Transport Network Layer address after connects to new Feeder link.
· During the handover, the TAs of the NG-RAN onboard satellite are changed to assist the change of AMF, since in real deployment different AMF or AMF pool serves different TAs. 
· Whether the the NG-RAN ID is changed depends on RAN solution. Though NG-RAN ID change matchs 'real' handover procedures, NG-RAN ID not change can still work for 5GC.
· After the handover, the N3 DL TNL addresser of all PDU sessions are changed to the new Transport Network Layer address corresponding to the new Feeder link. All UEs re-register to new AMF due to TAs change.
· After the handover of all UEs, the NG-RAN can disconnect or suspend with old AMF before NG-RAN disconnects with the old feeder link. The details of the procedure are out of scope of SA2.
NOTE 3:  The NG-RAN onboard satellite needs to ensure all the UE to be handed over to the new AMF during feeder link switchover. Otherwise handover of some UEs may fail due to disconnection of old feeder link. Considering the amount of UEs and the limited overlap between two feeder links, the NG-RAN and 5GC may not be able to complete all the UEs handover within this interval. This solution propose the NG-RAN to decide to utilize same mechanism(Case 1: Hard Feeder link switchover) when it is soft feeder link switchover, e,g, based on actual situation of the UEs and feeder links.

[bookmark: _Toc23317651][bookmark: _Toc92987390]6.7.3	Impacts to Services, Entities and Interfaces
The following impacts are foreseen by this solution:
AMF:
-	Receving notify of Feeder link switchover from NG-RAN.
-  Determination of SMFs impacted by NG-RAN and informing SMFs the upcoming Feeder link switchover of NG-RAN by per node signalling or per PDU session asssociated signalling.
-  Reception of new TNLA from old NG-RAN or new NG-RAN due to Feeder link switchover. Possible normative impact in SA2 depends on RAN WGs.
SMF/UPF:
-  Buffering of the DL data after receving the information of NG-RAN Feeder link switchover .
NG-RAN
· Connecting to AMF with new TNLA.
· Changing TAs after connected AMF changes
· Provision to SMF and AMF the N3 DL TNLA corresponding to new Transport Network Layer address.
· Decide to notify 5GC the event of Feeder link switchover, by per node signalling or per UE asssociated signalling.
* * * * End of changes * * * *
3GPP
SA WG2 TD

image2.emf
3

、

Buffer DL Data

NTN 

Gateway 1

Satellite/

NG-RAN

AMF

1.NG-RAN informs 5GC the upcoming hard feeder link switchover

SMF(s)/

UPF(s)

DL/UL Data via NTN Gateway 1 before feeder link switchover

UE

NTN 

Gateway 2

Switchover  preparation

2. PDUSession_UpdateSMContext

(upcoming hard feeder link switchover)

4. PDUSession_UpdateSMContext Response

5. F

eeder link switchover to NTN Gateway 2

6.  new TNLA between NG-RAN and AMF

7.N2 Path Switch / PDU session resource modify

(N3 information for DL data)

8. PDUSession_UpdateSMContext

DL Data via NTN Gateway 2 after feeder link switchover

9. PDUSession_UpdateSMContext Response

10.N2 Path Switch ack / PDU session resource modify confirm


Microsoft_Visio___.vsdx
3、Buffer DL Data

NTN Gateway 1

Satellite/
NG-RAN

AMF
1.NG-RAN informs 5GC the upcoming hard feeder link switchover

SMF(s)/UPF(s)
DL/UL Data via NTN Gateway 1 before feeder link switchover

UE

NTN Gateway 2
Switchover  preparation
2. PDUSession_UpdateSMContext
(upcoming hard feeder link switchover)
4. PDUSession_UpdateSMContext Response
5. Feeder link switchover to NTN Gateway 2
6.  new TNLA between NG-RAN and AMF
7.N2 Path Switch / PDU session resource modify
(N3 information for DL data)
8. PDUSession_UpdateSMContext
DL Data via NTN Gateway 2 after feeder link switchover
9. PDUSession_UpdateSMContext Response
10.N2 Path Switch ack / PDU session resource modify confirm



image3.emf
3

、

Buffer DL Data

NTN 

Gateway 1

Satellite/

NG-RAN

AMF

1.NG-RAN informs 5GC the upcoming hard feeder link switchover

SMF(s)/

UPF(s)

DL/UL Data via NTN Gateway 1 before feeder link switchover

UE

NTN 

Gateway 2

Switchover  preparation

2a. PDUSession_UpdateSMContext

(upcoming hard feeder link switchover)

4. Response

5. F

eeder link switchover to NTN Gateway 2

6.  new TNLA between NG-RAN and AMF

7.N2 Path Switch / PDU session resource modify

(N3 information for DL data)

8. PDUSession_UpdateSMContext

DL Data via NTN Gateway 2 after feeder link switchover

9. PDUSession_UpdateSMContext Response

10.N2 Path Switch ack / PDU session resource modify confirm

2b. Notify of upcoming hard feeder link 

switchover per SMF node


Microsoft_Visio___1.vsdx
3、Buffer DL Data

NTN Gateway 1

Satellite/
NG-RAN

AMF
1.NG-RAN informs 5GC the upcoming hard feeder link switchover

SMF(s)/UPF(s)
DL/UL Data via NTN Gateway 1 before feeder link switchover

UE

NTN Gateway 2
Switchover  preparation
2a. PDUSession_UpdateSMContext
(upcoming hard feeder link switchover)
4. Response
5. Feeder link switchover to NTN Gateway 2
6.  new TNLA between NG-RAN and AMF
7.N2 Path Switch / PDU session resource modify
(N3 information for DL data)
8. PDUSession_UpdateSMContext
DL Data via NTN Gateway 2 after feeder link switchover
9. PDUSession_UpdateSMContext Response
10.N2 Path Switch ack / PDU session resource modify confirm
2b. Notify of upcoming hard feeder link switchover per SMF node



