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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 the revision of unhandled S2-2401919 in SA2#161 . It proposes to update solution#7 in 3GPP TR 23.700-29 to address the ENs, including:
· To reduce the signalling load, the per node procedures of NG-RAN notifying AMF, AMF notifying SMF and SMF notifying UPF, for the upcoming feeder link switchover. The ENs are removed.
· General procedures for both Hard and Soft Feeder link switchover with AMF change. The EN is removed.
-   Reusing N2 handover procedures for Soft Feeder link switchover with AMF change and principles.
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 to aviod the interruption of DL data sent to NG-RAN onboard satellite over the old feeder link.
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.X7.2-1 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 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 the 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 determined by RAN WG3, e.g. RAN CONFIGURATION UPDATE message.
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.
The NG-RAN may buffer UL data in case of hard Feeder link switchover, since the NG-RAN loses connection to 5GC after disconnection with feeder link to NTN Gateway1.
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 duration 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 of NG-RAN connectivity with both feeder links. This solution propose the NG-RAN to decide to trigger the procedures for 5GC buffering DL data (procedures 1-4) when it is soft feeder link switchover, e.g. based on actual situation of the UEs and feeder links. 
2.	In the case of hard feeder link switchover, tThe AMF informs the corresponding SMF(s) about the upcoming hard feeder link switchover received from NG-RAN. The AMF can inform SMF the upcoming hard feeder link switchover in Nsmf_PDUSession_UpdateSMContext Request.
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.
· 2.a The AMF can inform SMF the upcoming feeder link switchover in Nsmf_PDUSession_UpdateSMContext Request per PDU session, as illustrated in 2.a. 
· 2.b 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.
3.	Based on hard feeder link switchover information, the SMF controls the UPF(s) to buffer the DL data of the corresponding PDU session.
· 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 N4 sessions. 
· 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 N4 sessions.
To further reducing N4 signaling, the SMF may notify the UPF(s) to buffer the DL data for all the N4 sessions impacted by the NG-RAN via N4 node level procedure. Then the UPF could determine all the N4 sessions impacted by this NG-RAN and buffer the DL data based on the NG-RAN information received from SMF. To achieve this, the SMF should previously inform UPF the NG-RAN information in N4 Session Establishment or Modification procedure when the UE is connected by the NG-RAN, e.g. in Handover or Service Request procedure.
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 SA WG2.
7.	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 mechanism 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. During the procedures the SMF may insert or re-allocate i-UPF. 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.
The NG-RAN send the UL data and/or buffered UL data to to the N3 TNL address of UPF.

Editor's note:	It is FFS on how to support Feeder link switchover with AMF change.

6.7.2.2 Feeder link switchover with AMF change
It assums it is responsibility of RAN WG to alleviate or avoid the AMF change to UE, 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 NG-RAN onboard a 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.
In 6.7.2.2.1 the solution applies for both hard and soft feeder link switchover. 
in 6.7.2.2.2 the solution applies only for soft feeder link switchover, by reusing procedures for N2 based handover.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]6.7.2.2.1 General procedures for both Hard and Soft Feeder link switchover
Figure 6.7.2.2.1-1 describes the procedures for both Hard and Soft Feeder link switchover.


Figure 6.7.2.2.1-1: Feeder link switchover with AMF change
1. Before the upcoming Feeder link switchover, the NG-RAN onboard the satellite triggers the procedures for 5GC buffering DL data as described in procedures of 1-4 in 6.7.2.1-1.
The NG-RAN decides to triggers the procedures for 5GC buffering DL data in case of hard Feeder link switchover. It can also be triggered in case of soft Feeder link switchover if the NG-RAN determines it is not possible to complete all the following procedures for all the UEs within the interval of NG-RAN connectivity with both feeder links. It is following the same reason as described in NOTE 1 in 6.7.2.1.
2. Before the disconnection with feeder link to NTN Gateway1, the NG-RAN performs N2 disconnection/suspension with AMF1. The NG-RAN indicates to AMF1 to retain all the UEs contexts. The details of the procedure are out of scope of SA2(in scope of RAN3).
3. The AMF1 retains all UEs contexs impacted by the NG-RAN, in order to transfer it to new AMF in future steps.
The NG-RAN also retains all UEs contexs during Feeder link switchover.
4. NG-RAN setup N2 connection with AMF2 after the NG-RAN can connect to the feeder link of NTN Gateway2. Step 4 and step 2 can happen simultaneously in case of soft Feeder link switchover.
After the NG-RAN can connect to the feeder link of NTN Gateway2, the NG-RAN may send UL data through existing N3 UL TNL of UPF, or buffer UL data.
5. The NG-RAN notifies the AMF2 in each UE session about the N3 DL TNL address corresponding to new Transport Network Layer address, including the UE ID within AMF1 represented by GUTI or 5G-S-TMSI. The NG-RAN may use existing message, e.g. PDU Session Resource Modify Indication or N2 Path Switch, or new message. The details of the procedure are out of scope of SA2(in scope of RAN3).
6. The AMF2 receives the UE contexts identified by UE ID from AMF1 by using existing service , e.g. Namf_Communication_UEContextTransfer.
7. Bssed on the received UE contexts from AMF1 and The AMF invokes the Nsmf_PDUSession_UpdateSMContext including the N3 DL TNL address of NG-RAN.
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.
During the procedures the SMF may insert or re-allocate i-UPF. Then the SMF may send new UL TNL information of UPFs for UL data.
8. The AMF confirms to NG-RAN with N3 DL TNLs of the UPFs for UL data of the UE.
The NG-RAN send the UL data and/or buffered UL data to to the N3 TNL address of UPF.
NOTE: The above procedures of step 5-8 for AMF change are similiar with the procedures of step 7-10 for AMF not change in 6.7.2.1-1, with the addition of UE contexts transfer between two AMFs for the case of AMF change.
9. The UEs(including the UEs in CM_IDLE state) perform Mobility Registration Update to AMF2 due to TAs change of the NG-RAN. It assums the NG-RAN changes its TAs after connects to new AMF2 to assist the change of AMF for all UEs, since in real deployment different AMF or AMF pool serves different TAs.
10. The AMF2 Registration procedure like N2 based handover.

[bookmark: _GoBack]6.7.2.2.2 N2 handover procedure based Soft Feeder link switchover
The procedures of N2 based handover in 4.9.1.3 23.502 can be reused for Soft Feeder link switchover procudure during which the NG-RAN can connect both old AMF and new AMF, with following principles:
· The handover happens when the satellite can connect 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.
· After 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' existing handover procedures, NG-RAN ID not change can still work for 5GC.
· After the handover, the N3 DL TNL addresse 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(in scope of RAN3).
NOTE:  To perform the N2 based handover procedures, the NG-RAN onboard satellite needs to ensure all the UE to be handed over to the new AMF during soft 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 of NG-RAN connectivity with both feeder links. It is up to NG-RAN to decide to performs procedure of 6.7.2.2.1 or 6.7.2.2.2 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.
-  UE context retention and transfer in case of AMF change.
SMF/UPF:
-  Buffering of the DL data after receving the information of NG-RAN Feeder link switchover .
-  Enhancement on N4 node level procedure to reducing signaling load.
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.
· Notifying new AMF the new N3 DL TNL with UE ID represented by GUTI or 5G-S-TMSI.
· Decide to trigger the procedures for 5GC buffering DL data based on actual situation of the UEs and feeder links.
* * * * 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 Indication

(N3 information for DL data)

8. PDUSession_UpdateSMContext

UL/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

Procedures of 

5GC buffering 

DL data 


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 Indication
(N3 information for DL data)
8. PDUSession_UpdateSMContext
UL/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
Procedures of 5GC buffering DL data



image4.emf
NG-RAN

4、N2 connection with AMF2

UPF

SMF/UPF

AMF1

1.Procedures for 5GC buffering DL data as described in procedures of 1-4 in 6.7.2.1-1

UE

5.NG-RAN notifies AMF2 the new N3 DL TNL address（UE ID）

 

6.UE conexts transfer

8.Confirm with N3 DL TNLs for UL data

9.UE performs Mobility Registration Update to AMF2 due to TAs change

10.Registration procedure 

like N2 based handover

2.N2 disconnection or suspension with AMF1

3.AMF1 retainss all UEs contexts

DL/UL Data via NTN Gateway 2 after feeder link switchover

7.Update SM contexts of UE PDU sessions

NTN 

Gateway 1

AMF2

NTN 

Gateway 2

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


Microsoft_Visio___2.vsdx

NG-RAN
4、N2 connection with AMF2

UPF

SMF/UPF

AMF1
1.Procedures for 5GC buffering DL data as described in procedures of 1-4 in 6.7.2.1-1

UE
5.NG-RAN notifies AMF2 the new N3 DL TNL address（UE ID）

6.UE conexts transfer
8.Confirm with N3 DL TNLs for UL data
9.UE performs Mobility Registration Update to AMF2 due to TAs change
10.Registration procedure like N2 based handover
2.N2 disconnection or suspension with AMF1
3.AMF1 retainss all UEs contexts
DL/UL Data via NTN Gateway 2 after feeder link switchover
7.Update SM contexts of UE PDU sessions

NTN Gateway 1

AMF2

NTN Gateway 2
DL/UL Data via NTN Gateway 1 before feeder link switchover



