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1	Introduction
Last RAN3 meeting agreed to further discuss following issues:
Down-select between D4 and D5 in next meeting.
FFS whether move step 7 before step 5 in inter-gNB d2i/i2i path switch procedures.
This contribution provides a possible way forward.
2	Inter-CU Lossless path switch 
As discussed in RAN2, D4 and D5 are:
· Solution-D4: Enhanced Data forwarding from source gNB to target gNB per target gNB request (legacy PDCP status report based)

· Solution-D5: Proactive Data forwarding from source gNB to target gNB

In both D4 and D5, source gNB need to keep the DL data that have been sent to Relay UE but not successfully received by the Remote UE. 

In D4, in additional to the normal data forwarding between source gNB and target gNB, target gNB may also request additional data that need to be forwarded from source gNB to target gNB. After the remote UE connect with target cell, target gNB relies on the legacy PDCP status report sent from the Remote UE, then target gNB send a request asking source gNB to forward additional data. In case there is Xn interface between source gNB and target gNB, the request can be sent via Xn interface. But RAN3 also agreed the inter-CU path switch can be performed based on NG-HO. So the request can be sent via NG interface. This requires enhancements to both XnAP and NGAP. 
· Pros: No obvious benefit
· Cons:
· Additional delay, since target gNB need to first receive the PDCP Status Report from the Remote UE, then send the request to source gNB to start the data forwarding. In case of NG-HO, the request to source gNB via NG may takes more time than sending the request via Xn.
· New XnAP signaling in case Xn-HO is used to request source gNB forward DL data for inter-gNB path switch. 
· New NGAP signaling in case NG-HO is used to request source gNB forward DL data for inter-gNB path switch.

In D5, the source gNB starts the data forwarding in advance. The data to be forwarded includes 1) type-1 data: the data that have been successfully sent to Relay UE, but not sent to Remote UE yet. 2) type-2 data: the data that have been successfully received by Remote UE, but Remote UE have not sent the PDCP status report to source gNB yet. One may argue that the source gNB may forward many data to target gNB and target gNB may have to buffer many data, but this is not an issue since it is similar to early data forwarding in CHO or DAPS. By proper implementation, target gNB is able to discard those type-2 data based on the PDCP status report. It is common for both D4 and D5 that Remote UE need to send the PDCP status report to target gNB just after the UE connect with target gNB. So via proper gNB implementation, target gNB only transmit the necessary type-1 data to Remote UE after the HO, once it receives the PDCP status report from UE. Unlike D4 that target gNB only know the type-1 data after send the request to source gNB which may takes time (e.g. via NG), D5 already have the type-1 data when it receives the PDCP status report from UE. So D5 is faster than D4 by avoiding the “additional delay” from the XnAP/NGAP signaling for transferring the request to source gNB.   
· Pros:
· No Stage-3 impact
· No additional delay for “type-1 data”
· Cons:
·  No obvious issue.

In a summary, D4 does not have the benefit and have major specification impact (e.g. new Xn/NG signaling), and D5 is simple and faster to resume the transmission of type 1 data than D4. So it is preferred to adopt D5

Proposal 1: adopt D5 
In case D5 is adopted, Stage-2 (TS38.300) BL CR need to be updated to support D5. The proposed TP can be found in Annex – TP for TS38.300 BL CR.

3	Inter-CU d2i/i2i call flow
Last RAN3 meeting agreed following Stage-2 TS38.300 call flow:
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Figure 16.12.6.2-2: Procedure for inter-gNB switching from direct to indirect path
There is a question on whether Step 7 should be performed before Step 5 when target Relay UE is RRC CONNECTED. 

Similar issue was discussed in Rel-17 d2i/i2i and had the conclusion that the RRCReconfiguration for Relay UE is performed before the RRCReconfiguration for Remote UE. The Rel-17 call flow is copied below. 

Rel-17 TS38.300 (Step 2 and Step 3):


Figure 16.12.6.2-1: Procedure for L2 U2N Remote UE switching to indirect path via a L2 U2N Relay UE in RRC_CONNECTED

Rel-17 TS38.401 (Step 3 and Step 6/7):


Figure 8.19.4.1-1: U2N Remote UE Direct-to-indirect Path Switch with gNB-DU change procedure
3.	The reconfiguration to target U2N Relay UE is performed among U2N Relay UE, the target gNB-DU and gNB-CU, if the U2N Relay UE is in RRC_CONNECTED state. The gNB-CU sends an RRCReconfiguration message to the target U2N Relay UE. If the target Relay UE is in RRC_IDLE/INACTIVE state, this step is skipped and the configuration to the target U2N Relay UE is performed in Step 10.

Observation 1: In Rel-17 d2i/i2i path switch, the RRCReconfiguration for Relay UE is performed before RRCReconfiguration for Remote UE. 

This is also reflected in Rel-18 TS38.401 BL CR ([2]) that RRCReconfiguration to Relay UE is performed in Step 5, and the HANDOVER REQUEST ACKNOWLEDGE including RRCReconfiguration is sent in Step 8:





Observation 2: In Rel-18 TS38.401 BL CR d2i path switch, the RRCReconfiguration for Relay UE is performed before RRCReconfiguration for Remote UE. 

Observation 3: Only the TS38.300 BL CR is different to Rel-17 TS38.300/401 specs and Rel-18 TS38.401 BL CR.

In Rel-18 TS38.300 BL CR, there are some issues for current call flow that HANDOVER REQUEST ACKNOWLEDGE (Step 5) is performed before RRCReconfiguration for Relay UE (Step 7):
· Issue 1: Step 7 “RRC Reconfiguration” for Relay UE may fail. If Step 5 is performed before Step 7, the Remote UE will execute the path swich, but the Relay UE will not be able to support it. This can case issue to Remote UE. 
· Issue 2: The RRCReconfiguration to Remote UE (Step 6) may be performed before Relay UE is configured in Step 7. Remote UE may initiate the PC5 connection with Relay in Step 8, but Relay is not ready. This also increase the failure to Remote UE.

Current call flow (Step 5 is performed before Step 7) only have issue rather benefit. In addition, it diverges from Rel-17 principle that Relay UE is first configured. Unless there is a clear benefit, we prefer to align with Rel-17 and Rel-18 TS38.401 BL CR ([2]) that the RRCReconfiguration to Relay UE is performed before the RRCReconfiguration to Remote UE in TS38.300 BL CR.  

Based on above analysis, we propose to update TS38.300 BL CR that the RRCReconfiguration for Relay UE should be performed before the HANDOVER REQUEST ACKNOWLEDGE message. 

Proposal 2: To align with Rel-17 and Rel-18 TS38.401 BL CR, update TS38.300 BL CR that RRCReconfiguration to Relay UE should be performed before the HANDOVER REQUEST ACKNOWLEDGE message

The Updated TP can be found in Annex – TP for TS38.300 BL CR.
3	Conclusion
In this contribution, we briefly analyzed the support Service Continuity Enhancements. Our proposals are:
Proposal 1: adopt D5 
Proposal 2: update TS38.300 BL CR that RRCReconfiguration to Relay UE should be performed before the HANDOVER REQUEST ACKNOWLEDGE message

The proposed TP can be found in Annex – TP for TS38.300 BL CR.
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16.12.6.1 Switching from indirect to direct
## Unaffected part is omitted ##
For service continuity of L2 U2N Relay, the following procedure is used, in case of L2 U2N Remote UE switching from indirect to direct path under another gNB:
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Figure 16.12.6.1-2: Procedure for inter-gNB indirect to direct path switching
1.	The source gNB configures the UE measurement procedures and the L2 U2N Remote UE reports according to the measurement configuration.
2.	The source gNB decides to trigger path switch for the L2 U2N Remote UE, based on MeasurementReport and RRM information.
3.	The source gNB sends HANDOVER REQUEST message to the target gNB with necessary information to prepare the handover at the target side. 
4.	Admission Control may be performed by the target gNB.
5.	The target gNB prepares the path switch and sends the HANDOVER REQUEST ACKNOWLEDGE message to the source gNB, which contains new RRC configuration for remote UE.
	When the source gNB starts the data forwarding, the source gNB may also forward those downlink PDCP SDU that have been successfully transmitted to L2 U2N Relay UE but not successfully received by the L2 U2N Remote UE.
6.  The source gNB triggers the handover by sending an RRCReconfiguration message to the L2 U2N Remote UE, containing at least cell ID and the information required to access the target cell.
7.  The L2 U2N Remote UE synchronizes with the target gNB and performs Random Access.
8.  The L2 U2N Remote UE sends RRCReconfigurationComplete message to target gNB.
The target gNB can start the transmission of the buffered DL data based on the PDCP status report from the L2 U2N Remote UE. 
9.	The target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the path switch.
10. The gNB sends RRCReconfiguration message to the L2 U2N Relay UE to reconfigure the connection between the L2 U2N Relay UE and the source gNB.
11. Either L2 U2N Relay UE or L2 U2N Remote UE’s AS layer can release PC5-RRC connection and indicates upper layer to release PC5 unicast link after receiving the RRCReconfiguration message from the source gNB. The timing to execute link release is up to UE implementation.

## Unaffected part is omitted ##

16.12.6.x Switching from indirect to indirect
Notes: RAN2 can put the description of intra-gNB i2i path-switching procedures in the 38.300 draft spec.

For service continuity of L2 U2N Remote UE, the following procedure is used, in case of the L2 U2N Remote UE switching from indirect to indirect path under another gNB via a L2 U2N Relay UE in RRC_CONNECTED:
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Figure 16.12.6.x-2: Procedure for L2 U2N Remote UE inter-gNB indirect to indirect path switching
The signalling flow for U2N Remote UE switch from indirect path to indirect path under another gNB is shown as follows,
1.	The source gNB configures the UE measurement procedures and the L2 U2N Remote UE reports according to the measurement configuration.
2.	The source gNB decides to trigger the L2 U2N Remote UE to switch to an indirect path of another gNB.
3.	The source gNB sends a HANDOVER REQUEST message to the target gNB to prepare the path switch at the target side. The HANDOVER REQUEST message includes Remote UE L2 ID and a list of candidate target relay UE IDs belonging to one cell. 
4.	Admission Control may be performed by the target gNB. 
5.  The target gNB sends the RRCReconfiguration message to the L2 U2N Relay UE for relaying configuration.
6.	The target gNB prepares the path switch and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB.
	When the source gNB starts the data forwarding, the source gNB may also forward those downlink PDCP SDU that have been successfully transmitted to Source L2 U2N Relay UE but not successfully received by the L2 U2N Remote UE.
7.  The source gNB sends the RRCReconfiguration message to the the L2 U2N Remote UE.
7.  The target gNB sends the RRCReconfiguration message to the L2 U2N Relay UE for relaying configuration.
8.  The L2 U2N Remote UE establishes PC5 connection to target the L2 U2N Relay UE, if not exist.
9.  The L2 U2N Remote UE sends the RRCReconfigurationComplete message to the target gNB via target relay UE.
The target gNB can start the transmission of the buffered DL data based on the PDCP status report from the L2 U2N Remote UE. 
10. The source gNB sends the RRCReconfiguration message to the source L2 U2N Relay UE to reconfigure the connection between the source L2 U2N Relay UE and the source gNB.
11. Either L2 U2N Relay UE or L2 U2N Remote UE’s AS layer can release PC5-RRC connection and indicates upper layer to release PC5 unicast link after receiving the RRCReconfiguration message from the source gNB. The timing to execute link release is up to UE implementation.
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