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Introduction
In previous RAN3 meetings, the following agreements related to L2 U2N relay service continuity enhancement were reached [1]. 
	RAN3#119:
During direct to indirect and indirect to indirect path switch procedures, the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO REQ message.

At least Remote UE L2 ID and a list of candidate target relay UE IDs should be included in the XnAP HANDOVER REQUEST message. 

Stage-3 details can be figured out next meeting, for example, whether the Remote UE L2 ID is already included in the inter-node message.

Following legacy HO procedure, RAN3 does not set any restriction on whether the target candidate relay UEs belong to the same target gNB or not. The same applies for the target cell.


In this contribution, we will further discuss the details of XnAP enhancements for inter-gNB d2i/i2i path switch. In addition, NG based path switch will be also discussed.
Discussion
Xn details for inter-gNB d2i/i2i path switch

In the last meeting, RAN3 discussed the issue that which node (source node or target node) to select the target relay UE during inter-gNB d2i/i2i path switch procedure. And RAN3 agreed that during d2i/i2i path switch procedure, the source gNB sends a list of candidate relay UEs belonging to the same target cell in the HO request message. At least Remote UE L2 ID and a list of candidate target relay UE IDs should be included in the XnAP HANDOVER REQUEST message. In the following, we discuss the Xn details based on the agreements.
According to TS 38.331, the HandoverPreparationInformation message includes sidelinkUEInformationNR-r16, which further includes sl-SourceIdentityRemoteUE in SidelinkUEInformationNR-v1700-IEs. The sl-SourceIdentityRemoteUE includes the remote UE’s L2 ID. It means the remote UE L2 ID is already included in the RRC Context (which includes the HandoverPreparationInformation message) in the HO request message, so explicit XnAP IE for remote UE L2 ID is not needed. 

Observation 1: Remote UE’s L2 ID is included in the sl-SourceIdentityRemoteUE within sidelinkUEInformationNR-r16 in the HandoverPreparationInformation message, which is included in the RRC Context in HO request message.

Regarding to include the list of candidate relay UE IDs, two ways can be considered: 

Introduce a new XnAP IE (e.g. Candidate Relay list) in the HO request message to include the list of candidate relay UE IDs.
Include the list of candidate relay UE IDs in the HandoverPreparationInformation message.
Option 1) is a clear way to include the candidate relay UE list but requires XnAP spec change. While Option 2) requires to enhance TS 38.331 and RAN3 needs to send LS to RAN2. Actually, it is RAN3’s merit, there is no strong reason to leave the work to  RAN2. So Option 1) is preferred.
Proposal 1: For inter-gNB d2i/i2i path switch, a new XnAP IE Candidate Relay List is introduced to include the list of candidate relay UE L2 IDs in the HO request message.

When receiving HO request message including candidate relay UE list, the target gNB performs admission control and selects one relay UE in the candidate relay list as the target relay UE. The target gNB allocates local ID for the remote UE and provides the path switch configuration, PC5 relay RLC channel configuration and bearer mapping configuration to the remote UE in the HandoverCommand message. In addition, the target gNB informs the selected target relay UE to the source gNB in the HO request acknowledge message.
Proposal 2: For inter-gNB d2i/i2i path switch, the target gNB includes the selected target relay UE L2 ID in the XnAP HO request acknowledge message.

Path switch procedures

In R17 U2N relay, only inter-gNB-DU/intra-gNB-DU for intra-gNB-CU d2i path switch procedures are captured in TS 38.401. While the intra-gNB-CU i2d path switch procedures are not captured since the F1 signallings are actually the same as legacy UE HO procedure.

For inter-gNB d2i path switch procedure, Xn interface is involved with enhancements. So the procedure is necessary to be captured in TS38.401. TP to TS 38.401 to capture the inter-gNB d2i path switch procedure is presented in the Annex. It is suggested to agree the TP.
For inter-gNB i2d path switch procedure, the Xn signallings and F1 signallings are the same as legacy UE HO procedure without any enhancements. For the RRC reconfiguration to the source relay UE to release the relaying configuration, it would be captured in RAN2 spec. So it is not necessary to capture the procedure in TS 38.401.

For intra-gNB i2i path switch procedure, at RAN3#117 meeting, RAN3 agreed that Current signaling can support Scenario C, i.e., intra-gNB indirect to indirect path switch. To be specific, the signalling flow for U2N remote UE switch from indirect to indirect path can refer to 8.19.4.1 and 8.19.4.2. For the RRC reconfiguration to the source relay UE to release the relaying configuration, it would be captured in RAN2 spec. 

For inter-gNB i2i path switch procedure, the Xn signallings and F1 signallings are the same as inter-gNB d2i case. So it can refer to the inter-gNB d2i signalling procedure and no need to be captured in TS 38.401. 
Proposal 3:  Capture the TP of inter-gNB-CU switch from direct to indirect path in TS 38.401.

Proposal 3a: It is not necessary to capture the other path switch procedures (e.g. inter-gNB i2d path switch, intra-gNB i2i path switch, inter-gNB i2i path switch) in TS 38.401.
2.3 NG based HO/path switch
	#117bis: For inter-gNB path switching scenarios, RAN3 should specify mechanisms to support service continuity for L2 U2N relays in NG based handovers as well after supporting service continuity for L2 U2N relays in Xn based handovers, If there is some conclusion from SA2, and then to support NG based HO.


According to SA2 TR 23.700-33, SA2 concludes the N2 based HO is applied for inter-gNB path switching. RAN3 should specify mechanism to support service continuity for N2 based path switch.
	8.4
Key Issue #4: Support of path switching between direct network communication path and indirect network communication path for Layer-2 UE-to-Network Relay with session continuity consideration

For Key Issue #4 "Support of path switching between direct network communication path and indirect network communication path for Layer-2 UE-to-Network Relay with session continuity consideration", the followings are taken as conclusions:
-
Xn based (as defined in clause 4.9.1.2 of TS 23.502 [8]) and N2 based (as defined in clause 4.9.1.3 of TS 23.502 [8]) HO procedure is applied for inter-gNB indirect-to-direct and inter-gNB direct-to-indirect path switching for Layer-2 Remote UE in CM-CONNECTED state.
NOTE:
Path switching between direct path and indirect path for Layer-2 Relay (e.g. whether the source or target gNB selects a target Relay UE or direct Uu route, and whether and what information to be taken into account by NG-RAN for path switching) will be defined by RAN WGs and alignment work (if any) can be made by SA2 based on RAN WGs conclusions in normative phase.


For inter-gNB i2d path switch, the legacy N2 based HO procedure could be reused, no N2 enhancement is needed.
Figure 1 shows an example of N2 based inter-gNB d2i path switch procedure, the N2 HO required message from S-gNB to S-AMF and HO request message from T-AMF to T-gNB should be enhanced as the same as Xn HO request message, that is, enhanced to include the remote UE L2 ID and a list of candidate relay UE IDs of a target cell. In addition, the N2 HO request acknowledge message (from T-gNB to T-AMF) and HO command message (from S-AMF to S-gNB) should be enhanced as the same as Xn HO request acknowledge message if needed, e.g. include the selected target relay UE L2 ID.
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Figure 1. N2 based inter-gNB d2i path switch procedure
Proposal 4: For N2 based inter-gNB i2d path switch, the legacy N2 based HO procedure is reused and no N2 enhancement is needed.
Proposal 5: For N2 based inter-gNB d2i/i2i path switch, the N2 enhancements are the same as Xn enhancements for Xn based path switch, i.e. N2 HO required message and N2 HO request message should be enhanced to include remote UE L2 ID and a list of candidate relay UE L2 IDs.
Conclusion
In this contribution, we discussed the Xn details for inter-gNB d2i/i2i path switch and NG based path switch. And we have the following proposals:

Observation 1: Remote UE’s L2 ID is included in the sl-SourceIdentityRemoteUE within sidelinkUEInformationNR-r16 in the HandoverPreparationInformation message, which is included in the RRC Context in HO request message.
Proposal 1: For inter-gNB d2i/i2i path switch, a new XnAP IE Candidate Relay List is introduced to include the list of candidate relay UE L2 IDs in the HO request message.

Proposal 2: For inter-gNB d2i/i2i path switch, the target gNB includes the selected target relay UE L2 ID in the XnAP HO request acknowledge message.
Proposal 3:  Capture the TP of inter-gNB-DU/intra-gNB-DU switch from indirect to indirect link in TS 38.401.

Proposal 3a: It is not necessary to capture the other path switch procedures (e.g. inter-gNB i2d path switch, intra-gNB i2i path switch, inter-gNB i2i path switch) in TS 38.401.
Proposal 4: For N2 based inter-gNB i2d path switch, the legacy N2 based HO procedure is reused and no N2 enhancement is needed.
Proposal 5: For N2 based inter-gNB d2i/i2i path switch, the N2 enhancements are the same as Xn enhancements for Xn based path switch, i.e. N2 HO required message and N2 HO request message should be enhanced to include remote UE L2 ID and a list of candidate relay UE L2 IDs.

Reference
RAN3#119 chair notes.
Annex - TP to TS 38.401

8.19.4.x1 Inter-gNB-CU switch from direct to indirect path
The signalling flow for U2N Remote UE switch from direct to indirect path with gNB-CU change is shown in Figure 8.19.4.x1-1.
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Figure 8.19.4.x1-1: U2N Remote UE direct-to-indirect Path Switch with gNB-CU change procedure
1.
The Uu measurement configuration and measurement report signalling is performed between U2N Remote UE and source gNB-CU to evaluate both relay link measurement and Uu link measurement. The U2N Remote UE may report one or multiple candidate U2N Relay UE(s) and Uu measurement results after it measures/discovers the candidate U2N Relay UE(s).

2. The source gNB-CU decides to switch the U2N Remote UE to an indirect path under a different gNB (i.e., target gNB-CU). 

3. The source gNB-CU selects a list of candidate relay UEs of a target cell and sends the Xn HANDOVER REQUEST message to the target gNB-CU including the list of candidate relay UEs.

4. The target gNB-CU decides the target relay UE.

5. The reconfiguration to target U2N Relay UE is performed among target U2N Relay UE, the target gNB-DU and the target gNB-CU, if the target U2N Relay UE is in RRC_CONNECTED state. The target gNB-CU sends an RRCReconfiguration message to the target U2N Relay UE. If the target U2N 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 13.
The target gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the target gNB-DU, which contains the path switch configuration at least.

7. The target gNB-DU responds with the UE CONTEXT SETUP RESPONSE message to the target gNB-CU.

8. The target gNB-CU sends the Xn HANDOVER REQUEST ACKNOWLEDGE message by including the new RRCReconfiguration message to the source gNB-CU. The contents in the RRCReconfiguration message may include at least path switch configuration, PC5 Relay RLC channel configuration for relaying traffic, bearer mapping configuration and the associated radio bearer(s).

9. The source gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message by including the new RRCReconfiguration message to the source gNB-DU. 
10. The source gNB-DU sends the RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB.

11. The source gNB-DU sends the UE CONTEXT MODIFICATION RESPONSE message to the source gNB-CU.

12. The U2N Remote UE establishes PC5 connection with target U2N Relay UE.

13. The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the target gNB-DU via the target U2N Relay UE. In case the U2N relay UE is in RRC_IDLE/ INACTIVE state, when the U2N relay UE receives the RRCReconfigurationComplete message, the reception of the RRCReconfigurationComplete message will first trigger RRC setup/resume procedure for the U2N relay UE to enter RRC_CONNECTED state.

14. The target gNB-DU sends the UL RRC MESSAGE TRANSFER message to the target gNB-CU by including the RRCReconfigurationComplete message.

15. The target gNB-CU sends UE CONTEXT RELEASE message for the U2N Remote UE to the source gNB-CU.

16. The source gNB-CU sends an UE CONTEXT RELEASE COMMAND message to the source gNB-DU.

17.
The source gNB-DU releases the UE context and responds the source gNB-CU with an UE CONTEXT RELEASE COMPLETE message.
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