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1 Introduction
WID of sidelink relay enhancements (RP-221262) was agreed in RAN#96e [1]. In RAN2#119e made the following agreements for the path switch of different scenarios:
	For inter-gNB d2i path switching and intra-/inter-gNB i2i path switching in Rel-18, the network can select a target U2N relay UE in any RRC state, i.e., RRC_CONNECTED/IDLE/INACTIVE.
For the target U2N relay UE in any RRC state, the Rel-17 procedures for intra-gNB d2i path switching are used as a baseline for inter-gNB d2i path switching with the addition of inter-gNB signaling over the Xn interface.

The Rel-17 remote UE oriented solution to trigger the target U2N relay UE to the CONNECTED state should also be applicable to the Rel-18 inter/intra-gNB scenarios as a baseline for single-path relay.  Other mechanisms are not excluded if an issue is found with the baseline.
When indirect-to-indirect path switch is initiated, the Remote UE can inform upper layers to release the PC5 unicast link with the source relay UE. The timing to execute link release is up to UE implementation.
Introduce a new measurement event that considers both the PC5 link quality with the serving Relay UE and that with candidate Relay UE for the indirect-to-indirect path switch purpose.  FFS if there would be more than one event type.
For the signalling and procedures in Uu and PC5, intra-gNB indirect-to-direct path switch is used as the baseline for inter-gNB i2d path switch.


In this contribution, we will continue to discuss the issues related to service continuity enhancements for L2 U2N relay.
2 Discussion
2.1 Scenario A: inter-gNB indirect-to-direct path switch
There are four path switch scenarios where the service continuity enhancements should be supported according to sidelink relay enhancements WID. Firstly, we will discussion the scenario A. In Rel-17 sidelink relay, the intra-gNB HO from indirect-to-direct path procedure was specified. Measurement mechanism of intra-gNB indirect-to-direct path switch can be applied to scenario A.

For measurement configuration in intra-gNB indirect-to-direct path switch, legacy Uu measurement object (i.e. MeasObjectNR) is used to configure measurement on neighbor Uu frequencies, and Uu measurement operation according to legacy principles still applies for Uu frequencies. SL-RSRP of the serving relay is used as the SL measurement quantity for the case of path switch from indirect to direct path. When SL-RSRP of the serving relay is not available, SD-RSRP is used as the SL measurement quantity.
For measurement reporting in intra-gNB indirect-to-direct path switch, measurement report can include available Uu cell measurements. Detailed measurement results from Remote UE are reported when configured reporting criteria is met as legacy measurement report.
Further, two measurement events were introduced in intra-gNB indirect-to-direct path switch, one is event-X1 that serving relay becomes worse than threshold1 and neighbor Uu cell becomes better than threshold2, the other is event-X2 that serving relay is worse than a threshold. 
In our view, the above measurement configuration, measurement reporting and measurement events for intra-gNB indirect-to-direct path switch can be reused for inter-gNB indirect-to-direct path switch.
Proposal 1: RAN2 agrees that the measurement configuration, measurement reporting and measurement events for intra-gNB indirect-to-direct path switch are reused for inter-gNB indirect-to-direct path switch. 
At RAN2#119 meeting, the agreement on inter-gNB indirect-to-direct path switch is shown below [2]:

	For the signalling and procedures in Uu and PC5, intra-gNB indirect-to-direct path switch is used as the baseline for inter-gNB i2d path switch.


In this section, we will discuss the detailed signalling and procedures of scenario A. The path switching procedures for scenario A is given, as shown in Figure 1. We prefer to use the HO principle in Rel-17 as baseline, i.e. the gNB controls target cell for the path switch.
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Figure 1: Procedure for inter-gNB indirect-to-direct path switch
0. Remote UE has already accessed to the source gNB through Relay UE with UL/DL data transmission.
1. The source gNB configures the Remote UE measurement procedures via Relay UE and the Remote UE sends measurement report (e.g. including the measurement result for candidate target cell) to the source gNB according the measurement configuration.
2. According to the measurement report, the source gNB makes the decision for path switch to direct Uu path of target gNB.

3. The source gNB initiates handover and issues a handover request to the target gNB.
4. The target gNB performs admission control and provides the new RRC configuration as part of handover request acknowledge.
5. The source gNB sends RRC reconfiguration (i.e. HO command) to Remote UE via Relay UE to configure the parameter in direct Uu path. 
6. The Remote UE switches the path after receiving the RRC message, by initiating the random access procedure to the target gNB.
7. The Remote UE directly accesses to the target gNB and sends RRC reconfiguration complete message.
8. The source gNB sends RRCReconfiguration message to the Relay UE to reconfigure the connection between the Relay UE and the source gNB. The RRCReconfiguration message to the Relay UE can be sent any time after step 5 based on source gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration between PC5 RLC and Uu RLC).
9. Either Relay UE or Remote UE can initiate the PC5 unicast link release (PC5-S). The timing to execute link release is up to UE implementation. The Relay UE can execute PC5 connection reconfiguration to release PC5 Relay RLC channel for relaying upon reception of RRC Reconfiguration by gNB in Step 8, or the UE (i.e., previous Remote UE) can execute PC5 connection reconfiguration to release PC5 Relay RLC channel for relaying upon reception of RRCReconfiguration by gNB in Step 5.
10. The data path is switched from indirect path to direct path between the UE (i.e., previous Remote UE) and the target gNB. 
Proposal 2: Take the procedures in Figure 1 for inter-gNB indirect-to-direct path switch.
2.2 Scenario B: inter-gNB direct-to-indirect path switch
In this section, we will discussion the scenario B. In Rel-17 sidelink relay, the intra-gNB HO from direct-to-indirect path procedure was specified. Measurement mechanism of intra-gNB direct-to-indirect path switch can be applied to scenario B.
For measurement configuration in intra-gNB direct-to-indirect path switch, legacy sidelink measurement object (i.e. SL-MeasObject) is used to configure measurement on candidate Relays, SD-RSRP is used as the SL measurement quantity. 
For measurement reporting in intra-gNB direct-to-indirect path switch, the Remote UE shall report only the Relay UE candidate(s) that fulfil the higher layer criteria, measurement report can include at least Relay UE ID, serving cell ID, RSRP information. Relay UE ID included in measurement report is relay UE’s source L2 ID. 
Further, two measurement events were introduced in intra-gNB direct-to-indirect path switch, one is event-Y1 that serving Uu cell becomes worse than threshold1 and candidate relay becomes better than threshold2, the other is event-Y2 that candidate relay is better than a threshold.
In our view, the above measurement configuration, measurement reporting and measurement events for intra-gNB direct-to-indirect path switch can be reused for inter-gNB direct-to-indirect path switch.
Proposal 3: RAN2 agrees that the measurement configuration, measurement reporting and measurement events for intra-gNB direct-to-indirect path switch are reused for inter-gNB direct-to-indirect path switch.
At RAN2#119 meeting, the agreement on inter-gNB direct-to-indirect path switch is shown below [2]:

	For the target U2N relay UE in any RRC state, the Rel-17 procedures for intra-gNB d2i path switching are used as a baseline for inter-gNB d2i path switching with the addition of inter-gNB signaling over the Xn interface.


The detailed path switching procedures for scenario B is given, as shown in Figure 2.
0. Remote UE has already accessed to the source gNB with UL/DL data transmission.
1. The source gNB configures the Remote UE measurement procedures and the Remote UE sends measurement report (e.g. including the measurement result for candidate relays) to the source gNB according the measurement configuration.

2. According to the measurement report, the source gNB makes the decision for path switch to a target Relay UE.

3. The source gNB initiates handover and issues a handover request to the target gNB.
4. The target gNB performs admission control and provides the new RRC configuration as part of handover request acknowledge.
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Figure 2: Procedure for inter-gNB direct-to-indirect path switch
5. The target gNB sends an RRCReconfiguration message to the target Relay UE, which can include at least Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
6. The source gNB sends the RRCReconfiguration message to the Remote UE. The contents in the RRCReconfiguration message can include at least Relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s).
7. The Remote UE establishes PC5 connection with target Relay UE.

8. The Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to target gNB via the Relay UE.
9. The Relay UE forwarding the RRCReconfigurationComplete message to the target gNB.

10. The data path is switched from direct path to indirect path.
Proposal 4: Take the procedures in Figure 2 for inter-gNB direct-to-indirect path switch.
2.3 Scenario C: intra-gNB indirect-to-indirect path switch
For measurement configuration in scenario C, legacy sidelink measurement object (i.e. SL-MeasObject) is used to configure measurement on candidate Relays. SL-RSRP and SD-RSRP are reused as the SL measurement quantity for serving relay. When SL-RSRP of the serving relay is not available e.g. lack of data transmission, SD-RSRP is used as the SL measurement quantity for the candidate relays. 
Since there is no shared unicast link between relaying and non-relaying traffic, it is impossible for a Remote UE that is communicating in Uu to have non-relaying data transfer with any surrounding candidate Relay UEs before the indirect-to-indirect path swich starts, so that there cannot be any relay specific SL-RSRP measurements available at the Remote UE either. This means, only SD-RSRP is used as the SL measurement quantity for the candidate relays in the case of indirect-to-indirect path switch.
Proposal 5: SL-RSRP and SD-RSRP are reused as the SL measurement quantity for serving relay, SD-RSRP is reused as the SL measurement quantity for the candidate relays in the case of indirect-to-indirect path switch.
For switching from indirect-to-indirect path, the Remote UE reports one or multiple candidate Relay UEs’ information including at least the Relay UE ID, serving cell ID and SD-RSRP measurement. The gNB makes the decision to switch and selects a suitable target Relay UE based on the report. As part of the report, the Rel-16 NR sidelink measurement configuration framework can be used and a new reporting criterion is to be defined to trigger the Remote UE to send the measurement report. If SL-RSRP is the SL measurement quantity for serving relay, SD-RSRP is the SL measurement quantity for candidate relay, in this case, when the combined conditions of serving relay link measurement worse than threshold1 and candidate relay link measurement better than threshold2 are satisfied, the event is triggered. If SD-RSRP is the SL measurement quantity for serving relay and candidate relay, in this case, to allow direct comparison of the SL measurement result between serving relay and candidate relay, i.e. candidate relay link measurement better than serving relay link with a offset is satisfied, the event is triggered.
Proposal 6: Introduce new measurement reporting events for indirect-to-indirect path switch as following:
· Serving relay becomes worse than threshold1 and candidate relay becomes better than threshold2. 
· Candidate relay is better than serving relay with an offset.
In this section, the path switching procedure for scenario C is given, as shown in Figure 3.
0. Remote UE has already accessed to the gNB through Relay UE1 with UL/DL data transmission.
1. The gNB configures the Remote UE measurement procedures via Relay UE1 and the Remote UE sends measurement report (e.g. including the measurement result for candidate relays) to the gNB according the measurement configuration.

2. According to the measurement report, the gNB makes the decision for path switch to a target Relay UE2.

3. The gNB sends an RRCReconfiguration message to the Relay UE2, which can include at least Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.

4. The gNB sends the RRCReconfiguration message to the Remote UE via Relay UE1. The contents in the RRCReconfiguration message can include at least Relay UE2 ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s).

5. The Remote UE establishes PC5 connection with Relay UE2.

6. The Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the gNB via the Relay UE2.

7. The Relay UE2 forwarding the RRCReconfigurationComplete message to the gNB.
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Figure 3: Procedure for intra-gNB indirect-to-indirect path switch
8. The gNB sends RRCReconfiguration message to the Relay UE1 to reconfigure the connection between the Relay UE1 and the gNB. The RRCReconfiguration message to the Relay UE1 can be sent any time after step 4 based on gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration between PC5 RLC and Uu RLC).
9. Either Relay UE1 or Remote UE can initiate the PC5 unicast link release (PC5-S). The timing to execute link release is up to UE implementation. The Relay UE1 can execute PC5 connection reconfiguration to release PC5 Relay RLC channel for relaying upon reception of RRC Reconfiguration by gNB in Step 8, or the Remote UE can execute PC5 connection reconfiguration to release PC5 Relay RLC channel for relaying upon reception of RRCReconfiguration by gNB in Step 4.
10. The data path is switched from Relay UE1 to Relay UE2 between the Remote UE and the gNB. 
Proposal 7: Take the procedures in Figure 3 for intra-gNB indirect-to-indirect path switch.
2.4 Scenario D: inter-gNB indirect-to-indirect path switch

In this section, we will discussion the scenario D. Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations. The path switching procedure for scenario D is given, as shown in Figure 4. 
0. Remote UE has already accessed to the source gNB through Relay UE1 with UL/DL data transmission.
1. The source gNB configures the Remote UE measurement procedures via Relay UE1 and the Remote UE sends measurement report (e.g. including the measurement result for candidate relays) to the source gNB according the measurement configuration.

2. According to the measurement report, the source gNB makes the decision for path switch to a Relay UE2.
3. The source gNB initiates handover and issues a handover request to the target gNB.
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Figure 4: Procedure for inter-gNB indirect-to-indirect path switch

4. The target gNB performs admission control and provides the new RRC configuration as part of handover request acknowledge.
5. The target gNB sends an RRCReconfiguration message to the Relay UE2, which can include at least Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.

6. The source gNB sends the RRCReconfiguration message to the Remote UE via Relay UE1. The contents in the RRCReconfiguration message can include at least Relay UE2 ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s).

7. The Remote UE establishes PC5 connection with Relay UE2.
8. The Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to target gNB via the Relay UE2.

9. The Relay UE2 forwarding the RRCReconfigurationComplete message to the target gNB.
10. The source gNB sends RRCReconfiguration message to the Relay UE1 to reconfigure the connection between the Relay UE1 and the source gNB. The RRCReconfiguration message to the Relay UE1 can be sent any time after step 6 based on gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration between PC5 RLC and Uu RLC).

11. Either Relay UE1 or Remote UE can initiate the PC5 unicast link release (PC5-S). The timing to execute link release is up to UE implementation. The Relay UE1 can execute PC5 connection reconfiguration to release PC5 Relay RLC channel for relaying upon reception of RRC Reconfiguration by source gNB in Step 10, or the Remote UE can execute PC5 connection reconfiguration to release PC5 Relay RLC channel for relaying upon reception of RRCReconfiguration by gNB in Step 6.
12. The data path is switched from Relay UE1 to Relay UE2.
Proposal 8: Take the procedures in Figure 4 for inter-gNB indirect-to-indirect path switch.
3 Conclusion

In this contribution we discussed the service continuity enhancements support for NR U2N sidelink relay, and made the following proposals:
Proposal 1: RAN2 agrees that the measurement configuration, measurement reporting and measurement events for intra-gNB indirect-to-direct path switch are reused for inter-gNB indirect-to-direct path switch.
Proposal 2: Take the procedures in Figure 1 for inter-gNB indirect-to-direct path switch.
Proposal 3: RAN2 agrees that the measurement configuration, measurement reporting and measurement events for intra-gNB direct-to-indirect path switch are reused for inter-gNB direct-to-indirect path switch.
Proposal 4: Take the procedures in Figure 2 for inter-gNB direct-to-indirect path switch.
Proposal 5: SL-RSRP and SD-RSRP are reused as the SL measurement quantity for serving relay, SD-RSRP is reused as the SL measurement quantity for the candidate relays in the case of indirect to indirect path switch.
Proposal 6: Introduce new measurement reporting events for indirect-to-indirect path switch as following:

· Serving relay becomes worse than threshold1 and candidate relay becomes better than threshold2.
· Candidate relay is better than serving relay with an offset.
Proposal 7: Take the procedures in Figure 3 for intra-gNB indirect-to-indirect path switch.
Proposal 8: Take the procedures in Figure 4 for inter-gNB indirect-to-indirect path switch.
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