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1 Introduction
In RAN2#121bis meeting, RAN2 discussed the candidate solutions for lossless path switching from direct to indirect/direct and made the following agreements [1]: 
	Agreements:

For uplink lossless data delivery for path switch, continue considering solutions U3 and U5 from R2-2304305.  Other solutions are not pursued.

For downlink lossless data delivery for path switch, Solution-D4 is taken as the baseline solution and keep Solution-D3/D5 on the table for further decision at the next meeting.


In this contribution, we will continue to discuss the left issues related to service continuity enhancements for L2 U2N relay.
2 Discussion
2.1 Measurement quantity and event
In 119b-e meeting, there is an agreement that for serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. For this conclusion, there is a dispute about whether SL-RSRP can be a measurement quantity for the candidate relay UEs. Our view is that SD-RSRP as the only measurement quantity for the candidate relays, SL-RSRP cannot be measured, since no U2N relay connection has been established between remote UE and candidate relays.

Opponents believe that there may be non-relay connection between remote UE and candidate relay UEs, so SL-RSRP can still be measured. However, even if there is a non-relay connection, for non-relay connection and relay connection have different L2 IDs, the SL-RSRP for non-relay connection cannot be used for relay case. The remote UE will not know that the two L2 IDs belong to the same peer UE, so that there cannot be any relay specific SL-RSRP measurements available at the Remote UE for the candidate relay UEs either. This means, only SD-RSRP can be used as the SL measurement quantity for the candidate relays in the case of indirect-to-indirect path switch.

In addition, some company believe that there may be U2U relay connection between remote UE and candidate relay UEs, so SL-RSRP can still be measured. RAN2 had sent LS to SA2 in 120 meeting to check whether it is feasible to differentiate the Layer 2 ID for U2N and U2U relay [3], SA2 replied the question that the layer 2 ID of the remote UE or the relay UE for U2N relay service and U2U relay service are different. So, we think SD-RSRP as the only measurement quantity for the candidate relay UEs in the case of indirect-to-indirect path switch.

Proposal 1: SD-RSRP is used as the only measurement quantity for the candidate relay UEs in the case of indirect-to-indirect path switch.
In RAN2#121 meeting, for the event Z2 (i.e. candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE) was still not agreed to introduce and need further study, the dispute in this case is that if the different measurement quantity (i.e. SL-RSRP/SD-RSRP) is used for event evaluation, how to compare SL-RSRP of serving U2N relay UE and SD-RSRP of candidate U2N relay UE. RAN2 had sent LS to RAN1/RAN4 to ask about the feasibility of such comparisons.  
RAN4 discussed this issue in RAN4#106bis-e and made a reply LS in R4-2306366. The LS indicates:

	RAN4 has discussed the question in the LS from RAN2 and concluded that the measured SD-RSRP and SL-RSRP between two UEs cannot be used relative to each other or relative to same reference threshold. 

Based on the above considerations RAN4 would like to provide the following answer to RAN2:

Answer: Comparison of SL-RSRP and SD-RSRP cannot be used to trigger a measurement report due to transmission power difference between the reference signals on which the UE is measuring SL-RSRP and SD-RSRP, unless the difference caused by transmission power control mechanism can be properly handled.


Also, RAN1 discussed the same issue and had similar conclusions in R1-2304211:

	RAN1 informs RAN2 that comparison of SL-RSRP and SD-RSRP measurement is affected by at least the following issues

1.
Unicast is subject to transmit power control based on SL pathloss if parameter sl-P0-PSSCH-PSCCH is provided, while broadcast is not subject to this power control mechanism. 

2.
Due to CBR-based power control, if configured, maximum transmit power may depend on the priority of the transmission. The priority for discovery messages may be different from the priority used for the transmissions over which SL-RSRP is measured. 

3.
Transmission of discovery messages can take place in dedicated discovery pools; these may be configured differently, e.g. with respect to power control settings, from the pool(s) on which SL-RSRP is measured.

4.
Note: Sidelink carrier aggregation, for which an objective was added to Rel-18 NR_SL_enh2 at RAN#99, may additionally impact SL transmit power. 

Note: RAN1 has not started work on SL carrier aggregation.

RAN1 reply: RAN1’s understanding is that comparison of SL-RSRP and SD-RSRP measurement cannot be used for the purposes of triggering a measurement report at least due to the above outlined issues, and the decision on whether to use comparison of SL-RSRP and SD-RSRP measurement is up to RAN2.


For the difference caused by transmission power control mechanism, some companies think it can be handled by configuring different offsets for SL-RSRP and SD-RSRP, respectively and gNB can configure the two offsets properly by implementation. However, each time a PSSCH transmission is performed, the transmission power is decided by the current SL pathloss, the priority level of the transmission and the measured CBR. It would be hard for gNB properly estimates the transmission power of a PSSCH transmission. Thus, we propose to not support Event Z2 for indirect-to-indirect path switch.
Proposal 2: Do not support Event Z2 for indirect-to-indirect path switch.
2.2 RRCReconfiguration to source relay UE for remote UE context release
For i2x path switch, when to send RRCReconfiguration to the source U2N relay UE during the remote UE’s path switch procedure to release Uu and PC5 Relay RLC channel configuration and bearer mapping configuration for the remote UE is FFS.

For simplicity and to align with R17 network behavior, it is suggest the RRCReconfiguration message to the source Relay UE can be sent any time after the source gNB sends the RRCReconfiguration message with sync to the remote UE based on source gNB implementation. There is no need to wait for an indication from the target gNB or AMF.

Proposal 3: As in Rel-17, Source gNB can send RRCReconfiguration message to source Relay UE to release the configuration of relay channel(s) at any time after the source gNB sends the RRCReconfiguration message with sync to the remote UE.

2.3 Lossless data delivery in the inter-gNB i2x cases
The candidate solutions for uplink and downlink lossless data delivery in the inter-gNB i2x cases has been discussed in last meeting, and RAN2 agreed:

	Agreements:

For uplink lossless data delivery for path switch, continue considering solutions U3 and U5 from R2-2304305.  Other solutions are not pursued.

For downlink lossless data delivery for path switch, Solution-D4 is taken as the baseline solution and keep Solution-D3/D5 on the table for further decision at the next meeting.


In our view, for the UL, solution-U5 is workable only when the link quality between the gNB and the source Relay UE is still good. Meanwhile, when to release the remote UE context at the Relay UE is gNB implementation as we proposed in Section 2.2. As long as the remote UE related configuration is not released, relay UE would continue the buffered data relaying and nothing more needs to be specified. Thus, solution-U3 is preferable.
For the DL, solution-D4 can ensure lossless DL data delivery without redundant data forwarding. However, additional delay will be introduced since data forwarding has to be postponed until request from the target gNB. For solution-D3, the remote UE may not be able to send the PDCP status report successfully to the source gNB. Therefore, we think solution-D5 is the only workable solution at the expense of redundant data forwarding. However, the overhead over Xn interface is not a critical issue.  
Proposal 4: In the inter-gNB i2x path switch cases, adopt Solution-U3 for UL lossless delivery.
Proposal 5: In the inter-gNB i2x path switch cases, adopt Solution-D5 for DL lossless delivery.  
2.4 Handover procedure
2.4.1 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 6: 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 [3]:

	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 source gNB controls target cell selection 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 7: Take the procedures in Figure 1 for inter-gNB indirect-to-direct path switch.
2.4.2 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 8: 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 9: Take the procedures in Figure 2 for inter-gNB direct-to-indirect path switch.
2.3.3 Scenario C/D: intra-gNB/inter-gNB indirect-to-indirect path switch
The path switching procedure for intra-gNB indirect-to-indirect path switch 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 10: Take the procedures in Figure 3 for intra-gNB indirect-to-indirect path switch.
Inter-gNB indirect-to-indirect path switch is to be supported by reusing solutions for the other scenarios without specific optimizations. The path switching procedure 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 11: Take the procedures in Figure 4 for inter-gNB indirect-to-indirect path switch.

3 Conclusion

In this contribution we discussed the left issues about service continuity enhancements support for NR U2N sidelink relay, and made the following proposals:
Proposal 1: SD-RSRP is used as the only measurement quantity for the candidate relay UEs in the case of indirect-to-indirect path switch.

Proposal 2: Do not support Event Z2 for indirect-to-indirect path switch.
Proposal 3: As in Rel-17, Source gNB can send RRCReconfiguration message to source Relay UE to release the configuration of relay channel(s) at any time after the source gNB sends the RRCReconfiguration message with sync to the remote UE.
Proposal 4: In the inter-gNB i2x path switch cases, adopt Solution-U3 for UL lossless delivery.
Proposal 5: In the inter-gNB i2x path switch cases, adopt Solution-D5 for DL lossless delivery.  
Proposal 6: 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 7: Take the procedures in Figure 1 for inter-gNB indirect-to-direct path switch.
Proposal 8: 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 9: Take the procedures in Figure 2 for inter-gNB direct-to-indirect path switch. 

Proposal 10: Take the procedures in Figure 3 for intra-gNB indirect-to-indirect path switch.
Proposal 11: Take the procedures in Figure 4 for inter-gNB indirect-to-indirect path switch.
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