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1. Introduction
In Rel-17 work item “NR Sidelink Relay”, the service continuity scenarios were limited to intra-gNB direct-to-indirect and indirect-to-direct path switching due to the lack of time. In R18 NR Sidelink Relay enhancement, we will further discuss the remaining mobility cases as described in the objective of R18 work item.
	· Specify mechanisms to enhance service continuity for single-hop Layer-2 UE-to-Network relay for the following scenarios [RAN2, RAN3]:
A. Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)
B. Inter-gNB direct-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)
C. Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)
D. Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)
Note 2A: Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations.
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Fig. 1. service continuity cases in R18 SL relay enhancement
In this paper, we will discuss the RAN3 impact if the above service continuity cases are supported. The Rel-17 intra-gNB path switching procedures for switching between direct and indirect path would be taken as the baseline for Rel-18 inter-gNB path switching between direct and indirect paths.
2. Discussion
2.1 Inter-gNB indirect-to-direct path switching
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In scenario A inter-gNB indirect-to-direct path switching, Remote UE was connected to the source gNB via a Relay in the beginning. If the indirect path works not well, e.g. the sidelink measurement quantity between Relay UE and Remote UE is lower than a threshold, path switch to a cell in the target gNB may be triggered. Figure 2 shows the inter-gNB indirect-to-direct path switching procedure which is extended from Rel-17 the intra-gNB indirect-to-direct path switching procedure as defined in clause 16.12.6.1 in TS 38.300.
Step 1. Remote UE triggers the measurements report when the sidelink measurement quantity between Relay UE and Remote UE indicates deteriorated link quality. Remote UE reports the Uu measurements of neighbour cells according the measurement configuration.
Step 2. Source gNB decides to switch the Remote UE to a target cell in the target gNB based on the reporting results.  
Step 3. Source gNB sends the HANDOVER REQUEST message to target gNB over the Xn interface/ NG interface, which contains target cell ID, Remote UE’s UE context, and other necessary information. (Here Xn-based path switching is taken as the example)
Step 4. Target gNB determines RRC configuration for the Remote UE at the target cell, and sends it via HANDOVER REQUEST ACKNOWLEDGE message to the source gNB.
Step 5. Source gNB sends the RRC configuration to Remote UE.
Step 6. The UE (Remote UE in previous steps) accesses to the target cell in the target gNB.
Step 7. The UE sends the RRC Reconfiguration complete message to target gNB via the Uu link.
Step 8. Source gNB sends RRC Reconfiguration message to the Relay UE to reconfigure the connection between the L2 U2N Relay UE and the gNB.
Step 9. Sidelink between Remote UE and Relay UE is released.
In the above procedures, the handover preparation procedure in step 3 and step 4 is used to establish the necessary resource on the target gNB for the UE, in which the information/configuration contained in step 3 and step 4 is the same as those used for a normal UE’s handover procedure. 
Proposal 1: To support inter-gNB indirect-to-direct path switching on top of Rel-17 intra-gNB path switching from indirect to direct path, the HO preparation between source gNB and target gNB is performed in the same way as legacy inter-gNB HO, without additional RAN3 spec impact.
2.2 Inter-gNB direct-to-indirect/indirect-to-indirect path switching
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Fig. 4.  Inter-gNB indirect-to-indirect path switching procedure

In scenario B inter-gNB direct-to-indirect path switching, Remote UE (For simplicity, it is called Remote UE regardless of whether it is connected to Relay UE or not) was connected to the source gNB via Uu link in the beginning, and then switches a suitable Relay UE when the Uu RSRP of the source cell works not well. Figure 3 shows the inter-gNB direct-to-indirect path switching procedure, which is extended from Rel-17 intra-gNB direct-to-indirect path switch procedure for L2 U2N Remote UE as defined in clause 16.12.6.2 in TS 38.300.
Step 1/2. Remote UE reports the candidate Relay UE(s), which are discovered by discovery procedure in step 1. The reporting results includes the at least the Relay UE ID (source Layer-2 ID of Relay UE), Relay UE’s serving cell ID, and sidelink measurement quantity (SD-RSRP derived by measuring the broadcasted discovery message from Relay UE).
Step 3. Based on the measurement results, the source gNB decides to do the direct-to-indirect path switch, and selects a target gNB. 
Step 4: To perform HO preparation, source gNB sends the HANDOVER REQUEST message to target gNB via Xn interface/NG interface. (Here we take Xn-based path switching as an example). 
Step 5. Target gNB determines RRC configuration for the Remote UE at the target cell, and sends it via HANDOVER REQUEST ACKNOWLEDGE to the source gNB.
Step 6. Source gNB sends the RRC configuration to Remote UE.
Step 7. Source gNB sends the relaying configurations to the Relay UE via RRC message.
Step 8. The Remote UE establishes the sidelink RRC connection with the target Relay UE if it does not exist.
Step 9. The Remote UE responses the RRC complete message to gNB via the Relay UE.
In above step 3, the source gNB decides to do the path switch. Then the next question is which node needs to make the decision whether legacy HO to a Uu cell or path switching to a relay UE is to be performed, and for which Relay UE should be selected as the target Relay UE in latter case. We have two options as follows.
Option 1: Source gNB selects the target Relay UE. In this option, the source gNB decides to switch the Remote UE to a target Relay UE in the target gNB based on the measurement reporting. Then in step 4, the source gNB shall include the target Relay UE ID and the Relay UE’s serving Cell ID in the HANDOVER REQUEST message along with the necessary information as legacy.
Option 2: Target gNB selects the target Relay UE. In this option, the source gNB has to send the measurement results of the candidate Relay UE(s) in step 4 for target gNB to select. Source gNB can select and include those Relay UE(s) under the same target gNB. 
Observation 1a: If the target Relay UE is selected by the source gNB, the source gNB should include the candidate target Relay UE(s) ID in the HANDOVER REQUEST message.
Observation 1b: If the target Relay UE is selected by the target gNB, the target gNB should include the measurement results of the candidate Relay UE, e.g., target Relay UE ID, cell ID and its sidelink quality, in the HANDOVER REQUEST message.
Option 1 is more aligned with the legacy HO logic wherein source gNB decides the target gNB and the target cell which is indicated in HO Request message. In Option 2, better target Relay UE is expected to be selected since the target gNB can have more information of the candidate Relay UE(s), e.g. the Uu link quality, but it only applicable in case the Relay UE is in RRC_CONNECTED state. Comparing the two options, we think option 1 is better, which is more align with R17 design and will not introduce too much spec impact. 
Proposal 2: For inter-gNB path switching from direct to indirect path, the source gNB decides the target Relay UE and indicate the target Relay UE ID in HO request message.
Figure 4 shows the inter-gNB indirect-to-indirect path switch procedure. In step 1 and step 2, Remote UE triggers to report the candidate Relay UE(s), when the sidelink measurement quantity between Relay UE and Remote UE shows deteriorated link quality. The reporting results includes the at least the Relay UE ID, Relay UE’s serving cell ID, and sidelink measurement quantity. The following steps 3 to 9 are the same as those for inter-gNB direct-to-indirect path switch, and the HO preparation between source gNB and target gNB can refer to the above discussion. In indirect-to-indirect path switching, the source gNB need release the source relay UE. As shown in step 10, source gNB can indicates Relay UE to release the relaying configuration for the Remote UE. . Besides, the Remote UE or the source Relay UE can release the PC5 connection in between. 
Proposal 3: To support Rel-18 inter-gNB indirect-to-indirect path switching, the HO preparation between Source gNB and Target gNB is performed in the same way as Rel-18 inter-gNB path switching from direct to indirect path, without additional RAN3 spec impact.
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Fig. 5.  Intra-gNB indirect-to-indirect path switching procedure
Figure 5 shows the indirect-to-indirect path switching procedure.  Compared to the inter-gNB case, the gNB of Remote UE will select the target Relay UE and determine the RRC configuration in the target cell, so procedures over Xn interface is not necessary. Reusing R17 SL relay configurations is enough in this case. 
Observation 2: For intra-gNB indirect-to-indirect path switching, legacy mechanism for R17 SL relay can be reused, without RAN3 spec impact.

3. Conclusion
Based on the above discussion, we have the following proposes:
Observation 1a: If the target Relay UE is selected by the source gNB, the source gNB should include the candidate target Relay UE(s) ID in the HANDOVER REQUEST message.
Observation 1b: If the target Relay UE is selected by the target gNB, the target gNB should include the measurement results of the candidate Relay UE, e.g., target Relay UE ID, cell ID and its sidelink quality, in the HANDOVER REQUEST message.
Observation 2: For intra-gNB indirect-to-indirect path switching, legacy mechanism for R17 SL relay can be reused, without RAN3 spec impact.
Proposal 1: To support inter-gNB indirect-to-direct path switching on top of Rel-17 intra-gNB path switching from indirect to direct path, the HO preparation between source gNB and target gNB is performed in the same way as legacy inter-gNB HO, without additional RAN3 spec impact.
Proposal 2: For inter-gNB path switching from direct to indirect path, the source gNB decides the target Relay UE and indicate the target Relay UE ID in HO request message.
Proposal 3: To support Rel-18 inter-gNB indirect-to-indirect path switching, the HO preparation between Source gNB and Target gNB is performed in the same way as Rel-18 inter-gNB path switching from direct to indirect path, without additional RAN3 spec impact.
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