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In last meeting, RAN2 has initiated the discussion on R18 NR sidelink Relay enhancement and reached the following agreements for service continuity enhancements topic:
	Agreements:
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. 
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.


Figure 1 shows the enhanced service continuity scenarios which are to be considered during R18
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Figure 1. Path switching scenarios in R18: A/B. Inter-gNB direct-to-indirect/indirect-to-direct path switching; C: intra-gNB indirect-to-indirect path switching; and D: inter-gNB indirect-to-indirect path switching
In this paper, we will continue discussing the solutions for the scenarios in Figure 1. We first consider the R17 service continuity Stage 2 procedures which can be used  as the baseline procedures for these scenarios and  then introduce the additional elements needed on top of these baseline procedures , e.g., new measurement events, target relay UE determination, inter-gNB signalling design, lossless handling, etc., for R18 service continuity procedures. 
2 Discussion
In last meeting, RAN2 has agreed that the intra-gNB indirect-to-direct path switch and intra-gNB direct-to-indirect path switch procedures should be used as the baseline for inter-gNB case. Accordingly, we have the procedures for inter-gNB indirect-to-direct/direct-to-indirect path switching as shown in Figure 2 and Figure 3.
2.1 Inter-gNB indirect-to-direct path switching
Figure 2 shows the procedure for the inter-gNB indirect-to-direct path switching case which is extended from Rel-17 intra-gNB indirect-to-direct path switching procedure as defined in clause 16.12.6.1 in TS 38.300. 
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Figure 2.  Inter-gNB indirect-to-direct path switching procedure

Step 1. Remote UE triggers the measurements report when the sidelink measurement quantity between Relay UE and Remote UE indicates deteriorated link quality. The triggering Event X1 and Event X2 can be reused in the measurement configuration. The Uu measurements of neighbour cells can be included in the measurements report.
· Event X1: Serving L2 U2N Relay UE becomes worse than threshold1 and NR Cell becomes better than threshold2
· Event X2: Serving L2 U2N Relay UE becomes worse than threshold
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 we take Xn-based path switching as an 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) synchronizes with the target gNB and performs Random Access. 
Step 7. The UE sends the RRC Reconfiguration complete message to target gNB via the direct path. From this step, the UE uses the RRC connection via the direct path to the gNB.
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, which can be triggered by either Relay UE or Remote UE.
In the above procedures, we can see the HO preparation between S-gNB and T-gNB in step 3 and step 4 are needed to enable inter-gNB path switching, other than that the whole procedure of intra-gNB path switching is applicable to inter-gNB path case. The information/configuration contained in the messages in step 3 and step 4 are the same as those used for a normal UE’s handover.
Proposal 1: In inter-gNB indirect-to-direct path switching, the HO preparation between source gNB and target gNB is performed in the same way as legacy inter-gNB HO, without additional RAN2/RAN3 spec impact.
2.2 Inter-gNB direct-to-indirect path switching
Figure 3 shows the inter-gNB direct-to-indirect path switching procedure, which is extended from Rel-17 procedure for L2 U2N Remote UE switching to indirect path as defined in clause 16.12.6.2 in TS 38.300.Remote UE
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Figure 3.  Inter-gNB direct-to-indirect path switching procedure

Steps 1 and 2: Remote UE reports the candidate Relay UE(s) to the source gNB, which is discovered by discovery procedure in step 1. The triggering Event Y1 and Event Y2 can be reused in the measurement configuration. The reported results includes 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 discovery message broadcasted by the Relay UE).
· Event Y1: PCell becomes worse than absolute threshold1 AND candidate L2 U2N Relay UE becomes better than another absolute threshold2;
· Event Y2: Candidate L2 U2N Relay UE becomes better than absolute threshold;
Step 3: Based on measurement results, the source gNB is aware that HO/path switching is needed, and selects a target gNB (whether the source gNB also decides a target relay under a target cell in the target gNB will be discussed later). 
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 ACK to the source gNB.
Step 6. Source gNB send the RRC configuration to Remote UE.
Step 7. Target gNB sends the relaying reconfigurations to the Relay UE.
Step 8. Remote UE establishes the sidelink RRC connection with the target Relay UE if it does not exist.
Step 9. Remote UE sends the RRC complete message to gNB via the Relay UE.
In the above procedures, we can see the Uu part can be the same with intra-gNB path switching case, but how to perform the HO preparation in step 3 and step 4 needs some discussion, in particular on:
· Which node needs to make the decision whether legacy HO to a Uu interface in target cell (direct path) or path switching to a relay UE in target cell (indirect path) is to be performed, i.e., which node to decides the target/new path type.
· If it is decided to perform path switch to indirect path, which node should select the target Relay UE.
RAN3 also triggered the discussion for the above mentioned issues, which actually is more in the RAN3 domain. However, based on the discussion in last RAN3 meeting, we have the following options for above two questions:
Option 1: Source gNB decides to switch the UE to a new direct path or an indirect path. 
In the inter-gNB direct-to-indirect path switching procedure, the source gNB decides to switch the UE to an indirect path, then there are two sub-options depending on whether the target Relay UE is selected by the source gNB or the target gNB.
Sub-option 1.1: Source gNB selects the target Relay UE. 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 in the legacy procedure.
Sub-option 1.2: Target gNB selects the target Relay UE. In this option, the source gNB has to send the information of the candidate Relay UE(s) in step 4, which are in the same cell or in the different cells of the target gNB. 
Option 2: Target gNB decides to switch the UE to a new direct path or an indirect path 
Source gNB does not decide the target path type and sends all the necessary information to target gNB. Target gNB will select the target cell or the target relay UE in a target cell based on the information received from source gNB.
Comparing the option various options and sub options we believe Sub-option 1.1 of Option 1 is more aligned with the legacy HO procedure wherein it is the source gNB which decides the target gNB and the target cell which is indicated in HO Request message. Option 2 and Sub-option 1.2 of Option 1 might allow target gNB to choose a Relay UE with better Uu link other than only considering sidelink measurement results reported by the remote UE, but it is only applicable in case the Relay UE is in RRC_CONNECTED state. Considering the simplicity, we slightly prefer to follow the legacy HO principle in option 1. 
Proposal 2: For inter-gNB path switching, the target/new path type (either indirect or direct) is decided by the source gNB. When the source gNB decides to switch the UE to an indirect path, it has to further select the target relay UE.
Since the inter-gNB signalling is more like the RAN3 issue, RAN2 can indicate its preference or opinion to RAN3.  If option 1 is agreed by RAN2, RAN3 needs to add the target relay UE ID in the HO Request message together with the target cell ID.
Proposal 3: If proposal 2 is agreeable, send an LS to RAN3 to inform them that 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.
Regarding the measurement configuration, it would be beneficial if gNB can also indicate the Allowed-List and Block-List to restrict the Relay UE’s serving cell. Then Remote UE would not report the Relay UE that is camped on the Block-List cells or contained in the Block-List for Relay UE.
Proposal 4: Introduce the Allowed-List/Block-List to restrict candidate relay UE’s serving cell.

2.3 Intra-gNB indirect-to-indirect path switching
The indirect-to-indirect path switch type has not been discussed in R17 SL relay, but some legacy procedures and principle can be reused as well with some modification. Combining the procedure of direct to indirect path switching with the one for indirect to direct path switching, Figure 4 shows the intra-gNB indirect-to-indirect path switching procedure. Before the path switching, the Remote UE is connected with the same gNB via a Relay UE. After the path switching, the Remote UE established unicast link with a new Relay UE (i.e. target Relay UE), and the unicast between the Remote UE and the old Relay UE is be released (as in step 9).  Meanwhile, the gNB sends RRC message to the old Relay UE to release/reconfigure the relaying configuration associated the Remote UE (as in step8). These procedures are similar to the indirect-to-direct path switching case in R17. 
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Figure 4.  Intra-gNB indirect-to-indirect path switching procedure

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 (source Layer-2 ID of Relay UE), Relay UE’s serving cell ID, and sidelink measurement quantity (SD-RSRP derived by measuring the discovery message broadcasted by the Relay UE).
Step 3. The gNB decides to switch the Remote UE to a target Relay UE in the target cell of the same gNB based on the reporting results.  
Step 4. The gNB sends an RRC configuration message to the Remote UE. The RRC message include at least L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s).
Step 5. The gNB sends an RRC configuration message to the target Relay UE, which includes at least the Remote UE's L2 ID and local ID, Uu and PC5 Relay RLC channel configuration for relay traffic and bearer mapping configuration. 
Step 6. Remote UE establishes the sidelink RRC connection with the target Relay UE if not exist.
Step 7. Remote UE sends the RRC complete message to gNB via the target Relay UE.
Step 8. The gNB sends an RRC message to the source Relay UE to reconfigure the connection between the source Relay UE and the gNB.
Step 9. Sidelink between Remote UE and the source Relay UE is released.
Proposal 5: Agree the above procedure in Figure 4 as a baseline for intra-gNB indirect-to-indirect path switching.
For indirect-to-indirect path switch, the new measurement events are needed to compare the RSRP of candidate Relay UEs with the serving Relay UE as described below: 
· Event1: Candidate Relay UE becomes offset better than the serving Relay UE
· Event2: Serving Relay UE becomes worse than threshold 1 and candidate Relay UE becomes better than threshold 2
Proposal 6: To agree the following new measurement events for indirect-to-indirect path switching：
· Event1: Candidate Relay UE becomes offset better than the serving Relay UE
· Event2: Serving Relay UE becomes worse than threshold 1 and candidate Relay UE becomes better than threshold 2
2.4 Inter-gNB indirect-to-indirect path switching
Figure 5 shows the inter-gNB indirect-to-indirect path switching procedure, which reuses the procedures for intra-gNB indirect-to-indirect case and the procedures over the Xn interface is the same as the inter-gNB direct-to-indirect path switching case.
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Fig. 5.  Inter-gNB indirect-to-indirect path switching procedure
We believe to support Rel-18 inter-gNB indirect-to-indirect path switching on top of Rel-18 intra-gNB path switching from indirect to indirect path, the HO preparation between source gNB and target-gNB can be performed in the same way as Rel-18 inter-gNB path switching from direct to indirect path, without additional RAN2/RAN3 spec impact. Hence we can consider the above procedure as the base line for Inter-gNB indirect-to-indirect path switching
Proposal 7: Agree the above procedure in Figure 5 as a baseline for inter-gNB indirect-to-indirect path switching.

2.5 Data Forwarding for Inter-gNB cases
2.5.1 DL data forwarding
In the DL data forwarding for the inter-gNB cases, same as the handover, the S-gNB forwards the unacknowledged PDCP SDU to the T-gNB for AM DRB as follows.
	As long as data forwarding of DL user data packets takes place, the source NG-RAN node shall forward user data in the same forwarding tunnel, i.e.
-	for any QoS flow accepted for data forwarding by the target NG-RAN node and for which a DRB DL forwarding tunnel was established for a DRB to which this QoS flow was mapped at the source NG-RAN node, any fresh packets of this QoS flow shall be forwarded as PDCP SDUs via the mapped DRB DL forwarding tunnel.
-	for DRBs for which preservation of SN status applies, the source NG-RAN node may forward in order to the target NG-RAN node via the DRB DL forwarding tunnel all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE.
NOTE:	The SN of forwarded PDCP SDUs is carried in the "PDCP PDU number" field of the GTP-U extension header.
-	for any QoS flow accepted for data forwarding by the target NG-RAN node for which a DL PDU session forwarding tunnel was established, the source NG-RAN node forwards SDAP SDUs as received on NG-U from the UPF.


For the cases where path switch from indirect path,  the S-gNB may successfully transmit the data packet to the relay UE and obtain the RLC ACK, while the relay UE has not obtained the PC5 RLC ACK from the remote UE. For example, S-gNB has transmitted packets to the relay UE with SN {1,2,3,4,5,6,7,8} , the next packet associated SN will be 9. S-gNB only get the ACK of packets with SN {1,3,5,6,8} from the relay UE. The relay UE also send the {1,3,5,6,8} to the remote UE, but none of them get ACK from the remote UE. Then the remote UE receives the path switch command and switch to the T-gNB for connection establishment.
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According to the legacy data forwarding procedure, where only the unacknowledged data packets are forwarded, the remote UE will suffer from data loss, i.e., packets {1,3,5,6,8} are lost.
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Proposal 8: Discuss how to avoid DL data loss during the inter-gNB path switch.
2.5.2 UL data forwarding
For UL data delivery during the path switch, some data packets is received by the relay UE but has not been transmitted to the gNB before the path switch. When the remote UE path switch to the direct link, the remote UE may be indicated to do PDCP reestablishment or PDCP data recovery to retransmit the data which has been confirmed by RLC. However, the confirmation from RLC only indicates the data PDU is received by the relay UE and the data may not be received by the gNB.  Therefore, there may also be data loss during UL data delivery.  
According to the UL data forwarding procedure during HO, the transmission status of the UL transmission will be transmitted to the T-gNB via SN STATUS TRANSFER. Therefore, the T-gNB will know which data packets is not delivered. However, based on the legacy retransmission procedure of the UE, these data may not be retransmitted to the T-gNB due to these packets are acknowledged by the relay UE.
Proposal 9: Discuss how to avoid UL data loss during the inter-gNB path switch.
1. Conclusion
Based on above discussion, we have the following proposal. 
Inter-gNB indirect-to-direct path switching
Proposal 1: In inter-gNB indirect-to-direct path switching, the HO preparation between source gNB and target gNB is performed in the same way as legacy inter-gNB HO, without additional RAN2/RAN3 spec impact.
Inter-gNB direct-to-indirect path switching
[bookmark: _GoBack]Proposal 2: For inter-gNB path switching, the target/new path type (either indirect or direct) is decided by the source gNB. When the source gNB decides to switch the UE to an indirect path, it has to further select the target relay UE.
Proposal 3: If proposal 2 is agreeable, send an LS to RAN3 to inform themthat 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 4: Introduce the Allowed-List/Block-List to restrict candidate relay UE’s serving cell.
Intra-gNB indirect-to-indirect path switching
Proposal 5: Agree the above procedure in Figure 4 as a baseline for intra-gNB indirect-to-indirect path switching.
Proposal 6: To agree the following new measurement events for indirect-to-indirect path switching：
· Event1: Candidate Relay UE becomes offset better than the serving Relay UE
· Event2: Serving Relay UE becomes worse than threshold 1 and candidate Relay UE becomes better than threshold 2
Inter-gNB indirect-to-indirect path switching
Proposal 7: Agree the above procedure in Figure 5 as a baseline for inter-gNB indirect-to-indirect path switching.
Data Forwarding for Inter-gNB cases
Proposal 8: Discuss how to avoid DL data loss during the inter-gNB path switch.
Proposal 9: Discuss how to avoid UL data loss during the inter-gNB path switch.
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