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There is an email discussion on the service continuity on NR sidelink relay. This document discusses the scenarios and the corresponding procedures for service continuity as required by NR sidelink relay operation. Both L2 Relay and L3 Relay based service continuity are discussed. 
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Scenarios for Service Continuity
There can be frequent mobility by the remote UE. If no handover procedure is specified then it is likely that there will be regular interruptions in the service received by the remote UE as it loses its connection to relay UE and then has to search for and establish a connection to the network or another Relay UE. 
There are various scenarios for service continuity during NR Sidelink relay operation. In case of UE-to-Network Relay, the Remote UE may switch his PC5 relay link to Uu direct link when the cellular signal quality recovers. The Remote UE needs to gracefully switch his Uu direct link to indirect PC5 relay link during the relay communication path establishment. The Remote UE may also switch from one PC5 relay link to another (this also applies to the UE-to-UE relay). During the link switch operation, the Remote UE may be subject to the change of serving gNB.   
Overall, according to the description above, there are six different scenarios for service continuity during NR Sidelink UE-to-Network relay operation. 
Scenario-A:  Intra-gNB switch (PC5->Uu)
Scenario-B:  Intra-gNB switch (Uu->PC5)
Scenario-C:  Inter-gNB switch (PC5->Uu)
Scenario-D:  Inter-gNB switch (Uu->PC5)
Scenario-E:  Inter-PC5 switch (UE-to-Network Relay)
Scenario-F:  Inter-PC5 switch (UE-to-UE Relay)
Scenarios A-F are depicted in the following figures for clarity. It should be noted that only Scenario-F applies to UE-to-UE Relay case and the other scenarios applies to UE-to-Network Relay. 
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Figure 1: Intra-gNB switch (PC5->Uu).                                     Figure 2: Intra-gNB switch (Uu->PC5).
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Figure 3: Inter-gNB switch (PC5->Uu).                                     Figure 4: Inter-gNB switch (Uu->PC5).
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Figure 5: Inter-PC5 switch (UE-to-Network Relay)             Figure 6:  Inter-PC5 switch (UE-to-UE Relay)
Scenario-A, i.e. Intra-gNB switch (PC5->Uu), presents the typical case where the remote UE changes back to cellular link when his network coverage recovers. This should be the prioritized scenario we need to discuss during the study phase for NR SL Relay. Scenario-B, i.e. Intra-gNB switch (Uu->PC5) describes the case equivalent to the initial Relay path establishment. This also seems necessary to prioritize in order to have a good Relay path establishment procedure. Scenario-C, i.e. Inter-gNB switch (PC5->Uu), presents the case where the remote UE moves to another gNB, where inter-gNB handover procedure may be reused.  Scenario-D, i.e. Inter-gNB switch (Uu->PC5), presents a combination of inter-gNB handover procedure and initial Relay path establishment. For both scenario-C and scenario-D, inter-gNB signalling crossing Xn interface is required. Scenario-E describes the inter-Relay UE based handover procedure. We believe that inter-Relay UE based mobility should be a rare case according to the use cases identified so far. Then Scenario-E should be deprioritized. Scenario-F presents the mobility scenario for UE-to-UE Relay case. From public safety perspective, this should not be the main cases. In summary, it would be helpful to focus on the study of Scenario-A/B/C/D as described. 
It could be considered to prioritize the intra-gNB cases (scenario-A and scenario-B), for simplicity. However, we think it may be difficult to guarantee that the remote UE can get good coverage from the same gNB that serves the relay UE in all cases, and as we will discuss below, supporting the inter-gNB cases may not introduce much complexity. Thus we propose to prioritize all four of scenarios A-D.
Proposal 1: RAN2 focus on the study of the service continuity on the following scenarios: 
Scenario-A:  Intra-gNB switch (PC5->Uu)
Scenario-B:  Intra-gNB switch (Uu->PC5)
Scenario-C:  Inter-gNB switch (PC5->Uu)
Scenario-D:  Inter-gNB switch (Uu->PC5)
Intra-gNB Switch from PC5 link to Uu link (L2 based relay) 
In case of L2 based relay architecture, the switch from PC5 link to Uu link should be subject to the full control at gNB. A typical procedure for Scenario-A is described in Figure 7 as below. Basically the same principle can be applicable to Scenario-C with the incorporation of inter-gNB handover signalling flow. 
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Figure 7: Signalling flow for Intra-gNB switch (PC5->Uu)
Step 1, there is ongoing indirect traffic between Remote UE and Network as forwarded by Relay UE. 
Step 2, the gNB sends the measurement configuration to Remote UE. The details of the message is for further study. Remote UE may receive the measurement configuration before the establishment of relay link, or the measurement configuration may be sent via the Relay UE. 
Step 3, Remote UE sends Uu RRC message (e.g. Measurement Report) to the gNB via the relay UE. The trigger of Step 3 can be based on the measurement event as configured by Step 2. 
Step 4, based on the received RRC message, the gNB decides to handover the Remote UE from the UE-to-Network Relay to the serving cell.
Step 5, the gNB sends RRCReconfiguration message via the UE-to-Network Relay to the Remote UE to configure the Uu link between Remote UE and gNB. From L2 relaying perspective, the PDCP and SDAP layer for Remote UE terminate at Remote UE and Base Station, then there is no change on the PDCP/ SDAP configuration after link switch. 
Step 6, the Remote UE sends RRCReconfigurationComplete message to the gNB. After Step 6, Uu interface (i.e. the direct path) can carry the traffic between Remote UE and gNB. The occasion of the path switch can be network implementation specific. 
Step 7, Base Station and 5GC (e.g. AMF) exchanges signalling to update the UE context. It is assumed both gNB and AMF (Relay UE’s AMF) stores Remote UE-Relay UE association within the Relay UE context. Then AMF may need to know the change of the association status (i.e. the release of the Remote UE-Relay UE association because of PC5->Uu Switch). gNB may need to make synchronized changes on the association together with AMF. The status of Remote UE-Relay UE association may also be informed to Remote UE’s AMF in order to track the UE from mobility point of view.
Step 8, the gNB sends RRCReconfiguration message to the UE-to-Network Relay to reconfigure the link between Relay UE and Base Station. 
Step 9, the Relay UE sends RRCReconfigurationComplete message to the Base Station when the reconfiguration completes. 
In Step 10, the PC5 unicast link between Remote UE and the UE-to-Network Relay is released via PC5-S signaling. The PC5 RRC connection between Remote UE and the UE-to-Network Relay is released automatically.
Inter-gNB Switch from PC5 link to Uu link (L2 based relay) 
To adapt the procedure of intra-gNB switch from PC5 to Uu link to the inter-gNB case, there are the following impacts:
· Handover request/accept signalling on Xn needs to happen as usual between steps 4 and 5;
· UP data forwarding needs to happen as usual, starting after step 5;
· Path switch needs to happen as usual after step 6.
The resulting signalling procedure is shown below in Figure 8.
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Figure 8: Signalling flow for Inter-gNB switch (PC5->Uu)
Proposal 2: The signal flows as described in Figure 7 (for Intra-gNB switch from PC5 to Uu) and Figure 8 (for Inter-gNB switch from PC5 to Uu) are documented in the TR for the study of NR Sidelink Relay. 
In Step 2 of both figures, it is needed to compare signal levels between Uu and PC5. Because the gNB needs to take a decision on when the relayed link as a whole (Uu+PC5) is better than the direct Uu link to the remote UE. The measurement configuration the cross link quality comparison can be based on the NR existing measurement event or new measurement event.  This new measurement event can be defined as “cellular quality (Uu) offset better than serving Relay UE (PC5)”.  It seems the desirable offset depends on the Uu link conditions of the relay UE. 
Proposal 3: Define a new measurement event or extend NR existing measurement event to compare the cross link quality between Uu and PC5 for purpose of link switch decision.
Intra-gNB Switch from Uu link to PC5 link (L2 based relay)
In case of L2 based relay architecture, the switch from Uu link to PC5 link is equivalent to initial relay link establishment procedure when there is already network connection between Remote UE and gNB. A typical procedure for Scenario-B is described in Figure 9 as below. Basically the same principle can be applicable to Scenario-D with the incorporation of inter-gNB handover signalling flow. 
Step 1, there is ongoing direct traffic between Remote UE and Network. 
Step 2, Relay discovery procedure between Remote UE and Relay UE. The details is for further study and is up to the discussion on Relay discovery. 
Step 3, Remote UE reports the result of Relay discovery to the serving gNB. 
Step 4, Relay UE may report the result of Relay discovery to the serving gNB via Sidelink UE information.
Step 5, the gNB, based on the received RRC message, decides to handover the Remote UE from the serving gNB to the UE-to-Network Relay UE.
Step 6, in Step 6a, the gNB sends RRCReconfiguration message to Remote UE to instruct the Remote UE to release the direct Uu radio resource ,to establish the unicast link with Relay UE and to reconfigure the Uu Radio bearers.  In Step 6b, the gNB sends RRCReconfiguration message to Relay UE to to configure the relaying bearer(s) between Relay UE and Base Station. The RRCReconfiguration message sent from the Base Station can also trigger the Relay UE to initiate L2 RLC channel establishment procedure for relaying between Relay UE and Remote UE.
Step 7, Remote UE and Relay UE establish the unicast link in between. 
Step 8, the Relay UE sends a PC5 RRC message e.g. L2 RLC channel establishment request to Remote UE. 
Step 9, the Remote UE sends a PC5 RRC message e.g. L2 RLC channel establishment complete to Relay UE to acknowledge the establishment of L2 RLC channel for relaying. 
Step 10, in Step 10a, the Relay UE sends RRCReconfigurationComplete message to the Base Station.  in Step 10b, the Remote UE sends RRCReconfigurationComplete message to the Base Station via Relay UE. After Step 10, PC5 can carry the traffic between Remote UE and Network after gNB decides so, which is implementation specific.
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Figure 9: Signalling flow for Intra-gNB switch (Uu ->PC5)
Inter-gNB Switch from Uu link to PC5 link (L2 based relay) 
To adapt the procedure of intra-gNB switch from Uu to PC5 link to the inter-gNB case, there are the following impacts:
· Handover admission signalling on Xn needs to happen as usual after step 5;
· Data forwarding needs to happen as usual, starting after step 6;
· Path switch needs to happen as usual after step 10.
The procedure is shown in Figure 10.
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Figure 10: Signalling flow for Inter-gNB switch (Uu ->PC5)
Proposal 4: The signal flow as described in Figure 9 (for Intra-gNB switch from Uu to PC5) and Figure 10 (for Inter-gNB switch from Uu to PC5) is documented in the TR for the study of NR Sidelink Relay. 
Group Mobility (L2 based relay) 
In case of L2 based relay architecture, an important aspect is to support group based mobility, as previously studied within Rel-14 feD2D study item. When a relay UE serves multiple remote UEs, the relay needs to move all of the remote UEs to the target cell, if the relay UE experiences cell change. 
In this scenario, both of the Remote UEs and the UE-to-Network Relay UE are moved (i.e. in case of mobility) from one gNB to another. The Remote UEs remain connected to the same UE-to-Network Relay UE. Once a group has been identified, the gNB may use various inputs, e.g. measurement report(s), to prepare group handover towards the most likely candidate target cell(s). 

The relay UE receives the group handover message and forwards each of the handover commands to the corresponding remote UE, then applies its own handover command and moves to the target cell.  In the target cell, the handover complete messages are forwarded according to the normal behaviour of the layer 2 relaying architecture.  A message flow may be referred to TR36.746. Group based handover allows timely handover execution, reduce the risk of handover failure, and result in more accurate resource allocation at the target cell. 
In case there is serving gNB change for Relay UE, the remote UE’s context by default would remain at the source gNB if there is no support for group handover. Hence, the target gNB would not be able to deliver traffic or signalling to the Remote UE via the Relay UE as there is no RRC reconfiguration from target gNB to Remote UE. Theoretically, the previous gNB can forward the traffic or signalling to the Remote UE via target gNB and then via the Relay UE, but such complicated operation may be not expected. It should be noted that in the out-of-coverage and partial-coverage cases, the remote UE cannot switch over to a Uu connection; in the in-coverage case, as a last resort, it could RACH to the best available gNB (which might not be the source gNB)
RAN2 can agree the general principle to support group based mobility for scenario of UE-to-Network relay in case of layer 2 relaying architecture and postpone the work on the detailed mechanism to WI stage considering the limited time for NR Sidelink Relay SI.
Proposal 5: Support group based mobility for scenario of UE-to-Network relay in case of layer 2 relaying architecture but the work on the detailed mechanism can be taken at WI stage. 
Service Continuity with L3 architecture 
There are two L3 architectures as discussed at SA2 for 5G ProSe Relay [1], one is IP router based L3 Relay as described in solution 6 of TR23.752 (based on LTE ProSe Relay architecture), and the other is N3IWF based L3 Relay as described in solution 23 of TR23.752. In general, for both alternatives of L3 relay architecture, the Relay UE acts as an IP router between Remote UE and network. 
For IP router based L3 Relay architecture, the IP address of the Remote UE changes when it switches between direct Uu connectivity and relayed connectivity, as the IP address preservation does not apply in this case. The service continuity then can be only ensured by Remote UE or application layer, and the network has no control on the overall procedure. It should be noted that during the work for LTE ProSe UE-to-Network Relay (based on IP router based L3 Relay architecture), the service continuity aspect is left to implementation.
It should be noted that there is no way for the AS layer to participate the procedure when the Remote UE switches between direct Uu connectivity and relayed connectivity. So there is no guarantee for the lossless switch at the AS layer.    
Observation 1: The service continuity aspect is left to implementation in legacy IP router based L3 Relay architecture. And the AS layer based lossless switch can not be ensured.  
For N3IWF based L3 Relay architecture, during the link switch between PC5 and Uu, the IP address/prefix can be kept. Basically the UE itself can perform a make-before-break. As the UE’s IP Address does not change, service continuity can be ensured. It is the UE responsibility to ensure session and service continuity, and the network will simply follow. During the link switch between PC5 and Uu, the UE with an ongoing PDU Session on the old link can establish a PDU Session with the same PDU session ID over the new link. The PDU Session ID allows the SMF to detect that the PDU Session shall not be released, but simply modify the access resources. As can be seen, in this L3 Relay architecture, the service continuity is subject to UE autonomous handling, and there is no way for the network to guarantee the service continuity requirements made by SA1. More discussion is needed if network control can be added into the procedure of link switch between PC5 and Uu to ensure the service continuity requirements.    
Observation 2: There is no way for the network to guarantee the service continuity requirements for N3IWF based L3 Relay architecture.
Enhancement on N3IWF based L3 Relay for service continuity 
In order to add the AS layer control for the service continuity of N3IWF based L3 Relay, it should be allowed that the radio measurement can be configured from Relay UE to Remote UE with the aim to enable the path switch from relay link to cell link. In this case, Remote UE is expected to report the measurement result to Relay UE. Then the decision of such path switch for Remote UE should be done by Relay UE with potential coordination with the Relay UE’s serving gNB. If the target gNB to serve Remote UE is different from Relay UE’s serving gNB, the coordination may be needed between Relay UE’s serving gNB and Remote UE’s target gNB. In the whole procedure, the PDU session of Remote UE is kept as there is no change for the IP address for Remote UE. The AMF/SMF needs to signal UPF to switch the user plane path from N3IWF to gNB in order to enable the new use plane path for the Remote UE. A general procedure is depicted in Figure 11 as below: 
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Figure 11: Enhanced Signalling flow for N3IWF based L3 Relay for service continuity 
The steps can be described as below: 
Step 1: Radio measurement is configured from Relay UE to Remote UE over PC5-RRC. Remote UE performs measurements following that measurement configuration. 
Step 2: Remote UE performs measurement report to Relay UE over PC5-RRC. 
Step 3: Relay UE sends to HO request to gNB over Uu, which like the Xn based HO request.
Step 4: gNB acknowledges the Relay UE by HO ACK over Uu, which like the Xn based HO ACK.
Step 5: Relay UE sends to HO command to the Remote UE over PC5 via PC5 RRC, which like the Uu based HO command.
Step 6: Remote UE accesses the gNB via random access like legacy handover procedure.
Step 7: Remote UE sends the RRCReconfigurationCompele to the gNB to announce HO complete to cellular link. 
Step 8: The PDU session modification between Remote UE and AMF/SMF is performed. The IP address for Remote UE is no change. The session modification means the update of the AS link from PC5 to Uu. 
Step 9: The AMF/SMF signals UPF to switch the user plane path from N3IWF to gNB in order to enable the new use plane path for the Remote UE.
Step 10: The GTP-U Tunnel between N3IWF and UPF is released.
Step 11: The PC5 relaying link between Remote UE and Relay UE is released.
As can be seen in the signalling procedure in Figure 9, the enhanced Signalling flow for N3IWF based L3 Relay for service continuity may achieve the lossless switch at the cost of the introduction of new signalling procedures at AS layer.  
Observation 3: The enhanced Signalling flow for N3IWF based L3 Relay for service continuity may achieve the lossless switch at the cost of the introduction of new signalling procedures at AS layer.
Proposal 6: The signal flow as described in Figure 11 (The enhanced Signalling flow for N3IWF based L3 Relay for service continuity from PC5 to Uu) is documented in the TR for the study of NR Sidelink Relay.  
For the path switch from cell link to relay link, the radio measurement should be configured from gNB to Remote UE. Remote UE reports the measurement result to gNB. The path switch for Remote UE is decided by its serving gNB. The PDU session of Remote UE is also kept as there is no change for the IP address for Remote UE. The AMF/SMF needs to signal UPF to switch the user plane path from gNB to N3IWF in order to enable the new use plane path for the Remote UE.  
Conclusion
This document promulgated the following proposals:
Proposal 1: RAN2 focus on the study of the service continuity on the following scenarios: 
Scenario-A:  Intra-gNB switch (PC5->Uu)
Scenario-B:  Intra-gNB switch (Uu->PC5)
Scenario-C:  Inter-gNB switch (PC5->Uu)
Scenario-D:  Inter-gNB switch (Uu->PC5)
Proposal 2: The signal flows as described in Figure 7 (for Intra-gNB switch from PC5 to Uu) and Figure 8 (for Inter-gNB switch from PC5 to Uu) are documented in the TR for the study of NR Sidelink Relay.
Proposal 3: Define a new measurement event or extend NR existing measurement event to compare the cross link quality between Uu and PC5 for purpose of link switch decision.
Proposal 4: The signal flows as described in Figure 9 (for Intr	a-gNB switch from Uu to PC5) and Figure 10 (for Inter-gNB switch from Uu to PC5)  are documented in the TR for the study of NR Sidelink Relay.
Proposal 5: Support group based mobility for scenario of UE-to-Network relay in case of layer 2 relaying architecture but the work on the detailed mechanism can be taken at WI stage. 
Observation 1: The service continuity aspect is left to implementation in legacy IP router based L3 Relay architecture. And the AS layer based lossless switch cannot be ensured.
Observation 2: There is no way for the network to guarantee the service continuity requirements for N3IWF based L3 Relay architecture. 
Observation 3: The enhanced Signalling flow for N3IWF based L3 Relay for service continuity may achieve the lossless switch at the cost of the introduction of new signalling procedures at AS layer.
Proposal 6: The signal flow as described in Figure 9 (The enhanced Signalling flow for N3IWF based L3 Relay for service continuity from PC5 to Uu) is documented in the TR for the study of NR Sidelink Relay.
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