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1. Introduction
[bookmark: _Hlk46842767]Service continuity has been discussed in NR Release 17, but the scenario of indirect-to-indirect path switching for intra-gNB use-case, and all inter-gNB path switching scenarios were not discussed in Release 17 due to time constraints. In Release 18, however, these leftover scenarios are to be discussed as put forward in the WID below [1]. This contribution discusses these path switching scenarios for Release 18, where the work done in Release 17 for L2 U2N Relay for intra gNB scenarios is taken as a baseline.
	2.   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.



1. Discussion
For L2 U2N Relay UE, as specified in NR Release 17, the U2N Remote UE needs to establish its own PDU sessions/DRBs with the network before user plane data transmission [2]. Therefore, for service continuity for L2 relay, PDU session switching from one node to another and IP address change is not required. For L2 UE-to-Network (U2N) relay, this makes path switching between direct (Uu link) and indirect (via Relay UE) communication links seamless, especially for the case of intra-gNB path switching where both the relay UE and the remote UE are served by the same gNB. On the other hand, if the remote UE is under a different serving gNB than the relay UE, then a handover is required from the source to the target gNB in the case of path-switching from indirect to direct communication links. 

Inter-gNB Path Switching Between Indirect and Direct Links
In this section we provide signalling flows for the two different scenarios for path switching between the indirect and direct links, as shown in the Figure below, for the case where the Remote UE and the Relay UE are served by different gNBs.


     
Figure 1: Scenario A - Inter-gNB indirect-to-direct path switching             Figure 2: Scenario B - Inter-gNB direct-to-indirect path switching
Scenario A - Inter-gNB indirect-to-direct path switching
For service continuity of L2 UE-to-Network relay, the following baseline procedure is used, in case of remote UE switching to direct Uu cell.

  
Figure 3: Procedure for remote UE switching from indirect relay path to direct Uu cell for inter-gNB scenario
Step 1: Measurement configuration and reporting to evaluate relay and Uu link measurement. The measurement results from U2N Remote UE are reported when configured measurement reporting criteria are met. The sidelink relay measurement report shall include at least U2N Relay UE's source L2 ID, serving cell ID (i.e., NCGI), and sidelink measurement quantity information. The sidelink measurement quantity can be SL-RSRP of the serving U2N Relay UE, and if SL-RSRP is not available, SD-RSRP is used.
Step 2: The source gNB decides to switch the U2N Remote UE onto direct Uu path with target gNB.
Step 3/4: Handover request and acknowledgement between source gNB and target gNB. May require RAN3 involvement in case any changes are required since the source is the U2N relay UE.
Step 5: The source gNB sends RRCReconfiguration message to U2N remote UE. The U2N Remote UE stops UP and CP transmission via U2N Relay UE after reception of RRCReconfiguration message from the source gNB.
Step 6: Transfer the uplink/downlink PDCP SN and HFN status
Step 7: Remote UE performs Random Access to target gNB
Step 8/9: Deliver buffered data
Step 10: Remote UE feedback the RRCReconfigurationComplete to the target gNB via direct path, using the configuration provided in the RRCReconfiguration message. From this step, the UE (i.e U2N Remote UE in previous steps) uses the RRC connection via the direct path to the gNB.
Step 11: The source gNB sends RRCReconfiguration message to U2N relay UE to reconfigure the connection between the U2N relay UE and the gNB. The RRCReconfiguration message to the U2N Relay UE can be sent any time after step 5 based on gNB implementation.
Step 12: The PC5 link is released between remote UE and the relay UE. The timing to execute link release is up to UE implementation. The U2N Relay UE can execute PC5 connection reconfiguration to release PC5 Relay RLC channel after reception of RRCReconfiguration by source gNB or the U2N Remote UE can execute PC5 connection reconfiguration to release PC5 Relay RLC channel upon reception of RRCReconfiguration message from source gNB in Step 5.
Step 13: The data path is switched from the indirect path to the direct path.
NOTE:	Step 13 can be executed any time after step 7. Step 13 is independent of step 11 and step 12. 
[bookmark: _Toc110896795][bookmark: _Toc110951939][bookmark: _Toc110969153]No specific difference on RAN2 Uu interface signalling is observed between inter-gNB and intra-gNB path switching for indirect to direct communication link.
[bookmark: _Toc110896796][bookmark: _Toc110951940][bookmark: _Toc110969154]RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB indirect to direct path switching.
Scenario B - Inter-gNB direct-to-indirect path switching
For service continuity of L2 U2N Remote UE, the following procedure can be used in the case of L2 U2N Remote UE switching to indirect path via a U2N Relay UE connected to another gNB.


Figure 4: Procedure for remote UE switching from direct Uu cell to indirect relay path for inter-gNB scenario
 Step 1: Remote UE reports one or multiple candidate relay UE(s) and Uu measurements, after it measures/discovers the candidate U2N relay UE(s).
-	Remote UE may filter the appropriate relay UE(s) meeting higher layer criteria when reporting, in step 1. 
-	The reporting can include at least the U2N Relay UE’s ID, U2N Relay UE’s serving cell ID, and sidelink measurement quantity information. The sidelink measurement quantity can be SL RSRP of the candidate U2N Relay UE and if SL-RSRP is not available, SD-RSRP is used..
Step 2: The source gNB decides to switch to a target relay UE associated with target gNB. The actual selection of the target relay UE in Step 2b can be done by the source gNB based on the measurement report from the Remote UE, or by the target gNB in which case the source gNB forwards the measurement results from the Remote UE to the target gNB as part of the Handover Request message in Step 3.
Step 3/4: Handover request and acknowledgement between source gNB and target gNB. May require RAN3 involvement in case any changes are required since the target is the relay UE.
Step 5: Transfer the uplink/downlink PDCP SN and HFN status
Step 6/7: Deliver buffered data
Step 8: Target gNB i.e the U2N Relay UE’s serving gNB sends RRCReconfiguration message to the target U2N Relay UE (like preparation), 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. In case the selected U2N Relay UE is in RRC_IDLE or RRC_INACTIVE, after receiving the path switch command, the U2N Remote UE establishes a PC5 link with the U2N Relay UE and sends the RRCReconfigurationComplete message via the U2N Relay UE, which will trigger the U2N Relay UE to enter RRC_CONNECTED state. For the case when U2N Relay UE is in RRC_IDLE or RRC_INACTIVE, then Step 10 is performed before step 8.  
[bookmark: _Hlk61425570]Step 9: The source gNB sends RRCReconfiguration message to U2N Remote UE. The contents in the RRCReconfiguration message can include at least U2N Relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s). This contains the handover information for the remote UE. While contention free RACH resources are generally allocated in the legacy Rel-15 HO procedure [3], however, for this case dedicated RACH resources are not required since the Remote UE is connected to the target gNB via the Relay UE only. The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB.
Step 10: U2N Remote UE establishes PC5 connection with target U2N Relay UE, if the connection has not been setup yet.
Step 11: The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete to the target gNB via the U2N Relay UE, using the target configuration provided in RRCReconfiguration in Step 8.
Step 12: The data path is switched from direct path to indirect path between the U2N Remote UE and the target gNB.    
[bookmark: _Toc110896797][bookmark: _Toc110951941][bookmark: _Toc110969155]Different from legacy Rel-15 HO procedure, for the case of inter-gNB path switching from direct to indirect communication link, dedicated RACH resources are not required to be allocated in the RRC Reconfiguration message to remote UE since the Remote UE is connected to the target gNB via the Relay UE only.
[bookmark: _Toc110896798][bookmark: _Toc110951942][bookmark: _Toc110969156]RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB direct to indirect path switching.
For scenario B, the source gNB can select the target Relay UE based on Remote UE’s PC5 signal strength measurement report, where the target Relay UE is associated with the target gNB. However, it is possible that the target gNB (which is the target Relay UE’s serving gNB) has a better idea of the Uu signal quality of the target Relay UE. In case there are multiple candidate Relay UEs based on the measurement report which are served by the same target gNB, then the source gNB essentially selects the target gNB as the serving gNB, however it can leavethe decision of choosing the target Relay UE from among multiple candidate relay UEs to the target gNB.  In the case that there is a single candidate relay UE satisfying the selection criteria, in that case the source gNB can simply handover the measurement results to the target gNB, which confirms the target relay UE’s selection. 
[bookmark: _Toc110951943][bookmark: _Toc110969157]RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB direct to indirect path switching.
Proposal 1. [bookmark: _Toc110969160][bookmark: _Toc110952145][bookmark: _Toc110952272][bookmark: _Toc110952289]For support of inter-gNB scenario B (i.e. switch from direct path with source gNB to indirect path with target gNB), RAN2 to discuss and decide whether the source gNB or the target gNB chooses the target Relay UE for the Remote UE.  
Proposal 1.1. [bookmark: _Toc110952146][bookmark: _Toc110952273][bookmark: _Toc110952290][bookmark: _Toc110969161]For support of inter-gNB scenario B (i.e. switch from direct path with source gNB to indirect path with target gNB), if RAN2 decides that the source gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request message, and RAN2 to send LS to RAN3 for this inclusion.
Proposal 1.2. [bookmark: _Toc110952147][bookmark: _Toc110952274][bookmark: _Toc110952291][bookmark: _Toc110969162]For support of inter-gNB scenario B (i.e. switch from direct path with source gNB to indirect path with target gNB), if RAN2 decides that the target gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request ACK message, and RAN2 to send LS to RAN3 for this inclusion.
Indirect to Indirect Path Switching
In this section we provide signalling flows for the two different scenarios for path switching between indirect links, as shown in the Figure below, for the case where the Remote UE and the Relay UE are served by same (Scenario C) or different (Scenario D) gNBs.


                         
Figure 5:Scenario C - Intra-gNB indirect-to-indirect path switching        Figure 6: Scenario D – Inter-gNB indirect-to-indirect path switching
Scenario C - Intra-gNB indirect-to-indirect path switching
This is similar to the case of relay reselection but with gNB involvement, and the baseline procedure is as follows.



Figure 7: Procedure for indirect-to-indirect relay path switching for intra-gNB scenario
Step 1:  Measurement configuration and reporting procedures are performed to evaluate relay link measurement. The measurement results from U2N Remote UE are reported when configured measurement reporting criteria are met. The sidelink relay measurement report shall include at least U2N Relay UE's source L2 ID, serving cell ID, and sidelink measurement quantity information. The sidelink measurement quantity can be SL-RSRP of the serving U2N Relay UE, and if SL-RSRP is not available, SD-RSRP is used.
Step 2/3: The gNB decides to switch the U2N Remote UE to a target U2N Relay UE B. Then the gNB sends an RRCReconfiguration message to the target U2N Relay UE B, 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.
Step 4: The source gNB sends RRCReconfiguration message to U2N Remote UE. The contents in the RRCReconfiguration message can include at least U2N Relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s). This contains the handover information for the remote UE.
Step 5: The U2N Remote UE establishes PC5 connection with target U2N Relay UE (if it does not already exist).
Step 6: It is up to U2N Remote UE implementation whether to release or keep the unicast PC5 link. The PC5 link is released between remote UE and the relay UE. The timing to execute link release is up to UE implementation. The source U2N Relay UE A can execute PC5 connection reconfiguration to release PC5 Relay RLC channel after reception of RRCReconfiguration from gNB. or the U2N Remote UE can execute PC5 connection reconfiguration to release PC5 Relay RLC channel upon reception of RRCReconfiguration message from gNB in Step 4.
Step 7: The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the gNB via the Relay UE B.
Step 8: The data path is switched from indirect path via Relay UE A to indirect path via Relay UE B.
Proposal 2. [bookmark: _Toc110952103][bookmark: _Toc110952149][bookmark: _Toc110952276][bookmark: _Toc110952293][bookmark: _Toc110969163]RAN2 to define new measurement event to compare serving relay SL-RSRP to neighbouring relay SL-RSRP for the case of indirect to indirect path switching.
Proposal 2.1. [bookmark: _Toc110952104][bookmark: _Toc110952150][bookmark: _Toc110952277][bookmark: _Toc110952294][bookmark: _Toc110969164]If new measurement event is defined in RAN2 to compare SL-RSRP for candidate and serving relay UEs, then Remote UE performs measurement reporting and it is up to serving gNB to choose relay UE based on measurement results. 
Scenario D - Inter-gNB indirect-to-indirect path switching
This is similar to the case of intra-gNB path switching between indirect links, however, in this case the candidate relay UE may be selected from a different serving gNB as well. 


Figure 8: Procedure for indirect-to-indirect relay path switching for inter-gNB scenario
Step 1: Measurement configuration and reporting procedures are performed to evaluate relay link measurement. The measurement results from U2N Remote UE are reported when configured measurement reporting criteria are met. The sidelink relay measurement report shall include at least U2N Relay UE's source L2 ID, serving cell ID, and sidelink measurement quantity information. The sidelink measurement quantity can be SL-RSRP of the serving U2N Relay UE, and if SL-RSRP is not available, SD-RSRP is used.
Step 2: The source gNB decides to switch to a target relay UE. The actual selection of the target relay UE in Step 2b can be done by the source gNB based on the measurement report from the Remote UE, or by the target gNB in which case the source gNB forwards the measurement results from the Remote UE to the target gNB as part of the Handover Request message in Step 3.
Step 3/4: Handover request and acknowledgement between source gNB and target gNB. May require RAN3 involvement in case any changes are required since the target is the relay UE.
Step 5: The target gNB (serving gNB for U2N Relay UE B) sends an RRCReconfiguration message to the target U2N Relay UE B (like preparation), 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.
Step 6: The target gNB Y sends RRCReconfiguration message to U2N Remote UE via source Relay UE A. The contents in the RRCReconfiguration message can include at least U2N Relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s). This contains the handover information for the remote UE.
Step 7: The U2N Remote UE establishes PC5 connection with target U2N Relay UE (if it does not already exist).
Step 8: It is up to U2N Remote UE implementation whether to release or keep the unicast PC5 link. If U2N Remote UE decides to release the unicast PC5 link, it triggers the L2 release procedure.
Step 9: The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the target gNB Y via the Relay UE B.
Step 10: The data path is switched from indirect path via Relay UE A to indirect path via Relay UE B.
[bookmark: _Toc110951944][bookmark: _Toc110969158]RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB direct to indirect path switching.
[bookmark: _Toc110969159]If RAN2 defines new measurement event to compare serving relay SL-RSRP to neighbouring relay SL-RSRP for the case of indirect-to-indirect path switching, it should be applicable to both intra-gNB and inter-gNB path switching scenarios.
Proposal 3. [bookmark: _Toc110969165][bookmark: _Toc110952105][bookmark: _Toc110952151][bookmark: _Toc110952278][bookmark: _Toc110952295]For support of inter-gNB scenario D (i.e. switch from indirect path with source gNB to indirect path with target gNB), RAN2 to discuss and decide whether the source gNB or the target gNB chooses the target Relay UE for the Remote UE.  
Proposal 3.1. [bookmark: _Toc110952106][bookmark: _Toc110952152][bookmark: _Toc110952279][bookmark: _Toc110952296][bookmark: _Toc110969166]For support of inter-gNB scenario D (i.e. switch from indirect path with source gNB to indirect path with target gNB), if RAN2 decides that the source gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request message, and RAN2 to send LS to RAN3 for this inclusion.
Proposal 3.2. [bookmark: _Toc110952107][bookmark: _Toc110952153][bookmark: _Toc110952280][bookmark: _Toc110952297][bookmark: _Toc110969167]For support of inter-gNB scenario D (i.e. switch from indirect path with source gNB to indirect path with target gNB), if RAN2 decides that the target gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request ACK message, and RAN2 to send LS to RAN3 for this inclusion.

1. Summary
Below we summarize the specification impacts compared to legacy path switching (Rel-17) as well as what may be required in RAN2/RAN3 for each of the path switching scenarios considered in Rel-18.
	Scenario
	Differences to legacy (Rel-17 path switching)
	RAN2 Spec Impact
	RAN3 involvement?

	Scenario A: Inter-gNB indirect-to-direct path switching
	None perceived from intra-gNB indirect-to-direct path switching in Rel-17
	None
	Required for handover messages over Xn

	Scenario B: Inter-gNB direct-to-indirect path path switching
	- Dedicated RACH resources are not required to be allocated in the RRC Reconfiguration message to remote UE
- Either source or target gNB could choose target Relay UE
	None
	Required for handover messages over Xn

	Scenario C: Intra-gNB indirect-to-indirect path switching
	- Source gNB chooses target Relay UE
	- New measurement event required to compare serving and neighbor Relay UE PC5 signal quality
	None

	Scenario D: Inter-gNB indirect-to-indirect path switching
	- Either source or target gNB could choose target Relay UE
	- New measurement event required to compare serving and neighbor Relay UE PC5 signal quality
	Required for handover messages over Xn



Proposal 4. [bookmark: _Toc110952029][bookmark: _Toc110952108][bookmark: _Toc110952154][bookmark: _Toc110952281][bookmark: _Toc110952298][bookmark: _Toc110969168]For support of inter-gNB scenarios A, B and D, RAN3 involvement is needed to update Handover Request/Acknowledgement messages over Xn. RAN2 to send LS to RAN3 regarding required update. 

1. Conclusion
In this contribution we discuss aspects related to service continuity for inter-gNB path switching scenarios and for indirect-indirect intra-gNB path switching scenario, and make the following observations and proposals:
Observation 1.	No specific difference on RAN2 Uu interface signalling is observed between inter-gNB and intra-gNB path switching for indirect to direct communication link.
Observation 2.	RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB indirect to direct path switching.
Observation 3.	Different from legacy Rel-15 HO procedure, for the case of inter-gNB path switching from direct to indirect communication link, dedicated RACH resources are not required to be allocated in the RRC Reconfiguration message to remote UE since the Remote UE is connected to the target gNB via the Relay UE only.
Observation 4.	RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB direct to indirect path switching.
Observation 5.	RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB direct to indirect path switching.
Observation 6.	RAN3 involvement may be required to update Handover Request/Acknowledgement messages over Xn for inter-gNB direct to indirect path switching.
Observation 7.	If RAN2 defines new measurement event to compare serving relay SL-RSRP to neighbouring relay SL-RSRP for the case of indirect-to-indirect path switching, it should be applicable to both intra-gNB and inter-gNB path switching scenarios.

Proposal 1.	For support of inter-gNB scenario B (i.e. switch from direct path with source gNB to indirect path with target gNB), RAN2 to discuss and decide whether the source gNB or the target gNB chooses the target Relay UE for the Remote UE.
Proposal 1.1.	For support of inter-gNB scenario B (i.e. switch from direct path with source gNB to indirect path with target gNB), if RAN2 decides that the source gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request message, and RAN2 to send LS to RAN3 for this inclusion.
Proposal 1.2.	For support of inter-gNB scenario B (i.e. switch from direct path with source gNB to indirect path with target gNB), if RAN2 decides that the target gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request ACK message, and RAN2 to send LS to RAN3 for this inclusion.
Proposal 2.	RAN2 to define new measurement event to compare serving relay SL-RSRP to neighbouring relay SL-RSRP for the case of indirect to indirect path switching.
Proposal 2.1.	If new measurement event is defined in RAN2 to compare SL-RSRP for candidate and serving relay UEs, then Remote UE performs measurement reporting and it is up to serving gNB to choose relay UE based on measurement results.
Proposal 3.	For support of inter-gNB scenario D (i.e. switch from indirect path with source gNB to indirect path with target gNB), RAN2 to discuss and decide whether the source gNB or the target gNB chooses the target Relay UE for the Remote UE.
Proposal 3.1.	For support of inter-gNB scenario D (i.e. switch from indirect path with source gNB to indirect path with target gNB), if RAN2 decides that the source gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request message, and RAN2 to send LS to RAN3 for this inclusion.
Proposal 3.2.	For support of inter-gNB scenario D (i.e. switch from indirect path with source gNB to indirect path with target gNB), if RAN2 decides that the target gNB chooses the target Relay UE for the Remote UE, the target Relay UE ID needs to be added as an Xn-AP parameter in the HO Request ACK message, and RAN2 to send LS to RAN3 for this inclusion.
Proposal 4.	For support of inter-gNB scenarios A, B and D, RAN3 involvement is needed to update Handover Request/Acknowledgement messages over Xn. RAN2 to send LS to RAN3 regarding required update.
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