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1.	Introduction
The work item on NR sidelink relay enhancements was approved for Rel-18 and the recent WID [1] is shown in RP-221262 including the following objectives:
	The objective of this work item is to specify solutions that are needed to enhance NR Sidelink Relay for the V2X, public safety and commercial use cases.
1. Specify mechanisms to support single-hop Layer-2 and Layer-3 UE-to-UE relay (i.e., source UE -> relay UE -> destination UE) for unicast [RAN2, RAN3, RAN4].
A. Common part for Layer-2 and Layer-3 relay to be prioritized until RAN#98
i. Relay discovery and (re)selection [RAN2, RAN4]
ii. Signalling support for Relay and remote UE authorization if SA2 concludes it is needed [RAN3]
B. Layer-2 relay specific part
i. UE-to-UE relay adaptation layer design [RAN2]
ii. Control plane procedures [RAN2]
iii. QoS handling if needed, subject to SA2 progress [RAN2]
Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
Note 1B: A remote UE is connected to only a single relay UE at a given time for a given destination UE.
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.
3. Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:
A. A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).
Note 3A: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.
Note 3B: UE-to-Network relay in scenario 1 reuses the Rel-17 solution as the baseline. 
Note 3C: Support of Layer-3 UE-to-Network relay in multi-path scenario is assumed to have no RAN impact and the work and solutions are subject to SA2 to progress.
4. With a low priority, study the gains and, if needed, specify signalling between gNB and relay UE in sidelink mode 2 to assist the determination of the sidelink DRX configuration used for remote UE in Layer-2 UE-to-Network sidelink relay operation [RAN2]
5. Specify RRM core requirements for relay discovery and (re)selection in UE-to-UE relay [RAN4]

This work will not consider specific enhancement for sidelink relay support of functionality specified in Rel-18 sidelink enhancements.  If Rel-18 sidelink enhancements can be operated in relay without any special handling, they can be used in relaying operations.


In Rel-17 U2N relay, service continuity was handled within the intra-cell limitation. In Rel-18 U2N L2 service continuity enhancements, RAN2 will handle service continuity between inter-gNB. Rel-18 remote UE can chance its path from indirect in one cell to direct in the other cell or vice versa. In addition, Rel-18 remote UE can chance its indirect link to another indirect link in the intra cells or inter cells maintaining service continuity. 
In this document, we discuss the basic operation to be handled in Rel-18 U2N service continuity enhancement.

2.	Discussion
We propose to apply Rel-17 L2 U2N service continuity procedure as a baseline in this contribution. However, we will discuss the additional information between source gNB and target gNB.
2.1 Path switching procedure in L2 U2N relay
Figure 1 below shows the extended version for inter-gNB service continuity in the current Rel-17 path switching procedure from direct to indirect. For inter-gNB service continuity, this procedure is just added XnAP signalling (if there is no Xn connectivity to the target gNB, the NG-based HO can be triggered). In Rel-17 U2N relay, service continuity from direct path to indirect path, or vice versa, within intra gNB was already supported [2]. So, that similar procedure can apply to the Rel-18 service continuity enhancement. The path switching procedure from direct to indirect between intra-gNB can be extended to the handover procedure between inter-gNB. The information between source gNB and target gNB can be exchanged via Xn interface. But the basic procedure, for example, measurement SD-RSRP of candidate relay UEs and reporting it to the serving gNB of the remote UE may be the same in Rel-18 service continuity from direct path to indirect path.  The overall procedure is similar to the current Rel-17 service continuity except for the separation from one gNB to the serving and the target gNB. 
[image: ]
Figure 1 Service continuity procedure from direct to indirect between inter-gNB

Similarly, Figure 2 below shows the extended version for inter-gNB service continuity in the current Rel-17 path switching procedure from indirect to direct. The path switching procedure from indirect to direct between intra-gNB can apply to the handover procedure from indirect to direct between inter-gNB. The remote UE performs the signal strength measurement of cells and SL. The remote UE reports it to its serving gNB via relay UE. And the serving gNB decides whether handover is needed or not. Except for the Xn interface, the other procedure can be similar to the current Rel-17 path switching procedure from indirect to direct.
[image: ]
Figure 2 Service continuity procedure from indirect to direct between inter-gNB

The path switching introduced in Rel-18 not to be supported in Rel-17 is the path switching from indirect to indirect. It can be similar to the path switching from direct to indirect in the Rel-17 U2N relay in the aspect that the final path becomes the indirect path. So, we think RAN2 can apply the existing Rel-17 service continuity procedure as a baseline.
Proposal 1: The existing Uu mobility and U2N related procedures can be considered as a baseline for service continuity enhancements for L2 UE-to-network relay. 
Proposal 2: It is the source cell/gNB that makes decision on direct/indirect path switching.

2.2 Measurement and report for Path switching 
In Rel-17 SL U2N Relay, new measurement events were defined. Event X1(serving L2 U2N Relay UE becomes worse than threshold1 and NR Cell becomes better than threshold2) and event X2(serving L2 U2N Relay UE becomes worse than threshold) are supported for path switching from indirect to direct. Event Y1 (PCell becomes worse than threshold1 and candidate L2 U2N relay UE becomes better than threshold2) and event Y2 (candidate L2 U2N Relay UE becomes better than threshold) are supported for path switching from direct to indirect. These path switching measurement events can apply to the Rel-18 path switching measurement from direct to indirect, or vice versa.  
But for the path switching from indirect to indirect, a new measurement events may be required. The new defined measurement events, for example, the event such as serving L2 U2N relay UE becomes worse than threshold 1 and the candidate L2 U2N relay UEs become better than threshold2, can be discussed for the Rel-18 path switching from indirect to indirect. RAN2 can discuss whether the Rel-17 measurement event is sufficient for the Rel-18 path switching from indirect to indirect.  
Observation 1: The existing relay measurement events can be used for direct/indirect path switching and vice versa.
Proposal 3: Discuss whether the existing relay measurement events are sufficient to support indirect/indirect path switching.

2.3 Additional information for Xn interface
In the case of inter-gNB handover, source gNB gets measurement results from its connected UE and determines the target gNB based on the reported measurement result. Then the source gNB sends XnAP HANDOVER REQUEST message with the context of connected UE to the selected target gNB. When the target gNB can accept the UE, the target gNB sends the HANDOVER REQUEST ACKNOWLEDGE message to the source gNB. 
However, in the case of direct/indirect-to-indirect handover, additional information from source gNB to target gNB can be required. For the handover from direct/indirect-to-indirect, source gNB selects one relay UE among candidate relay UEs. -In this case, since the selected relay UE belongs to the target gNB, the source gNB may send XnAP HANDOVER REQUEST message with the SRC L2 ID, serving cell ID of the selected relay UE and the context of the connected remote UE to the selected target gNB. This is because the target gNB has to know which relay UE will be connected with the remote UE for handover to indirect path.
Proposal 4: For direct/indirect-to-indirect HO, it is the source gNB that determines the target relay UE.
Proposal 5: For direct/indirect-to-indirect HO, the source gNB informs the target gNB about information on the target Relay UE in XnAP HANDOVER REQUEST message (ex, L2 U2N Relay UE's source L2 ID, serving cell ID)
Meanwhile, the serving gNB can decide target path type as well as the target gNB based on the Uu measurement result of candidate target cells and the SL measurement result of candidate relay UEs. However, in some cases a target gNB serving the relay UE could better decide target path type (i.e., direct or indirect path with the target gNB). For example, the target gNB can know the Uu measurement result between the selected relay UE (if, the selected relay UE is RRC_CONNECTED) and the target gNB. Thus, when the source gNB requests HO to the target gNB, the target gNB can select either direct path with the remote UE or indirect path via the relay UE. If the target gNB can decide the target path type of the remote UE, it would be beneficial for the source gNB to inform measurement results of  Uu link signal strength (between remote UE and target gNB) and sidelink signal strength (between remote UE and the selected relay UE).
Observation 2: The target gNB may be able to determine target path type (i.e. direct or indirect) for the remote UE, upon HO request from the source gNB. If so, it is beneficial for source gNB to provide relay UE measurement results.
Proposal 6: Discuss whether the target gNB determines target path type (i.e. direct to indirect path with the target gNB)
Proposal 6a: Discuss whether the source gNB can inform target gNB about relay UE measurement results
[bookmark: _GoBack]
2.4 De-prioritization issues for Rel-18 L2 U2N service continuity
In Rel-18 L2 U2N service continuity enhancements, we propose the existing Rel-16/17 mobility enhancement is deprioritized. In Rel-17, U2N service continuity in many various cased was already discussed. We think it’s better to focus Rel-18 L2 U2N service continuity enhancements rather than Rel-16/17 mobility enhancement. 
Proposal 7: Deprioritize Rel-16/17 mobility enhancement based U2N service continuity
We need to discuss whether/how to consider “direct path with MR-DC” in the path switching scenarios is supported. We think that the path switching from direct path with MR-DC to indirect can be supported with lower spec effort by maximal reusing the procedure and signalling defined in the Rel-17 path switching from direct to indirect. However, compared to the path switching from the direct path with MR-DC to indirect, the path switching from indirect to direct path with MR-DC seems to be required more spec works (e.g., more additional information exchange may be needed between serving gNB having indirect path and other gNB having MR-DC direct path in terms of deciding path switching) 
Proposal 8: Path switching from direct path with MR-DC to indirect is supported.
Proposal 9: Path switching from indirect to direct path with MR-DC is not supported.

3.	Conclusion
In this contribution, we focused on the Rel-18 U2N service continuity enhancement and provided our view on it. The following proposals are kindly suggested to RAN2:
Proposal 1: The existing Uu mobility and U2N related procedures can be considered as a baseline for service continuity enhancements for L2 UE-to-network relay. 
Proposal 2: It is the source cell/gNB that makes decision on direct/indirect path switching.
Proposal 3: RAN3 should wait for the RAN2 progress on whether the existing relay measurement events are sufficient to support indirect/indirect path switching.
Proposal 4: For direct/indirect-to-indirect HO, it is the source gNB that determines the target relay UE.
Proposal 5: For direct/indirect-to-indirect HO, the source gNB informs the target gNB about information on the target Relay UE in XnAP HANDOVER REQUEST message (ex, L2 U2N Relay UE's source L2 ID, serving cell ID).
Proposal 6: Discuss whether the target gNB determines target path type (i.e. direct or indirect path with the target gNB).
Proposal 6a: Discuss whether the source gNB can inform target gNB about relay UE measurement results.
Proposal 7: Deprioritize Rel-16/17 mobility enhancement based U2N service continuity.
Proposal 8: Path switching from direct path with MR-DC to indirect is supported.
Proposal 9: Path switching from indirect to direct path with MR-DC is not supported.
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