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1 Introduction
The following agreements for R18 work on service continuity in regards of SL relay have been reached during RAN2#119 meeting in August 2022 [1]:
RAN2#119 agreements on service continuity enhancements: 

- 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.  Other mechanisms are not excluded if an issue is found with the baseline.

- 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..
In this contribution, we continue to discuss the following remaining issue:

· Intra-gNB indirect-to-indirect path switch (Scenario C)
· Inter-gNB direct-to-indirect / indirect-to-indirect path switch (Scenario B/D)
2 Discussion  
2.1 Intra-gNB indirect-to-indirect path switch

It is corresponding to scenario C of WID objective, and illustrated in Figure. 1.
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Figure.1 Illustration of scenario C (intra-gNB indirect-to-indirect path switch)

It has been discussed in RAN2#119 meeting and the following agreements are achieved:

- 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.
Regarding the one FFS issue here, both A3-like and A5-like events may be considered. But only one of the measurement types is needed.

For A3-like event type, the candidate relay UE’s link quality is better than the serving relay UE’s link quality with a difference above the threshold

For A5-like event type, there are two thresholds are defined, with the serving relay UE’s link quality is worth than the first threshold and the candidate relay UE’s threshold is better than a second threshold.

We think A5 like event type is more suitable and there is no need to define A3-like event type if RAN2 agrees to support A5-like event for indirect-to-indirect path switching. 

Thus, we propose to introduce a new event X3.

Proposal 1: 
To support indirect-to-indirect path switch, introduce a new A5-like measurement event X3 that serving L2 U2N relay UE becomes worse than threshold1 and candidate L2 U2N Relay UE becomes better than threshold2.
2.2 Inter-gNB direct-to-indirect / indirect-to-indirect path switch

It is worth noting that RAN3 has discussed the following three options for inter-gNB path switching case when target is a L2 U2N relay UE: 

	RAN3 continues analyzing the following options for selection of target Relay UE.

· Option 1: source gNB selects one target Relay UE and sends the ID related information to the target gNB

· Option 2: source gNB sends a list of candidate target Relay UE information to the target gNB for selection

· Option 3: source gNB provides also the measurement information of Remote UE to the target gNB for selection of target Relay UE


It is corresponding to scenario B and D of WID objective, and illustrated in Figure. 2. We think their spec impacts are similar, and so should be discussed together. 
In these two scenarios, we think two special issues need further discussion because remote UE will be served by a relay UE in target gNB: 
1) Issue 1: Who (source gNB or target gNB) decides target relay UE? 

2) Issue 2: What is Xn signalling change to include bearer mapping configuration of target relay UE? 
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Figure.2 Illustration of scenario B and D
For issue 1, although it is a general principle that source gNB makes path switching decisions, we have a special issue if target path is with relay UE: source gNB doesn't know the RRC state of the candidate relay UEs because they are served by different gNBs. This is particularly a serious issue for inter-gNB handover case. In intra-gNB handover case discussed in Rel-17, whether a candidate relay UE is in RRC_CONNECTED state or not is known by the gNB itself because all connected relay UEs will report its L2 Addresses to the gNB. This will enable gNB implementation to carefully consider the RRC state of candidate relays and may avoid IDLE/INACTIVE relay candidates when RRC_CONNECTED relays are available. Then, in inter-gNB scenario B and D, source gNB doesn't know RRC state of candidate relay UEs with different cell ID which are reported by remote UE. This will deprive the source gNB of considering RRC states in relay UE selection process. However, source gNB needs to know if target relay UE is prepared or not so that it can trigger the remote UE’s corresponding procedure. Such blind handover will increase the chance of HOF when the target relay UE is in IDLE / INACTIVE state. 
Observation 1: 
In inter-gNB direct-to-indirect / indirect-to-indirect path switch, source gNB doesn't know RRC state of candidate relay UEs with different cell ID from measurement reporting of remote UE. As it needs to know if target relay UE is prepared or not, it will cause HOF when target relay UE is in IDLE/INACTIVE state.
Basically, we have the following two alternatives to resolve this issue:
1) Alt-1: Source gNB determines target relay UE with extra procedure to acquire its RRC state before path switch decision
· Extra procedure is introduced for source gNB to acquire RRC state of candidate relay UEs 

· For example, relay UE includes its RRC state in discovery message, or introduce a new RRC state query procedure between source gNB and target gNB
· Source gNB determines target relay UE, and includes its L2 ID in handover request message.

· The followed procedures are same as legacy.  
2) Alt-2: Target gNB determines target relay UE based on SL measurements forwarded by target gNB in handover request message

· Source gNB determines target gNB, and includes the following new info in handover request message towards the target gNB:
· SD-RSRP/SL-RSRP of candidate relay UEs which are served by target gNB

· L2 ID(s) of candidate relay UEs which are served by target gNB 

· Target gNB determines the target relay UE, prepare its configuration, and transparently forwards to source gNB via Handover Request ACK message as legacy. 
· The followed procedures are same as legacy.  
The signalling procedure of Alt-1 (with example of including RRC state in discovery message) and Alt-2 are illustrated in Figure. 3 and Figure. 4, respectively. And the signalling changes are highlighted in orange colour. A simple comparison is provided in Table.1. As can be seen, both solutions have their pros and cons. We don't have strong preference on their down-selection. Thus, we suggest RAN2 to make a conclusion. 
Proposal 2: 
For inter-gNB direct-to-indirect and indirect-to-indirect path switch, RAN2 down-select the following two solutions on how relay UE is selected:
· Alt-1: Source gNB determines target relay UE with extra procedure to acquire its RRC state before path switch decision. And L2 ID of selected target relay UE is included in handover request message.
· Alt-2: Target gNB determines target relay UE based on SL measurements of candidate relay UEs forwarded by target gNB in handover request message.
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Figure.3 Illustration of Alt-1 for scenario B and D
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Figure.4 Illustration of Alt-2 for scenario B and D

	Solution
	Spec impacts
	Performance

	Alt-1
	1. Extra procedure for source gNB to acquire RRC state of candidate relay UEs served by another gNB before HO decision

2. Include RRC state of candidate relay UEs in measurement reports

3. Include L2 ID of the selected target relay UE in Handover Request message
	1. Path switch decision cannot take Uu measurements of the candidate relay UEs into consideration. 

	Alt-2
	1. Include a list L2 ID(s) of the candidate relay UEs served by target gNB and their SD-RSRP/SL-RSRP in Handover Request message
	1. SL measurements may be outdated after forwarded by Xn signalling
2. Path switch decision can take Uu measurements of the candidate relay UEs into consideration.


Table.1 Comparison between Alt-1 and Alt-2 for scenario B and D
Finally, for the issue 2 on signaling change of Xn signaling, we think it is straight forward:

· Spec change on Handover request message:

· If Alt-1 of Proposal 2 is agreed, L2 ID of the selected target relay UE is required to be added

· If Alt-2 of Proposal 2 is agreed, L2 ID(s) and their SL measurements of the candidate relay UE(s) served by target gNB are required to be added.

·  Spec change on Handover request acknowledge message:

· No matter whether Alt-1 or Alt-2 of Proposal 6 is agreed, target gNB will prepare the following configuration depending on target relay UE’s RRC state and send to source gNB in the transparent RRC container: 

· For target relay UE in CONNECTED state, the prepared configuration includes SRAP bearer mapping configuration, L2 ID and local ID of the remote UE.
· For target relay UE in IDLE/INACTIVE state, the prepared configuration includes L2 ID and local ID of the remote UE.  

Thus, we propose:

Proposal 3: 
If Alt-1 of Proposal 2 is agreed, L2 ID of the selected target relay UE is required to be included in Handover request message. 

Proposal 4: 
If Alt-2 of Proposal 2 is agreed, L2 ID(s) and their SL measurements of the candidate relay UE(s) served by target gNB are required to be included in Handover request message. 

Proposal 5: 
Target gNB prepares the following configuration depending on target relay UE’s RRC state and send to source gNB in the transparent RRC container of the Handover request Acknowledge message: 

· For target relay UE in CONNECTED state, the prepared configuration includes SRAP bearer mapping configuration, L2 ID and local ID of the remote UE.

· For target relay UE in IDLE/INACTIVE state, the prepared configuration includes L2 ID and local ID of the remote UE.
2.3 Other
In the WID objective, the only restriction is "single-hop L2 U2N relay". Thus, it doesn't preclude the following possible directions:

1) Traditional inter-gNB path switch solution (i.e. non-CHO and non-DAPS)
2) Inter-gNB conditional path switch solution 

3) Inter-gNB DAPS-like path switch solution 

Because total TUs allocated to Rel-18 sidelink relay enhancement is quite limited (12.5), we suggest RAN2 to focus on direction 1), which is also aligned with path switch solutions adopted in Rel-17 sidelink relay. Then, if time allows, we also think direction 2) is worth study because the radio condition in L2 relay is more complex than legacy Uu system (e.g. the remote UE may pick either gNB directly or a relay UE for path switch). And CHO-like solution may be useful to handle such complex mobility scenario. For 3), we suggest RAN2 not to study it. The reasons are two aspects: 1) The complexity of DAPS-like solution restricts its deployment. 2) DAPS-like solution first needs multi-path support, which is another WID objective. Thus, we suggest RAN2 to make it clear that DAPS-like solution is not in scope. 

Then, for scenario C (i.e. intra-gNB indirect-to-indirect path switch), we think the only delta from Rel-17 specification is whether new measurement event can be introduced for indirect-to-indirect path switch. Thus, we suggest RAN2 to also first focus on it.  

Proposal 6: 
CHO-like path switching solution can be discussed only if time permits after the discussion on the basic solutions.

Proposal 7: 
RAN2 agree that DAPS like solution is not in the scope. 

3 Conclusion
In this contribution, we discuss service continuity enhancement for Rel-18 L2 U2N relay. Our observations are:
Observation 1: 
In inter-gNB direct-to-indirect / indirect-to-indirect path switch, source gNB doesn't know RRC state of candidate relay UEs with different cell ID from measurement reporting of remote UE. As it needs to know if target relay UE is prepared or not, it will cause HOF when target relay UE is in IDLE/INACTIVE state.

Based on observations, our proposals are:
Proposal 1: 
To support indirect-to-indirect path switch, introduce a new A5-like measurement event X3 that serving L2 U2N relay UE becomes worse than threshold1 and candidate L2 U2N Relay UE becomes better than threshold2.
Proposal 2: 
For inter-gNB direct-to-indirect and indirect-to-indirect path switch, RAN2 down-select the following two solutions on how relay UE is selected:
· Alt-1: Source gNB determines target relay UE with extra procedure to acquire its RRC state before path switch decision. And L2 ID of selected target relay UE is included in handover request message.
· Alt-2: Target gNB determines target relay UE based on SL measurements of candidate relay UEs forwarded by target gNB in handover request message.
Proposal 3: 
If Alt-1 of Proposal 2 is agreed, L2 ID of the selected target relay UE is required to be included in Handover request message. 

Proposal 4: 
If Alt-2 of Proposal 2 is agreed, L2 ID(s) and their SL measurements of the candidate relay UE(s) served by target gNB are required to be included in Handover request message. 

Proposal 5: 
Target gNB prepares the following configuration depending on target relay UE’s RRC state and send to source gNB in the transparent RRC container of the Handover request Acknowledge message: 

· For target relay UE in CONNECTED state, the prepared configuration includes SRAP bearer mapping configuration, L2 ID and local ID of the remote UE.

· For target relay UE in IDLE/INACTIVE state, the prepared configuration includes L2 ID and local ID of the remote UE.

Proposal 6: 
CHO-like path switching solution can be discussed only if time permits after the discussion on the basic solutions.

Proposal 7: 
RAN2 agree that DAPS like solution is not in the scope. 
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