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1 Introduction
The following agreements for Rel-18 work on service continuity in regards of SL U2N relay have been reached during RAN2#119bis-e meeting in October 2022 [1]:
RAN2#119bis-e agreements on service continuity enhancements: 

Proposal 1 (modified)       For i2i path switch procedure, introduce a new measurement event based on individual thresholds i.e., Event Z1: Serving L2 U2N Relay UE becomes worse than threshold1 and Candidate L2 U2N Relay UE becomes better than threshold2.  FFS if we also have an event Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE, and in this case if/how to compare SL-RSRP of serving U2N relay UE and SD-RSRP of candidate U2N relay UE.

Proposal 3           For i2i scenario, re-use the SL-RSRP or SD-RSRP measurement quantities for path switching.

Proposal 4 (modified)       For i2i scenario, serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity.  Wording can be revisited if it is determined that L2IDs for U2U and U2N are always different (so that candidate U2N relay UEs would never have SL-RSRP available).

Proposal 5           For i2d path switch scenario, re-use the existing T304 timer   

Proposal 6           For d2i and i2i path switch scenarios, re-use the existing T420 timer.

Then, in RAN2#120 meeting [2] in November 2022, RAN2 has made the following single agreement on this objective:

RAN2#120 agreements on service continuity enhancements: 

RAN2 will investigate whether providing lossless delivery in DL and UL in the inter-gNB service continuity cases is feasible using Rel-17 mechanisms.

Also, RAN3#118 [3] has made the following agreements on service continuity:

RAN3#118 agreements on service continuity enhancements: 

Turn WA to agreement: Source gNB selects the target path type (direct or indirect).

Focus on the following two ways for the future discussion,

- Way1: to go for Op1, and Op2 can be further discussed.

- Way2: accept Op2, or at least as a compromise.

No more discussion on Op3 in RAN3.

In this paper, we discuss service continuity enhancements of L2 U2N relay in lieu of the above RAN2 and RAN3 agreements.
2 Discussion  
2.1 Event Z2 in indirect-to-indirect path switch

Event Z2 is defined as follow by RAN2 [1]:
Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE, and in this case if/how to compare SL-RSRP of serving U2N relay UE and SD-RSRP of candidate U2N relay UE
The technical challenge for event Z2 is that there is no good way to directly compare SL-RSRP metric and SD-RSRP metric due to different open-loop power control mechanism introduced for SL unicast transmission and SL broadcast transmission, respectively. The comparison can be easy if the serving U2N relay UE does not have traffic towards the U2N remote UE. thereby no SL-RSRP measurements possible. In this case, the U2N remote UE can trigger relay UE to send discovery message so to obtain SD-RSRP measurements instead.

Another possible case for direct comparison is that candidate relay UE may have SL-RSRP measurements available if the candidate U2N relay UE also currently serves as a U2U relay for the remote UE. This is only possible if the U2U relay and U2N relay shares the same L2 address for relay service. RAN2 has already sent a LS to SA2 in R2-2213328 [4] to check about the address space issue for the co-existence of U2U/U2N relay. So, we suggest RAN2 to wait for SA2 reply LS before further discussing whether to support event Z2 or not.
Proposal 1: 
Postpone the decision on Event Z2 till getting reply LS from SA2 on the differentiation of Layer2 ID in the coexistence of U2N/U2U.
2.2 Inter-gNB direct-to-indirect / indirect-to-indirect path switch

It is worth noting that RAN3 has confirm the following working assumption as agreement for the inter-gNB path switch in RAN3#118 [3]:
==>WA: Source gNB selects the target path type (direct or indirect)
However, the following issue remains: Who (source gNB or target gNB) decides target relay UE?
Regarding this issue, 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.
Also, based on the lastest RAN3 discussion on the options below:

· 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

RNA3 has ruled out Option 3 in RAN3#118 agreements[3] and only want to focus on the two remaining options in future discussions. So, basically, we have the following two alternatives to resolve this issue:
1) Alt-1: Source gNB determines a single 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 a reduced list of relay UE candidate(s) forwarded by source gNB in handover request message

· Source gNB determines target gNB, and includes the following new info in handover request message towards the target gNB:
· L2 ID(s) of candidate relay UEs which are served by target gNB
· The candidates are ranked in order based on its “quality” (e.g, based on SL-RSRP measurements).  

· 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.
Thus, we suggest RAN2 and RAN3 to make a conclusion on this by taking into account the support of IDLE/INACTIVE relay UE. 
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 enhancements to allow source gNB to acquire its RRC state before path switch decision (e.g. . adding RRC state in discovery message, or exchange between target gNB and source gNB).
· Alt-2: Target gNB determines target relay UE based on a reduced list of relay UE candidate(s) forwarded by source gNB in handover request message.
Based on the decision of Proposal 3, the source gNB will either share a single target relay UE ID (Alt 1) or a list of candidate U2N relays (Alt 2) to the target gNB. There is a related RAN3 agreement confirming this [3]:

==>For direct/indirect to indirect path switching, enhance Xn: HANDOVER REQUEST to include at least the Remote UE L2 ID and Relay UE L2 ID. FFS whether to include a single Target Relay L2 ID or a list of Target candidate Relay L2 IDs.
We think it is important to remind RAN3 from RAN2 perspective, that the SL measurements reported by remote UE shall be still considered implicitly, if a list of candidate L2 relay UE IDs is shared by source gNB to target gNB. This is because the SL measurements are very important AS criteria to determine whether a candidate relay is really good or not. It is not sufficient to only let source gNB to evaluate the relays based on this but ignoring the relative differences in SL link quality metric from the final decision-maker. 

Proposal 3: 
If Target gNB selects the final target relay UE from a list of candidate relays supplied by the source gNB, SL measurements of the candidate relay UE(s) are used by source UE to rank the list of candidate relays served by target gNB, and target gNB are required to take the rank into account when choosing the final target relay UE.
Then, regarding “what information to be included for bearer mapping configuration of target relay UE in HANDOVER REQUEST ACK message”, we think this needs to be jointly decided by RAN2 and RAN3, but RAN2 input/decision is quite important. 
No matter whether Alt-1 or Alt-2 of Proposal 3 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 4: 
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 [4], 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 5 
CHO-like path switching solution can be discussed only if time permits after the discussion on the basic solutions.

Proposal 6: 
RAN2 agree that DAPS like solution is not in the scope. 

3 Conclusion
In this contribution, we discuss the service continuity enhancement for Rel-18 L2 U2N relay. Our observation is:
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.

Then, we have the following proposals:
Proposal 1: 
Postpone the decision on Event Z2 till getting reply LS from SA2 on the differentiation of Layer2 ID in the coexistence of U2N/U2U.
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 enhancements to allow source gNB to acquire its RRC state before path switch decision (e.g. . adding RRC state in discovery message, or exchange between target gNB and source gNB).
· Alt-2: Target gNB determines target relay UE based on a reduced list of relay UE candidate(s) forwarded by source gNB in handover request message.
Proposal 3: 
If Target gNB selects the final target relay UE from a list of candidate relays supplied by the source gNB, SL measurements of the candidate relay UE(s) are used by source UE to rank the list of candidate relays served by target gNB, and target gNB are required to take the rank into account when choosing the final target relay UE.
Proposal 4: 
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 5: 
CHO-like path switching solution can be discussed only if time permits after the discussion on the basic solutions.

Proposal 6: 
RAN2 agree that DAPS like solution is not in the scope. 
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