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1 Introduction
In the last RAN2 meeting, it was agreed that multi-path relay study phase is complete and can proceed to normative work from RAN2 perspective, for both scenarios 1 and 2. Some remaining issues and stage-3 details are left for further discussion in normative phase.
In this contribution, we would like to share our opinions on the following remaining issues based on the agreements reached in study phase.
· whether a single procedure is supported for case E and G in scenario 1
· whether to support case G in scenario 2
· SRB1/2 configuration in scenario 1 and 2
· RLF handling in scenario 1 and 2
2 Discussion
Path management
To support multi-path, the path management function shall be supported, including the addition/ modification/ release of direct or indirect path. According to the following agreements reached in study phase, there are a few FFS left for Scenario 1 and 2. 
Agreements in RAN2#119bis-e:
Proposal 1-1A (modified): The following cases are to be supported for Scenario 1.
A.	The remote UE operating only on the direct path adds the indirect path under the same gNB; 
B.	The remote UE operating only on the indirect path adds the direct path under the same gNB; 
C.	The remote UE operating in multi-path releases the indirect path;
D.	The remote UE operating in multi-path releases the direct path;
G.	The remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.  FFS if this case would be supported via separate release-and-add (A+C in separate reconfigurations) or a single switch procedure (e.g. similar to i2i service continuity).
The following case can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations):
E.	The remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB.
FFS if a single procedure for this case would be supported.
Agreements in RAN2#120:
Proposal 6a	[RAN2 to discuss] case B and case D are not supported for Scenario 2. 
Proposal 9 (modified)	[RAN2 to discuss] For Scenario 2, Case E is not supported. 
For Scenario 2, whether to support Case G is discussed in normative phase, but RAN2 will not do additional work to enable it for Scenario 2 over Scenario 1.
· Whether to support a single procedure for case E and G in scenario 1
Regarding the path management cases supported in scenario 1, the path modification cases E and G are supported while whether to support a single procedure in case E and G is still FFS. For case G, the remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB, which is quite similar to intra-gNB i2i service continuity scenario. Although this case can be supported via separate release-and-add procedures, the signalling overhead and user experience shall be taken into account. Two separate reconfiguration procedures may lead to the reduction of data rate and unnecessary signalling overhead compared to a single procedure. Considering the intra-gNB i2i service continuity scenario will be supported in Rel-18, we suggest supporting a single procedure and taking the intra-gNB i2i path switching procedure as a baseline for case G.
Proposal 1: For indirect path change case in Scenario 1(i.e. Case G), a single procedure would be supported. The intra-gNB i2i path switch procedure for service continuity could be taken as a baseline.
For case E in scenario 1, it has been agreed that separate release-and-add can be used to support the direct path change while keeping the indirect path unchanged. Considering the actual use case, the change of the direct path maybe mainly due to the mobility of the remote UE, which might be difficult for the remote UE to keep the indirect path unchanged. In this sense, case E is more of a corner case compared to case G. Therefore, we prefer to simply use separate release-and-add procedures for case E. No need to support a single procedure for case E in scenario 1.
Proposal 2: For direct path change case in Scenario 1(i.e. Case E), RAN2 confirm to use separate release-and-add procedures, and no need to support a single procedure. 
· Whether to support case G in scenario 2
Regarding the path management cases supported in Scenario 2, the indirect path addition and release cases A and C are supported while whether to support case G is still FFS. Technically, case G could be supported by separate release-and-add procedures, i.e. case C+A. However, we may first need to identify whether case G is useful or valid in scenario 2 before making a decision to support it. As agreed in RAN2#119bis-e meeting, the relay UE is restricted to serve only one remote UE in scenario 2, thus it might be difficult for the remote UE to find another suitable relay UE when needed. Besides, in RAN2#119e meeting, RAN2 has already assumed that the relation between remote UE and relay UE in scenario 2 is pre-configured or static, and RAN2 will deprioritize discussion on authorization and association mechanism between remote UE and relay UE in scenario 2. If case G is supported, it may bring potential work on authorization and association mechanism. Based on that, we suggest focusing on the basic path management case A and C in Scenario 2 and we can further discuss case G in later release.
Proposal 3: For Scenario 2, the indirect path change case (i.e. case G) is not supported in this release. 
· Measurement report for path management in multi-path relaying
For Scenario 1, similar to legacy cell group management, the NW might initiate the path management for multi-path mainly based on the service requirements and the channel quality of the Uu link and the PC5 link. Therefore, the measurement configuration and report function may need further enhancement to cover the supported path management cases for multi-path relaying. As listed in the table below, we can analyse the potential spec impact, such as whether new event is needed case by case.
Table 1 Path management cases and potential spec impact in Scenario 1
	Function
	Path management case
	Criteria
	Potential spec impact

	Path addition
	directdirect + indirect
(Case A)
	Candidate relay RSRP > threshold
	Event Y2 can be reused.
No spec impact.

	
	indirectdirect + indirect
(Case B)
	Neighbour (NR cell) RSRP> threshold
	Event A4 can be reused.
No spec impact.

	Path modification
	Change indirect path
(Case G, assuming a single procedure is used)
	Serving relay RSRP < threshold1 and candidate relay RSRP > threshold2; or
Candidate relay RSRP > serving relay RSRP
	The new Event Z1 introduced for i2i path switch can be reused.
The new Event Z2 which is FFS for i2i path switch could be used.

	
	Change direct path
(Case E, assuming a single procedure is used)
	Neighbour RSRP> SpCell RSRP; or
SpCell RSRP< threshold1 and neighbour RSRP> threshold2
	Event A3 and/ or A5 can be reused. 
No spec impact.

	Path release
	Release indirect path
(Case C)
	Serving Relay RSRP < threshold
	Event X2 can be reused.
No spec impact.

	
	Release direct path
(Case D)
	Serving (NR cell)RSRP < threshold
	Event A2 can be reused.
No spec impact.


 
Based on the above analysis, most of the new path management cases could be covered by the current events, except for the case of indirect path change. The key point is to introduce new events that can trigger the UE to provide necessary measurement results to help the NW evaluate the serving relay UE as well as the candidate relay UEs, so that the NW can initiate the change of relay UE accordingly. Therefore, the potential new events for indirect-to-indirect path switching scenarios could also be used for the change of indirect path in multi-path scenario. Actually, the new Event Z1 has been agreed in RAN2#119bis-e meeting while Event Z2 is still under discussion in the i2i path switch topic. To support the indirect path change cases in Scenario 1, at least the newly introduced Event Z1 can be reused; for Event Z2, we can wait for the progress on i2i path switch topic.
Proposal 4: To support indirect path change cases (i.e. case G) in Scenario 1, the new Event Z1 introduced for i2i indirect path switch can be used. Wait for the progress on i2i path switch topic to see whether Event Z2 is needed or not.
For Scenario 2, we can focus on the basic path management cases including Case A and C. For the overall procedure, we can take Scenario 1 as a baseline. For the measurement aspects, since the link between the remote UE and relay UE is ideal and out of 3GPP scope, the relay selection can be up to remote UE implementation and no need to enhance the current measurement report mechanism. 
Proposal 5: To support case A and C in Scenario 2, there is no need to enhance current measurement report mechanism.
SRB1/2 configuration in scenario 1 and 2
Based on the agreements reached in the last RAN2 meeting, there are a few FFS left for SRB1/2 configuration in scenario 1 and 2. 
Agreements:
Whether SRB1/2 can be configured in different path for Scenario 1 can be discussed in normative phase.
Whether non-split SRB1/2 is allowed to be configured on indirect path for scenario 2 and whether split SRB1/2 is supported for scenario 2 can be discussed in normative work.
· Whether SRB1/2 can be configured in different path for Scenario 1
For scenario 1, it has agreed that SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both with or without duplication. The only remaining issue is whether SRB1/2 can be configured in different paths. From NW perspective, SRB1/2 configuration can be up to NW implementation, and we see no need to restrict SRB1/2 to be configured always in the same path.
Proposal 6: For scenario 1, SRB1/2 can be configured in different paths, which is up to NW configuration.
· Whether non-split SRB1/2 is allowed to be configured on indirect path for scenario 2 and whether split SRB1/2 is supported for scenario 2
For scenario 2, the following agreement on SRB1/2 configuration was reached in the last RAN2 meeting.
Agreements:
Proposal 7 (modified)	[Easy] R2 confirms that split SRB can be configured with or without duplication as a baseline, for both scenarios (assuming it is supported in scenario 2 as proposed elsewhere). Further restrictions can be discussed in normative phase.
Proposal 13.	[Easy]For scenario 2, non-split SRB1/2 is allowed to be configured on direct path.
Regarding whether spilt SRB1/2 is supported for scenario 2, RAN2 confirms that split SRB can be supported as a baseline and further restrictions can be discussed in normative phase. As agreed in RAN2#119e meeting, multi-path with relay and UE aggregation can improve the throughput and reliability/robustness. To improve the reliability/robustness, the support of spilt SRB1/2 in scenario 2 is beneficial. Thus, we suggest RAN2 confirm that split SRB1/2 is supported in scenario 2.
Proposal 7: For scenario 2, RAN2 confirms that split SRB1/2 can be configured with or without duplication.
Regarding whether non-split SRB1/2 is allowed to be configured on the indirect path for scenario 2, we think it may not be needed. Since indirect path in scenario 2 includes ideal link that is out of 3GPP scope, it seems much safer to configure non-split SRB1/2 on direct path or both, instead of only on the indirect path.  
Proposal 8: For scenario 2, non-split SRB1/2 is not allowed to be configured on the indirect path only. 
RLF handling in multi-path relaying
Regarding how to handle RLF in multi-path relaying, the following agreement was reached in last RAN2 meeting.
Agreement:
Proposal 17	[Easy] Upon detection of 3GPP-defined RLF failure in one path, remote UE (configured with MP) can report path failure via the alternative available path if SRB1 is configured on the alternative path or split SRB1 is configured. 
Based on the agreement, we can further discuss the detail about how to report path failure and whether to trigger RRC re-establishment upon detection of RLF.
For multi-path relaying in both scenario 1 and 2, upon detection of RLF on the direct path, the remote UE can report the path failure information and may also report available measurement results via the indirect path if SRB1 or split SRB1 is configured on it. The MCGFailureInformation message can be used to report the direct path failure to the gNB. The timer T316 can also be reused. Otherwise, if neither SRB1 nor split SRB1 is configured on the indirect path, the remote UE will initiate the connection re-establishment procedure as specified in TS 38.331, clause 5.3.7.
Proposal 9: For multi-path relaying in both Scenario 1 and 2, upon detection of RLF on the direct path, 
- MCGFailureInformation message can be used to report the direct path failure to the gNB via the indirect path if available. 
- The timer T316 can be reused. No need to introduce new timer.
- If neither SRB1 nor split SRB1 is configured on the indirect path, the remote UE will initiate the connection re-establishment procedure as specified in TS 38.331, clause 5.3.7.
For multi-path relaying in scenario 1, upon detection of sidelink RLF on the indirect path, the remote UE can report the path failure information via the direct path if SRB1 or split SRB1 is configured on it. The SidelinkUEInformationNR message can be used to report the indirect path failure to the gNB. 
Proposal 10: For multi-path relaying in Scenario 1, upon detection of sidelink RLF on the indirect path, SidelinkUEInformationNR message can be used to report the indirect path failure to the gNB via direct path if available. 
For multi-path relaying in scenario 2, although failure detection on UE-UE link is out of 3GPP scope and can be up to UE implementation, it is still beneficial to report the failure information to the gNB, if possible. It can help the gNB to release the indirect path timely. The detail signalling can be further discussed.
Proposal 11: For multi-path relaying in Scenario 2, the remote UE can report indirect path failure information via direct path if available. The detail signalling can be further discussed.
Regarding whether to trigger RRC re-establishment upon detection of RLF, we prefer to follow the legacy principle, that is only RLF on the PCell may trigger RRC re-establishment. In the last RAN2 meeting, it has agreed that support PCell on the direct path only when the UE is in multi-path operation for both scenario 1 and scenario 2. Thus, we think only RLF on the direct path may trigger RRC re-establishment while RLF on the indirect path will not trigger RRC re-establishment.
Proposal 12: For multi-path relaying in both Scenario 1 and 2, only RLF on the direct path may trigger RRC re-establishment while RLF on the indirect path will not trigger RRC re-establishment. 
3 Conclusion
In this contribution, we discuss several remaining issues on multi-path relaying based on the agreements reached in study phase, including path management, SRB1/2 configuration and RLF handling in scenario 1 and 2. We kindly ask RAN2 to consider the corresponding proposals listed as below.
Proposal 1: For indirect path change case in Scenario 1(i.e. Case G), a single procedure would be supported. The intra-gNB i2i path switch procedure for service continuity could be taken as a baseline.
Proposal 2: For direct path change case in Scenario 1(i.e. Case E), RAN2 confirm to use separate release-and-add procedures, and no need to support a single procedure. 
Proposal 3: For Scenario 2, the indirect path change case (i.e. case G) is not supported in this release. 
Proposal 4: To support indirect path change cases (i.e. case G) in Scenario 1, the new Event Z1 introduced for i2i indirect path switch can be used. Wait for the progress on i2i path switch topic to see whether Event Z2 is needed or not.
Proposal 5: To support case A and C in Scenario 2, there is no need to enhance current measurement report mechanism.
Proposal 6: For scenario 1, SRB1/2 can be configured in different path, which is up to NW configuration.
Proposal 7: For scenario 2, RAN2 confirms that split SRB1/2 can be configured with or without duplication.
Proposal 8: For scenario 2, non-split SRB1/2 is not allowed to be configured on the indirect path only. 
Proposal 9: For multi-path relaying in both Scenario 1 and 2, upon detection of RLF on the direct path, 
- MCGFailureInformation message can be used to report the direct path failure to the gNB via indirect path if available. 
- The timer T316 can be reused. No need to introduce new timer.
- If neither SRB1 nor split SRB1 is configured on the indirect path, the remote UE will initiate the connection re-establishment procedure as specified in TS 38.331, clause 5.3.7.
Proposal 10: For multi-path relaying in Scenario 1, upon detection of sidelink RLF on the indirect path, SidelinkUEInformationNR message can be used to report the indirect path failure to the gNB via direct path if available. 
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Proposal 12: For multi-path relaying in both Scenario 1 and 2, only RLF on the direct path may trigger RRC re-establishment while RLF on the indirect path will not trigger RRC re-establishment. 
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