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1 Introduction
In last few RAN2 meetings, multi-path relaying related issues have been widely discussed and much progress has been made. However, there are still some open issues and stage-3 details left for further discussion, for both scenarios 1 and 2. 
In this contribution, we would like to share our opinions on the following control plane remaining issues based on the agreements reached in previous RAN2 meetings.
· RLF handling in scenario 1 and 2
· PC5-RRC message to bring idle/inactive relay UE to connected in scenario 1
· Measurement aspects for path management in multi-path relaying in scenario 1 and 2
2 Discussion
RLF handling in multi-path relaying
Regarding RLF handing in multi-path relaying, several agreements were reached in previous RAN2 meetings, but there remain some open issues that may need further discussion.
· Direct path failure (i.e. Uu-RLF) handling
Regarding how to handle direct path failure in multi-path relaying, the following agreement and assumption were reached in previous RAN2 meetings.
Agreement:
For Scenario-1/2, when reporting direct-path failure via indirect-path, use MCGFailureInformation message. FFS on whether additional IE needs to be introduced.
For Scenario-1/2, if MCGFailureInformation is agreed for direct path failure recovery in P5, reuse T316 timer for the direct path failure recovery.
For scenario 1, primary path of the split SRB1 and SRB2 is always configured on direct path. And UE switches the primary path to the indirect path for reporting after direct path failure, and this switching is limited to the case where duplication is not configured as in legacy.
Whether addition IE for indicating the direct path failure is needed or not might depend on whether MCGFailureInformation message is reused for indirect path failure reporting. Thus, this open issue could be pending for the final decision on indirect path failure reporting or left for stage-3 CR discussion. 
Another open issue may need to be addressed is whether additional information such as measurement result, OOC indication, buffer information, can be included in MCGFailureInformation message when reporting the direct path failure. In our opinion, at least measurement result reporting need some enhancements. Based on the legacy message, the UE includes in the MCGFailureInformation message the measurement results available according to current measurement configuration of both the MN and the SN, which doesn’t include the PC5 measurement results. For multi-path scenario 1, we think the PC5 measurement results of the serving relay and also potential candidate relay(s) are useful to provide the gNB  with the latest indirect path quality information for gNB further decision. For direct path failure reporting in scenario 2, no new measurement result is needed to be included in MCGFailureInformation message since the UE-to-UE link is out of 3GPP scope.
Proposal 1: For Scenario 1, the UE could include in the MCGFailureInformation message the measurement results available according to current measurement configuration of serving relay and candidate relay(s) when reporting the direct path failure.
· In case of indirect path failure, which message to be used
Regarding indirect path failure, RAN2 has no consensus on which message to be used for failure reporting upon indirect path failure. 
For scenario 1 and 2, the following options are on the table.
· indirect path failure is reported via the MCGFailureInformation message
· indirect path failure is reported via the SidelinkUEInformationNR message
· indirect path failure is reported via the UEAssistanceInformation message
· indirect path failure is reported via a new message
Technically, we think all these candidate options can work well with limited spec impact. Considering scenario 1 and 2 are both for multi-path relaying, to use the same message for both scenarios could have a more aligned procedure. Furthermore, RAN2 has confirmed the assumption that MP remote UE is configured with a single cell group in last RAN2 meeting. To align the indirect path reporting procedure, we prefer to use the MCGFailureInformation message in both scenarios. 
Proposal 2: For multi-path relaying in scenario 1 and 2, MCGFailureInformation message can be used to report the indirect path failure. 
If MCGFailureInformation message is used, additional failure indication might be needed to distinguish the failure of direct path or indirect path. Similarly, additional information could be included in MCGFailureInformation message when reporting the indirect path failure. For multi-path scenario 1, we think the latest PC5 measurement results of the serving relay and candidate relay(s) are useful for the gNB’s further decision. For indirect path failure reporting in scenario 2, candidate relay information such as candidate relay ID can to be included in MCGFailureInformation message in case to recover the indirect path.
Proposal 3: If MCGFailureInformation message is agreed for indirect path failure reporting in scenario 1 and 2, additional failure indication might be needed to distinguish the failure of direct path or indirect path.
Proposal 4: For Scenario 1, the UE could include in the MCGFailureInformation message the measurement results available according to current measurement configuration of serving relay and candidate relay(s) when reporting the indirect path failure.
Proposal 5: For Scenario 2, the UE could include candidate relay ID in the MCGFailureInformation message for indirect path recovery.
 PC5-RRC message to bring idle/inactive relay UE to connected
In previous RAN2 meeting, the issue on how to trigger idle/inactive relay UE into connected in indirect path addition or change case in scenario 1has been discussed and the following agreements were reached.
Agreements:
For bringing the idle/inactive relay UE to RRC_CONNECTED, the legacy Rel-17 behaviour (Alt 1 in the proposal) is not disabled for indirect path addition when split SRB1 is configured.  A PC5-RRC trigger is specified at least for other cases.
Based on the above agreements, the legacy Rel-17 behaviour of sending the RRCReconfigurationComplete message on the indirect path and/or a new PC5-RRC trigger could be used. Since it is the gNB that select the target relay UE and the gNB is aware of the RRC state of the relay UE, whether to use the legacy way or PC5-RRC trigger is clear from gNB side. However, it remains unclear in which case or on what condition for the remote UE to use PC5-RRC trigger method. There might be the following two options to make the remote UE behaviour clear.
· Option 1: rely on the configuration of SRB1
· Option 2: introduce additional indication for PC5-RRC trigger
For option 1, whether to send the PC5-RRC message for bringing idle/inactive relay UE to connected mode is up to the configuration of SRB1. If no SRB1 is configured on indirect path, the remote UE could not send the RRCReconfigurationComplete message on the indirect path. Then the remote UE shall send PC5-RRC message in order to bring the relay UE to connected mode. Based on option 1, the following cases are listed in Table.1. 
Table.1 SRB1 configuration and remote UE behaviour in Option 1
	
	Relay UE in
RRC_IDLE/RRC_INACTIVE
	Relay UE in RRC_CONNECTED

	SRB1 configuration on direct/indirect path
	Direct + indirect
	Direct path
	Direct + indirect
	Direct path

	Remote UE behaviour
(whether to send PC5-RRC message)
	No
	Yes
	No
	Yes


As listed above, for the relay UE in RRC connected mode case, if the gNB only configures SRB1 on the direct path, the remote UE will send the PC5-RRC message to the relay UE even if it is actually not needed, which also brings unnecessary signalling overhead and sidelink resource waste. Otherwise, the gNB shall always configure SRB1 on indirect path if the relay UE is in RRC_CONNECTED mode, which also restricts the gNB implementation. To solve this issue, we can introduce additional indication for PC5-RRC trigger in RRCReconfiguration message, which can explicitly indicate whether the remote UE shall send the PC5-RRC message to the relay UE for bringing it to connected mode.
Proposal 6: For Scenario 1, introduce an additional indication for PC5-RRC trigger to indicate whether the remote UE shall send the PC5-RRC message to the relay UE for bringing it to RRC_CONNECTED.
Measurement aspects for path management in multi-path relaying
Since RAN2 has not yet discussed measurement aspects for path management in multi-path relaying, we think it is better to further check whether the current measurement events/conditions that can be applied to path addition/change/removal in multi-path scenarios.
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. As listed in the table below, we can analyse the potential spec impact, such as whether new event is needed case by case.
Table 2 Path management cases and potential spec impact in Scenario 1
	Function
	Path management case
	Criteria
	Potential spec impact

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

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

	Path modification
	Change indirect path
	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.
FFS for Event Z2 in multi-path

	
	Change direct path

	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
	Serving Relay RSRP < threshold
	Event X2 can be reused.
No spec impact.

	
	Release direct path
	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 new Event Z1 for indirect-to-indirect path switching scenarios could also be used for the change of indirect path in multi-path scenario. For Event Z2 (Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE), RAN2 agreed that any operation based on direct comparison between the SD-RSRP and SL-RSRP measured at the Remote UE side is not supported in Rel-18. For multi-path relaying, the same principle could be applied, so there is no need to introduce Event Z2.
Proposal 7: To support indirect path change cases in Scenario 1, the new Event Z1 introduced for i2i indirect path switch can be used. No need to introduce Event Z2 for multi-path relaying.
For Scenario 2, since the link between the remote UE and relay UE is ideal and out of 3GPP scope, the relay selection or reselection can be up to remote UE implementation and no need to enhance the current measurement report mechanism. 
Proposal 8: To support path management in Scenario 2, there is no need to enhance current measurement report mechanism.
3 Conclusion
In this contribution, we discuss several remaining issues on multi-path relaying based on the agreements reached in previous RAN2 meetings. We kindly ask RAN2 to consider the corresponding proposals listed as below.
Proposal 1: For Scenario 1, the UE could include in the MCGFailureInformation message the measurement results available according to current measurement configuration of serving relay and candidate relay(s) when reporting the direct path failure.
Proposal 2: For multi-path relaying in scenario 1 and 2, MCGFailureInformation message can be used to report the indirect path failure. 
Proposal 3: If MCGFailureInformation message is agreed for indirect path failure reporting in scenario 1 and 2, additional failure indication might be needed to distinguish the failure of direct path or indirect path.
Proposal 4: For Scenario 1, the UE could include in the MCGFailureInformation message the measurement results available according to current measurement configuration of serving relay and candidate relay(s) when reporting the indirect path failure.
Proposal 5: For Scenario 2, the UE could include candidate relay ID in the MCGFailureInformation message for indirect path recovery.
Proposal 6: For Scenario 1, introduce an additional indication for PC5-RRC trigger to indicate whether the remote UE shall send the PC5-RRC message to the relay UE for bringing it to RRC_CONNECTED.
Proposal 7: To support indirect path change cases in Scenario 1, the new Event Z1 introduced for i2i indirect path switch can be used. No need to introduce Event Z2 for multi-path relaying.
Proposal 8: To support path management in Scenario 2, there is no need to enhance current measurement report mechanism.
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