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In this contribution, we discuss the remaining control plane open issues for Rel-18 multi-path operation, which are summarized based on the email discussion in [1]. 
2 Discussion
2.1 PC5 uncast link maintenance when same relay UE is involved before/after PCell change
In previous discussion [2], it is assumed the source PC5 link can be maintained for data transmission during direct path addition/change/release if the same relay UE is involved at both of source side and target side, but when and how it can be maintained has not be discussed. 
Considering only intra-gNB case is supported for MP, the same key can be used during the direct path addition/change/release procedure. In this case, it is feasible to maintain the source PC5 unicast link, and the network may use delta configuration or full configuration for the sidelink communication and SRAP configuration. 
However, the gNB may update the key during PCell change in case of direct path addition/change/release as well. For example, key refresh in case PDCP COUNT warps around, or due to {NH, NCC} update after last time path switch. In this case, if the PC5 unicast link between the remote UE and relay UE is maintained, the remote UE and network should be able to distinguish the packets with old key and new key, otherwise the wrong data will be delivered to upper layer. 
Proposal 1: Legacy key change during PCell change should be allowed in MP for security assurance.
Observation 1: In case of direct path addition/release/change, if PC5 unicast link is maintained while key changes, the remote UE and network should be able to distinguish the packets with old key and new key, otherwise the wrong data will be delivered to upper layer. 
Although there are some existing mechanisms to deal with the similar key confusion case, e.g. end marker, two RLC bearers for old key and new key, there is no sufficient time to discuss the details in the last meeting before stage 3 frozen in Rel-18. To limit the complexity, it can be left to NW implementation to avoid the key ambiguity. For instance, if key is to be updated, the remote UE should be indicated to release the PC5 unicast link and establish a new PC5 unicast with the relay UE after PCell change during direct path addition/release/change. Or the NW can configure a new local ID to the remote UE during PCell change, so that the packets using old key will be discarded by SRAP error handling.
Proposal 2: An explicit network indication should be introduced to indicate remote UE to maintain or release the PC5 unicast link with the source relay UE during the procedures of direct path addition/direct path release/direct path change without indirect path change.
2.2 The support of PC5-RRC trigger
Firstly, we would like to confirm the following WA from RAN2-123 meeting, since there is no other different behaviour between Rel-17 relay UE and Rel-18 relay UE except the PC5-RRC trigger for bringing IDLE/INACTIVE relay UE to CONNECTED state.
	Working assumption:
Rel-17 relay UEs can be considered as candidate target UEs for MP procedures.


Proposal 3: Confirm the WA Rel-17 relay UEs can be considered as candidate target UEs for MP procedures.
Based on the P3, remote UE may report the relay UEs supporting PC5-RRC trigger as well as the Rel-17 L2 U2N Relay UEs in the measurement report for indirect path addition/change. In this case, if an IDLE/INACTIVE Rel-17 relay UE is selected as the target while the RRCReconfigurationComplete is not configured on the indirect path, indirect path addition/change failure will happen. To avoid this failure case, we have two options as follows.
1. Specify a solution to differentiate the Rel-17 UE and the Rel-18 UE supporting PC5-RRC trigger in the measurement reporting. The most straightforward way is to extend the measurement results to indicate whether the candidate Relay UE can support PC5-RRC trigger, and this information is delivered by Relay UE’s discovery message, e.g. AS container.
2. Network always configures PDCP duplication for SRB1, then RRCReconfigurationComplete on the indirect path is always available. This requires the remote UE has to support split SRB and PDCP duplication if it supports using idle/inactive relay UE.
If option 2 is adopted, PC5-RRC solution will be useless and all the standard efforts spent on this solution is wasted. Therefore, we think option 1 is better. Based on option 1, the relay UE can be released to idle/inactive for power saving, and the network can configure the SRB1 on the indirect path (e.g., split SRB with duplication) if a Rel-17 IDLE/INACTIVE relay UE is selected as the target, but if the remote UE does not support split SRB1 with duplication, it can select a relay UE supporting PC5-RRC trigger.
Proposal 4: To enable network awareness of whether a candidate relay UE supports the PC5-RRC trigger or not, a relay UE can indicate the support in discovery message, e.g. in the AS container, and the remote UE can include the information in measurement results. 
In RAN2-123bis meeting, RAN2 has agreed that
	PC5-RRC trigger is used only when RRCReconfigurationComplete is not sent via indirect path (NOT to be used when the duplicated RRCReconfigurationComplete is sent via indirect path).


During the indirect path addition/change, the network may select a RRC CONNECTED relay UE or an IDLE/INACTIVE relay UE as the target. In the former case, if the SRB1 is configured on the indirect path only and remote UE does not know the RRC state of the target relay UE, the remote UE may use the PC5-RRC trigger which is unnecessary. To let remote UE aware when it needs to use PC5-RRC trigger, the following options can be considered.
1. Network indicates remote UE in the indirect path addition/change configuration.
2. Remote UE can receive the relay UE’s RRC state via the discovery message.
To us, option 1 is more reliable, and can avoid complexity on determination when/whether to send PC-RRC message taking into account of both side info from network and relay UE.
Proposal 5: Remote UE only uses the PC5-RRC trigger when relay UE is in RRC_CONNECTED state based on Network indication in the indirect path addition/change configuration.
2.3 T420-like timer handling during indirect path addition/change.
In RAN2-123bis meeting, we have the following agreement for the new T420-like timer.
	If RRCReconfigurationComplete is transmitted in indirect path, reuse R17 Legacy T420 stop condition (i.e., PC5 RLC ACK of RRCReconfigurationComplete in indirect path) for new T420-like timer. Else, down-select next meeting from the following options for the stop condition:
Option 1: PC5 connection is established (i.e., PC5-S unicast link establishment procedure is complete).
Option 2: upon reception of RRCReconfigurationCompleteSidelink.


When the RRCReconfigurationComplete is not transmitted in indirect path, i.e., SRB1 is configured on direct path only, there may be two cases for remote UE behaviour during the indirect path addition/change procedure.
Case 1. Remote UE establishes the PC5 connection with the target relay UE and sends the PC5-RRC message to trigger the relay UE when the relay UE is in IDLE/INACTIVE state.
Case 2. When the target relay UE is in RRC CONNECTED state, the remote UE establishes the PC5 connection with the relay UE if not established before, or send the RRCReconfigurationSidelink to configure the PC5 RLC channels if the PC5 connection already established.
For case 1, we prefer option 2 since the stop condition is similar to the T400 stop condition. For case 2, the PC5 connection establishment can be ahead of the T420-like staring point, i.e., option 1 is no applicable, thus we also prefer to use option 2. In this case, we can have a unified UE behaviour if SRB1 with duplication is not configured. 
Observation 2: Option 1 is not applicable to CONNECTED relay UE case, while option 2 can be used for both CONNECTED relay case and IDLE/INACTIVE relay case when SRB1 with duplication is not configured.
Proposal 6: Adopt option 2 for CONNECTED relay and IDLE/INACTIVE relay with PC5-RRC trigger, i.e. If RRCReconfigurationComplete is not transmitted in indirect path, the stop condition for the new T420-like timer should be upon reception of RRCReconfigurationCompleteSidelink.
When coming into scenario 2, Non-3GPP connection is assumed to be available already before MP configuration. RAN2 supposed not to define any inter-action on the non-3GPP connection, so top condition is hard to specify during the indirect path addition/change.
Proposal 7: T420-like timer is not needed for scenario 2.
2.4 Indirect path failure handling
For indirect path failure handling, we have the following open issues:
	Issue#4-2. For indirect path failure reporting, which failure type can be included;
Issue#4-3. For indirect path failure reporting, whether available relay info/measurement results can be include.
Issue#5. Editor’s Note: FFS how to handle relayUE-HO. (Scenario 1 only)


The remote UE in MP may report the indirect path failure in the following cases:
· Detect the PC5-RLF
· Receiving the notification message from the connected relay UE which indicates the Uu RLF, handover, RRC  failure of the relay UE
· Indirect path addition/ change failure happens if T420 expiry or relay UE’s cell change
Therefore, the following failure type can be contained in the indirect path failure reporting.
· IndirectPathAddChangeFailure
· Uu failure including Uu RLF/Uu handover/Uu RRC failure
· PC5-RLF
If there are other cases identified as indirect path failure, we can add an indirect path failure as the failure type.
Proposal 8: the following failure type can be included in the indirect path failure reporting: IndirectPathAddChangeFailure, Uu failure including Uu RLF/Uu handover/Uu RRC failure, PC5-RLF, and indirect path failure to indicate the other cases if needed.
Reusing the mechanism in DC, the relay UE measurement report results can be included in the indirect path failure reporting.
Proposal 9: Available relay UE measurement report results can be included in the indirect path failure reporting.
Considering the relay UE handover case above. In previous meetings, there were different views on how to handle indirect path configuration at remote UE. One view is to relay on network to release the indirect path configuration at the remote UE before relay UE handover. In this case there is no extra effort required by the remote UE to handle this case. The other view is that relay UE can release the PC5 unicast link or send notification message to inform remote UE with the relay UE HO in a the same way defined in Rel-17. Upon receiving the notification message, the remote UE can suspend indirect link transmission similar to indirect path failure case. 
From network perspective, the former method is based on the network implementation but may introduce HO delay, since the indirect-path release/change has to be performed before the relay UE’s handover. In this sense, we think the latter method should be adopted as well. And this mechanism can be reused in scenario 2 as well.
Proposal 10: In case of urgent HO for relay UE, gNB may not release the indirect configuration at remote UE before relay UE handover, in this case the relay UE can release the PC5 unicast link or send notification as in Rel-17, and then the remote UE shall suspend the indirect path transmission.

2.5 Clarification on how to use idle/inactive relay UE in scenario 2
In previous meetings, we have the following agreements for scenario 2:
	RAN2-123 meeting agreement:
For Scenario 2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure. 
RAN2-123bis meeting agreement:
Reporting of idle/inactive relay UEs is not supported in Rel-18.


It means the IDLE/ INACTIVE relay UE can be used for the indirect path of MP in scenario 2. Remote UE can trigger the IDLE/ INACTIVE relay UE into CONNECTED by UE implementation before reporting. However, the current spec does not capture how to use the IDLE/ INACTIVE relay UE in scenario 2.
Observation 3: The agreement “For Scenario 2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure” is not captured in stage-2 CR and RRC CR.
To capture the use of IDLE/ INACTIVE relay UE in scenario 2, the following sentence can be contained in the stage-2 running CR [3]. 
· “If the MP Relay UE is in RRC_IDLE or RRC_INACTIVE, the Remote UE can trigger the MP Relay UE into RRC_CONNECTED by implementation and then report.”
Proposal 11: Capture the agreement “For Scenario 2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure” into stage-2 spec, e.g. add the description “If the MP Relay UE is in RRC_IDLE or RRC_INACTIVE, the Remote UE can trigger the MP Relay UE into RRC_CONNECTED by implementation and then report.” in stage 2 CR.
1. Conclusion
Based on above discussion, we have the following proposals and observations. 
Observation 1: In case of direct path addition/release/change, if PC5 unicast link is maintained while key changes, the remote UE and network should be able to distinguish the packets with old key and new key, otherwise the wrong data will be delivered to upper layer. 
Observation 2: Option 1 is not applicable to CONNECTED relay UE case, while option 2 can be used for both CONNECTED relay case and IDLE/INACTIVE relay case when SRB1 with duplication is not configured.
Observation 3: The agreement “For Scenario 2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure” is not captured in stage-2 CR and RRC CR.
Proposal 1: Legacy key change during PCell change should be allowed in MP for security assurance.
Proposal 2: An explicit network indication should be introduced to indicate remote UE to maintain or release the PC5 unicast link with the source relay UE during the procedures of direct path addition/direct path release/direct path change without indirect path change.
Proposal 3: Confirm the WA Rel-17 relay UEs can be considered as candidate target UEs for MP procedures.
Proposal 4: To enable network awareness of whether a candidate relay UE supports the PC5-RRC trigger or not, a relay UE can indicate the support in discovery message, e.g. in the AS container, and the remote UE can include the information in measurement results. 
Proposal 5: Remote UE only uses the PC5-RRC trigger when relay UE is in RRC_CONNECTED state based on Network indication in the indirect path addition/change configuration.
Proposal 6: Adopt option 2 for CONNECTED relay and IDLE/INACTIVE relay with PC5-RRC trigger, i.e. If RRCReconfigurationComplete is not transmitted in indirect path, the stop condition for the new T420-like timer should be upon reception of RRCReconfigurationCompleteSidelink.
Proposal 7: T420-like timer is not needed for scenario 2.
Proposal 8: the following failure type can be included in the indirect path failure reporting: IndirectPathAddChangeFailure, Uu failure including Uu RLF/Uu handover/Uu RRC failure, PC5-RLF, and indirect path failure to indicate the other cases if needed.
Proposal 9: Available relay UE measurement report results can be included in the indirect path failure reporting.
Proposal 10: In case of urgent HO for relay UE, gNB may not release the indirect configuration at remote UE before relay UE handover, in this case the relay UE can release the PC5 unicast link or send notification as in Rel-17, and then the remote UE shall suspend the indirect path transmission.
Proposal 11: Capture the agreement “For Scenario 2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure” into stage-2 spec, e.g. add the description “If the MP Relay UE is in RRC_IDLE or RRC_INACTIVE, the Remote UE can trigger the MP Relay UE into RRC_CONNECTED by implementation and then report.” in stage 2 CR.
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