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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the control plane procedure of multi-path relay
Issues not covered by POST-407
Issue-1: detailed path switch procedure
In 121, the following conclusion was reached
Agreements:
As a baseline, direct path addition for multi-path is a path switch procedure in which the target configuration contains both paths.
Upon direct path addition for multi-path, one of the serving cells of the added direct path is configured as PCell for the remote UE.
In R17, path switching procedure was implemented via reconfiguration-with-sync, with a new flag of path switching
ReconfigurationWithSync ::=         SEQUENCE {
    spCellConfigCommon                  ServingCellConfigCommon                                     OPTIONAL,   -- Need M
    newUE-Identity                      RNTI-Value,
    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
    rach-ConfigDedicated                CHOICE {
        uplink                              RACH-ConfigDedicated,
        supplementaryUplink                 RACH-ConfigDedicated
    }                                                                                               OPTIONAL,   -- Need N
    ...,
    [[
    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S
    ]],
    [[
    daps-UplinkPowerConfig-r16      DAPS-UplinkPowerConfig-r16                                      OPTIONAL    -- Need N
    ]],
    [[
    sl-PathSwitchConfig-r17         SL-PathSwitchConfig-r17                                         OPTIONAL    -- Cond DirectToIndirect-PathSwitch
    ]]
}

We understand that is NOT the ‘path switch procedure’ approach mentioned in 121 agreement, since sl-PathSwitchConfig-r17 is used for D2I case, while I2D case was handled as reconfiguration-with-sync. Furthermore, a similar procedure can be used to handle direct-path-addition (Case-B) and direct-path-change case (Case-E).
[bookmark: _Toc146879458]For scenario-1, RAN2 clarifies that direct-path-addition (Case-B) and direct-path-change (Case-E), are handled as reconfiguration-with-sync procedures with indirect path included in sl-IndirectPathAddChange. 
While for direct-path-release (Case-D), it should be handled as R17 D2I path-switching procedure, since PCell is to be relocated to the indirect path. 
[bookmark: _Toc146879459]For scenario-1, RAN2 clarify direct-path-release (Case-D) is handled as a R17 D2I path-switching procedure with indirect path released in sl-IndirectPathAddChange but included in sl-PathSwitchConfig. 
Issue-2: Whether PC5 unicast link can be maintained during direct path addition/release/change
One issue related to direct path add/change been raised in offline discussion is whether the indirect path need to be released in some cases, the concerns are: 1) Key change; 2) Switch some bearers from indirect path to direct path (i.e., remove some RLC channel at the relay UE);
For the 2 concerned cases, for the key change issue, since we only consider intra-gNB MP, the key change is not a necessary procedure, i.e., network implementation can avoid this.
[bookmark: _Toc146808153]Key updating is not a critical issue in intra-gNB path switching.
Then even if the key is changed, and at the same time there are some radio bearers switched from indirect-path to direct-path, for the concern on “how to differentiate the packets using old key/path and the ones using new configurations”, since all the configurations/bearers are under network’s control, i.e., the network can identify the changes based on its implementation, for example, the packets using new/old key can be mapped to different RLC channels.
[bookmark: _Toc146808154]Network can identify the changes via other method (other than RLC re-establishment), e.g., the packets using new/old key can be mapped to different RLC channels.
[bookmark: _Toc146879460]For scenario-1, PC5 unicast link can be maintained during direct path addition/release/change without indirect path change procedures.
Issue-3: When to release the PC5 link upon indirect path release
For the left issue on when to release the PC5-RRC connection if the indirect-path is released, i.e., immediately release upon receiving the indirect-path release command or it can be up to UE implementation, i.e. after the buffered data on indirect link is transmitted. This is not a new issue in MP Relay, in R17 single path case, for I2D path switch, the situation is the same, and the PC5-RRC connection with the relay UE is released immediately.
	1> [bookmark: _Toc139045007]5.3.5.5.2	Reconfiguration with sync
The UE shall perform the following actions to execute a reconfiguration with sync.
…
1>	else (sl-PathSwitchConfig is not included):
....
2>	if the UE is acting as L2 U2N Remote UE at the source side:
3>	indicate upper layer to trigger PC5 unicast link release.


[bookmark: _Toc146808155]In R17 U2N Relay I2D path change, the PC5 unicast link is released immediately upon indirect path release command reception.
[bookmark: _Toc146879461]In R18 MP, for scenario-1, the remote UE release the PC5 link with the relay UE upon the reception of indirect path release command immediately.
Issue-3: RLF Handling
In 122, it was agreed that
For Scenario-1/2, not pursue remote UE notifying network upon reception of notification message indicating relay UE handover. FFS whether rely on network to release configuration of relay UE at remote UE before relay UE handover, or rely on remote UE to suspend the indirect path upon reception of notification message indicating relay UE handover.
For the handover case, 
1) In Rel-17, since it is limited to single-path case, when the remote UE is in RRC_IDLE / RRC_INACTIVE, it has to rely on the indication of relay UE to handle the abnormal case. While if the remote UE is in RRC_CONNECTED, the network can easily handle the issue by reconfiguring the remote UE before the handover of relay UE. 
2) In Rel-18, for multi-path relay, it is limited to RRC_CONNECTED remote UE, so we can fully rely on the network to handle the case, and thus no need to treat handover-of-relay as an abnormal case anymore.
[bookmark: _Toc146879462]For scenario-1, for the relay UE handover case, rely on network to release configuration of relay UE at remote UE before relay UE handover. R2 not pursue remote UE suspending the indirect path upon reception of notification message indicating relay UE handover.
122 meeting agreed that
For Scenario-1/2, when reporting direct-path failure via indirect-path, use MCGFailureInformation message. FFS on whether additional IE needs to be introduced.
In the current MFI message, the following information can be delivered
    failureType-r16                   ENUMERATED {t310-Expiry, randomAccessProblem, rlc-MaxNumRetx,
                                                         t312-Expiry-r16, lbt-Failure-r16, beamFailureRecoveryFailure-r16,
                                         bh-RLF-r16, spare1}                                                                            OPTIONAL,
It is sufficient to reuse the current failureType-r16.
[bookmark: _Toc146879463]For Scenario-1/2, when reporting direct-path failure via indirect-path via MFI message, no need to introduce additional IE. 
122 failed to reach conclusion for the following issue
[R2 discuss] Proposal 6	For Scenario-1/2, when reporting indirect-path failure via direct-path, R2 discuss which message to use, e.g., MCGFailureInformation, or SidelinkUEInformationNR. FFS on whether additional IE needs to be introduced if legacy message is adopted.

Discussion:
LG are OK with the proposal, and think we should agree as early as possible, to allow for analysis of whether new IEs are needed in the message.
InterDigital think this is a stage 3 issue and the main thing is what information is needed.
Qualcomm are not sure the SIdelinkUEInformationNR makes sense for scenario 2.  They think MeasurementReport might be a candidate for scenario 2.
OPPO think if it is a matter of taste, we could skip for now.
vivo would prefer to use the same procedure for both scenarios, and in light of the previous WA, they think we could go with MCGFailureInformation.  Xiaomi agree.
Qualcomm think the gNB might not be able to distinguish from an MCGFailureInformation which path failed.  They foresee different UE behaviour for the two cases.
OPPO indicate that in the email discussion, more companies preferred SidelinkUEInformationNR, but this may have been more for scenario 1.  They think MCGFailureInformation is more oriented to the Uu link and SidelinkUEInformationNR to the indirect path.
Huawei think SidelinkUEInformationNR is more suitable at least for scenario 1.
Apple agree with Huawei, and they think we will need a new message for scenario 2.
Ericsson see this as a stage 3 detail.
Nokia would prefer to keep the proposal even though it looks a bit stage 3.
LG tend to think a new message may make sense for both scenarios.
Firstly, for scenario-1, based on the current spec, UE has to initiate SUI message anyway when there is a failure on sidelink. There seems no reason / benefit to differentiate between SRB1-configured and SRB1-not-configured cases, but just constraint that UE has to use different message to report failure on status on relay-related sidelink, when it comes to normal information and failure information, although both exist in the same message. 
SL-TxResourceReqL2U2N-Relay-r17 ::=    SEQUENCE {
    sl-DestinationIdentityL2U2N-r17        SL-DestinationIdentity-r16                                                 OPTIONAL,
    sl-TxInterestedFreqListL2U2N-r17       SL-TxInterestedFreqList-r16,
    sl-TypeTxSyncListL2U2N-r17             SEQUENCE (SIZE (1..maxNrofFreqSL-r16)) OF SL-TypeTxSync-r16,
    sl-LocalID-Request-r17                 ENUMERATED {true}                                                          OPTIONAL,
    sl-PagingIdentityRemoteUE-r17          SL-PagingIdentityRemoteUE-r17                                              OPTIONAL,
    sl-CapabilityInformationSidelink-r17   OCTET STRING                                                               OPTIONAL,
    ...
}

SidelinkUEInformationNR-r16-IEs ::=    SEQUENCE {
    sl-RxInterestedFreqList-r16            SL-InterestedFreqList-r16           OPTIONAL,
    sl-TxResourceReqList-r16               SL-TxResourceReqList-r16            OPTIONAL,
    sl-FailureList-r16                     SL-FailureList-r16                  OPTIONAL,
    lateNonCriticalExtension               OCTET STRING                        OPTIONAL,
    nonCriticalExtension                   SidelinkUEInformationNR-v1700-IEs   OPTIONAL
}
[bookmark: _Toc146879464]For Scenario-1, when reporting indirect-path failure via direct-path, use SidelinkUEInformationNR, without introducing new IEs.
While for Scen-2, since it has been agreed that
WA: For scenario 2, remote-UE reports the RRC_CONNECTED relay-UE C-RNTI and serving cell ID (e.g., NCGI) for indirect path addition.
It is motivated to use a same new message to report the establishment and failure of ideal link.
[bookmark: _Toc146879465][bookmark: _Toc124511482][bookmark: _Toc124511483][bookmark: _Toc124511484][bookmark: _Toc124511485][bookmark: _Toc124511486][bookmark: _Toc124511502][bookmark: _Toc124511503][bookmark: _Toc124511504][bookmark: _Toc124511505][bookmark: _Toc124511506][bookmark: _Toc124511507][bookmark: _Toc124511508][bookmark: _Toc124511509][bookmark: _Toc124511510][bookmark: _Toc124511511][bookmark: _Toc124511512][bookmark: _Toc124511513][bookmark: _Toc124511514][bookmark: _Toc124511515][bookmark: _Toc124511516][bookmark: _Toc124511517][bookmark: _Toc124511518][bookmark: _Toc124511519][bookmark: _Toc124511520][bookmark: _Toc124511521][bookmark: _Toc124511522][bookmark: _Toc124511523][bookmark: _Toc124511524][bookmark: _Toc124511525][bookmark: _Toc124511526][bookmark: _Toc124511527][bookmark: _Toc124511528][bookmark: _Toc124511529][bookmark: _Toc124511530]For Scenario-2, when reporting indirect-path failure/establishment via direct-path, use the same new message.
Issues covered by POST-407
Issue-1: Direct-path change/add
In 122 meeting, the following agreement has been reached
Agreements:
For Scenario-1, use T304-like timer for direct path addition and change. FFS on expiry behavior.
For Scenario-1, use T420-like timer for indirect path addition and change. FFS on stop condition and expiry behavior.
FFS if these two timers are new or reuse the existing timers.
For the FFS point on expiry behavior of T304 like timer, in legacy, RRC re-establishment is performed
	T304
	Upon reception of RRCReconfiguration message including reconfigurationWithSync for the MCG which does not include sl-PathSwitchConfig, or upon reception of RRCReconfiguration message including reconfigurationWithSync for the SCG not indicated as deactivated in the NR or E-UTRA message containing the RRCReconfiguration message or upon conditional reconfiguration execution i.e. when applying a stored RRCReconfiguration message including reconfigurationWithSync.
	Upon successful completion of random access on the corresponding SpCell
For T304 of SCG, upon SCG release
	For T304 of MCG, in case of the handover from NR or intra-NR handover, or path switch from a L2 U2N Relay UE to a NR cell, initiate the RRC re-establishment procedure; In case of handover to NR, perform the actions defined in the specifications applicable for the source RAT. If any DAPS bearer is configured and if there is no RLF in source PCell, initiate the failure information procedure.

For T304 of SCG, inform network about the reconfiguration with sync failure by initiating the SCG failure information procedure as specified in 5.7.3.


In case of MP-Relay, it is possible to rely on a failure information report instead of RRC re-establishment to avoid service interruption. Considering the existing R2 agreement. Similar to the RLF case, if the condition for failure report does not hold, RRC Re-establishment is initiated with the additional part of configuration fallback.
In case of Uu-RLF, at least for split SRB1, if SRB1 is available on indirect path not suspended, trigger report to network via indirect path to report the failure via a RRC message. Otherwise, RRC Re-establishment is initiated.
[bookmark: _Toc146879466]In case of T304-like timer expiry (during direct path addition and change), UE fallback to prior configuration and RRC Re-establishment is initiated if 1) T316 is not configured or configured but expired, or 2) split SRB1 on indirect path is suspended. Otherwise, UE report the MFI via indirect path.
For the information to be included in the MFI, the motivation of including some information is for the network to differentiate the different cases that trigger MFI. While the different cases can already be identified by the network according to the different scenarios, i.e., whether the direct path change/add is being performed.
[bookmark: _Toc146879467]No additional IE in MFI is needed for the direct path add/change failure.
Issue-2: The handling of IDLE/INACTIVE Relay UE
The first issue for IDLE/INACTIVE Relay UE is whether there is a need to handle the cell change of the target relay UE during the indirect path change/add procedure. The concerned scenario here is the remote UE with a stable direct connection with the network and a target relay UE changes its serving cell before T420-like timer expires. The maximum value of T420 is 10s, so it is very rare case that the relay UE changes its serving cell and the remote UE (low mobility) can establish PC5 link successfully with the relay UE, thus no need for special avoiding behavior, and if it happens, it can be handled as T420 timer expiry, nothing special for this case is needed.
[bookmark: _Toc146879468]The cell change of target L2 MP Relay UE during the indirect path change/add procedure is handled as T420 expiry, nothing specific for this case is needed. 
Then, for the PC5-RRC message to bring an IDLE/INACTIVE Relay UE into RRC CONNECTED, there is a discussion on whether the RRC state should be indicated to the remote UE explicitly when using the PC5-RRC message, considering PC5-RRC message can only be used if the split-SRB1 is not configured, the concerned signalling overhead is just for the case when split-SRB1 is not configured and the target relay UE is in RRC CONNECTED, which is not critical. And since the network can know whether the candidate relay UE is in RRC CONNECTED or not, so network implementation can always configure split-SRB1 if a target relay UE is in RRC CONNECTED.
If there is a preference on handling this case, the RRC signaling from network to indicate whether the PC5-RRC signaling can be used is enough.
[bookmark: _Toc146808156]The PC5-RRC message to a RRC CONNECTED Relay UE can be avoided by configuring split-SRB1, with or without additional configuration.
[bookmark: _Toc146879469]R2 not pursue indicating target relay UE’s RRC state to the remote UE explicitly via Uu-RRC or PC5-RRC. 
And for the capability of relay UE on supporting the new PC5-RRC message. 
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.
FFS if a Rel-17 relay UE is supported for use with multi-path and how the above agreement is reflected in such a case.
When a remote UE identifies a relay candidate, there are two ways to handle it
One way is regardless of whether the relay UE is Rel-17 or Rel-18 UE, the network would assume the worse case, i.e., it is a legacy Rel-17 UE, and thus split-SRB1 is needed, in order to trigger it into RRC_CONNECTED state. Yet still network has the opportunity for using PC5-RRC based method, e.g., for RRC_INACTIVE Relay, when the target network has the context of it. 
The other way is first to figure out whether the relay UE is Rel-17 or Rel-18 UE and adopt different solutions, e.g., if it is Rel-17 UEs, the network may reject the switching operation, or configure split-SRB1, but no restriction on switching or SRB1 configuration if it is Rel-18 UE. 
Then it means solution-2 above would come with a solution for remote UE to identify the relay UE releases before PC5 link establishment, and report it to the network for awareness. We tend to believe this is an optimization to motivate another optimization (PC5-RRC based method), and would lead to a security risk that exposing UE capability which requires SA3 confirmation, so not preferred. 
[bookmark: _Toc146879470]For bringing the idle/inactive relay UE to RRC_CONNECTED, RAN2 not pursue a solution where candidate relay UE indicates its release-version or capability to remote UE before PC5 link establishment. 
Issue-3: T420-like timer
For the FFS point on stop condition of T420-like timer, in legacy, 
	T420
	Upon reception of the RRCReconfiguration message including sl-PathSwitchConfig
	Upon successfully sending RRCReconfigurationComplete message (i.e., PC5 RLC acknowledgement is received from target L2 U2N Relay UE)
	Perform the RRC re-establishment procedure as specified in 5.3.7.


Since SRB1 may not be configured at indirect path, additional stop conditions need to be considered. In legacy, the stop condition is defined by SRB1 message delivery success. Without SRB1, the condition can be defined to be an earlier event, e.g., upon PC5-RRC connection establishment, i.e., after the completion of PC5-S message exchange.
For the option of Relay UE is successfully connected to the gNB, currently the remote UE cannot know whether/when the relay UE is connected to the gNB and in R17 single path scenario, the stop condition is also not related to relay UE’s RRC connection state. So the consideration of relay UE’s RRC state is just optimization.
[bookmark: _Toc146879471]T420-like timer, for indirect path addition and change, can be stopped upon PC5-RRC connection establishment, i.e., upon reception of DCA message, if SRB1 is not configured on indirect path. 
For the FFS point on expiry behavior of T420-like timer, in legacy
	T420
	Upon reception of the RRCReconfiguration message including sl-PathSwitchConfig
	Upon successfully sending RRCReconfigurationComplete message (i.e., PC5 RLC acknowledgement is received from target L2 U2N Relay UE)
	Perform the RRC re-establishment procedure as specified in 5.3.7.


[bookmark: _Hlk146273599]Since the issue is quite similar to T304, while the only difference is for the fallback to prior path operation. It is only useful for direct path failure, since as in Uu, only T304 expiry of MCG leads to configuration reverting, but not by T304 expiry of SCG, because SCG configuration would anyway be released upon RRC re-establishment, but only the configuration used for PCell matters for RRC re-establishment.
[bookmark: _Toc146808157]In legacy, only T304 expiry of MCG leads to configuration reverting, but not by T304 expiry of SCG.
Similarly, in MP Relay, if RRCReestablishment is triggered, indirect path configuration would be released anyway upon RRCReestablishment initiation, reverting configuration or not would not change the PCell configuration to be used for RRC re-establishment.
[bookmark: _Hlk146790317]Besides, in indirect path change scenario, according to current specification, the old PC5 link with the source relay UE is released by remote UE upon the reception of path switch command, which means it is not feasible to fallback to the previous configuration.
[bookmark: _Toc146808158]It is not feasible to fallback to the previous configuration in indirect path change failure case since the old PC5 link with the source relay UE is released by remote UE upon the reception of path switch command.
[bookmark: _Toc146879472]Not pursue fallback to previous indirect-path configuration in case T420-like timer expires.
For the report of path switch failure to the network, similar proposal as follows.
[bookmark: _Toc146879473]In case of T420-like timer expiry (during indirect path addition and change), if SRB1 on direct path is not suspended, trigger report to network via direct path to report the failure via a RRC message, otherwise RRC Reestablishment is triggered.
 For the additional IE to be included in the report, similar to T304 case, no additional ID is needed
[bookmark: _Toc146879474]No additional IE in report to network is needed for the indirect path add/change failure.
Conclusion
We have the following observations:
Observation 1	Key updating is not a critical issue in intra-gNB path switching.	
Observation 2	Network can identify the changes via other method (other than RLC re-establishment), e.g., the packets using new/old key can be mapped to different RLC channels.	
Observation 3	In R17 U2N Relay I2D path change, the PC5 unicast link is released immediately upon indirect path release command reception.	
Observation 4	The PC5-RRC message to a RRC CONNECTED Relay UE can be avoided by configuring split-SRB1, with or without additional configuration.	
Observation 5	In legacy, only T304 expiry of MCG leads to configuration reverting, but not by T304 expiry of SCG.	
Observation 6	It is not feasible to fallback to the previous configuration in indirect path change failure case since the old PC5 link with the source relay UE is released by remote UE upon the reception of path switch command.	

We have the following proposals:
Proposal 1	For scenario-1, RAN2 clarifies that direct-path-addition (Case-B) and direct-path-change (Case-E), are handled as reconfiguration-with-sync procedures with indirect path included in sl-IndirectPathAddChange.
Proposal 2	For scenario-1, RAN2 clarify direct-path-release (Case-D) is handled as a R17 D2I path-switching procedure with indirect path released in sl-IndirectPathAddChange but included in sl-PathSwitchConfig.
Proposal 3	For scenario-1, PC5 unicast link can be maintained during direct path addition/release/change without indirect path change procedures.
Proposal 4	In R18 MP, for scenario-1, the remote UE release the PC5 link with the relay UE upon the reception of indirect path release command immediately.
Proposal 5	For scenario-1, for the relay UE handover case, rely on network to release configuration of relay UE at remote UE before relay UE handover. R2 not pursue remote UE suspending the indirect path upon reception of notification message indicating relay UE handover.
Proposal 6	For Scenario-1/2, when reporting direct-path failure via indirect-path via MFI message, no need to introduce additional IE.
Proposal 7	For Scenario-1, when reporting indirect-path failure via direct-path, use SidelinkUEInformationNR, without introducing new IEs.
Proposal 8	For Scenario-2, when reporting indirect-path failure/establishment via direct-path, use the same new message.
Proposal 9	In case of T304-like timer expiry (during direct path addition and change), UE fallback to prior configuration and RRC Re-establishment is initiated if 1) T316 is not configured or configured but expired, or 2) split SRB1 on indirect path is suspended. Otherwise, UE report the MFI via indirect path.
Proposal 10	No additional IE in MFI is needed for the direct path add/change failure.
Proposal 11	The cell change of target L2 MP Relay UE during the indirect path change/add procedure is handled as T420 expiry, nothing specific for this case is needed.
Proposal 12	R2 not pursue indicating target relay UE’s RRC state to the remote UE explicitly via Uu-RRC or PC5-RRC.
Proposal 13	For bringing the idle/inactive relay UE to RRC_CONNECTED, RAN2 not pursue a solution where candidate relay UE indicates its release-version or capability to remote UE before PC5 link establishment.
Proposal 14	T420-like timer, for indirect path addition and change, can be stopped upon PC5-RRC connection establishment, i.e., upon reception of DCA message, if SRB1 is not configured on indirect path.
Proposal 15	Not pursue fallback to previous indirect-path configuration in case T420-like timer expires.
Proposal 16	In case of T420-like timer expiry (during indirect path addition and change), if SRB1 on direct path is not suspended, trigger report to network via direct path to report the failure via a RRC message, otherwise RRC Reestablishment is triggered.
Proposal 17	No additional IE in report to network is needed for the indirect path add/change failure.
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