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1 Introduction
During the RAN2#123bis [1] meeting, the following agreements for multi-path relay have been reached for MP Scenario 1:
	Agreements

· The order of RRCReconfiguration of Relay UE and Remote UE in direct path addition/change signalling procedures are up to NW implementation.

· The legacy start condition of T304 timer as “Upon reception of RRCReconfiguration message including reconfigurationWithSync for the MCG which does not include sl-PathSwitchConfig“ and the legacy stop condition as “Upon successful completion of random access on the corresponding SpCell” can be reused for T304 timer in direct path addition/change.

· At T304 expiry in direct path addition/change, the remote UE triggers re-establishment, indicating the source cell as the PCell before the path addition/change.  FFS if any spec impact over legacy operation.

· No need to specify the order of remote UE sending of PC5-RRC trigger (for triggering relay UE enter CONNECTED) and the transmission of RRCReconfigurationComplete in the direct path, for the indirect path addition/change case when PC5-RRC trigger is needed.

· Signalling (from remote UE to relay UE) for PC5-RRC message triggering IDLE/INACTIVE relay entering CONNECTED to be discussed in running CR.

· 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).

· The start condition of new T420-like timer is “Upon reception of the RRCReconfiguration message including sl-IndirectPathAddChange”.

· For path addition/change cases in MP Scenario 1, RRCReconfgurationComplete is always transmitted in direct path. Only if NW configures split SRB1 with PDCP duplication, RRCReconfigurationComplete message is sent to gNB via both paths.

· 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.

· The remote UE reports the failure of indirect path addition/change to gNB at the expiry of new T420-like timer. 

· If indirect path add/change failure is to be reported, at least include the indication of failure. FFS which message is used.

· Upon the MP relay UE cell change to a different cell from the target cell commanded by the gNB, the remote UE considers that there has been an indirect path change/addition failure.  It is left to UE implementation how the remote UE detects this case.

Working assumption:
· Upon T304 expiry for direct path addition/change, RRC reestablishment is always triggered w/o any condition.
· Rel-17 relay UEs can be considered as candidate target UEs for MP procedures.


Also,  the following agreements for multi-path relay have been reached for MP Scenario 2 and MP capability:

	Agreements on MP Scenario 2
· Confirm WA to support case G in scenario 2 at least for connected relay UEs.

· Multiple candidate relay UEs can be reported.  Signalling format to be determined in CR implementation.

· The indirect path addition/change can be triggered by the reporting of candidate relay UEs, subject to network implementation (no additional signalling for this purpose).

· Reporting of idle/inactive relay UEs is not supported in Rel-18.
· Authorization for scenario 2 MP relay is left to network implementation.

Agreements on MP capability:
· UE capabilities to support Scenario-1 MP relay and Scenario-2 MP relay are separate.

· .


In this paper, we discuss the remaining issues for multi-path relay including both Scenario 1 and Scenario 2. 
2 Discussion  
2.1
R17 Relay UE support in Scenario 1
There has been a discussion of the handling of IDLE/INACTIVE relay UE for Scenario 1 in RAN2#121 meeting [3]. And the following agreements has been reached:

· 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.

Then, in RAN2#123bis[1], it has been agreed as a working assumption that :

· Rel-17 relay UEs can be considered as candidate target UEs for MP procedures 

Frist, we think RAN2 should confirm this WA. If Rel-17 Relay UE has to be excluded from Rel-18 MP procedures, there will be more specification impact than supporting legacy Rel-17 SL relay UE. There are some limitations on how Rel-17 relay is supported. For example, Rel-17 Relay UE does not support thte new PC5-RRC triggering mechanism defined in Rel-18. But this is not a blocking issue. Thus, we think RAN2 shall confirm this working assumption.

Proposal 1
RAN2 confirms the WA “Rel-17 relay UEs can be considered as candidate target UEs for MP procedures”.
Then, regarding the mechanism to let remote UE to know whether a relay UE is Rel-17 or Rel-18.  There could be two possible options:

1. relay discovery mechanism can be enhanced to support an information element to indicate the release of the relay support in Relay discovery message, e.g., as part of RRC container. 
2. Alternatively, the remote UE can discover the relay UE capability when PC5-RRC connection is established between the remote UE and relay UE. This is a bit later than the discovery-based scheme, but remote UE can still take necessary action upon this, e.g., notifying the gNB that the target IDLE/INACTIVE relay is a legacy Rel-17 Relay UE.
The advantage of option 1 above allows remote UE to detect this Rel-17 relay UE earlier and handle the involvement of Rel-17 relay UE by reporting this to NW as part of relay discovery measurement reports. There are some concerns that Option 1 allows a UE capability has been exposed in PC5 broadcast before link establishment. But we think the similar concern can also be raised for any U2N relay UE, because a non-relay ProSe UE will not announce any relay discovery message, and only UEs capable of L2 or L3 U2N Relay will announce a relay RSC code associated with a Layer 2 relay or a L3 relay. Therefore, we think it is proper to support R18 relay UE indicating “R18/Pc5-rrc trigger support” in PC5 discovery message for the purpose of MP support.
Proposal 2
R18 relay UE indicates “Rel-18 or PC5-RRC trigger support” in PC5 discovery message for the purpose of MP.
When gNB decides to select a target Rel-17 UE for MP indirect path addition/change, gNB can configure the split SRB1 in multi-path configuration and then rely on legacy triggering mechanism to trigger the Rel-17 IDLE/INACTIVE relay UE entering RRC_CONNECTED.. 
Proposal 3
NW only configure split SRB1 to ensure RRCReconfigutationComplete message is to be sent via indirect path, if the IDLE/INACTIVE R17 relay UE is chosen by gNB for indirect path addition/change.

2.2
T4xx timer stop condition
There is an FFS issue regarding when to stop the new T420-like timer ( a.k.a. T4xx timer in RRC running CR[5]), as shown in the following agreement:

· 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.

We think the problem with Option 1 is that it is difficult to clearly indicate an exact timing of PC5-S link establishment because the completion of PC5-S procedure is not clear to AS layer. Therefore, we think it is more convenient to use Option 2.

Proposal 4
If RRCReconfigurationComplete is not sent via indirect path, remote UE stops the new T4xx timer upon reception of RRCReconfigurationCompleteSidelink.
2.3
Indirect path failure reporting 

There is an FFS issue regarding which message is used to report indirect path addition/change failure in [1]. During  the RRC running CR discussion [5], a new Uu RRC message "IndirectPathFailureInformation " has been introduced to address this issue:
	–
IndirectPathFailureInformation

The IndirectPathFailureInformation message is used to provide information regarding indirect path failure detected by the MP remote UE.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to Network

IndirectPathFailureInformation message

-- ASN1START

-- TAG-INDIRECTPATHFAILUREINFORMATION-START

IndirectPathFailureInformation ::=                     SEQUENCE {

    criticalExtensions                                     CHOICE {

        indirectPathFailureInformation-r18                   IndirectPathFailureInformation-r18-IEs,

        criticalExtensionsFuture                              SEQUENCE {}

    }

}

IndirectPathFailureInformation-r18-IEs ::=          SEQUENCE {

    failureReportIndirectPath-r18                      FailureReportIndirectPath-r18                    OPTIONAL,

    lateNonCriticalExtension                           OCTET STRING                                     OPTIONAL,

    nonCriticalExtension                               SEQUENCE {}                                      OPTIONAL
}

FailureReportIndirectPath-r18 ::=                        SEQUENCE {

    failureTypeIndirectPath-r18                              ENUMERATED {t4xx-Expiry,sl-Failure,n3c-Failure, relayUE-Uu-RLF, [FFS relayUE-HO,] 

                                                                         relayUE-CellReselection, relayUE-Uu-RRC-Failure, indirectPathAddChangeFailure}               OPTIONAL,

    ...

}

Editor Note: FFS whether the detailed report types other than indirectPathAddChangeFailure, path failure,Uu-RLF, Uu failure, PC5-RLF can be included.
-- TAG-INDIRECTPATHFAILUREINFORMATION-STOP

-- ASN1STOP




Regarding the failure types supported in this new RRC message, we think there is one failure reason missing in the draft CR. The target relay UE may directly reject the DCR message by sending back a PROSE DIRECT LINK ESTABLISHMENT REJECT message to the MP remote UE. When this happens, it is obvious that the MP remote UE shall stop T4xx timer and regarding the indirect path addition/change procedure as “failed”. It is also helpful for gNB to know that the failure is caused by this kind of “reject”. Note that “sl-Failure” usually means radio quality issue of PC5 interface (e.g, SL RLF), so it does not cover this case. Thus, it is necessary to add “PC5-link-setup-reject” as a new failure type in FailureReportIndirectPath-r18.
Proposal 5
“DCR message rejected by target relay UE” shall be added as a failure type in IndirectPathFailureInformation.
Then, regarding [FFS relayUE-HO,] part in FailureReportIndirectPath-r18, RAN2#122 [2] has discussed the relay UE mobility issue and concluded that when relay UE is handed over to a new cell, RAN2 does not pursue the idea to let remote UE to notify this change in direct path, but there is an FFS point as below:

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
We think for the non-RLF Uu disruption discussed in the above “FFS” part, it is NW responsibility to prevent a multi-path remote UE from encountering such a situation. When the relay UE is to be handed over to another cell under a different gNB, then the NW need first release the MP configuration for remote UE and let remote UE to just use the direct path only. 
Proposal 6
For relay UE handover case in Scenario 1 (and Scenario 2 if applicable), rely on network to release MP configuration at remote UE before relay UE is handed over. 

Therefore, we think the “relayUE-HO” shall not be detected by MP remote UE as a cause for indirect path failure. So, we need to remove it from the running CR. 
Proposal 7
“Relay UE Handover” shall not be included as a failure type in IndirectPathFailureInformation.
2.4
T304 expiry for MP Scenario 1 

There is one remaining issue regarding the handling of T304 expiry. RAN2 has agreed that RRC Reestablishment shall be triggered. There is the following working assumption:
· Upon T304 expiry for direct path addition/change, RRC reestablishment is always triggered w/o any condition
Some company has concern regarding this working assumption based on the potential mechanism to allow the direct path failure to be reported via indirect path. If that happens, then MP remote UE does not need to trigger RRC-reestablishment procedure. However, based on the agreement made during the discussion in RAN2#123bis [1], the direct path failure should be handled as same as legacy PCell Reconfiguration with sync failure case. Given that T304 timer is also agreed to be reused instead of defining a new T3xx timer for this multi-path case, we think it is simpler to just follow the legacy procedure w/o adding optimizations to the Multi-path case. In this way, the expiry behaviour of remote UE will also be same as legacy UE, which is to trigger RRC reestablishment procedure w/o any condition.
Proposal 8
RAN2 confirms the WA “Upon T304 expiry for direct path addition/change, RRC reestablishment is always triggered w/o any condition”.
2.5
Direct path addition/change configuration in RRCReconfiguration
In the current RRCReconfiguration-IEs, there are no single explicit IE which indicates the MP remote UE that a multi-path configuration is provided. The running CR for Multi-path [5] has captured the new IEs as below to take care of the indirect path addition/change case for both Scenario 1 with “sl-IndirectPathAddChange-r18 “  and Scenario 2 with. “n3c-IndirectPathAddChange-r18  “ and “n3c-IndirectPathConfigRelay-r18  “ respectively for remote UE and relay UE:

	RRCReconfiguration-v18xx-IEs ::=        SEQUENCE {

    sl-IndirectPathAddChange-r18               SetupRelease { SL-IndirectPathAddChange-r18 }               OPTIONAL,  -- Need M

    n3c-IndirectPathAddChange-r18              SetupRelease { N3C-IndirectPathAddChange-r18 }              OPTIONAL,  -- Need M

    n3c-IndirectPathConfigRelay-r18            SetupRelease { N3C-IndirectPathConfigRelay-r18 }            OPTIONAL,  -- Need M

    otherConfig-v18xx                          OtherConfig-v18xx                                           OPTIONAL, -- Need M

    nonCriticalExtension                       SEQUENCE {}                                                 OPTIONAL
}


We understand that for a MP remote UE, the presence of “sl-IndirectPathAddChange-r18 “  and “n3c-IndirectPathAddChange-r18 " could mean for remote UE to keep direct path and adding an indirect path. But the direct path addition case is to be supported as a MP configuration, too.  The “RRCReconfiguration-v18xx-IEs” IE defined in the running CR does not contain any configuration for the addition of direct path. Without this, the remote UE will not be able to differentiate the Rel-17 i2d path switching case with Rel-18 direct path addition case. The difference between those two cases is whether the indirect path needs to be maintained by the remote UE.
There is a view that maybe the sl-IndirectPathAddChange-r18 can always be present, even in the direct path addition case. In this way, the MP remote UE will know besides PCell change to direct path, the current indirect path is also to be released and re-added. But that is weird in lieu of delta configuration principle in RRC configuration signalling design. Since the UE does not need to make any changes at least for the following configuration for “direct path addition” case:
1) Target relay UE

2) Target cell (serving cell of the relay UE)
It is also weird that a new T4xx timer is present in this IE as a mandatory field, but this is not even needed in the direct path addition case. Because RAN2 has already agreed that T304 timer is used for direct path addition procedure. 

Therefore, we think it is better to design RRC signalling based on the assumption that indirect path is “kept” and not being “released and added” for MP direct path addition/change case.
Proposal 9
In RRCReconfiguration design for Multi-path, NW shall indicate the MP remote UE to keep the indirect path during direct path addition/change procedure with a new IE. The "sl-IndirectPathAddChange-r18" is not to be used for direct path addition/change case.
2.6
PDCP Duplication for Multi-path

For the MAC open issue discussion [6], companies have no consensus on whether Uu CA shall be considered for MP PDCP duplication. If not considered, then there will be only 2-legs in MP PDCP duplication and the Duplication RLC Activation/Deactivation MAC CE does not need to be used at all, because this MAC CE is introduced in Rel-16 to support more than two RLC entities. Rel-15 Duplication Activation/Deactivation MAC CE is sufficient for 2-leg case.

In regards of legacy Uu CA behaviour, 2-leg and 3-leg CA are supported since Rel-16, especially for the DC+ CA PDCP duplication design. As RAN2 companies agreed not to consider DC (i.e., SCG) in the Rel-18 PDCP duplication [6], then the question is reduced to whether MP + CA(direct path) can be supported. Given that RAN2 has already agreed to reuse Duplication RLC Activation/Deactivation MAC CE, we slightly prefer to support the MP+CA case(s) in Rel-18 design. 
Proposal 10
RAN2 to support 3-leg and 4-leg PDCP duplication (e.g., two or three legs in direct path and one in indirect path) in Rel-18 MP scenarios.
3 Conclusion
In this contribution, we discussed the design issues for multi-path relaying for both scenario 1 and 2. We have the following proposals:

Proposal 1
RAN2 confirms the WA “Rel-17 relay UEs can be considered as candidate target UEs for MP procedures”.
Proposal 2
R18 relay UE indicates “Rel-18 or PC5-RRC trigger support” in PC5 discovery message for the purpose of MP.
Proposal 3
NW only configure split SRB1 to ensure RRCReconfigutationComplete message is to be sent via indirect path, if the IDLE/INACTIVE R17 relay UE is chosen by gNB for indirect path addition/change.

Proposal 4
If RRCReconfigurationComplete is not sent via indirect path, remote UE stops the new T4xx timer upon reception of RRCReconfigurationCompleteSidelink.
Proposal 5
“DCR message rejected by target relay UE” shall be added as a failure type in IndirectPathFailureInformation.
Proposal 6
For relay UE handover case in Scenario 1 (and Scenario 2 if applicable), rely on network to release MP configuration at remote UE before relay UE is handed over. 

Proposal 7
“Relay UE Handover” shall not be included as a failure type in IndirectPathFailureInformation.

Proposal 8
RAN2 confirms the WA “Upon T304 expiry for direct path addition/change, RRC reestablishment is always triggered w/o any condition”.
Proposal 9
In RRCReconfiguration design for Multi-path, NW shall indicate the MP remote UE to keep the indirect path during direct path addition/change procedure with a new IE. The "sl-IndirectPathAddChange-r18" is not to be used for direct path addition/change case.
Proposal 10
RAN2 to support 3-leg and 4-leg PDCP duplication (e.g., two or three legs in direct path and one in indirect path) in Rel-18 MP scenarios.
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