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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
According to WID [1] and RAN2 agenda for REl-18 Relay enhancement, and this contribution discusses the open issues for scenario 1 and scenario 2.
1. Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:
0. A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).
Note 3A: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.
Note 3B: UE-to-Network relay in scenario 1 reuses the Rel-17 solution as the baseline. 
Note 3C: Support of Layer-3 UE-to-Network relay in multi-path scenario is assumed to have no RAN impact and the work and solutions are subject to SA2 to progress.
2. Discussion
2.1 Trigger Relay UE entering CONNECTED state
It has been discussed and agreed on how to trigger Relay UE entering CONNECTED state as following.
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.
If split SRB1 is configured, the Remote UE send RRCReconfigurationComplete message over both of direct and indirect paths, then IDLE and Inactive state can be triggered into connected state.
If split SRB1 is not configured, then the Remote UE can send PC5-RRC message to trigger Relay UE to enter connected state. 
Proposal 1: If split SRB1 is configured, the Remote UE send RRCReconfigurationComplete message over both of direct and indirect paths; If split SRB1 is not configured, then the Remote UE can send PC5-RRC message to trigger Relay UE to enter connected state. 
There is one issue, the legacy PC5-RRC message and parameters cannot trigger Relay UE into CONNECTED state as current specification, then a new PC5-RRC message or parameters or procedure need to be introduced. 
Proposal 2: A new PC5-RRC message or parameter needs to be introduced to trigger Relay UE into CONNECTED state.
Another issue is whether only Rel-18 candidate Relay UEs or Rel-17 candidate Relay UEs can also be considered. If only Rel-18 Relay UEs are considered as candidate Relay UE, then Remote UE only reports Rel-18 candidate Relay UEs to the gNB, and gNB can determine whether to configure split SRB1 by implementation. If both of Rel-17 and Rel-18 Relay UEs are considered, then Remote UE needs to indicate Relay UE’s capability of supporting PC5-RRC triggering to the gNB, and then gNB can select the target relay UE based on e.g. whether the gNB supports split SRB1.
Remote UE does not to know whether the candidate Relay UE is legacy Relay UE or new Relay UE, that means whether the target Relay UE supports the new PC5-RRC message or parameter. And also Relay UE needs to indicate whether to need PC5-RRC triggering to the Remote UE.
Proposal 3: RAN2 discusses whether Rel-17 Relay UEs can be considered as candidate target Relay UEs.
Proposal 4: Relay UE indicates whether to 1) support and 2) need PC5-RRC triggering in discovery message (i.e. AS container). Send LS to SA2 and CT1.
Proposal 5: If only Rel-18 Relay UEs are considered as candidate target Relay UEs, then the Remote UE only reports Rel-18 candidate Relay UEs to the gNB; 
Proposal 6: If both of Rel-17 and Rel-18 Relay UEs are considered, the Remote UE indicates Relay UE’s release info or whether support PC5-RRC triggering to the gNB.
2.2 Path failure handling	
For direct path failure recovery, it was agreed to use MCGFailureInformation to report direct pati failure, but it is FFS on whether addition IE needs to be introduced.
For Scenario-1/2, when reporting direct-path failure via indirect-path, use MCGFailureInformation message. FFS on whether additional IE needs to be introduced.
Since there is no change introduced on direct path failure detection, then there is no motivation to add new IE in MCGFailureInformation message
Proposal 7: No additional IE needs to be introduced in MCGFailureInformation message for reporting direct-path failure via indirect-path.
For direct path failure reporting, there were several options to report indirect path, e.g. MCGFailureInformation, SCGFailureInformation, SidelinkUEInformationNR, or a new RRC message. MCGFailureInformation is used for direct path failure reporting, then it is not suitable for indirect path failure reporting. SidelinkUEInformationNR can be used for scenario 1, and also can be used for scenario 2 with adding new indication
Proposal 8: For both of Scenario-1 and 2, reuse SidelinkUEInformationNR message to report indirect path failure to gNB. 
Proposal 9: For scenario 2, add a new indication in SidelinkUEInformationNR message to report indirect path failure.
2.3 Path addition, removal and change
Measurement events for path addition, removal and change
For indirect path, the current Event e.g.Y2 can be reused to trigger indirect path addition. When the Remote UE discovers a Relay UE and the radio quality on sidelink satisfies Event Y2, the Remote UE can send measurement to the gNB, including the candidate Relays and serving cells. The gNB will select the target Relay which serving cell is in the same gNB as Remote UE Uu cell. The gNB will configure the indirect path as secondary path using existing relay configuration mechanism.
Similarly, the existing Event e.g. A4 can be reused for direct path addition and reuse existing Uu reconfiguration procedure; and it should be gNB to select the target cell which is in the same gNB as the Relay UE’s serving cell.
Observation 1: The existing measurement report event, e.g. Event Y2 reported by Remote UE can be used for indirect path addition.
Observation 2: The existing measurement report event, e.g. Event A4 reported by Remote UE can be used for direct path addition.
Similar with MP path addition, the existing measurement event e.g.X2 can be reported by Remote UE and is reused for indirect path removal and measurement event A2 reported by Remote UE can be used for direct path removal.
Observation 3: The existing measurement report event, e.g. Event X2 or Event A2 reported from Remote UE can be used for indirect path removal or direct path removal respectively. 
Similarly, the indirect path can be removed due to Relay UE Uu link quality change, e.g Uu RLF, serving cell quality is below a threshold (i.e, Event A2), HO the measurement report from Relay UE triggered by existing events, e.g. Event A2 in case that all of the serving cells are getting worse.
Observation 4: The existing Relay UE Uu link situation change (e.g. Uu RLF, A2 reporting, HO) could trigger indirect path removal.
Indirect path change, the newly introduced Z1 measurement event for indirect-indirect path swithing can be reused to trigger indirect path change.
[bookmark: _Hlk142508547]Observation 5: The newly introduced Z1 measurement event for indirect-indirect path swithing is reused to trigger indirect path change.
Proposal 10: No new measurement report events will be introduced for indirect/direct path addition, removal or change.
2.4 Authorization for Scenario 2
SA2 discussed the authorization for scenario 2 MP relay and provides the following feedback to RAN2 in [3] and leaves the issue to RAN2.
Therefore, SA2 would like to provide the following answer to the question from RAN2:
■ Multi-path transmission authorization and subscription function for Scenario 2 in all cases is out of SA2 scope.
Currently, the UE-UE link association and authorization is out of 3GPP, so it is necessary to authorize the UE to configure MP relay in Scenario 2; otherwise, any un-authorized UEs can request MP configuration as long as the Remote UE can connect with a Relay UE. This will be out of network control and waste network radio resource.
Currently, there is authorization informed to gNB for Scenario-1 MP relay, then one possible way is that gNB determines whether to provide Scenario-2 MP relay based on Scenario-1 MP relay authorization. That means Scenario-1 and Scenario-2 MP relay share the same authorization informed to the gNB.
Proposal 11: Authorization for Scenario-2 MP relay is needed and Scenario-2 MP relay shares the same authorization information with Scenario-1 informed to the gNB.
However, subscription and authorization should be decoupled with UE radio capability. That means sharing the same authorization does not means UE supporting Scenario-2 relay has to support Scenario-1 relay. From RAN2 perspective, it should be separate UE  radio capabilities to support Scenario-1 MP relay and Scenario-2 MP relay.
Proposal 12: UE radio capabilities to support Scenario-1 MP relay and Scenario-2 MP relay are separate.
2.5 Relay UE identity for Scenario 2 
And it is not reasonable to request the Relay UE entering CONNECTED state before it is added to MP relay, in case that the gNB does not configure MP relay to the Remote UE. For example, when gNB is overload and will not configure MP to Remote UE after receiving report from the Remote UE. But the Remote UE will trigger the Relay UE entering CONNECTED state again and again in order to request MP relay operation. It is a huge burden for Relay UE to enter CONNECTED state every time the Remote UE reports the Relay UE ID to the gNB.
Observation 6: If Relay UE is required to be in CONNECTED state when the Remote UE reports the Relay UE ID to the gNB,  in case that gNB dos not configure MP relay due to overload, Remote UE will trigger the Relay UE entering CONNECTED state again and again in order to request MP relay operation. It is a huge burden for Relay UE to enter CONNECTED state every time the Remote UE reports the Relay UE ID to the gNB .
Proposal 13: For Scenario 2, RAN2 confirms target Relay UE can be in IDLE and Inactive state.
When Relay UE enters CONNECTED state from IDLE state, Relay UE will indicates PLMN ID (MCC, MNC), GUAMI(AMF Region ID, an AMF Set ID and an AMF Pointer), and 5G-S-TMSI as shown in following message.
[bookmark: _Toc60777161][bookmark: _Toc124713090]RRCSetupComplete-IEs ::=            SEQUENCE {
    selectedPLMN-Identity               INTEGER (1..maxPLMN),
    registeredAMF                       RegisteredAMF                                   OPTIONAL,
    guami-Type                          ENUMERATED {native, mapped}                     OPTIONAL,
    s-NSSAI-List                        SEQUENCE (SIZE (1..maxNrofS-NSSAI)) OF S-NSSAI  OPTIONAL,
    dedicatedNAS-Message                DedicatedNAS-Message,
    ng-5G-S-TMSI-Value                  CHOICE {
        ng-5G-S-TMSI                        NG-5G-S-TMSI,
        ng-5G-S-TMSI-Part2                  BIT STRING (SIZE (9))
    }                                                                                   OPTIONAL,
    lateNonCriticalExtension            OCTET STRING                                    OPTIONAL,
    nonCriticalExtension                RRCSetupComplete-v1610-IEs                      OPTIONAL
}

RegisteredAMF ::=                   SEQUENCE {
    plmn-Identity                       PLMN-Identity                                   OPTIONAL,
    amf-Identifier                      AMF-Identifier
}
–	AMF-Identifier
The IE AMF-Identifier (AMFI) comprises of an AMF Region ID, an AMF Set ID and an AMF Pointer as specified in TS 23.003 [21], clause 2.10.1.
AMF-Identifier information element
-- ASN1START
-- TAG-AMF-IDENTIFIER-START

AMF-Identifier ::=                      BIT STRING (SIZE (24))

-- TAG-AMF-IDENTIFIER-STOP
-- ASN1STOP

Currently, the 5G-GUTI and 5-S-TMSI definition is as following in TS23.003,
<5G-GUTI>:= <MCC> <MNC><AMF Region ID> <AMF Set ID> <AMF Pointer><5G-TMSI>
<5G-S-TMSI> := <AMF Set ID> <AMF Pointer> <5G-TMSI>
Then when Remote UE reports Relay UE’s 5G-GUTI, the gNB should be able to identify the Relay UE based on the information received from the Relay UE.
[bookmark: _Hlk134783997]Observation 7: Today, gNB can obtain Relay UE 5G-GUTI during RRC setup procedure.
For Inactive state Relay UE, the I-RNTI can be used to identify the Relay UE.
Proposal 21: Using the following ID to identify the candidate Relay UE
· If the Relay UE in IDLE state, Remote UE reports candidate Relay UE’s 5G-GUTI to     identify the Relay UE; 
· If the Relay UE is in Inactive state, Remote UE reports candidate Relay UE’s I-RNTI to identify the Relay UE;  
3. Conclusion
This contribution discusses the aspects of architecture, bearer management, path management for multi-path operation, and provides the proposals.
Trigger Relay UE entering connected state,
Proposal 1: If split SRB1 is configured, the Remote UE send RRCReconfigurationComplete message over both of direct and indirect paths; If split SRB1 is not configured, then the Remote UE can send PC5-RRC message to trigger Relay UE to enter connected state. 
Proposal 2: A new PC5-RRC message or parameter needs to be introduced to trigger Relay UE into CONNECTED state.
Proposal 3: RAN2 discusses whether Rel-17 Relay UEs can be considered as candidate target Relay UEs.
Proposal 4: Relay UE indicates whether to 1) support and 2) need PC5-RRC triggering in discovery message (i.e. AS container). Send LS to SA2 and CT1.
Proposal 5: If only Rel-18 Relay UEs are considered as candidate target Relay UEs, then the Remote UE only reports Rel-18 candidate Relay UEs to the gNB; 
Proposal 6: If both of Rel-17 and Rel-18 Relay UEs are considered, the Remote UE indicates Relay UE’s release info or whether support PC5-RRC triggering to the gNB.
Path failure handling,
Proposal 7: No additional IE needs to be introduced in MCGFailureInformation message for reporting direct-path failure via indirect-path.
Proposal 8: For both of Scenario-1 and 2, reuse SidelinkUEInformationNR message to report indirect path failure to gNB. 
Proposal 9: For scenario 2, add a new indication in SidelinkUEInformationNR message to report indirect path failure.
Path addition, removal and change,
Observation 1: The existing measurement report event, e.g. Event Y2 reported by Remote UE can be used for indirect path addition.
Observation 2: The existing measurement report event, e.g. Event A4 reported by Remote UE can be used for direct path addition.
Observation 3: The existing measurement report event, e.g. Event X2 or Event A2 reported from Remote UE can be used for indirect path removal or direct path removal respectively. 
Observation 4: The existing Relay UE Uu link situation change (e.g. Uu RLF, A2 reporting, HO) could trigger indirect path removal.
Observation 5: The newly introduced Z1 measurement event for indirect-indirect path swithing is reused to trigger indirect path change.
Proposal 10: No new measurement report events will be introduced for indirect/direct path addition, removal or change.
Authorization for Scenario 2
Proposal 11: Authorization for Scenario-2 MP relay is needed and Scenario-2 MP relay shares the same authorization information with Scenario-1 informed to the gNB.
Proposal 12: UE radio capabilities to support Scenario-1 MP relay and Scenario-2 MP relay are separate.
Relay UE identity for Scenario 2
Observation 6: If Relay UE is required to be in CONNECTED state when the Remote UE reports the Relay UE ID to the gNB,  in case that gNB dos not configure MP relay due to overload, Remote UE will trigger the Relay UE entering CONNECTED state again and again in order to request MP relay operation. It is a huge burden for Relay UE to enter CONNECTED state every time the Remote UE reports the Relay UE ID to the gNB .
Observation 7: Today, gNB can obtain Relay UE 5G-GUTI during RRC setup procedure.
Proposal 13: For Scenario 2, RAN2 confirms target Relay UE can be in IDLE and Inactive state.
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