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1. Introduction
In this contribution, the logic of drafting the RRC running CR for Rel-18 multi-path [1] is explained for better understanding and easy review. Meanwhile some issues identified during CR drafting are summarized and proposed to be further discussed. 
1. Discussion
2.1 Description/definition of multi-path
Similar to MR-DC, the description related to multi-path would be added in some clauses, e.g. RRC reconfiguration, MCG failure information, RRC reestablishment, etc. Besides, there are two types of indirect path in case of scenario 1 and scenario 2, and the detailed UE behaviors are not exactly the same. Therefore, the definitions of multi-path and indirect path should be added and referred to throughout the spec.
Proposal 1: The following definitions related to MP are added in RRC spec, and to be aligned across other specifications if needed.
· Multi-path: mode of operation of a remote UE in RRC_CONNECTED configured with a direct path on which the UE connects to network using NR, and an indirect path on which the UE connects to network via another relay UE using L2 U2N relay operation or non-3GPP connectivity. 
· SL indirect path: in multi-path, the indirect path on which the UE connects to network via another relay UE using L2 U2N relay operation.
· N3C(Non-3GPP Connection) indirect path: in multi-path, the indirect path on which the UE connects to network via another relay UE using non-3GPP connectivity.
2.2 Path management
Regarding path management, the key agreements are as follows:
1. Case A/B/C/D/E/G are supported in scenario 1, and Case A/C are supported in scenario 2.
2. Support PCell on the direct path only when the UE is in multi-path operation, for both scenario 1 and scenario 2.
3. For Scenario-1/2, MP remote UE is configured with a single cell group, i.e., MCG, for the direct path, and SL configuration, for the indirect path.
Meanwhile, the following configurations are specified already and can be reused for multi-path:
1. MCG configuration can be reused to configure direct path for both of scenario 1 and scenario 2.
2. Uu Relay RLC channel specified in Rel-17 can be reused to configure the Uu hop of indirect path for both of scenario 1 and scenario 2.
3. For the UE-UE hop of indirect path, in scenario 1 SL dedicated configuration and SRAP configuration (e.g. local ID assignment, bearer mapping configuration) specified in Rel-16 and Rel-17, can be reused without any change; while in scenario 2, the non-3GPP connection is left to UE implementation, thus no link dedicated configuration needs to be specified.
Then the missing part is to indicate remote UE and relay UE to apply the configuration for the corresponding path management procedure. Based on the draft RRC running CR for MP in R2-2308203, the following procedure can work as below:
In scenario 1:
	Case description
	Procedure description
	RRC signaling aspect

	Case A: The remote UE operating only on the direct path adds the indirect path under the same gNB.
	To configure SL indirect path, the network provides:
· sidelink dedicated configuration as specified in 5.3.5.14, L2 U2N Remote UE configuration as specified in 5.3.5.16, and SL indirect path specific configuration in sl-IndirectPathConfig as specified in 5.3.5.xx.1.2, to the remote UE;
· sidelink dedicated configuration as specified in 5.3.5.14, as well as L2 U2N Relay UE configuration as specified in 5.3.5.15, to the relay UE.
	sl-IndirectPathConfig is set to setup.

	Case B: The remote UE operating only on the indirect path adds the direct path under the same gNB.
	When a UE in RRC_CONNECTED state acts as a L2 U2N Remote UE, is configured to add direct path, Rel-17 indirect to direct path switch should be performed to change PCell from Relay UE’s serving cell to remote UE’s own Uu cell, meanwhile the indirect path configuration is contained in target configuration to enable indirect path addition which is similar to case A.
When the relay UE on indirect in target side is the source L2 U2N Relay UE, whether the unicast link can be maintained during indirect to direct path switch, or should be released and added, have different spec impact but has not been discussed yet.
	I2D path switch is performed by reconfigurationWithSync, with sl-IndirectPathConfig set to setup in target configuration.

	Case C: The remote UE operating in multi-path releases the indirect path.
	Indirect path release means all the configuration related to indirect path at remote UE and relay UE should be released, including SL Relay RLC channel, Uu Relay RLC channel, SRAP configuration, SL dedicated configuration, as well as new configuration specified for MP, i.e. sl-IndirectPathConfig.
	sl-IndirectPathConfig is set to release.

	Case D: The remote UE operating in multi-path releases the direct path.
	Direct path release means the PCell should be changed from Uu cell to the L2 U2N Relay UE, which can be achieved by existing direct to indirect path switch.
Similar question as in case B, when the relay in source side and in target side is the same one, whether the unicast link can be maintained during direct to indirect path switch, or must to be released and added should be further discussed.
	D2I path switch is performed by sl-PathSwitchConfig included in reconfigurationWithSync, and sl-IndirectPathConfig is released autonomously by remote UE during path switch or reconfigured by target side depends on whether the unicast link can be maintained.

	Case E: The remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB.  
	Similar to MN HO without SN change, this can be achieved by PCell change where indirect path is configured in both sides.
The question is whether the unicast link of the indirect path can be maintained during the PCell change procedure.
	PCell change is performed by reconfigurationWithSync, and whether sl-IndirectPathConfig is needed depends on whether the unicast link can be maintained.

	Case G: The remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
	Similar to PSCell change without PCell change, this can be achieved by SL indirect path reconfiguration. Please note in current running CR, we do not define a release-and-add structure, because once the sl-IndirectPathConfig is included in RRC reconfiguration message in case of MP, the remote UE should know it is indirect path change, following similar logic applied to reconfigurationWithSync.
	sl-IndirectPathConfig is set to setup.



In scenario 2:
	Case description
	Procedure description
	New RRC signaling 

	Case A: The remote UE configured only on the direct path adds the indirect path under the same gNB.
	To configure non-3GPP connection, the network provides:
· remote UE part of non-3GPP indirect path configuration in n3c-IndirectPathConfigRemote including relay UE identification as specified in 5.3.5.xx.2.2, to the remote UE;
· relay UE part of non-3GPP indirect path configuration in n3c-IndirectPathConfigRelay including bearer mapping configurations as specified in 5.3. 5.xx.2.3, to the relay UE.
	To remote UE: n3c-IndirectPathConfigRemote is set to setup.
To relay UE: n3c-IndirectPathConfigRelay is set to setup.

	Case C: The remote UE configured with multi-path releases the indirect path.
	Indirect path release means all the configuration related to indirect path at remote UE and relay UE should be released, including SL Relay RLC channel, Uu Relay RLC channel, SRAP configuration, SL dedicated configuration, as well as new configuration specified for MP, i.e. sl-IndirectPathConfig.
	To remote UE: n3c-IndirectPathConfigRemote is set to release.
To relay UE: n3c-IndirectPathConfigRelay is set to release.


Companies are encouraged to check the signaling/procedural text in the running CR, but we may have no time to discuss all the details in the meeting. Therefore, the following open issue can be a priority.
Proposal 2: To complete the path management procedure, RAN2 to discuss whether the PC5 unicast link can be maintained during direct path addition/release and direct path change without indirect path change.
2.3 How to indicate primary path is on indirect path
In current RRC spec, primary path for data split/duplication is indicated via field primaryPath in moreThanOneRLC contained in PDCP-Config.
	
PDCP-Config ::=         SEQUENCE {
<other fields are omitted>
moreThanOneRLC          SEQUENCE {
        primaryPath             SEQUENCE {
            cellGroup               CellGroupId                                                 OPTIONAL,   -- Need R
            logicalChannel          LogicalChannelIdentity                                      OPTIONAL    -- Need R
        },
        ul-DataSplitThreshold   UL-DataSplitThreshold                                           OPTIONAL,   -- Cond SplitBearer
        pdcp-Duplication            BOOLEAN                                                     OPTIONAL    -- Need R
    }                                                                                           OPTIONAL,   -- Cond MoreThanOneRLC

	moreThanOneRLC
This field configures UL data transmission when more than one RLC entity is associated with the PDCP entity. This field is not present if the bearer is configured as DAPS bearer.

	primaryPath
Indicates the cell group ID and LCID of the primary RLC entity as specified in TS 38.323 [5], clause 5.2.1 for UL data transmission when more than one RLC entity is associated with the PDCP entity. In this version of the specification, only cell group ID corresponding to MCG is supported for SRBs, except for the split SRB2 of the IAB-MT, and, when the SCG is deactivated, for DRBs. The NW indicates cellGroup for split bearers using logical channels in different cell groups. The NW always indicates logicalChannel if CA based PDCP duplication is configured in the cell group indicated by cellGroup of this field.






In MP, if the primary path is configured on direct path, the existing configuration is sufficient by setting cellGroup to MCG, i.e. CellGroupId is 0. But if the primary path is on indirect path, the existing fields cannot convey such information because sidelink or non-3GPP connection does not belong to a cell group. In this case, new field can be added to refer to indirect path for both of SL indirect path in scenario 1 and non-3GPP connection based indirect path in scenario 2 like below:
	    moreThanOneRLC          SEQUENCE {
        primaryPath             SEQUENCE {
            cellGroup               CellGroupId                                                 OPTIONAL,   -- Need R
            logicalChannel          LogicalChannelIdentity                                      OPTIONAL    -- Need R
        },
        ul-DataSplitThreshold   UL-DataSplitThreshold                                           OPTIONAL,   -- Cond SplitBearer
        pdcp-Duplication            BOOLEAN                                                     OPTIONAL    -- Need R
    }                                                                                           OPTIONAL,   -- Cond MoreThanOneRLC
<other fields are omitted>
   ]],
    [[
    primaryPathOnIndirectPath-r18         ENUMERATED {true}                                            OPTIONAL   -- Cond SplitBearerMP
   ]]
}
primaryPathOnIndirectPath
Indicates whether the primary RLC entity is on indirect path for DRB, when MP is configured and more than one RLC entity is associated with the PDCP entity. If the field is set to ture, the field cellGroup and logicalChannel within moreThanOneRLC are absent.



When this new field is present, it means the primary is set to indirect path. The cellGroup and logicalChannel are absent, and other fields are configured in the same way as DC data split/duplication.
Proposal 3: For data split/duplication, the exiting fields in moreThanOneRLC can be reused, on top of which new field primaryPathOnIndirectPath can be introduced for the case that primary path is configured on indirect path. 
2.4 left issues
Indirect path failure information
For direct path failure, the existing MCG failure information is reused and captured in the running CR according to the agreements. But how to capture indirect path failure still needs further conclusion.
PC5-RRC based solution to bring idle/inactive relay UE to connected state
In previous meetings, the PC5 RRC based solution has been agreed to bring idle/inactive relay UE to connected state if indirect path of SRB1 is not available. But there is no further discussion on whether the PC5 RRC is existing message or new message, thus such solution cannot be captured in the RRC CR.
Other issues, including how to report remote UE ID to network in scenario 2 (e.g. in which message), and whether indirect path change can be supported in scenario 2, need further discussion as well.
Proposal 4: RAN2 to further discuss the following left issues to complete RRC CR for MP:
· Which Uu RRC message to be used for indirect path failure information
· Which PC5 RRC message to be used to bring idle/inactive relay UE to connected state when indirect path of SRB1 is not available
· How to report remote UE ID to network (e.g. in which message), and whether indirect path change can be supported in scenario 2
1. Conclusion
Based on the above discussion, the proposals are: 
Proposal 1: The following definitions related to MP are added in RRC spec, and to be aligned across other specifications if needed.
· Multi-path: mode of operation of a remote UE in RRC_CONNECTED configured with a direct path on which the UE connects to network using NR, and an indirect path on which the UE connects to network via another relay UE using L2 U2N relay operation or non-3GPP connectivity. 
· SL indirect path: in multi-path, the indirect path on which the UE connects to network via another relay UE using L2 U2N relay operation.
· N3C(Non-3GPP Connection) indirect path: in multi-path, the indirect path on which the UE connects to network via another relay UE using non-3GPP connectivity.
Proposal 2: To complete the path management procedure, RAN2 to discuss whether the PC5 unicast link can be maintained during direct path addition/release and direct path change without indirect path change.
Proposal 3: For data split/duplication, the exiting fields in moreThanOneRLC can be reused, on top of which new field primaryPathOnIndirectPath can be introduced for the case that primary path is configured on indirect path. 
Proposal 4: RAN2 to further discuss the following left issues to complete RRC CR for MP:
· Which Uu RRC message to be used for indirect path failure information
· Which PC5 RRC message to be used to bring idle/inactive relay UE to connected state when indirect path of SRB1 is not available
· How to report remote UE ID to network (e.g. in which message), and whether indirect path change can be supported in scenario 2
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