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Introduction
In RAN2#120 meeting, some basic agreements of multi-path were made.
In this contribution, we further discuss the leftover issues of multi-path for scenario 1 and give our preference. 
Discussion
2.1 Signalling procedure of MP
In the SI stage, RAN2 has agreed that the following use cases are supported in Rel-18.
· A.	The remote UE operating only on the direct path adds the indirect path under the same gNB; 
· B.	The remote UE operating only on the indirect path adds the direct path under the same gNB; 
· C.	The remote UE operating in multi-path releases the indirect path;
· D.	The remote UE operating in multi-path releases the direct path;
· 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;
· 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.
In the following, we will discuss the detailed signaling procedures for each case:For case A, the signaling procedure is in Figure-1.


Figure-1 Addition of indirect path on top of direct path(Case A)

Based on Figure-1, the detailed steps are as below:

1.	The remote UE reports one or multiple candidate relay UE(s) to gNB via direct path.
2.	The gNB decides to add the indirect path to remote UE and selects the relay UE. 
3. 	The gNB sends the RRCReconfiguration message to the remote UE. The contents in the RRCReconfiguration message can include at least relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated indirect/split bearer configuration. For the indirect bearer, it may reuse the SL-SRAP-Config for bearer mapping between remote UE’s RB and PC5 RLC channel.
4.	The remote UE establishes PC5 connection with the relay UE.
5.	If the relay UE is in RRC_IDLE/RRC_INACTIVE state, the remote UE will trigger it enter RRC_CONNECTED state.
6.	If the relay UE is in RRC_IDLE/RRC_INACTIVE state, it performs RRC setup/resume procedure.
7.	The remote UE sends the RRCReconfigurationComplete message to the gNB. 
8.	The gNB sends an RRCReconfiguration message to the relay UE, which can include at least remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
9.	The relay UE sends the RRCReconfigurationComplete message to the gNB. 
10.	The data traffic from the indirect bearer or split bearer may be delivered via indirect path between the remote UE and the gNB.
[bookmark: _Ref127536726]Proposal 1: For Rel-18 multi-path, capture the indirect path addition signalling procedure in Figure-1 for case A in TS 38.300.
For case B, C and D, the legacy RRC reconfiguration signalling procedure to add/modify/release SCell/cell groups or release Uu Relay RLC channels/PC5 Relay RLC channels can be reused.
For case E, if a single procedure for this case would be supported is FFS: 
	Agreement:
The following case can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations):
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.
FFS if a single procedure for this case would be supported.


Since the indirect path is not changed, add/modify/release cell in a single RRC reconfiguration message can be reused as legacy procedure. Therefore, for case E, a single procedure to release-and-add cells would be supported.
[bookmark: _Ref127536730]Proposal 2: For case E, a single procedure to release-and-add cells would be supported.
[bookmark: _Ref127536734]Proposal 3: For case B, C, D and E, reuse the legacy RRC reconfiguration signalling procedure to add direct path over indirect path or release direct path/indirect path or modify direct path.
For case G, the signaling procedure is in Figure 2.


Figure-2 Change to a new relay UE for the indirect path while keeping the direct path under the same gNB(Case G)
Based on Figure-2, the detailed steps are as below:
1.	The remote UE reports one or multiple candidate relay UE(s) to gNB.
2.	The gNB decides to change the indirect path of remote UE to target relay UE. 
3. 	The gNB sends the RRCReconfiguration message to the remote UE. The contents in the RRCReconfiguration message can include at least target relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated indirect/split bearer configuration. For the indirect bearer, it may reuse the SL-SRAP-Config for bearer mapping between remote UE’s RB and PC5 RLC channel.
4.	The remote UE establishes PC5 connection with the target relay UE.
5.	If the target relay UE is in RRC_IDLE/RRC_INACTIVE state, the remote UE willtrigger it enter RRC_CONNECTED state.
6.	If the relay UE is in RRC_IDLE/RRC_INACTIVE state, it performs RRC setup/resume procedure.
7.	The remote UE sends the RRCReconfigurationComplete message to the gNB. 
8.	The gNB sends an RRCReconfiguration message to the target relay UE, which can include at least remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
9.	The target relay UE sends the RRCReconfigurationComplete message to the gNB. 
10.	The gNB sends an RRCReconfiguration message to the source relay UE to release remote UE's configuration.
11.	The source relay UE sends the RRCReconfigurationComplete message to the gNB. 
12.	The data traffic from the indirect bearer or split bearer may be delivered via indirect path between the remote UE and the gNB.
[bookmark: _Ref127536740]Proposal 4: For Rel-18 multi-path, capture the indirect path modification signalling procedure in Figure-2 for case G in TS 38.300.
2.2 Details of Multi-path
RLF failure report 
In RAN2#120 meeting, it was agreed that remote UE can report path failure to gNB upon detection of 3GPP-defined RLF failure in one path: 
	Proposal 17	[Easy] Upon detection of 3GPP-defined RLF failure in one path, remote UE (configured with MP) can report path failure via the alternative available path if SRB1 is configured on the alternative path or split SRB1 is configured.



The signaling used for direct path failure and indirect path failure are not discussed. There are two options were proposed in company’s contributions in the last meeting：
· Option 1: remote UE reports direct path failure via MCGFailureInformation message, and reports indirect path failure via SidelinkUEInformation message.
· Option 2: remote UE reports direct path failure and indirect path failure via MCGFailureInformation or SCGFailureInformation message.
Both options can work. Since UE shall report all sidelink information in the SidelinkUEInformation message when it is initiated, the signaling overhead of option 1 is higher than option 2. Therefore, option 2 is preferred. 
[bookmark: _Ref127536743]Proposal 5: For Rel-18 multi-path, remote UE reports both direct path failure and indirect path failure via MCGFailureInformation or SCGFailureInformation message.
Furthermore, new failure types of SL RLF and Uu RLF of relay UE need to be introduced.
[bookmark: _Ref127536746]Proposal 6: Introducing new failure types for SL RLF and Uu RLF of relay UE.
PDCP control PDU transmission
[bookmark: _Ref54355391]In RAN2#120 meeting, it was agreed that PDCP Control PDU is not duplicated. However, which path should be used for PDCP Control PDU transmission is not clear. To follow the legacy DC procedure, it can be clarified that for Rel-18 multi-path, PDCP control PDU only transmits on the primary RLC entity.
[bookmark: _Ref127536749]Proposal 7: PDCP control PDU only transmits on the primary RLC entity same as legacy.
Path activation/deactivation
For legacy CA, SCells are configured by gNB via RRC signaling, and can be activated or deactivated via MAC CE in order to achieve power saving benefit. However, for multi-path scenario, direct path and indirect path can be in the same cell. Hence the cell activation/deactivation concept is not suitable any more. Therefore, it is needed to introduce path activation/deactivation mechanism. Since Uu MAC CE can’t be transmitted to the remote UE via the indirect path. Path activation/deactivation can be done via MAC CE over direct path.
[bookmark: _Ref127536752]Proposal 8: Path activation/deactivation is introduced for multi-path.
[bookmark: _Ref127536755]Proposal 9: Introduce Path Activation/Deactivation MAC CE over direct path to control the activation/deactivation of direct path and/or indirect path.
Duplication activation/deactivation
For legacy DC/CA, Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE are used to activate or deactivate duplication of DRBs. It can be reused for multi-path relay scenario.
[bookmark: _Ref127536758]Proposal 10: Reuse Duplication Activation/Deactivation MAC CE or Duplication RLC Activation/Deactivation MAC CE over direct path to control the duplication activation/deactivation of DRBs.
Whether SRB1 and SRB2 can be configured on different paths
In RAN2#119-e meeting, it was agreed SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication. The left issue is whether SRB1 and SRB2 can be configured on different paths. In legacy DC, SRB1 and SRB2 can be configured on the MCG bearer or on both MCG and SCG bearers. It can be reused for Rel-18 multi path, i.e., SRB1 and SRB2 for Rel-18 multi path can’t be configured on the different paths.
[bookmark: _Ref127536763]Proposal 11: For scenario 1, SRB1 and SRB2 can’t be configured on the different paths.
Trigger of the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure 
Similar as Rel-17 U2N relay, the serving relay UE of the remote UE configured with multi-path should be in RRC_CONNECTED. Additionally, when the remote UE performs path switch, the target relay UE can be in any RRC state. If the target relay UE is in RRC_IDLE /RRC_INACTIVE, it should enter RRC_CONNECTED triggered by the first RRC message received from the remote UE. In Rel-18 multi-path relay, the target relay UE in RRC_IDLE /RRC_INACTIVE can’t enter into RRC_CONNECTED if the SRB1 of the remote UE configured on direct path only.
In RAN2#120 meeting, this issue was discussed, the agreement was below:
	RAN2 will downselect the solution for triggering IDLE/INACTIVE relay UE to enter CONNECTED state from:
-Option 1 (SL-RLC or UP-based approach (excluding SL-RLC1)), 
-Option 3 (PC5-RRC approach) 
-Option 4( RRCReconfigurationComplete-based approach), 
Discovery/PC5-S-based solution can be further discussed if initiated from SA2.


For option 1, it is not feasible since the SL-RLC entity for remote UE’s DRB has not been established in the target relay UE at the trigger time. The target relay UE will establish the SL-RLC entity for remote UE’s DRB after it enters into RRC_CONNECTED, i.e., after step 8 in Figure 1. It can’t receive the UP SL-RLC PDU on the SL-RLC entity not established in step 5 in Figure 1. Therefore, RAN2 can down selection the solution for this issue from option 3 and option 4.
[bookmark: _Ref127536767]Proposal 12: With regards to the solution for how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure, down-select from the following 2 alternatives:
-	Option 3: Upon the indication/configuration received from a remote UE, e.g. indication/configuration in RRCReconfigurationSidelink message; 
-	Option 4: gNB configures RRCReconfigurationComplete message delivered via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity;
Conclusion
According to the above discussion, the proposals on the above issue are as follows:
Proposal 1: For Rel-18 multi-path, capture the indirect path addition signalling procedure in Figure-1 for case A in TS 38.300.
Proposal 2: For case E, a single procedure to release-and-add cells would be supported.
Proposal 3: For case B, C, D and E, reuse the legacy RRC reconfiguration signalling procedure to add direct path over indirect path or release direct path/indirect path or modify direct path.
Proposal 4: For Rel-18 multi-path, capture the indirect path modification signalling procedure in Figure-2 for case G in TS 38.300.
Proposal 5: For Rel-18 multi-path, remote UE reports both direct path failure and indirect path failure via MCGFailureInformation or SCGFailureInformation message.
Proposal 6: Introducing new failure types for SL RLF and Uu RLF of relay UE.
Proposal 7: PDCP control PDU only transmits on the primary RLC entity same as legacy.
Proposal 8: Path activation/deactivation is introduced for multi-path.
Proposal 9: Introduce Path Activation/Deactivation MAC CE over direct path to control the activation/deactivation of direct path and/or indirect path.
Proposal 10: Reuse Duplication Activation/Deactivation MAC CE or Duplication RLC Activation/Deactivation MAC CE over direct path to control the duplication activation/deactivation of DRBs.
Proposal 11: For scenario 1, SRB1 and SRB2 can’t be configured on the different paths.
Proposal 12: With regards to the solution for how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure, down-select from the following 2 alternatives:
-	Option 3: Upon the indication/configuration received from a remote UE, e.g. indication/configuration in RRCReconfigurationSidelink message; 
-	Option 4: gNB configures RRCReconfigurationComplete message delivered via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity;
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