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Introduction
In this document, we discuss the issues on multi-path operation for Rel-18 WI on NR sidelink relay enhancements.
Cell Group for MP relaying
It is not clear how to support multi-path relaying within the current DC framework when a remote UE configures both NR-DC and multi-path relaying. There will be two options as follows:

· Option 1: Both paths can be configured on same or different cells of the same cell group.

· Option 2: Both paths can be configured on different cell groups.

RAN2 previously agreed to have the PCell only on the direct path when a remote UE is configured with multi-paths. Thus, it is likely that the direct path is always configured in MCG of the remote UE when the remote UE is configured with NR-DC. 
Proposal 1: When the remote UE is configured with both NR-DC and multi-path, the direct path of the multi-path is always configured on MCG of the remote UE.

RAN3 agreed to support the case that different paths are served by different gNB-DUs. We wonder if the inter-DU case can be supported within a same cell group, since different gNB-DUs configured for a UE would lead to NR-DC configuration in NR. 

As we know, NR sidelink is currently supported only by MCG, not by SCG. From this perspective, it is highly preferred to support both paths only on MCG of the remote UE for scenario 1. Thus, it would be good to check whether RAN2 can confirm the RAN3’s agreement that different paths can be served by different gNB-DUs, considering that NR MCG of a UE configuring MR-DC can currently support NR sidelink
Therefore, we suggest the following proposals for RAN2 discussion:
Proposal 2: If different paths are served by a same gNB-DU, both paths of MP relaying are always on MCG of the remote UE for scenario 1. A same MAC entity of MCG supports both NR SL of the indirect path and Uu link of the direct path for scenario 1, as currently specified for NR SL.
Proposal 3: RAN2 is requested to discuss whether to confirm the RAN3’s agreement that different paths can be served by different gNB-DUs considering that only MCG of a UE configuring MR-DC can currently support NR sidelink.

Proposal 4: If different paths can be served by different gNB-DUs as agreed in RAN3, direct path of MP relaying is always on MCG of the remote UE. RAN2 is requested to further discuss one of the following alternatives for indirect path of MP relaying:

· Alt 1: NR sidelink needs to be supported for SCG of the remote UE. 
· SCG of the remote UE only serving indirect path is configured without PSCell.
· Alt 2: different gNB-DUs serving different paths can be configured as a same MCG of the remote UE 

· The MCG of the remote UE has different MAC entities i.e. one MAC entity for direct path and the other MAC entity for indirect path for different gNB-DUs.
Path Addition
Case A: Addition of indirect path after establishment of direct path
Figure 1 illustrates the proposed overall procedure to support the multi-path configuration for the case where the indirect path is established within the same gNB-CU. This procedure can be applied to the case where both paths are established under the same gNB-DU. In Step 2, based on the measurement report from the remote UE, the gNB-CU decides to add the indirect path for the multi-path configuration. Then, the gNB-CU determines the target Relay UE properly, and then allocates the local ID of remote UE. 

In Step 3, the reconfiguration to target U2N relay UE is performed among relay UE, gNB-DU2 and gNB-CU if relay UE is in RRC_CONNECTED state, as in the Rel-17 direct-to-indirect path switch procedure. How to configure the target U2N Relay UE in RRC_IDLE or RRC_INACTIVE needs to be further discussed. 

Upon receiving the RRCReconfiguration message in Step 4, the remote UE may establish the PC5 unicast link with target relay UE in Step 5, if no PC5 unicast link exists between the UEs. Then, the remote UE completes the multi-path configuration procedure by sending the RRCReconfigurationComplete message via either the direct path or the indirect path. 
RAN2 previously agreed that 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. Considering the agreement in Athens, we think that upon RRCReconfiguration message for indirect path addition from direct path, the remote UE needs to sends the RRCReconfigurationComplete message to gNB via the added indirect path for both scenario 1 and 2, at least when split SRB1 is configured. 

Besides, if no split SRB1 has been configured, indirect SRB1 could be configured e.g. upon reception of RRCReconfiguration message. If so, the remote UE could always send the RRCReconfigurationComplete message to gNB via the added indirect path, regardless of whether split SRB1 has been configured or not.
Proposal 5: Upon receiving a RRC reconfiguration message for addition of indirect path, the remote UE establishes PC5 unicast link with the relay UE, if needed, and the remote UE sends the RRC reconfiguration complete message towards the added indirect path at least when split SRB1 has been configured. 
Proposal 6: Upon receiving a RRC reconfiguration message for addition of indirect path with indirect SRB1 configuration, the remote UE sends the RRC reconfiguration complete message towards the added indirect path via the indirect SRB1 when neither indirect SRB1 nor split SRB1 has been configured. 

Proposal 7: It is proposed to agree the overall procedure in Figure 1 as a baseline to add the indirect path after the establishment of the direct path for Scenario 1. 
For scenario 2, PC5 unicast link setup in Step 5 is necessary. But, the other steps could be also applied to scenario 2.
Proposal 8: It is proposed to agree the overall procedure in Figure 1 except Step 5 as a baseline to add the indirect path after the establishment of the direct path for Scenario 2. 
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Figure 1. Multi-path configuration procedure with addition of indirect path after initial establishment of direct path

Case B: Addition of direct path after establishment of indirect path
Figure 2 illustrates the proposed overall procedure to support the multi-path configuration for addition of direct path after establishment of indirect path. Considering that PCell will be always configured on the added direct path, we think that gNB should perform the reconfiguration with sync procedure involving random access. 

Proposal 9: Upon receiving a RRC reconfiguration message for addition of direct path, the remote UE performs reconfiguration with sync procedure and triggers RACH on the PCell of the added direct path.
In the Rel-17 procedure for L2 U2N Remote UE switching to direct Uu cell, after the reception of the RRCReconfigurationComplete message from the remote UE, the reconfiguration to the relay UE is performed to release indirect path. However, in Case B of multi-path, the gNB may send the RRCReconfiguration message to the relay UE to reconfigure the connection between the relay UE and the gNB-CU based on the multi-path configuration. RAN2 can further discuss whether/when to perform the reconfiguration to the relay UE in Case B. One of the options reconfiguring the relay UE is that gNB reconfigure the relay UE when gNB reconfigures the remote UE e.g. as shown in Step 5.
Proposal 10: RAN2 is requested to further discuss whether/when to perform the reconfiguration to the relay UE in Case B e.g. in Step 3 of Figure 2.
As discussed in Case A, Case B also has a similar issue on which path is used for the remote UE to send the RRCReconfigurationComplete message. In case B, it is likely that the RRCReconfiguration message in Step 4 will configure direct or split SRB1. Thus, we think that the RRCReconfigurationComplete message can be sent to gNB directly.
Proposal 11: Upon receiving a RRC reconfiguration message for addition of direct path, the remote UE configures direct SRB1 or split SRB1 and sends the RRC reconfiguration complete message towards the added direct path. 
Proposal 12: It is proposed to agree the overall procedure in Figure 2 as a baseline to add the direct path after the establishment of the indirect path under different gNB-DUs for Scenario 1. 
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Figure 2. Multi-path configuration procedure with addition of direct path after initial establishment of indirect path

Scenario 2

RAN2 recently agreed to confirm the following assumption:
Working assumption: Proposal 11
[20/21] For multi-path Relay Scenario-2, leave it to relay and remote UE implementation on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure. R2 further discuss the solution for Scenario-1.

Considering that gNB would not need to store s-TMSI of a UE in RRC_CONNECTED, we think that s-TMSI cannot be used to inform gNB about the relation between remote UE and relay UE. From this perspective, a UE could report C-RNTI of the other UE to gNB in order to inform gNB about the relation between remote UE and relay UE in scenario 2. If C-RNTI needs to be used for the report, the relay UE in RRC_IDLE or RRC_INACTIVE needs to enter RRC_CONNECTED before the report.
Therefore, RAN2 could consider the following options to inform the gNB about semi-static relationship between the remote UE and the relay UE by using C-RNTI:
· Option 1: The relay UE in RRC_CONNECTED informs the gNB about C-RNTI of the remote UE (after entering RRC_CONNECTED, if not in RRC_CONNECTED). How the remote UE informs the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation. How the relay UE initiates RRC connection establishment procedure, if not in RRC_CONNECTED, is left to UE implementation.
· Option 2: The remote UE in RRC_CONNECTED informs the gNB about C-RNTI of the relay UE. How the relay UE initiate RRC connection establishment procedure, if not in RRC_CONNECTED, and inform the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation.
Proposal 13: For multi-path Relay Scenario-2, a UE informs the gNB about semi-static relationship between the remote UE and the relay UE by using C-RNTI according to one of the following options:

· Option 1: The relay UE in RRC_CONNECTED informs the gNB about C-RNTI of the remote UE (after entering RRC_CONNECTED, if not in RRC_CONNECTED). How the remote UE informs the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation. How the relay UE not in RRC_CONNECTED initiates RRC connection establishment procedure is left to UE implementation.
· Option 2: The remote UE in RRC_CONNECTED informs the gNB about C-RNTI of the relay UE. How the relay UE initiate RRC connection establishment procedure, if not in RRC_CONNECTED, and inform the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation.

Conclusion
In conclusion, we propose that RAN2 make agreements on the followings:

Proposal 1: When the remote UE is configured with both NR-DC and multi-path, the direct path of the multi-path is always configured on MCG of the remote UE.

Proposal 2: If different paths are served by a same gNB-DU, both paths of MP relaying are always on MCG of the remote UE for scenario 1. A same MAC entity of MCG supports both NR SL of the indirect path and Uu link of the direct path for scenario 1, as currently specified for NR SL.
Proposal 3: RAN2 is requested to discuss whether to confirm the RAN3’s agreement that different paths can be served by different gNB-DUs considering that only MCG of a UE configuring MR-DC can currently support NR sidelink.

Proposal 4: If different paths can be served by different gNB-DUs as agreed in RAN3, direct path of MP relaying is always on MCG of the remote UE. RAN2 is requested to further discuss one of the following alternatives for indirect path of MP relaying:

· Alt 1: NR sidelink needs to be supported for SCG of the remote UE. 

· SCG of the remote UE only serving indirect path is configured without PSCell.

· Alt 2: different gNB-DUs serving different paths can be configured as a same MCG of the remote UE 

· The MCG of the remote UE has different MAC entities i.e. one MAC entity for direct path and the other MAC entity for indirect path for different gNB-DUs.

Proposal 5: Upon receiving a RRC reconfiguration message for addition of indirect path, the remote UE establishes PC5 unicast link with the relay UE, if needed, and the remote UE sends the RRC reconfiguration complete message towards the added indirect path at least when split SRB1 has been configured. 

Proposal 6: Upon receiving a RRC reconfiguration message for addition of indirect path with indirect SRB1 configuration, the remote UE sends the RRC reconfiguration complete message towards the added indirect path via the indirect SRB1 when neither indirect SRB1 nor split SRB1 has been configured. 

Proposal 7: It is proposed to agree the overall procedure in Figure 1 as a baseline to add the indirect path after the establishment of the direct path for Scenario 1. 
Proposal 8: It is proposed to agree the overall procedure in Figure 1 except Step 5 as a baseline to add the indirect path after the establishment of the direct path for Scenario 2. 
Proposal 9: Upon receiving a RRC reconfiguration message for addition of direct path, the remote UE performs reconfiguration with sync procedure and triggers RACH on the PCell of the added direct path.
Proposal 10: RAN2 is requested to further discuss whether/when to perform the reconfiguration to the relay UE in Case B e.g. in Step 3 of Figure 2.
Proposal 11: Upon receiving a RRC reconfiguration message for addition of direct path, the remote UE configures direct SRB1 or split SRB1 and sends the RRC reconfiguration complete message towards the added direct path. 

Proposal 12: It is proposed to agree the overall procedure in Figure 2 as a baseline to add the direct path after the establishment of the indirect path under different gNB-DUs for Scenario 1. 
Proposal 13: For multi-path Relay Scenario-2, a UE informs the gNB about semi-static relationship between the remote UE and the relay UE by using C-RNTI according to one of the following options:

· Option 1: The relay UE in RRC_CONNECTED informs the gNB about C-RNTI of the remote UE (after entering RRC_CONNECTED, if not in RRC_CONNECTED). How the remote UE informs the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation. How the relay UE not in RRC_CONNECTED initiates RRC connection establishment procedure is left to UE implementation.

· Option 2: The remote UE in RRC_CONNECTED informs the gNB about C-RNTI of the relay UE. How the relay UE initiate RRC connection establishment procedure, if not in RRC_CONNECTED, and inform the relay UE about C-RNTI of the remote UE over non-3GPP UE-to-UE link is left to UE implementation.
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