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1	Introduction
In RAN2#119bis-e, the following agreements on multipath relay were made: 
Agreements:
Proposal 1-1A (modified): The following cases are to be supported for Scenario 1.
The remote UE operating only on the direct path adds the indirect path under the same gNB; 
A. The remote UE operating only on the indirect path adds the direct path under the same gNB; 
B. The remote UE operating in multi-path releases the indirect path;
C. The remote UE operating in multi-path releases the direct path;
[bookmark: _Hlk124262674]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.  FFS if this case would be supported via separate release-and-add (A+C in separate reconfigurations) or a single switch procedure (e.g. similar to i2i service continuity).
[bookmark: _Hlk124263491]The following case (case E) can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations):
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.  
For multi-path Relay, support RRC_IDLE/RRC_INACTIVE target relay UE, for the path switching scenario where there is an addition of indirect path or a change of indirect path
Further, In RAN2#120, the following agreements on multipath relay were made: 
Agreements:
Support PCell on the direct path only when the UE is in multi-path operation, for both scenario 1 and scenario 2.
R2 confirms that split SRB can be configured with or without duplication as a baseline, for both scenarios (assuming it is supported in scenario 2 as proposed elsewhere). Further restrictions can be discussed in normative phase
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.
In this paper we’ll discuss the detailed path management procedure (including addition, removal, and replacement) for multipath relay scenario 1. 
[bookmark: _Ref178064866]2	Discussion
The following sections describe the procedures for path management i.e., path addition, removal, replacement. Although described from the perspective of Scenario-1, the same are also applicable to the supported cases in Scenario-2. 
2.1 Path addition (case A and B) 
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[bookmark: _Hlk124344808]Figure 1. Signalling flowchart for indirect path addition for relay UE in RRC_CONN state
Figure 1 above shows the signalling flowchart of indirect path addition under the same gNB (case A) for the relay UE in RRC_CONNECTED state. The procedure is like the direct to indirect path switching (in terms of setting up a measurement configuration/even conditions) with the difference being the direct path is retained. In addition, as the remote UE has a direct path to the gNB, sending RRCReconfigurationComplete to the gNB over the direct path is straightforward. It can be further discussed if this can be done either before or after the indirect path is established (the figure only shows the case that the remote UE sends RRCReconfigurationComplete before the new indirect path is set up). 
Proposal 1 Consider the steps in Figure 1 as the baseline for the indirect path addition. 
For the relay UE in RRC IDLE/INACTIVE, RAN2 will down select the solutions for triggering RRC IDLE/INACTIVE relay UE to enter RRC CONN state. In our view, option 3 (i.e., PC5-RRC based approach) is simple and easy to implement. The remote UE can just indicate to the target relay UE in PC5-RRC that the PC5 link is established for multipath relay purpose, which triggers the target relay UE to enter RRC CONN. 
Proposal 2 Adopt option 3 (i.e., PC5-RRC based approach) as the trigger for an RRC IDLE/INACTIVE relay UE to enter RRC CONN state. 
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Figure 2. Signalling flowchart for direct path addition
Figure 2 above shows the signalling flowchart of direct path addition under the same gNB (case B). It is also like the indirect to direct path switching except that the indirect path is kept, and the remote UE sends RRCReconfigurationComplete to the gNB over the indirect path, either before or after the new direct path is set up (the figure only shows the case that the remote UE sends RRCReconfigurationComplete before the new direct path is set up). 
Proposal 3 Consider the steps in Figure 2 as the baseline for the direct path addition. 
2.2 Path removal (case C and D) 
[image: ]
Figure 3. Signalling flowchart for indirect path removal
Figure 3 above shows the signalling flowchart of indirect path removal (case C). The figure only shows the case without split-SRB. In which case, the remote UE sends measurement report and receives RRCReconfiguration only in the direct path. In case SRB is configured with duplication for either uplink or downlink, the remote UE sends measurement report and receives RRCReconfiguration via both the direct path and the indirect path. For RRCReconfigurationComplete, the remote UE always sends it in the direct path as indirect path is already not available at that time. Besides, the gNB may perform RRCreconfiguration for indirect path removal with the relay UE either before or after the PC5 link between the remote UE and the relay UE is released. 
Proposal 4 Consider the steps in Figure 3 as baseline for the indirect path removal. 
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Figure 4. Signalling flowchart for direct path removal
Figure 4 above illustrates the signaling flowchart of direct path removal (case D). Also, the figure only shows the case without split-SRB. In which case, the remote UE sends measurement report and receives RRCReconfiguration only in the direct path. In case SRB is configured with duplication for either uplink or downlink, the remote UE sends measurement report and receives RRCReconfiguration via both the direct path and the indirect path. For RRCReconfigurationComplete, the remote UE sends it in the indirect path as direct path is already not available at that time. 
Proposal 5 Consider the steps in Figure 4 as baseline for direct path removal. 
2.3 Path replacement (case G and E) 
For the case that the remote UE changes to a new relay UE for the indirect path while keeping the direct path under the same gNB (case G), we think it is enough to support this case via separate release-and-add (i.e., separate RRC reconfigurations for release and addition of indirect path), by which case G can be supported based on signalling to support case A and case C and no additional work needed. 
Proposal 6 Support indirect path replacement via separate reconfigurations for indirect path release and indirect addition. 
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Figure 5. Signalling flowchart of indirect path replacement
Figure 5 below shows the signalling flowchart to support case G based on the separate release-and-add procedures. RRC reconfiguration with the remote UE for addition of new relay UE can only be performed via the direct path as the indirect path via the old relay UE is already released while the indirect path via the new relay UE is not set up yet. Addition of indirect path via the new relay UE and removal of indirect path via the old relay UE (i.e., the step after the remote UE sends the second RRCReconfigurationComplete to the gNB) can be performed concurrently or in different order than that shown in the figure.  
Proposal 7 Consider the steps in Figure 5 as baseline for indirect path replacement. 

[image: ]
Figure 6. Signalling flowchart of direct path replacement
For the case that the remote UE changes to a new cell of the same gNB for the direct path while using the serving relay UE for the indirect path under the same gNB (case E), we also think it is enough to support this case via separate release-and-add (i.e., separate RRC reconfigurations for release and addition of direct path), by which case E can be supported based on signalling to support case B and case D and no additional work needed. 
Proposal 8 Support direct path replacement via separate reconfigurations for direct path release and direct addition. 
Figure 6 above shows the signalling flowchart to support case E based on the separate release-and-add procedures. RRC reconfiguration with the remote UE for addition of new cell can only be performed via the indirect path as the direct path via the old cell is already released while the direct path via the new cell is not set up yet. 
Proposal 9 Consider the steps in Figure 6 as baseline for direct path replacement. 
[bookmark: _Toc70424553][bookmark: _Ref189046994]2.4. Network Based Solution to Trigger Relay UE 
The three options considered in the agreement above are UE-based triggering solutions. However, network-based solutions can also be used to trigger the relay UE into the RRC connected state. The potential advantage of the network-based solutions (for e.g., paging) being the delay reduction in adding the indirect path because the target relay UE can already be triggered to get into the RRC connected state before the remote UE receives the RRCReconfiguration message with the command to add the indirect path. For example, this can be like the paging-based solution discussed in the service continuity item where, the relay UE can be paged and transitioned to the RRC connected state. 
Proposal 10 RAN2 to consider network-based solutions in addition to UE-based solutions to trigger the relay UE in RRC IDLE/INACTIVE state to RRC CONN state. 
3 Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1 Consider the steps in Figure 1 as the baseline for the indirect path addition.
Proposal 2 Adopt option 3 (i.e., PC5-RRC based approach) as the trigger for an RRC IDLE/INACTIVE relay UE to enter RRC CONN state. 
Proposal 3 Consider the steps in Figure 2 as the baseline for the direct path addition.
Proposal 4 Consider the steps in Figure 3 as baseline for the indirect path removal.
Proposal 5 Consider the steps in Figure 4 as baseline for direct path removal. 
Proposal 6 Support indirect path replacement via separate reconfigurations for indirect path release and indirect addition. 
Proposal 7 Consider the steps in Figure 5 as baseline for indirect path replacement. 
Proposal 8 Support direct path replacement via separate reconfigurations for direct path release and direct addition.
Proposal 9 Consider the steps in Figure 6 as baseline for direct path replacement. 
Proposal 10 RAN2 to consider network-based solutions in addition to UE-based solutions to trigger the relay UE in RRC IDLE/INACTIVE state to RRC CONN state. 
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