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1 Introduction
Last RAN3 meeting primarily studied the multi-path support for the sidelink relay, and the following agreements has been achieved,

From RAN3 perspective, multi-path scenario should be supported in Rel-18.

Both intra-DU and inter-DU cases will be supported under the same gNB.

RAN3 waits for the RAN2 progress on how to define control plane and user plane scenarios for multi-path support.

RAN3 waits for the RAN2 progress on whether and how to define the Primary path in multi-path support.

Addition of direct/indirect path are supported as follows:

· Add direct path, after the establishment of the indirect path.
· Add indirect path, after the establishment of the direct path.

· This does not imply the exclusion of any other path addition possibility.

RAN3 will study the signaling impact on the direct or indirect path change under the same gNB for a UE connected via multi-path. The other mobility scenarios can be further considered based on RAN2 decision.

The following use cases are not supported in Rel-18.

· Configure two indirect paths
· More than two paths

· Inter-gNB multi-path support 

FFS on whether two paths can be set at the same time.
In this contribution, we provide further discussion on the remaining issues. 
2 Discussion
Last RAN3 meeting primarily studied the multi-path support for the sidelink relay, and has confirmed the multi-path scenario should be supported in R18. As it can be noticed that, RAN2 is also having investigations on multi-path support; therefore, there’s no need to duplicate similar discussion in multiple WGs, and RAN3 should focus on RAN3 specific issues when keeping an eye on RAN2 progress.
Observation 1: No need to duplicate the discussion that are already ongoing in RAN2, RAN3 should focus on RAN3 specific issues.

In addition, there’s an FFS left during last RAN3 meeting on whether two paths can be set at the same time in terms of the addition of direct/indirect path, and the original intention for this agreement seems to not consider the mobility case; in this sense, i.e. in absence of the mobility, there might be no need to consider the establishment of both paths at the same time. While if RAN2 further considers the mobility scenarios such as the intra-gNB handover, current RAN2 discussion has not precluded the case that both paths can be (re)configured to the UE during the handover procedure. And we believe that the mobility scenario for the remote UE can be primarily studied and discussed in RAN2, if RAN2 is interested in such scenarios.
Proposal 1: RAN3 wait for the Ran2 progress on whether two paths can be set at the same time during mobility.
For RAN3 specific discussion, similar to R17, the major impact of multi-path support in RAN3 is on F1 interface.
Proposal 2: The major RAN3 impact of multi-path support is on F1 interface in R18. 
According to the progress of last RAN3 meeting, two basic path addition scenarios are supported,

· Add direct path, after the establishment of the indirect path

· Add indirect path, after the establishment of the direct path
In case of CU-DU split case, our understanding is that it is enough to adopt the similar principle as in R17, i.e. gNB-CU takes the responsibility to determine the configured paths. 
In addition, recall that in R17, to support the path switch, RAN2 defines PathSwitchConfig IE to indicate the target indirect path. Thus, RAN3 introduce the similar IE over F1 to help gNB-DU derive/generate low layer configurations (i.e., CellGroupConfig); in R18, our understanding is that the similar scheme can be applied since the path configurations belong to the low layer configurations. However, the existing PathSwitchConfig IE cannot be directly used for multi-path configuration since gNB-DU understands that such IE implicitly indicates to release the existing path. To realize the path addition configuration in R18, the gNB-DU can be indicated the new path information, e.g., SpCell ID of direct path for direct path addition, or SpCell ID + Relay UE ID for indirect path addition.

We understand that the detailed signaling design should be carried out by RAN2 first. However, RAN3 can pursue some initial discussion on whether the gNB-DU should know the path information of each configured path. Thus, we propose,
Proposal 3: RAN3 is kindly asked to discuss on whether the gNB-DU should know the path information of each configured path, e.g. SpCell ID, Relay UE ID, etc.
Moreover, for path configuration, the intention of the signaling design over F1 is same as that over Uu w.r.t path add/release. One possible procedure is that RAN3 can perform F1AP design when RAN2 makes decision. This indicates that RAN3 work has to be held on till RAN2’s decision. Another alternative is that RAN3 makes its own solution to realize the path addition/release over F1 as long as both RAN2 and RAN3 achieve the same functionality. In this sense, both RAN2 and RAN3 should carry out their own signaling design independently as long as both groups reach consensus on the functionality of path addition/release.
Proposal 4: RAN3 should discuss how to proceed the signaling design on path addition/release, e.g., wait for progress of RAN2 or perform RAN3 design independently.
After the path configuration, the next question is about data transmission. In case of CU-DU split, the data of each DRB is transmitted via GTP-U tunnel, while the data of each SRB is transmitted via F1AP message. For DRB, if the data can be split among multiple paths, the subsequent issue is which node determine the split, e.g., gNB-CU or gNB-DU, as shown in Fig. 1:

· Option 1: gNB-CU determines the data split among multiple paths.  
In this option, different GTP-U tunnels should be configured to the same DRB with different mapped paths. Then, gNB-DU can send the data from different GTP-U tunnels to different paths (DL), or from different paths to different GTP-U tunnels (UL). Specifically, if the GTP-U tunnel information contains the DRB mapping information IE, the gNB-CU should send the data conveyed via indirect path over such tunnel, and then gNB-DU delivers such data via indirect path. 
· Option 2: gNB-DU determines the data split among multiple paths 
In this option, one GTP-U tunnel can be configured to one DRB (PDCP duplication will be addressed later). Then, gNB-DU splits the data among paths. In this option, the gNB-DU should take the responsibility to determine how to split data among the configured paths. 
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Fig. Data split among multiple paths

It should be noted that the above options mainly consider the case when the Remote UE and Relay UE are connected to the same gNB-DU. While for the case when the Remote UE and Relay UE are connected different gNB-DUs, two F1-U tunnel seems inevitable; therefore, gNB-CU is the only reasonable choice which could determine the split for the inter-DU case. To achieve a unified solution for both intra-DU case and inter-DU case, we prefer to support the gNB-CU to determine the data split.
Proposal 5: It is suggested that gNB-CU is responsible to determine the data split among two paths for a DRB for both intra-DU and inter-DU cases.
In previous releases, the PDCP duplication is supported to enhance the reliability. After introducing multi-path, such functionality should be supported as well since multi-path is also intending to enhance the reliability, and according to RAN2 progress, all companies agrees to adopt PDCP duplication mechanism in multi-path scenario. 
Recall that in Rel-15, the two F1-U tunnels are established for one DRB. If one of the tunnels is mapped to the indirect path, the DRB mapping information can be contained, which is already supported in Rel-17.  
Proposal 6: To support PDCP duplication for multi-path scenario, one of the GTP-U tunnels of a DRB can be configured with DRB mapping information, indicating that this tunnel is used for data transmission via indirect path.

According to the current progress in both RAN2 and RAN3, our understanding is that some basic stg2 descriptions can be captured in TS 38.401 as a starting point, by considering intra-DU case first and figuring out the difference in the NOTE(s) for inter-DU case. So we propose,
Proposal 7: Agree the TP to T 38.401 as in the Annex as a starting point.
Note that current TP only reflect the intra-DU case; since RAN3 has agreed that the relay UE and remote UE can be connected to different gNB-DU, we add a NOTE to indicate that inter-DU case is also supported.
3. Conclusion

Based on the above, we have the following observation and proposals
Observation 1: No need to duplicate the discussion that are already ongoing in RAN2, RAN3 should focus on RAN3 specific issues.

Proposal 1: RAN3 wait for the Ran2 progress on whether two paths can be set at the same time during mobility.
Proposal 2: The major RAN3 impact of multi-path support is on F1 interface in R18. 
Proposal 3: RAN3 is kindly asked to discuss on whether the gNB-DU should know the path information of each configured path, e.g. SpCell ID, Relay UE ID, etc.
Proposal 4: RAN3 should discuss how to proceed the signaling design on path addition/release, e.g., wait for progress of RAN2 or perform RAN3 design independently.
Proposal 5: It is suggested that gNB-CU is responsible to determine the data split among two paths for a DRB for both intra-DU and inter-DU cases.
Proposal 6: To support PDCP duplication for multi-path scenario, one of the GTP-U tunnels of a DRB can be configured with DRB mapping information, indicating that this tunnel is used for data transmission via indirect path.
Proposal 7: Agree the TP to T 38.401 as in the Annex as a starting point.
In the Annex, the TP to the TS38.401 is given to reflect the procedures of direct/indirect path addition.
Annex

(TP to TS38.401 on Sidelink Relay enhancement)
8.19.x
Multi-path configuration for L2 U2N relay

8.19.x.1
Direct path addition
The signaling flow for the direct path addition at U2N Remote UE is shown in Fig. 8.19.x.1-1. 
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Figure 8.19.x.1-1: Direct path addition procedure at U2N Remote UE
1. gNB-CU decides to add direct path to the remote UE when it is performing data transmission via indirect path. 
2. gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message to gNB-DU, which contains the path information of new added direct path (FFS on details).

3. gNB-DU responses with the UE CONTEXT MODIFICATION RESPONSE message to gNB-CU, which contains the configurations used for direct path. 

4. gNB-CU reconfigures the remote UE and relay UE 

5. The remote UE accesses gNB-CU via the configured direct path. After that, it can perform data transmission via both direct and indirect paths. 
NOTE: When the Remote UE and the Relay UE are connected to different gNB-DUs, the UE Context Setup procedure for the Remote UE is used instead of UE Context Modification procedure in Step 2-3.
8.19.x.2
Indirect path addition
The signaling flow for the indirect path addition at U2N Remote UE is shown in Fig. 8.19.x.2-1. 
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Figure 8.19.x.2-1: Indirect path addition procedure at U2N Remote UE
1. gNB-CU decides to add indirect path to the remote UE when it is performing data transmission via direct path. 

2. gNB-CU configures the relay UE for the indirect path of the remote UE. 

3. gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message to gNB-DU, which contains the path information of new added indirect path (FFS on details).

4. gNB-DU responses with the UE CONTEXT MODIFICATION RESPONSE message to gNB-CU, which contains the configurations used for indirect path. 

5. gNB-CU reconfigures the remote UE 

6. The remote UE accesses gNB-CU via the configured indirect path. After that, it can perform data transmission via both direct and indirect paths. 

NOTE: When the Remote UE and the Relay UE are connected to different gNB-DUs, the UE Context Setup procedure for the Remote UE is used instead of UE Context Modification procedure in Step 3-4.
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