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1 Introduction
Last several RAN3 meetings studied the multi-path support for the sidelink relay. And last meeting concludes the study phase and the multi-path support has been moved to normative phase from this meeting.

As indicated by Chair minutes, there are several open issues that can be further discussed during the normative phase which are captured as follows,

For Scenario 1, the responsibility of gNB-CU and gNB-DU in Rel-17 SL relay can be reused as a baseline. Whether to enhance the responsibility of gNB-CU and gNB-DU in Rel-18 is FFS. 

For the responsibility of gNB-CU and gNB-DU in Scenario 2, the RAN3 waits for RAN2’s progress on protocol stack for Scenario 2.

For intra-DU case, two F1-U tunnels are setup between CU and DU for a split DRB. FFS on how to support the multi-path delivery of split SRB.
In this contribution, we provide further discussions on the remaining issues. 
2 Discussion
For the first open issue,

For Scenario 1, the responsibility of gNB-CU and gNB-DU in Rel-17 SL relay can be reused as a baseline. Whether to enhance the responsibility of gNB-CU and gNB-DU in Rel-18 is FFS. 

For the responsibility of gNB-CU and gNB-DU in Scenario 2, the RAN3 waits for RAN2’s progress on protocol stack for Scenario 2.
According to the SoD of last RAN3 meeting, the moderator has listed the responsibilities for CU and DU for SL relay in R17,

· gNB-CU’s responsibility:

· Local Remote UE ID allocation

· Remote UE and relay UE association and context maintenance 

· Remote UE bearer mapping and multiplexing 

· Relaying Uu/PC5 RLC channel management

· E2E QoS split management for relaying 

· Dedicated thresholds for relay discovery 

· gNB-DU’s responsibility

· Uu adaptation layer (AL) support for CP/UP data 

· Determine the RLC/MAC/PHY Configuration for the relaying Uu/PC5 RLC CHs of relay UE 

· Dedicated resource pool for NR ProSe service (same as legacy) 

In addition, we’ve agreed to introduce more responsibility for CU as follows to support multi-path,

For the multi-path support, the gNB-CU takes the responsibility to decide the addition/modification/release of the path.
The gNB-CU is responsible to determine the data split among two paths for a DRB for both intra-DU and inter-DU cases.
And the main point is whether Scenario2 requires CU and DU to have such responsibilities also. We notice that RAN2 has achieved the following agreements last meeting,
Agreements:

Proposal 1A: The relay UE is restricted to serve only one remote UE in Scenario 2.

Proposal 5A (modified): For Scenario 2, different Uu logical channels are configured for identification of data directed to/originating from the relay UE and data relayed from/to the remote UE over the Uu link of the indirect path, as in Rel-17. 

Agreements:

Proposal 3A: RAN2 assumes that in Scenario 2, without the adaptation layer over non-3GPP link, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over UE-to-UE link based on UE implementation.

Proposal 4A (modified): RAN2 does not impose a requirement for interoperability between two UEs from different vendors for scenario 2 in this release.

Proposal 1B: RAN2 understand that UE identification in L2 PDU over non-3GPP link is not in 3GPP scope in Scenario 2.

Proposal 9A (modified): Do not specify adaptation layer over UE-to-UE link for scenario 2 in RAN2.

Agreement:

Proposal 1C (modified): UE identification is not needed over Uu link in Scenario 2, if relay UE serves only one remote UE (as in Proposal 1A) and different Uu RLC channels can be assumed for the remote UE and the relay UE (as in Proposal 5A).

Working assumptions:

Proposal 3A: Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path.  FFS how to configure the mapping.

Proposal 3B: Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.

Proposal 9B: Do not specify adaptation layer over Uu link for scenario 2 in RAN2.

It can be observed from RAN2 agreement that the adaptation layer is not specified for Scenario2 for both Uu RLC channel and Ue-to-Ue link for the indirect path, so primarily the CU/DU responsibilities for Scenario2 would be,
· gNB-CU’s responsibility:

· Local Remote UE ID allocation

· Remote UE and relay UE association and context maintenance 

· Remote UE bearer mapping and multiplexing 

· Relaying Uu RLC channel management

· E2E QoS split management for relaying 

· Addition/modification/release of the path

· Data split determination among two paths for a DRB for both intra-DU and inter-DU cases
· gNB-DU’s responsibility

· Determine the RLC/MAC/PHY Configuration for the relaying Uu RLC CHs of relay UE 

Observation 1: For Scenarion2, RAN2 has agreed that the Relay UE is restricted to serve only one Remote UE, and the adaptation layer is not specified for both Uu RLC channel and UE-to-UE link.
Observation 2: The CU/DU responsibilities can be determined based on RAN2 progress.
For the next open issue,

For intra-DU case, two F1-U tunnels are setup between CU and DU for a split DRB. FFS on how to support the multi-path delivery of split SRB.
Recall that the FFS was added because at that time RAN2 has not agreed to use split SRB for multi-path delivery. According to the latest RAN2 progress, the following agreements are achieved,
Agreement:

For scenario 1, SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication.  FFS if they can be configured on different paths from one another.

For scenario 2, SRB1 and SRB2 can be configured at least on the direct path.  FFS if there are restrictions on the configuration and if they can be configured on both paths.

So according to RAN2, the split SRB, including SRB1 and SRB2, can be used to support the multi-path delivery. And it seems enough to reuse the existing mechanism of split SRB data delivery, for the multi-path delivery of split SRB.
Proposal 1: Current F1 spec seems enough to support the multi-path delivery of split SRB.
Moreover, 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 2: 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 3: 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.
For the enhancement to the detailed stg3 descriptions to support multi-path operation, note that RAN2 has achieved the following agreements as follows during last RAN2 meeting,

Agreement:
Support PCell on the direct path only when the UE is in multi-path operation, for both scenario 1 and scenario 2.
RAN2 do not define a control plane primary path concept in the study phase; FFS if something needs to be defined in normative work, but it should be driven by functionality and technical benefits.
Whether SRB1/2 can be configured in different path for Scenario 1 can be discussed in normative phase.
Whether non-split SRB1/2 is allowed to be configured on indirect path for scenario 2 and whether split SRB1/2 is supported for scenario 2 can be discussed in normative work.
Based on the above agreements, there are still many fundamental open issues that needs to be firstly resolved and decided by RAN2, including whether to adopt the concept of the primary path, whether SRB 1/2 can be configured in different paths, etc. So it would be safer for RAN3 to wait for more progress from RAN2, and then to bring up stg3 TPs.
Observation 3: Wait for more progress from RAN2 on the determination of basic concepts of multi-path support before RAN3 brings up stg3 TPs.
3. Conclusion

Based on the above, we have the following observations and proposals
Observation 1: For Scenarion2, RAN2 has agreed that the Relay UE is restricted to serve only one Remote UE, and the adaptation layer is not specified for both Uu RLC channel and UE-to-UE link.

Observation 2: The CU/DU responsibilities can be determined based on RAN2 progress.
Proposal 1: Current F1 spec seems enough to support the multi-path delivery of split SRB.
Proposal 2: 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 3: Agree the TP to T 38.401 as in the Annex as a starting point.
Observation 3: Wait for more progress from RAN2 on the determination of basic concepts of multi-path support before RAN3 brings up stg3 TPs.
In the Annex, the TP to the TS38.401 is given to reflect the procedures of direct/indirect path addition.
Annex

(TP to TS 38.401 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 information to add new 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 information to add new 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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