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Introduction
The work item on NR sidelink relay enhancements was approved for Rel-18 and the recent WID is shown in RP-221262 including the following objectives.
	The objective of this work item is to specify solutions that are needed to enhance NR Sidelink Relay for the V2X, public safety and commercial use cases.

3. Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:

A. A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).

Note 3A: Study on the benefit and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work.

Note 3B: UE-to-Network relay in scenario 1 reuses the Rel-17 solution as the baseline. 
Note 3C: Support of Layer-3 UE-to-Network relay in multi-path scenario is assumed to have no RAN impact and the work and solutions are subject to SA2 to progress.

…
This work will not consider specific enhancement for sidelink relay support of functionality specified in Rel-18 sidelink enhancements.  If Rel-18 sidelink enhancements can be operated in relay without any special handling, they can be used in relaying operations.


In this document, we propose to consider benefits, scenarios and potential solutions for multi-path relaying.
Benefits of multi-path relaying
Figure 1 shows the remote UE configuring multi-path relaying i.e. both indirect path via the relay UE and direct path towards gNB. When multi-path relaying is configured, user traffic from/to the remote UE can be sent via indirect path and/or direct path.

From our perspective, such multi-path relaying can offer some benefits as follows: 
First of all, the relay UE in proximity can sometimes provide better Uu link quality than the remote UE. For example, as shown in Figure 1(a), if multi-path relaying is configured, when the relay UE in proximity provide better Uu link quality than the remote UE, the remote UE can indirectly transmit/receive data via indirect path. Otherwise, the remote UE can directly transmit/receive data to/from gNB or use both direct and indirect path. Someone may concern delay on the indirect path consisting of both Uu link and sidelink. It seems better to use direct path for delay-sensitive traffic. However, if packet delay is not so critical for user traffic and/or if the remote UE has a low quality of direct path, it would be good to use indirect path assuming the relay UE offers a better quality of indirect path.
Secondly, considering that indirect path over U2N RLC channels has been already specified in Rel-17, multi-path relaying can provide efficient path switching between direct path and indirect path without RRC reconfiguration. As we know, Rel-17 indirect path over U2N RLC channels cannot be configured together with legacy direct path. Thus, low quality of one path will lead to RRC reconfiguration for path switching to the other path. Even though better service continuity between direct and indirect path is expected to be supported in Rel-18, it would be much better to allow both direct path and indirect path to be ready for traffic from/to the remote UE. For instance, as shown in Figure 1, when multi-path relaying is configured, user traffic from/to the remote UE can select one or the other of the two paths e.g. based on link quality without RRC reconfiguration. Since RRC reconfiguration can lead to RRC signalling overhead and service interruption, multi-path relaying could provide path reselection with low signalling overhead and low delay.
Thirdly, with multi-path relaying, enhanced user data throughput can be achieved especially for the remote UE already having a PC5 unicast link with the relay UE (e.g. due to V2X communication) without support of combination of CA/DC capability and sidelink capability. gNB can provide enhanced throughput to a UE by configuring secondary cell(s) assuming that the UE supports CA/DC capability. However, if the remote UE has been already using a PC5 unicast link with the relay UE for some reason (e.g. V2X communication), it could be a good choice for the remote UE to use the PC5 unicast link for indirect path towards the gNB, especially when the remote UE is in RRC_CONNECTED and configured with SL mode 1. This remote UE can use multi-path relaying to improve user data throughput without simultaneous support of CA/DC capability and sidelink capability in the band combination which seems heavier capability.
Finally, gNB can selectively offload the direct connection of the remote UE in congestion to indirect connection via the relay UE or vice versa based on QoS characteristics of user traffic. For example, gNB can keep delay-sensitive traffic on the direct connection but offload delay-insensitive traffic to indirect path via the relay UE, probably at a same cell with the remote UE or a different intra/inter-frequency cell. To be configured with two cells, the remote UE should have sufficient quality with those two cells without multi-path relaying. Thanks the relay UE, the remote UE at one cell in congestion can use the relay UE at the other cell not in congestion. If those two cells belong to the same gNB, gNB can configure both direct path at one cell and indirect path via the relay UE at the other cell for the remote UE.
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(a) Indirect path better than direct path in channel quality
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(b) Direct path better than indirect path in channel quality
Figure 1: Path selection in multi-path configuration
Proposal 1: Multi-path relaying can offer the following benefits:
A. The relay UE in proximity may provide better Uu link quality than the remote UE e.g. for delay-insensitive traffic.

B. Multi-path relaying can provide efficient path switching between direct path and indirect path without RRC reconfiguration, i.e. path reselection can be achieved with low RRC signalling overhead and low delay.

C. The remote UE already having a PC5 unicast link with the relay UE (e.g. due to V2X communication) can provide enhanced user data throughput without simultaneous support of CA/DC capability and sidelink capability in the band combination.
D. gNB can offload the direct connection of the remote UE in congestion to indirect connection via the relay UE (e.g. at different intra/inter-frequency cells) or vice versa while keeping delay-sensitive traffic on the direct connection.

Scenarios for multi-path relaying
Considering the benefits of multi-path relaying as written above, three cell deployment scenarios described below can be taken into account for support of multi-path relaying in Rel-18.

· Scenario C1: The relay UE and remote UE are served by a same cell.

· Scenario C2: The relay UE and remote UE are served by different intra-frequency cells of a same gNB
· Scenario C3: The relay UE and remote UE are served by different inter-frequency cells of a same gNB
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Scenario C1: The relay UE and remote UE are served by a same cell
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Scenario C2: The relay UE and remote UE are served by different intra-frequency cells of a same gNB
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Scenario C3: The relay UE and remote UE are served by different inter-frequency cells of a same gNB
Proposal 2: Support the following cell deployment scenarios for multi-path relaying in Rel-18:
· Scenario C1: The relay UE and remote UE are served by a same cell.

· Scenario C2: The relay UE and remote UE are served by different intra-frequency cells of a same gNB

· Scenario C3: The relay UE and remote UE are served by different inter-frequency cells of a same gNB
Considering the above cell deployment scenarios, sidelink carrier may be same as Uu carrier or different than Uu carrier. Thus, for support of multi-path relaying in Rel-18, we can take into account sidelink frequency scenarios as follows:
· Scenario S1: SL TX/RX and UL/DL share the same carrier at the remote UE.

· Scenario S2: SL TX/RX and UL/DL use different carriers at the remote UE.

· Scenario S3: SL TX/RX and UL/DL share the same carrier at the relay UE.

· Scenario S4: SL TX/RX and UL/DL use different carriers at the relay UE.
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Scenario S1: SL TX/RX and UL/DL share the same carrier at the remote UE.
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Scenario S2: SL TX/RX and UL/DL use different carriers at the remote UE.
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Scenario S3: SL TX/RX and UL/DL share the same carrier at the relay UE.
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Scenario S4: SL TX/RX and UL/DL use different carriers at the relay UE.
Proposal 3: Support the following sidelink scenarios for multi-path:
· Scenario S1: SL TX/RX and UL/DL share the same carrier at the remote UE.

· Scenario S2: SL TX/RX and UL/DL use different carriers at the remote UE.

· Scenario S3: SL TX/RX and UL/DL share the same carrier at the relay UE.

· Scenario S4: SL TX/RX and UL/DL use different carriers at the relay UE.
Considering the CU-DU split case, according to the objective in Rel-18 SL Relay Enhancement WID, the direct path and indirect path should be served by a same gNB-CU. However, from the DU point of view, the following two deployment scenarios can be taken into account for support of multi-path relaying in Rel-18:

· Scenario D1: The direct path and indirect path are served by a same gNB-DU.

· Scenario D2: The direct path and indirect path are served by different gNB-DUs connected to a same gNB-CU.
Proposal 4: Support the following CU-DU scenarios for multi-path:
· Scenario D1: The direct path and indirect path are served by a same gNB-DU.
· Scenario D2: The direct path and indirect path are served by different gNB-DUs connected to a same gNB-CU.
Potential solutions for multi-path relaying
In MR-DC, from a UE perspective, three bearer types exist: MCG bearer, SCG bearer and split bearer. MCG split bearer is shown in Figure 2. For MCG split bearer, a Uu PDCP entity in MCG is configured with Uu RLC entities both in MCG and SCG. The split bearer allows PDCP data to be transferred between MCG and SCG.
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Figure 2: MCG Split Bearer in Rel-15

From our perspective, the framework of the split bearer can be easily applied to multi-path relaying, thanks to introduction of L2 U2N RLC channel in Rel-17. As shown in Figure 3, Uu PDCP entity associated with a direct path served by Uu RLC entity can be additionally associated with an indirect path served by SL RLC entity and SRAP entity as specified for Rel-17 L2 U2N, which results in a new type of split bearer (i.e. MP split bearer) for multi-path relaying. The MP split bearer can allow PDCP data to be transmitted on either direct resource on Uu or indirect resource on SL.
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Figure 3: MP Split Bearer for Rel-18 Multi-path relaying
In the remote UE, a UL TX PDCP entity can be configured with a UL TX RLC entity and a SL TX RLC entity with SRAP entity and a DL RX PDCP entity can be configured with a DL RX RLC entity and a SL RX RLC entity with SRAP entity.

Meanwhile, some PDCP data could be only configured with direct bearers e.g. for SRB or delay-critical DRB, while other PDCP data with indirect bearers only e.g. for delay-insensitive traffic. Therefore, like three bearer types in MR-DC, three bearer types can exist for multi-path relaying: MP split bearer in Figure 3 and direct bearer and indirect bearer in Figure 4.
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Figure 4: Direct Bearer and Indirect Bearer for Rel-18 Multi-path relaying
Observation 4: Multi-path relaying can be easily realized by configuring L2 U2N RLC channels as well as direct bearers.

Proposal 5: Support multi-path operation of configuring both indirect path via one L2 U2N Relay UE and direct path for the same gNB.
Proposal 6: Support direct bearer, indirect bearer, and MP split bearer which uses both direct and indirect path based on the existing split bearer framework.
Proposal 7: For a MP split bearer, one PDCP entity is configured with one direct RLC channel and one indirect RLC channel.

· For upstream, a UL TX PDCP entity is configured with a UL TX RLC entity and a SL TX RLC entity with SRAP entity in the remote UE side.

· For downstream, a DL RX PDCP entity can be configured with a DL RX RLC entity and a SL RX RLC entity with SRAP entity in the remote UE side.

From our perspective, multi-path relaying can be configured when indirect DRBs have been already established or when direct DRBs have been already established. When indirect DRBs have been already established, multi-path relaying can be configured by additionally configuring direct DRBs and/or split DRBs. When direct DRBs have been already established, multi-path relaying can be configured by additionally configuring indirect DRBs and/or split DRBs. Besides, multi-path relaying can be configured by simultaneously configuring different types of DRBs i.e. two or more of direct DRBs, indirect DRBs and split DRBs. 
Proposal 8: Multi-path relaying can be configured by:
· configuring direct/split bearers in case that indirect bearers has been already established; or
· configuring indirect/split bearers in case that direct bearers has been already established; or
· simultaneously configuring different types of bearers i.e. direct/indirect/split bearers
For reliable transmission, we think that the existing framework of PDCP duplication can be supported for multi-path relying. Especially, when a split bearer is configured with PDCP duplication, duplicated packets can be transferred via both direct path and indirect path. But, whether to support the PDCP duplication over direct path and indirect path is pending to RAN2 decision. Therefore, the RAN3 needs to wait for the RAN2 progress.
Proposal 9: RAN3 waits for the RAN2 decision on whether to support PDCP duplication over direct path and indirect path.
Unlike Rel-17 U2N, the remote UE has the direct link with gNB as well as the indirect link via the relay UE. Hence, gNB can configure SL resource allocation mode 1 and so directly provide SL grant to the remote UE. We think that with SL mode 1 operation in the remote UE, gNB can have chance to have better coordination for Uu/SL resource allocation for remote UE and relay UE. Besides, there is no critical reason for limiting to SL mode 2 in the remote UE having direct link with gNB.
Observation 9: For multi-path operation, the remote UE has a direct link with gNB. Hence, gNB can provide SL grant in SL resource allocation mode 1 e.g. for better coordinated Uu/SL resource allocation for remote UE and relay UE.
Proposal 10: Support SL mode 1 for the remote UE configured with multi-path relaying.
The study on multi-path relaying includes two different types of indirect path as captured below:

A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).

As specified in Figure 5 in 38.300, UP protocol stacks for U2N RLC channels use SRAP layer which provides bearer mapping and remote UE identification. The same SRAP layer can be used for indirect path at least for Scenario 1. However, it is not clear whether the same SRAP layer can be used for indirect path for Scenario 2, because how lower layers work between the remote UE and the relay UE is not clear. Since whether to re-use the SRAP layer for Scenarios 1 and 2 is pending to RAN2 decision, the RAN3 needs to wait for the RAN2 progress
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Figure 5: User plane protocol stack for L2 UE-to-Network Relay in 38.300
Proposal 11: RAN3 waits for the RAN2 decision on whether the SRAP layer can be used for indirect path via Layer-2 UE-to-Network relay (i.e. Scenario 1) as well as indirect path based on Scenario 2.

As written in WID [1], the solutions for scenario 1 are to be reused for scenario 2 without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for scenario 2. Therefore, we propose to pursue commonality between scenario 1 and scenario 2 and identify potential different aspects between scenario 1 and scenario 2 and any specification impact during the study.
Proposal 12: Pursue commonality between scenario 1 and scenario 2 and identify potential different aspects between scenario 1 and scenario 2 and any specification impact during the study.

The multi-path operation may be supported per UE level, per PDU Session level, or per QoS level. Therefore, the AMF can provide an explicit indication on whether and how the multi-path operation is supported for the remote UE. Alternatively, without the explicit indication from the AMF, the NG-RAN is able to determine whether and how the multi-path operation is supported for the remote UE based on the QoS parameters, UE capability, and so on. We think that this issue is pending to the SA2 progress.
Proposal 13: RAN3 waits for the SA2 progress on whether and how the AMF provides the explicit indication to the NG-RAN in order to indicate that the multi-path operation is allowed for the remote UE.
Conclusion
In conclusion, we propose that RAN3 make agreements on the followings:

Proposal 1: Multi-path relaying can offer the following benefits:

A. The relay UE in proximity may provide better Uu link quality than the remote UE e.g. for delay-insensitive traffic.

B. Multi-path relaying can provide efficient path switching between direct path and indirect path without RRC reconfiguration, i.e. path reselection can be achieved with low RRC signalling overhead and low delay.

C. The remote UE already having a PC5 unicast link with the relay UE (e.g. due to V2X communication) can provide enhanced user data throughput without simultaneous support of CA/DC capability and sidelink capability in the band combination.

D. gNB can offload the direct connection of the remote UE in congestion to indirect connection via the relay UE (e.g. at different intra/inter-frequency cells) or vice versa while keeping delay-sensitive traffic on the direct connection.

Proposal 2: Support the following cell deployment scenarios for multi-path relaying in Rel-18:
· Scenario C1: The relay UE and remote UE are served by a same cell.

· Scenario C2: The relay UE and remote UE are served by different intra-frequency cells of a same gNB

· Scenario C3: The relay UE and remote UE are served by different inter-frequency cells of a same gNB
Scenario S4: SL TX/RX and UL/DL use different carriers at the relay UE.
Proposal 3: Support the following sidelink scenarios for multi-path:
· Scenario S1: SL TX/RX and UL/DL share the same carrier at the remote UE.

· Scenario S2: SL TX/RX and UL/DL use different carriers at the remote UE.

· Scenario S3: SL TX/RX and UL/DL share the same carrier at the relay UE.

· Scenario S4: SL TX/RX and UL/DL use different carriers at the relay UE.

Proposal 4: Support the following CU-DU scenarios for multi-path:
· Scenario D1: The direct path and indirect path are served by a same gNB-DU.
· Scenario D2: The direct path and indirect path are served by different gNB-DUs connected to a same gNB-CU.
Observation 4: Multi-path relaying can be easily realized by configuring L2 U2N RLC channels as well as direct bearers.

Proposal 5: Support multi-path operation of configuring both indirect path via one L2 U2N Relay UE and direct path for the same gNB.

Proposal 6: Support direct bearer, indirect bearer, and MP split bearer which uses both direct and indirect path based on the existing split bearer framework.

Proposal 7: For a MP split bearer, one PDCP entity is configured with one direct RLC channel and one indirect RLC channel.

· For upstream, a UL TX PDCP entity is configured with a UL TX RLC entity and a SL TX RLC entity with SRAP entity in the remote UE side.

· For downstream, a DL RX PDCP entity can be configured with a DL RX RLC entity and a SL RX RLC entity with SRAP entity in the remote UE side.

Proposal 8: Multi-path relaying can be configured by:
· configuring direct/split bearers in case that indirect bearers has been already established; or
· configuring indirect/split bearers in case that direct bearers has been already established; or
· simultaneously configuring different types of bearers i.e. direct/indirect/split bearers
Proposal 9: RAN3 waits for the RAN2 decision on whether to support PDCP duplication over direct path and indirect path.
Observation 9: For multi-path operation, the remote UE has a direct link with gNB. Hence, gNB can provide SL grant in SL resource allocation mode 1 e.g. for better coordinated Uu/SL resource allocation for remote UE and relay UE.

Proposal 10: Support SL mode 1 for the remote UE configured with multi-path relaying.

Proposal 11: RAN3 waits for the RAN2 decision on whether the SRAP layer can be used for indirect path via Layer-2 UE-to-Network relay (i.e. Scenario 1) as well as indirect path based on Scenario 2.
Proposal 12: Pursue commonality between scenario 1 and scenario 2 and identify potential different aspects between scenario 1 and scenario 2 and any specification impact during the study.

Proposal 13: RAN3 waits for the SA2 progress on whether and how the AMF provides the explicit indication to the NG-RAN in order to indicate that the multi-path operation is allowed for the remote UE.
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