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Introduction
[bookmark: _GoBack]In RAN#94 meeting, the Rel-18 NR sidelink relay enhancements WID was agreed [1]. According to description of the WID, one of the objectives of this work item is to study benefit and potential solutions for multi-path as below:
	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.



In this contribution, we give our views and proposals on multi-path. 
Discussion
2.1 Benefit of multi-path
PDCP duplication, carrier aggregation and dual connectivity were supported to improve the reliability and throughput in legacy Uu interface. Improving reliability and throughput is important for UE. In Rel-17, U2N relay feature was introduced to extend the network coverage. Indirect link becomes a new type of communication path between UE and network. In order to improve the reliability and throughput of the indirect path, multi-path is the most direct way. 
Proposal 1: Multi-path with one direct path and one indirect path should be supported in Rel-18 for improving reliability and throughput.
2.2 Scenarios
In WID [1], the scenarios of multi-path are described as 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).
These two scenarios are distinguished from the perspective of indirect link. From intra-gNB perspective, it is needed to clarify that both intra-cell and inter-cell for the same gNB should be considered.


Figure1. Remote UE connects to a gNB with direct path and intra-cell indirect path


Figure2. Remote UE connects to a gNB with direct path and inter-cell indirect path
[bookmark: _Ref54355391]
Proposal 2: Two scenarios should be considered when studying the Rel-18 multi-path: 
•	Scenario 1: Remote UE connects to a gNB with direct path and intra-cell indirect path;
•	Scenario 2: Remote UE connects to a gNB with direct path and inter-cell indirect path.
2.3 Protocol stack
The protocol stacks for the user plane and control plane of multi-path architecture are combination of the Uu and L2 relay protocol stacks, which are shown in the following Figure3 and Figure4:


Figure3. User plane protocol stack for remote UE with multi-path



Figure4. Control plane protocol stack for remote UE with multi-path

Proposal 3: RAN2 agrees to take the above Figure3 and Figure4 as the baseline of user plane and control plane protocol stacks of multi-path. 
2.4 Potential study points
The motivations of introducing multi-path are improving reliability and throughput. Similar as Uu interface, PDCP duplication via direct link and indirect link can be introduced as candidate solution to improve reliability. Direct link and indirect link dual connectivity can be supported as candidate solution to improve throughput.
If PDCP duplication needs to be supported, the related details should be further discussed. E.g., how to configure the PDCP duplication, whether primary path should be introduced, how to activate the PDCP duplication and etc. The basic principle is to reuse the Uu PDCP duplication as much as possible.
If dual connectivity needs to be supported, the functionalities should be discussed, including secondary path add/mod/release procedures, mobility procedure, primary/secondary path failure and etc. The basic principle is to reuse the Uu DC as much as possible.
Proposal 4: PDCP duplication via direct link and indirect link should be supported to enhance reliability.
Proposal 5: Dual connectivity of direct link and indirect link should be supported to enhance throughput.
Proposal 6: If PDCP duplication and/or dual connectivity of direct link and indirect link are introduced, it should reuse the legacy Uu mechanism as much as possible.
Conclusion
According to the above discussion, the proposals on the above issue are as follows:
Proposal 1: Multi-path with one direct path and one indirect path should be supported in Rel-18 for improving reliability and throughput.
Proposal 2: Two scenarios should be considered when studying the Rel-18 multi-path: 
•	Scenario 1: Remote UE connects to a gNB with direct path and intra-cell indirect path;
•	Scenario 2: Remote UE connects to a gNB with direct path and inter-cell indirect path.
Proposal 3: RAN2 agrees to take the above Figure3 and Figure4 as the baseline of user plane and control plane protocol stacks of multi-path. 
Proposal 4: PDCP duplication via direct link and indirect link should be supported to enhance reliability.
Proposal 5: Dual connectivity of direct link and indirect link should be supported to enhance throughput.
Proposal 6: If PDCP duplication and/or dual connectivity of direct link and indirect link are introduced, it should reuse the legacy Uu mechanism as much as possible.
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