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1. Introduction 
In enhanced NR sidelink relay WID RP-221262, two multi-path relay scenarios where:

1) Scenario 1 : A remote UE is connected to network via a direct path and an indirect Layer-2 UE-to-network relay, or
2) Scenario 2: A remote UE is connected to network via a direct path and via another UE;

has been included, in order to improve the reliability and throughput of sidelink UE relay. The objective on multi-path relay is listed as follows.

	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 discuss the benefits, open issues, and solutions on multi-path UE relay. 
2. Discussion
RANP tasked RAN2 to complete the work on study of benefits and solutions for both scenarios.
2.1 Benefits of multi-path UE relay
Multi-path UE relay supporting the simultaneous data transmission on both direct and indirect link has following benefits in our opinion. These apply to both scenario 1 and scenario 2:
1) Improved reliability: The data transmission/reception reliability from remote UEs with multi-path will improve due to two viable transmission routes. The overall reliability of data transmission will be enhanced as well. 
2) Enhanced throughput: For UEs seeking higher throughput, simultaneous multi-path data transmission will obviously improve the throughput, either via a UE U2N relay or via UE aggregation. 
3) Latency reduction: Multi-path relay e.g. UE aggregation via an ideal UE-UE interconnection can reduce the transmission delay especially for those UEs located at the cell edge or suffering from interference. 
Proposal 1: Simultaneous multi-path UE relay should be introduced in Rel-18 NR sidelink UE relay in order to improve reliability, throughput and latency reduction.
2.2 Open issue and solutions

2.2.1  Scenario 1 multi-path UE relay
We need to discuss the multi-path establishment and maintenance procedure at first.

After the multi-path set up/maintain procedure has been settled, we may need to discuss the scenario that a remote UE with multi-path UE relay, how to perform handover, in order to keep up its performance so that throughput/reliability won’t get reduced due to handover. But we recognize that this issue should be discussed after the basic multi-path UE relay procedure has been specified. Depending on the different multi-path relay handover scenarios, the Rel-17 indirect to direct and direct to indirect, as well as Rel-18 indirect to indirect link switch procedure will be the starting point,   

Proposal 2: Handover procedure with multi-path UE relay should be discussed after basic multi-path UE relay procedure has been specified. And Rel-17 UE relay link switch and Rel-18 indirect to indirect link switch will be the starting point.
2.2.2  Scenario 2 multi-path UE relay
Open issue 1: Collaborative UE selection in Multi-path relay Open issues in UE aggregation

The multi-path relay contains two type of relay UE (1) Layer-2 UE to network relay (2) Another UE. Rel-17 relay UE selection method can be reused for multi-path U2N relay selection. For another UE selection, we need to discuss the selection method as another UE is aiming to increase the data throughput and decrease the transmission latency other than only extend the coverage of gNB. In this contribution, another UE can be regarded as collaborative UE to assist source UE to transmit uplink data to gNB. 
Proposal 3: Collaborative UE selection mechanism should be considered in multi-path relay discussion. 
Solution for Open issue 1:

When source UE needs to transmit high-volume uplink data, it may need another UE’s collaboration. Collaborative UE can be selected by gNB or source UE.

(1) Collaborative UE is selected by gNB

When source UE has UL transmissions, source UE will request UL resource from gNB. As gNB also knows other UE’s UL capability, gNB can select suitable UE to collaborate with source UE on UL transmission.

(2) Collaborative UE is selected by source UE
Source UE can broadcast its collaboration request on sidelink which contains the requirements of UL transmission service. The UE(s) around the source UE will receive those requirements and evaluate whether they can collaborate with source UE to enhance the UL transmission. Then the willing collaborative UE(s) will feedback their information e.g., location, channel quality, resource allocation and so on to source UE. Source UE will decide which UE can be collaborative UE and transmit acknowledgement to it. 

Proposal 4: Collaborative UE can be selected by either gNB or source UE.  
3. Conclusion
We propose RAN2 to consider the proposals as follows.
Proposal 1: Simultaneous multi-path UE relay should be introduced in Rel-18 NR sidelink UE relay in order to improve reliability, throughput and latency reduction.

Proposal 2: Handover procedure with multi-path UE relay should be discussed after basic multi-path UE relay procedure has been specified. And Rel-17 UE relay link switch and Rel-18 indirect to indirect link switch will be the starting point.

Proposal 3: Collaborative UE selection mechanism should be considered in multi-path relay discussion. 
Proposal 4: Collaborative UE can be selected by either gNB or source UE.  
