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Introduction
During the RAN94-e meeting, the Rel-18 SL relay WI is approved [1] and one of the objectives is for the multi-path relay as follows:
	1. 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.


As we can see, the objective for multi-path relay is for studying the benefits and potential solutions. And the study on the benefits and potential solutions are to be completed in RAN#98 which will decide whether/how to start the normative work. In this paper, we will discuss the potential normative work for multi-path relay and analyze the detailed working scope for Rel-18 multi-path.  
Discussion
After the discussion of three WG meetings, both RAN2 and RAN3 have completed the study and reached the following conclusion:
	RAN2:
Multi-path relay study phase is complete and can proceed to normative work from RAN2 perspective, for both scenarios 1 and 2.
RAN3:
From RAN3 point of view, the Multi-path study phase is completed, and the Multi-path can move to normative work phase.


 As we can see, both RAN2 and RAN3 agree that the multi-path relay study phase is completed and can proceed to normative work for the scenario 1 and scenario2 as follows: 
-   Scenario 1: the remote UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, 
-	Scenario 2: the remote UE is connected to the same gNB using one direct path and one indirect path via 2) via another UE (where the UE-UE inter-connection is assumed to be ideal).
Observation 1: From RAN2 and RAN3 perspective, multi-path relay study phase is complete for both scenario 1 and scenario 2 and can proceed to normative work. 
Proposal 1: It is suggested to specify the multi-path relay in Rel-18 for both scenario 1 and scenario 2. 
During the study phase of Rel-18 multi-path relay, the supported cases, bearer type, ADAPT layer and bearer mapping, RLM and RLF handling, CU/DU split architecture are discussed in RAN2/3. The key issues are analyzed and the potential solutions are proposed. In this section, we will discuss the detailed working scope for Rel-18 multi-path relay normative work.
Scenarios and cases
As we know, UE can be connected to the same gNB using one direct path and one indirect path. According to RAN2, the relay UE and remote UE can be served by the same cell or different cells of a same gNB. Moreover, both intra-DU and inter-DU cases will be supported under the same gNB according to RAN3. 
The potential multi-path configuration cases are discussed during study phase for both scenario 1 and scenario 2. With regard to scenario 1, it is agreed that the remote UE may be configured with direct path addition/release/change or indirect path addition/release/change under the same gNB. With regard to scenario 2, it is agreed that the remote UE may be configured with indirect path addition/release. Whether the indirect path change is supported or not is not decided yet. However, it is agreed that RAN2 will not do additional work to enable it for Scenario 2 over Scenario 1. Moreover, RAN2 assumes that the relation between remote UE and relay UE in scenario 2 is pre-configured or static and how the relation is pre-configured or static is out of the 3GPP scope.
For the RRC state, multi-path Relay is only applicable to RRC_CONNECTED remote-UE, for scenario-1 and scenario-2. For the indirect path addition or change, the target relay UE can be in RRC_CONNECTED/RRC_IDLE/RRC_INACTIVE state. 
When it comes to the multi-path relay normative work, it is suggested to consider the aforementioned scenarios and cases in Rel-18. 
Observation 2: For the multi-path relay, remote UE is connected to the same gNB using one direct path and one indirect path. The intra-cell and inter-cell cases, as well as intra-DU and inter-DU cases will be supported under the same gNB. 
Observation 3: Multi-path configuration with indirect path addition/release/change (for both scenario 1 and scenario 2), or direct path addition/release/change (for scenario 1) under the same gNB should be supported.
Bearer type and mapping
In order to improve the reliability/robustness as well as throughput, RAN2 has agreed to support direct bearer (bearer mapped to direct path on Uu), indirect bearer (bearer mapped to indirect path via relay UE), and multi-path split bearer (bearer mapped to both paths). For the multi-path split bearer, it will be based on the existing split bearer framework, for example, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel for scenario 1. In addition, it has been agreed that PDCP duplication shall be supported at least for DRB. To be specific, SRB1 and SRB2 can be configured as direct bearer, indirect bearer, and multi-path split bearer w/o PDCP duplication for scenario 1. For scenario 2, the SRB1 and SRB2 can be configured as direct bearer. It is not yet determined whether indirect bearer and multi-path split bearer can be supported for scenario 2. 
On the other hand, for scenario 1, SRAP entity is supported on indirect path for bearer mapping purpose. However, for the scenario 2, it is agreed that there is no adaptation layer over both UE-to-UE link and Uu link. To support this, the relay UE is restricted to serve only one remote UE and only 1:1 bearer mapping is supported over Uu link for the indirect path. 
Observation 4: Multi-path split bearer and PDCP duplication for scenario 1 and scenario 2 should be supported.  
RLM and RLF handling
In addition to the scenarios and cases, multi-path split bearer and bearer mapping, RLM and RLF handling have been discussed in study phase. It is agreed that the multi-path remote UE performs RLM for Uu interface, for Scenario-1 and Scenario-2. In addition, for PC5 interface in Scenario-1, it performs sidelink RLF detection based on Rel-16 V2X specification. For UE-UE link in Scenario-2, whether/how to have failure detection is out of 3GPP scope. Upon detection of 3GPP-defined RLF failure in one path, remote UE (configured with MP) can report path failure via the alternative available path if SRB1 is configured on the alternative path or split SRB1 is configured. It is not yet determined whether to initiate RRC re-establishment if RLF is detected on a path carrying non-split SRB, or if RLF is detected on a path and alternative path with split SRB is suspended.
Observation 5: The fast RLF recovery mechanism for muti-path remote UE should be supported. 
Based on the above analysis, it is suggested to capture the detailed objective for the Rel-18 multi-path relay normative work as follows: 
Proposal 2: It is suggested to capture the following objective for multi-path relay in Rel-18 SL relay enhancement WID. 
	3.Specify mechanism to support the multi-path support to enhance reliability and throughput for scenario 1 and scenario 2 [RAN2, RAN3]:
A. Multi-path configuration with indirect path addition/release/change (for both scenario 1 and scenario 2), or direct path addition/release/change (for scenario 1) under the same gNB [RAN2, RAN3]
B. Multi-path split bearer and PDCP duplication for scenario 1 and scenario 2 [RAN2, RAN3]
C. Fast RLF recovery for muti-path remote UE [RAN2]
Note 3A: The remote UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay (scenario 1), or via another UE where the UE-UE inter-connection is assumed to be ideal (scenario 2).  
Note 3B: The intra-cell and inter-cell cases, as well as intra-DU and inter-DU cases are supported for multi-path relay under the same gNB. 
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.



Conclusion
[bookmark: _GoBack]In this contribution, we discuss the potential normative work for multi-path relay and analyze the detailed working scope for Rel-18 multi-path. And we have the following proposals:
Proposal 1: It is suggested to specify the multi-path relay in Rel-18 for both scenario 1 and scenario 2. 
Proposal 2: It is suggested to capture the following objective for multi-path relay in Rel-18 SL relay enhancement WID. 
	3.Specify mechanism to support the multi-path support to enhance reliability and throughput for scenario 1 and scenario 2 [RAN2, RAN3]:
D. Multi-path configuration with indirect path addition/release/change (for both scenario 1 and scenario 2), or direct path addition/release/change (for scenario 1) under the same gNB [RAN2, RAN3]
E. Multi-path split bearer and PDCP duplication for scenario 1 and scenario 2 [RAN2, RAN3]
F.     Fast RLF recovery for muti-path remote UE [RAN2]

Note 3A: The remote UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay (scenario 1), or via another UE where the UE-UE inter-connection is assumed to be ideal (scenario 2).  
Note 3B: The intra-cell and inter-cell cases, as well as intra-DU and inter-DU cases are supported for multi-path relay under the same gNB. 
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.
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