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At RAN#98-e, R18 NR Sidelink Relay enhancements work item [1] has been revised to support the multi-path relaying scenarios.

	3. Specify mechanisms to support the following multi-path 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: The mechanisms to support scenario 1 and scenario 2 are specified based on the assumptions and restrictions agreed in study phase.
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.



Multi-path relaying is proposed to support traffic aggregation, power saving, reliability and robustness enhancements for a UE simultaneously connected to the same gNB in one direct path and one indirect path. Radio resource allocation for L2 U2N Remote UE in indirect path via L2 U2N Relay UE (scenario 1) is critical to the performance of multi-path relaying. In this contribution, we discuss the need for supporting flexible resource allocation modes for L2 U2N Remote UE in scenario 1. Then we propose to support both resource allocation mode 1 and mode 2 for L2 U2N Remote UE in scenario 1.
Discussion 
Radio resource allocation for NR sidelink communication
For NR sidelink communication, two sidelink resource allocation modes are supported: mode 1 and mode 2 [2]. In mode 1, the sidelink resource allocation is provided by the network. The UE needs to be connected to the gNB in the direct path, and NG-RAN schedules transmission resources on the sidelink via DCI format 3_0 dynamically and/or configured grants. In mode 2, UE autonomously decides the sidelink transmission resources in the resource pool(s) when inside and/or outside NG-RAN coverage.
Observation 1: NR sidelink communication supports mode 1 resource allocation for UE connected to the gNB in the direct path.
Observation 2: NR sidelink communication supports mode 2 resource allocation for UE in coverage of the gNB and/or out of coverage of the gNB.
R17 NR Sidelink Relay radio resource allocation
In R17, NR Sidelink Relay was introduced to support 5G ProSe UE-to-Network Relay (U2N Relay) function to provide connectivity to the network for U2N Remote UE(s), especially for the UEs out-of-coverage of the gNB to extend the coverage of the network as shown in Figure 1.
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[bookmark: _Ref127278017]Figure 1: NR Sidelink Relay in R17 for L2 U2N Remote UE to extend coverage
Therefore, given the primary objective of R17 L2 U2N Relay for coverage extension, mode 2 resource allocation provides a flexible way for L2 U2N Remote UE to schedule sidelink radio resources  autonomously in the resource pool(s), as specified in TS 38.300 V17.3.0 (2022-12), clause 16.12.1 [2].
	For L2 U2N Relay, the L2 U2N Remote UE can only be configured to use resource allocation mode 2 (as specified in 5.7.2 and 16.9.3.1) for data to be relayed.



Observation 3: R17 NR Sidelink Relay only supporting mode 2 resource allocation for L2 U2N Remote UE serves the objective of coverage extension for L2 U2N Relay.
R18 Multi-path relay sidelink radio resource allocation
In R18, NR Sidelink relay is being enhanced to serve the more advanced use case of multi-path relaying for traffic aggregation, power saving, reliability and robustness enhancements of the U2N Remote UE.
According to the revised R18 NR Sidelink Relay enhancements WID [1] at RAN#98-e, in mutli-path relay scenario 1, the UE is connected to the same gNB using one direct path and one indirect path via Layer-2 UE-to-Network relay as shown in Figure 2.
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[bookmark: _Ref127278067]Figure 2: NR Sidelink Relay R18 mutli-path relaying
In the scenario 1, L2 U2N Remote UE is simultaneously connected to the same gNB in the direct Uu path and via a L2 U2N Relay UE in the indirect path.
Observation 4: The L2 U2N Remote UE in R18 NR Sidelink Relay multi-path relaying scenario 1 supports simultaneous connection to the same gNB in the direct Uu path and via a L2 U2N Relay UE in the indirect path.

In NR, NG-RAN schedules the radio resource allocation on the direct Uu path so that resource reservation conflict can be avoided by the centralized scheduler in the gNB; similarly, NG-RAN also schedules sidelink radio resource allocation in mode 1 so that resource reservation conflict can be kept minimum and/or avoided if dedicated sidelink resource pool(s) are configured for mode 1 resource allocation and mode 2 resource allocation separately.
However, L2 U2N Remote UE is only allowed by the current spec to autonomously schedule the sidelink radio resource allocation in mode 2 on the PC5 interface between L2 U2N Remote UE and L2 U2N Relay UE. Dedicated Sensing and Researvation algorithm is used to minimize the resource researvation conflicts among the UEs for sidelink communication.

Observation 5: If dedicated resource pool(s) are configured for mode 1 and mode 2 sidelink radio resource allocation separately, mode 1 sidelink resource allocation can avoid conflicts in the resource reservation.

Observation 6: L2 U2N Remote UE in L2 U2N Relay is only allowed to use mode 2 to autonomously schedule sidelink radio resources for sidelink communication, which is less optimal than mode 1 resource allocation when L2 U2N Remote UE is directly connected to the NG-RAN.

Therefore, on the sidelink radio resource allocation, allowing mode 1 resource allocation for the L2 U2N Remote UE in multi-path relaying scenario 1 will be beneficial to the performance of the indirect path via L2 U2N Relay UE to the gNB.
Proposal 1: In L2 U2N Relay for multi-path relaying scenario 1, L2 U2N Remote UE can be configured to use resource allocation mode 1 (as specified in 5.7.2 and 16.9.3.1) for data to be relayed.
Conclusion
This contribution discusses the sidelink radio resource allocation modes for NR sidelink relay, and highlights the needs of supporting mode 1 resource allocation for L2 U2N Remote UE in L2 U2N Relay multi-path relaying scenario 1, where the L2 U2N Remote UE is connected to the same gNB using one direct path and one indirect path via Layer-2 UE-to-Network relay.
A summary of the observations and proposal can be found below:
Observation 1: NR sidelink communication supports mode 1 resource allocation for UE connected to the gNB in the direct path.
Observation 2: NR sidelink communication supports mode 2 resource allocation for UE in coverage of the gNB and/or out of coverage of the gNB.
Observation 3: R17 NR Sidelink Relay only supporting mode 2 resource allocation for L2 U2N Remote UE serves the objective of coverage extension for L2 U2N Relay.
Observation 4: The L2 U2N Remote UE in R18 NR Sidelink Relay multi-path relaying scenario 1 supports simultaneous connection to the same gNB in the direct Uu path and via a L2 U2N Relay UE in the indirect path.
Observation 5: If dedicated resource pool(s) are configured for mode 1 and mode 2 sidelink radio resource allocation separately, mode 1 sidelink resource allocation can avoid conflicts in the resource reservation.
Observation 6: L2 U2N Remote UE in L2 U2N Relay is only allowed to use mode 2 to autonomously schedule sidelink radio resources for sidelink communication, which is less optimal than mode 1 resource allocation when L2 U2N Remote UE is directly connected to the NG-RAN.

Proposal 1: In L2 U2N Relay for multi-path relaying scenario 1, L2 U2N Remote UE can be configured to use resource allocation mode 1 (as specified in 5.7.2 and 16.9.3.1) for data to be relayed.
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[bookmark: _Toc124536313][bookmark: _Toc124536314]16.12	Sidelink Relay
16.12.1	General
Sidelink relay is introduced to support 5G ProSe UE-to-Network Relay (U2N Relay) function (specified in TS 23.304 [48]) to provide connectivity to the network for U2N Remote UE(s). Both L2 and L3 U2N Relay architectures are supported. The L3 U2N Relay architecture is transparent to the serving NG-RAN of the U2N Relay UE, except for controlling sidelink resources. The detailed architecture and procedures for L3 U2N Relay can be found in TS 23.304 [48].
A U2N Relay UE shall be in RRC_CONNECTED to perform relaying of unicast data.
For L2 U2N Relay operation, the following RRC state combinations are supported:
-	Both L2 U2N Relay UE and L2 U2N Remote UE shall be in RRC_CONNECTED to perform transmission/reception of relayed unicast data; and
-	The L2 U2N Relay UE can be in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED as long as all the L2 U2N Remote UE(s) that are connected to the L2 U2N Relay UE are either in RRC_INACTIVE or in RRC_IDLE.
A single unicast link is established between one L2 U2N Relay UE and one L2 U2N Remote UE. The traffic to the NG-RAN of L2 U2N Remote UE via a given L2 U2N Relay UE and the traffic of the L2 U2N Relay UE shall be separated in different Uu RLC channels.
For L2 U2N Relay, the L2 U2N Remote UE can only be configured to use resource allocation mode 2 (as specified in 5.7.2 and 16.9.3.1) for data to be relayed.
For L2 U2N Relay, the L2 U2N Remote UE in the scenario 1 of multi-path relaying can be configured to use resource allocation mode 1 (as specified in 5.7.2 and 16.9.3.1) for data to be relayed.
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