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1 Introduction
In order to improve the reliability/ robustness as well as throughput, Rel-18 NR sidelink relay enhancements WI will study the benefit and potential solutions for multi-path support by switching among or utilizing the multiple paths simultaneously. As per the latest WID in RP-221262, the following scenarios will be considered for multi-path support to enhance reliability and throughput [1].
	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 would like to share our opinions on multi-path support to enhance reliability and throughput in the above scenarios.
2 Discussion
Multi-path scenarios
In Rel-17 NR sidelink relay WI, L2 U2N relay is introduced and intra-gNB path switching between direct and indirect path is supported. However, the direct path and the indirect path cannot be configured simultaneously for a given UE. In Rel-18, the enhancement for supporting multi-path via L2 U2N relay or via another UE using non-standardized UE-UE interconnection will be a promising approach to improve not only the reliability or robustness, but also the throughput. 
As illustrated in fig.1, the scope of multi-path in Rel-18 limits to intra-gNB scenario, where a UE is connected to the same gNB using one direct path and one indirect path. Whether the direct path and the indirect path can belong to different cells of the same gNB may need further discussion and clarification. In our opinion, the direct path and the indirect path belonging to different cells of the same gNB is a valid scenario, which can help improve the reliability and throughput, especially for the UE at the edge of the cell, and can also bring more flexibility to the network operator. For example, a UE is connected to a gNB using one direct path with Uu carrier frequency f1 and one indirect path with Uu carrier frequency f2, normally f1 is lower than f2. In this case, UE capacity can be increased by adding one indirect path with Uu carrier frequency f2 while the direct path with Uu carrier frequency f1 is used to provide coverage for the UE.
Proposal 1: For intra-gNB multi-path support scenario in Rel-18, RAN2 confirms that the direct path and the indirect path can belong to different cells of the same gNB. 



Fig. 1 Multi-path scenarios
Basic functionalities for multi-path 
The support of multi-path is a new enhancement area in Rel-18, which aims to improve the reliability as well as the throughput. Regarding how to improve the reliability, the data duplication function could be supported for multi-path scenario and the current PDCP duplication mechanism in CA and DC scenarios could be reused as much as possible. Regarding how to improve the throughput or data rate, utilizing the multiple paths simultaneously will certainly increase the date rate than using only one path. Therefore, the date split function could be supported to improve the date rate, and the current date split mechanism could be used as a baseline for multi-path scenario.
Proposal 2: The data duplication and split functions could be supported for multi-path scenario, and the current PDCP duplication and split mechanisms could be used as a baseline. 
To support multi-path, the path management function shall be supported, including the addition/ modification/ release of the secondary path. The legacy RRC reconfiguration procedure could be reused for the path management.
Proposal 3: The addition/ modification/ release of the secondary path shall be supported, and the legacy RRC reconfiguration procedure could be reused. 
Similar to legacy cell group management, the NW might initiate the addition/ modification/ release of the secondary path mainly based on the service requirements and the channel quality of the Uu link and the PC5 link. Therefore, the measurement configuration and reporting function may need further enhancement to cover the new scenarios of multi-path management. As listed in the table below, we can analyse the potential spec impact, such as whether new event is needed case by case.
Table 1 Multi-path management scenarios and potential spec impact
	Function
	Scenarios
	Criteria
	Potential spec impact

	Path addition
	directdirect + indirect
	Candidate relay RSRP > threshold
	Event Y2 can be reused.
No spec impact.

	
	indirectdirect + indirect
	Neighbour (NR cell) RSRP> threshold
	Event A4 can be reused.
No spec impact.

	Path modification
	Change indirect path
	Candidate relay RSRP > serving relay RSRP; or
Serving relay RSRP < threshold1 and candidate relay RSRP > threshold2
	New A3-like and/ or A5-like events might be needed.

	
	Change direct path
	Neighbour RSRP> SpCell RSRP; or
SpCell RSRP< threshold1 and neighbour RSRP> threshold2
	Event A3 and A5 can be reused. 
No spec impact.

	Path release
	Release indirect path
	Serving Relay RSRP < threshold
	Event X2 can be reused.
No spec impact.

	
	Release direct path
	Serving (NR cell)RSRP < threshold
	Event A2 can be reused.
No spec impact.


 
[bookmark: _GoBack]Based on the above analysis, most of the new multi-path management scenarios could be covered by the current events, except for the case of indirect path change. Actually, new events might also be needed for indirect-to-indirect path switching scenarios in L2 U2N relay service continuity enhancement topic. The key point is to introduce new events that can trigger the UE to provide necessary measurement results to help the NW evaluate the serving relay UE as well as the candidate relay UEs, so that the NW can initiate the change of relay UE accordingly. Therefore, the potential new events for indirect-to-indirect path switching scenarios, such as new A3-like and/ or A5-like events, could also be used for the change of indirect path in multi-path scenario.
Proposal 4: To support the change of indirect path in multi-path scenario, new A3-like and/ or A5-like events could be introduced. 
3 Conclusion
In this contribution, we discuss multi-path scenarios and potential basic functionalities for multi-path in Rel-18. We kindly ask RAN2 to consider the corresponding proposals listed as below.
Proposal 1: For intra-gNB multi-path support scenario in Rel-18, RAN2 confirms that the direct path and the indirect path can belong to different cells of the same gNB. 
Proposal 2: The data duplication and split functions could be supported for multi-path scenario, and the current PDCP duplication and split mechanisms could be used as a baseline. 
Proposal 3: The addition/ modification/ release of the secondary path shall be supported, and the legacy RRC reconfiguration procedure could be reused. 
Proposal 4: To support the change of indirect path in multi-path scenario, new A3-like and/ or A5-like events could be introduced. 
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