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1. Introduction
In Rel-18, RAN2 discuss multi-path relay. And we focus on the benefit and potential solutions until RAN#98.
	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 paper, we discuss on this relating issue.
2. Discussion
2.1 benefit of multi-path relay (direct path + in-direct path)
In RAN94e meeting, RAN2 discussed about the benefit of multi-path relay. And we start to discuss about this item as study phase. 
Proposal 1. RAN2 should discuss the benefit of multi-path relay.

On each company’s views in NWM discussion, multi-path relay has following benefit;

1.
Reliability & robustness: transmit same data via direct-path and in-direct path
2.
Throughput: transmit data via in-direct path as additional cell

3.
Power consumption: more power saving to transmit via direct path than to transmit via in-direct path

According to point 1, compared to case that UE only has direct path or in-direct path, multi-path relay has benefit on robustness and reliability by transmitting same data via different path. Furthermore, if UE has only one path in multi-hop relay, the multi-hop relay path is less robust. Therefore, robustness is improved by the combination of multi-path relay (in-direct + in-direct) and multi-hop relay in future multi-hop relay scenario.
Observation 1. Multi-path relay has benefit on robustness and reliability.
In case that UE transmits duplicated data via different paths, how to duplicate the data? In L3 relay, duplication is performed by higher layer. So RAN2 does not need to work on L3 U2N relay specific matter.
Observation 2. For multi-path relay using L3 U2N relay, RAN2 does not need to specify on L3 U2N relay specific matter.

In L2 relay, Operation like PDCP duplication can be realized by associating PC5-RLC with Normal Uu-PDCP. In my understanding, Uu-RLC and PC5-RLC can be associated with same PDCP for split bearer. So there is no issue for introducing PDCP duplication to multi-path relay.
Observation 3. Uu-RLC and PC5-RLC can be associated with same PDCP for split bearer.
According to point 2, we consider whether if we can expect an improvement in throughput. We think multi-path relay is similar with Carrier Aggregation scenario but sidelink relay has no higher throughput than additional uplink. Therefore, in case that gNB support CA, UE should be configured with CA rather than Multi-path relay. In case that gNB does not support CA, compared to case that UE only has direct path or in-direct path, we can expect an improvement in throughput by using multi-path solution.

Observation 4. UE can improve throughput by using multi-path relay but CA is better.

In Rel-17, Remote UE only can transmit sidelink data via resource allocation mode 2. In this case, UE uses limited resources and transmits the data with a delay. However, in multi-path solution, Remote UE which has direct path can transmit PUCCH for SL-BSR. Therefore, we think, Remote UE can perform resource allocation mode 1. 
Observation 5. Remote UE which has multi-path (direct + in-direct) can perform resource allocation mode 1 scheduled via direct path.

According to point 3, Remote UE may reduce power consumption by using U2N relay compared to using direct path. Furthermore, by monitoring paging/SIB etc. by Remote UE, power consumption of Relay UE can be suppressed (however, power consumption of Remote UE increases).
Observation 6. There would be some benefits for power consumption but small.
If RAN2 start normative work of multi-path relay, the following points should be discussed (probably affects profits of multi-path relay);

· Whether RAN2 assume L3 U2N relay specific work is not needed.

·  Whether Remote UE can perform resource allocation mode 1
Proposal 2. RAN2 should discuss following points (probably affects profits of multi-path relay);

· Whether RAN2 assume L3 U2N relay specific work is not needed.

·  Whether Remote UE can perform resource allocation mode 1
3. Conclusion

In this contribution, we made the following proposals:
Proposal 1. RAN2 should discuss the benefit of multi-path relay.
Observation 1. Multi-path relay has benefit on robustness and reliability.
Observation 2. For multi-path relay using L3 U2N relay, RAN2 does not need to specify on L3 U2N relay specific matter.

Observation 3. Uu-RLC and PC5-RLC can be associated with same PDCP for split bearer.
Observation 4. UE can improve throughput by using multi-path relay but CA is better.

Observation 5. Remote UE which has multi-path (direct + in-direct) can perform resource allocation mode 1 scheduled via direct path.

Observation 6. There would be some benefits for power consumption but small.
Proposal 2. RAN2 should discuss following points (probably affects profits of multi-path relay);

· Whether RAN2 assume L3 U2N relay specific work is not needed.

·  Whether Remote UE can perform resource allocation mode 1
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