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1 Introduction
RAN3#117-e is the first meeting to discuss Rel-18 SI/WI projects led by RAN2/RAN3. For sidelink relay enhancement WI, the following statements were captured in the WID:

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).
From operator points of view, the multi-path support for sidelink relay is a very important feature. In this paper, we shared our views on this feature.
2 Discussion
2.1 Multi-path scenarios

There are many multi-path scenarios, some of which have coverage advantage, some have capacity advantage and some have both. 
1) intra-gNB multi-path scenarios
For intra-gNB multipath scenarios, there are four cases. Scenario#1 is UE connects with gNB through the direct(Uu) link and indirect(U2N relay) link in the same cell. In this scenario, UE can improve its traffic capacity by two links, but can’t improve its coverage compared with one indirect link because its coverage is limited by the direct link. Scenario#2 is UE connects with gNB through two indirect links in the same cell. In this scenario, UE can improve both its coverage and capacity by two indirect links compared with one indirect link. Scenario#3 and scenario#4 are two scenarios corresponding to scenario#1 and scenario#2 respectively wherein the two links connecting UE and gNB belong to different cells. In scenario#3, UE connects with gNB through the direct link with f1 carrier and the indirect link with f2 carrier, normally f1 carrier is lower than f2. UE capacity can be increased by adding f2 indirect link while f1 carrier link is used to provide UE coverage. In scenario#4 UE’s capacity and coverage can be improved similar to scenario#2. As the functions of two indirect links has been excluded in Rel-18, we proposed that scenario#1 and scenario#3 should be supported in Rel-18.  
Proposal 1: the multi-path with different carriers should be supported in Rel-18.
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Scenario#1 direct+indirect in same cell
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Scenario#2 indirect+indirect in same cell
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Scenario#3 direct+indirect in different cells
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Scenario#4 indirect+indirect in different cells

	Fig. 1 intra-gNB multi-path for sidelink relay


2) inter-gNB multi-path scenarios
In inter-gNB multi-path scenarios, UE connects with two gNBs simultaneously by one direct link and another indirect link. The working mode of UE with inter-gNB multi-path is similar to the NR-DC mode. In these two scenarios UE capacity can be improved, but UE coverage can’t. Under these scenarios, the other advantage is that UE session can be maintained continuity when UE moves between the two gNBs. So we suggested that scenario#5 and scenario#6 should be supported in future release.  
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Scenario#5 inter-gNB direct+indirect in same carrier
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Scenario#6 inter-gNB direct+indirect in different carriers

	Fig. 2  inter-gNB multi-path for sidelink relay


2.2 Multi-path protocol stack and radio bearer
1) Control Plane

In intra-gNB multi-path scenarios, the UE has a single RRC state and a single C-plane in a gNB although it has two links connected with gNB. Therefore, UE RRC signalling could be transmitted via either direct link or indirect link. 
It can be seen that sending RRC signalling via direct link is straight forward because it is the normal RRC working mode. But through relay UE, the indirect link may have better performance than direct link as the relay UE is close to the remote UE. Therefore, it is better to support the RRC signalling transmission via both direct link and indirect link in Rel-18. Thus UE can keep the control plane consistency during a failure or switch or change of the one of two links. 
Proposal 2: the control signalling should be support to transmit via direct link or indirect link.

2) Data Plane
For data plane, in order to support the reliability and throughput, UE data could be transmitted via the direct link, the indirect link or both and gNB could support splitting data transmission and duplicating data transmission.
	[image: image7.emf]U2N UE

gNB

Remote 

UE

PC5

Uu(C/U-

plane)

Uu(C/U-

plane)


	[image: image8.emf]U2N UE

gNB

Remote 

UE

PC5

Uu f1(C/U-plane)

Uu f2(C/U-plane)



	Fig. 3  C/U-plane in intra-gNB scenarios


Proposal 3: the splitting data transmission and duplicating data transmission should be supported in multi-path scenarios.

3) Multi-path protocol stack
We have two modes for traffic transmission through two legs, one is CA mode, the other is DC mode. However, for the indirect link UE connected with relay UE via PC5 interface, it means UE have different RLC, MAC, PHY layers when it connects with relay UE and gNB simultaneously as shown in Fig.4. Therefore, only DC mode could work in multi-path scenarios.    
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Fig. 4  Protocol stack in intra-gNB multi-path scenarios

Proposal 4: DC mode should be used in multi-path data transmission.

4) CU-DU architecture
In multi-path scenarios, the direct path and indirect path may belong to the same DU or different DUs, when a path is switched or changed, the DU may change, F1 interface may be affected.

Proposal 5: in CU-DU architecture the impact of switching or changing a path on F1 needs to be further studied.
3 Conclusion
In this paper we shared our views on multi-path scenarios and provide our proposal as below:
Proposal 1: the multi-path with different carriers should be supported in Rel-18.

Proposal 2: the control signalling should be support to transmit via direct link or indirect link.

Proposal 3: the splitting data transmission and duplicating data transmission should be supported in multi-path scenarios.

Proposal 4: DC mode should be used in multi-path data transmission.

Proposal 5: in CU-DU architecture the impact of switching or changing a path on F1 needs to be further studied.
4 Reference
[1] RP-213548, ‘New WID on NR sidelink relay enhancements’, LG Electronics.

1


