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1 Introduction
In last RAN2#119e meeting, there was an extensively discussion on the study on the benefit and potential solutions for multi-path support to enhance reliability and throughput for both scenarios where 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). And RAN2 achieved the conclusion as follows: 
Agreement:

RAN2 anticipate benefits from multi-path in the following areas:

A. Relay and direct multi-path operation (including both scenarios 1 and 2) can provide efficient path switching between direct path and indirect path

B. The remote UE in multi-path operation can provide enhanced user data throughput and reliability compared to a single link

C. gNB can offload the direct connection of the remote UE in congestion to indirect connection via the relay UE (e.g. at different intra/inter-frequency cells)

Nevertheless, during the discussion on the study guideline of the potential solutions of multi-path support for both scenarios, the below highlighted wording introduces some confusion, resulting in the views on the study scope from the companies are not convergent:
	Objectives on multi-path support for the NR sidelink relay enhancements in NR [1]:

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).

· 


As there are only 2 meetings left in study phase, to progress the discussion on this topic, we focus on eliminating the confusion part in the WID, including the clarification on the scope of the potential solutions of multi-path support for both scenarios of R18 NR_SL_relay_enh WID and identifying the necessity of prioritizing the two scenarios in this contribution. 
2 Discussion
As stated above, the views on the scope indicated from the highlighted wording from the companies are not convergent as follows:
View 1) RAN2 should design complete solutions for both cases, with as much commonality as possible. However, the difference part of solutions should be identified as well as pursuing commonalities to support both cases.
View 2) RAN2 should put efforts on Scenario 1 first. After RAN2 has made decision to the basic operation of Scenario 1, RAN2 can reuse solutions (including protocol stack) of scenario 1 for scenario 2. Reusing means that RAN2 may exclude solutions of scenario 1 which is not applicable to scenario 2. However, no new solutions are studied for scenario 2.
Therefore, it is necessary to clarify the above highlighted wording to progress the RAN2 study on multi-path. Obviously, the view 2) is based on the assumption that scenario 2 can be well supported when a set of solutions or subset of solutions for scenario 1 are reused, which is lack of the investigation of scenario 2. Although multiple paths are utilized in the two scenarios to improve the reliability/robustness as well as throughput, actually, the scenario 1 and scenario 2 are not so similar. We can provide our insights into the each of them as below:
From our perspective, the target linking topologies of scenario-1(SL Relay) and scenario-2 (UE aggregation) are different, although there is a limitation of only one single Relay UE in Rel-18. The different is result from diverse original motivations of two scenarios. The current solutions for SL Relay are defined based on the original motivation of coverage extension, no obvious requirement on high data rate and throughput, which results in that the typical scenario is multiple remote UEs associated to one Relay, as shown in Figure 1. Conversely, the UE aggregation is to address the restricted UL bitrates and fulfil the 5G UL wide bandwidth service requirement, and in most cases, the UE wherein is non handheld UE, e.g. equipped in the assembling line of factory or UAV for live video or 3D map transmission, which always requires high UL bitrates. Consequently, such linking topology in scenario 1 is not feasible, whereas the appropriate linking topology we expect is anchor UE (refers to remote UE) connects to more than one aggregated UE (refers to relay UE), as shown in Figure 2:
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Figure 1 Multiple paths in scenario 1               Figure 2 Multiple paths in scenario 2

Observation 1: Although multiple paths are utilized in the both scenarios to improve the reliability/robustness as well as throughput, the scenario 1 and scenario 2 are not so similar.

Observation 2: the typical scenario 1 is multiple remote UEs associated to one Relay, whereas the typical scenario 2 we expect is anchor UE (refers to remote UE) connects to more than one aggregated UE (refers to relay UE).

Or else, if the target linking topologies of scenario-1, as shown in Figure 1, is imposed upon scenario 2, where the purely requirement is to boost UL throughput, the issue will arise from the fact that one single Relay UE is always incapable of helping multiple remote UEs to transfer high UL bitrates traffic due to the limited UE UL transmission power, UE capability or subscribed MBR, as shown in Figure 3.
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  Figure 3 Target linking topologies of scenario-1 imposed upon scenario 2
Observation 3: if the target linking topologies of scenario-1 is imposed upon scenario 2, the issue will arise from the fact that one single Relay UE is always incapable of helping multiple remote UEs to transfer high UL bitrates traffic due to the limited UE UL transmission power, UE capability or subscribed MBR.
Consequently, the correspondingly solutions for the two scenarios are possible to be different as well. In addition to superfluous part of signalling, e.g. SIB delivery, discovery and PC5 establishment, the L2 protocol layer of SL Relay is not so suitable and feasible for that of UE aggregation. As illustrated above, since the typical scenario 1 is multiple remote UEs associated to one Relay, the SRAP is necessary to distinguish the packets from different remote UEs encapsulated in one logical channel, as shown in Figure 4. Conversely, as the typical scenario 2 we expect is anchor UE (refers to remote UE) connects to more than one aggregated UE (refers to relay UE), in this scenario, the UE identification functionality of SRAP is not needed and the data routing for split bearers of SRAP can be taken over by PDCP, which is already there now. Correspondingly, the signalling for configuring the split DRB between the remote UE and multiple relay UEs with a L2 stack without SRAP layer will be needed, which will be slightly diverse from the configuration signalling for L2 stack protocol with SRAP, as shown in Figure 5. For example, the separate RLC entity/logical channel configuration signalling for each remote UE and relay UE(s) will be required.
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Figure.4 UP protocol stack for scenario 1
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Figure.5 UP protocol stack for scenario 2 
Observation 4: In addition to superfluous part of signalling, e.g. SIB delivery, discovery and PC5 establishment, L2 protocol layer of SL Relay is not suitable for that of UE aggregation, e.g., the SRAP layer is not needed.

Observation 5: The signalling for L2 stack protocol in scenario 2 will be slightly diverse from that for in scenario 1, for example, the separate RLC entity/logical channel configuration signalling for each remote UE and relay UE(s) in scenario 2 will be required.

Proposal 1: it is proposed to clarify the wording in the WID as follows:
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) and defining necessary parts of solutions to enable scenario 2.
On top of the above controversial views, some companies proposed that RAN2 should prioritize scenario 1 and only after the basics based on scenario 1 are in place study the solutions that are applicable to scenario 2 and then identify differences. Meanwhile, some companies expressed the view that scenario 1 and scenario 2 should be at least given equal priority, moreover, it is reasonable to identify the basic operation of scenario 2 first, and reuse the method of scenario 1 for scenario 2 as much as possible since it is a new scenario.
From our perspective, regarding scenario 1, since we actually have some extensively similar discussion on the CP procedure and UP stack architecture of scenario 1 in Rel-17, we indeed have a rough picture of the mechanism of the multiple-path in scenario 1, although this has not been specified in Rel-17. Regarding scenario 2, due to the ideal connection between the “relay” UE and “remote” UE and the purely requirement of boosting UL throughput in the scenario 2, the corresponding difference from the scenario 1 is distinct, which are not so difficult to be identified. Therefore, to effectively to progress the study of this multi-path topic, what RAN2 should pursue is to priority the features of scenario 1 and/or scenario 2, e.g. prioritize the study of L2 protocol stack for multi-path, and Link establishment procedure over the authorization procedure rather than prioritizing the two scenarios.
Observation 6: scenario 1 and scenario 2 should be at least given equal priority, moreover, it is reasonable to identify the basic operation of scenario 2 first, and reuse the method of scenario 1 for scenario 2 as much as possible since it is a new scenario.
Proposal 2: RAN2 will not further discuss prioritization of scenario 1 over scenario 2 in Rel-18.
5 Conclusions
Observation 1: Although multiple paths are utilized in the both scenarios to improve the reliability/robustness as well as throughput, the scenario 1 and scenario 2 are not so similar.

Observation 2: the typical scenario 1 is multiple remote UEs associated to one Relay, whereas the typical scenario 2 we expect is anchor UE (refers to remote UE) connects to more than one aggregated UE (refers to relay UE).

Observation 3: if the target linking topologies of scenario-1 is imposed upon scenario 2, the issue will arise from the fact that one single Relay UE is always incapable of helping multiple remote UEs to transfer high UL bitrates traffic due to the limited UE UL transmission power, UE capability or subscribed MBR.
Observation 4: In addition to superfluous part of signalling, e.g. SIB delivery, discovery and PC5 establishment, L2 protocol layer of SL Relay is not suitable for that of UE aggregation, e.g., the SRAP layer is not needed.

Observation 5: The signalling for L2 stack protocol in scenario 2 will be slightly diverse from that for in scenario 1, for example, the separate RLC entity/logical channel configuration signalling for each remote UE and relay UE(s) in scenario 2 will be required.
Observation 6: scenario 1 and scenario 2 should be at least given equal priority, moreover, it is reasonable to identify the basic operation of scenario 2 first, and reuse the method of scenario 1 for scenario 2 as much as possible since it is a new scenario.
Proposal 1: it is proposed to clarify the wording in the WID as follows:
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) and defining necessary parts of solutions to enable scenario 2.
Proposal 2: RAN2 will not further discuss prioritization of scenario 1 over scenario 2 in Rel-18.
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