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1	Introduction
In Post email discussion of RAN2#119-e [408], RAN2 discussed several issues including supported cases for each scenario, definition of primary path, and duplication/split operation for MP split bearer in terms of primary RLC entity. 
In this paper, it is discussed the remaining/unresolved issues related to [Post119-e][408][Relay] Path operations in multi-path relaying.

2	Discussion
2.1	Supported cases
In [408] post email discussion [R2-2210027], total seven cases are discussed, where most of the companies agree to support case A, B, C, D, and G:
A. The remote UE configured only on the direct path adds the indirect path under the same gNB; 
B. The remote UE configured only on the indirect path adds the direct path under the same gNB; 
C. The remote UE configured with multi-path releases the indirect path;
D. The remote UE configured with multi-path releases the direct path;
G. The remote UE configured with multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.
However, case G can be basically achieved by performing C and A, i.e., the remote UE releases one indirect path and then add another indirect path. It may not be an optimal operation, but it is of more importance to focus on basic operations than finding optimal individual solution.
In the meanwhile, for mobility cases, F is proposed not to be supported while E is proposed to continue the discussion.
E. The remote UE configured with multi-path changes the serving cell of the remote UE for the direct path while keeping the serving relay UE for the indirect path under the same gNB; 
F. The remote UE configured with multi-path keeps the serving relay UE for the indirect path and the serving cell of the remote UE for the direct path while the serving relay UE changes the serving cell of the relay UE under the same gNB;
As A, B, C, D are baseline path operation of addition/release, it is essential to finalize them first. If A, B, C, D are standardized, E can be achieved by D and B, i.e., the remote UE releases one direct path and then add another direct path. It may not be an optimal way but there is no rush to have an optimized method considering the basic path operation is not yet defined and timeline for R18. 
Proposal 1: In Rel-18 case E and G can be supported, but RAN2 do not optimize them. 
Case F is the least preferred one from the companies during the post email discussion. It requires more complex solution as it is kind of group mobility scenario. So, we suggest, as report of 408 post email discussion, not to support Case F in Rel-18.
Proposal 2: In Rel-18, Case F is not supported.

2.2	Primary path for control plane
The primary path has been introduced in Rel-16 in scope of CA/DC enhancement, which indicates a specific RLC entity for split bearer by using Cell Group ID and LCID. The primary path, i.e., primary RLC entity, is used for data transmission when duplication is not activated and the amount of data is under a threshold. In detail,
· SRB: For SRB, only the RLC entity belonging to MCG can be a primary path. There is an exception. If split SRB1, the UE by itself changes the primary path to an RLC entity belonging to SCG in order to transmit the MCGFailureInformation message via SCG in case of RLF at MCG.
· DRB: For DRB, RLC entity belonging to either MCG or SCG can be a primary path. Primary path is configured per PDCP only when there are more than one RLC
In multi-path SL relay discussion, it was proposed to introduce SL primary path, which refers to whole link between a remote UE and the gNB, and hence, is different from the legacy primary path. In response to a view that we already have a PCell, which is sufficient for multi-path, it is argued that the SL primary path is necessary because we need to differentiate further when the remote UE and the relay UE are served on the same cell. However, it is still unclear why we need to differentiate these paths and we need to investigate the actual function to be achieved and its specification impacts. 
· Case 1. SRB is not an MP split RB
· When RLF is declared on a path related to the SRB, there is no way but to initiate RRC Connection re-establishment. When RLF is declared on a path not related to the SRB, the UE can report the RLF by using a path carrying SRB, which is similar to transmit FailureInformation via SRB1 in DC. 
· Case 2.  SRB is an MP split RB
· When RLF is declared on one path, it can be reported via the other alive path. 
In Case 1, one may want to call a path carrying SRB as a primary path but it seems not essential for the specification work, as no specific behaviour is needed to be specified for paths.  There is no need to introduce a new term just for a couple of sentences in the specification.
In Case 2, it is questionable what the primary path is for. Given that there may not be clear superiority between direct path and indirect path in terms of link quality, it does not make sense to define one of them as a primary path and avoid initiating RRC connection re-establishment only when the primary path is experiencing the RLF. It is more beneficial and reasonable to allow report of RLF via alive path regardless of where RLF is declared. If the intent is to report RLF via the other alive path regardless of whether the RLF is declared on a direct path or indirect path, there is no need of defining the primary path at all.
Proposal 3: The primary path is not defined for the control plane in sidelink relay unless clear function is agreed at least in terms of RLF report and RRC connection re-establishment. 

2.3	Primary RLC entity
If duplication is activated for the legacy split bearer, the duplicated PDCP data PDU is transmitted to all RLC entities configured for duplication while PDCP control PDU is transmitted only to the primary RLC entity. The reason for such restriction on PDCP control PDU is that duplication is mainly for latency reduction, but PDCP control PDU is not much affecting the latency [R2-1806601].
In sidelink relay, if duplication is activated for MP split bearer, it is not only for latency but could be for reliability. Therefore, it is beneficial to allow PDCP control PDU to be transmitted to both of Uu and PC5 RLC entities. In this case, there is no clear motivation to have a primary RLC entity.
Proposal 4: RAN2 agree that, if duplication is activated for MP split bearer, PDCP control PDU and PDCP data PDU are all duplicated and transmitted to both RLC entities.
Proposal 5: With Proposal 4, there is no clear motivation to define a primary RLC entity for duplication operation of MP split RB.
When duplication is not activated for the legacy split bearer, primary RLC entity is used for data transmission if the amount of data is under a threshold. If the amount of data is above the threshold, a PDCP PDU can be transmitted via any RLC entity. Therefore, the question is whether, for MP split bearer, the data transmission is restricted to one fixed path for some reason, e.g., based on link quality of a path or the amount of data being under a threshold.
Due to some similarity between DC and MP SL relay, one may think it is straightforward to have a threshold of data amount for split operation. However, it would depend on how to setup the multi-path and what the conditions are for constructing the multi-path. If the additional path is added by considering the reliability requirement, link quality of paths and/or the data amount already, it doesn’t make sense to restrict the data transmission to one path, i.e., if multi-paths are there, use them. Therefore, we first need to discuss e.g.,
· the conditions at which multi-path is allowed to be set up
· the conditions for switching between single-path and multi-path
Observation 1: The primary RLC entity needs to be defined for sidelink relay only if data transmission is restricted to one specific path e.g., when link quality of one path is sufficiently good and/or data amount is below a threshold.
Proposal 6: RAN2 should discuss first the conditions for muti-path operation and path switching between single-path and multi-path before introducing a primary RLC entity.
If the primary RLC entity is defined for sidelink relay in the end, we need to discuss further whether the primary path should be configured on either direct path or indirect path for flexibility or can be fixed to direct path by considering the latency on indirect path.  
 
2.4	RAN2 progress on Scenario 2
In Rel-18 WS, scenario 2 was presented as a UE aggregation and it was included in the scope of Rel-18 Sidelink relay in RANP#94 [RP-220842] with an expectation that most of the work to be done for scenario 1 can be reused without much effort, e.g., only to discuss what function is not needed and can be removed for scenario 2 compared to scenario 1. This intent is clearly captured in the WID [RP-221262] as follows:
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).
However, during the post email discussion [408], the questions are organized for the scenario 2 separately, which may unintentionally lead RAN2 discussion to,
· define optimal mechanism for scenario 2, which may not be commonly used for scenario 1.
· define additional cases to support scenario 2 
Rel-18 Sidelink relay is a WI created after a sufficient study in Rel-17 SI phase whereas we have to admit that UE aggregation is a sudden addition in WI phase without proper study. In the last meeting, it was raised by some company already that the required L2 structure for scenario 2 may not be the same as scenario 1 [R2-2208429] due to different role of relay UE and aggregation UE. We of course need to investigate the difference between two scenarios, but the focus should be on the functions related to Uu interface while the interface between aggregated UEs in scenario 2 should not be in the scope of this WID even though it may be different from PC5 interface. 
Proposal 7: RAN2 should not investigate the cases and the solutions that are specific to scenario 2.   

3	Conclusion
In this paper, we have made the following proposals:
Proposal 1: In Rel-18 case E and G can be supported, but RAN2 do not optimize them. 
Proposal 2: In Rel-18, Case F is not supported.
Proposal 3: The primary path is not defined for the control plane in sidelink relay unless clear function is agreed at least in terms of RLF report and RRC connection re-establishment. 
Proposal 4: RAN2 agree that, if duplication is activated for MP split bearer, PDCP control PDU and PDCP data PDU are all duplicated and transmitted to both RLC entities.
Proposal 5: With proposal 4, there is no clear motivation to define a primary RLC entity for duplication operation of MP split RB.
Observation 1: The primary RLC entity needs to be defined for sidelink relay only if data transmission is restricted to one specific path e.g., when link quality of one path is sufficiently good and/or data amount is below a threshold.
Proposal 6: RAN2 should discuss first the conditions for muti-path operation and path switching between single-path and multi-path before introducing a primary RLC entity.
Proposal 7: RAN2 should not investigate the cases and the solutions that are specific to scenario 2.   
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