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[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In last RAN2#119 e-meeting, there was an extensively discussion on the study on potential solutions for multi-path support for both scenario1 and scenario 2, and RAN2 achieved the conclusion as follows: 
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)
Support direct bearer (bearer mapped to direct path on Uu), indirect bearer (bearer mapped to indirect path via relay UE), and MP split bearer (bearer mapped to both paths, based on the existing split bearer framework).
For a MP split bearer in scenario 1, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel.
-For upstream, a PDCP entity delivers to a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
-For downstream, a PDCP entity receives from a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
FFS if we need to take decisions on the mapping of protocol entities in scenario 2.
Furthermore, in post email discussion #408, the linking topology, protocol stack and presence of adaption layer are discussed. Nevertheless, there are still some controversial points. In this contribution, we will focus on those open issues on L2 protocol designs for scenario 2 and share our understanding for them. 
[bookmark: _Hlk59519022]Discussion
Linking Topology 
The follows are rapporteur’s observation on scenario 2 for the post-email discussion:
	 Observation 9A: majority of companies see the benefit of using the adaptation layer over Uu link. But, there is no majority’s view on the adaptation layer over non-3GPP link.
Proposal 9A: RAN2 is suggested to study need of an adaptation layer on the UE-to-UE link and the Uu link between relay UE and the gNB for Scenario 2, considering whether the following aspects can/should be supported in Scenario 2 without an adaptation layer:
-          Possibility of restriction to the relay UE serving only one remote UE
-          Possibility of restriction to 1:1 bearer mapping only over non-3GPP UE-to-UE link and 3GPP Uu link.
-          Mapping a PDCP entity of the remote UE to a RLC entity of the relay UE to ensure that a PDCP PDU is delivered to an intended PDCP entity or RLC entity for support of more than one RB
-          Possibility to support interoperability between two UEs from different vendors
-          Ensuring identification of data own by the relay UE and data relayed from/to the remote UE over the Uu link .


 
Per the observation, the key aspect resulting in companies having divided views on the design of scenario 1 and scenario 2, especially the user plane and control protocol is whether the restriction of one relay or multiple relay UE serving only one remote UE is reasonable. Hence we think it is necessary to clarify the linking topology for scenario 2 before discuss protocol stack.
In scenario 1, one or more remote UE connected to one relay UE, which is different from scenario 2, 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 fulfils 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. Another crucial use case is in China, there are always some large-scale celebrations, sport games, entertainment activities, electronics games. And operators always are assigned to provide the telecommunication support for such large-scale activities, e.g. the incoming Asia Games and other Sport Games. In such scenarios, we urge to have a kind of vehicle, with live 8K video mobile control room, where multiple UEs are expected to be equipped within the car to take over the UL big datarate service transmission through a standardized UE aggregation mechanism. Or else, it is tricky to realize it. 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.
Regarding the motivation of scenario 2 and compatibility in further release, RAN2 should consider the case that one remote UE connects to more than one relay UE.   
Proposal 1: RAN2 consider the case the one remote UE connects to one or more relay UE in scenario 2. 
Protocol stack
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 scenario 1 is not so suitable and feasible for that of scenario 2. 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.


Figure.4 UP protocol stack for scenario 1


Figure.5 DC-like 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 2: SRAP layer is not needed for UE aggregation. 
Alternatively, for UE aggregation in scenario 2, we propose another possible kinds of protocol stack, DAPS like, which is shown as Figure.6. Regarding DC-like UE aggregation, as illustrated in figure.5, the aggregated RB will be configured with only one PDCP entity with full functions located in anchor UE to handle data split between two paths, whereas the aggregated RB configured with two or multiple RLC entities for different UEs respectively, which are involved in the delivery of the aggregated service. For DAPS-like UE aggregation, the aggregated RB will be configured with two or multiple PDCP entities and RLC entities for different UEs respectively, which are involved in the delivery of the aggregated service. Besides, PDCP in anchor UE will response for the unified SN allocation across the anchor UE and aggregated UE(s). PDCP SDU with allocated SN will be further handled by PDCP in aggregated UE for security and ROHC. 


Figure.6 UP protocol stack for UE aggregation (DAPS-like)
Proposal 3: RAN2 need down selection the designs of protocol stack for scenario 2 from DAPS-like and DC-like.
UE to UE link in scenario 2
As described in WID, the link between remote UE and relay UE is assumed to be ideal link, which can be BUS, WiFi etc, anyway, it is a kind of non-standard interface. If it is connection by BUS, a kind of wire link, some enhancement on IP layer can enable the peer UE to have idea of the information what it wants; If it is WiFi or other kinds of link, we still can let the peer UE to acquire what it need by implementation approach.
[bookmark: OLE_LINK1]As described in WID, the link between remote UE and relay UE is assumed to be ideal link, any physical form including Ethernet, cable, fiber, wireless connection including WiFi, BUS, anyway, it is a kind of non-standard interface. If it is connection by BUS, a kind of wire link, some enhancement on IP layer can enable the peer UE to have idea of the information what it wants; alternatively, if it is WiFi or other kinds of link, we still can let the peer UE to acquire what it need by implementation approach. Adding adaption layer in UE to UE cannot fulfill all kinds of non-standard interface and may bring some complexity. Therefore, we can just left the UE to UE link to UE implementation, without further discussion on the non-3GPP link.
Proposal 4: It is proposed to leave the UE to UE link to UE implementation, without further discussion on the non-3GPP link.
UE to gNB link 
In scenario 1, N:1 bearer mapping between ingress PC5 Relay RLC channels for relaying and egress Uu Relay RLC channels over the L2 U2N Relay UE Uu interface, and the identity of Remote UE Uu Radio Bearer and a local Remote UE ID are included in the Uu SRAP header at UL in order for gNB to correlate the received packets for the specific PDCP entity associated with the right end-to-end Uu Radio Bearer of the Remote UE. For link between relay UE and gNB in scenario 2, we understand, it may be a work assumption that 1:1 bearer mapping between remote UE’s RB and Uu RLC channel of relay UE are configured. That is, the granularity of the aggregation is the DRB, which will be configured one common PDCP for involved UEs and RLC respectively, rather than the UE. During discussion, it seems some companies misunderstood that multiple aggregated DRBs in one UE will be configured only one common PDCP for involved UEs. That is different from scenario 1. The adaption layer is not needed to distinguish RB or remote UE for scenario 2.
Observation 5: the granularity of the aggregation in scenario 2 is the DRB, which will be configured one common PDCP for involved UEs and RLC respectively, rather than the UE, where that multiple aggregated DRBs in one UE will be configured only one common PDCP for involved UEs.
Proposal 5: It can be assumed that for link between relay UE and gNB in scenario 2, 1:1 bearer mapping between remote UE’s RB and Uu RLC channel of relay UE are configured.
Proposal 6: The adaption layer in UE to gNB link is not needed to distinguish RB or remote UE for scenario 2.
Conclusions
According the above discussion we have following observations and proposals: 
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.
Proposal 1: RAN2 consider the case the one remote UE connects to one or more relay UE in scenario 2. 
Proposal 2: SRAP layer is not needed for UE aggregation. 
Proposal 3: RAN2 is suggest to discuss down selection protocol stack for scenario 2 from DAPS-like and DC-like.
Proposal 4: It is proposed to leave the UE to UE link to UE implementation, without further discussion on the non-3GPP link.
Proposal 5: It can be assumed that for link between relay UE and gNB in scenario 2, 1:1 bearer mapping between remote UE’s RB and Uu RLC channel of relay UE are configured.
Proposal 6: The adaption layer in UE to gNB link is not needed to distinguish RB or remote UE for scenario 2.
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