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[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In R18 SL enhancement, multi-path and UE aggregation are both considered. In multi-path relay, where a remote UE is connected to network via direct and indirect paths; for UE aggregation, UE is connected to the network via direct path and via another UE using a non-standardized UE-UE interconnection. The objectives are list as follow,

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).
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 contribution, we will clarify the benefit of multi-path with relay and UE aggregation. In addition, we discuss the key technical issue for the two solutions. 
[bookmark: _Hlk59519022]Discussion


Benefits
As Rel-17 work item “NR Sidelink Relay” included only limited features due to the lack of time, the enhancement of multi path with relay are supported by companies for reliability, on top of coverage extention. Meanwhile, UE aggregation scheme was brought into the study scope as well, which mainly aims to provide applications requiring high UL bitrates on 5G terminals, in cases when normal UEs are too limited by UL UE transmission power to achieve required bitrate, especially at the edge of a cell. As described in WID, the benefits should be studied as the first step for decision that whether and how to start normative work. In our understanding, the benefits are obvious. In multi path and UE aggregation, the remote UE or the anchor UE are configured with two paths for data and/or signalling transmission. That architecture can improve the throughput when those two paths are used for traffic split and improve the reliability when those two paths are configured duplication for DRB and SRB. 
Proposal 1: RAN2 can confirm the justifiable benefits that multi-path with relay and UE aggregation can improve the throughput and reliability/robustness for UE at the edge of a cell, and UE with limited UL transmission power. 
Multi-path versus UE aggregation 
Multi-path and UE aggregation are two discrepant solutions. Intuitively, the connection between anchor UE and aggregated UE is non-standardized, and the connection between remote UE and relay UE is PC5 respectively. However, this does not mean that the solutions for multi path can be totally reused for UE aggregation, or simply excluding some unnecessary parts of solutions. 
In the following part, we will investigate some basic issues for multi-path and UE aggregation to clarify the differences between them. In parallel, in SI phase, in addition to identify the benefit of multi-path and UE aggregation, we should reach consensus on the scope of work item, which includes the issues list and priority. 
[bookmark: OLE_LINK3]Proposal 2: For SI phase, RAN2 should reach consensus on the scope of Work Item, which includes the issues list and priority, and inform other work group if any impacts.
· Study the protocol stack to support UE with one gNB, where PDCP or PDCP-sub is operating in one of the UEs (and the gNB)；(high)
· Link establishment procedure (e.g. Setup/Modification/Release) for control of the (multi link) Radio Bearer for the aggregated UEs and Relay UE/Remote UEs; (high)
· Authorization and association mechanism
· Phase 1: Just considering the relationship between anchor UE and aggregated UE is relative static and can be pre-configured (high)
· Phase 2: Study some other cases, that is, the UE reports the association with other UEs to network, or the network (RAN or CN) may configure the association amongst UEs, where the SA2/CT1 work is possible to be involved. (low)
· Coordinated mobility for the aggregated UEs and Relay UEs; (low)
Linking relationship
For multi-path, the legacy linking relationship between remote UE and relay UE will be reused, one or more remote UE can connected to one relay UE. For UE aggregation, one anchor UE can be served by one or more aggregated UE to improve uplink transmission, while the interface between the aggregated UEs can be based on their implementation or specified. 






Figure.1 Multi-path                     Figure.2 UE aggregation 
Authorization and association
For multi-path, authorization procedure for relay UE and remote UE is similar as R17 behaviour. However, for UE aggregation, in some cases, as 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, the relationship between anchor UE and aggregated UE is relative static and can be pre-configured. Meanwhile, it is possible that the UE reports the association with other UEs to network subsequently the CN is response for the authorization to check whether the aggregated UE is trustful; Althernatively, the network (RAN or CN) may configure the association amongst UEs. To be specific, if anchor UE connects to more than one aggregated UE, association should be established, which is different from sidelink relay relying on L2 identity and PC5 discovery. For the pre-configure or association issue of aggregated UE should be further check in SA2, LS for that may be needed, which is depend on RAN2 progress in SI.
[bookmark: OLE_LINK2]Proposal 3: RAN2 should discuss the work plan for authorization and association in case of authorization and association considering the time budget: 
Phase 1: Just considering the relationship between anchor UE and aggregated UE is relative static and can be pre-configured (for the UEs wherein is non handheld UE, e.g. equipped in the assembling line of factory or UAV for live video or 3D map transmission);
Phase 2: Study some other cases, that is, the UE reports the association with other UEs to network, or the network (RAN or CN) may configure the association amongst UEs, where the SA2/CT1 work is possible to be involved, as CN is response for the authorization to check whether the aggregated UE is trustful.

Link Establishment
[bookmark: _GoBack]For SL Relay, after the discovery,relay selection procedure, the PC5 connection between the remote UE and relay UE establishment can be performed. Remote UE establish its RRC connection and PDU session via relay UE. For multi-path, two cases may be exist, case 1 is that remote UE establishes RRC connection via relay UE, and then adds uu link as second path; case 2 is remote UE with RRC connection via uu interface adds indirect path for data transmission. In our understanding, both cases can be supported for multi-path.
For UE aggregation, current framework of PDU session setup can be reused, that is, establishment of two separate PDU sessions for two individual UEs can be executed beforehand. Thus, for the service in aggregation, only one PDU session of the service in CP and one corresponding GTP-U tunnel in UP is established for one UE, i.e. anchor UE. That is, from CN side, it can be only aware of the service transmission with anchor UE, while the aggregated UE is invisible for the service, if not taking the UEs relationship authorization into account. Besides, RAN will determine the data split among multiple UEs and establish aggregated radio bear over multiple UEs, which all owns separate RRC connection as legacy UEs.
Observation 1 : For UE aggregation, from CN side, it can be only aware of the service transmission with anchor UE, while the aggregated UE is invisible for the service, if not taking the UEs relationship authorization into account. 
Proposal 4 : For UE aggregation, only one PDU session of the aggregated service in CP and one corresponding GTP-U tunnel in UP is established for one UE, i.e. anchor UE. 
Proposal 5: RAN will determine the data split among multiple UEs and establish aggregated radio bear over multiple UEs, which all owns separate RRC connection as legacy UEs.
Adaption layer
In R17 SL relay, SRAP layer is introduced to indicate remote UE ID and bearer identity. For multi-path, such layer is necessary and the legacy functionality and format of SRAP is enough. For UE aggregation, such adaption layer is not needed. As illustrated above, the initial and main motivation of the SL relay is to extend the cell coverage. Hence, the corresponding use case is for one or multiple remote UEs relied on one relay UE to propagate the data to the gNB for coverage extension. However, the use case of multiple anchor UEs via one aggregated UE to offload the data stream is not efficient and against the philosophy of enabling UE aggregation in 5G where the objective is to improve the UL throughput and reliability/robustness for UE, especially at the edge of a cell. Therefore, the extension scenario will be multiple aggregated UEs assist one anchor UE to offload the high UL data volume. Moreover, aggregated UEs can be configured RLC entity (logical channel) for the target RB, not rely on adaption layer any more. 
[image: ]
Figure 3 the extended scenario comparison over multi-path and UE aggregation
Observation 2: the SRAP layer is not suitable for the use case of UE aggregation as follows:
· the use case requiring SRAP of multiple anchor UEs via one aggregated UE to offload the data stream is against the philosophy of enabling UE aggregation in 5G to improve the UL throughput and reliability/robustness for UE;
· Aggregated UEs can be distinguished by individual RLC entity/logical channel for the target RB, not rely on adaption layer any more.
Protocol stack
Figure.4 illustrates the user plane protocol stack for multi-path architecture. For the radio bearer that configured multi-path, the PDCP entity is mapped to uu-RLC and PC5-RLC via SRAP at the same time. At gNB side, corresponding protocol layer is configured. 


Figure.4 UP protocol stack for multi-path
For UE aggregation, we propose 2 possible kinds of protocol stack, DC-like and DAPS like, which is shown as Figure.5 and Figure.6 correspondingly. For DC-like UE aggregation, 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 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.5 UP protocol stack for UE aggregation (DC-like)


Figure.6 UP protocol stack for UE aggregation (DAPS-like)
Proposal 6: RAN2 should down select one UP protocol stack for UE aggregation from DAPS-like and DC-like, without consideration on the introduction of SRAP for UE aggregation. 
For other issues, we list them in the following table with the above three aspects,
Table 1: Multi-path versus UE aggregation
	
	Multi path
	UE aggregation

	Linking relationship
	Remote UE: Relay UE  -> N:1
	Anchor UE: Aggregated UE  -> 1:N 

	Authorization/ Association
	Legacy procedure as R17

	The association can be pre-configured, not rely on L2 identity and PC5 discovery

	Discovery and selection  
	Measurement report on PC5 discovery message and uu RSRP
	Discovery is not needed.
Selection among N aggregated UEs may be applicable

	Link establishment 
	PC5 connection establishment 
	non-standardized UE-UE interconnection

	Adaption layer

	Legacy SRAP, supporting UE ID and bearer ID indicator
	Not needed

	Protocol stack
	As illustrated in Figure.3
	Both DC-like and DAPS-like architecture can be considered, as illustrated in Figure.4 and 5.


[bookmark: OLE_LINK1]Proposal 7: Kindly ask RAN2 consider the comparative analysis in Table 1.
Conclusions
According the above discussion we have following observations and proposals: 
Observation 1 : For UE aggregation, from CN side, it can be only aware of the service transmission with anchor UE, while the aggregated UE is invisible for the service, if not taking the UEs relationship authorization into account. 
Observation 2: the SRAP layer is not suitable for the use case of UE aggregation as follows:
· the use case requiring SRAP of multiple anchor UEs via one aggregated UE to offload the data stream is against the philosophy of enabling UE aggregation in 5G to improve the UL throughput and reliability/robustness for UE;
· Aggregated UEs can be distinguished by individual RLC entity/logical channel for the target RB, not rely on adaption layer any more.

Proposal 1: RAN2 can confirm the justifiable benefits that multi-path with relay and UE aggregation can improve the throughput and reliability/robustness for UE at the edge of a cell, and UE with limited UL transmission power. 
Proposal 2: For SI phase, RAN2 should reach consensus on the scope of Work Item, which includes the issues list and priority, and inform other work group if any impacts.
· Study the protocol stack to support UE with one gNB, where PDCP or PDCP-sub is operating in one of the UEs (and the gNB)；(high)
· Link establishment procedure (e.g. Setup/Modification/Release) for control of the (multi link) Radio Bearer for the aggregated UEs and Relay UE/Remote UEs; (high)
· Authorization and association mechanism
· Phase 1: Just considering the relationship between anchor UE and aggregated UE is relative static and can be pre-configured (high)
· Phase 2: Study some other cases, that is, the UE reports the association with other UEs to network, or the network (RAN or CN) may configure the association amongst UEs, where the SA2/CT1 work is possible to be involved. (low)
· Coordinated mobility for the aggregated UEs and Relay UEs; (low)
Proposal 3: RAN2 should discuss the work plan for authorization and association in case of authorization and association considering the time budget: 
Phase 1: Just considering the relationship between anchor UE and aggregated UE is relative static and can be pre-configured (for the UEs wherein is non handheld UE, e.g. equipped in the assembling line of factory or UAV for live video or 3D map transmission);
Phase 2: Study some other cases, that is, the UE reports the association with other UEs to network, or the network (RAN or CN) may configure the association amongst UEs, where the SA2/CT1 work is possible to be involved, as CN is response for the authorization to check whether the aggregated UE is trustful.
Proposal 4 : For UE aggregation, only one PDU session of the aggregated service in CP and one corresponding GTP-U tunnel in UP is established for one UE, i.e. anchor UE. 
Proposal 5: RAN will determine the data split among multiple UEs and establish aggregated radio bear over multiple UEs, which all owns separate RRC connection as legacy UEs.
Proposal 6: RAN2 should down select one UP protocol stack for UE aggregation from DAPS-like and DC-like, without consideration on the introduction of SRAP for UE aggregation. 
Proposal 7: Kindly ask RAN2 consider the comparative analysis in Table 1.
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