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In previous meetings, we had reached the following agreements on the User Plane handling for Rel-18 multi-path operation.
	RAN2-119 meeting agreements:
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.
RAN2-119bis meeting agreements:
FFS CPDU submission; if legacy CPDU submission behaviour is supported, the primary RLC entity of the MP split bearer for DRB can be configured on any of the paths for Scenario 1.
PDCP DRB duplication is supported for the MP split bearer in Scenario 1 based on the existing framework.
PDCP DRB duplication is supported for the MP split bearer in Scenario 2 based on the existing framework.
RAN2-120 meeting agreements:
PDCP Control PDU is not duplicated.
RAN2-121bis meeting agreements:
The concept of the ‘primary path and primary RLC entity’ is adopted for each MP split bearer configuration according to the existing definition.
In case of duplication, PDCP control PDU only transmits on the primary RLC entity same as legacy.
RAN2-122 meeting agreements:
For Scenario-1/2, PDCP duplication of DRB is controlled by legacy Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE delivered via direct path.
For Scenario-1/2, RRC sets the initial state of PDCP duplication for split SRB/DRB as in legacy.
For Scenario-1/2, optionally configure UL data split threshold for split DRB. Usage of the threshold follows legacy behavior.
For Scenario-1, mode-1 scheduling for remote UE is supported at least for intra-DU case, with the SR/BSR and grant sent on the direct path; whether it is supported for inter-DU case is up to R3, but R2 do not intend to make specification changes to support this case, and for specification purposes RAN2 intend to model it as a single MAC entity at the UE. LS to R3 to notify this conclusion, with “take into account” action.
RAN2-123 meeting agreements:
In packet duplication for scenario 1, the PDCP entity need not indicate to the Uu RLC entity to discard the PDCP PDU when the PC5 RLC entity acknowledges the transmission of the PDCP PDU.  FFS if this requirement can be stronger (“shall not”), to be discussed in CR development.
In packet duplication for scenario 1, in the case where Uu RLC entity at the remote UE acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the PC5 RLC entity to discard the PDCP PDU.


The User plane handling for multi-path operation takes the legacy mechanisms in DC/CA as a baseline. However, some different designs are needed due to the use of relaying path, for example, the duplicated PDCP PDU on the direct path is not discarded when receiving the acknowledgement over the indirect path.
In this contribution, we discuss the FFSs in the MAC running CR [1]. Besides, we propose some necessary UP enhancements on BSR reporting and flow control for multi-path operation, which can help to achieve better performance on UP.  
2 Discussion
2.1 Duplication activation/deactivation
In RAN2-123 meeting, the following FFSs are left for the duplication activation/deactivation MAC CE in the MAC running CR [1]. 
Agreements from RAN2-122:
Editor’s Note: whether/ how Duplication RLC Activation/Deactivation MAC CE is used for the 2-leg/3-leg MP relay case is to be discussed. 
Editor’s Note: whether/ how to describe MP Scenaro 2 case when there is no “RLC entity” in the indirect path is FFS,  
Editor’s Notes: Whether and how to number the PC5 RLC entity with SRAP entity within the ascending order of Uu LCID is to be further discussed, if PC5 RLC entity is not in the primary path.
Figure 1 shows the Duplication Activation/Deactivation MAC CE and the Duplication RLC Activation/Deactivation MAC CE used for the dynamic PDCP duplication activation and deactivation. The former one is used for radio bearers configured with two RLC entities, while the latter one is used for radio bearers configured with more than two RLC entities. 



(a) Duplication activation/deactivation MAC CE


(b) Duplication RLC Activation/Deactivation MAC CE
Figure 1. Duplication activation/deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE
It is simple to reuse the Duplication activation/deactivation MAC CE in the multi-path scenario when the radio bearers are configured with two RLC entities, including PC5 RLC entity and Uu RLC entity. In the MAC CE, D_i is used to indicate the activation/deactivation status of the PDCP duplication of DRB i.
Proposal 1: The legacy duplication activation/deactivation MAC CE can be reused to indicate the activation/deactivation status of the PDCP duplication in both of scenario 1 and scenario 2. The current change to section 6.1.3.11 in the MAC running CR R2-2309187 is sufficient, and no further changes are necessary.
When the radio bearers are configured with more than two RLC entities, e.g., two Uu RLC entities and one PC5 RLC entity in scenario 1 or one non-3GPP connection in scenario 2, the duplication RLC Activation/Deactivation MAC CE can also be reused with some modification. For scenario 1, the definition of RLC_i can be extended to consider the secondary RLC entity(ies) in the indirect path. For scenario 2, the fields in the MAC CE can be extended to support the activation/deactivation of the non-3GPP link, since there is no associated RLC entity over the indirect path. For instance, the following changes can be made to section 6.1.3.32:
	[bookmark: _Toc37296309][bookmark: _Toc46490440][bookmark: _Toc52752135][bookmark: _Toc52796597][bookmark: _Toc139032416]6.1.3.32	Duplication RLC Activation/Deactivation MAC CE
The Duplication RLC Activation/Deactivation MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.32-1).
-	DRB ID: This field indicates the identity of DRB for which the MAC CE applies. The length of the field is 5 bits;
-	RLCi: In case of MCG, Tthis field indicates the activation/deactivation status of PDCP duplication for the RLC entity i where i is ascending order of logical channel ID of secondary RLC entities in the order of MCG and SCG, for the DRB. In case of MP, this field indicates the activation/deactivation status of PDCP duplication for the Uu RLC entity i where i is ascending order of logical channel ID of secondary Uu RLC entities on direct path, and this field can also indicate the activation/deactivation status of PDCP duplication for the indirect path, when i equals to x, where x is the number of secondary Uu RLC entity(ies). The RLCi field is set to 1 to indicate that the PDCP duplication for the RLC entity i shall be activated. The RLCi field is set to 0 to indicate that the PDCP duplication for the RLC entity i shall be deactivated. 

 


Figure 6.1.3.32-1: Duplication RLC Activation/Deactivation MAC CE




For clarification, in this release, this MAC CE is used to activated/deactivated indirect path only when the primary path is set to Uu RLC entity.
[bookmark: _GoBack]Proposal 2: The legacy duplication RLC Activation/Deactivation MAC CE can be reused for both of scenario 1 and scenario 2, the definition of RLC_i should be extended to MP, by adding the sentence “In case of MP, this field indicates the activation/deactivation status of PDCP duplication for the Uu RLC entity i where i is ascending order of logical channel ID of secondary Uu RLC entities on direct path, and this field can also indicate the activation/deactivation status of PDCP duplication for the indirect path, when i equals to x, where x is the number of secondary Uu RLC entity(ies).” to the definition of “RLC_i” in section 6.1.3.32.
2.2 BSR reporting for split bearer
In RAN2-123 meeting, companies propose the redundant BSR reporting issue, especially for the split bearer. That is, the remote UE may report excessive PDCP data volume that may not be transmitted over the direct path or indirect path, thus causes excessive Uu link or sidelink resource allocation based on current BSR mechanism. Therefore, some FFS are left in the MAC running CR.
	Editor’s Note: FFS whether any change/clarification needed for Buffer Size report for UL data via both direct path and indirect path. (in 6.1.3.1)
Editor’s Notes: FFS whether the SL-BSR also reports Uu path traffic buffer. (in 6.1.3.33)


Based on the discussion in previous meeting, the key problem is the buffered PDCP data are split into two path but the total data volume will be reported by both SL BSR and Uu BSR. As a result, the assigned Uu resources or SL resources in mode 1 will be wasted, which can further cause the network capability degeneration. To avoid the redundant BSR reporting issue, a PDCP data split ratio can be configured and remote UE will calculate the PDCP data volume delivered over direct path and indirect path according to this split ratio. The split PDCP data volume is used in buffer statue reporting.
Observation 1: Following current BSR method, the remote UE will report data volume via both of Uu BSR and SL BSR resulting in excessive resource allocation and radio resource waste.
Proposal 3: To avoid the duplicated BSR, a PDCP data split ratio can be configured and remote UE calculates the PDCP data volume delivered over direct path and indirect path according to this split ratio. 
2.3 Flow control
[image: ]
Figure 2. Data transmission in DL via multi-path relay
In this section, we discuss the flow control issue in multi-path relay scenario. Consider the downlink data transmission procedure in Figure 2, if the gNB splits and passes too much data to the indirect path but the relay UE cannot get enough resources in time to forward it, congestion would happen. In the uplink, similar congestion happens if the remote UE transmits too much data to the relay UE while the relay UE does not have enough Uu resource to forward the data in time. 
In the uplink, the gNB can be aware of the congestion according to the relay UE BSR, which indicates the data volume on the relay UE. Similarly, in the downlink the gNB can be aware of the buffered data volume based on the SL BSR. However, if the relay UE works at resource allocation mode 2, i.e., there is no SL BSR, the gNB would have no clue on how many data are stuck at the relay UE, thus cannot aware the congestion when it happens.
To solve this problem, flow control indication can be introduced. For example, relay UE can indicate the gNB about the congestion situation, then the remote UE or the gNB can reduce the amount of data sent to the relay UE. 
Proposal 4: Flow control indication should be introduced to solve the congestion problem that may happen at the relay UE, which at least includes the congestion indication sent from relay UE to gNB. 
1. Conclusion
Based on above discussion, we have the following proposals and observations. 
Duplication activation/deactivation
Proposal 1: The legacy duplication activation/deactivation MAC CE can be reused to indicate the activation/deactivation status of the PDCP duplication in both of scenario 1 and scenario 2. The current change to section 6.1.3.11 in the MAC running CR R2-2309187 is sufficient, and no further changes are necessary.
Proposal 2: The legacy duplication RLC Activation/Deactivation MAC CE can be reused for both of scenario 1 and scenario 2, the definition of RLC_i should be extended to MP, by adding the sentence “In case of MP, this field indicates the activation/deactivation status of PDCP duplication for the Uu RLC entity i where i is ascending order of logical channel ID of secondary Uu RLC entities on direct path, and this field can also indicate the activation/deactivation status of PDCP duplication for the indirect path, when i equals to x, where x is the number of secondary Uu RLC entity(ies).” to the definition of “RLC_i” in section 6.1.3.32.
BSR reporting for split bearer
Observation 1: Following current BSR method, the remote UE will report data volume via both of Uu BSR and SL BSR resulting in excessive resource allocation and radio resource waste.
Proposal 3: To avoid the duplicated BSR, a PDCP data split ratio can be configured and remote UE calculates the PDCP data volume delivered over direct path and indirect path according to this split ratio. 
Flow control
Proposal 4: Flow control indication should be introduced to solve the congestion problem that may happen at the relay UE, which at least includes the congestion indication sent from relay UE to gNB. 
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