[bookmark: _Toc193024528][bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #124	R2-2312691
Chicago, USA, Nov 13th – 17th, 2023   

[bookmark: Source]Agenda Item:	7.9.4
Source: 	Huawei, HiSilicon
Title: 	UP remaining issues on multi-path operation
[bookmark: DocumentFor]Document for:	Discussion and Decision
1 [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK175][bookmark: OLE_LINK176]Introduction
RAN2 had triggered the email discussion on running CRs and open issues for the RAN2-124 meeting. After 2-weeks discussion, open issues are identified for the MAC and PDCP specifications on the User Plane handling for Rel-18 multi-path operation [1][2]. Some open issues were resolved while majority are still FFSs. In this contribution, we discuss the open issues listed in [1] and [2] to complete the running CRs. Besides, we discuss how to capture the relaying behaviour of the relay UE for scenario 2 in the specification, and propose the solution for congestion control.  
2 Discussion
2.1 MAC open issues
Following lists the opens issues to be discussed in the email discussion [1].
	[To discuss]Proposal 2: [9/13] RAN2 to discuss whether >1 leg (i.e., CA) can be allowed for direct Uu path in PDCP duplication for MP.
[To discuss]Proposal 3: If >1 leg in direct path is allowed, RAN2 to further discuss whether 3-leg CA in direct path is supported or not.
[To discuss]Proposal 4: If >1 leg in direct path is allowed, RLCi field in Duplication RLC Activation/Deactivation MAC CE is clarified by adding “or i is ascending order of logical channel ID of secondary RLC entities in the order of direct path and indirect path for the DRB in MP scenarios where primary RLC entity is in direct path“.
[To discuss]Proposal 5: If >1 leg in direct path is allowed, RAN2 confirms that Duplication RLC Activation/Deactivation MAC CE is also used for Scenario 2. The exact wording for describing “RLCi” usage for non-3GPP link is discussed in MAC running CR.


2.1.1 CA support on direct path
For the CA support issue, we think it is better to support CA and configure 2 legs on the direct path for the following reasons.
· Configuring CA on the direct path can improve the reliability and throughput, which is aligned with the motivation of the introduction of multi-path. 
· No extra specification work will be involved to support the CA operation on the direct path since it is independent of the indirect path operation.
· In current specification, at most 3 secondary RLC entities can be configured. To simplified the work on the support of SL CA (if introduced in further release), it is better to support 2-legs CA on the direct path for multi-path operation.
Proposal 1: Support 2-legs CA on direct Uu path in PDCP duplication as legacy for MP operation.
2.1.2 PDCP duplication activation/deactivation for MP
When PDCP duplication is configured, the legacy Duplication Activation/Deactivation MAC CE and the Duplication RLC Activation/Deactivation MAC CE in Figure 1 can be reused for the dynamic PDCP duplication activation and deactivation. 


(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
When the radio bearer is configured with PDCP duplication but no CA on the direct path, the Duplication Activation/Deactivation MAC CE can be reused and D_i is used to indicate the activation/deactivation status of the PDCP duplication of DRB i for both scenaio 1 and scenario 2.
When 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 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, e.g., i is ascending order of logical channel ID of secondary RLC entities in the order of direct path and indirect path for the DRB. For scenario 2, the fields RLC_i in the MAC CE can be extended to support the activation/deactivation of the non-3GPP link. That is, the indication order can be Uu RLC entity on the direct path and the non-3GPP link on the indirect path. For instance, the following changes can be made to section 6.1.3.32 [3]:
	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, this 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 PC5 RLC entity or N3C on 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



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 PC5 RLC entity or N3C on 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 PDCP open issues
PDCP open issues to be discussed at next meeting listed in [2] including:
	1. How to configure, and whether to re-use the same ul-DataSplitThreshold as DC for multipath. (e.g., use different threshold(s) for multipath compared with DC).
2. Whether to indicate SDU discard to the non-3GPP interface is FFS.
3. Whether to indicate data volume calculation for MP with N3C
4. Whether to model/capture MP behaviour in the PDCP specification assuming single MAC entity, multiple MAC entities, or agnostic of the modelling.
5. Whether/how to support duplicate PDU discard in multipath with N3C.


2.2.1 Split bearer threshold configuration
For both scenario 1 and scenario 2, existing PDCP duplication mechanism is reused. We have the following agreement in RAN2 122 meeting:
	For Scenario-1/2, optionally configure UL data split threshold for split DRB. Usage of the threshold follows legacy behavior.


Since the usage of the UL data split threshold is the same as legacy, we think it is OK to reuse the same parameter ul-DataSplitThreshold as DC for multipath.
Proposal 3: Re-use the same ul-DataSplitThreshold as DC for MP to configure the UL data split threshold.
2.2.2 SDU discard for N3C
In legacy the PDCP entity can indicate the lower layers to discard the PDCP SDU if the corresponding PDCP Data PDU has already been submitted to lower layers. For scenario 2,the PDCP SDU discard over the N3C indirect path if applied is from the PDCP entity to the N3C, which is out of 3GPP scope. Therefore, we think the SDU discard for N3C should be left to UE implementation and no spec impact is involved.
Proposal 4: SDU discard for N3C is left to UE implementation and no spec impact is involved.
2.2.3 Data volume calculation for BSR
In legacy, PDCP entity calculates the PDCP data volume and indicates to MAC for buffer status reporting purpose. For MP with non-3GPP connectivity, PDCP entity is associated with a direct path and an indirect path. The Data volume calculation and indication on the direct path should be the same as legacy. On the indirect path, how the data scheduling over the N3C works is out of 3GPP scope, thus the data volume indication is left to UE implementation and no spec impact is involved.
Proposal 5: For MP with N3C, the PDCP data volume calculation and indication is the same as legacy, and when/how to indicate the data volume for N3C on the indirect path is left to UE implementation and no spec impact is involved.
2.2.4 MAC entity modelling
RAN2 has discussed that MAC Entity Modelling issue for MP in previous meeting and has the agreement in RAN-122 meeting as follows.
	For specification purposes RAN2 intend to model it as a single MAC entity at the UE.


In R16, for a UE performing sidelink communication as well as Uu communication, whether the SL MAC and Uu MAC are a single entity or separate ones is not specified. Similarly, we do not need to capture how to model the MAC entity in MP, the MAC behaviour in current specifications are clear on the sidelink processes and Uu processes.
Proposal 6: Same as legacy V2X in R16, RAN2 does not need to capture the MAC entity modelling for MP. 
2.2.5 Support of duplicate discard in N3C
For MP with sidelink connection, RAN2 has agreed in RAN-123 meeting that:
	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.


For MP with N3C, whether the N3C can indicate the acknowledgment of the successful PDCP PDU transmission and how the PDCP entity can indicate the N3C protocol layers are all out of 3GPP scope. Therefore, RAN2 can confirm whether to support duplicate PDU discard in multipath with N3C is left to UE implementation.
Proposal 7: Whether/how to support duplicate PDU discard in multipath with N3C is left to UE implementation and no spec impact is involved.
2.3 RLC handling for N3C
In previous meetings, we have the following agreements for MP with N3C
	  RAN2-120 meeting agreements:
RAN2 confirms the following WA for Scenario 2.
•	Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path. FFS how to configure the mapping.
•	Without the adaptation layer over Uu link in scenario 2, a PDCP PDU can be delivered to an intended PDCP entity or RLC entity for support of more than one RB over Uu link e.g. by configuring 1:1 bearer mapping and different Uu RLC channels for relay UE local traffic and relay traffic for PDU delivery.
•	Do not specify adaptation layer over Uu link for scenario 2 in RAN2.
RAN2-121 meeting agreements:
gNB provides bearer mapping information to relay UE through dedicated signalling.


Based on above agreements, the gNB configures the 1:1 mapping between the remote UE E2E bearer identity and the Uu LCID of relay UE to relay UE for data transfer. 
In the uplink, the remote UE delivers the PDCP PDU to relay UE with the bearer ID indication over the N3C. Relay UE submits the PDCP PDU to the Uu RLC entity according to the indicated bearer ID and the configured 1:1 mapping. In the downlink, the relay UE receives the RLC PDU from the lower layer logical channel(s) on the Uu and then delivers the RLC SDU and the corresponding bearer ID to the N3C according to the configured 1:1 mapping. The above processes should be included in the RLC specification to support the data transfer for MP with N3C. 
Proposal 8: The RLC specification should capture the following behaviours to support the data transfer for MP with N3C:
· In the uplink, the relay UE receives the PDCP PDU and the bearer ID indication from the N3C, and submit the PDCP PDU to the corresponding Uu RLC entity according to the indicated bearer ID and the configured 1:1 mapping.
· In the downlink, the relay UE receives the RLC PDU(s) from the lower layer logical channel(s) on the Uu, and delivers the RLC SDU(s) and the corresponding bearer ID to the N3C according to the configured 1:1 mapping.
2.4 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 aware the congestion according to the relay UE’s Uu BSR, which indicates the uplink data volume buffered on the relay UE. In the downlink, the gNB can be aware of the buffered data volume based on the SL BSR if relay UE works at resource allocation mode 2. 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.
To solve the congestion problem in the downlink, flow control indication can be introduced. For example, relay UE can indicate the gNB about the buffer status of each radio bearer, then the remote UE or the gNB can reduce the amount of data sent to the relay UE. 
Proposal 9: Flow control indication from relay UE to the gNB should be introduced to solve the congestion problem in the downlink, which can include the buffer status of each radio bearer. 
1. Conclusion
Based on above discussion, we have the following proposals and observations. 
MAC open issues
Proposal 1: Support 2-legs CA on direct Uu path in PDCP duplication as legacy for MP operation.
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 PC5 RLC entity or N3C on 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.
PDCP open issues
Proposal 3: Re-use the same ul-DataSplitThreshold as DC for MP to configure the UL data split threshold.
Proposal 4: SDU discard for N3C is left to UE implementation and no spec impact is involved.
Proposal 5: For MP with N3C, the PDCP data volume calculation and indication is the same as legacy, and when/how to indicate the data volume for N3C on the indirect path is left to UE implementation and no spec impact is involved.
Proposal 6: Same as legacy V2X in R16, RAN2 does not need to capture the MAC entity modelling for MP. 
Proposal 7: Whether/how to support duplicate PDU discard in multipath with N3C is left to UE implementation and no spec impact is involved.
RLC handling for N3C
Proposal 8: The RLC specification should capture the following behaviours to support the data transfer for MP with N3C:
· In the uplink, the relay UE receives the PDCP PDU and the bearer ID indication from the N3C, and submit the PDCP PDU to the corresponding Uu RLC entity according to the indicated bearer ID and the configured 1:1 mapping.
· In the downlink, the relay UE receives the RLC PDU(s) from the lower layer logical channel(s) on the Uu, and delivers the RLC SDU(s) and the corresponding bearer ID to the N3C according to the configured 1:1 mapping.
Flow control
Proposal 9: Flow control indication from relay UE to the gNB should be introduced to solve the congestion problem in the downlink, which can include the buffer status of each radio bearer. 
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