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Introduction
During RAN3#119bis meeting, the multi-path support was discussed and the following agreements was reached: 
	RAN3 further wait for RAN2 progress before removing two Editor’s notes in BL CR to TS 38.401.
For intra-DU case, the gNB-CU should inform the gNB-DU about the path to be added, released or modified.
The Relay UE L2 ID for indirect path addition and the PCell ID for direct path addition should be provided to the gNB-DU. Whether to inform the gNB-DU of other information needs to be further discussed.
The radio bearer type and channels mapping to be added can be provided to the gNB-DU by Rel-17 U2N relay signaling design.
Add the intra-DU path addition procedure in the BL CR to TS 38.401. 
WA: For the intra-DU case, the gNB-DU should take the responsibility of mode 1 resource scheduling for both U2N relay UE and U2N remote UE.


As we can see, there are remaining FFS issues on the support of multi-path. For example, whether to inform the gNB-DU of other information, whether to support the mode 1 resource allocation for inter-DU case. Moreover, how to support the multi-path delivery of split SRB for intra-DU case is still FFS. In this contribution, we will discuss these remaining FFS issues. 
Discussion
Protocol stack for Scenario 2
For scenario 2, it has been agreed during RAN2#120 meeting not to specify adaptation layer over UE-to-UE link and Uu link. Relay UE serves only one remote UE and different Uu RLC channels can be assumed for the remote UE and the relay UE. In addition, only 1:1 bearer mapping is supported over Uu link for the indirect path. So the bearer identification and UE identification is not needed in the data PDU over Uu link. 
In order to have a better view, the potential control plane and user plane protocol stack for indirect path of scenario 2 in CU/DU split architecture is presented in Figure 1. As we can see, the non-specified interface is used between remote UE and relay UE. With user plane as an example, the Uu SDAP/PDCP are terminated between remote UE and gNB-CU as shown in Figure 1(b). The Uu RLC, MAC and PHY are terminated between relay UE and gNB. The F1-U tunnel corresponding to each remote UE’s Uu DRB can be setup between gNB-DU and gNB-CU. 


Figure 1 Example protocol stack for indirect path of scenario 2 in CU/DU split architecture
Proposal 1: It is suggested to adopt the protocol stack without adapt layer for the indirect path of scenario 2 in CU/DU split architecture.
Feasibility of mode 1 resource allocation for inter-DU scenario
During last meeting, RAN3 reached the working assumption that for the intra-DU case, the gNB-DU should take the responsibility of mode 1 resource scheduling for both U2N relay UE and U2N remote UE. However, RAN3 still has doubt with the feasibility of mode 1 resource allocation for inter-DU multi-path relaying scenario.  
Generally speaking, for the intra-DU multi-path relaying scenario, the same gNB-DU is responsible for the Uu and PC5 resource allocation for remote UE, as well as the configuration of remote UE for both Uu RLC bearer of direct path and the PC5 Relay RLC channel of indirect path. 
With regard to inter-DU multi-path relaying scenario, the gNB-DU1 of direct path and gNB-DU2 of indirect path should have different responsibilities. To be specific, it should be the gNB-DU2 of indirect path who is responsible for determining the sidelink resource allocation mode and PC5 RLC/MAC/PHY configuration (e.g. sl-PHY-MAC-RLC-Config and PC5 Relay RLC channel configuration). On the other hand, the gNB-DU1 of direct path should be responsible for the Uu resource allocation and generate the Uu RLC/MAC/PHY configuration. 
Suppose mode 1 resource allocation is configured by gNB-DU2 of indirect path, it is questionable how the SL grant can be delivered to the remote UE. As we mentioned before, no interface between gNB-DUs has been supported. It is hard to transfer the SL grant from gNB-DU2 of indirect path to gNB-DU1 of direct path. Therefore it is not feasible for the remote UE to receive the SL grant allocated by gNB-DU2 from gNB-DU1 via direct path. On the other hand, as we discussed in Rel-17, it is hard to support the mode 1 resource allocation via indirect path. For example, the SL BSR and DCI(DL) forwarding in PC5 link for dynamic grant is not supported yet. 
Based on these observations, it is suggested to support the mode 1 resource allocation only for intra-DU multi-path relaying scenario. It means that the gNB-DU(s) involved in the multi-path relaying should be aware whether the intra-DU or inter-DU multi-path is configured for the remote UE. We think this can leave to implementation. For example, if the gNB-DU detects that it is requested by gNB-CU to configure both the Uu RLC bearer on direct path and the PC5 Relay RLC channel on indirect path, gNB-DU may assume it is for intra-DU multi-path relaying scenario and it may configure either mode 1 or mode 2 resource allocation for the remote UE. On the other hand, if the gNB-DU is requested by gNB-CU to only configure the PC5 Relay RLC channel on indirect path and has not been requested to configure the Uu RLC bearer on direct path before, the gNB-DU may assume it is for single indirect path relaying or for inter-DU multi-path relaying scenario. In this case, the gNB-DU can only configure mode 2 resource allocation for the remote UE.  
Proposal 2: RAN3 confirm the working assumption that for the intra-DU case, the gNB-DU should take the responsibility of mode 1 resource scheduling for both U2N relay UE and U2N remote UE.
Proposal 3: It is suggested not to support the mode 1 resource allocation for inter-DU multi-path relaying scenario. 
Multi-path delivery of split SRB/DRB
During previous RAN3 meetings, it has been agreed that the gNB-CU is responsible to determine the data split among two paths for a DRB for both intra-DU and inter-DU cases. For intra-DU case, it is agreed that two F1-U tunnels are setup between gNB-CU and gNB-DU for a split DRB. However, it is still FFS on how to support the multi-path delivery of split SRB. On the other hand, RAN2 has agreed that split SRB1/2 may be configured on both path with or without duplication for scenario 1. The concept of the  “primary path and primary RLC entity” is adopted for each MP split bearer configuration according to the existing definition. With regard to scenario 2, split SRB1 and 2 are supported in Scenario 2 and primary path of the split SRB 1 and 2 is always on direct path. 
In our opinion, the primary path may be either direct path or indirect path for multi-path split DRB of remote UE. With regard to SRB, it may also allow the primary path configuration of either direct or indirect path for the purpose of flexibility. To be specific, when the gNB-CU requests the gNB-DU to setup the multi-path split RB for remote UE, gNB-DU should also be aware which path is primary path for the multi-path split RB. 
Based on the existing specification, two F1-U tunnel is setup for the split DRB with packet duplication for intra-gNB-DU CA scenario. To be specific, two UL UP TNL Information IEs may be included in the UE CONTEXT SETUP REQUEST message for such DRB and gNB-DU shall include two DL UP TNL Information IEs in UE CONTEXT SETUP RESPONSE message. The first UP TNL Information IE of the two UP TNL Information IEs is regarded as the primary path for the split DRB with packet duplication. This design may be reused for the multi-path split DRB. 
When it comes to the multi-path split SRB, there are no UP TNL information IEs associated with it. New solutions should be considered. It is suggested that gNB-CU may indicate which path is primary path for the multi-path split SRB when sending the SRB to be setup request information to gNB-DU. Suppose the multi-path split SRB1/2 is configured without duplication for scenario 1, it is also necessary to consider how the gNB-DU perform the data split operation among the two path upon receiving the remote UE’s RRC signalling. According to the exist specification for MR-DC, UE may be configured with the UL data split threshold for determining whether the data from RB should be delivered via primary path or secondary path. Suppose the data volume is not larger than the UL data split threshold, the data is only delivered via primary path. Considering that data volume for the SRB is usually small, it is safe to conclude that only primary path is used for the multi-path split SRB delivery. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: For intra-DU case, if the SRB1/2 is configured as split bearer without duplication, gNB-CU may send the primary path indication to gNB-DU for the multi-path split SRB and only primary path is used by gNB-DU for the multi-path split SRB delivery.
Multi-path configuration
During last RAN3 meeting, it has been discussed which information gNB-CU should inform gNB-DU. It is finally agreed that for intra-DU case, the gNB-CU may inform gNB-DU about the path to be added, released or modified. However it is not yet determined whether the gNB-CU should inform gNB-DU about the path to be added, released or modified. In this section, we discuss this remaining issue.
Suppose the direct path needs to be modified for inter-DU scenario, the multi-path remote UE may perform intra-DU HO or inter-DU HO depends on the target cell selected by gNB-CU. If the UE performs intra-DU HO for direct path and change to another cell served by the same gNB-DU, the UE Context modification request should be sent to the gNB-DU of direct path, which include the  SpCell ID of target cell. In this case, the gNB-DU of direct path may consider the direct path is modified for the remote UE. On the other hand, if UE performs inter-DU HO for direct path and change to another cell served by another gNB-DU, UE Context Setup Request should be sent to this gNB-DU. From the perspective of the target gNB-DU of direct path, it may consider a new direct path is added for the remote UE. As a matter of fact, similar issue also applies for indirect path modification. It is not clear yet whether the gNB-DU will generate the path configuration to be sent to the UE. If yes, it is better to give gNB-DU explicit indication for the potential path to be added, released or modified.  
Proposal 5: For inter-DU case, gNB-CU may inform gNB-DU about the path to be added, released or modified.
Conclusion
In this contribution, we further discussed the multi-path support and present our point of view. The following proposal are given:
Proposal 1: It is suggested to adopt the protocol stack without adapt layer for the indirect path of scenario 2 in CU/DU split architecture.
Proposal 2: RAN3 confirm the working assumption that for the intra-DU case, the gNB-DU should take the responsibility of mode 1 resource scheduling for both U2N relay UE and U2N remote UE.
Proposal 3: It is suggested not to support the mode 1 resource allocation for inter-DU multi-path relaying scenario. 
Proposal 4: For intra-DU case, if the SRB1/2 is configured as split bearer without duplication, gNB-CU may send the primary path indication to gNB-DU for the multi-path split SRB and only primary path is used by gNB-DU for the multi-path split SRB delivery.
Proposal 5: For inter-DU case, gNB-CU may inform gNB-DU about the path to be added, released or modified.
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