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Introduction
During RAN3#119 meeting, the multi-path support was discussed and the following agreements was reached and the TP to TS 38.401 on call flows for inter-DU path addition has been agreed in R3-320947. 
	Add Inter-DU Direct Path Addition and Inter-DU Indirect Path Addition procedures in TS 38.401. FFS on other procedures.
The direct path and indirect path cannot be configured for a remote UE simultaneously in this release, depending on RAN2 decision.
For inter-DU case, legacy DC based data split/duplication mechanism can be reused as baseline for split DRB/SRB.
The RAN3 will specify the details of the path change procedure after introducing the procedure of the direct/indirect path addition.


As we can see, it is still FFS on whether to add other procedures in TS 38.401, e.g. intra-DU direct/indirect path addition. On the other hand, according to the TP for inter-DU direct/indirect path addition, it is still FFS whether the remote UE1 sends the RRCReconfigurationComplete message to the gNB-CU via old path or new path. In case the relay UE is in RRC_IDLE/ INACTIVE state, how to trigger the relay UE enter RRC_CONNECTED state, RAN3 wait for RAN2’s further progress. Moreover, how to support the multi-path delivery of split SRB for intra-DU case is still FFS. In this contribution, we will discuss the 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.
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 CU and 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. With regard to scenario 2, whether split SRB1/2 is supported for scenario 2 will be discussed in normative work. 
According to the existing specification for MR-DC, split bearer is configured with RLC bearers both in MCG and SCG and the UE may be configured with the primary path indication. For the DRB, either MCG or SCG may be configured as the primary path for the DRB. For the SRB, only the MCG may be configured as primary path for normal UE while the SRB2 of IAB-MT may be configured with the SCG as primary path. In addition, the UE is configured with the UL data split threshold for determining whether the data from DRB should be delivered via primary path or secondary path. 
When it comes to the multi-path split bearer of remote UE, it is suggested to introduce a similar concept of primary path for the multi-path split bearer. For the multi-path DRB, the primary path may be either direct path or indirect path for DRB. 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 CU requests the DU to setup the multi-path split RB for remote UE, DU needs to setup one RLC entity for this RB for direct path and associate the relay UE’s Uu RLC channel with this RB based on RB mapping info for indirect path. Here the RB mapping info may indicate which relay UE’s Uu RLC channel will be used for the indirect path transmission. On top of that, 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 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. Suppose the SRB1 or SRB2 is configured as multi-path split bearer, it is suggested that CU sends the multi-path split bearer indication together with the SRB to be setup request information to DU. Moreover, the CU may indicate which path is primary path for the multi-path split SRB. Upon receiving such information, the DU not only set up the  RLC entity for the direct path, but also associate the remote UE’s RB with relay UE’s Uu RLC channel for indirect path. 
Proposal 2: For intra-DU case, CU may include multi-path split bearer indication when sending the SRB to be setup request to DU. Based on that, DU sets up one RLC entity for the indicated SRB for direct path and associate one Uu RLC channel of relay UE for the indicated SRB for indirect path.
Suppose the multi-path split SRB1/2 is configured with data duplication for scenario 1, it is possible for CU to send to DU with the duplication indication together with the DL RRC message for remote UE. Actually, such mechanism has been supported for CA based duplication of SRB. To be specific, the Execute Duplication IE is sent from CU to DU together with the RRC-Container which includes the DL-DCCH-Message IE or the DL-CCCH-Message IE. Upon receiving the Execute Duplication IE, DU can perform CA based duplication for the SRB. When it comes to the SRB duplication of scenario 1, the Execute Duplication IE can be reused for multi-path relay. 
Moreover, suppose the multi-path split SRB1/2 is configured without duplication for scenario 1, it is necessary to consider how the 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. 
Proposal 3: For intra-DU case, if the SRB1/2 is configured as split bearer without duplication, DU should be aware which path is the primary path for the multi-path split RB and only primary path is used by DU for the multi-path split SRB delivery.
Multi-path configuration
During previous RAN3 meeting, signalling procedure for inter-DU path addition has been captured in R3-320947 and agreed. According to the signalling procedure in TP to TS 38/401, the FFS issues are listed as follows:
	For inter-DU direct path addition:
Editor’s Note: FFS whether the remote UE1 sends the RRCReconfigurationComplete message to the gNB-CU via old path (indirect path) or new path (direct path). 
For inter-DU indirect path addition:
Editor’s Note: FFS whether the remote UE sends the RRCReconfigurationComplete message to the gNB-CU via old path (direct path) or new path (indirect path). 
Editor’s Note: FFS: In case the relay UE is in RRC_IDLE/ INACTIVE state, how to trigger the relay UE enter RRC_CONNECTED state, RAN3 wait for RAN2’s further progress. 


No matter direct path addition or indirect path addition, after the path addition, both direct path and indirect path are available for the remote UE. Whether the old path or new path should be used for sending the RRCReconfigurationComplete message to the gNB-CU depends on the gNB-CU’s configuration. Suppose the SRB1 is configured as direct/indirect bearer, direct/indirect path should be used. On the other hand, if the SRB1 is configured as multi-path split bearer with duplication, both direct path and indirect path should be used. In addition, if the SRB1 is configured as multi-path split bearer without duplication, the primary path(either direct path or indirect path) should be used for sending the RRCReconfigurationComplete message. 
Proposal 4: Either direct path or indirect path, or both may be used for remote UE sending the RRCReconfigurationComplete message to the gNB-CU, which one to use is up to gNB-CU’s configuration. 
On the other hand, how to trigger the relay UE enter RRC_CONNECTED state during the inter-DU indirect path addition procedure has been discussed in RAN2#121 meeting and the following agreement has been reached:
	For bringing the idle/inactive relay UE to RRC_CONNECTED, the legacy Rel-17 behaviour (Alt 1 in the proposal) is not disabled for indirect path addition when split SRB1 is configured.  A PC5-RRC trigger is specified at least for other cases.


Here the Alt 1 denotes that the gNB configures RRCReconfigurationComplete message delivered via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity. This can be supported based on gNB implementation without additional specification impact. Based on the RAN2 discussion, the Alt1 can anyway be used. On the other hand, the PC5-RRC trigger may be specified. To be specific, the  PC5-RRC message, such as RRCReconfigurationSidelink, may be enhanced with a new indication. Upon receiving the new indication from a remote UE, the RRC_IDLE/INACTIVE relay UE initiates the RRC connection establishment and enters RRC_CONNECTED state. Based on the above analysis, it is necessary to capture following note in TS 38.401.
Proposal 5: In case the relay UE is in RRC_IDLE/ INACTIVE state, the relay UE may enter RRC_Connected state when relay UE needs to forward the remote UE’s RRC signalling to gNB-CU or upon receiving the enter RRC connected indication from remote UE via PC5-RRC message. 
Furthermore, many companies suggested to capture the signalling procedure for intra-CU direct/indirect path addition. In this section,  we will discuss the example signaling procedure of direct or indirect path addition under the same gNB-DU respectively. 
Signalling procedure for intra-DU direct path addition
For the remote UE, it may connect to the network via indirect path initially and then add the direct path. Both the direct path and indirect path are served by the same gNB-DU. Figure 1 illustrates the direct path addition procedure for remote UE on top of indirect path. The signalling procedure is as follows:
The signalling flow for inter-DU direct path addition is shown in Figure 2.  



Figure 2: Signalling procedure of intra-DU direct path addition on top of indirect path
1. The Uu measurement configuration and measurement report signalling is performed between remote UE and gNB-CU to evaluate both relay link measurement and Uu link measurement. The remote UE may report Uu measurement results of neighboring cells and one or multiple candidate relay UEs.
2.	The gNB-CU decides to add the direct path to remote UE under the same gNB-DU.
3.	The gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the remote UE to the gNB-DU, which contains at least the direct path configuration. 
4.	The gNB-DU responds to the gNB-CU with a UE CONTEXT MODIFICATION RESPONSE message.
5.	The gNB-CU sends an RRCReconfiguration message to the relay UE to update the indirect path configuration if necessary. 
6.	gNB-CU sends the DL RRC MESSAGE TRANSFER message for remote UE by including the RRCReconfiguration message to the gNB-DU. The contents in the RRCReconfiguration message may include at least direct path addition configuration, RLC channel configuration, bearer mapping and the associated radio bearer(s).
7.	The gNB-DU sends the RRCReconfiguration message to the remote UE.
8.	The remote UE performs random access procedure at the gNB-DU1.
9.	The remote UE may complete the direct path addition procedure by sending the RRCReconfigurationComplete message to the gNB-DU2. 
10.	The gNB-DU2 sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.
Signalling procedure for Intra-DU indirect path addition on top of direct path
In this subsection, we focus on the intra-DU scenario for the addition of indirect path on top of direct path. To be specific, remote UE is initially connected to the network via  gNB-DU. Then the CU decides to add the indirect path via relay UE and gNB-DU to remote UE. The example signalling procedure is illustrated in Figure 3.   


[bookmark: _GoBack]Figure 3 Signalling procedure of intra-DU indirect path addition on top of direct path
1. The Uu measurement configuration and measurement report signalling is performed between remote UE and gNB-CU to evaluate relay link measurement and Uu link measurement. The remote UE may report Uu measurement results of neighboring cells and one or multiple candidate relay UEs.
2.	The gNB-CU decides to add the indirect path via relay UE to remote UE under the same gNB-DU.
3.	The reconfiguration to relay UE is performed among relay UE, gNB-DU and gNB-CU if relay UE is in RRC_CONNECTED state. The gNB-CU sends an RRCReconfiguration message to the relay UE. If the relay UE is in RRC_IDLE/INACTIVE state, this step is skipped.
4.	The gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the remote UE to the gNB-DU, which contains the indirect path configuration at least. 
5.	The gNB-DU responds to the gNB-CU with a UE CONTEXT MODIFICATION RESPONSE message.
6.	gNB-CU sends the DL RRC MESSAGE TRANSFER message for remote UE by including the RRCReconfiguration message to gNB-DU. The contents in the RRCReconfiguration message may include at least indirect path addition configuration, PC5 RLC channel configuration for relay traffic, bearer mapping and the associated radio bearer(s). 
7.	gNB-DU sends the RRCReconfiguration message to the remote UE.
8.	The remote UE establishes PC5 connection with relay UE.  
9.	The remote UE may complete the indirect path addition procedure by sending the RRCReconfigurationComplete message to the gNB-DU.  
10.	The gNB-DU1 sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 6: It is suggested to capture the intra-DU direct path addition and indirect path addition signalling procedure.
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: For intra-DU case, CU may include multi-path split bearer indication when sending the SRB to be setup request to DU. Based on that, DU sets up one RLC entity for the indicated SRB for direct path and associate one Uu RLC channel of relay UE for the indicated SRB for indirect path.
Proposal 3: For intra-DU case, if the SRB1/2 is configured as split bearer without duplication, DU should be aware which path is the primary path for the multi-path split RB and only primary path is used by DU for the multi-path split SRB delivery.
Proposal 4: Either direct path or indirect path, or both may be used for remote UE sending the RRCReconfigurationComplete message to the gNB-CU, which one to use is up to gNB-CU’s configuration.
Proposal 5: In case the relay UE is in RRC_IDLE/ INACTIVE state, the relay UE may enter RRC_Connected state when relay UE needs to forward the remote UE’s RRC signalling to gNB-CU or upon receiving the enter RRC connected indication from remote UE via PC5-RRC message. 
Proposal 6: It is suggested to capture the intra-DU direct path addition and indirect path addition signalling procedure.
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