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1. Introduction
In RAN3#117, the following agreements have been achieved [1]:
From RAN3 perspective, multi-path scenario should be supported in Rel-18.
Both intra-DU and inter-DU cases will be supported under the same gNB.
RAN3 waits for the RAN2 progress on how to define control plane and user plane scenarios for multi-path support.
RAN3 waits for the RAN2 progress on whether and how to define the Primary path in multi-path support.
Addition of direct/indirect path are supported as follows:
Add direct path, after the establishment of the indirect path.
Add indirect path, after the establishment of the direct path.
This does not imply the exclusion of any other path addition possibility.
RAN3 will study the signaling impact on the direct or indirect path change under the same gNB for a UE connected via multi-path. The other mobility scenarios can be further considered based on RAN2 decision.
In this contribution, we discuss the potential RAN3 impacts of multi-path based on the above agreements.
2. Discussion
2.1 Addition of direct/indirect path




                    
(a)                                                (b)                                       (c)                                  (d)
Figure 1 Multi-path scenarios  
Figure 1a and Figure 1b are inter-DU multi-path, while Figure 1c and Figure 1d are intra-DU multi-path.
· The procedure of the addition of indirect path (path 2), after the establishment of the direct path (path 1) in Figure 1a and Figure 1c are shown below. 
Case A: Relay UE in RRC_CONNECT. 
Step 1a: GNB-CU initials UE context setup/modification procedure for relay UE with gNB-DU and further sends RRC reconfiguration message to relay UE. GNB-CU also triggers UE context modification procedure for remote UE and sends RRC reconfiguration message to remote UE for multi path configuration. 
Step 2a: Both RRC reconfigurations for remote UE and relay UE can trigger the establishment of PC5 Relay RLC channel between remote UE and relay UE.
Case B: Relay UE in RRC_IDLE/INACTIVE. 
Step 1b: GNB-CU1 triggers UE context modification procedure for remote UE and sends RRC reconfiguration message to remote UE for multi path configuration.
Step 2b: Remote UE triggers the establishment of PC5 Relay RLC channel with relay UE. 
Step 3b: The reception of the RRC reconfiguration complete message from remote UE will first trigger RRC setup/resume procedure for the relay UE to enter RRC_CONNECTED.GNB-CU1 establishes UE context for relay UE with gNB-DU and further sends RRC reconfiguration message to relay UE. 
Observation 1: Consider relay UE in both RRC_CONNECTED and RRC_IDLE/INACTIVE in multi path establishment procedure.
· The procedure of the addition of direct path (path 1), after the establishment of the indirect path (path 2) in Figure 1b and Figure 1d are shown below. 
Step 1: GNB-CU initials UE context modification procedure for remote UE with gNB-DU and further sends RRC reconfiguration message to remote UE. 
Step 2: GNB-CU may initial UE context modification procedure for relay UE with gNB-DU and further sends RRC reconfiguration message to relay UE e.g., update configuration.
It can be found that intra-gNB multi-path can be supported based on the current RAN3 specifications, while the procedure/flow chart should be captured in 38.401.
Proposal 1: The above procedure of the addition of indirect/direct path, after the establishment of the direct/indirect path for intra-gNB multi-path can be captured in TS38.401, as baseline.
Another scenario can be considered is that adding two paths simultaneously. Normally, the establishment of two paths always in order even if the time difference between the establishments of two paths is small. In case of inter-DU multi path, two F1AP message shall be used to establish two paths, while only one F1AP is needed for intra-DU multi path.
Observation 2: The scenario of add two paths simultaneously is a corner case and specification enhancement may be not needed.
For multi path, CU takes the responsibility to decide the addition/modification/release of path, and DU provides low layer configuration based on CU’s requirement. In R17, RAN2 introduce PathSwitchConfig IE which including targetRelayUE-Identity-r17 and t420-r17. As we know, PathSwitchConfig IE is included in SpCellConfig which generated by DU hence CU shall provide target relay UE ID and T420 to DU first. Follow the same principle, whether to transfer multi path specific configuration needs to wait for RAN2’s progress. 
Proposal 2: Whether DU should be indicated multi path specific configuration needs to wait for RAN2’s progress.
CU manages path via UE context setup/modification/release message. In case of inter-DU multi path, CU1 decides to release indirect path, it will send UE context release to DU2 and further send RRC reconfiguration to relay UE. However, for intra-DU, when DU1 receives UE context release message, DU may not know which path should be release. 
Proposal 3: RAN3 to discuss whether DU needs to distinguish two paths i.e., direct path and indirect path.
To support multi path in intra-DU, the CA principle can be followed. DU decides bear split based on implementation. A UE context setup/modification is used to setup multiple DRBs and DU takes the responsibility for deciding which path is used to forward which RB.
To support multi path in inter-DU, the DC principle can be followed. CU decides bear split. It sends two F1AP message to different DUs to setup different RBs.
Proposal 4: DU decides bear split based on DU implementation in intra-DU multi path. CU decides bear split via two F1AP message to different DUs in inter-DU multi path.
2.2 Direct or indirect path change


Figure 2. Mobility of multi path
A remote UE connects to DU1 via a direct path (path 1) and an indirect path via relay UE1 (path 2).
· Direct path change
When direct path is not good i.e., path 1 in Figure 2, remote UE can perform intra-CU handover procedure without indirect path change i.e., direct path change to path 3 and indirect path keep path 2 in Figure 2. Or, CU decides to release direct path (path 1) and forwards all data to indirect path (path 2).
Proposal 5: In case of direct path change, remote UE can perform intra-CU handover without indirect path change. Or, CU releases direct path and only keep indirect path.
· Indirect path change
When indirect path is not good e.g., path 2 in Figure 2, remote UE is able to connect to a cell or a relay UE. CU1 can select another direct path i.e., direct path 3.  Or, CU selects a relay UE i.e., indirect path 4. Another method is release the indirect path and forwards all data to direct path.
Proposal 6: In case of indirect path change, remote UE can connect to a cell or a relay UE without direct path change. Or, release indirect path and only keep direct path.
2.3 U2U relay UE and U2U remote UE authorization
In [1], SA2 list four authorized type and ask feedback on the below questions.
 Regarding UE-to-UE Relay operation, it can be considered that "5G ProSe authorised" information sent by the AMF to NG-RAN may include one or more of the following:
1)	whether the UE is authorized to act as a 5G ProSe Layer-2 UE-to-UE Relay;
2)	whether the UE is authorized to act as a 5G ProSe Layer-3 UE-to-UE Relay;
    3)	whether the UE is authorized to act as a 5G ProSe Layer-2 U2U UE;
    4)	whether the UE is authorized to act as a 5G ProSe Layer-3 U2U UE.
 SA2 Question 1: Whether the "5G ProSe authorised" information needs to be enhanced to include the authorization information for UE-to-UE Relay operation?
 SA2 Question 2: If the answer to Q1 is yes, which bullet(s) need to be included?
U2U relay/remote UE can be IC or OOC. For OOC, network does not involve in Sidelink operation hence NG-RAN does not need to know any information. The authorization information and other configurations are pre-configured to relay/remote UE. 
There are two aspects need to be considered for authorization for IC:
1) Whether network allows it as a U2U relay UE or U2U remote UE.
Network only needs to know whether it is a Sidelink UE. It can be indicated by the 5G ProSe Direct Discovery and/or 5G ProSe Direct Communication in 5G ProSe Authorized IE.
2) Whether network needs to distinguish U2N relay UE and U2N remote UE from U2U relay UE and U2U remote UE.
Network may allocate resource for U2U relay UE and U2U remote UE in case of RAN2 agree mode 1 for U2U relay. However, we do not see the difference of resource allocation between U2U relay and U2N relay. From other side, network may configure two set of PC5 RLC configurations to U2U relay UE, while one set of PC5 RLC configuration and one set of Uu RLC configuration are needed for U2N relay UE. How to network distinguishes them should be discussed in RAN2 e.g., source U2U remote UE indicates that it is a U2U remote UE to network when request PC5 RLC configuration.
IC and OOC should be considered together and purse a unique solution. Currently, we do not a strong motivation to inform authorization to NG-RAN. If SA2/RAN2 has requirement to tell the U2U relay and U2N relay from NG-RAN side in the further then we can add them accordingly.   
Proposal 7: Slightly preference for no need to enhance "5G ProSe authorised" information to include the authorization information for UE-to-UE Relay operation at this stage.
3. Conclusion
Observation 1: Consider relay UE in both RRC_CONNECTED and RRC_IDLE/INACTIVE in multi path establishment procedure.
Proposal 1: The above procedure of the addition of indirect/direct path, after the establishment of the direct/indirect path for intra-gNB multi-path can be captured in TS38.401, as baseline.
Observation 2: The scenario of add two paths simultaneously is a corner case and specification enhancement may be not needed.
Proposal 2: Whether DU should be indicated multi path specific configuration needs to wait for RAN2’s progress.
Proposal 3: RAN3 to discuss whether DU needs to distinguish two paths i.e., direct path and indirect path.
Proposal 4: DU decides bear split based on DU implementation in intra-DU multi path. CU decides bear split via two F1AP message to different DUs in inter-DU multi path.
Proposal 5: In case of direct path change, remote UE can perform intra-CU handover without indirect path change. Or, CU releases direct path and only keep indirect path.
Proposal 6: In case of indirect path change, remote UE can connect to a cell or a relay UE without direct path change. Or, release indirect path and only keep direct path.
[bookmark: _GoBack]Proposal 7: Slightly preference for no need to enhance "5G ProSe authorised" information to include the authorization information for UE-to-UE Relay operation at this stage.
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