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1 Introduction
In RAN3#119, the aspects of multi-path relaying were discussed, the procedures of inter-DU path addition (R3-230947) were agreed and some work assumptions were made as follows:

Add Inter-DU Direct Path Addition and Inter-DU Indirect Path Addition procedures in TS 38.401. FFS on other procedures.

Turn the following WAs into agreement:

WA: The direct path and indirect path cannot be configured for a remote UE simultaneously in this release, depending on RAN2 decision.

WA: For inter-DU case, legacy DC based data split/duplication mechanism can be reused as baseline for split DRB/SRB.

WA: The RAN3 will specify the details of the path change procedure after introducing the procedure of the direct/indirect path addition.
In this paper, we share our views on the procedure of inter-DU multi-path change for the sidelink relay.
2 Discussion
In last RAN3 meeting, the basic procedures of inter-DU path addition were agreed, but some steps of these procedures, such as whether the remote UE sends the RRCReconfigurationComplete message to the gNB-CU via old path (direct path) or new path (indirect path), were FFS and were still pending on RAN2 decision. 

In this paper, we discussed on the procedures of the inter-DU multi-path change of sidelink relay, some steps of those procedures may be similar to those of inter-DU path addition pending on RAN2 decision, but we can discuss the basic procedures and try to figure out the call flows as much as possible. 
As the use case of two indirect multi-path for sidelink relay is not supported in Rel-18, the multi-path change will occur in two cases, i.e. an indirect path of two paths changes to another indirect path or a direct path of two paths changes to another direct path, as shown in Fig.1 and Fig.3 respectively. In the following sections, we mainly discuss the procedures of the inter-DU multi-path change.
2.1 Indirect path change
We now discuss the case of an indirect path change after the establishment of multi-path in inter-DU architecture as shown Fig.1. In this case, gNB already has two inter-DU paths (i.e. the indirect and direct paths) with the remote UE, when the channel condition of indirect path deteriorated, gNB may switch from the worse indirect path to a new indirect path with good channel condition from a different gNB-DU. The procedure of the inter-DU indirect path change was illustrated in Fig.2.
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Figure 1 The inter-DU indirect path change
The signalling flow for inter-DU indirect path change for U2N Remote UE with multi-path connection is shown in Fig.2.
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Figure 2 The procedure of inter-DU indirect path change for the multi-path connection
1.
The Uu measurement configuration and measurement report signalling is performed between U2N Remote UE and gNB-CU to evaluate both relay link measurement and Uu link measurement. The U2N Remote UE may report one or multiple candidate U2N Relay UE(s) and Uu measurement results after it measures/discovers the candidate U2N Relay UE(s).

2.
The gNB-CU decides to switch the U2N Remote UE to a target U2N Relay UE under a different gNB-DU (i.e., gNB-DU3).

3.
The reconfiguration to target U2N Relay UE is performed among the target U2N Relay UE, the gNB-DU3 and gNB-CU, if the target U2N Relay UE is in RRC_CONNECTED state. The gNB-CU sends an RRCReconfiguration message to the target U2N Relay UE. If the target Relay UE is in RRC_IDLE/INACTIVE state, this step is skipped and the configuration to the target U2N Relay UE is performed in Step 11.
4.
gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the gNB-DU3, which contains the path switch configuration at least. 

5.
gNB-DU3 responds with the UE CONTEXT SETUP RESPONSE message to gNB-CU. 

6.
gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message by including the RRCReconfiguration message to the gNB-DU of direct path (i.e., gNB-DU1). The contents in the RRCReconfiguration message may include at least path switch configuration, PC5 Relay RLC channel configuration for relaying traffic, bearer mapping configuration and the associated radio bearer(s).
7.
The gNB-DU1 sends the RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission via the source relay UE after reception of RRCReconfiguration message from the gNB.

8.
The gNB-DU1 sends the UE CONTEXT MODIFICATION RESPONSE message to the gNB-CU.

9.
The U2N Remote UE establishes PC5 connection with target U2N Relay UE.
10.
The U2N remote UE completes the indirect path switch procedure by sending the RRCReconfigurationComplete message to the gNB-DU.  
Editor’s Note: FFS whether the remote UE sends the RRCReconfigurationComplete message to the gNB-CU via direct path or indirect path. 
11.
In case the target U2N relay UE is in RRC_IDLE/ INACTIVE state, when the U2N relay UE receives the RRCReconfigurationComplete message, the reception of the RRCReconfigurationComplete message will first trigger RRC setup/resume procedure for the target U2N relay UE to enter RRC_CONNECTED state via gNB-DU3. 
Editor’s Note: FFS whether the remote UE sends the RRCReconfigurationComplete message to the gNB-CU via direct path or new indirect path.
12.
The gNB-CU sends a RRCRelease message to the source relay UE via the gNB-DU2.

13.
The gNB-CU sends an UE CONTEXT RELEASE COMMAND message to the gNB-DU2.

14.
The gNB-DU2 releases the UE context and responds the gNB-CU with an UE CONTEXT RELEASE COMPLETE message.
 After the gNB-CU received the RRCReconfigurationComplete message of the U2N Remote UE, it indicates the completion of the indirect path change between gNB and the U2N Remote UE. Thereafter the U2N Remote UE can transmit data with gNB by two paths, i.e. new indirect path via the target U2N Relay UE and Uu direct path.
Proposal 1: the procedure of inter-DU indirect path change in this paper should be captured in 38.401.
2.2 Direct path change
In this section, we discuss the case of the direct path change after the establishment of multi-path in inter-DU architecture as shown Fig.3. In this case, gNB has two inter-DU paths (i.e. the indirect and direct paths) with the remote UE, when the channel condition of direct path deteriorated, gNB may switch from the worse direct path to a new direct path with good channel condition from a different gNB-DU. The procedure of the inter-DU direct path change was illustrated in Fig.4.
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Figure 3 The inter-DU direct path change
The signalling flow for inter-DU direct path change for U2N Remote UE with multi-path connection is shown in Fig.4.
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Figure 4 The procedure of inter-DU direct path change for the multi-path connection
1.
The Uu measurement configuration and measurement report signalling is performed between U2N Remote UE and gNB-CU to evaluate both relay link measurement and Uu link measurement. The U2N Remote UE may report one or multiple candidate U2N Relay UE(s) and Uu measurement results after it measures/discovers the candidate U2N Relay UE(s).

2.
The gNB-CU decides to switch the direct path of U2N Remote UE to another direct path under a different gNB-DU (i.e., gNB-DU3).

3.
gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to gNB-DU3, which contains the path switch configuration at least.
4.
gNB-DU3 responds with the UE CONTEXT SETUP RESPONSE message to gNB-CU. 

5.
gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message by including the RRCReconfiguration message to the source gNB-DU (i.e, gNB-DU1). The contents in the RRCReconfiguration message may include at least path switch configuration, bearer mapping configuration and the associated radio bearer(s).
6.
The gNB-DU1 sends the RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission via gNB-DU1 after reception of RRCReconfiguration message from the gNB.

7.
The gNB-DU1 sends the UE CONTEXT MODIFICATION RESPONSE message to the gNB-CU.

8.
The U2N Remote UE performed a Random Access procedure with the gNB-DU3.

9.
The U2N Remote UE responds to the gNB-DU3 with an RRCReconfigurationComplete message.
Editor’s Note: FFS whether the remote UE sends the RRCReconfigurationComplete message to the gNB-CU via new direct path or indirect path.
10.
The gNB-DU3 sends an UL RRC MESSAGE TRANSFER message to the gNB-CU to convey the received RRCReconfigurationComplete message.
11.
The gNB-CU sends an UE CONTEXT RELEASE COMMAND message to the gNB-DU1.

12.
The gNB-DU1 releases the UE context and responds the gNB-CU with an UE CONTEXT RELEASE COMPLETE message.

After the gNB-CU received the RRCReconfigurationComplete message of the U2N Remote UE, it indicates the completion of the direct path change between gNB and the U2N Remote UE. Thereafter the U2N Remote UE can transmit data with gNB by two paths, i.e. indirect path and new Uu direct path.
Proposal 2: the procedure of inter-DU direct path change in this paper should be captured in 38.401.

3 Conclusion
In this paper we shared our views on the procedure of inter-DU multi-path change and provide our proposals as follows:
Proposal 1: the procedure of inter-DU indirect path change in this paper should be captured in 38.401.

Proposal 2: the procedure of inter-DU direct path change in this paper should be captured in 38.401.
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