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1 Introduction
In RAN3#117-e, the aspects of multi-path relaying were discussed, there was a broad consensus about the benefits and the support for some scenarios of multi-path relaying. 
Some agreements were listed below for reference：
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.
FFS on whether two paths can be set at the same time.
In this paper, we shared our initial views on the procedure of addition of direct/indirect path and also discussed whether two paths need to be set at the same time.
2 Discussion
In last RAN2/RAN3 meeting, both RAN2 and RAN3 have confirmed the justifiable benefits that multi-path with relay can improve the throughput and reliability/robustness, e.g., for UE at the edge of a cell, and UE with limited UL transmission power. The signalling design of direct/indirect path addition is mainly the work of RAN2, we here discuss the procedure and signalling impact of multipath addition in CU-DU architecture.

2.1 Direct path addition

First, we discuss the case of a direct path addition after the establishment of an indirect path in CU-DU architecture, as shown in Fig.1. In this case, as gNB already has an indirect path with the remote UE, gNB could config another direct RRC connection for remote UE via the indirect path. The potential procedure of the direct path addition was shown in Fig.2.
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Fig.1 Direct path addition
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Fig.2 Procedure of intra-DU direct path addition
The potential procedure is as follows:
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 cell(s)and Uu measurement results after it measures the surrounding cell(s).

2.
The gNB-CU decides to establish a Uu connection with the U2N Remote UE under the same gNB-DU.

3.
gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the U2N Remote UE to gNB-DU, which contains the Uu connection configuration at least. 

4.
gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message to gNB-CU. 

5.
gNB-CU sends the DL RRC MESSAGE TRANSFER message by including the RRCReconfiguration message to gNB-DU. The contents in the RRCReconfiguration message may include at least Uu connection configuration, bearer mapping and the associated radio bearer(s). 

6.
gNB-DU sends the RRCReconfiguration message to the U2N Remote UE.

7.
The U2N Remote UE establishes the Uu connection with gNB-DU.

8.
The U2N Remote UE completes the Uu connection procedure by sending the RRCReconfigurationComplete message to the gNB-DU directly. 

9.
The gNB-DU sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.
After the gNB-CU received the RRCReconfigurationComplete message of the U2N Remote UE, it indicates the completion of Uu connection between gNB and the U2N Remote UE. Thereafter the U2N Remote UE can transmit data with gNB by two paths, i.e. indirect path via the U2N Relay UE and Uu direct path.
Proposal 1: the procedure of direct path addition under the same gNB-DU in this paper should be captured in 38.401.
2.2 Indirect path addition

Another case is an indirect path addition after the establishment of the direct path in CU-DU architecture, as shown in Fig.3. In this case, as gNB already has a direct path with a UE, gNB could config another indirect RRC connection for the UE via the U2N relay UE. The potential procedure was shown in Fig.4.
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Fig.3 Indirect path addition
The potential procedure is as follows:

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 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 establish another relay connection with the Remote UE via a U2N Relay UE under the same gNB-DU.

3.
gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message to gNB-DU, such message may establish the U2N Relay UE context in the gNB-DU and Uu Relay RLC channel(s) for the transmission of U2N Remote UE. Such message may also config PC5 Relay RLC channels for the transmission of U2N Remote UE’s SRB and DRBs. 

4.
gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message to gNB-CU. 

5.
gNB-CU sends the DL RRC MESSAGE TRANSFER message by including the RRCReconfiguration message to gNB-DU. The contents in the RRCReconfiguration message may include for the remote UE at least a PC5 Relay RLC channel configuration, bearer mapping and the associated SRBs/DRBs for relay traffic, and for the relay UE at least Uu connection configuration and Uu Relay RLC channels between the gNB and L2 U2N Relay UE, as well as PC5 Relay RLC channels between L2 U2N Relay UE and L2 U2N Remote UE for the relay traffic.
6.
gNB-DU sends the RRCReconfiguration message to the U2N Remote UE. 

7.
The U2N Remote UE establishes PC5 connection with the U2N Relay UE.
8.
The L2 U2N Remote UE sends the first RRC message (i.e., RRCReconfiguration) to the L2 U2N Relay UE over PC5, using a specified PC5 Relay RLC channel configuration. 
9. After receiving RRCReconfiguration message, the L2 U2N Relay UE establishes Uu connection with gNB and performs Uu Relay RLC and PC5 Relay RLC channel setup procedure according to the configuration in the RRCReconfiguration message.
10. The L2 U2N Relay UE sends the RRCReconfigurationComplete message to gNB-DU.
11.
The gNB-DU sends the UL RRC MESSAGE TRANSFER message of the U2N Relay UE by encapsulating the RRCReconfigurationComplete message to gNB-CU.

12. The L2 U2N Relay UE sends the RRCReconfigurationComplete message of the U2N Relay UE to the U2N Remote UE via PC5.

13.
The U2N Remote UE sends the RRCReconfigurationComplete message of the U2N Remote UE to the gNB-DU via the U2N Relay UE. 

14.
The gNB-DU sends the UL RRC MESSAGE TRANSFER message of the U2N Remote UE by encapsulating the RRCReconfigurationComplete message to gNB-CU.
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Fig.4 Procedure of intra-DU indirect path addition
After the gNB-CU received the RRCReconfigurationComplete message of the U2N Remote UE, it indicates the completion of the relay connection between gNB and the U2N Remote UE. Thereafter the U2N Remote UE can transmit data with gNB by two paths, i.e. indirect path via the U2N Relay UE and Uu direct path.
Proposal 2: the procedure of indirect path addition under the same gNB-DU in this paper should be captured in 38.401.

2.3 FFS on whether two paths can be set at the same time
As gNB needs to config the relay UE and remote UE to establish Uu connection and PC5 connection respectively for the indirect path addition, it is difficult to config both remote UE and relay UE by one step. Meanwhile, the multi-path protocol stack was shown in Fig.5, setting up two protocol stacks for direct and indirect path at the same time will increase the UE complexity, but it doesn’t seem much additional benefit compared with the two steps of two path establishment. Therefore, from the perspective of complexity and gain, the function of setting up two paths at same time do not need to be supported, at least in Rel-18.
Proposal 3: the function of setting up two paths at same time do not need to be supported, at least in Rel-18.
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Fig. 5  Protocol stack of multi-path under the same gNB-DU
3 Conclusion
In this paper we shared our views on the procedure of multi-path addition and provide our proposals as follows:
Proposal 1: the procedure of direct path addition under the same gNB-DU in this paper should be captured in 38.401.
Proposal 2: the procedure of indirect path addition under the same gNB-DU in this paper should be captured in 38.401.
Proposal 3: the function of setting two paths at same time do not need to be supported, at least in Rel-18.
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