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1.
Introduction
In RAN3 #117-e meeting, the following agreements were made to support the multi-paths [1]. Based on the agreements, the overall procedure of the direct or indirect path addition to configure the multi-path to the remote UE in CU-DU split case needs to be further discussed. Also, the RAN3 needs to study the signaling impact on the direct or indirect path change under the same gNB for a UE connected via multi-path. In this contribution, we examine these issues and then provide our view on it.
	R3-225086 [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.

The following use cases are not supported in Rel-18.

· Configure two indirect paths

· More than two paths

· Inter-gNB multi-path support 

…


In addition, the RAN3 also made the working assumption on “NG-RAN receives the multi-path authorization from the AMF” [2]. From the system level point of view, the SA2 should confirm that the multi-path authorization from the AMF is feasible. Therefore, in this contribution, a draft LS to SA2 is also included.
2.
Discussion
2.1 Addition of direct/indirect path

2.1.1 Case A: Addition of indirect path after establishment of direct path
For the Case A, we propose to apply the Rel-17 direct-to-indirect path switch procedure in TS 38.401 as a baseline. The difference between two procedures is that in the Rel-17 direct-to-indirect path switch procedure, the direct path is released after addition of the indirect path, whereas both paths (i.e., direct and indirect path) are kept in Case A. For the inter-gNB-DU case, the signalling flow in Figure 8.19.4.1-1 can be used as a baseline to support the multi-path configuration procedure. For the intra-gNB-DU case, the signalling flow in Figure 8.19.4.2-1 can be used as a baseline.
Observation 1: For the case where the indirect path is added after the establishment of the direct path, the Rel-17 direct-to-indirect path switch procedure in TS 38.401 can be used as a baseline.
Suppose that the direct path is already established via gNB-DU1. Figure 1 illustrates the overall procedure to support the multi-path configuration for the case where the indirect path is established under a different gNB-DU (i.e., gNB-DU2) within the same gNB-CU. This procedure can be applied to the case where both paths are established under the same gNB-DU. In Step 2, based on the measurement report from the remote UE, the gNB-CU decides to add the indirect path for the multi-path configuration. Therefore, the gNB-CU determines the target Relay UE properly, and then allocates the local ID of remote UE. 
Proposal 1: The gNB-CU decides to configure the multi-paths for the UE based on the measurement report.
In Step 3, the reconfiguration to target U2N relay UE is performed among relay UE, gNB-DU2 and gNB-CU if relay UE is in RRC_CONNECTED state, as in the Rel-17 direct-to-indirect path switch procedure. The configuration to the target U2N Relay UE is performed in Step 9 if the relay UE is in RRC_IDLE or INACTIVE. 
In Step 4, the gNB-CU sends the UE CONTEXT SETUP REQUEST message for the remote UE with the target relay UE related information to the gNB-DU2. Note that for the intra-gNB-DU case, since the UE context is already created in the gNB-DU, the UE CONTEXT MODIFCATION REQUEST message is used instead of the UE CONTEXT SETUP REQUEST message. In the Rel-17 direct-to-indirect path switch procedure, the Path Switch Configuration IE containing T420, Target Relay UE ID, and Remote UE Local ID is included into the UE CONTEXT SETUP REQUEST message or the UE CONTEXT MODIFCATION REQUEST message. Similar to the Rel-17 direct-to-indirect path switch procedure, the Target Relay UE ID and Remote UE Local ID should be provided to the gNB-DU2 to configure the indirect path. However, whether T420 is needed for the multi-path support is pending to RAN2 decision. Also, additional information (e.g., the path type) may be provided to the gNB-DU2 based on RAN2 progress.  
Proposal 2: For the case where the indirect path is added after the establishment of the direct path, the gNB-CU informs the gNB-DU of the target relay UE related information including at least Target Relay UE ID and Remote UE Local ID.
Proposal 3: RAN3 should wait for the RAN2 progress on whether to send additional information (e.g., T420 or path type) to the gNB-DU.
In the Rel-17 direct-to-indirect path switch procedure, the UE CONTEXT MODIFCATION REQUEST message is sent to the gNB-DU1 to stop data transmission via the direct path. However, in Case A, the F1-U packets of the remote UE can be continuously transmitted via the direct path. Therefore, in Step 6, the gNB-CU sends the DL RRC MESSAGE TRANSFER message by including the RRCReconfiguration message to the gNB-DU1.
In Step 7, the gNB-DU1 sends the RRCReconfiguration message to the remote UE. Unlink the Rel-17 direct-to-indirect path switch procedure in TS 38.401, the remote UE can continue UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB. 
Proposal 4: The F1-U packets of the remote UE can be continuously transmitted via the initially established path (i.e., direct path for Case A and indirect path for Case B).
The remote UE establishes the PC5 connection with target relay UE in Step 8. Then, the remote UE completes the multi-path configuration procedure by sending the RRCReconfigurationComplete message via the direct path or the indirect path. If the RRCReconfigurationComplete message is sent via the direct path, Steps 9 and 10 are performed. If this RRC message is sent via the indirect path, Steps 9a and 10a are performed. Note that whether the remote UE sends the RRCReconfigurationComplete message via the direct path or the indirect path is pending to RAN2 progress.
Proposal 5: RAN3 should wait for the RAN2 progress on whether the RRC message is sent over one path only or both paths.
Based on the above observation and proposals, the following proposal is suggested to RAN3:
Proposal 6: It is proposed to agree the overall procedure in Figure 1 as a baseline to add the indirect path after the establishment of the direct path under different gNB-DUs. 
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Figure 1. Multi-path configuration procedure with addition of indirect path after initial establishment of direct path
2.1.2 Case B: Addition of direct path after establishment of indirect path
For the Case B, we also propose to apply the Rel-17 procedure for L2 U2N Remote UE switching to direct Uu cell in Figure 16.12.6.1-1 of TS 38.300 as a baseline. Suppose that the indirect path is already established via gNB-DU1. Figure 2 illustrates the overall procedure to support the multi-path configuration for the case where the direct path is established under a different gNB-DU (i.e., gNB-DU2) within the same gNB-CU. Similar to Case A, Proposals 1, 3, 4, and 5 can be applied to this case as well. In Step 3, however, the gNB-CU needs to indicate the target Uu cell related information to the gNB-DU2 to configure the direct path. This can be handled by using the existing UE Context Setup or UE Context Modification procedure. 

In the Rel-17 procedure for L2 U2N Remote UE switching to direct Uu cell, after the reception of the RRCReconfigurationComplete message from the remote UE, the reconfiguration to the relay UE is performed to release indirect path. However, in Case B, the gNB-CU may send the RRCReconfiguration message to the relay UE to reconfigure the connection between the relay UE and the gNB-CU based on the multi-path configuration. RAN2 can further discuss whether to perform the reconfiguration to the relay UE in Case B. Therefore, the RAN3 needs to wait for the RAN2 progress on this issue.

Proposal 7: RAN3 should wait for the RAN2 progress on whether to perform the reconfiguration to the relay UE in Case B.
Proposal 8: It is proposed to agree the overall procedure in Figure 2 as a baseline to add the direct path after the establishment of the indirect path under different gNB-DUs. 
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Figure 2. Multi-path configuration procedure with addition of direct path after initial establishment of indirect path
In order to capture the above proposals, the following proposal is also suggested to RAN3:
Proposal 9: It is proposed to agree the corresponding TP in Appendix #1 as a BL CR to TS 38.401.
2.2 Signalling impact on direct or indirect path change
According to the previous RAN3 agreement, it is needed to study the signaling impact on the direct or indirect path change under the same gNB for a UE connected via multi-path. However, the basic procedure to configure the multi-paths is not yet introduced from the RAN3 perspective. Also, according to the RAN2 e-mail discussion about the path operations in multi-path relaying [3], RAN2 had a discussion on the open issues, but there is no crystal-clear conclusion on some open issues (e.g., whether and how to define the primary path in multi-path support). Specifically, from the RAN2 point of view, there is no consensus on whether to support the direct path change under the same gNB. At this point, it is difficult for the RAN3 to analyze the signaling impact on the direct or indirect path in detail.
Observation 2: At this point, it is difficult for the RAN3 to analyze the signaling impact on the direct or indirect path in detail.
For the indirect path change while keeping the direct path under the same gNB, we think that it can be similar to the intra-gNB indirect-to-indirect path switching (i.e., Scenario C of Rel-18 U2N service continuity enhancement [4]). Therefore, the solution to support the intra-gNB indirect-to-indirect path switching in Rel-18 U2N service continuity enhancement can be reused for the indirect path change case with possible enhancement. The details can be discussed later.
Proposal 10: For the indirect path change while keeping the direct path under the same gNB, the solution to support the intra-gNB indirect-to-indirect path switching in Rel-18 U2N service continuity enhancement can be reused for the indirect path change case with possible enhancement. 

2.3 Multi-path authorization from AMF
The following working assumption was made in last RAN3 meeting [2].
	R3-225020 [2]:

…
WA: NG-RAN receives the multi-path authorization from the AMF.
…


In TR 23.700-33 [5], the SA2 has the on-going discussion on the potential solutions and study conclusion for Key Issue #5 (i.e., Support of multi-path transmission for UE-to-Network Relay). However, in the interim conclusion captured in clause 8.5 of TR 23.700-33 [5], there is no details on multi-path authorization to NG-RAN from AMF. Since this working assumption can be turned into the firm agreement based on the SA2 confirmation, it is needed for RAN3 to ask SA2 to confirm the RAN3 working assumption on multi-path authorization. 
Proposal 11: It is proposed to send a LS to SA2 to get feedback related to the RAN3 working assumption on multi-path authorization in Appendix #2.
3.
Conclusion
In this contribution, we focused the open issues on the multi-path support, and provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: The gNB-CU decides to configure the multi-paths for the UE based on the measurement report.

Proposal 2: For the case where the indirect path is added after the establishment of the direct path, the gNB-CU informs the gNB-DU of the target relay UE related information including at least Target Relay UE ID and Remote UE Local ID.

Proposal 3: RAN3 should wait for the RAN2 progress on whether to send additional information (e.g., T420 or path type) to the gNB-DU.

Proposal 4: The F1-U packets of the remote UE can be continuously transmitted via the initially established path (i.e., direct path for Case A and indirect path for Case B).
Proposal 5: RAN3 should wait for the RAN2 progress on whether the RRC message is sent over one path only or both paths.
Proposal 6: It is proposed to agree the overall procedure in Figure 1 as a baseline to add the indirect path after the establishment of the direct path under different gNB-DUs. 
Proposal 7: RAN3 should wait for the RAN2 progress on whether to perform the reconfiguration to the relay UE in Case B.
Proposal 8: It is proposed to agree the overall procedure in Figure 2 as a baseline to add the direct path after the establishment of the indirect path under different gNB-DUs. 
Proposal 9: It is proposed to agree the corresponding TP in Appendix #1 as a BL CR to TS 38.401.
Proposal 10: For the indirect path change while keeping the direct path under the same gNB, the solution to support the intra-gNB indirect-to-indirect path switching in Rel-18 U2N service continuity enhancement can be reused for the indirect path change case with possible enhancement.
Proposal 11: It is proposed to send a LS to SA2 to get feedback related to the RAN3 working assumption on multi-path authorization in Appendix #2.
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5. Appendix #1 : TP for TS 38.401
This appendix provides the Text proposal for TS 38.401 based on the proposals of this contribution.

----------------Start of the First Change---------------
8.19.x

Multi-path Configuration

8.19.x.1

Indirect Path Addition
This procedure is used when the indirect path via the target U2N Relay UE is established while keeping the direct path under same gNB-CU. Figure 8.19.x.1-1 shows an example of the indirect path addition procedure for the multi-path configuration, and targets the inter-gNB-DU scenario, where the indirect path is configured by gNB-DU different than the one serving the direct path. The procedure for the intra-gNB-DU scenario, where both direct and indirect path are served by the same gNB-DU, is the same as the indirect path addition procedure as defined in clause 8.19.x.1 but the UE Context Modification procedure is used in Steps 4 and 5.
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Figure 8.19.x.1-1. Multi-path configuration procedure with addition of indirect path after initial establishment of direct path

1.
The Uu measurement configuration and measurement report signalling is performed via the gNB-DU1 between remote UE and gNB-CU to evaluate both relay link measurement and Uu link measurement. 

2.
The gNB-CU decides to add the indirect path for the multi-path configuration based on the measurement report from the U2N Remote UE. Therefore, the gNB-CU determines the target U2N Relay UE properly, and then allocates the local ID of remote UE.
3.
The reconfiguration to target U2N Relay UE is performed among U2N Relay UE, gNB-DU2 and gNB-CU if the U2N Relay UE is in RRC_CONNECTED state. The details of this step can be referred to clause 8.19.4.1 of TS 38.401. The configuration to the target U2N Relay UE is performed in Step 9 if the U2N Relay UE is in RRC_IDLE or INACTIVE.
4.
The gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE with the target U2N Relay UE related information to the gNB-DU2, which contains Target Relay UE ID and Remote UE Local ID at least. FFS on whether to include additional information (e.g., T420 or path type) into the UE CONTEXT SETUP REQUEST message.

5.
The gNB-DU2 responds with the UE CONTEXT SETUP RESPONSE message to gNB-CU. 

6.
The gNB-CU sends the DL RRC MESSAGE TRANSFER message by including the RRCReconfiguration message to the gNB-DU1. The contents in the RRCReconfiguration message are pending to RAN2 decision.

7.
The gNB-DU1 sends the RRCReconfiguration message to the U2N Remote UE. The remote UE continues UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB.

8.
The U2N Remote UE establishes PC5 connection with target U2N Relay UE.

9.
The U2N Remote UE completes the multi-path configuration procedure by sending the RRCReconfigurationComplete message to the gNB-DU1 via the direct path. The details of this step can be referred to clause 8.19.4.1 of TS 38.401.

10.
The gNB-DU1 sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.
NOTE:
If the RRCReconfigurationComplete message via the indirect path, Steps 9a and 10a are performed. FFS on whether the U2N Remote UE sends the RRCReconfigurationComplete message via the direct path or the indirect path is pending to RAN2 progress.
8.19.x.2

Direct Path Addition
This procedure is used when the direct path via the target Uu cell is established while keeping the indirect path under same gNB-CU. Figure 8.19.x.2-1 shows an example of the direct path addition procedure for the multi-path configuration, and targets the inter-gNB-DU scenario, where the direct path is configured by gNB-DU different than the one serving the indirect path. The procedure for the intra-gNB-DU scenario, where both direct and indirect path are served by the same gNB-DU, is the same as the direct path addition procedure as defined in clause 8.19.x.2 but the UE Context Modification procedure is used in Steps 3 and 4.
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Figure 8.19.x.2-1. Multi-path configuration procedure with addition of direct path after initial establishment of indirect path

1.
The Uu measurement configuration and measurement report signalling is performed via the gNB-DU1 between U2N Remote UE and gNB-CU to evaluate both relay link measurement and Uu link measurement. 

2.
The gNB-CU decides to add the direct path for the multi-path configuration based on the measurement report from the U2N Remote UE. Therefore, the gNB-CU properly determines the target Uu cell for the direct path.
3.
The gNB-CU sends the UE CONTEXT SETUP REQUEST message for the remote UE with the target Uu cell related information to the gNB-DU2.
4.
The gNB-DU2 responds with the UE CONTEXT SETUP RESPONSE message to gNB-CU.
5.
The reconfiguration to the U2N Relay UE may be performed among U2N Relay UE, gNB-DU1 and gNB-CU to reconfigure the connection between the U2N Relay UE and the gNB-CU based on the multi-path configuration. FFS on whether to perform the reconfiguration to the U2N Relay UE.
6.
The gNB-CU sends the DL RRC MESSAGE TRANSFER message by including the RRCReconfiguration message to the gNB-DU1. 

7.
The gNB-DU1 sends the RRCReconfiguration message to the U2N Remote UE. The remote UE continues UP and CP transmission via the U2N Relay UE after reception of RRCReconfiguration message from the gNB.

8.
The U2N Remote UE synchronizes with the gNB-DU2 and performs Random Access.

9.
The U2N Remote UE completes the multi-path configuration procedure by sending the RRCReconfigurationComplete message to the gNB-DU1 via the indirect path. The details of this step can be referred to clause 16.12.6.1 of TS 38.300.

10.
The gNB-DU1 sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.
NOTE:
If the RRCReconfigurationComplete message via the direct path, Steps 9a and 10a are performed. FFS on whether the U2N Remote UE sends the RRCReconfigurationComplete message via the direct path or the indirect path is pending to RAN2 progress.
-----------------End of the First Change---------------
6. Appendix #2 : Draft LS to SA2 for multi-path authorization
This appendix provides the draft LS to SA2 based on the proposal of this contribution.

----------------Start of the First Change---------------
	3GPP TSG-RAN WG3 #117bis-e
R3-22xxxx
Electronic meeting, 10th – 18th Oct 2022

Title:




[Draft] LS on Multi-path Authorization Information to NG-RAN

Response to:
-
Release:
Rel-18
Work Item:
FS_5G_ProSe_Ph2, NR_SL_relay_enh
Source:
RAN3
To:
SA2
Cc:
RAN2
Contact Person:


Name:
Seokjung Kim

E-mail Address:
seokjung.kim@lge.com

Send any reply LS to:
3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 


Attachments:
none
1. Overall description

RAN3 is progressing Rel-18 NR_SL_relay_enh WI.

RAN3 discussed the aspect on Multi-path Authorization information sent from AMF to NG-RAN. RAN3 thinks that providing Multi-path Authorization information related to multi-path configuration operation from AMF to NG-RAN would be needed from NG-RAN point of view. Therefore, RAN3 made the following working assumption on Multi-path Authorization information in RAN3#117-e:

· WA: NG-RAN receives the multi-path authorization from the AMF.

Anyhow, whether and how AMF provides Multi-path Authorization information to NG-RAN from system perspective is within SA2 remit.

Therefore, RAN3 believes that coordination with SA2 is needed to make a decision on this aspect.

2. Actions: 

To SA2:
ACTION: 
RAN3 kindly asks SA2 to provide feedback on the above working assumption.

3. Date of Next RAN3 Meetings:

3GPP TSG RAN3#118
14 – 18 November 2022
Toulouse, France

3GPP TSG RAN3#119
27 February – 3 March 2023
Athens, Greece




-----------------End of the First Change---------------[image: image5.png]
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