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1. Introduction
In RAN3#119b, the aspects of multi-path for sidelink relay were discussed, the procedures of intra-DU path addition (R3-232088) were agreed, there were still some “Editor’s Notes” left depending on RAN2 conclusions such as:

“Editor’s Note: FFS whether the remote UE sends the RRCReconfigurationComplete message to the gNB-CU via old path (indirect path) or new path (direct 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.” 
and some open issues also need further discussion, as follows:

· WA: For the intra-DU case, the gNB-DU should take the responsibility of mode 1 resource scheduling for both U2N relay UE and U2N remote UE.
· P-4: FFS on whether the F1AP needs to be enhanced to support mode 1 resource scheduling in the inter-DU case.

· FFS: whether to explicitly or implicitly inform the gNB-CU that the old path should be kept depends on stage 3 design.

In this paper, we provide our analysis on these remaining issues.

2. Discussion

2.1. How to send RRCReconfigurationComplete message

In RAN3#119b-e, the basic procedures of intra-DU path addition were agreed, but some steps of these procedures, similar to the procedures of inter-DU path, are unclear, 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 RAN2#121b-e, the following agreements were made:

· When split SRB1 with duplication is configured, the remote UE sends the RRCReconfigurationComplete message to gNB via both paths for Scenario 1.

· When one of the following conditions is met, the remote UE sends the RRCReconfigurationComplete message to gNB via the direct path for Scenario 1. FFS on need for additional condition.

· when primary RLC entity of split SRB1 is on direct path

· when non-split SRB1 is configured on direct path

Based on above agreements, two conditions were provided under which the remote UE should send the RRCReconfigurationComplete message via direct path for scenario 1, but there are still unclear for other two conditions under which UE how to send the RRCReconfigurationComplete message via two paths, i.e. 

· when primary RLC entity of split SRB1 is on indirect path

· when non-split SRB1 is configured on indirect path

The all cases were listed in Table 1, the question marks show the cases that are unclear for how to send the RRCReconfigurationComplete message.
Table 1 the mapping table between SRBs and direct/indirect paths
	
	Non-split SRB1
	Split SRB

	
	
	Primary Path
	Secondary Path

	Direct
	√
	√
	？

	Indirect
	？
	？
	√


Observation 1: RAN2 has not drawn the complete conclusions for how to send the RRCReconfigurationComplete message via two paths.
Observation 2: RAN3 still need to wait for RAN2 progress before removing four Editor’s notes in BL CR to TS 38.401.

2.2. How to do resource scheduling in the inter-DU case

As RAN 2 has agreed that mode 1 resource allocation scheme can be configured towards U2N Remote UE under multi-path scenario, corresponding to this, in RAN#191b-e, RAN3 has made an work assumption and left an open issue for further discussion as follow: 
· WA: For the intra-DU case, the gNB-DU should take the responsibility of mode 1 resource scheduling for both U2N relay UE and U2N remote UE.
· P-4: FFS on whether the F1AP needs to be enhanced to support mode 1 resource scheduling in the inter-DU case.

For inter-DU multi-path case, as gNB-DU (including PHY/MAC/RLC layers) is responsible for the resource scheduling of MAC level, it is impossible to support the resource scheduling by one MAC entity for remote UE.  The protocol stack of inter-DU case is similar to that of MR-DC shown in Fig.1. Therefore the gNB-CU could only support the scheduling of PDCP packet level for remote UE with the split bearer under inter-DU case.

Observation 3: gNB-CU could only support the scheduling of PDCP packet level for remote UE with the split bearer in the inter-DU case.

Proposal 1: F1AP don’t need to be enhanced to support mode 1 resource scheduling in the inter-DU case.
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(a) The protocol stack for MR-DC 
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(b) The protocol stack for CU-DU


Figure 1 The comparison of protocol stacks
2.3. Whether to explicitly or implicitly inform the gNB-CU that the old path should be kept

The procedures of multi-path addition/change for sidelink relay correspond to the addition/modification of SRB/DRBs and Uu RLC Channels in the gNB-DU. If the gNB-CU can setup the one to one mapping between path, SRB/DRB and Uu RLC Channels in the gNB-DU, when gNB-CU updates the configuration of SRB/DRBs (implicitly related to a path) and Uu RLC channels of gNB-DU through the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU can precisely know which path needs to be changed and which paths should remain unchanged.

Proposal 2: It should be setup the one to one mapping between the paths, SRB/DRBs and Uu RLC channels in the gNB-DU.
2.4. Inter-DU multi-path change procedure
2.4.1 Inter-DU indirect path change on top of multi-path
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 2 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.3.
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Figure 3 The procedure of inter-DU indirect path change to top of multi-path

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 for remote UE 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 relay 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 U2N Remote UE establishes PC5 connection with target U2N Relay UE.

9.
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. 
10.
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: 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.
11.
The gNB-CU sends a RRCRelease message to the source relay UE via the gNB-DU2.

12.
The gNB-CU sends an UE CONTEXT RELEASE COMMAND message to the gNB-DU2.

13.
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.

2.4.2 Inter-DU direct path change on top of multi-path
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 4 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.5.
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Figure 5 The procedure of inter-DU direct path change on top of multi-path 

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 3: Agree the TP for BLCR to TS 38.401 as in the annex.
3. Conclusion
Based on the above discussion, we have the following observations and proposals:

Observation 1: RAN2 has not drawn the complete conclusions for how to send the RRCReconfigurationComplete message via two paths.
Observation 2: RAN3 still need to wait for RAN2 progress before removing four Editor’s notes in BL CR to TS 38.401.

Observation 3: gNB-CU could only support the scheduling of PDCP packet level for remote UE with the split bearer in the inter-DU case.

Proposal 1: F1AP don’t need to be enhanced to support mode 1 resource scheduling in the inter-DU case.

Proposal 2: There should be setup the one to one mapping between path, SRB/DRB and Uu RLC Channels in gNB-DU.
Proposal 3: Agree the TP for BLCR to TS 38.401 as in the annex.
4. Annex
(TP for BLCR to TS 38.401 on Sidelink Relay enhancement)
8.xx.5 Inter-DU direct path change on top of multi-path
The signalling flow for inter-DU direct path change is shown in Fig. 8.xx.5-1.
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Figure 8.xx.5-1: Signalling procedure of inter-DU direct path change on top of multi-path
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.

8.xx.6 Inter-DU indirect path change on top of multi-path
The signalling flow for inter-DU indirect path change is shown in Fig. 8.xx.6-1.
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Figure 8.xx.6-1: Signalling procedure of inter-DU indirect path change on top of multi-path
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 for remote UE 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 relay 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 U2N Remote UE establishes PC5 connection with target U2N Relay UE.

9.
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. 
10.
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: 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.
11.
The gNB-DU3 sends the UL RRC MESSAGE TRANSFER message to gNB-CU by including the RRCReconfigurationComplete message.
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.
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