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1 Introduction

In R17 Sidelink Relay WI, the intra-gNB direct-to-indirect path switching and intra-gNB indirect-to-direct path switching have been supported to basically serve the purpose of service continuity within a gNB. In addition, RAN3 has investigated and supported intra-gNB intra-DU case and intra-gNB inter-DU case in R17.

In R18, as indicated by the WID [1], more scenarios are considered in case of L2 U2N relay to enhance service continuity,
· Specify mechanisms to enhance service continuity for single-hop Layer-2 UE-to-Network relay for the following scenarios [RAN2, RAN3]:

A. Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)

B. Inter-gNB direct-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)
C. Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)

D. Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)

Note 2A: Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations.
This contribution primarily investigates and discusses the potential RAN3 impact under these new scenarios.
2 Discussion
The service continuity issue in case of L2 U2N relay has been investigated since R17, and the intra-gNB direct-to-indirect path switching and intra-gNB indirect-to-direct path switching have been supported in R17. However, other scenarios including inter-gNB path switching and intra-gNB indirect-to-indirect path switching are unspecified in R17 and left for R18 enhancement.

As suggested by R18 WID [1], both RAN2 and RAN3 will discuss the very issue, and our understanding is that RAN2 will provide the basic procedures for path switching under these new scenarios. From RAN3’s perspective, it is necessary to consider the service continuity enhancement under CU-DU architecture as a delta to RAN2’s discussion.
The following provides primary investigations on new scenarios respectively.
A. Inter-gNB indirect-to-direct path switching

The signalling flow for U2N remote UE switch from indirect path to direct path under another gNB is shown as follows,
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Figure 1: Inter-gNB indirect-to-direct path switching
1.
The Uu measurement configuration and measurement report signalling is performed between U2N Remote UE and Source 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.

2.
The Source gNB-CU decides to switch the U2N Remote UE to a different gNB (i.e., Target gNB).

3.
The Source gNB-CU sends the HANDOVER REQUEST message for the U2N Remote UE to the Target gNB-CU.
4.   Admission Control may be performed by the Target gNB-CU.
5.
The Target gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU. 

6.
The Target gNB-DU responds with the UE CONTEXT SETUP RESPONSE message to the Target gNB-CU. 

7.
The Target gNB-CU sends the HANDOVER REQUEST ACKNOWLEDGE message to the Source gNB-CU. 
8.   The Source gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the U2N Relay UE to the Source gNB-DU. 

9.
The Source gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message to the Source gNB-CU. 

10. The RRC Reconfiguration procedure is performed for the U2N Relay UE between the Source gNB and the U2N Relay UE.
11.
The Source gNB sends the RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission over PC5 after reception of RRCReconfiguration message from the gNB.

12. The Source gNB-CU sends SN STATUS TRANSFER message to the Target gNB-CU to convey PDCP SN status for RLC AM.

13.
The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the Target gNB directly.
14. The PC5 Release procedure is performed between U2N Remote UE and Relay UE.
15. The Path Switching is completed which reuses the procedures for Handover Completion between the Source gNB-CU and the Target gNB-CU. After the Switching completion, the UL/DL data for the Remote UE will be transferred directly by the Target cell.
As can be seen from the above, the current stg3 specs seem to have supported the signalling procedure for the case for inter-gNB indirect-to-direct path switching.
Observation 1: Little Stg3 impact has been identified for RAN3 specs to support inter-gNB indirect-to-direct path switching.
B. Inter-gNB direct-to-indirect path switching
The signalling flow for U2N remote UE switch from direct path to indirect path under another gNB is shown as follows,
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Figure 2: Inter-gNB direct-to-indirect path switching
1.
The Uu measurement configuration and measurement report signalling is performed between U2N Remote UE and Source 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 Source gNB-CU decides to switch the U2N Remote UE to a different gNB (i.e., Target gNB).

3.
The Source gNB-CU sends the HANDOVER REQUEST message for the U2N Remote UE to the Target gNB-CU, which at least contains the Target U2N Relay UE ID and/or the relay link measurement.
4.
The Target gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the U2N Relay UE to the Target gNB-DU. 

5.
The Target gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message for the U2N Relay UE to the Target gNB-CU. 
6.   RRC Reconfiguration procedure for the U2N Relay UE is performed between the Target gNB and Target Relay UE.

7.   The Target gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU, which at least contains the path switch configuration. 

8.
The Target gNB-DU responds with the UE CONTEXT SETUP RESPONSE message to the Target gNB-CU. 
9.
The Target gNB-CU sends the HANDOVER REQUEST ACKNOWLEDGE message to the Source gNB-CU. 
10. The Source gNB sends RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB. The Remote UE will detach from the old cell, and synchronize to the new cell through the Target Relay UE subsequently.
11. The Source gNB-CU sends SN STATUS TRANSFER message to the Target gNB-CU to convey PDCP SN status for RLC AM.
12. The PC5 Establishment procedure is performed between U2N Remote UE and the Target Relay UE.
13.
The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the Target gNB through the Target Relay UE.
14. The Path Switching is completed which reuses the procedures for Handover Completion between the Source gNB-CU and the Target gNB-CU. After the Switching completion, the UL/DL data for the Remote UE will be transferred through the Target Relay UE.
Regarding the Step 2 described above, it is still an open issue on whether the target relay UE is determined by the source gNB or the target gNB. Consequently, there are two options on the table,

· Option 1: source gNB determines to use direct/indirect path at the target, and informs the target gNB

· Option 2: target gNB determines to use direct/indirect path at the target

Note that for legacy handover, it is the source that determines a target cell, and the target decides whether to accept the UE by admission control.

Proposal 1: RAN3 is kindly asked to discuss options on the determination of direct/indirect path,
· Option 1: the source gNB determines to use direct/indirect path at the target, and informs the target gNB

· Option 2: the target gNB determines to use direct/indirect path at the target

Proposal 2: RAN3 is kindly asked to discuss options on the determination of target relay UE,

· Option 1: the source gNB determines the target relay UE to be used at the target gNB, and informs the target gNB

· Option 2: the target gNB determines the target relay UE to be used at the target gNB
Regarding the Step 3 described above, in our understanding, the current XnAP spec (i.e. HANDOVER REQUEST message) as well as the inter-node RRC message (i.e. HandoverPreparationInformation) in RRC spec does not contain the Target Relay UE ID and the relay link measurement. So we’d suggest to have discussion on such issue.
Proposal 3: RAN3 is kindly asked to discuss whether and how the Target Relay UE ID and relay link measurement are transmitted from the Source gNB to the Target gNB. Coordination with RAN2 is needed if necessary.

In addition, the above signalling flow mainly considers the case that the Target Relay UE is in RRC_CONNECTED state, and the Target gNB knows exactly the information of Target Relay UE when the Target gNB receives HANDOVER REQUEST message. While if the Target Relay UE is in RRC_INACTIVE or RRC_IDLE state, similar to the case for intra-gNB direct-to-indirect path switch as specified in TS 38.300, Step 4-6 are not performed, and Step 13 will trigger the Target Relay UE to enter RRC_CONNECTED mode.
Consequently, if we support such case, the target gNB-CU can make the final decision on whether to accept the remote UE through a Target Relay UE originally in RRC_INACTIVE or RRC_IDLE mode. In addition, the target gNB-CU is required to send HANDOVER REQUEST ACKNOWLEDGE message as in Step 9 back to the source gNB before the Target Relay UE enters RRC_CONNECTED mode.
Proposal 4: In case that Target Relay UE is in RRC_INACTIVE or RRC_IDLE mode, the target gNB-CU should send HANDOVER REQUEST ACKNOWLEDGE message to the source gNB before the Target Relay UE enters RRC_CONNECTED mode.
C. Intra-gNB indirect-to-indirect path switching
The signalling flow for U2N remote UE switch from indirect path to indirect path for intra-gNB inter-DU case is shown as follows,
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Figure 3: Intra-gNB inter-DU indirect-to-indirect path switching
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 the same gNB but under the different gNB-DU.

3.
The gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the Target U2N Relay UE to the Target gNB-DU. 

4.
The Target gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message for the Target U2N Relay UE to the gNB-CU. 
5.   RRC Reconfiguration procedure for the Target U2N Relay UE is performed between the gNB and the Target Relay UE.

6.   The gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU, which at least contains the path switch configuration. 

7.
The Target gNB-DU responds with the UE CONTEXT SETUP RESPONSE message to the gNB-CU. 
8. The gNB sends RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB.
9. The PC5 Establishment procedure is performed between the Remote UE and the Target Relay UE.
10.
The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the gNB-CU through the Target Relay UE.

11.
The gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the Source U2N Relay UE to the Source gNB-DU. 

12.
The Source gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message for the Source U2N Relay UE to the gNB-CU. 
13.   RRC Reconfiguration procedure for the Source U2N Relay UE is performed between the gNB and the Source Relay UE.

14. The PC5 Release procedure is performed between the Remote UE and the Source Relay UE.
As can be seen from the above, the current stg3 specs seem to have supported the signalling procedure for the case for intra-gNB indirect-to-indirect path switching.

Observation 2: Little Stg3 impact has been identified for RAN3 specs to support intra-gNB indirect-to-indirect path switching.

In addition, for the case of inter-gNB indirect-to-indirect path switching, little delta stg 3 impact has been identified for RAN3 specs on the basis of supporting the first three new scenarios.
Observation 3: Little delta Stg3 impact has been identified for RAN3 specs to support inter-gNB indirect-to-indirect path switching, on the basis of supporting Scenarios A-C.
Moreover, the above investigations focus on the legacy method of path switching as in R17, i.e., the Remote UE will perform path switching immediately after it receives RRCReconfiguration message from the network; however, there could be other potential mechanisms such as the so-called ‘conditional’ path switching which could reuse the similar mechanisms as for the Conditional Handover. More specifically, the network can pre-configure the conditions for the remote UEs, and it is up to the Remote UE to decide whether to perform path switching to a proper target based on the pre-configured conditions. Since similar question may also be discussed in RAN2, RAN3 could wait for RAN2’s progress and decision on whether to introduce ‘conditional’ path switching.
Proposal 5: Wait for RAN2’s decision on whether to introduce ‘conditional’ path switching mechanism.
Proposal 6: Agree the TP in the Annex.
3 Conclusion

This contribution discusses service continuity enhancements for sidelink relay, and provides the following observations and proposals,
Observation 1: Little Stg3 impact has been identified for RAN3 specs to support inter-gNB indirect-to-direct path switching.

Proposal 1: RAN3 is kindly asked to discuss options on the determination of direct/indirect path,

· Option 1: the source gNB determines to use direct/indirect path at the target, and informs the target gNB

· Option 2: the target gNB determines to use direct/indirect path at the target

Proposal 2: RAN3 is kindly asked to discuss options on the determination of target relay UE,

· Option 1: the source gNB determines the target relay UE to be used at the target gNB, and informs the target gNB

· Option 2: the target gNB determines the target relay UE to be used at the target gNB
Proposal 3: RAN3 is kindly asked to discuss whether and how the Target Relay UE ID and relay link measurement are transmitted from the Source gNB to the Target gNB. Coordination with RAN2 is needed if necessary.
Proposal 4: In case that Target Relay UE is in RRC_INACTIVE or RRC_IDLE mode, the target gNB-CU should send HANDOVER REQUEST ACKNOWLEDGE message to the source gNB before the Target Relay UE enters RRC_CONNECTED mode.

Observation 2: Little Stg3 impact has been identified for RAN3 specs to support intra-gNB indirect-to-indirect path switching.

Observation 3: Little delta Stg3 impact has been identified for RAN3 specs to support inter-gNB indirect-to-indirect path switching, on the basis of supporting Scenarios A-C.
Proposal 5: Wait for RAN2’s decision on whether to introduce ‘conditional’ path switching mechanism.

Proposal 6: Agree the TP in the Annex.
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8.19.4.x
Inter-gNB switch from indirect to direct path
The signalling flow for U2N remote UE switch from indirect path to direct path under another gNB is shown in Figure 8.19.4.x-1,
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 Figure 8.19.4.x-1: Inter-gNB indirect-to-direct path switching
1.
The Uu measurement configuration and measurement report signalling is performed between U2N Remote UE and Source 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.

2.
The Source gNB-CU decides to switch the U2N Remote UE to a different gNB (i.e., Target gNB).

3.
The Source gNB-CU sends the HANDOVER REQUEST message for the U2N Remote UE to the Target gNB-CU.
4.   Admission Control may be performed by the Target gNB-CU.
5.
The Target gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU. 

6.
The Target gNB-DU responds with the UE CONTEXT SETUP RESPONSE message to the Target gNB-CU. 

7.
The Target gNB-CU sends the HANDOVER REQUEST ACKNOWLEDGE message to the Source gNB-CU. 
8.   The Source gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the U2N Relay UE to the Source gNB-DU. 

9.
The Source gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message to the Source gNB-CU. 

10. The RRC Reconfiguration procedure is performed for the U2N Relay UE between the Source gNB and the U2N Relay UE.
11.
The Source gNB sends the RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission over PC5 after reception of RRCReconfiguration message from the gNB.

12. The Source gNB-CU sends SN STATUS TRANSFER message to the Target gNB-CU to convey PDCP SN status for RLC AM.

13.
The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the Target gNB directly.
14. The PC5 Release procedure is performed between U2N Remote UE and Relay UE.

15. The Path Switching is completed which reuses the procedures for Handover Completion between the Source gNB-CU and the Target gNB-CU. After the Switching completion, the UL/DL data for the Remote UE will be transferred directly by the Target cell.
8.19.4.y
Inter-gNB switch from direct to indirect path
The signalling flow for U2N remote UE switch from direct path to indirect path under another gNB is shown in Figure 8.19.4.y-1,
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 Figure 8.19.4.y-1: Inter-gNB direct-to-indirect path switching
1.
The Uu measurement configuration and measurement report signalling is performed between U2N Remote UE and Source 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 Source gNB-CU decides to switch the U2N Remote UE to a different gNB (i.e., Target gNB).

3.
The Source gNB-CU sends the HANDOVER REQUEST message for the U2N Remote UE to the Target gNB-CU, which at least contains the Target U2N Relay UE ID and/or the relay link measurement.
4.
The Target gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the U2N Relay UE to the Target gNB-DU. 

5.
The Target gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message for the U2N Relay UE to the Target gNB-CU. 
6.   RRC Reconfiguration procedure for the U2N Relay UE is performed between the Target gNB and Target Relay UE.

7.   The Target gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU, which at least contains the path switch configuration. 

8.
The Target gNB-DU responds with the UE CONTEXT SETUP RESPONSE message to the Target gNB-CU. 
9.
The Target gNB-CU sends the HANDOVER REQUEST ACKNOWLEDGE message to the Source gNB-CU. 
10. The Source gNB sends RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB. The Remote UE will detach from the old cell, and synchronize to the new cell through the Target Relay UE subsequently.
11. The Source gNB-CU sends SN STATUS TRANSFER message to the Target gNB-CU to convey PDCP SN status for RLC AM.
12. The PC5 Establishment procedure is performed between U2N Remote UE and the Target Relay UE.
13.
The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the Target gNB through the Target Relay UE.
14. The Path Switching is completed which reuses the procedures for Handover Completion between the Source gNB-CU and the Target gNB-CU. After the Switching completion, the UL/DL data for the Remote UE will be transferred through the Target Relay UE.
8.19.4.z
Intra-gNB inter-gNB-DU switch from indirect to indirect path
The signalling flow for U2N remote UE switch from indirect path to indirect path for intra-gNB inter-DU case is shown in Figure 8.19.4.z-1,
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 Figure 8.19.4.z-1: Intra-gNB inter-DU indirect-to-indirect path switching

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 the same gNB but under the different gNB-DU.

3.
The gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the Target U2N Relay UE to the Target gNB-DU. 

4.
The Target gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message for the Target U2N Relay UE to the gNB-CU. 
5.   RRC Reconfiguration procedure for the Target U2N Relay UE is performed between the gNB and the Target Relay UE.

6.   The gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU, which at least contains the path switch configuration. 

7.
The Target gNB-DU responds with the UE CONTEXT SETUP RESPONSE message to the gNB-CU. 
8. The gNB sends RRCReconfiguration message to the U2N Remote UE. The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB.
9. The PC5 Establishment procedure is performed between the Remote UE and the Target Relay UE.
10.
The U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the gNB-CU through the Target Relay UE.

11.
The gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the Source U2N Relay UE to the Source gNB-DU. 

12.
The Source gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message for the Source U2N Relay UE to the gNB-CU. 
13.   RRC Reconfiguration procedure for the Source U2N Relay UE is performed between the gNB and the Source Relay UE.

14. The PC5 Release procedure is performed between the Remote UE and the Source Relay UE.
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4. UE CONTEXT MODIFICATION REQUEST for Relay UE
5. UE CONTEXT MODIFICATION RESPONSE for Relay UE
9. HANDOVER REQUEST ACKNOWLEDGE
10. RRCReconfiguration
7. UE CONTEXT SETUP REQUEST
8. UE CONTEXT SETUP RESPONSE
11. SN STATUS TRANSFER
Detach from old cell
Synchronize to new cell
13. RRCReconfigurationComplete
12. PC5 Establishment
14. Switching Completion
UL/DL data
6. RRC Reconfiguration for Relay UE



Source 
gNB-DU
Remote UE
Source
gNB-CU
UL/DL data
1. Measurement configuration and reporting
2. Decision of switching to Target gNB
Target Relay UE
Target
gNB-DU
Target
gNB-CU
3. HANDOVER REQUEST
4. UE CONTEXT MODIFICATION REQUEST for Relay UE
5. UE CONTEXT MODIFICATION RESPONSE for Relay UE
9. HANDOVER REQUEST ACKNOWLEDGE
10. RRCReconfiguration
7. UE CONTEXT SETUP REQUEST
8. UE CONTEXT SETUP RESPONSE
11. SN STATUS TRANSFER
Detach from old cell
Synchronize to new cell
13. RRCReconfigurationComplete
12. PC5 Establishment
14. Switching Completion
UL/DL data
6. RRC Reconfiguration for Relay UE



Source 
Relay UE
Remote UE
Source
gNB-DU
UL/DL data
1. Measurement configuration and reporting
2. Decision of switching to
 a Target Relay UE connected
 to the same gNB
Target Relay UE
Target
gNB-DU
gNB-CU
3. UE CONTEXT MODIFICATION REQUEST for Target Relay UE
4. UE CONTEXT MODIFICATION RESPONSE for Target Relay UE
8. RRCReconfiguration
6. UE CONTEXT SETUP REQUEST
7. UE CONTEXT SETUP RESPONSE
10. RRCReconfigurationComplete
9. PC5 Establishment
13. RRC Reconfiguration for the Source Relay UE
UL/DL data
5. RRC Reconfiguration for the Target Relay UE
11. UE CONTEXT MODIFICATION REQUEST for Source Relay UE
12. UE CONTEXT MODIFICATION RESPONSE for Source Relay UE
14. PC5 Release



