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1 Introduction

Last RAN3 meeting has captured the following agreements and open issues,
WA: Source gNB selects the target path type (direct or indirect)

For direct/indirect to indirect path switching, enhance Xn: HANDOVER REQUEST to include at least the Remote UE L2 ID and Relay UE L2 ID. FFS whether to include a single Target Relay L2 ID or a list of Target candidate Relay L2 IDs.

For inter-gNB path switching scenarios, RAN3 should specify mechanisms to support service continuity for L2 U2N relays in NG based handovers as well after supporting service continuity for L2 U2N relays in Xn based handovers, If there is some conclusion from SA2, and then to support NG based HO.

WA: During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID.
This contribution further discusses these open issues.
2 Discussion
Last RAN3 meeting leaves with two WAs,

WA: Source gNB selects the target path type (direct or indirect)
WA: During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID.
For the first WA, the vast majority is in favour of the source gNB to select the target path type in order to have the least spec impact. Although there are still concerns from companies that since the target node is responsible for the final decision, restricting the path type by the source node may increase the possibility of handover failure which will even jeopardize the stability of the whole network. However, in order to make progress, it is also acceptable to turn this WA into an agreement.
For the second WA, the main controversial point is whether the existing single Target cell ID is enough for HO Request signalling. Some company would like to investigate the possibility to have more Target cell IDs in HO Request message so that the target node may have more potential target cells to choose from. While another truth is, the vast majority companies do not think it is necessary since it can also be done by sending multiple HO Request messages, and recall that such approach is similar as the case for CHO, for which multiple HO Request messages containing a single Target cell ID can be sent to multiple cells. So our understanding is that there’s no strong need for now to have multiple Target cell IDs within one HO Request message.
Proposal 1: Turn the WA into agreement that ‘Source gNB selects the target path type (direct or indirect)’.

Proposal 2: Turn the WA into agreement that ‘During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID’.
The left open issue is,
For direct/indirect to indirect path switching, enhance Xn: HANDOVER REQUEST to include at least the Remote UE L2 ID and Relay UE L2 ID. FFS whether to include a single Target Relay L2 ID or a list of Target candidate Relay L2 IDs.

Basically, the open issue is related to the discussion on which node to decide the Target relay UE, and the options either the source node or the target node makes the decision are investigated.
Regarding the open issue, as we explained during last several meetings, if the source node makes decision for the target relay UE selection, it will have the following disadvantages,

· the source node and the target node may have different settings for high and low thresholds for a UE to be used as a Relay UE, so the source node may not be able to have the optimal choice on the target relay UE
· if the source node makes such decision, the target node is unable to adjust the selection on target relay UE according to the collected Uu measurement between candidate target relay UE and the target node, leading to a possibility to cause handover failure
· if the possibility for HO failure increases, there might be more occurrence for Too-Late Handover for remote UEs, which may not only impact a single UE, but also impact the performance of the whole system
Note that the original goal for introducing inter-node path switch is to enhance the service continuity, if we introduce a mechanism which just deteriorates the performance to both the single UE and the whole system, it will just violate our original intention to introduce such mechanism.

Since the target node has more knowledge on the measurement, leaving the target node to make the decision is able to avoid potential HO failure and therefore will not bring harm to the whole system.

Of course, if the target node makes selection, it requires the source node to provide PC5 measurement between Remote UE and candidate relay UEs, we do not think such requirement would heavily impact the spec.

As a reminder, current RRC spec has already supported to transfer Uu measurement results for candidate best cells in HandoverPreparationInfoamation message. And similarly, we do not see any severe issue if we also introduce PC5 measurement results for candidate target relay UEs in the same inter-node RRC message. (It is also true that it could be up to RAN2 to decide whether to include such information, but here we would like to point out that similar mechanism has already been adopted by Uu measurements.)

And our understanding is that the candidate relay UE is more likely to be in RRC connected mode than in inactive/idle mode when node performs selection on path, and we also believe that not all candidate relay UEs will be in inactive/idle mode, so the target node is probable to obtain more information on Uu measurements between target node and candidate target relay UEs compared to the source node.
So we prefer the target node to decide the target relay UE, i.e. to avoid further HO failure with limited spec impact.
Observation 1: If the source node decides the target relay UE, it may increase the possibility to cause handover failure; while the target node option could avoid such problem.
Observation 2: We are not aiming at deteriorating the performance to both single UE and the whole system which may potentially jeopardizing the service continuity, when we introduce mechanism to enhance service continuity.
Observation 3: If the decision on the target relay UE is up to the target node, the potential HO failure problem and the potential Too-Late handover problem brought by the source node option could be avoided, with limited spec impact.

Proposal 3: The target node selects the target relay UE, i.e. include a list of Target candidate Relay L2 IDs in the HANDOVER REQUEST message.
The next part explores the basic call flows for new scenarios. Note that the following call flows are always valid regardless of which node to decide the path type/ the target relay UE, so they could be agreeable in our opinion as a baseline.
The following provides 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 gNB-CU decides to trigger path switching for the U2N Remote UE.

3.
The Source gNB-CU sends the HANDOVER REQUEST message for the U2N Remote UE to the Target gNB-CU.
4.
The Target gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU. 

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

6.
The Target gNB-CU sends the HANDOVER REQUEST ACKNOWLEDGE message to the Source gNB-CU. 
7.   The Source gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the U2N Relay UE to the Source gNB-DU. 

8.
The Source gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message to the Source gNB-CU. 

9. The RRC Reconfiguration procedure is performed for the U2N Relay UE between the Source gNB and the U2N Relay UE.
10.
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.

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 U2N Remote UE completes the path switch procedure by sending the RRCReconfigurationComplete message to the Target gNB directly.
13. The PC5 Release procedure is performed between U2N Remote UE and 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 directly by the Target cell.
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 gNB-CU decides to trigger path switching for the U2N Remote UE.

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.
Note that 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(s) 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 of d2i or i2i path switching 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 a different gNB-DU (i.e., target 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.
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 4: 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: Agree the TP in the Annex.
3 Conclusion

This contribution discusses service continuity enhancements for sidelink relay, and provides the following observations and proposals,
Proposal 1: Turn the WA into agreement that ‘Source gNB selects the target path type (direct or indirect)’.

Proposal 2: Turn the WA into agreement that ‘During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID’.
Observation 1: If the source node decides the target relay UE, it may increase the possibility to cause handover failure; while the target node option could avoid such problem.

Observation 2: We are not aiming at deteriorating the performance to both single UE and the whole system which may potentially jeopardizing the service continuity, when we introduce mechanism to enhance service continuity.
Observation 3: If the decision on the target relay UE is up to the target node, the potential HO failure problem and the potential Too-Late handover problem brought by the source node option could be avoided, with limited spec impact.

Proposal 3: The target node selects the target relay UE, i.e. include a list of Target candidate Relay L2 IDs in the HANDOVER REQUEST message.
Proposal 4: In case of d2i or i2i path switching 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 4: 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: 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 gNB-CU decides to trigger path switching for the U2N Remote UE.

3.
The Source gNB-CU sends the HANDOVER REQUEST message for the U2N Remote UE to the Target gNB-CU.
4.
The Target gNB-CU sends the UE CONTEXT SETUP REQUEST message for the U2N Remote UE to the Target gNB-DU. 

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

6.
The Target gNB-CU sends the HANDOVER REQUEST ACKNOWLEDGE message to the Source gNB-CU. 
7.   The Source gNB-CU sends the UE CONTEXT MODIFICATION REQUEST message for the U2N Relay UE to the Source gNB-DU. 

8.
The Source gNB-DU responds with the UE CONTEXT MODIFICATION RESPONSE message to the Source gNB-CU. 

9. The RRC Reconfiguration procedure is performed for the U2N Relay UE between the Source gNB and the U2N Relay UE.
10.
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.

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

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 a different gNB-DU (i.e., target 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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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



Source 
gNB-DU
Remote UE
Source
gNB-CU
UL/DL data
1. Measurement configuration and reporting
2. Decision to trigger path switching
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 
gNB-DU
Remote UE
Source
gNB-CU
UL/DL data
1. Measurement configuration and reporting
2. Decision to trigger path switching
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



