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1 Introduction 
In the last RAN3 meeting (RAN3 #118 [1]), there was good, continued progress towards determining the overall signalling flow for the intra-DU and inter-DU, intra-CU LTM procedures. The following agreements were made during the meeting.   RAN3 #118 agreements: 
CU suggests the candidate cell(s) to DU. “gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration” is with low priority.
CU can update the suggested candidate cells.
For intra-DU case, the gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
For inter-DU case, the target gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
RAN3 works on the same signalling procedure for both initial cell switch and subsequent cell switch for intra-DU L1/L2 handover.
During execution phase, it is up to the gNB-DU implementation when will the gNB-DU signal to the CU. This does not mean that the gNB-DU is “allowed” to signal to the gNB-CU before LTM command is sent to the UE.



In this contribution, we address some of the outstanding issues that were left FFS in the previous meetings and discuss further proposals for the intra-DU and inter-DU, intra-CU LTM procedures.
2 Intra-DU LTM procedure 
Figure 1 provides a signalling flow for the procedure.
From the previous meetings an FFS issue was whether it is possible to do parallel preparation of multiple candidate target cells for LTM. [bookmark: _Hlk126770353]RAN3 #117-bis-e agreements [2]: 
During L1/L2 handover configuration, the gNB-CU sends the suggested candidate cell(s) to the gNB-DU in UE Context Modification Request. FFS in one message or multiple messages. 
The gNB-DU may accept the target cells of L1/L2 handover and responds to the gNB-CU with the access control result in UE Context Modification Response message(s). gNB-DU may accept all or part of the target candidate cells.

 
[bookmark: _Hlk126820164]We think that from the latency point of view it is better that the preparation of multiple candidate target cells takes place using a single set of request/response messages UE Context Modification Request/UE Context Modification Response. This involves changes to these request/response messages which currently handle preparation of a single candidate target cell in legacy intra-DU handover or in Conditional Handover (CHO). 
In the request message, the following information should be included:
· A list of suggested candidate cells for preparation for LTM.
· For each candidate cell, the following information may be included:
· List of DRBs and SRBs to be set up,
· List of SCells to be set up.
In RAN2 #119-bis-e [3], it was agreed to introduce a reference configuration for LTM. The configurations of the candidate target cells and the associated SCells can be then delta configurations with respect to the reference configuration. RAN2 #119-bis-e agreements:
For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration.

 
The reference configuration(s) for LTM can be included in the request message. There may be a separate signalling exchange between the CU and DU to determine the reference configuration(s) prior to the CU sending the request message including the reference configuration(s).
Proposal 1. The preparation of multiple candidate target cells can be performed using a single set of request/response messages UE Context Modification Request/UE Context Modification Response for lower latency, i.e., not using parallel preparation. 
Proposal 2. The UE Context Modification Request message from the CU to the DU includes a list of suggested candidate cells for preparation for LTM.
For each candidate cell, the following information may be included:
· List of DRBs and SRBs to be set up,
· List of SCells to be set up.
Proposal 3. The UE Context Modification Request message also includes reference configuration(s) for LTM. 
Observation 1. The specification of the reference configuration(s) for LTM is up to RAN2.
Proposal 4. The UE Context Modification Response message from the DU to the CU includes a list of accepted cells that is a subset of the suggested candidate cells indicated by the CU.
For each accepted cell, the following information may be included:
· List of accepted and failed DRBs and SRBs for setup,
· List of accepted and failed SCells for setup.
Proposal 5. The UE Context Modification Response message also includes a list of cell group configurations corresponding to the accepted cells, and an indication for each such configuration whether the configuration is a delta configuration with respect to a reference configuration. 
In the last meeting (RAN3 #118 [1]), it was agreed that the CU may cancel a configured LTM candidate target cell. It should also be possible for the DU to cancel a configured LTM candidate target cell, e.g., if it runs out of resources for the cell.
[bookmark: _Hlk126847582]Proposal 6. DU may cancel a configured LTM candidate target cell, e.g., if it runs out of resources for the cell. DU provides an indication to the CU regarding this.  


[bookmark: _Ref126772731]Figure 1: Intra-DU LTM procedure
In order to help with faster subsequent LTM, the prepared candidate target cells and the source cell need not be released. The CU may transmit a UE Context Modification Request to indicate to the DU to keep resources associated with a subset of the candidate target cells and the source cell (the indication may also be to keep resources associated with all the candidate target cells). This question is pending RAN2 discussion. There is UE impact since UE then also keeps the corresponding configurations of the candidate target cells and the source cell configuration.
Proposal 7. It is FFS (pending RAN2 progress) whether CU transmits a UE Context Modification Request to indicate to the DU to keep resources associated with a subset of the candidate target cells and the source cell (the indication may also be to keep resources associated with all the candidate target cells).     
3 Intra-CU, Inter-DU LTM procedure
Figure 2 provides a signalling flow for the procedure.
[bookmark: _Hlk126820438]As in intra-DU LTM, we think that in case of intra-CU, inter-DU LTM, the preparation of multiple candidate target cells in a target gNB-DU can take place using a single set of request/response messages UE Context Setup Request/UE Context Setup Response. This would involve changes to these request/response messages to provide the parameters corresponding to a list of cells as in the intra-DU LTM case.
The following are a set of proposals similar as those for the intra-DU LTM procedure.
Proposal 8. The preparation of multiple candidate target cells in a target DU can be performed using a single set of request/response messages UE Context Setup Request/UE Context Setup Response for lower latency, i.e., not using parallel preparation. 
Proposal 9. The UE Context Setup Request message from the CU to a target DU includes a list of suggested candidate cells for preparation for LTM.
For each candidate cell, the following information may be included:
· List of DRBs and SRBs to be set up,
· List of SCells to be set up.
Proposal 10. The UE Context Setup Request message also includes reference configuration(s) for LTM. 
Proposal 11. The UE Context Setup Response message from the target DU to the CU includes a list of accepted cells that is a subset of the suggested candidate cells indicated by the CU.
For each accepted cell, the following information may be included:
· List of accepted and failed DRBs and SRBs for setup,
· List of accepted and failed SCells for setup.
Proposal 12. The UE Context Setup Response message also includes a list of cell group configurations corresponding to the accepted cells, and an indication for each such configuration whether the configuration is a delta configuration with respect to a reference configuration. 
Proposal 13. A target DU or source DU may cancel a configured LTM candidate target cell, e.g., if it runs out of resources for the cell. The target DU or source DU provides an indication to the CU regarding this.
It was agreed in the last meeting (RAN3 #118 [1]) for the intra-DU case that the DU may signal to the CU after transmitting the LTM command to the UE, the exact time of transmitting the signal being up to implementation. This also seems to apply for the intra-CU, inter-DU case.
[bookmark: _Hlk126847666]Proposal 14. The source DU signals to the CU after transmitting the LTM command to the UE, the exact time of transmission of the signal being up to implementation.
We further think that in the indication message to the CU, the source DU may include the candidate or selected target cell ID so that the CU may initiate data forwarding towards the corresponding target DU in order to reduce the data interruption during handover. The indication may also be provided using a user plane message. We discuss in detail below.
The two options for source DU indicating to the CU are:
· Option 1: The source gNB-DU notifies the gNB-CU-CP of the selected target cell for UE HO via an F1AP message.
· Option 2: The source gNB-DU notifies the gNB-CU-UP of the selected target cell for UE HO via an NR UP message, e.g., DDDS message.

If Option 1 is used, the gNB-CU-CP may activate data forwarding at the gNB-CU-UP on the F1-U corresponding to the candidate gNB-DU that serves the target cell. This option can reuse the legacy E1AP procedures. This option incurs an additional latency on E1 before data forwarding is activated.
If Option 2 is used, the notification is not useful unless the gNB-CU-CP pre-configures the gNB-CU-UP with a mapping (source F1-U + target cell)  target F1-U so that the gNB-CU-UP activates data forwarding on the target F1-U corresponding to the selected target cell. This option requires enhancement of existing E1AP procedures. This option does not incur E1 latency before data forwarding is activated.
Proposal 15. The source gNB-DU notifies the gNB-CU of the selected target cell after transmitting the LTM command to the UE, i.e., after initiation of the UE HO.
Proposal 16. RAN3 to discuss the following options for notifying the gNB-CU about initiation of UE HO by the source gNB-DU:
· Source gNB-DU includes selected target cell for UE HO in F1-AP message to gNB-CU-CP.
· Source gNB-DU includes selected target cell for UE HO in DDDS message to gNB-CU-UP.
Proposal 17. It is FFS (pending RAN2 progress) whether gNB-CU transmits a UE Context Modification Request to indicate to the source and target gNB-DUs to keep resources associated with a subset of the candidate target cells or the source cell (the indication may also be to keep resources associated with all the candidate target cells).


[bookmark: _Ref126819526]Figure 2: Intra-CU, inter-DU LTM procedure
5 Conclusion
[bookmark: _Hlk512894710]Based on the above discussion, we recommend that RAN3 discuss the following observations and proposals.

Intra-DU LTM procedure
Proposal 1. The preparation of multiple candidate target cells can be performed using a single set of request/response messages UE Context Modification Request/UE Context Modification Response for lower latency, i.e., not using parallel preparation. 
Proposal 2. The UE Context Modification Request message from the CU to the DU includes a list of suggested candidate cells for preparation for LTM.
For each candidate cell, the following information may be included:
· List of DRBs and SRBs to be set up,
· List of SCells to be set up.
Proposal 3. The UE Context Modification Request message also includes reference configuration(s) for LTM. 
Observation 1. The specification of the reference configuration(s) for LTM is up to RAN2.
Proposal 4. The UE Context Modification Response message from the DU to the CU includes a list of accepted cells that is a subset of the suggested candidate cells indicated by the CU.
For each accepted cell, the following information may be included:
· List of accepted and failed DRBs and SRBs for setup,
· List of accepted and failed SCells for setup.
Proposal 5. The UE Context Modification Response message also includes a list of cell group configurations corresponding to the accepted cells, and an indication for each such configuration whether the configuration is a delta configuration with respect to a reference configuration. 
Proposal 6. DU may cancel a configured LTM candidate target cell, e.g., if it runs out of resources for the cell. DU provides an indication to the CU regarding this.  
Proposal 7. It is FFS (pending RAN2 progress) whether CU transmits a UE Context Modification Request to indicate to the DU to keep resources associated with a subset of the candidate target cells and the source cell (the indication may also be to keep resources associated with all the candidate target cells).
Intra-CU, inter-DU LTM procedure
Proposal 8. The preparation of multiple candidate target cells in a target DU can be performed using a single set of request/response messages UE Context Setup Request/UE Context Setup Response for lower latency, i.e., not using parallel preparation. 
Proposal 9. The UE Context Setup Request message from the CU to a target DU includes a list of suggested candidate cells for preparation for LTM.
For each candidate cell, the following information may be included:
· List of DRBs and SRBs to be set up,
· List of SCells to be set up.
Proposal 10. The UE Context Setup Request message also includes reference configuration(s) for LTM. 
Proposal 11. The UE Context Setup Response message from the target DU to the CU includes a list of accepted cells that is a subset of the suggested candidate cells indicated by the CU.
For each accepted cell, the following information may be included:
· List of accepted and failed DRBs and SRBs for setup,
· List of accepted and failed SCells for setup.
Proposal 12. The UE Context Setup Response message also includes a list of cell group configurations corresponding to the accepted cells, and an indication for each such configuration whether the configuration is a delta configuration with respect to a reference configuration. 
Proposal 13. A target DU or source DU may cancel a configured LTM candidate target cell, e.g., if it runs out of resources for the cell. The target DU or source DU provides an indication to the CU regarding this.
Proposal 14. The source DU signals to the CU after transmitting the LTM command to the UE, the exact time of transmission of the signal being up to implementation.
Proposal 15. The source gNB-DU notifies the gNB-CU of the selected target cell after transmitting the LTM command to the UE, i.e., after initiation of the UE HO.
Proposal 16. RAN3 to discuss the following options for notifying the gNB-CU about initiation of UE HO by the source gNB-DU:
· Source gNB-DU includes selected target cell for UE HO in F1-AP message to gNB-CU-CP.
· Source gNB-DU includes selected target cell for UE HO in DDDS message to gNB-CU-UP.
Proposal 17. It is FFS (pending RAN2 progress) whether gNB-CU transmits a UE Context Modification Request to indicate to the source and target gNB-DUs to keep resources associated with a subset of the candidate target cells or the source cell (the indication may also be to keep resources associated with all the candidate target cells).
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