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Introduction
This paper discusses the necessity of introducing reference configuration in LTM considering the CU-DU split and provides a TP to the TS 38.401 BLCR for LTM.
Discussion
On the topic of candidate and reference configuration, RAN2 made some further agreements [1] in RAN2#121:
	Agreed: Usage of reference configuration: 
- 	Candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration (FFS if done at cell switch or before the cell switch)
- 	The complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. 
-	To support reconfigurations that requires reset of RLC PDCP, this should be possible (in principle same a full config) 
-	FFS if more than RLC PDCP should be kept and how much of “replacing” need to be specified.
-	FFS if the reference configuration can be derived from the current UE configuration at some point of time. 

Potentially: R2 assumes that LTM without a separate reference configuration (if agreed) could work something like this: 
-	Alt A: The candidate configuration (which need to be complete) is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. (Same procedure as above)
-	Alt B: The candidate configuration (which can be a delta config) is applied to the current UE configuration (at the time of reconfiguration execution/cell switch), by legacy RRC reconfiguration procedure (it is assumed that the network need to coordinate if subsequent reconfigurations shall work, FFS feasibility). 

agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells

Reference config can be empty
In the RRC procedures, the candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration when the UE receives the LTM configuration (before the LTM cell switch). UE implementation can postpone that step to the reception of the LTM cell switch command. FFS Discuss early vs late compliance check. 
In the RRC procedures, the complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset MAC, RLC or PDCP. FFS whether we can rely on a modified version of the reconfiguration procedure with fullconfig flag set. FFS how to make sure the procedures work in case the LTM candidate configuration is a complete configuration.




RAN2#121bis-e [2]
	Discuss terminology for the TS in the RRC stage-3 discussions when/if needed (not at current meeting). 
Whether the Reference configuration is a complete configuration or not is up to the network implementation. 
Reference configuration + LTM candidate configuration (in combination) has to be a complete configuration. 
The reference configuration is always explicitly signalled (not automatically derived from any other config, e.g. current).
Confirm that only the replacement procedure (the “full config without L2 reset”) is supported for Execution of LTM cell switch. 
The UE may perform early decoding and early validity check. FFS whether Early validity check triggers early re-establishment. FFS the possible timing, FFS subset of cells, FFS if need to specify anything or just up to UE impl, FFS if other signalling to notify network is needed. 



It has also been captured in the latest 38.331 running CR [3] for the above agreement as below as ltm-ReferenceConfiguration-r18 and procedure texts on how the UE should combine the reference configuration and an LTM candidate cell configuration.

	LTM-Config-r18 ::=   SEQUENCE {
    ltm-ReferenceConfiguration-r18        OCTET STRING (CONTAINING RRCReconfiguration),                      OPTIONAL,   -- Cond FirstLTM-Candidate
    ltm-CandidateToReleaseList-r18        LTM-CandidateToReleaseList-r18                                     OPTIONAL,   -- Need N
    ltm-CandidateToAddModList-r18         LTM-CandidateToAddModList-r18                                      OPTIONAL,   -- Need N
    ltm-ServingCellNoResetID-r18          INTEGER (1.. maxNrofCellsLTM-r18)                                  OPTIONAL,   -- Cond FirstLTM-Only
    ltm-CSI-ResourceConfigToAddModList-r18         SEQUENCE (SIZE (1..maxNrofCSI-ResourceConfigurations)) OF LTM-CSI-ResourceConfig
                                                                                                                  OPTIONAL, -- Need N
    ltm-CSI-ResourceConfigToReleaseList-r18        SEQUENCE (SIZE (1..maxNrofCSI-ResourceConfigurations)) OF LTM-CSI-ResourceConfigId
                                                                                                                  OPTIONAL, -- Need N
    ...
}


	LTM-CandidateConfig field descriptions

	ltm-CandidateToAddModList
List of LTM candidate cell configurations to add and/or modify.

	ltm-CandidateToReleaseList
List of LTM candidate cell configurations to remove.

	ltm-CandidateNoResetL2-List
FFS

	ltm-ServingCellNoResetID
This field is used by the UE to understand on whether no L2 reset should be performed for an LTM candidate cell upon an LTM cell switch procedure. If the value of ltm-NoResetID in an LTM candidate cell is the same as the value of ltm-ServingCellNoResetID in the serving cell of a cell group, then the UE shall not perform any L2 reset during the LTM cell switch procedure.

	ltm-ReferenceConfiguration
This field includes an RRCReconfiguration message used to configure a reference configuration for LTM. 



RAN3#121 discussions and chairman’s note on reference configuration
	Issue 7: Reference configuration
Prioritize the reference configuration on F1 at next meeting.
List all options and down selection.



As shown above, the ltm-ReferenceConfiguration filed contains an RRCReconfiguration message which can be composed of higher-layer configurations (e.g., RadioBearerConfig) and lower-layer configurations (e.g., CellGroupConfig). Considering the CU-DU split when generating the candidate cell configuration for the UE, the reference configuration issue in F1AP should be considered in RAN3. As the reference configuration has to be signalled explicitly and gNB-DU is responsible for the lower layer configuration, the lower-layer reference configuration for LTM configuration has to be generated by a gNB-DU. 
Proposal 1: A gNB-DU may generate the lower-layer reference configuration for LTM configuration. 
In case that an ltm-ReferenceConfiguration is to be configured to the UE, the CU could obtain the lower-layer reference configuration from the DU through two options.
· Option 1: Push mode – (in case that the CU does not include a lower-layer reference configuration in the request message,) the DU actively provides the lower-layer reference configuration in the UE Context Setup/Modification Response message during the LTM preparation.
· Option 2: Pull mode – the CU requests the lower-layer reference configuration by adding a specific indicator in the UE Context Setup/Modification Request message and receives it in the UE Context Setup/Modification Response message.
From our perspective, both options could work but option 2 needs an additional request indicator as the reference configuration is optional in LTM operation. Therefore, option 1 is preferred.
Proposal 2: RAN3 to determine how the CU obtains the lower-layer reference configuration among option 1 (push mode) and option 2 (pull mode).
A follow-up question may be that whether the lower-layer reference is from the source gNB-DU or the candidate gNB-DU. For intra-gNB DU case, it could only be generated by the source gNB-DU. For the inter-gNB DU case, it is discussed separately below.
Intra-gNB DU LTM
As UE moves within the same gNB-DU during NR operation for LTM, the gNB-DU generates (i.e., push mode) and holds the lower-layer reference configuration and the gNB-CU does not need to provide the lower-layer reference configuration to it. The gNB-DU can generate the candidate lower-layer configuration based on the lower-layer reference configuration it holds. The gNB-CU can request the gNB-DU to provide a lower-layer reference configuration (i.e., pull mode). The gNB-DU can update the lower-layer reference configuration subsequently if necessary for the intra-gNB DU LTM. 
Inter-gNB DU LTM
When the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation for LTM, the gNB-CU has to perform UE Context Setup procedure to the candidate gNB-DU. If the gNB-CU has a lower-layer reference configuration (e.g., generated and provided by the source gNB-DU), it provides the lower-layer reference configuration to the candidate gNB-DU. The candidate gNB-DU takes the reference configuration into account when generating the lower layer RRC configurations. 
Proposal 3: If obtained from a gNB-DU, the gNB-CU provides the lower-layer reference configuration to a candidate gNB-DU in the UE Context Setup Request message.
Otherwise, the candidate gNB-DU may generate the lower-layer reference configuration for LTM configuration if not received from the gNB-CU (i.e., push mode). Or the gNB-CU can request the candidate gNB-DU to provide a reference configuration (i.e., pull mode). The reference configuration is then provided to other candidate gNB-DU or the source gNB-DU if the source gNB-DU also participates in the LTM preparation. 
Proposal 4: The candidate gNB-DU can generate a lower-layer reference configuration for LTM configuration if not received it from the gNB-CU.
Some further issue may be that whether the candidate gNB-DU is allowed to generate a reference configuration to update the reference configuration received from the gNB-CU. If it is allowed, the gNB-CU needs to propagate the updated reference configuration to the source gNB-DU or other candidate gNB-DU(s) that had prepared LTM configuration(s). However, the update process may be endless if every gNB-DU is allowed to update the existing reference configuration. Therefore, it is proposed that for the inter-gNB DU LTM, the candidate gNB-DU is not allowed to update the reference configuration if received from the gNB-CU. 
Proposal 5: The candidate gNB-DU is not allowed to update the reference configuration if received from the gNB-CU.
It is therefore proposed to discuss how the reference configuration will be conveyed in the UE Context Setup Request message to the gNB-DU and how to capture the supporting text in the TS 38.401 to reflect the agreements made in RAN2.
As the ltm-ReferenceConfiguration-r18 IE in [3] contains the RRCReconfiguration message, it should be encoded by the gNB-CU by combining a lower-layer reference configuration from the gNB-DU and optionally a higher-layer reference configuration by the gNB-CU itself. Therefore, the LTM Reference Configuration IE exchanged between the gNB-CU and the gNB-DU in F1AP should refer to a lower-layer configuration (i.e., the CellGroupConfig IE). The gNB-CU stores and forwards it transparently to the candidate gNB-DU during the LTM preparation instead of the whole ltm-ReferenceConfiguration-r18 IE.
Proposal 6: The F1AP reference configuration IE only contains the lower-layer reference configuration and refers to the CellGroupConfig IE.
Configuration ID in LTM Command
In LTM TS 38.300 Running CR, it is captured:
	“The gNB decides to execute cell switch to a target cell, and transmits a MAC CE triggering cell switch by including the candidate configuration index of the target cell. The UE switches to the target cell and applies the configuration indicated by candidate configuration index.”



It is also captured in the LTM TS 38.321 Running CR that the LTM Cell Switch Command MAC CE contains a Target Configuration ID which “indicates the index of candidate target configuration to apply for LTM cell switch, corresponding to [ltm-CandidateId] as specified in TS 38.331 [5]. The length of the field is 3 bits”. As this MAC CE has to be signalled by the gNB-DU while it is assigned by the gNB-CU and included in the LTM-Candidate IE when configuring the LTM-Config to the UE. 
To enable the gNB-DU to include a correct Target Configuration ID in the LTM Command after receiving the L1L2 measurement reports from the UE, the gNB-DU needs to associate the Target Configuration ID with the Requested Target Cell ID (and the (lower layer) candidate configuration). Therefore, it is proposed that the gNB-CU adds in the UE Context Setup/Modification Request message a LTM Configuration ID IE along with the SpCell ID IE for the gNB-DU to establish the corresponding association during the LTM preparation. 
Proposal 7: The gNB-CU includes a LTM Configuration ID IE in the UE Context Setup Request message and the UE Context Modification Request message.
As for the inter-gNB DU LTM, the source gNB-DU needs to be informed of the prepared LTM IDs and target Cell IDs at the other candidate gNB-DUs. Similarly, the candidate gNB-DU needs to be informed of the prepared LTM IDs and target cell IDs at the source gNB-DU. Therefore, it is proposed to add a list for adding or modifying LTM ID assignment and a list for releasing LTM ID assignment in the UE Context Modification Request message so that the gNB-CU can use the UE context modification procedure to signal the LTM ID assignment to the source/candidate gNB-DU.
Proposal 8: The gNB-CU uses the UE Context Modification procedure to the source/candidate gNB-DU to signal the LTM ID assignment. 
Conclusion
Proposal 1: A gNB-DU may generate the lower-layer reference configuration for LTM configuration. 
Proposal 2: RAN3 to determine how the CU obtains the lower-layer reference configuration among option 1 (push mode) and option 2 (pull mode).
Proposal 3: If obtained from a gNB-DU, the gNB-CU provides the lower-layer reference configuration to a candidate gNB-DU in the UE Context Setup Request message.
Proposal 4: The candidate gNB-DU can generate a lower-layer reference configuration for LTM configuration if not received it from the gNB-CU.
Proposal 5: The candidate gNB-DU is not allowed to update the reference configuration if received from the gNB-CU.
Proposal 6: The F1AP reference configuration IE only contains the lower-layer reference configuration and refers to the CellGroupConfig IE.
Proposal 7: The gNB-CU includes a LTM Configuration ID IE in the UE Context Setup Request message and the UE Context Modification Request message.
Proposal 8: The gNB-CU uses the UE Context Modification procedure to the source/candidate gNB-DU to signal the LTM ID assignment. 
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TP for TS 38.401 BL CR
8.2.1.X	Intra-gNB-DU LTM 
This procedure is used for the case when the UE moves within the same gNB-DU during NR operation for LTM. Figure 8.2.1.x-1 shows the intra-gNB-DU LTM procedure for intra-NR.




Figure 8.2.1.x-1: Intra-gNB-DU LTM
1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the gNB-DU containing  measurements of neighboring cells. The gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 
2. The gNB-CU determines to initiate LTM configuration. 
3. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU containing one target candidate cell ID and a corresponding LTM configuration ID. The gNB-CU requests PRACH resources from the gNB-DU.
4. If the gNB-DU accepts the request of LTM configuration, it responds with a UE CONTEXT MODIFICATION RESPONSE message including the generated lower layer RRC configurations  (e.g., , TCI state configuration and RACH configuration) and the RS configuration (FFS) for the accepted target candidate cell. The gNB-DU may generate a reference configuration for LTM configuration and include it in the UE CONTEXT MODIFICATION RESPONSE message. The gNB-DU takes the reference configuration into account when generating the lower layer configurations. The gNB-CU may initiate another UE context modification procedure to the gNB-DU to signal the LTM ID assignment.

5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes the generated RRCReconfiguration message with the LTM configuration. 
FFS: whether it is DL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION REQUEST message.
6. The gNB-DU forwards the received RRCReconfiguration message to the UE.
7. The UE responds to the gNB-DU with an RRCReconfigurationComplete message.
8. The gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
FFS: whether it is UL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION RESPONSE message.
9. Early synchronization is performed as specified in TS 38.300 [x].
10. The UE sends the lower layer measurement result to the gNB-DU. The gNB-DU decides to execute LTM to a candidate target cell.
11. The gNB-DU sends the LTM command to the UE including a LTM configuration ID corresponding to the candidate target cell. 
Editor’s note: The LTM command needs to be updated according to RAN2’s discussion.
12. The gNB-DU sends the LTM CELL CHANGE NOTIFICATION message to the gNB-CU to indicate the initiation of the LTM command to the UE including the target cell ID and the selected beam (FFS). 
13. FFS: How the target gNB-DU detects the UE access.
14. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target Cell ID.
15.  The gNB-CU may send the UE CONTEXT MODIFICATION REQUEST message to the gNB-DU to release the resources of prepared cells.
16.  The gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message.

<<<<<< NEXT CHANGE >>>>>>

8.2.1.Y	Inter-gNB-DU LTM
This procedure is used for the case when the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation for LTM. Figure 8.2.1.Y-1 shows the inter-gNB-DU LTM procedure for intra-NR.




Figure 8.2.1.Y-1: inter gNB-DU LTM
1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the source gNB-DU containing  measurements of neighboring cells. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 
2. The gNB-CU determines to initiate LTM configuration. 
[bookmark: OLE_LINK6]3. The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU, containing one target candidate cell ID. The gNB-CU indicates the source gNB-DU ID, and requests PRACH resources from the Candidate gNB-DU. The gNB-CU may provide a reference configuration to the candidate gNB-DU in the UE CONTEXT SETUP REQUEST message.
[bookmark: OLE_LINK3]4. If the candidate gNB-DU accepts the request of LTM configuration, it responds with a UE CONTEXT SETUP RESPONSE message including the generated lower layer RRC configuration (e.g., TCI state configuration and RACH configuration) and the RS configuration (FFS) for the accepted target candidate cell. The candidate gNB-DU shall, if supported, take the reference configuration into account when generating the lower layer configuration. The candidate gNB-DU may generate the reference configuration for LTM configuration, if not received from the gNB-CU.
5. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the source gNB-DU including the collected RS configuration, TCI state configuration and RACH configuration for the accepted target candidate cell(s) and an assignment of a LTM configuration ID and an associated target candidate cell in other gNB-DUs. 
6. The source gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message which may include the RS configuration of the source cell (FFS), prepared candidate cells (FFS) and the generated CSI resource configuration (FFS).
7. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the candidate gNB-DU(s) containing  the cell ID(s) of the prepared candidate cell(s) and associated RS configuration for each candidate cell in other candidate gNB-DU(s). 
Note: The candidate cell may be the same cell as source cell.
[bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK7]8. The candidate gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message including the generated CSI resource configuration (FFS).
9. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message with the LTM configuration.

10. The source gNB-DU forwards the received RRCReconfiguration message to the UE.
11. The UE responds to the source gNB-DU with an RRCReconfigurationComplete message.
12. The source gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 

13. Early synchronization is performed as specified in TS 38.300 [x].
14. The candidate gNB-DU sends the TA and the associated CFRA resource information (FFS) to the source gNB-DU via the gNB-CU.
[bookmark: OLE_LINK5]FFS on the message name.
15. The UE sends the lower layer measurement result to the source gNB-DU. 
16. The source gNB-DU decides to execute LTM to a candidate target cell.
FFS: Notifying the LTM triggering decision to the other nodes as well.
17. The source gNB-DU sends LTM command to the UE including a LTM configuration ID corresponding to the candidate target cell. 
Editor’s note: The LTM command needs to be updated according to RAN2’s discussion. 
18. The source gNB-DU sends the LTM CELL CHANGE NOTIFICATION message to the gNB-CU to indicate the initiation of the LTM command to the UE including the target cell ID and the selected beam information.
19. The gNB-CU sends the target cell ID and the selected beam information to the target gNB-DU.
FFS on the message to be used and details of the selected beam information.
20. FFS:  how the target gNB-DU detects the UE access.
[bookmark: OLE_LINK1]21. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target cell ID.
22. The gNB-CU may send the UE CONTEXT RELEASE COMMAND message to the source gNB-DU to release the resources of prepared cells.
23. The source gNB-DU responds with a UE CONTEXT RELEASE COMPLETE message.

<<<<<< END of CHANGES >>>>>>
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