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1	Introduction
RAN3#123bis meeting agreed that: 
Work on scenarios of near failure LTM
Work on scenarios for the differentiation of too early LTM, too late LTM and LTM to wrong cell
In this paper, we would further discuss the details of MRO for LTM.
2	Discussion
[bookmark: _Hlk165219477]In RAN2#125bis meeting, it has agreed that:
RAN2 considers SHR, RA report and RLF for MCG LTM SON.
RAN2 will start work on MCG LTM.
Based on RAN2’s agreements, in this paper, we would start work with MCG LTM to mainly discuss RLF report and SHR for MCG LTM.
For SCG LTM, it is introduced in R18 with same priority as MCG LTM to reduce interruption time during PSCell change procedure. SCG LTM failure case and even near failure successful SCG LTM case should be avoided to improve network performance, we can further discuss MRO for SCG LTM in next meetings.
2.1 MRO for connection failure in an MCG LTM procedure
RAN2#125bis meeting achieved following agreements: 
For LTM MRO, RAN2 considers the following three connection failure cases:
-	Too late LTM
-	Too early LTM
-	LTM to wrong cell
For too late LTM, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 1a: the UE detects RLF in source cell after receiving LTM candidate configurations and performs reestablishment procedure.
-	Case 1b: the UE detects RLF in source cell after receiving LTM candidate configurations, selects an LTM candidate cell, detects HOF with the selected LTM cell.
-	Case 1c: the UE detects RLF in source cell after receiving LTM candidate configurations, and successfully completes LTM execution with the selected LTM candidate cell.
For too early LTM, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 2a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure with the source cell.
-	Case 2b: the UE detects HOF/RLF in the LTM target cell, selects the source cell which is also an LTM candidate cell, detects HOF with the source cell, and performs reestablishment procedure.
-	Case 2c: the UE detects HOF/RLF in the LTM target cell, and successfully completes LTM execution with the selected source cell which is also an LTM candidate cell.
LTM to wrong cell, the following sub-cases are considered but we may down prioritize later (not limiting):
-	Case 3a: the UE detects HOF/RLF in the LTM target cell and performs reestablishment procedure with the source cell.
-	Case 3b: the UE detects HOF/RLF in the LTM target cell, selects an LTM candidate cell which is different from the source or target one, detects HOF with the selected LTM candidate cell, and performs reestablishment procedure.
-	Case 3c: the UE detects HOF/RLF in the LTM target cell, and successfully completes LTM execution with the selected LTM candidate cell which is different from the source or target one.
Based on above cases agreed by RAN2, similar as Too Late Handover, Too Early Handover, and Handover to Wrong Cell defined in TS38.300 [1], we should capture stage 2 descriptions for Too Late MCG LTM, Too Early MCG LTM, and MCG LTM to wrong cell in TS38.300 as below: 
· Too Late MCG LTM: UE receives configuration for a LTM procedure, while an RLF occurs after the UE has stayed for a long period of time in the serving cell; the UE attempts to re-establish the radio link connection in a different cell.
· Too Early MCG LTM: a radio link failure occurs shortly after a successful LTM cell switch from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in the source cell.
· MCG LTM to wrong cell: a radio link failure occurs shortly after a successful LTM cell switch from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
Proposal 1: Too Late MCG LTM, Too Early MCG LTM, and MCG LTM to wrong cell should be considered:
· Too Late MCG LTM: UE receives configuration for a LTM procedure, while an RLF occurs after the UE has stayed for a long period of time in the serving cell; the UE attempts to re-establish the radio link connection in a different cell.
· Too Early MCG LTM: a radio link failure occurs shortly after a successful LTM cell switch from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in the source cell.
· MCG LTM to wrong cell: a radio link failure occurs shortly after a successful LTM cell switch from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
In case of Too Late LTM, CU does not receive the DU-CU LTM CELL CHANGE NOTIFICATION message from source DU but receives UE RRC Re-establishment Request or UE RRC Reconfiguration Complete from another cell, CU detects the connection failure is Too Late LTM.
In case of Too Early LTM, CU receives the DU-CU LTM CELL CHANGE NOTIFICATION message from source DU and the UE RRC Re-establishment Request or UE RRC Reconfiguration Complete from the source cell, CU detects the connection failure is Too Early LTM.
In case of LTM to wrong cell, CU receives the DU-CU LTM CELL CHANGE NOTIFICATION message from source DU and the UE RRC Re-establishment Request or UE RRC Reconfiguration Complete from a cell other than the source cell and the target cell, CU detects the connection failure is LTM to wrong cell.
As analyzed above, if it is Too Late LTM, source DU may need to send the LTM Cell Switch command earlier; if it is Too Early LTM, source DU may need to send the LTM Cell Switch command later; if it is LTM to wrong cell, source DU may modify target cell, or candidate or target DU may modify LTM candidate cell. For MRO optimization purpose, CU may indicate the failure type of Too Late LTM, Too Early LTM, or LTM to wrong cell to the relevant DU (e.g. source DU or candidate or target DU) in F1 interface, e.g. via the existing F1 Access and Mobility Indication message.
Proposal 2: CU detects the failure type, e.g. Too Late LTM, Too Early LTM, or LTM to wrong cell.
Proposal 3: CU indicates the failure type of Too Late LTM, Too Early LTM, or LTM to wrong cell to DU in F1 interface e.g. via the Access and Mobility Indication message.
When LTM cell switch execution fails, the UE performs cell selection, and if the selected cell is an LTM candidate cell and if network configured the UE to try LTM failure recovery after LTM execution failure, then the UE attempts LTM execution once, otherwise re-establishment is performed, therefore, besides cell id of previous/source cell, and cell id of target cell or the cell where connection failure happens, it is also beneficial to report the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
Proposal 4: RLF report can be reused to include the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
In LTM preparation phase, the CU provides a list of LTM candidate cell to each candidate target DU or target DU, the candidate target DU or target DU selects cell(s) from the list of LTM candidate cell provided by the CU for preparation. In LTM execution phase, the source DU selects the target cell for LTM cell switch execution. When a connection failure happens in a LTM procedure, it may be wrong LTM candidate cell selection at candidate target DU or target DU, or wrong LTM candidate cell list selection at CU, or wrong target cell selection at source DU. Since CU receives the RLF report sent from the UE and CU has more information than DU, CU is the better node to detect the failure cause, e.g. 
· If the cell for re-establish is not one of LTM candidate cells provided by CU to candidate target DU or target DU, CU detects that it is wrong LTM candidate cell list selection at CU. If so, CU may modify the list of LTM candidate cell.
· If the cell for re-establish is one of LTM candidate cells provided by CU to candidate target DU or target DU, but not one of the LTM candidate cells selected by the candidate target DU or target DU, CU detects that it is wrong LTM candidate cell selection at candidate target DU or target DU. If so, CU may send RLF report and the detected failure cause (e.g. wrong LTM candidate cell selection at candidate target DU or target DU) to candidate target DU or target DU in F1 interface e.g. via the existing Access and Mobility Indication message, then, the candidate target DU or target DU may modify the selected LTM candidate cell for LTM preparation.
· If the cell for re-establish is one of the LTM candidate cells selected by the candidate target DU or target DU, CU detects that it is wrong target cell selection at source DU. If so, CU may send RLF report and the detected failure cause (e.g. wrong target cell selection at source DU) to source DU in F1 interface e.g. via the existing Access and Mobility Indication message, then, the source DU may modify the selected target cell for LTM execution.
Proposal 5: CU detects the failure cause, e.g. wrong LTM candidate cell selection at candidate target DU or target DU, or wrong LTM candidate cell list selection at CU, or wrong target cell selection at source DU.
Proposal 6: CU sends RLF report and the detected failure cause (e.g. wrong LTM candidate cell selection at candidate target DU or target DU) to candidate target DU or target DU in F1 interface e.g. via the Access and Mobility Indication message.
Proposal 7: CU sends RLF report and the detected failure cause (e.g. wrong target cell selection at source DU) to source DU in F1 interface e.g. via the Access and Mobility Indication message.
2.2 MRO for near failure in an MCG LTM procedure
[bookmark: _Hlk163050717]In legacy, SHR is introduced to detect sub-optimal successful handover. For one LTM cell switch execution in a MCG LTM procedure, it would be a near-failure successful LTM PCell switch. The UE may store near-failure successful MCG LTM related information to assist network to perform MRO analysis and optimisation. Since a LTM procedure is triggered based on L1 measurement report, it is beneficial for the UE to report L1 measurement results when the MCG LTM cell switch execution is successful. RAN3 should send an LS to RAN2 for confirmation if we achieve agreement.
Proposal 8: It is beneficial for the UE to report L1 measurement results when MCG LTM cell switch execution is successful.
In legacy, for analysis of such sub-optimal successful handover, the UE may collect SHR based on the triggers configured by the network, if received, and makes the SHR available to the network. For legacy SHR, T310/T312/T304 related trigger threshold is configured by network to trigger SHR storing or generating at UE side. It is up to RAN2 to discuss which trigger condition can be configured for triggering the UE to report the near-failure successful MCG LTM, e.g. whether to reuse T310/T312/T304 related trigger threshold or introduce new trigger condition. RAN3 can wait for RAN2’s progress, and then further discuss which node generates trigger condition for triggering the UE to report the near-failure successful MCG LTM. Whatever the trigger condition is, root cause analysis for successful report of an MCG LTM procedure should be done by the node generating the trigger condition as legacy. 
Proposal 9: RAN3 to discuss which node generates the trigger condition for triggering the UE to report the near-failure successful MCG LTM after RAN2 agrees what is the trigger condition.
3	Conclusion
In this paper, MRO for LTM are further discussed. We have the following proposals:
Proposal 1: Too Late MCG LTM, Too Early MCG LTM, and MCG LTM to wrong cell should be considered:
· Too Late MCG LTM: UE receives configuration for a LTM procedure, while an RLF occurs after the UE has stayed for a long period of time in the serving cell; the UE attempts to re-establish the radio link connection in a different cell.
· Too Early MCG LTM: a radio link failure occurs shortly after a successful LTM cell switch from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in the source cell.
· MCG LTM to wrong cell: a radio link failure occurs shortly after a successful LTM cell switch from a source cell to a target cell, or a failure occurs during the LTM cell switch execution; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
Proposal 2: CU detects the failure type, e.g. Too Late LTM, Too Early LTM, or LTM to wrong cell.
Proposal 3: CU indicates the failure type of Too Late LTM, Too Early LTM, or LTM to wrong cell to DU in F1 interface e.g. via the Access and Mobility Indication message.
Proposal 4: RLF report can be reused to include the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
Proposal 5: CU detects the failure cause, e.g. wrong LTM candidate cell selection at candidate target DU or target DU, or wrong LTM candidate cell list selection at CU, or wrong target cell selection at source DU.
Proposal 6: CU sends RLF report and the detected failure cause (e.g. wrong LTM candidate cell selection at candidate target DU or target DU) to candidate target DU or target DU in F1 interface e.g. via the Access and Mobility Indication message.
Proposal 7: CU sends RLF report and the detected failure cause (e.g. wrong target cell selection at source DU) to source DU in F1 interface e.g. via the Access and Mobility Indication message.
Proposal 8: It is beneficial for the UE to report L1 measurement results when MCG LTM cell switch execution is successful.
Proposal 9: RAN3 to discuss which node generates the trigger condition for triggering the UE to report the near-failure successful MCG LTM after RAN2 agrees what is the trigger condition.
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