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1	Introduction
It was agreed to support MRO for LTM and subsequent CPAC in R19 [1]: 
The objective of this work item is to specify data collection enhancement in NR standalone and MR-DC for SON/MDT purpose. The specific objectives of this work item are:
[bookmark: OLE_LINK31]- MRO enhancement for R18 mobility mechanisms, including, Lower layer triggered mobility (LTM), CHO with candidate SCGs, subsequent CPAC [RAN3, RAN2]:
· Specification of the inter-node information exchange, including possible enhancements to interfaces [RAN3]
· Identify and specify necessary UE reporting to enhance the mobility parameter tuning [RAN2]
In this paper, we would discuss the details of MRO for LTM and subsequent CPAC.
2	Discussion
2.1 MRO for LTM
In R18, to reduce the mobility latency, LTM is supported. LTM is a procedure in which a gNB receives L1 measurement report(s) from a UE, and on their basis the gNB changes UE serving cell by a cell switch command signalled via a MAC CE. The cell switch command indicates an LTM candidate configuration that the gNB previously prepared and provided to the UE through RRC signalling. Then the UE switches to the target configuration according to the cell switch command.
LTM supports both intra-gNB-DU and intra-gNB-CU inter-gNB-DU mobility. LTM supports both intra-frequency and inter-frequency mobility, including mobility to inter-frequency cell that is not a current serving cell. LTM is supported only for licensed spectrum. MCG LTM and SCG LTM are specified in R18, e.g. the following scenarios are supported: 
· PCell change in non-CA scenario and non-DC scenario;
· PCell and SCell(s) change in CA scenario; 
· Dual connectivity scenario, PCell and MCG SCell(s) change and intra-SN PSCell and SCG SCell(s) change without MN involvement. LTM for simultaneous PCell and PSCell change is not supported.
In R19, to support MRO for LTM, the following cases should be considered: 
· MN initiated intra-DU MCG LTM when DC is not configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is not configured;
· MN initiated intra-DU MCG LTM when DC is configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is configured;
· SN initiated intra-DU SCG LTM without MN involvement;
· SN initiated intra-CU inter-DU SCG MCG LTM without MN involvement.
Proposal 1: In R19, the following cases should be supported for MRO for LTM: 
· MN initiated intra-DU MCG LTM when DC is not configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is not configured;
· MN initiated intra-DU MCG LTM when DC is configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is configured;
· SN initiated intra-DU SCG LTM without MN involvement;
· SN initiated intra-CU inter-DU SCG LTM without MN involvement.
Subsequent LTM is supported in a LTM procedure. Subsequent LTM is done by repeating the early synchronization, LTM execution, and LTM completion steps without releasing other LTM candidate cell configurations after each LTM completion. When we consider MRO for LTM, MRO for subsequent LTM should be supported.
Proposal 2: In R19, MRO for subsequent LTM should be supported.
Similar as legacy mobility, a connection failure e.g. an MCG failure may happen in an MCG LTM procedure, or, an SCG failure may happen in an SCG LTM procedure. 
The following connection failure may happen in a MCG LTM procedure:
· an RLF occurs before MCG LTM cell switch is executed; 
· a failure occurs during MCG LTM cell switch execution;
· an RLF occurs shortly after a successful MCG LTM cell switch execution.
A connection failure in a MCG LTM procedure would impact system performance, the above failure cases shoule be considered for MRO for MCG LTM. 
Proposal 3: To support MRO for connection failure in an MCG LTM procedure, the following cases should be considered:
· an RLF occurs before MCG LTM cell switch is executed; 
· a failure occurs during MCG LTM cell switch execution;
· an RLF occurs shortly after a successful MCG LTM cell switch execution.
Also, the following connection failure may happen in an SCG LTM procedure:
· an SCG failure occurs before SCG LTM cell switch is executed; 
· an SCG failure occurs during SCG LTM cell switch execution;
· an SCG failure occurs shortly after a successful SCG LTM cell switch execution.
Similarly, a connection failure in a SCG LTM procedure would impact system performance, the above failure cases shoule be considered for MRO for SCG LTM. 
Proposal 4: To support MRO for connection failure in an SCG LTM procedure, the following cases should be considered:
· an SCG failure occurs before SCG LTM cell switch is executed; 
· an SCG failure occurs during SCG LTM cell switch execution;
· an SCG failure occurs shortly after a successful SCG LTM cell switch execution.
On the other hand, a sub-optimal successful MCG LTM cell switch may happen in an MCG LTM procedure, or a sub-optimal successful SCG LTM cell switch may happen in an SCG LTM procedure. As legacy, sub-optimal successful cases should also be considered for MRO for LTM, i.e. support MRO for sub-optimal successful MCG LTM cell switch in an MCG LTM procedure, and, support MRO for sub-optimal successful SCG LTM cell switch in an SCG LTM procedure.
Proposal 5: Support MRO for sub-optimal successful MCG LTM cell switch in an MCG LTM procedure.
Proposal 6: Support MRO for sub-optimal successful SCG LTM cell switch in an SCG LTM procedure.
[bookmark: _Hlk114233032]2.1.1 MRO for connection failure in a LTM procedure
2.1.1.1 MRO for connection failure in an MCG LTM procedure
Similar as Too Late Handover, Too Early Handover, and Handover to Wrong Cell defined in TS38.300 [2], we should consider Too Late MCG LTM, Too Early MCG LTM, and MCG LTM to wrong cell 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 7: 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.
[bookmark: _Hlk163050511]When a connection failure happens in a MCG LTM procedure, the UE may store MCG LTM failure 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 connection failure happens. Moreover, considering when LTM execution attempt fails or HO 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 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. RAN3 should send an LS to RAN2 for confirmation if we agree these paramters. 
[bookmark: _Hlk163050594]Proposal 8: It is beneficial for the UE to report L1 measurement results when a connection failure happens in an MCG LTM procedure, and the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
2.1.1.2 MRO for connection failure in an SCG LTM procedure
In legacy, Too Late CPC Execution, Too Early CPC/CPA Execution, and CPC/CPA Execution to wrong PSCell are specified in TS37.340 [3]. For SCG LTM, similariy, Too Late SCG LTM, Too Early SCG LTM, and SCG LTM to wrong cell should be defined as following: 
· Too Late SCG LTM: UE receives configuration for a SCG LTM procedure, while an SCG failure occurs after the UE has stayed for a long period of time in the serving PSCell; a suitable different PSCell is found based on the measurement results reported from the UE.
· Too Early SCG LTM: an SCG failure occurs shortly after a successful LTM PSCell switch from a source PSCell to a target PSCell, or an SCG LTM PSCell switch execution failure occurs; source PSCell is still the suitable PSCell based on the measurement results reported from the UE.
· SCG LTM to wrong cell: an SCG failure occurs shortly after a successful LTM PSCell switch from a source PSCell to a target PSCell, or an SCG LTM PSCell switch execution failure occurs; a suitable PSCell different with source PSCell or target PSCell is found based on the measurement results reported from the UE.
Proposal 9: Too Late SCG LTM, Too Early SCG LTM, and SCG LTM to wrong cell should be considered:
· Too Late SCG LTM: UE receives configuration for a SCG LTM procedure, while an SCG failure occurs after the UE has stayed for a long period of time in the serving PSCell; a suitable different PSCell is found based on the measurement results reported from the UE.
· Too Early SCG LTM: an SCG failure occurs shortly after a successful LTM PSCell switch from a source PSCell to a target PSCell, or an SCG LTM PSCell switch execution failure occurs; source PSCell is still the suitable PSCell based on the measurement results reported from the UE.
· SCG LTM to wrong cell: an SCG failure occurs shortly after a successful LTM PSCell switch from a source PSCell to a target PSCell, or an SCG LTM PSCell switch execution failure occurs; a suitable PSCell different with source PSCell or target PSCell is found based on the measurement results reported from the UE.
[bookmark: _Hlk163050633]When an SCG failure happens in a SCG LTM procedure, the UE may store SCG LTM failure related information to assist network to perform MRO analysis and optimisation. Similar as MCG LTM, it is beneficial for the UE to report L1 measurement results when the SCG failure happens. 
Proposal 10: It is beneficial for the UE to report L1 measurement results when an SCG failure happens in an SCG LTM procedure.
For MCG LTM or SCG LTM, since CU and relevant DU(s) are involved, the MCG LTM failure related information or SCG LTM failure related information should be forwarded between CU and relevant DU(s). RAN3 can further discuss MRO detection mechanism and MRO analysis at network side in later meetings, e.g. whether it is CU or DU to detect the failure type, whether it is CU or DU to perform MRO optimisation.
Proposal 11: RAN3 to discuss failure type detection and optimisation for MCG LTM or SCG LTM.
2.1.2 MRO for near-failure successful LTM procedure
2.1.2.1 MRO for near-failure successful MCG LTM
[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. Similar as connection failure, 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 12: 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 decide whether to reuse SHR or introduce a new successful report to detect sub-optimal successful MCG LTM, and RAN2 would further 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 13: RAN3 would 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.
For legacy SHR, it may be forwarded to the node(s) which configured the SHR trigger causing the SHR to be generated, by using the ACCESS AND MOBILITY INDICATION message over Xn or by means of the Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG. Upon retrieval of an SHR, the receiving node may analyse whether its mobility configuration needs adjustment. In F1 interface, SHR may be forwarded by using the ACCESS AND MOBILITY INDICATION message, then the gNB-DU may take it into account for optimisation of mobility parameters. We can wait for RAN2’s progress on whether to reuse SHR or introduce a new successful report to detect sub-optimal successful MCG LTM, then RAN3 further discuss the forwarding mechanism of successful report of an MCG LTM procedure, for example, whether the legacy SHR forwarding mechanism can be taken as baseline for successful report of an MCG LTM procedure.
Proposal 14: RAN3 to discuss the forwarding mechanism of successful report of an MCG LTM procedure.
2.1.2.2 MRO for near-failure successful SCG LTM
[bookmark: _Hlk163050867]In legacy, SPR is introduced to detect sub-optimal successful PSCell change or CPAC execution. For one LTM cell switch execution in a SCG LTM procedure, it would be a near-failure successful LTM PSCell switch. Similar as MCG LTM, it is beneficial for the UE to report L1 measurement results when the SCG LTM cell switch execution is successful.
Proposal 15: It is beneficial for the UE to report L1 measurement results when SCG LTM cell switch execution is successful.
For analysis of such sub-optimal successful PSCell change or CPAC, the UE may collect SPR based on the triggers configured by the network, if received, and makes the SPR available to the network. For R18 SPR, T310/T312/T304 related trigger threshold is configured by network to trigger SPR storing or generating at UE side. Similar as MCG LTM, it is up to RAN2 to decide whether to reuse SPR or introduce a new successful report to detect sub-optimal successful SCG LTM, and RAN2 would further discuss which trigger condition can be configured for triggering the UE to report the near-failure successful SCG 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 SCG LTM. Whatever the trigger condition is, root cause analysis for successful report of an SCG LTM procedure should be done by the node generating the trigger condition as legacy.
Proposal 16: RAN3 would discuss which node generates the trigger condition for triggering the UE to report the near-failure successful SCG LTM after RAN2 agrees what is the trigger condition.
In R18, the SPR can be fetched from the UE by the MN, or by a node different from the MN that sent the SPR configuration to the UE if the UE is not connected to the MN anymore. In case the SPR is retrieved in a node different from the MN, the SPR may be first forwarded to that MN, which then forwards it to the respective SN(s) which should perform the SPR optimization. In F1 interface, SPR may be forwarded by using the ACCESS AND MOBILITY INDICATION message, then the gNB-DU may take it into account for optimisation of PSCell change/addition related parameters. We can wait for RAN2’s progress on whether to reuse SPR or introduce a new successful report to detect sub-optimal successful SCG LTM, then RAN3 further discuss the forwarding mechanism of successful report of an SCG LTM procedure, for example, whether the legacy SPR forwarding mechanism can be taken as baseline for successful report of an SCG LTM procedure.
Proposal 17: RAN3 to discuss the forwarding mechanism of successful report of an SCG LTM procedure.
2.2 MRO for subsequent CPAC
In R18, intra-SN subsequent CPAC initiated by the SN, inter-SN subsequent CPAC initiated by either MN or SN are supported. Subsequent CPAC is only supported for NR-DC. The subsequent CPAC mechanism is defined as a conditional PSCell addition or change procedure that is executed after a PSCell addition, a PSCell change, a PCell change or an SCG release based on pre-configured subsequent CPAC configuration of candidate PSCell(s) without reconfiguration and re-initiation of CPC/CPA. The UE keeps the configured subsequent CPAC configuration (unless the network indicates to release it) and evaluates the execution conditions of candidate PSCells after completion of a PSCell addition, a PSCell change, a PCell change or an SCG release. 
In R19, to support MRO for subsequent CPAC, the following cases should be considered: 
-	MN inititaed inter-SN subsequent CPAC;
-	SN inititaed intra-SN subsequent CPAC;
-	SN inititaed inter-SN subsequent CPAC.
Proposal 18: In R19, the following cases should be supported for MRO for subsequent CPAC: 
· MN inititaed inter-SN subsequent CPAC;
· SN inititaed intra-SN subsequent CPAC;
· SN inititaed inter-SN subsequent CPAC.
A subsequent CPAC procedure may be composed of initial CPAC execution phase and at least one following subsequent CPC execution phase. Similar as R16/R17 legacy CPAC, an SCG failure or a near-failure successful CPAC execution may occur during initial CPAC execution phase and at least one following subsequent CPC execution phase. We should consider MRO for failure or near-failure success scenario in a subsequent CPAC procedure.
Proposal 19: Support MRO for SCG failure in a subsequent CPAC procedure.
Proposal 20: Support MRO for sub-optimal successful subsequent CPAC procedure.
2.2.1 MRO for connection failure in a subsequent CPAC procedure
The following failure may happen in initial CPAC execution phase or following subsequent CPC execution phase in a subsequent CPAC procedure:
· an SCG failure occurs before initial CPC execution or following subsequent CPC execution is executed; 
· an SCG failure occurs during initial CPAC execution phase or following subsequent CPC execution phase, i.e. the UE fails to access the target PSCell of initial CPAC execution or following subsequent CPC execution;
· an SCG failure occurs shortly after successful initial CPAC execution or following subsequent CPC execution.
Failure in a subsequent CPAC procedure would impact system performance, the above failure cases shoule be considered for MRO. 
Proposal 21: To support MRO for SCG failure in a subsequent CPAC procedure, the following cases should be considered:
· an SCG failure occurs before initial CPC execution or following subsequent CPC execution is executed; 
· an SCG failure occurs during initial CPAC execution phase or following subsequent CPC execution phase;
· an SCG failure occurs shortly after successful initial CPAC execution or following subsequent CPC execution.
In R18 MRO for CPAC, it aims to address failure types such as Too Late CPC Execution, Too Early CPC/CPA Execution, and CPC/CPA Execution to wrong PSCell as specified in TS37.340 [3]. 
For subsequent CPAC, similariy, Too Late subsequent CPAC Execution, Too Early subsequent CPAC Execution, and subsequent CPAC Execution to wrong PSCell should be defined as below: 
· [bookmark: _Hlk162345540]Too Late subsequent CPAC Execution: UE receives configuration for a subsequent CPAC procedure, while a SCG failure occurs before initial CPC execution condition or following subsequent CPC execution condition is satisfied; a suitable PSCell different from the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is found based on the measurements reported from the UE.
· Too Early subsequent CPAC Execution: A UE performs CPC execution from a PSCell which is a source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase to another PSCell, but CPC execution is not successful or an SCG failure occurs shortly after a successful CPC execution, the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is the suitable PSCell based on the measurements reported from the UE;
· subsequent CPAC Execution to wrong PSCell: A UE performs CPC execution from a PSCell which is a source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase to another PSCell, but CPC execution is not successful or an SCG failure occurs shortly after a successful CPC execution; a suitable PSCell different from the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is found based on the measurements reported from the UE. There are two sub-cases for wrong candidate PSCell list selection:
-	if the suitable PSCell is one of the candidate PSCells provided by the node initiating the subsequent CPAC procedure, but not one of the candidate PSCells selected by the candidate or target SN, it is wrong target PSCell selection at the candidate or target SN;
-	else, it is wrong candidate PSCell list selection at the node initiating the subsequent CPAC procedure.
Proposal 22: Too Late subsequent CPAC Execution, Too Early subsequent CPAC Execution, and subsequent CPAC Execution to wrong PSCell should be considered: 
· Too Late subsequent CPAC Execution: UE receives configuration for a subsequent CPAC procedure, while a SCG failure occurs before initial CPC execution condition or following subsequent CPC execution condition is satisfied; a suitable PSCell different from the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is found based on the measurements reported from the UE.
· Too Early subsequent CPAC Execution: A UE performs CPC execution from a PSCell which is a source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase to another PSCell, but CPC execution is not successful or an SCG failure occurs shortly after a successful CPC execution, the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is the suitable PSCell based on the measurements reported from the UE;
· subsequent CPAC Execution to wrong PSCell: A UE performs CPC execution from a PSCell which is a source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase to another PSCell, but CPC execution is not successful or an SCG failure occurs shortly after a successful CPC execution; a suitable PSCell different from the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is found based on the measurements reported from the UE. There are two sub-cases for wrong candidate PSCell list selection:
-	if the suitable PSCell is one of the candidate PSCells provided by the node initiating the subsequent CPAC procedure, but not one of the candidate PSCells selected by the candidate or target SN, it is wrong target PSCell selection at the candidate or target SN;
-	else, it is wrong candidate PSCell list selection at the node initiating the subsequent CPAC procedure.
In legacy PSCell change or CPAC, SCG Failure Information message can be used by the UE to report SCG failure related information. Similarily, when a SCG failure happens in initial CPAC execution phase or following subsequent CPC execution phase, the SCG Failure Information message in Uu can be taken as the baseline for SCG failure ‎handling in R19,‎ enhancements if any can be further discussed in later meetings.
Proposal 23: SCG Failure Information message in Uu can be taken as baseline for subsequent CPAC.
In R18 MRO for CPAC, MRO analysis and optimisation are specified as following in TS37.340 [2]: 
[bookmark: _Hlk148004711]The MN performs the initial analysis when SCGFailureInformation is received from the UE. In the first step, MN verifies whether intra-SN PSCell change has been triggered in the last serving SN. In case the intra-SN PSCell change has been triggered in the last serving SN, the MN forwards the SCG Failure Information Report message to this last serving SN, which performs the final root cause analysis. In case of no intra-SN PSCell change, the MN determines the type of PSCell addition/change, e.g., whether it is CPA or CPC in case of conditional mobility, if CPC whether it is MN initiated or SN initiated.
For CPA or MN initiated CPC, if the suitable PSCell is one of the candidate PSCells provided by the MN at CPAC preparation, but not one of the candidate PSCells selected by the candidate or target SN, MN sends the SCG Failure Information Report message to the candidate or target SN, which perform the final MRO related optimisation. Otherwise, the MN performs the final MRO related optimisation.
For SN initiated CPC, the MN sends the SCG Failure Information Report message to source SN, and source SN performs root cause analysis. If the suitable PSCell is one of the candidate PSCells provided by the source SN, but not one of the candidate PSCells selected by the candidate or target SN, the source SN indicates to MN that the root cause of the SCG failure may have occurred in the other nodes. MN then sends the SCG Failure Information Report message to the candidate or target SN. Otherwise, the source SN performs the final MRO related optimisation.
In general, we can find that MRO analysis and optimisation for CPAC can be taken as baseline for a subsequent CPAC procedure. The MRO analysis and optimisation at network side for a subsequent CPAC procedure may be performed as following: 
· The MN performs the initial analysis when SCGFailureInformation is received from the UE. In the first step, MN verifies whether intra-SN PSCell change has been triggered in the last serving SN. In case the intra-SN PSCell change has been triggered in the last serving SN, the MN forwards the SCG Failure Information Report message to this last serving SN, which performs the final root cause analysis. In case of no intra-SN PSCell change, the MN determines the type of PSCell addition/change, e.g., whether it is legacy CPAC or subsequent CPAC, if subsequent CPAC whether it is MN initiated or SN initiated.
· For MN initiated subsequent CPAC, if the suitable PSCell is one of the candidate PSCells provided by the MN at preparation, but not one of the candidate PSCells selected by the candidate or target SN, MN sends the SCG Failure Information Report message to the candidate or target SN, which perform the final MRO related optimisation. Otherwise, the MN performs the final MRO related optimisation.
· For SN initiated subsequent CPAC, the MN sends the SCG Failure Information Report message to source SN, and source SN performs root cause analysis. If the suitable PSCell is one of the candidate PSCells provided by the source SN, but not one of the candidate PSCells selected by the candidate or target SN, the source SN indicates to MN that the root cause of the SCG failure may have occurred in the other nodes. MN then sends the SCG Failure Information Report message to the candidate or target SN. Otherwise, the source SN performs the final MRO related optimisation.
Proposal 24: SCG Failure Information procedure in Xn interface for legacy CPAC can be reused to support MRO for subsequent CPAC.
2.2.2 MRO for near-failure successful subsequent CPAC procedure
In R18, SPR is introduced to detect sub-optimal successful PSCell addition or PSCell change or CPAC, the SPR is not sent immediately after a successful PSCell addition or PSCell change or CPAC, and only the latest successful PSCell addition or PSCell change or CPAC is stored or reported by the UE.
[bookmark: _Hlk162513892]Since initial CPAC execution and at least one following subsequent CPC execution may happen in a subsequent CPAC procedure, to detect sub-optimal successful CPAC execution in initial CPAC execution phase or following subsequent CPC execution phase, it is RAN2’s work to discuss whether SPR can be reused e.g. as legacy only the latest successful CPA or CPC execution is stored or reported by the UE, or whether SPR should be enhanced to include multiple CPAC executions, or whether to introduce a new successful report for subsequent CPAC procedure.
No matter whether RAN2 agrees to reuse SPR or introduce a new report for a subsequent CPAC procedure, similar as SPR for legacy PSCell addition or PSCell change or CPAC, for initial CPAC execution phase or following subsequent CPC execution phase in a subsequent CPAC procedure, network may also configure T310/T312/T304 related trigger threshold to UE. It is up to RAN2 to decide the trigger condition(s) for triggering the UE to store near-failure successful subsequent CPAC. RAN3 can wait for RAN2’s progress on what is the trigger condition, and then further discuss which node generates trigger condition for triggering the UE to report the near-failure successful initial CPAC execution or following subsequent CPC execution in a subsequent CPAC procedure.
Proposal 25: RAN3 would discuss which node generates the trigger condition for triggering the UE to report the near-failure successful initial CPAC execution or following subsequent CPC execution in a subsequent CPAC procedure.
Similar as SCG LTM that analysed in above section 2.1.2.2, RAN3 can wait for RAN2’s progress on whether to reuse SPR or introduce a new successful report to detect sub-optimal successful subsequent CPAC, then RAN3 further discuss the forwarding mechanism of successful report of a subsequent CPAC procedure, for example, whether the legacy SPR forwarding mechanism can be taken as baseline for successful report of a subsequent CPAC procedure.
Proposal 26: RAN3 to discuss the forwarding mechanism of successful report of a subsequent CPAC procedure.
3	Conclusion
In this paper, the details of MRO for LTM and subsequent CPAC are discussed. We have the following proposals:
MRO for LTM
Proposal 1: In R19, the following cases should be supported for MRO for LTM: 
· MN initiated intra-DU MCG LTM when DC is not configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is not configured;
· MN initiated intra-DU MCG LTM when DC is configured;
· MN initiated intra-CU inter-DU MCG LTM when DC is configured;
· SN initiated intra-DU SCG LTM without MN involvement;
· SN initiated intra-CU inter-DU SCG LTM without MN involvement.
Proposal 2: In R19, MRO for subsequent LTM should be supported.
Proposal 3: To support MRO for connection failure in an MCG LTM procedure, the following cases should be considered:
· an RLF occurs before MCG LTM cell switch is executed; 
· a failure occurs during MCG LTM cell switch execution;
· an RLF occurs shortly after a successful MCG LTM cell switch execution.
Proposal 4: To support MRO for connection failure in an SCG LTM procedure, the following cases should be considered:
· an SCG failure occurs before SCG LTM cell switch is executed; 
· an SCG failure occurs during SCG LTM cell switch execution;
· an SCG failure occurs shortly after a successful SCG LTM cell switch execution.
Proposal 5: Support MRO for sub-optimal successful MCG LTM cell switch in an MCG LTM procedure.
Proposal 6: Support MRO for sub-optimal successful SCG LTM cell switch in an SCG LTM procedure.
Proposal 7: 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 8: It is beneficial for the UE to report L1 measurement results when a connection failure happens in an MCG LTM procedure, and the cell id of the LTM candidate cell in which the UE performs LTM failure recovery after LTM execution failure.
Proposal 9: Too Late SCG LTM, Too Early SCG LTM, and SCG LTM to wrong cell should be considered:
· Too Late SCG LTM: UE receives configuration for a SCG LTM procedure, while an SCG failure occurs after the UE has stayed for a long period of time in the serving PSCell; a suitable different PSCell is found based on the measurement results reported from the UE.
· Too Early SCG LTM: an SCG failure occurs shortly after a successful LTM PSCell switch from a source PSCell to a target PSCell, or an SCG LTM PSCell switch execution failure occurs; source PSCell is still the suitable PSCell based on the measurement results reported from the UE.
· SCG LTM to wrong cell: an SCG failure occurs shortly after a successful LTM PSCell switch from a source PSCell to a target PSCell, or an SCG LTM PSCell switch execution failure occurs; a suitable PSCell different with source PSCell or target PSCell is found based on the measurement results reported from the UE.
Proposal 10: It is beneficial for the UE to report L1 measurement results when an SCG failure happens in an SCG LTM procedure.
Proposal 11: RAN3 to discuss failure type detection and optimisation for MCG LTM or SCG LTM.
Proposal 12: It is beneficial for the UE to report L1 measurement results when MCG LTM cell switch execution is successful.
Proposal 13: RAN3 would 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.
Proposal 14: RAN3 to discuss the forwarding mechanism of successful report of an MCG LTM procedure.
Proposal 15: It is beneficial for the UE to report L1 measurement results when SCG LTM cell switch execution is successful.
Proposal 16: RAN3 would discuss which node generates the trigger condition for triggering the UE to report the near-failure successful SCG LTM after RAN2 agrees what is the trigger condition.
Proposal 17: RAN3 to discuss the forwarding mechanism of successful report of an SCG LTM procedure.
MRO for subsequent CPAC
Proposal 18: In R19, the following cases should be supported for MRO for subsequent CPAC: 
· MN inititaed inter-SN subsequent CPAC;
· SN inititaed intra-SN subsequent CPAC;
· SN inititaed inter-SN subsequent CPAC.
Proposal 19: Support MRO for SCG failure in a subsequent CPAC procedure.
Proposal 20: Support MRO for sub-optimal successful subsequent CPAC procedure.
Proposal 21: To support MRO for SCG failure in a subsequent CPAC procedure, the following cases should be considered:
· an SCG failure occurs before initial CPC execution or following subsequent CPC execution is executed; 
· an SCG failure occurs during initial CPAC execution phase or following subsequent CPC execution phase;
· an SCG failure occurs shortly after successful initial CPAC execution or following subsequent CPC execution.
Proposal 22: Too Late subsequent CPAC Execution, Too Early subsequent CPAC Execution, and subsequent CPAC Execution to wrong PSCell should be considered: 
· Too Late subsequent CPAC Execution: UE receives configuration for a subsequent CPAC procedure, while a SCG failure occurs before initial CPC execution condition or following subsequent CPC execution condition is satisfied; a suitable PSCell different from the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is found based on the measurements reported from the UE.
· Too Early subsequent CPAC Execution: A UE performs CPC execution from a PSCell which is a source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase to another PSCell, but CPC execution is not successful or an SCG failure occurs shortly after a successful CPC execution, the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is the suitable PSCell based on the measurements reported from the UE;
· subsequent CPAC Execution to wrong PSCell: A UE performs CPC execution from a PSCell which is a source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase to another PSCell, but CPC execution is not successful or an SCG failure occurs shortly after a successful CPC execution; a suitable PSCell different from the source PSCell of the initial CPC execution phase or the following subsequent CPC execution phase is found based on the measurements reported from the UE. There are two sub-cases for wrong candidate PSCell list selection:
-	if the suitable PSCell is one of the candidate PSCells provided by the node initiating the subsequent CPAC procedure, but not one of the candidate PSCells selected by the candidate or target SN, it is wrong target PSCell selection at the candidate or target SN;
-	else, it is wrong candidate PSCell list selection at the node initiating the subsequent CPAC procedure.
Proposal 23: SCG Failure Information message in Uu can be taken as baseline for subsequent CPAC.
Proposal 24: SCG Failure Information procedure in Xn interface for legacy CPAC can be reused to support MRO for subsequent CPAC.
Proposal 25: RAN3 would discuss which node generates the trigger condition for triggering the UE to report the near-failure successful initial CPAC execution or following subsequent CPC execution in a subsequent CPAC procedure.
Proposal 26: RAN3 to discuss the forwarding mechanism of successful report of a subsequent CPAC procedure.
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