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1	Introduction
In RAN3#123bis, we have achieved following agreements: 
Work on the scenarios of failure in S-CPAC. The optimization of non-failure scenarios (e.g., near failure and ping-pong) is not excluded.
MRO for CHO with candidate SCG failure and near failure cases.
RAN3 focuses on NR-DC for MRO for CHO with candidate SCG in R19.
R19 SON/MDT solution discussion is based on R18 work.
In this paper, we would further discuss the details of MRO for subsequent CPAC and CHO with candidate SCGs.
2	Discussion
2.1 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 initiated inter-SN subsequent CPAC;
-	SN initiated intra-SN subsequent CPAC;
-	SN initiated inter-SN subsequent CPAC.
Proposal 1: In R19, the following cases should be supported for MRO for subsequent CPAC: 
· MN initiated inter-SN subsequent CPAC;
· SN initiated intra-SN subsequent CPAC;
· SN initiated inter-SN subsequent CPAC.
2.1.1 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 2: 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 [1]. 
For subsequent CPAC, similariy, Too Late subsequent CPAC Execution, Too Early subsequent CPAC Execution, and subsequent CPAC Execution to wrong PSCell should also be defined. Compared with a legacy CPAC procedure wherein only one CPAC execution is performed, a subsequent CPAC procedure may be composed of initial CPAC execution phase and at least one following subsequent CPC execution phase, an SCG failure may occur during initial CPAC execution phase and at least one following subsequent CPC execution phase, it is better to clafiry this difference in stage 2 definition. We propose to have failure type definition of Too Late subsequent CPAC Execution, Too Early subsequent CPAC Execution, and subsequent CPAC Execution to wrong PSCell 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: 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: 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 3: 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 next meetings.
On the other hand, MRO analysis and optimisation for CPAC can be taken as baseline for a subsequent CPAC procedure.
Proposal 4: MRO mechanism for CPAC can be taken as baseline for subsequent CPAC.
2.1.2 MRO for near failure in a subsequent CPAC procedure
In R18, SPR is introduced to detect sub-optimal successful PSCell addition or PSCell change or CPAC, RAN2 specified that 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.
A near-failure successful CPAC execution may occur during initial CPAC execution phase or at least one following subsequent CPC execution phase. Last RAN3 meeting agreed that the optimization of non-failure scenarios (e.g., near failure and ping-pong) is not excluded, some companies concerned that the near failure report may have heavy impacts on specifications during offline discussion. It is up to RAN2 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. We can wait for RAN2’ progress.
2.2 MRO for CHO with candidate SCGs
When only a configuration of CHO with candidate SCG(s) is configured to the UE, the UE does not execute PCell change with PSCell addition/change until the execution conditions for both the candidate PCell and the associated candidate PSCell are met. In order to avoid the case that CHO with candidate SCG(s) can’t be executed due to either the CHO execution condition for candidate PCell or the CPAC execution condition for associated candidate PSCell or both are not met, R18 specified a complementary way that network may also configure at least one of a configuration of R16 CHO and a configuration of R17 CHO with SCG, together with the configuration of CHO with candidate SCG(s). In such a way, 
· If at least one candidate PCell satisfies the corresponding execution condition and the associated candidate PSCell satisfies the corresponding execution condition, CHO with candidate SCGs is performed, e.g. the UE detaches from the source MN, applies the stored corresponding configuration for that selected candidate PCell and the associated candidate PSCell.
· Else, if at least one candidate PCell satisfies the corresponding execution condition, and a target PSCell associated to this candidate PCell is configured to the UE, legacy R17 CHO with SCG is performed, e.g. the UE detaches from the source MN, applies the stored corresponding configuration for that selected candidate PCell and the associated target PSCell.
· Else, if at least one candidate PCell satisfies the corresponding execution condition and there is no associated candidate PSCell or there is no associated target PSCell, legacy R16 CHO is performed, e.g. the UE detaches from the source MN, applies the stored corresponding configuration for that selected candidate PCell.
In R19, when we discuss MRO for a failure or near-failure case in CHO with candidate SCG(s), the following cases should be considered:
· Case 1: CHO with candidate SCGs is performed, when only a configuration of CHO with candidate SCGs is configured, or a configuration of CHO with candidate SCGs and at least one of a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured;
· Case 2: legacy R17 CHO with SCG is performed, when a configuration of CHO with candidate SCGs and a configuration of legacy R17 CHO with SCG are configured, or, when a configuration of CHO with candidate SCGs, a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured;
· Case 3: legacy R16 CHO is performed, when a configuration of CHO with candidate SCGs and a configuration of legacy R16 CHO are configured, or, when a configuration of CHO with candidate SCGs, a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured.
Proposal 5: In R19, the following cases should be considered for MRO for CHO with candidate SCGs:
· CHO with candidate SCGs is performed, when only a configuration of CHO with candidate SCGs is configured, or a configuration of CHO with candidate SCGs and at least one of a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured;
· legacy R17 CHO with SCG is performed, when a configuration of CHO with candidate SCGs and a configuration of legacy R17 CHO with SCG are configured, or, when a configuration of CHO with candidate SCGs, a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured;
· legacy R16 CHO is performed, when a configuration of CHO with candidate SCGs and a configuration of legacy R16 CHO are configured, or, when a configuration of CHO with candidate SCGs, a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured.
2.2.1 MRO for connection failure in a CHO with candidate SCGs
In above Case 1 or Case 2, MCG failure (e.g. HOF or RLF) and/or SCG failure may occur. In above Case 3, HOF or RLF may occur. For any MCG failure (e.g. HOF or RLF), RLF report can be enhanced for the case that a connection failure occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed or when legacy R16 CHO is performed. Also, for any SCG failure case, SCG Failure Information message can be enhanced for the case that a connection failure occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
Proposal 6: RLF report is enhanced for the case that an MCG failure (e.g. HOF or RLF) occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed or when legacy R16 CHO is performed.
Proposal 7: SCG Failure Information message is enhanced for the case that an SCG failure occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
In Case 1, CHO with candidate SCGs is performed, it shows that CHO execution condition of a candidate PCell is fulfilled and corresponding CPAC execution condition of the associated candidate PSCell is fulfilled. 
In Case 2 or Case 3, CHO with candidate SCGs is not performed, it indicates that:
· CHO execution condition of a candidate PCell is fulfilled but CPAC execution condition of the associated candidate PSCell is not fulfilled; or, 
· CHO execution condition of a candidate PCell is not fulfilled but CPAC execution condition of the associated candidate PSCell is fulfilled; or, 
· neither CHO execution condition of a candidate PCell is fulfilled nor CPAC execution condition of the associated candidate PSCell is fulfilled.
When an MCG failure (e.g. HOF or RLF) and/or an SCG failure happens, to help network know whether/how to modify the configuration for the CHO with candidate SCGs procedure (e.g. optimize the CHO execution condition, CPAC execution condition, the list of CHO candidate PCell(s), or the list of CPAC candidate PSCell(s)), the type of the first fulfilled execution condition if any (e.g. CHO execution condition or CPAC execution condition) can be stored or reported by the UE in RLF report or SCG Failure Information message, additionally, time duration between two fulfilled execution conditions if any (e.g. the time elapsed between CHO execution condition is fulfilled and the associated CPAC execution condition is fulfilled) can be stored or reported by the UE in RLF report or SCG Failure Information message. If RAN3 agrees these parameters are beneficial for MRO, RAN3 can send an LS to RAN2 for further confirmation. 
Proposal 8: The type of the first fulfilled execution condition (e.g. CHO execution condition or CPAC execution condition) if any, and time duration between two fulfilled execution conditions if any, can be stored or reported by the UE in RLF report or SCG Failure Information message.
2.2.2 MRO for near failure in a CHO with candidate SCGs
A near-failure successful PCell change and/or a near-failure successful PSCell addition or PSCell change may happen in above Cases. For example, in Case 1, CHO execution and/or CPAC execution may be near-failure successful executions; in Case 2, a near-failure successful CHO execution and/or a near failure successful PSCell addition/PSCell change may happen; in Case 3, a near-failure successful CHO execution may occur. 
For any sub-optimal successful CHO execution, R16 SHR can be enhanced when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed or when legacy R16 CHO is performed. For any sub-optimal successful successful PSCell addition or PSCell change or CPAC, R16 SHR can be enhanced when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
Proposal 9: SHR is enhanced for the case that a sub-optimal successful CHO occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed or when legacy R16 CHO is performed.
Proposal 10: SPR is enhanced for the case that a sub-optimal successful PSCell addition/change or CPAC occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
Similar as failure case, to help network know whether/how to modify the configuration for the CHO with candidate SCGs procedure, the type of the first fulfilled execution condition (e.g. CHO execution condition or CPAC execution condition) can be stored or reported by the UE in SHR or SPR, additionally, time duration between two fulfilled execution conditions (e.g. the time elapsed between CHO execution condition is fulfilled and the associated CPAC execution condition is fulfilled) can be stored or reported by the UE in SHR or SPR. If RAN3 agrees these parameters are beneficial for MRO, RAN3 can send an LS to RAN2 for further confirmation.
Proposal 11: The type of the first fulfilled execution condition (e.g. CHO execution condition or CPAC execution condition) and time duration between two fulfilled execution conditions can be stored or reported by the UE in SHR or SPR.
3	Conclusion
In this paper, the details of MRO for subsequent CPAC and CHO with candidate SCGs are discussed. We have the following proposals:
MRO for subsequent CPAC
Proposal 1: In R19, the following cases should be supported for MRO for subsequent CPAC: 
· MN initiated inter-SN subsequent CPAC;
· SN initiated intra-SN subsequent CPAC;
· SN initiated inter-SN subsequent CPAC.
Proposal 2: 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 3: 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 4: MRO mechanism for CPAC can be taken as baseline for subsequent CPAC.
MRO for CHO with candidate SCGs
Proposal 5: In R19, the following cases should be considered for MRO for CHO with candidate SCGs:
· CHO with candidate SCGs is performed, when only a configuration of CHO with candidate SCGs is configured, or a configuration of CHO with candidate SCGs and at least one of a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured;
· legacy R17 CHO with SCG is performed, when a configuration of CHO with candidate SCGs and a configuration of legacy R17 CHO with SCG are configured, or, when a configuration of CHO with candidate SCGs, a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured;
· legacy R16 CHO is performed, when a configuration of CHO with candidate SCGs and a configuration of legacy R16 CHO are configured, or, when a configuration of CHO with candidate SCGs, a configuration of legacy R16 CHO and a configuration of legacy R17 CHO with SCG are configured.
Proposal 6: RLF report is enhanced for the case that an MCG failure (e.g. HOF or RLF) occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed or when legacy R16 CHO is performed.
Proposal 7: SCG Failure Information message is enhanced for the case that an SCG failure occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
Proposal 8: The type of the first fulfilled execution condition (e.g. CHO execution condition or CPAC execution condition) if any, and time duration between two fulfilled execution conditions if any, can be stored or reported by the UE in RLF report or SCG Failure Information message.
Proposal 9: SHR is enhanced for the case that a sub-optimal successful CHO occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed or when legacy R16 CHO is performed.
Proposal 10: SPR is enhanced for the case that a sub-optimal successful PSCell addition/change or CPAC occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
Proposal 11: The type of the first fulfilled execution condition (e.g. CHO execution condition or CPAC execution condition) and time duration between two fulfilled execution conditions can be stored or reported by the UE in SHR or SPR.
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