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1	Introduction
It was agreed to support MRO for CHO with candidate SCGs 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 CHO with candidate SCGs.
2	Discussion
[bookmark: _Hlk134102519]In R18, CHO with candidate SCG(s) is supported, and it is not supported for NE-DC and NGEN-DC. CHO with candidate SCG(s) is defined as a PCell change with PSCell addition/change that is executed by the UE when the execution conditions for both candidate PCell and the associated candidate PSCell are met. 
Since when only CHO with candidate SCG(s) is configured, the UE does not execute CHO with candidate SCG(s) until the execution conditions for both the candidate PCell and the associated candidate PSCell are met. In a complementary way, network may also configure at least one of legacy R16 CHO and legacy R17 CHO with SCG. 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 CHO with candidate SCG(s), the following cases should be considered:
· Case 1: CHO with candidate SCGs is performed, when only CHO with candidate SCGs is configured, or CHO with candidate SCGs and at least one of legacy R16 CHO and legacy R17 CHO with SCG are configured;
· Case 2: legacy R17 CHO with SCG is performed, when CHO with candidate SCGs and legacy R17 CHO with SCG are configured, or, when CHO with candidate SCGs, legacy R16 CHO and legacy R17 CHO with SCG are configured;
· Case 3: legacy R16 CHO is performed, when CHO with candidate SCGs and legacy R16 CHO are configured, or, when CHO with candidate SCGs, legacy R16 CHO and legacy R17 CHO with SCG are configured.
Proposal 1: In R19, the following cases should be considered for MRO for CHO with candidate SCGs:
· CHO with candidate SCGs is performed, when only CHO with candidate SCGs is configured, or CHO with candidate SCGs and at least one of legacy R16 CHO and legacy R17 CHO with SCG are configured;
· legacy R17 CHO with SCG is performed, when CHO with candidate SCGs and legacy R17 CHO with SCG are configured, or, when CHO with candidate SCGs, legacy R16 CHO and legacy R17 CHO with SCG are configured;
· legacy R16 CHO is performed, when CHO with candidate SCGs and legacy R16 CHO are configured, or, when CHO with candidate SCGs, legacy R16 CHO and legacy R17 CHO with SCG are configured.
In general, MCG failure (e.g. HOF or RLF) and/or SCG failure may happen in above three Cases, for example, in Case 1, connection failure(s) may happen as below: 
· CHO execution fails or an RLF occurs shortly after a successful CHO execution; and/or, 
· CPAC execution fails or an SCG failure occurs shortly after a successful CPAC execution.
On the other hand, a near-failure successful PCell change and/or a near-failure successful PSCell addition or PSCell change may happen, for example, in Case 1, near-failure(s) may happen as below: 
· sub-optimal successful CHO execution occurs; and/or,
· sub-optimal successful CPAC execution occurs.
Both connection failure(s) and near-failure(s) should be considered for MRO for CHO with candidate SCGs.
Proposal 2: In R19, both connection failure(s) and near-failure(s) should be considered for MRO for CHO with candidate SCGs.
In R18, CHO with candidate SCG(s) is supported for NR-DC and EN-DC, PCell change and optional PSCell change may be performed in above cases as listed in Proposal 1, however currently SPR or SCG Failure Information procedure can only be supported in NR-DC scenario, therefore, in R19 we should only consider MRO for CHO with candidate SCG(s) in NR-DC scenario.
Proposal 3: Only consider MRO for CHO with candidate SCG(s) in NR-DC scenario in R19. 
2.1 MRO for failure case 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 case, 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 4: 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 5: 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 a connection 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) may 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) may be stored or reported by the UE in RLF report or SCG Failure Information message.
Proposal 6: 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, may be stored or reported by the UE in RLF report or SCG Failure Information message.
2.2 MRO for near-failure case 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 7: 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 8: SPR is enhanced for the case that a sub-optimal successful PSCell addition or PSCell change or CPAC occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
For legacy SHR or SPR, T310/T312/T304 related trigger threshold is configured by network to trigger SHR or SPR storing or generating at UE side. It seems that there is no issue to reuse legacy SHR or SPR trigger threshold. 
When CHO with candidate SCGs is performed, both CHO execution condition of the target PCell and corresponding CPAC execution condition of the associated target PSCell are fulfilled, there is a possibility that the time duration between the fulfilment of CHO execution condition and the fulfilment of CPAC execution condition is higher than a threshold, which may cause a near-failure successful CHO with candidate SCGs. Therefore, besides legacy T310/T312/T304 related trigger threshold, RAN2 consider to introduce new trigger condition(s) for SHR or SPR for a CHO with candidate SCGs, e.g. a threshold related to time duration between fulfilment of CHO execution condition configured for the target PCell and fulfilment of CPAC execution condition configured for the associated target PSCell. When the time duration between fulfilment of CHO execution condition configured for the target PCell and fulfilment of CPAC execution condition configured for the associated target PSCell is higher than the threshold, SHR and SPR may be generated by the UE.
Proposal 9: RAN2 consider to introduce new trigger condition(s) for SHR or SPR for a CHO with candidate SCGs, e.g. a threshold related to time duration between fulfilment of CHO execution condition configured for the target PCell and fulfilment of CPAC execution condition configured for the associated target PSCell.
No matter what is the trigger condition(s) for SHR or SPR for a CHO with candidate SCGs, 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) may 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) may be stored or reported by the UE in SHR or SPR.
Proposal 10: 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 may be stored or reported by the UE in SHR or SPR.
3	Conclusion
In this contribution, the details of MRO for CHO with candidate SCGs are discussed. We have the following proposals:
Proposal 1: In R19, the following cases should be considered for MRO for CHO with candidate SCGs:
· CHO with candidate SCGs is performed, when only CHO with candidate SCGs is configured, or CHO with candidate SCGs and at least one of legacy R16 CHO and legacy R17 CHO with SCG are configured;
· legacy R17 CHO with SCG is performed, when CHO with candidate SCGs and legacy R17 CHO with SCG are configured, or, when CHO with candidate SCGs, legacy R16 CHO and legacy R17 CHO with SCG are configured;
· legacy R16 CHO is performed, when CHO with candidate SCGs and legacy R16 CHO are configured, or, when CHO with candidate SCGs, legacy R16 CHO and legacy R17 CHO with SCG are configured.
Proposal 2: In R19, both connection failure(s) and near-failure(s) should be considered for MRO for CHO with candidate SCGs.
Proposal 3: Only consider MRO for CHO with candidate SCG(s) in NR-DC scenario in R19. 
Proposal 4: 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 5: 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 6: 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, may be stored or reported by the UE in RLF report or SCG Failure Information message.
Proposal 7: 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 8: SPR is enhanced for the case that a sub-optimal successful PSCell addition or PSCell change or CPAC occurs when CHO with candidate SCGs is performed or when legacy R17 CHO with SCG is performed.
Proposal 9: RAN2 consider to introduce new trigger condition(s) for SHR or SPR for a CHO with candidate SCGs, e.g. a threshold related to time duration between fulfilment of CHO execution condition configured for the target PCell and fulfilment of CPAC execution condition configured for the associated target PSCell.
Proposal 10: 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 may be stored or reported by the UE in SHR or SPR.
Reference
[1] RP-234038, New WID: Data collection for SON (Self-Organising Networks)/MDT (Minimization of Drive Tests) in NR standalone and MR-DC (Multi-Radio Dual Connectivity) Phase 4, CMCC
