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1. Introduction 
In this paper, we discuss potential MRO enhancements for R18 mobility mechanisms for the following objective in Rel-19 SON/MDT WI.

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]
2. Discussion
2.1 MRO for LTM

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. The LTM procedure is shown below:



Similar to MRO scenarios defined for L3 HO (including CHO) so far, we think there can be similar scenarios supported for LTM as described below:

· Too late MCG LTM: UE has received an MCG LTM configuration. An RLF occurs on serving cell before the MCG LTM execution has happened. The UE attempts to re-establish the radio link connection in a different cell. 

· Too early MCG LTM: UE has received an MCG LTM configuration. An RLF occurs on target cell shortly after a successful MCG LTM execution, or a failure occurs during the MCG LTM execution procedure. The UE attempts to re-establish the radio link connection in the source cell

· MCG LTM to wrong cell: UE has received an MCG LTM configuration.  An RLF occurs shortly after a successful MCG LTM to target cell, or a failure occurs during the MCG LTM execution procedure. The UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell. 

Here the “MCG” LTM configuration refers to an LTM configuration received for the PCell.

Proposal 1: RAN3 should consider the following scenarios as part of MRO for MCG LTM
· Too late MCG LTM
· Too early MCG LTM
· MCG LTM to wrong cell

Further, MRO is supported for PCell change and PSCell change for L3 mobility in current specifications. Rel-18 supports LTM for MCG and LTM for SCG. Therefore, we should also look to support MRO for SCG LTM as well.

· Too late SCG LTM: UE has received an SCG LTM configuration. An SCG failure occurs on serving cell before the SCG LTM execution has happened. A suitable different PSCell is found based on the measurements reported from the UE.

· Too early SCG LTM: UE has received an SCG LTM configuration. An SCG failure occurs on target cell shortly after a successful SCG LTM execution, or a failure occurs during the SCG LTM execution procedure. Source PSCell is still the suitable PSCell based on the measurements reported from the UE.

· SCG LTM to wrong cell: UE has received an LTM configuration.  An SCG failure occurs shortly after a successful SCG LTM execution, or a failure occurs during the SCG LTM execution procedure. a suitable PSCell different with source PSCell or target PSCell is found based on the measurements reported from the UE.

Here the “SCG” LTM configuration refers to an LTM configuration received for the PSCell.

Proposal 2: RAN3 should consider the following scenarios as part of MRO for SCG LTM
· Too late SCG LTM
· Too early SCG LTM
· SCG LTM to wrong cell

Once the scenarios in P1 and P2 are agreed, RAN3 can then discuss how to optimize the LTM candidate cells, LTM execution conditions, timing of LTM command w.r.t LTM configuration for both MCG LTM and SCG LTM cases and whether any information is needed from UE or exchanged over Xn/F1 to support these scenarios.

Proposal 3: RAN3 should identify the information exchange needed (over Xn/F1/Uu) to optimize the LTM candidate cells and LTM execution conditions for both MCG LTM and SCG LTM cases.

Further, LTM supports both RACH-based and RACH-less mobility. RAN3 should therefore discuss how to optimize both RACH-based LTM and RACH-less LTM and how to distinguish the two scenarios.

Proposal 4: RAN3 should discuss how to optimize RACH-based LTM and RACH-less LTM and how to distinguish the two scenarios.

A UE supporting LTM might undergo both LTM and normal L3 HO scenarios depending on the gNB implementation. It might be useful to know whether (e.g., from the MHR or UHI) whether the UE’s visited cells were due to LTM or L3 HO.

Proposal 5: RAN3 should discuss how to enable the gNB to know that the visited cells reported in UHI/MHR were due to LTM or L3 HO.

Also, consider a scenario in which a UE is configured with both CHO and MCG LTM (or CPAC and SCG LTM). In such cases, if UE encountered an RLF or SCG failure, then RAN3 need to discuss how to optimize such a scenario. 

Proposal 6: RAN3 should discuss scenarios when a UE is configured with both LTM and CHO/CPAC and identify if any information exchange (over Xn/F1/Uu) is to be specified to support this coexistence scenario and corresponding failure recovery scenarios.

2.2 MRO for Subsequent CPAC (S-CPAC)
A subsequent CPAC 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.
The S-CPAC configuration contains candidate SCG configuration(s) of candidate PSCell(s), execution conditions, and may contain the MCG configuration (to be applied when subsequent CPAC execution is triggered), the reference configuration and the security update configuration.
In Rel-18, the following scenarios are supported:
· Inter-SN subsequent CPAC (MN-initiated)
· Inter-SN subsequent CPAC (SN-initiated)
· Intra-SN subsequent CPAC (SN-initiated)

After the last CPC/CPA execution, SCG Failure occurs as the execution condition for subsequent CPA/CPC does not meet; measurements shows that appropriate cell was not configured for subsequent CPA/CPC. 
Consider a scenario as shown in Figure 1, where a UE is configured with a S-CPAC configuration (i.e., a sequence of candidate PSCells A0/A1/A2, B1/B2/B3/B4). 
Suppose UE completed a successful S-CPAC execution from A0 to A1. While UE is connected to A1, an SCG Failure occurs; measurements shows that appropriate candidate PSCell was not configured for A1 and that B3 is the strongest candidate PSCell (which was configured as a candidate but not for A1). So this resulted in a wrong formulation of the candidate PSCells in the S-CPAC configuration.
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Figure 1
We therefore think RAN3 should discuss how to optimize the S-CPAC configuration (e.g., to optimize sequence of candidate PSCells)
Proposal 7: RAN3 should discuss how to optimize the S-CPAC configuration (e.g., to optimize sequence of candidate PSCells)
2.3 MRO for CHO with SN
Rel-18 specified CHO with SN procedure for EN-DC and MR-DC as captured in TS 37.340. This procedure includes the cases where the SN is kept, changed or added.  If the SN is kept, the UE context at the SN is kept. If the SN is changed, the UE context at the source SN is moved to the target SN. 
Building on the MRO for CHO and CPAC scenarios defined in Rel-17 and Rel-18, we think RAN3 should consider these scenarios as well to see if MRO needs to be enhanced. We therefore make the following proposal:
Proposal 8: RAN3 should discuss potential MRO enhancements for the following scenarios in EN-DC and NR-DC:
· CHO without SN change
· CHO with SN change
· CHO with SN addition
Further, CHO with candidate SCG(s) is specified for NR-DC and the following is captured in 37.340:
· A 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. 
· The UE starts evaluating the execution conditions for candidate PCell(s) and candidate PSCell(s) simultaneously upon receiving the CHO with candidate SCG(s) configuration and stops evaluating the execution conditions once a PCell change or a PSCell change is triggered. 
· 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
CHO with candidate SCG(s) was specified only for MR-DC with 5GC and is not supported for NE-DC and (NG)EN-DC. So, it is only supported for NR-DC. We therefore make the following proposal:
Proposal 9: RAN3 should discuss potential MRO enhancements for CHO with candidate SCG in NR-DC.

Further in case of CHO with candidate SCG(s), the source MN can provide multiple CHO configurations for the same candidate PCell (i.e. without the SCG configuration or with the SCG configuration of different candidate PSCell).
Further the following is captured in 37.340:
If at least one candidate PCell satisfies the corresponding execution condition and the associated candidate PSCell satisfies the corresponding execution condition, the UE detaches from the source MN, applies the stored corresponding configuration for that selected candidate PCell and the associated candidate PSCell, synchronises to that candidate PCell, and completes the RRC handover procedure by sending RRC reconfiguration complete* message to the target MN. 
Else if at least one candidate PCell satisfies the corresponding execution condition and there is no associated execution condition for a candidate PSCell, the UE detaches from the source MN, applies the stored corresponding configuration for that selected candidate PCell and, if included, the associated PSCell, synchronises to that candidate PCell and completes the RRC handover procedure by sending RRC reconfiguration complete* message to the target MN.
But for simplicity, we start with a scenario where a UE with provided with only 1 CHO configuration (just the CHO with candidate SCG configuration) and not a CHO-only configuration for the candidate PCells. 
The CHO with candidate SCG execution might fail because of the following reasons:
· No candidate PCell satisfies the execution condition. RLF occurs in serving PCell before the CHO execution.
· Candidate PCell satisfies the execution condition but the associated candidate PSCell doesn’t satisfy the corresponding execution condition.
Proposal 10: RAN3 should discuss the following sub-cases regarding a CHO with candidate SCG execution failure:
· Case 1: No candidate PCell satisfies the execution condition. RLF occurs in serving PCell before the CHO execution.
· Case 2: Candidate PCell satisfies the execution condition but the associated candidate PSCell doesn’t satisfy the corresponding execution condition.
Further, RAN3 can discuss scenarios where CHO with candidate SCG is successfully executed, but RLF or SCG failure shortly (similar to Too early or wrong cell)
Proposal 11: RAN3 can discuss scenarios where CHO with candidate SCG is successfully executed, but there is an RLF or SCG failure shortly 
3. Conclusion

MRO for LTM

Proposal 1: RAN3 should consider the following scenarios as part of MRO for MCG LTM
· Too late MCG LTM
· Too early MCG LTM
· MCG LTM to wrong cell

Proposal 2: RAN3 should consider the following scenarios as part of MRO for SCG LTM
· Too late SCG LTM
· Too early SCG LTM
· SCG LTM to wrong cell

Proposal 3: RAN3 should identify the information exchange needed (over Xn/F1/Uu) to optimize the LTM candidate cells and LTM execution conditions for both MCG LTM and SCG LTM cases.

Proposal 4: RAN3 should discuss how to optimize RACH-based LTM and RACH-less LTM and how to distinguish the two scenarios.

Proposal 5: RAN3 should discuss how to enable the gNB to know that the visited cells reported in UHI/MHR were due to LTM or L3 HO.

Proposal 6: RAN3 should discuss scenarios when a UE is configured with both LTM and CHO/CPAC and identify if any information exchange (over Xn/F1/Uu) is to be specified to support this coexistence scenario and corresponding failure recovery scenarios.

MRO for Subsequent CPAC (S-CPAC)
Proposal 7: RAN3 should discuss how to optimize the S-CPAC configuration (e.g., to optimize sequence of candidate PSCells)
MRO for CHO with SN
Proposal 8: RAN3 should discuss potential MRO enhancements for the following scenarios in EN-DC and NR-DC:
· CHO without SN change
· CHO with SN change
· CHO with SN addition
Proposal 9: RAN3 should discuss potential MRO enhancements for CHO with candidate SCG in NR-DC.
Proposal 10: RAN3 should discuss the following sub-cases regarding a CHO with candidate SCG execution failure:
· Case 1: No candidate PCell satisfies the execution condition. RLF occurs in serving PCell before the CHO execution.
· Case 2: Candidate PCell satisfies the execution condition but the associated candidate PSCell doesn’t satisfy the corresponding execution condition.
Proposal 11: RAN3 can discuss scenarios where CHO with candidate SCG is successfully executed, but there is an RLF or SCG failure shortly.
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