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According to the WID for Rel-19 SON/MDT [1], one objective is to specify MRO enhancement for R18 mobility mechanisms as follows: 
	[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 contribution, we will provide our initial analyses on this topic.
Discussion
MRO enhancement for LTM
According to [2], the procedure for LTM can be split into 4 parts as follows:
1.	LTM preparation: The UE sends a MeasurementReport message to the gNB. The gNB decides to configure LTM and initiates LTM preparation. The gNB transmits an RRCReconfiguration message to the UE including the LTM candidate configurations. The UE stores the LTM candidate configurations and transmits an RRCReconfigurationComplete message to the gNB.
2.	Early sync: The UE performs DL synchronization with the candidate cell(s) before receiving the cell switch command. When UE-based TA measurement is configured, UE acquires the TA value(s) of the candidate cell(s) by measurement. UE performs early TA acquisition with the candidate cell(s) as requested by the network. The UE does not maintain the TA timer for the candidate cell and relies on network implementation to guarantee the TA validity.
3.	LTM execution: The UE performs L1 measurements on the configured candidate cell(s) and transmits L1 measurement reports to the gNB. The gNB decides to execute cell switch to a target cell and transmits a MAC CE triggering cell switch by including the candidate configuration index of the target cell. The UE switches to the target cell and applies the configuration indicated by candidate configuration index. The UE performs the random access procedure towards the target cell, if UE does not have valid TA of the target cell.
4.	LTM completion: The UE completes the LTM cell switch procedure by sending RRCReconfigurationComplete message to target cell. If the UE has performed a RA procedure during LTM execution, the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed. For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data.
The potential issues during LTM may happen due to non-optimal configuration/decision.
Case 1: Unintended events
Similar to L3-based HO, unintended events may happen due to non-optimal handover decisions. The unintended events include:
•	Intra-system Too Late Handover: A radio link failure (RLF) occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
•	Intra-system Too Early Handover: An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
•	Intra-system Handover to Wrong Cell: An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell. 
Based on our understanding, the causes of the above events include:
- Cause 1: Non-optimal candidate cell configuration. During LTM preparation, the source gNB may configure a list of candidate cells, which does not include the cell that UE attempts to re-establish when RLF/HOF occurs. In this scenario, the source gNB may have the intention to optimize the configuration of candidate cells. The UE should provide the L1 measurement results of serving/neighbour cells upon RLF/HOF to the gNB for reference.
Cause 2: Unsuitable target cell selection. During LTM execution, the source gNB could determine the target cell based on the L1 measurement from UE. However, the cell quality status may change when UE connects to the target cell, leading to too-early-HO/ HO to wrong cell. In this case, the UE should also provide the L1 measurement results of serving/neighbour cells upon RLF/HOF to the gNB for reference.
However, recording the L1 measurement result may require extra UE effort/ storage. Therefore, RAN2 should further discuss the conditions for UE to record L1 measurement.
Proposal 1: To assist the network in optimizing the LTM candidate cell configuration and/or LTM handover decision, the UE may record the L1 measurements of the last serving cell and neighbour cells in the RLF report.
Proposal 2: RAN2 should further discuss the conditions for UE to record L1 measurements in the RLF report.
Case 2: Fail to sync with target cell
If RACH-less HO is configured in LTM preparation, i.e., NW enables the UE to perform UE-based TA measurements towards the target cell, the UE could skip the random access procedure towards the target cell during LTM execution. However, if the signal of the target cell is unstable or UE is in NLOS status, the UE measurement-based TA may be invalid and may fail to complete the LTM procedure.
In this case, the UE should indicate the cause in the RLF, e.g., UE-based TA measurements. With this information, the source gNB may disable the UE-based TA measurements towards the candidate cell.
Proposal 3: To assist the network in optimizing the RACH-less configuration, a new cause/ indication (e.g., UE-based TA measurements) can be introduced in the RLF report.
MRO enhancement for CHO with candidate SCG(s)
CHO with candidate SCG(s) is supported in Rel-18 mobility. According to TS 37.340 [3], the general procedure for UE is as follows:
Step 1: UE receives CHO with candidate SCG(s) configuration from the NW;
Step 2: UE starts evaluating conditions for both candidate PCell and the associated candidate PSCell simultaneously;
Step 3: UE executes PCell change with PSCell addition/change if the execution conditions for both candidate PCell and the associated candidate PSCell are met;
Step 4: UE stops evaluating the execution conditions.
Next, we will discuss what problems need to be detected and corrected by the NW for CHO with candidate SCG(s) procedure. We will discuss this in two cases as follows:
· Case 1: PCell change with PSCell addition/change is executed successfully;
· Case 2: PCell change with PSCell addition/change is not executed and MCG/SCG failure occurs.
Case 1: PCell change with PSCell addition/change is executed successfully
From the NW perspective, the NW expects T1 and T2 to be as close as possible, where T1 is the time when PCell's execution condition is satisfied and T2 is the time when the associate PSCell’s execution condition is satisfied. So if PCell changes with PSCell addition/change is successfully executed but if the time difference between T1 and T2 is large, the NW needs to know that situation, UE should report some information to assist the NW in optimizing the configuration.
Proposal 4: UE should report information to assist the NW in detecting and correcting the following problem:
· The time difference between T1 and T2 is large, where T1 is the time when PCell's execution condition is fulfilled and T2 is the time when the associate PSCell’s execution condition is fulfilled.
Case 2: PCell change with PSCell addition/change is not executed and MCG/SCG failure occurs
Considering that UE cannot execute CHO with candidate SCG(s) until the execution conditions for both the candidate PCell and the associated candidate PSCell are met. Unreasonable conditional configuration of PCells or PSCells may result in MCG/SCG failure due to UE not executing CHO with candidate SCG(s) if only PCell’s execution condition is fulfilled or only associate PSCell’s execution condition is fulfilled. So UE should report some information to let the NW know about this situation and assist the NW in optimizing the configuration of PCell or PSCell.
Proposal 5: UE should report information to assist the NW in detecting and correcting the following problem:
· Only PCell’s execution condition is fulfilled or only associate PSCell’s execution condition is fulfilled when MCG/SCG failure occurs.
[bookmark: _Toc502437832][bookmark: _GoBack]Conclusions
This contribution will discuss the MRO enhancement for Rel-18 mobility features and give the following proposals. 
LTM
Proposal 1: To assist the network in optimizing the LTM candidate cell configuration and/or LTM handover decision, the UE may record the L1 measurements of the last serving cell and neighbour cells in the RLF report.
Proposal 2: RAN2 should further discuss the conditions for UE to record L1 measurements in the RLF report.
Proposal 3: To assist the network in optimizing the RACH-less configuration, a new cause/ indication (e.g., UE-based TA measurements) can be introduced in the RLF report.
CHO with candidate SCG
Proposal 4: UE should report information to assist the NW in detecting and correcting the following problem:
· The time difference between T1 and T2 is large, where T1 is the time when PCell's execution condition is fulfilled and T2 is the time when the associate PSCell’s execution condition is fulfilled.
Proposal 5: UE should report information to assist the NW in detecting and correcting the following problem:
· Only PCell’s execution condition is fulfilled or only associate PSCell’s execution condition is fulfilled when MCG/SCG failure occurs.
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