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Introduction
In RAN2#125bis meeting, it was agreed to consider the following scenarios for MCG LTM MRO at least: 
RAN2 considers SHR, RA report and RLF for MCG LTM SON.
RAN2 will start work on MCG LTM.
For the RLF for MCG LTM SON, three kinds of failure types were agreed below:
-	Too late LTM
-	Too early LTM
-	LTM to wrong cell 
In this paper, we prefer to discuss more scenarios and related potential enhancements for MCG LTM SON enhancements.
Discussion
MCG LTM RLF report
In last meeting, cases a, b and c as illustrated in figure 1 for all the too late LTM, too early LTM and LTM to wrong cell were agreed for further study. For case d, the UE detects the second RLF in the LTM recovery cell after the first connection failure during the same LTM procedure. This was discussed but there is no conclusion for the solutions.

	


Fig 1 cases after first failure in LTM procedure
During CHO RLF report discussions, the similar issue was mentioned. There were some solutions during the discussion for CHO RLF report enhancement. In option 1, the UE can decide whether the two failures occur during the same CHO procedure based on the time information. The possible solution is that the UE is configured with one time threshold, which can be configured by the network or implemented by default. If the time between two failures is below the threshold, the UE can store the second RLF related information into the existing RLF report variable. Otherwise, the UE overwrites the first RLF related information with the second one into the variable. The challenge in option 1 is the value configuration of the threshold. If the threshold is unsuitable, it will mislead the UE to perform the wrong decision. The option 2 is that when the UE detects the second RLF, it directly clears the first RLF related information from the variable if existing and stores the second one. This is also captured into the R17 specification. 
To avoid the reopening of the similar issue in LTM, it is preferred to apply the principle in CHO RLF report enhancement. Based on the above discussion, it is desirable to have the following UE behaviours:
Proposal 1: For successive failure cases in MCG LTM:
· if the second failure type is HOF, the UE stores the first failure related information and the LTM candidate cell info into the existing RLF report;
· if the second failure type is RLF, the UE stores the second RLF related information into the RLF report and overwrites the previous RLF report if existing;
With the above in mind, we give more considerations on the potential enhancements for the MCG LTM failure report.
Too late LTM
For too late LTM, the RLF is detected in the source LTM after the reception of LTM configuration. Cases 1a, 1b and 1c were agreed. As showed in the LTM procedure [1] of figure 2, it is an intuitive idea that for too late LTM, the RLF occurs during the step 3 and the step 6.


Fig 2 the LTM procedures
To assist the analysis at network side, the following basic information should be provided in the related RLF report as for too late CHO:
· source cell information
· both L1 and L3measurement results of source cell
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM candidate cell configuration and the RLF in source cell
· Time since the RLF in source cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information 
In addition, there are some special procedures as shown in figure 2, including the steps 4a, 4b and 5. Correspondingly, it is desirable that the UE can provide more detailed information of DL synchronization, UL synchronization and L1 measurement report. For DL synchronization, the UE may provide whether the DL/UL synchronization is successful with the LTM candidate cells. For L1 measurement report related information, it is expected that the UE should include the L1 measurement report if reported. In addition, it is also beneficial for the network to retrieve the time between the reporting of L1 measurement results and the RLF detected in source cell. This can be used for the optimization of the LTM procedure.
Here, we summarize the potential information to be provided for too late LTM and have the observation 1.
Observation 1: The following information is considered for too late LTM:
· source cell information
· both L1 and L3measurement results of source cell
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM candidate cell configuration and the RLF in source cell
· Time since the RLF in source cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information
· the DL synchronization information with the LTM candidate cells
· the UL synchronization information with the LTM candidate cells if configured
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the first failure in the source cell
Too early LTM
For the too early LTM, the HOF/RLF with the LTM target cell occurs during step 6 and step 8. After the HOF/RLF in the LTM target cell, the UE selects the source cell. If the source cell is configured as the LTM candidate cell, the UE performs LTM recovery with the source cell. Otherwise, the UE performs reestablishment procedure with the source cell. As analysed in the too late LTM case, the following information can be considered.
Observation 2: The following information is considered for too early LTM:
· source cell information
· both L1 and L3 measurement results of source cell 
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· the time between the reception of LTM cell switch and the HOF/RLF in LTM target cell
· Time since the HOF/RLF in target cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information, or the indicator whether the LTM recovery is performed with the source cell
· the DL synchronization information with the LTM candidate cells
· the UL synchronization information with the LTM candidate cells if configured
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the reception of the LTM cell switch command
· random access information with the LTM target cell if existing
· target cell information
· both L1 and L3 measurement results of target cell
LTM to wrong cell
For LTM to wrong cell, a third cell different from the source or the LTM target cell is selected after the HOF/RLF in the LTM target cell. Therefore, similar as in too early LTM, the following information can be considered.
Observation 3: The following information is considered for LTM to wrong cell:
· source cell information
· both L1 and L3 measurement results of source cell 
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· the time between the reception of LTM cell switch and the HOF/RLF in LTM target cell
· Time since the HOF/RLF in target cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information
· the DL synchronization information with the LTM candidate cells
· the UL synchronization information with the LTM candidate cells if configured
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the reception of the LTM cell switch command
· random access information with the LTM target cell if existing
· target cell information and both L1 and L3 measurement results
Based on the previous observations, it is noticed that there are lots of information to be reported from UE to network. For some of the aforesaid information, we can directly reuse or enhance the existing fields. For the others related to the special procedures in LTM, new fields should be considered. Here, we try to summarize and classify the above enhancements in the proposals below:
Proposal 2a: To support too late LTM, too early LTM and LTM to wrong cell, the following information should be provided and RAN2 can reuse or enhance the existing fields in RLF report:
· source cell information
· both L1 and L3 measurement results of source cell
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM candidate cell configuration and the RLF in source cell
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· Time between the reception of LTM cell switch and the HOF/RLF in LTM target cell
· Time since the first failure in source/LTM target cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information
· target cell information
· both L1 and L3 measurement results of target cell
· random access information with the LTM target cell
Proposal 2b: To support too late LTM, too early LTM and LTM to wrong cell, the following information should be introduced:
· the DL synchronization information with the LTM candidate cells, e.g., whether DL synchronization is successful
· the UL synchronization information with the LTM candidate cells if configured, e.g., whether UL synchronization is successful
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the first failure in the source cell
· the time between the reporting of L1 measurement results and the reception of the LTM cell switch command
· the indicator whether the LTM recovery is performed with the source cell
MCG LTM SHR 
In the existing mechanisms of SHR and SPR, the main triggering conditions are the T304, T310 and T312 related threshold except the DAPS HO specific one. For the SHR of LTM, the similar consideration can be taken. 
Proposal 3: For LTM SHR, RAN2 takes the T304, T310 and T312 related triggering conditions as baseline.
As indicated in figure 2, there are the early synchronization and L1 measurement reporting steps in the LTM procedure. It is reasonable to apply more SHR triggering conditions which is specific to the LTM. Generally, the UE performs RACH-less LTM with the LTM target cell. This is beneficial to reduce the interruption during the LTM cell switch procedure. To apply the RACH-less LTM, the UE shall have the valid TA. If the TA with the LTM target cell is to be expired, this is kind of near-failure LTM. One of the TA acquisition solutions is that the UE performs UL synchronization with the LTM candidate (target) cell in step 4b by transmitting the preamble(s) and receives the TA in the LTM cell switch command in step 6 which is calculated by the LTM target cell. Based on this TA, the UE completes the LTM cell switch with the LTM target cell in step 8. To assist UE to store the SHR for this case, it is possible to configure a TA time threshold as the triggering condition. Moreover, the introduction of LTM is mainly to reduce the interruption time, especially compared to normal HO and CHO. Therefore, the monitoring of the interruption time for LTM can be considered as the SHR triggering condition.
In addition, the UE reports L1 measurement results in step 5 to the network. If the network responds the LTM cell switch command in step 6 too late. It is possible that the beams reported in the L1 measurement results become worse and are not used for the LTM cell switch with the LTM target cell in step 8. With this in mind, it is desirable to introduce L1 measurement result validation related triggering condition for the UE to store the related LTM SHR.
Proposal 4: For LTM SHR, RAN2 considers the following new triggering conditions:
· TA validation time related triggering condition
· Interruption time related triggering condition
· L1 measurement result validation related triggering condition
For the contents of LTM SHR, we can follow the CHO related principle and capture more LTM specific parameters.
Proposal 5: For LTM SHR content, RAN2 considers the following information:
· Source cell information
· LTM target cell information
· both L1 and L3 measurement results of source cell, LTM target cell and neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· HO type: LTM
· SHR cause, which corresponds to the triggering conditions
· C-RNTI in source and/or target
· random access information with the LTM target cell if existing
· UP interruption time
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· Time since the reception of LTM target cell configuration
· Time between L1 measurement report and the reception of LTM cell switch command or the completion of LTM cell switch with the LTM target cell
Mixed scenarios of LTM and L3 HO
In addition, in Rel-18 LTM, while the UE has stored LTM candidate configurations, the UE can also execute any L3 handover command sent by the network. Therefore, the mixed scenarios of LTM and L3 HO are supported. 
However, taking into consideration the time limitation, we prefer to deprioritize the discussion on the mixed scenarios.
Proposal 6: RAN2 deprioritizes the mixed scenarios of LTM and L3 HO.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discuss potential enhancements on failure and near-failure cases for MCG LTM, and we have the following proposals:
Observation 1: The following information is considered for too late LTM:
· source cell information
· both L1 and L3measurement results of source cell
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM candidate cell configuration and the RLF in source cell
· Time since the RLF in source cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information
· the DL synchronization information with the LTM candidate cells
· the UL synchronization information with the LTM candidate cells if configured
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the first failure in the source cell
Observation 2: The following information is considered for too early LTM:
· source cell information
· both L1 and L3 measurement results of source cell 
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· the time between the reception of LTM cell switch and the HOF/RLF in LTM target cell
· Time since the HOF/RLF in target cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information, or the indicator whether the LTM recovery is performed with the source cell
· the DL synchronization information with the LTM candidate cells
· the UL synchronization information with the LTM candidate cells if configured
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the reception of the LTM cell switch command
· random access information with the LTM target cell if existing
· target cell information
· both L1 and L3 measurement results of target cell
Observation 3: The following information is considered for LTM to wrong cell:
· source cell information
· both L1 and L3 measurement results of source cell 
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· the time between the reception of LTM cell switch and the HOF/RLF in LTM target cell
· Time since the HOF/RLF in target cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information
· the DL synchronization information with the LTM candidate cells
· the UL synchronization information with the LTM candidate cells if configured
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the reception of the LTM cell switch command
· random access information with the LTM target cell if existing
· target cell information and both L1 and L3 measurement results
Proposal 1: For successive failure cases in MCG LTM:
· if the second failure type is HOF, the UE stores the first failure related information and the LTM candidate cell info into the existing RLF report;
· if the second failure type is RLF, the UE stores the second RLF related information into the RLF report and overwrites the previous RLF report if existing;
Proposal 2a: To support too late LTM, too early LTM and LTM to wrong cell, the following information should be provided and RAN2 can reuse or enhance the existing fields in RLF report:
· source cell information
· both L1 and L3 measurement results of source cell
· LTM candidate cell information
· Failure type
· failure cause
· HO type: LTM
· Time between the reception of LTM candidate cell configuration and the RLF in source cell
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· Time between the reception of LTM cell switch and the HOF/RLF in LTM target cell
· Time since the first failure in source/LTM target cell
· Measurement results of neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· LTM recovery cell information
· target cell information
· both L1 and L3 measurement results of target cell
· random access information with the LTM target cell
Proposal 2b: To support too late LTM, too early LTM and LTM to wrong cell, the following information should be introduced:
· the DL synchronization information with the LTM candidate cells, e.g., whether DL synchronization is successful
· the UL synchronization information with the LTM candidate cells if configured, e.g., whether UL synchronization is successful
· the reported L1 measurement results if existing
· the time between the reporting of L1 measurement results and the first failure in the source cell
· the time between the reporting of L1 measurement results and the reception of the LTM cell switch command
· the indicator whether the LTM recovery is performed with the source cell
Proposal 3: For LTM SHR, RAN2 takes the T304, T310 and T312 related triggering conditions as baseline.
Proposal 4: For LTM SHR, RAN2 considers the following new triggering conditions:
· TA validation time related triggering condition
· Interruption time related triggering condition
· L1 measurement result validation related triggering condition
Proposal 5: For LTM SHR content, RAN2 considers the following information:
· Source cell information
· LTM target cell information
· both L1 and L3 measurement results of source cell, LTM target cell and neighbour cells
· Indicator to indicate whether the measured neighbour cell is the LTM candidate one
· HO type: LTM
· SHR cause, which corresponds to the triggering conditions
· C-RNTI in source and/or target
· random access information with the LTM target cell if existing
· UP interruption time
· Time between the reception of LTM target cell configuration and the reception of the LTM cell switch command
· Time since the reception of LTM target cell configuration
· Time between L1 measurement report and the reception of LTM cell switch command or the completion of LTM cell switch with the LTM target cell
Proposal 6: RAN2 deprioritizes the mixed scenarios of LTM and L3 HO.
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