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1 Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK24][bookmark: _Hlk165310847]In RAN3#123bis meeting, there was discussion on the scenarios of SON/MDT enhancement for Intra-NTN mobility and the agreements were achieved as below:
Logged MDT enhancement based on scenarios to be worked first, work on immediate MDT if time allows.
[bookmark: _Hlk165312923]MRO mechanisms for intra-NTN should be addressed based on failure scenarios first, work on near failure scenarios later.
In this contribution, we would discuss on MRO mechanisms for intra-NTN and provide some proposals.
2 Discussion
[bookmark: OLE_LINK33]2.1 Optimization for failed mobility scenario
[bookmark: OLE_LINK29][bookmark: OLE_LINK28][bookmark: OLE_LINK30]For UE mobility, the large transmission distance might cause the delay from the transmission of measurement reports and reception of HO commands which may result in the measurements outdated in NTN. The HO commands based on the outdated measurement reports which is not appropriate for the latest situation may lead to the improper UE mobility operations. So Conditional Handover (CHO) was introduced in NTN for UE mobility enhancements to improve the robustness of handover. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK50]NTN supports the following trigger conditions upon which UE may execute CHO to a candidate cell:
-	The measurement-based trigger conditions (CHO events A3/A4/A5);
[bookmark: OLE_LINK32]-	The time-based trigger condition;
[bookmark: OLE_LINK40][bookmark: OLE_LINK75]-	The location-based trigger condition.
CHO used in NTN could resolve effectively the problem of the outdated measurement reports. But if the CHO related configurations (e.g., CHO trigger conditions) is improper, it will still result in CHO failure or RLF that occur due to Too Late CHO Execution or Too Early CHO Execution. These problems of the CHO related configurations can be optimized via SON/MDT enhancements. 
Proposal 1: The failed CHO scenario should be considered in optimization of failure scenarios for intra-NTN.
For connection failure due to intra-system mobility, there are three kinds of problems are defined in [1] as follows:
-	Intra-system Too Late Handover: an 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.
We think these problems are also applicable for CHO of Intra-NTN mobility. In case of CHO of Intra-NTN mobility, the Too Late Handover, Too Early Handover and Handover to Wrong Cell in the definition above means Too Late CHO Execution, Too Early CHO Execution and CHO Execution to Wrong Cell in Intra-NTN.
Proposal 2: The existing definition of the Too Late Handover, Too Early Handover and Handover to Wrong Cell could be reused for CHO of Intra-NTN mobility.
In case of failed CHO of Intra-NTN mobility, RLF report could be enhanced to support information from UE for the detection of the problems in CHO related configurations in NTN and the following information could be included:
· [bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73]The CHO trigger condition satisfied in NTN before the failure occurs; this information can be the sequence of the satisfied CHO trigger condition or the time information of the satisfied CHO trigger condition. This information could be applicable for measurement-based, time-based, or location-based trigger condition. With the information, NW can identify whether there are CHO trigger conditions that cannot be satisfied or satisfied too late, or whether there are CHO trigger conditions that are satisfied too early. 
· The distance between UE and the referenceLocation/moving referenceLocation in serving cell and the distance between UE and the referenceLocation/moving referenceLocation in candidate cell when the failed CHO occurs. This information could be applicable for location-based trigger condition. It is helpful to analysis whether the distance threshold configured in location-based trigger condition have the potential problem.
Proposal 3: RLF report could be enhanced to support information from UE for the detection of the problems in CHO related configurations in NTN.
Proposal 4: The following information reported by UE could be considered for failed CHO scenario to optimize the configuration of CHO trigger conditions in NTN.
· For measurement-based, time-based, or location-based trigger condition, the information of CHO trigger condition satisfied before the failure occurs, e.g., the sequence of the satisfied CHO trigger condition or the time information of the satisfied CHO trigger condition;
· For location-based trigger condition, the distance between UE and the referenceLocation/moving referenceLocation in serving cell and the distance between UE and the referenceLocation/moving referenceLocation in candidate cell when the failed CHO occurs.
Proposal 5: The objective of failed mobility is to optimize configuration issues for Duration in the time-based trigger condition or distance thresholds/timeToTrigger in location-based trigger condition or the Thresholds in CHO events A3/A4/A5.
2.2 Optimization for Successful CHO scenario
[bookmark: OLE_LINK18][bookmark: _Hlk152007599][bookmark: OLE_LINK41]Successful Handover Report (SHR) could be enhanced to support successful Conditional handovers in NTN to detect a sub-optimal successful CHO event. Considering the time-based and location-based trigger condition for CHO are supported in NTN, a new time-based SHR trigger and a location-based SHR trigger configured by network should be introduced accordingly to trigger the SHR report when UE execute CHO successfully to a candidate cell with high risk of failure. Specifically, 
· [bookmark: OLE_LINK44][bookmark: OLE_LINK43][bookmark: OLE_LINK47][bookmark: OLE_LINK42][bookmark: OLE_LINK61]The new time-based SHR trigger for NTN could be the threshold(s) of time (e.g., in terms of percentage values) used to trigger the SHR report. For example, UE collects SHR if the ratio between the value of elapsed time since t1(t1 is configured by NW in CondEventT1) until UE execute CHO and the value of Duration (Duration is configured by NW in CondEventT1) is greater than the threshold, and makes the SHR available to the network.
· [bookmark: OLE_LINK45]The new location-based SHR trigger for NTN could be the threshold(s) of distance used to trigger the SHR report. For example, in the case that the threshold of distance is in terms of percentage values, UE collects SHR if the ratio between the value of distance between UE and the referenceLocation in serving cell when UE execute CHO, and the threshold configured by NW is greater than the location-based SHR trigger, and makes the SHR available to the network.
Proposal 6: Successful Handover Report (SHR) could be enhanced to support successful Conditional handovers in NTN.
[bookmark: OLE_LINK64][bookmark: OLE_LINK49]Proposal 7: The introduction of a new time-based SHR trigger and a location-based SHR trigger should be considered for optimization for Successful CHO scenario in NTN.
[bookmark: OLE_LINK60][bookmark: OLE_LINK65]Based on initial analysis, we think that the following information maybe helpful for optimization of CHO trigger conditions in NTN and could be logged by UE in the enhanced SPR.
· [bookmark: OLE_LINK52][bookmark: OLE_LINK58][bookmark: OLE_LINK62]The time point that the first CHO trigger condition is satisfied both for one or multiple CHO trigger conditions are configured by network; this information helps to identify whether too late CHO may occur and optimize Duration in the time-based trigger condition or distance thresholds/timeToTrigger in location-based trigger condition or the Thresholds in CHO events A3/A4/A5.
· [bookmark: OLE_LINK66][bookmark: OLE_LINK59][bookmark: OLE_LINK53][bookmark: OLE_LINK51][bookmark: OLE_LINK63]The first CHO trigger condition and the time elapsed between the two triggered conditions, if multiple CHO trigger conditions are configured by network; this information helps to identify whether the second CHO trigger condition satisfied late that may cause too late CHO and optimize Duration in the time-based trigger condition or distance thresholds/timeToTrigger in location-based trigger condition or the Thresholds in CHO events A3/A4/A5.
· [bookmark: OLE_LINK74][bookmark: OLE_LINK67][bookmark: OLE_LINK54][bookmark: OLE_LINK70]The distance between UE and the referenceLocation/moving referenceLocation in serving cell and the distance between UE and the referenceLocation/moving referenceLocation in candidate cell when timetotrigger configured in CHO trigger condition are fulfilled; the information could be used for location-based trigger condition to identify whether too late CHO or too early CHO may occur and optimize distance thresholds or timeToTrigger in location-based trigger condition.
· The cause value that triggers the SHR; this information helps to know which configurations of CHO trigger condition have potential problems.
[bookmark: OLE_LINK76]Proposal 8: The following information reported by UE could be considered for SPR enhancement for Successful CHO scenario to optimize the configuration of CHO trigger conditions in NTN.
· The time point that the first CHO trigger condition is satisfied both for one or multiple CHO trigger conditions are configured by network;
· The first CHO trigger condition and the time elapsed between the two triggered conditions, if multiple CHO trigger conditions are configured by network;
· The distance between UE and the referenceLocation/moving referenceLocation in serving cell and the distance between UE and the referenceLocation/moving referenceLocation in candidate cell when timetotrigger configured in CHO trigger condition are fulfilled;
· The cause value that triggers the SHR.
3 Conclusion
In this paper, we discuss on MRO mechanisms for intra-NTN, we have the following observations and proposals:
Optimization for failed mobility scenario
Proposal 1: The failed CHO scenario should be considered in optimization of failure scenarios for intra-NTN.
Proposal 2: The existing definition of the Too Late Handover, Too Early Handover and Handover to Wrong Cell could be reused for CHO of Intra-NTN mobility.
Proposal 3: RLF report could be enhanced to support information from UE for the detection of the problems in CHO related configurations in NTN.
Proposal 4: The following information reported by UE could be considered for failed CHO scenario to optimize the configuration of CHO trigger conditions in NTN.
· For measurement-based, time-based, or location-based trigger condition, the information of CHO trigger condition satisfied before the failure occurs, e.g., the sequence of the satisfied CHO trigger condition or the time information of the satisfied CHO trigger condition;
· For location-based trigger condition, the distance between UE and the referenceLocation/moving referenceLocation in serving cell and the distance between UE and the referenceLocation/moving referenceLocation in candidate cell when the failed CHO occurs.
Proposal 5: The objective of failed mobility is to optimize configuration issues for Duration in the time-based trigger condition or distance thresholds/timeToTrigger in location-based trigger condition or the Thresholds in CHO events A3/A4/A5.
Optimization for Successful CHO scenario
Proposal 6: Successful Handover Report (SHR) could be enhanced to support successful Conditional handovers in NTN.
Proposal 7: The introduction of a new time-based SHR trigger and a location-based SHR trigger should be considered for optimization for Successful CHO scenario in NTN.
Proposal 8: The following information reported by UE could be considered for SPR enhancement for Successful CHO scenario to optimize the configuration of CHO trigger conditions in NTN.
· The time point that the first CHO trigger condition is satisfied both for one or multiple CHO trigger conditions are configured by network;
· The first CHO trigger condition and the time elapsed between the two triggered conditions, if multiple CHO trigger conditions are configured by network;
· The distance between UE and the referenceLocation/moving referenceLocation in serving cell and the distance between UE and the referenceLocation/moving referenceLocation in candidate cell when timetotrigger configured in CHO trigger condition are fulfilled;
· The cause value that triggers the SHR.
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