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1	Introduction
According to the last RAN3#123bis meeting, the agreements related to intra-NTN mobility are shown below [1]:
Logged MDT enhancement based on scenarios to be worked first, work on immediate MDT if time allows.
MRO mechanisms for intra-NTN should be addressed based on failure scenarios first, work on near failure scenarios later.
This contribution mainly discusses on the potential scenarios considering failure scenarios and their SON/MDT enhancement for intra-NTN mobility.
2	Discussion
Considering the MRO mechanisms for intra-NTN mobility, we are to firstly address the failure scenarios of CHO for UEs in RRC_CONNECTED. 
As defined in TS 38.300, NTN supports the following three additional trigger conditions upon which UE may execute CHO to a candidate cell: 
1) The RRM measurement-based event A4; 
2) A time-based trigger condition; 
3) A location-based trigger condition. 
A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5), which are defined as:
	CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;
CondEvent A4: Conditional reconfiguration candidate becomes better than absolute threshold where condEventA4 can also be used for current PSCell (i.e., in case it is configured as candidate PSCell for CondEvent A4 evaluation) for CHO with candidate SCG(s) case;
CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2;


For location-based CHO, the handover will be triggered according to the following rules:
	[bookmark: OLE_LINK1]CondEvent D1: Distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2;
CondEvent D2: Distance between UE and a moving reference location determined based on referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a moving reference location determined based on referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2;


In short, if the distance between UE and the reference point of the serving cell is larger than distanceThreshFromReference1, and such distance of a candidate cell is shorter than distanceThreshFromReference2, the CHO will be triggered.
Similarly, for time-based condition, CHO will be triggered if the time measured at UE falls into an interval, i.e., 
	[bookmark: _Hlk87969184][bookmark: _Hlk166163532]CondEvent T1: Time measured at UE becomes more than configured threshold t1-Threshold but is less than t1-Threshold + duration;


As introduced above, several thresholds are configured for the trigger conditions in CHO. Improper trigger condition settings will lead to handover failures or sub-optimal handovers. Such failures or sub optimal handovers may cause the service degradation and the resource waste. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]In general, the intra-NTN CHO failure cases may reuse the CHO failure cases defined in §15.5.2.2.2 of TS 38.300, including:
	-	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.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
In case of CHO, 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.


These failure cases can be reused as the basic scenarios to study the MRO for CHO in NTN. 
1. RAN3 to take the failure scenarios in §15.5.2.2.2 of TS 38.300 as a basis in discussion of MRO for intra-NTN mobility.
Focusing on the time-based CHO, the root cause could be:
1) Too-late CHO. If a too late CHO is declared, it implies that the threshold t1-Threshold in CondEvent T1 of candidate cell is set too large, so that the CHO is triggered too late and the serving cell are unable to provide service for the UE.
2) Too-early CHO. If a too  early CHO is declared, it implies that the threshold t1-Threshold in CondEvent T1 of target cell is set too small, the UE quickly executes a CHO when the neighbour cell is not ready yet. 
3) Wrong-cell CHO. If a handover to wrong cell is declared, it implies that the threshold t1-Threshold and duration in CondEvent T1 of target cell and suitable cell (the one that UE reconnects to) are set improperly.
To enable the network identify the above failure cases, the following information may be needed to include in the RLF report for time-based CHO:
· The measured UTC time when CHO is executed. 
· The RRM measurement results when the time condition is fulfilled.
For location-based CHO, the root cause could be:
1) Too-late CHO. If a too late CHO is declared, it implies that the threshold distanceThreshFromReference1 is set too large or distanceThreshFromReference2 is set too small, so that the CHO triggers too late.
2) Too-early CHO. If a too  early CHO is declared, it implies that the threshold distanceThreshFromReference1 is set too small while distanceThreshFromReference2 is set too large. 
3) Wrong-cell CHO. If a handover to wrong cell is declared, it implies that either thresholds are set improperly.
To enable the network identify the above failure cases, the following information may be needed to include in the RLF report for location-based CHO:
· The indicator that records which one of the two thresholds is firstly fulfilled, e.g., if D2 is triggered and RLF occurs, whether the CHO is triggered by serving-cell-distance (distanceThreshFromReference1) or by neighbour-cell-distance (distanceThreshFromReference2) shall be informed. This will let network know which distance condition triggered the CHO improperly.
· The time duration between the two thresholds fulfilled. This will imply the extent how the thresholds are set improperly.
· The RRM measurement results when the location conditions are fulfilled may also benefit the network to analyse the root causes of location-based CHO failure and further optimize the thresholds in CondEvent D1/D2.
Moreover, considering the RRM based trigger condition can be configured jointly with time-based or location-based trigger condition, some coupling information may also be considered:
· [bookmark: _GoBack]The measured UTC time when RRM based conditions are fulfilled.
· The measured distance (with serving cell and neighbour cell) when RRM based conditions are fulfilled.
Above additional information will enable the network to coordinate multiple conditions and optimizes their thresholds jointly.
RAN3 to discuss the above enhancements to the RLF report for root cause analysis of CHO failures in NTN.
3	Conclusion
In this paper, we provide the following proposals related to SON for Intra-NTN mobility:
1. RAN3 to take the failure scenarios in §15.5.2.2.2 of TS 38.300 as a basis in discussion of MRO for intra-NTN mobility.
1. RAN3 to discuss the above enhancements to the RLF report for root cause analysis of CHO failures in NTN.
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