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1   Introduction
According to the RAN plenary #102 meeting, the work item on SON/MDT in NR standalone and MR-DC was approved [1] with objectives listed as following:

	[bookmark: OLE_LINK35][bookmark: _Hlk162445187]The objective of this work item is to specify data collection enhancement in NR standalone and MR-DC for SON/MDT purpose. The specific objectives of this work item are:
[bookmark: OLE_LINK31][bookmark: OLE_LINK17]- 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]
- Support of SON/MDT enhancements for [RAN3, RAN2]:
· Intra-NTN mobility
· Network Slicing
- Support of the leftovers in Rel-18 SON/MDT [RAN3, RAN2]:
· RACH optimization for SDT
· MHI Enhancement for SCG Deactivation/Activation
· MRO for MR-DC SCG failure
If needed, co-operate with RAN1, SA2, SA5, CT4.



In this paper, we aim at starting the discussion on the SON/MDT enhancements for Intra-NTN mobility.
2 Discussion
In Intra-NTN mobility, we mainly consider two potential scenarios that SON/MDT may enhance the performance, i.e., CHO (Conditional Handover) for RRC_CONNECTED UE and measurements in idle/inactive mode. We will discuss these two scenarios respectively. 
2.1 Scenario1: Active mode mobility
As defined in TS 38.300, for UEs in RRC_CONNECTED, 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]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. We sketch simple diagrams in Fig.1 to explicitly reflect above issues. As shown in Fig.1, the axis represents the condition domain, e.g., the distance in location-based condition, or the elapsed time in time-based condition. 
CHO failure cases:
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Assuming that there is a theoretically optimal trigger point for every CHO instance. The intra-NTN handover failure cases may include:
1) too-early CHO. The trigger condition is satisfied when it should not be, e.g., the threshold of the trigger condition is smaller than the optimal threshold; 
2) too-late CHO. The trigger condition should be satisfied but it is not, e.g., the threshold is set larger than the optimal threshold; 
3) wrong CHO. The trigger condition of a wrong cell is satisfied, e.g.,. a too early CHO is happened, and the UE re-establishes in a third cell based on the trigger condition.

[image: ]
Fig.1 A diagram of different trigger conditions
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]In order to analyse the reasons of above CHO failures in intra-NTN mobility, and optimize the trigger conditions to avoid the CHO failures, we have the following proposal.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Proposal 1: RAN3 to discuss and agree on the potential failure scenarios in intra-NTN mobility and study the possible enhancements to the UE RLF report.
Near-failure cases：
As shown in Fig 1 case c, some trigger conditions may be improper set even the CHO succeeds. We consider the near-failure condition as: CHO succeeds with the near trigger condition (e.g., for double-trigger condition). Under near-failure CHO, some conditions may be close to the trigger boundary, which cause sub optimal experience in handover. Therefore, it is proposed to study how to optimize the trigger conditions through the SHR. 
By recording the measured values and the trigger thresholds of CHO CondEvent A3/A4/A5/D1/D2/T1, the network is able to analyse whether the thresholds are set close to the measured values and optimize them.
Proposal 2: RAN3 to discuss and agree on the potential near-failure CHO cases in intra-NTN mobility and study the enhancement to SHR for optimization of the trigger conditions.
2.2 Scenario2: Idle/inactive mode mobility
The UE measurements in idle/inactive mode in NTN follow the network configurations, such as SMTCs, and assistance information provided in SIB19. Particularly, The UE can perform time-based and location-based measurements on neighbour cells. For example, the time-based measurement proceeds independently with the location/quality conditions, i.e.,
	If the t-Service of the serving cell is present in SIB19, and if UE supports time-based measurement initiation, the UE shall perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service, regardless of the distance between UE and the serving cell reference location or whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, The exact time to start measurement before t-Service is up to UE implementation. UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8] regardless of the remaining service time of the serving cell (i.e. time remaining until t-Service).


Hence, there is no need to optimize the configuration of the time-base measurement. However, the location-based measurement conducts the following rules:
		If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh and referenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation for NTN quasi-Earth-fixed system and has obtained its location information:
[bookmark: _Hlk96333131]-	If the distance between UE and the serving cell reference location referenceLocation is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
-	Else, the UE shall perform intra-frequency measurements;
-	else if distanceThresh and movingReferenceLocation are broadcasted in SIB19, and if UE supports location-based measurement initiation for NTN Earth-moving system and has obtained its location information:
-	if the distance between UE's location and the serving cell reference location determined based on movingReferenceLocation is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
-	else, the UE shall perform intra-frequency measurements;
-	Else, the UE may not perform intra-frequency measurements;
-	Else, the UE shall perform intra-frequency measurements.


It can be shortly summarized as Fig.2: If the signal power/quality of the serving cell falls lower than the thresholds, the measurement will be directly triggered; Else if the distance is larger than the threshold, the measurement will be triggered.
[image: ]
Fig.2 A diagram of location-based measurement for UE at RRC_IDLE/RRC_INACTIVE 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this scenario, the potential improper trigger condition setting, especially for location-based measurement could be: 
1) A UE starts measurement when the current cell can still provide the satisfactory service, which may cost unnecessary resource for measurement; 
2) A UE starts the measurement too late, which causes the untimely service; 
3) A certain condition (signal or distance) is hard to be fulfilled, which implies that the conditions are not configured properly; 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]To avoid above improper measurement cases, the trigger conditions configured for idle/active mode should be optimized. Therefore, we propose to study the potential enhancements to logged MDT to tune the trigger conditions for idle/active mode mobility in NTN.
Proposal 3: RAN3 to discuss the potential enhancement to logged MDT to tune the trigger conditions for idle/active mode intra-NTN mobility.
3   Conclusion
In this paper, we provide the following observations and proposals:
Proposal 1: RAN3 to discuss and agree on the potential failure scenarios in intra-NTN mobility and study the possible enhancements to the UE RLF report.
Proposal 2: RAN3 to discuss and agree on the potential near-failure CHO cases in intra-NTN mobility and study the enhancement to SHR for optimization of the trigger conditions.
Proposal 3: RAN3 to discuss the potential enhancement to logged MDT to tune the trigger conditions for idle/active mode intra-NTN mobility.
4   Reference
[1] RP-234028, New WID: Data collection for SON (Self-Organising Networks)/MDT (Minimization of Drive Tests) in NR standalone and MR-DC (Multi-Radio Dual Connectivity) Phase 4.
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