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Introduction
During this study item, SID RP-234055 [1] proposes to study and evaluate following aspects for measurement event prediction.
	Study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover, considering the following aspects:
· AI/ML based RRM measurement and event prediction, 
· Cell-level measurement prediction including intra and inter-frequency (UE sided and NW sided model) [RAN2]
· Inter-cell Beam-level measurement prediction for L3 Mobility (UE sided and NW sided model) [RAN2]
· HO failure/RLF prediction (UE sided model) [RAN2]
· Measurement events prediction (UE sided model) [RAN2]


In this contribution, we focus on the discussion of measurement event(s) prediction, including sub-use cases, LCM, performance KPIs, etc.
Discussion
Measurement event is defined to reduce network complexity and workload to processing massive measurement reports. Measurement report is triggered by whether the measured value crosses (goes higher or goes lower) a certain target value. Based on the reported measurement results triggered by measurement event, gNB further decides whether and how to perform handover.
In 5G NR, many measurement events are defined:
· Measurement-based event, e.g. Event A1, A2, A3, A4, A5, A6
· Interference-based event, e.g. Event I1
· Distance-based event, e.g. Event D1
It is observed that at least one of measurement events (e.g. Event A3, A5) are always configured together with Event I1 and Event D1. Hence, measurement-based event (e.g. Event A1, A2, A3, A4, A5, A6) can be considered as baseline use cases for study.
Among all measurement events, most of handovers are decided based on measurement results triggered by Event A3 (i.e. neighbouring cell’s signal becomes offset better than the serving cell) for both intra-frequency and inter-frequency handover. This is because, when event A3 is triggered, it signifies that the neighbouring cell’s conditions have significantly improved, making it a potential target for handover. Similarly, event A5 should be considered for inter-frequency handover.
Observation 1: When event A3, A5 is triggered, it signifies that the neighbouring cell’s conditions have significantly improved, making it a potential target for handover.
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Therefore, during SI of Rel-19 AI/ML mobility, for handover performance improvement evaluation, measurement Event A3 and Event A5 prediction should be prioritized. 
Proposal 1: RAN2 to focus on measurement event prediction for Event A3 (for intra-frequency), Event A5 (for inter-frequency). FFS on other measurement events (Event A1, A2, A4).
Sub-Use Cases
The question is how AI/ML application in measurement event prediction can help to improve handover performance?
We first need to understand what information is expected to be predicted from measurement event prediction. For Event A3, UE will only trigger measurement reporting if the criteria of Event A3 is fulfilled over the duration TimeToTrigger. As shown in Figure 1, when measurement results start to be reported from UE to gNB, measurement results of source cell become much poorer than neighbour cell, where UE may experience RLF during handover.
By knowing when and whether Event A3 will be triggered, the network can prepare handover decision earlier to avoid failure caused by late HO, or the network can also optimize EventTriggerConfig to allow early reporting. Furthermore, predicting how long Event A3 will be stable can also help to reduce the number of ping-pong caused by handover in case TTT is configured too short. Hence, AI/ML model can be used to predict when measurement Event A3 will be triggered and how long the measurement results can be stable within hysteresis. 
Observation 2: To avoid HO failure caused by late HO and ping-pong, AI/ML model can help to predict when and how long measurement Event A3 will happen.
Three alternatives can be considered: 


Case 1: As described in the companion contribution [2], UE can perform RRM measurement prediction for present and future RRM measurement prediction. According to the predicted measurement results and measurement report configurations, NW/UE can directly know when measurement Event A3/A5 will be triggered or not. There’s no direct AI/ML operation participated in measurement event prediction.


Case 2: Instead of using RRM measurement prediction, based on historical measurement results, AI/ML model can also predict whether measurement Event A3/A5, when and the duration of stable measurement within criteria of measurement Event A3/A5. Since RRM measurement is used as input for model training/inference, this sub-use case can be named as measurement result-based prediction. 


Case 3: Instead of using predicted/legacy measurement results, UE can also consider to use time instance of historical measurement results if they are triggered by measurement Event A3/A5 as input and predict when measurement Event A3/A5 will be triggered. UE can further send the current measurement results together with predicted measurement Event A3/A5 time instance. This sub-use case can be simply called measurement-event-based prediction.

Proposal 2: RAN2 to consider following sub-use cases in measurement event prediction:
· Case 1: Non-AIML-based prediction at present/future time
· Case 2: Measurement results-based prediction at present/future time
· Case 3: Measurement event-based prediction at present/future time
Life Cycle Management
As described in SID and discussed above, only UE-sided model is considered for measurement event prediction. UE-sided model life cycle management discussed in the companion contribution [2] can also be applicable to UE-sided measurement event prediction.
Proposal 3: RAN2 to consider below LCM functionality mapping for measurement event prediction:
	AL/ML functions (if applicable)
	UE-side model

	
	Mapped entities
	Data collection

	Model training(offline training)
	UE, UE-side OTT server
	UE -> UE/UE-side OTT server

	
	Note: RAN2 identified the cases in which OAM or Core Network may be used for UE-side model training. However, no study was conducted since this is beyond the scope of this Working Group. 
Note: RAN2 identified the case in which gNB may be used for UE-side model training. However, no conclusion was reached, as this depends on the RAN1 progress.

	Model transfer/delivery
	UE-side OTT server->UE
	

	Inference
	UE
	Inference data for UE part: UE internal 

	Model/functionality monitoring
	UE (UE monitors the performance, and may report to gNB), gNB (gNB monitors the performance)
	Monitoring at NW-side: UE -> gNB (calculated performance metrics, data required for calculation)

	Model/functionality control (selection, (de)activation, switching, updating, fallback)
	gNB if monitoring resides at UE or gNB, 
UE if monitoring resides at UE
	

	Mobility management/performance monitoring
	gNB
	


Performance KPIs’
Similar as RRM measurement prediction, Performance KPIs for evaluation should consider both mobility performance KPI and inference performance KPI. For mobility performance, handover decision made based on predicted measurement event should be evaluated.
Proposal 4: For mobility performance KPIs, measurement event prediction considers performance KPIs defined in TR 36.839 as baseline, including handover failure, RLF, ping-pong, short-time-of-stay, etc. FFS on definition enhancement for existing performance KPIs and other performance KPIs.
Different from RRM measurement prediction, inference performance KPI of event prediction can be evaluated differently. There are several key factors usually being considered during event prediction, including time resolution, confidence (e.g. the probability a predicted event will occur), lead time (how long time the prediction can be made prior to the event occurring), etc. 
In RAN2 study, the predicted measurement event can be matched with the corresponding ground-true real measurement event (which is triggered based on legacy procedure). The inference performance can then be evaluated in two terms [3]:
1) Goodness of matching: Evaluate the number and percentage of matched events. To calculate the percentage of matched events, we consider following concepts to be introduced:
a. true positive means a real event has been successfully matched by a predicted event;
b. false positive means a predicted event has failed to match any real event;
c. false negative means a real event has not been matched by any predicted event.
The following key evaluation metrics can be calculated as:
· Prediction accuracy = number of “true positive”/ (number of “true positive” + number of “false positive”)
· Recall= number of “true positive”/(number of “true position” + number of “false negative”)
When considering the matching between real event and predicted event, a tolerant time can be considered.
2) Quality of matched predictions: Evaluate how close  (in time domain) the predicted event is to the real event for each pair of matched events. Predicted time of measurement event prediction can be easily measured in terms of MSE, etc. 
Proposal 5: For measurement event prediction, following performance KPIs are considered as baseline:
· model complexity and computational complexity;
· measurement event prediction accuracy, i.e. goodness of matching (e.g. prediction accuracy, recall rate, false prediction) and quality of matched predictions. FFS on the tolerant time between real event and predicted event matching.
Conclusion
In this contribution, we first discussed measurement event prediction should focus on measurement Event A3 and A5 considering their significant impact to handover decision. We further discussed three sub-use cases and potential LCM. In the end, performance KPIs of measurement event prediction use case are proposed, including consideration of new inference performance KPIs, e.g. goodness of matching and quality of matched predictions.
We observed and proposed with the followings:
General
Observation 1: When event A3, A5 is triggered, it signifies that the neighbouring cell’s conditions have significantly improved, making it a potential target for handover.
Proposal 1: RAN2 to focus on measurement event prediction for Event A3 (for intra-frequency), Event A5 (for inter-frequency). FFS on other measurement events (Event A1, A2, A4).
Sub-use cases and LCM
Observation 2: To avoid HO failure caused by late HO and ping-pong, AI/ML model can help to predict when and how long measurement Event A3 will happen.
Proposal 2: RAN2 to consider following sub-use cases in measurement event prediction:
· Case 1: Non-AIML-based prediction at present/future time
· Case 2: Measurement results-based prediction at present/future time
· Case 3: Measurement event-based prediction at present/future time
Proposal 3: RAN2 to consider below LCM functionality mapping for measurement event prediction:
	AL/ML functions (if applicable)
	UE-side model

	
	Mapped entities
	Data collection

	Model training(offline training)
	UE, UE-side OTT server
	UE -> UE/UE-side OTT server

	
	Note: RAN2 identified the cases in which OAM or Core Network may be used for UE-side model training. However, no study was conducted since this is beyond the scope of this Working Group. 
Note: RAN2 identified the case in which gNB may be used for UE-side model training. However, no conclusion was reached, as this depends on the RAN1 progress.

	Model transfer/delivery
	UE-side OTT server->UE
	

	Inference
	UE
	Inference data for UE part: UE internal 

	Model/functionality monitoring
	UE (UE monitors the performance, and may report to gNB), gNB (gNB monitors the performance)
	Monitoring at NW-side: UE -> gNB (calculated performance metrics, data required for calculation)

	Model/functionality control (selection, (de)activation, switching, updating, fallback)
	gNB if monitoring resides at UE or gNB, 
UE if monitoring resides at UE
	

	Mobility management/performance monitoring
	gNB
	



Mobility and Inference Performance KPIs
Proposal 4: For mobility performance KPIs, measurement event prediction considers performance KPIs defined in TR 36.839 as baseline, including handover failure, RLF, ping-pong, short-time-of-stay, etc. FFS on definition enhancement for existing performance KPIs and other performance KPIs.
Proposal 5: For measurement event prediction, following performance KPIs are considered as baseline:
· model complexity and computational complexity;
· measurement event prediction accuracy, i.e. goodness of matching (e.g. prediction accuracy, recall rate, false prediction) and quality of matched predictions. FFS on the tolerant time between real event and predicted event matching.
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