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1. Introduction

A rel-19 study item on AIML mobility enhancements was approved during RAN#102, with the main objective of:

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]
· Study the need/benefits of any other UE assistance information for the network side model [RAN2]

· The evaluation of the AI/ML aided mobility benefits should consider HO performance KPIs (e.g., Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction) etc.) and complexity tradeoffs [RAN2]

· NOTE: Simulation assumption and methodology can leverage TR 38.901, 38.843 and 36.839. And leave the detail discussion to RAN2

· Potential AI mobility specific enhancement should be based on the Rel19 AI/ML-air interface WID general framework (e.g. LCM, performance monitoring etc) [RAN2]  

· NOTE: This would only be treated after sufficient progress is made in the Rel-19 AI/ML air interface WID 

· Potential specification impacts of AI/ML aided mobility [RAN2]
· Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

This contribution provides further input regarding measurement event prediction. 

2. Discussion
Measurement events are used in NR to configure the UE with conditions to trigger a measurement report. Based on the report, the network can make decisions such as HO, addition/change/release of secondary cells for CA, addition/change/release of SCG for DC, etc.

The following are the main measurement events that are specified in NR for network controlled intra-RAT mobility [1]:

Event A1:
Serving becomes better than absolute threshold;
Event A2:
Serving becomes worse than absolute threshold;

Event A3:
Neighbour becomes amount of offset better than PCell/PSCell;

Event A4:
Neighbour becomes better than absolute threshold;

Event A5:
PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2;

Event A6:
Neighbour becomes amount of offset better than SCell;

Though it is completely up to network implementation on how to use these events, our understanding of the typical usage of these events is the following:

Event A1:
To prevent the UE from performing/reporting some measurements (E.g., inter-frequency/RAT measurements, as this is an indication that the serving cell is in very good conditions);
Event A2:
To make the UE to perform/report some measurements as the serving cell is not in good conditions (i.e., inverse of A1);

Event A3:
For handing over the UE to a neighbour cell, as this is an indication that a neighbour cell of better quality than the serving cell is available. 

Event A4:
For inter-frequency HO, for adding of SCells, SCG

Event A5:
Similar to A3;
Event A6:
For changing of an SCell
Observation 1: A3 and A5 are the most relevant measurement events for intra-RAT handover. 
Thus, the evaluation of the AIML mobility work on measurement event prediction can start by focusing on either the A3 or A5 events. However, since A5 event requires two thresholds, from AIML modelling point of view, we can prioritize the A3 event.

Proposal 1: A3 is the baseline measurement event to be studied/evaluated. 
In legacy measurement events, the UE sends a measurement report upon the fulfilment of the event conditions. One interpretation of the measurement event prediction use case could be the UE will send the measurement report prior to the actual occurrence of the event (i.e., upon predicting that the event will be fulfilled at a given time window from now), thereby giving the network additional time to prepare the target node/cell and send the HO command. 

To perform the measurement event prediction, the AIML model can take as input the current/historical measurements of serving/neighbour cells. It could be discussed whether the event threshold and/or time window of the prediction are also inputs or can be part of the output. Several alternatives could be considered, for example:
· Option 1: Input = {measurements of serving/neighbour cells, event threshold, time window}, output = {probability of event occurring within the time window}

· Option 2: Input = {measurements of serving/neighbour cells, event threshold},

 output = {probability of event occurring within first time window}, {probability of event occurring within second time window}, ..

· Option 3: Input = {measurements of serving/neighbour cells, event threshold, confidence threshold},

 output = {earliest time window where event is predicted to occur with likelihood > =confidence threshold},


and so on,..
In our understanding, a simple alternative like option 1 sufficient to evaluate the usefulness of measurement event prediction and will decrease the complexity/time that will be required to train and test the model. Also, if a simple model like that is shown to lead to improve mobility performance, it can be inferred that the other more complex alternatives like option 2 that provide more detailed information are likely to lead to a better performance.  
Proposal 2: The output of AIML model for measurement event prediction is the probability of an event fulfilment within a given time window (e.g., event A3, a given threshold, towards a specific neighbour cell). 

When it comes to the KPIs/metrics to be used for performance evaluation, option 1 described above can be considered to be a binary classification (e.g., if we assume that the event will be predicted to occur if the probability is greater than a certain threshold, and not predicted to occur otherwise). As such, metrics that are typically used for binary classification can be considered as a baseline (e.g., Precision, Sensitivity, Specificity, F1-Score, Accuracy, etc.,). 
Proposal 3: The following to be taken as the baseline metrics/KPIs for the measurement event prediction use case: Precision, Sensitivity, Specificity, F1-Score, and Accuracy.
4. Conclusion

In this contribution, the issues of measurement event prediction for AIML mobility enhancement are discussed, and the following observations and proposals are made:
Observation 1: A3 and A5 are the most relevant measurement events for intra-RAT handover. 
Proposal 1: A3 is the baseline measurement event to be studied/evaluated. 

Proposal 2: The output of AIML model for measurement event prediction is the probability of an event fulfilment within a given time window (e.g., event A3, a given threshold, towards a specific neighbour cell). 

Proposal 3: The following to be taken as the baseline metrics/KPIs for the measurement event prediction use case: Precision, Sensitivity, Specificity, F1-Score, and Accuracy.
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