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Introduction
We discuss target events for event prediction use cases. Then we outline the potential working procedure of event prediction with examples. Finally, we suggest KPI for performance monitoring, as well as the need of study on UE behaviours upon prediction performance degradation.   
	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 [RAN2] (UE sided and NW sided model)
· HO failure/RLF prediction [RAN2] (UE sided model)
· Measurement events prediction [RAN2] (UE sided model)
· Study the need/benefits of any other UE assistance information for the network side model.
 
· 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]
 
NOTE 1: RAN1/3 work can be triggered via LS
NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included




2. Discussion 
2.1 Target events for prediction 
To study event prediction functionality, the target events to consider need to be decided first. Currently the following events for triggering measurement reporting are supported in NR (not considering the events for conditional mobility):
· Ax events: radio quality of NR serving cell/neighbor cell is evaluated
· Bx events: radio quality of LTE neighbor cell is evaluated
· D1: Distance between UE and reference point is evaluated. Applicable for NTN UEs.    
· I1: Interference level is evaluated (for CLI)
· AxHy: radio quality of NR serving cell/neighbor cell and UE’s altitude are jointly evaluated. Applicable for Aerial UEs. 
To have a reasonable study scope, we need to narrow down events to consider for event prediction. Among the above, we think event Ax are the most essential, as they are used for NR mobility control, NR SCell management for CA/DC, which are the most common and important use cases.
Proposal 1: To focus on event prediction for radio-quality based intra-NR RRM events, i.e., event A1, A2, A3, A4, A5.

2.2 Working procedure of event prediction 
The meaning of event prediction also need to be clarified. If future measurement results can be predicted, the event can be predicted for future time. Depending on how the event prediction is actually working, several ways of realizing event prediction can be considered. We suggest two different realizations of event prediction to be considered for our study:
· Realization1) T-ahead prediction, where UE at time t predicts RRM measurement results of t+T, and evaluates Ax event for time t+T based on the predicted RRM measurement results. T is fixed,
· Realization2) Event satisfaction time prediction, where UE at time t predicts when the event is expected to be met during time duration (t, t+T),
In realization1 (T-ahead prediction method), event prediction for event Ax is executed for a fixed T-ahead time with respect to the current time. This realization is useful in case network needs to know the Ax event satisfaction at least T time earlier. This method is characterized by a fixed T-ahead prediction time, which is to enable T-earlier event-triggered measurement reporting. Upon receiving T-earlier measurement reporting, network may perform proactive handover preparations to enhance mobility performance. In this sense, network may need to be able to decide the proper value T.  

 
Figure 1. Example of T-ahead event prediction: UE at t predicts whether cell n satisfies event A4 at t+T. In this figure, UE ‘s prediction yields that cell n satisfies event A4 at t+T. 

Proposal 2: To study T-ahead event prediction method as realization of event prediction, where UE at time t predicts RRM measurement results of t+T, and evaluates Ax event for time t+T based on the predicted RRM measurement results, where T is configurable by network. 
This procedure of this method can be further clarified as follow. UE is configured with Ax as predictive event with prediction ahead time T. UE at t estimates the probability that the event Ax is met at t+T, and UE makes decision on whether the event Ax is met at time t+T based on the estimated probability. If the decision is that the event Ax is met at time t+T, the UE considers that the predictive event is met and hence triggers measurement reporting. The measurement report should include at least the predictive quality of the triggering cell of the event Ax for time t+T. and FFS other information. 
Proposal 3: In T-ahead event prediction method, consider the following procedure as baseline: 
· UE is configured with a predictive event of T-ahead event prediction for event Ax. Network configures the value of T as a fixed one based on UE capabilities. 
· At time t, 
· UE performs T-ahead prediction to yield prediction results for time t+T, including i) probability that the event Ax is met at the t+T and ii) determination of whether event Ax is considered to be met based on the probability.  
· If UE determines that event Ax is predicted to be met, UE considers that the predictive event is met
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes the predictive measurement results for time t+T 

In realization2 (event satisfaction time prediction method), event prediction for event Ax is repeated for a time period from t to t+T, rather than for a specific future time t+T. In this sense, this method can be viewed as multiple operation of -ahead prediction method with increasing  from 0 to T. Since UE provides collective prediction results on the event Ax for upcoming time period via this method, network can get more comprehensive prediction on the event Ax for the time period, which then facilitates finer control of mobility. 

 
Figure 2. Example of event satisfaction time prediction: UE at t predicts that cell n satisfies event A4 at t+T*. 
Proposal 4: To study event satisfaction time prediction as realization of event prediction, where UE at time t predicts when the event is expected to be met during time duration (t, t+T), where T is configurable.  
[bookmark: _GoBack]The event satisfaction time prediction method can be further divided into three different sub-methods, depending on what metric is evaluated by UE and reported to network, as suggested in the following proposal.
Proposal 5: For event satisfaction time prediction method, RAN2 to consider the following sub-methods:
· Sub-method1: Prediction of event satisfaction times over prediction window) UE at time t predicts the time , where is the time when event Ax is predicted to be met.   
· Sub-method2: Prediction of event satisfaction probability as time series over prediction window) UE at time t predicts a time series of probability  with k, for time period (t, t+T), where  is defined as the probability that event Ax is expected to be met at , where .  
· Sub-method3: Prediction of event satisfaction indicator as time series over prediction window) UE at time t predicts a time series of determination indicator function  with  for time period , where  is defined as the indicator function of whether the event is expected to be met at .
In above three sub-methods, the prediction can be used to enable event-triggered reporting: if there is at least one time moment when the event Ax is met or the probability that the event Ax is met is sufficiently high, the UE initiates measurement reporting to indicate the prediction results. The procedure of the sub-method1, sub-method2, and sub-method3 as event-triggered reporting can be further clarified in the following proposals.
Proposal 6: The baseline procedure of event-triggered reporting of predicted event satisfaction times over prediction window (sub-method1 of P5) is given as follows: 
· UE is configured with a predictive event of event satisfaction time prediction type1 for event Ax.  
· At time t, 
· UE performs -ahead prediction with , yielding the prediction result of whether/when the event Ax is met for time duration (t, t+T). UE keeps the prediction with a sliding prediction window of length T
· If UE determines from the prediction result that the event Ax is predicted to be met at -ahead time (i.e., the event Ax is predicted to be met at t+), UE considers that the predictive event is met.
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes  (i.e., the time to be elapsed until the event Ax is expected to be met) and the predictive measurement results for time t+Tp (denoted by  indicating serving cell quality, and/or  indicting neighbour cell quality

Proposal 7: The baseline procedure of event-triggered reporting of predicted event satisfaction provability time series over prediction window (sub-method2 of P5) is given as follows:
· UE is configured with a predictive event of event satisfaction time prediction type2 for event Ax. 
· At time t, 
· UE performs -ahead prediction with , yielding the time series of probability  that the event Ax is met at . UE keeps the prediction with a sliding prediction window of length T 
· if UE determines that there is at least one probability  exceeding a threshold (e.g., 0.95) in the time series of the probability, UE considers that the predictive event is met
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes a time series of the probability  and a time series of the predictive measurement results for each time point  and/or , or more compact form of the prediction results (FFS)  
Proposal 8: The baseline procedure of event-triggered reporting of predicted event satisfaction indicator as time series over prediction window (sub-method3 of P5) is given as follows:
· UE is configured with a predictive event of event satisfaction time prediction type3 for event Ax. 
· At time t, 
· UE performs -ahead prediction with , yielding the time series of indicator function   indicating whether the event Ax is met at . UE keeps the prediction with a sliding prediction window of length T 
· if UE determines that there is at least one indicator function value  in the time series of , UE considers that the predictive event is met
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes a time series of the indicator function () and a time series of the predictive measurement results for each time point ( and confidence score of each predicted result, or more compact form of the prediction results (FFS). 

2.3 Prediction performance
For the evaluation of the event prediction during SI, RAN2 needs to define KPI to measure the prediction performance. Depending on how event prediction is realized, the suitable KPI metric should be differently defined. 
For the prediction of event satisfaction time, we can consider the following scoring scheme to measure the KPI. Suppose event is predicted to be met at t+T. If actual event occurs within [t+T-T1, t+T+T1], the prediction is considered correct. Else, the prediction is considered incorrect. Then, scoring of the prediction is done as follows
The score of each prediction being considered correct is determined based the timing distance between the actual event satisfaction and predicted event satisfaction. Scoring function for correct prediction may have the property that the function gives a non-negative score and smaller distance gives a larger score.
The score of each prediction being considered incorrect is determined based the timing distance between the actual event satisfaction and predicted event satisfaction. The scoring function for incorrect prediction may have the property that the function gives a negative score and larger distance to the closest actual event satisfaction gives a smaller scope.
Proposal 9: For evaluation of prediction performance, consider the following KPI (FFS details)
· KPI: event prediction score with the following scoring scheme
· For event satisfaction prediction at t, predicting event satisfaction to occur at t+T
· If actual event satisfaction occurs within [t+T-T1, t+T+T1], the prediction is considered correct. Else, the prediction is considered incorrect.
· Correct prediction produces a positive score, and smaller timing distance between the actual event satisfaction and predicted event satisfaction gives larger score.
· Incorrect prediction produces a negative score, and larger timing distance between the actual event satisfaction and predicted event satisfaction gives a smaller score (FFS refinement)

Event prediction is performed at UE, and ground truth value for the event is also known by UE based on actual measurements (legacy measurements). Therefore, UE can monitor its prediction performance based on comparing actual event satisfaction and predicted event satisfaction or based on referring to the above scoring scheme. If UE detects that its prediction is inaccurate, it should stop event prediction and do some actions, such as fall-back to legacy event triggering without prediction. RAN2 needs to study how to address the case when UE detects inaccurate event prediction.  
Proposal 10: RAN2 to study how to address the case when event prediction performance is not sufficiently good, including issues on whether/how criteria of event prediction accuracy can be determined and what UE shall do if event prediction performance degrades.

3. Conclusion 

Target events for prediction 
Proposal 1: To focus on event prediction for radio-quality based intra-NR RRM events, i.e., event A1, A2, A3, A4, A5.

Working procedure of event prediction 
Proposal 2: To study T-ahead event prediction method as realization of event prediction, where UE at time t predicts RRM measurement results of t+T, and evaluates Ax event for time t+T based on the predicted RRM measurement results, where T is configurable by network. 
Proposal 3: In T-ahead event prediction method, consider the following procedure as baseline: 
· UE is configured with a predictive event of T-ahead event prediction for event Ax. Network configures the value of T as a fixed one based on UE capabilities. 
· At time t, 
· UE performs T-ahead prediction to yield prediction results for time t+T, including i) probability that the event Ax is met at the t+T and ii) determination of whether event Ax is considered to be met based on the probability.  
· If UE determines that event Ax is predicted to be met, UE considers that the predictive event is met
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes the predictive measurement results for time t+T 
· Proposal 4: To study event satisfaction time prediction as realization of event prediction, where UE at time t predicts when the event is expected to be met during time duration (t, t+T), where T is configurable.  
Proposal 5: For event satisfaction time prediction method, RAN2 to consider the following sub-methods:
· Sub-method1: Prediction of event satisfaction times over prediction window) UE at time t predicts the time , where is the time when event Ax is predicted to be met.   
· Sub-method2: Prediction of event satisfaction probability as time series over prediction window) UE at time t predicts a time series of probability  with k, for time period (t, t+T), where  is defined as the probability that event Ax is expected to be met at , where .  
· Sub-method3: Prediction of event satisfaction indicator as time series over prediction window) UE at time t predicts a time series of determination indicator function  with  for time period , where  is defined as the indicator function of whether the event is expected to be met at .   
Proposal 6: The baseline procedure of event-triggered reporting of event satisfaction times over prediction window (sub-method1 of P5) is given as follows: 
· UE is configured with a predictive event of event satisfaction time prediction type1 for event Ax.  
· At time t, 
· UE performs -ahead prediction with , yielding the prediction result of whether/when the event Ax is met for time duration (t, t+T). UE keeps the prediction with a sliding prediction window of length T
· If UE determines from the prediction result that the event Ax is predicted to be met at -ahead time (i.e., the event Ax is predicted to be met at t+), UE considers that the predictive event is met.
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes  (i.e., the time to be elapsed until the event Ax is expected to be met) and the predictive measurement results for time t+Tp (denoted by  indicating serving cell quality, and/or  indicting neighbour cell quality

Proposal 7: The baseline procedure of event-triggered reporting of event satisfaction provability time series over prediction window (sub-method2 of P5) is given as follows:
· UE is configured with a predictive event of event satisfaction time prediction type2 for event Ax. 
· At time t, 
· UE performs -ahead prediction with , yielding the time series of probability  that the event Ax is met at . UE keeps the prediction with a sliding prediction window of length T 
· if UE determines that there is at least one probability  exceeding a threshold (e.g., 0.95) in the time series of the probability, UE considers that the predictive event is met
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes a time series of the probability  and a time series of the predictive measurement results for each time point  and/or , or more compact form of the prediction results (FFS)  
Proposal 8: The baseline procedure of event-triggered reporting of predicted event satisfaction indicator as time series over prediction window (sub-method2 of P5) is given as follows:
· UE is configured with a predictive event of event satisfaction time prediction type3 for event Ax. 
· At time t, 
· UE performs -ahead prediction with , yielding the time series of indicator function   indicating whether the event Ax is met at . UE keeps the prediction with a sliding prediction window of length T 
· if UE determines that there is at least one indicator function value  in the time series of , UE considers that the predictive event is met
· If the predictive event is met, UE initiates a measurement reporting procedure to report the prediction result. The prediction result includes a time series of the indicator function () and a time series of the predictive measurement results for each time point ( and confidence score of each predicted result, or more compact form of the prediction results (FFS). 

Prediction performance 
Proposal 9: For evaluation of prediction performance, consider the following KPI (FFS details)
· KPI: event prediction score with the following scoring scheme
· For event satisfaction prediction at t, predicting event satisfaction to occur at t+T
· If actual event satisfaction occurs within [t+T-T1, t+T+T1], the prediction is considered correct. Else, the prediction is considered incorrect.
· Correct prediction produces a positive score, and smaller timing distance between the actual event satisfaction and predicted event satisfaction gives larger score.
· Incorrect prediction produces a negative score, and larger timing distance between the actual event satisfaction and predicted event satisfaction gives a smaller score (FFS refinement)
Proposal 10: RAN2 to study how to address the case when event prediction performance is not sufficiently good, including issues on whether/how criteria of event prediction accuracy can be determined and what UE shall do if event prediction performance degrades.
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