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1  Introduction
The study objectives for Rel-19 NR AI/ML for Mobility were approved in [1]. 
	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]
· [bookmark: _Hlk153472406]Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]


In this contribution, we will discuss on measurement event prediction specific sub use cases and relevant performance metrics/KPIs to evaluate.
2  Discussion
2.1 Potential benefits for measurement event prediction
In legacy handover procedure, when a HO event is fulfilled for the duration of time-to-trigger (TTT), the UE will send the measurement report (MR) to the network. Afterwards, the network can make handover decision and send HO command to the UE. Figure 1 illustrates the basic procedure of handover taking A3 event as an example. The A3 event is met at Ta, and measurement report is sent at Tb (Ta + TTT). The gNB sends a HO command (HO CMD) after HO preparation and the UE receives HO command at Tc. 
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Figure 1. An example for legacy HO
On the one hand, there is the latency from A3 event met to receiving HO CMD (i.e. Ta to Tc, the blue arrow). We think AI/ML can be used to predict whether the A3 event can be fulfilled for the duration of TTT. And if so, the UE can send the measurement report in advance (i.e. before Tb), which will reduce the latency of handover preparation.
On the other hand, the HO CMD may be transmitted when the UE is in a poor radio link condition of serving cell (i.e. red circle), which means the configured TTT is too long. Thus, RLF may be occurred before the HO completion, which is similar to “Too Late Handover”. In this case, AI/ML can be used to predict a optimal configuration for measurement event.
[image: ]
Figure 2. Basic flow for measurement event prediction
Based on the analysis above, we think RAN2 can study the potential benefits of measurement events prediction.
- Reduce the latency of handover preparation by sending the measurement report in advance based on prediction
- Optimize the measurement event configuration based on prediction
Proposal 1: RAN2 study the following potential benefits of measurement events prediction:
- Handover preparation latency reduction by sending the measurement report in advance based on prediction
- Measurement events configuration optimization based on prediction

2.2 Potential sub-use cases for measurement event prediction
For the possible prediction methods, we think there are two potential sub-use cases for measurement event prediction with UE-sided model. 
- Sub-use case 1 (Intermediate way): The UE predict RRM measurement firstly, and derive measurement event based on predicted RRM measurement
- Sub-use case 2 (Direct way): The UE predict measurement event directly based on input
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Case 1
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Case 2
Figure 2. Potential sub-use cases for measurement event prediction
For case 1, the studies for RRM measurement prediction can be reused, including input, output and evaluation methods and metrics. How to derive measurement events is up to UE implementation.
For case 2, RAN2 can further study the details of input and output. For example, the input can be L1/L3 measurement, etc. The output can be whether the measurement event will be satisfied and if so, the timing info of occurrence, etc. 
Proposal 2: RAN2 further study the potential sub-use cases for measurement event prediction.
- Sub-use case 1 (Intermediate way): The UE predicts RRM measurement, and derive measurement event based on predicted RRM measurement
- Sub-use case 2 (Direct way): The UE predicts measurement event directly based on input
Proposal 3: For sub-use case 1, the studies for RRM measurement prediction can be reused. For sub-use case 2, RAN2 can further study the details of input and output.
As specified in TS 38.331 [2], the different types of measurement event for handover are defined, e.g.
- Event A1 (Serving becomes better than threshold)
- Event A2 (Serving becomes worse than threshold)
- Event A3 (Neighbour becomes offset better than SpCell)
- Event A4 (Neighbour becomes better than threshold)
- Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2)
- Event B1 (Inter RAT neighbour becomes better than threshold)
- Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2)
One issue is whether all the events should be studied and evaluated in this SI. If so, the workload will be too heavy. On the other hand, some events are actually similar, for example, event A1/A2/A3 are related to the cell quality and the threshold. Therefore, we prefer to select the typical measurement events for study and evaluation. In commercial network, Event A3 and A5 are commonly used for handover. Therefore, we propose to study from them in R19.
Observation 1: There are many measurement events for handover, the workload will be too heavy if all of them will be studied and evaluated in this study.
Proposal 4: RAN2 study measurement event prediction from Event A3 and A5.

2.3 Performance metrics/KPIs
For sub-use case 1, the performance metrics/KPIs defined in RRM measurement prediction can be reused.
For sub-use case 2, the output could be whether the measurement event will be satisfied and if so, the timing info of occurrence, etc. Therefore, the prediction accuracy for measurement event and timing info should be further considered. For the prediction accuracy of the timing info, the timing difference (e.g. RMSE) between real time and predicted time could be further studied. 
Proposal 5: The following performance metrics/KPIs could be considered for measurement event prediction. 
- Performance metrics/KPIs defined for RRM measurement prediction can be reused for sub-use case 1
- Prediction accuracy for the occurrence of measurement event
- Timing difference between timing of actual and predicted measurement event 

3	Conclusion
Here are the observations and proposals for measurement event prediction.
Proposal 1: RAN2 study the following potential benefits of measurement events prediction:
- Reduce the latency of handover preparation by sending the measurement report in advance based on prediction
- Optimize the measurement events configuration based on prediction
Proposal 2: RAN2 further study the potential sub-use cases for measurement event prediction.
- Sub-use case 1 (Intermediate way): The UE predicts RRM measurement, and derive measurement event based on predicted RRM measurement
- Sub-use case 2 (Direct way): The UE predicts measurement event directly based on input
Proposal 3: For sub-use case 1, the studies for RRM measurement prediction can be reused. For sub-use case 2, RAN2 can further study the details of input and output.
Proposal 4: RAN2 study measurement event prediction from Event A3 and A5.
Proposal 5: The following performance metrics/KPIs could be considered for measurement event prediction. 
- Performance metrics/KPIs defined for RRM measurement prediction can be reused for sub-use case 1
- Prediction accuracy for the occurrence of measurement event
- Timing difference between timing of actual and predicted measurement event  
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