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Introduction
SID of Rel-19 AI mobility [1] has the following scope related to 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 discuss the use cases/scenarios and performance metrics/KPIs for measurement event prediction.
Discussion
Use cases
The main motivation of Rel-19 AI mobility SI is to enhance the performance of network triggered L3-based handover, whose procedure is shown in Figure 1 below (figure and procedure below is mainly based on TS 38.300 clause 9.2.3.1). 


[bookmark: Fig_L3_HO]Figure 1: Existing L3-based handover procedure
1. The source gNB configures the UE to perform measurement (in RRCReconfiguration message) with: measurement object, report configuration, measurement identity, quantity configuration, measurement gap (if needed). Typically for handover, event triggered reporting (e.g. Event A3) can be configured. 
2. The UE performs RRM measurement accordingly.
3. The UE reports according to the measurement configuration. For event triggered reporting, if entering condition of the event if fulfilled during timeToTrigger, the UE reports the related measurement results in MeasurementReport. 
4. The source gNB decides to handover the UE, based on MeasurementReport and RRM information.
5. The source gNB initiates handover and issues a HANDOVER REQUEST over the Xn interface.
6. The target gNB performs admission control and provides the new RRC configuration as part of the HANDOVER REQUEST ACKNOWLEDGE.
7. The source gNB provides the RRC configuration to the UE by forwarding the RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE. 
8. The UE moves the RRC connection to the target gNB and replies with the RRCReconfigurationComplete.

In existing L3-based handover, RRM measurement and related reporting is based on historical measurement results, and the same applies to handover decision. Therefore it is challenging for the network to choose the suitable handover timing, e.g. when to send the HO_CMD as in step 7 of Figure 1 above. As shown in Figure 2 below, if HO_CMD is sent too early (e.g. at time t1), the radio channel between the UE and the target gNB might not be good enough, and there is a risk of handover failure. If HO_CMD is sent too late (e.g. at time t3), the radio channel between the UE and the source gNB might be too poor to deliver the HO_CMD successfully, hence there is a risk of radio link failure. In addition, in existing handover, network cannot predict whether the neighbor cell quality will be good enough to be a handover target cell in the future, and that is the motivation to design the event triggered condition at the first place. Due to the fact that handover execution takes time (e.g. steps 3 to 7 in Figure 1 above), it might be too late if neighbor cell is found to satisfy the event (e.g. at time t2 in Figure 2 below).

[image: ]
[bookmark: Fig_HO_Timing]Figure 2: Handover timing
AI aided measurement event prediction can solve the above-mentioned mobility issue. If the UE can predict whether a particular measurement event will be fulfilled in the future, the UE can provide such information to the network. Based on such information, network can make handover decision and initiate related handover procedure. Since the measurement event is predicted, there is sufficient time for handover procedure, and network can choose suitable timing to send the HO_CMD to UE. If the prediction is accurate enough, there will be less HOF and RLF as discussed previously.
[bookmark: Pro_Event_Pred]Proposal 1: The use case for prediction of fulfillment of measurement event is considered for study.
In previous discussion, we focus on the case that prediction of fulfillment of measurement event, which is helpful to improve mobility performance. If the UE can predict that measurement event is not fulfilled in a future duration, then it is not needed for the UE to perform measurement in that duration. Skipping measurement can have the following benefits (which may not be achieved simultaneously):
· Reduction of power consumption: RRM measurement consumes power and any reduction of measurement is beneficial for UE battery life.
· Increase throughput and reduction of latency: this is related to Rel-19 XR topic “RRM measurement gaps/restrictions related enhancements”. During measurement gap, the UE and gNB cannot communicate with each other, which decreases achievable throughput and increases latency. If related measurements and corresponding measurement gap can be skipped based on AI prediction, the above-mentioned throughput and latency issue can be solved.
[bookmark: Pro_Meas_Red]Proposal 2: The use case of measurement reduction based on event prediction is considered for study.
Time of stay is one HO performance KPI as from the SID [1]:
· 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]
Measurement event prediction (e.g. Event A3) is basically a HO prediction as discussed above (without considering factors like load, admission control). If the UE can perform prediction of consecutive measurement events, i.e. predicting UE will handover from serving cell to neighbor cell A (at time x) and then to neighbor cell B (at time y), then the time of stay in neighbor cell A can be estimated e.g. by y – x. Given that time of stay is one important HO performance KPI, it is needed to study the prediction of time of stay based on measurement event prediction.
[bookmark: Pro_ToS_Pred]Proposal 3: The use case of prediction of time of stay based on measurement event prediction is considered for study.
Prediction approach
There are two options for measurement event prediction:
Option A: utilizing cell-level measurement prediction for measurement event prediction

Evaluating whether measurement event condition is fulfilled is by comparing the cell-level measurement result of serving cell and neighboring cell according to the event configuration. For example, Event A3 entering condition is as below, with Mp and Mn the measurement results of SpCell and neighbor cells, Hys the hysteresis, Off the A3 offset, and frequency and cell offsets in Ofp, Ofn, Ocp, Ocn.
Mn + Ofn + Ocn – Hys > Mp + Ofp + Ocp + Off
When AI can predict the cell level measurement results Mp and Mn, AI can predict whether event A3 condition is satisfied during timeToTrigger according to relevant measurement configuration.

Option B: using AI model to predict measurement event directly.

In this option, AI model is used directly for measurement event prediction, as in Figure 3 below.


[bookmark: Fig_Pre]Figure 3: Direct measurement event prediction

Model input can include e.g.: 
· Historic RRM measurement results
· Event configuration (TTT and event specific configurations, e.g. offset parameters)
· Location information

Option A has the following benefits compared with Option B:
1) Option A reuses cell level measurement prediction, therefore there is no need to run separate AI model for measurement event prediction, and no additional LCM for measurement event prediction.
2) There is no need to train AI models for different event types and different parameter configurations.

Option A might be computation intensive as both cell level prediction and event evaluation should be performed. However the exact computation complexity compared with Option B needs to be further evaluated.
[bookmark: Pro_Pred_Opt]Proposal 4: RAN2 to discuss which option is used for measurement event prediction:
Option A: utilizing cell-level measurement prediction for measurement event prediction.
Option B: using AI model to predict measurement event directly.
Performance metrics for evaluation
In SID [1], following performance KPIs are mentioned: Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction. As discussed in clause 2.1, there are three use cases: prediction of fulfillment of measurement event, measurement reduction based on event prediction, and prediction of time of stay. For all the use cases, prediction accuracy should be evaluated.
For prediction of fulfillment of measurement event and prediction of time of stay, as they are used for handover decision, the following KPIs apply: ping-pong HO, HOF/RLF, and time of stay. 
For measurement reduction based on event prediction, it is obvious that measurement reduction should be evaluated. As the measurement reduction might impact mobility performance, it is necessary to evaluate HOF/RLF.
[bookmark: Pro_KPI]Proposal 5: For all use cases of measurement event prediction, performance metrics include HOF/RLF and prediction accuracy. For prediction of fulfillment of measurement event and prediction of time of stay, additional metrics include ping-pong HO and time of stay. For measurement reduction based on event prediction, additional metric includes measurement reduction.
Conclusion
In this contribution, we discuss the use cases/scenarios and performance metrics/KPIs for measurement event prediction, and propose the following:
Proposal 1: The use case for prediction of fulfillment of measurement event is considered for study.
Proposal 2: The use case of measurement reduction based on event prediction is considered for study.
Proposal 3: The use case of prediction of time of stay based on measurement event prediction is considered for study.
Proposal 4: RAN2 to discuss which option is used for measurement event prediction:
Option A: utilizing cell-level measurement prediction for measurement event prediction.
Option B: using AI model to predict measurement event directly.
Proposal 5: For all use cases of measurement event prediction, performance metrics include HOF/RLF and prediction accuracy. For prediction of fulfillment of measurement event and prediction of time of stay, additional metrics include ping-pong HO and time of stay. For measurement reduction based on event prediction, additional metric includes measurement reduction.
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