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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]The SID on AI/ML for mobility in NR [1] was approved for Rel-19. There are 3 use cases as below:
	· 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]


In this contribution, we will focus on measurement event prediction use cases to consider during the study and relevant performance KPIs to evaluate.
2. Discussion
2.1 Potential sub-use cases 
In NR, measurement events define the criteria for triggering of a measurement reporting event or of a CHO, CPA or CPC event. The measurement events include below cases as specified in TS38.331[2]:
· Use Case #1: NR Measurement reporting events
· 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;
· Event D1:	Distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 becomes shorter than configured threshold distanceThreshFromReference2;
· Use Case #2: Inter-RAT measurement reporting event
· Event B1:	Neighbour becomes better than absolute threshold;
· Event B2:	PCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2;
· Use Case #3: CHO, CPA or CPC event
· CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;
· CondEvent A4: Conditional reconfiguration candidate becomes better than absolute threshold;
· CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2;
· CondEvent D1: Distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2;
· CondEvent T1: Time measured at UE becomes more than configured threshold t1-Threshold but is less than t1-Threshold + duration;
Observation 1: The measurement events include NR measurement reporting events, inter-RAT measurement reporting events, and CHO/CPAC events.
According to the SID[1], the study will focus on the use cases in which handover decision is always made in network side, thus CHO or CPAC events are excluded. Furthermore, mobility use cases focus on standalone NR PCell change, then the inter-RAT measurement reporting events are excluded as well. Hence, the SI should focus on NR measurement reporting events.
Proposal 1: Measurement event prediction only focuses on NR measurement reporting events.
In general, Event A3 or Event A5 is used for handover decisions. However, it is challenging for the network to make the handover decision if multiple events are triggered and the corresponding measurements are reported. Furthermore, the existing measurement events require operators to perform complex configuration optimization to ensure mobility performance, e.g., TTT, offset.
From the UE perspective, the existing measurement reporting events are based on only the measurement of downlink signal. It is possible that a cell has good downlink coverage, but poor uplink coverage. The existing events are not sufficient to handle this scenario. Moreover, when the UE has a large transmission demand, even if the current cell has a good signal, the UE may need to switch to a cell with a larger bandwidth. 
To address the above issues, a new AI measurement event can be introduced. Specifically, the new event can be agnostic to the triggering condition and only indicate the UE tends to handover to other cell(s). Then the network decides whether to perform the handover based on the AI measurement event reporting. In this case, the network does not need to perform complex event configuration.
Proposal 2: RAN2 to discuss whether to introduce a new AI measurement event, which is agnostic to the triggering condition.
2.2	Relationship to RRM measurement prediction
Considering the output of AI model, there are below options for measurement event prediction:
Option #1: Measurement event evaluation based on RRM measurement prediction result


Figure 2.2-1: Measurement event evaluation based on RRM measurement prediction result
In option #1, measurement event prediction is done based on the intermedia metric, i.e. the RRM measurement result. By this way, the measurement event prediction may reuse the prediction result of AI Model for RRM measurement.
However, how to perform measurement event evaluation based on the predicted RRM measurement result is an open question. As we know, the measurement event is considered to be triggered when the specific criteria for the event is met for a duration(timeToTrigger). If measurement event evaluation is based on the predicted cell-level measurement result, are the entry/leave condition and timeToTrigger still applicable for this event? This needs further investigation.
Option #2: Direct measurement event prediction


Figure 2.2-2: Direct measurement event prediction
It’s also possible to perform direct measurement event prediction. By this way, the AI model outputs measurement event prediction results. In this option, we need to consider the input and output parameters of AI Model, which may be different from the AI Model for RRM measurement result prediction. For example, the output may be a flag of whether the measurement event is fulfilled.
RAN2 may discuss the above two options for measurement event prediction, and down-select one option to reduce simulation effort.
Proposal 3: RAN2 to discuss the potential approaches for measurement event prediction:
· Option#1: Measurement event evaluation based on RRM measurement prediction result.
· Option#2: Direct measurement event prediction.

2.3 Potential Scenarios
For the existing L3-based HO, the triggering condition for RRM reporting shall be met and last for TTT (Time To Trigger) duration, which may lead to:
-	HO at a non-optimal time,	poor user experience at source cell;
-	RLF due to too-late HO;
-	HOF due to failure to receive the HO command or failure to RA to the target cell.
The legacy solution to the above issue by reducing TTT duration may result in other unintended events, e.g., too-early HO, ping-pong HO, especially for high-speed UEs.
With measurement event prediction, the UE can send the RRM measurement report in advance to trigger handover. The following scenarios can be considered:
-	After the entering condition of a measurement event is met, the UE predicts the condition can be fulfilled during TTT.
-	Before the entering condition is met, the UE predicts that a measurement event can be fulfilled in a specific timing/duration.
From our understanding, the former one is more feasible and should be the baseline.
Proposal 4: With measurement event prediction, after the entering condition of a measurement event is met, the UE can send the RRM measurement report in advance. I.e., no need to wait for the entire TTT duration.
2.4 Performance KPIs
For measurement event prediction, we may first consider intermediate KPIs. Since the direct or indirect (e.g., derived from RRM measurement prediction result) AI model output of measurement event prediction is a flag about whether measurement event will happen, we can use KPIs for binary classification problems as intermediate KPIs to evaluate the AI model performance. For example, the accuracy, precision, recall and F1 score could be provided to show the prediction accuracy and model performance. 
Proposal 5: Consider the following intermediate KPIs to evaluate the accuracy of measurement event prediction: accuracy, precision, recall and F1 score.
In addition to the intermediate KPI, KPIs such as ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, and handover interruption as we discussed in [3] should also be provided to show the system-level performance gain. 
Proposal 6: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for measurement event prediction to show the system performance gains.

3. Conclusion
In the contribution, we have the following observations and proposals:
Observation 1: The measurement events include NR measurement reporting events, inter-RAT measurement reporting events, and CHO/CPAC events.
Potential sub-use cases
Proposal 1: Measurement event prediction only focuses on NR measurement reporting events.
Proposal 2: RAN2 to discuss whether to introduce a new AI measurement event, which is agnostic to the triggering condition.
Proposal 3: RAN2 to discuss the potential approaches for measurement event prediction:
· Option#1: Measurement event evaluation based on RRM measurement prediction result.
· Option#2: Direct measurement event prediction.
Potential scenarios
Proposal 4: With measurement event prediction, after the entering condition of a measurement event is met, the UE can send the RRM measurement report in advance. I.e., no need to wait for the entire TTT duration.
[bookmark: _GoBack]Performance KPIs
Proposal 5: Consider the following intermediate KPIs to evaluate the accuracy of measurement event prediction: accuracy, precision, recall and F1 score.
Proposal 6: Ping-pong HO rate, short ToS rate, HOF rate, RLF frequency, handover interruption should be evaluated for measurement event prediction to show the system performance gains.
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