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1. Introduction
In RAN2#125bis meeting, the following agreements on the measurement event predictions were achieved [1]:
Agreements:
1. At least measurement event evaluation based on RRM measurement prediction result will be studied.   Direct measurement event prediction are is also allowed.   
2. Clarifications on what is being as input should be provided with results  
3. Start with A3 as a baseline.  
4. Measurement event prediction study can start after some further progress on RRM measurement prediction has been made

In this contribution, we discuss measurement event prediction use cases/scenarios and relevant performance metrics/KPIs to evaluate.
2. Discussion
2.1 Measurement event prediction use cases/scenarios 
According to the Justification of the study item description [2], it says that “With existing L3 handover mechanism, handover is triggered and executed based on reported historical measurement result and/or measurement event(s) i.e., it is kind of reactive scheme by its nature. It may work well among macro cells when UE’s mobility is low for existing services. But it could be problematic when either UE’s mobility is high or among micro cells of high density or both for existing services or future services e.g. XR, where such reactive scheme may result in more unintended event e.g., handover failure, radio link failure, Ping-Pong phenomenon, throughput loss or too early/late handover etc. To improve handover robustness conditional handover is introduced in Rel-16. And to reduce interruption time of frequent handover among small cells LTM HO is introduced in Rel-18. However, these two mechanisms are not sufficient because they are still reactive scheme by design. On the other hand, mechanism based on AI/ML algorithm has the potential to enable proactive scheme.”
To enable “proactive” handover scheme, early measurement report based on measurement event predictions is the most promising use case. The UE can predict measurements in a prediction window (e.g., TTT) and the UE can send an early measurement report if a configured event is fulfilled based on real and predicted measurement results. After receiving the early measurement report, the network can perform a handover preparation and send a handover command earlier than “reactive” basic handover scheme. Therefore, the UE can receive the handover command in a more stable radio link condition than “reactive” basic handover. This can decrease a handover failure or radio link failure and assure mobility robustness improvements. On the other hand, if the configured event is not fulfilled based on predicted measurements but fulfilled based on the real measurements after TTT, “reactive” basic handover can be triggered. Therefore, from the mobility robustness perspective, the “proactive” handover scheme can guarantee better performance than “reactive” basic handover scheme.
Observation 1: “proactive” handover scheme using early measurement report based on measurement event predictions can decrease a handover failure or radio link failure and assure mobility robustness improvements.
Proposal 1: RAN2 to consider “proactive” handover use case using early measurement report based on measurement event predictions to improve mobility robustness. 
According to the Justification of the study item description [2], it says that “Based on progress made in RAN1 and RAN3 so far and assumption on UE’s trajectory it is feasible to predict RRM measurement and/or event and hence candidate target cell in UE side. In network side new assistant information, if necessary, and statistics information based on measurement report from UE and/or neighbouring nodes can be also used for smart prediction. If some prediction information could be known by network, handover and/or RRM performance can be improved by proactive measures to either make a better decision or avoid unintended event.” “Since L3 measurement is based on filtering of L1 measurement, the study of AI/ML for air can be leveraged for mobility purpose e.g., temporal prediction can also be used to predict beam(s)/cell(s) becoming worse so that unintended event like radio link failure or short-stay handover can be avoided.”
In addition, the UE can predict measurements in a prediction window longer than TTT and the UE can evaluate if a configured event that implies an unnecessary handover (e.g., short time of stay handover) is fulfilled based on real and predicted measurement results. For example, the event can be regarded as fulfilled when the elapsed time from the first event to the second event to trigger handover is less than a predetermined minimum time-of-stay parameter as defined in TR 36.839. RAN2 can further discuss on the event implies an unnecessary handover. The UE or the network can skip the unnecessary handover by omitting some handover procedures if the event implies an unnecessary handover is fulfilled. RAN2 can further discuss how to skip the unnecessary handover by the UE or the network. In this way, short time of stay handover can be avoided. Of course, it is important that unnecessary handover avoidance should not result in any degradation in mobility robustness performance.
Observation 2: unnecessary handover avoidance based on measurement event predictions can decrease a short time of stay handover.
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2.2 Performance metrics/KPIs
The type of machine learning on measurement event predictions is a binary classification where a model predicts whether an event occurs (e.g., the entering condition for A3 event is fulfilled) or not. Therefore, with regard to the intermediate metrics/KPIs, we can adopt the typical ML classification metrics such as accuracy, precision, recall or F1-score.
Observation 3: The type of machine learning on measurement event predictions is a binary classification where a model predicts whether an event occurs or not.
Proposal 3: The following intermediate metrics/KPIs are considered to evaluate the performance of measurement event predictions: 
- accuracy, precision, recall, or F1-score.
The benefits of measurement event predictions include handover performance improvements avoiding unintended events such as too early handover, too late handover, handover to wrong cell, ping-pong handover. Therefore, to evaluate the system performance of measurement event predictions, we can reuse the existing handover performance metrics/KPIs defined in TR 36.839 such as handover failure rate, ping-pong rate, short time of stay rate, etc. In addition, measurement event predictions can bring potential benefits to user plane performance improvements, for example, increasing the throughput or reducing the outage rate. However, we need more discussion on these benefits and the evaluation of user plane performance requires more works. So, we can consider user plane performance metrics/KPIs such as throughput, outage rate, etc. after more discussions.
Observation 4: The benefits of measurement event predictions include handover performance improvements avoiding unintended events and potential user plane performance improvements.
Proposal 4: The following metrics/KPIs are considered to evaluate the performance of measurement event predictions: 
- handover performance metrics/KPIs defined in TR 36.839 such as handover failure rate, ping-pong rate, short time of stay rate, etc.
- FFS on user plane performance metrics/KPIs such as throughput, outage rate, etc. 
3. Conclusion
Observation 1: “proactive” handover scheme using early measurement report based on measurement event predictions can decrease a handover failure or radio link failure and assure mobility robustness improvements.
Observation 2: unnecessary handover avoidance based on measurement event predictions can decrease a short time of stay handover.
Observation 3: The type of machine learning on measurement event predictions is a binary classification where a model predicts whether an event occurs or not.
Observation 4: The benefits of measurement event predictions include handover performance improvements avoiding unintended events and potential user plane performance improvements.
Based on the discussion in Section 2, we propose the following:
Proposal 1: RAN2 to consider “proactive” handover use case using early measurement report based on measurement event predictions to improve mobility robustness.
Proposal 2: RAN2 to consider unnecessary handover avoidance use case based on measurement event predictions to avoid unnecessary handover.
Proposal 3: The following intermediate metrics/KPIs are considered to evaluate the performance of measurement event predictions:
- accuracy, precision, recall, or F1-score.
Proposal 4: The following metrics/KPIs are considered to evaluate the performance of measurement event predictions:
- handover performance metrics/KPIs defined in TR 36.839 such as handover failure rate, ping-pong rate, short time of stay rate, etc.
- FFS on user plane performance metrics/KPIs such as throughput, outage rate, etc. 
4. References
[bookmark: _Ref47538945]RAN2#125bis Meeting Report
RP-240082	Revised SID: Study on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR	OPPO



