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1. Introduction
At the RAN 102 meeting, a new SID [1] on ‘Study on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR’ was approved. Some of the objects are as follows:
	...
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]
...


In this contribution, we’d like to discuss measurement event prediction and the corresponding KPI.
2. Discussion
2.1 Usage of Measurement event prediction
For normal mobility, the network usually triggers handover procedure based on the received measurement events. For instance, A3/A5 can be used to trigger coverage-based mobility and A4 can be used to trigger load balance-based mobility. Regarding measurement event prediction, the intention is to predict when/what event will be fulfilled. So, it seems the event prediction mainly considers temporal-domain prediction. However, in our understanding, even for spatial-domain or frequency-domain prediction, measurement event prediction is needed, because for measurement prediction in UE side model, the UE is not expected to report the predicted measurement results periodically to network, this will increase the signalling burden over Uu interface, So, a simple solution is to evaluate the predicted measurement results and send report to network if the predicted measurement results fulfill some criteria, e.g. like measurement events. 
Observation 1 In UE side model of RRM measurement prediction, the UE is not expected to transmit the predicted results to the network periodically because this increases signalling overhead. 
Therefore, in our view, the main usage of measurement event prediction is to help UE to deliver the predicted measurement results to the network, and also inform the network when/whether the predicted measurement results can be used to trigger handover. 
Proposal 1: Measurement event prediction is a method that helps UE to deliver the UE’s predicted RRM measurement results to the network.
2.2 Model of Measurement event prediction
Based on above, we think measurement event prediction should be done based on RRM measurement prediction. More detailed, the input of event prediction AI model includes predicted serving cell measurement results and predicted neighbor cell measurement results. The predicted serving or neighbor cell measurement results are the outcomes the RRM measurement prediction model.as shown in below figure:


Figure 1 Model of measurement event prediction 
Proposal 2: In UE-side model of measurement event prediction, the model inputs are predicted serving cell measurement results (e.g. RSRP) and predicted neighbor cell measurement results (e.g. RSRP)..
As shown in Figure 1, the RRM measurement prediction model can be spatial-domain, frequency-domain or temporal domain. For example, for frequency-domain prediction, the UE may predict the measurement results of F2 neighbor cells on based on F1 serving cell measurement results, then the UE can further evaluate whether/when F2 neighbour cell fulfills A3/A4/A5 events. For temporal-domain prediction, the UE predicts serving/neighbor cell results based on historical measurement results, the UE can then further predict at which future time occasion, the neighbor cell can meet the A3/A4/A5 events.  
Proposal 3: Spatial-domain, frequency-domain and temporal-domain RRM measurement prediction can be considered to provide the inputs (e.g. predicted measurement results) for measurement event prediction.
· measurement event simulation assumption
For measurement event simulation assumption, we can take TR 36.839 as baseline. In the TR 36.839, only event A3 is considered. Here, to simplify our work, we can prioritize event A3 in the AI-mobility simulation. In the existing specification, Event A3 is triggered when neighbor becomes offset better than serving cell for a period of time (timetotrigger), which can be modeled as below:
[image: ]
Figure 2 A3 event simulation model
For measurement event simulation assumption, we can take TR 36.839 as baseline:
Table 5.5.5.2.1.1: Traffic model
	Feature/Parameter
	
	Value/Description

	Handover parameters
	Handover criteria
A3 baseline offset
A3 baseline time-to-trigger
	Event A3 RSRP
2 dB
160 ms


The A3 baseline offset and A3 baseline time-to-trigger are set to 2dB and 160ms respectively according to the table above. These values can be taken as a baseline, other values are not precluded. For example, in real deployment, 3 dB A3 offset and 320ms TTT are also widely used. So we suggest.
Proposal 4: Event A3 is prioritized in the measurement event simulation. 
Proposal 5: Consider the following parameter values in the measurement event simulation:
· 2 dB for A3 baseline offset, other value e.g. 3dB not precluded. 
· 160ms for A3 baseline time-to-trigger, other value e.g. 320ms not precluded.
2.3 Performance KPI
Considering measurement event is mainly used to trigger handover, the time of predicted event is important for handover performance, for example, if the declaration of event is later than non-AI case, too-late handover may occur. On the contrary, if the declaration of event is earlier than non-AI case, too-early handover may happen. So, for measurement event prediction, we suggest to consider the following KPIs:
· Event prediction accuracy, including:
· Event-triggered cell prediction accuracy: the percentage of “predicted event-triggered cell is the actual event-triggered cell” ;
· the CDF of time difference between the predicted event-triggered time and actual event-triggered time; (differentiate late or early)
Proposal 6: Following KPIs are considered for measurement event prediction:
· Event prediction accuracy, including:
· Event-triggered cell prediction accuracy: the percentage of “predicted event-triggered cell is the actual event-triggered cell” ;
· the CDF of time difference between the predicted event-triggered time and actual event-triggered time; (differentiate late or early)
2.3 Simulation priority
Different from RRM measurement prediction, measurement event prediction requires long time processing in simulation. The simulation burden is quite heavy. In addition, as indicated in our paper [2], we think the measurement event prediction can be considered as part of RRM measurement prediction performance evaluation. Because in evaluation of RRM measurement prediction, measurement event performance is also considered in the phase 2. Thus, we can de-prioritize measurement event prediction study until we achieve sufficient progress of RRM measurement prediction.
Proposal 7: De-prioritize measurement event prediction study until achieving sufficient progress of RRM measurement prediction.
Besides, based on the SID, the network-sided model is considered for cell-level and beam-level measurement prediction, including serving cell, intra-freq and inter-freq neighbour cells. The handover procedure is mainly triggered based on measurement events (e.g. A3/A4/A5) instead of instantaneous measurement results. For measurement results predicted by the network-sided model, the network also needs to predict whether/when the corresponding measurement events can be satisfied. Therefore, it makes sense to add the network-sided model to the measurement event prediction.
Proposal 8: Measurement event prediction is also applicable to network side model.
3. Conclusion and proposals
In this contribution, we have the following proposals:
Observation 1 In UE side model of RRM measurement prediction, the UE is not expected to transmit the predicted results to the network periodically because this increases signalling overhead. 
Proposal 1: Measurement event prediction is a method that helps UE to deliver the UE’s predicted RRM measurement results to the network.
Proposal 2: In UE-side model of measurement event prediction, the model inputs are predicted serving cell measurement results (e.g. RSRP) and predicted neighbor cell measurement results (e.g. RSRP)..
Proposal 3: Spatial-domain, frequency-domain and temporal-domain RRM measurement prediction can be considered to provide the inputs (e.g. predicted measurement results) for measurement event prediction.
Proposal 4: Event A3 is prioritized in the measurement event simulation. 
Proposal 5: Consider the following parameter values in the measurement event simulation:
· 2 dB for A3 baseline offset, other value e.g. 3dB not precluded. 
· 160ms for A3 baseline time-to-trigger, other value e.g. 320ms not precluded.
Proposal 6: Following KPIs are considered for measurement event prediction:
· Event prediction accuracy, including:
· Event-triggered cell prediction accuracy: the percentage of “predicted event-triggered cell is the actual event-triggered cell” ;
· the CDF of time difference between the predicted event-triggered time and actual event-triggered time; (differentiate late or early)
Proposal 7: De-prioritize measurement event prediction study until achieving sufficient progress of RRM measurement prediction.
Proposal 8: Measurement event prediction is also applicable to network side model.
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