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Introduction
This contribution discusses the potential RAN2 work scope for RLF/HOF prediction use cases, and attempts to establish some starting points for further.
	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 [RAN2] (UE sided and NW sided model)
· HO failure/RLF prediction [RAN2] (UE sided model)
· Measurement events prediction [RAN2] (UE sided model)
· Study the need/benefits of any other UE assistance information for the network side model.
 
· 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]
Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]
 
NOTE 1: RAN1/3 work can be triggered via LS
NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included




2. Discussion 
2.1 RLF prediction 
Firstly, we discuss procedural aspects of RLF prediction. Let us start the discussion by assuming that UE is capable of RLF prediction for a maximum T-ahead time before actual RLF. The UE is configured by network to perform predicted RLF. Network may configure a prediction time window to limit UE’s monitoring of predicted RLF within the duration indicated by the prediction window. The length of the prediction windows should be within the UE’s prediction capabilities. Suppose that UE has detected that RLF is likely to happen T-ms later. Once the predicted RLF is detected, UE should do some actions. UE does not need to immediately initiate re-establishment nor initiates fast recovery procedure, since the RLF is not an present event but only a future event. Hence, it may be sufficient that UE only reports to network the predicted RLF and awaits network command to avoid the predicted failure. Network may trigger beam switching, if it seems sufficient, or trigger mobility to avoid the predicted failure. 
In some cases, however, UE may detect that the RLF is expected to happen very shortly. In this case, even if UE reports the predicted RLF, UE may fail to receive a proper NW command. The desirable UE actions in this case also need to be studied. 
Proposal 1: For RLF prediction use case, RAN2 to study the following components for procedural aspects:  
· Criteria for declaration of predicted RLF (or RLF prediction schemes)
· Reporting of predicted RLF 
· UE behaviors in case UE fails to receive network command after reporting predicted RLF
In the current NR specification, UE is configured with RLM reference signal(RS) for a special cell for radio link monitoring. Then, if UE PHY layer detects that the RLM RS quality is below a threshold, it indicates to RRC layer out-of-sync indication. If UE RRC layer receives N consecutive out-of-sync indications, it considers that a physical layer problem happens. If the physical layer problem is not resolved for a defined period of time, UE declares RLF.
Regarding actual implementation of RLF prediction, two approaches can be considered: 
· a) RLF prediction based on prediction of RLM-RS	UE predicts the future quality of RLM RS and then apply the existing RLF detection mechanism to the predicted RLM RS quality. In this approach, ML is used only for prediction of future RLM RS quality. Therefore, if we evaluate the prediction performance by taking the legacy RLF mechanism as a reference (or ground-truth), the performance of this approach is only affected by the RS prediction performance.   
· b) Generic ML model for RLF prediction		UE has a pre-trained ML model that generates output related to future RLF occurrences, such as when RLF is expected to happen, and/or what is the probability of the RLF occurrence, etc. This is sort of a black-box approach, because the ML model can be designed and trained with a great amount of flexibility any proprietary input can be exploited to enhance the model performance. 
In our view, RAN2 study does not need to preclude one or another approach for now, because, as long as we take the legacy RLF detection as ground-truth, performance evaluation of any RLF prediction schemes is possible. 
Proposal 2: RAN2 to consider both approaches for RLF prediction schemes:
a) RLF prediction based on prediction of RLM-RS and legacy RLF detection procedure
b) RLF prediction based on a specialized ML model pre-trained with proprietary input for RLF prediction

2.2 HOF prediction 
RAN2 needs to first clarify what HOF prediction at UE side actually means. HOF is the consequence of interaction of UE actions (measurement reporting) and network actions (HO triggering). So, if UE is tasked to predict HOF, UE should be able to know/predict the expected network behaviors related to the HO triggering. However, network’s behaviors are hard to be predicted by UE. Even if UE’s prediction on the network behaviors is luckily valid at one time, it may become invalid at the other times, as network behaviors can change any time. That is, HOF prediction by UE seems to be extremely difficult task.     
Observation1: HOF prediction may be extremely difficult task for UE, since HOF prediction requires UE to predict NW behaviors related to HO decision.
Typically, HOFs is classified into too-early handovers, too-late handovers, and wrong-cell handovers. 
· In too-early handovers, UE fails to connect to target cell, or UE succeeds HO but experiences RLF shortly in target cell. Then, while performing re-establishment, UE selects source cell during cell selection.
· In too-late handovers, UE encounters RLF in source cell before HO is triggered. Then, while performing re-establishment, UE selects target cell during cell selection. 
· In wrong-cell handovers, after UE completes handover, UE may fail to connect to target cell or UE may succeed in handover but shortly experience RLF in target cell, and in both cases, UE selects the other cell during re-establishment.
We think if cell level measurement prediction, measurement event prediction for future event satisfaction, and RLF prediction are supported, many HOFs can be avoided without UE’s prediction of HOF. This is because the prediction (cell measurement, event, RLF) gives network a holistic picture including the near future radio conditions of a seining cell and neighbor cells. For example, if the prediction results inform network that the target cell quality is only temporarily good now but predicted to be rapidly degraded shortly, network can avoid triggering handover to the target cell, in order to avoid wrong cell handover.   
Observation2: The capabilities of cell level measurement prediction, measurement event prediction for future event satisfaction, and RLF prediction can significantly reduce HOFs without UE’s prediction of HOF.
We also wonder how HOF prediction at UE side can be useful to avoid HOF caused by inappropriate network configuration. Inappropriate measurement reporting configurations such as too small/too large offset/threshold/TTT values for event Ax values may lead to handover failures. Inappropriate HO parameters also lead to HOF. Since such HOFs are the results of non-optimal network configuration, network needs to modify the configuration, but this is the scope of SON. We see that there is nothing much UE can do better with any prediction capabilities to overcome these HOF cases.  
Observation3: It is quite unclear if UE’s HOF prediction can benefit avoidance of HOF caused by inappropriate measurement/HO configuration.
Proposal 3: RAN2 clarifies what HOF prediction actually means at UE side and to discuss if HOF prediction at UE side is feasible. If the meaning of HOF prediction at UE is unclear or HOF prediction at UE is not viable, HOF prediction is excluded from the scope of SI.  
2.3 Prediction performance 
For the evaluation of the RLF prediction during SI, RAN2 needs to define KPI to measure the performance of RLF prediction. There are several ways to measure the prediction performance. As an example, we can consider the following scoring scheme:
Suppose RLF is predicted to occur at t+T. If actual RLF occurs within [t+T-T1, t+T+T1], the prediction is considered correct. Else, the prediction is considered incorrect. Then, scoring of the prediction is done as follows
The score of each prediction being considered correct is determined based the timing distance between the actual RLF and predicted RLF. For example, the scoring function for correct prediction has the property that the function gives a non-negative score and smaller distance gives a larger score.
The score of each prediction being considered incorrect is determined based the timing distance between the actual RLF and predicted RLF. For example, the scoring function for incorrect prediction has the property that the function gives a negative score and larger distance to the closest actual RLF gives a smaller scope.
Proposal 4. For evaluation of RLF prediction performance, consider the following KPI for to maximize (FFS detailed KPI metric)
· KPI: RLF prediction score with the following scoring scheme
· For a RLF prediction at t, predicting RLF to occur at t+T
· If actual RLF occurs within [t+T-T1, t+T+T1], the prediction is considered correct. Else, the prediction is considered incorrect.
· Correct prediction produces a positive score, and smaller timing distance between the actual RLF and predicted RLF gives larger score.
· Incorrect prediction produces a negative score, and larger timing distance between the actual RLF and predicted RLF gives a smaller score (FFS refinement)

Since RLF prediction is performed at UE side, UE can somehow monitor its prediction performance based on comparing actual RLM RS measurement result and predicted RLM RS measurement result. If UE detects that its prediction is inaccurate, it should stop RLF prediction and do some actions. RAN2 needs to study how to address the case when UE detects low performance of RLF prediction.  
Proposal 5: RAN2 to study how to address the case when RLF prediction performance is not sufficiently good, including issues on whether/how criteria of RLF prediction accuracy can be determined and what UE shall do if RLF prediction degrades.
3. Conclusion 
RLF prediction
Proposal 1: For RLF prediction use case, RAN2 to study the following components for procedural aspects:  
· Criteria for declaration of predicted RLF (or RLF prediction schemes)
· Reporting of predicted RLF 
· UE behaviors in case UE fails to receive network command after reporting predicted RLF
Proposal 2: RAN2 to consider both approaches for RLF prediction schemes:
a) RLF prediction based on prediction of RLM-RS and legacy RLF detection procedure
b) RLF prediction based on a specialized ML model pre-trained with proprietary input for RLF prediction

HOF prediction
Observation1: HOF prediction may be extremely difficult task for UE, since HOF prediction requires UE to predict NW behaviors related to HO decision.
Observation2: The capabilities of cell level measurement prediction, measurement event prediction for future event satisfaction, and RLF prediction can significantly reduce HOFs without UE’s prediction of HOF.
Observation3: It is quite unclear if UE’s HOF prediction can benefit avoidance of HOF caused by inappropriate measurement/HO configuration.
Proposal 3: RAN2 clarifies what HOF prediction actually means at UE side and to discuss if HOF prediction at UE side is feasible. If the meaning of HOF prediction at UE is unclear or HOF prediction at UE is not viable, HOF prediction is excluded from the scope of SI.  

Prediction performance 
Proposal 4. For evaluation of RLF prediction performance, consider the following KPI to maximize (FFS detailed KPI metric)
· KPI: RLF prediction score with the following scoring scheme
· For a RLF prediction at t, predicting RLF to occur at t+T
· If actual RLF occurs within [t+T-T1, t+T+T1], the prediction is considered correct. Else, the prediction is considered incorrect.
· Correct prediction produces a positive score, and smaller timing distance between the actual RLF and predicted RLF gives a larger score.
· Incorrect prediction produces a negative score, and larger timing distance between the actual RLF and predicted RLF gives a smaller score (FFS refinement)
Proposal 5: RAN2 to study how to address the case when RLF prediction performance is not sufficiently good, including issues on whether/how criteria of RLF prediction accuracy can be determined and what UE shall do if RLF prediction degrades.
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