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1 Introduction 
[bookmark: _Hlk110670114]In the last RAN2 #125-bis meeting [1], there was discussion on the topic of RLF/HO failure prediction, but there were no agreements. In this contribution, we discuss some aspects of the simulation evaluation framework for RLF/HO failure prediction and associated metrics/KPIs.    
2 RLF prediction
According to the RRC specification TS 38.331, UE determines that RLF has occurred because of three possible reasons:
· RLF due to physical layer problems: UE declares RLF if the RRC layer does not receive a configured number of in-sync indications from the lower layers during a configured timer T310 period, after receiving out-of-sync indications from the lower layers.
· RLF due to MAC layer problems: UE declares RLF if the RRC layer receives a random access problem indication from the MAC layer, i.e., if the number of configured retransmissions of the random access preamble have been exceeded.
· RLF due to RLC layer problems: UE declares RLF if the UE RRC layer receives an indication from the RLC layer that the configured maximum number of RLC retransmissions has been exceeded.
In the simulation framework for the Rel-19 study, our preference is that traffic modelling and simulation of the user plane stack at the UE are not considered, due to complexity reasons. Consequently, prediction of RLF occurrence due to RLC layer problems and MAC layer problems should not be considered as part of the study. The focus should be on prediction of RLF occurrence due to physical layer problems as mentioned above.
For RLF detection on the source cell due to physical layer problems, the procedure involves the UE performing measurements on the RLM RSs transmitted on the source cell. These RLM RSs could be SSBs or CSI-RSs transmitted on the beams. 
UE can use the measurements on these RLM RSs for RLF prediction. For simulation evaluation purposes, RLF prediction can be performed on the UE side using an AI/ML model and based on measurements of the source cell beams.
An example of RLF prediction by the UE is shown in Figure 1 below. Based on UE measurements of the source cell beams at historical time instance(s), UE predicts the measurements for a window of time into the future, which we call the prediction window. During the time the timer T310 is running, based on measurement predictions during the prediction window, if UE determines that it is unlikely to have N311 consecutive in-sync indications during the prediction window, then UE can predict occurrence of RLF. 
If the UE is able to predict for a longer time into the future, i.e., the prediction window is longer, UE can predict RLF earlier in time, e.g., before the timer T310 is started, or even before having any out-of-sync indications. It is better if the UE is able to predict the occurrence of RLF as early as possible, because in that case the UE can report this to the network, which may then initiate handover of the UE to a suitable candidate cell thereby preventing the occurrence of RLF. It is assumed in the above discussions that the measurement predictions during the prediction window satisfy the RRM prediction accuracy requirements.       


[bookmark: _Ref166072578]Figure 1: Example of RLF prediction by the UE
Proposal 1. For simulation evaluation purposes, we propose the following framework for RLF prediction on the source cell.
· RLF prediction is performed on the UE side using an AI/ML model and based on UE measurements of source cell beams (RLM RSs).
· The AI/ML model for RLF prediction may produce as output one or more of the following:
· Prediction regarding whether RLF will occur in a certain window of time into the future.
· Predicted time of occurrence of RLF.
· Predicted times of occurrence of RLF and associated probabilities.
· E.g., Probability of occurrence of RLF is 10% 100ms into the future, 20% 150ms into the future, etc.

We think that the simulation evaluation should be performed for both FR1 and FR2, and we should try to reuse as much as possible the simulation assumptions and parameters regarding deployment and BS and UE parameters agreed for RRM measurement prediction, for the RLF prediction study.
[bookmark: _Hlk166144436]Proposal 2. Simulation evaluation for RLF prediction should be performed for both FR1 and FR2, and the simulation assumptions and parameters regarding deployment and BS and UE parameters agreed for RRM measurement prediction should be reused for the RLF prediction study as much as possible. 
Proposal 3. RAN2 to discuss and agree on the settings of the following set of RLF related parameters, for both FR1 and FR2.
· Measurement periodicity for RLM measurements,
· RLF timers and constants: T310, N310, N311.
Below is a table of RLF related parameters with some suggested values for simulations for FR1.
Table 1: RLF parameters (for FR1)
	Items
	Description 

	T310
	1s

	N310
	1, 4, 10

	N311 
	1



  
  

Regarding the KPIs for the RLF prediction model, we think that prediction accuracy is an important metric. For the case where the output is a prediction about whether RLF occurs or not, the prediction accuracy metric can be the fraction of the RLFs that the model is able to predict correctly.    
The model may also predict the occurrence of RLF erroneously, e.g., it may predict RLF when RLF does not occur. This is a false alarm which may impact system performance since the UE may transmit a report to the network indicating RLF, and the network and the UE may then take actions that are not necessary and may lead to performance deterioration.  Trying to maximize the prediction accuracy as defined above, i.e., the fraction of the RLFs that the model is able to predict accurately, could result in a high false alarm probability. We therefore suggest considering another KPI, which is the prediction accuracy that can be achieved for a given upper bound on the probability of false alarm. 
Proposal 4. The following are the possible KPIs to consider for the RLF prediction model.
(1) Prediction accuracy.

For the case where the output is a prediction about whether RLF occurs or not, the prediction accuracy can be the fraction of the RLFs that the model is able to predict correctly.

(2) Maximum prediction accuracy that can be achieved for a given upper bound on the probability of false alarm.
It is also necessary to compare the performance of the RLF prediction model with the regular (non-AI/ML based) RLF detection mechanism.
[bookmark: _Hlk166144501]Proposal 5. The prediction accuracy of the AI/ML based model should be compared with the regular (non-AI/ML based) RLF detection mechanism to determine if there is any performance gain. 
3 Conclusions
Based on the above discussions, we recommend that RAN2 discuss the following observations and proposals.

RLF prediction
Proposal 1. For simulation evaluation purposes, we propose the following framework for RLF prediction on the source cell.
· RLF prediction is performed on the UE side using an AI/ML model and based on UE measurements of source cell beams (RLM RSs).
· The AI/ML model for RLF prediction may produce as output one or more of the following:
· Prediction regarding whether RLF will occur in a certain window of time into the future.
· Predicted time of occurrence of RLF.
· Predicted times of occurrence of RLF and associated probabilities.
· E.g., Probability of occurrence of RLF is 10% 100ms into the future, 20% 150ms into the future, etc.

Proposal 2. Simulation evaluation for RLF prediction should be performed for both FR1 and FR2, and the simulation assumptions and parameters regarding deployment and BS and UE parameters agreed for RRM measurement prediction should be reused for the RLF prediction study as much as possible. 
Proposal 3. RAN2 to discuss and agree on the settings of the following set of RLF related parameters, for both FR1 and FR2.
· Measurement periodicity for RLM measurements,
· RLF timers and constants: T310, N310, N311.
Proposal 4. The following are the possible KPIs to consider for the RLF prediction model.
(1) Prediction accuracy.

For the case where the output is a prediction about whether RLF occurs or not, the prediction accuracy can be the fraction of the RLFs that the model is able to predict correctly.

(2) Maximum prediction accuracy that can be achieved for a given upper bound on the probability of false alarm.
Proposal 5. The prediction accuracy of the AI/ML based model should be compared with the regular (non-AI/ML based) RLF detection mechanism to determine if there is any performance gain. 
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