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1. Introduction
A rel-19 study item on AIML mobility enhancements was approved during RAN#102, with the main objective of [1]:
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]

· 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]
· [bookmark: _Hlk153472406]Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

This contribution provides further input regarding the RLF/HOF prediction. 
2. Discussion
2.1. RLF prediction
As described in 38.331, section 5.3.10.3, a UE declares an RLF in the following cases:
· Upon T310 expiry in the PCell
· Upon T312 expiry in the PCell
· Upon random access problem indication from the MAC
· Upon the maximum number of RLC retransmissions
· Upon consistent uplink LBT failure indication from the MAC
· Upon BH RLF failure indication (in case the UE is the IAB-MT)

Our understanding is that the RLF prediction use case that is the most relevant to the AIML mobility study item is the actual detection of PHY problems through the receptions of N310 OOS (out of sync) indications from the PHY, UE starting the T310 timer and declaring RLF if the timer expires before N311 IS (In Sync) indications are received from the PHY. The case of T312 expiry can basically be considered as a sub case of the T310 expiry, as the only difference between the two is the reduction of the timer value for a faster recovery in the case of T312 (i.e., UE, upon detecting measurement event conditions are fulfilled, checks if the T310 is already running, and if so, starts a shorter T312 timer instead of waiting for the longer T310 to expire before declaring RLF).

Proposal 1: For the RLF prediction use case, only the case of T310 expiry is considered. 

Since the IS/OOS indications are based on the comparison of the serving cell’s SINR to the Qin/Qout thresholds, at a higher level, the modelling of the RLF prediction is like the measurement event prediction, as we have discussed in [2]. 

In RAN2-125bis, the following agreements were made regarding measurement event predictions [3]:

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

Thus, like the measurement event case, RLF prediction can be done in two ways:
· Indirect: UE first predicts the future SINR values, and based on that predicts the RLF 
· Direct: UE directly predicts the occurrence of the RLF without predicting future SINR values

Proposal 2: At least RLF prediction based on SINR prediction will be studied. Direct RLF prediction is also allowed.

Similar to what we proposed for the case of measurement events in [2], a model that outputs the probability of an RLF within a given predefined time window is sufficient to evaluate the usefulness/feasibility of RLF prediction and will decrease the complexity/time that will be required to train and test the model (for example, as compared to models that predict the probability distribution/values within multiple time windows or the earliest time the RLF is expected to occur, etc.,)

Proposal 3: The output of the AIML model for RLF prediction is the probability of an RLF on the serving cell within a given time window.

Similarly, the same metrics/KPIs can be considered as in the case of measurement event prediction, as the RLF prediction is also a classification problem.

Proposal 4: The following to be taken as the baseline metrics/KPIs for the RLF prediction use case: Precision, Sensitivity, Specificity, F1-Score, and Accuracy
 
Finally, as agreed for the measurement event use case (and due to the similarity of some of the modelling of measurement events and RLF prediction), the study of the RLF prediction use case can be started after further progress on RRM measurement prediction has been made. 

Proposal 5: The RLF prediction study can start after some further progress on RRM measurement prediction has been made.

2.2. HOF prediction
A handover failure can occur due to several reasons:
· A UE experiences an RLF with the source cell before it can send the measurement report (e.g., T312 expiry)
· A UE has sent the measurement report but experiences the RLF with the source cell before the reception of the HO command
· A UE receives the HO command and executes it but was not able to complete the HO (i.e., unable to send the HO complete message to target cell) (e.g., T304 expiry)
The first one has some overlap with the RLF prediction as discussed above. The second one can be difficult to model, as it depends on network implementation aspects (i.e., how long does it take for the network to process the measurement report, decide the best target cell and perform the admission control, send the handover command, etc.,). Since the RLF prediction objective in the study item is solely for the UE-sided model, the most relevant HOF case is the one that is due to T304 expiry, as that is visible to the UE (i.e., UE has applied the HO command and waiting for the completion of the HO).
The UE stops T304 upon the successful completion of random access with the target cell. That means, the more likely case for the T304 expiry and subsequent HOF is RACH congestion. It is not clear to us on how the UE can be trained to predict RACH congestion.

Observation 1: The HOF prediction use case overlaps with the RLF use case (e.g., T312 expiry) or difficult to model as it depends on network implementation and conditions (e.g., UE experiencing RLF after sending the measurement report, T304 expiry due to RACH congestion, etc.)

Proposal 6: A separate “HOF prediction” use case is not needed, and HOF can be considered as part of the RLF prediction use case. 

4. Conclusion
In this contribution, the issues of RLF and HOF prediction are discussed, and the following observations and proposals are made:
Observation 1: The HOF prediction use case overlaps with the RLF use case (e.g., T312 expiry) or difficult to model as it depends on network implementation and conditions (e.g., UE experiencing RLF after sending the measurement report, T304 expiry due to RACH congestion, etc.)

Proposal 1: For the RLF prediction use case, only the case of T310 expiry is considered. 
Proposal 2: At least RLF prediction based on SINR prediction will be studied. Direct RLF prediction is also allowed.
Proposal 3: The output of the AIML model for RLF prediction is the probability of an RLF on the serving cell within a given time window.
Proposal 4: The following to be taken as the baseline metrics/KPIs for the RLF prediction use case: Precision, Sensitivity, Specificity, F1-Score, and Accuracy
Proposal 5: The RLF prediction study can start after some further progress on RRM measurement prediction has been made.
Proposal 6: A separate “HOF prediction” use case is not needed, and HOF can be considered as part of the RLF prediction use case. 
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