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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]
· 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
A UE that is in RRC_CONNECTED performs RLM on the SpCell to detect RLFs. The UE is configured with thresholds to determine whether the radio link being monitored is good/reliable enough, specifically:

· Qout:  the level at which the DL cannot be reliably received and shall correspond to out-of-sync block error rate (BLERout) which is the 10% block error rate of a hypothetical PDCCH transmission

· Qin: the level at which the DL can be significantly more reliably received than at Qout and shall correspond to in-sync block error rate (BLERin), which is 2% block error rate of a hypothetical PDCCH transmission

The UE is also configured with timers and counters that are used to determine the reliability of the link being monitored, specifically:

· n310:  the number of consecutive times that an out of sync (OOS) indication is received at the RRC from the lower layers (e.g. PHY) before RRC starts considering the link being monitored as experiencing reliability problem.

· n311: the number of consecutive times that an in-sync (IS) indication is received at the RRC from the lower layers (e.g., PHY) before RRC considers the link being monitored has become reliable again. 

· t310: the duration of the timer that is started upon n310 consecutive OOS indications received from lowers, and stopped upon n311 consecutive IS indications. 

If the T310 timer expires before the reception of n311 consecutive in-sync indications from lower layers, RRC will consider the link has failed and declares an RLF.

The UE may employ another timer (T312) to detect RLF, which is associated with measurement reporting. A measurement reporting configuration could be associated with t312. When the reporting conditions are fulfilled and a measurement report is to be sent, and if this measurement reporting configuration has been associated with t312, the UE will check if T310 is already running (i.e., RLM has already identified a problem and waiting for the recovery). If so, the UE starts the T312 timer (which typically has a lower value than T310) and if the problem is not resolved before the timer expires, then the UE also declares an RLF. Basically, T312 is used to detect a late HO (i.e., had the measurement reporting been sent earlier than the radio link problem started, the UE would probably been handed over to a target cell in time). 

The figure below illustrates the NR RLM and RLF detection mechanisms:
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Apart from the above, the UE can also declare RLF based on other reasons such as random-access problem (e.g., when a UE doesn’t receive a RAR after sending a random-access preamble to the network a certain number of times), maximum number of RLC retransmissions has been reached for a certain RLC bearer, LBT failure, etc. 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 problem through N310 OOS detection and T310 expiry before N311 IS detection. 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.

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 the serving cell’s signal level 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 [3]. Thus, we propose:

Proposal 2: The output of the AIML model for RLF prediction is the probability of an RLF on the serving cell within a given time window.
Similar metrics/KPIs can be considered as in the case of measurement event prediction as the above is also a classification problem.
Proposal 3: The following to be taken as the baseline metrics/KPIs for the RLF prediction use case: Precision, Sensitivity, Specificity, F1-Score, and Accuracy
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).

Proposal 4: For the HOF prediction, only the case of T304 expiry is considered.  
For the HOF prediction that is based on T304 expiry, what the model needs to perform is that assuming the UE has been provided with a HO command at t1, what is the probability that it will not be able to successfully complete the HO to the target (e.g., not able to complete the RA) by time t1+T304.

Proposal 5: The output of the AIML model for HOF prediction is the probability of the T304 expiring before handover is completed towards a given cell.
Similar metrics/KPIs can be considered as in the case of measurement event prediction as the above is also a classification problem.

Proposal 6: The following to be taken as the baseline metrics/KPIs for the HOF prediction use case: Precision, Sensitivity, Specificity, F1-Score, Accuracy
4. Conclusion

In this contribution, the issues of RLF and HOF prediction are discussed, and the following observations and proposals are made:

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

Proposal 2: 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 3: The following to be taken as the baseline metrics/KPIs for the RLF prediction use case: Precision, Sensitivity, Specificity, F1-Score, and Accuracy
Proposal 4: For the HOF prediction, only the case of T304 expiry is considered.  

Proposal 5: The output of the AIML model for HOF prediction is the probability of the T304 expiring before handover is completed towards a given cell.
Proposal 6: The following to be taken as the baseline metrics/KPIs for the HOF prediction use case: Precision, Sensitivity, Specificity, F1-Score, an Accuracy
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