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1 Introduction
In Rel-19 AI/ML aided mobility for network triggered L3-based handover WID[1], the following objectives were achieved:
	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]


In this contribution, we will discuss some issues on AI/ML aided HO failure/RLF prediction and provide some understanding on AI/ML aided HO failure/RLF prediction.
2 Discussion
2.1 Use case
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]For HO failure, it usually occurs due to too early or too late handovers, or handover to wrong cell, which are defined in TS38.300 [2], which are described as follows:
-	Too Late Handover: an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
-	Too Early Handover: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
-	Handover to Wrong Cell: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
-  RLF: an RLF occurs based on timer or other (e.g., counting) criteria after performing radio link detection.   
All above four use cases are detected via RLF criteria which use Qin / Qout thresholds to evaluate. As a results, all the above four uses cases should be studied. Through HO failure and RLF prediction, it can assist NW to make a relatively accurate handover decision.
Proposal 1: It is suggested to study the use case: too early HO, too late HO, HO to wrong cell and RLF.
2.2 RLF prediction 
2.2.1 Model inference
For conventional RLF, the quality of DL radio link is detected based on the reference signal. When the number of N310 continuous out-of-synchronization reaches the threshold of Qout, T310 timer starts. Before the T310 expires, if the number of N311 continuous in-synchronization reaches the threshold of Qin, the radio link will be recovered. Otherwise, RLF will be declared. According to TS38.133[3], the threshold Qin is defined as the level at which the downlink radio link quality can be received with significantly higher reliability correspond to the in-sync block error rate (BLERin) with the value of 2%. The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to the out-of-sync block error rate (BLERout) with the value of 10%.
As a result, the L1 RSRP is much equivalent to RLF monitoring threshold, which can be used as the model input of RLF prediction. It is FFS RLF evaluation metric parameters including N310,N311 and T310 should be fixed as the input of the RLF prediction or studied by the model itself. For simplicity of the study evaluation, it is suggested to have fixed RLF parameters as the starting point. The predicted timing information for serving cell RLF can be considered as the model inference output.
RRC signalling should be used for configuring the model input and output from NW to UE. And measurement report message could be extended to support the prediction reporting.
Proposal 2: Discuss the following model input/output of serving cell RLF prediction:
Model input: 
· Measured serving cell L1 RSRP of SSB/CSI-RS
· RLF parameters (FFS)
· T310
· N310
· N311
Model output: 
· Predicted RLF with timing information
[bookmark: _Hlk163148085]Proposal 3: RRC signalling could be used to configure RLF prediction model input and output, measurement report message can be extended to support the prediction reporting.
2.2.2 Performance monitoring
In legacy, the UE stores the latest RLF related information and reports to NW. Based on the reported information, the NW can execute both coverage optimisation and mobility robustness optimisation. Therefore, for RLF prediction, NW can execute performance monitoring based on RLF report. It is FFS for UE to execute performance monitoring via other performance metrics.
Proposal 4: For AI-assisted RLF prediction, NW executes performance monitoring based on the RLF report, and it is FFS whether the UE can execute performance monitoring.
2.3 HO failure prediction
2.3.1 Model inference
Similar to the principle of RLF detection, HOF detection is also based on Qin / Qout / N310/N311/T310. The difference is except for serving cell, intra/inter-frequency neighbour cells should also need to be evaluated. If RLF happening time in serving cell can be predicted and reported to NW, the last HO occasion to avoid HO too late can be obtained. Similar, if the timing information of radio link been stable in target cell can be predicted and reported to NW, the earliest HO occasion to avoid HO too early can be obtained. Furthermore, if recommended target cell can be together predicted and reported to NW, the HO to wrong cell can be also avoid. Figure 1 illustrated the HO process with RLM in serving cell and target cell.
[image: ]
Figure 1 HO process with RLM in serving and target cell
From above analysis, the model input could be measured L1 RSRP of SSB/CSI-RS for serving cell and configured neighbour cells. It is FFS RLF parameters like N310/N311/T310 (FFS) should be fixed as model inference input or dynamically studied by the model itself similar like RLF prediction. The model output could be a predicted time window, with the lower boundary suggesting the earliest HO occasion before which HO too early would happen and the upper boundary suggesting the last HO occasion after which HO too late would happen. Also the recommended target cell associated with the predicted time window should be provided as well.
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Figure 2 model input and output for HOF prediction
Proposal 5: RAN2 to discuss the following model input and output for HOF prediction:
Model input: 
· Measured L1 RSRP of SSB/CSI-RS
· Prediction configuration
· Measured serving cell and neighbour cells and predicted neighbour cells
· RLF parameters (FFS)
· T310
· N310
· N311
Model output: 
· Predicted Lower boundary of HO occasion
· Predicted upper boundary of HO occasion
· Predicted target cell
Proposal 6: RRC signalling could be used to configure HOF prediction model input and output, measurement report message can be extended to support the prediction reporting.
2.3.2 Performance Monitoring
After executing HOF prediction, the UE can report the HO occasion and the recommended target cell. The NW will execute performance monitoring based on the HO statistics as current MRO mechanism or RLF report from UE if further HOF/RLF happened. It is FFS for UE to execute performance monitoring via other performance metrics.
Proposal 7: For AI-assisted HOF prediction, NW executes performance monitoring based on the HO statistics and RLF report, and it is FFS whether the UE can execute performance monitoring.

3 Conclusions
Proposal 1: It is suggested to study the use case: too early HO, too late HO, HO to wrong cell and RLF.
Proposal 2: Discuss the following model input/output of serving cell RLF prediction:
Model input: 
· Measured serving cell L1 RSRP of SSB/CSI-RS
· RLF parameters (FFS)
· T310
· N310
· N311
Model output: 
· Predicted RLF with timing information
Proposal 3: RRC signalling could be used to configure RLF prediction model input and output, measurement report message can be extended to support the prediction reporting.
Proposal 4: For AI-assisted RLF prediction, NW executes performance monitoring based on the RLF report, and it is FFS whether the UE can execute performance monitoring.
Proposal 5: RAN2 to discuss the following model input and output for HOF prediction:
Model input: 
· Measured L1 RSRP of SSB/CSI-RS
· Prediction configuration
· Measured serving cell and neighbour cells and predicted neighbour cells
· RLF parameters (FFS)
· T310
· N310
· N311
Model output: 
· Predicted Lower boundary of HO occasion
· Predicted upper boundary of HO occasion
· Predicted target cell
Proposal 6: RRC signalling could be used to configure HOF prediction model input and output, measurement report message can be extended to support the prediction reporting.
Proposal 7: For AI-assisted HOF prediction, NW executes performance monitoring based on the HO statistics and RLF report, and it is FFS whether the UE can execute performance monitoring.

4 References
1. RP-234055, Study on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR
1. TS 38.300, NR and NG-RAN Overall Description
1. TS 38.133, Requirements for support of radio resource management 

	1/4	
image1.png
cQi>Qin for at
car>qin least N311

RLMin
target cell
CQl<Qout RLF  Access cellB
RLMin
serving cell Radio problem detection
HO process

Earliest HO
3 complete HO too late
Event entering time to Measurement HO complete
condition targetcell  report triggered





image2.png
L1/L3 measured

RSRP of SSB/CSI-RS

Prediction configuration:

¢ setA/setB pattern

RLF parameters:
*  T310

*  N310/N311

Al Model for HOF
prediction

Predicted Lower boundary
of HO occasion
Predicted upper boundary

of HO occasion
Predicted target cell




