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1	Introduction
A new study item on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR was approved in RAN Plenary #102 with the following objectives [1]. An excerpt from the SID is shown in the following.
	
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]





In this contribution, we will discuss the aspects related to the AI/ML based Radio Link Failure (RLF) and Handover Failure (HOF) predictions.
[bookmark: _Ref178064866]2	Discussion
The SID mentions HOF and RLF prediction to be studied for the UE sided model. HOF and RLF are two important KPIs for the evaluation of mobility procedures in mobile networks. It is worthwhile to mention that while the rate of HOF and RLF in a healthy-deployed network is typically minimal, occurrence of such failures could significantly deteriorate the network quality of service (QoS) provisioning and in the end user quality of experience (QoE) and hence designing an AI/ML based solution would be beneficial for a healthy mobility procedure in the network.
Traditionally self-organizing network (SON) features (e.g., mobility robustness optimization (MRO) feature based on the RLF-report as well as SHR) are designed to collect measurements and information from the UE upon connection failures or successful mobility with sub-optimal performance. The collected measurements and information enables the newtrok optimize the network mobility procedure. However, MRO is a reactive feature in treating RLF/HOF i.e., a failure occurs in the network and based on the UE reported information (RLF-report) network takes counter actions to avoid the next failures. On the other side, predicting the RLF/HOF using AI/ML enables a proactive approach at the network to avoid such kinds of failures. Compared to the classic MRO solution the proactive AI/ML based approach is significantly reducing the complexity at the network and enhance the reliability of the network.
[image: ]
Figure 1. Transforming classic reactive MRO feature to the AI/ML based proactive RLF/HOF prediction. In AI/ML based method, less signalling is needed. 
Given that only the UE-sided model is considered for the study and LCM is to be studied later, in this paper we discuss the inference phase, assuming that an RLF/HOF prediction model is deployed at the UE. 
1. [bookmark: _Toc166184262]The AI/ML based RLF/HOF prediction provides a proactive approach to tackle the failures compared to the reactive SON-MRO feature. 
2.1 Network control on UE-sided HOF/RLF prediction
One aspect that should be studied is the network control on the inference phase of the UE. A UE capable of predicting the RLF/HOF may need to be configured with certain configuration by the network to enable the functionality (RLF/HOF predictions). One important aspect for the study is how reliable are the UE predictions on RLF/HOF. The accuracy of the RLF/HOF predictions may be strongly dependent on the deployment scenarios (deployed frequencies/cells, UE mobility, interference, scheduling, etc), namely in some cells/frequencies the UE may be able to predict RLF/HOF with high accuracy while in some other cells the AI/ML model accuracy on RLF/HOF predictions deteriorates. 
1. [bookmark: _Toc162905371][bookmark: _Toc166184263]The accuracy of AI/ML model for RLF/HOF prediction may vary depending on the scenario (e.g., based on operating frequency/cell, UE trajectory, speed, interference, etc.).
Another aspect that requires to be studied is the prediction window i.e., how far ahead the network expects/configures the UE to perform the predictions and inform the network about the potential failures. This in particular is important for the RLF prediction. The HO failure prediction might be tightly connected to the quality of the neighbouring cells. Therefore, the network node may need to configure the UE for which cells/frequency the HO failure prediction is requested.
In general, we believe there should be a control mechanism from the network side on when to report the HOF/RLF predictions, e.g., when the predictions meet a certain requirement like an accuracy threshold.
[bookmark: _Toc163144784][bookmark: _Toc161930614][bookmark: _Toc166184266]Network configures the UE to perform RLF/HOF predictions.
[bookmark: _Toc163144785][bookmark: _Toc166184267]The configuration parameters for RLF/HOF predictions such as prediction window (how far ahead in time), minimum accuracy and event-based reporting can be studied.
[bookmark: _Toc163144786][bookmark: _Toc166184268]Network can configure the UE with the cells/frequencies for which the HOF predictions are requested.
2.2 Signalling of UE-sided RLF/HOF prediction results to network
The other aspects that RAN2 should study is the signalling of the prediction results to the network. Here we would like to highlight that signalling of the RLF prediction and HOF predictions can be treated differently as RLF usually takes place in the special cell (SpCell) while the HOF prediction should be done by considering the neighbouring cells information in the AI/ML model inference. 
In a potential design of the signalling solution, the UE can be configured to predict and report RLF at any point in time, but for the HOF predictions maybe it makes sense to provide the predictions as part of radio resource management (RRM) measurements used for triggering a layer-3 based HO. 
1. [bookmark: _Toc166184264]RLF prediction concerning the serving cell can be done at any point in time.
1. [bookmark: _Toc166184265]HOF prediction concerning the serving and neighbouring cells can be done before HO decision.
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Figure 2. Signalling solution for the RLF prediction. UE assistance information can be reused for HOF prediction reporting.

[image: ]
Figure 3. Signalling solution for the HOF prediction – multiple cells can be involved in the prediction. RRM Measurement Report can be reused for HOF prediction reporting.
In light of the above, maybe UE assistance information can be reused to enable reporting the RLF predictions, while RRM measurement report framework can be reused for reporting the HOF predictions.

[bookmark: _Toc163144787][bookmark: _Toc166184269]Study the signalling solution required for reporting the RLF and HOF predictions.
[bookmark: _Toc163144788][bookmark: _Toc166184270]Study the signalling solution to enable reporting RLF prediction at any point in time (upon network request).
[bookmark: _Toc163144789][bookmark: _Toc166184271]Study the signalling solution to enable HOF prediction associated to certain mobility and potential target cell (e.g., cells that trigger A3/A5 events).
Conclusion
In the previous sections we made the following observations: 
Observation 1	The AI/ML based RLF/HOF prediction provides a proactive approach to tackle the failures compared to the reactive SON-MRO feature.
Observation 2	The accuracy of AI/ML model for RLF/HOF prediction may vary depending on the scenario (e.g., based on operating frequency/cell, UE trajectory, speed, interference, etc.).
Observation 3	RLF prediction concerning the serving cell can be done at any point in time.
Observation 4	HOF prediction concerning the serving and neighbouring cells can be done before HO decision.

Based on the discussion in the previous section we propose the following:
Proposal 1	Network configures the UE to perform RLF/HOF predictions.
Proposal 2	The configuration parameters for RLF/HOF predictions such as prediction window (how far ahead in time), minimum accuracy and event-based reporting can be studied.
Proposal 3	Network can configure the UE with the cells/frequencies for which the HOF predictions are requested.
Proposal 4	Study the signalling solution required for reporting the RLF and HOF predictions.
Proposal 5	Study the signalling solution to enable reporting RLF prediction at any point in time (upon network request).
Proposal 6	Study the signalling solution to enable HOF prediction associated to certain mobility and potential target cell (e.g., cells that trigger A3/A5 events).
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