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1	Introduction
This contribution provides our understanding on RLF/HOF prediction according to the following objective in SID [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]
· …
· HO failure/RLF prediction (UE sided model) [RAN2]
· …


2	Discussion
As captured above, in Rel-19 AI/ML for mobility study item, RAN2 plans to study and evaluate the benefits or gains of UE-sided HOF and RLF prediction. As the very first step, in this paper, we mainly discuss on what information can be inputs and outputs of AI/ML model UE operates. Besides, since AI/ML based prediction may not be useful if the output derived by AI/ML model (i.e., prediction result) is unreliable, we also discuss on which metric can be used for baseline prediction accuracy KPI. 
2.1 Baseline input/output
In this sub-section, we discuss on which information can be used for input/output of HOF/RLF model as baseline. In our understanding, the separate AI/ML models need to be designed for two different use cases (i.e., HOF prediction, RLF prediction), as each prediction model we assume has different inputs and outputs as described later.
2.1.1 RLF prediction
In order to predict RLF for SpCell, UE can use not only current RRM measurement results (i.e., RSRP/RSRQ/SINR) for SpCell, but also the ones in the past. We believe a sequential and historical measurement results for SpCell could be the most important parameter as input to predict RLF event. For example, the gradually decreasing RSRP values in time may indicate an increase of RLF possibility. The number of the latest measurement results (i.e., Mt) to be used as input can be configured by network or fixed, or it can be left as UE implementation. We prefer to leave it FFS at this meeting. We also think the measurement results for the other cells (i.e., SCells or neighboring cells) may be useful. They may be helpful to infer RLF in SpCell. For example, the detailed UE’s location or mobility path can be calculated/inferred with those information. If it is predicted UE moves towards the edge of SpCell’s coverage, RLF possibility may be increased. However, as the measurement results for SCells and neighboring cells are indirect information to predict RLF with SpCell, we proposed to leave it FFS as well.
Proposal 1: For RLF prediction, the measurement results (i.e., RSRP/RSRQ/SINR) of Mt (Mt≥1) latest measurement instances for SpCell are used for AI/ML model input. FFS on the value of Mt. FFS on whether measurement results for SCells and neighboring cells can be also used for the input.
The measurement/prediction result at each time instance can be L3-RSRP/RSRQ/SINR per cell (for cell-level prediction) or per beam (for beam-level prediction). Here, we consider the L3-filtered values as baseline because they are already used in legacy L3 RRM measurement reporting. However, we are open to study potential use of L1-filtered values for the prediction if its effectiveness is proved based on evaluation result.
Proposal 2: For RLF prediction, as a model input, the measurement result at each time instance can be L3 RSRP/RSRQ/SINR per cell or per beam. FFS on the use of L1 RSRP/RSRQ/SINR.
Next, we assume the prediction time window (T) is an essential input to predict RLF. The prediction time window (T) is defined as the time period during which UE predicts RLF. For example, if T of 5 seconds is inputted to AI/ML model at time t (i.e., t is a time instance for observation or inference), the AI/ML model infers/predicts RLF between t and t+5 seconds. Thus, this prediction time window (T) plays the role of limiting the RLF prediction period. Hence, we assume this T can be configurable by NW, assuming UE would report to NW the RLF prediction result during T. If NW wants to reduce signaling overhead for reporting, it may configure a long value of T. Then UE reports or includes prediction results with the long period. Otherwise (i.e., if NW wants to receive short-term prediction result at the cost of signaling overhead), NW may configure a short value of T.
Proposal 3: For RLF prediction, the prediction time window (T) is needed and it can be used for AI/ML model input. The prediction time window (T) can be configured by NW.
In addition to the measurement results and prediction time window, we also consider RLF related information UE keeps for T310, T312, N310, N311 as candidate values for model input. For example, 
· Whether T310 or T312 has started
· The time elapsed since T310 or T312 has started
· When T310 or T312 expires
· The current values of N310 or N311
· Historical information for aforementioned values
Proposal 4: For RLF prediction, RAN2 can continue discussion on other additional information for model input. e.g., RLF related parameters like T310, T312, N310, N311, etc.
As a baseline output of RLF prediction model, we assume UE can predict RLF probability (predicted for T) in SpCell. Then, UE may report the corresponding RLF prediction result (ex. RLF probability or whether RLF probability is larger than a threshold or not) to NW. This report could be useful and beneficial to NW. Since legacy NW always decides handover based on measurement reporting only, it is likely to bring about redundant handover (ex. UE handovers even though RLF would not occur with source) or too late handover (ex. RLF occurs with source before handover). However, if NW obtains the RLF prediction result for configured prediction time window (T) as well as legacy measurement reports, NW can make the right handover decision and send the handover command to UE on right time, avoiding the redundant or late handover issues.
Proposal 5: For RLF prediction, the model output is the probability that RLF occurs in SpCell within the prediction time window (T).
In addition to RLF probability, AI/ML model can also predict the expected time of RLF occurrence. This time instance should be within the prediction time window (T). In this case, RLF probability may be different for each predicted time instance.
Proposal 6: For RLF prediction, RAN2 can continue discussion on additional information for model output. e.g., expected time of RLF occurrence.
To summarize, the baseline input/output for RLF prediction we consider is depicted as in Figure 1.
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       Figure 1. AI/ML model for RLF prediction.
2.1.2 HOF prediction
Before the discussion on baseline input/output for HOF prediction, RAN2 needs to clarify the definition of HOF. According to TS 38.331 [2], the followings are captured:
	[bookmark: _Toc60776784][bookmark: _Toc162894104][bookmark: _GoBack]5.3.5.8.3	T304 expiry (Reconfiguration with sync Failure) or T420 expiry (Path switch failure)
The UE shall:
1>	if T304 of the MCG expires; or
…
1>	else if T304 of a secondary cell group expires:
…
NOTE 2:	In this clause, the term 'handover failure' has been used to refer to 'reconfiguration with sync failure'.


However, in our understanding, the definition of HOF should be updated in case of HOF prediction. For HOF prediction, HOF should include not only 1) T304 expiry for SpCell, but also 2) RLF with the source cell before handover command, which implies the late handover command.
Proposal 7. For HOF prediction, HOF means 1) T304 expiry, and 2) RLF with the source cell before handover command.
As one of baseline inputs for HOF prediction, we first consider historical measurement results (i.e., RSRP/RSRQ/SINR), similar to RLF prediction case (i.e. Proposal 1). In Proposal 1, we proposed measurement results only for SpCell, while leaving neighboring cell measurement FFS. However, for HOF prediction model, it is necessary for UE to use not only SpCell measurement results, but also neighboring cells measurement results. SpCell measurement results are useful to predict RLF in the source cell before handover command, while neighboring cells measurement results are helpful to predict handover possibility towards candidate target cells. Besides, for HOF prediction, we have the same proposal with RLF prediction case (i.e., Proposal 2) i.e., the measurement result at each time instance can be L3 RSRP/RSRQ/SINR per cell or per beam.
Proposal 8. For HOF prediction, the measurement results (i.e., RSRP/RSRQ/SINR) of Mt (Mt≥1) latest measurement instances for SpCell and neighboring cells are used for AI/ML model input. FFS on the value of Mt. FFS on whether measurement results for SCells can be also used for the input.
Proposal 9: For HOF prediction, as a model input, the measurement result at each time instance can be L3 RSRP/RSRQ/SINR per cell or per beam. FFS on the use of L1 RSRP/RSRQ/SINR.
UE may succeed in the handover if receiving the handover command from NW at a decent time. On the other hand, if UE receives the handover command too fast or too late, the handover may fail. Therefore, HOF prediction model may derive different outputs depending on the time instance when UE receives the handover command. In that sense, we think it is essential to include the time instance of handover command (i.e., reference time) as one of inputs for HOF prediction model. As NW can control the timing sending handover command (i.e., reference time), NW should be able to configure the reference time to UE. Then, UE can perform HOF prediction for the reference time, and report it to NW. NW may decide handover for a target cell with little HOF possibility and send the handover command for the target cell to UE at a right time (ex. reference time).
Proposal 10: For HOF prediction, the time instance of HO command (i.e., reference time) is needed and it can be used for AI/ML model input. The reference time of HO command can be configured by NW.
In addition to the measurement results and reference time, we also consider HOF related information UE keeps for T304, T310, T312, N310, N311 as candidate values for model input. For example, 
· Whether T304, T310, or T312 has started
· The time elapsed since T304, T310 or T312 has started
· When T304, T310 or T312 expires
· The current values of N310 or N311
· Historical information for aforementioned values
Proposal 11: For HOF prediction, RAN2 can continue discussion on other additional information for model input. e.g., HOF related parameters like T304, T310, T312, N310, N311, etc. 
As a baseline output of HOF prediction model, we assume UE can predict HOF probability (predicted for the reference time) per a neighboring cell. If measurement results for N neighboring cells (in Proposal 8/9) are used as input of HOF prediction model, the model can generate HOF probabilities for K neighboring cells (N≥K≥1). Then, UE may report the corresponding HOF prediction result (ex. HOF probability or whether HOF probability is larger than a threshold or not) to NW. This report could be useful to NW in that NW can decide the handover to a target cell with low HOF possibility. The value of K can be configured by network or fixed, or it can be left as UE implementation. We prefer to leave it FFS at this meeting.
Proposal 12: For HOF prediction, the model output can be the probability of HOF per cell for K(N≥K≥1) neighboring cells, where measurement results for N neighboring cells are used as one of the model input. FFS on the value of K.
For the inter-cell prediction (especially for frequency domain prediction) case, we have some doubt on whether the level of cross-frequency correlation is enough for inter-frequency prediction and also on how to model it in the simulation. Even though we agree that inter-frequency measurement reduction can be one of the important benefit of the measurement prediction, it seems reasonable to prioritize the intra-cell prediction (or temporal prediction) case compared to inter-cell prediction case considering the limited time and resources. Also, we believe the measurement reduction can be achieved quite enough only with the intra-cell prediction. 
Proposal 13: For HOF prediction, prioritize the case that the K cells for model output are subset of the N cells for model input. (i.e., Time domain temporal prediction should be prioritized compared to others (e.g., frequency domain prediction)).
To summarize, the baseline input/output for HOF prediction we consider can be depicted as in Figure 2.
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Figure 2. AI/ML model for HOF prediction.

2.2 Baseline KPI
For evaluation of accuracy of RLF/HOF prediction, we consider reusing the legacy classification performance metrics such as Precision, Sensitivity, Specificity, F1-Score and Accuracy.
· Precision: Precision represents the proportion of true positives among all instances predicted as positive. It measures how 'precisely' the model identifies positives in relation to its accuracy.
· Sensitivity (Recall): Sensitivity, also known as Recall, indicates the proportion of true positives among all actual positive instances. It measures how 'sensitively' the model detects positives without missing any.
· Specificity: Specificity represents the proportion of true negatives among all instances predicted as negative. It measures the model's ability to correctly identify negatives.
· F1-score: F1-score is the harmonic mean of Precision and Recall, providing a balanced assessment of both metrics. It is used in datasets with class imbalance to balance Precision and Recall.
· Accuracy: Accuracy measures the proportion of correctly classified samples among all samples. It is used to evaluate the overall performance of a model. 
Proposal 14: For RLF/HOF prediction, the legacy classification performance metric (e.g., Precision, Sensitivity, Specificity, F1-Score, and Accuracy) can be used for baseline prediction accuracy KPI.
3	Conclusion
Proposal 1: For RLF prediction, the measurement results (i.e., RSRP/RSRQ/SINR) of Mt (Mt≥1) latest measurement instances for SpCell are used for AI/ML model input. FFS on the value of Mt. FFS on whether measurement results for SCells and neighboring cells can be also used for the input.
Proposal 2: For RLF prediction, as a model input, the measurement result at each time instance can be L3 RSRP/RSRQ/SINR per cell or per beam. FFS on the use of L1 RSRP/RSRQ/SINR.
Proposal 3: For RLF prediction, the prediction time window (T) is needed and it can be used for AI/ML model input. The prediction time window (T) can be configured by NW.
Proposal 4: For RLF prediction, RAN2 can continue discussion on other additional information for model input. e.g., RLF related parameters like T310, T312, N310, N311, etc.
Proposal 5: For RLF prediction, the model output is the probability that RLF occurs in SpCell within the prediction time window (T).
Proposal 6: For RLF prediction, RAN2 can continue discussion on additional information for model output. e.g., expected time of RLF occurrence.
Proposal 7. For HOF prediction, HOF means 1) T304 expiry, and 2) RLF with the source cell before handover command.
Proposal 8. For HOF prediction, the measurement results (i.e., RSRP/RSRQ/SINR) of Mt (Mt≥1) latest measurement instances for SpCell and neighboring cells are used for AI/ML model input. FFS on the value of Mt. FFS on whether measurement results for SCells can be also used for the input.
Proposal 9: For HOF prediction, as a model input, the measurement result at each time instance can be L3 RSRP/RSRQ/SINR per cell or per beam. FFS on the use of L1 RSRP/RSRQ/SINR.
Proposal 10: For HOF prediction, the time instance of HO command (i.e., reference time) is needed and it can be used for AI/ML model input. The reference time of HO command can be configured by NW.
Proposal 11: For HOF prediction, RAN2 can continue discussion on other additional information for model input. e.g., HOF related parameters like T304, T310, T312, N310, N311, etc. 
Proposal 12: For HOF prediction, the model output can be the probability of HOF per cell for K(N≥K≥1) neighboring cells, where measurement results for N neighboring cells are used as one of the model input. FFS on the value of K.
Proposal 13: For HOF prediction, prioritize the case that the K cells for model output are subset of the N cells for model input. (i.e., Time domain temporal prediction should be prioritized compared to others (e.g., frequency domain prediction)).
Proposal 14: For RLF/HOF prediction, the legacy classification performance metric (e.g., Precision, Sensitivity, Specificity, F1-Score, and Accuracy) can be used for baseline prediction accuracy KPI.
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