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1. Introduction
At the RAN 102 meeting, a new SID [1] on ‘Study on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR’ was approved. Some of the objects are as follows:
	...
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 mainly discuss handover failure (HO) prediction and RLF prediction with the UE side model. Also the corresponding KPI would be discussed.
2. Discussion
Some unintended event (RLF, handover failure) would result in the RRM performance deterioration. If the network can know some prediction information about these unintended events in advance, some measures can be taken to avoid unintended event. In the section, we’d like to share our views on RLF prediction and HO failure prediction.  
2.1 RLF prediction 
In the existing specification, the network configures a list of reference signals for radio link monitoring to the UE. Then the physical layer of the UE assesses the radio link quality every indication period. When the radio link quality is worse than the Qout threshold for all resources over monitor window, the physical layer indicates out-of-sync indication to RRC layer; when the radio link quality is better than the Qin threshold for any resources over monitor window, the physical layer indicates in-sync indication to RRC layer, as shown in Fig.1:

Fig 1: radio link monitoring model
In the RRC layer, timer T310 would start upon receiving N310 consecutive ‘out-of-sync’ indication from physical layers. If timer T310 is running and the UE receives N311 consecutive ‘in-sync’ indication, the timer T310 would stop. Upon T310 expires, the RLF is declared. The overall procedure can be seen in Fig.2.

Fig.2 RLF determination model
For RLF prediction, the UE can predict the results of radio link monitoring reference signaling (RLM RS) first, then predicts whether the RLF would occur based on the predicted results, similar to measurement event prediction. Considering the maximum number of RLM RS is 8, the benefit of spatial domain measurement prediction is limited. While, with temporal domain prediction, the UE can predict the measurement results of RLM RS in the future based on their historical measurement results, then further determine whether the RLF would occur in the future. In this way, some measures can be taken to avoid RLF occurrence. Therefore, we suggest to only consider temporal domain prediction in the RLF prediction.
Observation 1: The benefit of spatial domain measurement prediction is limited in the RLF prediction.
Observation 2: With temporal domain measurement prediction, some measures can be taken to avoid RLF occurrence.
Proposal 1: Only temporal domain prediction is considered for RLF prediction.
Besides, in the existing RLM scheme, SINR value is used to evaluate radio link quality. Here, we can follow the same way. That is, the UE predicts whether the RLF would occur in the future based on the historical SINR result. For RLF prediction, there are the following two cases:
Case 1: To predict the SINR values of the RLM RS in the future based on historical SINR results first, then further predict whether the RLF would occur, as shown in Fig.3(a). Note: RLF prediction” is not based on any AI/ML model.
Case 2: To directly predict whether and when the RLF would occur based on historical SINR results, as shown in Fig.3(b).

Fig.3(a) RLF prediction Case 1
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Fig.3(b) RLF prediction Case 2 
Observation 3: For RLF prediction, there are the following two cases:
Case 1: To predict the SINR values of the RLM RS in the future based on historical SINR results first, then further predict whether the RLF would occur.
Case 2: To directly predict whether and when the RLF would occur based on historical SINR results.
Compared with Case 2, Case 1 has better generalization capability. Because different cell may have different RLF parameters (e.g. N310, N311, T310), with Case 1, an AI model is suitable for all RLF parameter combination; while with case 2, an AI model may only be suitable for a specific RLF parameter combination. And with Case 1, the simulation platform for temporal-domain SINR prediction can reuse the simulation platform for temporal-domain RSRP prediction as much as possible, which can reduce our simulation overhead. Besides, it may be easier for Case 1 to perform model monitoring. Because with Case 1, the UE can monitor the AI model performance by SINR difference between predicted value and actual value, which can be obtained easily. But for Case 2, since the RLF is a rare Case, the UE may not suffer radio link failure for a long time, it may be difficult for the UE to perform monitoring, especially for the case that the UE is just starting using this AI model and is expected to see its prediction accuracy. Based on the analysis above, we suggest to take Case 1 as baseline in the RLF prediction simulation.
Observation 4: Compared with Case 2, Case 1 has the following advantages:
· Better generalization capability;
· The simulation overhead can be reduced by reusing the simulation platform of temporal-domain RSRP prediction;
· Easy to perform model monitoring.
Proposal 2: To take below modelling as a baseline For RLF prediction:
·  To predict the SINR values of the RLM RS in the future based on historical SINR results first, then further predict whether and when the RLF will occur.
If companies also expect to use other information as AI model input (e.g. location information, neighbour cell information), they need to provide the clarification on what is the AI model input. Otherwise, we are unclear about how to obtain these simulation results, and can not compare the simulation results among different companies. Even with historical SINR values as AI model input, the clarification on the number of historical SINR values used as model input also need to be provided. Thus, when reporting simulation results, companies also need to clarify what is used as AI model input.
Proposal 3: When providing simulation results, the clarification on what is used as AI model input is needed.
Since the simulation platform for RRM measurement temporal prediction can be reused, it’s better to postpone the RLF prediction study until some progress on the RRM measurement prediction has made. 
Proposal 4: RLF prediction study can start after some further progress on RRM measurement prediction has made. 
· KPI
For RLF prediction, the following performance metrics can be considered to evaluate the simulation results:
· SINR prediction accuracy:
- The CDF of SINR difference of RLM RS between the predicted SINR value and measured SINR value
- The average SINR difference of RLM RS 
· RLF occurrence prediction accuracy:
- false alarm probability; the false dismissal probability; prediction success probability;
Proposal 5: Regarding RLF prediction simulation evaluation, consider the following KPI:
- SINR prediction accuracy:
- RLF occurrence prediction accuracy.
2.2 Handover failure prediction
Based on the SID and RAN conclusion, the existing L3 mobility framework will be followed, meaning that the handover decision is always made by the network. As long as the network sends the HO Command to UE, the UE can only trigger RRC re-establishment if the HO attempt fails. So, sending the HO failure prediction result after receiving HO Command does not help improve mobility performance; It would be even stranger to send the HO failure prediction results to the network before the HO Command, because the UE does not know which cell will be selected as handover target cell and the UE also does not know when handover will be triggered by the network. Therefore, the usage of HO failure prediction is unclear.
Observation 5: The usage of HO failure prediction is unclear. No matter HO failure prediction report is sent before or later than Handover Command, it does not help.
Besides, how to model HO failure prediction is also unclear. There is a suggestion to reuse the HO failure modelling defined in TR 36.839. However, in our view, this model can be used to evaluate the prediction performance, but it’s not applicable for HO failure prediction. The HO failure model provided in TR 36.839 includes the following two cases:
Case 1: Timer T310 has been triggered or is running when the HO_CMD is received by the UE;
Case 2: RLF is declared after the event A3 entering condition but before the handover command is successfully received by the UE.
Case 1 does not help improve mobility performance, since handover command has already been sent to the UE and the UE can only trigger RRC re-establishment if HO attempt fails. Case 2 can be considered as a part of RLF prediction because the measurement event has not been triggered. Therefore, in our understanding, “Handover failure” can be considered as one of performance KPI when evaluating the benefit of AI/ML for mobility (in this case, the modelling defined in TR 36.839 can be reused), but no need to study “handover failure prediction” in the UE-sided model. 
Observation 6: The modelling of handover failure prediction is unclear.
Proposal 6: No need to study ‘handover failure prediction’ in the UE sided model, it can be considered as part of RLF prediction.

3. Conclusion and proposals
In this contribution, we have the following observations and proposals:
Observation 1: The benefit of spatial domain measurement prediction is limited in the RLF prediction.
Observation 2: With temporal domain measurement prediction, some measures can be taken to avoid RLF occurrence.
Observation 3: For RLF prediction, there are the following two cases:
Case 1: To predict the SINR values of the RLM RS in the future based on historical SINR results first, then further predict whether the RLF would occur.
Case 2: To directly predict whether and when the RLF would occur based on historical SINR results.
Observation 4: Compared with Case 2, Case 1 has the following advantages:
· Better generalization capability;
· The simulation overhead can be reduced by reusing the simulation platform of temporal-domain RSRP prediction;
· Easy to perform model monitoring.
Observation 5: The usage of HO failure prediction is unclear. No matter HO failure prediction report is sent before or later than Handover Command, it does not help.
Observation 6: The modelling of handover failure prediction is unclear.

Proposal 1: Only temporal domain prediction is considered for RLF prediction.
Proposal 2: To take below modelling as a baseline For RLF prediction:
·  To predict the SINR values of the RLM RS in the future based on historical SINR results first, then further predict whether and when the RLF will occur.
Proposal 3: When providing simulation results, the clarification on what is used as AI model input is needed.
Proposal 4: RLF prediction study can start after some further progress on RRM measurement prediction has made. 
Proposal 5: Regarding RLF prediction simulation evaluation, consider the following KPI:
- SINR prediction accuracy:
- RLF occurrence prediction accuracy.
[bookmark: _GoBack]Proposal 6: No need to study ‘handover failure prediction’ in the UE sided model, it can be considered as part of RLF prediction.
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