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In RAN plenary # 102, the SID on AI mobility [1] is approved. The use case relevant objectives covered by 1st main bullet is as following:
· 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]

The objective text is rather simple without further detail description. This contribution intends to show our understanding of RLF and HOF use case.
Discussion
HOF prediction
As for HO failure, let’s assume the model definition in [2] is taken as baseline:


[bookmark: _Ref292943310]Figure 5.2.1.3.2: A handover failure is declared when the criterion 2) is met in state 2.
The definition in [2] can be summarized in the following table:
	HOF criteria 
	Detail description

	1
	In state 2, T310 has been triggered or is running in source cell when handover command is received

	2
	In state2, RLF is declared (i.e., T310 expires) 

	3
	In state 3, T310 timer has been triggered or is running in target cell when UE transmits handover complete message (Note)


Table 1
Note: In 36.839, the detailed description of criterion 3 is as follows:
Target cell downlink filtered average (the filtering/averaging here is same as that used for starting T310) wideband CQI is less than the threshold Qout (-8 dB) at the end of the handover execution time (Table 5.1.4.1) in state 3.

We think such a description intends to assess PDCCH failure. It is equivalent to the condition “T310 timer has been triggered or is running”. RLF is assessed only in serving cell. Before UE transmits handover complete message successfully, from RRC perspective, the serving cell has not changed yet. But in simulation in order to assess whether PDCCH failure occurs or not in target cell, RLF criteria can be assessed as if target cell were serving cell after handover command is transmitted.
In [2], these 3 criteria are used as metrics to assess handover performance, i.e., as the final KPIs to evaluate whether the mobility state is good. It could be used as performance metrics to evaluate both the baseline case and the AI mobility case. If so, the criteria in Table 1 can be reused. 
But the intention for UE to predict handover failure is to report it to network in advance so that network can take some countermeasures to eliminate or alleviate the situation. The value range of T310 is {ms0, ms50, ms100, ms200, ms500, ms1000, ms2000, ms4000, ms6000} and the value range of TTT is {ms0, ms40, ms64, ms80, ms100, ms128, ms160, ms256, ms320, ms480, ms512, ms640, ms1024, ms1280, ms2560,                                       ms5120}. In [2] the typical length of T310 is 1000ms while TTT is 160ms. For FR2 to FR2 handover scenario, TTT could be even shorter.
Observation: The length of T310 and TTT could be up to few seconds. But typically, the length of T310 is much longer than TTT, especially for handover between FR2 cells.
Predicting the occurrence of RLF 1000ms in advance can be challenging when the wireless channel varies much. If an RLF can only be predicted few hundreds of milliseconds ahead, it could be too late to take any actions to prevent the HOF from happening. 


Figure 2-1 criterion-2 with RLF/Event prediction
In Figure 2-1 it is assumed the declaration of RLF and the satisfaction of A3 event (at the end of TTT timer) can be predicted with similar timing advance. It means when RLF is predicted, measurement event is not predicted yet hence UE doesn’t have idea when state 2 will start. In this case, this UE will not take this RLF as HOF. Only when the measurement event is predicted, can the UE realize that this RLF should be counted as HOF. But network doesn’t have too much choice but try to handover to the potential candidate cell since there is no better neighbouring cell. And in this case the handover will most likely fail because RLF is to occur.
In order to warn network earlier, HOF should be predicted and reported when serving cell’s link starts to become worse e.g., when T310 is triggered.



Figure 2-2 enhanced criteria 2
In Figure 2-2 UE can predict that T310 may start soon. Because measurement event is not predicted yet, it doesn’t trigger any report. When measurement event is predicted later on, UE will realize the HOF may happen during handover procedure and report a predicted HOF to network. From network point of view, what it can do is try to handover to the potential candidate as quick as possible. The difference is that the prediction report comes in early stage of RLF so that the handover will most likely succeed.
If the criteria 2 is changed to be “In state 2, T310 has been triggered or is running in source cell” it is most likely that T310 is still running when handover command is transmitted considering the handover preparation time is set as 50ms in [2]. It basically means criteria 2 is not proper for HOF prediction and report.
Proposal 1: 3 criteria in table 1 are used for statistics purpose of HOF event
Proposal 2: criteria 1 and 3 in table 1 are used for performance metrics of HOF prediction and report.
RLF prediction
The prediction of radio link failure can only occur in PCell in this SID. The quantity of the L1 beam level measurement is equivalent to BLER of PDCCH by measuring e.g., SINR of reference signal of PCell. The output of the model is the happening of an RLF event. 
As discussed in section 2.1, apart from the RLF event itself, it is also valuable to predict the triggering of T310, which potentially means that the serving cell link starts getting worse.
Proposal 3: RLF event can be predicted based on L1 beam level measurement of PCell
Proposal 4: RLF prediction can be the prediction of RLF declaration or the prediction of the triggering of T310. 
Metrics of RLF/HOF
For unintended events such as RLF and HOF, the way to assess the performance of RLF/HOF is the same as what is introduced for measurement event prediction as introduced in [3]. We can reuse the metrics such as precision, recall, and prediction time advance for evaluation.
Proposal 5: The way to assess the prediction performance of RLF/HOF is the same as what is introduced for measurement event prediction, e.g., via precision, recall, and prediction time advance.
Conclusion
In this contribution, we have shared our understanding of unintended event prediction and observed that
Observation: The length of T310 and TTT could be up to few seconds. But typically, the length of T310 is much longer than TTT, especially for handover between FR2 cells.
We proposed that
Proposal 1: 3 criteria in table 1 are used for statistics purpose of HOF event
Proposal 2: criteria 1 and 3 in table 1 are used for performance metrics of HOF prediction and report.
Proposal 3: RLF event can be predicted based on L1 beam level measurement of PCell
Proposal 4: RLF prediction can be the prediction of RLF declaration or the prediction of the triggering of T310. 
Proposal 5: The way to assess the prediction performance of RLF/HOF is the same as what is introduced for measurement event prediction, e.g., via precision, recall, and prediction time advance.
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