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1	Introduction 
In this contribution we discuss the following SI objectives (highlighted in yellow):
· 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]
2   	Discussion
In this paper we discuss the details of RLF and HO failure modelling for the purpose of AI/ML based prediction. Before discussing the details, we would like to make a general observation which would guide us in those discussion. The purpose of the current RAN2 study, as per the SID [2] is “Study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover”. In other words, the main purpose is to study how AI/ML can be used to improve mobility – that is, the focus is AI/ML, not mobility optimizations as such (for mobility optimizations there is a dedicated WI “NR mobility enhancements Phase 4”).
Observation 1: the focus of the study is AI/ML, in particular how AI/ML can help with mobility, not the mobility as such.
This observation is useful, as we show below, to determine to what extent RAN2 needs to delve into the details of HO and RLF, in particular for simulations. In particular, we think it would be sufficient to take small number of representative sub-cases of RLF and maybe HO failures to model, so that we focus on the key topic: whether, which and with what accuracy, AI/ML models can provide useful predictions for mobility.
2.1	RLF
There can be multiple RLF causes, as per TS 38.331, specifically:
· T310 expiry 
· Random access problem in MCG MAC
· RA problem from beam failure recovery
· Other
· Maximum number of retransmissions from the MCG RLC reached 
· Consistent uplink LBT failure
· IAB-MT declares radio link failure due to the reception of a BH RLF indication on BAP entity
· T312 expiry 
While it is clear we don’t need to study all these RLF causes in the current SI, we would further argue that in accordance with the principle mentioned in the beginning, we should use the most common RLF cause (T310 expiry) and focus the study on exploring various AI/ML models and techniques to asses whether and to what accuracy it is possible to predict this representative RLF case. 
An additional consideration is that RLF failure due to T310 expiry is the most mobility-related RLF cause. With this in mind we propose to focus on T310 expiry. To recap, T310 is started upon detecting physical layer problems for the SpCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers and stopped, if there is no RLF, upon receiving N311 consecutive in-sync indications from lower layers for the SpCell. 
Proposal 1: the study should focus on RLF failure due to T310 expiry as the representative RLF case.
Other RLF cause can be considered only if there is sufficient justification their inclusion would be helpful in studying AI/ML models for RLF prediction.
2.2	HO failure
For HO failure modeling discussion a good starting point is TR 36.839. To recap, for the purpose of HO modelling3 states were defined in TR 36.839:
· State 1: Before the event A3 entering condition is satisfied;
· State 2: After the event A3 entering condition, is satisfied but before the handover command is successfully received by the UE; and
· State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE
TR 36.839 then provides the following HO failure definition: “A handover failure is counted if a RLF occurs in state 2, or a PDCCH failure is detected in state 2 or state 3.” Finally, TR 36.839 provides different HO criteria for different states, as follows:
- In state 2: when the UE is attached to the source cell, a handover failure is counted if one of the following criteria is met:
1) Timer T310 has been triggered or is running when the HO_CMD is received by the UE (indicating PDCCH failure) or
2) RLF is declared in the state 2
- In state 3: after the UE is attached to the target cell a handover failure is counted if the following criterion is met:
· target cell downlink filtered average CQI is less than a threshold at the end of the handover execution time in state 3.
As one can see, in that mobility enhancements Rel-11 study RAN2 went pretty far into analyzing various failure conditions in various states and stages of the HO process. While it was certainly warranted in that study, the present study is different as it is dedicated to AI/ML and therefore there is no need to consider all the different HO states and criteria from TR 36.839. In particular, there is the following important note in TR 36.839 relevant to this discussion:
NOTE 1: The handover failure definition 3 above is different from the handover failure definition in TS 36.331 [5]. It serves the purpose of evaluating the handover performance at both serving and target cell while the definition in TS 36.331 [5] is from the UE point of view which only captures the failures in target cell.
Observation 2: in TR 36.839 different elaborate HO failure definitions were used, different from how HO is defined in TS 36.331. 
Since the current study, as mentioned, focuses not so much on detailed HO failure analysis but rather on whether and how AI/ML models can predict HO failures, there is no need to go into such level of detail and it is better to stick to the HO failure definition in TS 38.331, which essentially boils down to T304 expiry as this is how the UE sees it (and the study is limited to UE-side models for RLF/HO failure). To recap, T304 is typically started upon reception of RRCReconfiguration message including reconfigurationWithSync and if all goes well stopped upon successful completion of random access on the corresponding SpCell.
Proposal 2: for HO failure study consider only the case of T304 expiry. 
The most challenging problem in modelling HO is of course the fact that HO decisions are made by the network and are determined by proprietary algorithms not specified in 3GPP. Such algorithms determine, among other things, which measurement events are configured, how measurement events thresholds are configured, and how the target cell is selected. 
One might be tempted to consider A3 (Neighbour becomes offset better than SpCell) as this is the event used in the Rel-11 study, and it is indeed a possible option. However, as we argue in [3], the main conclusions of the study of the applicability, efficiency, architecture, etc of the AI/ML models for HO failure prediction are extremely unlikely to depend on the actual measurement event. So while not 100% technically correct, it is quite possible that A2 would be sufficient. Hence the proposal 
Proposal 3: for HO failure study consider A2 measurement event, or A3 if justified. 
With regards to the question of modelling RRC message exchange, which is of course part of a HO, we note that even in the Rel-11 mobility study that was not required. Instead, RAN2 agreed on HO preparation delay and HO execution time values to be used in simulations and using these delays and the associated timers was deemed sufficient. We propose to do the same in the current study. Otherwise, we would need to model HO decision algorithms which are implementation dependent and not specified in 3GPP.
Observation 3: RAN2 cannot simulate gNB HO decision algorithms. 
Therefore, we propose to re-use the following handover delated parameters from TR 36.839:
· Handover preparation (decision) delay 50ms
· Handover execution time 40ms
Note: the actual delay value may be discussed further and revised if needed.
Proposal 4: re-use handover preparation delay and handover execution time parameters from TR 36.839; no need to model RRC message exchange.
Finally, we think that there is no need to consider DAPS and Conditional HO in this study. This would substantially complicate the evaluation and, as point out already, would divert our focus from the main topic – AI/ML algorithms.
Proposal 5: No need to consider DAPS and Conditional HO in the study.
2.3	KPIs for RLF and HO failure study 
Since this meeting agenda item is for RLF and HO failures, we assumed that common KPIs are discussed elsewhere. Here we would only note that KPIs such as prediction accuracy are considered common KPIs and of course are needed for RLF/HO failure prediction. 
Observation 4: KPIs such as prediction accuracy aand prediction window are considered common KPIs and of course are needed for RLF/HO failure prediction (but discussed in the common KPI agenda item).
In this section we discuss whether any additional RLF/HO specific KPIs are needed.  
In TR 36.839, the following RLF HO performance metrics were discussed:
· Definition 2: The RLF performance metric is defined as: the average number of RLF occurrences per UE per second. RLF performance in states 1 and 2 are logged separately.
· Definition 7: The total number of handover failures per UE per second is defined as the total number of handover failures averaged over the total travel time of all the simulated UEs.
· Definition 8: The total number of successful handovers per UE per second is defined a s the total number of successful handovers averaged over the total travel time of all the simulated UEs.
These definitions are of no particular importance for the current study which focuses on AI/ML prediction. 
There are of course other KPIs which are relevant to the performance of AI/ML prediction algorithms which can be considered, specifically:
· Ping-pong HO prediction 
· Too early HO prediction 
· Too late HO prediction
· HO to wrong cell prediction
· Time of stay prediction 
At this stage we are not sure these additional metrics are useful. In our view, it would be quite sufficient (and also challenging) to establish whether AI/ML can predict basic RLF and HO failures. Furthermore, we will need to study different AI/ML algorithms and architectures (which are many) to determine what works best for RRM. Therefore, our proposal is to only consider any additional KPIs after the basic efficiency of AI/ML prediction for RLF/HO failures has been established.
Proposal 6: consider additional KPIs (beyond RLF and HO prediction accuracy and prediction window) once it has been established that AI/ML is capable of predicting at least RLF with sufficiently high accuracy and sufficiently long prediction window.
3	Conclusions and Proposals
Observation 1: the focus of the study is AI/ML, in particular how AI/ML can help with mobility, not the mobility as such.
Proposal 1: the study should focus on RLF failure due to T310 expiry as the representative RLF case.
Observation 2: in TR 36.839 different elaborate HO failure definitions were used, different from how HO is defined in TS 36.331. 
Proposal 2: for HO failure study consider only the case of T304 expiry. 
Proposal 3: for HO failure study consider A2 measurement event, or A3 if justified. 
Observation 3: RAN2 cannot simulate gNB HO decision algorithms. 
Proposal 4: re-use handover preparation delay and handover execution time parameters from TR 36.839; no need to model RRC message exchange.
Proposal 5: No need to consider DAPS and Conditional HO in the study.
Observation 4: KPIs such as prediction accuracy aand prediction window are considered common KPIs and of course are needed for RLF/HO failure prediction (but discussed in the common KPI agenda item).
Proposal 6: consider additional KPIs (beyond RLF and HO prediction accuracy and prediction window) once it has been established that AI/ML is capable of predicting at least RLF with sufficiently high accuracy and sufficiently long prediction window.
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