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1 Introduction
In the R19 SID AI for mobility in NR [1], the following objectives are considered: 

The study will focus on mobility enhancement in RRC_CONNECTED mode over air interface by following existing mobility framework, i.e., handover decision is always made in network side. Mobility use cases focus on standalone NR PCell change. UE-side and network-side AI/ML model can be both considered, respectively.

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]
In this contribution, we would like to discuss the potential scenarios and evaluation methodology for the HOF and RLF prediction. 
2 Discussion
Currently, in the specification TS 38.331, when the UE receives the normal L3 handover message, the UE starts the timer T304. When the T304 is running, the UE performs the random access with the target cell.  If the UE can successfully complete the handover with the target cell, the UE stops T304. If the UE cannot successfully complete the random access with the target cell, the UE declares HOF upon T304 expiry. When T304 expires during the handover procedure, the UE declares handover failure (HOF). This will be considered as the connection failure type of too early HO or HO to wrong cell.
For radio link failure (RLF), according to the description in TS 38.331, there are the following cases:
· upon T310 expiry in PCell;

· upon T312 expiry in PCell; 

· upon random access problem indication from source MCG MAC; 

· upon indication from source MCG RLC that the maximum number of retransmissions has been reached; 

· upon consistent uplink LBT failure indication from source MCG MAC;
The RLF can occur when the UE connects with the source cell or the target cell after shortly successful handover. During mobility, this will bring the connection failures, e.g., too late HO, too early HO or HO to wrong cell.
Observation: HOF and RLF will cause too late HO, too early HO or HO to wrong cell during mobility.
If HOF with the potential target cell, or the RLF in source cell or in the target cell can be predicted, this will avoid the above connection failures and improve the robustness of the mobility. For the HOF/RLF prediction, the model is deployed at UE side. Accounting for the input/output of AI model, there are several potential approaches for HOF/RLF prediction.
Opt1: HOF/RLF prediction based on measurement prediction results
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Fig 1 HOF/RLF prediction based on measurement prediction result

In option 1, HOF/RLF prediction is performed based on the intermedia the measurement result, e.g., the L1 measurement result. In this option, the UE can reuse the prediction of the inference output of AI Model for RRM measurement. As discussed in RAN2#125bis, the prediction of beam level results was considered as one of the study cases.
Agreements

1
For cell level measurement prediction model, at least consider the following cases:

Case 1: To predict beam level results, then generate cell level results based on the predicted beam results; 

Case 2: To directly predict cell level results based on cell level results.

Case 3: To directly predict cell level results based on beam level results 

The possible challenge of option 1 is to correlate the measurement results to the HOF/RLF prediction. The correlation need more study. 
Opt2: HOF/RLF prediction based on historical HOF/RLF information
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Fig 2 HOF/RLF prediction based on historical HOF/RLF information
In option 2, the HOF/RLF prediction is performed based on previous HOF/RLF information, e.g., the historical HOF/RLF occurrence with the target cell. Technically speaking, this is the straightforward approach for AI model inference. It is worth noting that in the existing network, it is the low possibility for the HOF and RLF occurrence. It is questionable whether there will be massive training data for the model training for option 2. 
During the early stage of the SI, RAN2 can discuss the above two options for HOF/RLF prediction, and down-select one option to reduce simulation effort.

Proposal 1: RAN2 to discuss the potential approaches for measurement event prediction:
-
Opt1: HOF/RLF prediction based on measurement result prediction 
-
Opt2: HOF/RLF prediction based on historical HOF/RLF information.

In addition, the HOF/RLF prediction is beneficial for the mobility robustness for network. For normal HO, there will be one target cell. The prediction of HOF/RLF on quantity of measured cells may be meaningless. This will also bring additional complexity at UE side. Taking into consideration the above analysis, it is preferred that the HOF/RLF prediction should be based on the configuration from the network.
Proposal 2: HOF/RLF predication should be performed based on network configuration.
In the section 5.2 in TS 36.839, there are some modellings for HOF and RLF for the purpose od mobility performance evaluations. First, the handover procedure is divided into 3 states as shown in Figure 3:
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;
The occurrence of RLF is categorized into two distinctive states: state 1 and state 2 of the handover process. The RLF performance metric is defined as the average number of RLF occurrences per UE per second. 
A HOF is counted if a RLF occurs in state 2, or a PDCCH failure is detected in state 2 or state 3. It serves the purpose of evaluating the handover performance at both serving and target cell. The criteria of HOF are listed below:
-
In state 2:
· Timer T310 has been triggered or is running when the RRC reconfiguration with sync is received, as showed in figure 3; or 

· RLF is declared in the state 2, as showed in figure 4;
-
In state 3: 
· The quality of target cell is less than the threshold at the end of the handover execution time in state 3;
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Fig 3 HOF is declared when the T310 is started or running in state 2
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Fig 4 HOF is declared when RLF is declared in state 2
For the modelling of HOF/RLF, this can be used for simulation and performance evaluation of the AI model. It is unnecessary for the UE to report these kinds of HOF/RLF prediction.
Proposal 3: The HOF/RLF prediction based on TS 36.839 is only used for the performance evaluation of the AI model.
3 Conclusion

In this contribution, we discuss the potential scenarios for HOF/RLF prediction for AI based mobility and give the following proposals.
Observation: HOF and RLF will cause too late HO, too early HO or HO to wrong cell during mobility.
Proposal 1: RAN2 to discuss the potential approaches for measurement event prediction:
-
Opt1: HOF/RLF prediction based on measurement result prediction 
-
Opt2: HOF/RLF prediction based on historical HOF/RLF information.

Proposal 2: HOF/RLF predication should be performed based on network configuration.
Proposal 3: The HOF/RLF prediction based on TS 36.839 is only used for the performance evaluation of the AI model.
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