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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]A SI of AI mobility was agreed in [1]. Three prediction aspects are considered,
	· 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 discuss the use case and basic procedure of RLF/HO failure prediction.
Discussion
Use case
We understand the HOF prediction can be modelled as: temporal predict whether HO to a target cell would fail based on historic measurements. The prediction can be done per target cell. 
The input includes historic measurements. The historic measurement may be same as the target cell or different from target cell. If the historic measurement is different from the target cell, measurement can be further reduced.
The output shall provide HOF result at least. If the prediction is performed before measurement report, UE may not be able to acknowledge when NW would send HO command. AI may need to provide the HOF result timing.
Proposal 1: HOF prediction use case: temporal predict HOF to set A of cell(s) based on historic measurement results of set B of cells.
· Model input includes historic measurement results of set B of cells.
· Model output includes HOF result to set A of cell(s) at least. HOF timing can be provided optionally.
· Consider the case i): Set A and Set B are the same; ii) Set A and Set B are different;
We understand the RLF prediction can be modelled as: temporal predict T310 running/RLF based on historic measurements. RLF only occur at serving cell.
The input includes historic measurements. The historic measurement includes serving cell at least. We can further study whether neighbour cell measurement results are beneficial for prediction.
The output shall provide HOF result at least. If the prediction is performed before T310 running, AI may also provide the RLF timing.
Proposal 2: RLF prediction use case: temporal predict RLF based on historic measurement results of serving cell(s).
· Model input includes historic measurement results of serving cell at least.
· Model output includes RLF result at least. RLF timing can be provided optionally.

Training data collection
The training data is closely related to how prediction is performed. The prediction can be done in two ways, direct prediction or indirect prediction. In direct prediction, AI model output is the final KPI, i.e. HOF or RLF indication. In indirect prediction, AI model output is the intermediate KPI, e.g. downlink radio channel quality, and UE determine the final KPI, i.e. HOF or RLF, based on intermediate KPI.
In HOF prediction, either UL or DL radio channel quality may result in HOF. It’s difficult for UE to obtain the UL radio channel quality information. Therefore, UE can’t find one intermediate KPI to determine HOF. Direct prediction should be used. Therefore, in addition to the historic measurement results of set B of cells, the HO result of set A of cells is also needed as label.
Proposal 3: For HOF prediction, the training data shall include the historic measurement results of set B of cells and HO result of set A of cells.
In RLF prediction, Qout can be the intermediate KPI. UE can first predict the Qout and determine whether RLF would occur. Therefore, the training data can include the Qin/Qout indication in indirect prediction as label, in addition to the historic measurement results. In direct prediction, the training data can include the RLF result as label.
Proposal 4: For RLF prediction, the training data shall include the historic measurement results of serving cell and Qin/Qout indication or RLF result.
For the other LCM procedures, we can wait for AI air progress to see whether enhancement is needed.
Prediction accuracy evaluation
It’s important to evaluate the AI prediction accuracy before deploy the AI based solution. Based on the use case, the prediction can include failure result and timing info optionally. If only failure result is provided, we can check the accuracy based on whether failure actually occurs after prediction. If timing is provided, we can evaluate the accuracy based on the time difference from actual failure.
Proposal 5: The prediction accuracy can be evaluated by,
· Whether failure occurs
· Time difference from actual failure
[bookmark: _GoBack]Potential gain
As mentioned in WID [1], mobility performance can be evaluated by multiple KPIs, including Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction. We understand each prediction may not be able to improve all KPIs. We need to discuss which KPI is the target so that solution and simulation can be carried out accordingly.
As studied in 36.839 [2], after measurement report, target cell’s channel quality may degrade rapidly, which result in handover failure and additional interruption time. If UE can predict the potential HOF in advance, NW may select another target cell to avoid HOF. Even if HOF can’t be avoided, e.g. in case there is only one available target cell, the interruption time can be reduced by early RRC reestablishment.
Proposal 6: HOF prediction can be used to reduce the HOF rate and interruption time.
During T310 running, the service is interrupted. T310 expiry would trigger RRC reestablishment, which results in additional interruption. If UE can predict T310 running/RLF in advance, NW may be able to HO UE to another cell to avoid RLF. Even if RLF can’t be avoided, e.g. in case there is no appropriate target cell or no time to prepare other cell or T310 has started, the interruption time can be reduced by early RRC reestablishment.
Proposal 7: RLF prediction can be used to reduce the RLF and interruption time.
Conclusion
Based on the discussion in section 2, we have following proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: HOF prediction use case: temporal predict HOF to set A of cell(s) based on historic measurement results of set B of cells.
· Model input includes historic measurement results of set B of cells.
· Model output includes HOF result to set A of cell(s) at least. HOF timing can be provided optionally.
· Consider the case i): Set A and Set B are the same; ii) Set A and Set B are different;
Proposal 2: RLF prediction use case: temporal predict RLF based on historic measurement results of serving cell(s).
· Model input includes historic measurement results of serving cell at least.
· Model output includes RLF result at least. RLF timing can be provided optionally.
Proposal 3: For HOF prediction, the training data shall include the historic measurement results of set B of cells and HO result of set A of cells.
Proposal 4: For RLF prediction, the training data shall include the historic measurement results of serving cell and Qin/Qout indication or RLF result.
Proposal 5: The prediction accuracy can be evaluated by,
· Whether failure occurs
· Time difference from actual failure
Proposal 6: HOF prediction can be used to reduce the HOF rate and interruption time.
Proposal 7: RLF prediction can be used to reduce the RLF and interruption time.
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