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1. Introduction
This contribution aims to discuss prediction for handover failure and RLF.
2. Discussion
HOF Prediction
According to TS38.300[1], handover failure is divided into the following three cases as follows.
-
Case A (Too Late Handover): an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.

-
Case B (Too Early Handover): an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.

-
Case C (Intra-system Handover to Wrong Cell): an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

In Case A, RLF occur before receiving handover command. UE can predict HOF i.e. too late handover based on the predicted RLF. Regarding case B, there are two sub-cases. The first case is HOF due to T304 expiry. The second case is that RLF occurs shortly after successful handover. HOF in Case C is similar to case B because T304 expires or RLF occurs shortly after successful HO. The difference between Case B and Case C is the selected cell during re-establishment. From prediction point of view, it seems unnecessary to distinguish the different selected cell.
Proposal 1: RAN2 to discuss which cases can be considered in HOF prediction.

· Case 1: T304 expiry
· Case 2: RLF occurs before receiving HO command

· Case 3: RLF occurs shortly after successful HO

The straightforward way is that UE predicts HOF directly. For example, the HOF prediction can be based on the stored historical HOF/RLF/measurement results. Whether HO can be successfully performed depends on the channel quality. Therefore, UE can predict HOF based on the predicted measurement result. In addition, if the case 2 or case 3 in Proposal 1 can be supported, UE also can predict HOF based on the predicted RLF.
Proposal 2: RAN2 to discuss the potential approaches for HOF prediction:

· Option#1: Direct HOF prediction based on historical data e.g historical HOF/RLF/measurement results.
· Option#2: HOF prediction based on predicted measurement result.
· Option#3: HOF prediction based on RLF prediction.
As handover is a network operation, although the UE-side model may be capable of performing HOF prediction based on different approaches, for some cases, information/configuration from the network is required for efficient HOF prediction. HOF occurrence depends on the timing of handover execution. Too late or too early of HO command transmission will result in HOF. Therefore, HOF prediction should be based on a time window which can be configured by network. For example, UE predicts whether HOF occurs if the UE executes a HO towards a target cell within the time window. In addition, handover is always related to a target cell. If an unsuitable cell is configured for the cell-edge UE, handover failure will still occur. Therefore, a list of target cells towards which UE predicts may be provided by the network. From power saving point of view, it seems unnecessary for UE to predict all neighbour cells which UE can monitor since UE usually can discover tens of neighbour cells. In order to support the network in making a handover decision to a target cell, it is essential that the predicted HOF outcome is reported to the network. The details of signaling may depend on the progress of R19 AI/ML air interface.
Proposal 3: UE predicts HOF based on a time window, which may be configured by network.

Proposal 4: UE predicts HOF based on a list of target cells, which may be configured by network.
RLF Prediction
In the mechanism of RLM, UE starts T310 upon receiving N310 consecutive out-of-sync indications from lower layers. If the UE receives N311 consecutive in-sync indication while T310 is running, UE stops timer T310. Upon T310 expires, UE declares RLF. When the radio link quality is worse than the Qout threshold for all resources over monitor window, the physical layer of UE indicates out-of-sync indication to RRC layer when radio link quality of RLM RS is less than Qout threshold.
Similar to measurement result prediction, there are two approaches including temporal domain prediction and spatial domain prediction for RLF prediction. The straightforward approach is temporal domain prediction i.e UE can predict future RLF occurrence. Regarding Temporal domain prediction, UE should predict RLF based on the RadioLinkMonitoringRS. However, the density of RLM RS may not be sufficient.
Proposal 5: RAN2 to discuss which one should be supported in RLF prediction.
· Temporal domain prediction
· Spatial domain prediction
Similar to HOF prediction, UE can predict RLF via direct RLF prediction. Another way for RLF prediction could be based on RLM RS. For example, UE determine RLF based on the predicted measurement result e.g SINR of RLM RS.
Proposal 6: RAN2 to discuss the potential approaches for RLF prediction:

· Option#1: Direct RLF prediction
· Option#2: RLF prediction based on the predicted measurement result e.g SINR of RLM RS
Conclusion

In this contribution, the following proposals are given based on the discussion:

HOF Prediction
Proposal 1: RAN2 to discuss which cases can be considered in HOF prediction.

· Case 1: T304 expiry

· Case 2: RLF occurs before receiving HO command

· Case 3: RLF occurs shortly after successful HO

Proposal 2: RAN2 to discuss the potential approaches for HOF prediction:

· Option#1: Direct HOF prediction based on historical data e.g historical HOF/RLF/measurement results.

· Option#2: HOF prediction based on predicted measurement result.
· Option#3: HOF prediction based on RLF prediction.
Proposal 3: UE predicts HOF based on a time window, which may be configured by network.

Proposal 4: UE predicts HOF based on a list of target cells, which may be configured by network.
RLF Prediction

Proposal 5: RAN2 to discuss which one should be supported in RLF prediction.

· Temporal domain prediction
· Spatial domain prediction
Proposal 6: RAN2 to discuss the potential approaches for RLF prediction:

· Option#1: Direct RLF prediction
· Option#2: RLF prediction based on the predicted measurement result e.g SINR of RLM RS
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