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1. Introduction
This contribution aims to discuss how to define the handover failure for prediction purpose.
2. Discussion
For purpose of modelling [1], the handover procedure is divided into 3 states as shown in Figure 1.

· 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;

· State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE.
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Figure 1: A handover failure (Case 1)
According to TR36.839[1], a handover failure is counted if a RLF occurs in state 2, or a PDCCH failure is detected in state 2 or state 3. There are several use cases for handover failure as follows.
Case 1: RLFs in state 1 under conditions that other suitable cell(s) is available (signal strength (i.e., SINR) stronger than -8dB) may be accounted as a handover failure.

· The RLFs logged in state 1 maybe further differentiated as true RLF events (due to shadowing or UE out of radio coverage) or handover failure events. RLFs in state 1 under conditions that other suitable cell(s) is available (signal strength (i.e., SINR) stronger than -8dB) may be accounted as a handover failure.

Case 2: RLF is declared in the state 2;
Case 3: Timer T310 has been triggered or is running when the HO_CMD is received by the UE. (Figure1)

Case 4: Timer T310 has been triggered in target cell before sending complete message towards the target cell.
· T304 expiry can be considered as a sub-case of Case 4.
Observation 1: According to TR36.839, there are several use cases for handover failure as follows.

· Case 1: RLFs in state 1 under conditions that other suitable cell(s) is available (signal strength (i.e., SINR) stronger than -8dB).
· Case 2: RLF is declared in the state 2;
· Case 3: Timer T310 has been triggered or is running when the HO_CMD is received by the UE. (Figure1)
· Case 4: Timer T310 has been triggered in target cell before sending complete message towards the target cell.

According to TS38.300[2], 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, which is within state 1 and state 2. Therefore, Case A is related to case 1 and case 2 described in TS36.839. Regarding Case B and Case C, Case 4 can be covered by the combination of Case B and Case C (Case B + Case C).
Observation 2: Case A corresponds to both Case 1 and Case 2 described in TS36.839.
Observation 3: Case 4 can be covered by the combination of Case B and Case C (Case B + Case C).
Proposal 1: RAN2 to discuss which cases can be considered in handover failure prediction.

· Case 3: Timer T310 has been triggered or is running when the HO_CMD is received by the UE. (Figure1)
· Case 4: Timer T310 has been triggered in target cell before sending complete message towards the target cell.

· 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.                                                         
Conclusion

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

Observation 1: According to TR36.839, there are several use cases for handover failure as follows.

· Case 1: RLFs in state 1 under conditions that other suitable cell(s) is available (signal strength (i.e., SINR) stronger than -8dB).
· Case 2: RLF is declared in the state 2;
· Case 3: Timer T310 has been triggered or is running when the HO_CMD is received by the UE. (Figure1)
· Case 4: Timer T310 has been triggered in target cell before sending complete message towards the target cell.

Observation 2: Case A corresponds to both Case 1 and Case 2 described in TS36.839.
Observation 3: Case 4 can be covered by the combination of Case B and Case C (Case B + Case C).
Proposal 1: RAN2 to discuss which cases can be considered in handover failure prediction.

· Case 3: Timer T310 has been triggered or is running when the HO_CMD is received by the UE. (Figure1)
· Case 4: Timer T310 has been triggered in target cell before sending complete message towards the target cell.

· 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.
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