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1
Introduction 
    The following observations were made from the overall calibration simulations in SI stage for HetNet mobility performance [1]:

1)
Results indicate that handover performance in Het-Net deployments is not as good as in pure macro deployments. Of the different HO types, Pico to Macro handover performance showed the worst performance.

    Simulation results also indicate that HO failure rate in state 2 is much higher than that in other states. Therefore, in RAN2#81 meeting, HO failure in state 2 is further discussed. In [2], it indicates that the reception of the HO command is the dominant factor of degraded mobility performance. However, RAN2 did not distinguish the cases where the PDCCH for the measurement report and the HO command are lost in the SI phase. The following conclusion is made in RAN2#81:
· We need to understand better whether the PDCCH carrying the UL grant for the measurement report could also be a bottleneck.
    In this contribution, we would like to provide our analysis about this issue and give our proposals.
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Fig. 1. Components of handover process and radio link monitor process
2 Discussion

    Fig. 1 illustrates components of handover process and radio link monitor process. When a UE is moving from Pico to Macro as shown in Fig. 2, Pico to Macro handover is performed if an event entering condition is met. Based on the same event entering condition, e.g. Event A3, different speed UEs should enter State 2 in the same time or location. According to the current RRC specification TS 36.331, the UE shall adjust the value of the following parameter configured by the E-UTRAN depending on the UE speed: timeToTrigger (TTT). The UE shall apply 3 different levels based on the mobility state, including high, medium, and others. It implies that a high mobility state UE is configured with a short TTT value. Therefore, in the period of TTT, different speed UEs may move at a similar distance. Consequently, different speed UEs may also send Measurement Report in the same location. Since the location where the transmission of UL RRC message of Measurement Report is similar for different speed UEs, we think that the failure probability in sending measurement report may be the same or similar. 
Observation 1: High speed UE and low speed UE may have similar failure probability in sending measurement report.
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Fig. 2. An example of different speed UEs moving out of Pico cell coverage.

    The following procedure is the handover preparation time. According to TS 36.300, the source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side. After that, the target eNB generates the RRC message to perform the handover, i.e RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent by the source eNB towards the UE. The handover preparation (decision) delay may be uncertain in cases. After the period of the handover preparation time, different speed UEs will move at different distances. Consequently, UEs will be far from the pico coverage and suffer severe interference from Macro, especially high mobility state UE. If the transmission of DL RRC message of Handover Command fails, UE would not precede handover process as requested, and would suffer RLF eventually. Since the TTT value can be configured by the E-UTRAN depending on the UE speed, measurement report failure could be reduced. But, UEs have to wait for HO command after the handover preparation time. Radio problem may be detected in this period of time. UEs would be unable to receive HO command. Compared to measurement report failure, we think that HO command failure is the main cause of HO failure.
Observation 2: HO command failure is the main cause of HO failure, compared to measurement report failure.
    Based on our observation, we think that RAN2 should discuss how to reduce HO command failure first. The PDCCH carrying the UL grant for the measurement report may not be the main cause of HO failure.
Proposal 1: Enhancements to reduce HO command failure should be prioritized in RAN2.
3
Conclusions
In this contribution, we discuss about the cause of handover failure and present our observations. We conclude with the following proposal:

Observation 1: High speed UE and low speed UE may have similar failure probability in sending measurement report.
Observation 2: HO command failure is the main cause of HO failure, compared to measurement report failure.
Proposal 1: Enhancements to reduce HO command failure should be prioritized in RAN2.
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