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1. Introduction
In this document we are trying to provide a look at small cell impacts to mobility performance. Additional simulation results are provided in this document with respect to what we submitted for the large scale calibration effort [1]. 
2. Discussion

Simulation results are shown below for two different network scenarios, “Macro only” and “Macro-Pico mixed”. Simulation assumptions are largely based on [2], with some remarks / exceptions as described below.
· Layout:  19-site / 57-sector with wraparound

· ISD:  500m

· Pico placement (mixed scenario only):
 0.3 ISD / one  pico per sector

· RRC connection re-establishment is modelled.

· RRC connection re-establishment procedure execution delay of 40ms

· RRC connection re-establishment procedure is assumed to be always successful

· No modelling of T304, T311 and T301

· RLF after handover command failure is counted as RLF in state 2

· No cell identification delay taken into account

2.1. Comparison of basic metrics
The basic metrics agreed in the study item are looked at for macro only and macro-pico mixed setups as follows. It can be observed that the number of failures is increased due to introduction of small cells.
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Figure-1: Overall handover failure rate (%) / NOTE: Set 4 @ 30 km/h for Macro-only is not provided
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Figure-2: Hanodver failure rate in state 2 (%) / NOTE: Set 4 @ 30 km/h for Macro-only is not provided
2.2. Handover failures in macro-pico scenario
In this section we are looking at further breakdown of handover failures in macro-pico scenario. The aim is to see what handover cases are contributing to the increased number of handover failures as observed in the previous section. The overall handover failure rates for different handover “directions” in macro-pico setup are shown below. Note that the occurrence of pico-pico handover is quite rare and we do not show the handover failure rate for pico-pico handovers because we think the small number of samples is not sufficient to be able to obtain meaningful statistics.
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Figure-3: Overall handover failure rate (%) / NOTE: Set 4 @ 30 km/h for Macro-only is not provided 
The distribution of handover types are shown for the set 3 @ 30km/h. Around 80 % of total handovers is macro-macro handovers. This means only looking at overall performance including all the handover types we may not be able to observe the occurrences of critical failures.   
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Figure-3: Handover type distribution
It can be seen from the above that handover failure rates for macro-macro, macro-pico and macro-pico setup are comparable to the total handover failure rate in case of macro only setup. Thus the main contributor to the increased number of handover failures is deemed the failure in pico-macro handovers.
The problem can be caused by Pico’s signal that is always subject to strong interference from macro. Hence from mobility point of view, reliable delivery of handover command is challenging. We however need to understand why the same does not apply to both pico inbound and outbound mobility.
3. Conclusion
An initial comparison of mobility performance between Macro only and Macro-Pico mixed network scenarios was provided in this document. It has been shown introduction of small cell increases mobility failures. We consider based on the findings given in this document that it is worthwhile to continue looking into mobility performance differences between the two network scenarios.
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