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Discussion and decision
1. Introduction
Through the simulation effort for HetNet mobility Study Item, it has been recognized generally that the main contributor to the increased number of handover failures in macro-pico mixed deployment is the failures in pico-to-macro handovers.

In this document we further analyze the characteristics of pico-to-macro handover.
2. Recapping findings so far
The following chart shows our simulation result for the “set 3”, based on the agreed large area system simulation assumption in [1]. “Failure in source” represents mobility failures at the source cell (handover failure / RLF in state 2) and “failure in target” indicates mobility failures at target cell (handover complete failure in state 3). “Overall” includes both of them. Results from Macro-only network layout are also presented.
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Figure-1
It can be seen that most mobility failures in pico-macro handovers are the failure in the source cell (i.e. pico cell), whereas for macro-pico handover inverted result is seen.
3. Discussion
The following figure shows the signal strength of macro cell and pico cell based on the pathloss model assumed in [1], but without any shadowing assumed and pico is placed at 0.3 ISD (ISD=500m).  In addition, the SINR of the strongest cell is plotted. It can be seen that for both pico inbound and outbound mobility will be challenging due to rapid change of pico cell’s signal.
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Figrure-2: Macro and Pico signal strength
The above itself does not explain however why the handover failure rate is higher with pico-macro handover. The following figure further provides pico’s coverage at the geometry of -6dB (red), 0dB (blue) and 8dB (magenta). We can observe that the area where the pico’s geometry is very high within the pico’s coverage is quite small.
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Figrure-3: Pico’s geometry
This actually means that from the view point of macro-pico handover, only small fraction of macro UEs will go into the “RLF area” within the pico’s coverage because of different UE trajectories. This effect is shown in the conceptual figure below. On the other hand all pico-macro handovers will suffer from the rapid drop of pico’s signal and certainly are subject to RLF due to strong signal from macro.
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Figure-4: Pico inbound mobility vs outbound mobility

4. Solution?
We do not think the following solutions are sufficient or attractive for the reasons also explained together.

· Short TTT for pico outbound handover: We have already seen the results with 80ms TTT, which does not seem to provide sufficient gain. Also impact to ToS from using short TTT have to be evaluated.
· Conservative handover offset: This solution defeats the offloading gain of small cell deployment. 

It should be noted that from our simulation results, the mobility failures are essentially caused by macro signal (interference) to the pico UEs; in other words, failures in the target in case of macro-pico handovers and failures in the source in case of pico-macro handovers.
The enhanced-ICIC defined in release-10 essentially provides the effect of reducing macro’s interference from the view point of pico UEs. While the main concept of eICIC is to expand the effective coverage of small cell to obtain traffic offloading gain, the same mechanism could be used for improving mobility robustness. 
5. Conclusion
In this document we have analysed characteristics of handovers where pico cell is involved. It has been shown that macro signal (interference) to the pico UE is the main source of obstacles in pico-involved mobility cases. We consider that the enhanced-ICIC is a very attractive mechanism to reduce the macro interference from the view point of pico UE and thus can address the root cause of the mobility problems seen so far.
It is proposed that RAN2 analyse the gain of eICIC in terms of mobility performance improvement.
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