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1 Introduction 
In RAN2 #77b it was agreed that we need to further investigate the impact of CRE/eICIC on the handover performance in a HetNet environment. In this contribution we provide the mobility performance for a heterogeneous network with cell range expansion (CRE) and almost blank subframe (ABS).
2 Discussion 
Simulation assumptions
Large area HetNet simulations were used to study the mobility performance. We followed the simulation assumptions in TR36.839 and TR 36.814. The simulation assumptions on eICIC are described in Table 1.
Table 1 Simulation assumptions for eICIC
	Items
	Descriptions

	Configuration parameter set
	Set 3 in TR36.839 with UE speed 30km/h

	Pico placement
	1 pico per macro cell, the pico is placed at boresight 1/3 ISD (i.e., 2/3 of the cell radius)

	CRE bias
	0dB, 3dB, 6dB, 9dB

	ABS configuration
	Three ABS configurations are considered in simulation.

(1) Perfectly aligned ABS among all macro cells: When a UE is connected to a pico, the UE does not see any interference from the 57 macro cells.

(2) Perfectly aligned ABS among the serving and neighbouring macro cells: the pico UE does not experience interference from the macro cell that the pico belongs to and the neighbouring 4 macro cells as shown in Figure 1. However the UE still sees the interference from the remaining 52 macro cells.
(3) ABS at the serving macro only: the pico UE does not experience interference from the macro cell that the pico belongs to. However the UE still sees the interference from the remaining 56 macro cells.
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Figure 1 The UE served by the pico cell in macro cell 1 does not see interference from macro cells 1-5.
Mobility performance with CRE and ABS
When CRE is employed, the triggering criteria of A3 event for differnt types of handovers are described as follows:
· Macro-to-macro: RSRP(neighbour macro) > RSRP(serving macro) + A3_offset
· Macro-to-pico: RSRP(neighbour pico) > RSRP(serving macro) + A3_offset – CRE bias

· Pico-to-macro: RSRP(neighbour macro) > RSRP(serving pico) + A3_offset + CRE bias

Figure 2 to Figure 4 show the handover failure (HOF) rates for the following differnt CRE values and ABS configurations:
· Baseline: CRE 0dB and no ABS configured at macro cells

· Perfectly aligned ABS at all macro cells with CRE values 0dB, 3dB, 6dB and 9dB

· Perfectly aligned ABS at the serving and neighbouring macro cells with CRE values 0dB, 3dB, 6dB and 9dB

· ABS configured at the serving macro cell with CRE values 0dB, 3dB, 6dB and 9dB
From Figure 2 to Figure 4 we have the following observations:

· In case of perfectly aligned ABS at all macro cells, low HOF rates are observed even at CRE 9dB. However perfectly aligned ABS at all macro cells may reduce the system capacity. In a real deployment, ABS patterns at macro cells may not be aligned. Therefore we consider the case of ABS configured only at the serving macro cell and the case of perfectly aligned ABS at serving and neighbouring macro cells. 
· If ABS is configured only at the macro cell that the pico belongs to, as CRE value increases we observe that P2M State 2 HOF rate and M2P State 3 HOF rate increase significantly. For example, the P2M State 2 HOF rate reaches 20% for CRE 6dB and 32% for CRE 9dB. The P2M State 2 HOF is due to the missing HO command from the source pico cell and the M2P State 3 HOF is due to the failed RACH to the target pico cell. These handover failures are due to the insufficient SINR level in the pico range expansion area. Here a pico UE is only immune to the interference from the macro cell that the pico cell belongs to. The pico UE which is close to the macro cell edge may still see strong interference from the remaining 56 macro cells.
· If perfectly aligned ABS is configured at the macro cell that the pico belongs to and a few neighbouring macro cells, we observe that reasonable mobility performance can be obtained for CRE value up to 6dB. For large CRE value we could still see high HOF rate. For example at 9dB CRE, the P2M State 2 HOF could reach 10%. When compared to the case of ABS configured only at the macro cell that the pico belongs to, we observe significantly reduced HOF rates due to the reduced interference from macro cells.
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Figure 2 Overall HOF rates for different CRE values and ABS configurations
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Figure 3 State 2 HOF rates (failure at source cell) for different CRE values and ABS configurations
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Figure 4 State 3 HOF rates (failure at target cell) for different CRE values and ABS configurations

3 Conclusion  
In this paper, we evaluated the mobility performance for a HetNet with CRE and ABS. Given the pico placement in the study, we have the following observations:
Observation 1: eICIC is an effective technique to improve the HetNet mobility performance if the ABS at all macro cells are perfectly aligned.

Observation 2: If ABS is configured only at the macro cell that the pico belongs to, high HOF rates are observed especially for CRE value more than 3dB.

Observation 3: If perfectly aligned ABS is configured at the macro cell that the pico belongs to and a few neighbouring macro cells, reasonable mobility performance can be obtained for CRE value up to 6dB.
Therefore we have the following proposal:
Proposal: RAN2 should consider enhancements for robust HetNet mobility performance in case of moderate to high CRE values and imperfectly aligned ABS from macro cells.
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