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1 Introduction

Further studies are needed before RAN2 can conclude whether or not CRE/ABS/eICIC solve mobility performance problems in HetNets [1]. This contribution first discusses how to model CRE/eICIC and ABS in HetNet mobility simulation. Simulation results are then analyzed to draw some observations and insights towards the impact of ABS on mobility performance in HetNet.
2 Simulation modeling and results

2.1 ABS modeling and simulation assumptions
· Network deployment 
· Network layout and ISD : 19 sites with 3 cells/site, ISD = 500 m
· Pico cell placement: 
· 1 pico cell is placed at boresight as defined in calibration;
· 2 pico cells are uncorrelated placement;
· 4 pico cells are uncorrelated placement;
· UE velocity
· UE speed: 30km/h 
· Traffic model and system load
· Baseline traffic: full buffer
· System load: 100%
· Measurement criteria

· Intra-frequency L1 measurement parameters: 40 ms measurement interval with over 200 ms window (i.e. 5 samples/window)
· Measurement quantity: RSRP
· CRE bias
· 0, 1, 3, 6 dB, as small to mid-range CRE bias has been agreed in R10.
· ABS pattern
· Common static ABS configuration among macro cells for simplicity
· Non-MBSFN ABS, and no CRS colliding
· FDD pattern density should be at least 1/8 and the FDD pattern periodicity is 40 subframes (40 ms) 
· ABS pattern in macro cell: [1000000010000000100000001000000010000000]
· Measured pattern in pico cell: [1000000010000000100000001000000010000000]
· ABS configuration in pico cell: Pico UE involved in HO procedure is configured with ABS to perform RLM/RRM measurement and CSI measurement. 
2.2 Simulation results
Figure 1 shows HOF rates collected in simulations with various numbers of pico cells, CRE bias, and with or without ABS. We can see that the M2P HOF rate and P2M HOF rate are significantly reduced by CRE/eICIC compared with those of no ABS. M2M HOF rates remain basically unchanged, and the total HOF rate decreases correspondingly. However, as CRE bias increases, P2M HOF rate also increases due to the reduced signal strength of pico cell in RE area.
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Figure 1, HOF rates (UE speed = 30km/h)
Figure 2 shows short ToS (Time to Stay) rates collected in simulations with various number of pico cells, CRE bias, and with or without ABS. It can be observed that short ToS rate increases slightly as CRE bias increases from 0dB to 6dB. 
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Figure 2, Short ToS rates (UE speed = 30km/h)
3 Analysis of the impact of ABS
In P2M HO scenario, UE performs RLM/RRM measurement and CSI measurement of the pico cell in ABS without suffering interferences from macro cell. In the state 2, radio link monitoring in ABS on pico cell would indicate high channel quality of PDCCH. That is, it is less likely that the measured CQI SINR would fall below the threshold Qout (-8 dB), hence less RLF would be declared. In addition, HO command message can be sent in ABS, and would be received by UE with higher probability of success. Thus, configuring ABS has advantages of reducing the state 2 HOF in P2M handover. Figure 3 shows the simulation results of P2M HO failure in state 2.
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Figure 3, P2M HO failure rates in state 2
In M2P HO scenario, ABS takes effect only in the state 3. That is, it is more likely at the end of the handover execution time that the measured CQI SINR of the pico cell in ABS subframes would be higher than the threshold Qout (-8 dB). Figure 4 shows the simulation result of M2P HO failure rates in state 3.
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Figure 4 M2P HO failure rates in state 3
From Figure 3 and 4, it can be observed that the use of ABS significantly reduces handover failure rates in Pico cell. 

Observation 1: The use of ABS significantly reduces handover failure rates in Pico cell.
The simulation has been focused on mobility performance, with simplification on the modeling of load and PDCCH transmission/reception. The impact of the number of UE in the system does not get reflected in the amount of control resource required to send their PDCCH. For example, the blocking issue of PDCCH transmission is not examined with respect to the amount of ABS allocated in the simulation. In addition, the loss of throughput due to the use of ABS is not modeled either. Therefore, current simulation results present a favorable bias towards the benefit of applying ABS to address mobility performance issue in HetNet.
Observation 2: There is favorable bias in current simulation results towards the benefit of applying ABS to address mobility performance issue in HetNet.
Proposal: With proper counting of radio resource consumed by ABS, ABS modelling should be added into HetNet simulation to study its impact on HetNet mobility performance. 
4 Conclusion
This contribution discusses the modeling of CRE/eICIC and ABS in HetNet mobility simulation. Simulation results are presented with analysis of the impact of ABS on mobility performance in HetNet.
Observation 1: The use of ABS significantly reduces handover failure rates in Pico cell.
Observation 2: There is favorable bias in current simulation results towards the benefit of applying ABS to address mobility performance issue in HetNet.
Proposal: With proper counting of radio resource consumed by ABS, ABS modelling should be added into HetNet simulation to study its impact on HetNet mobility performance.
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