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1. Introduction
Cell range expansion (CRE) is currently discussed in RAN1 to increase the throughput performance in marco-pico heterogeneous network deployment. The throughput gains are achieved by offloading traffic from macro to pico. In order to avoid the severe interference from marco to pico UEs, Almost blank subframes (ABS) have been introduced in the downlink. In RAN#53, WI on Further Enhanced Non CA-based ICIC for LTE is approved. In RAN1#66, ad hoc session on FeICIC simulation assumptions is summarized in R1-112856 [1].
In this contribution, we follow up the decision made by RAN1#66 and RAN1#66bis and investigate how the UE throughput performance depends on the combination of ABS ratio, CRE bias setting, and reduced power ABS under the assumption of perfect interference cancellation of the macro cell CRS of the pico UEs in ABS. Since no receiver impairments are taken into account, the results could be seen as upper bounds of the ABS performance.
2. FeICIC simulation assumptions
Assumptions for FeICIC evaluation follow the agreements in [1]. Please note that we only model ITU UMa for Macro and ITU UMi for Pico (Outdoor modeling) in this contribution. The evaluated configurations are listed in Table 1 as followed: 

Table 1. Simulation parameters
	Deployment
	ITU UMa for Macro and ITU UMi for Pico (TR 36.819)

	dropping model
	Configuration 4b: total 30 users per macro area, 5 users per pico and others in the macro area

	Bandwidth
	10MHz

	Antenna configuration
	(Macro, Pico, UE) = (2Tx, 2Tx, 2Rx)
cross-polarized antenna

	CRE offset 
	RSRP based with [0, 6, 12, 18]dB offset

	3D tilting model
	ITU: 12 degrees for Macro, 0 degrees for Pico

	Traffic model
	Full buffer

	ABS configuration
	Static per macro cell

	CRS interference modeling
	Perfect interference cancellation

	
	

	UE receiver
	Rel-10 receiver (no CRS cancellation, MMSE-option1)


In the following, we explain some detailed assumptions.
ABS configuration
It is known that the CRE bias increases the number of UEs associated to pico cells.  Further, the ABS ratio basically determines then how many subframes can be used for PDSCH transmissions in the macro cells, and how many subframes are protected in the pico cells. The protected subframes will be used for PDSCH transmissions to pico cell edge UEs since they would suffer from severe interference from the macro cells. In our simulation, the ABS ratio is proportional to the ratio of UEs connected to pico cells over total UEs within the macro cell area. Therefore, it is different depending on CRE bias value. The ABS ratio is 25% for CRE = 6dB and 50% for 1 CRE = 12, 18 dB.
CSI measurement and scheduling
Pico cell UEs are configured to report separate CSI for subframes where macro transmits ABS and normal subframes, respectively. Pico cell edge UEs are scheduled in ABS subframes and other UEs of pico cell are scheduled in non-ABS subframes depending on CSI reports. For macro cell, CSI measurement report only for non-ABS subframes and macro UEs are scheduled only in non-ABS subframes.
Reduced power ABS

The transmit power of macro cell for reduced power ABS is reduced with the same amount as the CRE bias. For example, with a marco transmit power = 46 dBm and CRE = 12 dB, the transmit power would be 34 dBm.
3. Simulation results
In this section, we show the simulation results of the above-mentioned macro-pico scenario and the results for ABS and power reduced ABS with different CRE bias values are given in Table 2.
Table 2. Simulation results for ABS and reduced power ABS with different CRE bias values setting
	
	Average Cell Spectral Efficiency (bps/Hz)
	5% User Spectral Efficiency (bps/Hz)
	50% User Spectral Efficiency (bps/Hz)
	95% User Spectral Efficiency (bps/Hz)

	Baseline
	Bias = 0 dB 
	7.572
	0.064
	0.151
	0.239

	No ABS
	Bias = 6 dB 
	7.698
	0.067 
	0.153
	0.242

	
	Bias = 12 dB
	7.119
	0.041 
	0.142
	0.218

	
	Bias = 18 dB 
	6.817
	0.021 
	0.136
	0.208

	ABS
	Bias = 6 dB 
with ABS (25%)
	7.607
	0.071 
	0.153
	0.240

	
	Bias = 12 dB

 with ABS (50%)
	7.477
	0.066
	0.150
	0.237

	
	Bias = 18 dB 

with ABS (50%) 
	7.351
	0.061
	0.149
	0.234

	Reduced power ABS
	Bias = 6 dB 
with reduced power ABS (25%)
	7.912
	0.069
	0.158
	0.251

	
	Bias = 12 dB 

with reduced power ABS (50%) 
	7.754
	0.064
	0.155
	0.245

	
	Bias = 18 dB 

with reduced power ABS (50%)
	7.596
	0.059
	0.151
	0.240


From Table 2, we have the following observations: 
1. Cell-edge UE spectral efficiency can be improved by adopting an appropriate ABS ratio for each CRE bias value. The basic trend is that large CRE bias values require also a large ABS ratio, which make sense since a large fraction of UEs are associated to the pico cells and only a small fraction of UEs remains associated to macro cells. 
2. The cell-edge performance can be improved when large CRE bias values (12-18 dB) are used with appropriate ABS ratio. However, when large CRE bias values are used, the average UE performance decreases. Therefore, it is a tradeoff between average UE and cell edge UE performance when choosing CRE bias value.

3. It is evident that system average spectral efficiency gain is achieved by reducing the macro transmit power. Hence, by transmitting PDSCH with reduced power ABS, macro UEs with good channel conditions can be off-loaded from non-ABS, resulting in improved average user performance. That is, reduced transmit power in ABS improves the system performance in comparisons with no PDSCH transmission in ABS.
4. Conclusions

In this contribution, we evaluated the performance depending on the combination of ABS ratio, CRE bias setting, and reduced power ABS. Due to the assumption of perfect CRS interference cancellation, we can consider the results as upper bounds for the achievable performance gain. We provide the following conclusions based on the results of the simulation study:
1. Cell-edge UE spectral efficiency can be improved by adopting an appropriate ABS ratio for each CRE bias value. 
2. It is a tradeoff between average UE and cell edge UE performance when choosing CRE bias value.

3. It is evident that system performance gain is achieved by reducing the macro transmit power. Hence, by transmitting PDSCH with reduced power ABS, macro UEs with good channel conditions can be off-loaded from non-ABS, resulting in improved average user performance. 
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