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Introduction
In Rel-10, the time-domain techniques were used for enhanced inter cell interference coordination (eICIC) in heterogeneous networks, where macro cells can reduce their interference to pico cells by transmitting almost blank subframes (ABSs). Ideally speaking, ABSs should be totally blank when configured by a macro cell in order to eliminate the interference to pico UEs as much as possible. However, in practice, the cell-specific reference signals (CRSs), PSS, SSS, PCH and PBCH must be transmitted in ABSs for legacy UEs considering backward compatibility. As such, the interference from macro cells to pico cells cannot be ignored when macro eNBs transmit ABSs. In this contribution, we present our simulation results of eICIC considering CRS interference.  
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Simulation Assumptions
We consider the macro-pico configuration 1 in [1] with 4 pico cells randomly deployed per macro cell. The inter-cite distance for macro cells is set to be 500 meters. Cell range expansion (CRE) is used to adjust the number of pico UEs (i.e., the UEs associated to pico cells). With eICIC, a macro configures ABSs to reduce its interference to pico UEs. Other simulation assumptions can be found in Appendix. The detailed descriptions of the CRE/ABS configurations and CRS interference modelling are the following. 
CRE and ABS Configurations 
In the simulation, we assume that all pico cells use the same CRE bias values chosen from the set [0dB, 6dB, 12dB, 18dB] given in [2]. We also assume that all macro cells transmit the same ABS patterns in a synchronized way. For a given CRE bias, the ABS ratio configured by a macro cell is shown in TABLE I. The ABS patterns for 25% and 50% ABS ratios are given in Fig. 1. 
TABLE I ABS ratios for different CRE bias values.
	CRE Bias (dB)
	0
	6
	12
	18

	ABS Ratio
	25%
	25%
	50%
	50%
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Fig. 1 ABS patterns used in the simulation
CRS Modelling and CRS-Puncturing Receiver
In the simulation, we use planned and random cell IDs for macro cells and pico cells, respectively. CRS interferences from multiple macro cells are explicitly modelled and CRS power boosting is not assumed. To take the CRS interference into account, we use Alternative 2 suggested in [2], i.e., 
For each code block, average interference level over all relevant REs and use the average as the common noise level of each RE in the calculating the effective SINR of the whole code block.

In the simulation, we evaluate the following two UE receivers: i) Rel-10 UE receiver, which do nothing with the CRS interference from ABSs and ii) CRS puncturing receiver, which punctures 2 CRS ports from the strongest interferer (i.e., macro cell). Note that we assume that TM9 is used in the simulation such that there is no CRS-colliding issue. 
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Simulation Results

In this section, we show the simulation results of the above-mentioned macro-pico scenario. In TABLE II, we show the throughput performance of the Rel-10 receiver without considering CRS interference for different configurations of CRE bias values and ABS patterns. The case with 0 CRE bias and 0 ABS ratio means the non-eICIC case.  From TABLE II, we have the following observations: 

Observation 1: Without considering CRS interference, the eICIC with moderate and high CRE bias values (i.e., 6dB, 12dB, and 18dB) can provide performance gains for both cell-average and cell-edge throughputs compared with non-eICIC.   
Observation 2: Without considering CRS interference, the eICIC with moderate and high CRE bias values (i.e., 6dB, 12dB, and 18dB) can provide up to 50% performance gain for the cell-edge throughput compared with non-eICIC.
TABLE II Throughput performance without considering CRS interference
	CRE Bias /ABS Ratio
	Average Throughput (Mbps)
	5% Throughput (Mbps)
	50% Throughput (Mbps)
	95% Throughput (Mbps)

	0 / 0% (non-eICIC)
	3.13
	0.40
	2.06
	9.16

	0 /25%
	3.35
	0.30
	1.84
	10.70

	6 /25%
	3.39
	0.57
	2.33
	9.42

	12 /50%
	3.31
	0.60
	2.36
	9.36

	18 /50%
	3.30
	0.59
	2.49
	8.93


In TABLE III, we provide the throughput performance of the Rel-10 receiver with considering CRS interference, where we also show the relative percentages (the numbers in brackets) compared with the case without considering CRS interference as shown in TABLE II. From TABLE III, we have the following observations:

Observation 3:  Taking CRS interference into account, both cell-average and cell-edge throughputs decrease compared with the ideal case without CRS interference. 

Observation 4:  The CRS interference has significant impact on the cell-edge throughput especially for the cases with large CRE bias values. For example, for the cases with 12 dB and 18 dB bias values, zero cell-edge throughputs are obtained.  
In TABLE IV, we show the throughput performance of the CRS puncturing receiver with considering CRS interference, where the relative percentages compared with the case without considering CRS interference are also shown in brackets. From TABLE IV, we have the following observations:

Observation 5:  The CRS puncturing receiver can provide considerable cell-average and cell-edge throughput gains. 

Observation 6:  The CRS puncturing receiver can only provide limited cell-edge throughput gain in the case with a large CRE bias (e.g., 18dB).
TABLE III Throughput performance without considering CRS interference, Rel-10 receiver

	CRE Bias /ABS Ratio 
	Average Throughput (Mbps)
	5% Throughput (Mbps)
	50% Throughput (Mbps)
	95% Throughput (Mbps)

	0 /25%
	3.16 (94%)
	0.29(97%)
	1.78 (97%)
	10.33 (97%)

	6 /25%
	3.08 (91%)
	0.28 (49%)
	1.97 (85%)
	9.21 (98%)

	12 /50%
	2.64 (80%)
	0.00
	1.54 (65%)
	8.86 (95%)

	18 /50%
	2.42 (73%)
	0.00
	1.51(61%)
	8.14 (91%)


TABLE IV Throughput performance without considering CRS interference, CRS puncturing receiver

	 
	Average Throughput (Mbps)
	5% Throughput (Mbps)
	50% Throughput (Mbps)
	95% Throughput (Mbps)

	0 /25%
	3.27 (98%)
	0.29 (97%)
	1.80 (98%)
	10.35 (97%)

	6 /25%
	3.22 (95%)
	0.50 (88%)
	2.14 (92%)
	9.37 (99%)

	12 /50%
	3.04 (92%)
	0.43 (72%)
	2.03 (86%)
	9.04 (97%)

	18 /50%
	2.92 (88%)
	0.05 (8%)
	2.07 (83%)
	8.74 (98%)


In Fig. 2 and Fig. 3, we draw the bar charts to show the relative performance with and without considering CRS interference for different CRE bias values based on the numbers in TABLE III – TABLE IV. 
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Conclusion 

In this contribution, we provided the system-level evaluation for the macro-pico scenario with considering CRS interference. From the simulation results, we see that the CRS interference has significant impact on the cell-edge throughput, especially for large CRE bias values. The CRS puncturing receiver can provide considerable throughput gains but needs to be further studied and optimized for the case with a large CRE bias. 
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Fig. 2 Cell-average throughput comparison
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Fig. 3 Cell-edge throughput comparison
References

[1] 3GPP TR 36.814, “E-UTRA; Further advancements for E-UTRA Physical layer aspects”, March 2010.
[2] R1-112856, “Summary of ad hoc session on FeICIC simulation assumptions”, NTT DOCOMO
Appendix 
	Parameter 
	Values used for evaluation 

	Deployment scenario
	Macro-pico configuration 1

	Inter-site Distance for macros
	500 m

	Number of picos per macro cell
	4

	Number of UEs per macro cell 
	25

	System bandwidth 
	10 MHz 

	Tx power setting
	46 dBm for macro

30 dBm for pico

	Channel model
	ITU UMa for Macro and ITU UMi for Pico

	Number of antennas at transmission point (i.e., macro and pico)
	2 (ULA)

	Number of antennas at UE
	2 (ULA)

	Antenna tilting model
	12 degree for macro 

0 degree for pico

	MIMO transmission scheme 
	SU-MIMO

	Traffic model 

	Full buffer

	UE  receiver
	MMSE option 1
Rel-10 receiver

CRS puncturing receiver

	Scheduler 
	Proportional fair 

	HARQ 
	Chase combining, Maximum 3 retransmission 

	Overhead
	L=3, 2 CRS ports, DMRS, CSI-RS
	

	Channel Estimation 
	Ideal
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