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1 Introduction

Preliminary system simulation results are presented for the interference scenario 2 in [1], which deals with the interference caused by Home eNodeB (HeNB) to Macro eNodeB downlink. The Macro and Home eNodeBs are assumed to be co-channel. The static Monte-carlo simulation method is adopted.
2 Simulation Parameters
The simulation parameters mostly follow the evaluation methodology document in [2] with the following specific parameters listed in Table 2.1 and 2.2.
Table 2.1. System simulation parameters
	Parameter
	Macro cell
	Home eNodeB

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1
	Urban Dual-strip 

	Inter-site distance
	500m
	-

	Number sites
	7 (=21 cells) with wrap-around
	-

	Carrier Frequency
	2000 MHz
	2000 MHz

	Shadowing standard deviation
	8 dB
	4 dB

	Auto-correlation distance of Shadowing 
	50 m
	3 m

	Shadowing correlation
	Between cells
	0.5
	

	
	Between sectors
	1.0
	

	Penetration Loss (assumes UEs are indoors) 
	10dB

	Antenna pattern
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	omnidirectional

	BS antenna gain after cable loss
	14 dBi
	0 dBi

	BS noise figure
	5 dB
	8 dB

	Number of BS antennas
	1 Rx, 1 Tx
	1 Rx, 1 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9dB

	Number of UE antennas
	1 Rx, 1 Tx

	Total BS TX power (Ptotal)
	46dBm
	20 dBm

	UE power class
	24dBm (250mW)

	Minimum distance between UE and cell
	35 m
	1 m


Table 2.2. Urban dual-strip parameters
	Parameter
	Urban

	Apartment/House size
	10m(X)×10m(Y)

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1, 2

	L (number of floors per block)
	6

	R (deployment ratio)
	0.2, 0.5, 1

	P (activation ratio)
	50%, 100%

	Number of active femto UEs per femto-cell
	1

	Allow Femto blocks to overlap
	No


Two power control methods are considered in the simulation:
· Fixed power (20 dBm) 

· Adaptive power: a variable power based on the coverage requirements of the Home UEs (HUEs) within the femto cell, taking into account of the interference from the strongest interfering Macro eNB, up to a maximum power (20dBm). Note that the interference from the strongest interfering Macro eNB to a HUE is approximated by the RSRP strength of the Macro eNB measured by the corresponding HeNB.
3 Results

The specific deployment parameters and the corresponding number of active HeNBs are given in Table 3.1.

Table 3.1 Deployment parameters and corresponding active HeNB number
	Parameter
	1 block/sector, R=0.2, P=50%
	1 block/sector, R=0.5, P=50%
	1 block/sector, R=1, P=50%
	1 block/sector, R=1, P=100%
	2 blocks/sector, R=0.5, P=100%

	Active HeNB Number
	24
	60
	120
	240
	240


Figure 3.1 shows the CDF curves of the path loss from Macro UE (MUE) to its strongest interfering HeNB under different deployment parameters as shown in Table 3.1. Specifically, the simplified path loss model for UE to HeNB in [2] is used, which is PL(dB) = 127+30log10(R/1000). It can be observed that the path loss increases with the increasing number of active HeNBs.
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Fig. 3.1 Path Loss CDF from MUE to its strongest interfering HeNB
For adaptive power, the CDF curve of the calibrated HeNB transmission power is given in Fig.3.2. It is shown that the transmission power of more than 80% users is smaller than 20dBm.
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Fig. 3.2 CDF curve of the calibrated HeNB transmission power

The relative average cell throughput degradation for the macro cell is presented in Table 3.2.  The degree of average cell throughput reduction increases with the increasing number of active HeNBs. 
Table 3.2 Average cell throughput degradation (Co-channel deployment scenario)
	
	1 block/sector, R=0.2, P=50%
	1 block/sector, R=0.5, P=50%
	1 block/sector, R=1,   P=50%
	1 block/sector, R=1, P=100%
	2 blocks/sector, R=0.5, P=100%

	fixed power
	19.9361%
	30.1097%
	38.8026%
	45.938%
	53.4843%

	adaptive power
	9.8465%
	15.9515%
	22.3355%
	27.4805%
	34.1543


The user throughput CDF curves of the macro cell with and without HeNB deployment under fixed power are given in Fig.3.3. It can be observed that the HeNB deployment causes little performance degradation to those users with very good geometries. For example, the maximum achievable macro cell throughput both with and without HeNB deployment are approximately 2000Kbps. However, the fraction of poor performance users is greatly increased with the increasing number of active HeNBs. For example, the percentage of the users whose throughput are smaller than 100kbps increases from 10% when no HeNB is deployment, to 20% when 24 HeNBs per sector are deployed, and then to more than 50% when 240 HeNBs per sector are deployed.
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Fig. 3.3 macro cell user throughput CDF under fixed power

Fig. 3.4 provides the macro cell user throughput CDF curves under both fixed and adaptive power, with subfigures (a) and (b) represent different deployment parameters. The throughput of the poor performance users are increased by the adaptive power method, although there is still room for further performance improvement by more advanced interference management methods.
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Fig. 3.4 macro cell user throughput CDF under fixed and adaptive power
4 Conclusion
In this contribution, we study the HeNB output power impacts on macro cell downlink performance through system simulation. Specifically, two power control methods, i.e., fixed power and a simple adaptive power method are assumed. It is shown that
· The degree of average cell throughput reduction increases with the increasing number of active HeNBs (from 20% to 50% with fixed power and from 10% to 40% with adaptive power). 
· The adaptive power method can provide an approximate 40%-50% reduction to the average cell throughput degradation compared to the fixed power method.
· HeNB deployment causes little performance degradation to those users with very good geometries.
· The fraction of poor performance users is greatly increased with the increasing number of active HeNBs.
· The throughput of poor performance users are increased by the simple adaptive power method simulated in this contribution, although there is still room for further performance improvement by more advanced interference management methods.
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