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1 Introduction

System simulation results are presented for the interference scenario 6 in [1], which deals with the downlink interference caused by Home eNodeBs (HeNBs) to other HeNBs. 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
	HeNB

	Cellular Layout
	Urban dual-strip

	Carrier Frequency
	2000 MHz

	Shadowing standard deviation
	4 dB

	Exterior wall penetration loss 
	20 dB

	Antenna pattern
	omnidirectional

	BS antenna gain after cable loss
	0 dBi

	Number of BS antennas
	2 Rx, 1 Tx

	UE Antenna gain
	0 dBi

	UE noise figure
	9 dB

	Maximum BS TX power
	20 dBm

	Carrier bandwidth
	10 MHz

	Minimum distance between UE and HeNB
	1 m


Table 2.2 Urban dual-strip parameters
	Parameter
	Urban

	L (number of floors per block)
	6

	R (deployment ratio)
	0.2, 1

	P (activation ratio)
	50% 

	Number of active HUEs per HeNB
	1


The following scenarios with/without interference management are considered:
· fixed power (FP) [3] (0-20dBm).
· adaptive power control 1 (APC1) [3]: a variable power based on the coverage requirements of the UEs within the femtocell (assuming no interference), up to a maximum power (e.g. 20dBm).
· adaptive power control 2 (APC2) [3]: to make sure that HeNB is not causing unnecessary interference to others by enforcing a cap on Signal to Interference and Noise Ratio (SINR) of the Home UE (HUE) of 1.4 dB at X3 dB away from the HeNB.
· adaptive frequency partitioning (AFP): each HeNB uses a different carrier frequency with interfering HeNBs.
3 Results

3.1 Path loss

Figure 3.1 shows the CDF curves of the path loss from a Home UE (HUE) to its serving HeNB and its strongest interfering HeNB, respectively, under different deployment ratios. The complex path loss model from UE to HeNB specific for dual-strip deployment in [2] is used. The path loss from a HUE to its serving HeNB is not impacted by the deployment ratio and ranges from 20dB to 80dB. On the other hand, the path loss from a HUE to its strongest interfering HeNB decreases with the increasing deployment ratio. It can be observed that when the deployment ratio increases from 0.2 to 1, the percentage of HUEs whose path loss are below 80dB increases from 40% to 95%.
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Fig. 3.1 Path Loss CDF from HUE to its serving and strongest interfering HeNB
3.2 Fixed/Adaptive Power Control

Table 3.1 shows the average HeNB throughput with or without interference caused by other HeNBs under fixed power. The power value increases from 0dBm to 20dBm with a step size of 5dB. When the interference from other HeNBs are not taken into account, the average cell throughput does not increase much with the increasing transmit power. This is because the SINRs of most HUEs are above the SINRMAX value [4] even when the transmit power is only 0dBm, as shown in Fig.3.3. On the other hand, the same effect of power increase on throughput is also observed when interference caused by other HeNBs is considered. The reason for this observation is that although the power level is increased in the serving HeNB, the interference level from other HeNBs is also increased, which means that the SINR performance does not improve much with the increasing transmit power, as also shown in Fig.3.3. Due to the above reasons, the relative performance degradation caused by interference from other HeNBs remains almost unchanged with the varying transmit power levels.  Therefore, increasing the transmit power of all the HeNBs cannot improve the average cell throughput performance.
Table 3.1 Average HeNB throughput with/without interference from other HeNBs under fixed power
	Transmit power (dBm)
	0
	5
	10
	15
	20

	Average cell throughput (Mbps)
	without interference from other HeNBs 
	39.376
	39.5538
	39.593
	39.5991
	39.5999

	
	with interference from other HeNBs  
	R=0.2
	32.2321
	32.3252
	32.3531
	32.3614
	32.3639

	
	
	R=1
	18.9937
	19.0018
	19.005
	19.0064
	19.0065

	Relative throughput degradation
	R=0.2
	18.1428%
	18.2754%
	18.2858%
	18.2774%
	18.2728%

	
	R=1
	51.7633%
	51.9596%
	51.9991%
	52.0029%
	52.0037%


Table 3.2 Average HeNB throughput under adaptive power control

	Deployment ratio
	R=0.2
	R=1

	Average cell throughput (Mbps)
	APC1
	28.962
	18.526

	
	APC2
	29.590
	17.870
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Fig. 3.2 Transmit power CDF under adaptive power control 1 and 2
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                                          (a) R=0.2                                                                           (b) R=1

Fig. 3.3 HUE SINR CDF with/without interference under fixed/adaptive power
[image: image5.emf]0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

x 10

4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

HeNB Throughput(Kbps)

CDF

R=0.2

 

 

No Interf. 0dBm

APC1

APC2

FP 0dBm

FP 5dBm

FP 10dBm

FP 15dBm

FP 20dBm

        [image: image6.emf]0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

x 10

4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R=1

HeNB Throughput(Kbps)

CDF

 

 

No Interf. 0dBm

APC1

APC2

FP 0dBm

FP 5dBm

FP 10dBm

FP 15dBm

FP 20dBm


(a) R=0.2                                                                           (b) R=1

Fig. 3.4 HUE throughput CDF under fixed/adaptive power
Fig. 3.2 illustrates the transmit power CDF curves under adaptive power control 1 and 2, which shows that the transmit power of all the HeNBs under APC1 is about -17dBm, while the transmit power under APC2 ranges from -14dBm to 20dBm. It can be observed from Fig. 3.3 that the HUE SINR is smaller under APC1 and APC2 compared with fixed power whose power levels are set to 0-20dBm, especially when R=0.2. The explanation is as follows. As discussed earlier, increasing/decreasing the transmit powers of all the HeNBs have little impact on the SINR performance since the signal and interference power levels increase/decrease simultaneously. However, this conclusion is only valid when interference instead of noise is the dominant limiting factor. When the transmit power of all the HeNBs are decreased to a certain level, the interference from other HeNBs is so small that noise becomes the dominant limiting factor to performance. Therefore, since further reducing the transmit power of all the HeNBs will only decrease the signal power but not the noise power, the SINR performance degrades with the reduced transmit power. In APC 1 and 2, the transmit power is reduced to such a small value that noise becomes the dominant limiting factor, especially when R=0.2 whose interference is even smaller than R=1. A similar result can be observed in Fig. 3.4 for HUE throughput performance.
3.3 Adaptive Frequency Partitioning

Assume that the 10MHz bandwidth can be divided into 2×5MHz, 3×3MHz or 7×1.4MHz carriers. Using AFP method, a HeNB can choose a carrier that has the least interference with the other HeNBs. Table 3.3 shows the average and cell edge throughput, while Fig. 3.5 and 3.6 show the HUE SINR and throughput CDF curves under adaptive frequency partitioning (AFP) method. It can be observed from Fig. 3.5 that the smaller the bandwidth per carrier, the larger the HUE SINR. This is because the possibility of having a carrier with small interference increases with the total number of available carriers. On the other hand, Table 3.3 shows that the average cell throughput decreases as the bandwidth of per carrier grows smaller, since the total available bandwidth for each HeNB also grows smaller. However, the AFP method does improve the cell edge (5% or 10% CDF) HUE performance as can be observed in Table 3.3 and Fig. 3.6. Note that the amount of performance improvement is larger when R=1 compared to R=0.2.
Table 3.3 Average HeNB throughput under different frequency partitioning configuration

	Frequency Partitioning Configuration
	Average cell throughput (Mbps)
	10% Cell-edge throughput (Mbps)

	
	R=0.2
	R=1
	R=0.2
	R=1

	1.4M×7
	4.6459
	4.2560
	4.752
	2.4983

	3M×3
	11.2686
	9.2256
	10.479
	2.6562

	5M×2
	18.2563
	13.4564
	13.109
	2.3797

	10M×1
	32.3639
	19.0065
	11.513
	1.350
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(a) R=0.2                                                                           (b) R=1
Fig.3.5 HUE SINR CDF under adaptive frequency partitioning
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(a) R=0.2                                                                       (b) R=1
Fig.3.6 HUE throughput CDF under adaptive frequency partitioning

4 Conclusion
In this contribution, we study the downlink performance of HeNBs considering the interference from other HeNBs through system simulation. Specifically, four scenarios with/without interference management are assumed, i.e., fixed power (0-20dBm), adaptive power control 1/2 and adaptive frequency partitioning. It is shown that
· Under fixed power, the relative performance degradation caused by interference from other HeNBs remains almost unchanged with different transmit power levels from 0 to 20dBm.
· The performance under adaptive power control method 1 and 2 is worse than that under fixed power.
· Adaptive frequency partitioning can improve the cell edge performance, at the cost of much average cell performance degradation.
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