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Abstract— In this paper | have compared the FFR1,
Soft FFr and FFR3 to evaluate the performance of
Heterogeneous network. The evaluation parameters are
schemes throughput and outage probability. From this
work | find that Soft FFR is best among all schemes.
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I. INTRODUCTION

It has been observed that heterogeneous wireless network
[HetNets] is satisfied the current user requirement of high
data rate, high network capacity and user throughput.
Heterogeneous deployments have so many advantages
over traditional deployment as in [1]. So far as it has been
observed that the interference is measure issue in HetNets
and this is wide area of research in wireless
communication. In [1] author described the HetNets and
there measure issues. A details survey is done by the
author in [1]. As | have studied during my literature
survey Interference is measure topic for research .Inter-
cell interference is well described and elCIC method is
adopted to reduce the interference in HetNet's in [2].
Some author use ABS (Almost Blank Subframe)
technique to reduce the interference in HetNet's scenario.
There are some

technical challenges in HetNets scenario as we seen in
[1]. Offloading and range expansion of Pico base station
is given in [6]. Biasing of Pico cell is done to increase the
footprint of Pico cell is well described in [6].There are
some interference mitigation technique in HetNets, Time
domain based and frequency domain based .Performance
evolution of frequency domain technique SFR, FFR, HFR
in [4] based on their throughput comparison at various
traffic load. Time domain based scheduling of downlink
signal is famous throughout literature survey.

I1. SYSTEM MODEL
| evaluate the performance of the different static FFR
schemes in a HetNets scenario by simulations (in
MATLAB) in terms of outage probability, network
throughput (or network sum rate), and spectral efficiency.
I formulate downlink Signal to Interference and Noise
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Ratio (SINR) and system throughput. The overall network
is composed of two- tier 19 macrocells. A

macro user is interfered by 18 macrocells and all of the
adjacent femtocells. In my simulation the HeNB are
located in serving macro cell area give interference to the
macro user m on Subcarrier k and given as [1]: -

SINR = The signal to noise interference ratio for
downlink transmission to MUE Xq, from MeNB m

Outage Probability

We define the outage probability as the probability that a
UE device’s instantaneous SINR a

given subchannel k falls below the SINR threshold y

P (outage) =P (.S'INR;"m < ¥)......

I11. INTERFERENCE REDUCTION IN
HETNETS USING FRACTIONAL FREQUENCY
REUSE METHODS

The basic mechanism of FFR corresponds to partitioning
the macrocell service area into spatial regions in cell
edge region and cell centre region, and each sub region is
assigned with different frequency subbands. Therefore,
cell edge-zone MUE devices do not interfere with cell
centre —zone MUE devices, and with an efficient channel
allocation method cell edge zone MUE may not interfere
with neighboring cell edge-zone MUE. As a result cell
edge-zone MUE devices receives an acceptable quality
of signal quality and reduces the outage probability
furthermore throughput is increases. This type FFR
schemes based on large time scale is known as static
FFR. We provide comparison among all schemes based
on performance metrics such as outage probability and
network sum rate. Here we discuss three methods of FFR
used in OFDMA based HetNets FFR1, Soft FFR, and
FFRS.
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IV. CHANNEL ALLOCATION TECHNIQUE IN
DIFFERENT FFR SCHEMES

FFR1 (Fractional Frequency Reuse one): - The basic
mechanism here to apply a frequency reuse factor of one
to centre-zone MUE and FRF of N at edge-zone MUE.
The available frequency band is partitioned in such a way
that in cluster of N cells, the centre-zone MUE devices in
each macrocell are allocated with common subbands of
frequencies while the rest of the subbands are partitioned
equally and allocated to the cell edge-zone MUE
depending upon the FRF of edge zone. Therefore total of
N+1 subbands are required as shown in figure 1
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Figure 1shows the cellular structure with FFR1. Figure 1
illustrate FRF of one at cell centre and FRF of N = 3 at
cell edge-zone. Figure 1 represents the vertical bar of
subbands used by MeNB and HeNB at cellular structure.
In this scheme, MUE devices in macrocell are not
interfered by any other MeNB.

This significantly reduces the intercell co-tier
interference. Also the cell edge-zone and cell centre-zone
MUE uses the different subbands therefore intracell co-
tier interference is reduces. To reduce intracell cross-tier
interference, a HeNB located in the centre zone needs to
choose a subband that is assigned to the MUE in the edge
zone. Since in each cluster in a cell we can choose only
two subbands therefore edge zone HeNB has to select the
subband that ear the transition area of the centre and edge
zone in a macrocell. Also the at cell edge zone HeNB
uses the same subbands the cross tier interference is
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significant is used by the centre zone MUE as in figure
10(ii). In such technique the cross tier interference is
significant between HeNB. One of the important design
parameter is here the radius of centre zone of the macro
cell. The result is obtained using Monte Carlo simulation
in [21] that, for uniformly distributed

MUE, if the radius of centre zone (r centre ) is 0.65 times
the total radius R then total throughput

can be maximized. From [21] total number of channel
that can be allocated to centre zone MUE

is given by

i'Iicem're = [ktﬂtﬁl {rcentre|R}2]

The total number of available channels allocated to the
cell edge zone MUE is given by

kedge — [(kmml - kcentrel)fN]

where N is reuse factor at cell edge zone.
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Figure 2
Soft FFR Scheme
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Soft FFR Scheme: - This uses similar cell partitioning
technique as in FFR1. However,the centre zone MUE
device can use the subband allocated to cell edge zone
MUE of any of the neighboring cell within a cluster. For
a cluster of dimension N, the total available bandwidth is
divided into N number of subbands and one subband is
assign to the edge zone. Figure 2 shows deployment of a
soft FFR. In figure we can see that the cell 1, 2, 7
assigned with the subchannel A, B, and C respectively at
edge zone. While centre zone of cell 1 can be assigned
with the subchannel B and C. Similarly centre zone of
cell 2 are allowed to use subband A and C (Subbands of
edge zone MUE of macrocell 1 and 7). Therefore soft
FFR is more spectrum efficient then FFR1.In this scheme
interference is increased. Both the cell edge and centre
zone MUE experience interference from the tier 1 macro
cell. A power control factor is introduced for the cell
edge zone MUE to reduce intercell interference.
Therefore if MUE device m located at centre zone then
transmitted power is Pynk on subchannel k, and if MUE
devices located at cell edge zone of macrocell then
transmitted power is P mk where &€ power control factor
its value is € > 1. One of the major advantage of this
technique is better spectrum efficiency with good sum
throughput. Cell edge users have more option to select
the subband.

Figure 3
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center zone sector M2 its uses the subbands B and C

FFR-3 Scheme

FFR3 Scheme: - The macrocell area is divided into two
regions centre and edge zone, including three sectors
each as in figure 3. The entire frequency band is divided
in two parts one part A is assigns to cell centre and other
part is partitioned in three part B, C, and D. and assigned
to three edge zones. A HeNB chooses a subbands that is
not used in the microcell sub area. If HeNB located in
center zone then it excludes the subband that is used by
MUE in cell edge zone in current sector. For example
when a HeNB is in sector Z2 as in figure.3(ll) it uses the
subbands A, B or C and excludes the subband D is used
by MUE in Z2 sector. Similarly when HeNB is in cell
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SN, Parameter Value
1 Network size Two-tier (19 macro cells)
2 Radius of a macro cell 280m
3 Radius of a Femto cell 30m
4 SNRatan MUE device 10dB
5 Number of Femto cells in a macro cell 30 to 180 per macro
6 HeNB transmit power 20dBm
T MeNB transmit power 46 dBm
8  Number of MUE devices ina 50

Macrocell

9 Size of center zone .65 times of macro cell radius

10 Maximum number of FUE devices per 1

Femtocell
11 Channel bandwidth 10 MHz
12 Number of sub channels 50
13 White noise power spectral -174dbm/Hz
14 Power control factor 4

15 Channel model: path loss(outdoor) 28+35log(d) dB

16 Channel model: path loss( Indoor) 38.5+20Tog(d) +7 dB for O<d <10m

385+ 20Tog(d) + 10B for 10<d<20
38.5+20log(d) + 15dB for 20<d<30

Each macro station transmit the power of about 46 dBm
and each femto cell transmits the 20 dBm. Here

simulation is done in two cases when no femto nodes are
deployed and when number of femto nodes are deployed.
For both the cases we assumes that users are uniformly
randomly distributed within a macro cell. | generate
some basic results like power, Interference power,
SINR, CDF of SINR, channel capacity, spectral
efficiency and Outage probability in first case. For
second case we distribute the femto nodes uniformly
randomly within a macro cell. Herewe use indoor and
outdoor path loss model to find the path loss for channel.
Macro cells uses the outdoor path loss model and femto
node uses indoor path loss model. Power and interference
power is calculated for each user. We assumes the noise
is white Gaussian noise.Then find downlink SINR value
for each user. Using this value, the throughput and
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outage probability are calculated via users located in the
central serving macrocell of 19 cells. Further simulation
parameters are listed in table .

IV RESULTS AND ANALYSIS

Outage Probability for cell edge users only when 30 femto cells deployed
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Figure 4 Outage Probability for cell edge users only
when 30 femto cells are deployed

(For cell edge users only).

Figure 4 shows the performance of cell edge users in
terms of outage probability for all

three schemes when 30 femto cells are deployed. From
figure it has been clear that without FFR probability of
outage of edge users is more as compared to FFR1 and
Soft FFR. Soft FFR has better coverage performance as
compared to without FFR and FFR1.
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Figure 5: Outage Probability for cell edge + cell center
users when 30 femto cells are deployed
Figure 5 shows the performance of cell center and edge
users for outage probability, and as we can see again sof
FFR has better then remaining schemes.

VI. CONCLUSIONS

In this work the Comparing the schemes on the basis of
throughput and outage probability we found that Soft
FFR is best among all schemes.

REFERENCES

[l] David LoPez-pérez, Smail giiveng, “Enhanced intercell
interference Coordination challenges in Heterogeneous networks “,
IEEE wireless communication, VVolume: 18, pp.22-30. June 2011.

[2] Yiwei Yu, Eryk Dutkiewicz, Xiaojing Huang, Markus Mueck,
“Performance Analysis

of Soft Frequency Reuse for Inter-cell Interference Coordination in
LTE Networks”,

IEEE, ISCIT 2010,pp.504-509.

[3] R. Bendlin et al., “From Homogeneous to Heterogeneous Networks:
A 3GPP Long Term Evolution Rel. 8/9 Case Study,” Proc. Conf. Info.
Sciences and Sys.Mar. 2011.

[4] Ismail Guvenc, “Capacity and Fairness Analysis of Heterogeneous
Networks with Range Expansion and Interference Coordination”, IEEE
communications letters, vol. 15, no. 10, October 2011, pp-1084-1087.
[5] Aamod Khandekar, Naga Bhushan, Ji Tingfang, Vieri Vanghi,
“LTE-Advanced: Heterogeneous Networks”, IEEE European Wireless
Conference, Qualcomm Inc., 5775 Morehouse Drive, San Diego, CA
92121 U.S.A.,pp.978-982,2010..

[6] Hisham Ee Shaer,”Interference management in LTE advanced
heterogeneous network using almost blank subframe technique”,Master
Degree Project Stockholm,Sweden,March 2012,Full text.

[7] Aleksandar damnjanovic, Auan montojo, Yongbin wei, Tingfang ji,
tao luo, Madhavan vajapeyam, Taesang yoo, Osok song, and Durga
malladi,

“A survey on 3gpp heterogeneous networks “, IEEE wireless
communication ,Volume:18 ,pp.10-21. June 2011.

[8] V. Chandrasekhar and J. G. Andrews, “Femtocell Networks: A
Survey,” IEEE Commun. Mag., vol. 46, no. 9, Sept.2008, pp. 59-67.

[9] M. E. Sahin et al., “Handling CCI and ICI in OFDMA Femtocell
Networks through Frequency Scheduling,” IEEE Trans. Consumer
Electronics, vol. 55, no. 4, Nov.2009, pp. 1936-44.

[10] H. Li et al, “Graph Method Based Clustering Strategy for
Femtocell Interference Management and Spectrum Efficiency
Improvement,” Proc.IEEE 6th Int’l. Conf Wireless Commun.
Networking and Mobile Computing, 23-25 Sept. 2010, pp. 1-5.

[11] S. Park et al., “Beam Subset Selection Strategy for Interference
Reduction in Two-tier Femtocell Networks,”IEEE Trans. Wireless
Commun.,vol. 9, no. 11, Nov.2010,pp. 3440-49.

[12] 3GPP R1-106052, “Per Cluster Based Opportunistic Power
Control,” 3GPP RAN1 Meeting, Jacksonville, FL, Nov. 2010.

[13] L. Zhang, L. Yang, and T. Yang, “Cognitive Interference
Management for LTE-A Femtocells with Distributed Carrier
Selection,” IEEE VTC 2010-fall, 6-9 Sept. 2010, pp. 1-5.

[14]A. Imran, M. A. Imran, and R. Tafazolli, “A Novel Self Organizing
Framework for Adaptive Frequency Reuse and Deployment in Future
Cellular Networks,” Proc. IEEE

PIMRC °10, 2010, pp. 2354-59.

www.ijireeice.com 47



WIREEICE
Vol. 1, Issue 1, April 2013

[15] T. Novlan et al., “Comparison of Fractional Frequency Reuse
Approaches in the OFDMA Cellular Downlink,” Proc. IEEE
GLOBECOM ’10, 6-10 Dec. 2010, pp. 1-5.

[16] L. Poongup et al., “Interference Management in LTE Femtocell
Systems Using Fractional Frequency Reuse,” Proc. 12th Int’l. Conf.
Advanced Commun. Tech., vol. 2, 7-10 Feb. 2010, pp. 1047-51.

[17] M. Assaad, “Optimal Fractional Frequency Reuse (FFR) in
Multicellular OFDMA System,” IEEE VTC, 21-24 Sept. 2008, pp. 1-
5.

pursuing his Ph.D.

Copyright to IJIREEICE

ISSN 2321 -2004

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN ELECTRICAL, ELECTRONICS, INSTRUMENTATION AND CONTROL ENGINEERING

[18] T. Kim and T. Lee, “Throughput Enhancement of Macro and
Femto Networks by Frequency Reuse and Pilot Sensing,” Proc. IEEE
Int’l. Performance, Computing and Commun. Conf., Dec. 2008, pp.
390-94.

[19] M. Rumney, “Introducing LTE Advanced,” Agilent Technologies,
May 22, 2011.

BIOGRAPHY

P D Ashok received his B.E. degree in Electronics and Communications Engineering in
1999 from the Malaviya National Institute of Technology, Jaipur - India and M.E. degree in
Electronics Engineering (spl. Digital Communication) from Devi Ahilya University Indore
in 2008. He has been Assistant Professor at Devi Ahilya University Indore. Currently he his

www.ijireeice.com 48



