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Abstract
In upcoming generations, wireless communication system requires a higher standard in order to provide high quality of services to
customers. Orthogonal Frequency Division Multiplexing (OFDM) is an efficient modulation technique of forthcoming wireless
systems which can be implemented easily. In this paper, an effort has been made to analyze how well an OFDM system can perform
when a signal is transmitted over an Additive White Gaussian Noise (AWGN) channel using 16 QAM modulation techniques. The
performance of OFDM system with pulse shaping filters are also evaluated and results reveal that the pulse shaped OFDM improve
the overall performance of the systemin terms of BER. We use Different pulse shaping filters such asRaised cosine, FIR Nyquist and
SORT Raised Cosine for analyzingthe Bit Error Rate (BER) performance.

Index Terms: AWGN, ICI, OFDM, Bit Error Rate.

1. INTRODUCTION

High bit error rate(BER) and highahdwidth efficiencyare
the major desiresfanodern communication stems to satisfy
the needs for a varietyf mew and high quality servict
developed and delivered to the society [1]. Theeaffof
multipath delay, spread and fading of signals & Wireless
environment is usually unavoidable [2], [3]. Extreefading of
the signal amplitude and Inter Symbol erference (ISI)
introduced duringtransmission throughhe conventional
channel andrequency selectivity of the channel appearin
the receiver side [4], [5] are responsible for ghhprobability
of errors and reduced overall performance of thstesy
Several methods like adaptive equalization and mélacoding
have been developed to reduce the above effect[76]The
orthogonal Frequency division multiplexing (OFDM)naulti
carrier system can be thought of as a solutionianged ir
several aplications such as asymmetric digital subscr
lines (ADSL), a system that makes high taites possible ovt
twistedpair copper wires [8], [9], it has also been acedgor
several wireless LAN standards, as well as a nuoberobile
multimedia appliations [1], [10] and protocols like IEE
802.11a standard, terrestrial digital video broating (DVE-
T) and digital audio broadcasting (DAB) [11]. Therpose o
this paper is to investigate how OFDM performs in
Additive White Gaussian Nags(AWGN) ctannel for different
pulse shaping filter likeRaised cosine, FIR Nyquist a
Matched SQRT Raised Cosin this channethere is only
one path between transmitter angceiver anda constant
attenuation and noise is considered. In this papergdefine
the simulation methodology of OFDM in section 2
simulate the OFDM system using Matlab. The matheale
model and theoretically simulated constellationgdians for
various pulseshapes are presented and a procedure for sy

errar rate is derived and finally BER simulation of OFDM
for various pise shaping filtes at different SNR value is
presented.

2. SYSTEM MODEL

Figure 1(a) and 1(b) shc the structure of a typicalOFDM
communication system with varioipulse shaping filters. In
this communicatiorsysten, QAMconstellation is used to map
binary information. The high speed serial dataastres split
up into a set of low speed sub streams and modudatt the
orthogonal arriers through Inverse Fast Fou transform
(IFFT) [2].

Dataln | Symbol || Serialto
—| Mapping = Parallel |- IFFT
(16QAM) | | converter
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Figure-1(a): Transmitter ofa pulse shaped OFDM system
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Figure-1(b): Receiver of a pulse shap&#DM Syster
OFDM with pulse-shaping filter can bbepresenteda
s(t) = 2™t TN Dyp (et (2.1)

Where ja/—1 , Number of subcarrier is N, Carrier frequel
of OFDM system i, Subcarrier frequency of kth subcari
is, f and here k = 0, 1... N — 1, apdt) is time limited pulse
shaping filter. Transmitted symbol is Dk which ssamed t
have zero mean and normalized average symbol eng&lgy
we consider that all data symbols are uncorrelg@etlO] i.e

1, k=m
E [DyD%,] = {0 M2

where m=0, 1,...... , N-1

Where Dy, is the complex conjugate of Dk .To ensure
orthogonality of subcarrier, it is very importantgatisfied the
below equation for OFDM system [9, 10]. The subea
frequency is

fo=— ..(2.3)
S
wherek =0,1,......... ,N—1
fo—f = 2.4
k m — Ts ()
wherek=m=20,1,.....,N—1

For maintaining orthogonality between subcarrietbg
minimum required subcarrier frequency spacing T;. The
received signal at the receiver can be represerst

r(t) = s(t) ® h(t) + w(b)... (2.5

In above equation convolution is denoted ®, h (t) is the
channel impulse response athe additive white Gaussian
noise is represented by w (t) which process witto zeear
and variance NO / 2 per dimensit

3. PULSE SHAPING FILTER

Each carrier in th@©FDM spectrum is represented by m
lobe with a number of side lobes having lower atogis.
Since peak power is associated with main lobe ahgdower
is associated with side lobes, so the motive o$egwhaping
filter is to increase the width of nn lobe and/or reduce the
amplitude of side lobd®]. Pulse shaping technique is uset
transmit data within a limitebandwidthwhich further reduces
the Inter Symbol InterferendSlI) [11]. In this section some
most commonly used pulse shapirfilters have been
introduced. Thespulse shaping filters aiRaised Cosine,FIR
Nyquist and Square Root Raised Co Filter. ICI power for
various shaping pulses is:

a) Raised Cosine Pulse

fi
Prc(f) = sinc(ft) ios(;m:t)tz) ..... (3.1)

Where o’ is roll-off factor (0 < a < 1) and f, t are called
frequency & time respective.

b) Square Root Raised Cosine P
Porrc(f) = smc(ft)( cos(l +a) —) +

1-
w ..... (3.2)

(1- (4af) )
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Figure-2: Magnitude Response various filters
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4, SSIMULATION RESULTS

Simulation results have been prepared to demoestizd
performance enhancement of shaping an OFDM syss#ng u
various pulse shaping filters which have been mesti in
section 3.

Table-1: BER of OFDM communication system under
various filters with varying SNR

0-dB 04-dB | 08-dB | 12-dB
SNR SNR SNR SNR
Simple
OFDM 0.2956 | 0.2129| 0.1011 0.0209
RC-
OFDM 0.2845 | 0.2045| 0.0887 0.0184
FIR-
Nyquist -
OFDM 0.2875 | 0.2041| 0.096 0.0196
SRRC-
OFDM 0.0764 | 0.0110| 0.0001 O

Some outcomes have been derived on thebasis dErBir
Rate (BER) and Impulse Response. In this experiaheast
what we come to know is, matched square root raissthe
pulse shaped OFDM has outperformed.
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Figure-3: BER of OFDM with or without Pulse Shaping Filter
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Figure-4: Impulse Response of OFDM with different Pulse
Shaping Filter

CONCLUSIONS

In this work, simulation results have been prestnte
demonstrate that pulse shaped OFDM significantlyaenes
the performance of communication system as comptoed
simple OFDM. It can be concluded that if pulse shafilter
has the spectrum with higher width of main lobe anshller
amplitude of side lobes, then pulse shaping fikidirlead less
ICI and better bandwidth efficiency.

In this paper, we have studied and analyzed thelyaof
pulse shaping filters. We have evaluated the perdoce of
these pulse shaping filters with OFDM in terms &@RBwith
varying SNR values for 16-QAM modulation under AWGN
channel. From this BER analysis it can be conclutiext
performance of pulse shaped OFDM is better as cordpt®
simple OFDM. Simulation results reveal that pul$eped
OFDMwith Square Root Raised Cosine filterdesign huet
has less BER as compared to others so it can btex bption
in contrast to other pulse shaping filter.
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