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Abstract — To achieve better performance using multi
carrier modulation one should make the subcarriers to
be orthogonal to each other i.e. known as the
Orthogonal Frequency Division Multiplexing (OFDM)
technique. But the great disadvantage of the OFDM
technique is its high Peak to Average Power Ratio
(PAPR). This paper is based on analysis of bit error
rate (BER) and peak to average power ratio (PAPR).
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I. INTRODUCTION

Orthogonal Frequency Division Multiplexing is a
special form of multicarrier modulation which is
particularly suited for transmission over a dispersive
channel. Here the different carriers are orthogonal to
each other, that is, they are totally independent of
one another. This is achieved by placing the carrier
exactly at the nulls in the modulation spectra of each
other.

In OFDM data is transmitted
simultaneously through multiple frequency bands. It
offers many advantages over single frequency
transmission such as high spectral efficiency,
robustness to channel fading, immunity to impulse
interference, and the capability to handle frequency-
selective fading without resorting to complex
channel equalization schemes. OFDM also uses
small guard interval, and its ability to combat the 1SI
problem. So, simple channel equalization is needed
instead of complex adaptive channel equalization.

Orthogonal frequency division
multiplexing (OFDM) signals have a generic
problem of high peak to average power ratio (PAPR)
which is defined as the ratio of the peak power to the
average power of the OFDM signal. The drawback
of the high PAPR is that the dynamic range of the
power amplifiers (PA) & digital-to-analog (D/A)
converters required during the transmission and
reception of the signal is higher. As a result, the total
cost of the transceiver increases, with reduced
efficiency.
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Digital Modulation
In digital modulation, an analog carrier signal is
modulated by a digital bit stream (discrete signal).
Digital modulation methods can be considered as
digital-to-analog conversion, and the corresponding
demodulation or detection as analog-to-digital
conversion. The changes in the carrier signal are
chosen from a finite number of M alternative
symbols (the modulation alphabet).
Most fundamental digital modulation
techniques are described below:
e In the case of PSK, a finite number of phases
are used.
e In the case of FSK, a finite number of
frequencies are used.
e In the case of ASK, a finite number of
amplitudes are used.
¢ Inthe case of QAM, a finite number of at least
two phases, and at least two amplitudes are
used.

v(t) = Vsin(2r . ft + 6)

Lol
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Referring to equation (1), if the information signal is
digital and the amplitude (V) of the carrier is varied
proportional to the information signal, a digitally
modulated signal called amplitude shift keying
(ASK) is produced. If the frequency (f) is varied
proportional to the information signal, frequency
shift keying (FSK) is produced, and if the phase of
the carrier (6) is varied proportional to the
information signal, phase shift keying (PSK) is
produced. If both the amplitude and the phase are
varied proportional to the information signal,
quadrature amplitude modulation (QAM) results.
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ASK, FSK, PSK, and QAM are all forms of digital
modulation.

Peak-to-Average Power Ratio
Presence of large number of independently
modulated sub-carriers in an OFDM system the peak
value of the system can be very high as compared to
the average of the whole system. This ratio of the
peak to average power value is termed as Peak-to-
Average Power Ratio. Coherent addition of N
signals of same phase produces a peak which is N
times the average signal.
The major disadvantages of a high PAPR are:

¢ Increased complexity in the analog to digital

and digital to analog converter.

e Reduction is efficiency of RF amplifiers.
In other words PAPR is the relation between the
maximum power of a sample in a given OFDM
transmit symbol divided by the average power of
that OFDM symbol. The PAPR of OFDM is defined
as the ratio between the maximum power and the
average power, The PAPR of the OFDM
signal X (t) is defined as:

P, max||x,, |
PAPR = peak — [l r;l ]
Paverage E[lxnl ]

)
Where x,, = An OFDM signal after IFFT (Inverse
Fast Fourier transform)
E [.] = Expectation operator, it is an average power.
The complex baseband OFDM signal for N
subcarriers represented as

X (@) = \/%Z?{;&Xne“”"m L (0<t<NT)
(3)

Bit Error Rate (BER)

The bit error rate or bit error ratio (BER) is the
number of bit errors divided by the total number of
transferred bits during a studied time interval. BER

is a unit less performance measure, often expressed
as a percentage.

BER =

No. of bit errors recieved

Total number of bits transmitted

(4)

Signal-to-Noise Ratio (SNR)
Signal-to-noise ratio (SNR or S/N) is a measure that
compares the level of a desired signal to the level of
background noise. It is defined as the ratio of signal
power to the noise power. The ratio is usually
measured in decibels (dB). A ratio higher than 1:1
(greater than 0 dB) indicates more signal than noise.
In other words, signal-to-noise ratio is
defined as the power ratio between a signal
(meaningful information) and the background noise
(unwanted signal):

SNR = Psignal
Pnoise
()
Il. METHODOLOGY

Figure 1 shows a baseband transceiver structure for
OFDM utilizing the Fourier transform for
modulation and demodulation. Here the serial data
stream is mapped to complex data symbols (PSK,

QAM, etc.) with a symbol rate of Tl The data is

N

then T, demultiplexed by a serial to parallel
converter resulting in a block of N complex
symbols, X,to Xy_,. The parallel samples are then
passed through a N point IFFT (in this case no
oversampling is assumed) with a rectangular
window of length N.Ty, resulting in complex
samples x, to xy_,. Assuming the incoming
complex data is random it follows that the IFFT is a
set of N independent random complex sinusoids
summed together. The samples, x,to xy_,are then
converted back into a serial data stream producing a
baseband OFDM transmit symbol of length T =
N.T,.
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Figure 1: Basic OFDM transmitter and receiver pair utilizing Fourier transform

A Cyclic Prefix (CP), which is a copy of the last part
of the samples is appended to the front of the serial
data stream before Radio Frequency (RF) up
conversion and transmission. The CP combats the
disrupting effects of the channel which introduce
Inter Symbol Interference (1SI).

In the receiver the whole process is
reversed to recover the transmitted data, the CP is
removed prior to the FFT which reverses the effect
of the IFFT. The complex symbols at the output of

the FFT,Y, ..Yy_qare then decoded and the
original bit steam recovered.
Mathematically = the  demodulation  process
(assuming no CP and no channel impairments) using
the FFT is equation (1):

Yok = FFT{Xpmn}

_1an-1 —j2nnk
- EZn:O xm,ne /N

1 @N—1©N-1 j2nn(d—k)
ﬁano a=0 Xma€ /v

1 on1 Ny J2mn(d=k)
S 2d=0 Xma Xn=o € /n

~ N3 Xm,a NSLd — K]

mk

(5.1)
I1l.  SIMULATION AND RESULTS

Simulations are done with MATLAB 2010.
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Figure 2: BER v/s SNR graph for BPSK
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Figure 3: BER v/s SNR graph for 4-PSK

8PSK

Eb/Na in dB
Figure 4: BER v/s SNR graph for 8-PSK
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Figure 5: BER v/s SNR graph for 16-QAM
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Figure 6: BER v/s SNR graph for 64-QAM

IVV. CONCLUSION

OFDM system under different constellation points
has been analyzed and observed that as increasing
the constellation points, bit error rate decreased
accordingly. Future research could be directed on
investigating and quantifying further the influence
of PAPR as a function of different modulation
mapping schemes, OFDM subcarrier levels, and
phasing schemes.

REFERENCE

[1] Parul Wadhwa , Gaurav Gupta, “BER Analysis &
Comparison of Different Equalization Techniques for
MIMO-OFDM System”, International Journal of
Advanced Research in Computer Science and
Software Engineering, (IJARCSSE), Volume 3, Issue
6, June 2013.

[2] Vishal Anand, Sharmeele Thanagjam, Sukhjeet Kaur,
“Analysis of OFDM BER and PAPR using TURBO
CODE”, IJCSNS International Journal of Computer
Science and Network Security, VOL.12 No.3, March
2012.

[3] Ligata, Haris Gacanin, Fumiyuki Adachi, Miha
Smolnikar, and Mihael Mohorcic, “Bit Error Rate
Analysis for an OFDM System with Channel
Estimation in a Nonlinear and Frequency Selective
Fading Channel”, EURASIP Journal on Wireless
Communications and Networking, 2011.

[4] Vivek K. Dwivedi and G. Singh, “An Efficient BER
Analysis of OFDM Systems with ICI Conjugate
Cancellation Method”, Progress In Electromagnetics
Research Symposium, Cambridge, USA, July 2-6,
2008.

[5] S. Coleri, M. Ergen, A. Puri, and A. Bahai, “Channel
estimation techniques based on pilot arrangement in
OFDM systems”, IEEE Transactions on Broadcasting,
vol. 48, pp. 223-229, 2002.

[6] H. Bolckei, D. Gesbert, and A. J. Paulraj, “On the
capacity of OFDM-based spatial multiplexing



[7]

(8l

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

IJDACR

O International Journal Of Digital Application & Contemporary Research

1IJIDACR
ISSN: 2319-4863

International Journal of Digital Application & Contemporary research

Website: www.ijdacr.com (Volume 2, Issue 2, September 2013)

systems”, IEEE Transactions on Communications,
vol. 50, pp. 225-234, 2002.

W. G. Jeon, K. H. Paik, and Y. S. Cho, “Two-
dimensional pilot-symbol-aided channel estimation
for OFDM systems with transmitter diversity”, IEICE
Transactions on Communications, vol. E85B, pp. 840-
844, Apr. 2002.

P. Foomooljareon and W. Fernando, “PAPR reduction
in OFDM systems”, Thammasat International Journal
of Science and Technology, vol. 7, no. 3, 2002.

A. D. S. Jayalath, “OFDM for Wireless Broadband
Communications (Peak Power Reduction, Spectrum
and Coding)”, Science and Software Engineering
Melbourne: in  School of Computer Monash
University, pp. 257, 2002.

M. Faulkner, “OFDM: Overview”, Melbourne, 2002.
Y. Jung, Y. Tak, J. Kim, J. Park, D. Kim, and H. Park,
“Efficient FFT algorithm for OFDM modulation”,
Proceedings of IEEE Region 10, International
Conference on Electrical and Electronic Technology,
TENCON, pp. 676-678 vol. 2, 2001.

A. Sadat and W. B. Mikhael, “Fast Fourier Transform
for high speed OFDM wireless multimedia system”,
Proceedings of the 44th IEEE Midwest Symposium on
Circuits and Systems, MWSCAS, pp. 938- 942 vol. 2,
2001.

R. Morrison, L. J. Cimini, Jr., and S. K. Wilson, “On
the use of a cyclic extension in OFDM”, IEEE,
Vehicular Technology Conference, (VTC), vol.- 2, pp.
664-668, 2001.

M. Morelli and U. Mengali, “A comparison of pilot-
aided channel estimation methods for OFDM
systems”, IEEE Transactions on Signal Processing,
vol. 49, pp. 3065-3073, Dec 2001.

J. Shentu and J. Armstrong, “Blind frequency offset
estimation for PCCOFDM with symbols overlapped
in the time domain”, IEEE, International Symposium
on Circuits and Systems (ISCAS), pp. 570-573 vol. 4,
2001.

A. G. Armada, “Understanding the effects of phase
noise in orthogonal frequency division multiplexing
(OFDM)”, IEEE Transactions on Broadcasting, vol.
47, pp. 153-159, Jun 2001.

A. D. S. Jayalath, C. Tellambura and H. Wu,
“Reduced complexity PTS and new phase sequences
for SLM to reduce PAPR of an OFDM signal”, IEEE,
Vehicular Technology Conference Proceedings, VTC
Tokyo, 2000.

L. Hanzo, Webb, W., Keller, T., “Single and Multi-
carrier  Quadrature ~ Amplitude  Modulation”,
Chichester: Wiley, 2000.

F. Tufvesson, “Design of Wireless Communication
Systems - Issues on Synchronization, Channel
Estimation and  Multi-Carrier ~ Systems”, in
Department of Applied Electronics Lund: Lund
University, 2000.

ISO/IEC, “Information technology - generic coding of
moving pictures and associated audio information:
Part 2 video”, ISO/IEC 13818, 2000.





