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Abstract—In this paper, we have implemented OFDM
system for 16-QAM and QPSK scheme in frequency
selective fading. Here we have calculated BER for both
schemes over AWGN channel. Scatter plot of 16-QAM and
QPSK are shown. Simulation results show that for different
values of SNR, BER are calculated. Also compared BER for
16-QAM and QPSK over AWGN channel. Here results tells
us that 16-QAM scheme gives better result than QPSK
scheme over AWGN channel.
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I.

INTRODUCTION

High rate data transmission and reception can be
successfully implemented if the high rate signal to be split
into multiple parallel low rate signals and each of them is
transmitted on a separate frequency (or sub-carrier). To
facilitate separation of the signals at the receiver, the carrier
frequencies were spaced sufficiently far apart so that the
signal spectra do not overlap. Empty spectral regions
between the signals assured that they can be separated with
readily realizable filters. The resulting spectral efficiency is
therefore quite low. Such a parallel Multi-carrier system can
limit spectral efficiency, defined as the total bit rate divided
by the total bandwidth. Orthogonal frequency division
multiplexing (OFDM) is a special case of multi-carrier
transmission that permits the sub-channels to overlap in
frequency without mutual interference. In OFDM, the data
is divided among large number of closely spaced carriers.
The entire bandwidth is filled from a single source of data is
carried on each carrier, and by this lowering of the bit rate
per carrier (not the total bit rate), the influence of intersymbol interference is significantly reduced. In addition to
improve spectral efficiency, this technique exploits digital
signal processing technology to obtain a cost-effective
means of implementation. ([1],[2],[3])
II.

Fig. 1: Block diagram of basic OFDM system.
A.
16-QAM Modulation Scheme
QAM stands for quadrature amplitude modulation. Here
scatter plot of 16-QAM is shown. In- Phase values are
shown on x-axis, while quadrature values are shown on yaxis. [2]

OFDM SYSTEM

Basic OFDM system consists some blocks like modulation
scheme, serial to parallel, parallel to serial, channel,
IFFT,FFT, demodulation techniques etc. Here 16-QAM and
QPSK modulation Techniques are used. AWGN channel is
used as a frequency selective fading channel.
Message error probability for M-ary QAM is
𝑃𝑒, 𝑄𝐴𝑀 = 4𝑄

3∗ 𝑙𝑜𝑔 2𝑀 ∗𝐸b
𝑀−1 ∗𝑁0

. [5]

And for QPSK is
𝑃𝑒, 𝑄𝑃𝑆𝐾 = 2𝑄

2∗П∗П∗ 𝑙𝑜𝑔 2𝑀 ∗𝐸b
𝑀∗𝑀∗𝑁0

. [5]

Fig. 2: Scatter plot of 16-QAM
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B.
QPSK Modulation Scheme
QPSK stands for quadrature phase shift keying modulation.
Here scatter plot of QPSK is shown. In-Phase values are
shown on x-axis, while quadrature value is shown on y-axis.
[2]

Fig. 3: Scatter plot of QPSK
C.
AWGN Channel
Additive white Gaussian noise (AWGN) is used to model
channel in which the only impairment to transmitted signal
is a linear addition of white noise. The spectral density of
white noise is constant. The amplitude of the white noise
follows Gaussian distribution. If u (t) is the transmitted
signal and y(t) is the received signal, then y(t) can be
expressed as: y(t) = u(t) + n(t) Where n(t) is the linear noise
added by the channel.[4]
D.

FFT

Fig. 4: FFT implementation(Decimation in time)
FFT stands for Fast Fourier Transform. We used 64 point
FFT. FFT have less complexity compared to DFT. DFT and
IDFT required N2 computation, while FFT required only N
logNcomputation.[4]
III.

QAM block and QPSK block randomly. Then passed them,
from IFFT-FFT block. Here we used AWGN channel for
different SNR value from 0 to 60. BER values are compared
for 16-QAM and QPSK scheme over AWGN channel.
Results are shown in simulation results.

Fig. 5: Comparison of BER for 16-QAM and QPSK based
OFDM system
IV.

CONCLUSION

In this paper, we concluded that for SNR value of 26db
BER plot reach to zero for 16-QAM over AWGN channel,
while for QPSK scheme value of SNR is around 30db. So
16-QAM is better than QPSK for AWGN channel because it
requires less SNR for zero BER.
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SIMULATION RESULTS

Here we used 64,000 random bit. Then applied them to 16-
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