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Abstract

In this paper, we show the advancements in
broadband and mobile communication has given
many privileges to the subscribers for instance
high speed data connectivity, voice and video
applications in economical rates with good quality
of services. The bit error rate performance of
WIMAX has been carried out for different
modulation techniques like BPSK, QPSK, QAM
16, and QAM 64. The performance evaluation of
various aspects of the simulated model is obtained
by plotting graphs between Bit Error Rate and
Signal to Noise Ratio for different modulation
techniques.  Orthogonal  frequency division
multiple access uses adaptive modulation
technique on the physical layer of WiMAX and it
uses the concept of cyclic prefix that adds
additional bits at the transmitter end. The signal is
transmitted through the channel and it is received
at the receiver end. Then the receiver removes
these additional bits in order to minimize the inter
symbol interference, to improve the bit error rate
and to reduce the power spectrum. In this paper,
we investigated the physical layer performance on
the basis of bit error rate, signal to noise ratio,
power spectral density and error probability.

Key Words: WIMAX, BPSK, QPSK, QAM 16,
QAM 64, BER.

1. Introduction

Before 1977, wireless communication was only used
in military applications and for research purposes in
satellite communication. The evolution of Advanced
Mobile Phone System (AMPS) was the starting and

turning point in wireless communication by offering a
two way communication (i.e. Full Duplex Mode). It
uses analogue technology and also supports data
streams up to 19.2 Kbps [1][2]. The 4th Generation of
mobile phone system is under research with an
objective of fully Internet Protocol (IP) based
integrated system [3]. The only difference with 3G is
that it provides an IP based solution for data, voice
and multimedia services to subscribers on the basis of
two concepts i.e. “Anywhere” and “Anytime”. The
growing demand of multimedia services and the
growth of Internet related contents lead to increasing
interest to high speed communications. The
requirement for wide bandwidth and flexibility
imposes the use of efficient transmission methods
that would fit to the characteristics of wideband
channels especially in wireless environment where
the channel is very challenging. In this scenario, the
users are always connected to the network with good
and reliable data connectivity. The generations that
came after the 2.5th generation are also referred as
the broadband generations because these generations
have high data rates and provide multimedia services
to their subscribers [4]. The term Broadband has no
specific definition because every country has
different characteristics of a broadband connection
but normally broadband is defined as the high speed,
reliable and on-demand internet connectivity.
Broadband access not only gives the access to
download files more quickly and provides faster web
surfing but also enables multimedia applications like
real-time audio, video streaming, multimedia
conferencing and interactive gaming. The broadband
connection is also used as voice telephony by using
the Voice over Internet Protocol (VolP)
technology[3]. Different organizations such as
International Telecommunication Union (ITU) or
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other international regulators specified that if the
downloading speed is in the range of 256 Khps to 2
Mbps or higher then it fall in the category of
Broadband connections [6].

2. Simulation

Here, we investigated the behavior of adaptive
modulation technique of WiMAX. The adaptive
modulation used following modulation techniques for
modulating and demodulating the signal:

(1) Binary Phase Shift Keying (BPSK)

(2) Quadrature Phase Shift Keying (QPSK)

(3) 16Quadrature Amplitude Modulation (16-QAM)
(4) 64Quadrature Amplitude Modulation (64-QAM)

Based on these modulation techniques the following
parameters were investigated.

(1) Bit Error Rate (BER)

(2) Signal to Noise Ratio (SNR)

(3) Power Spectral Density (PSD)

(4) Probability of Error (Pe)

The key points, in the simulations are:

(1) Microsoft Windows Vista Home Premium
Edition.

(2) Matlab 7.4.0 (R2007a).

(3) Mersenne Twister - Random Number Generator
(RNG) Algorithm.

(4) Noise is characterized as Gaussian.

(5) Fading is characterized as Rayleigh probability
distribution function.

(6) Cyclic prefix is used.

(7) All the plotting is done to evaluate the
performance on the basis of BER Vs SNR.

(8) Confidence intervals used for 32 times.
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3. Simulation Results
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Fig 3: OFDM with Adaptive Modulation Techniques ] ) ) )
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Modulation Techniques in OFDM

In the above fig 3, we observe the pure AWGN

channel condition using adaptive modulation In F|g 4, ShOWS the theoretlcal Value Of BER Wlth
techniques and compared the performance of these respect to adaptive modulation techniques in the
techniques while using the 256 multi carrier OFDM presence of pure AWGN is used to estimate the
waves. theoretical value of SNR with 256 sub carriers.
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Table 1: Performance with respect to SNR and BW

Utilization for pure AWGN Environment. Table 2: Performance with respect to SNR and BW

Utilization for theoretical value of BER.
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Technigues in AWGN + Rayleigh Fading
Channel with Cyclic Prefix (CP).

Fig 5 shows the model which consists on AWGN and
Rayleigh Fading Channel with the addition of Cyclic
Prefix (CP) at the transmitter as well as receiver end.
We investigate the effects of CP while using adaptive
modulation  techniqgues and compared the
performance of OFDM symbols in terms of BER and
SNR.

Alodul ﬁXRw%] BW Utlization (o)
Modulation

EPSK  QPSK 16-QAM  64QAM BRSK  QPSK I6-QAM 64-QAM

BPSK - 0 160 20666 - 200 40 60

QK 0 - 160 2666 - - 200 30
6QA - - S M6 - - . 130
64-QAM

Table 3: Performance with respect to SNR and BW
Utilization for OFDM in AWGN + Rayleigh
Fading Channel with Cyclic Prefix (CP)
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Fig 6 shows the Probability of Error (Pe) in
which the assumption rate of the error that
introduce in the system because of noise and
fading effects in the channel and also due to the
cable losses at transmitter and the receiver ends.

, SNR (%) BW Utlization (%)
Modulation '
BSK QK 160N 6+QAM BRK QRK 160AM 6-QAl
BPSK -0 80 80 - 2000 400 600
QPSK - - Mb6A6 123335 - - 200 300
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Table 4: Performance with respect to SNR and BW
Utilization for Probability of Error (Pe).
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Fig 6: Effect of SNR level -100 on OFDM system
with respect to Power Spectral Density

In fig 6, we observed that when we have SNR level
equal to 100 dB then the difference of the input and
output signals is very close in terms of power spectral
density as compare to the difference when SNR
equals to -100 dB.

4. Conclusion

We concluded that BPSK is more power efficient and
need less bandwidth amongst all other modulation
techniques used in an OFDM adaptive modulation.

In case of bandwidth utilization the 64QAM
modulation requires higher bandwidth and gives an
excellent data rates as compared to others.

While the QPSK and the 16QAM techniques are in
the middle of these two and need higher bandwidth
and less power efficient than BPSK. But they
required lesser bandwidth and lower data rates than
64QAM.

Also, BPSK has the lowest BER while the 64-QAM
has highest BER than others.
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