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Abstract

Orthogonal Frequency Division Multiplexing (OFDM) is a form of Multicarrier Modulation
(MCM) technique in which larger bandwidth is divided into parallel narrow bands each of which
is modulated by different subcarriers. All the subcarriers are orthogonal to each other and hence
it reduces the interference among various subcarriers. OFDM technique is an efficient
modulation technique used in certain wired and wireless application. During transmission, the
transmitted signal can travel from transmitter to receiver over multiple reflective paths in case of
wireless communication system which results to multipath fading and produces variation in
amplitude, phase and angle of the received signal. The signal which is transmitted from BTS
(base transceiver station) may undergo multiple reflections from the buildings nearby, before
reaching the mobile station. This paper discusses the performance of OFDM system using
various fading channels and channel coding. The parameter which is known as Bit error rate
(BER) is calculated for different fading channels (AWGN, Rayleigh and Rician) for different
digital modulation (BPSK, QPSK and QAM) .The tool which is used to evaluate the BER
parameter is Matlab Simulink.
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1. Introduction

OFDM is an efficient digital modulation technique which is commonly used in both wired
and wireless communication system. For wired application it is used in DSL, ADSL and for
wireless application it is used in wireless LAN. It is a bandwidth efficient technique where larger
bandwidth is divided into parallel narrow bands and each of which is modulated by different
subcarriers. OFDM has high Peak to Average Power Ratio (PAPR) and synchronization errors
.The performance of OFDM is calculated by using different fading channel and different digital
modulations [1-4].

1.1 Fading Channel
Fading results in a signal loss either in amplitude or phase due to sudden changes in
Channel response. The fading is a random process which produces change in time,
geographical position or radio frequency. Fading may be either due to multipath propagation
(multipath induced fading) or due to shadowing form the obstacles (shadow fading). Some
examples of the channels used to model multipath fading are:
a. AWGN channel
An AWGN channel is formed by adding white Gaussian noise to the signal
that passes through it.
b. Rayleigh channel
Rayleigh fading occurs when multipath propagation exists. The Rayleigh
fading model can be used to examine radio signal propagation on a statistical
basis.
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C. Rician channel
Fading produces the signal to spread and become diffuse. The Rician Fading
Channel block is used to implement a baseband simulation of a Rician fading propagation
channel.

2. Proposed Simulink Model
The simulink model for OFDM system using various fading channels (AWGN, Rayleigh
and Rician) and digital modulations (BPSK, QPSK and QAM) has the following steps and it is

shown in Figure 1.

1. The Bernoulli binary generator is used to generate the input signal. After getting the input
signal, various channel coding is applied. Then the channel coded input signal is mapped by
using digital modulations (BPSK/QPSK and QAM).

2. Then the Inverse Fast Fourier transform (IFFT) is applied on the mapped output.

3. The output of Inverse Fast Fourier transform is passed through different fading channels
such as AWGN, Rayleigh and Rician channel and after this demodulation is done to evaluate
the BER parameter using Error rate calculation [7].
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Figure. 1 Proposed Simulink model using different modulation and fading channels

2.1 Proposed OFDM model using AWGN Channel with different digital modulation

The proposed simulink model using AWGN channel including different channel coding
is shown in Figure 2.In the given model the data is first encoded by using digital modulation and
then the IFFT operation is performed on the modulated output. AWGN channel is used to pass
the frequency domain signal and then it is converted into time domain and demodulated at the
receiver side. The BER is calculated at the receiver side.

OFDM System Performance Evaluation under Different Fading Channels... (Pratima Manhas)



262 = ISSN: 2502-4752

o
[y |
and :le’u
o e
S U” k
2ol Byvis
Y

:ﬂ‘y

Figure 2. Proposed Simulink model using different modulation and AWGN channel

2.2 Proposed OFDM model using Rayleigh channel with different digital modulation

The Proposed simulink model using Rayleigh fading channel using Linear/Cyclic coding
is shown in Figure 3. In the given model the data is first encoded by using digital modulation
and then the IFFT operation is performed on the modulated output.Rayleigh channel is used to
pass the frequency domain signal and then it is converted into time domain and demodulated at
the receiver side. The BER is calculated at the receiver side.
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Figure 3. Proposed Simulink model using different modulation and Rayleigh channel
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2.3 Proposed OFDM model using Rician channel with different digital modulation

The Proposed model using the Rician fading channel using different digital modulation
is shown in Figure 4. In the given model the data is first encoded by using digital modulation
and then the IFFT operation is performed on the modulated output.Rician channel is used to
pass the frequency domain signal and then it is converted into time domain and demodulated at
the receiver side .The BER is calculated at the receiver side.
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Figure 4. Proposed Simulink model using different modulation and Rician channel

3. Simulation Results
The simulation parameters which are used for the proposed work are given below:
a. Digital Modulation Technique = BPSK, QPSK and QAM
b. Fading Channel= AWGN, Rayleigh and Rician
The BER results of OFDM system using various fading channel and digital modulation
are shown in Figure7.In the given Figure 5, the BER results has been calculated by using
different digital modulation along with AWGN channel.The Figure 5 results in BER calculation
for AWGN channel along with BPSK modulation.
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Figure 5. BER results of OFDM system using different digital modulation and AWGN channel

The BER calculation of FFT based OFDM system for different digital modulation and
fading channels are shown in below in Table 1 and bar chart is represented in Figure 6. In
Figure 6, the AWGN channel results in minimum value of BER as compared to other fading
channels.

Table 1. BER results of FFT based OFDM system with different fading channels and without
channel coding

OFDM system with

different modulation AWGN channel Rayleigh Channel Rician Channel
BPSK 0.272 0.454 0
QPSK 0.3636 0.545 0.545
QAM 0.636 0.6363 0.909

The Table 1 deals with the BER results of FFT based OFDM system without channel
coding for different fading channel. For different fading channels, AWGN channel results in
minimum BER as compared to Rayleigh and Rician channel. The BER value using Rayleigh
channel is more than Rician and AWGN. The OFDM system model using BPSK modulation and
AWGN channel results in minimum BER. So, in order to model FFT based OFDM system,
AWGN channel results in minimum value of BER.
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Figure 10. BER graph for various fading channel and without channel coding

4. Conclusion

The performance of FFT based OFDM system using various channels and channel
coding is simulated using simulink model. The simulation results show that the BER is better in
AWGN channel and worst in Rayleigh channel. Rician fading channel has better BER value
than Rayleigh but less than AWGN channel. The BER value can be further reduced by using
various channel coding.
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