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Abstract
Orthogonal Frequency Division Multiplexing (OFDM) is one of 
the multi carrier modulation technique. When a channel code is 
used with OFDM then this form is called coded OFDM. In this 
paper we have used turbo code as a channel code. Our aim to 
analyze and compare the performance of turbo coded systems 
over Rician fading channel using different channel parameter such 
as maximum Doppler shift, Rician k factor, sample time of input 
signal. We have used Quadrature Phase Shift Keying (QPSK) 
modulation for symbol mapping. Graph is plotted between Eb/
No and Bit Error Rate (BER).
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I. Introduction
It is a known fact that communication systems are becoming more 
ubiquitous due to their portability and mobility with a variety of 
enhancements. However, as the number of users continues to rise 
and the demand for better services requiring high transmission 
rates increases, more pressure is put on the coding techniques 
and modulation schemes. OFDM is multi carrier modulation 
technique where a single high data rate stream is converted into 
a number of low data rate stream. OFDM is used for high speed 
communication in multipath environment due to its immunity 
to ISI (Inter symbol Interference). It also avoids ISI problem by 
sending many low speed transmissions simultaneously. OFDM 
is presently used in a number of commercial applications. The 
performance of OFDM in fading environments degrades due to 
various impairments e.g. frequency selective fading, flat fading 
and other propagation effects. The performance can be enhanced 
using OFDM with some kind of channel coding. This form is 
called coded-OFDM [1]. In this paper turbo code is used as the 
channel code. A Turbo code is introduced in 1993 [2] that gives 
performance near Shannon limit in terms of bit error rate. So a 
combination of Turbo code and OFDM enhanced the bit error rate 
performance . We analyze the performance of Turbo coded OFDM 
over Rician fading channel using different channel parameter 
such as maximum Doppler shift, Rician k factor, sample time of 
input signal.

II. Turbo Codes
A new class of convolutional codes called Turbo codes, whose 
performances in terms of Bit Error Rate (BER) are close to 
the SHANNON limit. A turbo code consists of Turbo encoder 
at transmitter side and turbo decoder at receiver side. It can be 
built using either parallel concatenation or serial concatenation. 
This paper consider parallel concatenation. The Turbo encoder is 
built using a parallel concatenation of two Recursive Systematic 
Convolutional codes and the associated decoder, using a feedback 
decoding rule, is implemented as P pipelined identical elementary 
decoders [2].

A.   Turbo Encoder
A Turbo encoder is built using parallel concatenation of two 
recursive systematic convolutional code separated by an 
interleaver. The presence of the interleaver allows the second 
encoder to produce a different set of parity bits which let the 
second decoder to produce separate a prior information for the 
first encoder. Additionally, the interleaver also assists to improve 
the weight distribution of the entire codeword which helps to 
improve the overall performance. Puncturing Mechanism is used 
to delete one or more coded parity bits from a codeword in a code. 
This is well known technique provides flexibility in transmitting 
high-rate codes without modifying the structure of the encoder 
and the decoder circuit for an existing encoder/decoder circuit. 
A typical turbo encoder is shown in fig, 1, [3]. The binary input 
data sequence is represented by dk= (d1, d2, ... ....   dn). The input 
sequence is passed into the input of the first RSC coder,  that 
generates Yk1. For the second RSC, the data sequence is interleaved 
using random interleaver in which the bits are output in a pseudo-
random manner. The interleaved data sequence is passed to a 
second RSC encoder, generate bit streamYk2. The output code 
sequence of the turbo encoder is a multiplexed (and possibly 
punctured) stream consisting of systematic code bits Xk along with 
the parity bits of first and second encoders, Yk1 and Yk2.

Fig. :1 Basic Turbo Encoder

III. Turbo Decoder
The turbo decoder is constructed from two serial decoding 
blocks that share information. The turbo code decoders often 
work iteratively (loop wise) by sharing the a priori information 
obtained from the log-likelihood ratio (a posteriori information) 
of the previously cascaded decoder. This sharing of information 
is made possible through the interleaving involved in the encoder 
that creates two weakly correlated parity streams. The constituent 
decoders are the optimal decoders for the component codes used by 
the turbo encoder. Fig. 2, [3], gives a visual representation of the 
iterative and information sharing nature of the decoding strategy. 
Different algorithms to decode a turbo encoded data stream among 
which Maximum A Posteriori Algorithm (MAP), Log-MAP, Max-
log-MAP and Soft-in Soft-out Viterbi algorithm (SOVA) [4-5] are 
the most prominent ones. The MAP decoder provides the best 
performance but often suffers from data underflow problems due 
to the involvement of the product of probabilities in the algorithm. 
Other than this, it also requires a large number of exponential and 
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multiplication operations which simply make it too complex to 
be implemented in many practical communication systems. The 
Log- MAP and the max-log-MAP are the simplified versions of 
the MAP algorithm which operates in the logarithmic domain and 
reduces many multiplications into additions, a desired operation 
due to its reduced computational complexity. The max-log-MAP 
is the simplest algorithm but is inferior to Log-MAP as it involves 
the approximation of the log-likelihood function with a maximum 
function after some mathematical manipulations. The SOVA 
algorithm is an extension of the well known Viterbi algorithm 
which is fairly easy to implement and is suitable for systems with 
block structured data. This paper uses SOVA decoder for turbo 
code decoding.

A. SOVA Algorithm
SOVA based turbo decoders are attractive due to their low 
complexity and relatively high speed. SOVA works with same 
metric as Max-Log-MAP algorithm, but the information returned 
of the reliability of decoded bit dk is computed in a different 
way.  It can provide soft decision value and extrinsic information. 
The algorithm not only computes log –likelihood path, but also 
computes the posterior rate of each bit. The algorithm considers 
the priori values and transmits for next decoder. The algorithm 
gets soft outputs for each bit.

Fig. 2: Turbo Decoder

III. Orthogonal Frequency Division Multiplexing
Orthogonal Frequency-Division Multiplexing (OFDM) is able  
to support high-data-rate communication in frequency selective 
fading environments which cause Inter-Symbol Interference (ISI) 
[6]. Instead of using a complicated equalizer as in the conventional 
single carrier systems, the ISI in OFDM can be eliminated by 
adding a guard interval which significantly simplifies the receiver 
structure. OFDM as a generic technique has become very popular 
as it is used in such major applications as DSL (known as ‘MT’ or 
multitone) and digital broadcasting (DAB). OFDM is a frequency 
diversity based transmission scheme and uses closely spaced 
orthogonal carriers that do not interfere with each other . In OFDM 
a high data rate input information is converted a number of lower 
data rate segments of input streams. These lower segments are 
simultaneously transmitted in parallel using orthogonal carriers. 

IV. Turbo CODED OFDM
OFDM has become a very popular modulation method in high-
speed wireless communications. OFDM is a suitable technology 
for high data rate transmission with Forward Error Correction 
(FEC) methods over wireless channels. The combination of turbo 
codes with the OFDM transmission is called Turbo Coded OFDM 
(TCOFDM). It can yield significant improvements in terms of 
lower energy needed to transmit data. There is a large potential 

gain in using the iterative property of turbo decoders where soft 
bit estimates are used together with the known pilot symbols.  

V. System Model and Simulation
This paper used punctured turbo code at the rate ½ . The generator 
matrix used in the system is, g =[1 1 1 1 ; 1 0 1 0]. Frame size is 
2600 & total no of frames taken is 100. The encoded data stream 
is then modulated using QPSK modulation. The complex symbols 
are again modulated using 52 sub carrier OFDM modulator and 
52 number of bits are used per OFDM symbol, total no symbol 
are 100 and FFT size is 52. Then this signal is transmitted over 
frequency selective Rician fading channel. A frequency selective 
Rician fading can be modeled as the, Ts is the sample time of the 
input signal, in seconds. fd, is the maximum Doppler shift, in 
hertz. K, is the Rician K-factor in linear scale. If k is a scalar, then 
the first discrete path is a Rician fading process and contains a 
line-of-sight component with a K-factor of k, while the remaining 
discrete paths are independent Rayleigh fading processes with 
no line-of-sight component. If k is a vector of the same size as 
tau, then each discrete path is a Rician fading process with a 
K-factor given by the corresponding element of the vector k, 
where tau is a vector of path delays, each specified in seconds 
and pdb is a vector of average path gains, each specified in dB. 
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Fig. 3:  BER Performance of Turbo Coded OFDM Over Frequency 
Selective  Rician Fading using Different Sample Time
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Fig. 4: BER Performance of Turbo Coded OFDM Over Frequency 
Selective Rician Fading using Different Maximum Doppler 
Shift 
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Fig. 5: BER Performance of Turbo Coded OFDM Over Frequency 
Selective Rician Fading using Different Rician k Factor

We have done simulation using different channel parameter such as 
different sample time of input signal, different maximum Doppler 
shift, different Rician k factor. Figs. 3, 4, 5, show the bit error 
rate analysis of frequency selective Rician fading channel over 
varying sample time of input signal, varying maximum Doppler 
shift, varying Rician k factor respectively. Simulation is done 
using MAT Lab software. The graph is plotted between Eb / No 
(dB) and bit error rate using SOVA decoder.

VI. Conclusion
We have analyzed the performance of Turbo coded OFDM 
over frequency selective fading channel using different channel 
parameter . From the simulation result we can conclude that (i) 
A fading channel with reduced sample time of input signal gives 
better performance, (ii) A fading channel with highest maximum 
Doppler shift gives better performance. (iii) A fading channel 
with Rician k = 10 factor gives better performance compared to 
k = 1, 5, 15. 
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