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ABSTRACT
In this paper, the performance of Reed Solomon codes (RS code) is presented, so as to make it perform better to
choose the effective parameters that can improve Orthogonal Frequency Division Multiplexing (OFDM) system. the
results show that code gain with high code rate is better than that of low code rate, the results also showed that the
error-correcting codes become more efficient as the block size increases. Our simulations indicate that at 10-3 BER,
the R-S codes with code rate 0.9 is outperform no code curve by 1.4dB, while there is 1dB between 0.8 and 0.9 code
rate and so it degreases as code rate goes to low value. Reed-Solomon Coded OFDM Simulations are presented over
Rayleigh selective fading channel, flat fading and AWGN channels. Simulations results confirms that 15dB R-S code
gains at 10-4 BER level for Raylrigh selective fading channel while 5dB for flat and AWGN channel because of lower
error level, where the code rate is 0.5. Implementation on a real-time hardware with RS code was performed by
connecting the Simulink design to the Texas Instrument Lyrtech’s. The simulation results also confirm that the 10 dB
R-S code gains at the 10-3 BER level where the RS code rate is 0.73.
Keywords: Channel Coding, Forward Error Correction( FEC), OFDM, QAM Technique, Reed-Solomon Codes,
Simulink.

1. INTRODUCTION

Several technologies are considered to be candidates for
future applications, such as Orthogonal Frequency
Division Multiplexing (OFDM), which is a special form
of multi-carrier transmission where all the subcarriers
are orthogonal to each other. OFDM promises a higher
user level of implementation complexity. On the other
hand OFDM is very sensitive to frequency errors. Its
performance also suffers from distortions, and
intersymbol interference (ISI) caused by multipath in
bandlimited (frequency selective) time dispersive
channels, causing bit errors at the receiver. ISI has been
recognized as the major obstacle to high speed data
transmission over mobile radio channels. The
transmitted signal that is launched into the wireless
environment arrives at the receiver along a number of
distinct paths, referred to as multipaths [1]. In the current
and future mobile communication systems, data
transmission at high bit rates is essential for many
services such as video, high-quality audio, and mobile
integrated service digital network (ISDN)[]. When the
data is transmitted at high bit rates over mobile radio
channels, the channel impulse response can extend over
many symbol periods, which leads to intersymbol
interference (ISI). Orthogonal frequency division
multiplexing (OFDM) is one of the effective techniques
to mitigate the ISI. The main idea is to send data in
parallel over a number of spectrally overlapping

temporally orthogonal sub channels. OFDM system also
suffers from (ISI), especially in mobile communication
environments [2]. It might deal with this problem by
increasing the individual symbol duration for each
subcarrier together with the use of guard time.
Nevertheless, this does not solve the problem completely
in multipath fading channel, because all subcarriers will
arrive at the receiver with different amplitudes.
Unfortunately, some subcarriers may be completely lost
because of deep fades. To remedy this problem, OFDM
based systems usually employ a special techniques like
error correction coding [3].
2. PREVIOUS WORK

The use of forward error-correcting (FEC) codes in
communication systems is an integral part of ensuring
reliable communication. There are basically two types of
FEC codes, convolutional and block codes. Block codes,
unlike convolutional codes, are defined only by n and k .
where n is the total number of coded bits, k is the number
of input bits. Block codes segment data into “blocks” of
data rather than applying the code to the entire data
stream as one code word as in convolutional codes [4].
In 1948, Shannon [5] showed that arbitrarily reliable
communication is possible as long as the signal
transmission rate does not exceed a certain limit called
the channel capacity. This stimulated numerous research
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efforts on error control coding. Following the first class
of error control codes, namely Hamming codes [6, 7]
powerful algebraic codes such as Golay codes, BoseChaudhuri-Hocquenghem (BCH) codes, and ReedSolomon (RS) codes were found. As coding theory
evolved, various important properties of codes were
identified and studied such as minimum distance and
weight distribution. The discovery of convolutional
codes, which were originally called recurrent codes, is
an another important landmark in the history of error
control coding. Convolutional codes have many
important properties such as the existence of effcient
encoding and decoding algorithms and the impressive
performance over an additive white Gaussian noise
(AWGN) channels. Another important landmark of error
control coding theory is the discovery of concatenated
coding schemes. For example, Forney showed that the
weakness of convolutional codes against bursty errors
can be compensated with RS codes by serially
concatenating a convolutional code with an RS code [8].
The most recent breakthrough in coding theory is the
discovery of a class of codes called turbo codes [9] that
exhibit near Shannon limit performance with iterative
decoding algorithms. The astounding performance of
turbo codes resulted in a surge in the research activity
on iterative de-coding. For example, Gallager’s low parity
density check (LDPC) codes [10] discovered with
iterative decoding in the 60’s by R. G. Gallager, has drawn
tremendous attention in the past few years. Although
the above mentioned turbo codes have excellent bit error
performance, there still exists some problems. First of
all, their error performance tails of, or exhibits an error
“floor” at high signal-to-noise ratio (SNR). Moreover, the
complexity of the required soft-input, soft-output (SISO)
decoder is such that a cost-effcient decoder was
unavailable for most commercial applications. For these
reasons, RS codes are still be widely employed in many
practical applications because of its effcient decoder
implementation [11] and excellent error correction
capabilities. Richardson [12] showed that the bit error
performance deteriorates as the codeword length
becomes smaller, while Nakanishi [13] has shown that
the throughput performance of mobile satellite
Communications is better for short packet, therefore, long
packet length is not always a default choice to use in
communications, In some applications the use of short
packet lengths are required in their systems. it is
especially good for real time voice and video.
3. PRESENT WORK

In the present work, our focus study on choice of
appropriate coding and modulation techniques that
available in improving the complexity of a high-speed
implementation increases with redundancy. Thus, the

most attractive R-S codes have high code rates (low
redundancy), can also help to achieve a good error
performance. The use of Forward Error Correction (FEC)
schemes shall therefore not only be considered as a way
to improve communication robustness but also as a
system of error control for data transmission, without
the need to ask the sender for additional data. A backchannel is not required, or that retransmission of data
can often be avoided. Some approaches review of RS
codes implementations in today’s environment to give a
good idea on how RS codes being implemented. Since
this work was investigated the nature of the gap between
theoretical and practical sides of OFDM system, applying
channel coding to improve such system. Real time
hardware is implemented coded-OFDM with RS code
using the the small form factor (SFF) software-defined
radio (SDR) development platforms (DP), to enhance the
performance of the OFDM system, a lot more study can
be carryout to further improved RS codes and thus,
improved its applications.
In the present study a simulations of R-S are done
using single carrier transceiver, to observe the
performance of RS code and choose the effective
parameters that can improve OFDM system. Evaluation
of Bit Error Rate (BER) performance for R-S code as a
function of code rate and block size are tested .This
testing is applied to single carrier system with (AWGN)
channel model using quadrature amplitude modulation
(QAM) technique. A new scheme will evaluated and
compare all results with conventional performances for
every step, and consequently to clear out the
improvements stem from applying R-S codes. BER
performance over Rayleigh Selective Fading Channel,
Flat Fading and AWGN channels are done respectively.
Real time hardware is implemented, coded-OFDM with
RS code is done by connection the Simulink design with
the texas instrument Lyrtech’s. The small form factor
(SFF) software-defined radio (SDR) development
platforms (DP), making the design simple and perfect
for any type of SDR application.
3.1. Reed-Solomon Encoding and Decoding Process
Reed-Solomon codes are block-based error correcting
codes with a wide range of applications in digital
communications .The number and type of errors that can
be corrected depends on the characteristics of the ReedSolomon code. The amount of processing “power”
required to encode and decode Reed-Solomon codes is
related to the number of parity symbols per codeword.
A large value of t means that a large number of errors
can be corrected but requires more computational power
than a small value of t. In digital communication systems
that are both bandwidth-limited and power-limited,
error-correction coding (often called channel coding) can
be used to save power or to improve error performance
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at the expense of bandwidth [14]. The R-S encoding and
decoding require a considerable amount of computation
and arithmetical operations over a finite number system
with certain properties, i.e. algebraic systems, which in
this case is called fields. R-S’s initial definition focuses
on the evaluation of polynomials over the elements in a
finite field (Galois field GF) [11]. The k information
symbols that form the message to be encoded as one block
can be represented by a polynomial M(x) of order
k – 1, so that:
M (x) = M

x k − 1 + ... + M x + M
1
0
k −1

(1)

where each of the coefficients MK − 1 ,...., M 1 , M 0 is an
m-bit message symbol, that is an element of GF(2 m).
Mk–1 is the first symbol of the message. To encode the
message, the message polynomial is first multiplied by
xn–k and the result is divided by the generator polynomial,
g(x). Division by g(x) produces a quotient q(x) and a
remainder r(x), where r(x) is of degree up to n – k – 1.
Thus
M(x ) × x n− k r(x ) r(x )
+
g( x )
g( x ) g( x )

(2)

Having produced r(x) by division, the transmitted
code word T(x) can then be formed by combining M(x)
and r(x) as follows:

r(x). As known, for systematic encoding, the information
symbols must be placed as the higher power coefficients.
So, M ( x ) × x n − k means that information symbols toward
the higher powers of x, from n – 1 down n – k. The
remaining positions from power n – k – 1 to 0 fill with
zeros. Consider, for example, the same polynomial as
above:
M ( x ) = αx 2 + α 3 x + α 6

M ( x ) × x 4 = αx 6 + α 3 x 5 + α 6 x 4 + 0 x 3 + 0 x 2 + 0 x + 0 (8)

The second term of equation (2), r(x), is the remainder
when it divides polynomial M ( x ) × x n − k by the polynomial
g(x). Therefore, it needs designing a circuit that performs
two operations: a division and a shift to a higher power
of x. Linear-feedback shift registers enable one to easily
implement both operations. Fig.1 shows a general
diagram of the encoder for Reed-Solomon (n, k) code.
The main design task is to implement the GF (2 m)
multiplication and addition circuits, apart from some
control circuitry or logic. It can add any two elements
from the GF (2m) field by modulo 2 adding their binary
notations, which resembles the XOR hardware operation
[16].

(3)

which shows that the code word is produced in the
required systematic form. Adding the remainder, r(x),
ensures that the encoded message polynomial will
always be divisible by the generator polynomial without
remainder. This can be seen by multiplying equation (2)
by g(x):
M ( x ) × x n − k = g( x ) × q( x ) + r(x)

(4)

and rearranging:
M ( x ) × x n − k + r ( x ) = g( x ) × q( x )

(5)

Here we, note that the left-hand side is the
transmitted code word, T(x), and that the right-hand side
has g(x) as a factor. Also, because the generator
polynomial. The code generator polynomial takes the
form:
g ( x ) = ( x + α b )( x + α b + 1 ) .... ( x + α b + 2 t − 1 )

(6)

Equation (6), has been closer to consist of a number
of factors, each of these is also a factor of the encoded
message polynomial and will divide it without
remainder. Thus, if this is not true for the received
message, it is clear that one or more errors have occurred
[15]. To visualize hardware that implements equation
(2), one must understand the operations M ( x ) × x n − k and

(7)

Multiplying the above equation by x4 yields:

T (x) = M (x) × xn− k + r (x)
= M k − 1 x n − 1 + .... + M 0 x n − k + rn − k − 1 + .... + r0
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Fig 1: Architecture of a R-S (n – k) Encoder

3.2. A New Present Scheme OFDM Parameters
Table1
OFDM Parameters
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The assumptions parameters of an OFDM system are in
Table.1, A full system model was implemented in matlab
according to the aforementioned system [17]. In the
following Figures, for testing I and II, SNR denotes the
information bit signal to noise power ratio. The OFDM
parameters used in the testing (I and II) are listed in Table 1.
Testing I: R-S with Single Carrier Transceiver: In
this subsection the testing is applied to single carrier
system with (AWGN) channel model using (QAM)
technique. QAM is a modulation technique where it is
amplitude is allowed to vary with phase, also can be
viewed as a combination of amplitude shift keying(ASK)
as well as phase shift keying (psk). It can be viewed as
ASK in two dimension. Fig.2 demonstrates the simulation
model employed by this section.

Fig 2: Single Carrier Transceiver

Testing II: Reed-Solomon COFDM Simulations:
The parameters of conventional OFDM used in this
section are identical to those in Table.1 over the same
three types of channels used previously. The new scheme
will evaluated and compare all results with conventional
performances for every step, and consequently to clear
out the improvements stem from applying R-S codes. A
block diagram of evaluated COFDM system is shown in
Fig.3 where is the k integer data source with m-bit symbol
is encoded by R-S block which produces n symbols code
word and permits a transmission of n-k additional
information to enable the decoder at receiver to detect
an error symbols. For each error one redundant symbol
is used to locate the error, and another redundant symbol
is used to find its correct value.

Fig 3: Block Diagram of R-S Coded OFDM

The encoded symbols are then changed to a binary
aspect and mapped using virtually any of the common
M-array modulation scheme, onto a complex word
consisting of a real and imaginary part, the so called Gray
coding allocates the bits to the respective constellation
points. In OFDM modulator each sub-carrier will be
assigned one base band symbol, the OFDM modulator
and demodulator can be achieved by employing an
inverse fast fourier transform (IFFT), and fast Fourier
transform (FFT) at the transmitter and receiver
respectively.
Testing III: RS-Code Hardware Implementation:
Lyrtech was one of the first digital signal processing
solution providers to combine the power of DSPs and
FPGAs on the same platforms, complementing the
processing power of DSPs with the flexibility of
FPGAs[18]. The selection of a code needs to be made in
accordance with the modulation choice and the available
SNR. Moreover, very high and very low code rates
generally perform poorly in a real-time communication
system. The Coded OFDM (COFDM) simulation
replicates a wireless COFDM over a mobile multipath
fading channel. The model (Fig.4) use quadrature phase
shift keying modulation (QPSK), RS channel coding, 0.73
RS code rate, 2 Symbol Error correction, 200Hz Doppler
shift, and training-based channel estimation. A QPSKOFDM signal is simulated. The Hardware block diagram
shown in the Fig.6, represents the hardware layout of
the three modules of the development platform: a digital
processing module, a data conversion module, and RF
module as shown in the Fig.7.

Fig 5: Design Connection to the Lyrtech
Development Platform
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Fig 8: R-S (62, k) Decoder Performance as a
Function of Redundancy

Fig 6: Hardware Block Diagram

Fig 7: Modules of the SFF SDR Development Platform

For a low code rate of an R-S code, its implementation
grows in complexity (especially for high-speed devices).
Also, the bandwidth expansion must grow for any real
time communications application by a factor 1/(code
rate), this may incur an implementation penalty as well
as a large energy efficiency penalty, requiring higher
phase and amplitude accuracy in both transmitter and
receiver systems. However the benefit of increased
redundancy is the improvement in bit-error performance.
It is clear from Fig.8 that code gain with high code rate is
better than that of low code rate, for example, at 10-3 BER,
the R-S codes with code rate 0.9 is outperform no code
curve by 1.4dB, while there is 1dB between 0.8 and 0.9
code rate and so it degreases as code rate goes to low
value.
2. R-S Performance as a Function of Block Size: As
seen the family of curves in Fig.9 where the rate of the
code is held at a constant 0.8, while its block size increases
from n=7 symbols (m=3 bits per symbol) to n=127
symbols (with m=7 bits per symbol). Thus, the block size
increases from 21,60 bits to 889 bits.

4. RESULTS AND DISCUSSION

4.1. Results Testing I
1. R-S Performance as a Function of Code Rate: The
evaluation of Bit Error Rate (BER) performance for R-S
code where the code length n is held at a constant 63
symbols, while the number of data symbols decreases
which result in minimize in the code rate from CR=0.9
to 0.5 (redundancy increase from 5 to 32 symbols). The
field size is 64, and the information and code symbols
can be regarded as 6-bit symbols. Let’s seek a d min
increases from 6 to 33. The field generator polynomial
GF(26) is x6 + x + 1, (67 decimal). The
error performance improves (error correcting codes
become more efficient) as the redundancy increases
(lower code rate) as can be seen in Fig.8.
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Fig 9: Reed-Solomon Performance as a
Function of Symbol Size
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It is seen that the error-correcting codes become more
efficient (error performance improves) as the block size
increases because the effect of noise becomes less than
that for small block size, the noise duration has to
represent a relatively small percentage of the large code
word, where the received noise should be averaged over
a long period of time. This makes R-S code an attractive
choice whenever long block lengths are desired, so the
optimum chosen is large code word as it is possible to
approach better performance. On the other hand, very
large code word will increase complexity implementations.
4.2. Results Testing II
1. BER Performance over Rayleigh Selective Channel:
In this subsection R-S codes with m=7, n=127 and variable
code rate CR = 0.9, 0.7, and 0.5 are used. Fig. 10 illustrates
the benefit of R-S code considering bad channel. It is clear
that the scheme shown in Fig.3 becomes robust to combat
frequency selective fading which stem from multipath
channels there are evident code gain by using R-S codes.

Fig 11: R-S COFDM Performance over Rayleigh
Flat Fading Channel

3. Performance of AWGN Channel Without Fading:
In case of AWGN channel without fading, Fig.12 shows
the same amount of code gain at that BER level of flat
fading, but with various ranges of SNR. Comparing such
results with previous subsection shows that R-S codes is
convenient for selective fading channel which suffers
from robust corrupted, it can be treated with burst errors,
that is clear from Fig.10 which confirms that 15dB R-S
code gains at 10–4 BER level while 5dB for flat and AWGN
channel because of lower error level, where the code rate
is 0.5.

Fig 10: R-S Coded FDM Performance over
Rayleigh Selective Fading Channel

It is clear from Fig.10 that R-S coded OFDM gains
8dB improvement at BER level of 10-5 when R-S code rate
CR=0.9, and it can achieve some more winning by
increasing the parity chick, for example 13, and 16dB
code gain of 10-5 BER over uncoded OFDM can achieved
for 0.7, and 0.5 R-S code rate respectively. However the
cost of expanding the spectral stem from code
redundancy met up by suitable lowing SNR.
2. Performance over Flat Fading Channels: Various
BER versus SNR are plotted to depict the performance
of R-S COFDM over Rayliegh flat fading and AWGN
without fading channels, as shown in Fig.11 and 12
respectively. The same parameters of R-S codes for the
previous subsection is applied here, it is clear that such
code is active for various types of channels. It can be seen
from Fig.11 that the scheme shown in Fig.3 gains 4, and
5 dB improvement at BER level of 10-4 for code rate 0.7,
and 0.5, respectively.

Fig 12: R-S COFDM Performance over AWGN Channel

Results Testing III
RS Coding Gain: Coding gain is also strictly
associated with the essence of coding. It represents the
difference between communication systems with and
without channel coding. In present digital
communication, one of the most significant functions lies
on the channel coding scheme for error control. Channel
coding refers to a class of signal transformations designed
to improve communication performance by enabling the
transmitted signal to better withstand the effects of
channel impairments such as noise, interference, and
fading, which occur during transmission. Furthermore,
the system facilitates real-time communication and thus
the message may not be delayed. The additional
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redundant bits in the system also dictate a faster rate of
transmission, that is, faster signaling, less energy per
channel symbol, and more errors out of the demodulator,
which of course connote greater bandwidth [19].The
hardware implementation is started by connected the
SFFSDR DP board from Lyrtech ‘s company through the
PC by Ethernet cable (Fig.13). It is clear from Fig.14 that
an RS-coded OFDM gains 10dB improvement at the BER
level of 10-3 when the RS code rate=0.73. The performance
of the OFDM system is improved by using RS code
especially when the SNR is increased to more than 10
dB, as shown in Fig.14 The utilization of the RS code
significantly enhances performance. For more
information about the the SFF SDR DP can be referred to
in the user’s guide [18].
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evident code gain by using R-S codes, more winning RS COFDM gains can achieved by increasing the parity
chick from 38 to 64. 13, and 16dB code gain of 10-5 BER
over uncoded OFDM for 0.7, and 0.5 R-S code rate
respectively. It can be confirmed that 15dB R-S code gains
at 10-4 BER level for selective fading channel while 5dB
for flat and AWGN channel because of lower error level,
where the code rate is 0.5.
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