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Abstract 
 

High bit error rates of the wireless communication system require em ploying 
forward error correction (FEC) m ethods on the data transferred to reducing the 
error in transmission. In this paper, the performan ce of OFDM - BPSK,-QPSK 
and -QAM  system by using forward error correcting c odes as concatenated codes 
schemes that are used to encode the data stream in wireless communications   
Nakagami-m fading  channel has been reported here .  O ur approach is based on 
decomposition of Nakagami random variable into orth ogonal random variables 
with Gaussian distribution envelopes. Results have been presented by using 
optimum value of m  based on BER and SNR W e present OFD M  for wireless 
communications .W e address basic O FDM  and related m odulations, as well as 
techniques to improve the performance of OFD M  for w ireless communications 
(OFDM ). we performed  simulations to find out the b est BER performance using 
RS-CC concatenated codes. By concatenating two diff erent codes we can get the 
effect of improving the total BER due to benefits o f RS codes correcting burst 
errors while convolutional codes are good for corre cting random errors that are 
caused due to a noisy channel. 

 
K eyw ords:  AW GN channel, inter carrier interference  (ICI), m ulticarrier (M C), , RS-
CC,codes.  Orthogonal frequency-division m ultiplexi ng (OFDM ).Convolutional codes 
(CC), Reed-Solom on codes (RS), Concatenated codes . 
 
1. Introduction  It is increasingly believed that OFDM  results in a n im proved downlink 
m ultim edia services requires high data rates com m un ications, but this condition is 
significantly lim ited by inter-sym bol interference (ISI) due to the existence of the 
m ultiple paths. M ulticarrier m odulation techniques,  including OFDM  m odulation are 
considered as the m ost prom ising technique to com ba t this problem  [4] OFDM  technique 
is a m ulti-carrier transm ission  technique which is  being recognized as an excellent 
m ethod for high speed bi-directional w ireless data com m unication.  In w ireless, satellite, 
and space com m unication system s, reducing error is critical. W ireless m edium  is quite 
different from  the counterpart using w ires and prov ides several advantages, for exam ple; 
m obility, better productivity, low  cost, easy insta llation facility and scalability..  
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On the other hand, there are som e restrictions and disadvantages of various transm ission 
channels in w ireless m edium  between receiver and tr ansm itter where transm itted signals 



arrive at receiver w ith different power and tim e de lay due to the reflection, diffraction 
and scattering effects. Besides the BER (Bit Error Rate) value of the w ireless m edium  is 
relatively high. These drawbacks som etim es introduc e destructive effects on the w ireless 
data transm ission perform ance. As a result, error c ontrol is necessary in these 
applications. During digital data transm ission and storage operations, perform ance 
criterion is com m only determ ined by BER which is si m ply: Num ber of error bits / 
Num ber of total bits. Noise in transm ission m edium  disturbs the signal and causes data 
corruptions. Relation between signal and noise is d escribed w ith SNR (signal-to-noise 
ratio). Generally, SNR is explained w ith signal pow er / noise power and is inversely 
proportional w ith BER. It m eans, the less the BER r esult is the higher the SNR and the 
better com m unication quality [1]. 
                      
2. O FDM   : The prim e idea is that all queuing data in buffe r are uniform ly allocated on 
sm all sub- carriers. OFDM  efficiently squeezes m ult iple  perform ance for 4G [2]. The 
world standard bodies such as IEEE and ETSI have se lected the OFDM  as their physical 
layer techniques for the next generation of w ireles s system s [3]. The growing dem and for 
m odulated carriers tightly together reducing the re quired bandwidth but keeping the 
m odulated signals orthogonal so that they do not in terfere w ith each other. OFDM  that is 
highly efficient technique shows favorable properti es such as robustness to channel 
fading and inter sym bol interference (ISI) and is m ore im m une to noise. OFDM  system  is 
capable of m itigating a frequency selective fading channel to a set of parallel flat fading 
channels, which need relatively sim ple processes fo r channel equalization OFDM  
system s have gained an equivalent attention w ith fl at fading environm ent. In [8], present 
the m ethod of Channel estim ation and Carrier freque ncy offset to design an OFDM  
receiver in flat fading environm ent. However, BER p erform ance of OFDM  system  in flat 
fading channel using BPSK m odulation technique is s tudied by Lijun et al. [9]. so our 
m otivation behind this paper is to study the perfor m ance of OFDM  system  using flat 
fading channel of awgn channel . 
 

 
 

Figure (1)       OFDM  m odel 
 
 
 
 



An OFDM  signal is a sum  of sub carriers that are in dividually m odulated by using phase 
shift keying (PSK) or quadrature am plitude m odulati on (QAM ). The sym bol can be 
written as 
 

  S(t)=  
                            
                              , ≤ t ≤                (1) 
S(t)= 0      ,        and , t  
 
W here: 
 Ns  is num ber of sub channels 
 T  is the sym bol duration 
fc  is carrier frequency  
The equivalent com plex base band notation is given by: 
 

 
                              , ≤ t ≤     
   S(t)= 0      ,  and , t           (2) 
             
In this case, the real and im aginary parts correspo nd to the in-phase and quadrature parts 
of the OFDM  signal. They have to be m ultiplied by a  cosine and sine of the desired 
frequency to produce the final OFDM  signal. 
 

3. Channel M odel In this paper, the sub-channel spacing is chosen so that the 
produced parallel fading sub-channels have flat fad ing characteristics. So, we have 
chosen Nakagam i-m  flat fading channel w ith additive  white Gaussian noise. In flat fading 
environm ent, the base-band signal at the input of r eceiver y(t) is as described as follows:  
               y (t) = x(t) * r(t) + n(t)                                   
 
where, x(t) denotes the base-band transm itted signal, r(t) is the Nakagam i-m  distributed 
channel envelope and n(t) is the additive white Gaussian noise w ith zero m e an. 
Nakagam i- m  fading distribution function is given b y 
 

                                                                              

 
 



W here,Γ(.)is the Gam m a function, �=   is the average power, m is fading param eter 

and r is Nakagam i distribution envelope. 
 
 
Since, Nakagam i distribution encom passes Scattered,  reflected and direct com ponents of 
the original transm itted signal [10], it can be gen erated using the envelope of the both 
random  signal processes   for non line- of- sight envelope i.e. Rician and    
for line-of-sight i.e. Rayleigh 
 
as per the follow ing expression 
 

 
 

                                                                                              
So, this value of r(t) is used as envelope of Nakagam i-m  distributed cha nnel. 
     
4. Error correcting code : There are two different types of FEC techniques, na m ely 
block codes i.e. Reed-Solom on code  and convolution al codes [2]. The V iterbi algorithm  
is a m ethod for decoding convolutional codes. It ha s been counted as one of good 
decoding schem e up to date. This algorithm , however , is vulnerable to burst error which 
m eans a series of consecutive errors [3]. Since m os t physical channels m ake burst errors, 
it can be a serious problem .  Furtherm ore, the com plexity increases as the num ber  of 
m em ories in the encoder increases, and the increase  of the m em ory causes the increase of 
com putation. To com pensate these problem s, a new so lution can be applied: a 
concatenation of a Reed-Solom on (RS) code and a con volutional code (CC) i.e., RS-CC 
concatenated codes. Since RS code is very strong to  the burst error,  the RS-CC 
concatenated codes can have good perform ance than C C and RS itself.  
 
A.  Concatenated Codes : Since the two codes i.e. Convoluional codes and Ree d 
Solom on codes have different characteristic in term s of handling the errors, so their 
concatenation lead to give benefits in BER perform a nce. M ore specifically, the CC is 
good for correcting random  errors that is caused du e to a noisy channel and RS codes can 
com bat burst errors which is caused by convolutiona l decoder. This is m ain reason for 
using concatenated schem e because it reduces overal l error rate than single coding 
schem e. It has been used in deep space com m unicatio ns and digital video broadcasting 
system s. RS-CC code is a concatenated code of RS co de as the outer code and 
Convolutional code as the inner code [11]. The basi c structure for RS-CC concatenated 
codes is shown in fig. 3. 
 
Fig. 4 shows the basic block structure of CC-RS cod es. CC-RS code is a concatenated 
code of Convolutional code as the outer code and RS  code as the inner code. The basic 
structure for CCRS concatenated codes is shown in f ig. 



 
 

Figure II  block dia. O f concatenated code 
         
 5. Sim ulation Results : A full system  m odel was im plem ented in M atlab accor ding to 
the above described system  for different coding tec hniques. Perform ance analysis is done 
for different code rates by taking random  data stre am  of defined length for each of the 
coding techniques. Here we transm it our data by usi ng O FDM  technique in which large 
num ber of closely-spaced orthogonal sub-carriers ar e used to carry data.  Each sub-carrier 
is m odulated w ith a conventional m odulation schem e (such as Quadrature Am plitude 
M odulation or phase-shift keying ). Here we have used BPSK (Binary Phase Shift Keying) 
and QPSK (Quadrature Phase Shift Keying) phase shif t keying m odulation and 
dem odulation for all the sim ulations. The encoded d ata is then passed through Nakagam i-
m  fading channel w ith which adds additive white Gau ssian noise (AW GN) to the channel 
sym bols produced by the encoder. In the follow ing f ig.s, Eb/No dB denotes the 
inform ation bit energy to noise power density ratio  and at the y-axis we plot the bit error 
rate (BER). First we run the sim ulations for only c onvolutional codes w ith different 
com bination of m odulation technique and code rates .  i.e. BPSK -1/2,QPSK-1/2 QPSK-
3/4, 16QAM -1/2, 16QAM -3/4, 64QAM -2/3, 64QAM -3/4. Th e block length (n) taken is 
2400 and traceback length as 2.it can be seen that when we m ove lower m odulation 
schem e i.e. BPSK to higher m odulation schem e i.e. Q AM  the BER perform ance decrease 
because we com bined large no. of bit to form  a sym b ol. For sam e m odulation technique 
BER perform ance is different for different code rat e. For QPSK-1/2,QPSK-3/4  decrease 
the code rate the BER perform ance im proves and the best result com es for rate 1/2, for 
this the absolute BER perform ance is approx. 2.5dB better than code rate 3/4 at BER of 

.  
 

6. RS-CC Codes Sim ulations : Then we perform ed sim ulation for RS-CC codes. Here 
the outer code is RS code and the inner code is CC.  The inform ation bits go into the RS 
encoder and the output of RS encoder is the input o f the CC encoder. For com parison of 
sim ulation results for w ithout coding w ith the conc atenated codes The specification of 
outer and inner code for the two concatenated codes  is shown in  Table 1  
 
 
 
 
 
For different com bination of the m odulation techniq ue and code rate the Convolutional 
encoder we have used for the concatenated codes w it h the Reed-solom on give  the best 
BER result for sam e  code rate that we got in our f irst sim ulation when we  and the RS 

 Outer code Inner code 
RS-CC (511,240) 

RS code 
(171,135,140,158) 
   CC code  



encoder used is also the best outcom e result that w e got after com paring the sim ulations 
for different block lengths and different code rate s as shown in fig.IV  of this paper. W e 
used (511, 240) RS code in GF ( ). It can be decoded by using Berlekam p-M assey 
decoding algorithm . The convolutional encoder we us ed is (171, 135,140,158) w ith 
D ifferent code rate and 6 m em ories i.e. 7 constrain t length. Decoding is done by V iterbi 
decoding algorithm  with traceback length as 2 for R S-CC code and 4 for CC-RS code. So 
here we can say that the concatenation of codes giv es  the best results that we have got 
for the single RS and CC codes. It is clear that th e perform ance of RS-CC concatenated 
code outperform s that of non concatenated codes. It  can be seen that RS-CC curve shows 
less flattening effect and has a better slope than the other two codes.  
 
From  the above sim ulation results we can see that B ER perform ance w ith coding is m uch 
better than w ithout coding. W e can see from  the abo ve plot that the BER curves for 
concatenated codes too far better than the curve fo r uncoded data transm ission. The 
flattening effect of the curve keeps on reducing fr om  uncoded curve towards the RS-CC 
curve. The absolute BER perform ance for RS-CC code is  3.7 dB better than uncoded at a 
BER of 0.02315. we can easily see that RS-CC code p erform s better than CC-RS code. 
RS-CC provides better gain, the absolute BER perfor m ance for RS-CC code is about 1 
dB better than CC –RS code BER of 10-2. W e have ill ustrated the gains of several 
decibels for different FEC coding techniques as fol lows 
 
7. Sim ulation  Result  
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Figure III . BER  SNR graph for uncoded transm ission 
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Figure IV  . BER  SNR graph w ith using of concatenation coding  tran sm ission. 
 
 
 
8. C onclusion : In this paper we com pare the perform ance in term s o f BER of 
concatenated Forward Error Correction codes.on Naka gam i-m  fading channel. W e 
evaluate Bit Error Rate of convolutional codes at d ifferent code rates. The best results of 
each of the two code  were used to m odel the concat enated codes. we com pared the 
perform ance of both RS-CC concatenated codes w ith t he uncoded data transm ission. The 
sim ulation results confirm s the outperform ance of t he concatenated codes RS-CC. RS-
CC is no doubt m uch better than CC and RS codes but  the sim ulation result shows clearly 
that RS-CC is too m uch better than uncoded data. Du e to a good burst error-correcting 
capability of RS codes, total BER of RS-CC has sign ificant coding gain, and it increases 
as Eb/No increases. A lso the slope of concatenated codes is m ore strong and has less 
flattening effect. 
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