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ABSTRACT 
 

This paper investigates the impact of concatenation of an interleaved low density parity check (LDPC) 

code with convolutional channel coding on the performance of the space time block coded (STBC) 

orthogonal frequency-division multiplexing (OFDM) wireless communication system on text message 

transmission. The concatenated channel encoded OFDM system deploys various digital modulations 

(BPSK, QPSK and QAM) over an additative white gaussian noise (AWGN) and other fading (Raleigh and 

Rician) channels. Computer simulation results on bit error rate (BER) demonstrate that the 1/2-rated 

convolutional and LDPC channel encoded OFDM system outperforms with BPSK modulation technique 

as compared to other digital modulation schemes and the system is highly effective to combat inherent 

interferences under AWGN, Rayleigh and Rician fading channels. The BER performance of the 

concatenated channel encoded OFDM system with 1/2-rated channel coding is better as compared to 3/4-

rated channel coding. The transmitted text message is found to have retrieved effectively under noisy and 

fading situations. It is anticipated from the BER simulations that the performance of the communication 

system degrades with the increase of noise power.  
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1.   INTRODUCTION 

 

The next generation wireless systems are required to have better voice quality and coverage, be 

more power and bandwidth efficient, and be deployed in diverse environments. The 

fundamental phenomenon, which makes reliable wireless transmission difficult, is time-varying 

multipath fading [1]. In most scattering environments, antenna diversity is a practical, effective 

and, hence, a widely applied technique for reducing the effect of multipath fading. The classical 

approach is to use multiple antennas at the receiver and perform combining or selection and 

switching in order to improve the quality of the received signal. The major problem with using 

the receive diversity approach is the cost, size, and power of the remote units. The use of 

multiple antennas and radio frequency (RF) chains (or selection and switching circuits) makes 

the remote units larger and more expensive. As a result, diversity techniques have almost 

exclusively been applied to base stations to improve their reception quality. A base stations 
often serves hundreds to thousands of remote units. For this reason, transmit diversity schemes 

are very attractive.  
 

Recently, multiple antenna techniques have been extensively studied for high rate data 

transmission and increasing transmission efficiency [2-7]. The space-time block coding (STBC) 

technique, one of the representative multiple antenna techniques, is most attractive for these 
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purposes. STBC, an effective transmit diversity technique, was first proposed by Alamouti [4] 

for flat fading channel. Alamouti suggested a space time code for two transmit antennas, which 

provides a diversity gain and has a very simple decoder. On the other hand, the OFDM 

technique has been widely accepted for the transmission of high rate data due to its robustness 

to inter-symbol interference. In this context, the STBC-OFDM system may be one of most 
promising system configurations that can be adopted for 4th generation mobile systems. The 

combination of STBC and OFDM results in an enhanced system performance in wideband 

wireless channels [8],[9].  
 

For the sake of further improving the performance, forward error correction (FEC) schemes may 

be invoked for protecting the subcarriers against frequency selective fading in an OFDM 

environment. Many error-correcting codes have been applied to OFDM such as convolutional 

codes, Reed-Solomon codes, Turbo codes [10], and so on. Recently, low-density parity-check 

(LDPC) codes have attracted much attention particularly in the field of coding theory. LDPC 

codes were proposed by Gallager in 1962 [11],[12] and are now recognized as good error- 

correcting codes achieving near Shannon limit performance[13]. In order to provide channel 

coding gain, the family of low density parity check (LDPC) codes has emerged as an attractive 
alternative to turbo coding [9]. The performance of LDPC codes has been also evaluated on a 

block fading channel and it has been shown that the LDPC codes achieve a large gain with 

respect to convolutional codes for large packet length [14]. [11] showed that LDPC codes are 

effective to improve the error performance of OFDM in multipath environments. It has also 

been shown in [15] that LDPC based space-time coded OFDM systems are capable of 

efficiently exploiting the achievable spatial diversity in wireless channel.   The concatenation of 

convolutional and LDPC channel coding is employed in OFDM system for achieving good error 
rate performance with reasonable complexity.  
 

Throughout this paper, we only consider a 12 × system with two transmit and one receive 
antennas. The STBC-OFDM system is developed by applying Alamouti’s representative STBC 

scheme to the OFDM system for text message transmission. We evaluate the bit error rate 

(BER) of the STBC-OFDM system with concatenation of outer low-density parity-check and 

inner convolutional channel coding schemes and compare the BER performance of the system 

working under each of the three types of digital modulation (BPSK, QPSK and QAM) on the 

AWGN, Rayleigh and Rician fading channels. 
 

A brief survey of literature in the area relevant to this paper is as follows. J. Ha et al. [16] 

proposed LDPC code for both Alamouti-OFDM scheme and singular-value decomposition 

(SVD)-OFDM scheme to provide low BER at a high spectral efficiency and low SNR. Further 

to enhance system performance M.Y. Alias et al. [17] proposed concatenated LDPC and Turbo 

coding assisted space-time block coded wireless OFDM system. J. Wu and H-N Lee [18] have 
shown that channel capacity can be significantly increased by using LDPC coded modulation in 

multiple-input multiple-output (MIMO) multiple-access systems. The BER performance of a 

concatenated LDPC encoded OFDM system is studied by M.D. Haque et al. [19] and concluded 

that the proposed system is very much effective in proper identification and retrieval of 

transmitted color image in noisy and fading environment. M. M. Hossain et al. [20] also studied 

the impact of LDPC on the performance of an OFDM system under various digital modulations 

over an AWGN and other fading channels and they shown that the proposed system with 
deployment of QAM modulation is highly effective to combat inherent interferences and to 

retrieve the transmitted black and white image properly under noisy and fading situations. 

         

2.   SYSTEM MODEL 
  

The architecture of our STBC-OFDM system for text message transmission that utilizes a 

concatenated LDPC scheme with 2=Tn  transmit and 1=Rn  receive antennas as shown in 
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Figure 1. At the transmitter, a text messages “Information Technology is a very important sector 

in modern world. It is a computer based education.” is taken as input. The Text message is 

converted into binary data of length 696 bits. The binary bits are encoded at the LDPC encoder. 

An irregular LDPC code defined by 696×1392 parity check matrix as (1392,696) LDPC with a 

code rate of nkr /= generated in Matlab. Thus the LDPC encoder has k(696) input bits and 

n(1392) coded output bits. These coded bits are interleaved to minimize burst error and 

subsequently applied to the 1/2-rated (3/4-rated) convolutional encoder considering the 

constraint length of 7 and modulated digitally by binary phase shift keying (BPSK)/ quadrature 

phase shift keying (QPSK)/ quadrature amplitute modulation (QAM) at the modulator. The 

outputs of the modulator are complex BPSK/QPSK/QAM modulation symbols, which are 

passed to the Alamouti STBC encoder where the symbol values are multiplexed to the two 

antennas. In the OFDM block instant ( )i2 , kX ,1  and kX ,2 are mapped to the k-th subcarrier to 

be transmitted from antenna 1 and 2. Next at the block instant ( )12 +i , 
∗

− kX ,2 and 
∗

kX ,1 are 

mapped to the k-th subcarrier to be transmitted from antenna 1 and 2. The transmitted STBC-

OFDM symbols are given by 
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At the receiver, the received time domain signals after discarding the cyclic prefix are passed 

through an fast Fourier transform (FFT) operation to obtain the k-th subcarrier values for 

symbol period ( )i2 and ( )12 +i .The signals are then fed to the Alamouti STBC decoder which 

Figure 1. Block diagram of a concatenated STBC-LDPC 

encoded OFDM system. 
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apply maximum ratio combining (MRC) technique for providing strongest outputs. In MRC, 

signals from all paths are cophased and summed with optimal weighting to maximize combiner 

output signal to noise ratio (SNR). The outputs of the STBC decoder are subsequently 

demapped, convolutionally decoded, deinterleaved and then fed to the LDPC decoder to retrieve 

bits using an iterative sum-product algorithm. Finally the LDPC decoded binary bit stream is 
converted into text message.   

 

3.   PERFORMANCE ANALYSIS 
 

Computer simulation using text message transmission has been performed to evaluate the BER 

performance of the concatenated LDPC encoded OFDM system under different modulation 

schemes. Figs. 2 through 5 show the BER performance of a concatenated LDPC encoded 

OFDM system under three types of digital modulations (BPSK, QPSK and QAM) on both 

AWGN and fading channels.  

 

As seen from Figure 2 shows that the 1/2-rated convolution and LDPC encoded OFDM system 
outperforms at BPSK modulation and the system provides worst performance in the case of 

QPSK on the AWGN channel. For a typical value of energy per bit to noise ratio )
0

/( N
b

E  of 

0.75 dB, the BER values of BPSK and QPSK are 0.0007 and 0.0028 respectively which implies 

that the system performance with BPSK modulation is about 6.02 dB better than that of the 

system with QPSK modulation.  
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Figure 3 shows the BER performance of the 3/4-rated convolution and LDPC encoded OFDM 

system on the AWGN channel. Comparing the three represented graphical illustrations it is 

observable that the system performance with BPSK modulation is improved by 3.68 dB than 

that of the system with QPSK modulation for a typical value of )
0

/( N
b

E as 0.75 dB, where the 

BER values for BPSK and QPSK are 0.003 and 0.007 respectively. Comparing the graphical 

illustrations in Figures 2 and 3 and the BER values for a typical value of )
0

/( N
b

E  as 1.0 dB, it 

Figure 2. BER of the 1/2-rated convolution and LDPC encoded OFDM 

system under different modulation chemes and AWGN channel. 
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is observable that the system performance with 1/2-rated channel coding is better than that of 

the system with 3/4-rated channel coding. 
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Figure 4 demonstrates that the BER performance of the 1/2-rated convolutional and LDPC 

encoded OFDM system under different digital modulations on a Raleigh fading channel 

degrades due to fading channel effect. The system outperforms at BPSK modulation and shows 

worst performance at QPSK modulation; the system with QPSK is more influenced by the 

Doppler frequency shift and its performance degrades. At )
0

/( N
b

E  of 1.0 dB (where the BER 

Figure 3. BER of the 3/4-rated convolution and LDPC encoded OFDM 

system under different modulation schemes and AWGN channel. 

 

Figure 4. BER of the 1/2-rated convolution and LDPC encoded OFDM 

system under different modulation schemes and Rayleigh fading channel. 
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values for BPSK and QPSK are 0.0037 and 0.0058 respectively), the system performance is 

improved by 1.97 dB in BPSK modulation as compared with QPSK. 
 

The BER performance of the 1/2-rated convolutional and LDPC encoded OFDM system on the 

Rician fading channel is shown in Figure 5. The system provides satisfactory performance with 

BPSK modulation. Due to fading effect, the system performance undergoes significant 

degradation in QPSK modulation. In comparison of the BPSK with QPSK modulation, it is 

found that the system performance is improved by 2.43 dB in the case of BPSK for a typical 

)
0

/( N
b

E  value of 1.0 dB (where the BER values for BPSK and QPSK are 0.002 and 0.0035 

respectively).      
     

Comparing the system performance on the Rayleigh and Rician fading channels in Figures 4 

and 5, it is observable that the BER performance under Rician fading channel is better than that 

in Rayleigh fading channel. For a typical )
0

/( N
b

E  value of 1.0 dB, where the BER values for 

BPSK under Rayleigh and Rician fading channels are 0.0037 and 0.002 respectively, which 
implies that the system performance is improved by 2.67 dB.     
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Under Rayleigh fading channel environment, the transmitted and received text messages are 

shown in Figures 6(a) through 6(d) for )
0

/( N
b

E  values of 0.5 dB, 1.0 dB and 1.5 dB 

respectively for the 1/2-rated convolutional and LDPC encoded OFDM system. The erroneous 

characters in the retrieved text messages are   shown in bold faces (Figure 6).  

 

 

 

 

 

Figure 5. BER of the 1/2-rated convolution and LDPC encoded OFDM 

system under different   modulation schemes and Rician fading channel. 
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Information Technology is a very important sector in modern world.  

It is a computer-based education. 
 

(a) 

 

Information Technology is a0very important rector$in modern world.  

It!is a computer-based education. 
 

(b) 
 

Information Technology is a very0important sector in modern world.  

It is a computer-fased education. 
 

(c) 

 

Indormation Technology is a very important sector in modern world.  

It is a computer-based education. 
 

(d) 

   
 

 

 
 

4.   CONCLUSIONS  
 

In this paper, we have analyzed the bit error rate performance of a concatenated low density 

parity check encoded Alamouti-based space-time block coded Orthogonal frequency division 

multiplexing system under various digital modulations employing two transmit antennas and 

one receive antenna. It has been showed that the proposed system achieves good error rate 

performance under BPSK modulation technique in AWGN, Rayleigh and Rician fading 

channels. On the basis of the results obtained in the present simulation based study, it can be 

concluded that the deployment of a concatenated channel coding scheme with low-density 

parity-check and convolutional codes and Alamouti’s transmit diversity technique in Orthogonal 

frequency division multiplexing based wireless communication system under BPSK modulation 
is very much effective in proper identification and retrieval of transmitted text message in noisy 

and fading environments. 
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