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The enormous developments through recent years in the wireless communications 

applications have led to important needs for increasing the data bandwidth and channel 

reliability (the probability of correct reception at the receiver) which are required to 

support several multimedia applications. Orthogonal Frequency Division Multiplexing 

(OFDM) has become the common method for services that need high data rate and 

robust to the inter-symbol interference (ISI). On the other hand, high data rate 

transmission needs more bandwidth. This problem gives a great motivation to use 

Multiple Input Multiple Output (MIMO) technique as a solution to increase the spectral 

efficiency. Therefore, the combination of OFDM with MIMO systems will allow higher 

data throughput while increasing the bandwidth efficiency at the same time. However, 

the channel coding technique is still required in MIMO-OFDM system in order to 

improve error performance by protecting the data transmission and decreasing the Bit 
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Error Rate (BER) over fading and noisy channel. Therefore, this thesis proposes a 

concatenated Reed-Solomon\Convolutional code for MIMO-OFDM system as a channel 

coding technique, so that the bandwidth efficiency and the channel reliability can be 

increased. The performance of MIMO-OFDM using concatenated Reed-Solomon and 

Convolutional Codes is investigated over Rayleigh fading channel with Additive White 

Gaussian Noise (AWGN), and Rician fading channel with AWGN. The simulation 

works have been carried out using MATLAB software. The channel reliability 

improvements are performed by the curve of Bit Error Rate (BER) against Signal-to-

Noise Ratio (SNR). The performance of MIMO-OFDM system with concatenated code 

has also been compared with other possible concatenated systems over Rayleigh and 

Rician fading channel.  Using the proposed system, a coding gain up to 16dB at 10
-3

 of  

BER has been obtained over Rayleigh fading channel with AWGN, while 11dB of 

coding gain at 10
-3

 of BER has been achieved over Rician fading channel with AWGN, 

compared to uncoded  MIMO-OFDM system also it performs better than other 

concatenated MIMO-OFDM systems. The results show that the proposed code rate is 

performed better than other code rates with MIMO-OFDM system over both of Rayleigh 

and Rician fading channel with AWGN. Lastly, the burst error has been analyzed in our 

proposed system for both of interleaving process and Reed-Solomon Codes.  
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PELBAGAI MASUKAN-PEMULTIPLEKS BAHAGIAN FREKUENSI 

ORTOGONAL ATAS LALUAN PELBAGAI ARAH SALURAN PUDAR  

 

  

Oleh 

GHASAN ALI HUSSAIN  

July 2013 

  

Pengerusi: Makhfudzah bt. Mokhtar, PhD 

Fakulti:  Kejuruteraan 

  

Perkembangan yang besar bagi abad terkini dalam aplikasi komunikasi wayarles 

menyebabkan berlakunya keperluan yang mendesak untuk meningkatkan lebar jalur data 

dan kebolehpercayaan (saluran kebarangkalian penerimaan yang betul pada penerima) 

yang diperlukan untuk menyokong beberapa aplikasi multimedia. Pemultipleks 

Frekuenci  Ortogonal (OFDM) merupakan kaedah biasa untuk perkhidmatan yang 

memerlukan kadar data yang tinggi dan lasak terhadap gangguan antara simbol  (ISI). 

Sebaliknya, penghantaran data berkelajuan tinggi memerlukan lebar jalur yang besar. 

Masalah ini telah memberi motivasi kepada penggunaan teknik Pelbagai Masukan 

Pelbagai Keluaran (MIMO) sebagai penyelesaian kepada kecekapan spektrum. Oleh 

yang demikian, gabungan teknik OFDM dan MIMO dapat membantu penghasilan data 

yang tinggi di samping meningkatkan kapasiti. Akan tetapi, pengkodan saluran yang 
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cekap masih diperlukan dalam sistem MIMO-OFDM untuk memperbaiki prestasi hingar 

pada jalur lebar yang tinggi dengan melindungi penghantaran data dan mengurangkan 

kadar ralat bit (BER) yang melalui saluran pemudaratan dan berhingar. Oleh itu, tesis ini 

mencadangkan kod turutan Reed Solomon dan pelingkaran bagi meningkatkan 

kecekapan lebar jalur dan kebolehpercayaan saluran. Prestasi MIMO-OFDM 

menggunakan kod turutan Reed Solomon dan pelingkaran diuji melalui saluran 

pemudaratan Rayleigh dengan Hingar Tambahan Putih Gaussian (AWGN), dan saluran 

pemudaratan Rician dengan AWGN. Kerja simulasi dijalankan dengan menggunakan 

perisian MATLAB. Penambahbaikan kebolehpercayaan saluran ditunjukkan oleh 

lengkungan kadar ralat bit (BER) melawan nisbah isyarat-kepada-hingar (SNR). Di 

samping itu, prestasi antara pemudaratan Rayleigh dan Rician turut dibandingkan. 

Dengan menggunakan sistem yang dicadangkan, gandaan kod sebanyak 16dB pada 10
-3

 

kadar ralat bit dihasilkan bagi saluran pemudaratan Rayleigh, manakala 11dB gandaan 

kod pada 10
-3

 kadar ralat bit pula diperoleh bagi saluran pemudaratan Rician, berbanding 

sistem MIMO-OFDM yang tiada pengkodan. Keputusan menunjukkan bahawa kadar 

kod yang dicadangkan adalah prestasi yang lebih baik daripada kadar kod lain dengan 

sistem MIMO-OFDM atas kedua-dua daripada Rayleigh dan saluran pudar Rician 

dengan AWGN. Akhir sekali, kesilapan pecah telah dianalisis dalam sistem cadangan 

kami untuk kedua-dua proses interleaving dan Kod Reed-Solomon. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

 

The Orthogonal Frequency Division Multiplexing (OFDM) has been becoming one of 

the successful methods in mobile wireless channels in mitigating the delay spread of 

multipath channel and improving the system capacity [1]. The OFDM has capability to 

resist inter-symbol interference (ISI), thus it becomes a strong candidate to be a standard 

for digital (video and audio) broadcasting, as well as for indoor broad-band wireless 

systems [2]. 

 

In practice, an OFDM is a transmission technology which can be used for both wire      

(e.g. via copper cables) and wireless communication systems. It is considered as a 

particular case of the common technique of Frequency Division Multiplexing (FDM) 

which modulates the digital or analogue data onto a number of carriers transmitted in 

parallel through the same medium of transmission. The significant reason for utilizing 

(FDM) is because it depends on the parallel data transmission in a frequency domain. 

Using this technique, each channel will occupy a short frequency band. Thereby, the 

frequency selective fading will be reduced. 
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High spectral efficiency is an attractive property in the OFDM technique compared to 

FDM. The FDM has limited spectral efficiency due to the selectivity of the band-pass 

filter required for demodulation system. In designing an OFDM, several carriers are 

orthogonal pairs, which suppress the Inter Symbol Interference (ISI). The orthogonality 

in OFDM is obtained by putting the RF carriers on a certain frequency grid and 

considering the rectangular pulse shaping [3]. 

 

Generally, high robustness versus frequency selective fading and a narrowband 

interference is a significant reason to utilize an OFDM system. In contrast, the 

interference or the single fade may cause a complete link to fail for single carrier 

systems, while the subcarriers in multicarrier systems will be slightly affected. The 

errors that may occur in subcarriers can be corrected by using coding techniques [4]. 

 

In fact, in any wireless communication signals, the signal will be passed via a number of 

several paths (multipath) during the transmission from the transmitter to the receiver. 

The propagation of the signal power drops off due to three effects: macroscopic fading, 

path loss and microscopic fading. The diversity technique can be used to mitigate the 

fading. In the diversity, the signal is propagating via multiple separated fading paths 

(frequency, time or space) then being combined constructively at the receiver. 

Therefore, the Multiple Input Multiple Output (MIMO) technique is an appropriate 

choice because it uses the spatial diversity through different antennas at the transmitter 

and the receiver [5]. 
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1.2 Problem Statement 

 

The OFDM system became a common method for the services of wireless indoor short-

range like video networking at homes that needs a high data rate, high quality of service 

systems and low of power consumption  with the addition to  the low cost [6]. 

 

Typically, several wireless applications require a high data rate, while the high data rate 

transmission needs more bandwidth. On the other hand, it is difficult to increase the 

bandwidth because it is very expensive and it is spectrally limited. By using multiple 

antennas at transmitter and receiver (known as MIMO), the system capacity can be 

increased. The combination of OFDM technique with MIMO systems would allow high 

data rate, as well as increasing the system capacity [9]. However, in multipath fading 

environments, the performance of OFDM degraded due to the increment of Bit Error 

Rate (BER) [6]. To improve the BER, coding techniques have been proposed to be 

implemented in OFDM system [7][8]. These coding techniques could improve the 

system performance by correcting the errors and then decreasing the BER. However, 

using concatenated code gives extra robust for channel coding and performs better than 

using single code [6]. Therefore, this work is aimed to investigate the improvement of 

MIMO-OFDM system using concatenated Reed Solomon and convolutional coding due 

to it is considered a relatively coding gain [22]. This concatenated coding will be tested 

at various code rates and its performance will be compared to other possible 

concatenated codings.      
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1.3 Motivations 

 

The motivations of this thesis are as follow:  

- To achieve high data rate and increase the system capacity, we applied the 

combination of OFDM and MIMO systems. 

- To improve the error performance or in other words, to increase the channel 

reliability over fading and noisy channel, we propose using concatenated Reed-

Solomon with Convolutional codes as a channel coding of MIMO-OFDM 

system to obtain a robust error control system rather than any other concatenated 

coding.    

 

1.4 Research Objectives  

 

Based on our study, it has been found that most of researchers discussed the issue of 

degradation for OFDM performance which occurs in multipath fading environments and 

they suggested a lot of methods like using several coding techniques and/or using 

MIMO channel. To the best of our knowledge, an investigation or study on improving 

the OFDM using MIMO system and concatenated Reed Solomon and convolutional 

codes has not been reported yet. 
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Therefore the following are the objectives of this study: 

 

(i) To develop a reliable MIMO-OFDM system using concatenated Reed Solomon 

and convolutional codes. 

(ii) To design and evaluate MIMO-OFDM system performance over Rician and 

Rayleigh fading with AWGN at different code rates. 

(iii) To compare the developed system with other concatenated codes of MIMO-

OFDM system. 

 

1.5 Research Contribution 

 

This research has proposed a reliable and high capacity of channel transmission in 

OFDM system by applying MIMO system and a proper concatenated technique, i.e. 

Reed Solomon and convolutional codes with optimum code rates of (1/7) and (1/2) 

respectively . Coding gain up to 16dB at 10
-3

 of Bit Error Rate (BER) is achieved using 

the proposed OFDM system over Rayleigh fading channel compared to uncoded MIMO-

OFDM systems. Meanwhile, up to 11dB of coding gain is obtained at 10
-3

 of BER for 

the proposed system over Rician fading channel with AWGN, compared to uncoded 

MIMO-OFDM systems. It also performs better BER rather than other concatenated 

MIMO-OFDM systems. 
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1.6 Scope of Work 

 

As mentioned earlier, the OFDM system is a very important technique that is used in 

wireless systems, such as indoor and outdoor broadcasting systems. These systems are 

mainly affected by the Rayleigh and Rician fading. Concatenated techniques are a very 

good method in providing strong reliable systems. Thus, our works will concentrate on 

concatenated coding over these fading channels to improve the reliability of channel 

transmission. The combination between OFDM and MIMO systems will be used with 

concatenated technique in our design system to increase the system capacity. Figure 1.1 

illustrates the scope of this thesis. 

 

 

 

 

 

 

 

 

Figure 1.1: Thesis Scope  

Improve the reliability of channel transmission + Increase the system capacity 

Resist inter-

symbol 

interference (ISI)
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(reliable system)
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system capacity 



© C
OPYRIG

HT U
PM

1.7  Thesis Organization 

 

The structure of this thesis is as follows: 

(i) Chapter one presents the introduction and general information on OFDM 

systems, as well as the MIMO configuration. Then, the problem statement, 

objectives, and contributions of the research are also presented. 

(ii) Chapter two presents the overview of an OFDM system and the techniques that 

have been used to improve the performance. This chapter also analyzes the 

system performance to show the advantages and disadvantages of each case. This 

overview includes the explanation of channel coding techniques and MIMO 

system.   

(iii) Chapter three explains the methodology of the proposed technique that designs 

the concatenated RS-Convolutional codes of MIMO-OFDM system over 

multipath fading channel with AWGN. It also provides a description of the 

system model and parameters that have been used. 

(iv) Chapter four describes the simulation results and their analysis. 

(v) Chapter five draws the conclusion and future work.  
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