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 In wireless communication systems (WCS), channel characteristics are 

random and unpredictable. The resultant effect of the randomness is the 

multipath effect that leads to multipath fading. Multipath fading is a major 

contributor to the unreliability of wireless communication links. In this 

paper, Multiple-Input, Multiple-Output (MIMO) schemes were investigated 

in mitigating the effect of signal fading. Space-time coded MIMO-OFDM 

was developed to enhance the performance of the WCS. The performance of 

the developed space-time coded MIMO-OFDM over both flat and frequency 

selective channels were compared with that of conventional WCS. The 

simulation results show that the space-time coded MIMO-OFDM 

considerably reduced the effect of multipath fading in WCS with improved 

bit error rate (BER) value. 
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1. INTRODUCTION  

The rate of acquisition and usage of mobile telephony, internet, and multimedia services has put a 

lot of pressure on spectrum demand particularly in wireless communication systems (WCS). The allocated 

radio spectrum to wireless systems is limited making it scarce and expensive. As a result, the development of 

WCS has to focus on increasing data rate as well as improving performance without increase in bandwidth 

and transmission power [1-3]. 

The communication channels’ environment that WCS operates in determines their performance. 

These channels are characterized by time varying propagation medium, which influences the quality of 

signals being transmitted causing them to vary rapidly. The received signals may be impaired by multipath 

effects: such as lack of line-of-sight during transmission, multiple reflection of radiated energy from man-

made objects, scattering, as well as mobility—also known as Doppler [4]. By the time-varying nature of the 

received signals, the resultant effects of the impairments could be constructive, and occasionally destructive, 

forming a periodically fading signal at the receiver. Fading, not only leads to degradation in the quality of the 

propagated signal but also, restricts the speed and reliability of the system [5]. Fading-effect is more 

pronounced in systems operating in the Unlicensed National Information Infrastructure (UNII) operating 

frequency range like the WLAN systems. A plethora of techniques has been proposed in the literature to 

reducing the effects of fading, with application to WCS particularly: (a) the combination of MIMO (multiple-

input, multiple-output) and OFDM (orthogonal frequency division multiplexing) is potentially robust to 

channel frequency selectivity, as well as in combating fading effects [6-10]; (b) the forward error correction 

technique e.g. space-time coding in MIMO channels [11- 15]. These approaches have attempted to increase 

data rate by improving the bit error rate (BER) performance of the system. 



                ISSN: 2252-8776 

IJ-ICT  Vol. 2, No. 2,  July 2013 :  57 – 63 

58 

In this paper, MIMO (multiple-input, multiple-output) schemes were investigated in mitigating the 

effect of signal fading as they affect wireless communication systems. A particular emphasis is placed on 

space-time coded MIMO-OFDM to enhance the performance of the WCS. The performance of the developed 

space-time coded MIMO-OFDM over both flat and frequency selective channels were compared with that of 

conventional WCS.   

In Section 2, the mathematical description of the space-time coded OFDM is discussed. Section 3 

discusses the MIMO system model using a 2×2 scheme as a case study. Section 4 contains the mathematical 

descriptions of capacity of an ergodic channel. Section 5 presents the performance curves generated based on 

simulation models developed in MATLAB. Conclusions are drawn in Section 6. 

 

2. SPACE-TIME CODE AND ORTHOGONAL FREQUENCY-DIVISION MULTIPLEXING  

The need to enhance the quality of wireless communication systems in the range of their wired 

counterparts leads to development of space-time processing for MIMO wireless communications. Space-time 

coding (STC) technique, a MIMO transmit strategy, exploits transmit diversity and gives high system 

reliability, and leads to various coding methods: e.g. space-time trellis codes (STTC); space-time block codes 

(STBC); space-time turbo trellis codes and layered space-time (LST) codes [2, 5, 15, 16]. STTC and LST 

have an advantage over STBC by offering coding gain although they are very difficult to design and require 

complex encoders and decoders [4, 17].   

Though, the design of space-time codes in frequency-selective-fading channel is intricate because of 

the existence of Inter Symbol Interference (ISI) [18], the OFDM technique attempts to combat the ISI 

problem [9, 10, 18-20]. OFDM converts a frequency selective MIMO channel into a set of parallel frequency 

flat MIMO channels and randomize the burst errors caused by a wideband-fading channel [13, 21- 24].  

In an OFDM system, the entire channel is partitioned into sub-channels and a block of data is 

modulated to a set of subcarriers [20, 21].  

Suppose there are N numbers of sub-channels in an OFDM symbol, and the pair of OFDM symbols in an 

STBC block as 

    Tnn xx 1X
       

 (1) 

      
 

where )(nx  and )1( nx  are the modulated symbols and [.]
T
 denotes the transpose operation. The ST encoder 

maps X into  
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where  nX  is the output of ST encoder,  symbols  
*

1 nx  and  
*

nx  are orthogonal copies of the original 

symbols.  

Then, at the first time t, the symbols
  nx and  1nx  are transmitted simultaneously from the two transmit 

antennas. Assuming that each symbol has duration T, at the next time slot t+T, symbols  
*

1 nx  and  
*

nx  

are transmitted from the two antennas respectively. In this scheme, at the first timeslot, the original sequence 

is transmitted unaltered, while at the second timeslot, space-time coded version is transmitted. Upon 

application of Alamouti’s [5] space-time block coding, symbol can be transmitted both in space and time. 

 

3. MIMO SYSTEM MODEL 

      Before delving into MIMO modeling, the SISO channel is considered. The input and output 

relationship of a SISO channel is given by: 

nhxy 
       

 (3) 

where y is the received signal, x is the transmitted signal and, h and n are respectively the impulse response of 

the channel and the channel noise. For a generalized MIMO scheme with Nt transmit and Nr receive antennas, 

the received signal vector y is modeled as [25]: 

  

nHxy 
        

(4) 
 

where x is the transmitted signal vector, H is the channel matrix—also known as channel state information—

between transmitter and receiver, and n is the complex additive white
 
Gaussian noise vector. The channel 

matrix is expressed thus: 
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where elements jih ,  are channel coefficients from the jth
 
transmit to ith receive antennas The channel 

coefficients between transmitter and receiver are assumed constant during the transmission of two 

consecutive symbols. So, channel coefficients are constant across two successive symbol periods enabling 

the coefficients to be expressed by 
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 (6) 

where respectively, 
jih ,

 and ji, are the amplitude gain and phase shift for the path from each jth
 
transmit 

antenna to the ith receive antenna.  

With proper cyclic extension, the vector of the received symbols at the first and second time slots after FFT 

process at the receive antennas, expressed in terms of the transmitted symbols and channel coefficients, is 

given by [22]:  
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Basically in a multipath-fading channel with an additive white Gaussian noise (AWGN), the MIMO receiver 

is designed to exploit time and space diversity so as to maximize the diversity reception of the symbols. With 

proper cyclic extension, the received symbols at the first and second time slots after FFT process at the 

receive antennas are given by [2]: 
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The AWGN is assumed as having zero mean but variance
2

n .  

In general, the received signals at ith receive antenna during the two time instances satisfy the equations: 

   

    2,

*

2,

*

11,2,

1,12,1,1,

ininii

ininii

nxhxhy

nxhxhy









      

 (9) 

 

To decode )(nx  and )1( nx , the combiner is designed to give: 
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Detection of  nx and  1nx  is greatly simplified since there is no interference between  nx  and  
*

1nx ; 

implying that, 
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where )(nx


and )1( 



nx  are the estimated received signals in both time slots of symbols transmissions, 
2

, ji  

and 
*

, jih are the squared magnitude and complex conjugate of the channel transfer function jih , respectively, 

and 
*

, jin is the complex conjugate of the noise jin ,  for both time slots. Alternatively, 
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The combined signals are sent to a maximum likelihood, or Zero Forcing decoder [23] to estimate the 

transmitted symbols.  

 

4. CHANNEL CAPACITY 

The capacity of an ergodic channel is given in terms of bits/sec or by normalizing with bandwidth 

by bits/sec/Hz. The SISO system channel capacity for ergodic channels is defined as: 
 

C = log 2 1+SNR( )   bits/sec/Hz       (14)

 
 

for a constant data rate and relatively stable SNR, and it is independent of channel state information.  

The capacity of MIMO channel can be derived as [7]: 
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Upon expansion, and generalization, we write expression for channel capacity without channel state 

information at the transmitter: 
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where pk is the transmit power and 
2

kλ is the channel gain on the kth sub-channel. Alternatively,  

 



















K

k nt

keff

N

p
C

1
2

,

2 1log


       

 (17) 

 

where Peff,k is the effective power. 
 
 

5. SIMULATION RESULT AND DISCUSSION 

The simulation was run for over 10
4
 transmitted blocks of data with varying signal-noise ratio values ranging 

from 0 – 30 dB with BPSK modulation. The ST coded OFDM system using BPSK is simulated and bit error 

performances are compared with the conventional system without STC. Performance comparison between 

these schemes is shown in Fig. 1. For instance, to achieve BER of 10
-2

 for an STC system, 21 dB SNR is 

needed. However, a 28 dB SNR is required to achieve the same BER for a conventional system. This implies 

that 7 dB more increase in signal power is required for conventional system to achieve the same BER of 10
-2

 

as the ST coded OFDM employed in this work. From the results, it is observed that performance of STC-

OFDM system performs significantly better than the system without ST code. This implies that, to achieve 

certain BER, power consumption by ST coded OFDM is comparatively reduced.  
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Figure 1. Performance comparison of bit error rates 
 

For the performance comparison of different MIMO schemes and in compliance to IEEE 802.11n 

requirements, we restrict our investigation to four antennas at both sides of the link; i.e. Nt = Nr = 4. The 

performance of different schemes is shown in Fig. 2.  As observed, there is an increase in performance as the 

numbers of both transmit and receive antennas increase. And comparatively, as shown in Fig. 2, at 10 dB, 

1×1 scheme has 3 bits/sec/Hz; 2×2 scheme has 6 bits/sec/Hz, 3×2 and 2×3 schemes have 7 bits/sec/Hz; 4×3 

and 3×4 schemes have 10 bits/sec/Hz; and 4×4 scheme has 12 bits/sec/Hz channel capacities. It is also 

observed in Fig. 2 for OFDM-MIMO schemes with variable Nt and Nr but with equal total number of 

antennas overlapping show equal capacity of the systems. Furthermore, when complexity is considered, small 

number of antennas is adequate for suitable performance. 

 

 
Figure 2. Analysis of MIMO channel capacity 
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6. CONCLUSION  

In this paper, MIMO scheme has been investigated for the wireless communication systems (WCS) 

over multipath fading channel with AWGN channels. Compared to a conventional communication systems; 

MIMO scheme provides improved data capacity at the given bandwidths leading to bandwidth efficiency of 

the scheme. Furthermore, performance of WCS was significantly improved by the implementation of space-

time coding technique, which substantially reduced erroneous data transmission to give reliable 

communication systems. Simulation results show that the space-time coded OFDM-MIMO systems has less 

bit error rate and better performance with respect to conventional communication systems. 

 
REFERENCES  
 

[1] Kaur N, Kansal L. Performance Comparison of MIMO Systems over AWGN and Rician Channels with Zero 

Forcing Receivers. International Journal of Wireless & Mobile Networks (IJWMN). 2013; 5(1): 73-84. 
 

[2] Alamouti S. M. A Simple Transmit Diversity Technique for Wireless Communications. IEEE Journal on 

Selected Areas in Communications. 1998; 16(8): 1451-1458. 
 

[3] Cho Y. S, Kim J, Yang W. Y, Kang C. G. ―MIMO-OFDM Wireless Communications with Matlab,‖ John 

Wiley & Sons, 2010. 
 

[4] Tsoulos G. ―MIMO System Technology for Wireless Communications‖ CRC Press, 2006. 
 

[5] Nagarani S, Seshaiah C. V. An Efficient Space-Time Coding for Wireless Communications. European Journal 

of Scientific Research. 2011; 52(2): 195-203. 
 

[6] Chide N., Deshmukh S., Borole P.B. Implementation of OFDM System using IFFT and FFT. International 

Journal of Engineering Research and Applications (IJERA.) 2013; 3(1): 2009-2014. 
 

[7] Lodro M. M, Abro M. H. Ergodic Capacity of MIMO Correlated Channels in Multipath Fading Environment 

with known Channel State Information. International Journal of Electrical and Computer Engineering 

(IJECE). 2012; 2(5): 691- 697. 
 

[8] Zeng J, Dong Z. Study on MIMO Radar Detection Performance Based on Simulation System. Journal of 

Computational Information Systems, 2011; 7(7): 2364-2370. 
 

[9] Prabakaran N, Shaji K.S. Performance Analysis of Downlink MIMO in 2x2 Mobile WIMAX System. Indian 

Journal of Computer Science and Engineering (IJCSE). 2013; 3(6): 834 – 838 
 

[10] Dubois T, Hélard, M, Crussière M. Time Reversal in a MISO OFDM system: Guard Interval design, 

dimensioning and synchronisation aspects. Wireless World Research Forum 29 (WWRF29) 2012; 1–6. 
 

[11] Webb W. ―Wireless Communications: The Future,‖ John Wiley & Sons Ltd, England, 2007. 
 

[12] Gershman A. B, Sidiropoulos N. D. ―Space-Time Processing for MIMO Communications,‖ John Wiley & Sons 

Ltd, England, 2005. 
 

[13] Yonis A.Z, Abdullah M.F.L. Uplink and Downlink of LTE-Release 10 in Cellular Communications. 

International Journal of Informatics and Communication Technology (IJ-ICT). 2012; 1(1): 43-53.  
 

[14] Sadek M, Tarighat A, Sayed A. H. Active Antenna Selection in Multiuser MIMO Communications. IEEE 

Transactions on Signal Processing. 2007; 55(4): 1498-1510. 
 

[15] Jeevakumari S.A.A, Venkatesh P.M. Performance Analysis of Space Time Coded MIMO Mobile Wimax 

(IEEE 802.16e). International Journal of Engineering Science and Innovative Technology (IJESIT). 2013; 2(2): 

521 – 526.  
 

 

[16] Bliss D. W, Forsythe K. W, Chan A.  M. MIMO Wireless Communication. Lincoln Laboratory Journal. 2005; 

15(1): 97-126. 
 

[17] B. Vucetic and J. Yuan ―Space-Time Coding,‖ John Wiley & Sons Ltd, England, 2003. 
 

[18] Lu B, Wang X, Narayanan K. R. LDPC-Based Space–Time Coded OFDM Systems over Correlated Fading 

Channels: Performance Analysis and Receiver Design. IEEE Transactions on Communications.2002; 50(1): 

74-88. 
 

[19] Sharma P, Sharma A, Bandhu K. C. Performance Evaluation of Adaptive Modulation Techniques and Offered 

Load in OFDM-based WiMAX Network by Considering Cyclic Prefix. International Journal of Scientific & 

Engineering Research. 2011; 2(11): 1- 4. 
 

[20] Shin O, Chan A. M, Kung H. T, Tarokh V. Design of an OFDM Cooperative Space-Time Diversity System. 

IEEE Transactions on Vehicular Technology. 2007; 56(4): 2203-2215. 
 



IJ-ICT  ISSN: 2252-8776  

 

Performance Analysis of Bit-Error-Rate and Channel Capacity of MIMO (Isiaka Ajewale) 

63 

[21] Wang Z. J, Han Z, Liu K. J. R. A MIMO-OFDM Channel Estimation Approach Using Time of Arrivals. IEEE 

Transactions on Wireless Communications. 2005; 4(3): 1207-1213 
 

[22] Saeed M, Mohammad A. M. Study of the Sensitivity of the OFDM Wireless Systems to the Carrier Frequency 

Offset (CFO). International Journal of Distributed and Parallel Systems (IJDPS). 2013; 4(1): 1 - 13. 
 

[23] M.O. Kolawole, ―Satellite Communication Engineering,‖ Marcel Dekker, New York. 2002. 
 

[24] Popoola J.J. Computer Simulation of Hata’s Equation for Signal Fading Mitigation. Pacific Journal of Science 

and Technology. 2009; 10(2): 462-470. 
 
 

[25] Zhan J, Nazer B, Erez U, Gastpar M. Integer-Forcing Linear Receivers. IEEE Transactions on Information 

Theory.  2013: 1-40. 

 

BIOGRAPHY OF AUTHORS  

 

 

 

Isiaka Ajewale Alimi received B. Tech. (Hons) and M. Eng. in Electrical and Electronics 

Engineering respectively from Ladoke Akintola University of Technology, Ogbomoso, Nigeria in 

2001, and the Federal University of Technology, Akure, Nigeria in 2010. He is currently pursuing 

his Ph.D at the Federal University of Technology Akure. He has extensive experience in radio 

transmission, as well as in Computer Networking. His areas of research are in Computer 

Networking and Security, Advanced Digital Signal Processing and Wireless communications. He is 

a COREN (Council for the Regulation of Engineering in Nigeria) registered engineer, a member of 

the Nigerian Society of Engineers (NSE). 

  
 

 

 

Jide Julius Popoola received B. Eng. (Hons) and M.Eng. (Communication) degrees from the 

Federal University of Technology, Akure, Nigeria in 1999 and 2003 respectively and Ph.D from the 

School of Electrical and Information Engineering, University of the Witwatersrand, Johannesburg, 

South Africa in 2012. He is a Lecturer in Depertment of Electrical and Electronics Engineering, 

Federal University of Technology, Akure, Nigeria. He has published over 10 refereed international 

jounal and conference papers. He is a member of IEEE. His research interests are in signal fading 

mitigation, radio spectrum management and cognitive radio technology.   

  
 

 

 
 

Kayode Francis Akingbade received Master of Engineering (MEng) and PhD degrees in Electrical 

Engineering (Communication) from the Federal University of Technology, Akure, Nigeria in 2003 

and 2011, respectively. He is a Lecturer in depertment of Electrical and Electronics Engineering, 

Federal University of Technology, Akure, Nigeria. He has published over 4 refereed international 

jounal and conference papers. His research interests are in Biomedical Engineering and Satellite 

Communication.   

 

 

 

  

 

 

Michael O. Kolawole earns BEng (Victoria University, Melbourne 1986) and PhD (UNSW, 

2000) in electrical engineering, and Master of Environmental Studies, MEnvSt (Adelaide, 

1989). He is concurrently LEAD Scholar and Professor of Electrical Engineering 

(Communication) at the Federal University of Technology, Akure Nigeria and Director of 

Jolade Consulting Company, Melbourne Australia where, since its establishment, he has 

provided vision and leadership (www.jolade.com.au). Michael has published over 40 peer-

reviewed papers; a chartered professional engineer, who has received a number of 

distinguished awards for his research excellence; holds 2 patents, and has overseen a number 

of operational innovations. Michael is the author of three books: (i) Satellite Communication 

Engineering. New York: Marcel Dekker, 2002; (ii) Radar Systems, Peak Detection and 

Tracking, Oxford: Elsevier, 2003; and (iii) A course in telecommunication engineering, New 

Delhi: S Chand, 2009; and (iv) co-author of Basic Electrical Engineering, Akure: Aoge Publishers, 

2012. Michael has consulted widely and published extensively in his areas of expertise. His 

research inerests are in Biomedical engineering, satellite communication engineering, radar 

systems and tracking, and remote sensing. He enjoys playing clarinet and saxophone, and 

composing, arranging, and listening to classical and contemporary music. 
 

 


