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Abstract: A Multiple inputs multiple output (MIMO) systems in wireless communication is referred as a wireless communication 

system where more than one antenna is used at both sides of the communication path i.e. Transmitter side and Receiver side. The 

communication systems, which utilizing multiple transmit and multiple receive antennas are commonly known as multiple input 

multiple output (MIMO) systems. The coverage area and the transmission capacity of a wireless communication system can be 

improved by using this wireless networking technology. In digital signal processing, the processing algorithms for interference 

suppression are becoming more and more complex with more than one antenna at both ends of the transmission channel. Also, the 

growing demand for these networks has turned the frequency spectrum into a precious resource. For this reason, there is a strong 

need of a method which can pack more and more bits/Hz. Such a system is called multiple-input multiple-output (MIMO) system. The 

uplink coverage and capacity of OFDM systems with the conventional multi user detector receiver are interference limited. 

Particularly, during the roll–out phase, the coverage of OFDM system is uplink limited. A cheaper solution to improve the overall 

performance is using serial interference cancellation (SIC) at the base station. In this research work, a new hybrid (MMSE+SIC) 

receiver structure for interference cancellation for multiple-input multiple-output orthogonal frequency division multiplexing (MIMO-

OFDM) systems is proposed. Also, a general minimum mean square error (MMSE) channel estimation algorithm is given for 

multiple-input multiple-output orthogonal frequency division multiplexing (MIMO-OFDM) systems in spatially correlated multipath 

fading channels. The proposed method not only increases the capacity of system but also low down the Bit error rate. It can make full 

use of the channel correlations in space, time, and frequency to estimate the channel state information for various systems, including 

pilot-symbol assisted systems, pilot-embedded systems, and blind systems. MATLAB R2013a has been used to evaluate the 

performance of proposed algorithm using wireless communication toolbox and general MATLAB toolbox. The performance of the 

proposed method and existing method is measured using BER.  

Keywords: MIMO System, Minimum Mean Square Error (MMSE), Wireless Communication etc. 

 

1.  INTRODUCTION 
Systems utilizing multiple transmit and multiple receive 

antennas are commonly known as multiple input multiple 

output (MIMO) systems. This wireless networking technology 

greatly improves both the range and the capacity of a wireless 

communication system. MIMO systems pose new challenges 

for digital signal processing given that the processing 

algorithms are becoming more complex with multiple 

antennas at both ends of the communication channel.  MIMO 

systems constructively explore multi-path propagation using 

different transmission paths to the receiver [1]. These paths 

can be exploited to provide redundancy of transmitted data, 

thus improving the reliability of transmission (diversity gain) 

or increasing the number of simultaneously transmitted data 

streams and increasing the data rate of the system 

(multiplexing gain). The multiple spatial signatures can also 

be used for combating interference in the system 

(interferences reduction). A general model of a MIMO system 

is shown in Fig. 1. Wireless systems attempt to operate at high 

spectral efficiency and antenna diversity can be exploited to 

significantly enhance spectral efficiency by using multiple 

antennas at both transmitter and receiver, which potentially 

produces multiple parallel data channels, generally called a 

multiple-input multiple-output (MIMO) channel [2]. Multiple-

inputïmultiple-output (MIMO) systems have been widely 

adopted for wireless communications. Deploying MIMO 

technology in wireless systems has shown significant 

advantages over the traditional systems, including system 

capacity and link reliability. 

 
Figure 1: A general block diagram of a multiple input 

multiple output wireless communication system [1]. 

 

These issues can be achieved without increasing the system 

bandwidth [4]. In order to exploit the advantages of MIMO 

technology, there are many parameters that need to be 

optimized and estimated accurately. Orthogonal frequency-

division multiplexing (OFDM) has gained a great deal of 

popularity lately due to its high spectral efficiency and 

robustness to multipath. In the last few years, OFDM has been 
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employed in various commercial applications that include 

wireless local area networks, terrestrial digital audio 

broadcasting (DABT), and terrestrial digital video 

broadcasting [5]. Owing to the emerging demand for 

multimedia applications, next-generation communication 

systems are expected to improve substantially both link 

reliability and spectral efficiency. A key development in this 

regard is the use of multiple-antenna arrays at both the source 

and the destination nodes of a wireless link [6]. The 

combination of multiple-input multiple-output (MIMO) and 

orthogonal frequency division multiplexing (OFDM), known 

as MIMO-OFDM, is widely regarded as one of the key 

technologies of future wireless communication systems [7]. 

The capacity of the systems can increase linearly with the 

number of transmit antennas as long as the number of receive 

antennas is greater than or equal to the number of transmit 

antennas. As an increase in capacity means capability of faster 

communication, this unmatched capacity improvement over 

regular one-antenna systems has fueled a huge interest in 

MIMO techniques, thus leading to the development of many 

forms of MIMO systems. To achieve (sum) capacity in a 

multiuser network, one maximizes the sum of the information 

rates for all users subject to a sum power constraint. On the 

other hand, the power control problem deals with minimizing 

the total transmitted power while achieving a prespecified 

minimum Quality-of-Service (QoS) level for each user in the 

network [3]. 

  

2.  CAPACITY OF MIMO SYSTEMS 
From the mathematical point of view, the MIMO 

communication is performed through a matrix and not just a 

vector channel, so it is possible to transmit multiple parallel 

signal streams simultaneously in the same frequency band and 

thus increase spectral efficiency. This technique is called 

spatial multiplexing and is shown in Fig. 2.  

 
Figure 2: Block diagram of a MIMO system utilizing spatial 

multiplexing for capacity maximization [1] 

 

3.   BENEFITS OF MULTI-ANTENNA 

SYSTEMS 
The most important advantages of multiple antenna systems 

are array gain, interference reduction, and diversity gain. 

MIMO systems can exploit not only the transmit and receive 

multi-antenna benefits simultaneously but they also offer 

something new compared to the traditional antenna array 

systems, i.e., multiplexing gain. However, a compromise 

between diversity and multiplexing has to be made since it is 

not possible to exploit both maximum diversity gain and 

maximum multiplexing gain at the same time.[6] Ideally, 

adaptive systems would adapt the exploitation of multiple 

antennas to current conditions and thus simultaneously 

increase both the throughput and the reliability of 

communication system. 

OFDM SYSTEM MODEL: OFDM [8] transmitters generate 

both the carrier and the data signal simultaneously with purely 

digital circuits residing in the specialized DSP (Digital Signal 

Processor) microchips as shown in figure 3. 

 
Figure 3: Basic Structure of OFDM 

 

GENRATION OF OFDM SIGNAL  
All carriers are orthogonal to each other, which mean when 

one particular subcarrier is at its peak other are at zero all four 

carriers are orthogonal to each other, that means when one 

particular subcarrier is at its peak other are at zero as shown in 

the figure 4. 

 
Figure 4: OFDM Signal 

 

4.   SUCCESSIVE INTERFERENCE 

CANCELLATION DECODING 
Successive interference cancellation (SIC) is an iterative 

detection method which consists of three steps: zeroing, 

quantization, and interference cancelation. These steps are 
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iteratively repeated until all transmitted symbols are detected. 

In each iteration one symbol is detected with ZF or ZF-MMSE 

method, then it is quantized (truncated to the nearest possible 

transmitted values) and the influence of this symbol is 

subtracted from the received vector y. This decoding is a good 

compromise between the complexity (which is much lower 

than with ML decoding) and efficiency (which is much better 

than a simple liner ZF decoding). 

 

5.   METHODOLOGY 
1. Declaration of some input parameters 

¶ No. Of transmitter 

¶ No. Of receiver 

¶ Length of signal frame 

¶ Input signal to noise ratio 

2. Declaration of a loop according to input SNR 

3. Generation of random signal according to length of 

frame 

4. Declaration of a inner loop according to one frame 

5. Conversion of signal into binary bit stream format 

6. QPSK modulation of input data bit stream on carrier 

signal 

7. Reshaping of single modulated bit stream according 

to no. of transmitter and frame length 

8. Computation of standard deviation using number of 

receiver and input SNR 

9. Generation of Gaussian random noise 

10. Declaration of a dummy matrix according to frame 

length and Index (to be used at receiver end) 

11. Declaration of Outer-loop according to updated 

single stream bits 

12. Computation of channel matrix according to number 

of transmitters and receivers 

13. Combining of modulated data, noise and channel 

matrix (determine nulling rate) 

14. Application of sic on minimizing co-efficient matrix 

by finding minimum coefficient 

15. Declaration of a loop according to no. of transmitter 

16. Computation of equalized symbol at receiver end 

17. Demodulation of received data using QPSK and 

insertion of data into dummy matrix 

18. Again QPSK modulation of received data 

19. Multiplication of modulated data with channel matrix 

and subtraction from combined data 

20. Construction of dummy matrix according to number 

of receiver 

21. Computation of minimizing co-efficient matrix page 

114 paper 2 

22. Application of sic on minimizing co-efficient matrix 

by finding minimum coefficient 

23. Reshaping of the received matrix according to the 

frame length and calculation of number of Errors by 

comparing received data with original data 

24. Calculation of BER 

25. Display of  BER for both methods 

6.   EXPERIMENTAL RESULTS 
 MATLAB R2013a has been used to evaluate the performance 

of proposed algorithm using wireless communication toolbox 

and general MATLAB toolbox. All elements of channel 

matrix H are assumed to be i.e. zero mean complex Gaussian 

random variables with unit variance. The input SNR is defined 

as the ratio of the expected received power at each antenna to 

the noise power. The channel estimation errors are randomly 

generated from a Gaussian distribution. Also, a MIMO system 

is used with 2x2, 4x4 and 8x8 transmitters-receivers. The 

performance of the proposed method and existing method for 

all 3 combinations is measured using BER and number of 

errors. A plot of BER vs. SNR for 2x2 transmitters-receivers 

is given in figure 5. There are two plots in figure 5. One is for 

MMSE and another is for MMSE + SIC (proposed). It is 

almost clear from the graphs that proposed method has much 

lower BER as compared to that of MMSE. This is because 

conventional MMSE algorithm only considers the noise power 

and ignores the interference when generating the nulling 

weight. The effect of channel estimation error becomes more 

dominant as the SNR increases. As more symbols are 

transmitted simultaneously, there are more interfering signals. 

Therefore, if we do not consider the influence of channel 

estimation errors, the performance degradation becomes more 

significant in the system with more spatial streams. As the 

SNR increases, the interference caused by channel estimation 

errors becomes dominant and the interference plus noise level 

becomes nearly constant. We have also given bar graph of 

number of errors for 2x2 transmitters-receivers at each SNR in 

Figure 6. Number of errors in case of proposed method is 

almost equal to zero while; the same is considerable in case of 

MMSE. Power of received signal is also calculated for each 

SNR shown in Figure 7. Figure 8 is the snapshot of MATLAB 

command window for number of errors for 2x2 MIMO 

system. Figure 9-12 are the snapshots of same as above 

mentioned parameters for the case of 4x4 transmitters-

receivers and Figure 13-16 are the snapshots of same as above 

mentioned parameters for the case of 8x8 transmitters-

receivers. It can be concluded from all the figures that BER 

and number of errors gradually decreases as number of 

transmitters and receivers increases.  

 
Figure 5: Snapshot of BER vs. SNR for MMSE and 

MMSE+SIC for 2x2 MIMO systems 
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Figure 6: Snapshot of Number of Errors vs. SNR for MMSE 

and MMSE+SIC for 2x2 MIMO system 

 

 
Figure 7: Snapshot of power of received signal vs.SNR for 4 

x 4 MIMO systems 

 

 
Figure 8: snapshot of MATLAB command window for 

number of errors for 2x2 MIMO systems 

 
Figure 9: Snapshot of BER vs. SNR for MMSE and 

MMSE+SIC for 4x4 MIMO systems 

 

 
Figure 10: Snapshot of Number of Errors vs. SNR for MMSE 

and MMSE+SIC for 4x4 MIMO systems 

 

 
Figure 11: Snapshot of power of received signal vs.SNR for 4 

x 4 MIMO systems 
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Figure 12: snapshot of MATLAB command window for 

number of errors for 4x4 MIMO systems 

 

 
Figure 13: Snapshot of BER vs. SNR for MMSE and 

MMSE+SIC for 8x8 MIMO systems 

 

 
Figure 14: Snapshot of Number of Errors vs. SNR for MMSE 

and MMSE+SIC for 8x8 MIMO systems 

 

 
Figure 15: Snapshot of power of received signal vs.SNR for 4 

x 4 MIMO systems 

 

 
Figure 16: snapshot of MATLAB command window for 

number of errors for 8x8 MIMO systems 

 

         7.   CONCLUSION AND FUTURE     

              SCOPE 
MIMO-OFDM can increase both the coverage area and the 

transmission capacity of cellular systems significantly, in the 

field of wireless communications. This technology is growing 

very fast and it is already presented in several standards. It is 

easier to incorporate MIMO system in completely new 

standards like Wi-Max.  A computationally efficient general 

MMSE + SIC and MMSE channel estimation algorithm for 

MIMO-OFDM systems in spatially correlated multipath 

fading channels, is presented in this work. It can fully exploit 

the channel correlations over space, time, and frequency to 

obtain the MMSE estimate of the CSI in various systems, 

including pilot-symbol-assisted systems, pilot-embedded 

systems, and blind systems. In this research work, a new 

hybrid (MMSE+SIC) receiver structure for interference 

cancellation for multiple-input multiple-output orthogonal 

frequency division multiplexing (MIMO-OFDM) systems is 

proposed with considering the typical quality of service 

requirements of mixed services, i.e. voice and data. Also, a 
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general minimum mean square error (MMSE) channel 

estimation algorithm is given for multiple-input multiple-

output orthogonal frequency division multiplexing (MIMO-

OFDM) systems in spatially correlated multipath fading 

channels. The performance of both methods has been 

evaluated and compared. The proposed method works 

efficiently in terms of BER and number of errors with 

respective input SNR. The proof of above statement is the 

snapshots given in last chapter. Also, it has been experienced 

that the combination of linear and non linear detection 

techniques can improve the BER performance of MIMO-

OFDM system. MIMO-OFDM is quite promising method 

which can be used in the mobile communications for further 

generations. For Future work, the proposed method can be 

extended to suppress noise and co- channel interference 

effectively.  

 

REFERENCES 
[1] Tornaz Javornik , Gorazd Kandus , Sreco Plevel , Saso 

Tomazic . MIMO: Wireless Communications. In 

Encyclopedia of Wireless and Mobile Communications. 

Taylor and Francis: New York, Published online: 11 Apr 

2008; 604-612. 

[2] Yue, Jiang, et al. "Channel estimation and data 

detection for MIMO-OFDM systems." Global 

Telecommunications Conference, 2003. GLOBECOM'03. 

IEEE. Vol. 2. IEEE, 2003. 

[3] Spencer, Quentin H., A. Lee Swindlehurst, and Martin 

Haardt. "Zero-forcing methods for downlink spatial 

multiplexing in multiuser MIMO channels."Signal 

Processing, IEEE Transactions on 52.2 (2004): 461-471. 

[4] Taha, Mohamed A., Dia I. Abu-Al-Nadi, and Taisir H. 

Ismail. "Maximum Likelihood Estimation of the Double-

Directional Parameters in the Multiple-Input-Multiple-

Output Communication System Using the Particle Swarm 

Optimization." Electromagnetics 28.6 (2008): 401-410. 

[5] Zhou, Hao, Amaresh V. Malipatil, and Yih-Fang 

Huang. "Maximum-likelihood carrier frequency offset 

estimation for OFDM systems in fading 

channels."Wireless Communications and Networking 

Conference, 2006. WCNC 2006. IEEE. Vol. 3. IEEE, 2006. 

[6] Chia-Chang Hu & Yi-Shiang Chiu (2013): 

Source/relays/destination combined MMSE-based 

optimization for AF-MIMO multiple-relay systems with 

correlated channel uncertainties, Journal of the Chinese 

Institute of Engineers, DOI: 10.1080/02533839. 

2012.757042. 

[7] Z. Luo and D. Huang, "General MMSE Channel 

Estimation for MIMO-OFDM Systems," Vehicular 

Technology Conference, 2008. VTC 2008-Fall. IEEE 68th, 

Calgary, BC, pp. 1-5, 2008. 

[8] Mukunthan, P., and P. Dananjayan. "Modified PTS 

Combined with Interleaving Technique for PAPR 

Reduction in MIMO-OFDM system with Different 

Subblocks and Subcarriers." IAENG International 

Journal of Computer Science 39.4 (2012): 339-348. 


