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Abstract: 
 

Wireless Communication system has wide application in the field of digital word. The 

demand for wireless communication is increasing day by day. Every user wants better quality 

service in area of wireless communication. Due to restricted bandwidth, High BER, low SNR 

and high Standard Deviation of phase error, conventional wireless communication systems 

like SISO, SIMO and MISO are fails to meet the growing demands of users. Therefore a new 

technique MIMO system is implemented whose performance is evaluated by parameters 

BER, SNR and Standard Deviation of Phase Error. MIMO provides low BER and low 

Standard Deviation of Phase Error with increased in SNR which forms a good feature for 

wireless communication system. Performance of MIMO is evaluated under Rayleigh and 

Nakagami-m fading channel which shows low BER and low Standard Deviation of phase 

error for increased SNR. For a wireless system to perform better, BER and Standard 

Deviation of Phase Error should be minimum which is a achievement of MIMO system. 

 

Keywords: AWGN( Additive White Gaussian Noise), BER(Bit Error Rate), BPSK(Binary 

Shift Keying), MIMO(Multiple Input Multiple Output), OFDM(Orthogonal Frequency 

Division Multiplexing), 16-PSK(Phase Shift Keying), QPSK(Quadrature Phase Shift 

Keying), SNR(Signal to Noise Ratio),SD(Standard Deviation of Phase Error) 

 

 

I. INTRODUCTION 
 

Multiple input multiple output or MIMO is a abstract mathematical model for multi-antenna 

communication systems. During the last decades, MIMO technology gains a lot of attention 

in the area of wireless communications, since sufficient increases in range and throughput are 

possible at the same overall transmit power expenditure and at the same bandwidth. In 

general, MIMO technology upgrades the spectral efficiency of a wireless communication 

system. Wireless MIMO communication uses phenomena such as multipath propagation to 

increase range and data throughput, or decrease bit error rates, rather than trying to eliminate 

effects of multipath propagation as traditional SISO (Single Input Single Output) 

communication systems sees to do [1]. 

 

A.  MIMO SYSTEM MODEL 
 

It exploits multiple antennas on both the transmitter and receiver side to enhance the 

communication performance. It is one of the different forms of new antenna technology. 
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MIMO algorithms sends data over multiple paths, thereby extend the amount of information 

that the system carries and the data is received by multiple antennas and recombined properly 

by another algorithms to obtain the data at the receiver side. MIMO is a proficient technique 

for carrying data. It performs at the physical layer, below the protocols to transfer the data, so 

its channels can work virtually with any wireless transmission protocol. For e.g. MIMO can 

be employed with the popular IEEE 802.11 (Wi-Fi) technology. For these reasons, MIMO 

will become the standard for carrying almost all wireless traffic. MIMO the only efficient 

way to increase bandwidth, range & will become a core technology in wireless systems. The 

MIMO channel is constructed with multiple antennas at both ends of the wireless link[2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.1 MIMO system model 

 

B. MULTIPLE INPUT MULTIPLE OUTPUT ORTHOGONAL FREQUENCY 

DIVISION MULTIPLEXING (MIMO-OFDM) 
 

A multipath based technique like as orthogonal frequency division multiplexing (OFDM) can 

be employed to suppress ISI and to enhance spectral efficiency (bps/Hz) and capacity in 

wireless system. In addition, MIMO systems are achievable techniques to maximize 

performance with acceptable bit error rate (BER) by employing a number of antennas. A 

MIMO-OFDM system sends OFDM modulated data through multiple antennas at the 

transmitter. Data transmitted along with subcarriers at distinct antennas are mutually 

orthogonal. 

 

The receiver separates different data stream from different subcarriers after MIMO decoding 

and OFDM demodulation. Flat fading MIMO algorithms limit computational needs and make 

MIMO- OFDM attractive for mobile applications [3]. 

 

C. DIFFERENT FADING CHANNELS 1.Rayleigh Fading Channel  

 

The effects of multipath results in constructive and destructive interference and phase shifting 

of the signal. This exploits Rayleigh fading. There is no line of sight (LOS) path i.e. no direct 

path between transmitter and receiver in Rayleigh fading channel. If coherence bandwidth of 

the channel is greater than signal bandwidth, the channel is called as flat, else ways it is 

frequency selective fading channel [4] 

 

2.Recian Fading Channel In circumstances where there is a predominant Line of Sight 
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(LOS) path between the transmitter and the receiver, the complex Gaussian allotted fading 

coefficient must be modeled with a non-zero mean, gives rise to the Recian fading. Or also it 

can be says that, Rayleigh fading along with a strong line of sight (LOS) content is said to 

have a Recian fading or Recian distribution [4] 

 

3.Nakagami-m fading channel It can provides severe conditions than the Rayleigh and 

Recian model and can be considered to fit into the mobile communication channel .With the 

variation in the Nakagami fading parameter-m a wide range of distribution can be achieved. 

It becomes the Rayleigh distribution when m = 1 and for m > 1 the Recian fading can be 

approximated. Also it becomes the one sided Gaussian distribution (m → 0.5), and 

Nakagami-m distributions covers no fading channel as m goes to infinity [5]. 

 

II.  RELATED WORK 

 

Shailendra Mishra et al.(2009)[1]This paper represents multiple input multiple output 

(MIMO) techniques within 3G WCDMA. It begins with an review of MIMO theory and 

represents WCDMA physical layer and recent high speed downlink packet access (HSDPA) 

improvement to the WCDMA standard. Additionally, MIMO channel models employed in 

WCDMA performance evaluation were also discussed. 

 

PravinW.Raut et al.(2013)[2] This paper presents the review of new technology Multiple 

Input Multiple Output for Wireless Communication and wireless computer networking 

system will be more adequate to fulfill the heavy demands of Wireless communication in 

available bounded frequency resources. MIMO channel is frequency selective (multipath) 

and is common to low power implementation, upgrade capacity for high data rate 

transmissions, sophisticated signal processing algorithm. The FPGA(Field Programmable 

Gate Array) based coding techniques will lowers the complexity, size and increase the 

reliability of connectivity. 

 

Suruchi Gour et al.(2013)[3] In this paper author evolve water filling algorithm which has 

been employed for allocating the power to the MIMO channels so as to improve the capacity 

of the MIMO network. Here author represents a theoretical framework for assigning the 

power using 4x4 MIMO OFDM system employing Flat fading channel. Various modulation 

technique is implemented under Nakagami channel, Rayleigh and Rician channel and BER 

performance is examined. 

 

Samarendra Nath Sur et al.(2013)[5] Multiple input multiple output is one of the key 

technology to accomplish the target of the future wireless broadband communication. This 

paper concerned with the bit error rate and capacity performance of the Vertical Bell 

laboratories layered space time MIMO systems with a linear receiver like as zero forcing 

(ZF) and minimum mean square error (MMSE) over Nakagami-m channel. Both the bit error 

rate and the capacity of MIMO systems have been observed for various modulation 

techniques and also with different configurations of MIMO systems. The author has also 

studied the VBLAST MIMO system performance in a higher SNR region. 

 

Sanjeev Gogga et.al.(2015)[6] In this paper; author study the techniques for signal detection 

in Multiple Input Multiple Output (MIMO) spatial multiplexing system. This paper involves 

techniques like Maximum likelihood (ML). The ML detection achieves the optimal 

performances with minimizing complexity using BPSK modulation. The simulation result of 

ML decoder shows that the Bit error rate (BER) degrades if signal to noise to ratio increases. 
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Ijlal Hyder Rafiqi, et al. (2014)[7] Several techniques are used to attain good performance 

out of the antennas system. To increase the diversity gain with multiple input multiple output 

(MIMO), OFDM is a well technology employed at the physical layer. In this paper author 

find out the percentage error and capacity comparison by using different digital modulation 

schemes like: QPSK, BPSK, 16-PSK, 4QAM and 8QAM, in the existence of AWGN and 

Rayleigh Noise over Rayleigh Fading channel. 

 

M. Tausif Afzal Rana et al.(2013)[8] In this paper, the effects of scattering parameters on 

MIMO system capacity are conferred by designing MIMO antennas. In principle, the 

capacity of MIMO system can be enhanced by installing a large number of antennas both at 

the transmitter and receiver side. 

 

III. PROPOSED WORK  

 

A. PROBLEM FORMULTION The wireless designers are facing a number of challenges 

in wireless communication system. High BER and low SNR causes the increase in packet 

loss and decreases the throughput of channel. By using Multiple input multiple output 

technology it is possible to obtain sufficient increase in range and throughput at the same 

overall power expenditure and same bandwidth and also it improves BER and SNR. MIMO-

OFDM is a good technology used at the physical layer. It provides robustness to frequency 

selective fading, low computational complexity and provides high spectral efficiency. 

Various techniques have been employed for MIMO system to make it more reliable for 

wireless communication network. Modulation techniques such as BPSK, QPSK and 16-PSK 

are adopted for the evaluation of different parameters. Different parameters are evaluated on 

the basis of these modulation techniques to obtain a desirable and acceptable system.  

 

B. PROPOSED WORK  

 

In this paper. evaluation of BER Vs SNR and Standard Deviation of Phase Error Vs SNR 

under Nakagami-m fading channel using MATLAB software using BPSK, QPSK, 16-PSK 

modulation techniques is done which shows decrease in BER and Standard Deviation of 

Phase Error with increase in 

SNR. Also Evaluation of BER Vs signal to multipath power ratio and  Standard Deviation  

Of Phase  error  Vs Signal to multipath power ratio under Rayleigh fading channel using 

MATLAB  software  using   BPSK,   QPSK  and   16-PSK modulation techniques is done 

which shows decrease in BER and Standard Deviation Of Phase Error with increase in signal 

to multipath power ratio. 

 

 

IV. RESULT  

    

1. BER(Bit Error Rate) In digital transmission, a numerous bit errors is the number of 

receiving bits of a signal data over a communication  channel  that  has  been  changed  

because  of noise,   interference,   distortion   or   bit   synchronization redundancy.  The  bit  

error  rate  or  bit  error  ratio  (BER)  is expressed as the rate at which errors occur in a 

transmission system  during a  studied  time  interval.  BER  is a  unit  less quantity. The 

definition of BER can be expressed into a simple formula:  

 

BER = number of errors / total number of bits sent. 
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2. SNR(Signal to noise ratio) The SNR is the ratio of the received signal power over the noise 

power in the frequency range  of  the  procedure.  Signal  to  Noise  ratio is  inversely 

proportional to bit error rate, that is higher BER causes lower SNR. Higher BER causes an 

increase in packet loss, improves in delay and degrades throughput. SNR is an indicator 

usually estimates  the  clarity  of  the  signal  in  a  wired/wireless transmission channel or in a 

circuit and measure in decibel (dB). The SNR is the ratio between the wanted desired signal 

and the unwanted noise signal. 

 

3. Standard deviation It is an essential statistical tool for increasing  quality  because  it  is  an  

objective  measure  of variation. The Standard Deviation is a statistic that describes the 

amount of variation in a measured process characteristics. Specifically,   it   computes   how   

much   an   individual measurement should be expected to deviate from the mean on average.

   

Many statistical methods such as statistical process control and design of experiments utilize 

the Standard Deviation to estimate  variability.  Sometimes  the  square  of the  Standard 

Deviation is utilized because of its additive properties. The key point is that the Standard 

Deviation is a measure that is used to quantify the amount of variation or dispersion of a set 

of data values. A low Standard Deviation indicates that the data  points  tend  to  be  close  to  

the  mean(also  called  the expected value) of the set. While a high Standard Deviation 

indicates that the data points are spread out over a wide range of values. [en.wikipedia.org] 

 

Table 4.1 SNR Vs BER 

SNR(dB) BER(1-BIT) BER(2-BIT) BER(4-BIT) 

    

0 0.138 0.4243 0.8354 

1 0.09975 0.3662 0.8165 

2 0.06474 0.3065 0.7934 

3 0.03936 0.2479 0.7638 

4 0.02044 0.1895 0.7349 

5 0.00849 0.1372 0.7022 

6 0.003375 0.09405 0.6649 

7 0.000802 0.05981 0.629 

8 0.000156 0.033 0.5847 

9 3.13E-05 0.01652 0.5345 

10 1.04E-05 0.00649 0.488 

11 0 0.002344 0.4348 

12 0 0.000635 0.3758 

13 0 0.000115 0.3256 

14 0 1.04E-05 0.2675 

15 0 0 0.2161 

16 0 0 0.1634 

17 0 0 0.1154 

18 0 0 0.07765 

19 0 0 0.04607 

20 0 0 0.02601 

 

The resulting graph corresponding to table 4.1 is shown in Figure 4.1 in which shows the 

variation in BER with the change in SNR. The blue line shows the variation of BER of 1- bit 
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by employing BPSK modulation technique. The pink line shows the variation of BER of 2-bit 

by employing QPSK modulation technique. The yellow line shows the variation of BER of 4-

bit by employing 16PSK modulation technique. This result is computed under Nakagami-m 

fading channel. This figure illustrates the variation in BER with SNR by assuming word size 

64000 and number of channels 800. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 SNR Vs BER 

 

TABLE 4.2 SNR Vs STANDARD DEVIATION OF PHASE ERROR 

 

SNR(dB) SD(1-BIT) SD(2-BIT) SD(3-BIT) 
    

0 61.05 61.27 61.38 

1 54.54 54.55 54.77 

2 47.94 48.43 48.33 

3 42.13 41.99 42.03 

4 36.38 36.12 36.55 

5 31.47 31.09 31.23 

6 27.43 27.19 27.09 

7 23.74 23.85 23.97 

8 20.9 20.89 20.94 

9 18.48 18.55 18.45 

10 16.49 16.35 16.35 

11 14.45 14.49 14.49 

12 12.9 12.92 12.79 

13 11.44 11.44 11.49 

14 10.19 10.2 10.17 

15 9.048 9.095 9.105 

16 8.067 8.079 8.074 

17 7.149 7.185 7.158 

18 6.439 6.392 6.375 

19 5.709 5.701 5.659 

20 5.068 5.045 5.044 
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The figure corresponding to table 4.2 is shown in figure 4.2 which shows decrease in 

Standard Deviation of Phase Error of 1-bit, 2-bit and 4-bit with increase in SNR. The blue 

line shows the SD of 1-bit. The red line shows the SD of 2-bit and green line shows the SD of 

4-bit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.2 Standard Deviation of Phase Error Vs SNR 

 

TABLE 4.3 SIGNAL TO MULTIPATH POWER RATIO VS BER 
 

Signal to BER(1-BIT) BER(2-BIT) BER(3-BIT) 

multipath     

power ratio(dB)    

     

-16  0 0 0 

-14  0 0 0.000469 

-12  0 0 0.005188 

-10  0 0 0.02669 

-8  0 0 0.07706 

-6  0 0.000125 0.1521 

-4  0 0.005094 0.2383 

-2  0.006219 0.03762 0.3252 

0  0.03503 0.08575 0.3958 

2  0.0305 0.08975 0.4361 

4  0.01081 0.06425 0.4541 

6  0.002094 0.04044 0.464 

8  0.000406 0.02534 0.4694 

10  9.38E-05 0.01753 0.4742 

12  0 0.01278 0.4773 

14  0 0.009562 0.4779 

16  0 0.007938 0.4792 

 

The graph corresponding to table 4.3 is shown in figure 4.3 which shows the variation in 
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BER of 1-bit, 2-bit and 4-bit with variation in signal to multipath power ratio. The blue line 

shows the BER of 1-bit by employing BPSK modulation technique. The pink line shows the 

BER of 2-bit by employing QPSK modulation technique. The yellow line shows the BER of 

4-bit by employing 16-PSK modulation technique. This is shown in figure that when the 

signal to multipath power first goes from negative values to zero value then BER starts 

increases. And when signal to multipath power increases from zero value to further positive 

values then BER starts decreasing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.3 Signal to Multipath Power ratio Vs BER 

 

V. CONCLUSION AND FUTURE SCOPE 
 

A. CONCLUSION 
 

BER is a severe problem in wireless communication system. Due to this problem errors 

occurred in the received data stream due to which corrupted data is obtained at the receiver 

side which decreases the performance of the system. MIMO system transmits multiple bit 

streams of data over wireless channel and is helpful for obtaining low BER with increase in 

SNR which is a great achievement for obtaining better quality of signal in a wireless 

communication system. From results obtained after evaluation of MIMO system under 

Rayleigh fading channel and Nakagami-m fading channel, it is clear that BER is decreases to 

a desired level which a good feature for a wireless communication system. For obtaining the 

better quality of signal SNR must be increased and BER should be decreased. Both these 

qualities are attainable by using MIMO system which is shown in results. This evaluation is 

done under MATLAB software R2012a by taking different number of carriers or channels 

and by varying word size in source code. The modulation techniques used for evaluation of 

results are BPSK, QPSK and 16-PSK.. Similarly graphs are obtained between BER and 

Signal to multipath power ratio. From the results obtained between SNR and Standard 

Deviation of Phase Error, it is shown that by employing MIMO system, Standard Deviation 

of Phase error decreases with increase in SNR which is also a great advantage of wireless 

communication system. 
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B. FUTURE SCOPE 
 

Research in the area of MIMO system is still actively done. The current research work 

focuses on limiting the BER in wireless communication system using Rayleigh Fading 

channel and Nakagami-m fading channel. A number of problems can be solved for getting 

proper improvement in MIMO system performance. These problems proposed a class of 

research directions that can be opted to make response of MIMO system much better and 

feasible. One such possibility can be improvement in spectral efficiency of system by 

increasing number of channels much more which enables the system to transmit maximum 

number of bits per second per hertz of bandwidth. Also performance of MIMO system can 

also be evaluated using other digital modulation techniques like BFSK, DPSK, 4-QAM, 8-

QAM etc. Also simulation study of MIMO channel capacity can be done over Rayleigh 

fading channel and Nakagami-m fading channel by using MATLAB software for different 

antenna configurations. Another possibility for future reference of research work can be 

comparison of diversity techniques for estimating the channel performance of mobile 

communication signals affected by Rayleigh multipath and Nakagami-m fading phenomenon. 

 

VI. REFERENCES 
 

1. Shailendra Mishra et al.(2009). Link Level Performance of Multiple input Multiple Output 

(MIMO) SYSTEM. International Journal of Control and Automation Vol.2, No.3, September 

2009  

 

2. PRAVIN W. RAUT et al.(2013). MIMO Technology for Wireless Communication and 

Wireless Computer Networking. (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE 

TECHNOLOGY AND RESEARCH Volume No. 1, Issue No. 2, February - March 2013, 194 

– 20  

 

3.Suruchi Gour et al.(2013). MIMO OFDM with Waterfilling Algorithm. International 

Journal of Research in Engineering Technology and Management ISSN 2347 – 7539 

 

4.   www.google.com 

 

5.Samarendra Nath Sur et al.(2013). Channel Capacity and BER Performance Analysis of 

MIMO System with Linear Receiver in Nakagami Channel. I.J.Wireless and Microwave 

Technologies,2013, 1, 26-36 

 

6.Sanjeev Gogga et al.(2015). Signal detection for spatially multiplexed MIMO system”, 

IJRET: International Journal of Research in Engineering and Technology 

 

7.Ijlal Hyder Rafiqi et al.(2014). Performance Evaluation of Multiple Input Multiple Output 

Orthogonal Frequency Division Multiplexing(MIMO-OFDM) For Alamouti Space Time 

Block Code Using Various Digital Modulation Techniques. International Journal of Soft 

computing and Engineering(IJSCE) ISSN:2231-2307,Volume-4 Issue-3,July 2014 

 

8.M.  Tausif  Afzal  Rana  et  al.(2013).  Effect  of  Scattering Parameters On MIMO System 

Capacity”, IOSR Journal of Electrical and Electronics Engineering (IOSR-JEEE) e-ISSN: 

2278-1676,p-ISSN: 2320-3331,Volume 6, Issue 3 (May. - Jun. 2013), PP 77-81 

 

9.Kala Praveen Bagadi et al.(2010). MIMO-OFDM Channel Estimation using Pilot Carries. 



International Journal of Computer Application (2250-1797)  

Volume 7– No.4, July-August  2017 

207 
 

International Journal of Computer Applications (0975 – 8887) Volume 2 – No.3, May 2010 

 

10.Deeparani Mishra et al.(2011). Estimation of MIMO-OFDM Based Channel for High Data 

Rate Wireless Communication. (IJCSIT) International Journal of Computer Science and 

Information Technologies, Vol. 2 (3) , 2011, 1263-1266 

 

11.A.K.Grewal et al. (2105). Determination of MIMO Channel Capacity and Enhancement of 

MIMO System Performance Using Tomlinson Harashima Precoding. International Journal of 

Signal Processing Systems Vol. 3, No. 1, June 2015 

 

12.Akhilesh Kumar et al. (2012). Channel Capacity Enhancement of Wireless 

Communication using MIMO Technology. International Journal of Scientific & Technology 

Research Volume 1, Issue 2, March 2012 

 

13.Prof. A.K Jaiswal et al.(2012). Performance Analysis Of MIMO-OFDM System In 

Rayleigh Fading Channel. International Journal of Scientific and Research Publications, 

Volume 2, Issue 5, May 2012 

 

14.Bhargabjyoti Saikia et al.(2012). Capacity of MIMO System over TWDP Fading Channel 

with Channel State Information at the Transmitting Side. International Journal of Engineering 

and Management Research, Vol. 2, Issue-4, August 2012 

 

15.Hongseok Kim et al.(2009) A Cross-Layer Approach to Energy Efficiency for Adaptive 

MIMO Systems Exploiting Spare Capacity. IEEE TRANSACTIONS ON WIRELESS 

COMMUNICATIONS, VOL. 8, NO. 8, AUGUST 

 

16.Jagdish Patel et al.(2014). BER Analysis of MIMO-OFDM System using Different 

Equalization Techniques under Multipath Fading Channels for Different Modulations. 

International Journal of Engineering and Advanced Technology (IJEAT) ISSN: 2249 – 8958, 

Volume-4 Issue-2, December 2014 

 

17.Jyoti Sirohi et al.(2012). Capacity of a Equalizer Based MIMO System. International 

Journal of Advanced Trends in Computer Science and Engineering 

 

18.Kritika Sengar et al. (2014). Study and Capacity Evaluation of SISO, MISO and MIMO 

RF Wireless Communication Systems. International Journal of Engineering Trends and 

Technology (IJETT) – Volume 9 Number 9 - Mar 2014 

 

19. Md. Mejbaul Haque et al. (2013). Performance Analysis of MIMO-OFDM for 4G 

Wireless Systems under Rayleigh Fading Channel. International Journal of Multimedia and 

Ubiquitous Engineering Vol. 8, No. 1, January, 2013 

 

20.Marco Di Renzo et al.(2012). Bit Error Probability of SM-MIMO Over Generalized 

Fading Channels. IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 61, 

NO. 3, MARCH 2012 

 

21. Nimay Ch. Giri et al.(2014). Capacity & Performance Comparison of SISO and MIMO 

System for Next Generation Network (NGN). International Journal of Advanced Research in 

Computer Engineering & Technology (IJARCET) Volume 3 Issue 9, September 2014 


