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Abstract: 

OFDM is Frequency division Multiplexing (FDM) scheme used as a mult i carrier modulation method. A large number of closely 

spaced orthogonal sub carrier signals are used to carry data on several parallel data streams or channels. Due to the high da ta rates 

and capacity of wireless systems, OFDM comes out as a key solution. The multip le input and mult iple outp ut (MIMO) has been 

recognized as the competit ive technique. In MIMO systems, by using of multip le antennas, we can transmit  and receive the 

informat ion simultaneously and making the probability of detection of information higher. In this project, BER analy sis of 

MIMO-OFDM is implemented from which we can improve the spectral efficiency in conjunction with ISI reduction. This 

technique also involves the usage of various modulation techniques. Further, the obtained results are verified with the 

performance of conventional OFDM(C-OFDM) and resulted as an improvement in BER with MIMO-OFDM system. 

 

Keywords: BER (Bit Error Rate), OFDM (Orthogonal Frequency Div ision Multiplexing) MIMO (Mult iple Input And Multiple 

Output), MMSE (Minimum Mean Square Error), SNR (Signal to Noise Rat io). 

 

I. INTRODUCTION 

 

To meet the increasing demands  for multimedia applications 

such as audio and video, we need higher data rates and high 

transmission reliability. one of the most promising mult i 

carrier multip lexing methods for the transmission of signals is 

orthogonal frequency division mult iplexing (OFDM). In order 

to eliminate the effect of delay spread, the OFDM allows 

enough transmission of many parallel narrow sub channels.  To 

simplify the structure of the receiver, OFDM converts a 

frequency selective fading channel into a collection of parallel 

sub channels.  In this process the subcarriers will be orthogonal 

to each other, which is the main idea involved in OFDM that 

allows simultaneous transmission of a lot of subcarriers 

without interfering each other though they overlap spectrally. 

In addition to this, OFDM reduces inter symbol interference  

(ISI) and inter channel interference (ICI) by use of cyclic 

prefix (CP). Th is CP converts the channel on transmitted signal 

from linear convolution into the cyclic convolution.  The CP 

should be long to hold the delay spread of the channel. The 

MIMO scheme uses multiple antennas at both the transmitter 

and receiver to improve the range, capacity and reliability of 

the wireless systems. it increases the data throughput and link 

range without additional bandwidth or increased transmitted 

power. To increase the spectral efficiency or to achieve a 

diversity gain, MIMO system spread the same total transmitted 

power over the antennas. Spatial multip lexing techniques in 

MIMO system make the receivers very complicated. By using 

this technique, the problems caused by multipath channels 

handled efficiently. MIMO systems provide two types of gains, 

spatial multip lexing or capacity gain and diversity gain. By  

using of mult iple antennas at both sides of link offers extra 

fundamental gain, known as spatial mult iplexing gain. Spectral 

efficiency can be raised by using this gain. Spatial 

multip lexing boosts  the linear capacity by using the single 

antenna at one or both sides of the link without additional 

power and expense of the bandwidth.  The OFDM modulat ion 

converts the frequency selective  

Channel into set of parallel flat fading channels.  It is an 

effective way for reducing ISI effects. OFDM has strict 

synchronisation requirements than the single carrier (SC) 

modulation, which in turn more prone to phase noise and 

suffers from a lager peak to average power ratio.  The author 

demonstrates, in the previous work, the performance of C-

OFDM system and its comparison with W-OFDM system over 

diverse fading channels. The higher order of PSK schemes 

involves more SNR requirements and BER is limited to range 

of 10
-4

 to 10
-5

. To achieve higher BER, this work can be 

further extended to improve the OFDM system by 

incorporating MIMO scheme in this paper. In the past, we 

calculated BER for BPSK in flat fading Rayleigh channel. In 

this post, lets discuss a frequency selective channel with the 

use of Minimum Mean Square Error (MMSE) equalizat ion to 

compensate for the inter symbol interference (ISI). For 

simplifying the discussion, we will assume that there is no 

pulse shaping at the transmitter. The ISI channel is assumed to 

be a fixed 3 tap channel. In most wireless communicat ion 

systems, signals are often corrupted by noise. Signal-to-noise 

ratio (SNR), defined as the ratio of signal power to noise 

power, is commonly used as an essential metric in determin ing 

related system parameters, such as bit error rate (BER) and 

symbol error rate (SER). Moreover, various algorithms and 

system components require knowledge of the SNR for optimal 

performance. Besides, for link adaptive purposes, SNR 

estimate is quite useful in measuring channel quality. SNR also 

helps the transmitter decide the transmission power in power 

control. These practical applications thereby motivate the 

investigations of SNR estimation techniques. 

 

II. BIT ERROR RATE: 

 

The bit error rate (BER) is the number of bit errors per unit 

time. The b it erro r rat io (also BER) is the number of b it errors 

divided by the total number of transferred bits during a studied 

time interval. Bit error ratio is  a unit less performance measure, 

often expressed as a percentage.
[1]
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The bit error probability pe is the expectation value of the bit 

error ratio. The bit error ratio can be considered as an 

approximate estimate of the bit error probability. This estimate 

is accurate for a long time interval and a high number of bit  

errors. 

   Number of error bits  

 

  Bit error rate     =  

 Total number of bi t 

 

III. S IMULATION S ETUP AND RES ULT DISCUSS ION: 

 

I. BER CALCULATION FOR BPSK: 

 

In this post, we will derive the theoretical equation for bit       

error rate (BER) with Binary Phase Shift Keying (BPSK) 

modulation scheme in Additive White Gaussian Noise 

(AWGN) channel. The BER results obtained using Matlab/ 

Octave simulation scripts show good agreement with the 

derived theoretical results. With Binary Phase Shift  Keying 

(BPSK), the binary d igits 1 and 0 maybe represented by the 

analog levels  and  respectively. The system 

model is as shown in the Figure below. 

 

 
 

Figure.1. Simplified block diagram with BPS K transmitter-

receiver Channel Model  

 

Let we discussed BER for BPS K in a Rayleigh multipath 

channel. In a brief discussion on Rayleigh channel, wherein  

we stated that a circularly symmetric complex Gaussian 

random variable is of the form, 
 

 

, 
 

 

where real and imaginary parts are zero mean independent and 

identically distributed (iid) Gaussian random variables with 

mean 0 and variance . 

 

The magnitude which has a probability density, 

 

 

 
 

 

is called a Rayleigh random variable. This model, called  

Rayleigh fading channel model, is reasonable for an 

environment where there is large number of reflectors. 

 

 
 

Figure.2. BER plot of BPS K in Rayleigh fading channel  

 

The transmitted waveform gets corrupted by noise , 

typically referred to as  Additive White Gaussian Noise  

(AWGN). 

 

Additive: As the noise gets ‘added’ (and not mult iplied) to the 

received signal 

 

White: The spectrum of the noise if flat for all frequencies. 

 

Gaussian: The values of the noise  fo llows the Gaussian 

probability distribution  

Function,  with 

and . 

 

 
 Figure.3. BER plot of BPSK in AWGN channel  

 

When compared to the AWGN case, around 25dB degradation 

due to the multipath channel (at the point). This is both 

good and bad: bad because we need to spend so much energy 

to get a reliable wireless link up (In  this era of global 

warming), and good because we signal processing engineers 

are trying to figure out ways for improving the performance.  

 

II. BER CALCULATION FOR QPS K: 

 

So far we have considered the bit error rate (BER) of BPSK 

and QPSK in an AW GN channel. Now we turn our attention to 

a Rayleigh fading channel which is a more realistic 

representation of a wireless communication channel. We 

consider a single tap Rayleigh fad ing channel which is good 

approximation of a flat fading channel i.e. a channel that has 

flat frequency response (but varying with time). The complex 

channel coefficient is given as (a+j*b) where a and b are 

Gaussian random variables with mean 0 and variance 0.5. We 

use the envelope of this channel coefficient in our simulat ion 

as any phase shift is easily removed by the receiver. It is 

https://en.wikipedia.org/wiki/Expectation_value
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observed that the BER for a Rayleigh fading channel is much 

higher than the BER for an AWGN channel. In fact, for 

Rayleigh fading the BER curve is almost straight line.  

 

  
Figure.4. BER plot of QPS K in Rayleigh fading channel  

Note: 

1. The input EbNo to the function is in dB so it is 

converted into linear scale by 10^(EbNo/10). 

 

2. Noise is added in a Rayleigh fading channel as well. 

Noise is introduced by the receiver front end and is always 

present. 

For the QPSK modulat ion, a series of binary input message 

bits are generated. In QPSK, a symbol contains 2 bits. The 

generated binary bits are combined in terms of two bits and 

QPSK symbols are generated. From the constellation of QPSK 

modulation the symbol ’00’ is represented by 1, ’01’ by j (90 

degrees phase rotation), ’10’ by -1 (180 degrees phase rotation) 

and ’11’ by -j (270 degrees phase rotation). In pi/4 QPSK, 

these phase rotations are offset by 45 degrees. 
 

For QPSK modulat ion the channel can be modeled as  
 

y=ax+ny=ax+n  
 

where y is the received signal at the input of the QPSK 

receiver, x is the complex modulated signal transmitted 

through the channel, a is a channel amplitude scaling factor for 

the transmitted signal usually 1. ‘n’ is the Additive Gaussian 

White Noise random random variable with zero mean and 

variance σ2σ2. 
 

 
 

OBS ERVATIONS: 
 

TABLE.1 .BER FOR BPS K: 

CORRESPON

DING POINT 

RAYLEIGH 

CHANNEL 

AWGN 

CHANNEL 

5 6/10 5/100 

6 400/1000 15/1000 

 

TABLE.2 .BER FOR QPS K: 

CORRESPON

DING POINT  

RAYLEIGH 

CHANNEL 

AWGN 

CHANNEL 

5 9/10 3/10 

6 8/10 1/10 

MIMO-OFDM: 

 

Multiple input, mult iple output-orthogonal frequency     

division mult iplexing  (MIMO-OFDM) is the dominant air 

interface for 4G and 5G broadband wireless communications. 

It combines mult iple input, multip le output (MIMO) 

technology, which mult iplies capacity by transmitting different 

signals over multip le antennas, and orthogonal frequency-

division mult iplexing (OFDM), which divides a radio channel 

into a large number o f closely spaced sub channels to provide 

more reliable communications at high speeds. Research 

conducted during the mid -1990s showed that while MIMO  

can be used with other popular air interfaces such as  time 

division multiple accesses (TDMA) and code division mult iple 

access (CDMA), the combination of MIMO and OFDM is 

most practical at higher data rates. 

 

    

Figure.5. MIMO-OFDM System model   

 

MEAN SQUARE ERROR: 

    

“Mean Square Error”, abbreviated as MSE, is an ubiquitous 

term found in texts on estimat ion theory. Have you ever 

wondered what this term actually means and why is this 

getting used in estimation theory very often? Any 

communicat ion system has a transmitter, a channel or medium 

to communicate and a receiver. Given the channel impulse 

response and the channel noise, the goal of a receiver is to 

decipher what was sent from the transmitter.   

 

IV. S IGNAL TO NOIS E RATIO: 

 

Signal-to-noise ratio (SNR or S/N) is a measure used in science 

and engineering that compares the level of a desired signal to 

the level of background noise. It is defined as the ratio of 

signal power to the noise power, often expressed in decibels. A 

ratio higher than 1:1 (g reater than 0 dB) indicates more signal 

than noise. While SNR is commonly quoted for electrical 

signals, it can be applied to any form of signal (such as isotope  

levels in an ice core or b iochemical signaling between cells). 

The signal-to-noise ratio, the bandwidth, and the channel 

capacity of a communicat ion channel are connected by 

the Shannon–Hartley theorem. Signal-to-noise ratio is 

sometimes used metaphorically to refer to the ratio of useful 

informat ion to false or irrelevant data in a conversation or 

exchange. For example, in online discussion forums and other 

online communities, off-topic posts and spam are regarded as 

"noise" that interferes with the "signal" of appropriate  

discussion.
[1]

 Signal-to-noise ratio is defined as the ratio of 

the power of a signal (meaningful information) and the power 

background noise. 

 

https://en.wikipedia.org/wiki/5G
https://en.wikipedia.org/wiki/MIMO
https://en.wikipedia.org/wiki/Science_and_engineering
https://en.wikipedia.org/wiki/Science_and_engineering
https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Noise_(signal_processing)
https://en.wikipedia.org/wiki/Ice_core
https://en.wikipedia.org/wiki/Bandwidth_(signal_processing)
https://en.wikipedia.org/wiki/Spamming


International Journal of Engineering Science  and Computing, April  2017         6658                                                                  http://ijesc.org/ 

 
 Figure.6. comparison between signal to noise ratio and 

MS E 

 

where P is average power. Either signal and noise power must 

be measured at the same or equivalent points in a system, and 

within the same system bandwidth. 

If the variance of the signal and noise are known and the signal 

is zero-mean, SNR can be:
[2] 

If the signal and the noise are 

measured across the same impedance, the SNR can be obtained 

by calculating the square of the amplitude ratio : where  A  is  

root mean square (RMS) amplitude (for example, RMS 

voltage). 

 

V. CONCLUS ION: 

 

The performance of bit error rate in the OFDM system using 

modulation techniques like BPSK and QPSK is accessed in 

this work. It reveals that QPSK is more efficient than BPSK 

technique. Further, the bit error rate of QPSK is less. In 

addition to this, MMSE is calcu lated for zero forcing 

equalization. The comparison between signal to noise ratio and 

mean square error of a MIMO- OFDM system using 4*4, 8*8 

and 12*12 are plotted. 
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