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ABSTRACT 

Orthogonal frequency Division Multiplexing is a multicarrier scheme, which is widely utilized in distinct 

wireless communication systems because of its high spectral efficiency, robustness to multipath fading channel 

and high data rate. In this paper, we focus mainly on Comparison of bit error rate versus signal to noise ratio for 

OFDM system for a uniform distribution and Gaussian distribution and based on the effect of variance on 

OFDM system.  our findings suggest that OFDM system with gaussian distribution is the best choice for 

multicarrier scheme. 
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I. INTRODUCTION 
In recent Wireless communication systems 

high data-rate is most desirable[1], Conventional 

single carrier modulation schemes can give only 

limited data rates because of the restrictions put by 

the multipath effects of wireless channels and 

complexity of receiver. In single carrier systems, 

when the da tartes in wireless communication 

system hikes, the symbol duration gets decreases. 

Hence, the wireless communication system ultilizing 

single carrier modulation mainly suffer from high 

inter symbol interference (ISI) cause by the 

dispersive-channel impulse response, and thereby 

needed a complex equalization technique 

.Orthogonal Frequency Division Multiplexing 

(OFDM) is a good candidate to fulfil the 

requirements of next and current generation wireless 

communication systems 

The basic principle of OFDM came from 

the paper by Chang [3], and for many years various 

researchers have worked on this technique [4]-[9]. 

Despite of its conceptual elegance, its usage was 

limited to military systems in starting namely, 

ANDEFT,KINEPLEX, and KATHRYN [2] due to 

difficulties in implementations. Weinstein and 

Ebert’s proposed to use the Discrete Fourier 

Transform (DFT) [10], to perform the subcarrier 

modulation with a single oscillator [5] which was a 

excellent effort. To reduce the computational 

complexity of DFT, Ebert. Schwartz, and Salz 

demonstrated the efficacy of Cooley-Turkey Fast 

Fourier transform (FFT) algorithm thereby making 

possible to utilize the OFDM technique in 

communication systems. It is widely used in 

commercial systems with a wire line standard that 

includes high bit rate Digital Subscriber Lines 

(HDSL) [11], Asynchronous Digital Subscriber 

Lines (ADSL) [12], and Very high-speed Digital 

Subscriber Lines (VDSL) [12], to support a 

throughput upto 100Mbps. Thereafter, it has been 

utilized by wireless standards like DAB [13] and 

WLAN [14], [15], DVB [16] and WMAN. In 

WMAN applications, OFDM is considered for the 

World wide Interoperability for Microwave Access 

(WiMAX) implementation via IEEE 802.16d, a, e 

[17], [18] standards. OFDM is also being considered 

for 3GPP Long term Evolution (LTE) and 3GPP 

LTE-Advanced.  Undoubtedly, OFDM can be a 

potential air interface candidate for future generation 

high speed wireless communications systems [19]-

[22]. 

 OFDM systems use cyclic prefix insertion 

to eliminate the effect of ISI and require a simple 

one-tap equalizer at the receiving end. OFDM brings 

in unparalleled bandwidth savings, leading to higher 

spectral efficiency.  These properties make OFDM 

system extremely attractive for high speed wireless 

applications [2]. In OFDM systems different 

modulation schemes can be used on individual sub-

carriers which are adapted to the transmission 

conditions on each sub-carrier.   

Despite the widespread acceptance of OFDM, it has 

its drawbacks:  

1) OFDM signals with their high peak-to-average 

power ratios (PAPRs) require highly linear 

amplifiers. Otherwise, performance degradation 

occurs and out-of-band power requirement will 

be enhanced. 

2) OFDM systems are more sensitive to Doppler 

spread than single-carrier modulated systems.  

3) Phase noise caused by the imperfections of the 

transmitter and receiver oscillators degrades the 

system performance.  
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4)  Accurate frequency and time synchronization is 

required.  

5) Loss in spectral efficiency due to cyclic-prefix 

(CP) operation takes place in OFDM systems.  

6) In addition to this, OFDM system requires tight 

frequency synchronization, in comparison to 

single carrier systems, due to narrowband 

subcarriers. Therefore, it is sensitive to a small 

frequency offset between the transmitted and 

the received signal. The frequency offset may 

arise due to Doppler effect or due to mismatch 

between transmitter and the receiver local 

oscillator frequencies. The carrier frequency 

offset (CFO) disturbs the orthogonality between 

the subcarriers, and therefore, the signal on any 

particular subcarrier will not remain 

independent of the remaining subcarriers. This 

phenomenon is known as inter-carrier 

interference (ICI), which is a big challenge for 

error-free demodulation and detection of OFDM 

symbols.   

 The current implementations of OFDM do 

not fully exploit its capabilities. There are still 

several avenues which can be explored to reduce 

intercarrier interference (ICI) of OFDM signal. 

Therefore, the necessity to reduce the intercarrier 

interference of standard OFDM signal is a prime 

motivating factor for this work in this paper. 

 In OFDM system, the receiver filter 

operates in order to provide inverse effect of the 

transmitter filter. However, it’s performance 

depends on the assumption that there is perfect 

synchronization between transmitter and receiver. In 

practice, there is a big chance of synchronization 

error due to many reasons. In this paper, our aim is 

to investigate the impact of synchronization error on 

the BER performance of the OFDM system. 

 

II. SYSTEM MODEL 
 A multi-carrier transmission system is 

considered, in which symbols are generally 

transmitted over a rectangular time-frequency grid. 

Block diagrams of standard OFDM  scheme are 

illustrated in Fig.1. 

 
Figure 1OFDM system 

 

 The transmitted data symbol at time-

position k and subcarrier position l is represented as 

xl,k∈ A, where A representing  the symbol alphabet, 

for instance Pulse Amplitude Modulation or 

 Quadrature Amplitude Modulation. The 

transmitted signal, represented as s(t), comprises of 

K time-symbols and L subcarriers, then, we can be 

write the equation as 

s(t) = ∑ ∑ P
L

L=1 l,k

(t)
K

k=1
xl,k         (1) 

 

 WherePl,k(t) are the basis pulses which are 

the frequency and time  shifted forms of the 

prototype filters p(t) and can be expressed as  

Pl,k(t) = p( t − Kt)ej2ᴨIF( t−Kt)e
jθl,k

(2) 

 Note that, the frequency F and time T 

spacing’s completes the spectral efficiency. By 

taking all basis pulse vectors in a large transmit 

matrix P ∈ PN×LK  we get:  

PN×LK    

= (p0,0p1,0p2,0…. pL−1,0p0,1p0,2 ....  pL−1,k−1) 

 To make easier the analytical observations, 

we supposed a time discrete type model of our 

transmission system. By expressing the sampled 

transmit signal x(t) in a vector x ∈CN×1, thus we can 

modify equation (1) by 

𝐗 = 𝐏𝐝,                         (3)  
Where 

𝐏 = [p1,1p2,1     … .     pL,1      pL,2    … . .    pL,K]  (4) 

𝐝 = [d1,1d2,1     … .     dL,1      dL,2    … . .    dL,K
T]    (5) 

 

 The Vector pl,k∈CN×1denotes the sampled 

basis pulses of equation (2) gives a transmit matrix 

G ∈CN×LK  ,  where  x ∈CLK×1   arrange overall 

transmitted data symbols in big vector. Suppose, we 

represent receive matrix with V=

[v1,1        ….     vL,K]   ∈   CN×LK  which is same and 

expressed as the transmit matrix, see equation (2) 

and equation (4), but a distinct prototype filter p(t) 

perhaps be used. With a matrix 𝐇∈CN×N  which is a 

time-variant convolution. Then, overall transmission 

system can be represented as: 

𝐫 = 𝐕𝐇𝐇𝐏𝐝 + 𝐧        (𝟔)    

Where 𝐫 = [r1,1        ….     rL,K]   ∈   CLK×1 denotes 

the received symbols and n ∼ CN (0,Pn𝐕𝐇𝐕) 

represent the Gaussian distributed noise. 

We can express the system model without effects of 

synchronization error as: 

 𝐫 = 𝐕𝐇𝐇𝐏𝐝 + 𝐕𝐇𝐧         (7) 

 

III. EFFECTS OF SYNCHRONIZATION 

ERROR 
 Consider there is a synchronization error 

which can be modelled as a random variable. Thus, 

we can express the erroneous receive filter matrix 𝐕̃ 

as follows 

𝐕̃ = 𝐕 + 𝐙                                               (𝟖) 
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where Z is modelled as zero mean Complex random 

variable with variance σZ
2. As a result, the received 

vector can be formulated as 

𝐫𝐧𝐞𝐰 = (𝐕 + 𝐙)𝐇𝐇𝐏𝐃 + (𝐕 + 𝐙)𝐇𝐧 

= 𝐕𝐇𝐇𝐏𝐝 + 𝐙𝐇𝐇𝐆𝐱 + 𝐕𝐇𝐧 + 𝐙𝐇𝐧 

Now, by using Equation (7), we can rewrite the 

above as  
𝐫𝐧𝐞𝐰 = 𝐫 + 𝐙𝐇(𝐇𝐏𝐝 + 𝐧)            (𝟗) 

or 

        𝐫𝐧𝐞𝐰 = 𝐫 + 𝐙𝐇𝐫                (𝟏𝟎) 

 where the second term in the equation (10) 

represents the error due to synchronization 

mismatch. In this work, we will investigate the BER 

performance of the OFDM systems for different 

choices of distribution for random variable Z. 

 

IV. RESULTS 
 In this section,The Figure 2 and 3 provides 

the comparison of BER versus SNR for OFDM 

system. In Figure 1 and  2 we observe that BER for  

uniform distribution and Gaussian distribution with 

the   Variance of 0.1 is worst when compare to the 

variance oat 0.01 and 0.001. So we can conclude that 

decreasing the variance results in good BER. when 

comparing the both the figure at SNR=6db we can 

observe that BER is better for Gaussian distribution 

when compare to uniform distribution. As we can 

see from figure 2 that with the decrease in the 

variance the BER of system gets improves. Thus, 

OFDM is a good candidate for multicarrier scheme.  

It is considered to be a potential scheme deployed in 

5G communication system. 

 
Figure 2 SNR for OFDM For uniform  

distribution 

 
Figure 3 SNR for OFDM For gaussian 

distribution 

 

V. CONCLUSION 
 In this paper, we simulated the OFDM 

system by using monte Carlo simulation and provide 

results for OFDM system in terms of BER versus 

SNR with the effect of synchronization error and we 

found that OFDM with gaussian distribution is a best 

choice for multicarrier transmission system. Thus, 

OFDM based transmission is a promising candidate 

to achieve high data rates via collective usage of a 

large number of subcarriers. 
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