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Abstract. OFDM have several attractive features which make it more advantageous for 

high speed datatransmission over other data transmission techniques. These features 
includes High Spectral Efficiency,Robustness to channel fading,Immunity to impulse 
interference, Flexibility,  Easy equalization. But in spite of these benefits there are some 
obstacles in using OFDM: OFDM signal exhibits very high Peak to Average Power Ratio 
(PAPR), Very sensitive to frequency errors (Tx. & Rx. offset),Inter-carrier Interference 
(ICI) between the subcarriers. OFDM is a Multi-carrier Modulation and muxing, and 

offers better data rates with improved quality for end users. During the transmission of 
high speed data, in order to avoid the problems which are caused by wireless 
environments i.e. fading problems cyclic prefix is inserted in transmitter section.The CP is 
removed at the receiverand before removing the CP first collects the RF signal from the 
CP and   applied to a DC converter and Power generated and is used for Receiver 
operation.But unfortunately it’s a  time taking process for power conversion and  
include DC converter at the receiver sectionindirectly increase the complexity even 
though these two said conditions are satisfied, once power missmatchingoccurred, 

synchronizations errors are generated i.e Timing offsetand Frequency offset errors 
because ofthis channel is corrupted so our main scope of the paper is how to estimate the 
errors and correct the errors in MIMO-OFDM. 
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1  Introduction 

The major challenges faced by the communication systems are to satisfy ever 

increasing demand of high speed reliable communications with limited frequency 

spectrum and limited power. A wireless communication system like cellular mobile 

communications, internet& multimedia services requires high capacity to fulfill need 

of high data rates[10]. The mobile radio channel is attributed to multipath reception 

as: 

 Signal introduced to receiver contains direct Line of sight radio wave. Large 

number of reflected radio waves arrives at the receiver at different times. 

 Delayed signals which results from reflections due to hills, mountains, 

vehicles or buildings. These delayed signals interfere with direct wave and 

causes inter symbol interference which leads to degradation of networks 

performance. 

Orthogonal frequencydivision multiplexing transmission technique is used to 
overcome this multipathfadingenvironment with least complexity. In OFDM, signals 

are transmitted in sub channels of different frequencies in parallel. Frequencies of sub 

channels are selected so that these frequencies are orthogonal to each other which lead 

to transmit data in overlapping frequency hence reducing bandwidth requirement 

considerably. Limits of channel capacity have become an important factor in modern 

communication systems due to vigorous demand on wireless communication services. 

In 1940’s Claude Shannon pioneered channel capacity by developing mathematical 

theory of communication based on notion of mutual information between the input 

and output of the transmission channel [1]. 

2 MIMO-OFDM System 
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One of the most competitive technology for 4G mobile wireless systems is the 

combination of both MIMO and OFDM technology. In frequency selective 

environment,due to multipath delay inter-symbol interference occurs. OFDM 

technique reduces Inter-Symbol Interference(ISI) [7]. OFDM technique is responsible 

for maintaining orthogonality between the subcarriers within the spectrum. 

The main feature of OFDM is to reduce ICI,[1]that occurs when orthogonality is 

lost mainly due to frequency offset. When OFDM technique is implemented with 

Inverse Fast Fourier Transform(IFFT) at transmitter and Fast Fourier(FFT) at 

receiver,[2] a large bandwidth signal will be converted to N narrow bandwidth 

signals. Therefore, channel equalization can be achieved in frequency domain. 

OFDM symbols are extended across by periodic repetition of the last segment of 

the symbol. This interval is called guard interval, gT and this is to be removed. When

gT is greater than maximum delay of channel,all the reflections of previous symbols 

are removed and orthogonality is not lost. But when time interval of original signal 

leads by guard interval,there will be signal losses and cannot be transmitted. Presence 

of guard interval increases transmitted energy. Since the cyclic extension is removed, 

received energy remains unmodified. As a consequence of this SNR decreases. 
Inorder to overcome this problem IFFT dimensions are increased. This cyclic 

extension reduce synchronization errors. The general block diagram of MIMO-OFDM 

system in shown in the figure 1.  

 

Fig.1.Block Diagram of MIMO-OFDM system 

The input data stream is modulated using QAM modulation. Later, the complex data 

stream is passed through s/p converter,so that the data stream passes bit by bit. The N 

parallel modulated symbols correspond to each of the sub-carrier. These symbols 

represent discrete frequency components of OFDM modulator[5]. Further these are 

converted to time samples using IFFT algorithm of length N.   
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Equation(1) represents samples of multi-carrier signal. Cyclic prefix is added to 

OFDM symbols and then kept in order by p/s converter. Due the presence of channel 

impulse response and additive noise, received signal is given by (2), 

][][][*][][ ninvnhnxny 
 (2) 

Where,v[n] is AWGN sample with zero mean and I[n] is interference. The 

sequence of symbols after addition of cyclic prefix are transmitted over a channel and 

AWGN is added to received signal.Thereby cyclic prefix is removed and then 

subjected to FFT. Finally CSI can be estimated[9]. The cyclic prefix is the last 

segment of OFDM symbol which is later copied into guard interval. Guard interval 
will be first transmitted followed by OFDM symbol. Cyclic prefix creates guard 

interval between consecutive symbols in time domain,thereby reducing ISI at 

receiver. Cyclic prefix is also used for equalization in time domain. It is removed and 

is not used in demodulation process. 

3  Modulation Schemes 
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3.1  QAM 

Quadrature amplitude modulation (QAM) is a very popular modulation 

technique for digital communication systems primarily because of its spectral 

efficiency. M-QAM can be considered as an extension of PAM-M, more specifically 

the Cartesian product of two PAM-M sets but, where PAM used real waveforms, 
QAM uses complex waveforms [7]. Different types of MQAM exist, but we will limit 

our discussion to the rectangular case only. QAM modulation scheme is preferred 

because more than one bit can be transmitted at a time, which is more advantageous 

for band-limited channels.Let u(t) be the complex base band waveform. Then the 

pass-band waveform is, 

tfjtfj cc etuetutx
 2*2

)()()(



 (3) 

4  Synchronization Errors And Estimations 

 The most challenging aspect of designing a communication system is the 

estimation and correction of synchronization errors that occur during transmission. 

Synchronization of the system in time and frequency is still thesource of much 

research[3]. The effects of these errors on the received signals are analyzed and 

simulations of the errors are presented. Simulations of the error estimations are 
presented using the IEEE802.11standard for the OFDM frame structure. probability of 

bit error for M-QAM depends on the constellation diagram. Here we see the bit-error 

probability for rectangular M-QAM, where M = 2k and k is even, in a Gaussian 

channel using a matched filter at the receiving end. 

4.1 Synchronization Errors 

 In this section the effects of frequency offsets are analyzed and simulated[11]. 
As stated earlier, OFDM systems are very sensitive to frequency offsets between 

transmitter and receiver when modulating to pass band and back to baseband. Both 

ISI and inter channel interference (ICI) need to be mitigated as much as possible in 

order for the system to accurately receive data. Much of the ISI can be eliminated 

with the addition of a guard interval or cyclic prefix as discussed in previous sections. 

4.1.1  Frequency Offset 

Let cf (Hz) be the carrier frequency offset and the normalized carrier frequency 

offset   be, 

f

fc






      (4) 

Where f  is the sub-carrier bandwidth. There is not only the possibility of carrier 

frequency offset between transmitter and receiver, but also a phase difference 0 . As 

before, let x[k] be the transmitted sample and h[k] the 
thk  tap of the multipath 

channel impulse response with cN  taps.Then,the received 
thn estimated symbol is, 
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Where N
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 performs the demodulation via the FFT, N
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 is normalized 

carrier frequency and 0je  is the common phase rotation. Evaluating )(
~

nX  

further we have, 
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In equation(6), the first term is the desired demodulated symbol on the  
thn

sub-carrier with attenuation
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The second term in the equation(6)  is the contribution of remaining N-1 sub-carriers 

with attenuation
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 and 0je . The second term results in ICI. 

4.2  Synchronization Error Estimation 

Synchronization is separated into two categories, acquisition and tracking. In 

acquisition we focus on carrier frequency offset estimation, symbol timing and frame 

start position using the preamble structure outlined in IEEE802.11a [4]. Tracking 

occurs after the preamble has been sent and relies on information embedded into each 

OFDM frame to ensure carrier frequency and sample clock are locked during 

transmission. 

Frequency Offset Estimation Estimation of frequency offset during the 

acquisition phase is performed in two parts[12]. Coarse frequency offset uses the 

short training symbols and fine frequency offset uses the long training symbols. Both 

coarse and fine frequency estimation use the same algorithm, correlation with the 

received signal and a delayed copy[8]. The conjugate product is then passed to a 

phase detector that outputs the phase error. The maximum frequency offset allowed in 

the IEEE 802.11a standard [12] is ±20ppm for carrier frequencies between 5.15 − 

5.825GHz. This means that the maximum frequency offset between transmitter and 

receiver(for carrier frequency 5.825GHz) is 233KHz. Hence any algorithm used to 

estimate and correct frequency offset needs to operate with this amount of offset. 

4.2.1 Channel Estimation 

Let Y be the received signal, X the transmitted signal, and H the channel 

frequency response.Then 

Y[k]=H[k]X[k]+Z[k]  (7) 

where Z is the noise. Here we take advantage of the property of Fourier transforms, 

that convolution I n the time domain corresponds to the product in the frequency 

domain. As stated in earlier, it is assumed that the channel is stationary during each 

transmitted packet. We have then,setting Z[k]=0, 

][

][
][

kX

kY
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    (8)

 

In this way, the channel can be estimated but only if the transmitted signal is known. 

To this end, the long training symbols are used. Recall that the long training symbols 

use all sub-carriers (except DC) so that all used sub-carrier equalizer gains are found. 

Above e describes the channel frequency response for each sub-carrier but the inverse 

is needed to counter its effects. 
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5  Simulation And Results 

On considering long training symbols as input and modulating these symbols using 

16-QAM without channel estimation, the received signal with frequency offset is 

shown in figure 2. 

 

 

Fig2.Received signal with frequency offset 

 

Fig3.Received signal after Frequency Offset Correction 

After channel estimation and demodulation Fig3 represents the received signal after 

frequency offset correction. 

 

 

Fig. 4.Received signal with channel distortion 

Fig4 represents the received signal with distortions in channel due to the presence of 

multipath propagation. 

 

Fig. 5.Multipath channel with SNR=43.4807dB 

Inorder to reduce this effect, each sub-carrier is assigned with different frequencies. 

From Fig5, it is clear that we have achieved very high value of SNR i.e 43.4807 dB. 
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Fig. 6.Received signal with channel correction 

After estimation of channel and demodulation Fig6 represents the received signal with 

channel correction. 

6 Conclusion 

In wireless communications as the number of receivers are increasing day by 

day, the need for implementing more number of  transmitters is becoming a huge 

problem. As a consequence errors are also increasing.  In this paper,a novel ICI 

reduction method is implemented to reduce the effect of frequency offset. It is 
concluded that with the proposed ICI reduction scheme,the need for increasing system 

complexity can be eliminated. 
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