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Abstract— Today wireless communication systems is using 

OFDM combined with MIMO known as MIMO-OFDM 

system providing higher spectrum efficiency and robustness. 

The main challenge in this is to get accurate channel 

estimation to detect the channel state information to process 

and equalize the received signal. The main objective of this 

paper is to give some techniques and analysis for channel 

estimation in MIMO-OFDM systems, regarding the 

influence of various system parameters on the channel 

estimation error and the final performance of the system.                                             
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I. INTRODUCTION 

High data rate demands in wireless communication have 

gained interest nowadays. Orthogonal Frequency Division 

Multiplexing (OFDM) has attained a lot of importance due 

to its high data rate transmission with high bandwidth 

efficiency, simple implementation and robustness against 

frequency-selective fading and multi-path delay. Inter 

Symbol Interference (ISI) introduced in multipath channel is 

overcome by OFDM. This technique is used in wireless 

LAN standards such as American IEEE802.11a and 

European HIPERLAN/2 , in several digital multimedia 

communications standards like WiFi , LTE(Long Term 

Evolution) , DVB-T(Digital Video Broadcasting – 

Terrestrial)DVB-T2, Wi-Ma(Worldwide Interoperability for 

Microwave Access) and others [1].  

Combining OFDM with multiple antennas has 

provided increase in capacity i.e transmitter and receiver 

diversity known as MIMO-OFDM [2][3]. MIMO (multiple 

Inputs and Multiple Outputs) use multiple antennas for 

transmission and multiple antennas for reception of signal. 

Design scheme depends upon system using MIMO-OFDM 

provides robustness against frequency-selective and/or 

obtaining multiplexing gain and time-variant channels. Such 

systems rely upon the prior knowledge of channel 

estimation information (CSI) at the receiver before 

transmission of channel. 

The main target of the paper is to analysis the present 

channel estimation techniques in MIMO-OFDM system and 

to evaluate the performance of the channel estimation 

technique. All the performance will be evaluated using 

MATLAB. Parameters which are used to evaluate the 

performance are SNR (Signal to Noise Ratio) and Symbol 

Error Rate. 

II. MIMO-OFDM SYSTEM MODEL 

MIMO system employs multiple antennas at the transmitter 

and receiver side. The system has    transmitter antennas 

and    receiver antennas in the figure. The signal 

transmitted by     transmitter antennas is received by    

receiver antennas. Data symbols are mapped considering 

modulation type at the transmitter side. To estimate channels 

pilot symbols are inserted and at each transmitter antenna 

IFFT is taken .Then to prevent inter symbol interference 

(ISI) cyclic prefix is added. The      transmitter antenna of 

the transmitted symbol includes pilot tones,    (k), and data 

symbols. After removing cyclic prefix at the     receiver 

antenna and taking FFT, the channel is estimated in the 

channel estimation block and the signal is demodulated. 

Detection in MIMO requires the knowledge of channel. 

Practically the channel estimation is done by transmitting 

training pilot symbols which are known by the receiver. The 

performance of the system depends on the channel 

estimation and on the number of pilot symbols being 

transmitted. Different channel estimation techniques are 

used to obtain the channel state information (CSI). The 

different techniques are training based channel estimation, 

blind channel estimation and semi blind channel estimation. 

Fig. 1: Simplified block diagram of MIMO-OFDM system. 
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III. CHANNEL ESTIMATION AND TECHNIQUES 

A. Basic concept of Channel Estimation 

To estimate channel parameters from the received signal is 

known as channel estimation. The process that detects the 

received signal and has beforehand knowledge about the 

channel and pilot symbols is known as the estimator.  

Channel estimation process is used to characterize the effect 

of the physical channel on the input sequence. If the channel 

is assumed to be linear then the estimate of the impulse 

response of the system is simply known as channel estimate.  

A “good” channel estimate is one where some sort of error 

minimization criteria is satisfied. Let the input sequence 

transmitted to the actual channel as well as the modeled 

channel. The actual received signal received from the actual 

channel and the estimated signal coming through the 

estimated channel model. If the estimation error (difference 

between actual received signal and estimated signal), to 

minimize the mean squared error (MSE) channel estimation 

algorithms are used, while using as little part of 

computational resources as possible in the estimation 

process . Error signal = actual received – estimated signal  

Channel information symbols which are prior unknown have 

to be extracted from the received signal at the receiver side 

by signal detector using various channel estimation 

algorithms. In the received signal there exists ISI as wireless 

channels suffer from attenuation due to multipath in the 

channel. To ensure successful equalization it requires 

minimum error between the actual transmitted symbols and 

the symbols extracted from the received signal using 

estimated channel information from channel estimator signal 

detector needs to know CIR characteristics.  

B. Channel Estimation Techniques 

Channel estimator estimate the phase shift and amplitude 

caused due to the wireless channel using available pilot 

information. Channel estimation algorithms depend upon the 

transmitted symbols format. Pilot symbols which are known 

to the receiver are used to estimate the channel parameter in 

the training phase. Then in the design of the receiver the 

estimated channel is used. To design an optimal transmitter 

if a feedback channel is available the estimated channel can 

be utilized. For packet transmissions it is necessary that the 

channel is estimated separately for each individual packet. 

Pilot symbols need to be inserted into each and every data 

packet. The channel estimators are derived from various 

parametric model that are affected by the presence (or the 

absence) of pilot symbols, the number of pilot symbols, and 

the placement of pilot symbols. The various channel 

estimating techniques are discussed. 

1) Blind Channel Estimator 

When no pilot symbols are available the channel estimator 

uses the received signal b to estimate the channel, called 

“blind” channel estimator [5]. 

ˆ ( )Bh G b
 

where the channel estimator utilizes certain 

mathematical information about the kind of data being 

transmitted. The advantage of this method is no overhead 

loss as no pilot symbols are transmitted. In applications 

where efficient bandwidth utilization is important 

requirement, this method is being used example Terrestrial 

broadcasting of high-definition television (HDTV). 

Disadvantage of this method is high computation and fixed 

i.e. one algorithm that works for a particular system may not 

work with another due to the fact they send different types 

of information over the channel. 

2) Semi-Blind Channel Estimator 

Semi-blind is hybrid of training and blind channel 

estimation technique algorithms that utilize not only that 

part of signal corresponding to the training symbols but also 

the part corresponding to data symbols. A semi-blind 

channel estimator can be expressed as 

ˆ ( , )SB ph G s b
 

3) Training (pilot)-Based Channel Estimators 

Training symbols or pilot tones that are known prior to the 

receiver are multiplexed along with the data stream for 

training based channel estimation algorithm. The channel 

can be obtained by the accurate estimate of the impulse 

response of channel, if the receiver has a prior knowledge 

about the information being sent over the channel. It provide 

good performance but transmission efficiencies are reduced 

due to the required overhead of training symbols like 

preamble or pilot tones that are transmitted in addition to 

data symbols [6]. 

Fig. 2: Samples with Pilot Symbols and Corresponding Received Symbols 

As shown in Fig. 2 estimator takes {bp1, sp1} and 

{bp2, sp2} as its input and provide an estimate of the channel 

where bp are the received symbols corresponding to    pilot 

symbols. Training based channel estimator can be expressed 

as, 

 
This estimation technique is easy to derive and 

analyze because of low complexity as the unknown data is 

not the part of the observation. 
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So in the present work we have considered training 

(pilot) based channel estimation to estimate the channel. The 

least-square (LS) and minimum-mean-square-error (MMSE) 

techniques are widely used for channel estimation when 

training symbols are available. 

C. LS Channel Estimation 

Let A is the diagonal matrix of pilots as A=diag 

{      ……,    }, N is the number of pilots in one OFDM 

symbol,  ̂ is the impulse response of the pilots of one 

OFDM symbol, and Z is the AWGN channel noise [7]. 

B=AF ̂+Z 

where B is the vector of the output signal after OFDM 

demodulation as B= [      ……,     ] 
T

, 
T  

 is the transpose. 

F is the Fourier transfer matrix as given below,  

F=[
  

     
      

   

  
         

          
] 

where weights of Fourier matrix   
   

 = 
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LS algorithm cost function is written as, 

K = |     ̂|
   

 

   =  (     ̂)
 
(     ̂) 

  =             ̂          ̂           ̂     ̂  

where 
H 

  conjugate transpose. 

LS algorithm purpose is to minimize the cost function K 

without noise. Then we could get 

 ̂                     =          

Because   ̂    ̂ , where  ̂ is the impulse response of the 

channel, 

 ̂   =       

LS algorithm is simple as no consideration of noise 

and ICI. LS estimators are calculated with very low 

complexity but suffer from high MSE which is further 

improved via different methods. 

D. Minimum Mean Square Error (MMSE) Estimator 

Let   
  is noise- variance, the channel and AWGN are not 

correlated, and MMSE estimate of H is given by [9] 

 ̂             
     

Where 

            
                    
                     
                

             
                         

                
      

CIR can be calculated by MMSE estimation if     

and   
  are known to the receiver as below 

 ̂              
      

                          
            ̂    

The performance of MMSE is much better than LS 

at lower value of 
  

  
⁄ .    The main drawback of MMSE is 

MMSE is computational complexity. 

E. DFT Based Channel Estimation 

DFT based channel estimation is proposed to eliminate the 

effect of noise outside the maximum channel delay so as to 

improve the performance of LS and MMSE channel 

estimation. It uses the feature i.e the length of channel 

impulse response is less than the length of cyclic prefix L in 

OFDM to improve the performance [9][10]. Using IDFT the 

frequency channel estimation can be transform into time 

channel estimation, the part which is larger than L is treated 

as zero to eliminate the effect of noise. Taking IDFT of the 

channel estimate 

    { ̂[ ]}   [ ]   [ ]  ̂ [ ]          

              
where z[n] denotes the component of noise in time domain.  

 ̂   [ ]   {
 [ ]   [ ]                                

                                                           
 

Taking DFT [11-13] 

 ̂   [ ]     { ̂      } 
In the frequency domain when the orthogonality 

between training sequences is based on the transmission of 

scattered pilots DFT can be used as accurate interpolation 

method. 

Fig. 3: DFT-based channel estimation using LS estimation [13] 

IV. PERFORMANCE ANALYSIS 

The main purpose is to analyze the performance of different 

system parameters on the channel estimation. In fig. 4 and 

fig. 5 the performance of symbol error rate to SNR is shown 

for LS-linear, LS-sline interpolation and MMSE channel 

estimation without and with DFT using QPSK and 16-QAM 

modulation techniques respectively. From the graph it is 

clear that the performance of MMSE channel estimation 

with DFT is better than the others. The performance of LS-

linear, LS-spline and MMSE improves when subjected to 

DFT based channel estimator. that the estimators performs 

well for QPSK as bit error rate goes on decreasing because 

only two bits can be transmitted in one QPSK symbol as 
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compared to 16-QAM in which four bits are transmitted in 

one 16-QAM symbol. 

 
Fig. 4: Performance of LS-linear, LS-spline and MMSE 

without and with DFT based Channel Estimation using 

QPSK modulation. 

 
Fig. 5: Performance of LS-linear, LS-spline and MMSE 

without and with DFT based Channel Estimation using     

QPSK modulation. 

V. CONCLUSION 

It has been observed that DFT-based channel estimation 

along with LS-linear and MMSE performs better. The 

MMSE based channel estimation has better performance 

than LS based channel estimation but has high complexity. 

Whereas LS estimation has low complexity but its 

performance is low as compared to MMSE. 
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