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Abstract— DFT-based channel estimation method for pilot-

type OFDM systems which mainly improves the 

performance has been introduced. Channel estimation based 

on pilot-type arrangement is studied through Discrete 

Fourier Transform (DFT) algorithm. Channel State 

Information (CSI) is useful at receiver to remove effect of 

channel in received signal for efficient recovery of data and 

at transmitter which is useful to vary power allocation and 

modulation order according to channel. The performance 

and complexity comparison is made between the Minimum 

Mean Square Error (MMSE), Least Square (LS) with and 

without Discrete Fourier Transform (DFT)-based technique. 

From the simulation results, it is concluded that the 

performance of DFT-base technique for MMSE is better 

than the LS. Thus simulation results show the performance 

which reduced the computation complexity. 
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I. INTRODUCTION 

Multipath fading and bandwidth efficiency are two 

challenges in the wireless communication system. For 

mitigation of impairments caused by the fading channels, 

channel estimation is imperative [3].  Channel estimation 

means to estimate some characteristics and it is useful to 

minimizing transmission error and increase possibility in 

accuracy for data recovery at receiver [4]. 

The transmitted signal can be recovered by 

estimating the channel response for each subcarrier. The 

channel state information [6] derived from channel 

estimation is important for receivers to improve the 

performance, computational complexity. The two basic 

channel estimations are block-type and comb-type pilot 

channel estimation [8], where the  frequency direction and 

time direction includes pilots  respectively. Channel 

estimation can be used for data signal as well as training 

signal, or both. Channel estimation technique is chosen for 

OFDM system including different aspects of 

implementations, such as performance, computational 

complexity and time-variation of the channel. This paper 

elaborates the channel estimation based on pilot signals in 

each individual OFDM block. 

Firstly, the OFDM system basics are introduced, 

the modulation is included the way based on DFT based 

channel estimation. The performance of LS or MMSE [1] is 

achieved by eliminating the noise outside the maximum 

channel delay. In this dissertation, we analyze the LS, 

MMSE and the DFT based LS estimation. DFT-based 

algorithms are largely researched due to its low computation 

complexity and good estimation performance [10]. 

In this paper, two improved channel estimation 

methods has been proposed. The performance comparison 

between the LS and MMSE using with and without DFT 

technique. The paper is arranged as follows: Section II 

shows the overview of the DFT-based channel estimation. 

Section III shows pilot-type  estimation strategy includes LS 

with DFT, MMSE with DFT, MMSE without DFT, LS 

without DFT and theory MMSE and  its modified version. 

Simulation results with the improved performance is 

explained in section IV and section V describes the 

conclusions. 

II. SYSTEM OVERVIEW 

The block diagram of DFT-based channel estimation, given 

the LS channel estimation, is as shown in the figure 1. 

 
Fig. 1: DFT based channel estimation 

Let �̂�[k] denote the estimate of channel gain at the 

kth subcarrier, which gives the IDFT of the channel estimate 

{Ĥ[k]} from k=0 to N-1. 

IDFT{Ĥ[k]}=h[n]+z[n]≅ ℎ̂[n], for n=0,1,….N-1  (1) 

Where z[n] denotes the noise component in the 

time domain. The coefficients for the maximum channel 

delay L as depicted in equation 2: 

ℎ̂DFT[n]={
ℎ[𝑛] + 𝑧[𝑛],   𝑛 = 0,1,2. . 𝐿 − 1

0                 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
    (2) 

and transform the remaining L elements back to the 

frequency domain as follows: 

Noting that the maximum channel delay L must be 

known in advance , which is given by: 

�̂�DFT[k]= DFT {ℎ̂DFT(n)} 

III. CHANNEL ESTIMATION 

The different types of channel estimators are explained in 

the further section. The block-type and comb-type pilot 

channel estimation are the basic types of estimation. The 

block-type pilot arrangement is used in this section, where 

OFDM symbols with pilots at all subcarriers are transmitted 

periodically for channel estimation. A typical block-type 

pilot arrangement is depicted in the figure 2. Each pilot 

symbol is transmitted for St Number of OFDM symbols. 
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The estimations for block-type pilot arrangement can be 

based on LS with and without DFT technique [10]. 

 
Fig. 2: Block type pilot arrangement [8] 

A. Least Square Channel estimation 

The training symbols for the received signal is represented 

as : 

Y[k]= X[k]H[k]+Z[k] 

Where Y(k),X(k),H(k),Z(k) are output of the 

samples, pilot tone at kth subcarrier , channel gain, noise 

vector respectively. 

The channel estimation for LS finds a method with 

cost function which is minimized: 

J(�̂�)=∥ 𝑌 − 𝑋�̂� ∥2 

=(Y-X�̂�)H (Y-X�̂�) 

        =YHY-YHX�̂�-�̂�HXHY+�̂�HXHX�̂�   (3) 

LS channel estimation solution is given by 

�̂�LS=(XHX)-1XHY=X-1Y    (4) 

Since X is assumed to be diagonal due to the Inter 

Carrier        Interference -free condition, LS channel 

estimate for each subcarrier is given as: 

The MSE  of this LS channel is given by: 

MSELS = {(H − ĤLS )^H(H − HLS)   (6) 

= E{(H − X−1 Y)H(H-X−1Y)} 

= E{(X−1Z)H(X−1Z)} 

=E{ZH(XXH)-1Z} 

=
σz

2

σx
2 

Hence equation 6 implies that it is inversely 

proportional to the SNR which is subjected to the noise 

enhancement. Thus LS is preferred for some cases. 

B. Minimum Mean Square Error Channel Estimation. 

The MMSE channel estimation method finds a better i.e, 

linear estimate in terms of weight matrix W in such a way 

that the MSE in the below equation 7 is minimized 

J(�̂�)=E{||e||2}=E{||H-�̂�||2}   (7) 

According to orthogonality principle, 

e=H-�̂� is orthogonal to 𝐻, 

E{e�̃�H}=E{(H-�̂�)�̃�H} 

=E{(H-W�̃�) �̃�H } 

=E{H�̃�H}-WE{�̃��̃�H } 

       = RHH˜-WRH˜H˜=0    (8) 

where RAB is the cross-correlation matrix of NxN 

matrices A and B and  �̃� is the LS channel estimate given as 

�̃� = 𝑿-1Y=H+X-1Z 

The solution is given by  

W=RH R-1 

Where R�̌��̌�  is the autocorrelation matrix of �̃� given as 

𝑹
𝑯�̂̌�

=E{�̃��̃�H} 

=E{X-1Y(X-1Y)H} 

=E{(H+X-1Z)(H+X-1Z)H} 

=E{HHH+X-1ZHH+HZH(X-1)H+X1ZZH(X1)H} 

=E{HHH}+E{X-1ZZH(X-1)H} 

=E{HHH+
𝝈𝒛

𝟐

𝝈𝒙
𝟐 𝑰 }    (9) 

And R H�̌� is the cross-correlation matrix between 

the true channel vector and temporary channel estimate 

vector in the frequency domain.  

The MMSE channel estimate follows as 

�̂� = 𝑾�̌� = 𝑹𝑯�̌�𝑹
𝑯�̌̌�

−𝟏 �̌�-1H˜   (10) 

IV. SIMULATION RESULTS 

The table shows the simulated parameters used channel 

estimation system, which is as shown below: 

Total number of sub channels 256 

Number of pilots 32 

Total no. of data sub channels 224 

Cyclic prefix length 8 

FFT size 64 

Guard Interval length 64 

Fading Rayleigh , Rician 

Modulation Technique 4-QAM, 8-QAM 

Table 1: Simulation Parameters 

The above figure 3 and 4 shows the simulated 

results. In the figure 3, the performance between MMSE, LS 

channel estimation with different channel estimations has 

been illustrated and shown and the figure 4 shows the 

performance improvement with DFT-channel estimators. 

 
Fig. 3: Performance of comparison of different channel 

estimation techniques 

V. CONCLUSIONS 

Thus the improvement in the performance of DFT channel 

estimation technique has been achieved .hence it is 

concluded that for high SNRs the LS estimator is both 

simple and adequate. On comparison, the DFT based 

estimation improves the performance; therefore it clearly 

states that MMSE shows better performance than the LS 

with DFT. 


