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Abstract—In this paper, we propose an improved discrete 

Fourier transform (DFT)-based channel estimation scheme 

for Orthogonal Frequency Division Multiplexing (OFDM) 

systems. The proposed algorithm uses Hannan-Quinn (HQ) 
information  criterion to estimate the number of most 

significant paths and the multipath time delays. With these 

channel parameters,   Our scheme can reduce the noise 

impact  and improve the performance of traditional DFT 

channel estimation scheme. Compared with other 
information criterion, such as the minimum description 

length (MDL) and the generalized Akaike information 

criterion (GAIC) criterion, the proposed scheme is found to 

have better performance.  

Keywords—sparse channel estimation; discrete Fourier 

transform (DFT); Hannan-Quinn (HQ) criterion; OFDM;  

I.  INTRODUCTION  

 

OFDM has the most promise as a future high data rate 

wireless communication system due to its high bit-rate 

transmissions over frequency selective fading channels. 
However, the high-rate and spectrum efficient OFDM 

systems generally require estimation and tracking of the 
fading channel parameters to perform coherent 

demodulation. Channel estimat ion is important in OFDM 
systems. 

Channel estimation methods mainly  include blind 
channel estimation and pilot-based channel estimation. The 

blind channel estimation needs a large amount of data and 

the convergence rate is very slow. We usually use the 
pilot-based channel estimation methods because it has 

better performance. In this paper, only the pilot-based 
channel estimation methods are investigated. 

Depending on the processing domain, pilot-based 
channel estimation of OFDM systems can be classified 

into two types: Frequency domain methods and Time 

domain methods. The least square (LS) estimat ion is the 
simplest frequency domain channel estimation method that 

does not use any information about the channel. Its 
performance may badly damaged by the noise. The 

minimum mean square error (MMSE) estimation can 
achieve better performance by using channel statistics 

information such as channel autocorrelation matrix and 

noise variance. Moreover, MMSE methods requires very 
large amount of computation, such as matrix inversion. In 

order to reduce the complexity of the MMSE, singular 

value decomposition has been used in [1][2]. However, 

these methods still need exact channel autocorrelation 
matrix which is hard to require in practice.  

The time domain channel estimation method focuses 
on the time domain  by using the discrete Fourier transform 

(DFT) processing. We can modify the LS and the MMSE 

using the fact that channel impulse response (CIR) is not 
longer than the guard interval in OFDM systems. However, 

the DFT estimation cannot  eliminate the noise inside the 
guard interval.   [3][4] proposed threshold-based DFT 

channel estimation methods. But the performance is bad in 
low SNR. Since the channel energy is usually concentrated 

in limited significant paths , some people tried to estimate 

the significant paths and path delays. In [5], Yang 
proposed a channel estimation method using minimum 

description length (MDL) .Yang’s method needs 
eigenvalue decomposition and the computational 

complexity is high. After Yang, Raghavendra proposed a 
parametric channel estimation scheme using the 

generalized Akaike informat ion criterion (GAIC)[6]. This 
method uses LS scheme and GAIC to estimate the channel 

length and tap positions and can effectively reduces the 

signal space of LS estimator, and hence improves the 
performance effectively.   

In this paper, we propose a DFT-HQ channel 

estimation scheme using the Hannan-Quinn(HQ) criterion. 

This scheme not only has a better performance. 

In this paper, 
T（.)    denotes transposition; 

H（.) denotes Hermit ian transposition, and NI  is the N N   

identity matrix.  

II. SYSTEM MODEL AND PROBLEM FORMULATION 

A. Channel model 

The sparse mult ipath channel can be described  as 
1 1

0 0

( , ) ( ) )= ( ) )
L L

l l l l s

l l

h t h t h t T      
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   （ （   (1)               

where L denotes the number of significant channel paths, 

l l sT   is the time delay o f the lth significant channel 

path, sT  is the sampling interval of the receiver. In the 

above model, we assume that all channel delay fall at the 

sampling instants of the receiver and there is no channel 

power loss caused by sampling time mis match, namely, 
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l   is an integer. We also assume that different channel 

paths are independent, and is a wide stationary Gaussian 

process whose mean value function is zero and variance 

function is 2

l  with 
1

2

0

1
L

l

l






  .Because the channel is 

sparse, the maximum time delay 
1L L    . 

B.   System model 

Consider an OFDM system that consists of N 

subcarriers and M OFDM symbols in each frame. The 

OFDM transmitter uses an inverse DFT (IDFT) of size N  

for modulation. The last
cpL  samples of IDFT output are 

appended as cyclic prefix to form one OFDM symbol of 

cpN L   samples. Then it passes through a mult ipath 

channel. At the receiver, the CP is removed and an N-

point DFT is performed on each OFDM symbol. The 

received vector can be expressed as 

          Y = XH + W = XFh + W                      (2)  

Where 
1 2=[ , ,..., ]NY Y YY    is the received vector, X  

is a diagonal matrix of transmitted data, 

1 2= [ , ,..., ]Ndiag X X XX   and H is the DFT of the  time 

domain channel response h  , F  is the N N   DFT 

matrix , W   is a   zero-mean complex Gaussian noise 

which has an auto-correlation matrix 2

n N
I  , 2

n  is the 

noise variance. 

C.  Traditional DFT channel estimation 

  DFT-based channel estimat ion is a good scheme for 

OFDM system with the tradeoff between complexity and 

performance. In DFT scheme, we first use LS estimator in 

frequency domain and then transform the results to time 

domain. Since the channel energy is usually concentrated 

in limited significant paths  and others are noise, so only 

the limited paths are reserved and the rest is set to zero.  

We can know this point from Fig.1, the channel has 6 

significant paths. In our paper, we use the comb pilots. In 

each OFDM symbol, /P N D  pilots are transmitted, 

where D is the frequency interval between two adjacent 

pilots. Considering the pilot design criterion, P  should be 

larger than 1L   . The traditional DFT channel estimat ion 

algorithm has 4 steps shown as below. 

Step1:  After the OFDM demodulation, we first use 

the LS estimation to obtain channel estimation on pilot 

subcarriers. 

 ( ) ( ) / ( ) ( ) ( ) / ( )LSH k Y k X k H k W k X k     (3) 

Where k PS , PS  is the set of pilot subcarrier. 

Step2: Use the IDFT to transform the frequency 

response to time domain  

      ˆ) IDFT[ ( )] ( ) ( )ls LSh n H k h n w n  （           (4) 

Where ˆ( )=IDFT[ ( ) / ( )]w n W k X k ,  1,2,...n P , P  is 

the number of p ilots for each OFDM symbol. 

Step3: In  order to restrain  the effect  of the noise, the 

channel impulse response  (CIR) are set to zeros when 

cpn L  
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     Fig.1 channel impulse response in time domain 
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Step4: Transform the time domain  response back to 

frequency domain to obtain the frequency response on all 

subcarrier. 

ˆˆ ( ) [ ( ) 0...0]DFT DFTH k DFT h n                              (6)    

Where 1,2,...,k N . 

In fact, the number of significant channel paths L is 

smaller than cpL .From the figure 1, we can see that 

knowledge of the number of significant channel paths and 

the mult ipath time delays   will help in improving the 

performance of the DFT estimator. In this paper, we use 

the HQ criterion to estimate these channel parameters. 

This will be discussed in the next section. 

 

III. PROPOSED DFT-HQ CHANNEL ESTIMATION 

A channel is said to be sparse if most of its power 

concentrated on several paths. We need estimate the 

significant channel paths and multipath time delays. In 

fact, a similar problem has already been widely 

investigated in detection of the number o f the signal 

sources. Now we use the HQ criterion to detect the 

number of channel paths. 

Due to the sparsity of the multipath  channel, We can 

construct a 1P  vector  0, 1, 1,[ , ,..., ]m m P mh h h mh , where  

m means the   OFDM symbol. 

 

 ,
,

, 0,1,..., 1
0 , 0,1,..., 1

l m l
i m

l

h i l L
h

i l L



  

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Consider 
LS LSE

E E

H

H H

R = {H H }

    = {HH }+ {WW }
                                (8) 

 H = Gh                                                             (9)   

where  G  is the P P DFT matrix. 

 =E H H
{HH } GψG                                    (10)    
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{ }E H

m m
ψ h h is a P P   diagonal matrix whose ith 

diagonal element  is  
i  

        
2 , 0,1,... 1

0 , 0,1,... 1
l l

i
l

i l L
i l L

 


  
  

                (11) 

We can see that the number of channel paths is the 

number of non-zero diagonal elements of ψ  .Actually, ψ   

is hard to be accurately obtained. We can estimate the 

R .The diagonal elements of R can also reflect  the number 

of channel paths. For an  OFDM frame  composed of M 

OFDM symbols, R can only be approximately obtained 

by  
1

0

1 M

LS LS
M



  H
R H H                                 (12) 

 From the above equation, it cannot guarantee that R 

is a diagonal matrix. However, the { | 0,1,... 1}l l L   th 

diagonal elements of R are generally larger than the other 

diagonal elements especially  when the SNR is high. So 

the diagonal elements of R can still be utilized to estimate 

the channel parameters. 

Our algorithm can be described  as below. First, we 

use the HQ criterion to estimate the number of significant 

paths and time delays. Second, we use these channel 

parameters to improve the DFT channel estimat ion. 

1. Calculate R and extract  its diagonal elements, 

and denote them as 1 2 1[ , ,..., ]T

p       . 

2. Sort the  in descending 

order 0 2 1[ , ,..., ]T

p       . 

3. By HQ criterion, the number of channel paths 

can be estimated as  

1 2 3
{0,1... 1}

arg min ( ( ) ( )) ( )
l P

L f l f l K f l
 

               (13) 

Where 
1
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p
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


（                (14) 

                                 
1
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i
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                       3

1
( )= (2 ) ln ln

2
f l l P l K              (16) 

4. After L is estimated, find the indices of the L 

largest values of R .The estimated time delays are the 

index values. 

With these estimated channel parameters, the channel 

estimation are obtained as   

 ( ) { | 0,1,... 1}ˆ ( )
0 { | 0,1,... 1}

ls l
DFT HQ

l

h n n l L
h n

n l L

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（17）  

Transform the time domain response back to 

frequency domain to obtain the frequency response on all 

subcarrier. 

-
ˆˆ ( ) [ ( ) 0...0]DFT HQ DFT HQH k DFT h n           (18) 

Where 1,2,...,k N . 

IV. SIMULATION RESULTS 

In this section, a 6-path channel with t ime delays 

[0,0.2,0.4,1.5,2.4,5] us .For the OFDM systems, N=512 

subcarriers , P=64 pilots and the number of CP samples is 

64. 

We compare the proposed algorithm and other 

algorithms using two metrics, the correct estimat ion of all 

channel parameters probability (CECP) and MSE. 

CECP=Pr {Correct estimat ion of channel parameters}  

However, it is not easy to get a closed-form 

expression for the CECP, and its value can only be 

obtained through simulation.  

CECP= (Number o f simulat ion runs where all 

channel parameters are correctly estimated)/(total number 

of simulation runs) 
2ˆMSE= { | [ ] [ ] | }E H k H k                                (19) 

In the figures below, the performance of MDL and 

GAIC criterion is given to evaluate the proposed scheme. 

A. Performance vs. Frame Lengths 

From the equation (12), we can see the frame length 

K affect the accuracy of the matrix R. In this subsection, 

we set SNR=30dB, we show the performance variation for 

varying frame length K. 
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Fig. 2  MSE performance comparison versus frame lengths 

 

From Fig.2, we can see that DFT and GAIC 

estimation schemes don’t change versus the frame length 

K because they needn’t compute the correlation matrix. 

The GAIC performs better than the DFT. The proposed 

HQ estimat ion scheme performs better than the MDL 

when the number of K  is small. After K becomes lager 

than 6, these two methods almost have the same 

performance.  

B.  Performance vs.SNR 

In this subsection, we give the performance of the 

proposed scheme and the others versus the SNR when the 

frame length K is 200. 
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Fig. 3  CECP performance comparison versus SNR 
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Fig. 4  MSE performance comparison versus SNR 

 

Figure 3 show that all parametric channel estimation 

schemes can correctly  the channel parameters when the 

SNR is high. However, the channel parameters cannot be 

correctly estimated in the low SNR area because channel 

path power is overwhelmed by the noise. Our proposed 

scheme performs better than these two parameter 

estimation scheme. For the MSE, in figure 4, we can 

observe that our scheme is best among these methods in 

low SNR area. In high SNR area, we can see that our 

scheme and GAIC perform almost the same and better 

than others. The performance of DFT scheme can be 

raised substantially after we use the HQ criterion. 

 

V. CONCLUSIONS 

In this paper, we have presented a new channel 

estimation scheme for sparse multipath channels. This 

scheme uses the HQ criterion to estimate the number of 

significant mult ipath and time delays, and then uses these 

parameters to improve the performance of channel 

estimation. From the simulation results, we can see our 

scheme performs better than the other traditional channel 

estimation schemes. 
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