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ABSTRACT 

A novel pilot insertion and channel estimation algorithm for 

orthogonal frequency division multiplexing (OFDM) systems over 

slow fading channels is presented. The pilots overhead in the 

proposed insertion technique is reduced to 12.5% as compared to 

conventional block type channel estimation. The proposed 

channel estimation algorithm is aimed at reducing the channel 

noise, which is inherent in the least square (LS) estimation. The 

proposed channel estimation algorithm uses LS for channel 

impulse response estimation at pilot subcarriers. The channel 

frequency response at all of the subcarriers for the entire block is 

estimated by using the inverse fast Fourier transform (IFFT), zero 

padding, and the fast Fourier transform (FFT). The performance 

(in terms of the bit error rate) of the proposed channel estimation 

algorithm and the pilot arrangement is compared with the LS 

estimation for block-type pilot arrangement. Simulation results 

show that the proposed channel estimation algorithm outperforms 

the block-type pilot arrangement with LS estimation.    
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1. INTRODUCTION 
OBUSTNESS to channel impairments and spectral 

efficiency has made orthogonal frequency division 

multiplexing (OFDM) the most preferable candidate for 

communication systems. Communication standards, such as Wi-

Fi, Wi-Max, digital video broadcasting (DVB), and digital audio 

broadcasting (DAB) have adopted OFDM [1], [2]. Spectral 

efficiency of the OFDM is due to the overlapping nature of the 

orthogonal subcarriers. Guard interval is used in the OFDM to 

avoid inter-symbol interference (ISI). However, in single carrier 

communication systems, complex equalization techniques are 

used for ISI cancellation [3]. Frequency selective fading channel 

significantly degrades the performance of OFDM system. 

Moreover, channel state information (CSI) is necessary to 

improve the performance of OFDM system in the presence of 

multipath fading channel. Therefore, channel estimation plays a 

pivotal role in efficiently operating a communication system. 

Channel estimation can be divided into three types based on the 

density of the pilot symbols: (a) pilot assisted, (b) blind, and (c) 

semi-blind channel estimation [4]. In pilot assisted channel 

estimation techniques, known pilot symbols are transmitted along 

with the OFDM data symbols. The receiver uses the received and 

transmitted pilot symbols to estimate the channel frequency 

response. In the blind channel estimation, the channel impulse 

response is estimated through the use of received signal statistics. 

In the semi-blind channel estimation, pilot symbols are inserted 

into the OFDM symbol to improve the performance of the blind 

estimation. Block-type and comb-type channel estimation are the 

two categories of one-dimensional pilot aided channel estimation 

techniques, which are based on the arrangement of pilot tones [5]. 

Comb-type channel estimation is used to estimate the channel 

frequency response for the fast fading channels. Block-type 

channel estimation is used for estimation of the channel frequency 

response for slow fading channels. 

In [6], Sabir al proposed a model for inter-carrier interference 

(ICI) cancellation and error correction in OFDM system. The 

performance of the proposed model is evaluated for the slow 

fading Rayleigh channel. LS estimator with Block-Type pilot 

arrangement is used for ICI mitigation. The proposed model 

exhibits acceptable performance; however, the pilot overhead 

associated with block-type channel estimation is 14.5%.The LS 

estimator has degraded performance due to its susceptibility to 

noise which makes the system unattractive for practical 

implementation. The error correction performance in the proposed 

system model can be improved by increasing the number of 

decoder iterations; however, increasing the number of decoder 

iterations subsequently increases the computational complexity. 

Therefore a trade-off must be made between the performance and 

complexity of the decoder.  

In [7], the complexity associated with Linear Minimum mean 

square error (LMMSE) estimator is reduced by partitioning the 

channel auto correlation matrix into sub matrices by overlap and 

non-overlap techniques. The performance of the proposed 

techniques is degraded as compared to the LMMSE and better 

than LS estimator. The proposed LMMSE estimation techniques 

have reduced complexity associated with matrix multiplication; 

however, the disadvantage of the proposed technique is the 

requirement of the power delay profile for their operation. In [8], 

the block-type and comb-type channel estimation techniques are 

used in the OFDM. The channel at pilot subcarriers is estimated 

by using LS estimator for comb-type pilot insertion scheme. The 

performance of the LS estimator for different interpolation 

techniques in case of com-type pilot arrangement is also studied. 

Low pass interpolation outperforms other one-dimensional 

interpolation techniques. LS estimator is susceptible to noise and 

therefore, it has degraded performance as compared to MMSE 

estimator.   

In this paper, a novel pilot arrangement scheme and a channel 

estimation algorithm using the LS estimator is proposed. LS 

estimator is considered because of its non-requirement of the 

power delay profile [9],[10].The proposed pilot insertion 

technique has low over-head as compared to pilot arrangement in 

the block-type channel estimation. The pilot overhead is reduced 

to 1/8 in the proposed pilot arrangement scheme as compared to 
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block-type channel estimation. The proposed channel estimation 

algorithm reduces noise present in the LS estimation, which 

consequently significantly improves the performance of the 

OFDM system. The noise is cancelled out in the LS estimator by 

using the concept of the concentrated channel energy in time 

domain and distributed channel energy in frequency domain. The 

performance of the comparison of the proposed channel 

estimation algorithm and LS estimator with block-type channel 

estimation shows the performance improvement of the proposed 

technique. 

The remainder of the paper is organized as follows: Section II 

describes the OFDM system model. Section III explains the 

channel estimation algorithms. Simulation results are discussed in 

Section IV and we conclude the paper in Section V. 

2. OFDM SYSTEM MODELING 

In OFDM systems (as can be seen in Fig. 1), the input bits are 

mapped to produce the frequency domain symbols. The serial 

sequence of symbols is parallelized and pilots are inserted into the 

sequencing. The pilots and data symbols can be mathematically 

quantified by: 

                                                 

                                                

Where   and    are the vectors containing data indices and pilots 

sub carriers, respectively. The parallelized sequence of symbols, 

after pilot insertion, is fed to inverse fast Fourier transform (IFFT) 

block to convert the sequence of symbols from the frequency 

domain into the time domain. The output of the IFFT block is 

given by: 
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A cyclic prefix of length    is then added to the OFDM symbol 

to cancel out ISI. The length of    should be used greater than or 

equal to the channel order to effectively mitigate ISI. Finally, the 

signal is transmitted through the multipath fading channel in the 

presence of additive white Gaussian noise (AWGN).  

                                                

Where   is the channel impulse response,    is AWGN vector, and 

  represents the convolution operation. The signal after the 

removal of the cyclic prefix is passed through the fast Fourier 

transform (FFT) block to obtain the frequency domain signal.  

              , 

        
     

 

   

   
                                 

Thereafter, the channel estimation and equalization of the signal 

are de-mapped to yield the output bits. The performance of the 

system is evaluated in terms of bit error rate (BER). 
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Figure 1. Baseband OFDM System 

3. CHANNEL ESTIMATION ALGORITHM 

FOR SLOW FADING CHANNELS 

The block-type pilot arrangement is used for the slow fading 

channels [5]. In the block–type pilot arrangement, the first OFDM 

symbol of the block consisting completely of the pilot tones is 

transmitted over the multipath fading channel as shown in Fig. 2. 

The channel frequency response estimated by using the first 

symbol in a block is then used for the equalization of the 

remaining symbols in the same block. The aforementioned is a 

viable solution because of the assumption of the constant channel 

impulse response over the entire block for slow fading channels 

[11].Block-type channel estimation is normally used for slow 

fading channel with same pilot overhead as comb-type channel 

estimation for the fast fading channel. The performance of the 

OFDM system for slow fading channels is better for block-type 

pilot arrangement as compared to comb-type channel estimation 

because of the avoidance of interpolation error that is inherent in 

comb-type channel estimation. In block-type channel estimation, 

the pilot symbols are inserted into all subcarriers in the first 

OFDM symbol of the block. The advantage of this type of pilot 

arrangement is getting rid of the interpolation error and effective 

tracking ability of the slow fading channel.  
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Figure 2. Arrangement of Pilots in Block-Type Channel 

Estimation 

3.1 LS Estimator 
The minimization of the square of the difference between the 

estimated and the detected signal is the basis of LS estimator 

operation as depicted in Fig. 3. The LS estimate of the channel is 

given by [12]: 

    
    

    
                                

 



where      and      represents the received and transmitted pilot 

symbols at kth subcarrier, respectively. The channel frequency 

response computed from the first symbol is then used for the 

equalization of the subsequent symbols in the block. It is clear 

from Fig. 3 that the signal estimated by the LS estimator does not 

consider the effect of channel noise in the estimation process and 

thus, susceptible to noise which results in the performance 

degradation of the OFDM system. The performance of the LS 

estimator can be improved by minimizing the noise that is 

inherent in the LS estimation.  
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Figure 3. Conceptual View of LS estimator 

3.2 Proposed Channel Estimation Algorithm 

and Pilot Insertion Scheme 
In the time domain, the energy of the channel impulse response is 

concentrated [13]. Because of the existence of the fading impulse 

at integer multiples of the system sampling rate (in sampled 

spaced channels), there is no channel energy leakage between the 

channel taps. The energy of the channel impulse response is 

concentrated in the first     , where  is the channel order and 

   is the cyclic prefix length, taps in time domain. The channel 

impulse response estimated by the LS estimator is given by: 

                                        

                                                                 

where            
    

    
 . All of the channel impulse response 

energy is contained within the first   taps less than or equal to the 

guard interval. Therefore, the channel impulse response can be 

written as: 

      
                        

                            
              

Equation (7) can be modified as: 

        
                        

                                     
         

From Equation (9), we can gather that beyond the first   taps, the 

estimated channel response consists of noise. Therefore, the 

performance of the LS estimator can be improved by only 

considering the first   taps and ignoring the other taps in the 

estimation of the channel frequency response. The channel energy 

distribution in time and frequency domain is depicted in Fig. 4, 

which shows that only   taps are significant energy taps. This 

suggests the placement of uniformly distributed   pilots per 

OFDM symbol. The proposed pilot insertion scheme for slow 

fading channel is shown in Fig. 4. The overhead associated with 

the proposed pilot insertion scheme is ⅛ for cyclic prefix of length 

1/4 as compared to the conventional block-type pilot insertion 

technique. The effect of this type of arrangement is the reduced 

pilot overhead and improved performance for the proposed 

channel estimation algorithm, which is depicted in Fig. 5. The 

proposed channel estimation consists of the following steps: 

 The LS estimate is computed by (6) for   pilots. 

 The output of the LS estimated is fed to P-point IFFT 

block to convert the frequency domain sequence into 

time domain sequence. The resultant time domain 

sequence has channel energy concentrated into the first 

L taps and noise beyond the first L taps for sampled 

spaced channel. 

 Pad     zeros at the end of the time domain channel 

vector containing the first L values computed channel 

impulse response in step 2 to cancel out noise in the 

time domain channel impulse response. 

 Finally, take N-point FFT of the zero padded time 

domain sequence to compute the channel frequency 

response at all subcarriers. 

 

Figure 4. Channel Energy Distribution in (a) Time 

domain (b) Frequency Domain 
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Figure 5. Proposed Pilot Arrangement  

N- Point

FFT

P- Point

IFFT

HLS[0]

HLS[1]

HLS[P-1]

hLS[1]

hLS[0]

hLS[P-1]

0
0

0

Hest[0]

Hest[1]

Hest[2]

Hest[N-1]
 

Figure 6. Proposed Channel Estimation Algorithm 
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4. SIMULATION RESULTS 
This section presents the MATLAB® simulation results for 

performance evaluation of the proposed channel estimation and 

LS estimator with block-type pilot arrangement over frequency 

selective slow fading channel. Simulation parameters are given in 

table I. The channel consists of   independent taps of Gaussian 

distribution with zero mean and variance  
               

  Exponential power delay profile is adopted in this paper. The 

variance of each tap is given by: 

  
    

 
                                         

Table 1. Simulation Parameters 

 

Parameters Specifications 

Number of subcarriers, 

N 
512 

FFT size 512 

Cyclic Prefix Length ¼ i.e. 64 

Channel Type slow fading Rayleigh 

Digital Modulation 

Schemes 

BPSK, QPSK, 16-

QAM, 32-QAM, 64-

QAM 

 

Simulated frame structure is shown in Fig. 6. Each frame consists 

of 7 OFDM symbols and the first symbol of each block has both 

data and pilot tones at specified subcarriers in case of the 

proposed pilot insertion and channel algorithm respectively. The 

pilots are inserted in the first symbol of the block at specified 

subcarriers resulting in pilot overhead of 1.78% for entire block of 

7 symbols. The computed overhead for the proposed pilot 

insertion scheme is very low as compared to block type pilot 

arrangement which results in pilot overhead of 14.29%  for the 

simulated frame of Fig. 7. In block-type channel estimation, the 

first symbol contains pilots at all subcarriers for the frame 

structure of Fig. 7. The channel impulse response is considered 

constant for a block period of time (slow fading channel) and 

assumption of perfect synchronization is made. The legends ‘LS’ 

and ‘Proposed’ correspond to LS estimator with block-type pilot 

arrangement and Proposed channel estimation algorithm with 

proposed pilot insertion scheme, respectively.  

DBCP DBCP DBCP DBCP DBCP DBCP DBCP

Pilot Insertion
CP  = Cyclic Prefix

DB  = Data Block  

Figure 7. Simulated Frame Structure [14] 

Figs. 8 and 9 illustrate the BER performance comparison of the 

proposed channel estimation algorithm with proposed pilot 

insertion scheme and LS estimator with block type pilot 

arrangement. It is clear from the Figs. 8 and 9 that the proposed 

channel estimation algorithm outperforms LS estimator with 

block type pilot arrangement. Table II shows the BER values at 

SNR=40 dB for different modulation schemes for the proposed 

algorithm and LS estimator for block-type pilot arrangement. 

Table II also clearly reveals the performance improvement of 

proposed channel estimation algorithm over LS estimator for 

block-type arrangement. The reason for this improvement in BER 

performance is the cancellation of inherent noise in LS estimator 

in the proposed channel estimation algorithm. It is also clear from 

Figs. 8 and 9 that the BER performance for higher modulation 

schemes degrades as compared to lower modulation schemes. 

This degradation is because of the close positioning of the 

constellation points for higher modulation schemes.  

Table 2. BER Values at SNR=40 dB 

Modulation 

Scheme 

Proposed 

Algorithm 

LS estimator with 

Block-type Pilot 

Arrangement 

BPSK 2.98 x 10-5 5.53x 10-5 

QPSK 7.25 x 10-5 14.47 x 10-4 

16-QAM 2.30 x 10-4 6.04x10-4 

32-QAM 5.18 x 10-4 14.6x10-4 

64-QAM 9.50 x 10-4 29.23 x 10-4 

 

Figure 8. Performance Comparison of Estimators in OFDM 

for BPSK and QPSK modulation schemes   

 

Figure 9. Performance Comparison of Estimators in OFDM 

for 16-QAM, 32-QAM and 64-QAM modulation schemes 
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5. CONCLUSIONS 
A novel pilot arrangement scheme with low overhead and 

improved channel estimation algorithm using the least square (LS) 

estimator was proposed for OFDM systems over slow fading 

channels. The performance (in terms of the bit error rate) of the 

proposed channel estimation algorithm and the pilot arrangement 

was compared with the LS estimation for block-type pilot 

arrangement. Simulation results revealed a significant 

performance improvement of the proposed pilot arrangement and 

channel estimation algorithm over the LS estimator with block-

type pilot arrangement. The pilot overhead is reduced to 12.5% in 

the proposed arrangement as compared to block-type scheme.  

As future work, the channel frequency response can be estimated 

through minimum mean square error (MMSE) estimator for the 

proposed pilot arrangement scheme. A performance comparison 

between the LS estimator and MMSE estimator will be made in 

order to check the performance improvement of MMSE estimator 

over LS estimator, because the MMSE estimator takes into 

account channel statistics for performance improvement. 
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