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Abstract— Orthogonal frequency division multiplexing is 

one of the most successful multicarrier modulation 

techniques. This modulation technique is now used in many 

areas because of its intelligent bandwidth utilization and fast 

transmission. Channel estimation in OFDM is crucial for 

elimination of the distortions introduced by the channel. 

There are many parameters like fading, reflection, refraction 

and diffraction which affect the transmitted signals. This 

paper comprises of the performance analysis of pilot 

arrangement techniques which are Block type and comb 

type. The parameters over which the performance is 

evaluated are Symbol error rate (SER) and Mean squared 

error (MSE). At low and high SNR behavior of LS and 

MMSE has been evaluated over AWGN channel for BPSK 

modulation. Comb type MMSE performs well in comparison 

with LS but have higher complexity too in case of MSE but 

for SER Low pass interpolation performs best with MMSE. 
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I. INTRODUCTION 

Orthogonal Frequency division multiplexing (OFDM) is a 

technique which divides the signal (carrier) in to several sub 

parts and transmits   the   signal   with   the help   of those 

subcarriers. These subcarriers differ in terms of frequencies 

and they are orthogonal [4]. Today OFDM is used in wired 

as well as wireless communication, such as the asymmetric 

digital subscriber line (ADSL) and the IEEE 802.11 

standard. OFDM was first introduced in 1960s and 1970s. 

Though all the subcarriers in an OFDM system is 

overlapped with the adjacent one but, the orthogonality can 

still be kept up by staggered QAM (SQAM) modulation 

technique. OFDM is similar to coded OFDM and is a multi-

tone modulation also called as multi carrier modulation. The 

term coded comes from the use of forward error correction 

(FEC). Motivation of OFDM is the problems that we faced 

in conventional FDM and TDM. FDM has a problem of bad 

spectrum usage whereas TDM has a problem of multipath 

delay spread. 

The time spread between first and neighboring 

signal in a multipath channel is called as multi path delay 

spread, which is seen by the receiver.[2] These two 

problems were eliminated in OFDM. Problem faced in FDM 

was solved by efficient use of spectrum of subcarrier. 

Orthogonality of OFDM shows that, the subcarriers are 

orthogonal to one- another [3].Figure 1 [5] shows the 

overlapping in OFDM subcarriers. OFDM is a dense 

multichannel system also called as multicarrier system. 

 
Fig. 1: Subcarrier Overlapping in OFDM 

OFDM has the following advantages: It avoids 

multipath delay spread. In relatively slow time-varying 

channels, performance can be enhanced by the adaptability 

of the data rate according to the SNR ratio of that sub-carrier 

[5]. OFDM is robust against narrowband interference, 

because such interference affects only a small number of 

sub-carriers. OFDM makes single-frequency networks 

possible, which is mainly used in broadcasting applications. 

Figure 2 represents fundamental difference in conventional 

and OFDM modulation.  

Factors such as multi-path transmission, noise, 

timing offset, and frequency offset makes the channel quite 

uncertain and challenging in a wireless environment than a 

wire channel. When the signals go through the channel, 

random deformations in the elements of the communication 

such as amplitude and phase occur. Because of time varying 

behavior of wireless channel the deformations or say 

distortions varies with time. Channel estimation is a 

technique which guesses or evaluates the behavior of 

channel and gets a measure of their upshots on the signal. 

Hence channel estimation allows the receiver to 

approximate the effect of the channel on the signal which 

improves the system performance. It is done mainly by 

tracking the known symbols called as pilot or training 

symbols and the information obtained by tracking is used 

further for channel estimation of data subcarriers. This pilot 

information is used as a reference for channel estimation. 

This training signal based technique is called as pilot 

assisted channel estimation technique. There are some more 

techniques which are used for this purpose as Blind and 

Semi-Blind channel estimation. Blind technique uses some 

mathematical expressions and relations to estimate the 

channel [4]. It does not use pilot signals whereas Semi-Blind 

is the combination of both pilot assisted and blind technique. 

Pilot assisted technique consists of three patterns, block type 

pattern, comb type pattern [3] and incline type pattern. 

Comb type pattern has two estimators least squares (LS) and 

minimum mean square error (MMSE). Additional 

techniques which are used for channel estimation of data 

subcarriers are interpolation. 

The 2
nd

 section introduces system model. Pilot 

Assisted channel estimation techniques are described in 3rd 

section. Parameters, results and discussion are introduced in 

4th section and section 5th have the conclusion part of the 

paper. 

II. SYSTEM MODEL 

OFDM is basically a block process. It has signal generator, 

serial to parallel and parallel to serial convertors, modulator 

on transmitter side and demodulator, serial to  parallel and 

parallel  to  serial  convertor,  signal detector on receiver 

side. An input signal is converted into N data streams by a 

serial to parallel port. The duration of the data is N-times 

elongated. Orthogonality should be maintained in between 

subcarriers frequencies   ,   ,   ….,      which are used in 

modulation of data. OFDM uses different modulation 

schemes for fast communication [2]. In this paper comprises 

of BPSK technique. 
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The definition of the orthogonality was given in as 
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Where,  (n-m) = the Dirac-Delta function. 

In OFDM modulation, the subcarrier frequency   is 

defined as 
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 is the total bandwidth, and N is 

the number of subcarriers. Substituting equation (2) and (3) 

in (1), for all   ,   ,   ….,     frequencies, orthogonality can 

easily be applied. At the receiver, the received signal is first 

made as base band signal by down conversion, then 

integration along with low pass filtering is done to separate 

out the sub carriers. All the subcarriers are separated 

successfully due to orthogonal property of OFDM. 

Transmitted signals and the received signals are alike. 

The OFDM system based on pilot channel 

estimation is given in Figure 4. [3] Mapping and grouping of 

binary data is done firstly with the help of modulation in 

signal mapper. After inserting pilots either as a block pattern 

or as a comb pattern IDFT block transforms the data 

sequence of length N{X(k)} into time domain signal {x(n)}. 

 
Fig. 2: OFDM system 

IDFT is followed by guard insertion block which 

provides guard time larger than the expected delay spread. 

This guard time removes ICI (inter carrier interference). The 

transmitted signalx(n) is passed through a[2] channel with 

additive noise. The channel is frequency selective time 

varying fading channel. At receiver the guard time is 

removed and then y(n) is fed to the DFT block. Following 

DFT block, extraction of pilot channels is done and the 

estimated channel He(k) is gained for data sub-channel in 

channel estimation block. After the estimation of the 

transmitted data by: 

     
 ( )

  ( )
                                               ( ) 

Where, k=0, 1.... N-1 

Signal demapper gives the binary data that was 

transmitted. Prior to demodulation dynamic channel 

estimation is necessary since for wideband mobile 

communication systems the radio channel is time-varying 

and frequency selective [6]. Channel estimation in OFDM 

has many techniques that are pilot assisted, blind and semi 

blind. Blind technique is nothing but estimation of channel 

without using pilot signal and then semi blind initially done 

estimation using pilots and then further it is done by channel 

tracking. 

The pilot technique is the most commonly used 

channel estimation technique. It basically has two patterns 

block and comb. We can perform cannel estimation either 

by reserving all the sub carriers for pilot tones with a 

specific period or by inserting pilot tones in each of the 

OFDM symbol. The first one was introduced under  slow 

fading channel and is block type pattern. It always assumes 

that transfer function is not moving very rapidly (even with 

decision feedback equalizer). For block type pilot pattern the 

channel estimation is based upon two estimators, least 

squares (LS) and MMSE. The MMSE estimate gives SNR 

of about10-15 dB for the same mean square error of channel 

estimation over LS [5]. Comb type works on algorithms. It 

consists of algorithms to interpolate and estimate the pilot 

frequencies.  The channel estimation in comb type pilot 

pattern is based on estimators LS, MMSE or least mean 

square (LMS). MMSE performs much better than LS. 

1) Channel estimation principle 

The OFDM symbols pass through communication channel 

can be modeled as 

                                        ( ) 
Where Y is the received OFDM signal, X is the 

OFDM symbol at the transmitter, H is the channel frequency 

response or channel transfer matrix,    is the complex zero-

mean Gaussian noise with the variance of (  
 ). The noise is 

generally assumed uncorrelated with the channel frequency 

response H [3]. 

III. PILOT ASSISTED CHANNEL ESTIMATION TECHNIQUE 

A. Comb Type Channel Estimation Technique 

In comb-type pilot based channel estimation along with 

LS and MMSE, there is an efficient interpolation technique 

which is necessary in order to estimate channel at data sub-

carriers by using the channel information at pilot sub-

carriers [6]. In this paper the evaluation is done for LS and 

MMSE techniques. All the methods that CCE (comb type 

channel estimation) have are described in brief here. 

B. Interpolation at comb type pattern 

The adjacent pilot subcarriers channel estimation gives the 

transfer function for non pilot subcarriers via interpolation. 

Various interpolation techniques are there which 

are basically algorithms and based on different pilot 

patterns. 

 Linear Interpolation 

 Second Order Interpolation 

 Low pass Interpolation 

 Spline Cubic Interpolation 

 Time Domain Interpolation 

Linear interpolation is the most simple and most 

extensively used algorithm. In this algorithm we take same 

time slot of two adjacent or neighboring pilot frequencies of 

the same subcarrier and perform linear interpolation. 

  ( )    (    )            

 (  (   )    ( ))
 

 
   ( )                 ( ) 

Second order interpolation is a bit better than linear 
interpolation. Channel estimation is given by 

  ( )    (    ) 
     (   )      ( )       (   )       ( ) 

Where 
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The low-pass interpolation is performed by 

inserting zeros into the original sequence and then applying 

a low pass FIR filter that allows the original data to pass 

through unchanged and interpolates between such that the 

mean-square error between the interpolated points and their 

ideal values is minimized [6]. Spline cubic interpolation 

gives plane or smooth response and continuous polynomial 

matched to data points that is given. 

Last interpolation i.e. time domain interpolation is 

a high resolution interpolation which is based on DFT/IDFT 

and zero padding. Figure shows time domain interpolation. 

Sometimes subcarriers are reserved for pilot frequency for 

each symbol and this done in comb type pilot pattern. Comb 

type pilot arrangement is shown in figure 3 [3].   

 
Fig. 3: Comb Type Pilot Arrangement 

 Nppilot signals uniformly inserted in X(k) 

 L=Number of Carriers/Np 

 {Hp(k)  k=0,1,…,Np}, channel at pilot sub-carriers 

 Xp input at the k
th
 pilot sub-carrier 

 Ypoutput at the k
th
 pilot sub-carrier 

 ( )   (    ) 

 {
 ( )                              
                   

                  ( ) 

The MMSE estimator performs better than LS and 

particularly in the case of low SNR it shows best results. 

The major disadvantage of MMSE estimator is its high 

computational complexity. 

IV. RESULTS AND DISCUSSION 

Parameters Specifications 

Number of subcarriers, N 64 

FFT size 64 

Channel AWGN 

No of OFDM symbols 1000 

Type of modulation BPSK 

Channel Estimation Comb Type 

Channel Estimation under 

Comb type Channel 

Estimation (CCE) 

CCE: 

 Least squared (LS) 

 Minimum mean squared 

error (MMSE) 

 Interpolation with LS & 

MMSE. 

Performance Measures 

 Symbol Error rate 

 Mean Squared Error 

 Over Signal to Noise ratio 

Table 1: Channel Estimation Parameters 

This paper consists of plots of SER versus SNR 

and MSE verses SER evaluated in AWGN (Additive White 

Gaussian Noise) consists of two fractionally spaced taps. 

Table1 shows values of parameters used to obtain the 

results. 

The results is nothing but the comparative analysis 

of Performance of LS and MMSE estimators for BCE and 

CCE and Linear and Low pass interpolation implemented 

with LS and MMSE estimators for CCE. This evaluation has 

been done on the basis of symbol error rate and Mean square 

error over different values of Signal to Noise ratio. 

Symbol error rate expression for LS and MMSE 

estimator is given by: 

SER= 
                                   

                      
         (  ) 

Mean squared error is given by: 

MSE= 
 

   
                                                    (  ) 

Here total number of symbols sent is 64000, in 

which 64 are the subcarriers included and 1000 are the 

OFDM symbols 

A. Performance evaluation of MMSE and LS techniques on 

the basis of SER and MSE for CCE 

The legends LS-C and MMSE-C represent the graphs of 

LS Comb, and MMSE comb, showing values of SER and 

MSE for different values of SNR. The AWGN channel is 

considered as a transmission channel. 

Figure 4 and Figure 5 illustrate the performance 

curves of OFDM symbols with LS and MMSE for Comb type 

pilot assisted channel estimation over AWGN channel for SER 

compare and MSE compare respectively. 

 
Fig. 4: SER Comparison of LS and MMSE for CCE 

 
Fig. 5: MSE Comparison of LS and MMSE for CCE 

5 10 15 20 25 30
10

-4

10
-3

10
-2

10
-1

SNR in DB

m
e
a
n
 s

q
u
a
re

d
 e

rr
o
r

PLOT OF SNR V/S MSE FOR AN OFDM SYSTEM WITH MMSE/LS ESTIMATOR BASED RECEIVERS



Performance Analysis of Channel Estimation using Pilot Technique 

 (IJSRD/Vol. 4/Issue 12/2017/175) 

 

 All rights reserved by www.ijsrd.com 671 

V. CONCLUSION 

In this paper, performance of Comb type pilot arrangement 

technique is studied through graph representation. The 

results have been achieved by estimating values for two 

parameters which are Symbol Error Rate (SER) and Mean 

squared error (MSE). Many methods of pilot assisted 

channel estimation is used here in which comb type MMSE 

in  case  of  MSE  and Low pass interpolation implemented 

with MMSE in case of SER performs best. For both the 

parameters, SER and MSE the performance of MMSE is 

better than LS. One drawback of MMSE is that it is complex 

as compare to LS. 
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