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ABSTRACT: Orthogonal frequency division multiplexing 

(OFDM) gives a compelling and low intricacy method for taking 

out inter-symbol obstruction for transmission over frequency 

specific fading channels. This system has gotten a considerable 

measure of enthusiasm for versatile correspondence research as 

the wireless channel is normally frequency specific and time 

variation. Usually, CSI can be dependably evaluated at the 

recipient by transmitting pilots alongside information symbols. 

Pilot symbol helped channel estimation is particularly appealing 

for wireless communication, where the channel is time-

changing. In this paper, we research and think about different 

effective pilot based channel estimation plans for OFDM 

systems. The channel estimation can be performed by either 

inserting pilot tones into all subcarriers of OFDM images with a 

particular period or inserting pilot tones into each OFDM 

image. In this present study, two noteworthy sorts of pilot 

scheme, for example, block type and comb type pilot have been 

engaged utilizing Least Square Error (LSE) and Minimum 

Mean Square Error (MMSE) channel estimators. Block type 

pilot sub-carriers is particularly suitable for moderate fading 

radio channels though comb type pilots give better 

imperviousness to quick fading channels. The pilot signal 

estimation depends on LSE and MMSE criteria, together with 

interpolation of channel utilizing linear interpolation and spine 

cubic interpolation.  

Keywords: OFDM, Channel Estimation, Pilot based channel 

estimation, Block type pilot arrangement, Comb type pilot 

arrangement. 

 

1. INTRODUCTION 

Wireless systems are expected to require high data rates with low 

delay and low bit-error-rate (BER).In such situations, the 

performance of wireless communication systems is mainly 

governed by the wireless channel environment. In addition, high 

data rate transmission and high mobility of transmitters and/or 

receivers usually result in frequency-selective and time selective, 

i.e., doubly selective, fading channels for future mobile 

broadband wireless systems. Therefore, mitigating such doubly 

selective fading effects is critical for efficient data transmission. 

Moreover, perfect channel state information (CSI) is not available 

at the receiver. Thus in practise, accurate estimate of the CSI has 

a major impact on the whole system performance. It is also 

because, in contrast to the typically static and predictable 

characteristics of a wired channel, the wireless channel is rather 

dynamic and unpredictable, which makes an exact analysis of the 

wireless communication system often difficult.  For OFDM is a 

mixture of modulation and multiplexing. Multiplexing by and 

large alludes to autonomous signals, those delivered by different 

sources. In OFDM the inquiry of multiplexing is connected to 

free signals yet these independent or free signals are a sub-set of 

the one principle signal. In OFDM, the signal itself is first divided 

into separate channels, modulated by carriers and then 

multiplexed to create the OFDM carrier. The guard bands that 

were important to allow individual demodulation of subcarriers in 

an FDM system would never again be fundamental. The 

utilization of orthogonal subcarriers would permit the subcarriers 

spectra to overlap, in this way expanding the spectral efficiency. 

As far as Orthogonality is sustained, it is still conceivable to 

recover the individual subcarriers signals regardless of their 

overlapping spectrums. It can be seen that practically a large 

portion of the bandwidth is spared by overlapping the spectra. As 

more carriers are included, the bandwidth approaches (N+1)/N 

Bits per Hz. Bigger number of carriers gives better spectral 

efficiency. The principle idea in OFDM is Orthogonality of the 

sub-carriers. The "orthogonal" piece of the OFDM shows that 

there is an exact scientific relationship between the frequencies of 

the carriers in the system. It is conceivable to arrange the carriers 

IJ
RS
TM

International Journal of Research, Science, Technology & Management                    
e-ISSN: 2455-2240, Volume 8 Issue 3, September 2017 



 

2 

 

in an OFDM Signal so that the sidebands of the individual 

carriers overlap and the signals can still be received without 

neighbouring carrier‘s interference. The Orthogonality feature of 

OFDM among the carriers can be sustained if the OFDM signal is 

characterized by utilizing Fourier transform procedures. The 

OFDM system transmits a substantial number of narrowband 

carriers, which are nearly separated. Note that at the central 

frequency of the each sub channel there is no crosstalk from other 

sub channels. In an OFDM system, the data bit stream is 

multiplexed into N symbol streams, each with symbol period Ts, 

and each symbol stream is utilized to modulate parallel, 

synchronous sub-carriers. The sub-carriers are dispersed by 1/NTs 

in frequency, in this way they are orthogonal over the interval (0, 

Ts). A typical discrete-time baseband OFDM transceiver system 

is indicated in figure underneath. To start with, a serial-to-parallel 

(S/P) converter amasses the stream of data bits from the source 

encoder into gathering of log2M bits, where M is the letter in 

order of size of the digital modulation scheme employed on each 

sub-carrier. A sum of N such symbols, Xm, are made. Then, the 

N symbols are mapped to receptacles of an inverse fast Fourier 

transform (IFFT). These IFFT receptacles compare to the 

orthogonal sub-carriers in the OFDM symbol.  

 

            Fig. 1:  Baseband OFDM transceiver system. 

Therefore, the OFDM symbol can be expressed as    

 

Where Xm are the baseband symbols on each sub-carrier. The 

digital-to-analog (D/A) converter then creates an analog time-

domain signal which is transmitted through the channel.  

At the receiver, the signal is converted back to a discrete N point 

sequence y(n), corresponding to each sub-carrier. This discrete 

signal is demodulated using an N-point fast Fourier transform 

(FFT) operation at the receiver. The demodulated symbol stream 

is given by:  

 

Where W (m) corresponds to the FFT of the samples of w (n), 

which is the Additive White Gaussian Noise (AWGN) introduced 

in the channel. The fast speed data rates for OFDM are proficient 

by the simultaneous transmission of information at a lower rate on 

each of the orthogonal sub-carriers. In view of the low 

information rate transmission, distortion in the received signal 

impelled by multi-path delay in the channel is not as noteworthy 

as contrasted to single-carrier high-data rate systems. For 

instance, a narrowband signal sent at a high data rate through a 

multipath channel will encounter more noteworthy negative 

effects of the multipath delay spread, as the symbols are much 

closer together. Multipath distortion can also cause inter-symbol 

interference (ISI) where nearby symbols overlap with each other. 

This is counteracted in OFDM by the insertion of a cyclic prefix 

between successive OFDM symbols. This cyclic prefix is 

discarded at the receiver to cancel out ISI. It is because to the 

robustness of OFDM to ISI and multipath distortion that it has 

been considered for different wireless applications and standards. 

          The first OFDM scheme was proposed by Chang [2] in 

1966 for dispersive fading channels, which has also undergone a 

dramatic evolution then OFDM was selected as the high 

performance local area network transmission technique. A 

method to reduce the ISI is to increase the number of subcarriers 

by reducing the bandwidth of each sub-channel while keeping the 

total bandwidth constant. The ISI can instead be eliminated by 

adding a guard interval at the cost of power loss and bandwidth 

expansion. These OFDM systems have been employed in military 

applications since the 1960’s, for example by Bello [6], 

Zimmerman [7] and others. The employment of discrete Fourier 

transform (DFT) to replace the banks of sinusoidal generators and 

the demodulators was suggested by Weinstein and Ebert [5] in 

1971, which significantly reduces the implementation complexity 

of OFDM modems. Hirosaki [8], suggested an equalization 

algorithm in order to suppress both intersymbol and inter 

subcarrier interference caused by the channel impulse response or 

timing and frequency errors. Simplified model implementations 
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were studied by Peled [9] in 1980. Cimini [6] and Kelet [10] 

published analytical and early seminal experimental results on the 

performance of OFDM modems in mobile communication 

channels. Most recent advances in OFDM transmission were 

presented in the impressive state of art collection of works edited 

by Fazel and Fettweis [11].OFDM transmission over mobile 

communications channels can alleviate the problem of multipath 

propagation. Recent research efforts have focused on solving a set 

of inherent difficulties regarding OFDM, namely peak-to mean 

power ratio, time and frequency synchronization, and on 

mitigating the effects of the frequency selective fading channels.  

2.  Channel estimation and equalization Technique 

 

              In wireless communication, the channel is usually 

unknown a priori to the receiver. Therefore to do the channel 

estimation, a pilot symbol aided modulation is used, where known 

pilot signals are periodically sent during the transmission. In 

general, the performance of channel estimation depends on the 

number, the location, and the power of pilot symbols inserted into 

OFDM blocks. To mathematically analyse this, consider a fading 

multipath channel with the multipath delay spread      and the 

maximum Doppler frequency(  ). To recover the channel state 

information (CSI), the spaces between pilot symbols in the time 

and frequency domain must satisfy two-dimensional (2-D) 

sampling theorem , that is,       ≤ 1/2       ∆    ≤ 1  

Where T is the OFDM block duration, ∆  is the subcarrier 

spacing;   and    are the numbers of samples between pilot 

symbols in the time domain and frequency domain, respectively 

[8].Within the OFDM symbol duration, the number of pilot 

symbols in frequency domain is related to the delay spread; on the 

other hand, the number of pilot symbols in time domain is related 

to the normalized Doppler frequency(   ). Based on 2-D 

arrangement of pilot symbols, 2-D channel estimators are too 

complex in practice . Therefore, channel estimation is exploited in 

one-dimension (1-D) for OFDM systems in general.  

  

2.1) Channel estimation in slow fading channels: 

 

                      In slow fading channels, the channel slowly changes 

over a number of OFDM symbol blocks. In such channels, 

channel estimation is based on pilot symbols, which are inserted 

into all subcarriers of OFDM symbol blocks within a specific 

period.  These pilot symbols are usually called training symbols 

and a batch of OFDM symbols follows the training symbols. For 

channel estimation based on training symbols, the first step is to 

estimate CSI corresponding to training symbols. Using this 

information, the CSI corresponding to subsequent data symbols 

can be tracked and further improved by decision directed channel 

estimation . If the channel varies slowly over OFDM blocks, the 

estimated CSI based on previous training symbols are generally 

reliable so such estimated channel state may be used in data 

detection. However in situations, the channel varies fast over 

time, the training symbols will be sent more frequently to get 

reliable channel estimates, and thus, the overall system efficiency 

is reduced . In such a case, channel estimation can be based on 

pilot symbols, which are periodically inserted into different 

subcarriers for each OFDM symbol block.  This helps improving 

the bandwidth efficiency. In addition, to improve further 

bandwidth efficiency, the superimposed pilot scheme was 

proposed for flat-selective fading channels , frequency selective 

fading channels , and for doubly selective fading channels . In this 

approach, a pseudo-noise (PN) sequence is synchronously added 

to the information symbols at the transmitter prior to modulation 

transmission. Although the use of superimposed pilots can 

improve the bandwidth efficiency, the performance based on 

superimposed pilot aided channel estimation is worse than that of 

traditional PSAM. Therefore, this paper focuses on channel 

estimation based on traditional PSAM. For slow fading channels, 

different pilot designs have been discussed in. For these channels, 

several types of estimation techniques are exploited by using least 

squares (LS), ML, minimum mean square error (MMSE) or linear 

minimum mean square error (LMMSE) methods. For slow fading 

channels, depending on the pilot arrangement, these estimation 

schemes are performed in the frequency domain using either 

training symbols or pilot symbols.   

  

2.2) Channel estimation in fast fading channels: 

 

                   In fast fading channels, the channel varies 

significantly over one OFDM symbol block. In such cases, the 

orthogonality among the OFDM subcarriers is usually lost and the 

ICI is created. The severity of ICI depends on the normalized 

Doppler frequency (fdT). In the presence of ICI, the amount of 

channel states that need to be estimated for reliable data detection 

increases. Not only the individual subcarrier frequency responses 
but also the interference among subcarriers in each OFDM 

symbol are to be estimated. In such a case, an underdetermined 

system occurs if standard channel modelling is employed, as the 

number of unknowns are more than the number of measurements 
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(pilot symbols). In order to reduce the number of unknown 

channel parameters, simplification approaches are exploited for 

channel estimation. One approach is that the channel is 

approximated to a piece-wise linear model over one or two 

adjacent OFDM blocks. However, this modeling approach 

degrades the performance of the channel estimation at high 

normalized Doppler frequencies such as 10% mentioned in . 

Another approach is to model the channel by a basis expansion 

model (BEM), where the samples of the channel state are 

characterized as a linear combination of a finite number of known 

basis functions weighted by unknown basis coefficients.  In 

addition, in order to minimize the MSE of the channel estimator, 

the optimal number of pilot (data) blocks should be equal to the 

number of basis coefficients for a given transmission block. From 

a performance viewpoint, to minimize the total MSE of the 

estimator which includes the BEM modelling error, the number of 

pilot (data) blocks may be larger than the number of basis 

coefficients . Similar to the time-domain pilot scheme, the pilot 

block in the form of  [01xQ 1 01xQ] is equally placed between 

data blocks in the frequency domain, where Q is the number of 

basis coefficients, defined as   ≥ 2        and    denotes the 

integer ceiling.   

 

It is an essential problem in OFDM system design. Basic task of 

equalizer is to compensate the influences of the channel. This 

compensation requires, however, than an estimate of the channel 

response is available. Often the channel frequency response or 

impulse response is derived from training sequence or pilot 

symbols, but it is also possible to use nonpilot aided approaches 

like blind equalizer algorithm.  

             Channel estimation is one of the fundamental issue of 

OFDM system design, without it non coherent detection has to be 

used, which incurs performance loss of almost 3-4 dB compared 

to coherent detection.  A popular class of coherent demodulation 

for a wide class of digital modulation schemes has been proposed 

by Moher and Lodge, and is known as Pilot Symbol Assisted 

Modulation, PSAM. The main idea of PSAM channel estimation 

is to multiplex known data streams with unknown data. 

 

3.  CHANNEL ESTIMATION OF OFDM SYSTEMS 

 

             For an OFDM mobile communication system, the 

channel transfer function at different subcarriers appears unequal 

in both frequency and time domains. Therefore, a dynamic 

estimation of the channel is always required. Pilot-based 

approaches are widely used to estimate the channel properties and 

correct the received signal. In this paper, two types of pilot 

arrangements, as shown in Figure 2 are investigated 

   
                      Fig. 2 Channel estimation  

 

The first kind of pilot arrangement, shown in Figure 3, is denoted 

as block-type pilot arrangement. This is sent periodically in time-

domain and is particularly suitable for slow-fading radio 

channels. Because the training block contains all pilots channel 

interpolation in frequency domain is not required. Therefore, this 

type of pilot arrangement is relatively insensitive to frequency 

selectivity.  

  

            Fig 4  block type pilot channel 

The second kind of pilot arrangement, shown in Figure 4, is 

denoted as comb-type pilot arrangement. In this case, the pilot 

arrangements are uniformly distributed within each OFDM block. 

Assuming that the payloads of pilot arrangements are the same, 

the comb-type pilot arrangement has a higher re-transmission 

rate. Thus, the comb-type pilot arrangement system provides 

better resistance to fast-fading channels.  
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          Fig 4 comb type pilot channel 

 

Description of channel estimation based OFDM system :  

3.1 Least Squares (LS) 

The Least Squares Error (LSE) estimations   utilized to 

appraise the framework h[m] by minimizing the squared mistake 

amongst estimation and identification. In matrix for, it can be 

written as 

y =Xh                                                            (3.1) 

 

Thus the error ‘e’ can be given as follows 

e=y”-y                                                          (3.2) 

Where “y” is supposed to be the expected  output. 

The square d error(S) can be given as 

S =|e|
2                                                           

(3.3) 

S= (y”-y)
2                                                     

(3.4)
 

S= (y”-y)*(y”-y )
t                                          

(3.5)
 

Where ‘t ’denotes for matrices complex transpose. 

    S =(y”-Xh)*(y”-Xh)
t                                                          (3.6) 

                                  
 

This equation can be reduced by taking its derivation w.r.t ‘h’ 

to take its maximum value and equation git equal to zero .The 

final equation will be: 

h”=(X
t
X )

-1
X

t
y                                         (3.7) 

Which can be re-written as follows? 

                              h” = X
-1

y                                                    (3.8) 

 

 

 

(3.2) Minimum Mean Square Error (MMSE) 

 

              The MMSE estimator minimizes the mean-square 

mistake. In the event that "X" is transmitted over a channel "h" 

such that y = X h. 

Error can be defined as 

e =y”–y                                                   (3.9) 

Where y” is the output expected. 

Mean Square Error= mean {(y”-y )^
2

}=E {(y”-y)^
2

}          (3.10) 

Where ‘E’ is operate  for expected value. 

 

Idea of expected worth and connection can be utilized to 

infer the conditions for finding the channel reaction.  

Rgg=auto covariance matrix of ‘g’  

RgY=cross covariance matrix of ‘g’ and ‘Y’ 

The estimated channel Hmmse can be found out by the equation 

Hmmse=F*( RgY*RYY
-1

*Y)                                   (3.11) 

Where Fisa noise matrix 

Rgy=Rgg*F'*X'                                                     (3.12) 

RYY=X*F*Rgg*F'*X'+varianceof noise*IdentityMatrix+       

(3.13) 

The equation can be used for both ISO as well as MIMO systems. 

 

4. PROBLEM STATEMENT 

 

               The aim of future fourth-generation (4G) mobile 

systems is on supporting high data rate services and guaranteeing 

consistent provisioning of services across a multitude of wireless 

systems and networks, for indoor to outdoor, starting with one 

interface then on to the next, and from private to public network 

infrastructure.  Higher data rates permit the arrangement of multi-

media applications which include voice, information, pictures, 

and video over the wireless networks. Now, the data rate 

envisioned for 4G networks is 1 GB/s for indoor and 100Mb/s for 

outdoor environments. High data rate implies the signal 

waveform is really wideband, and the channel is frequency-

selective from the waveform perspective, that is, an extensive 

number of resolvable multi-paths are available in the 

environment. Orthogonal frequency division multiplexing 

(OFDM), which is a modulation method for multicarrier 

communication systems, is a guaranteeing contender for 4G 

systems since it is less vulnerable to inter-symbol interference 

introduced in the multipath environment. 
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5. METHODOLOGY TO BE ADOPTED 

In this work, direct estimation in OFDM frameworks is explored. 

The principle target of this dissertation is to examine the 

execution of divert estimation in OFDM frameworks and study 

distinctive examples of pilot images which as of now have been 

proposed in literature. The primary targets of this dissertation are:  

 

(1) Investigate the viability of Orthogonal Frequency Division 

Multiplexing (OFDM) as a balance strategy for remote radio 

applications. Principle variables influencing the execution of an 

OFDM framework are multipath delay spread and channel 

commotion. The execution of OFDM is surveyed utilizing PC 

reactment performed utilizing Matlab. It was found that OFDM 

performs amazingly well, giving a high resistance to multipath 

delay spread and channel commotion. 

 

 (2) In pilot helped channel estimation, we concentrate on various 

pilot courses of action, and research how to choose a suitable pilot 

design for remote OFDM transmission. The populated resource 

grid represents several sub frames containing data. This grid is 

then OFDM modulated and passed through the model of the 

propagation channel. Channel noise in the form of additive white 

Gaussian noise (AWGN) is added before the signal enters the 

receiver. Once inside the receiver the signal is OFDM 

demodulated and a received resource grid can be constructed. The 

received resource grid contains the transmitted resource elements 

which have been affected by the complex channel gains and the 

channel noise. Using the known pilot symbols to estimate the 

channel, it is possible to equalize the effects of the channel and 

reduce the noise on the received resource grid 

 

6. RESULTS 

 

 

 

 

 

 

 

                     Fig. 5 SNR v/s MSE LS SISO PLOT 

The above Fig. 5 indicates the SNR v/s MSE LS SISO PLOT 

using least square algorithm, here we can  observe that with 

increase in SNR, mean square error is also decreasing which was 

our one of the necessity in this paper. 

 

Fig.6 Frequency Response of LS SISO 

The above Fig. 6 indicates the frequency response of LS SISO 

PLOT using least square algorithm, here we can  observe that as 

increase in normalized frequency occurs, magnitude and phase of 

the signal is changing correspondingly. 

 

 

 

 

 

 

 

 

 

 

                   Fig.7 Frequency Response LS MIMO 
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The above Fig. 7 indicates the frequency response of LS MIMO 

PLOT using least square algorithm, here we can  observe that as 

increase in normalized frequency occurs, magnitude and phase of 

the signal is changing correspondingly. It is better than LS 

MIMO plot 

 

Fig.8 SNR v/s MSE MMSE MIMO Plot 

The above Fig. 8 indicates the SNR v/s MSE MMSE MIMO 

PLOT using least square algorithm, here we can observe that 

with increase in SNR, mean square error is also decreasing which 

was our one of the necessity in this paper. 

 

 

 

 

 

  

 

 

 

 

Fig.9 Bit error Rate MMSE MIMO 

The above Fig. 9 indicates the BER v/s SNR MMSE MIMO 

PLOT using minimum mean square error algorithm, here we can  

observe that with increase in SNR, bit error rate is also 

decreasing significantly. 

7. CONCLUSION 

                      In this paper, we have considered LSE and MMSE 

estimators for both comb type and block type pilot’s arrangement. 

The estimators in this study can be utilized to proficiently assess 

the channel in an OFDM framework given specific information 

about channel measurements. The MMSE estimators expect from 

the earlier information of variation of noise and channel 

covariance. In addition, its intricacy is extensive contrast with the 

LSE estimator. For high SNRs the LSE estimator is both basic 

and sufficient. The MMSE estimator has great execution yet high 

multifaceted nature. The LSE estimator has low multifaceted 

nature, yet its execution is not on a par with that MMSE estimator 

fundamentally at low SNRs.  

  In examination amongst comb and block pilot’s arrangement, 

block kind of pilot’s arrangement is reasonable to use for 

moderate blurring channel where response of channel impulse is 

most of certainly not changing quick. So that the channel 

assessed, in one block OFDM symbols through pilot carriers can 

be utilized as a part of next block for recuperation the information 

which are corrupted by the channel. In our reproduction of block 

sort pilot’s arrangement we utilized two beam static channels for 

16-QAM modulation. Here 64 quantities of carriers are utilized as 

a part of one block of OFDM. We ascertained BER and MSE in 

channel estimation for various SNRs in reproduction.  Comb sort 

pilot’s arrangement is reasonable to use for quick blurring 

channel where the response of channel impulse is changing quick 

regardless of the fact that one block of OFDM. So comb kind of 

pilot’s arrangement cannot be utilized as a part of this case. We 

utilized both information and pilot carriers in one block of OFDM 

symbols. Pilot carriers are utilized to assess the response of 

channel impulse. The channel which is estimated can be utilized 

to get back the information sent by transmitter surely with 
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considerable error. In the reproduction we utilized 1024 number 

of carriers as a part of block of one OFDM. In which one fourth 

are utilized for pilot carriers and rest are of information carriers. 

We figured BER for various SNR conditions for signaling of M-

PSK. We likewise have contrasted execution of LSE and MMSE 

estimator.  

                    MMSE estimation is supposed to be much better than 

LSE estimator in relatively low SNRs where at high SNRs 

execution of LSE estimator ways to deal with MMSE estimator. 

We likewise utilized introduction strategies for channel 

estimation. It is found that higher request interpolation system 

(spline) is giving better execution than lower request interpolation 

strategy (direct). In recreation we have moreover figured MSE for 

estimation of channel with number of pilot course of action. MSE 

diminishes at the point with number of pilot’s increment. In any 

case, we need to restrain the number pilots when mean square 

blunder comes consistent.  

S.No.  Work System Used LSE MMSE BER 

1. Proposed 

Work 

MSE using 

SISO/MIMO 

10^2 10^-5 0.06 

2. Previous 

Work 

SISO N.A. 10^-2 N.A. 

 

Table 1: Comparison of Proposed Work and Previous Work 

Result  
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