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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 insertigs 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 spline 
cubic interpolation.  
Keywords: OFDM, Channel Estimation, Pilot based channel 
estimation, Block type pilot arrangement, Comb type pilot 
arrangement. 
 

1. INTRODUCTION 

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. If the FDM system above had possessed the 
capacity to utilize a set of subcarriers that were 
orthogonal to one another, a larger amount of spectral 
efficiency could have been attained to. 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 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 
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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 
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significantly reduces the implementational 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 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.  

                Channel estimation and equalization is an 
essential problem in OFDM system design. Basic task 
of equalizer is to compensate the influences of the 
channel [3]. 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 algorithms [12].  
             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 
[13]. If coherent OFDM system is adopted, channel 
estimation becomes a requirement and usually pilot 
tones are used for channel estimation. A popular class 
of coherent demodulation for a wide class of digital 
modulation schemes has been proposed by Moher and 
Lodge [14], 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.  

2. 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. 

3. METHODOLOGY TO BE ADOPTED 

 In this paper we will investigate and compare 
different proficient pilot based channel estimation 
techniques for OFDM systems. The channel estimation 
can be done by either adding pilot tones into all 
subcarriers of OFDM symbols with a specific period 
or adding pilot tones into each OFDM symbol. In this 
current scenario, two major types of pilot arrangement 
such as block-type and comb-type pilot have been 
considered using  Minimum Mean Square Error 
(MMSE)  and Least Square Error(LSE) channel 
estimators. Block type pilot sub-carriers is preferably 
best for slow-fading radio channels while comb- type 
pilots provide better obstruction to fast fading 
channels. Also comb-type pilot structure is sensitive to 
frequency selectivity as compared to block type 
arrangement. The channel estimation algorithm relying 
on comb-type pilots is splited into pilot signal 
estimation and channel interpolation. The pilot signal 
estimation rely on L.S.E. and M.M.S.E. criteria with 
channel interpolation method utilizing linear 
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interpolation and spline cubic interpolation.  The 
symbol error rate (SER) performances of OFDM 
system for both block-type and comb-type pilot sub-
carriers are presented in the paper.  

4. RESULTS 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2 SNR v/s MSE LS SISO PLOT 

The above Fig. 2 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.3 Frequency Response of LS SISO 

The above Fig. 3 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.4 Frequency Response LS MIMO 

The above Fig. 4 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.5 SNR v/s MSE MMSE MIMO Plot 
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The above Fig. 5 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.6 Bit error Rate MMSE MIMO 

The above Fig. 6 indicates the BER v/s SNR MMSE 
MIMO PLOT using minimum mean square eror 
algorithm, here we can  observe that with increase in 
SNR, bit error rate is also decreasing significantly. 

 

5. 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 certainly 

not changing quick. So that the channel assessed, in 

one block of 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 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 
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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.  
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