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Abstract— In order to reduce the effect of elements of
noise, navigate symbol assisted (NSA) channel estimation
(CE) algorithms based on the transform domain such as
discrete Fourier transform (DFT) and discrete cosine
transform (DCT)seemenchanting owing to their capacity.
Here, an improved algorithm for a better channel
estimation has been proposed based on expurgated discrete
cosine transform (E-DCT) with additive white Gaussian
noise (AWGN), Rayleigh distribution (RD) and Rician
distribution (RcD) to obviate the leakage of energy using
the property of symmetric and also compared with the
conventional channel estimation algorithms such as Least
Square (LS), DFT and mirror weighted DCT even that of E-
DCT with additive white Gaussian noise (AWGN)
distribution. Smulation results demonstrate that the E-
DCT-RD can reduce the energy leakage more efficiently,
and performed far better than the existing CE algorithms.
Keywords— Channel distribution, DFT, navigate symnibo
assisted, Rayleigh distribution, Rician distributio

l. INTRODUCTION
OFDM is a multiple access technique [1] in whicle th
symbol duration will be increased by transmittihg farge
number of narrowband sub channels over a largeviidiiu
in parallel, which in results the reduction of m&ymbol
interference (ISI) [2]. For fighting against mulifn fading
while transmitting the high bit rate data over Jess
mobile environments is an important task [2]. To s
OFDM is used as an effective approach. Major acged
of OFDM systems are
» High spectral efficiency
e Simple digital realization by using the FFT
operation
* Due to the ISI avoidance, the complexity in the
receiver will be reduced
* Various modulation schemes will be used to
achieve the best performance of the system
Due to the above mentioned advantages, OFDM has bee
used in many wireless applications such as Wireless
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Personal Area Network (WPAN), Wireless Local Area
Network (WLAN) [4], Wireless Metropolitan Area
Network (WMAN), Digital Audio Broadcasting (DAB) |3
and Digital Video Broadcasting (DVB) [5]. It is aldeing
considered for IEEE 802.20, 802.16 [6], [7] and BAFTE.
With the use of cyclic prefix for eliminating thdfect of
ISI, there is a need for a simple one tap equaliethe
OFDM receiver. OFDM brings in unparalleled bandwidt
savings, which leads to high spectral efficiencyneT
channel coefficients of OFDM should be estimateththe
minimum error to achieve the more potential advgesa
with higher efficiency.
A. System Model
The general OFDM system model has given in figisthy,
the binary data has given as an input to the M-QARBK
modulator. After mapping and grouping the inputadtite
comb-pilot insertion will be done to split the teamitted
data intoN low rate modulated symbol§(k), wherek=
0,12, ...... ,N-1. Then the time domain signa{n) can be
written as a frequency domain sigidlk) after performing
the IFFT:
x(n) = IDFT{X(k)}
IDFT{X(k)} = ¥¥=s X(K)exp(j2mnk /N) (1)
WhereN is the number sub carriers
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Fig.1: General OFDM block diagram
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x, (n) = {x(Ng +n) n=-Ng,—N;+1,..,-1 @
x(n) n=01...N—1
WhereN,is the cyclic prefix (CP) length which reduces the

ISI and as well as inter carrier interference (ICl)
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Fig.3: Output of the OFDM transmitter
The impulse response of a discrete channel caedgided
by a formula:
A = L3l e
WhereT,=sampling period
L=number of multi paths ang=time delay of L

sin(mty/T¢) ( )
sin(rt(t;/T—N)/N)

Il. RELATED WORK
In the past decades, there are so many channelagistn

schemes have been proposed. Among those, the d¢hanne

estimations based on NSA will help us to increasta date.
There are two parts in NSA-CE methods, those ae: N
prior information of channel and Prior informatioof
channel based methods. The authors in [8] angd[Bhoses

a least squares (LS) approach and Minimum Mean r8qua
Error (MMSE) which are categorized under no prior
information of channel. Among those, LS estimatorai
simplest method and it has lower computational derity
when we compared with the MMSE estimator. But,
however the results of MMSE are better than the LS
estimator. Different interpolation methods are give [9]
and [10], which will be used in NSA-CE. Comparedhwi
the existing methods, transformation based metheitls
perform excellent with moderate complexity increake
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[11], the author explained DFT based CE method:aht
improve the system efficiency by reducing the
computational complexity by exploiting the fast Feu
transform (FFT) algorithm. However, it can’'t progidn
excellent performance when a sample spaced patly del
will be existed by the multi path fading channel
overcome this drawback, windowed DFT-CE method has
been proposed in [12] to improve the performancehef
system. But, it reduces the utilization of frequermand.
Then after to improve the performance of the systeone
accurately, the DCT based NSA-CE methods have been
proposed in [13], [14] and [15]. These methods hgut
excellent performance at high SNR region, but at 8NR
values it gives very poor performance. In ordemtprove
the system performance even at low SNR values, inere
this paper we proposed a novel NSA-CE method based
E-DCT-RD. the proposed algorithm utilizes the DCT
characteristics which compresses the power to tve |
frequency reign. By observing the simulation resul
proposed algorithm has dominated the existing NFA-C
methods with higher SNR and lower bit error rat&B
values.

Il EXISTING CEALGORITHMS
If the length of the channel is less than the Cénhtthe
received signal can be expressed as follows:
Yg(M) = x,(M)®h(n) + w(n)
Wheren = 0,1,2,....,N — 1, ® =circular convolution and
w(n) = additive white gaussian noise (AWGN). After
applying discrete Fourier transform (DFT)

V() = S = XUOHK) + W (k@)

Mdy(me ™ w
WhereH (k) = Yi24 h(k)e=/2mk@/NTe= transfer function of
channel in frequency domain,
W (k) = Y¥-3w(n)e/#™k/N js known as AWGN noise
samples.

A. LS Approach
It is very simple and flexible approach, the chdnne
estimation can be done by multiplying the sub sylslod
received pilot carriers with the inverse of the sybols
of reference pilot carriers, which can be descritz
follows:

. _ _ _ T
AL = X, =Xy, Ty Xpps Yoy (B)
WhereX,= reference pilot carrier sub symbols

Y,= received pilot carrier sub symbols an@po,
D1y een eee ene pp-1)are the set of sub carriers which will be
used to carry sub symbols of pilot. Then aftegstimates

the channel by interpolating/s;, which are obtained at
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positions of pilot, where= 0,1, ... ,P — 1, over the entire
band to get thg, ¢(k).

B. DFT Approach
The frequency response can be estimated accordieg).t
4
Y, (k w(k w(k
%+%= H, (k) +ﬁ 6)
WhereH,, (k) is channel estimation value in a pilot symbol,
k=012, ...,M — 1 and M= number of pilot sub carriers.
The phase oﬁp (k) executes pre-deflection.

H'y (k) = H,(k)e/?m/M (7

a is a minimal normalized integer of channel del&jter
applying the IDFT to the eq. (7) then the chanesbbnse
can be obtained by using

H,(k) =

2nvk

hy = IDFT{H ,(k)} = - SH=I H'y(k)e 3 (8)
Performing DFT to the above equation:

Ao = SNt Am)e N k= 01,2, ..., N — 1(9)
The impulse response phase performs anti-deflection
H(k) = H(kK)e Jm™a/My <k <M -1 (10)
DFT method has implicit periodicity. After DFT oagion,
original data will become infinite sequence due the
extension of finite non-periodic data. There shdutdhigh
frequency components if the response of channel is
discontinuous at both ends. Due to this interpofati
operation DFT causes the aliasing error. To eliteirtais
error, the mirror weighted DCT approach has been
proposed.

C. Mirror Weighted DCT Approach (MW-DCT)
Fig 4 shows that the block diagram of MW-DCT chdnne
estimator. This algorithm will remove the aliasieffect
due to the symmetric property. The channel estonati
through MW-DCT can be expressed as follows:

HZM(k) =

A, (k) 0<k<M-1
o k=M (11)

—~ —jn(2M-1)
H,(2M — k)e M+1<k<2M-1

LS Estimater Mirror . IDCT

Weighted
Eliminating DT |, Padding zeros
Coefficients

Fig.4: Block diagram of MW-DCT Channel Estimator
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Algorithm:
1. First, M pointsﬁp(k) will be multiplied by the
weighted coefficient i.e., defined by

1 ~
—H,(k) k=0
~ vz'ip
Hy(k) =5 juk (12)
ezm H,(k) 1<ks<M-1
2. Now, ﬁr',(k)will be trasformed to time domain by
Inverse DCT

~ _ ~ K
hyp(n) = TR v (O, (k) cos (F577) - (13)
m=012,...M—1
1
N k=0

Wherev(k) =
k+0

2
M
3. Now, the data can be extended to N points by
padding the N-M zeros to thén)to get the
desired time domain signal. This extended data
will be transferred by N-DCT.
4. Finally, to get the interpolated channel response,
the weighted coefficients will be eliminated, itnca
be expressed as follows:

H(k) = { \/%Hp(k)

k\/%Hp(k) 1<k<N-1

When we compared the both DFT and DCT based channel
estimators, the algorithms which are based on D@i ¢
reduce few of high frequency elements in transfdiona
domain. With the operation of MW-DCT, the lack of
continuity of a signal problem can be saved amdakes the
sequence much smoother in period edges.
D. Additive White Gaussian Noise Channel
It adds white gaussian noise to a complex/realtismnal.
If the input signal is real, then it adds real Gdas noise
and will produces a real output signal. It produtks
complex output signal by adding the complex gawmssia
noise when the input signal is complex.Below are th
various modes of noise variance that can be geatkiay
the AWGN Channel:
Soecifying the Variance Directly or Indirectly
a. Signal-to-Noise ratioH,/N,), where the AWGN
calculates the variances from these quantities:
« The ratio of energy per bit to noise
PSDE, /N,
*  Number of bits per symba\;
* Input signal power
e Symbol period
b. Signal to noise ratio (Es/No), where the AWGN
calculates the variances from these quantities:
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* Es/No, the ratio between energy of signal to
PSD noise
* Input signal power
e Symbol period
c. Signal to noise ratio (SNR), where the AWGN

calculates the variances from these quantities

* SNR

* Input signal power
Changing the symbol period in the AWGN Channel will
affects the noise variance added per sample, wia@nhalso
causes a change in the final error rate.

V. PROPOSED ALGORITHM

This section explains the proposed E-DCT algorithitn
AWGN and Rayleigh distribution. Followed by the
characteristics of DCT, the original sequence povver
frequency domain is digested to the low frequerggmn by
DCT, the high frequency power reign consideredhasnel
noise. Hence, we adopted a method which filters thi
surplus noise by setting the threshold as shortened
coefficients. The shortened coefficients has been
represented by,

h,(k) =h,(k) 1<k<N,<M
{Hp(n)=0 k>N,>0
Where flp(k)is known as a time domain signal after
applying IDCT

» First, perform the LS algorithm to get the channel
responsé, (k):

H(k) = H,(k) + W, (k)
WhereW,, (k)= AWGN in pilot sequence

* By using eq. (14), multiply?p(k) by the weighted
coefficients.

Ny 17—~ 2
2:i:po|hp(n)| _
ragINOIE

« By using the above formula, the length of
shortened coefficients will be confirmed and then
the total power will be set to the range from ziero
N,.

* Now, in order to remove the noise, the estimator
can be implemented by M-point DCT and finally it
eliminates the coefficients by using the formula
(14).

* Now, by using the impulse response of channel in
pilot sequences, channel estimation can be
obtained in a valid data sequences.

Here, an improved and efficient scheme for DCT bdase
channel estimator has been implemented also coghpare

(15)

(16)
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with LS, DFT and MW-DCT. Proposed algorithm perferm
effectively to reduce the channel noise and achieve
significant performance without any channel prior
information.

A. Rayleigh Distribution
Rayleigh fading is a rational model, when an envinent
that consists of many objects can scatter the rnitesl
signal before the arrival of signal at receivereTdentral
limit theorem holds that, the channel impulse resgocan
be modeled well as a gaussian process irrespediive
individual components distribution when there anewgh
much scatter [16]. When we apply Central Limit Tien
(CLT) to the large number of paths, then each pathbe
modeled with time as the variable as circularly syatric
complex Gaussian random variable (GRV), which igvikm
as Rayleigh channel model [17]. When there is mvalent
component to the scatter such model will have teamof
zero and the phase between 0 andatlians. Therefore the
channel response envelope is Rayleigh distributed.

B. Rician Distribution
It occurs when a transmitted signal will deviatentr its
normal path and cancels itself automatically. l@aision-
deterministic model. The transmitted signal caivarat the
receiver end by several different paths, and &t l#eere is
change in one path. When the path is much strotiger
the others, typically a line of sight (LoS) sigi&known as
Rician fading (RF). In this, a Rician distributigs used to
characterize the gain of the amplitude. When thisre
noLoSpath between the transmitter and the receofer
OFDM then the Rayleigh fading [18] can categorfm RF.
RF can be defined by two parameters knowrKasd Q.
ParametelKis called a Rise factor and it is defined as the
ratio between the direct paths power to the otbattared
paths power. And th€ is the total power of both paths,
which can acts as a scaling factor for the Riciatridution.
The resulting PDF is then given by,

oo = 2D

(K + Dx? ’K(K +1)
——Qa )IO 2 —a X

Where thé,is the0,,order modified Bessel function of first
kind. If the value ofKis zero then the RF envelope will
produced down to the Rayleigh faded envelope.

V. SIMULATION RESULTS
All the experiments have been done in the MATLAR 28
environment with high speed CPU specifications. We
examined all the above discussed algorithms peefocm
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and compared with each other. Here, QPSK-OFDM Bgyste
has considered with a number of sub carriers N3@3,
256 512, ... and so on, which includes 32 pilot seqes.
Assumed the SNR is from 1 to 40 dB, path delay-2,0e
symbol rate for AWGN =10000sec and for RayleighG= 2
micro seconds, Doppler frequency=100Hz, power delay
{0, -5, -10} dB are the system specifications fstimating
the channel using the proposed and existing CEittigas.
First, randomly generated digital input data haswshin
figé then the OFDM signal for transmission has shaw
fig7. Fig8 shows that the performance of signalntise
ratio (SNR) to mean squared error (MSE) with theppsed
S-DCT and conventional LS, DFT, MW-DCT algorithrits.
shows that the proposed CE algorithm with AWGN thes
less MSE. Comparison of shortened coefficients \WGN
channel has given in fig9. Performance of proposed
algorithm with Rayleigh distribution has displayiedfig10,
which performs even better than the AWGN speciiices
by reducing the channel noise further with redueedr.

Figl1l shown that the comparison of proposed CEritfgn
with the various channel distributions such as AWGN
Rayleigh distribution and Rician distribution, also
compared with the conventional CE algorithms.

Generated i/p data

09}

08|

0.7 H

0.6

05

Amplituee

04

0.3

0.2 fitHit--

0.1t HH -

1 1
0 100 150 200 250 300
Time

Fig.7. OFDM signal for transmission
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Fig.9: Performance of N,, for E-DCT-AWGN approach
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Fig.11: NSA-CE with various channel distributions

Page | 176



International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers/3.9

[Vol-3, Issue-9, Sept- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

NSA-CE with Rician Distribution
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Fig.12: N,,Performancefor E-DCT-RcD

VI. CONCLUSION
Here, a novel channel estimator algorithm has been
proposed by using E-DCT under the Rayleigh distidu
Also performed the analysis of channel estimatgorthms
based on LS, DFT and MW-DCT under AWGN channels.
Proposed algorithm has been tested with AWGN, Rgtyle
distribution and Rician distribution. Simulatiorstdts show
that the proposed E-DCT-RD and E-DCT-RcDhas
performed superior to the existing channel estinsaio
terms of channel noise and mean square error.
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