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Abstract — Nowadays, one of the effectively used techniquein
wireless communication area is an orthogonal frequency
divison multiplexing (OFDM). In OFDM systems, channel
impair ments due to multipath dispersive wireless channels can
cause deep fades in wireless channels. Therefore, an accurate
and computationally efficient channel state information
necessary when coherent detection is involved in the OFDM
receiver. Hence, it is essential to have a good channel estimation
method for OFDM systems in wireless communication. And
normally one of the good channel estimation methods is a
semi-blind channd estimation. On the other hand, the
semi-blind method requires a large number of processing
operations. In order to avoid the high complexity of the existing
method, the semi-blind channel estimation has been optimized.
At the receiver side, we calculate subspace decomposition for
blind channel estimation and further to improve channe
estimation we use training based technique to estimate channel
state information. Next, we combine these channd estimations
as semi-blind channel estimation methods and we optimized
semi-blind channel estimation by choosing an optimal technique
for training based channel estimation.

Keyword—Semi-blind channel estimation,
squareand scaled LS
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|.INTRODUCTION

n wideband digital communications the orthogonal
frequency divison multiplexing (OFDM) is used for
splitting a high-rate datastream into number of lower rate
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streams that are transmitted simultaneously over a number of
subcarriers for easy transmission. The OFDM technique is
applicableindigital terrestrial multimedia broadcast (DTMB)
[1], digital subscriber line (DSL) broadband internet access,
wireless network, long term evolution (LTE) [2-3], and 4G
the transmitter modulates the message bit seguences into
phase shift keying (PSK) / quadrature amplitude modulation
(QAM) symbol. And then it performs inverse discrete fourier
transform (IDFT) on the symbols for conversion them from
the frequency domain to time-domain signals. Usually, next
step is the insertion of cyclic prefix (CP) in OFDM system.
The reason for the CP is to avoid intercarrier interference
(ICl) which occurs by a multipath channel. And it aso
provides good bandwidth efficiency on the receiver side. In
our OFDM system, we use zero padding (ZP) instead of CP.
Generally, the ZP replaces nonzero CP by zeros. The
ZP-OFDM system has the same spectral efficiency as
CP-OFDM system by the condition of the number of zero
symbolsequalsthe CPlength. Lastly, thetransmitter sendsthe
time-domain signal's out through a wireless channel.

In OFDM system, a wireless channel plays a big role for
the transmission performance. That is why estimating the
channel has a significant impact on the efficiency of the
transmission performance. We observe one of efficient
channel estimation methods that are widely utilized in OFDM
systems is called a semi-blind channel estimation. The
importance of using a semi-blind channel estimation method
is a tradeoff between computational complexity and spectral
efficiency. To accomplish channel estimation numerous
works subspace decomposition methods have been proposed
[4-6]. However, these methods use complex computational
schemes that may also reduce spectral efficiency. To improve
the spectral efficiency of the channel a subspace pursuit
algorithm has been proposed estimationin [7]. Thisagorithm
uses a combination of two algorithms to work for low pilot
density, which makes the implementation complicated. A
method improving the channel estimation with lower
computational difficulty has been introduced in [8].
Nevertheless, it works well when there are few OFDM
symbols. Consequently, for working out al symbols the
computation amount will be increased. Another method
proposed to decrease channel estimation error by subspace
estimation bases on a block matrix [9]. But, the calculation
and formation of aburst of stacked OFDM symbols create
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Fig. 1 SISO ZP-OFDM system model

extra complexity by increasing the computational power in
channel estimation. A redundant linear precoding based
semi-blind channel  estimation is developed in [10].
Moreover, it is complex to construct a matrix for semi-blind
channel estimation. Therefore, we improved the spectral
efficiency and reduced computation complexity of semi-blind
channel estimation in single input single output (SISO)
OFDM systems. With the intention to evaluate the efficiency
of the modified semi-blind channel estimation technique, we
compared the simulation results with conventional channel
estimation techniques.

I1. DESCRIPTION FOR SYSTEM MODEL

In this part, we overview OFDM system model. We
consider the system model with a total number of N size of
OFDM subcarriers. Hence, the m™" transmitted block of
OFDM symbols can be stated as
~ ~ ~ T i
Sy (m):[Sl(m),---,SN (m)] , and here[]" is the transpose
operator. First, we apply IDFT process and the signal will be

sy(M=[s(m), - s,MI" =R'S,(m) (1)
hereF, = (1//N)e’?*Nis IDFT matrix with size N, where
(k=0,%1,%2..,) are discrete Fourier series coefficients. Then
we add ZP tos,(m), and after that the OFDM symbol
becomess,, (M) =[s" (M),---,s5" (M)]" , hereis D=N+P,
and P isthe ZP length.

The FIR filter models channel impulse response
ashy =[h,,---,h, ,]" . Normally, the channel order size is
longer than ZP size which is

_[h O<i=<L

Hence according to (2) channel parameter vector is
assumed as h=[h,,---,h ]". And in consequence of each
transmitting OFDM symbol size, the channel vector could be
expressed asfollowing hy =[h,,-++,h ,0,--,0]".

After transmitting s, (m) through the SISO channels, the
discrete-time signal from the receiver antennais given by

r(t)= Zh(l )s(t) +n(t) ©)
where h(')Z[H('),"',hD(D] and n(t) is additive gaussian

white noise (AWGN) with zero-mean and variance .

In the receiver block, the received stacking signal
becomes r(t),t=mD+1,...,mD+D Hence, the m"
intersymbol interference (1S) free vector can be obtained by
the insertion of ZP in the transmitted signal as follows

r,=Hs,+n, 4
where H is filtering matrix with DxD lower triangular

toeplitz matrix with the first column [h,---,h ,0,---,0]" and
the first row [h,,0,---,0] . The m" received block of
symbolsr, (M) can be expressed as

Fzo (M) = Hs (M) +n(m). ©)
Supposing frequency synchronization and perfect timing,
the OFDM demodulator eliminates the ZP and then transform
the rest received signals to the frequency domain by DFT for
obtaining the frequency domain ZP free received signals.
After ZP removal from expression (4), the simplified system
mathematical model can be described as
R(m) =H\ S (m)+N(m) (6)

where H =JNFNhN is the channel frequency response

and N(m) is AWGN vector after transformation of DFT.

Now let us consider the transmitted m" received block
block of OFDM symbols passed through multipath fading
channel and m™ received signal block became as

r(m) = AS, (M) +n(m) (7)
where A=WH , where W is OFDM modulation matrix
which consists of [W], LW 9"  n=0,.,N-1

d=0,...,D-1 and W, [ &'*'N andn(m) is gaussian white

noise with variance o®. And the problem statement here is
the estimation of H channel accurately by using fewer pilot
signals which contained in received signal.

I11. THE CHANNEL ESTIMATION

A.Semi-blind channel estimation

First, we estimate the channel in second order statistics
blindly because we do not have any information about
transmitted signals. The satisfying situation here H can be
identified blindly up to ambiguity matrix A. For subspace
channel estimation we calculate singular value decomposition
(SVD) of received stacking signal matrix r(m) according to

(7). Or aso we can calculate an eigenvalue decomposition
(EVD) of autocorrelation matrix of received stacking signal
r (m) which we have

R, =HR_H" +R,,. (8
And hereR,, ,R_and R, notations are the autocorrelation
matrix of r(m),s,(m), n(m andR,, =c°l,, andl is a
unit matrix. And the autocorrelation matrices R, and R
stand as full rank. Now we get D eigenvaluesz,---, 4, , after
performing EVD of R, . As the result we have
A== A 2 A, ==, =c in descending order, here
Ay, Ay 1s@an areafor the signal subspace, also 4, ,, -+, 4,
isan areafor the noise subspace. Suppose we can notate the
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noise subspace vector as g; (0<i<L-1) and due to the
orthogonal subspace signal to g, , we can note that
g'H=0 (9)
here the channel matrix H has a similar structure with
channel matrix used in (3). Now we can transform (9)
equivalently as given
Gh=0 (10)
here g/ vector is transformed into G, a matrix which
consists of Dx D dimension lower triangular toeplitz matrix
with the first column [g{,---,9;',0,---,0]" and the first
row[g} ,0,---,0] and hissame as described in (2).
The calculation of (10) will take more computation,
therefore, computation of G, can be eiminated by

transforming it to

Q= ZGG : (11)

And further calculating it in the quadratic equation q(h) =0
whichis

g(h)=h"Qh=0. (12)
In the other hand minimization of q(h) can cause h=0 for that

reason, minimization should be focused on the selection of
proper constraint. Normally natural constraint would be

|h|| = 1because in the receiver side the received signal power

is roughly constant in practice. Therefore estimating h
channel is unit-norm eigenvector related to the smallest
eigenvalue of Q whichis

h"Qh=0. (13)
The calculation of blind methods is slow in convergence
rate that is why it is better to use a few pilots for getting the
channel knowledge and get initial channel estimation to
decrease complication of the channel estimation. Assume we
have N pilotsasfrequency domainsignal in the transmitter
whichis $=[§; @), $, (N) ] . Atthereceiver, received
frequency domain pilot signals are
IiI[lipn(l),“-,ﬁpi.(’\'pn)]. Now we can calculate a least
square (LS) channel estimation of pilot signal is
|:| _ an(l) an(an)
CLSa® TSNy
Now wecanwriteas H ;, = H ;and it can bedescribed as
the time domain training based channel estimation
h bl = F"j,IH (15)
hereF;, is DFT matrix of the pilot signals. This condition is

(14)

true when F;, consists of first L+1 columns of F. And a

number of selected rows matches with the pilot signals
number.
Let us bring up the system of the equations as
h"Qh = 0
Fpllhpll = p|| .
Meanwhile, the system of equations are calculated in the |east
square sense, therefore quadratic equation can be minimized
as

(16)

q(h) =h"Qh+|lh~h | (17)

here h is a true channel with the same size pilot signal. And
the difference of pilot symbols alone are not enough for the

estimation of the channdl, therefore, the channel estimation h
can be approximated as

~ 1~ ~

h=(Q+IQ) hpil =ah;, (18)

herel, isaunit matrix which is equivalent to Q 1, matrix

andeis arelationa factor between h ;, and h, on the other

hand, e can also be interpreted as optimization matrix which
isactual channel parameter can be approached by h

B. Optimization in semi-blind channel estimation

To obtain the signal and noise subspaces for semi-blind
channel  estimation we need the actua true
R,, autocorrelation matrix. In the rea practice, the R,, is

estimated by dividing to M blocks by

- 1 M-1
Rrr - M rzp(m)rzp(m)

m=0

(19)

here M isthe number of the received signals. The R, closes
to R,, unlimitedly when M inclines to infinite. And the
essential condition for performing EVD decomposition
theR,, must befull-rank. For thisreason, we must ensure that

there have to be enough received symbols in the receiver. We
can also describe (19) in the following way

R = HR H" +R,, (20)
which is here
~ 1 N-1 "
Ry = 25 (K84 (K) (21)
k=0

Now we perform EVD of R, and we obtain new

Q matrix, which we rewrite asQ . Subsequently, the initial
time domain blind channel estimation is an unit-norm
eigenvector related to the smallest eigenvalue of Q which can
a so be described byﬁQ . Thus we can rewrite (13) as follows
hgQh, =0. (22)

Let us also try to choose optimal computation of LS

method by applying the Scaled LS (SLS) channel estimation
from [11]

- triR N
HSLS = r{ HH} HLS (23)

aztr{(éé“ )71} +tr{R,,}

here R, is autocorrelation matrix of H, S is N, pilots

frequency domain signal andtr {-} isatrace of amatrix.

The tr{R,,,} traceis not alimiting factor than knowing
of R,,,,, which also less limiting than even knowing of H
itself. In simulation, the condition of knowing tr{R,,, } can

be replaced by LS estimator which by using the LS-based
consistent instead of H as

tr{RHH}_tr{H Hisf .
Now we can use (24) instead of tr{R,,,}in (23). A resulting

training based channel estimator become as the LS-SLS
estimator H ¢ 4 and we can change to H il

(24)

=H s gs-
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Fig.2 M SE results by using QPSK modulation in OFDM system.
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Fig.3 BER vs. SNR results on the basis of QPSK in OFDM system.

Correspondingly, the channel information in (18) can be
modified as

A ~ -1 ~ o

Armsis =(Q+1o) Py =dhy,. (25)
But, hereit isdifficult to satisfy the equation (22) because the
noise channel, the Q matrix contain the noise power.

For thisreason, let error of (22) be asfollows
e=h,"Qh,. (26)
Henceforthe= 0, now the orthogonality condition of initial
time domain blind channel estimate and noise subspace is
damaged due to the interference of noise. We consider the
system estimation error e have been initiated by noise. Asa
result, one favorable way for improving the system estimation
performance is removing the estimation error from Q matrix

asfollows

Qrecompod =Q—€l g - 27
So anew relational factor coefficient defined by B such as

~ -1
B = (Quacarposs 1) - (28)
Corresponding to (25), we can achieve optimized semi-blind
channel estimation as follows
hopt = ﬁhpil (29)
Targeting to achieve an improved channel estimation

performance, we can calculate @ as in (18) and dip this
relational factor to (29), as given
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Fig.4 M SE results by usingl6 QAM modulation in OFDM system.
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Fig.5 BER vs. SNR results on the basis of 16 QAM in OFDM system.

I:\]opt = B&ﬁ pil * (30)

IV.SIMULATION RESULTS

In the simulation results for improving the performance of
the system, we decreased the noise interference and also
modified the channel estimate in proposed semi-blind
estimation. During simulation process, we used for each
OFDM symbol N=64 subcarriers and the ZP with the length
of 16. For the channel, we used the Rayleigh multipath fading
channel. Inthereceiver part, we used zero forcing equalizer in
corresponding to the result of channel estimation on the
transmission channel. And we denoted the channel estimation
as (CE) inthefigures. Also for getting resultsin all smulation
runs, we averaged the results by over 4000 Monte-Carlo runs.
In Fig. 2 QPSK modulation is used to compare the MSE of
our proposed semi-blind channel estimation with LS
estimation and conventional semi-blind channel estimation.
The proposed semi-blind channel estimation is optimized by
the LS-SLS channel estimation. We can see from the
simulation results that the optimized semi-blind channel
estimation outperformed the conventional semi-blind channel
estimation by 1.5-2 dB and LS channel estimation by 6-6.5
dB. InFig. 3abit error rate (BER) versesto signal noiseratio
(SNR) iscalculated and same methods was compared in Fig. 2.
From the result, it is appearing that the proposed semi-blind
channel estimation has a similar result with conventional
semi-blind channel estimation but still both of them have
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better results than LS channel estimation. However, they
performed better on 28 dB than 30 dB. Thus we conclude that
semi-blind and proposed semi-blind CEs performing better in
lower 28-30 dB in our system on the basis of QPSK
modulation.

We also applied the QAM 16 modulation in our
simulation for showing our proposed channel estimation
objectively. And we have calculated MSE comparison in
QAM 16 modulation and the simulation result shows that our
proposed semi-blind channel estimation till outperform other
channel estimation methods. Also, the BER comparison was
caculated in Fig. 5 from the result we can see BER
performance of the proposed semi-blind channel estimation
has al so the same result with conventional semi-blind channel
estimation but in higher SNR it is still performing better than
the result of Fig. 3. However, it hasless BER performance in

lower SNR, thereason for that is 16 QAM modulation scheme.

Because of 16 QAM, modulation scheme consumes more
energy than QPSK modulation. For instance to transmit four
bits for each 16 QAM symbol rather than the transmitting the
two bits per QPSK symbol.

In more demonstrating purpose of our proposed method,
we also used normalized estimation mean sguare errors
(NMSE) as expressed in [12]

A 2
NMSE = min—NZWL:h“F (31
t Nl

where w is a number of iteration, ||||F is the Frobenius norm

and t taken fromh = ht which we called relative coefficient
between estimated and actual channel values. Conseguently,
Fig.6 and Fig. 7 have been calculated in NMSE. And the
results show that the proposed method outperformsin NMSE
analysis as well. Therefore, we concluded that the proposed
method is outperforming in both MSE and NM SE cases.

V.CONCLUSION

In thisresearch paper, we simulated a number of estimation
methods for SISO ZP-OFDM system. The purpose of using
ZP features in OFDM is a simplification of the system in the
implementation part. The first condition of the channel is that
it estimated up to ambiguity matrix by using subspace
decomposition. As the simple sequence of the conventional
semi-blind channel estimation, the second condition was
estimated ambiguity matrix by pilot signals. In the proposed
semi-blind channel estimation method, we eliminated
subspace decomposition estimation error which is caused by
noise in the channel. Further, we have used training based
LS SLS channel estimation for optimization of proposed
semi-blind channel estimation. From the simulation results of
MSE and NMSE, we can see that the proposed optimized
semi-blind channel  estimation method outperforms
conventional semi-blind channel estimation. And the
proposed optimized semi-blind channel estimation method is
applicable to various modulations such as phase shift keying
(PSK) and quadrature amplitude modul ations (QAM).
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