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In this paper, a new method for channel estimation is proposed based on a combination of pilots and pseudo pilots in
OFDM system. In the suggested method, only half of the minimum necessary pilots that are required to obtain the
minimum mean square error (MSE) of least square (LS) channel estimation is being used with the same efficiency of

conventional methods.
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1. INTRODUCTION

An efficient technique for multicarrier modulation that
has recently acquired much interesting in high data rate
communication systems is Orthogonal Frequency
Division Multiplexing (OFDM). One of the best
advantages of OFDM is mitigation or elimination of
intersymbol interference (ISI) in highly dispersive
channels [1].

Accurate channel state information (CSI) in the
receiver is a necessary for coherent detection in OFDM
systems. Using transmission of pilot symbols for
channel estimation provide the accurate and reliable
CSI [2]. The estimation can be performed using least
square (LS) [3] or linear minimum mean-square error
(MMSE) [4].

Channel estimation using pilot symbols produces
overhead that is inappropriate. Thus, keeping the
number of pilot symbols as minimum as possible is an
noteworthy goal. In [5], performances of two
different channel interpolation methods to be used with
OFDM systems are investigated. It has been
demonstrated that the number of pilots can be
decreased considerably by using piecewise-linear
interpolation instead of piecewise-constant
interpolation. In [6], a new and simple method is
proposed to find the optimal number of pilot symbols
for practical OFDM system. Analytical BER of Pilot
symbol assisted modulation OFDM (PSAM-OFDM) in
correlated or uncorrelated multipath fading is studied to
search for the minimal number of pilot symbols.
Optimal overhead in a packet based MIMO-OFDM
system based on MMSE MIMO decoding analyzed in

[7]. Authors in [8], use methodology of compressed
sensing (CS). CS makes it possible to exploit the delay-
Doppler sparsely of wireless channels for reduction of
number of pilots required for channel estimation within
multicarrier systems such as OFDM. In proposed
method of [9], transmitter sends fixed length of test
signal to the channel. Then by using the response,
number of pilot signals to insert is determined and
correspondingly appended to the data signal, thus by
varying the number of pilots depending upon the
channel environment, it improves the channel
estimation and reduces the number of pilots. In order to
improve the weakness of high usage of pilots, it is
proposed in [10] that the pilot insertion in the 1-D
channel can be disposed in 2-D channel estimation.
Also channels which are not supported by pilots are
estimated by the difference between the symbols which
estimated from pilot and correlation factor in the time
domain. In [11], the shortest preamble that attains a
given mean square error in a sequence that under-
sample the channel spectrum is found. In [12], authors
propose a pseudo pilot algorithm for data detection in
fast-varying channels without increasing the pilot
density.

In this paper, we proposed a new method for channel
estimation in OFDM systems and a combination of
pilots and pseudo pilots have being used. The numbers
of applied pilots are half of minimum of required pilots
for obtaining the optimum efficiency in LS channel
estimation. We propose two calculation methods for
pseudo pilots.

This paper is involved with the following issue.
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In section 2, description of OFDM system and LS
channel estimation is given. The proposed algorithm is
developed in section 3. Some simulations are given in
section 4. Finally, section 5 concludes this paper.
Notations: E{-} will denote the statistical expectation;
() will represent hermitian operator. The trace is
denoted by tr{-} and I, stands for the N x N identity
matrix.

2. SYSTEM MODEL AND LS CHANNEL
ESTIMATION

The OFDM system based on pilot channel estimation is
given in figure 1. In the first step, the binary
information is grouped and mapped according to the
modulation in “signal mapper. After inserting the pilot
symbols with a specific period or uniformly among
data sequence, inverse discrete Fourier transform
(IDFT) block is used to transform the data sequence of
length N {X(k)} into time domain signal {x(n)} as
follows:

x(n) = IDFT{X(k)}, n=0,1,..,N—1
— legz—(}x(k)ej(Zn'kn/N) 1)

Where N denotes the IDFT length. After IDFT block,
guard time, which is chosen to be larger than the
expected delay spread, is inserted to prevent ISI. The
result is an OFDM symbol given as follows:

x(n+ N),n=—-Ng—Ng+1,..,-1

% () :{ x(m) ,n=01,.. N—1

)

The length of guard interval is denoted by N,. The
transmitted signal xy(n) will pass through the
multipath channel with each the real and imaginary part
of each tap being an independent Gaussian random
variable with mean 0 (Rayleigh multipath channel)
with additive noise.

yr(n) = xp(n) @ h(n) + w(n) ©)

Where x(n) and y(n) are transmitted and received
signals respectively. w(n) is additive white Gaussian
noise AWGN noise and h(n) is channel impulse
response (CIR).
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Fig. 1. OFDM system model

At the receiver, guard time is removed after passing to
discrete domain through A/D and low pass filter:

yr(m), —Ny<n<N-1

ys(n+N,) ,n=01,..,N—1 @)

y(n) = {

After that, y(n) is sent to discrete Fourier transform
(DFT) block for the following operation:

Y(k) = DFT{y(m)},k =0,1,..,N — 1
1 _ i
= S ZnZ0 y(n)e S Emen/) (5)

Relation of channel response to received signal in
frequency domain is represented by:

Y(k)=X(k)H(k)+W (k) k=012,..N—-1 (6)
Where Y (k), X(k), H(k) and W (k) are received signal,
transmitted signal, channel response and AWGN noise
of kth subcarrier in frequency domain respectively.
After that, channel is estimated. Then, transmitted data
is estimated and binary information data is obtained
back in “signal demapper” block.

The LS channel estimation is:

H s =Xty ©)

which minimizes (Y — XFh)H(Y — XFh)
Where [13],

X = diag{X(0),X(1), ...,X(N — 1)}
Y = [Y(0)Y(1) ..Y(N — D]T
W = [W(O)W(1) ... W(N — D]T

Y = [H(0)H(1) ... H(N — 1)]T = DFTy{h}
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WNoo WNO(N—l)
F= : K :
WN(N—I)O WN(N—I)(N—I)
1 _:
WNnk — ﬁe j2t(n/N)k (8)

3. PROPOSED ALGORITHM

In this section, we introduce our suggested algorithm
for channel estimation. At first, for greater
understanding of issue, we represent some definitions:
Pilot symbols: symbols whose values are correctly
known.

Non-pilot symbols (data): symbols whose values are
completely unknown.

Pseudo pilots symbols: symbols whose values are
determined by an estimate method. They are non-pilot
symbols before estimation was taking place and their
values partially obtained after estimation.

The value for a pseudo pilot symbol can be either
correct or wrong.

Proposed method: the pseudo pilot symbols together
with the pilot symbols are used for channel estimation.
In [14] — [15], it has been shown that minimum number
of necessary pilots for obtaining minimum MSE in LS
channel estimation in a MIMO-OFDM system with N,
transmit antennas is equal to LN, where L is the length
of the longest CIR of the transmit-receive antenna
pairs. In other words, if P denots the number of
necessary pilots, we have: P > LN;.

Now, in a OFDM system with just one channel
between receiver and transmitter(N, = 1), minimum of
P isL. We will only use L/2 pilots for channel
estimation. Description of our algorithm is presented as
follows: There are two types of blocks have been
considered because the OFDM symbols can be treated
as 2-D.

In the first type, block is composed of received symbols
across frequency (sub-channels) at a fixed time slot,
whereas for the second type, a block is composed of
received symbols across time at a fixed frequency [12].
However, we consider a block of Ng symbols (type 1 or
2) as yo, Y1, -+, YNg—1 IN €ach block. In conventional
method, necessary pilots are uniformly located in
block. But in the proposed method, we alternatively
eliminate pilots and consider pseudo pilots instead of
them. In other words, we use alternatively pilots and
pseudo pilots. Thus, the number of used pilots will
become half (see figure 2). These pilots are pseudo
pilots that were determined after receiver estimation.
We state two methods for estimation of pseudo pilot
values that represented as follows:

Method 1: the receiver observes all the possible pseudo
pilots’ patterns whose number is

MNps | where N, denotes the number of pseudopilots
within a block in a M-ary modulation. Recall that
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pseudopilots are the same data symbols that receiver
must estimate their value. PSV denotes the vector of
pseudo pilot values. Receiver considers each possible
PSV and combines it with original pilot symbols for
channel estimation and data detection. For each PSV
pattern that estimates the channel and consequently
data’s symbols, the receiver chooses the pattern of
pseudo pilot. In other words, chosen PSV minimum a
metric defined by:

c=r—sl ©

Where r and s are received and transmitted data bits
vectors that s is estimated by receiver respectively.
This is clear that in this method, the efficiency of MSE
does not change and just, the complexity of receiver
increase.

—~ —~ —~ —~ ~
L)L) v L) L)) )0 )
S NS N N N NS AN N s NS

Fig. 2. Symbol components in a block
a) Conventional b) proposed

Method 2- receiver uses linear estimation for obtaining
of pseudo pilot values. If R becomes the Observation
vector and 6 denots unknown values vector, linear
estimation of 0 represented by:

B=aR+b (10)

Where a and b are constant vectors that can be found
by minimizing the follow MSE cost function:

~ 2
p=E[(8-0)] (11)
Hencea, b can be determined by:
ap __ B_p _
==0, 5-=0 (12)

Then we will have:

_ cov(R, 0)
~ var(R)
b = E(0) — aE(R) (13)

In above equations, PSV and received signals of
pseudo pilot positions in frequency domain are
respectively located instead of 8 andR. Estimation of
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CIR in pilot and pseudopilot positions, according to LS
estimation are respectively [16]:

~ -1
hy, = (XpHXp) XpHYp

~ -1
hps = (SzpsHips) )’ZpsHYps (14)
Where subscripts p andps, denotes respectively pilot
and pseudopilot positions. Also x and y represent
transmitted and received signals. Note that y = hx + n,
where h and n denotes respectively CIR and AWGN
noise. X, is linear estimation of transmitted
pseudopilots (xps). Thus we have:

Rps = ayps + b (15)
a And b are calculated according Eq. (13):

_ cov(Yps.Xps)
var(yps)

b = E(xps) — aE(¥ps) (16)
MSE of channel estimation is defined as follows:

1 R ~ ~ ~
MSE=EE[||h—h 1% 1; h =hp + hpg a7
Thus, we have:

~ 2 ~ 2
MSE = 2 E[[hp — By ||| + 2E{[Inps — Bysl|*] +
2 ~ ~
EE[”hP - hp””hps - hpS”] (18)

We rewrite above equation as follows:

MSE = (MSE),, + (MSE) s
+ %E[”hP - Flp””hps - BpS”] (19)
MSE in pilot positions is calculated as:

(MSE),, = ~E[[1fll?] = - E[tr(fH")] (20)

Where 11 is defined as:
i = (Xppr)_lpo n (21)

MSE of the LS channel estimation in pilot positions is
given by:

(MSE), = & tr | (x,"x,) '] (22)
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In above equation, o2 is variance of noise. In order to
obtain minimum of Eq. (22), we require poxp be
diagonal matrix. In other words poxp =EI, where E
is energy of pilots? Thus we have:

0'2
(MSE),, = T (23)
MSE of the LS channel estimation in pseudo pilot
positions is calculated as:

(MSE)ps = 7E [[[hps = B[] (24)

Using Eq. (14), Eq. (15) and yps = hyexps+ 1,
(MSE), is calculated.

In this method, we only need the first and second order
moments of received and transmitted signals. Receiver
after determining of pseudo pilots values, combines
them with original pilots and uses result set for channel
estimation.

4. SIMULATION RESULTS
In this section, we evaluate proposed algorithm
performance for channel estimation. OFDM system has

256 subcarriers and guard fraction is % Length of

channel is chosen 16 (L = 16). In usual manner for the
propose of maximizing the bandwidth efficiency in LS
channel estimation using uniform pilots, number of
pilots is selected to L that is mentioned beforehand in
[14] and [15]. Conventional method is shown at figure
2-a. In the proposed algorithm that is executed with two
methods 1 and 2, we just use L/2 pilots for channel
estimation. Figures 3-6 give a comparison of bit error
rate (BER) performance between proposed channel
estimation algorithm (that use two mentioned methods
for obtaining of pseudopilot values) and conventional
algorithm for BPSK modulation in Rayleigh multipath
and Gaussian channels. It is necessary to say, method 1
has much complexity for high-order modulation. Figure
7 compares method 1 with method 2 in Rayleigh
multipath channel. Our simulation represents that in a
MIMO-OFDM system, using pseudo pilots plus pilots
improve efficiency of channel estimation.
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Fig. 3. BER comparison between proposed algorithm-
method 1 and conventional method for channel
estimation in Rayleigh multipath channel
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Fig. 4. BER comparison between proposed algorithm-
method 1 and conventional method for channel
estimation in Gaussian channel
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Fig. 5. BER comparison between proposed algorithm-

method 2 and conventional method for channel
estimation in Rayleigh multipath channel
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Fig. 6. BER comparison between proposed algorithm-
method2 and conventional method for channel
estimation in Gaussian channel
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Fig. 7. BER comparison between proposed methods 1,
2 of proposed algorithm in Rayleigh multipath channel
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Fig. 8. BER comparison between proposed algorithm-
method 2 and conventional method for channel

estimation in Rayleigh multipath channel in MIMO-
OFDM system
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In other words, when there are several antennas in
transmit and receive sides, with the same number of
used pilots in conventional method, proposed method
has better efficiency than conventional method. Figure
8 illustrates this subject. In this figure, we consider a
2x2 MIMO-OFDM system and N.L = 32 pilots are
used in the both algorithms of proposed and
conventional channel estimation. Also, method 2 is
used for obtaining the pseudo pilot values.

5. CONCLUSION

A new algorithm for channel estimation is proposed in
this paper. Each OFDM block, only has half of the
necessary pilots for obtaining minimum MSE in LS
channel estimation. In fact, we use some pseudo pilots
instead of eliminated pilots. Also we present two
methods for determining of pseudo pilot values.
Method 1 is useful for all order of modulation and has
more complexity for high-order modulation than
Method 2. Also we show in our simulation that using
pseudo pilots plus pilots improve efficiency of channel
estimation in a MIMO-OFDM system.
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