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Abstract: Channel estimation in coherent OFDM by inserting pilot-symbols into two-dimensional time- fre-
quency lattice is a promising candidate for improving channel transmission capacity in future wireless commu-
nication systems. This paper proposes a new Cartesian mathematical concept of the Hexagonal Pilot Pattern,
Hexagonal Pilot with Virtual and Rectangular Pilot Pattern. The main focus of this work is to compare between
the two pilots and by virtue of simulation conclusion which of the two pilots yields a better performance.
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1. Introduction

One of the most important techniques applied in Physical
layer of WiMAX is known as Orthogonal Frequency
-Division Multiplexing (OFDM), which is the system for
data transmission and the support for channel estimation
and synchronization.

Many authors proposed the concept of pilot tones to
interpolate the channel response in [1] and [2], recently
some literature proposed methods of pilot symbols apart
from the existing equi-spaced pilot pattern for OFDM
system as described in [4] and [5]. In this paper, we are
focusing on a specific pilot subcarriers by doing the ana-
lytical description and structural pilot of the two different
pilots known as Hexagonal and Rectangular.

The rest of this paper is organized as follows: The
graphical representation of Rectangular and Hexagonal
Pilot Pattern in Section 2, The Simulation results of the
Hexagonal Pilot Pattern, Hexagonal with Virtual and
Rectangular Pilot Pattern in Section 3. The analytical
evaluation and comparison in Section 4 and the paper is
concluded in Section 5.

2. The Rectangular and Hexagonal Pilot Pat-
tern Representative

2.1 The Rectangular Pilot Grid Representation

The rectangular Pilot grid matrix can be expressed by

A 0
m,, =| o )
’ 0 Ap,

where Ap . is the distance in frequency and Ap, is the dis-
tance in time direction and this rectangular matrix can be
written as:
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where N, subcarriers in the frequency direction and N

the OFDM symbols in the time direction that can be ar-
ranged as a set given by:

P= {(n;,k;),(n;,k; Voo (i K )} . @)
And the number of pilot subcarriers in the input block
is expressed by
N = NfN’ (4)
! - |det Hrect
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The estimation of block contains [—’—l number of

Ap,

!
The total number of pilot positions N of a rec-

p.rect

N
OFDM symbols each hosting {A—f—‘ pilot positions.

tangular pilot grid is given by

N N,
NI) rect = f X - (5)
’ Ap_ I Ap,

Under the condition of

Nt<;and N,<i. (6)
2(1+N2)fD,max

CcpP
The graphical representation of the rectangular pilot in
the coordinate system is depicted below.
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Figure 1. The rectangular pilot grid.

2.2 Modification of Rectangular Pilot Pattern

The application of Cognitive Radio for optimum channel
estimation by using pilot pattern can affect the frequency
band by the presence of Licensed User. The pilot pattern
in the presence of Licensed User can be classified ac-
cording to the Bandwidth into Narrowband Licensed
User and Wideband Licensed User.

1) The Narrowband Licensed User: It can exchange
easily the position of the pilot symbols with data parts.
This exchange of the pilot subcarrier is connected to the
data subcarrier of the previous or the next subcarrier and
we assumed that the application of pilot symbols in the
channel estimation process cannot modify the pilot sym-
bol but only one data subcarrier and can lose some
throughput so this narrowband interference is depicted.

2) The Wideband Licensed: There are similarities in
the process of Narrowband and Wideband, the only dif-
ference is on the edge location of the License User signal
exchange of two pilot subcarriers with data subcarriers
and the number of deactivated subcarriers is depending
upon the Licensed User Band.

2.3 The Hexagonal Pilot Grid Representation

The implementation of Hexagonal Pilot is facilitated by the
Virtual Pilot in reducing the Pilot Density by the annulment
of u, =0 and the Pilot Density becomes dp=| u; v,| and the
representation of the structure is according to the Hex-
agonal Pilot spacing. The equation of the Hexagonal Pi-
lot is expressed by

yoy <[ N N %)
" Nf Nf

And graphically it can be represented as below.

In both of the two different types of Pilot, the In-
ter-Symbol Interference is still a big challenge during the
process of pilot transmission. This challenge can be re-
solved by the following techniques.
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Figure 2. The hexagonal pilot grid.

2.4 Modification of Hexagonal Pilot Pattern

The process of exchanging the position of the pilot sub-
carrier with the data subcarrier connected to the previous
subcarrier and the next subcarrier is done by exchanging
the pilot subcarrier with the data subcarrier which lies in
the previous subcarrier or in the next subcarrier. By do-
ing this we can still be able to keep the pilot symbols to
be used in the channel estimation process, but on the
other side we will have to sacrifice one data subcarrier
and thus lossing some throughput. This process is almost
similar as in Rectangular process, the only difference, at
the receiver, the received pilot symbols are processed
using the iterative algorithm in order to obtain the virtual
pilot symbol. This iterative algorithm introduces the
concept of interpolation option which is applied via sim-
ple averaging between the received shifted pilot symbols
and the received pilot symbols. The received shifted pilot
symbols in the next subcarrier or extrapolating the virtual
pilot symbols on the position of the Licensed User by the
effect of the received pilot symbols.

2.5 The Virtual Pilot

The Virtual Pilot symbols are iterative of the interpola-
tion of contiguous pilot to the position of the virtual. It is
defined at first by the pilot spacing in frequency axis,
which is smaller than the channel coherence bandwidth,
and the second is pilot spacing in time axis, which is
smaller than the channel coherence time on the initial
computation of the received pilot symbols for each
OFDM. The OFDM frames during each time slots, and
subcarriers in the frequency domain respectively. Note
that this operation must be processed only at the pilot
positions as:

H

k'\n'

Ny
=H,, +—"Y{k'n'} eQ )

k'n'
o
S, is the transmitted symbol, the indexes k, and » in-
dicates the position of each pilot symbol within the
OFDM frame. The symbol W is the set of pilot positions
within the OFDM sub frame.
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Figure 3. Interpolations processes, (a) the DFT principle for fre-
quency domain interpolation, (b) linear interpolation process over
the time domain.

These Interpolations processes are illustrated by the
figure above.

By the initial computation of the channel the value can
be linearly interpolated i.e. the value of the virtual pilot
symbols is expressed by

a, ,=l[ﬁl +Hyp ] ©)

Where ﬁn,’kq and H

spectively of the previous and the next pilot at this point.
The iterative algorithm processing of pilot symbols is
expressed as

forn'=1:(p-1)N,
fork'=1: (¢'-1) Nf

are Initial estimates re-

n'k'+1

end

N—l and q’:1,2,...{N°'—‘
N[

p’:1,2,...’7 £
N,

Where N ,N,,N_,N, are respectively the distance

between pilots in frequency direction, distance between
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pilots in time direction, number of subcarriers and the
number of OFDM symbols per frame.

At the positions close to Licensed User's carriers. The
estimation process itself is divided into two parts assume
that it we can assume that it can also be divided into
more than two depending on the number of Licensed
User that exist.

The first part is the upper part and the second is the
lower part. The part of the spectrum which is occupied in
the middle is discarded and not included in the channel
estimation calculation. By deploying the virtual pilot
concept on certain case for good understanding let us
illustrate by band less than 2x distance of pilots, the edge
effect of the sliding window can be avoided, hence better
channel estimate can be obtained, while the Channel
Transfer Function at the position of the Licensed User
are discarded.
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Figure 4. Transmitted modified hexagonal pilot pattern for the
wideband Licensed User case.

=Default pilot symbols grid
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Figure 5. Receiver side hexagonal pilot pattern with virtual pilot symbols obtained from the iterative processing algorithm.
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By deploying this scheme, we can still estimate the
channel optimally despite of the unloaded subcarriers
caused by the Licensed User.

At the receiver, the received pilot symbols are proc-
essed using the Iterative algorithm to obtain the virtual
pilot symbols like in the case of the Narrowband Inter-
ference. The scheme itself can be seen in Figure 5.

3. The Simulation Result

In this section we are going to do the comparison be-
tween the Hexagonal Pilot Pattern with the Rectangular
Pilot Pattern and the Hexagonal Pilot with Virtual sym-
bols with the Rectangular Pilot Pattern with Virtual Pilot
symbols distribution. For this simulation, we consider the
different parameters such as subcarriers per OFDM
symbol, OFDM symbols per estimator frame and the
distance of subcarriers in the frequency direction and the
time direction, the total number of pilot subcarrier posi-
tions is excessive to be directly employed in the estima-
tion of all the channel transfer factors.
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Figure 6. The performance comparison of hexagonal pilot pattern and
the rectangular pilot pattern in function of BER in Eb/NO in dB scale.
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Figure 7. The performance comparison of Hexagonal Pilot with
Virtual symbols compared with Rectangular Pilot Pattern with
Virtual Pilot symbols in function of BER in SNR in dB scale.

Copyright © 2009 SciRes

4. The Comparisonal Analysis

This section presents the main goal of our work by mak-
ing the analytical evaluation and comparison of the
Hexagonal Pilot Pattern and Rectangular Pilot Pattern.

Analysis of the effect of having several scattered in-
terferences and the effectiveness of the proposed hex-
agonal pilot pattern scheme to combat the interferences
effects. Here we analyze the effect of increasing number
of interferers by using the iterative and exploiting the
channel coherence bandwidth property.

The Hexagonal Pilot Pattern is more complicated to be
implemented using the 2x1-D Wiener filter. The imple-
mentation of Hexagonal Pilot Pattern is easy due to the
technique of Hexagonal Pilot Pattern with the Virtual
Pilot symbols.

The Hexagonal Pilot Pattern is an optimum sampling.
It is the main method which requires 13.3% less samples
when compared to the Rectangular Pilot Pattern that
represents the same signal and gives a better BER per-
formance, and therefore the Hexagonal Pilot Pattern per-
forms better and more efficient sampling mechanism
when compared to the Rectangular Pilot Pattern as
shown in Figure 6.

The performance comparison of the Hexagonal Pattern
with virtual pilots at high SNR outperforms significantly
the other three, the Rectangular, Hexagonal, and Hex-
agonal with Virtual pilots and interpolation/extrapolation
process.

Rectangular Pattern with Virtual Pilots outperforms
the Rectangular and Hexagonal Pilot Pattern at high SNR,
while at low SNR performance degradation occurs
caused by the error of interpolating the noisy initial
channel estimates.

5. Conclusions

The simulation shows that Hexagonal Pilot design is bet-
ter than the rectangular and other pilot design patterns.
This better performance is due to the effect of increasing
number of interferers by using the iterative and exploit-
ing the channel coherence bandwidth property of Hex-
agonal Pilot. The technique of combining with Virtual
Pilot symbols in the low SNR space is due to the error
caused by interpolation of the heavily noisy pilots and
the Cognitive Radio is the best support of perform chan-
nel estimation. The Hexagonal Pilot is become the most
useful in the system of Wireless Network communication
thank to the compatibility of the Hexagonal Pilot and
Network configuration.
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