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Abstract— High mobility communication systems need suitable
channel estimation to cope high frequency selectivity channel
effect. In this paper we propose data pilot based channel
estimation in downlink OFDMA for IEEE 802.16e standard
(Mobile WiMAX). The Mobile WiMAX channel estimation can
be done by exploiting pilot from preamble, in this paper we
obtain channel transfer function by exploiting pilot at symbol
data with two dimensial interpolation scheme. Based on glir
simulation, it can be shown that the proposed method have Jiller
performance compare with preamble based channel estl'mat.on
method. Afterwards we compare Linear Interpol:rﬁou amil
MMSE interpolation for proposed channel estimaflin method,

The Symbol Error Rate for QPSK and 64 QAM 0 am is

presented by means of simulation.

I. INTRODUCTION

importarit, 1hls
cially for high™m

Channel estimation play an
telecommunication receiver, eg %
communication. Channel prowides info
about distortion of the tragfmissign sifkal wihen it prop¥gates
through the channel. 1 miligate hostile channel
effect on the received fghal, chaniel estimation is
required, especially for nfpbile t@lecomyfnicition with highly
dispersive channel [1] ‘

There are three main in{ lesigning channel
estimators for wireless OEDM 8 tiems. First 1s  the
arrangement of pilot information, where pilot is the aided
known reference data. The second problem 1s the design of a
channel estimator with good performance and low
complexity[2]. The third, for the comb or scattering (not fully
mserted in one OFDM symbol) it 1s necessary to do
interpolation after the channel estimation process. The channel
estimation at the pilot subcarrier can use several algorithms
like LS /MMSE/LMS. In this paper we only use L.S due to its
lowest computational complexity.

Based on pilot position, the channel function can be obtain
from the used/monzero subcarriers in the preamble of OFDMA
system for TEEE 802.16e[3]. This approach only done for
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initial channel egiiatiord the updﬁti%charmel estimation
proces for othg@ Tl Ra SSREVET sed. The 2D Linear
Interpolationgatorithm i lich it pilot subcarrier from
symbol ddiiis Chtain com"pl& annel responses for Uplink
OFDM Fas becl hadied inear Interpolation is carried
out in Lo kency and ti ension together with LS channel
ANNEOTERL. Ot aterpolatlon methods for frequency
im SR T d Order Polynomial, Low Pass[4,5],
Spline ibicl4], Mhase Compensated [6] and Raised Cosine
lhlxrpolu:tion were discussed . Although there are many
mtu,rpd hethods for obtain channel response function
references, it is important to have specifically
or specml pilot arrangement like downlink OFDMA
system, which is not uniformly distributed within
OFDM block like those on the above references.

In this we propose data pilot based channel estimation in
downlink OFDMA for IEEE 802.16e standard (Mobile
WIMAX). The Mobile WiMAX channel estimation can be
done by exploiting pilot from preamble, in this paper we
obtain channel transfer function by exploiting pilot at symbol
data with two dimensial interpolation scheme. An 802.16e
frame in TDD mode 1s built up by one downlink (DL)
subframe and one uplink (UL) subframe. In this paper only
the downlink subframe structures will considered.

The Downlink Mobile Wimax channel estimation can be
done by exploiting pilot from preamble[3]. In this paper we
obtain channel transfer function by exploiting pilot at simbol
data. After that we compare Linear Interpolation and MMSE
interpolation for proposed channel estimation method. The
Symbol Error Rate for QPSK and 64 QAM system is
presented by means of simulation result on two different pilot
position based channel estimation and simulation result on
interpolation comparation.

The paper 1s organized as follows. In section I we explain
System Description, section 11 discuss the proposed channel
estimation method, with preamble based channel estimation
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method and two interpolation method n frequency dimension,
Linear Interpolation and MMSE interpolation. Section IV
evaluate computational complexities of Channel Estimation
considered. Section V presents the simulation results, which
indicate BER performance. Section VI conclude the paper.

II. SYSTEM DESCRIPTION

The TEEE 802.16e wireless MAN —~OFDMA physical layer
(PHY), based on OFDM modulation, is designed for NLOS
operation in thhe frequency bands below 11 GHz The OFDM
system with pilot based on channel estimation is given in

figure 1.
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Fig. 1 Blog Diagram of The Pilot Based OFDM Systen:l’

The data bits provided from the source are converi@iirom
serial to parralel to form parallel data of some subchanriei ).
Each parallel subchannel modulated "0 somplex 0

&

Where h(t) and 7, are the gain and delay of the r-th path,
respectively. The path gains h,(t) are wide sense stationary
(WS8) narrow-band complex Gaussian process and are
mutually independent. The received signal, which has been
corrupted by the multipath fading channel and contaminated
by the additive white Gaussian noise can be formulated as

y(r)=X b lt)xlr—1 )+ wlr), )

Where x{1) is the continuous-time representation of the
transmitted discrete-time signal, x,. The received continuous-
time signal then convert back to a discrete —time signal v, the
receiver do synchronization, downsampling, and removes the
cyclic prefix. The simplified baseband model of the received
samples takes the form of :

yn:jz::lh(l)x(nfl)Jr win) “)

Where L is the nusifer @8 Siilple-spaced channel taps,
w(n) is additive white Uauditan Biiie (AWGN) sample with
zero mean and yalliee @& gl ind Y is the time domain
channel impulss " respimse ((21"\(@ the current OFDM
symbol. s oSSR time

synchroniaiicl) taperfect, &E

FETwansfornig vy to tN@Equency domain received base

band dais &
| f"':%Hk A

and W are FFT of h and w repectively.

'F(%ng FET block, the pilot signals are extracted and the
&, ° Estimation 1s carried out to obtain estimated channel

and frequency

(5)

symbols of N, active subcarriers. The modiiiilad datgf '»_vith« \r¥ponse ch for the data sub-channels. Then the transmitted
other null carrier as guardband and DC form & Suliiiiiie ; ; o _
data 1s estimated by equalization process :

are then fed Lo [
hem into timegoyndin
with the following

This data sequence of length N
block symbol by symbol tgflansto
and generate an OFD i
equation :

N-1
x, =IDFT {X }=3%

k=0

(M

Where N 1s the DFT length or the number of subcarriers.
To prevent inter-symbol interference (ISI), a cyclic prefix of
N, samples 1s inserted at the beginning of every symbol. After
D/A - conversion, the signal 1s transmitted through the
frequency selective time varying fading channel with additive
noise.

Assumed that the impulse response of the multipath fading
channel 1s given by [1]:

h(z,r)=z h(t)6(x—17,) (2)

a 7
=g ©

After signal demapping, the sourece binary information
data are re-constructed at the receiver output.

OFDMA is based on OFDM modulation. It support
subchannelization in both UL and DL. The OFDMA frame
structure is similar to the OFDM structure, except the
subchannelization At OFDMA system, broadcast message
can be transmitted at the same time (on different subchannels)
as data. The frame is divided into a number of zones that each
use a different subchannelization scheme[6].

An 802.16e frame in TDD mode is built up by one
downlink (DL) subframe and one uplink (UL) subframe.
Based on the OFDM principle, the pilot both in time domain
and in frequency domain is assigned for channel estimation
calculation process. [2]

The OFDMA downlink PUSC IEEE 802.16e symbol
structure is using pilots, data, and zero subcarriers. The
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symbol is first divided into basic clusters and zero carriers are
allocated. Pilots and data carriers are allocated within each
cluster. Figure 2 below depicts the cluster structure

e e

even symbols

odd symbols

e

data carrier
% pilot carrier

Fig. 2 Downlink OFDMA 802.16e cluster/tile structure

IIT. CHANNEL ESTIMATION

There are two types of Channel Estimation for OFDMA
/OFDMA system based on the source of pilot used for
estimation. The first kind of Channel Estimation type is
Preamble based Channel Estimation [3, 53] and Data Symbol
based Channel Estimation [2, 4. 6]. Both type of channel
estimation can employ the wusual Channel Estimation
algorithms, for example, Least Square (LS) Method,
Minimum Mean Square Error (MMSE) method to estimate
channel response at the pilot position. Then using this channel
function estimate, interpolation in time dimension is done.
Next step is interpolation in frequency dimension.

A. Preamble Pilot Based and Data Pilot Based Channe[
Estimation

Preamble Pilot based channel estimation explo’i[ the fiisl
symbol of each downlink subframe dedicated as a prediihle in
OFDMA mode of 802.16e standard. This preamble NEed
for initial estimation of time varying” ‘lannel. The 1S

estimation at non zero position at every tiifisnbcariel in, :

the preamble is done after FFT block at reieimes M
processing (interpolation) is iged tosestimate co
channel response. In [3] t

g such a preamble is
out data pilot based
chamnel estimation that
802.16e standard. ‘

In general, the fa tosponse  of the
OFDM/OFDMA system can weddiia two dimensional
(2D) lattice in time-frequency P2} For Downlink

mobile WiMAX system, inside a tile/cluster, the fading
channel responses are sampled at 4 pilot subcarriers as shown
at figure 2. The channel responses at the rest of data subcarrier
are estimated by interpolation.

Frequency

P
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Fig. 3 Pilot Position before Interpolation (above) and

after time interpolation (below)

First is interpolation at time dimension which has 2
symbols time spacing. In this paper we use linear interpolation
for time dimension interpolation because it is sufficient for
small time spacing. The time dimension interpolation steps
are shown in figure 3.0 Next is frequency dimension
interpolation. The subcarticr spaciig after time interpolation is
4 subcarriers and 1 subiiivigh Lo (hipaper we use linear and
MMSE frequency, di.meﬁsitmainterpolatv

B. Channel Esrin‘zationa‘ii'[gé)ﬁs}’tr'm

In thedplist case, Uie [Qmél cstimates, are found by
straightfdeivard iitiplyin teceived pilot by the inverse
of thé Liswn traidmitt Hot. This method is called least

squate (LS) gstimato @ en by[8] :
H 15 ;Y'“IY

&%OM using any knowledge of the statictics of the

els, The LS Estimator has very low complexity , but
hey suffer from a high mean-square error[2].
The MMSE chamnel estimator employs the second order
statistics of the channel condition to minimize the mean-
square error. The major disadvantage of the MMSE estimator
is its high complexity, which grow exponentially with the
observation sample. The frequency domain MMSE estimate
of channel response is given by[6]:

5 Mk
= RHPHP (RHPHP + O-rf (XPX;I) ) HP,LS (8)

HP,ME
Hi g . .
}—S)'{Phg= 1a8s4 Jl Where H p1s is the LS estimate
of channel condition at pilot position,

(7N

T, is the variance of noise W . Xp is a malrix containing

the transmitted pilot on its diagonal, RHPHP is the channel

autocorrelation matrix defined by
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For this case, the correlation function between the charmel
frequency response value is given by[5] :
m=n
—j2ﬂ'( (m n)fN)

1,
E{HMH:}: 1—g 2P 1

]'ZE(Ng (m - n)/N)

A (9)

From equation (9 ) we can get RHPHP :

C. Fregquency Dimension Interpolation

After the estimation of channel transfer responses of pilot
subcarriers, the channel responses of the rest data sub carrier
are obtained by interpolation process using the channel
mformation at pilot subcarriers[6].

In this paper we consider a piecewise linear, and a MMSE
mterpolation. First mterpolation methode have inherent low
complexity and easy to implement. Other interpolation,
MMSE interpolation, has  better performance at highly
frequency-dispersive environments. [3]

The linear interpolation method obtains the chamnel
response at the k-th subcarrier, as[1 |

Hk)=H(mL+1)

=f}p(m)+%(ﬁp(m+l)—ﬁp(m)),o <1<p 1O

where m= 0, 1, .. Ng-I, Ny~ number of pilt'.{

mL <k <(m+1)L and L =N/NP, where N = total numbur

of subcarriers.

MMSE interpolation can be perform by moqhi} ng i
MMSE estimator at equation (8) to obtain all data sul irier’s:
chammel responses, with this equation[3] :

~ 1\ﬁ| i®

H ysse = R, (RHHP +0, (Xpo ) ) U B
In tus paper we only consider Lineat ‘igha® INISE

mterpolation since both interpolation are most sultHBIo Lo %
uniformly distributed pilot link DFDMA g

system.

’

COMPEEXIIES

e by required
number of complex multip e sliwn at table T for
each scheme and for a single OFRNIS symbol. The linear
interpelation of preamble based scheme requires N,-Nppreamble
= 840-280 = 560 complex multiplications. (Nppreamble =
mumber of pilot subcarriers at preamble). The linear
mterpolation of data pilot based scheme requires NN, =
840-120 = 720 complex multiplications. MMSE interpolation
with preamble based scheme require Nu Nppreamble=235200
complex multiplication and MMSE interpolation with data
pilot based scheme requires 2NuNp = 201600 complex
multiplication.

TABLEI
COMPUTATIONATL COMPLEXITIES COMPARATION

Channel
Estimation Interpolation Complex Multiplication
Method
Preamble Based LS Liuear i,
MMSE 235200
Data Symbaol Based LS Linear 720
MMSE 201600

V. SIMULATIONS

In this section, we report computer simulation carried out to
evaluate and compare performance of the considered channel
estimation. We wsed downlink OFDMA system of TEEE
802.16e. The OFDMA systemn parameters used m the
simulation are indicated in Table 1.

The channel models used in the simulation i1s same as [3],
the TTU-R A and ITU-R B  chamel for velicular
environment. We set the vehitlespeed of user to 60 km/h.

Twe channel estimatiorl Wethod, preamble pilot based
channel estimation [3] 80 pfopa e hdata pilotlbased channel
estimation, are sunulated afil coglpdre yBoth methode used LS
estimator and 1188 leri St result are shown in
Fig. 4 - 5. The hinzom ! "va‘ria‘.‘ble gnal to noise ratio and
the verticad™ i ible is Bl & te. From Fig . 4-5 we see
that the JeiToiianee 1s iMRLov d significantly when the data
pllot ! channel ecumak 15 apphied.

TarrLell

AMETER UsED IN THE PAFER

&? Value Note
3 0 1024 FFT Size
Q‘Q\Iu 840 Number of used subcarrier
N, 256 CP Size
Np 120 Number of pilot subcarrier
Number of used/pilot subcarriers in
Neeressre 280 preamble

Freamble based vs Symbol Data based LS Estimator

—— F'\IUI From Symbul Data [
—&— Pilat Fram Preamble

Bit Error Rate

& i i ; ; i
0 1 10 15 20 25 a0
SHR in DB

Fig.4. BER performance of the different pilot position based estimation
methods for 64 QAM under ITU A vehicular channel model.
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Preamble based vs Symhul Data hasad LS Esnmalur

== F‘\Im From Symhnl Data |-
—— Pilot From Preamble |-

Bit Emor Rate

0 5 10 i 20 25 a0
SNR in DB

Fig.5. BER performance of the different pilot position based estimation
methods for 64 QAM under ITU B vehicular channel model.

The performance improvement at the data pilot based
channel estimation in view of the fact that the data pilot based
channel estimation method obtain channel response function
every symbol periode, on the contrary preamble pilot based
channel estimation only take once at the initial of the frame.

Two interpolation method, linear method and MMSE
method are simulated and compared. Both interpolation
methode use LS estimator and data symbol based channel
estimation algorithm. The result are shown in figure 6-9.

Linear ve MMSE Interpolation of Symbol Data Baged LS Estimator

i 49* Linear Interpolation
| —#— MMSE interpolation |-

1o’

Bit Ermor Rate

Bit Emuor Rate

1
SNR in DB

Fig.7. BER performance of Symbol Data Based LS Estimate with different
interpolator for QPSK under ITU B vehicular channel model.

From figure 6 and 8, BER performance of Linear and
MMSE interpolation at ITU A vehicular channel is
approximately equal. This is due to the medium frequency
selectivity condition can be coped well by linear interpolation.
However, at high frequency selectivity (fig.7,9) the
performances decrease due to unlinearity channel response
between pilots occurred. [3]

V1. CONCLUSION

In this paper an OFDMA system based on IEEE 802.16e
standard has been discussed with focus to downlink channel
estimation at receiver. Two channel estimation method base
on pilot source position and two interpolation method at the
proposed channel estimation method are analysed and
compare . We conclude that the data pilot based channel
estimation with linear intef@olatm LS estimator achieve good
trade off and has accgilabblii iformance. The proposed
channel estimation séht?me with 5 channel estimation is
suitable for practiem qppucatlon of d¥plink IEEE 802.16e
OFDMA systents (0 thi other YISE interpolation can
be employednthe hlghlv e ispersive and selectivity
envuonments wn:h the corlse e of higher complexity.

n.
Mhm Data Based LS Estimator

1
SNR in DB

Fig.8. BER performance of Symbol Data Based LS Estimate with different
interpolator for 64QAM under ITU A vehicular channel model.

Linear ws MMSE Interpalation of Symbol Data Based LS Estimatar

Bit Error Rate

i i i i

1
ESNR in DB

Fig.9. BER performance of Symbol Data Based LS Estimate with different
interpolator for 64QAM under ITU B vehicular channel model.
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