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Abstract: Problem statement: Nowadays, the mobile telecommunications industog$athe problem
of providing the technology that be able to supmonvide variety of services ranging from voice
communication with a bit rate of a few kbps to \Wss multimedia in which bit rate up to 2 Mbps.
Approach: This study introduced a new performance studyrbaace the Orthogonal Frequency
Division Multiplexing (OFDM) system based on botlifi@ent iterative number of subcarrier
estimation techniques and a tracking algorithm ywasposed.Result: The performance of system
degrades with increase of the mobile velocity arréase of the number of channel fingers. The
noiseless received signal at the weakest subcasrastimated based on all the detected data symbol
using a hard or soft decision. Due to the flexipibf the transform design, the analysis conducsed i
applicable for other common systems as weébnclusion: Simulation results showed the proposed
algorithm can track the velocity variation very ivehd perform channel estimation using the most
efficient tracking mode.

Key words: FFT, OFDM, WPT

INTRODUCTION simple equalization method in combating selective
fading channels (Litwin, 2000). Increasing symbol
Nowadays, in wireless communication systems, theluration will result in lower rate parallel subgars.
ability of OFDM to efficiently exploit the wideband The transmitter and the receiver for OFDM system ca
properties of the radio channel lies at the heértso be implemented efficiently by using Fast Fourier
popularity plays a very important role to combag¢ th Transform (FFT) techniques (Martoyo and Jondral,
doubly dispersive channels. This feature has hetped 2002). Adding a Cyclic Prefix (CP) is the main way
establish OFDM as the physical layer of choice forthe Fourier based OFDM to eliminate the I1SI. Howeve
broadband wireless communications systems (Europeahis can decrease the bandwidth efficiency greatly,
Telecommunications  Standards  Institute, 2002which means that there is a long way go to impithree
National Institute of Informatics, 2002; IEEE, 2003 bandwidth efficiency, to decrease the bandwidthtevas
Therefore, it is expected that OFDM will be still a brought by adding CP (Guptat al., 2008). Past
fundamental element in future wireless research (Dowler and Nix, 2003) has investigatedl th
communications. use of scattered pilots combined with various
Recently, a considerable amount of research workterpolation filters to achieve a channel estimate
has been proposed as candidate for the 3rd gemerati For OFDM to operate in a wide area network,
mobile telecommunication system, OFDM is one ofefficient channel estimation techniques are requihat
proposed system that has a lot of attentions foneso operate in fast time varying channels. However, the
reasons. The first reason is that the successfuime selective channel resulting from the relative
implementation of OFDM in several applications. movement is still a challenging task for channel
OFDM has successfully been implemented in theestimation algorithms. In this study, we investigttie
wireless broadcasting applications such as Digitaperformance of the two major obstacles in using ®IFD
Video Broadcasting (DVB) and Digital Audio in transmission system; first it is very sensitit@
Broadcasting (DAB) (Martoyo and Jondral, 2002).frequency offset caused by misalignment in carrier
Since OFDM can overcome the effect of multipathfrequencies or Doppler shift. These imperfectiont w
fading by using a guard period, OFDM need only adestroy sub-carrier orthogonality and introducesint
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Carrier Interference (ICIl) among sub-carrier initidd ‘= 1 A _ LA @
to attenuation and rotation of each of the subieear ATon At A

phase, second disadvantage is that the peak pdwer o

the signal can be up to N times the average power |t can be seen from Eq. 2 that if the mobile is

(where N is the number of carriers) (Sklar, 20ab), moving toward the direction of arrival of the waviee

achieve the same optimum performance as in the caggoppler shift is positive and if the mobile is mogi

of preceding over all subcarriers, where is the &M away from the direction of arrival of the wave, the

of channel taps. The simulation result shows thepoppler shift is negative (Rappaport, 1996).

performance of system degrades with increase of the

mobile velocity or increase of the number of chdnneparameters of mobile multipath channel: In order to

fingers. compare different channels and to develop some
general design guidelines for wireless systems,

MATERIALSAND METHODS parameters which closely quantify the multipath

channel are used. These parameters include delay

FFT-OFDM SySem: The FFT-OFDM SyStem model is Spread and Dopp|er Spread (Lee, 1995, Rappaport'
shown in Fig. 1. The data is transmitted in theafielr  1996).

by assigning each data word to one carrier in the
transmission. The data to be transmitted on eacfeca

) . . ‘ —* BPsk [ ™ Panlld 1o

is modulated into a BPSK format. After the required semllo b pmz T e
- . . arallel

spectrum is worked out, an IFFT is used to find the[* Coverer converter

corresponding time domain waveform. L - -

The cyclic prefix is then added to the start aftea m
symbol. The receiver basically does the inverse

operation to the transmitter. The cyclic prefix is Remove Rasdelzh selective Cyclic Prefix
. . 2 ading mobile radio —
removed. The FFT of each symbol is then takennd fi Prefix (CP) e (CP)insertion

the original transmitted spectrum. Single tap fiesty

AWGN

domain equalizer is used to enhance the detectio| ————_, o mgern
performance. Each transmitted carrier is then etatl parallel | ™% FFT T frequemcy % BESK
and converted back to the data word by demodulatin™=t = o mapping
the received symbol. The data words are then caogdbin — . L
back to the same word size as the original signal.

Parallel to
Doppler shift: When a signal source and a receiver are Seral data ] *SHE SOOI
moving related to one another, the frequency of .

received signal will not be the same as the source.
Consider a mobile moving at a constant velocity v,_. ..

along a path segment having length d between pXints Fig. 1. FFT-OFDM model
and Y, while it receives signals from a remote seus,
as illustrated in Fig. 2. The difference in pathdths
traveled by the wave from source S to the mobile at
points X and Y isAl =dcos8= Wtco® whereAt is the
time required for the mobile to travel from X toando

is assumed to be the same at point X and Y sinee th
source is assumed to be very far way. The phasegeha
in the received signal due to difference in patigtas

is therefore (Lee, 1995):

Remote source (S)

A= 2! _ 2t D .
A A
_—
Mobile g
Hence the apparent change in frequency, or
Doppler shift, is given by: Fig. 2: Doppler shift
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Delay spread and coherence bandwidth: Delay is essentially non-zero. Coherence timg, i§ the time
spread and coherence bandwidths are parameterb whidomain dual of Doppler spread which can be used to
describe the time dispersive nature of the chaimel characterize the time varying nature of the fregyen
local area. The time dispersive properties of viided  depressiveness of the channel in the time domdie. T
multipath channels are most commonly quantified byDoppler spread and coherence time are inversely
their mean excess delas) @nd RMS delay spread.  proportional to one another. That is:

The mean excess delay is given by:

T ®)
;aKZTK ; Pt X >
i Yal > Pt) 3) From the above, it can be seen that the time
K K dispersion and frequency dispersion mechanisms in a
mobile radio channel lead to four possible distinct
Where: effects, which are manifested depending on thereatu
P(t) = The absolute power level of received signal of the transmitted signal, the channel and the ciglo
& =Pf) The two propagation mechanisms are independent of
one another.
The RMS delay spread is defined to be:
RESULTS
o, =12 - (1)? (4) The parameters and system configuration used in
the simulation were taken from the standards of the
Where: third generation mobile and OFDM system. These
parameters can be summarized by the followings:
2 2 2
2= ;aK T _ ; P X ®) Data rate 2 Mbps
>a’ > PG, ) Modulation BPSK
K K Subcarriers 128
FFT points 128
These delays are measured relative to the firsbwT pints 256
detectable signal arriving at the receiveragt 0. OFDM symbol duration  1610°° sec
The coherence bandwidtBc, can be defined as Guard interval 1.810° sec
the relation derived from the RMS delay spreadh&  Guard interval type Cyclic Prefix (CP)
coherence bandwidth is defined as the bandwidtin oveRequired bandwidth 2 MHz
which the frequency correlation function is abov®,0 Model of channel Jacks model
then the coherence bandwidth is approximately: Number of paths 8 path
Number of paths 2-fingers
B~ 1 ©6) Multipath delay spread x30° sec
¢ 500, Doppler frequency 150 Hz

If the definition is relaxed so that the frequency 1O investigate the effect of number of subcarier
correlation function is above 0.5, then the cohegen (€ OFDM system extra test was carried out as shown
bandwidth is approximately: in Fig. 3. From the Fig. 3, the performance of sgsis
enhanced as the number of subcarrier increased.
5 In these tests the selective fading configuration
50 7 contains 2-fingers, 3-fingers, 4-fingers and so the
effect of increasing number of finger on the pearfance
Doppler spread and coherence time: Doppler spread of system is shown in Fig. 4. This increase in the
and coherence time are parameters which descrébe ttmumber of fingers causes performance degradatiom F
time varying nature of the channel in small scafgion.  the Fig. 4 it is clear that the performance ofriérs is
Doppler spread, § is a measure of the spectral better than the performance of 4-fingers by abai 2t
broadening caused by the time rate of change oflenob bit error rate 17. Also the performance of 4-fingers
radio channel. It can be defined as the range odlbetter than the performance of 6-fingers by abadiB 4t
frequencies over which the received Doppler speattru bit error rate 10.
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Fig. 3: FFT-OFDM system at different number of rig 5: Relation between number of subcarrier and
subcarrier E/N, (dB) at different number of selective
channel fingers
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Fig. 4: FFT-OFDM system at different number of
fingers Fig. 6: FFT-OFDM system at different mobile velgcit
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DISCUSSION

The relation between the number of subcarrier and
energy per bit to noise ratio {B,) in dB at different
number of fingers was shown in Fig. 5. Th¢Ng (dB)
decreased as the number of subcarrier increased. Th
relation at bit error rate 10

The performance of OFDM system with different
mobile velocity (mile ') is shown in Fig. 6. The
performance degrades with increased mobile velocity

Figure 7 shows the effect of increasing the véjoci
of mobile station on the performance of OFDM system : ; 3 :
at different number of subcarrier. The Fig. 7 shohes 0 50 100 150 200 750
performance degrade with increasing velocity. When
the velocity increased the Doppler frequency inseéla  Fig. 7: Relation between mobile velocity ang/Ng
and hence the number of fade <$edncreased. (dB) in FFT-OFDM system at different number
Therefore, the performance degrades. of subcarrier and number of fingee
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