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Abstract: This paper investigates the bit error rate
analysis of orthogonal frequency  division
multiplexing (OFDM) system over Rayleigh fading
channel. We have compared the performances of the
system by measuring the bit error rate with varying
system parameters (No. of subcarriers, Doppler shift,
and modulation scheme) where the channel
estimation is done with block type pilot based Least
square (LS) algorithm.
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Introduction

Recently  orthogonal Frequency Division
Multiplexing (OFDM) has been applied widely
in wireless communication systems due to high
speed transmissions in a frequency-selective
fading environment. By converting a wideband
signal into an array of properly-spaced
narrowband signals for parallel transmission,
each narrowband OFDM signal suffers from
frequency-flat fading and, thus, needs only a
one-tap equalizer to compensate for the
corresponding multiplicative channel distortion
[1]. It has been used in wireless LAN standards
such as American I|EEE802.11a and the
European equivalent HIPERLAN/2 and in
multimedia wireless services such as Japanese
Multimedia Mobile Access Communications [2].
Channel estimation is required for the OFDM
receiver to perform detection, when transmit
signal goes through multipath environment. In
practice, Channel estimation can be performed at
the receiver by inserting training (a.k.a. pilot)
symbols at the transmitter. Pilot symbol assisted
channel estimation is especially attractive for
wireless links, where the channel is time-varying
[2]. Channel estimation using pilot for OFDM
symbols is investigated in [3] and [4]. In this
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paper we will show the BER approximations for
pilot assisted OFDM transmissions with M-ary
quadrature amplitude modulation (QAM) over
Rayleigh-fading channels. This paper also
presents the BEP performance of OFDM
receivers which is functions of the average bit
signal energy to noise ratio (SNR), and some
parameters like No. of sub carriers, Doppler
spread.

The rest of this paper is organized as follows.
Section Il gives a brief descriptions of an OFDM
system model in Rayleigh fading, we discuss
Pilot based channel estimators in Section Il. We
analyze the Simulations and bit-error rate (BER)
performance in Section 1V, and conclusions are
drawn in Section V.

SYSTEM DESCRIPTION
Figure 1 shows the OFDM system based on pilot
channel estimation.
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Fig.1 OFDM system model

Let {X (k), k=1,..., N} represent a block of N
complex data symbols chosen from an
appropriate signal constellation like quadrature
amplitude modulation (QAM). The IFFT of the
data block is

x(n) = ZN ' X(k) ex: (mkn) ,n=0,1,2,....

k=0

N—-1
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(1) where x( n) is the time-domain sequence and
N is the FFT length.
To mitigate the effects of 1S1 caused by channel
delay spread, each block of N IFFT coefficients
is typically preceded by a cyclic prefix (CP) or a
guard interval consisting of N, samples, such that
the length of the CP is at least equal to the
channel delay spread. The cyclic prefix is simply
a repetition of the last Ng IFFT coefficients. The
resultant OFDI\)/I symbol is given as follows [2]:
N+ n) n=-Ng—-Ng+1,.... ,—1

%) = {x n=1012 N -1 @)
The transmltted signal will go through the
frequency selective time varying fading channel
with additive white Gaussian noise. The received
signal is given by:
¥r(m) = xg5(n) * h(n) + w(n) ©)
where is w(n) Additive White Gaussian Noise
(AWGN) and h(n) is the channel impulse
response. The channel response is shown in [5].
After removal of cyclic prefix at receiver, y(n ) is
sent to FFT block and the resulting signal given
by:

Y(k) =~ ZNZ3 y(n)exp (o @)

The relatlon of the resulting Y(k), H(k), 1(k)and
W(K) is shown in [8], with the following
equation:

Y(k) = X(k)H(k) + I(k) + W(k) (5
Where H(k) and W(K) is IFFT of h(n) and w(n)
respectively and I(k) is ICI because of Doppler
frequency.

j;r,l.-m
)

I. Channel Estimation

In block-type pilot-based channel estimation
OFDM  channel estimation symbols are
transmitted periodically, and all subcarriers are
used as pilots. The block-type pilot-based LS
Estimation is performed in [2][4][9].

If we ignore the inter carrier interference, then
equation (5) can be written as

yh XFh+ W (6)
Where,, _ —
PXY dmg x};u) X(lj ........ (ﬂi’]] T1)}
[W[D]W[l] ...... W[N — T
Wﬁ"" = Fexp(5)
() v :

If He(k) is estimated channel response in
frequency domain then LS estimation is given by

9]:
*[L‘Ta] =H, = FQL-EFHXHY (8)
Where

Qus=(FEX"XF)™?
This estimated channel response is used find the
estimated transmitted signal {Xe(k)}

Vik
X () =4 ©

Then the signal is obtained by demapping Xe(k).

H = [H(0)H(1) ....... H(N

I Simulation Model And BER Analysis
OFDM system parameters used in the simulation
are given in Table I.
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Table .OFDM system Parameters
Parameters Specifications

Total number of 32, 64, 128
Pilots (N/8)
| |
Guard Interval (N/4) 64, 128, 256

Channel Type Rayleigh Fading Channel

Path Delays 1ps, 2 ps, 6 ps, 1 ps, 3.5
us, 6 ps

We have consider the guard interval greater than
the maximum delay spread in order to avoid inter
symbol interference. The channel estimation at
pilot frequencies is performed by LS algorithm
which is discussed in section Ill. Through
simulation we carried out the BER for different
signal to noise ratio (SNR) while varying the
system parameters. Each time a transmission
took place the SNR variable changed. The lowest
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S/N ratio was decided to have the value 0 dB and
the highest 27 dB.

A. Varying M-Ary QAM

Fig. 2 gives the BER performance of LS channel
estimation algorithm for different modulation
order and for Rayleigh fading channel, with N =
256 and Doppler frequency 40 Hz and other
OFDM parameters given in Table 1. During
mapping the binary data, chosen a different
QAM order (M) to simulate. Through
investigating Fig. 2 we can notice, for a
particular value of SNR the more we increase the
modulation order M, the BER increases.
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Fig. 2. BER Vs SNR with modulation order
(M=2,4,8)
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B. Varying Number of Sub Carriers

The transmission was simulated for 3 sets of
carriers 256, 512 and 1024 carriers. For each set
of carriers a BER curve as a function of S/N ratio
was plotted. There are two plots. In the first the
echoes have high level and in the second low
levels. Here we selected modulation order M = 2
as modulation scheme and a Doppler shift of 40
Hz. We observed that the performance is
superior for less number of sub carriers.
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Fig. 3. BER Vs SNR with number of sub
carriers (N=256, 512, 1024).

C. Varying Doppler Shift

Fig. 4 shows the performance of LS channel
estimation for 8-QAM modulation, Rayleigh
fading channel and 256 FFT for different
Doppler frequencies (40 Hz, 80Hz ,120 Hz). For
a specific value of SNR the behavior of the plots
is that BER increases as the Doppler spread
increases. This is because the higher Doppler
shifts cause higher ICI i.e. degradation in system
performances.
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Fig. 4. BER Vs SNR with Doppler shift (fs= 40
Hz, 80Hz ,120 Hz)

V. Conclusion

In this paper we have presented, bit error rate
performance of OFDM with QAM modulation
over Rayleigh-fading channels, in the presence
of channel estimation. For a high S/N ratio, we
can notice that the less the number of carriers,
lower modulation order and low Doppler shift
provides the more immunity in the Multipath
environment.
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