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Abstract

Orthogonal Frequency Division Multiplexing (OFDM) is becoming the chosen modulation technique for modern
communications because of its resistance to inter-symbol interference (ISI) and its low-complexity implementation for
high-speed system compared to traditional single technique. The purpose of this paper is to describe and simulate the
basic processing involved in the receiver of the OFDM system. As an example, one of the proposed OFDM signals of the
Digital Video Broadcasting — Terrestrial (DVB - T) standard is used. Matlab simulation results for 2k mode of the

standard are presented.
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1. Introduction

Orthogonal Frequency Division Multiplexing (OFDM) is a
special form of Multicarrier modulation which is particularly
suited for transmission over a dispersive channel. Here the
different carriers are orthogonal to each other, that is, they
are totally independent of one another. OFDM is a wideband
modulation scheme that is designed to cope with the
problems of the multipath reception. Essentially, the
wideband frequency selective fading channel is divided into
many narrow-band sub channels. If the number of sub
channels is high enough, each sub channel could be
considered as flat. This is because many narrowband
overlapping digital signals in parallel are transmitted, inside
one wide band. Increasing the number of parallel
transmission channels reduces the data rate that each
individual carrier must convey, and that lengthens the
symbol period. Therefore the delay time of reflected waves
is suppressed to within 1 symbol time.

The development of OFDM systems can be divided into
three parts that are Frequency Division Multiplexing,
Multicarrier Communication and Orthogonal Frequency
Division Multiplexing [1], [2], [3]. Frequency Division
Multiplexing is a form of signal multiplexing which involves
assigning non overlapping frequency ranges or channels to
different signals or to each user of a medium. A gap or guard
band is left between each of these channels to ensure that the
signal of one channel does not overlap with the signal from
an adjacent one. Multicarrier Communication involves
splitting of the signal to give a number of signals over that
frequency range. Each of these signals are individually
modulated and transmitted over the channel. At the receiver
end, these signals are demodulated and recombined to obtain
the original signal.

In many books and scientific works for OFDM systems,
such as [2], [3], [4], [5], [6], [7], etc., the basic processing
involved in the generation and transmission of an OFDM is
examined in detail. At the same time, considerably less
attention is paid to the examination of the reception signal
processing. Thus more work needs to be done on studying
OFDM reception. As well known, the design of an OFDM
receiver is open, because there are only transmission
standards. With an open receiver design, most of the
researches and innovations are done in the receiver. The
purpose of this paper is to describe and simulate each of the
steps involved in the OFDM reception process since the
examination of this process is essential for the design of
OFDM systems.

2. Description and Simulation of OFDM Reception
Process

To describe and simulate the OFDM reception process, an
appropriate receiver model and simulation resources must be
used.

An OFDM receiver model can be shown as Fig. 1.
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Fig. 1. An idealized OFDM receiver model
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In the above model r(t) is the input receiver signal.
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Resources for the simulation of the OFDM reception are
included in Matlab in functions of the Communication and
Signal Processing Toolboxes. These resources enable a
complete analysis of received data. To simulate the basic
processing involved in the reception of an OFDM signal, as
an example, one of the proposed OFDM signals of the
Digital Video Broadcasting — Terrestrial (DVB — T) standard
[8] is used. Matlab simulation is implemented for the 2k
mode of the DVB — T standard. The specific numerical
values for the OFDM parameters for the 2k mode are given
in Table 1 [8], [9].

Table 1. Numerical values for the OFDM parameters for the
2k mode

Parameter 2k mode
Elementary period T, ps 7/64
Number of carriers K 1705
Value of carrier number Kmin 0
Value of carrier number Kmax 1704
Duration of symbol part Ty, ps 2048xT
224

Carrier spacing 1/Ty, Hz 4464
Spacing between carriers Kmin
and 7.612
Kmax(K-1)/Ty, MHz
Allowed guard interval A/Ty 1/4 1/8 1/16 1/32
Duration of guard interval A, ps 56 28 14 7
Symbol duration
Ts = A+Tu, s 280 252 238 231

When the receiver senses the signal, the Radio

Frequency (RF) signal is first down-converted. Simulation
results of this operation are shown in Fig. 2 and Fig. 3.
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Fig. 2. Time response of down - converted signal

Fig. 2 displays the In-phase (I) and quadrature (Q)

components of a down - converted signal as a function of

time.
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Fig. 3. Frequency response of down - converted signal

It can be seen from Fig.3 that the down - conversion
process creates signals centered on2f_, where f is the
central frequency of the RF signal. To reject these signals,
i.e., to generate a continuous time baseband signal, Low
Pass Filters (LPFs) are used. These filters are Butterworth
filters of order 3 and cut-off frequency of 2zf .

The in-phase and quadrature components of the
baseband signal in the time domain are shown in Fig. 4. It
follows from Fig. 4 that the continuous time baseband signal
is a copy of the reconstruction filter’s output signal at the
transmitter [10].
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Fig. 4. Filtered signal time response

The filter’s output signal versus the frequency is
presented in Fig. 5. According to the simulation results it is
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possible to conclude, that the filtering is performed as
expected since is left with only the baseband spectrum.
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Fig. 5. Filtered signal frequency response

The next step of the reception signal processing is the
sampling of the continuous time baseband signal. Each one
of the in-phase and quadrature component is sampled using
Analog — to — Digital Converter (ADC). The sampling
frequency is chosen to be F;=2/T, where T is the

elementary period for a baseband signal. In Fig. 6 and Fig. 7
it can be observed the simulation results of this operation
and that the discrete time baseband signal uses T/2 as its
time period. Moreover, from the comparison of the
frequency response shown in Fig.7 with the analogue
frequency response of the Inverse Fast Fourier Transform
(IFFT) implementation [10] at the transmitter of the OFDM
system can be established that there is a slight difference
between the transmitted and received OFDM signals. The
presence of this difference is due to the delay produced by
the filtering operation. The total delay produced by the
reconstruction or D/A, and demodulation filters is about

ty=64/Rg, where Rg is the simulation period.
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Fig. 6. Time response of sampled signal
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Fig. 7. Frequency response of sampled signal

In the next step of the signal processing, the time domain
samples are converted into a frequency domain
representation, using a forward Fast Fourier Transform
(FFT). The magnitudes of the frequency components
correspond to the original data. As well known [3], [11], for
an OFDM system that has the same sample rate for both the
transmitter and receiver, it must use the same FFT size at
both the receiver and transmitted OFDM signal in order to
maintain subcarrier orthogonality. Because of the OFDM
spectrum centering on f_, a 2N — point, instead of N-point,

FFT processing is recommended [5], [12]. As can be seen in
Table 1, the OFDM symbol duration, Ty, is specified for
N=2048. Therefore, a 4096 — FFT is used. In this case, the
first 2N — points of the discrete time OFDM waveform are
input into a 2N — points FFT, taking the first N output
complex data samples which are equivalent to the output in-
phase and quadrature matched filters. The output of the FFT
in frequency domain is given by

N-1 .
Xk — Exne—Jann/N , (1)

n=0

where X, is the frequency output of the FFT at k™ point

k=0, 1,..., N-1) and X is the time sample at n™ point with
n p p

n=0,1,...,N-1.

The received constellation diagram is illustrated in Fig.
8. Simulation is carried out for quadrature amplitude
modulation (QAM) as a modulation technique, which in the
particular case is 4-QAM.

After FFT processing, the received signal must be
demodulated, i.e., demapped. The function of this process is
to convert the complexes valued constellations points to
symbols. This is done using 4 - QAM signal demapping. The
received constellation in form of 4 - QAM demapped
symbols is shown in Fig. 9.
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Fig. 8. 4-QAM constellation before 4-QAM demapping
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The received constellation from Fig. 9 corresponds to the

original one.

05

In the real case must take into account the influence of
the channel noise on the received constellation. If the signal
is transmitted over an Additive White Gaussian Noise

(AWGN) channel, the type of the constellation depends on

-054

Eag =Tl

the signal — noise — ratio (SNR) of the channel. Simulation
results for SNR values of 2dB and 12dB are shown in Fig.

10 and Fig. 11, respectively.
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Fig. 12. Eye pattern for the received constellation in an ideal channel
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Fig. 14. Eye pattern for the received constellation for SNR=12dB

It follows from the results that for small SNR values the
error rate is quite large and ISI is produced due the relative
high power of noise. As SNR is increased the eye pattern for
the received constellation gets closer to the eye pattern in an
ideal channel, e.g. ISI introduced by the noise, is decreased.

Finally, the parallel binary streams are multiplexed into a
serial stream, s[n], and the stream of binary digits is the
recovered transmitted information.

3. Conclusions

In this paper the basic processing involved in the receiver of
the OFDM system is described and simulated. Matlab
simulation results for the 2k mode of the DVB-T standard
are obtained and presented. Simulation results correspond to
the theoretical ones.

The next objective of this work is to simulate Bit Error
Rate (BER) and Peak to Average Power Ratio (PAPR) for
FFT based OFDM system, as well as, to study and simulate
of OFDM performance over a multipath channel.
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