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OFDM Transmission Simulation using
GNU Octave

Rodolfo I. Ledesma GMember, IAENG

Abstract — Orthogonal Frequency Division Multiplexing
(OFDM) is a multicarrier technology for high data rate
communication system. The basic principle of OFDM s to
divide the available spectrum into parallel channed in order to
transmit data on these channels at a low rate. The KDM
concept is based on the fact that the channels refed to as
carriers are orthogonal to each other. Also, the fquency
responses of the parallel channels are overlappinghe aim of
this paper is to simulate, using GNU Octave, an OHFD
transmission under Additive White Gaussian Noise (WGN)
and/or Rayleigh fading and to analyze the effectsfothese
phenomena.
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I. INTRODUCTION

Presently, the growing evolution of

multicarrier transmitter is displayed in Figure 2.

GNU Octave [7] is a high-level language program for
numerical computations. Furthermore, it is mostly
compatible with MATLAB®. The use of GNU Octave
provides open source and powerful tools. In spiteit®
limitations, it is most useful for the purpose loitpaper.

The remainder of this paper is organized as follows
Section Il describes in a brief way the OFDM moaled an
understanding of the mathematical algorithms inedhin
this communication technique will be developed.ti®eadll
presents an OFDM transmission simulation using 844Q
Finally, conclusions are drawn in Section IV.

Il. OFDM MODEL

wireless Considering Figure 1 as reference of an OFDM system

communication systems demands a technology capmbleWe can state that a baseband OFDM symbol Wittarriers
conveying data at high speed. Wireless broadbafay be written as:

applications require a downlink access evolutioncés the
communications future is wireless, both researchtesting
aim at improving the techniques of transmissiore €arrent

st) = % hi® "

3G systems employ a Wideband Code Division Multiple

Access (WCDMA), which is already reaching its dawkl
access limits. The system requirements are growing,
LTE [1], [2], and therefore an enhanced accessrmsehis
necessary. Likewise, technologies such as 802./Hl§&)
use OFDM [4], [5] to enhance their data transmisgiate.
Thus, OFDM is expected to be the transport teclgyolaf
the next generation wireless communication [6].

The OFDM technique involves assembling the dataugin
into parallel channels. These channels perform dufation,

e.g. 64-QAM. Each parallel channel of complex data

modulated performs an inverse FFT (IFFT). Beforedérial
transmission, a guard interval (Gl) is added ineortb
combat the effects of intersymbol interference)(I8k it is
well-known, ISl is an effect of a multipath propéga and
of the reflected delayed waves that arrive at xexeiAt the
receiver an FFT is performed in order to recovdad@he
OFDM flowchart is depicted in Figure 1 and a sumipeat
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, Wherex, is a complex modulated symbol associated with a
carrier y(t) of the following form:

_j2mkaft
Ve (t)=e @)

From the above equatiofi=kAf is the channel frequency

andAf is the carrier spacing.
Let us consider a clean channel, so at the recéher

received signal is multiplied b@”zmm. Let us assume that
the OFDM symbol has a duratidn and because of OFDM
intercarriers orthogonality, the signal may be wered as

follows:

T om _ 1 k=r
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Thus, the baseband signal may be rewritten of the
following form:

Noise

] ] Guard — . —
uar uar
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] Insertion Removal ™ [
] |, L —
Figure 1. OFDM Flowchart.
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Figure 2. Summarized OFDM transmitter. 4 Jo . ke ¥ %K Tk Ko, K
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, Whererect(t) is the rectangle function of the OFDM symbol -10 -5 0 5 10
filter. However, in a common environment, the sigiwa In-Phase
contaminated mainly by multipath effects, noise &ating. Figure 3. Six OFDM symbols. Green dots: received data (AWGN).
For the purpose of the simulation, AWGN and freauyeftat Black asterisks: original transmitted dafg/No = 0 dB.
Rayleigh fading are considered as damaging effects.
For the 64-QAM modulation scheme, the equations of Scatter plot
theoretlcaI_B|t Er_ror Ratio (_BER) under AWGN andeen v £ % % > £ % ¥
path Rayleigh fading respectively are as follows: 6l i
™ T S ¥ s % F
4+ i
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From the above equations, BER depends on theaBki al |
energy to noise power spectral denskyK). Furthermore, A 4 % 2 4 « ¥ =
there is a relationship between the ratio of syngrargy to &l i
noise power spectral densitfE/N, and Ey/No.  This  om e % 2 a2 %
relationship depends on the code fateand the size of the ‘ ‘ ‘ ‘ ‘ ‘ ‘
modulation alphabe$, e.g. for 64-QAM this is equal to 6. 6 4 2 0 2 4 6

Thus, the value d&J/N, is computed as follows: In-Phase

E%IO [dB] = E%IO [dB] + 10l0g (Re og, S)

A. Rayleigh Fading Channel 9= Zmﬂ%(t) 005{2” felm(t)(d- 9d,m(t))] ©

Figure 4. Six OFDM symbols. Green dots: received data (AWGN).
Black asterisks: original transmitted dea/N, = 23 dB.

In order to model a frequency-flat Rayleigh fading M
channel; Clarke introduced the following formulati¢8], gQ(t) _Zm=1An(t)3er[2ﬂfCTm(t)(1_Hd,m(t))] (10)

[9]:
From the above equationd, is the number of multipaths,
g(t) = g, (t)cos2rrf .t — gq (t)ser@rf t @® MOM, fis the carrier frequency is the delay of theri”

path, &, is the Doppler phase shift of the™ path.
, Where the in-phase and quadrature componentgiaea Furthermore, the Doppler phase shift is given Hevis:

by:

ISBN: 978-988-18210-4-1 IMECS 2010
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the International MultiConference of Engineers and Computer Scientists 2010 Vol II,
IMECS 2010, March 17 - 19, 2010, Hong Kong

Receiver

Transmitter 40 T T T

T T T T
Data, AWGN + Rayleigh fading, Doppler frequency = 350 Hz

IS
S

T T T T
Modulated Data + GI, Doppler frequency = 350 Hz

@ ©
<] ol
T

T I

N
o

Signal Pover (dB)
LN
5 8
1
Signal Power (dB)

10 -

o L I L L L I
o 50 100 150 200 250 300 350

L L L L L L L
o] 50 100 150 200 250 300 350 Time (sample number)

ime (sample numben Figure 7. Signal power of six OFDM symbols received.

Figure 5. Signal power of six OFDM symbols transmitted.
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, where the Doppler shift has the following form: bl 4 4 data (Ray!
_ . . . Figure 8. OFDM symbols. Green dots: received data (Raylesglng
fd - (V//]) COS s with A the carrier Wavelengtmm is the and AWGN). Black asterisks: transmitted d&igN, = 23 dB.

angle between the line-of-sight path and the dwoacof
mouonz andv is the mOb,"? speed. I_3eS|des, One CaRa|l known, the multipath environment is consideesdan
approximateg,(t) andgo(t) as jointly Gaussian process by theIntrinsic property of the propagation.

central limit theorem wherM is large. Moreover, it is Let us consider an OFDM transmitter which meets the

considered as a Zero-mean Gaussian process SiP@&uirements according to Figure 1. Gl is insettedvoid
El9/(0]1=E[go()]=0. Considering thag, andg, are samples, |5 Tha chosen modulation is 64-QAM and the numdfer

with zero mean and variance?®, of g(t) and goft) orthogonal carriers iK=48.
respectively, R is a Rayleigh random variable if: Ag a first example, let us consider that six OFDivhisols

R= /gz +g2 . The Rayleigh distribution has the followingare transmitted to the air with/N, equal to 0 dB. Through
e the path, the modulated data are contaminated bysAW

probability density function: So, Figure 3 depicts the quadrature and in-phasbotf
original transmitted data (black asterisks), artkineed data
) —r2/202 (green dots). As we can see, the data were altared

pR(r):r/a € 120 (12) amplitude, but not in phase. The multipath effeate

reduced because of GIl. Also, each channel of an NDFD
symbol suffers different amplitude fluctuationsaim AWGN
path.
. ) o ) ] ~ However, the AWGN effects are reduced in an OFDM
In this section, an OFDM transmission simulation igymbol according to rati&,/No. Now, the ratioEy/N, is 23
performed using GNU Octave. The code employedg Figure 4 displays the quadrature and in-phéaseih the
throughout this paper was programmed by the author. original transmitted data (black asterisks), arzbiveed data
In order to perform the simulation; we followed the(green dots). Then, the AWGN effects and BER ardiriect
flowchart in Figure 1. Two scenarios are considePGN g |ation. The dashed blue line in Figure 11 isrtHationship

channel and Rayleigh fading channel. The levelAWGN betweerEy/N, and BER under AWGN using 64-QAM.
and Rayleigh fading are given I&/N,. Likewise, as it is

I1l. OFDM TRANSMISSIONSIMULATION
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In-Phase under Rayleigh fading, pilot-aided channel estiomati

Figure 9. OFDM symbols. Green dots: received data (Rayleighng
and AWGN). Blue dots: recovered data (PACE). Redndinds:

transmitted dateEy/No = 0 dB.
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(PACE) [10] is employed. As a third example, letossider

52 carriers, 48 of them for data and the rest flmt-pided
symbols in order to use PACE. The multipath condiiare
kept; AWGN and Rayleigh fading. Thus, Figure 9 tigp

an OFDM transmission withE/Ny equal to 5 dB under
Rayleigh fading and AWGN. The use of PACE helps the
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8 K P C A € e w: receiver to estimate the changes produced by the
sl * s I communication channel. As it is shown in Figur¢h@, green
Y P W X e W :' g dots correspond to the received data, which hdmaeshift.
al y ¢ The blue dots in Figure 9 are the recovered datathey are
s Bt 4 2* X2 . still noisy. However, the data phase was recovdfemn the
20 X © same figure, we can see the original transmitted, dae red
£ Lo & Fe BT s o W diamonds.
g o Now, the same environment is kept but vE}iN, equal to
% ke WA I . % sk Tl M. 2 23 dB. Figure 10 shows that the signal recoverdgsis noisy
2r . than the recovered signal shown in Figure 9.
ok % o oo P R Figure 11 shows four cases wherein it is possibket the
Ar . relationship betweenEy/N, and BER under different
A K AT X % multipath effects. In this way, from Figure 11PiACE is not
6. . . used, the BER would be very high and thus the tyuafi
. I . T S 2 transmission would be very poor.
5 0 5
In-Phase

IV. CONCLUSION

In this paper, an OFDM transmission under multipath
effects was analyzed by means of simulations.

In spite of GNU Octave limitations, it is an opesusce
option as a numerical computation tool. To be dbleise

As a second instance, we consider an OFDM trangmiss GNU Octave, some bugs in built-in functions wepeedi in
with Ey/N, equal to 23 dB under Rayleigh fading andrder to perform scripts and plots.
AWGN. Figure 5 depicts the signal power of botthagnel The simulation plots depict how modulated data are
and Q-channel of six OFDM symbols transmitted. Asocan altered (in phase and amplitude) through a comnatioit
see, the Doppler frequency used was 350 Hz. Thedguahannel. Rayleigh fading and AWGN damage the qualit
interval, Gl, was inserted to avoid ISI. Howevewyidg the the transmission and this can be seen from thes plot
travel, the transmitted data are contaminated byleRgn performed throughout this paper. The BER perforragiot
fading. The Rayleigh fading simulated makes phaseé ashows the relationship betweBgN, and BER for 64-QAM.
amplitude of modulated data fluctuate. The sigriakgr of The chosen modulation, 64-QAM, is mostly employad i
Rayleigh faded data is displayed in Figure 6. Alsben the cellular communication systems and IEEE-802.11esgst
data arrived at the receiver, the resultant dateived are PACE was used as the means of channel estimation in
contaminated by Rayleigh fading and AWGN. Figure prder to recover data with phase fluctuations, iarttis way
displays the signal power of received data. LikewlsSigure

Figure 10.0FDM symbols. Green dots: received data (Rayleighng
and AWGN). Blue dots: recovered data (PACE). Redrisks:
transmitted dateEy/No = 23 dB
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to assure transmission QoS. This task becomes reasie
because of the OFDM scheme and its orthogonal @hann

Also noteworthy, as a proposal for future workextend
this paper is to add turbo coding to the OFDM saheto
perform simulations, and in addition to simulate MiMO
OFDM transmission. The software employed could iteee
MATLAB® or GNU Octave.
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