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ABSTRACT
Orthogonal Frequency Division Multiplexing (OFDM) has become a popular modulation method in high speed

wireless communications. By partitioning a wideband fading channel into flat\narrowbandschannels; OFDM is
able to mitigate the detrimental effects of multi path fading usingda simple one-="tap“equalizer. There is a
growing need to quickly transmit information wirelessly and @ccurately. Engineers have already’ combine
techniques such as OFDM suitable for high data rate transmission with| forward errar,correction (FEC)
methods over wireless channels. In this thesis, we enhance the system, throughput of a warking @FDM system by
adding turbo coding. The smart use of coding and power allgcation in OEDM will be useful to the desired

performance at higher data rates. Error contral codes have become a vital part of ‘'modern digital wireless
systems, enabling reliable transmission to bé achievedyover noisy channels.“OVer the past decade, turbo codes
have been widely considered to be the most powerful ‘error, control code of practical importance. In the same
time-scale, mixed voice/data networks have advanced further and the concept of global wireless networks and
terrestrial links has emerged. Such networks present the challengé of optimizing error control codes for

different channel types, and forithe different qualities of service demanded by voice and data.

Keywords -- WEAN Technolegies And“Standards, OFDM, Intersymbol Interference, TURBO
CODES, SimulationfParameters Etc

I. INTRODUCTION

Thegtelecommunications® industry is in the midst of a veritable explosion in Wireless technologies. Once
exclusivelyamilitary, satellite“and, cellular technologies are now commercially driven by ever more demanding
consumers, who,are ready for seamless communication from their home to their car, to their office, or even for
outdoor activities. With this“increased demand comes a growing need to transmit information wirelessly,
quickly, and accuratelysTFo address this need, communications engineer have combined technologies suitable
for high rate transmission with forward error correction techniques. The latter are particularly important as
wireless communications channels are far more hostile as opposed to wire alternatives, and the need for mobility
proves especially challenging for reliable communications. For the most part, Orthogonal Frequency Division
Multiplexing (OFDM) is the standard being used throughout the world to achieve the high data rates necessary
for data intensive applications that must now become routine. Orthogonal Frequency Division Multiplexing
(OFDM) is a Multi-Carrier Modulation technique in which a single high rate data-stream is divided into
multiple low rate data-streams and is modulated using sub-carriers which are orthogonal to each other. Some of

the main advantages of OFDM are its multi-path delay spread tolerance and efficient spectral usage by allowing
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overlapping in the frequency domain. Also one other significant advantage is that the modulation and
demodulation can be done using IFFT and FFT operations, which are computationally efficient. In this thesis
forward error correction is performed by using turbo codes. The combination of OFDM and turbo coding and

recursive decoding allows these codes to achieve near Shannon’s limit performance in the turbo cliff region.

Il. WIRELESS LAN TECHNOLOGIES

The technologies available for use in WLANSs include infrared, UHF (narrowband) radios, and spread spectrum
radios. Two spread spectrum techniques are currently prevalent: frequency hopping and direct sequence. In the
United States, the radio bandwidth used for spread spectrum communications falls inghree bands (900 MHz, 2.4
GHz, and 5.7 GHz), which the Federal Communications Commission (FCC) approved for local area

commercial communications.

2.1 INFRARED (IR)

Infrared is an invisible band of radiation that exists at the loWer end of thejwvisible electremagneti€ spectrum.
This type of transmission is most effective when a clear line=of=sight exiSts betweenfthe transmitter and the
receiver. Two types of infrared WLAN solutions are available: diffused=beam and direct-beam (or line-of-sight).
Currently, direct-beam WLANs offer a faster data rate than diffused-beam, networks; but is more directional
since diffused-beam technology uses reflected rays to transmit/receive a data signal, it achieves lower data rates
in the 1-2 Mbps range.

2.2 NARROWBAND TECHNOLOGY

A narrowband radio system transmitsyand receives user information on a specific radio frequency. Narrowband
radio keeps the radio signal frequency as-narrow,as possible just to pass the information. Undesirable crosstalk
between communi€ations channelsiis avoided by:carefully coordinating different users on different channel
frequencies. Afprivate telephone lineiss'much like a radio frequency. When each home in a neighborhood has its
own private telephone line, people in‘one home cannot listen to calls made to other homes. In a radio system,
privaey and noninterference are accomplished by the use of separate radio frequencies. The radio receiver filters

out alliradio signals except the ohes on its designated frequency.

2.3 SPREAD SRECTRUMNTECHNOLOGY

Most wireless LAN:systems use spread-spectrum technology, a wideband radio frequency technique developed
by the military for/use in reliable, secure, mission-critical communications systems. Spread-spectrum is
designed to trade off bandwidth efficiency for reliability, integrity, and security. In other words, more bandwidth
is consumed than in the case of narrowband transmission, but the tradeoff produces a signal that is, in effect,
louder and thus easier to detect, provided that the receiver knows the parameters of the spread-spectrum signal
being broadcast. If a receiver is not tuned to the right frequency, a spread-spectrum signal looks like background

noise. There are two types of spread spectrum radio: frequency hopping and direct sequence.

2.4 SPREAD SPECTRUM TECHNOLOGY
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Most wireless LAN systems use spread-spectrum technology, a wideband radio frequency technique developed
by the military for use in reliable, secure, mission-critical communications systems. Spread-spectrum is
designed to trade off bandwidth efficiency for reliability, integrity, and security. In other words, more bandwidth
is consumed than in the case of narrowband transmission, but the tradeoff produces a signal that is, in effect,
louder and thus easier to detect, provided that the receiver knows the parameters of the spread-spectrum signal
being broadcast. If a receiver is not tuned to the right frequency, a spread-spectrum signal looks like background

noise. There are two types of spread spectrum radio: frequency hopping and direct sequence.

Seandard Release date Op.frequency band Max.data rate
IEEE 802.11 1997 24GHz 2Mops
IEEE 802.11a 1999 5GHz 54Mbps
TEEE 021 T LAGHE TTMEps
IEEE 802.11g 2003 2AGHz 54Mbps
IEEE 802.11n 2007 (projectad) 2AGHz or 5GHz 540Mops

Table 2.1 [EEE BOZ 11 standards

2.5 IEEE 802.11

The original version of the standard IEEE 802.11 released in"199%, spe€ifies two raw,data rates of 1 and 2
megabits per second (Mbit/s) to be transmitted vid infrared (IR) signals or by either/Frequency hopping or
Direct-sequence spread spectrum in the Industrial Scientific Medical frequeney band'at 2.4 GHz. IR remains a
part of the standard but has no actual implementations. The original standard alse defines Carrier Sense Multiple
Access with Collision Avoidance (CSMAJ/CA) as the medium access methad. A significant percentage of the
available raw channel capacity is sacrificed (via the CSMAJCA mechanisms) in order to improve the reliability
of data transmissions under diverse and adverse environmental conditions. The modulation scheme used in
802.11g is orthogonal frequency-division,multiplexing (OFDM)Jor the data rates of 6, 9, 12, 18, 24, 36, 48, and
54 Mb/s, and reverts to CCK (like\the 802.11b Standard) for 5.5 and 11 Mb/s and DBPSK/DQPSK+DSSS for 1
and 2 Mb/s.

I11. OFDM INTRODUCTION

Thegprinciple of orthogonal frequency division multiplexing (OFDM) modulation has been in existence for
several‘decades. However, in‘recent years these techniques have quickly moved out of textbooks and research

laboratoriesiandyinto practice,in modern communications systems.

3.1THE SINGLEME€ARRIER MODULATION SYSTEM
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A typical single-carrier modulation spectrum is shown in Figure 3.1. A single carrier system modulates
information onto one carrier using frequency, phase, or amplitude adjustment of the carrier. For digital signals,

the information is in the form of bits, or collections of bits called symbols, that are modulated onto the carrier.

3.2 FREQUENCY DIVISION MULTIPLEXING MODULATION SYSTEM

A typical Frequency division multiplexing signal spectrum is shown in figure 3.2.FDM extends the concept of
single carrier modulation by using multiple sub carriers within the same single channel. The total data rate to be
sent in the channel is divided between the various sub carriers. The data do not have to be divided evenly nor do
they have to originate from the same information source. Advantages include_using separate modulation
demodulation customized to a particular type of data, or sending out banks ofédissimilar data that can be best

sent using multiple, and possibly different, modulation schemes.

— v
Froprvwmn 10 the idf = 2003 dni

3.3 ORTHOGONALITY AND OFDM

If the FDM system above had been able to use a set of sub carriers that were orthogonal to each other, a higher
level of spectral efficiency could,have been achieved. The guardibands that were necessary to allow individual
demodulation of sub carriers in.an_FDM, system would no lohger be necessary. The use of orthogonal sub
carriers would allow the sub carriers’ spectra toloverlap,, thus increasing the spectral efficiency. As long as
orthogonality isgmaintained, it is ‘still jgossible to“recover the individual sub carriers’ signals despite their
overlapping $pecttums, If the dot product of two deterministic signals is equal to zero, these signals are said to
be orthogonal to each other. Orthogonality can also be viewed from the standpoint of stochastic processes. If
twogdrandom processes are uncorrelated, then they are orthogonal. Given the random nature of signals in a
communications system, this<probabilistic view of orthogonality provides an intuitive understanding of the

implications.of orthogonalitysin OFDM.

3.4 MATHEMATICAI ANALYSIS

With an overview of'the OFDM system, it is valuable to discuss the mathematical definition of the modulation
system. It is important to understand that the carriers generated by the IFFT chip are mutually orthogonal. This
is true from the very basic definition of an IFFT signal. This will allow understanding how the signal is

generated and how receiver must operate. Mathematically, each carrier can be described as a complex wave:

Sc(t) = A (t)ett = et
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The real signal is the real part of sc (t). Ac (t) and c (t), the amplitude and phase of the carrier, can vary on a
symbol by symbol basis. The values of the parameters are constant over the symbol duration period t. OFDM
consists of many carriers. Thus the complex signal Ss(t) is represented by:
1 N-1
s, (== Ay(t)el=t=1
N=
\Where

U T i

This is of course a continuous signal. If we consider the waveforms of each component of the signal over one

symbol period, then the variables Ac (t) and c (t) take on fixed values, which de the frequency of that

particular carrier, and so can be rewritten.
3.5 OFDM GENERATION AND RECEPTION
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Fig 3.8 RF modulation of complex base band OFDM signal, using analog techniques

IV. ENCODERS FOR TURBO CODES

The encoder for a turbo code is a parallel concatenated convolutional code. Figure 3.1 shows a block diagram of

the encoder first presented by Berrou et al [10]. The binary input data sequence is represented by

d, =d ..d,
»=d, "']) the input sequence is passed into the input of a convolutional encoder [8], ENC 1 and a coded

r

bit stream, "~ # is generated. The data sequence is then interleaved. That is, the ed into a matrix and

read out in a way so as to spread the positions of the input bits. The bits are n read out in a pseudo-random

manner. The interleaved data sequence is passed to a second convolutional en nd coded

P
bit stream, 2 ENC T, is generated. The code sequence that is onis a
multiplexed (and possibly punctured) stream consisting of sys i ity i the first
» r

X X
encoder "%z and the second encoder ¥z .

Informatiod soames o,

- ENC,
= L 2 ol
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Figure 4. 15tmucture of 3 turbe encoder

v

oder is/shown in Figure 3.5. The input to the turbo decoder is a sequence of

Figure 4.5 Turbe Decoder Structure.

4.2 THE MAP ALGORITHM

We review now the decoding algorithms used within 1 DEC and 2 DEC to implement the soft-input, soft-output
processing needed for iterative decoding. We begin with the modified Bahl, or Maximum A Posteriori (MAP),

algorithm presented in Berrou et al.’s original paper [10].
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4.3 THE NEED FOR A SOFT INPUT/SOFT OUTPUT ALGORITH

Decoding of convolutional codes is most frequently achieved using the Viterbi algorithm [11], which makes use
of a decoding trellis to record the estimated states of the encoder at a set of time instants. The Viterbi algorithm
works by rejecting the least likely path through the trellis at each node, and keeping the most likely one. The
removal of unlikely paths leaves us, usually, with a single source path further back in the trellis. This path

selection represents a ‘hard’ decision; on the transmitted sequence.
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4.5 THE MAX LOG-MAP ALGORITHM

As stated above, working in the logarithmic domain compacts the dynamic range of all the values we are
working with. It also converts the multiplication operations in Equations 3.1 through 3.4 to additions. Let us
take the logarithm of derived in Equation 3.3 and, for the AWGN channel, insert:

273 |Page




International Journal of Advanced Technology in Engineering and Science www.ijates.com
Volume No.02, Issue No. 08, August 2014 ISSN (online): 2348 — 7550

1 1
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The simplification provides us with the so-called Max Log-MAP algorithm. If we use this approximation in
Equation 3.7, we can write (') k m the log version of () km, as:

i) = max Ir?. f{_r;'._r;' o |+ Ty {rur'J:- g

_ 17 M 1* ' - nl
ma |7 [ ], don |

Similarly

T (=T . F J.F wl
X5 s Ve BN
Hilm) = E‘a: i i _{_\-,_, Feo LR 1 +Falm N win

- max {7 [I:_'l':_l. Ve am, m':|+E, ()}

[Cra

The log-likelihood probability of each bit . (4, ) |5 then given approximately by:

. i r ' . ' 1
A, w7 (AT N .w] N _f‘ﬂmrlJ win

_!E.;E'l?gil_1';__|':’].lrl'.m:la-cT._Jlm,‘H-,{_i.IJuJJ
4.6 THE LOG-MAP ALGORITHM

Equation 3.8 estimated in 1 In(exp() ... exp only the maximum exponential term. Robertson

et al. used the Jacobian algorithm [16] to improve the appro ion It was found in that good performance can

To conclude, t j j i i ge of a current key issue in the field of communications
Multiplexing (OFDM). We focused our attention on turbo codes and
er architecture. In our case, the code is the result of the parallel
code can bepunctured in order to fulfill bit rate requirements. The
ks to the decoding algorithms that it is built around. We focused mainly on
ered that the power of the scheme came from the two individual decoders
performing the interleaved versions of the input. Each decoder used information produced by the other
as a priori informati d outputted a posteriori information. We elaborated on the performance theory of the
codes Then we tied concepts of OFDM and turbo coding with a target-based, modulation scheme. First |
developed an OFDM system model then try to improve the performance by applying forward error correcting
codes to our uncoded system. From the study of the system, it can be concluded that we are able to improve the
performance of uncoded OFDM by convolutional coding scheme. Further improvement on the performance has
been achieved by applying turbo coding to uncoded OFDM system. Turbo codes with low order decoding
iterations have been evaluated. The SNR performance for BER 10 2 and 10 4, that are suitable for speed and
data applications, are analyzed. As a result, the TCOFDM system with least number of decoding iterations, 3 to

5 iterations are shown to be sufficient to provide good BER performance.
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