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Abstract: - Though the OFDM provides high data rate due to its high spectral efficiency, it has high
PAPR which results in performance degradation and high out of band radiation due to nonlinearity of
the high power amplifier. Partial Transmit sequence is one of the distortions-less PAPR reduction
techniques which obtain the minimum PAPR signal by multiplying suitable phase factors with sub-
sequenced subcarriers. In order to reduce PAPR even more, autocorrelation among data should be
less. So DCT is applied along with PTS technique which has the property of reduction of
autocorrelation. In the proposed method DCT is applied before PTS technique and after the PTS
technique. The simulation results show that DCT preceding PTS technique has better performance
compared to DCT succeeding PTS technique. The analysis of the both the proposed method is carried
out with different subcarriers and sub-blocks are discussed.
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1 Introduction orthogonal subcarriers are used to overcome the
crosstalk between the sub channels. OFDM
Orthogonal Frequency Division makes use of IFFT [2] block which reduces the
Multiplexing (OFDM) [1] is a parallel data system complexity appreciably. Without IFFT
transmission scheme which is capable of blocks, bank of modulators and demodulators
providing high speed transmission by are used for producing the number of
employing orthogonal set of subcarriers. Here subcarriers which makes the system more
the input serial data stream is converted into complex and expensive. After IFFT operation,
parallel data symbols and each data symbol is parallel to serial conversion of orthogonal
modulated using an orthogonal subcarrier. subcarrier is done. Since the spectra of OFDM
Because of this, the wideband spectrum is signal are not strictly band limited, guard
broken into many narrowband spectrums, each interval is used to mitigate the multipath effects
carrying a data symbol. This conversion permits which lead to spreading of energy of signal
the use of simpler equalization technique at the from one sub-channel into other adjacent sub-
receiver to retrieve the transmitted data channels. The guard interval is a cyclic
symbols. By adopting parallel data extension, in which each OFDM symbol is
transmission, the frequency selective fading preceded by a periodic extension of the signal
which may occur over many data symbols is itself. It should be greater than channel impulse
reduced to single sub-carriers resulting in response or multipath delay. It is added to
reduced distortion. serially converted orthogonal subcarriers to
overcome the Inter-carrier Interference (ICI)
OFDM system processes the input serial and for receiver carrier synchronisation.

data bits into parallel data bits using serial to
parallel converter. Then IFFT of parallel data OFDM system has many advantages
bits are carried out which is used to produce ‘N’ like high spectral efficiency because bandwidth
number of parallel orthogonal subcarriers. The required for OFDM is less compared to single
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carrier systems. It mitigates several effects of
channel conditions like selective fading and ISI
due to its parallel data transmission. It requires
simple equalization technique at the receiver
side because the frequency response over each
individual sub-band is relatively flat. Even
though it has many advantages for transmission
criteria, it has several degrading issues like
sensitive to Doppler shift because of parallel
data  streams, sensitive to  frequency
synchronisation at the receiver side, peak to
average power problem at transmitter side.
Among the disadvantages of OFDM system,
PAPR problem is of major issue because it
requires very efficient High Power Amplifiers
(HPA) and Digital to Analog Converter (DAC)
to resolve it. Many PAPR reduction
techniques®™ are proposed for OFDM system,
which are broadly categorized into two
techniques, viz signal distortion techniques and
signal distortionless techniques.

The clipping and filtering technique [3,
4] is one of the nonlinear process which is of
signal distortion PAPR reduction technique
type. In this technique, the signal power level
above the operating point of HPA is clipped
before the amplification process. Filtering
technique is then applied to reduce the spectral
splatter caused by clipping of OFDM signal. It
reduces the crest factor of OFDM signals using
realistic linear amplifiers but has a main
disadvantage of peak regrowth. This technique
has the probability of clipping of the
information  bits leads to poor BER
performance. In the coding PAPR reduction
technique®®  from all the codewords
generated, the particular codeword with reduced
PAPR is selected for further processing and it
gives good BER at the receiver side. In this
technique, there is a tradeoff between coding
rate and PAPR reduction level. This method has
a disadvantage of high computation complexity.
The signal distortionless technique is comprised
of two methods, Selected Mapping (SLM) and
Partial Transmit Sequence (PTS). In SLM [3,7]
method, the parallel data sequences are
multiplied with different phase factors and IFFT
operation is carried out individually to all
parallel data sequences. After this the set of
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signals with minimum PAPR is selected for
transmission. This method requires log,’
number of data bits for transmitting the side
information of phase factors where ‘v’ is
number of phase factors used. Increasing the
number of phase factors reduces PAPR of the
OFDM signals appreciably. The disadvantages
of this method are high hardware complexity,
computation complexity increases with increase
in number of phase factors. In PTS technique
[3,8], the parallel data sequences are separated
into several subsequence’s and IFFT operation
is done individually to every partitioned
subsequence’s. After this different combination
of phase factors are multiplied with those IFFT
transformed data. The set of signals with
minimum PAPR is selected for transmission.
Here also log,’ number of data bits for
transmitting the side information of phase
factors is required. Here the hardware
complexity decreases by using only IFFT
blocks equal to number of phase factors
employed. Modified PTS technique is a kind of
PTS technique which employs neighbourhood
searching algorithm instead of exhaustive
search of minimum PAPR signals. This PTS
technique reduces PAPR efficiently but even
more PAPR can be reduced by reducing the
autocorrelation  between data  sequences.
Discrete cosine transform is a transform which
has the major advantages of reduction of
autocorrelation and signal energy compaction.
So the proposed work combines the DCT with
modified PTS technique for reduction of PAPR.

2. Characteristics Of OFDM Signal

Orthogonal Frequency Division
Multiplexing is the combination of orthogonal
frequency  modulation  and frequency

multiplexing of orthogonal subcarriers. Let us
consider ‘n’ data symbols, where X={x,
k=0,1,....... n-1}. Each data symbols are
frequency modulated using subcarriers of
frequency fx where k=0,1,...n-1. The
subcarriers are orthogonal to each other, which
mitigates crosstalk between the subbands. The
subcarriers are placed at equal intervals and

subcarrier spacing is equal to 1/Ts where Ts is
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symbol period. Therefore, subcarrier frequency
fui= KAf where Af=1/NTs. The IFFT applied
OFDM signal is represented by following
equation (1),

X(t) = — e
NIN= @)
0<t<NT,

Here input data bits are statistically independent
and identically distributed (i.i.d). The real and
imaginary parts of x(t) are statistically
uncorrelated and orthogonal.

3. Peak To Average Power Ratio

The OFDM has a main drawback of
Peak to Average Power Ratio(PAPR) which
requires very efficient and expensive HPA and
DAC for processing. PAPR is defined as the
ratio of maximum squared peak value of OFDM
signals to squared average of all OFDM signals
employed. PAPR is a measure of the amount of
power greater than the average power. PAPR is
mainly derived from the term called Crest
Factor(CF). CF is equal to square root of PAPR
of the OFDM signals. The CF is given by the
equation (2),

X
‘ peak
Ch=—"— 2

rms

Therefore PAPR of the OFDM signal is given
by the equation (3),

_ max [|x(t)|]2
E[|x®[]

The PAPR value is usually measured in
decibels because PAPR is a unit less quantity.

PAPR (3)
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The PAPR in dB is given by the equation (4)
and (5)

PAPR(dB) =10log,, (PAPR) (4)

P{PAPR > PAPR }=1-[1—e """ (5)

4. Complementary Cumulative
Distribution Function
The nature of OFDM signals is of
Rayleigh distribution and they are statistically

uncorrelated. The probability density function
for the OFDM signals are given by

fx, = 2xe ™ (6)

where n={0,1,.....N-1}. Here ‘N’ is the total
number of subcarriers. From the equation (5)

the maximum of X is equivalent to the crest

factor. So the Cumulative Distribution Function
for the PAPR is given by,

CDF =Pr{x, . <X} 7)

CDF =(1—-e)" (8)

The Complementary cumulative Distribution
Function (CCDF) [10] is given by equation
(10),

CCDF =1-CDF 9)

CCDF =1-(1—e )N (10
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With the help of CCDF plot, it is possible to
know that how many OFDM signals have
PAPR that are above certain clipping level.

5. PARTIAL TRANSMIT SEQUENCE

Partial transmit sequence algorithm % is a
signal distortionless technique which reduces
the PAPR by improving the PAPR statistics of
OFDM signal. In this algorithm, modulated data
sequence is divided into several sub-sequences.
For every individual sub-sequences the IFFT
operation is carried out then its multiplied with
different combinations of phase factors. Initially
data block is considered as vector of X=[xi,
Xo,...xn]" . Then X is partitioned into ‘m’
number of disjoint sets {Xm, m=1,2,...M}. Here
it is assumed that each group consist of
contiguous sets of subcarrier and are of equal
size. The objective is to optimally combine the
‘m’ group.

X =>"b.X, (11)
where {bm m=1,2,....M} are weighting factors
and are assumed to be pure rotations. Here Xn,
is the partial transmit sequence. The increase in
the number of phase factor decreases PAPR of
the OFDM signal but in turn increases the

hardware complexity.
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Fig. 1 Block diagram of OFDM system with PTS
technique

6. MODIFIED PTS TECHNIQUE

In the modified PTS techniquel™¥, the
neighbourhood search is employed as a
searching algorithm to find the phase factor,
and then set a threshold to reduce the
computational  complexity and get a
suboptimum. The algorithm sets an initial
solution spand then searches the better solutions
at the neighborhood of spiteratively. If there is
such a solution s', spis replaced ass’. A local
optimum s'is got when there is not a better
solution in its neighborhood. The neighborhood

search algorithm has follow features:
a) The algorithm is easy to achieve.

b) The performance depends on the initial

solution and the neighborhood function.

c) Part optimization.
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Fig. 2 Flow chart of modified PTS algorithm

7. Discrete Cosine Transform

The Discrete Cosine Transform of a signal
produces the cosine function of the signal which
is of real and evenly symmetric. DCT extends N
data points to 2N points due to mirror extension
of data sequences. Therefore DCT will be twice
the length of data sequences of DFT method.
There are four types of DCT, they are DCT-I,
DCT-II, DCT-IIl and DCT-IV. In these four
types, DCT-1 method has orthogonal property
because inverse of DCT-I is obtained by
multiplying 2/N-1 to DCT-l. The main
properties of DCT are signal energy compaction
and reduction of autocorrelation among data
sequences. The representation of DCT is given

in equation (12),

Alk] = a[k] XNZt a[n] cosw (12)
For k =01 ... N-1, the inverse DCT is
defined as,
Akl = = fork=0 (13)
= — or =0;
VN

2
= \/; fork=12,.....N—-1

The basis sequences of the 1D DCT are real,
discrete-time sinusoids defined by:

n(2n+ 1k

ChIN, K] = ==

(14)
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The DCT basis consists of the following N real

sequences,

CyIN,0],Cy[N, 1], ... . oe..Cy[N,n — 1]

AN = CNa

(15)

where A and a are both the vector with Nx1 and
Cn is a DCT transform matrix with N x N. The
row (or column) of the DCT matrix Cy are
orthogonal matrix vectors. Then we can use this
property of the DCT matrix and reduce the peak
power of OFDM signals. The main requirement
of OFDM signals is to reduce the similarity
between the signals to reduce the PAPR of the
OFDM signals which will be provided by DCT.
8. DCT With Modified PTS Technique

A. DCT

Technique

Preceding  Modified PTS

The first proposed work is that of using
Discrete Cosine Transform preceding the
modified Partial Transmit Sequence is shown in
Fig.3. The application of DCT preceding
modified PTS reduces the autocorrelation of
conventionally digital modulated data bits.
Because of this reduction, the similarity among
phases of data gets reduced. PTS is a data
scrambling technique which uses different
combination of phase factor to reduce the
autocorrelation between data. This proposed
work is simulated which shows reduction in

PAPR compared to conventional modified PTS

ISSN: 2367-8887

41

International Journal of Communications
http://www.iaras.org/iaras/journals/ijoc

technique.
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Fig. 3 Block diagram of OFDM system with DCT
preceding modified PTS technique

The mathematical analysis of DCT
before PTS is done by first computation of DCT
followed by IFFT of divided subsequences. The
DCT of modulated data is given by,

1
Cy = 5lag + —1%ac]

2
n—2 i
ki
+ ) (acos =)
i=1

(16)

The IFFT of partially divided DCT data is given
by,

(17)

a isthe phase modulated data bits

N s the length of data sequence
Cnis the Discrete Cosine Transformed

data sequence

u is the number of subcarriers
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n is total number of data sequence
m is the total number of phase factor
used
B. DCT
Technique

Succeeding  Modified PTS

The second proposed work is of DCT
succeeding modified PTS technique is shown in
Fig.4. The conventionally modulated data bits
The

paralleled converted data bits are applied to data

are converted into parallel streams.
scrambling technique PTS technique which
reduces the similarity between data by rotating
with ‘m’ number of phase factors. The signals
with minimum PAPR are added using summer
and the output is given to DCT block. The DCT
reduces the autocorrelation between the
summed OFDM signal. The simulation result
shows that the DCT succeeding modified PTS
reduces PAPR compared to conventional
PAPR. But DCT preceeding modified PTS
technique shows better performance compared
to DCT succeeding modified PTS. This is
because DCT succeeding modified PTS reduces
only autocorrelation between minimum PAPR
signals where as in the DCT preceeding PTS
reduces the autocorrelation between each of the

conventionally digital modulated data bits.

The mathematical analysis of DCT
succeeding modified PTS technique is obtained
by first computation of IFFT of divided
subsequences followed by DCT. The DCT of

modulated data is given by,
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2
2mui
x(t) = z z (aN e] ) (18)
j=11i=1
The DCT of orthogonal signal is given by,
! 0
v 5 [x(0)
u—2 ki
Y Kl )
+ —1%x(1) Z (x(u) cos-— (19)

where a is the phase modulated data bits N is
the length of data sequence

Cn is the Discrete Cosine Transformed data
sequence

u is the number of subcarriers

n is total number of data sequence m is
total number used

the of phase factor

SOURCE
(Input Data Bits)
ENCODER
MODULATOR

—4 IFFT »3
—»{ IFFT - @——»

TO B,
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DCT
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Fig.4 Block diagram of OFDM system with
DCT succeeding modified PTS technique
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9. SIMULATION RESULTS

The proposed work of DCT preceding
modified PTS technique and DCT succeeding
modified PTS technique in OFDM system are
The
parameters used for simulation are discussed in
below Table 1,

simulated using MATLAB software.

Table 1. Simulation parameters

Parameter Type/Value
) 64, 128,256, 512,
Number of subcarrier
1024

Modulation scheme 4-QAM
Number of Phase

. 2,4,8,16
Rotation Factor
Number of
combinations of Phase 16
Factors

The OFDM system is designed by using
modified PTS technique in order to reduce
PAPR. The application of first order DCT
which introduces orthogonality is used before
and after PTS are simulated. The CCDF curve
is plotted to find the number of PAPR of the
signals greater than clipping level of power

amplifier.
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Fig. 5 CCDF performance of OFDM system with DCT
preceding modified PTS technique with 64 subcarrier and

4 phase factors

The Fig. 5 shows comparison among
modified PTS, DCT preceding modified PTS
technique and DCT succeeding modified PTS
technique. The proposed work DCT preceding
modified PTS PAPR

effectively compared to other proposed and

efficiently reduces
conventional schemes. The proposed work DCT
succeeding modified PTS technique also shows
reduction in PAPR compared to conventional
modified PTS but not efficient as DCT
preceding modified PTS technique. The DCT
preceding modified PTS shows 26.93% PAPR
reduction compared to conventional modified
PTS. The DCT succeeding modified PTS shows
15.96% PAPR

conventional modified PTS technique. Whereas

reduction compared to
the DCT preceding modified PTS shows nearly
13.05% PAPR reduction compared to DCT

succeeding modified PTS. In DCT preceding
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modified PTS technique, the autocorrelation

between every modulated data bits are reduced

Fig. 7 CCDF performance of OFDM system by
DCT preceding modified PTS technique using 4-
QAM scheme and 4 phase factors
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Table 2 PAPR reduction by DCT preceding

modified PTS

Number of | PAPRin dB (CCDF at 10%)
Subcarriers m=2 | m=a | m=8 | m=16
64 5.73 463 | 4.29 3.12
128 5.96 5.04 | 4.74 | 4.067
256 6.205 | 5.42 5.25 | 4.423
512 6.317 | 578 | 5.735 | 4.84
1024 6.489 | 6.024 | 5.964 | 5.32

The Fig 6, Fig 7, Fig 8 & Fig. 9 show
the comparison of OFDM system with DCT
preceding modified PTS technique for different
subcarriers using different phase factors and 4-
QAM scheme. In various subblocks, using 64
subcarriers  showing  better  performance
compared to other subcarriers because increase
in number of subcarriers leads to more loss of
orthogonality which increases the value of
PAPR. It is observed that increases in number
of subblocks reduces the PAPR but increases
the complexity of the system. The table 2
shows the PAPR value at CCDF 107 for
different number of subcarriers and different
number of sub-blocks. Using 64 subcarriers in
DCT preceding modified PTS technique the
comparison of four, eight and sixteen sub-
blocks shows 19.19%, 25.13% and 45.59%
PAPR reduction compared to 2 sub-blocks.

Using 128 subcarriers in DCT preceding
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modified PTS technique the comparison of four,
eight and sixteen sub-blocks shows 15.43%,
20.46% and 31.87% PAPR reduction compared
to 2 sub-blocks. Using 256 subcarriers in DCT
PTS the
comparison of four, eight and sixteen sub-
blocks shows 12.65%, 15.39% and 28.71%
PAPR reduction compared to 2 sub-blocks.

preceding modified technique

Using 512 subcarriers in DCT preceding
modified PTS technique the comparison of four,
eight and sixteen sub-blocks shows 8.5%,
9.217% and 23.38% PAPR reduction compared
to 2 sub-blocks. Using 1024 subcarriers in DCT
PTS the
comparison of four, eight and sixteen sub-
blocks shows 7.16%, 8.09% and 18.01% PAPR

reduction compared to 2 sub-blocks. From the

preceding modified technique

percentage analysis of PAPR shows that less
number of subcarriers with more number of

sub-blocks shows better performance.

0
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Fig. 10 CCDF performance of OFDM system by DCT
succeeding modified PTS technique using 4-QAM

scheme and 2 phase factors
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Table 3 PAPR reduction by DCT succeeding
0
0 s modified PTS
\\ \\ \\
\\ N\ \\ \\
10" \C e SN i -3
N\ Number of PAPR in dB (CCDF at 107)
N\ N N\, \
. NN\ ANAY sub .
§1o2 \ \ : \ \‘\.\ ubcarriers m=2 | m=4 | m=8 | m=16
—N=64 NN )
—N=128 AN \ \
0Nt N 64 791 | 520 | 51 | 39
—N=512 I ——
—N=1024 IR
L IR 128 8.48 | 6.15 | 6.30 | 4.81
0 1 2 3 4 5 6 7 8 9
PAPRO in dB
256 8.94 6.85 7.15 5.29
Fig. 12 CCDF performance of OFDM system by DCT
succeeding modified PTS technique using 4-QAM 512 930 | 735 | 756 5.66
scheme and 8 phase factors
1024 9.68 7.97 8.02 5.88
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The Fig 10, Fig 11, Fig 12 and Fig. 13
shows the comparison of OFDM system with
DCT succeeding modified PTS technique for
different subcarriers using different phase
factors and 4-QAM

subblocks, using 64 subcarriers showing better

scheme. In various
performance compared to other subcarriers
because increase in number of subcarriers leads
to more loss of orthogonality which increases
the value of PAPR. It is observed that increases
in number of subblocks reduces the PAPR but
increases the complexity of the system. The
table 3 shows the PAPR value at CCDF 10
for different number of subcarriers and different
number of sub-blocks. Using 64 subcarriers in
DCT succeeding modified PTS technique the
comparison of four, eight and sixteen sub-
blocks shows 34.26%, 35.52% and 50.69%
PAPR reduction compared to 2 sub-blocks.
Using 128 subcarriers in DCT succeeding
modified PTS technique the comparison of four,
eight and sixteen sub-blocks shows 27.47%,
25.70% and 43.27% PAPR reduction compared
to 2 sub-blocks. Using 256 subcarriers in DCT
succeeding modified PTS technique the
comparison of four, eight and sixteen sub-
blocks shows 23.37%, 20.02% and 40.82%
PAPR reduction compared to 2 sub-blocks.
Using 512 subcarriers in DCT succeeding
modified PTS technique the comparison of four,
eight and sixteen sub-blocks shows 20.96%,
18.7% and 39.13% PAPR reduction compared
to 2 sub-blocks. Using 1024 subcarriers in DCT
the

succeeding modified PTS technique
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comparison of four, eight and sixteen sub-
blocks shows 17.66%, 17.14% and 38.25%
PAPR reduction compared to 2 sub-blocks.
From the percentage analysis of PAPR shows
that less number of subcarriers with more
number  of  sub-blocks  shows  better
performance. The DCT preceding modified
PTS with different sub-blocks and different
number of subcarriers in all combinations
shows better performance compare in DCT

succeeding modified PTS technique.

10. CONCLUSION

OFDM is an orthogonal modulation and
multiplexing scheme which is used mainly to
overcome the problem of selective fading
effects. In spite of its many advantages it has a
main drawback of PAPR problem. Many PAPR
reduction techniques are present in which signal
PAPR

efficiently. PTS is one of those technique which

distortion less technique reduces
has less hardware complexity comparatively. In
the proposed work, characteristics of DCT is
utilized in PTS technique to reduce the PAPR
further. The proposed work uses DCT before
and after PTS in order to reduce PAPR. The
modified PTS

computational

technique which has less

complexity  compared to
conventional PTS is combined with DCT to
reduce PAPR with different number of
subcarriers and subblocks. The proposed work

is simulated with MATLAB 2010a which
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shows reduction in PAPR compared to
conventional schemes. In the proposed work
application of DCT preceding the modified PTS
PAPR

compared to application of DCT succeeding the

technique shows more reduction
modified PTS techniques. In DCT preceding the
modified PTS techniques, the autocorrelation
between every modulated data bits are reduced
whereas in DCT succeeding the modified PTS
techniques, the autocorrelation  between
processed OFDM signals are reduced. Because
of the application of DCT in PTS techniques
increases the hardware complexity of the
OFDM

subblocks increases the complexity of the

system. Increase in number of

system.
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