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Abstract - Orthogonal Frequency Division Multiplexing (OFDM)
is an efficient modulation technique in both broadband wired
and wireless communication. It has many advantages such as
eliminating Inter symbol Interference (ISI), efficient use of
spectrum and dividing the channel into narrowband flat fading
sub channels and many more. One of the major disadvantages of
OFDM s that the time domain OFDM signal which is a sum of
several sinusoids leads to high peak to average power ratio
(PAPR). This paper investigates three methods for PAPR
reduction such as combined Rotated Hadamard transform,
combined Riemann transform and Zadoff-Chu Matrix
Transform to achieve more novel PAPR reduction. The
performance of these PAPR reduction techniques are analyzed
by plotting the complementary cumulative distribution function
(CCDF) plot and calculating BER and a comparison is made
between all the above methods. The simulation results shows that
the Zadoff-Chu Matrix Transform reduces PAPR much better
than the Rotated Hadamard transform, Riemann matrix
transform and Conventional OFDM.
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I INTRODUCTION

In today’s world, wireless communications has become an
essential part of everyday life. Orthogonal frequency division
multiplexing (OFDM) has become popular in wireless
applications. OFDM provides greater immunity to multi-path
fading and also reduces the complexity of equalizers [1].
OFDM is widely adopted in various communication standards
like Digital Audio Broadcasting (DAB), Digital video
Broadcasting (DVB), Wireless Local Area Networks
(WLAN), Wireless Metropolitan Area Networks (WMAN),
IEEE 802.11 and IEEE 802.16 wireless broadband access
systems, etc.

Large PAPR could cause poor power efficiency or serious
performance degradation to transmit power amplifier [2].
Therefore, nonlinearities may get overloaded by high signal
peaks, causing inter modulation among subcarriers and, more
critical, undesired out-of-band radiation. If RF power
amplifiers are operated without large power back-offs, it is
impossible to keep the out-of-band power below specified
limits. This leads to very inefficient amplification and
expensive transmitters so that it is highly desirable to reduce
the PAPR [3].

Several schemes have been proposed to reduce the PAPR.
These techniques can mainly be categorized into three types
namely Signal scrambling techniques, Signal distortion
techniques and block coding. Signal scrambling techniques are
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all variations on how to scramble the codes to decrease the
PAPR. Coding techniques can be used for signal scrambling
[4]. Comparatively signal distortion techniques are straight
forward techniques. Signal distortion methods distort the high
peak valued portion of OFDM signals using different
techniques for PAPR reduction. The precoding based
techniques are simple linear techniques to implement without
the need of any side information. This paper compares the
three precoding methods for PAPR reduction such as
combined Rotated Hadamard transform (RHT), combined
Riemann matrix Transform (RMT) and Zadoff-Chu Matrix
Transform (ZCT) to achieve more novel PAPR reduction.

The rest of the paper is organized as follows: section Il
describes the PAPR problem in OFDM system. Section Il
compares the different transforms. Section IV reports steps
involved in the scheme. Section V reports the simulation
results and conclusion is presented in section VI.

Il. SYSTEM MODEL

This section illustrates the basic OFDM system and the
PAPR definition. Figure 1 gives the block diagram of an
OFDM system consisting of N subcarriers. Baseband
modulated symbols are passed through serial to parallel
converter which generates complex vector of size N. We can
write the complex vector of size N
as X = [Xy X; o vo..Xy_q]T. X is then passed through the
IFFT block. The complex baseband OFDM signal with N
subcarriers can be written as

1 N-1 )
x[n]=—== > X(K)e"™™ =g, 1, 2. N1 1)
k=0

W

The PAPR is the ratio of peak power to the average power
of OFDM signal. For discrete time domain OFDM signal, it
can be calculated as.

max{|x|n 2}
PAPR (dB)=10log,, ﬁ @)

qu[n]z}
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Fig 1. Block diagram of OFDM system

Where E [.] denotes expectation and the CCDF for an OFDM
signal can be written as.

P(PAPR > PAPR, ) = (1-exp(-PAPR,))" 3

Where PAPR, is the clipping level

Equation (2) predicts that the PAPR can be defined by the
amplitude of output signal. So when output signal exceed.a
certain value then obviously PAPR also take a higher value.

Il COMPARISION OF THE DIFFERENT
TRANSFORMS

A. Rotated Hadamard Transform

The rotated Hadamard matrix [5] is a Hadamard matrix
with the rotation described in Equation 4 below.

U :%HMdeiag (exp[jﬂTmD 4)

Where C is the rotation value from which the modulation is
rotated back on to itself. H is the Hadamard matrix and M is
the size of the matrix. The Hadamard matrix of order 2 is
given by

Hy- | 1 )
221 4

The fig 2 shows the system block. The modulation data is
multiplied by U and the rotation takes place producing a
higher modulation scheme. The rotated Hadamard is capable
of achieving 16QAM. So this rotated Hadamard produces a
higher order scheme than the traditional Hadamard. This is

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Voal. 3 Issue 6, June - 2014

directly translated into a better BER performance in OFDM
system of rotated Hadamard over Hadamard.

B. Riemann matrix transform
The Riemann matrix [6] is defined by

A =B (2:n+l, 2: n+1)

Where,
. i—1 ifidividesj
B(i, ) = oo (6)
—1 otherwise
The Riemann matrix has these properties:
m _1, where

e Each Eigen value e (i) satisfies|e(i)| <
m
m =n+1.

e i< e(i) <i+1 Withatmost m—+/m exceptions.
e All integers in the interval [m/3, m/2] are Eigen values.

Using Equation (6), Riemann Matrix (A) of order 4 can be
written as:

-1 2 -1 -1 @)
-1 -1 3 -1
-1 -1 -1 4

A:

C. Companding transforms

A companding transform [7] [8] performs compression at
the transmit end after the IFFT process and expansion at the
receiver end prior to FFT process. After companding, the
signal now becomes.

s(n):C{x(n)}: vx(n) ||n(1+%|x(n)|j ®)

In(1+u)[x(n)

Where v is the average amplitude of signal and u is the
companding parameter. This transform reduces the PAPR of
OFDM signal by amplifying the small signal and shortening
the big signal. In receiver end, the receiver signal is to be
expanded by the inverse companding transform before it is
sent to the FFT process unit. The expanding equation is

()= C‘l{r(n)} uv‘r(n) eXp{r|n|ln\fl+u)]_1 o

D. Zadoff-Chu Matrix Transform

Zadoff-Chu sequences [9] are class of poly phase
sequences having optimum correlation properties. Zadoff-Chu
sequences have an ideal periodic autocorrelation and constant
magnitude. The Zadoff-Chu sequences of length L can be
defined as:
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j2nr E+ K
~ eL[zq] for Leven
z(k) = ﬂ[k(kil) kJ (10)
L2 for Lodd

e

Where k=0, 1, 2... L-1, g is any integer, r is any integer
relatively prime to L and j= J-1.

In this technique the baseband modulated data is passed
through serial to parallel converter which generates a complex

vector of size N that can be written as X = [X0 Xl........XNfl]T -

Later Zadoff-Chu Transform (ZCT) is applied to this complex
vector which transforms this complex vector into new vector
of length N that can be written as Y=RX= [YoYs oYy ]T

Where R is a ZCT based row-wise precoding matrix of size
L = NxN. With the use of reordering as given in equation (11)

k=mN +1 (11)

Matrix R with row wise reshaping can be written as

oo o1 ln-1)0
o My Min-1y1
R = ; (N (12)
fin-no RN r(N—l)(N—l)

By letting g = 1 and r = 1 the ZCT for Even L can be written
as rk= exp [(j*pi*k2) / L2]. Accordingly, precoding X gives
rise to Y as follows:

Y =RX (13)
N-1

Y,=>r.X, m=01....N-1 (14)
1=0

Here ry,; means m™ row and 1™ column of precoder matrix.
The complex baseband OFDM signal with N subcarriers
without precoding is given by

1 N-1 )
D XN he0, 1,2, N (15)

" _ﬁmzo

However, expanding (15) while usingg=21andr =1 in
(10), gives complex baseband ZCT precoding based OFDM
signal with N subcarriers as

X

. 1 N , 2|__;|_ ﬂ j27:ml
j2IInm/N jmu 2
{e’ N e N Ve et b (16)

-1
Xy = ——
" ’\/N m=0 1=0
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The expression in (18) suggests that x, are IFFT of
constellation data X; pre multiplied with quadratic phase and
IFFT precoded, and then alternated with +1. The PAPR of
ZCT-OFDM signal in (16) can be written as

PAPR(dB) - M a7

E{ix[n]z}

V. STEPS INVOLVED

The PAPR of OFDM signal is reduced by using the above
techniques with companding transform. The input data is
transformed by Rotated Hadamard Transform or Riemann
Matrix transform or by using ZCT, The transformed data
stream is given as input to IFFT signal processing unit. The
block diagram of the system is as shown in fig 2.

The signal processing step is as below:

Step 1: The sequence X is transformed by RHT or RMT or
ZCT i.e. Y=KX.

Step 2: y=IFFT(Y), where y=[y (1) y (2)... y(N)] T
Step 3: Do companding transform to y, i.e. s (n) =C{y (n)}.
Step 4: Transmit the signal through an AWGN channel

Step 5: Do inverse companding transform to the received
signal r (n)ie. y(n)=C™ {r(n)}

Step 6: Do FFT transform to signal y(n) i.e. v = FFT(y)
Step 7: Do inverse RHT or RMT or ZCT to the signal Y, i.e.

X = K" Y . Then the signal X is de-mapped to bit stream.

V. SIMULATION RESULTS

The simulation of the above OFDM system for PAPR
reduction is performed using MATLAB. The channel is
modelled as AWGN channel. In simulation, an OFDM system
with subcarrier N=64 is considered and for mapping M-QAM
(Where M=16, 64) modulations are used. The simulation
results show the comparison between RHT, RMT, ZCT and
conventional OFDM.

Fig 3 and Fig 4 shows the CCDF comparisons of ZCT with
RHT, RMT and OFDM conventional without and with
companding (u=1) respectively for N=64. At clip rate of 10",
the PAPR gain of 5.3dB, 4.8dB and 4.4dB is achieved without
companding and it is 5.7dB, 3dB and 2.7dB with companding.
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Fig 2. General block diagram for the above Techniques

When ZCT OFDM system is compared with conventional
OFDM, RMT and RHT for 16-QAM modulation
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Fig 4 CCDF plot with companding for N=64 and M=16 QAM

1JERTV31S061472

P{PAPR>PAPRD)

conventional OFDM
rotated hadamard-OF DM
zct-precoding OFDM

F

t
iemann-OF DM

e
—
-=-

www.ijert.org

i i . | ; i i =
1 2 3 4 5 [ 7 [] ]
PAPRD

P(PAPR>PAPRD)

Fig 6. CCDF plot without companding for N=64 and M=64 QAM
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Similarly Fig.5 and Fig.6 shows that at clip rate of 10™ the
PAPR gain of 4.3dB, 3.8dB and 3.3dB is achieved without
companding and it is 5.5dB, 2.6dB and 2.2dB with
companding when ZCT OFDM system is compared with
conventional OFDM, RMT and RHT for 64-QAM
modulation.

Fig 7 and fig 8 shows the BER performance of above
mentioned techniques in AWGN channel for 16 QAM
modulations without and with companding. Similarly fig 9 and
fig 10 shows the BER performance of above techniques in
AWGN channel for 64 QAM modulations without and with
companding.
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Fig 9. BER plot without companding for N=64 and M=64 QAM
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Fig 10 . BER plot with companding for N=64 and M=64 QAM

Table 1 and table 2 summarize the PAPR comparison for
the above mentioned schemes without and with companding
technique. It is observed that the companding technique
greatly reduces PAPR in RMT and RHT compared to ZCT
and conventional OFDM for both 16-QAM and 64-QAM
modulation.

Hil-Ermor-Hate

= convertions| OFOM
+ rotated hadamard
| =B riemann matrs
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I
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o1 2 3 4 5 B 7T B 9 10

TABLE I. PAPR COMPARISON WITHOUT COMPANDING

T N T TR N S B
N 12 13 14 15 16 17 18 19 20

SR WITHOUT COMPANDING (CLIP RATE 107%)
Fig 8. BER plot with companding for N=64 and M=16 QAM Type of PAPR of PAPR of | PAPR of | PAPR of
Modulation (M- OFDM RMT RHT zCcT
QAM) (dB) (dB) (dB) (dB)
From fig 7 it is observed that to achieve BER of 10 the
16 8.3 7.8 7.4 3

ZCT OFDM requires 5.5 dB SNR whereas conventional
OFDM requires 6.8dB and RHT requires 9dB SNR hence
ZCT based OFDM system shows better BER reduction 64 8.5 8 75 4.2
compared to all the other transforms.
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TABLE II. PAPR COMPARISON WITH COMPANDING
WITH COMPANDING (CLIP RATE 10-1)
Type of PAPR of PAPR of PAPR of | PAPR of
Modulation (M- OFDM RMT RHT ZCT
QAM) (dB) (dB) (dB) (dB)
16 8.3 5.4 51 24
64 8.5 5.6 5.2 3
VI. CONCLUSION

In this paper Comparison of three different transforms for
PAPR reduction in companding technique for OFDM system
is performed. The BER and CCDF plots for these three
transforms are obtained for 16-QAM and 64-QAM modulation
techniques.

It is clear from tables 1 and table 2 that ZCT based OFDM
system reduces PAPR much better than the Rotated Hadamard
matrix transform, Riemann matrix transform and Conventional
OFDM and it also reduces BER much better than all the other
mentioned schemes. In addition ZCT OFDM systems don’t
require any side information to be sent for the receiver. Thus it
is concluded that ZCT based OFDM system are more
favourable than Rotated Hadamard Transform, Riemann
matrix transform and Conventional OFDM.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

www.ijert.org

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Voal. 3 Issue 6, June - 2014

REFERENCES
[A. R. Bahai and B. R. Saltzberg, "Multi-Carrier Digital
Communications: Theory and Applications of OFDM," Kluwer

Academic/Plenum Publishes, New York, NY, USA, 1999. 323

H. Rohling, T. May, K. Bruninghaus, and R. Grunheid, "Broadband
OFDM  radio  transmission  for ~ multimedia  applications"
Proc.lIEEE,v01.87,pp. | 778-1789,0ct. 1999.

Stefan H. Muller and Johannes B. Huber, "A Comparison of Peak Power
Reduction Schemes For OFDM" Proc. of IEEE Global Telecom Conf
GLOBECOM '97, Nov. 1997, Arizona, USA.

Ashraf A. Eltholth, Adel R. Mikhail, A. Elshirbini, Moawad I.
Moawad,A. 1. Abdelfattah, “Peak-to-Average Power Ratio Reduction in
OFDM Systems.

Raad, Ibrahim Samir, “Applying diversity to OFDM”, Doctor of
Philosophy  thesis, School of Electrical, Computer and
Telecommunications Engineering University of Wollongong, 2008

P.M Zoko Goyoro, Ibrahim James Moumouni, “SLM Using Riemann
Sequence Combined with DCT Transform for PAPR Reduction in
OFDM systems” World Academy of Science, Engineering and
Technology Vol:6 2012-04-21

Xiao Huang, J H Lu, Jun Li Zhen, eta! “Companding Transform for
Reduction in Peak-to-Average Power of OFDM signals.” IEEE
transactions on wireless communications VOL.03, NO.06, Nov, 2004,
pp.2030-2039

Xiao bin Wang, "Reduction of peak-to-average power ratio of OFDM
system using A companding technique,” IEEE Transaction on
Broadcasting, Sep 1999, pp.303-307.

Imran Baig and Varun Jeoti (2010) “PAPR Reduction in OFDM
Systems:  Zadoff-Chu Matrix Transform Based Pre/Post-Coding
Techniques” ICCICSN 10.1109/CICSyN.2010.34, 373-377

2106



