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Abstract—In this paper, a new adaptive PAPR reduction
scheme is proposed by which the PAPR of the OFDM signal
can be reduced to keep the value lower than a predefined
threshold level. A conventional companding is used as a
technique to reduce the PAPR of the OFDM signal. If the
PAPR of the OFDM signal is higher than any predefined
level, one or more times companding operations are
performed until the PAPR becomes lower than that level.
On top of that, no companding is applied if the signal’s
PAPR is lower than the predefined level. However, there is a
trade-off between the improvement of the PAPR and BER
which may be optimized based on any specific application
requirements

Index Terms—Orthogonal Frequency Division Multiplexing
(OFDM), Peak-to-Average Power Ratio (PAPR), Bit Error
Rate (BER), Complementary Cumulative Distribution
Function (CCDF), Adaptive Companding

I. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM)
is a gracious Multi Carrier Modulation (MCM) technique
that is able to provide robustness in frequency selective
fading channels, high spectral efficiency, immunity to
inter-symbol interference and can combat very strong
multipath fading. The main feature of OFDM system
which differentiates this system from other MCM
techniques is its characteristic of orthogonality. This
means, the split subcarriers of the total bandwidth
maintain the rule of orthogonality by placing the
subcarriers in such a way that the spacing between those
is equal to the reciprocal of the useful symbol period [1].
OFDM can be implemented efficiently by using fast
Fourier transforms (IFFTs and FFTs) at the transmitter
and receiver ends, respectively. Because of its advantages
and easy implementation OFDM has been applied into
digital audio broadcasting (DAB), digital video
broadcasting terrestrial (DVB-T), wireless local area
network (WLAN), broadband wireless access (BWA)
among others [2].

Because of the time domain addition of many
narrowband  orthogonal signals, sometimes the
cumulative signal becomes very large in magnitude and
sometimes become low. As a result of this fluctuation in
magnitude the peak of the signal becomes very large than
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the average signal. This creates the high PAPR problem.
When The OFDM signal passes through high power
amplifier (HPA), it increases the dynamic range of
digital-to-analog converter (DAC) and creates the
problem of spectral broadening, which results in high cost
and reduced efficiency [3]. Because of the spectral
broadening, in-band distortion and out-of-band radiation
occurs. Performance degradation in system and adjacent
channel interference (ACI) that affects systems working
in neighbor band are the eventual effects of these two
problems. As a result of the whole problem bit error rate
(BER) performance degrades.

To overcome this severe problem of OFDM system,
many techniques have been proposed so far. Some
techniques are designed based on employing redundancy;
some are achieved by using extended signal constellation
and some uses external coded sequence and interleaving.
Coding [4], selective mapping [5, 6], tone reservation [1,
7], tone injection [8], multi-amplitude Continuous Phase
Modulation (CPM) [9], interleaving [10] are some of the
examples of the cited types. The associated drawbacks of
these techniques are reduction in transmission rates [4],
increased power [7], implementation complexity [9] etc.
But the simple PAPR reduction methods can be achieved
by clipping and filtering [11] or companding [12, 13].
However, use of the clipping technique causes both in-
band and out-of-band distortion which results in an
increased bit error rate (BER) in the system [14]. As an
alternative approach, the companding technique shows
better performance than the clipping technique, because
the inverse companding transform (expanding) can be
applied at the receiving end to reduce the distortion of
signal.

A proposal of new companding based PAPR reduction
scheme called adaptive companding is elaborated in this
paper. Due to its ability of adjustment with the required
number of companding to achieve a certain level of
PAPR, this technique is named as adaptive companding.
In each step of this technique, the calculated PAPR is
compared to a predefined PAPR level and goes for
companding if it is not lower than or equal to the
mentioned level.

Il. THEORITICAL MODELING

A. A Generic OFDM System & PAPR

In an OFDM system, N symbols are divided into a set
of orthogonal subcarriers X =X, {k=0,1,2....,N —
1}. Each of the subcarriers is modulated using M-PSK or
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M-QAM and transmitted independently over their
assigned system bandwidth. To maintain orthogonality,
the subcarrier frequencies are equally spaced with fk =
kAf, where Af = 1/NTs. Ts is the symbol duration.The
resulting complex baseband OFDM signal can be
expressed as [15, 16],

x() = = INZ3 Xee 2 0 < £ < NT, (1)

The Ratio of the maximum instantaneous power and
the average power of the signal x(t) is the PAPR of that
OFDM system. In dB it can be written as [15, 16],

PAPR = "ozt O]
NT, Jo |x(t)?|de

@)

Since, IFFT is a linear operation; the transmitted
signal x(t) follows a complex Gaussian distribution.
Large number of N results to a high PAPR. Reducing
max |x(t)| is the principle goal of any companding
technique

OFDM signal needed to be oversampled by a factor L
for better approximation. The discrete time OFDM signal
after oversampling the signal of eq. 1 with a sampling
frequency f; = L/T can be written as [15,16],

L2TC

x(n) = \/%Zﬁ;&Xke]ﬁkn 0<t<NL-1 (3)

To implement eq.2 on this new expression of discrete
OFDM signal, an IFFT operation of length NL is needed.
The changed input vector is obtained by padding
(L — 1)N number of zeros in the middle of vector, X. The
new PAPR can be expressed as [15,16],

_ maXostsNL—1[|x(n)2|]

Where, E|.] is the expectation value of the signal and

it is taken on a frame of an OFDM signal.

B. The CCDF of PAPR

The performance of PAPR can be evaluated with
Cumulative Distribution Function (CDF) of OFDM
system; the most frequently used criteria of measuring the
efficiency of PAPR. The CDF can be expressed as [4],

FO)=1-¢* (5)

In practical use, the Complementary CDF (CCDF) is
used instead of CDF which denotes the PAPR of a certain
data block exceeds a given threshold. For a large number

of subcarriers (N) the CCDF of the PAPR can be
expressed as [4],

Pr(PAPR > 2) = 1— (F())"
=1-(1—-eH (6)

C. Conventional Companding System

Companding is an algorithm to reduce the dynamic
range of a signal by increasing the amplitudes of the
smaller signals. The average signal power is increased
with this technique. PAPR is reduced to an extent if
dynamic range is reduced.
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Figure 1. A baseband OFDM system with conventional
companding scheme

Fig.1 depicts the block diagram of a baseband OFDM
system which utilizes the conventional companding
system [16]. Additive White Gaussian Noise (AWGN)
channel is used as the noise channel. The p-law
companding is basically used as the non-linear
companding technique. The value of p is varied for
different level of compression.

In the case of p-law companding, for a selected u the
baseband signal can be compressed as follows [16,17],

1420
Xmax
In[1+u]

xc(n) = C{x(n)} = sgn[x(n)]

Where, sgn(.) is the signum function and x,,,, IS the
peak value of the signal.

In the receiving end, the receiver receives the
companded signal with addition of noise. The received
signal can be expressed as [18],

R,(n) =X.(n) + w(n) 8)

Where, w (t) is the AWGN signal.

The received signal is then decompanded using
companding transform. The formula which is used
usually for decompanding is as follows [17, 18],

xmax (7)

Rx(m)

X, = sgniRe@)] [t + e — 1] e ©

Where, x4, IS the peak value of the transmitted
signal.

The expanded signal is then demodulated to reproduce
the original information. The BER is calculated from the
comparison of original signal and reconstructed signal.

Fig. 2 shows the time domain output of a baseband
OFDM signal and compressed OFDM signal with p-law
companding where p=255 [19].
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Figure 2. Time domain output of uncompanded and companded
envelope of a baseband OFDM signal

I11. PROPOSED ADAPTIVE COMPANDING TECHNIQUE

To reduce the PAPR of an OFDM system a new
technique based on conventional companding is proposed
in this paper. This technique gives the opportunity to
keep the PAPR to an adequate level by doing the task of
multiple companding which is illustrated in fig. 3.

The key signal processing steps are described as
below:

Step 1: An IFFT is applied on the vector X yielding:

x = [x(1),x(2), e . ,x(N)]%s

Step 2: PAPR of the signal x(n) which is PAPR,, is
calculated using eq.4.

Step 3: A threshold value of PAPR based on
application requirement is set for comparison.

i.e. for level 2 the value of the threshold is
setat PAPR,, = 2dB

Step 4: PAPR, is compared with PAPR,,,.

Step 5: If PAPR, < PAPR,;,, then the original signal
is transmitted.
i.e. Transmitted signal, t,.(n) = x(n)
Step 6: A side information is transmitted which
indicates how many times the companding are performed.
i.e. When t.(n)=x(n), side information,
s=0
Step 7: If PAPR, > PAPR,, |,
transform is then applied to x(n).
i.e.x;(n) = C{x(n)}
Step 8: Step 2 & step 4 are repeated for x;(n).
Here the calculated PAPR for x; (n) is PAPR,.

Step 9: If PAPR, < PAPR, then t,.(n) = x,(n),

s=1
Step 10: If PAPR, > PAPR,, , Another companding
transform is applied to x; (n).

i.e.x,(n) = C{x;(n)}

A companding

Step 11: This whole procedure is repeated
unlessPAPR,, < PAPR,,. Where m=1,2,3,....
Step 12: From the side information receiver

understands whether it is original, companded, double
companded or multi-companded which helps it to
decompand the signal accurately. For decompression eq.
9 is applied.
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Figure 3. Logical diagram for adaptive companding technique

IV. SIMULATION RESULTS AND DISCUSSION

To show the PAPR reduction capacity and BER
performance of the adaptive companding technique, an
OFDM system using 64 subcarriers and 16 QAM
modulation scheme, based on randomly generated data is
considered. CCDF (Pr [PAPR>PAPRGq]), is used to present
the range of PAPR in term of a probability of occurrence.
Also BER performance is evaluated to analyze the system
degradation.

By applying this technique, it is possible to keep PAPR
as the demanded level. Fig. 4 shows CCDF plot of the
different level of demanded PAPR. Level 2, 3 and 4 are
representing the 2 dB, 3dB and 4 dB PAPR respectively.

CCDF (PriPAPR > PAPRO]

—+— adaptive companding for level 2 |17 H!
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- adaptive companding for level 4 [ 75 i
; : : I i ; :
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Figure 4. CCDF plot of adaptive companding for different levels

The corresponding BER performance is shown in fig.
5.1t can be seen from this figure, to keep the BER
at 10™*, the required SNRs are approximately 26dB,
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27dB and 30dB for adaptive companding level 4, 3 and 2
respectively.

v Adaptive companding for level 4
# = Adaptive cormpanding for level 3
—8— Adaptive companding for level 2

Bit Error rate
=]

= %m0 5 w®
SNR{dE)
Figure 5. BER performance plot for different PAPR levels of adaptive
companding.

The result in Fig. 6 is showing the performances of
PAPR of an OFDM signal without companding, using
conventional companding scheme, double companding
scheme and adaptive companding scheme with level 3. At
CCDF=1073, the uncompanded envelope’s PAPR is at
near 11dB. Whereas, for single companding; PAPR can
be kept near 5dB, for double companding it is near 2.2 dB
and for adaptive companding it is 3dB. Hence, for
adaptive companding method it is possible to vary the
PAPR as demanded.
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Figure 6. Comparison of the CCDF plots for different companding
schemes

Fig.7 shows the Bit Error Rate (BER) Vs Sigal-to- Noise
Ratio (SNR) under different companding schemes.
Comparing to the single companding scheme, the double
companding scheme offers much higher BER. Whereas,
the adaptive companding offers the intermediate value.
To keep the value of BER at 10~3the required SNRs are
approximately 15dB, 20dB, 25dB and 29dB for original
signal, single companded signal, double companded
signal and adaptive companded for level 3 signal
respectively. This indicates about the occurrence of a
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tradeoff between PAPR reduction and BER performance.
More PAPR reduction gives high bit error rate. In that
case the system should be optimized based on application
requirements.
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Figure 7. BER plot of different Companding schemes

V. CONCLUSION
In this paper, a promising technique for PAPR reduction
has been proposed and numerically analyzed. The main
attraction of this technique is to keep the PAPR at a level
which is lower than or equal to the pre-specified PAPR
level, by performing multiple companding. However,
multiple companding may not be required if the signal is
already within the level of PAPR. The proposed
technique is based on conventional companding scheme
and the implementation complexity is relatively simple
than the other PAPR reduction techniques. The
performance analysis of the scheme shows a trade-off
relation between the CCDF and the BER performance.
This indicates, improvement in PAPR reduction degrades
the BER performance and vice versa.

REFERENCES
(1]

Umer ljaz Butt, “ A Study on the Tone Reservation
Technique for Peak-to-Average Power Ration Reduction in
OFDM Systems” School of Electrical and Electronic
Engineering, University of Manchester, unpublished, 2008.
Jyh-Horng Wen, Gwo-Ruey Lee and Cheng-Ying Yang,
“The PAPR Reduction in OFDM System with the Help of
Signal Mapping Scheme.” Int. J. Appl. Sci. Eng., vol. 5,
pp. 75-80, 2007

Pooria Varahram and Borhanuddin Mohd Ali, “Analyzing
the effects of peak to average power ration and digital
predistortion in orthogonal frequency division multiplexing
(OFDM) systems”, Academic Journals, Scientific Research
and Essays, vol. 6(10), pp. 2195-2200, 18 May,2011
K.Sathananthan and C. Tellambura, “Coding to reduce
both PAR and PICR of an OFDM signal,” IEEE Commun.
Letters, vol. 6, pp. 316-318, August, 2002.

Tian-MingMa, Yu-Song Shi, and Ying-GuanWang, “A
Novel SLM Scheme for PAPR Reduction in OFDM
Systems”, Journal of Computer Networks and
Communications, Hindawi Publishing Corporation, vol.
2011, article 1D 195740,

[2]

(3]

(4]

(5]



JOURNAL OF COMMUNICATIONS, VOL. 7, NO. 11, NOVEMBER 2012

[6] Ms. V. B. Malode and Dr. B. P. Patil, “PAPR Reduction
Using Modified Selective Mapping Technique”, Int. J. of
Advanced Networking and Applications, vol. 02, issue. 02,
pp. 626-630, 2010.

[7]1 B. Krongold and D. Jones, “An active-set approach for
ofdm par reduction via tone reservation,” IEEE Trans.
Signal Processing, vol. 52, pp. 495-509, February, 2004.

[8] Md. Ibrahim Abdullah, Md. Zulfiker Mahmud, Md.
Shamim Hossain and Md. Nurul Islam, “Comparative
Study of PAPR Reduction Techniques in OFDM”, ARPN
Journal of Systems and Software, vol. 1, no. 8, pp. 263-
269, November 2011.

[9] Tasadduq and R. Rao, “PAPR reduction of OFDM signals
using multi amplitude CPM,” Electronic Letters, vol. 38,
August, 2002.

[10] A. Zolghadrasli and M. H. Ghamat, “An Overview of
PAPR  Reduction  Techniques for  Multicarrier
Transmission and Propose of New Techniques for PAPR
Reduction”, Iranian Journal of Electrical and Computer
Engineering, vol. 7, no. 2, pp. 115-120, Summer-Fall 2008.

[11] Y. Wang and Z. Luo, “Optimized Iterative Clipping and
Filtering for PAPR Reduction of OFDM Signals”,IEEE
Transactions on Communication, vol. 59, no. 1, pp. 33-37,
January 2011.

[12] Xianbin Wang, T. T. Tjhung and C. S. Ng, "Reduction of
Peak-to-Average Power Ratio of OFDM System Using A
Companding  Technique", IEEE Transactions on
Broadcasting, vol. 45, no.3, pp. 303-308, September,
1999.

[13] T. Jiang and G. Zhu, “Nonlinear companding transform for
reducing peak-to-average power ratio of OFDM signals,”
IEEE Trans. broadcast, vol. 50, no. 3, pp. 342-346,
September 2004.

[14] Kusha R. Panta and Jean Armstrong, “Effects of Clipping
on the Error Performance of OFDM in Frequency Selective
Fading” IEEE Transactions on wireless Communication,
vol. 3, no. 2, pp. 668-671, March 2004.

[15] S. H. Han; J. H. Lee; “An overview of peak to average
power ratio reduction techniques for multicarrier

transmission,” IEEE Personal Commun., vol. 12, i, pp. 56
— 65, April 2005.

[16] Zhongpeng Wang, “ Combined DCT and Companding for
PAPR Reduction in OFDM Signals”,Journal of Signal and
Information Processing, no-2, pp. 100-104, 2011.

[17] Brian G Stewart and Athinarayanan Vallabaraz, “The
Application of p-Law Companding to Moblie Wimax”,
14th IEEE International Conference on Parallel and
Distributed Systems, pp. 896-901, 2008.

[18] Thomas G. Pratt, Nathan Jones, Leslie Smee, and Michael
Torrey, “OFDM Link Performance with Companding for
PAPR Ratio Reduction in the Presence of Non-Linear
Amplification”, Institute of Technology, Atlanta, Georgia,
unpublished

[19] Yasir Rahmatallah, Nidhal Bouaynaya and Seshadri
Mohan, “ARMA Companding Scheme With Improved
Symbol Error Rate for PAPR Reduction in OFDM
Systems”,University of Arkansas at Little Rock, Little
Rock, Arkansas 72204-1099, unpublished

©2012 ACADEMY PUBLISHER

807

Subaha Mahmuda was born in
Mymensingh, Bangladesh in 1988. She
has completed her 4 years B.Sc in the

field of electrical and electronic
engineering from the School of
Engineering and Computer Science
(SECS), Independent University,

Bangladesh in July, 2011.

Currently she is working as a Lecturer
in the Department of Electrical and
Electronic Engineering at Atish Dipankar University of Science
& Technology, Dhaka, Bangladesh. She has 2 years working
experience as a Teaching Assistant in the Independent
University, Bangladesh. She has published four papers in
different international journals and conferences.

Ms. Mahmuda has got many merit based awards from her
University. She is also a member of IEEE IUB student branch,
Bangladesh.

Tabassum N. Haque was born in
Naogaon, Bangladesh in 1990. She
completed her Bachelor of Science in
the  field of  electronic and
telecommunication engineering from
the School of Engineering and
Computer Science (SECS), Independent
University, Bangladesh in December
2011. She worked as Teaching
Assistant  in her  undergraduate
university for 3 years. She has two international conference
papers.

Ms. Haque is a student member of IEEE IUB Bangladesh
section. She has got a number of award from her university for
excellent academic result.

Feroz Ahmed received the B.Sc. degree
in electrical and electronic engineering
from Rajshahi University of Engineering
and Technology, Bangladesh, in 1995,
the M.Sc. degree in electrical
engineering from University Technology
Malaysia, Malaysia, in 1998, and the
Ph.D. degree in  communication
engineering from the University of
Electro-Communication, Tokyo, Japan in 2002.
From 2002 to 2005, he worked as a postdoctoral research fellow
at Gunma University, Gunma, and the University of Electro-
Communication, Tokyo, Japan. In 2005, he was appointed as
Assistant Professor in the school of engineering and computer
science at the Independent University, Bangladesh and became
an Associate Professor in 2011. His research interests include
optical fiber communications, wireless communications,
software defined radio, and non-destructive testing. He has
published over 50 papers in different peer review international
journals and conferences.

Dr. Ahmed is a member of the Institute of Electrical and
Electronic Engineers (IEEE).




