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Abstract

The high Peak-to-Average Power Ratio (PAPR) in multi-carrier
modulation signals is considered as the major drawback of such a
modulation. This report presented the theory of PAPR reduction
algorithms in Orthogonal Frequency Division Multiplexing (OFDM)
scheme and the simulation results for one of these algorithms which is
Tone Reservation technique. The first chapters in this report contain the
main principle of the multi-carrier modulation and channel partitioning
schemes, OFDM signals and the mathematical definition, statistical
properties and effects of PAPR in OFDM signals.
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CCDF plots of PAPR
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CCDF plots of PAPR

10 —
s i \ =N =256
~
c 10 :\‘ \.\‘ ——N=512
% “\\ “\\ N “\\“\\ =N =1024
g \\ \\ \\ ‘\ N =2048
2 AN N N N
<|f 10° \\ N \\\
/\ ‘\\ ‘\‘ ‘\‘ “‘ ‘\\
o N N . ¥
o NN N\ N
% AVEA WA NA WAN
DS 10° \. \\ \\
E \\ \\ \\ \\ \\
o] N\ NN\ N
< N\ \\ \ \\
6: ;|_()'4 NS
NS

\ N\ N h Y

\ A LAY

L\ W ' WA Y

AV NN
6 7 8 9 10 11 12 13
PAPR (dB)

adhiae N ad Jal e PAPR 4uall CCDF il 27 -9 Jal
LD Cua GlieV) EV e s2e Jal (e PAPR Zuall CCDF cilpaid) (8-9) J<all
salll oda oSy liey) Jaee 3aly PAPR duall dlag cglall Jaill 8 lagly (Gaw WS
il Zny WS & 4 gl olie) Jhae o8 SN (L=4 Al ey spia o
el a3l 5Lyl Alla & PAPR 4.1l CCDF

CCDF plots of PAPR

L=1
L=2
— | =4
s
12}
%]
o
1)
o
<<
N b N\
BN N\, N
@ N SN N\N
a NSNS
< AN \\\
> 10° \ \‘\‘
2 NN
S NG Y \\
g NN
o AN
G
N\ b W
N\ N
N\
N\, \\\\
AN
6 7 8 9 10 11 12
PAPR (dB)

L olae¥) Jaee ody 86 :8 -9 gl

97



‘TR cladl) jaa kil 3.9

Jaa ¢l TRR=5% cilets Jaa Jawe Jal (e PAPR Zual) (ali) 3155 (9-9) JSall o
Gl Galid) 155 (10-9) JSE G s b (oo IS5 daki 256 Jual (o ik 13
i 52 jan ol TRR=20% cileis jas Jae s 3 PAPR

150

Peak Reduction
1
L L L T——RIN=5%
09 ]
0.8 -
0.7+ -
o 06— f
i)
2
£ o5 _
€
< 04 _
03 _
021 _
01 -
0 [ [ [ [ [
-150 -100 -50 0 50 100
Samples
TRR=5% illa & PAPR _al) 355 :9 -9 J<al)
Peak Reduction
1
L L L T—RIN=20%
09— -
08— -
07— -
o 06 4
©
=]
= o5 i
Q
€
< 04 4
03— -
0.2 -
[ [ [ [ [

-150

-100

-50

0
Samples

98

50

100

TRR=20% s & PAPR _al&y) 5155 :10 -9 J<all

150



sysaaall Clexdll axe 3l Blell el il Gmlias) (10-9) 5(9-9) Galall (e Laadls
Bl Ll & el cilays dae saly) da

Gliaiall Je Jeass PAPR 4l (alédy TRR=5% duui 4))<all SCR due) i Garksly
ey lsall S 33 Jal e (9.11) JSall 4 Al

CCDF plots of PAPR

10 —
N — == Original PAPR
N\ N ——SCR, 1 iteration
\ N == SCR, 2 iteration
o 10" \_\\ . \‘ —— SCR, 3 iteration
) ‘.“\‘ ‘\‘ ‘\‘ NG = SCR, 4 iteration
—_ A B} \ A N
8 | AN Y \ N
B AL\ \ N\,
<|)|: 10 \\ \-. \-. N
s | EEEm \ \C
I | W) \ \ \
o i\ \ .
< | MU N\,
= 10° \ \ \ \ \
2 \ \ \ \
2 B —— \
g | WA \ \ \
< L WA \ \ N\
£ 10 N\ N\
\ \ \ AN
h | \ \ A | N\
| WY \ \ \
VNN N\
6 7 8 9 10 11 12 13

PAPR (dB)
4 <3l SCR daj,lea ¢4 :11 -9 Jeil)
Jazay @y SRC Zoa) )l dll chlySall (e Jal8 2aey PAPR duiall 3 sl aléasy) Jaadl
Laaj lsall S5 Ul 223 3 dB ey PAPR i) Cacaids) i (5%) iaddio iletd Jaa
Gl el dal (e Lgald 2ditl) xie 5 dB Ly gl oaliai¥) 138 oIS a3 10750
Az lsall
HLEY) ey el e dndl DA e Ay lsall b il mias Ble BSY WS (Kay

Faa sl 5 IS dal e M A 050 L

99



a3 Eia TRR=5% cileat Jaa Aty A5l adetl) AL 0yl )l (12-9) Sl
el o Jsanlly bl dae 30L5 mand Ay Laiedy 45)le ua Lue))lsall s28 ¢laf

.SCR daj,lsall elal ol

o CCDF plots of PAPR
10 ——— -
N —— Orginal PAPR
‘\ \\\\\\ N Low complexity, 1 itr
\ A A NAN N Low complexity, 2 itr
o 10" \ \ \\ \‘ = Low complexity, 3 itr
» —“‘—V NN N — |_ow complexity, 5 itr
2 | NN N\ L . :
5] 1 N\ N ow complexity, 20 itr
8 \ N\ \ \\ N
Tl b N NN
A == “‘\ “‘\ “\\ “‘\
a4 | \ \ N N
o \ \ \ \ AN
< \ \ N\ N
o
- 10° ‘ \. \ \ \‘
2 1 \ N\ B
= S \ N\ \ N\
2 1 \ N\
< | \ N\ N\
& 10° \ \. \‘ N \‘
| A =\ N,
] \ N X Ny
|| \ \ \ A
\ YN \
6 7 8 9 10 11 12 13

PAPR (dB)
adaial adaill cld da) lealdl 1ol 112 -9 J<al
LSl Jal e elldy adiie aats daa)lsally SCR L) lsa o Anlia (13-9) J<all

Oy ylgad) BISY Y

R CCDF plots of PAPR
10 e -
\\“\ —— ~ m—— Orginal PAPR
N N == |_ow complexity, 1 iteration
N N = terative SCR, 1 iteration
107 \ ™~ \
n N N N
2 ‘\ \\ ‘\
2 N\ N\ N
k]
<
107 \_ \‘ -
A \ N N
o N\ AN N\
o \ \\ \\
<C
o
= 10° \ \. \‘
= “\‘ “\\ N
2 \\ \ \\
o
<)
o 10 \ N\
\ N N\
\ \ A ¥
\ \ \
\, \
\ \
6 7 8 9 10 11 12 13
PAPR (dB)

bS5 Ol Jaf e (mitiie 2y s 58, SCR o e 113 -9 Il

100



Jilie SCR 40 )lsal) 4taxi 1076 dkaiil) yie 4 dB laiey Lt (13-9) JSl (e Jaadls

gy ddamil) e pmddie ddaty de) lsdd) 4%and 2 dBjlaiay e
TRR=5% <l jaa Jaes Alla 8 SCR dalsal) elal o 43)lie (14-9) JSall (o
daity SCR da) leall ool e puny calazall s Jaxe 3345 o 2a0 G TRR=20% 4lla
Alledy LYY e () AL L many Lee PAPR dul) (aliy) 35l Lulal) pial) (oasas

LI dawssl) Ao Uai) ady ol saaa 530 s 0 Ale

CCDF plots of PAPR

0
10
NN~ = Original PAPR
NN\ NS = SCR, R/IN=5%
\ N —— SCR, RIN=20%

@ 107 \ \ \‘
(9] \\ “\ N
RE N\ AN
3] O\ \
o \\ N\
<
1o A\ ‘
A \\ N\
&: \\ \\
< N\
; 10° \ \
= \ \
o] N
< \ N\
a 10 \\. \

N\ N

1\ N\

A\

\ L

A AN
6 7 8 9 10 11 12 13
PAPR (dB)

ofithiie clei Jaa sy SCR 14 :14 -9 J<al
oaidiall el <l Ay yleadl dal e @llg A8l 45 )laall dlilee 43560 (15-9) JSaN
g3 bl LS laaall as Jame 33l Lpahyleal) ol 8 s Jilee IS a3 Cua
OSLs eled JDSs JS (8 Jad maals 8500 i Asapplal) o3 O G aidla el 38 o as
axifi M ol U A W by G50 5o o3 AL men blsill Aypilall 2ial) (aaliss)
coaddidl Alerdll e Jaxa <03 3054

101



Abscissa

Probability, PAPR >

CCDF plots of PAPR

10°
= = — Original PAPR
N —_— lexity, R/N =5%
NC N ow complexity, =5%
= Low complexity, R/N =20%
10" \‘
:\\ \\
AN N
N\ Ny
AN N\
L =
A WA N N,
N\ N\
AN N\
AN N\,
“\ “\ h Y
\ \ N\
N\ Ny
N\ AN
10" \‘. \ \.
8 ‘\\ ‘\\.
N\ h Y \
K \
'\ \
6 7 8 9 10 11 12 13
PAPR (dB)

(alid e Gl jaas "";3..@. addia et dra)lsall 15 -0 Ji)

102



il 3EY1) clalitiud)

ralaliuy) -

Al ol dige Aaadylen Hloal de lweall AT iy Jalse 33 A2 e LSH LS
Alujall 3LaY) & Aol salyy PAPR L) ali) dleé Jalgall s34 et .PAPR
o3¢) Cliluall aeiy Cldasall 8 Jame galidsly cdifiad 8l Uad Jame gl

Az lsall

alsall o2 e IS e Tl dugyaall ciliayyleall il pai

:PAPR 4ail) alii) 40nd  —

Jaad) il alaill 8 dualsy PAPR (alis) 4 ylsa lial b dpeal €Y1 Jalal) 138 320
L) ey oF ) oL Gy S0 edalsal) Baswia LY ity Ll paaall el
o e gaen Sl ylay) g Ul Qo Akl SEY) e aell L PAPR (alis) dlad <ol
ik z)la In-Band Distortion 3Ly} cada Jaly chlaglt cuy aiSly el Jlaall
Sl Rla) (TR) daadll jas 4alid A Ladl WS (Out-of-Band Distortion
Cuzidil Cus (5%) aa Jane @lldg SCR A lsall el Sl o Jili 23y PAPR 4l
Rl 3 € s 4 1070xc Al HhSs Jof axy 3dBlaiey PAPR dl
s Bap A o b cdaap Al LSS anf dal g 313 Akl sie 5 dB Ly (55l
2dB _jlsiay PAPR ol (mat] 4355 Lilee 20 M Usial (TI) coleadl

Al yall B_LEN) A Uil 3045 —
Log i s Ladie Al yall 3)LaY1 de Uil 83005 PAPR Lol [ala) culii (yamy bty

Lo s Jaledl 138 ol ey i) Gada U Lo Uiy Tuld alual 5)LaY) delaind e

oY) e dllle da s

103



My 16QAM 48581 Lalall Hall LS L) G derl (s Baapa & Baadls Cus
il L0 el LSS ayjan Wiy dakgal) LSS e Al J3 dal e 530 20 deUain)

G sall A8 S e Al J50 dal (e 330 30 delaiuy) 48 <))

sl & el Und Jama plii ) —
abailaall ket B Sy Aluyall 5LEYT Ao Uil B2l By IS Lading 3L dlsall e 585
el s Ayl 3)LaY) Ao Ui 8 33l iliad i) (gan) Gk ey il ok Jaee o
A Ao il Jal e bl ylall (saa) Gulai vie Gy of (S Wadl) Jane 8 leliy) o
Al 3L

G Jla 8 Gllaed) JS U i gyay 8 (PTS)&(SLM)iiey s 4 Laadl Cum
vie BER cudl aa Jhea o)sn iee Lo 13y Lllsind die Uad Joas §f Luladl culasladl)
el sl (& Wadll saly Y as TH Zap s b Lnplall el D85 G LS cJiinal
LAY AN gay aal o Jaiall ol OIS o Lad Ajaad Jiindl) o 5eY) Lalidan Cus

s pal) S 5 B oy s ]

scldaral) J&5 Jama alidS) -
Slie TR Glasill San duah It 8 Clibanall Ji Jane (8 Lindds Gl Il (mny lbas
o lee Gilaslae gl Jani ¥ a5 PAPR Ll (alily dalsall (e ein Saa (o
oSaill jaiady jsay dayl Jeal e 2aly o B Saagll iy cillaeall i Jane b Laliss
(PTS)&(SLM) e s & 481 LS ccllanal) Ji Jara (o SIS iy Lea PAPR 4l
1y Ju¥) A eelasind (a Al skl dalses el DleY Luils Glaglaa Jl)) (9m

cbdanall J85 Jhaa (pe (oasdy 55

104



cclleal) A8 —
sac e oyl dpaal Jalgall €T aal g4 L) )leall Soasil e DU cliliall aae s aUaill aias
il os$ Le Wle 4 Cua PAPR (alis) Glads cililaedd) Ji oS g AT dalse
Ji Jame e gty 38 Jladly 4y PAPR dual) (als) 8 4lels ST aiyall aieill <l

clliall 2P ol dais Cilidaaal

sle modulo Ll Gadi ay Jifiea)l o ALl aias Aoy pasd (TI) Lyl 8

A i Al AS S ey Rl Juifisall gaial) g el

s Jaall ALiiienal) 5B —
PR e Aaril) as Za)led el el (Rl (e
o dsmanll e loall 3155 calgs s 3smaall cilaaill ¢ oS jlasl 3yl Al -
by oSa oalyy z3sad 35 Juad) 5)0)
138 Allad s el JalSU alyl) = dsaill 335 Aasill s Ahahyled lad) AulSa) Ay -
Spaily il gy Jiadl) dalse Cum e VL) ol Jabse Ly B A -

.:\;\AJJ\‘}AJ\ ;\j LA& LA‘):\.C‘;

105



[1]

[2]

3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

gl

HANZO, THOMAS KELLER AND LAJOS , Adaptive
Multicarrier Modulation, IEEE PROCEEDINGS OF THE IEEE,
VOL. 88, NO. 5, MAY 2000.

Nick LaSorte, W. Justin Barnes, Hazem H. Refai, The History
of Orthogonal Frequency Division Multiplexing, s.l. : IEEE,
March 31, 2008.

Kalman, Dan, A Singularly Valuable Decomposition:The SVD of
a Matrix, THE COLLEGE MATHEMATICS JOURNALVOL.
27, NO. 1, JANUARY 1996.

Rowayda A. Sadek, SVD Based Image Processing Applications,
International Journal of Advanced Computer Science and
Applications(IJJACSA), Vol. 3, No. , 2012.

Todd Mateer,FAST FOURIER TRANSFORM ALGORITHMS
WITH APPLICATIONS, August 2008.

Werner Henkel, Georg Taubo ck ,Per O" dling, Per Ola
Bo“rjesson, Niklas Petersson, The Cyclic Prefix of OFDM/DMT
— An Analysis, s.l. : IEEE, 2002.

Rima Hleiss, Pierre Duhamel, Mauric Charbit,
OVERSAMPLED OFDM SYSTEMS.

Stefan H.Muller, Johannes B.Huber, A Comparison of Peak
Power Reduction Shcemes for OFDM, s.l. : IEEE, 1997.

M.Deumal, J.L.Pijoan, A.Behravan, T.Eriksson, Evaluation of

Performance improvement capabilities of PAPR-Reducing
Methods, Netherland : Kluwer Academic Publishers, 2007.

Werner Henkel, Valentin Zrno, PAR reduction revisited: an
extention to Tellado's method, Hamburg ,2001.

106



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Tomohiro Noguchi, Khoirul Anwar, Masato Saito and
Minoru Okada, Efficient PAPR for OFDM and CI/OFDM
Systems with iterative clipping , IEEE , 2008.

John G. Proakis, and James R. Zeidler. Steve C. Thompson,
The Effectiveness of Signal Clipping for PAPR and Total
Degradation Reduction in OFDM System, University of
California, San Diego ,IEEE, 2005.

KRONGOLD, BRIAN SCOTT,NEW TECHNIQUES FOR
MULTICARRIER COMMUNICATION SYSTEMS, University of
Illinois at Urbana-Champaign,, 2003.

Slimane., Slimane Ben, Reducing the Peak-to-Average Power
Ratio of OFDM Signals Through Precoding, VOL. 56, NO. 2:
IEEE, MARCH 2007.

Jamws A.Davis, jonathan Jedwab, Filton Road, Peak-to-mean
power control and error correction for OFDM transmission
using Golay sequences and Reed-Muller codes, s.lI. : Department
of Mathematics and Computer Science University of Richmond,
December 1996.

Jamws A.Davis, jonathan Jedwab, Peak-to-mean power control
in OFDM, Golay sequences and Reed-Muller codes.
Tellambura., A. D. S. Jayalath, SLM and PTS Peak-Power
Reduction of OFDM Signals Without Side Information, IEEE,
SEPTEMBER 2005.

Wang Yi and Gu linfeng, An Investigation of Peak-to-Average
Power Reduction in MIMO-OFDM Systems, Blekinge Institute of
Technology , october 2009.

Haris GACANIN and Fumiyuki ADACHI, Selective Mapping
with Symbol Re-mapping for OFDM/TDM Using MMSE-FDE,
IEEE, 2008.

V. Vijayaranganl, DR. (MRS) R. Sukanesh, An Over View Of
Technique For Reducing Peak To Average Power Ratio And Its
Selection Criteria For Orthogonal Frequency Dlivision
Multiplexing Radio Systems, Journal of Theoretical and Applied
Information Technology, 2009.

107



211 Jose Tellado and John M.Cioffi, PAR reduction with minimal
or zero bandwidth loss and low complexity, Stanford University,
June 1998.

[22] M.Cioffi.n., Jose Tellado and John, Peak Power Reduction for
Multicarrier Transmissio, Stanford University.

[23] Shin, Mochan Yang and Yoan, An adaptive tone injection for
OFDM PAPR reduction, IECE Electronics Express, 2011.

[24] N.Andgart, P.Olding, A.Johansson, P.O.Borjesson, Designing
Tone Reservation PAR Reduction, Hindawi Publishing
Corporation, 2006.

[25] Haider, Kamran.Peak to Average Ratio Reduction in Wireless
OFDM Communication Systems, Department of
telecommunications and signal processing, Blekinge Institute of
Technology,2006.

[26] Carole A.Devlin, Anding Zhu, Thomas J.Brazil,bGaussian
Pulse Based Tone Reservation for Reducing PAPR of OFDM
signals, IEEE, 2007.

[27] Lee, Honglak, Convex Optimization Overview, 2008.

28] R.W. CHANG, Synthesis Of Band- Limited Orthogonal Signals
For Multichannel Data Transmission, Technical Journal , 1966

[29] S.B. WEINSTEIN, AND P.M. EBERT, Data Transmission By
Frequency-Division Multiplexing Using The Discrete Fourier
Transform, IEEE TRANSACTIONS ON COMMUNICATIONS, 1971.

[30] PELED, AND A. Ruiz, Frequency Domain Data Transmission
Using Reduced Computational Complexity Algorithms, in
Proceedings of the IEEE International Conference oN ACOUSTICS,
SPEECH, AND SIGNAL PROCESSING,1980.

108



311 LEONARD J. CIMINI, Analysis and Simulation of a Digital
Mobile Channel Using Orthogonal Frequency Division
Multiplexing, IEEE.

[32] Radio Broadcasting Systems, Digital Audio Broadcasting (DAB)
to Mobile;Portable and Fixed Receivers, European
Telecommunications Standards Institute(ETSI), Valbonne,
France, 1997.

[33] Digital Video Broadcasting (DVB); Framing Structure, Channel
Coding and Modulation for Digital Terrestrial Television,
European Telecommunications Standards Institute (ETSI), 1997.

[34] RAMJEE PRASAD AND FERNANDO J. VELEZ, OFDMA WIMAX
PHYSICAL LAYER, Springer Science, 2010.

[35] Xiaodong Wang, OFDM and its application to 4G, Wireless and
Optical Communications, International Conference(WOCC),
2005.

109


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Xiaodong%20Wang.QT.&searchWithin=p_Author_Ids:37281375000&newsearch=true

Damascus University
Faculty of Mechanical & Electrical Engineering

Telecommunication Engineering Department

Reducing the peak-to-average power ratio of
OFDM signals

Thesis submitted for the degree of Master of Science MSc. in
Communication Engineering Department

By

Raneem AL mouallem

Supervised by

Dr. Talal Hammoud Dr. Mouhye Aldeen winakh

Academic Year

2012-2013



	الغلاف الأول
	الأهداء والفهارس
	البحث نهائي 11-6-2013
	المراجع
	الغلاف الأخير

