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Dummy Sequence Insertion for PAPR Reduction of
OFDM Communication System
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OFDM (orthogonal frequency division multiplexing) 41 412 4 14 dlo|g] Mol 23t Walolt}. 3}
2|9k =& PAPR(peak-to-average power ratio)S] 248 © 2 HPA(high power amplifier)oll 4] A& gj=Hc} E}/ﬂ
2 =RodAe 9] FukEnE PAPR AZHS 98] ARESHAIT ] RIPR Afo] BeskA] ¥
DSI(dummy sequence insertion) OFDMS- #|QFekC}, DSI 4] 7] PTS(partial transmit sequence)lLt SLM(selected
mapping) oA 2] F7} A1 ol 2] ©R] PAPR Zadvt AHEE= £ ¢n) glo]E AlE2y(dummy data
sequence) S AEech Hu] Al FAE R AlE 2 (complementary sequence)g]r 33 AlE 2 (correlation sequence) S
ARt £ AAQl PAPR A7HS 918l S8 (flipping) S A3t H3E DSI A2 71EY EEY
ARG U2 dE B8 (spectral efficiency) s Zt=Tth 12]al DSI WA A2AZE 2 ANES £0]7] 93]
threshold 7]H-S 283t} 31| PAPR A7 A5 % 71& WA R golZick ANk AQksh DSI W4le] Fadh

AL gl HlOlEi AlAZ=9] £700) 93l BER 54d¢] 93-S w4 gethe Aotk ARH O Z DSI W2
OFDM Hrt} B& PAPRS zta 71&9) PTSU SLMoﬂ H3] 22X 7+ 7HAA]7]3 BER A% 7i4o] o]Fo Rtk
Abstract

OFDM(orthogonal frequency division multiplexing) communications system is very attractive for the high data rate
transmission in the frequency selective fading channel. Since OFDM has high PAPR(peak-to-average power ratio),
OFDM signal may be distorted by the nonlinear HPA(high power amplifier). In this paper, we propose the DSI(dummy
sequence insertion) method for OFDM communication system. Some sub-carriers are inserted for PAPR reduction. They
carry the specified dummy data sequence which are used for only PAPR reduction and do not work as side information
like the conventional PTS(partial transmit sequence) or SLM(selected mapping) method. We use the complementary
sequence and the combination of the correlation sequence as the dummy sequence. Flipping technique is used for the
DSI method to get the effective PAPR reduction. It is important that BER of the proposed method is independent of
the damage of the dummy data sequence. And DSI method has better spectral efficiency than the conventional block
coding. On the other hand, threshold PAPR method is applied to cut down the processing time. However, this DSI
method is not better than the conventional PTS method in the respect of the PAPR reduction performance. The DSI
method includes the threshold PAPR lower than the PAPR of the OFDM signal, reduces the processing time and
improves the BER performance.
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OFDM(orthogonal frequency division multiplexing)
2 =& 998 &3 ISI(intersymbol interference)2} TF
TAZ Fojgo] & A 7] wjFo] T W(wireless
LAN), DAB(digital audio broadcasting)2} DVB(digital
video broadcasting) 5ol ¥#Fo] HE A2 o|ti
ol A% B3kl %2 PAPR(peak-to-average
power ratio) S ZH= @ o] Qlth =2 PAPRS 974
gk 2719 word-lengthE Zt= obdZ I-tjxd W3k
7R E-obgza HEAM 2 A FeS
WA A Ao FH45 A7 ®et ofle} =
< PAPRZ QI3 HIAE 248 A4 o vdE
o] WA HINY S Fo]7] A3 A
HPA(high power amplifier)S AF8-8FA Y Z-23F back
-off dfjoF gtk SpARF 7143 AHaE SHdA
AAsA] ol AHARI s Aneto] HA &=
et S 883 717171 A% PAPR A7} 7
HEol Bol dFHAUh

PAPRS 74A1717] 18 W40 2 clipping 719",
block coding 71" SLM(selective mapping) 2}
PTS(partial transmit sequences)” ' 5] 1Tk clipp-
ing 7|2 AA 74 753HAT out-of-band radia-
tion#} in-band distortion .2 218 A5 FHo] A&}
Ht} Block coding W4 PAPRS 3 dB oW Z A
SH3F Wk ofe} As9] o] glu, IFEFHT}
917] W&o Magic WANDS] o] 5= u-alo|gi”
I3 code rate9} TS & -&(bandwidth efficiency)”}
8] wolA 1 Rk nte] 7t F7MEE AL
Fo] AFH o2 Frtshe ol Aok SLMS &
I Ko o7 phase sequenceE F3F ©] Foll A
714 B PAPRS Zh= o] A[RAE AE5
A5} PTSE F59E o 719 clusterZ U
o] yre pAPRY AlZV} HEE FHZF 9 rotation
factor((2= combining factor)& &3k Zght}. o]
oA 29EY o3 glo] AFA O R PAPRS
Ae 4= Qi) SkA|Rh ol 2] 7<) IFFT(inverse fast
Fourier transform) £5-& A3t A|2Hlo] BH{E
7b F7¥etaL Aol B, $43d HRE WE
Al Agste] HolH 9 Ed#A o] §IEA] Q31
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HEg old wE oyt WAsHA ok 1gal
Flash-OFDM-2 IFFT %] FFT #A & FPgo =
A single carrier A|Z=F 9] T8} A Hof o] &
o] W& PAPRS ZHA B

meba 2 =X e S5O Hlg) 7
H I aE3 PTSY SLM 4o ws) Bwr}
& AAHS 7k PAPR A7 71'H¢l DSI(dummy
sequence insertion) & A|QFeit). o] W& [FFT
HA Aol Y€ dlojHe 1 dojHE ol A
¥ complimentary sequencel} flipping WS E3
AAE dummy sequenceE )kl M531A Ht
AR & FuEoE gt HATS] PAPR
s Sl AHEEro BN MEY] R ETL FQ
A A Ho] fdage] etk 2 FAG
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ARohvrow upg FAlskal, W2 PAPRE 97
2B} =07 dummy sequence insertion-2 #ZHA

Lo PAPRS ZH= sequenceS 4t A4S
O ZM PTSY SIMH Rt} WhE A A7+ Zhe
o 23 vAY At e AF sl vl
FFES Brtst] sl vy 5A4S arelste] o
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8 1. OFDM Al2Ee] 4%
Fig. 1. Block diagram of OFDM system.

W44 W3E the HPA(high power amplifier)
£ AA ASdn FAV M $A719] dF S
AA HolHE EH3th
SHA, 4 (1)2] PAPR(peak to average power ratio)<
T 2ol o3t
2

PAPR= max
o=rr EL1x()¥]

A719A E[ o] 7IHAE SJulgith

OFDM A& % N7 samplingd}= Nyquist sampl-
ing rate= continuous-time OFDM 415 9] A& &
2 4 o BF PAPRS s ST & glA &
o} wgbe A& =4S A3 over-sampling S
33, 48] ©]4+9] over-samplingsld ] A&
9]- %’\}‘3}74] 5]‘3]- Over-sampling2 A2 /‘]—%g ¥

O] ??ﬂ%‘ TR ig"ﬂ/ﬂ«] 2E
2 4919 over-samplingS 7H4 3kt
PAPRS] CCDF(complementary cumulative distribu-
tion function)®] ©]&ZQl & T3 Ltk No| &
w3 Ady HzE 4A3e FAS3HH Y (central
limit theorem)®l] 2J3) x(r)S] AR} i es BF
7H-2~ B3 (Gaussian distribution)E 7}A|H, Z-Zte]
qae ()o] Bie 1/20] = Lq-ﬂ./q OFDM Al
39 Ar|e dddlo] E¥(Rayleigh distribution)S
7HAH Y E2E ArErt 203 Hiol 0% &
A chi-square ¥3E7} €t} OFDM 41&3 HujAH
CDF: cumulative distribution

A NG BEUEY
function)= Al Z°] 4% F4% dAE 7t 7}

PAPR Ak

9
-
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OFDM SAIAAE 9] PAPR AZFS $18 gu| Ald2 4y

3 over-samplingS 3HA] €2 7§~ PAPRO] ¢}
" A Fhthreshold) Bt} 2HS S52 Thyd 2ol

)>1~ 2~ o]q_
Pr (PAPR<PAPR) = (1-exp(-PAPR))" 0§

61 o o1 4
g

Over-sampling=S 39S 7%
&2 ke, HE A %%‘% ki N7H9]
st X8 H= 4 =
ool e EEE AR & 91‘3}5—’ 7Hg gt
oluf p= 1Rt Atk T22W PAPRY £3¥= U
3 2ol Folzitk

Pr(PAPR< PAPR)) = (1-exp (-PAPR))™ @)

OFDM 41%.9] PAPR| t}3F CCDF(complementary
e ol £

cumulative distribution function)=

l=3
PI'(PAPR >PAPR0) :1_(1_€Xp(—PAPRO))”’N (5)

dubA o 2 He ASH S g OFDM A5 v
A p=280] Agsitta dHA Stk AARE A=
AEHE A & Yo|FHAE AZ3(Nyquist sam-
pling) 3+ ZHE5-& OFDMAIZE e 7ol FE31A]
gtk JEA o] MEES 7T PAPRE Fohe
A& 77F Aok BF He AEYS HA %S
wzol o] WES0] YAE-oldE T HEH7|(DAC:
digital-to-analog converter)S 33 w] Athgh o d
2o}/ (aliasing)©] FAY T}, Lok HPAY PHE=
ZIANY Ba AT x()E

x() =r(n)e””, 0

HPAS] HIAE EAd) o3 =5 HPA 23 Al
T (e e 2o

y(t) - FA [ I"([) ] e JIO+Fp[r(D]] @

Q71N Fy [r(0)], F,[r()]& B8 HPAS AM/
AM (amplitude/amplitude) =}  AM/PM(amplitude/phase)
Hg Aot B =RAAME Salehd] MW R
TWTA(traveling-wave tube amplifier) 223} SSPA
(solid state power amplifier) 228 A3} Th TW-
TA 29& AM/AM¥} AM/PM WHEo] B =] 31, SS-
PA FE& AMAM HIZ SA7o] EAfaiA] B,
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TWTA =g 9 AM/AMZ AM/PMEE EAL T}
5 A3 Zo] FojH.
_ r(t)
F,[r()]=4,, 0+ AL
_ 0]
Fplr()]= —Eli
P+ AL, . ®
A7)0 Ae FF7] 489 EHGS v

3o},
12)31 SSPA 2de] AM/AMI AMPMH S EAJS

r(t)
NECI
AO
Fo[r()]=0, 0

A7l A 4= =89 Hd FFeth p= HPAY]
transition smoothnessS A= Ao|t}

HPAOIA A= HIAE d3e F3F7]9
backoffel] whe} F27 0] W3lsiA HER o]o] @3k
S W=t} webA 1BO(input backoff)2F OBO(output
backoff)= Thed} o] A<jsict

Elr(@]=

P
IBO =10log,, 1‘;’” [dB]

IN

PR
OBO =10log,,—“"[dB]
P()UT . (D

7] A Py HPA 48 21359 Bt Ao,
Poyre HPA 84159 Hy HES vjsith

Pooure AU 8 W23} "ol Py A
£ Ao Hgshe 1Y A 5
)

A7o] AFYGNN FH3}

-

IFFTS] 2717} Nol At = NS L3} ] Fol
Ho] AlE2 A= zero paddingdhA] &l 23k
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Fig. 2. Proposed DSI block diagram.
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AP2E AHshE 499 Hold £8%0]1 19

4% correlation 74S dummy sequence® AHE-E 7H-$-

A e Hlolg BEwolth o] A%l 41 Ho]
B R )9 AB 2R02 Ui F 479 A
B Belo) A WA HlEE B F 3 g A
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PAPRO| AR KT} =& 75 thA] A3t flipp-
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Fig. 3. Data block in the transmitter.
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"‘ Divided cata D Dummy bil
(TER- B 0 el
D(l) D(Z) e D(M) Dummy bit
J2 4. Correlation sequence® Y37 $Ig 5417
dlole] &5
Fig. 4. Data block in the transmitter for correlation
sequence.
&gttt

Method 1 complementary 5/3¢] dummy sequ-
74$-olt}h. complementary £-439]
dummy sequence= Golay sequence® T3 22 &
S Zeth o sequence™ S 9] FEHE0]Y Al
A27F S W, 00] obd BE A4 o]l thaf Al
H& Atolo] HIF7] A7) AT 9ol 05 Zhe

ences AYstE

Tk Z, Zo] 13 AN, BN Al82 o] glthd, o}
9 2o 24 VI,
R, () + R, ()=2LJ 0

A7, Ry, (1) K=, 11, -, x1] 8 HIET] 2
71 gasole thes) o] Helut,

L-1-1
R, () = le.x gy
t =0 0
oq7|M, *e BEAFdoln, it 2ol A9
== Dirac dE} gH4ro)th

5= I, forl=0,
"0, otherwise. B

AMA dummy sequence
= QAR Hl AL
e Agsted tE com-
plementary 543¢] dummy sequenceS A 3HA Hth
Method 2~4+= flipping 71" 352 2.2 AHE-gtch
Method 2+ dummy sequence®] %7]%ko] 7 3§ &
£ dlolHe gt A7) d# S-S AAkste o
29 95 dummy sequenceZ A+ = o]t} o
£ 59| BPSKY A5 AWA vloly £59 AW
A gkol ' ol s 1" o e 1 oE T
Adeste] AEg tn) AlF2E sk IFFT

39
Ak
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o] %o PAPRO] AAET & Aol 259 8t
5 EE 2E8E 2 A8ty ZF dummy HIEES fli-
pping'§4& AHE-3te] PAPRO| A7EtEE gt
Method 3-& TjH] AJEZX 27|30 0" & Z, Method
4= oW AJR2 Z7I3k0] ' 2 FolAE Ff-olth
a3 o] %9 YA #4-E Method 29+ FL3H
o] FoZit}. o]¢} o] PAPR AZFE 913 W] Al
29 gho] WseA H a1, o] Faizl 2719 Hv]
AR PAPR A7 2 ARG-Foj 7T} whetA

SN BEY] R7F ARE FAIS1L, FAlH]
A ElolH E2 Al HrjAlELe] Bedo] oA o

A Bk =8 PTSU SLMZ FH s o]E]7} Fof7l
z3d ofa) 9438, ol 94 Aus
HIEA] Aot st} 8 ST A= o] o T}
Ao B3 HolHE BYstA Ak wabA Aoke
uol-/;}g o]a]s} WAy 2y } é ,] Bz g3

A 7] i A8 9 —“J‘Eﬂ s B

H H pglo

e G=A7|o = dummy sequence F-iE-THS
AAsI A8 Hoh wEbA HE 582 o
¥} o] 18 H Fholth

- L
AFTS 0] =
AL AE [%] e 100 u

Vel MB 5507 UrolR 71E PTSY| 7§
2"17kA1 9] weighting factor 23S 214 0.2 Ay

ato] ¥HE galste] 71 B PAPRS ZEE H|olH
2 A%37) y&dl PAPR A A s 4
e ALt 2] Azte] AojAE ©xde] itk

whepA] AR WA A Az %% el A
Z|(threshold) 71HS 283l 4
A AAZ dummy sequenceS AF¢ 3

o Zkom gk 34 glo] miE HEdth 2 =
S A9 AE38tY g2 dummy sequenceS A3}
of IFFT 8= 5383 & T PAPRS AlRSH
ok &, A ARS FoEA BE ol ds)
Aete B-ET ALt A Al }% Fagvi k!
T uth
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5% 43t} BPSK HEHHA S AMEslth g A Zk(threshold value) Aol w2 CCDFo|t}. &f7]o]
ILIFFT AA] 5uksae] 427} 640] 3 Tjn| Al 29 A} PAPR 97 gto] 5~8Y wf A9 2o} 1Y 9=
HakEn7) 8, 161 735l tisfe] A #4838} Method 1 AHE-SF 73-9-9] ¥HE ghal 3155 epd
ok 28] 29 5, 6 PAPR UAIGS 9 dBE A ok 99 a9 7, 87 1¥ 99 A ZHE PAPR
RS A$ vl 71 H2el tigk cCcDFolth 1 threshold7} Zfo}d4=% PAPR A% %52 447314
HE9 ARZRE DSI e AMEEHA ¥e o HhE B 31527} Z7)eke o 2= gl wak g
OFDM *J4{o] MI3h o 2 dB o}d< PARR Z2 A% A 927} 27)80 PAPRARE A5 S48l
o] lt}. 18]l complementary 545 AME-St= 74 AAIZLC] 9 dB oY Afol= fAR AZA TS

%%L Ae @ 0t £ 2" T-92HE =48,

F7F 21 5] ARG 93 PAPR A% ATS
2 169 o, 7P¢ EHo|1 14 PAPR AZS 3

(2]
=
=t} Zb2he] oA "Theory"= DSI WS ALS

S S OPDNA49] PP 38 2 156, ) Hsﬂ PAPR 9A%E 8 BBE HHT 4 Uk
M=8%] 7% CCDF A& veha 19 62 L=48, 3% 10945 AWON A4S AH3 4%, A
M=16%1 7259 CCDF A& yepdd FaEd &} Wk2) o] BER EAo|t} Hukdule] 4= N=640] 1L

[15]9] partial block 47} 3°]1L phase factor =7} 431

sub-block®] 87§21 PTS *H219] BER EA = H]n_o}‘:’d
PTS S AREES ZA$9h wwdth 1074

t} 283 B7F AR o7t 2skE 7129 PTS

DSI W4 F 4o ABAE AHST BF 9 B, wang o) o) 4% Al ol FolL ER
PISSI A ©F § dB2 1 dB A5e] T4 G o ye vy AT APHOT AYT 5
a2 A (14)2RE AE &S 47 875 %, 75 917] We] AurEol OFDMo 47 2L 4 9
%olt}.
.‘11—‘4‘)_ 1317 80 MCthOdlg*]' u‘%@ ?:] ll-lllll-l-llll--*?;_
B
g : 1
- \
L L]

a8 7. L=56, M=8% W, YAIZk] ©E CCDF

Fig. 7. CCDF of several PAPR thresholds, when L=
% 5. L=56, M=8%] 59| CCDF 56, M =8.
Fig. 5. CCDF when L =56, M =8.
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Fig. 6. CCDF when L =48, M=16. 48, M =16.
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J& 9. PAPR thresholdol] w}E wkE BhAl 514
Fig. 9. Iteration search time v.s. PAPR threshold.
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Fig. 10. BER performance without nonlinear HPA.
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thod 1, L=48, M=16, TWTA =)

Fig. 11. BER performance with nonlinear distortion
(Method 1, L=48, M=16), TWTA model.
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Fig. 12. BER performance with nonlinear distortion
(Method 1, L=48, M=16), SSPA model.
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