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ABSTRACT

In this paper, we propose a new selected mapping (SLM) scheme for reducing peak to average power ratio
(PAPR) of orthogonal frequency division multiplexing (OFDM) signals modulated with quadrature amplitude
modulation (QAM), called amplitude and phase variant SLM (APSLM). Contrary to the conventional SLM which
rotates the phases of QAM symbols in the frequency domain, the proposed scheme changes the magnitudes as
well as the phases of QAM symbols by applying binary sequences to the binary data sequence before mapped
to QAM symbols. Simulation results show that the proposed scheme has better PAPR reduction performance than
the conventional SLM scheme for the QAM modulated OFDM signals, especially for the small number of

subcarriers.

1I.M E AEEFH 24, vlelel, Herite] FAle izt 7

AR wiEel W 74 BAl Azl EFoZ A

A3 b B3 t}53} (orthogonal frequency dlge]zich. OFDMS & A4 & shis Zals
division multiplexing; OFDM) WAl %2 H|o]E] Aol a2 gjede] 7 sl e A

# 20099 AR ESAEle o] Aoz dEtslAnte] X1 whol 3 dF<U(No. 2009-0081441)
* AEEtn A7) - AFeeE 2 Felo]el A 7 4x((kkh, lucidream| @ccl.snu.ac.kr, jsno@snu.ac.kr),
wx Flojo|akn AAHEA A FE])-5-3} - (djshin@hanyang.ac kr).

=T E CKICS2009-12-623, Azt 120000 129 15, HEAMNETERYA}L: 20106 19 11

203



P=EA18h5] =FA] 10-02 Vol. 35 No. 2

olct. i} OFDM Al~®lE o Fefo] w3
(inverse fast Fourier transform; IFFT)el| 2j3] %d¢]
A AZY F9d Alze] 2 HUAYE of HaHye
H] (peak to average power ratio; PAPR)ZE <l&h
wgo] 9k wkeF OFDM Al%7} ¥& PAPRS Z
= 7%, ol v|Ad 2438 FZ7|monlinear high
power amplifier ;HPA)ollA] diled W oo} oy
o) M 2L BAE ol oyt EAIE
s4s7] 98 Z=l=at def=(clipping  and
filtering)”, & <]°F 7]H(tone reservation, TR)",
B AL $=d(partial transmit sequence; PTS)™,
a12]5 A& 7]H(selected mapping; SLM)”'3}
Z-& PAPR A HbEo] AlRMEGch o] FellA
SLM7|%-& IFFT °|A¢] dole] Aldze 4 A
F2E Folo] A== FH ASE Fol 7B A
< PAPRS Z& A% shiE m2% 7ol 2¥
SLM 71452 F8 A(AE AAsked gl |
Z Ao oAl dHelgl ARAE AlEEH
(interleaving)o v} 2= 83 (scrambling)”|*H-& ©]
£3l] AP FO o] Ao, Fr AR
Az Z27)9 A F o WEE FA "ok

B =Fdie £ SIM 7S 93 94 A
Az 2L A9ET FH A AR =
"4 280 HE AR AF¥e] T2 B4
AR oledt AdE FxE, 2] ¥ A
o] SLM(amplitude and phase variant SLM;
APSLM)olehkz A2& 7148 AljkRle) o] 714
gl o7l Al vl AHsiAl vlE g oAl
AAAE F3ozd FHE AL ARAE PP
APSLM®| PAPR & A5 AAx AF wx
(quadrature amplitude modulation; QAM)Z Wz
OFDM 4155 AM3hz 7% 71&9] SLM 7He
t} of oy, 53] Futdle] sigrl A S
PAPR 74 &3} tf$ =t

I. 7|1&Q SLM 71

NAe Bkl s AMgsh= OFDM AlE AlfA
a=laga, - ay_, )& olel o] FHE)

L T Gnen
a,=—— £ , <n<
\/NH:U *
A71M A=[4y4, - Ay = 4 AE A=
o]z ¢4} Fol(phase shift keying; PSK)*} QAM

204

o wzgth 28]y nd o4k At 3P FF
olct. o]at Azt dHlA9] OFDM A% Al a
2] PAPR< ofefie} 2] Aeojdrt

PAPR(a) = e,

e Ea P
o714 E[« &= 7]dix] Q4kg ol
7122] SLM(conventional SLM) 7]HdllA], $41

7Ie U9 AZ OE FE AR ARAE AT
t} o] UAY AEELS 2L Y AE AHsE
Uehte} 7bg 5e PAPRE 2 T AlS7} Alals)
of Hgut Uil AR ARAE WP 9
3, 4 AR AlEaE Hel7l Ml AZE e U
i AR PW=[pWpW. PW ], 0 <u< U7}

- xfu)

FAA) o714 PW=" ook webd, FR Al
2 oAgfs AMW=[4MWAW. AW ), 0<u< U
7b A€ 3, o714 A= APt UAS F
B AE Afzo) 1FFTe o8] wsts Ho 713
Zke& PAPRS ZH= FH OFDM Al3 Alf~
a® =TFFT(A™) 7} delsle] A4}

whek =y OFDM Az AlDA
a¥= [a[()“)a(lu)... 5’\;11], 0<u< U7} A3 =3A
olgba ZPREct, SLM7 el gk AR o B
X 34 (complementary cumulative distribution

function; CCDE): thash o] Foid 5 glep,

Pr(PAPR(a®)> PAPR,)

3
=(1-(1-e MY v

SLM®] A45& AAsh= AL Fr As Adx
o] A5 E¥Ae] HEE A AHE A
= Aolck [8]¢lM, A Al e AuAdH
H|E7|Ae] A Z1FEe2 AtHETh [9]94 B
o]0] wrel Zb gjad ARz AlE $jate]
E[ep'] =0% Z++= 5% $Y HF(independent and
identically distributed; iid)d 73 ¥4 OFDM Al&
Aldzs A% 55iAelch 2] SLM 71 ol
gk AlSlellA] o]AFAQ] PAPR Ah4 Ad%-S Zheth

. 45 SEFPQI OFDM &S

II!|II
njo
o

2l

7l

A

IFFT ©)%e] %dojzl OFDM Al Aldx: &



EE/ AR

2 Fe 3 osh A5 Houd o Jade v e 913 27 9 94 o] A AR S

Nell sl $4] F3F o] E(central limit theorem)el]
e Fag A BER SRR a=eR
= 7}14 S5 OFDM 41359 34 3t 02 ol
o] A5 E3E& ouigic} 9] 22t olEdt SHA
2 Ne] 22 OFDM A3 Aol disixe dub
Ao Z 4 FT ol&E AEs] o¥a, wEiA
Eag Al REE Zdetln B 5 gk ol
7ol FEAF 94l 38 OFDM A58 Agt
4 &(joint cumulant)®] AL TEsfol )
[10]8] =H-o2YE, RE X5e] A 7HE0] 0
Q) 7% °l=igt 5 FX OFDM Al Algzvt 4
3 F3Aol=kn =i gick 3Rt 2 Ao
A FAEES AMPle g1 9] diEd), R
OFDM AlE AAAEZS E]A AXE ¢side 4
7Rkl Aj TS zejs|R gtk o8t
A FAEY A4 7uksie] =E 3¥W OFDM
Alg7e] 2219} 42te] A FAEE 0o 7RIS
e A2 SLM 7[HE AQkeic) A& 34
2 OFDM 4l3 A 71e] 43 A3 78]
H2¥5E PAPR A A% 37t ke A
Holck dukHoR wwid Fu AR Afs XW
o] kA AES olis) o)

(u) _ (u) J-‘p‘n-“) 4
XVW=AMe " 0<k<N,0su<U &4

Alfze] e AEL AFE ol5x 4k A
vehdck 71&2] SIMelAE RE g} wol ohF]
JAW =10k 1eid WA FX OFDM A&
Al e ofe} 2k

A Aek ol Zt wWA TR B
o
=

-

() 1 N1 ]¢( 1 ]2~r k o1
wn" ——ZAA“ ¥ ,0<n<N (5
N =0

+ ¥1X OFDM 4l3EF9 23 A 74§ 5
Az Ee] FEALE oleljel )

cum (z,20"*) = cov(z?,2*)

ﬂ l) ‘“E’[Z I)D( ](cm) _Ev[xém)])*](6)
B E[CEA ka *} E'[zIEI)]E[xl(.m)*]

g}
et 307} Ele™ =0, u=0,1,..,0-19 &=
75 B LidEp Aol ARgle] FEAR

o°l =ch9). =3k A AR2s) olidt iidset
BEFE 028 Ze E¥E ZEgw T 3R
OFDM AlZ A9 43 A% &L olglet
oAl

cum(a:g),x,(f)*,xi””,zﬁ.’")*)
= E'[x x m :v,g"')*]
Ev[ ]Ev[ m) m)*]

~ 2) 2) )
- EIAAAI EIALA )l
k—

N
— ES AP S 4, A
k=0 k=0
(MellA 4z A FAES TR A8 AR

B2 A2 A=e TEAY EAE A & 4
olet 2 41& olaje} 2.

COV(P 1) pim )
= E[(P" E[P“)D(?('") —EP) ®
— Ev[?(l)ﬁ(m)] __Eﬁ)-(l)]Ev[fi(m)]
3714
EIALAA ©
k 0
ek

gob  EPW)7} 12 %33 Hoiglohd, ofelet
7o) WyHE 4 glck

cov(?m,?('"))

"E[IT‘”?’"] EPYEP™)

= [ EIMALAPPLATP)

+E[N(N 1)|A1A,’)l2|AkA '">|2]—N2} (10)
= (NVEQAIAPPAR] + MN—1) — N?)

_1
i

(E1AIAPRAR] ~1)

ol% AMEE YeoiE M-QAMOE Wz
OFDM A& A9 JF A2 AL 12 3
5} 9k PR

ek XVo} X071 45 Eqjele, &, £ F
1 Al /‘]-’\‘__7} Tﬂzl ioﬂ s =



FZFEAIT3| =FA] "10-02 Vol. 35 No. 2

ol el 7129 SIM Z|Helde 94 AEA
b Ao ol AL UEPE Eiskm
FRAbe] o] A ekerk Akl 10)9
Elal17E 101 HX] 7] dEelcl &, ol 71E
o SLM71Y e QAM Hzel Hal A& =Y
M9l ¥4 OFDM Az AA27} A=A shech
E Holtk

azjeg FHASIAPIARE 12 S s8]
A5l DE 0|5 A E wislsof Pk

V. 37| ¥ I #H0| SLM 71Y

o] RXol|xE, APSLMel2t Eele 22 SLM
e ARt 8= {igi i} T M-QAM
Al dis] BlE Qelx L={0,1,..,log,M—1}2]
PR olg} sta, SO Lelx S9f xgtel=l
shAL wilA F3 AR APz o)Al ez xd
A e Algeld 1A vE XWE ol 2
o] 2] A 4= glch

(u)
=
o714 PW={t1}elck mef pMo] —1019, S
ol eEE 4,0 HIEES wET, 40 e e
M-QAM A2 X2 o]zt Fu A2 AP
X"7 IFFT® Fl, 7P 23S PAPRE ZE
x® = IFFT(X®) o] A=) Ageek

M-QAM2] OFDM Azl #-4=+ APSLM 7]
Holle, XWel B Ay PV A9 g HY
3 i g3 ol FoR AR AF S
o] Aee] ozl FHeEoh 4] (10)02FE,
cov(PO P2 o003 wkEr] sl sbsdt
EIXOPXPIE 10 7PRA ubEojof gtk & =
e 16-QAMT}F 64-QAMS] A9l disiA],
APSIM®] F1 AlE AjFA9 HF AlE HHe
FEARE e 13 12 APSLMOA Gray
ApRe ARl 99 16:QAM RS olE 2o
Zok gkl 5=1{0,1,2,3}% AH3lm S¢=gold,
Ple] —191 A% ksl ol AlEel tis) 2E ul4
H AEEE A% A w2}t P =0.2 <1 A9l

206

m
1101 1001 0001 0101

* X

4

1100, 1000 10000 0100

S
. B
.
. 4
. , .
/
. S L k3 A ’
L} . :: 4 " ’
- a2 A v > » R
. SN : €
s, e v
.~ - '~‘ - ’
pd e - 2 St
. o o o
e 3 =
Lo o N PN
MU e
. ’
. ) .

1110 1019 odig” otfo

, :
I ‘.
s el A
DA T A A

(AR 1011 0011 0111

02 1. APSLMOlA] Gray AME ©]-83F 16-QAM A
2] oA

£ E =1{0000,1000,1010,0010} &, £, =1.0 &1 7
%=  E,=1{0100,0001,1001,1100,1110,1011,0011,
0110} 2, P, =181 7%= E ={0101,1101,
1111,0111} 2 ¥ Ik g2{d APSLMelM A
AR FE AR Ao AEY AF 0|5 of

st olAic.

1 AEE or PM=1
AW =1 /PP ,AEE and PY'=~1 (12)
VB/P, ,A,EE, and B*'=—1

ghef g4k Alds PUAE +155 —19) gt F
sseg ez ARy, H™ ) oo 9
of. 22l APSLMelA F Fu AlE Alhse] o
T AE Y] FEARS ofe} 2t

cov(P@,pi™)
1
— j—\/(E'“A];ril/l}(}),?’/l}(jn),2] _ 1)

iy g 11,00
_N[2(4(P1) P1+2+4(P3) P3)} 13
R RS ST S N NI
+N{2(4(P1)+2+4(P3)) 1}

=0

wabx], APSLMeA] Fw AE A@xe] o
Al AEE AR APsr) EjA-ez AXE A
9wl Hek



TE/AL FHS 2 oHedt A5 Aoy o ddye)] v Fag A% 271 2 A He] Al AR 7Y

o I3 29 e AUES 2= 64-QAM
olx2] Gray AH}—% 134?‘&4 7 e 3R AE
Al 28] P AR - FEARE vlash] {3t
o], S2 A=l e APSLM«] T 7 A9E 4
ekt &, Typel2 S=1{0,2,3,5}¢lx §°={1,4}
ol Afelm,  TypellE  §=1{0,1,2,3,4,5}°]1
SC= gzl ALE s1HZE N=64Q] 75l dlsﬂ
A (13T e HJ“S—&L AA¥sFd, Type-14] 7
€ BT AE AHY Fale] 283x 10770l
Type-Ilell Safixfi= 1.13x107%¢] & o & 9}
o} webd, Type-lolde] F Fr AE A9
B AL HHe] FRAR Type-II-°4 Zxc} 2t
e} ¥ 75 PAPR S Aol A
P& B3] Blmj}"ﬂﬁ}

dubd o g Gray AHE ZHE M-QAM 39
735, & AR P AR AEE 2 AR
A& Aol & diAe] vkl AREwe] s
2 A= AER dge] HEF SE A9y,
Gray AMe] Ay BAS RESIEA 4] (1009
E[AMAPPAMPIe) 16l S SANAES Fu
JEES AT 4 9tk wels, o]d APSLM 7]
we 1o ohE W% vEiRe] waem
249 & ik

APSLMo] F4lgkellA] olxl Aldx PYE A7
gt Fol= Gray AMSS AE] 54E HE NS
AP e o & glrh webA, SLMe] ot AR
7t Ags] Ak, AlgkE vbdel BERANS
d3h= glrh. =3 APSIM2 o7l iteg Fw
A5 E QA7) dEdl 71ES SLMF 8] 23l9lS
o A Balsy S Anel 7718 Z5} A)7)A]
et

Im

X hed X X X x X X
106000 1:8000 111390 101000 focidoe 611300 0tddo0  noloCs

X X x X X X X X
100810 110010 111010 101010 F00i010 911910 010910 €000
X
i o0h0n

X X X X X X
00611 nibdi g 9106 fogions oitdn o

X X X X X x X X
GOM 1101 11ICD1 101001 | 6GIGH1 011004 D008 600D

X X X X x X X X
0101 ndier niier 01101 [aeitor orilor ;ibim o0di
X X X x X X X X
0TI H0H TR 100 [ OGHTE Cittir G0 00Tt

X X x X X X X
Wit 110110 HTe inie | eotiie etthe mdn cdie

b X x X X X
01RO 116100 1100 191100 [ 061160 011160 010100 DEBILY

2| 2. Gray AME AMERE 64-QAM AMAIES] o] 4]

APSLM3} 71&2] SLMell thsl & 12 A8 A
Azl B AE HHe] FRAE Hliﬂﬁb"_ U=8
Ql 79l 8] 259 PAPR s
t}. o}z NP~ PWE 43} Hadamard 6}}%-"4 )
& o]83o AM%}%E_ 8], u=048l H$= ¥
AE AIFAE iR ARSI

% 32 16-QAMI  64-QAMS]  7-$llA]
N=64,128,256 123 5129 ASo) sl & %
B AR Ao JF AlE Y] Fiakg vz
g} 7189 SLM 7]He] 7 & AN 4
64-QAM2] F-EARS 16-QAMS] FEAkuc} =k
64-QAMS] 739l Type-1®] FH4k Type-112]
FEakec} Aeh 22 N3} Mol dlsiA Type19)
FEAR] 0202 3¢ & F 9ok

I 4+ N=64%} 2560 dtisle] 2] SLM 7|
HE9] PAPR A Aes vlad) (3)¢ ol2A

—& — Conventional SLM {16-QAM)
—& — APSLM {16-QAM}
—u — Conventional SLM (84-QAM) [ ]
—% — APSLM, Type-|  (64-QAM)
—¢ —APSLM Type-l  (64-QAM)

Covariance

T b L

=3

H L } :
100 150 200 250 300 350 400 450 500
N(64,128,256,512)

PrPAPR > )

|
»  Conventional SLM (16—QAM) -
. ¥+ APSLM (16-QAM)

—&— Conwentional SLM (64-QAM
| —=— APSLM,Typed  (64-QAM
=7 —5— APSLM,Type-l  (64-QAM) -

a3 4. 71 SLMI APSLMS PAPR 74 A% wlm
(N=64)

207



FEEAT 5] =T 4] *10-02 Vol. 35 No. 2

3l CCDF Z=e} wlmalr] $i5le FAiL Ad= 1
2 433153t 7€) SLM2| Age] Akt uhy
Hr} Age] dskgg o 5 i Al wbge)
7]1&2] SLME] A zele No]l INSEE i
gl APSLM®] PAPR 74 Ao N=64° o
gled Type-Ie] Type-llET} $£& A5E Ho|x 9l
tl. wiebd, PAPR i A5 ¥ 3elMe] T
Aol Ak A3 4 4 ek

Pr(PAPR > 3.)

Z  Comventional SLM (16-QAM) | -

- APSLM (16-QAM) |
—3— Conventional SLM (64-QAM) =
- APSLM.Typed  (84-QAM) [

J2l 5. 7]1& SLM3} APSLM® PAPR 714 A% dH|i
(N=256)

V. g B

# =FAE QAM =¥ OFDM AlZol o
3le] PAPRS Z42AZ 5 Sl AlEE SLM 714
< Aslgel Ak JWe E£R OFDM Al
ARAEE AT S9A-0A Y] s, oA ¥
219) gl AlE Az o)Al A AR—AE A4
slod ARl ope} =7 7kA] WSkAIIC) AljE
719 71&2] SLMF vl o A4t Exkm}
7} ARE SV AFIA etk 2oy Axke 7]
£9] SLM 71 e Ak 71#e] PAPR 7h4 A
ol o Fohe AE BAED ol olEA AT
o ZAsHA Hrel AkE 71He] PAPR a4 A%
2] A48 QAM W=zE OFDM Alzdl w8 U7}
AATE No| AaTrE TRl

I

= L

(1) M. R. D. Rodrigues and I. J. Wassell, “IMD
reduction with SLM and PTS to improve the
error-probability performance of nonlinearly
distorted OFDM signals,” IEEE Trans. Veh.

208

(2

(6)

(8]

(9]

(10)

Technol., Vol.55, No.2, pp.537-548, Mar. 2006.
J. Armstrong,
reduction for OFDM by repeated clipping and

“Peak-to-average  power
frequency domain ltering,” IEE Electron. Lett.,
Vol.38, pp. 246-247, Feb. 2002.

J. Tellado, “Peak to average power reduction
for multicarrier modulation,” Ph.D. dissertation,
Stanford Univ., Stanford, CA, 2000.

S. H. Muller and J. B. Huber, “OFDM with
reduced peak-to-average power ratio by
optimum combination of partial transmit
sequences,” IEE Electron. Lett., Vol.33, No.5,
pp-368-369, Feb. 1997.

R. W. Bauml, R. F. H. Fischer, and J. B. Huber,
“Reducing the peak-to-average power ratio of
multicarrier modulation by selected mapping,”
IEE Electron. Lett., Vol.32, No.22, pp.2056-
2057, Oct. 1996.

A. D. S. Jayalath and C. Tellambura, “Reducing
the peak-to-average power ratio of orthogonal
frequency division multiplexing signal throuhg
bit or symbol interleaving,” IEE Electron. Lett.,
Vol.36, No.13, pp.1161-1163, Jun. 2000.

M. Breiling, S. H.Muller, and J. B. Huber,
“SLM peak-power reduction without explicit
side information,” JEEE Commun. Lett., Vol.5,
No.6, pp.239-241, Jun. 2001.

D.-W. Lim, S.-J. Heo, and J.-S. No, “On the
phase sequence set of SLM OFDM scheme for
a crest factor reduction,” IEEE Trans. Signal
Process., Vol.54, No.5, pp.1931-1935, May
2006.

G. T. Zhou and L. Peng, “Optimality condition
for selected mapping in OFDM,” IEEE Trans.
Signal Process., Vol.54, No.8, pp.3159-3165,
Aug. 2006.

S.-L. J. Hu, “Probabilistic independence and
joint cumulants,” J. of Engin. Mech., Vol.117,
No.3, pp.640-652, Mar. 1991.



TE/AL Fog 23 oFs Ase] HojdY o Gy v Fag AT 2] 2 A el A AP 71N

M & b (Hyun-Bae Jeon) 23]
19993 294 At A7)

&z} F3A}

2001 29 AAiER 217
RAAFE AAt

20079 3¥~FA) A
A7) - ZASrElEE A

2001 19~ AMdHAL A
28 LSI A%

<] Fok> OFDM, channel coding, modulation

od o

2 7| & (Ki-Hoon Kim) A3

S e T 2008 29 A12digtn AUE
- FEka}

20083 39-A) Agdsta
A7 - AEEE A

<FAlEok OFDM, 273384
53, A= EAl

('3‘2:

= & M (Jong-Seon No) ZA13]
= 1981 29 Aot AR
& FEat
19841 24 Aj-goishn Ay
3 33 Mat
19883 54 USC, A1-Z3ta
TR}
19881 2%~1990d 7€
Hughes Network Systems,

Senior MTS
1990 9¥~19991d 79 AFstw Azt

A= P
Sl

1999+ ¥ ~&A] MLsta A7) - AFEFEY
mias

<P Fol A|FX AFZE ¥3, LDPC, OFDM,
ol 584l «Ed

fus

4l £ F (Dong-Joon Shin) ZA13)9
1990+ 29 AguEa AAks

stz gkl
199111 129 Northwestern
University, A7}-5%3 23}t

2

19993 19~1999% 44 Research Associate (USC)

199913 40~20007 8% Hughes Network Systems,

MTS
20001 oY ~&Al IR AAFAAFEIETE
R

<Bloh OAYEAL, oldsal AW, 9FA
A3, Es

209



