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ABSTRACT

OFDM communications system is very attractive for the high data rate wireless transmission. However, it may
be distorted in the nonlinear HPA since OFDM signal has high PAPR. So, a new SLM method using dummy
sequence is studied for reducing the PAPR, and we call it DSI-SLM method. Unlike the conventional SLM
method using the phase rotation, dummy sequences for PAPR reduction are assigned at the predefined
sub-carriers. After IFFT, the OFDM data signal of the lowest PAPR is selected to transmit. So, it can cut down
the computational complexity because it does not require the transmission and demodulation process of side
information about the phase rotation. This proposed method can solve the time delay problem so that PAPR
reduction can be made in real time processing.
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Fig 2. Data format of the new SLM method.
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Fig 1. Block diagram of OFDM transmitter using new SLM.

290



=%/ OFDM %

Al A|zs'lell A tm] AAAE F71she SLM 7| AAIZE PAPR A{7H WA

=0

x(t) = mm{max[ZX e/t OStSNT)}. (10)

B =FdAe A £
ﬁ:}. H]—H-ll_e_ A]—_El_

259 Hel Adag Ags
549 oo ARE s

Agolch 4hu E49) sl AAAE Golay A4
AUNE 485 RE 5HE ek o] AdsE

I+ 4o fadole] AlfAr) Ql& ), 00] obd &
E A4 ol wia] AFx Alely) u)FEr] A
A2 §o] 02 z=th &, #Ho] LSl An, Bn
A2 ) giohd, olaiet 7‘% AL 9HEI)

R, (D+Ry (y=2L6,, (1)

°:17V‘], RXL‘E‘ X, =X X, X, 19 B]Zl{‘ﬂ 2t
Eols] hes o] Helw,

L-1-1

Ry ()= .Zx.-x.l,. 12)

q7)A, *e Exgdeld, 6 oheat Zo] A
2= = Dirac e} JHpeoith

_{1, for 1=0,

otherwise .

13

AR M2 F8 on ARAE 47t Bl
A 4kisled IFFT F PAPRE w®lasle] 7} 2k
PAPRE Z= Hallx|e] OFDM AlEE& A3iA
Aok 7ol Aol Ml ME o AHRAIEA9)
T MOE HElR] o} FIE S 2w 29] A
g ook ae|m B =FdlA Hol tie] Age]

AolE NRZ Adsle] z:ego] £48 Folual
1‘1%14
w2, W3S un] Al 23R 2R IR

-%om A4, BY9 FEE A A2 O
AGAZ QAL 9P 26, R WA Halx
2 tin A]{_/}_A%}t‘)]‘ll...ll"] 19
Al 24%}04 7 A 2 SR
A A R AdaE 1. -
P s Re pAe A ), weA 8
U] & 3L IFET el 56B)
S v 29} FARE 9hA
B o] wpH2sh e
<=o] H#ix|9} IFFTH-Z0 1 %ﬁs}ﬂl il e
°l—'r # 4 PAPRS Zhe Halx|o] 138 Adls)o
153te L whd1s) FUshA] o] foixld).

B 1. M=4d ®, Bu] A2 o
Table 1. Example of dummy sequences at M=4.

HallA) 1 uhy 2 3

1 1 -1 - 0000
-1 - 0001
-1 0010
-1 0011
0100

[UI U U
' '

— o | o=

] '

[SUR [N I NN
' '
— o | |

2
3
4
5

[ ) ' ' |
—_— i | = | =
'
—_ | s | | o=
1 )

15 - 11141 1110
16 - 1111 1111

o}e} ko] PAPR A7t& #3 s dloe])
el wet Ax e Ze vvl b ghe] w3
A =, o] ARl ZHele] vjw] A= PAPR
A3t =27 AREEAIL PTSY SLM+ B
dlolef7} Fezl 2o o3 AAEAS sha, o]
2 A4 ARE DA Agsof ot 28w 4

Aol = o] o FAE T doleE BdslA
b gefvh Al W] A HEe] )
ARE FAsE Al AR o ARE
5ste] ouAfze] 311 dele] &2 A4
o] E8A o3 AsAl tiv] AJf2 ZAolwkge] ¢
°IE1 AAst AR 5 Qlok F, AR WA

< PTSY SLM HMAAE Hr1 24_1-1.4 Bz g
3 olell #Fsle= wlolelel] AT 0] o] Fo]
A 47) Wi A 2 Sxer)l ghasA &
ok AA Fukgstel s A AaAl wlEe
HelE Ze vnl Al[EaE AME] diEd] Ag
a2 A (14)9F Zo] 2AE el

M x 100 (14)

A$aE=N [%]

=3 M8 AE EZ22 relal 7]& PTS
9] A oM-7IX|9] wiFelx} 23 SAHoR
whAysle] whE ghAsle] sl & PAPRE Ze
dlolel g A$sr] wlEe) PAPR M7 A5 ¢
shi gk Al A A7ke] AR WA
o] gt} X|RE o] wAlE AMgsPd PTSe ]|
PAPR A7t A5d 4311 e & A=A
Ha AEYE oy HAZRS d5ARo=s

24l Aodo] MASR| okerh
I3 32 2 =% ARS3t OFDM Al&gle] 5=
A7) B8 FARE HoFEr) a3dx A%, DSI-
SLM HMHE- 0]-83F OFDMY] $4Al7]1= z2Ed ¥
291




FZEAISE =T °054 Vol.30 NodA

-, FFT, ©vldummy) Al@2 AAF-e} 2"
wahte A" 2EE " eAFeE
EE5E A 455 9Y Wkl EYsa, 3
& FFTE A7t 999 A3 Fo 999 A%
2 W3AA &9 jich 971AFFTE E352 N9
Al HolHER FAEH, olF M9 v A
298 L(=N-M)7}9] dolel2 FA€c). ofv] AJfx
AAE ovl g2 e AR =219 Hul AR
298] AR 8-S AAI) aeln WAd gy
e fElAdxst AA" HE HeleE A
dlole] = W3}

949} o] whgs] oln) dw Qe o A
Fuke AAs B3] dEe] SLM Ex
PTS®] $Al7loll F83t ¢4k 34 Ane] B ¢
AR Zo] Yasx| ool Bitxrl Zhag)
=3 4 A 2 o A AR 3 By F
AR 4 9l 25l o2 BER HAIES A
7 4 Qo

— —
— —»f —4
Rocoived H Output
- data
Signal — —»f %.g —»
2
—» v : ® B PS5 —® Demapping ——
> = — zE |
g1
* o| E¥ 1,
. . A
. . —»
1 —»

33 3. Ak sLMe] A7) BE AR
Fig 3. Block diagram of OFDM receiver using a proposed
SLM.

V. AlZ3old gzt ¥ 1E

4.1 PAPR NMZ& Ms

B Ay A)RF}  DSISLMS  AHEshe
OFDM A]2¥lojlx} PAPRS] CCDF A5 44 3
ok AA yukgsle] S N=64 T N=128°]1,
tlu] A|fAe] Ze] Mo] 8, 16, 32, 64 (N=128
)l Alxwl-g zegie)l a4 g 3]
HEe M1, M2, M3& ©u| A28 Fiel why
1,2,3% 9vlstz o] 229 =Zrie Y N2R
AlgRic}l. 13 4= BPSK HzHA S 4183813 N=
6491 7-2] whH1,23¢] wE CCDFolt}) ©lm] A]
P29 7o) M=8¢ u), vk 2 HRo] PAPRE
OFDM AlZHrl ¢ 23 dB 350 71A 9<%
AL 4 4 ek SR, wbg 29 A4S on) A9
2 ZoY M7} 8ol 2%(=256)708) IFFT £-Ze] B

292

L3544 = Akeke] F7RIC) v, M=1631 M1
2] 3¢ M=83l M2¢} 450 fAlE) v|E, 3=
£0] 0875904 0.752 ZHAsA|Rt IFFT £ 47}
M=83l ¥hY 29} 1162 Ztasld AR 24
T ok webd Z=g0) A iyt ¥-EEc A
AbeF 7ka Zxdoll] 943 &3P} gk

a3 5= 4P 18 AMSSlE QPSK WM, A
Fakbal A7) 1289 A Mo =)o wE
CCDFe|t}. Mo] Z7184% PAPR A 5
7\Rket.

Pr{ PAFR > PAFRo )

<[ — general CFOM

~% M=, W
o M=, M
Mz, M2
4 =6, M3
WA -
o’ i i 3
B 2 4 & a 10 12
PAPRo

7| 4. BPSK, N=64% l¢] CCDF.
Fig 4. CCDF of N=64 and BPSK.

04 €. 029855988
3 16"
¢
z
T

A
10’ 1 i z k 5 i \1 K\
r £ E B8 10 12
PARTS

1%l 5. QPSK, N=128¢ w|¢| CCDF.
Fig 5. CCDF of N=128 and QPSK.
4.2 AM2E 5l code rate
2 AdAx 7z} PAPR A7} ubale] oAkl of
3 w)ssle] Aleg deler) Qakeke IFFTY
4 A E 84T Bl AL dikg 43
b IFFTS] %8 £olx wE $548 59
g 5 o& Aotk wWEiY HL daks E3le]

oz

dz



=% /OFDM E4l A 2ddl4 tfu] AlEAE F7lske SLM 7]k 4417k PAPR A7t uh4]

3= PAPRE 2 Aol Folir} Fa3ich

7129 Aks)Ad whAel PTS, SLM3 £ =
A A wpAle] edateke wlwdlch «rldld
ekl FFH oz shie] AEE FY| ¢t
o [FFTlA 2 W dA4ke S35 =x8 x4
2 Esch a8l 3ot FALS 4] kg
ol H=E A7 f3EA AR gt 94
3)Ao] o]FoiR|= AAkE ovidct E 2% 3RS
A & IFFTY] Al dAAkEE PAPR 7|l
el vlwgk Aok SLM WS AlRIRE uRs}
IFFT G4t 3lgelle Afolrt fick kIRt At W
o) 73S FotR o)FiAE FA dilel Has)
A o= dbd SLM WAl e] - NxMe| F7} it
o] PaslA =] odatgke] FvIRhl.

Z 2. PAPR Az} #pAjel] u}d <AAbe bl
Table 2. Calculation comparison of PAPR reduction method.

Aoy | we e || PHE RS
71Z&PTS M M-t w
M
7]& SLM M M NxM
Ak v 1 M M -
A w2 M M -
Ak 9y 3 M M -

t}heo2 7 ¥AlY code rates Hlwi}l HE
A3 AS, I i

k
R=y=27 (15)
Z FoAE2). 71A ke d8EE AR 2
oloju], N& BF3lE Fceo| Zo|j Huldiwlo]
Azjol7l= sk wEhA A (15)EFE Z=gS
el % 33 7

3 3. ¥% 39 Py3e] 2Eg Hla
""able 3. Comparison of code rate with block coding.

N=64 N=128
block coding 0.11 0.06
Ak SLM(L=N/2%luf) 05 0.5

4.3 BER 45
A S S8l Wz EHLQPSK, AA b
F9157b 642 OFDM WzAlE AMgsigich 1

23 tju] A)lF2 el wigl BER A% ¥4 2
B]23eH9,10].

71& SLM WHelAe b S #d #7
B Afo] H93H] AfxF o] YR &
AEd Be AR Brl oeilx BERe] o3t
gck ey AR Yot AR Afe] E
Fgsteg o]e] BER ®|FE I3 694 Bich
F7F AR Ad AL 7180l FE AMEhe, S
Aol ¥IARE ARIFo Frh=s WS A
A3Hlys5]. Al g FAH2HE 1S SLM WA
2 A $4 A Arsh A A w7}
WhAElE R PAPRAZ 7ol ARSEA] oS b
OFDM ®HEx} <F 0.5 dBY A5 Asbt ¢Ast
£ AL s 4 gick ubd, ARk WAl 37}
Auvt A BA #g 5o HAF o] Zs] A
el ¥7HNE AAse wAlS AMSS] JE
o) dukyel OFDM2] BER Al%3} 79} Edsjc)

Conventicnal

Ph ( Bit Error Rate )

5
SNR in dB

J8l 6. AWGN¢l|l49] BERA S
Fig 6. BER performance in AWGN.

| -3 OFDMAWGNHBO 0 dB |'i** X

7 ~#~ OFDM AWGN+IBO 3 dB [17 " I =y N a7

10°].| ~o- OFDM AWGN+BO6 6B |,
) —— OFDM AWGN

1 -~ N=64, M=B

| — N=B4, M=18

Pb { Bit Error Rate )

i j .
4 7 8 ]
AT 10

28 7. vAy x5 ¥34%F BERAS
Fig 7. BER performance including nonlinear device.

1ot i i i i
a 1 2 3

293



F-EAIEEE] =54 "05-4 Vol.30 No.4A

M

3 7& SSPAE E33 OFDM 4l%9 BER
Aot} of7lola] M=83} M=16& AM&3le] BER
e BAslalcl a3 11 Al B50] PAPR
A7; el £l 3 M=169 757t wAE
3ol & Acje] M=891 A-5-rHr} v BER 4%
+ Zerh aeja dubE]l OFDM AlEe] 7%
BE AlS7F A¥ dgdlM Faksb] AsiA <k 9
dB °jAte] BOZ} BasiAld, & =FddlA A’k
719& AH8shd oF 6 dBY) IBOZF S7EE A
& Slck &, 3 dB AR Aw JiAe] olFed
A& o3,

V.3 E

B =FoxE & PAPRS| OFDM AlEE A
7k Al2E DSI-SLM ¥hAle- Akl o
HE A8 719 ¥Y Bl A2 & tv] A
AAE ARIsl] 7B U PAPRS ZH= OFDM
Alg-g- Aelisle vbd o2 PAPRAZE 7|Ho] ARE-
HA] %= OFDM AlZd Bvlale, tv] A|@AE
Ao g whlsls A4 58 32 U9 2§
o] a7l slg 4 ok zEv wAdy oS ulA|
o} A¥ && S $J3 PAPR A7t 7L A4
gl 9leid] ©1& PAPR A7t 71l v]3le, 41359
HFo] WhAslA] ok Wz wRAe) FHeol Hulkgw}
o] ol FAGe]l AL sl AHE Zdeth
b, ohgt o] A7 AFE A¥ 4 ik

AMAZ, dolelE Adshs Fukdulel dlole
£ APsA ¢ vl Ak ARlEs Pk
s}¢] vlgol ulz} PAPR Azt A3t deixe A
¥ E&s A IAE Zderh E Rl A
HEAS] tiu] Az} g2l vrl ARAE AR
sleg F3Hg] PAPRMY A5& 48 & slsich

T HAE, 94 S 5] PTS ¥ H]§
PAPRS & A7six|ut AejX|7to] wh2c)

A WAZ, g AFAE AR ol ARsist
232 A6 ¥ ARE ASIHA] otz AE
3] dolelg $A1E 4 ek ¥ AR AR
2ggsle g 4709 13} st ol2d &

& $A719) FRAME FUFA Jepdth F
FAZ]elA B AR ZAEE 2 A 3 3Ao)
¥4z Hax vtk wEbd o] FHA o) EA
% 9l 259 ukE BER ‘HAE0] ZHaFe] 7=
SLM kol =3 <F 0.5 dBS SNR A5 7iAlel
o] Foizlch

294

oixjete 2 7]& PTSY SLM HMAlel] wls)]
FogolAut £F I WA vla & T
£ Zrer) N=1289] 73$ M=642tal FRA|ZRE gel
Frt

wela] 7)) PTS, SLM 183 BE3Y] wAl
2o} dlY &4 ¥ BER A% I28]x EXtEddlA
3 54S 2] Wl A ERl=st A
A 87 o)l WE A2l 8o 7sdh

o rfo

s

{1) X. Li and L. J. Cimini Jr., “Effects of clip-
ping on the performance of OFDM with
transmitter diversity,” in Proc. IEEE Vehicu-
lar Technology Conferences, vol. 3, pp.
1634-1638, May 1997.

(2] T. A. Wilkinson and A. E. Jones, “Mini-
mization of the Peak-to-Mean Envelope
Power Ratio of Multicarrier Transmission
Schemes by Block Coding,” Proc. of IEEE
VIC ’95, Chicago, pp. 825-829, July 1995.

(3) H. Ochiai and H. Imai, “Block Coding
scheme Based on Complementary Sequences
for Multicarrier Signals,” IEICE Trans. on
Fundamentals, pp. 2136-2143, Nov. 1997.

(4) R. W. Bauml, R. F. Fischer and J. B.
Huber, “Reducing the peak-to-average power
ratio of multicarrier modulation by selective
mapping,” IEE Electronic Letters, vol. 32,
no. 22, pp. 2056-2057, Oct. 1996.

(5] A. D. S Jayalath, C. Tellambura, H. Wu
“Reduced complexity PTS and new phase
sequence for SLM to reduce PAP of an
OFDM signal,” IEEE VTC 2000, Vol. 3,
pp- 1914 -1917, 2000.

{6) S. H. Muller and J. B. Huber, “OFDM with
reduced peak-to-average power ratio by opti-
mum combination of partial transmit se-
quences,” IEE Electronic Letters, vol. 33,
no. 5, pp. 368-369, Feb. 1997.

(7] L. J. Cimini Jr., “Analysis and simulation
of a digital mobile channel using orthogonal
frequency  division multiplexing,” IEEE
Trans. on Communications, vol. COM-19,
pp. 665-675, July 1985.



¥ /OFDM $4 Al2flelA] vo] AfRAE F718ks SLM 7|4 AAZE PAPR A7 WA
8] R. Van Nee, OFDM wireless multimedia F & T (Heung-Gyoon Ryu) A3
communications, Boston, London: Artech 1982\ 2% Al2oiEtn AAE
House, 2000. gal(3hh
(9] G. Santella and F. Mazzenga, “A Hybrid 1984 2¢ Algdigw HAE
analytical-simulation procedure for perform- EECH)
ance evaluation in M-QAM-OFDM schemes 19899 29 AM-Edistw AAF
in presence of nonlinear distortions,” IEEE ‘é ) atajalap
Transactions on Vehicular Technology, vol. ‘ 19883~ &A FHoisha A=}
47, no. 1, pp. 142-151, Feb. 1998. &) A wSg
(10) C. Van Den Bos, M.H.L. Kouwenhoven and 2002 39~2004'd 29 FEUEE AFEIAR
W.A. Serdijn, “The influence of non-linear EAAdTA 47
distortion on OFDM bit error rate,” Proc. 19993~ 3] IEEE =% AAMIdd
Of ICC 2000, vol. 2, pp. 1125-1129, 2000. 2002\ ’F=EAIAIsts] skl 4t
(11) Olfat, M. and Liu, K.JR., “Low peak to <Al Bol TR EA] T3 o) E Bl Al 2E] B4

average power ratio cyclic Golay sequences
for OFDM systems,” Communications, 2004
IEEE International Conference on, vol. 2,
20-24 pp. 993-997, Jun. 2004.

32 AA

295



