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Abstract

In recent years, there has been a need for high-speed and high-quality
services including voice, image, and other various multimedia signals
applied to wireless communication systems. It is well-known that OFDM
scheme has better characteristics in transmission rate, power efficiency,
bandwidth efficiency, impulse-noise immunity, and narrow band
interference immunity etc. in comparison with other conventional schemes.
OFDM scheme, with great efficiency splits data into orthogonal narrow
band sub-carriers to overcome ISI caused by multipath fading in wireless
broadband high-speed transmission environments.

However, various interferences between sub-channels and higher PAPR
can easily occur when data is transmitted via parallel means via many
sub-carriers. High PAPR causes some serious non-linear distortion and
degrades performance of the communication system.

Therefore, various methods reducing PAPR of OFDM scheme such as the
clipping method, block coding method, and phase rotation method etc.
have been proposed. However, these methods cause in-band interference
and degrade the signal quality. Moreover, the amount of calculation is
exponentially increased according to the number of sub-carriers and
additional error with time-delay can occur because of side information. As
a result of these defects, it is difficult to apply these conventional methods
to real-time high-speed transmission systems.

In this dissertation, we propose a high-speed adaptive PTS method which

_Xi_



eliminates high PAPR and we compare the proposed method with other
conventional methods. In addition, we have designed a combined type
SLM-PTS scheme to reduce PAPR and evaluate the performance. The
system used for evaluating PAPR performance can be constructed as
COFDM applying ETD-Turbo coding scheme and adaptive interleaver.

All the analyses in this dissertation are focused on the system
characteristics according to IFFI’s point and modulation method and the
performance evaluation are based on the PAPR reduction rates. As a result,
the SLM-PTS combination method reveals good PAPR reduction rate and
remarkable reduction in the amount of calculations. Especially, in the case
of combine-3 scheme, we can achieve approximately 3.7~3.9 [dB] PAPR
reduction on a basis of 10° BER level. Moreover, we can eliminate the side
information in COFDM system because of its adaptive characteristics in
evaluating PAPR reduction rate, so that the additional errors can be
omitted.

The result of performance evaluation applying the modulation methods
shows that M-ary QAM method reveals good quality, and the 16-QAM
gives the best performance.

Based on the results of these performance evaluations, the proposed
method does not increase the amount of calculation when it is applied to
OFDM system. On the other hand, it reveals a high PAPR reduction
efficiency with improving the transmission efficiency of OFDM system. In
addition, it improves a processing rate because it does not use the side
information. It is expected that the proposed scheme can be used in the

next generation high-speed digital transmission systems.
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c,(t)=cos @rf.t+ ¢,) (2.8)

cy(t)=cos @rf t+ 2 Aft+ ¢,) (2.9)

o] ¥ Mo wrEurt A2 Aud A9 Awde Aol ostel 2 (210)%

2ol Yehdo
T

[ aem=o (2.10)
0

21(28) 2 A 22.9)E A(10)d s =¥ 2 @211)F #o] HTh

T
%fo [cos (2 Aft + ¢y— ¢,) (2.11)

+ cos (dnf t+2mAft+ ¢+ ¢,)]dt=0

JE1elAd A 2 ge nEw 4Ee FALEH st AAHDE FAW

o 282 4(212) ¥ 2(213)7 o] HU.
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Ao A wESAUM Af= (D, S A5} Holok Bk gepy W

g7ke] Fug A Af} ABFY) Te] d5e AFuE fARTGY A
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Fig. 2.3 PAPR of 16-subchannel OFDM signals.
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agoA HAAE S FaAdEY 16vi7tE Y. HF 89S ARRIg e HF
Fetdol e dgor Fogd. wetA MEHA &2 wEvs JF A9
I PHFHgo] FUs g 0 dBe PAPRS 7IA A Hut. Az ¥Febd W)
+ crest factor® ZA3t & F QO W crest factore= AE o HFAE AS

o] daX=Z Yr ALZ 2218)F Zo] AYHH, MExHA g HiEae
749 crest factore= 3 dBo|th. wHeF OFDM A&7} old oW tlE A3 9 =
A7 A3 9] g ZEd Hlste Athd o] A% PAPRY crest factor

Abolol &= 3 dB zhol7l WA sy

}Zmak

PAPR= 10log,, [dB)] (2.18)

average

Nol T &3] avgyd Hxd 4Aae T4 5348 (Central Limit Theorem)ol]

2]3te] OFDM 4139 AFRe 3FFEs E5F 7}
%,

Ll
X
L)
£
o

Distribution)

#e dd8 #E(Rayleigh Distribution)7} #Ht}. webr OFDM 21&9] =Z7]
© 98 EXE 7HAH ddy £ S

+ Ar X (Degree of Freedom)”} 20|31 o] 0391 54l Chi-square X &
st de€ e F4EEZ 34 (Cumulative Distribution Function : CDF)& 2]

(219)¢} Zom PAPRe| 54 #& 23T g&S vEhdTH28],[29].

F(z)=1—exp(—2) (2.19)

_15_



3}, PAPRO]

‘gol=t 7148

Bl
22|

(2.20)

1— Fz)V

z)

>

P(PAPR

1—(1— exp(— z))N

£ 38}

24 OFDM 7]

718 2] A

o wat

sH=

877

-{5}

of o

al

e

S 3z
= 1

% gage)A e EuY

2=
=

< OFDM 7|%¥te] 4 LAN =& 7]

2=
=

(Voice

s Skt

7}

25

over IP : VoIP) A B2 T

Pjo

231 ¥4 LAN

ol

(LAN)S] EF)2 uws

=0

</
o

ju |

KO

IEEE 802.11(%7d U

o
IEEE 802.11b/ac] =

24 GHz

to 22X Zt7k 24 GHz 9o

43

3
s}

ek

A 11 Mbps¥]

_16_



A, 53] [EEE 802.11a8 A% &2 AFETE A7) sty 52719 Fub
S35 Zt= OFDM HEW4 S AdFgoz A F37 sy bF4=2 A

o et Ze EAL 2ES FAUT olF 24 GHz o] g nHAE

A

=3

i

Ro ™ IEEE 802.11bs}2] AFS ¢35t 4

e
iy
[o
tl
>
=
t
tr
e’
(@]
N
—
[
(6)¢}
N
e

FoHz-Au Fi5 2 b5 (Complementary Code Keying-OFDM :
CCK-OFDM) #2415 o F A& oz gt ot

71& 2 Mbps+ IEEE 80211 7 LANS 2% SH:H(Direct Sequence : DS),
F 3+ T % (Frequency Hopping : FH)W 2 2 7 o] M (Infrared : IR) ¥4
Agstdoy HAx 1&sHe AFEEY 275 WHr] fske] 1999d

bpse] AE&E =9 5 GHz oA 54 Mbpse] A%

ool Z3 SEAS ZEF FATHB0][31].

24 GHzU 9 3% <F 11 Mbpsi IEEE 802.11b9} 54 Mbps# < IEEE 802.11g
= @A HxlAs OFDMoE ftA4gtsdlin. B, #3 A754 2583
(European Telecommunications Standards Institute : ETSI)¢] HIPERLAN/2
(High Performance Radio LAN-2)% IEEE 802.11a%} At OFDM W2l

BeASe) £2oE Adsgon F4 SHe oty AuAAT Agol 7}

d

53¢k IEEE 80211 A€ g olfulitnt ofyet F3+ & A (Intermediate
Point : IP), W& ©o]&54 Al2Hl(Universal Mobile Telecommunications
Systems : UMTS), Hl5 7] %32 (Asynchronous Transfer Mode : ATM) &

o] Fo] U E < Z(Core Network)tE AA7} 753t 22 ol T}H[32].

E 210% T4 LAN W49 stetvg 54€ Bt
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%21 F8 FA LAN w29 malvu g vl

Table 2.1 Parameters comparison of wireless LANs.

T & IEEE802.11a IEEE802.11b IEEE802.11g Bluetooth HIPERLAN
HEH2) OFDM DS-SS OFDM FH-55 OFDM
oy AP(access point)| AP(access point)| AP(access point) AP AP
Peer-to-peer Peer-to-peer Peer-to-peer | (access point) | (access point)
e 30~60m 60~100m 60~100m 10~100m 30~60m
A4 TDD TDD TDD TDD TDD
Fa g 5 GHz 24 GHz 2.4 GHz 2.4 GHz 5 GHz
EE 54 Mbps 11 Mbps 54 Mbps 1 Mbps 54 Mbps
A& CSMA/CA CSMA/CA CSMA/CA IDD TDMA-TDD

REE37T IEEE IEEE IEEE SIG ETSI
232 bAE HF

A AT O PEALRORE Ay, HF B QB So] goy
25 OFDM S AeEsta o, §3H9 DAB #+F<2 EUREKA-1472 Y] A
9 wzgqoz tEge sloldel 4% COFDM WA AHgsn glom,
15 MHz® AEHAIEZES AHEete] @ $A7IE 1529 2HHEe T2
3 HolHE OdFsAA BED & AT 33]

ol W 7t5g TR FE HES, CHFALFS L dolH &F Fol w
2t 274 €. OFDM W42 Mz v 274 d$d Td W57t 54
F A DL Fa A A4S F AT §L AR S FA gonw
He APgoz g9 WEIS ogde ddF 5% (Single Frequency



Network : SFEN)&| T4 o] &o]g FH o] Ut}

9173 # o] (Difference Quadrature Phase Shift Keying

orn
3T

AbgstE R AQd EdAe oA 3, v ZH e

8
. CP)E A} &

ol EAste A4 FxE AEFH F7138 WX F E(Cyclic Prefix
ste] Falde A F7] #-E gdErHE AT

e TV WFodl= COFDM H2lS Ab&sted Aduas f1dolu Aol
E Ug 2 Ao AAEERZ Q3 gF AR My, A9F F, olg=
TV HA” TV AEzbe) Z53b Sl osted opdRa TVl = 3d

o] ol 2508 AAE ILAE(Ghost) @4, TAE TVolME 3o o

¥ 22 AT g v 7% v

Table 2.2 Comparison of Terrestrial digital broadcasting techniques.

b= 4 SRS
w2 ATSC DVB-T ISDB-T
Wz 8-VSB COFDM OFDM
FFdE12 MPEG-2 MPEG-2 MPEG-2
g4 Dolby AC-3 MPEG-2 BC MPEG-2 AAC
Ad A 6 MHz(Z4715) 8.7 MHz(337}5) 6 MHz(Z%3715)
- 1% doly AF
- ol Al 7
- Az7E &) )
£ - OFAZ Foldel 23 | - DVB-T W27 {4}
- AZEHR go
- SFN 7}&
- olFEFAl B}
A & wl=, gk 3 g

* ATSC(Advanced Television Systems Committee)
* DVB-T(Digital Video Broadcasting-Terrestrial)

* ISDB-T(Integrated Service Digital Broadcasting-Terrestrial)
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A 373 OFDM 29 A ¢ PAPR Az77]%
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PAPR AAEAES E FHEETF(Complementary Cumulative Distribution
Function : CCDF) £ o]&3}4 19 329 Zo] Yehdth
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Fig. 3.2 CCDF curve of clipped OFDM signal.
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Fig. 3.3 Unclipped OFDM signal.
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Fig. 3.4 Clipped OFDM signal.
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P {PAPR> PAPR,} (3.7)

=1— (1—exp(— PAPR,)))", PAPR > 0

SLM 7I¥ollA o9 3 AdEs dude o Addd A& PAPR, 7 o

Az PAPRZ 273 #5& 2(38)9 21h.

o

P {PAPR> PAPR,} = (P.{PAPR> PAPR})" (3.8)

= (1— (1— exp(— PAPR,))")*

(Y]
P
® )
a
A" IFFT N
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(2) (2
HE] A, IFFT a, > :
cos RETE #mearr | A
—_— g-{ > =lc ° u
7! st : sgas [
[ ]
(1)
P
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A IFFT L »

a9 35 SLM 7Y $417) 72

Fig. 3.5 Transmitter structure of the SLM method.
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= 2(310)7 2ol Fear

(3.10)

H9o PAPRS zte H3Z 7154 4% 2G1)H 2o AAHS /AT
% N )L g (m)

_ m m
4= 3 - 4 (3.11)
a,= IFFT{A,}
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A gdevHe g3 S ol 4(313)3 2ol RE AF ALS H3ZHEs
o, HA3tE AE AI= 2(B.14)9 2ot
7 )y argmin m) . glm)
[b# 9 --7bu ]_ I:b/(11>7”'7b/1 ](0<n<N_ b

(3.13)

o714, M& EEE%, NS IFFT pointsE 2| v] 3t}

~ ~(m)
a, = 2 b s (3.14)

PTS 71Me 19 ge WAeE 448 & 9t BE 2% AL 3 3

2 Crest FactorE 7}A|Al ®tf. o] wj, Crest Factore= 213 o Hujd" S
A5 HAAFPor UFE oz WMxHZA &L wEue F9 Hudgy
BaHAge] YstEE 0 dBS PAPRS zHAl Hth 2% 374 Hydas
UFo] Crest factors 733417171 913 & BT

ofof 3tH, o]& HlA= I 84 bm 7F FAVE AFEEooF o o]
3 71 ARE e =Y Q23 HES 4% PTS Crest Factor 74 WH
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3 33 PAPR #A&7|HEY A4 (IFFT A4k

Table 3.3 Calculation of PAPR reduction methods.

SLM PTS (W=2) | PTS (W=4) | Cimini’ SLM-PTS

Z 2" 4" V4 L+ M

# 3.4 SLM-PTS$} PTS9| d4t&Fo] wh& PAPR Hlal (W=2)

Table 3.4 PAPR comparison by calculation of SLM-PTS and PTS (W=2).

Calculation PTS (W=2) SLM-PTS PAPR Reduction
(M=2) 4 10.7 dB 91 dB about 1.6 dB
(M=3) 8 8.6 dB 8.3 dB about 0.3 dB

3 3.5 SLM-PTS¢9} PTSS] d4b&Fol] wE PAPR Hlal (W=4)

Table 3.5 PAPR comparison by calculation of SLM-PTS and PTS (W=4).

Calculation PTS (W=2) SLM-PTS PAPR Reduction
(M=2) 16 9.6 dB 7.8 dB about 1.4 dB
(M=3) 64 7.6 dB 6.3 dB about 1.3 dB
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Fig. 41 A structure of ETD-Turbo system.
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Fig. 4.2 ETD-Turbo Encoder.
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¥ 41 ETD-Turbo #37]9 ¢

Table 4.1 Output of ETD-Turbo Encoder.

v X9 X3 Xy X5 Xg Ve xg Xy

Y15 Y16 Y19 Jn Y14 Y12 Y18 13 Y11

Va3 Va6 Yos Y21 Y9 Va2 Yar Va4 Vo5

¥ 419 %S dutx< HE 235 =93 Buwsd oy, v AN
2 #A2 AT AeS BHE A wate AgdE Ax"FANE gz,

yp D oy EF A7 AR T2 &A% A9 B3/ 8o Aot =

Laz ol | Ceak
Ehu
X Xk L(dR RN Lew > LEzl(dk) N
_k (11 < DEC1 > ANV > (12 _iDECZ N
X A _
— O <
y X
yk De_ Jy1k k "1
MUX | - s
Yok
y L2(dk)
— /N
> Ok

19 4.3 ETD-Turbo &3 7]

Fig. 4.3 ETD-Turbo Decoder.
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29 4391 Az golwAE E#HE F71471% ETD-Turbo B357]9) 7

H
z5 ®Bolx gtk BE7le] QPO , v, 9 vyt 98 HA Bk G714
e 98 do] oz 89 AR WES Justy, y,= A WA Qe

X 29 JE BE 293 y,e o s BT A,

N

7 s 7
X, 7 A e vES ofngi
71E9] HE R3] B3 WG vpVHAZ 2L 749 ETD-Turbo &
S 7]A % DEC1¥% DEC2 Atelel] IElgjH e} HIHHME FolA H357
Atolel AEHE LLR (Log-Likelihood Ratio) #te =M S %30 4 At
3% 42 DEC19 948 £A4E Yedx At JE HE z.& HE F357]
oA dHE 123456789 A5 aU=Z 7D AES FH5H
HA, g, #AE wFAA EBsarz] 9slA DECIYl 4€H7 A
o, =[569142837]d <3 &7} M3t o] DECIe] §) =& @t

Eay

¥ 42 DEC19Y 98 A

i

Table 4.2 Input sequence of DECI.

X5 Xg 2] 3 7 %) g X3 X7

Y15 Y16 M9 Y Y14 Y12 Y18 Y13 Y11

i

¥ 43 DEC29 &8 AlHE=

Table 4.3 Input sequence of DEC2.

X3 X Xg X1 Xy X9 Ve Xy X5

Va3 Yos Yos Y21 Va9 Va2 Yar You Vo5
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Ly 5% 47 98 54 s5ed, 9714 Tilde A7 5 H AH8® AL
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u
u
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au)
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th Lye BA ay el <8l ulEleld HwWA DECIS) AHdYRE s
A cle @ AAe Bol FED WA Bs7) o)Fold Fol L(d)E o'
o3 HAHHAWES. F, o o FFS HgY AAAd o3 4.5 2F
shAl €.

O 440 2AYE Afd B2 COFDM Al2~He] FAEZE HAG
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Fig. 4.4 Block diagram of COFDM system.
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Fig. 45 OFDM system using convolutional code.

_62_



A REE AE&3 OFDM Al 2=Feo] <]
Fzo F&Ae et o
4~6 dB A=) ¥33} o]5 AL BYS ¢ & Ao ALY deld F3

&e] ol we} ol

u
o
I
o))
=2
rr
o,
f
dr
fols
NS
Y
[-'O
e
t
.{
>
.{
c
=
=)
o
I
fols
Ll

A-8-3t= OFDM A =

e ds EAS dehdn. Od0AM HERI= AWGNH #Hded #Hold

LY
o« -3 .
W10 t_‘\\ A\ 3
Y
._.“\\
10°F ‘?»._\\ -
|
IS\\ : : : B : H :
: : Y% : : —&~ No Coding(Rayleigh)
10°k : : Ry : : —= Turbo Coding(Rayleigh) 1
: : s )Y : : ~-8- ETD-Turbo Coding(Rayleigh)|3
=N : No Coding(AWGN) ]
I Turbo Coding(AWGN)
AN : ETD-Turbo Coding(AWGN)
1075 1 L 1 = 1 1 T T 1 T
0 2 4 6 8 10 12 14 16 18 20
S/N [dB]

13 4.6 ETD-Turbo ¥ 3 & A&3 OFDM A| 2~ H)

Fig. 4.6 OFDM system using ETD-Turbo code.
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Fig. 4.12 Block diagram of proposed COFDM system.

42 COFDM A| 24 9] A537}

B =i AEdelde #4 2¥riyol 7 OFDM AlX&He] Wz

Ao WE A% WS Slatel AA BAH FAR 2AoT AR A

_71_



¥l COFDM #| ~d 9] 3}2}v] g

X 449 B =FA A8

L
R

25 A

Rl

i 44,

[Edold detr gy gs detdn.

¥ 4.4 COFDM *]2® u}z}hn] g

Table 4.4 COFDM system parameters.

® 45 ¥ i 467 Eoh

Parameter Value
WA M-ary PSK, M-ary QAM
F353 w2 ETD-Turbo Code (16-state)
FFT =7] 2,048
kg 800
HSAZF 512 B Z (25%)
Ho 73t I o A
% 455 ® 449 v }E5S o835k OFDM Al=H 9] oW #d
B depelE e Ae Aotk
3 45 Elel® 7 #AE OFDM A= 329 g

Table 4.5 OFDM symbol parameters relate to timing.

Parameter Value
tol ¥ FytEul 800
b a Falae 714 9765.625Hz(=20 MHz/2048)
IFFT/FFT 37 1024 n4(1/4 )
e F7) 1024 v Z'g/01,<8)

BPSK-OFDM 4l & 9] 7]

128 U\K TS/G'/VAL)

o
S

256 115( TFFT/4)

>,
e | fol
)

1024 vy 70+ Zrr)
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¥ 462 7 Wz w2 Wt ¥ 455 o] &3] OFDM A ~H Y AEES

A Ao =E bps T E YEU T

¥ 46 HESY BHEE OFDM A E dav g

Table 4.6 OFDM symbol parameters relate to bit rate.

OFDM A &% | OFDM 4 &%
teoly & H 22
FSHE tlolHH E
6.25 Mpps BPSK 800 800
125 wpps QPSK 1,600 1,600
18.75  Mpps 8PSK 2,400 2,400
25 Mops 16PSK 3,200 3,200
31.25 s 32PSK 4,000 4,000
37.5 Mbps 64PSK 4,800 4,800
43.75  Mpps 128PSK 5,600 5,600
50 Mpps 256PSK 6,400 6,400

a9 413e 99 A" weud gEel Ustel 64-QAM WO R
OFDM Al 2"eld A48 4 A5s Yehdch ddoz TA8 7749 A
52 st nw, gve st =, Tdel AAE YEiE FS, o
g e 422 7Y Zdg, TA9d Za9e FA%E S - o £M=
FAH 9ee ¢ & Ak EF A2 Fuo RETge] A 9

.

¢
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