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ABSTRACT

The purpose of this thesis is to present a new technique of peak to average power ratio (PAPR)
by using adaptive peak power reduction (APPR) method cascades from selective mapping (SLM)
method. Normally, orthogonal frequency division multiplexing (OFDM) signal is a result of the
combination of the orthogonally modulated sub-carriers. In consequence, there produces unexpectedly a
PAPR and tends to reduce the power efficiency of a RF amplifier which can lead to decrease efficiency
of bit error rate (BER) and out of band variation. In first, a sequence of input data is rearranged by using
SLM method in order to reduce a PAPR. Secondly, there are fed into the APPR process in the proposed
system. The APPR method controls the peak levels of the signal modulations by an adaptive algorithm.
Therefore, this method reduces signal modulations over a predefined range. In simulation, there used
MATLAB program result, the proposed method has shown the better PAPR reduction and BER
compared to the SLM and the APPR. Simulation parameter based on IEEE 802.11a (WLAN) standard.
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3 34,368 kbit/s 44,736 kbit/s 32,064 kbit/s
Frrr ., I LTTT
oy 8,448 kbit/s ‘ 6,312 kbit/s
rrrr ., R
! 2,048 kbit/s 1,544 kbit/s
T .. [
0 64 kbit/s 64 kbit/s

g 2.12 szAumsiaRmanduouinasnas gy

2.3 vanmsuazlassaiiavesszuulowwaidy

o & ad ~ v v ' y <
nanminuguvesszuuleweWddy [17] Aemsdeveyalasmivgadoyasynsununs?
' o o o & L a
qa Weglugdveagadeyavinuanumidin udnivlivegaaiuniumies UndszuuTeedd
=] 19 9 = a ' ) B o 9 ' @ @ ¢ & '
©u annsodtoyald 40 fe 400 Ua Aowiladydnyal vinavesdeyalunda: dydnuaiziueg
e o é ' o L L) N 4 Al
fugduuumsuegian uazsuauvowmaunites faeduan uaazadunigesl¥msvegian
4 ' ¥ W ' - a H & Ll °
WY 16-QAM Fadazdadnuelsedadeyalafias 4 da naztdedaoadumvdosinou 100

v @ o

4 ° a = 1 v a o Y a '
aauw  SwnudadeyaiiaunsodaldlundasdydnusilooWddy woidy 400 fia do

o
Y v '

v W o v ° A a A 9 LY =
dydnuel Wudu Tagsnuvemaundesmarilifoadosiumsnszaemuad (Frequency
. - & ° £ a add 1 L
dispersion) luglveanaduiumginlimsdszimamuunaidiisanas msizihanaves
y @ I R v < ; d4a 4
dydnwel  Hauivdudimsvaauwiigesidwuunmaniuies  ludilamihaiuveams
bl
sumussnindyanvaiiuldgniide Taemsnihiiawnany (Guard time) ldamlunn 9
' ¥ W o o d 2 ' 2 a4 o 1 5 =
FRmvesdyanyel loewady Flurnnaguiiszimsiduveionuuiu (Cyclic extension)
o w d4a 4 4 o v 4 v A o a o Yy o
nlFlumsmdamssunuiifaiuszniennud  Aumsesfuiieiinsauogaadyanaudln
vy ¥ v 1A s
wdeanlasdoyavinvunsnidludeyauuuoynsmsueniu
o ad ‘3 o =)
dyana TeenAwulszneviunnmssiuiuveInsuegaauuy  PSK n3ansuogian
4 . 4 o PN 2 b o o a
HUY QAM nanwaRuWIHenTudY Faliguauifvesmsninin Gaiunaziu auudt 4, Ao

s o o A Al ' o o d'
dydnueives QAM N, Aediuveswnaunnides T Aevrwiandydnuei uaz £ Aeanud

b4
- o o o

; o & 4 ad 2y d
yoenaum aauiuluniladydnuel TeelAdy Suduiing £ =+, annsouaaslddai
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N.Y

2 . i+0.5
s(t)=Re{ > d,.y ,exp| j27| f. - (t—=t)|p, tgst<t +T

N, r (2.15)
7
s(t) = 0 s tg <tat>t +T
sunuun hlvesdyananuanuudididoudauya (Complex baseband) gniualay
N, _
3 d 27 (t-t) t.<t<t_+T
s(t) = Re : exp| j2r—(t—t, , 1. <t <
Z,:q, i T ’ s (2.16)

j=—t

s() = 0 g int >t +T

NTUAIUVDIAINGY (Real) 1azAI19UANIN (Imaginary) 3TADUVAUDIATINUNVAT DUINT

nazalteansnesilavesdaynia Toonady dagnialnyge (Multiplication) Auadu Taland

4 ; : NN ya o
(Cosine wave) tazaauland (Sine wave) munnudaduwii lasanuuy 1y e liinadyy i

ToroW@idy uanaluglii 2.13

exp (—ers (l-ts)lT)

X
Serial ,
Data OFDM signal
—_—» :
QAM,QPSK,eie] exp (N -2) (e~ )/ T)
X

31U 2.13 uaasmsuegandygiu TeenRidy

o = o 4 < 4 o o % ad 4 ¢
Mod1lugii 2.14 uaasdnyuzves 4 aaunnigesluniladyanyel ToronRdy aduwv
| n’: - : = A o ' a wva : ' & a1
geunnuatinavanazmaimiounu ualumal§iidaiu vuie uazmle vedazaauwidos
A v Y A o o A ' 4 71 A~ 4 1 v 1w oa
DIIUATNUANANNNUD I ﬂ\’ﬁ‘]ﬂﬂ‘l,“qﬂﬂﬂ\ulﬂazﬂﬁuw'l“UﬂU ADUAIULIAT 7 MNMNU ANNNUINYA
o M 3 4 1 { e o i H ' s J A J :
$1use dausauseuvesniunidesiieganiu AvalimiuanaamuiiowAniisoumniu
Uﬂdﬂ L] 1 n’: A o o 1 é ' "‘ o 1
arwguanai i ldgmsadmindaiunazfuszninadunnideniuwme nazvindlediad
4 I oth d. o o v a0 o,
AdUWIMERY j* vInaunish (2.16) gnaveqian Tasmsmlasdgygrudlsniudmiiy j/T uay
o o Jdy ¥ = ] ' & s
swdygrauumuna 7 waanih lduaacluaumsi 2.17) Fuiua QAM mwizveanaum

1 c: 9 o N o da = A Ia 1 o
YBUUU ) HACDTUNAICWUIINAAWTNDYATINANAD ﬂauwmngnd’s’auaguumunm T uuiol
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Tudauvesndaumdesau 9 wgnsauiuianuguiineizinnuuanasvesnad (i-j)/T

o a o 1 o @ a0 L4
m“lﬁ'mﬂmmumwaasauﬁm‘,upmmﬂuwasmm‘unm T uuﬁawasmuﬂnﬂug{uﬂmua

NI

o+

j 2
exp| —j2xr=(t—t
'I P( J ﬂT( S))'ﬁ_—,

2

o
di+N,/2 exp(j27r?(t —t:)Jdt

Nl'

> 1+t

j— 2.17)
doun exp(ﬂn%a—a))dt

- 1Y L] & ol A L o @ o a g
3UM 2.14 679819904 4 AdUN BTG luniladydnual ToloWAD Y

2.3.1 RuaalAveInIsAmInlusnuAIND
wa : & o @ a [ o [y o
Auauiamsdamndaiuies fuvesdygia Tolowainy Aomsueshailnasuvesdyana
o & ' A a1 o ad - = a
Tuupunid Fudazadunnitesvesdyy i Tonanyzlimsaeuausinnuivesdayanalu
o o a o . ~ ' o a o - ar »
anyardYIUFIN (Sync Signal) uaalugdin 2.15 juswvesdygrusganieziilaundn (Main
. n . . ¢

Lobe) unvuaziilaud1mdna (Side Lobe) $S1uamnniitivinaanaiedindn q mnyananaives
o 4 q’; o 4 [ { o 4 r'd
dygna 1z 2.15 fannngasen £, ndeminiuununid swasefugaidyananaums

] 9 a o ﬂ 4 v wa o ' 4 o Y a a | |
vovnufey £, waz f, Uawlluguiiaue dequauiasnanieaihldinamaiamsdeiu

o g 2 & o < < H
wanawuuTeeWdvuiuin  Famsadadyaaloeaduldidunaduseidin  wdeadims
o/ o o wa : & o [ ' A a1
seiATrde muRe uazdnuquauiansaamnaetunas i veanazaaunvises 1318 1&iaue
b4 ¥ . ’

inzuendwan Mitadygausunuiuszuinaaunidosiioganiy  uazdiwansznude
y v o o LY o ”
szuunsdeds 14 AniudaldinsihiimsulamliSosunfunuuisa (IFFT : Inverse Fast Fourier
4.
Transform) ttazMsutasyi5u5unnI52 (FFT : Fast Fourier Transform) 3lszgnd 1daudnunioads

A as o w A g o o = o
HaznIvdsuMmuaIay luENﬂ'lﬂzllllUUlUﬁllUNﬂﬂaulWﬁﬂ“]f‘llﬂ\lﬁﬁgﬁul'lﬁliﬂlﬂﬂﬂlan NAUNITN
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(2.16) Aemsnsmvlosudydnuaiduwa N, QAM nnaiilnasuanudliegluzives Tammm
i 4 ¥
WUIRBIAUITMI VA IFFT TasdTmsiiszrisanduneunnugionn uazdudoulumsdszanana

W04

4 o ] a 1 4 a
311 215 Mednailnasuvewdazaduniden

a & a o o H o o
msuasFesuuusr dumaianiiomuadiamans ddmsunaougdilediulammna
Tinmeduadnasuniud Taehiladduvessianm  x(¢) wdwundumasiuihisifaves
& ¢ A 4 ads \Y/ & S C Y Y P 4 o ' -
aaulnland  wazadulanifuaind  dufie Wesuduigudtaziulumuiaumueanid

fo=YT e T flemunawes x(¢) sztiudums FFT oz 1aidu

x(®y = ag+ i a, cos(27kf t) + b, sm(2rkft) (2.18)

k=1

mswum‘fuﬁtytymﬁtﬂ?;ﬂuuﬂmmunm ongniaaeglugdnasavesgtaduland was
Tn'lnidadidnlszneuiannaiazia ﬁ'uﬁaﬁugmnmﬂ?iuuzﬂmn TanunaniiuTanu
aTwd dmdy IFFT sxiitunouiiasaiudhude waeugnnaidnasuaiud W naediu Taon
nm dainldifadydnud TeevRidutues danluzili 2.6 uermadiednvesmsilasugives
dygna vinTanmmauduminasuaud Tnsldudnyuzves FFT uazgﬂﬁ 2.17 UAAINANNS
" .

° [ Y =] 1
Nugveamsihgudnyuzyes IFFT uaz FFT T ldaususzunleeddy dAnunieadauas

17095 Mudau
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Amplitude

-
151

N\
\J

Amplitude

AN
Time e \] \/

Frequency

1 2.16 msnfaouzdnndyapalanunawiduminasunnuilaold FFT

Transmitter

Baseband
Data in Modulation f i OFDM signal
— ™ (QPSK, QAM, »| [IFFT R _DIA_ I\ %
etc.) > >
Receiver
Baseband
Data out bkl tioh ; : OFDM signal
<«— (QPSK,QAM, | ERRYS [\ ¢ AD |4——
etc.) < <

' v
31 2.17 ndnnsWugIMYeINIs IFFT nag FET inldaunuszuy Teeaidy

232 puanyavesvedaNamuLIafMIsiad
A 1 o a o [ @ @ a P a 4 - v
edsdyanudiiad Wuuresdyanaumuliadwisiusfumunal (Time-varying Multi-
path Channel) [15] dayanaiiisuldvzsngiiuvuiwiad nanalugiil 218 singiaziiuduiion
1 a o J o ' o o o b 4 v & & Ao
msdsduiadesnliinadn 9 M dygnaisyidwdsngiiuvuniad Faiisnousoums
' v
15239781 (Delay Time) tazmsaansunivinafiuananeiy Aemgiisananldhgudnyus
] & o o a ] - s § Friiy
BUNHUIVAIANANUVYITAAMIS ADMIUANIIINIIAT (Time Spread) voIFYRUNgNAAIY

U o

S GRGIGTAGY

¥
= '

Auanyazlsemsndeveresdyuuuuiadms  wiusgiuanuulsduvesnalu
. i 4
Taseaddanan  vinkadwifounninanulsiuvesailevihIdqudnyuzvesvosdygu
o a a o v A Y o 1" @ oy A @ =
suudadmsimsuldsduanar  dufednhimsdaiadnaaesdliSesn  sdanamiums
' v gdy wy - 2 e :
wasunlasluvuruiadnsu1d Feezlimsnldounlamnaveadasiod msnaounlasms
sziana  seninwaduasivniesiiganemsnlasunlassauiad  Tasdunaldanvuu

o [

4 o 4 : o a ; o ' o . 4
adnsu1d dwanslugilii 2.18 venvimiumsulsiuvesassiiauiudldveosdayauesi

85164
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b4 . "
Tigunsormnearmild (Unpredictable)  dniusadhumguaizimuaquanymzyes

l o v a

Fosdygauuiaamnsiulsiumunm hugaada ae liveldnnsawansenuvesreadyan

v
=

aodyarungndsesnly Faansadoulugiinlyla a
s() = Re[u(t)e] (2.19)

dio s(r) Wludyanaiivzsimsdeeenly
u(t) L‘fluf?'mmmuﬂummﬁéhﬁmga (Equivalent low-pass Signal)

[

£ dlusmdaauwd

auud  Ddunmalumsuwsasznsmuwiadms  Teslundazidunsszaonndnatiums
Usz3 a1 lumsunsnsz1e (Propagation Delay) tas@aUsznoumsanney (Attenuation Factor)
é ﬂ’: - 1 o = s ar
Fanamsdsglnam lumsunsnszoe wagdnlseneumsaansusimsudsAumunasuiluwna
d' Y o/ 9 d’w ] 3 c‘u
nnnmanfasundaslulassadnvesdinas Momgildyaiauauriu (Band-pass Signal) 15U

1dorvuansld daaumsi (2.20)
x(®) = Y, (O)s(t-1,(t) (2.20)
de  a,(r) Wusinlszneumsaaneudmivdyanansyldhudumiai

() Wumsdsziumlumsunsnssnedimsudunii »

douny s(r) vinawms 2.19) Tuaunis 2.20) 9214
x(£) \Q Re({z a, (t)e Oyt -1, (t)]} e~ } (2.21)

naaumsn 221) srduna ldndyaiamouanuddiauyan1ad sy (Equivalent Low-pass

Received Signal) fio

r@) = a0t -1, (1) 2.22)
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Fynudiuda ygyudiusy
=i, 1=t t=1,+7T,
1=, +7T,
()
t=lo+a 1=t ’=t2+Tzz
T =t,+7T,,
()

=, +f T ! l=13+‘[n? 1=

(= &t t=6,+7T,

()

31N 2.18 uanransvaUBBuTadveIre Ty IuIBTaANIsHuls Aumunm

iiioan1n () Hunansuauswn o IdyIMIALA MMM AYA (Equivalent Low-pass
Channel) ApdRya L@ UANVDMTNYD 1 (7)

Aniuyesdg auouanudsiauyasznaaldluzlvomamsasuausimeduiad il

msudsAiuaunainall
c(r;t) =) a, (e O8[t—1,(t)] (2.23)
n

qums 223) fmnzdmiy Yoedayauiitsnoudavesdussnouvesudazidunia My

HuUAAAIA (Discrete Multi-pass Component)
dlefinsanmsdedyanuatuniilashildvequaiinowd £ dnfu u(@) oy 1

dmiunnna ¢ ﬁ'ﬁﬂmqf;ﬁ'ngmgmﬁ?u‘lﬁ'ﬁm%'umﬁﬁjmﬁ?mﬁtynpmﬁaﬁmmmuﬁﬂﬂ?ﬂ HAAIAY

dumsn 2.21 ansoweulnilditiu
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rt)y = D a, (e’
n

) (2.24)
= Za" (t)e-.la,.(l)

o 0,(1) = 27 £z, (1) viudodanuiisy1ezdsznoudonasmveurasiia q fusfununa
Taodivmnadu a, (1) waziilailu 6, (1) Funaezdeunamsn/aounlaamanaia (Dynamic)
v0d o, (1) Tuinaadluedrmnniziunam ldifamsn/dounasiid v ludygain1d
Tuvaizidoniu 6,() senldounladll 27 s@ou e 7, Wasuuaaly 1/ £ ilesnn 1/ £
Yudlugnaviidossadiulédn 0.() mnsadouudadly 27 5oy Tasduiusiums
wsunaswesiinmaisadndeoniniu nanlseis 7. Gaduius fudumaig q vesdyaa
wiimsn/dounlasdiesasidieq fu naziinsnlasunlasesiei hisansonnnedrmils
uaaaliituindyguisnld 7o) luaunisi 2240 annsesiaestiifu nszuaumsdy
(Random Process) iofidmumudumalumsindouiismauann aunsaiiey ¥mquiiiaguénms
(Central Limit) lun15$1a03 r(¢) Lﬂuﬂizmun"m{ul“fncﬁaﬁuuu Gaussian (Complex-valued
Gaussian Random Process) 1{UABHARBUAUDISURAd AT AUALNAT o(3t) wiunszuaums
qUITAFOUIVY Gaussian Tudanls ¢

HUUIIADIMTUNINTENUHUULAANS (Multi-path Propagation Model) voI¥DITYRIY
wana it Idondyanaisuld #() Swumsi 224) Faffuwannamsladesdyana
1Js1ﬂ;]msaﬁvlﬂﬁqffmﬁaﬁmﬂuwammnmsuﬂsﬁummaﬂmﬂﬁ {6.1} Afimsulsfua

nawwudy Tasaeandesivinees {a,e/} lunsdifinaninnssanmaediiuluudnuas

Wndaiy wilunalddyonanivld @) Tanwlesnaveduguiluma§ia  dounsdid

]
=]

4 - j6, = @ a v Ao v o v ;
eI {ane " dmsrwludnsaz e uiudyepaisyidieddun Aomaiing

'
@ =t

l:' o A o ¥ 1
wasuiamwnavesdygramiv1d Fuflumenmsnaouesdyana (Signal Fading) v:iueg

fuguanyaiziuuTaANISinlsAuMnm . (Time-variant = Multi-path  Characteristic) 9
oIy 08

233 vrnaesiu

Punaflosiuiudsddganniih WszuuTeedady  fanwannsolumsilesiums
INAMITUNIUTENINAYANYS! (ISI : Inter-Symbol Interference) HAZMITUAIUITENINFOITYQ A
(ICI : Inter-Channel Interference) ﬁ'ﬁmmmnmnmsﬁqﬁtyapmvhmimﬁq,mpmﬁﬁmsmamﬂ
uyuiadms  TasmsAaaendyapadiumevearazdadnyei lowevady e Bidaunih
vosdydnual TeronAidy Wedlusrwartlosiuuuuan (Cp : Cyclic prefix) Taoiigraatloady

gdoafinunnniinlszlnaigegavesvedyapamuuiadms uaaslugii 2.19
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Multi-path

OFDM Symbol
T

component

Sampling start

Time

Y

57 2.19 msnaganartlesiu

nnglii 219 M 7, Aerlsgiuimgegavessesduananiadnis, 7, feraenaves
nsTUIUMS FFT, 7, femvesnnateaiy, 7, +7; fAewwiaives 1 dydnvel leendidy
war T, Aenaduduvesmsdy (Sampling Start) lavfifwes 7,  ssdesiiieglugie
Toax <1x<Tg
2.3.4 msdszananednya e

nmsasdy i luszunTeefivy swwiimslddyydnuaitouda (Preamble Symbol) 13

a 9

nyasuduvemn q msy TasuaasgdupumsSasudoyauyy Burst Frame uaaalugalii 2.20

& o Y1 @ (7=} P 1 & A [ Yo
wefmmualdgesdygie lulimsaRounladlusrwamiasy taznwdunsesive 1dsudoya

v Y

d' o 1 A
Aasanunuauas luunazmsy

I Frame format ﬁ'

Guard interval  Symbol interval

16 samples 64 samples

3 2.20 JUupumsSamsudeyavesszuuTelewRAduluununan

v
o

ahldamnsefimsisanummsaevaussmuisesdyana 18 Taodmua I dayanad

=

DHIUNTLVIUMS FET annsoeu ldamannisn (2.25)

ZD.

su'ldl

Y(k) = H(k) X (k) + N, (k) (2.25)
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Taoi k AoswInvesdyamees k = 0,1,...,N -1
Y(k) Aodayanunsyld

H(k) fiamimsaouausinnuiveresdygio

o

o

X(k) fedyarudoyanegludydnusitSiomia

o

N, (k) fodyaimsuniu

& A v Y [V :l‘ o ) o o
WBINITDITVINIVON X (k) AU A INTONIMITYTZINUAIMTADUVAUDIANUDYOI IR

(Channel Frequency Response) 1deirairwmuaumsi (2.26)

- Y(k
A 2.26)
X (k)
= A ¢ A R o ay v
NNAUNIN (2.26) 1o H(k) AonamsaovausnunresdygIui lavinmsysznm
' v [ a s J ) o d'ci 1
fil A200ANDINUUVY LS (Least Square) mr‘ﬁlumsﬂs:mmasmatyaym1uunummnn‘luumm
» b . '
windwe iwesnndelidyapusuniudzlueg Antuszimauasdyapai 1dTuaumsi 2.26)
cv \ é - o '
Wndveglunnunaidenszuiums  IFFT (11939109900 198IHAADUAUBIDNRAd YD
o 1 a ' v 4,0 9 Yy a I o
dyanaszen lifuyanamuwiy - emgiihilimsniosisiulaidmaoy  (Rectangular
b v '
Window) NyBupuRNIZHansuausIduiadvessesdyaaluslwalesiuminiy diuimde

o

i . v
wanuiesdyanumaniudunsuilavesdyanasunin  uduawwanouauesduiadues
1 [ Py Y ar ' - 9 & ° ) Yo o
yoadgyaaiinyes ldnduunegluununiud Menszuaums FFT emsyaseldiudaann
. b4
dumolumlsiniu q
2.3.5 Julaida
o 4 ' a @ W o o
Twideiinarnn WumseSinedsiimsadudydnual ToodAivy domsldqudnyas
a a 1 o v - d 1
¥9d IFFT Msiuanaquitasmstiiuaavysonuyid mnateonlugin 2.14 semunil 4
& Cal & o @ o = o 1 a 9 & o =1 a
nauwvides lunilsdydnuai Toedady ualuanuiluese  dAuniessvezmiummemilnasy
. v L
dyaneuder Fulunasmvesdygramaniu dnfudwasuvesmiinaiudyaudinaiiaeg
UBMMIIBUOUTIIAT (Out — of — band) Niamnuald ewdewaviliiiamssunIusznin
[ Y = 9 : Y ' ' ﬁ o < ﬂ a o o
dydnuaidrufes]a aumMITY e UYRnMvewRarana S udyaaduiludiidiny
Taonauavmilnasunziimsanasediad q muiladduland uddmsuadumvdessunann q
¥ 3
vu wwifamsanaeedns lusessudu wash i Taudude (Side lobes) TiAanasdln
L 4 & _—_— s 4 .
wuiu dawaaslugdi 221 smuhadaesuvesdyanainldiau 256 aaunnidesh -3 dB

' a0 (] o & o o q ’
llUUd’JﬂﬁNﬂ'\ﬁﬂﬁ\iﬂU'\\ﬁ']ﬂﬁ'] malﬁﬂunumu’)u 16 Lo 64 ﬂaUW'WfUﬂU
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¥ "
Tumsiailnasuliisanaedusas @i amunson 1dlasmsszgnaldiuTataa

o o

Y ' v o ¢ o d & o qw o ¢ o oa e
L‘\n"lﬂ'luuﬁazﬁmuaﬂytuimaﬂman ”lf\l'ﬂ'ﬂ"‘llﬂ]ﬂ“ﬂ'laﬂﬁilﬂuﬂuﬂ TlUil')iN"U'f]“lJ‘UOQﬁfgaﬂEﬂl

v
=)

[l a a s a ° yA a d ¢ & o Y o
duyiavesIulainteninnly fe JuTaduuisalnland Fgnimualids

0.5+05cos (7 +tx/(T,)) 0<t<pIT,
w(t) = {1.0 PT, <t<T, (2.27)
0.5+05cos((7—T,)x/(BT,))  T,<t<(1+p)T,

4 ) o o é IS ' z o o 4
Lﬁﬂ T; fo ‘mmawmamanya‘f ‘IN)Jﬂ1175]tlﬂ’3'15Sle’JﬂWNHlIﬂ‘UENﬁﬂJaﬂHﬂr lﬁﬂ»li]'lﬂ

Yt P : o s L4 a a o ] o 9
souldlimsmdoudwesdydnwal  Negaamt ldunsduluvouiwavesmsTsadeeon Taseadha
v W ~ awvao W =3 °
navesdydnuel loevAdy uaaslugdi 222 lumalfiadydnvelloevaidy swgmitligu

Y a s ¢ A QYU o o A s & s A '
deulatuusalaland  w(r) eliammawewduwmiioguenmiionuud  Taanadedn
= 1 o a a ° Yo @ o’ ad o v @ W 4
590137 ud lunsdidyananansyssananh idydanpel Tawewdon  gmirhlswiudydnyal
' ’n '~ { : :l [ A o o o 4 a o
roumihibhldlivouwaiimdondiuld (A7) ueziledudnval TooW@dusuduinm ¢ =1,

= kT, vzgnimunlag

LK

< 4 i+0.5
Resw(t-1,) ZN = I exp(ﬂn(fc_’ 2 )(z-—ts —TP,W)J

2

s(1)

1, S5t + T, (14 B) (2.28)

<t at>t +T,(1+B)

Il
(=]

s(7)

i 223 uansmilnasuvesinu 61 adummides uasmAMANA e R NRDT
Tsadeenl (4) sngunuiumnines Tsadeoniifisnin Mldanumuiniumdadaminasudn
ann0d1sInsa  udmldanumumiusemsidnhavesmslszimmantosas  iilesnndes
qdosanmluns sadoorvesdaydnuainniy  sufulumsidenduninmeiTsadeonsa
desiinsanfemmmumumusenisudnhaveamsisziwimdouiu Fanglit 223 wuh
udnwes Tsadeerliiy 0.025 (veuwalsadoondailu 2.5% vesdrumdndnual) Wi

;4 " . 4
mnzauigailieisuiuuniaes Isadeevlmoue
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PSD [dBr]

45 " n " " " "
2 -5 -1 0.5 o 0.5 1 1.5 2

Frequency / bandwidth

51 221 anwmuimiuimdaFiedingsulasdseniuladoe dmsuswou 16, 64 uay

A Tl
256 AAUNWINYDY

& o

Ui 222 mauduvenouuynnazula it dyanusi TeovlAdy

o T, Aenawesdydnual, T 923901904 FFT, T, Aenany, T, foszeznimia

=) o o - " (3
T e AOIZOZINEAMSA BAZ B AOUWNIADT I5nd00W

PSD [dBr]

i A

-2 -5 -1 .5 0 05 1 15 2

Frequency / bandwidth

31 223 mmmuunividuFainesudmsviuTaidwwusalalend musunaos

Tsadeonimify 0, 0.025, 0.05 taz 0.1
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2.3.6 msBalaslug
mM3Fa1ns Tud (Synchronization) ﬂgutﬂud'zuﬁﬁmﬁnadnwﬁwmixuumel“n Su Al
w3essuamnsadudeyaldodiegndeslaciinisdalas ludeztlsznoude 3 dadids Ayhe
1. mMsasI sy (Frame Detection)
2. msdspnudIandoeiravesnduniduaznisuf lul¥gndeq (Carmer
Frequency Offset and Correction)
3. M9 uf’l"'lmmwﬁﬂwmmmmstfn (Sampling Error Correction)
nmsasefuntslfdmiumsngadondevesdygoudasdadouel e tannse
fazhmsquivedardydnualldetgndes  rleamnanuuandavenIEntumives
3osdaaziniossy mldmsdudygaudazaifine ¢ slszneudloruiamedusaa
(Phase Factor) 713 q wilsTasamnsa@onl&ifiu ¢ Tasit a7 feswesmimdeoion
¥oNAUNY  (Carrier Frequency Offset) #1'hidA nzﬁ"uﬂ'wmudﬂmas'ﬁ‘l:li’fhﬁvw’fmﬁ'lnﬁ
ﬂsz:Jmfhuawm‘mmm"unﬁffmwiazﬂ%":fia'u Tahdyanuildnamsdguliuessuiums FET
fau wihlddyaugydoquentifveinsos s lnuoa senindesdynnudes
mstiududmtuuy gmiunlditensdalas ludiufe 41000 T, wveauAaz
doydnuel gninbimitousuludauudege Sequdnvasiinndss Tonidmiunsdalnslud
Huue tasuuuaivessuyld Fanaalug it 2.24 Tﬂﬂﬁup*»:gﬂnsafnnd1fxﬁvaﬁ'uﬁu

9 ' a a & o P 3 2V
NG TG q‘ﬂ"ﬁiyfyjmllaz‘”q\llja1ﬂgﬂﬂ73')q T ‘]5\116111V!ﬂﬂ’11115m‘1l8u‘15ﬁ\m

Te

x(t) = Ir(t-—‘r)r(t—r—T)dz‘ (2.29)

manadyanasunuveslssnamamulisuuunn el gndmuadmiudygiu

°_ o s

a 4 v
duna r(¢) Fulszneudedyaulowenfidy s(r) Aedds P saududyanasuniuuuumd
e . . :; ﬁ' : . o W a - [ 4

(BoU (Gaussian noise) iU MAIMIMUMNINTBshduFsmTinaTudrunilaves N, n6ld

la o o ad o a
HU‘NWJGWI'U‘ENﬁﬂgﬂ!\ﬂﬂi)lﬂﬂﬂlﬂu HUAD

r(t) = s(t)+n(t) (2.30)
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Estimate
T Frequency

del —»1 Conjugation Phase of |—» offset

i Maximum

A
OFDM Find

Signal > .[ dt » Maximum [—® Timing

i correlation

31 2.24 nisFalas luddronmsiu@udunduuuu

2.4 1n5895UaIszvuleHAIBY

dyguTeevdwy Tanladudnzadruiudyarudlaoa ioaninnsdivesdyan

o o <
]

A e - i o 4 1 cles a . °
auden s eannnuinfissaduaiesdunsomsosd iiiooadamines (Oscillator) $11nannld
9 9 Py do v @ o P ) a o
mswsTAes lvvoadalames Snumiud IIuveIRTUNIMGDY 31N 2.25 uaasudealaszunsy
A o i a d [] A 1 a 3 o
vounsesuds ToieAby luduveuniosdefeyaduyaszilasnndeyauvveynsuihiuuy
r Y A Cal A c‘/’ z o s Y
v wdnh lilvegaafiusdunidesifiiavinauaziva nntunvzulasdygnaltegluunu
P 'Y . )
nalasldnszuauns IFFT Funileuiunszuaunms IDFT (Inverse Discrete Fourier Transform)
Tagfinszuouns FFT  szlupuvuiiilidawnsedasuiames lunisdunaldedd
o o 5 ar o Pr 1 1) 9 o ﬂ Py z
Uszdninmuniu nasnin lddygraiegluununaind mladeyandumiluuuveynsidnnss
4
o A ar A s o 1 L. L4
wimiuunsngafesiu ienisfleanunisifanisunseaeasenindydnve Toie@dy

v’ b4 [
qamuhdyyiaToeddduusgaatuanuding udrvoedygra ldusWuiiodeity

13
<

soadgyanai 1daude

2

Transmitter

Serial { ™| Modulation [ > Parallel Guard RF X
D—> to | (Qpsk, JIFFT| *| to »| interval | ModulatorH
.ata Parallel || 16QAM,etc) |, »| Serial insertion Amplifier
in

Receiver

Parallel : Demod - :— Serial Guard RF RX
-“-— v | (QPSK, | | FFT | to (< interval [« Demod H
Data Serial 16QAM,etc) | «—| Parallel removal Amplifier
out

4 A o ¢ o
31t 225 vdenlaezunsuvsunsesfudszuyToWABy
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1 4 o i v o o g [] o 4 o s
Tuduvsunsessueztiunszuiunsiinduiu Mumwdnunsesdlasdyaiuisudin
'; L [] 3 3 LIS - 8t
wgnulasintinnmddiaseglusnnufwauuus iminhdgyaad lddunssnums FFT
9 o :; l Py o/ ] A « ) LY
v ladgygraiegluunuaimd Tasvnanasavesdygialuudazaduniissgnamandueen

¥ an
nifudoyadtnea

2.4.1 msuegandyanaeision

* v
dygnaTeerdduiidhiuegvesdayananuauuudluns dadyanarusesdyann
t 4 . ] [N »
W 15ezdenhimsuegiaaiunautiing (RF : Radio frequency) tive 11 Ianamsdfigeiiunoudariu
) o =y aa d' A
yosdggnusenema 14 Tagldinatiansuegqaauuuddaoa uanaluguii 2.26 Feaussouzves

4
mveqaaluUAYaBati NIz TiAIIuG

Digital Up Converter

I Interpolation
. |
{ Filter !
RF
I cos A\/
Complex | 90° | output
OFDM | DDS A& EC>—I_>
Base band (: >_ '

|
Ql Interpolation c 9
Filter

i
Digital i Analog

31 2.26 misuegandyniaersion Taumaiiauuuainoa (DDS: Direct Digital Synthesis)

2.4.2 m3dSuszandaana
) 1 4 3
nyaesrAUdyauiiensiaier  Tumsdwiresdygnaii ddyanaufianny
-y » *
Aren waslidyenusuniudiedinsdiussdudyana uaaslugi 227 dunuydiaeaia

< t 4
o e

voadygnaiifiamsAaiion uaslidyanusumumudisdiuveansiiussaudyana fmua
W x(m) Pudgyopeduns n(m) dudyapasuniuidan uas ym) Hudyanai ldndain
vosdygna Tasaruduiusvoswesdyane dygnudunys uazdyanauening aunsouaasld

ANigUMSA (2.31)

Noise n(m)

xm) | 2O Distortion y(m) H—l 0 Equalizer 7(m)
S S

o

. ) [ 4
31 227 wuvdoewedygrafifamsAafoulidygnusumunasmsdiusziudaenu
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y(m) = hlx(m)]+n(m) (2.31)

] ] 1 4 [ '
iieilafsu Al] AevesdygruiiAadion Tuiaqlil msaevausitesdyananziimsnldounlas
awal (Time-varying) oz lifhuFudu (Non-linear) dusrdmualivesdayonadinns

naoun/arnaivinig (Slowly Time-varying) 9naunsh (2.31) ssamnsooulnyld

y(m) = ghk (m)x(m—k)+n(m) (2.32)

k=0

4 s 1 ) o’ ] o o
e h (m) Aodulszdnsueatesnssuuy FIR SUAUR P VFDINYYIY T IUTVUVUINGBY
goadyanai lulimsulfounlasmunar A (m) =k, 0aumsi (2.32) annsadouanms i

aglunnuad 18y
Y(f) = X(NHH()+N(S) (2.33)

e Y(f) fie aillnafuverdygranening X () fo milnasuvosduyanadune H(f) fio ms
aouauBIvBITeIdRgIN ez N(f) fAs aillaasuvosdyanasuniufivhn fusidamenves

fFyanusuniussnudunaasmsnunnaumsn 2.33) 214

In|¥Y(N] = W|X(N)|+n|H()] (234)

A o Y- g 0 a ‘: ] o
MNNAUNT (2.34) mammsmsﬂaamsnum‘lﬂué’wzmu‘nmsNﬂmawawm YYIUUINMDBY
¥4 In| H(f)|
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3.1 uni

A o w o J

o o M é 5 2
Taymdidgenaniiaveamsuegiaanuunateaiuny  Aeddiiseavesdganuiinige

U o
]

A o @ o o « 4 a ea ' - d & o o a9 1 o
nnemguividunde tissnnlumafiassuuan q ssimshinandegagqanlddedyann
v > ¥ va & ° 1 1 c;ﬂ a ﬁ’ " A o w 1 ot
anduszyvezldan1dfilienasvnehnueglusiidudadumniy (18] Wemdamssatian
gunmhldgasmsianuvenesvevegganiigadudd  (Saturation)  33@BINMIAANGINU
DUNAVBINIITVOY (Back off) uANOMAIAIISANAIGNN IUNTLNINITAANEINTUBUNAYDA

ot a =2 v Yt A o o  as L= o a A
wesve Tannmiiuly Sadesonliiinedudvesesvneids wisrimsvavlunTeauras
¥
Audygraddaeadiuowniden  udiimalfifianufiouninmsuoganssnindyin  (nter-
. . . 4 & = = < ¥ o o it
Modulation Distortion) Ffinal#tasanufianaaiadoyaiiviy milnasuvesdyaaiidason

v Y -: = v [ 11 a
‘hJuwauu HazINANTISUNIUTOITYYIUYINLAYS

3.2 dAs1aIUMaIMLanfeMaIRaY

Tanlndudaeriiieiierd gaiihunldihunma lumsdszdiudlisueun Tay (Envelope) ¥04

o

ganennniulyuieli Tastisefiorfvesdamne x, Tidaaunmisd G.1) Taold « Wy
| 4
Y o

o hd & 1 o L A L
Tansdsiinmdenion ¢ u x7 (1) uasdyiina Lideriies n wu x"[n]
—127 (3.1

2 o o & oo 4
Taold marxlel unmuidueunTadgagavasnia uaz E{|x,|2} unuMdaundeves
=]
Fygnalash T unugnnanlflumsfinaniieiiens

o o U o 1 s é $ M o
dwmSumsdedoygauaurii (Passband) dygnammsaauniiniddeniinisusgaauu

a4 & ¢
ANOATUNIY f,

%5 (t) = Re{x()e™*} (.2)
%5 (f) = Re{x(¢)} cos(j27ft)— jIm{x(¢)}sin(j27 ft) (3.3)
xpp (2) x, (£)cos(j2n £ 1)~ jx, (£)sin(j27 ft) . (34)
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deamudaduwv £, fdgenhnutvesdygiamougiunn q (f, << N/T) fifida

UUUUU a

fhgeaveddyanauaususslaunIfumMdnsoavosdyg uaUg M
max|x,, (t) ~ max|x(¢)| (3.5)
fmiumsusgaauuy M-QAM

E{|x, (t)r} = E{lxg (t)lz} = %E{'x(t)lz} (3.6)

4
vvvvv

anfusihdundevesdyguuauiulin

E{lx(t)lz}

Effrn (O} = 32 OF {0} = =5

3.7

nNAuMsN (3.6) wax (3.7) uaadldhriditediens wesdyanamouri gy sitogIy

Uszuial 3 dB
PAPR{x,, (1)} = M 3.9
E{jxes (0 }
PAPR{x., (t)} =~ M = 2PAPR{x(t)} (.9)

Efx (1)} /2

ae lezendredumsdnnuniifiefiony veadyanamaieaduniiiluy DMT/OFDM #
v A " T a 1 A& . { A
nan lidenieslasldmsqudietiaiu L o dle L up sampling factor Tne1daunisdi (3.1) idle

MaamooalinumiiuaunIsy (3.10)

2
LAY
maxlx’" [n/L]l2 = % LZ Xpel2min/ (3.10)
n =V
- 2 1 (¥ 2
mslx]x [n/L][ = ——\kZ:maxlX;"l‘] (3.11)
=0

MNANFURUTU01111519921 (Parseval’s Relationship) v 18fdundaiiu
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e ()} = -,%EE{I&”IZ} (312

i A s

° o A [} A %4 o =] o = o A~ & o
mnsUnsamﬂauwmuatmnﬂau"lwnauammawuuvmmnu (SZ‘UUTEHS'M]WBIJ) ATRIDNDII N

Azl

2
max‘|X X ]

PAPR{x"(n/L)} < N (3.13)

4 o (R a’: ] v e v (] [ 3 4
Nneumsh (3.13) sy ldnavesaumsnassinamnsolauminuld aoo1 sy #i n=0 e
¥
Waydnvalvanuatida@oaiu {X{,"} = arg{X,:"},k =1,2,...,N-1
o .’,’ [~ 1 Ve =t o A ; (] ﬂ a 9 o i Tl & 3
gafusziulan  miedions  indusduiuBudumusinaunduniges el

nszvaumsiaudiududu  dgapamameaaunmisidoims mdigegavesdagno ugaa

(—max
n

A ISP o' L 4 o A |
x,|, max|x,|] ¥dimdinigadudaveunseds
n

3.3 mszneumgen

v ' o [ al s
dr1szneurmuanie Crest Factor (CF) Whudnmmilsiitihanlfiihunas lumsyaiividl

J & o @ o o ad ' e 1. o 8/
auounlod nievinagehqrvssdydnuaileevaey lulamunarhiimgaininusdounies
] 2 o 1 e ] as ot P [V =
mila daiseneumessaiilusnsidiuvesvina vedyanafilinunndige ("xIL) furuadY

ordiduoaveadyga (|x],) Faimdadunts

CF(x) = I+, (.14

I,

[

Taodinnuduwusniu fieRo1s aail
CF =~ ~PAPR (3.15)

sy aa [y
34 AUTNLANWTRAVDITYUIDUDUFIU

o

¥ '
dmiudygramougnni dssldaifiesnain IDFT wiedydnueiluTannmaiiauiy

=2 o qra

$MUMIT 15eFBAMANIAYEY Discrete Fourier Transform laodufdnydnual M-PSK 5o

° i .. @ o oA T
M-QAM fwou N dydnuel (Bouluglonmediudedon  xfx,x,..., %y, ) Wil

os

Foydnuel M-PSK 150 M-QAM w3eswiau N dugdnuel Tash N=2N uasld
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Hae

o o

1 4
= o -4 o as A Al
mumaiiniies IRdydnyel M-PSK 130 M-QAM nfe d1uau N dydnuel Fsannsodsusglu

<

T [

s a )
sUnnmesAuFadou X=[X°,X,,...,X N_.] diold IDFT wlawnimesaudedou X i ee'ld
LY o oo [l Jv 0 a T 1
dgdnyal luTanunm Adsusgluginnneiadmnusia x = [x,x,...,xy,] (x unumly

Tauna wag X unumluTawuand) Taof x Senwaumsi 2.9) wieannsodoulugl
waSnddaumsti (212) dielidydnusides X, dhsaszdemuintidadoned x  f
andwiufeiu Fuhllgmsausfswn N ifvnelng uasdodoved X, dudunlsduiis
msnsTesILLdasAB A Wovhdasnyel x, udazasans i udy liFaus

#lddnvazdumsduuuuimdiezdnimunslsiy (Vadance) ity o nasamnsouga

(4
~y

Hafidunanniteziliuvesnaumunniu (PDF : Probability Density Function) 484 x, 4@

f(5) = ——exp %, (3.16)
g N27o 20° '
tloan PAPR,(dB) = 10log(x?/0?) dufupmninzduiivinaves x, exfigasida

fdewefdundedeonds PAPR,(dB) fio Prob[]xn|<0'\/10P o ”°/‘°] Taoii

0T ,
Prob[lx,.l < o1074PR/0 ] = I f(x,)dx, G.17)
el

b b a
e [f()ae = [ £ (t)ae- [f()de  wasHarFusirianaa (emor function)  Hewufu

b v
e’f(a):-\/z—; Ie"zdt TITPAT
1]

/ PAPRy 10 _/ PAPR, /10
<aJlO”"’“°"°] = -;-+%er —5)-2— - -:lz—+%erf —192— (3.18)

[

x’l
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Wioan erf (a)=erf (a) Gt

2

[{ 0 PAPR.10
Prob[lxn|<a\/10p”k"/'°] = erj{ﬂ————} (3.19)

a 3 [] o ° o o P} 4 '
datummnisziiufinnaves x, $m N dydnveieedl fefiers Joundr PAPR,(dB) fie

h.OPAPRO/lO N
Prob[PAPR, < PAPR,] = erf ——— (3.20)
suuamninziiui Toydnuol TotoWAidu sxiishiiofiens qandn PAPR,(dB) fie
hOPAP&,/lO v
Prob[PAPR, < PAPR| = 1-|erf *——— (3.21)

Handumsuesansninninziluazay (CDF : Cumulative Distribution Function) U83@ s gl

'dnmiﬁu%mmxﬂuzﬂuuuﬂﬂ (Closed Form)

2 2
Prob {PAPR {x(n)} < y’} =Prob _|_xg)_)|_ <y’ M <y’t (3.22)

Efx(f} " E{r(n)f]

(o)
Prob {PAPR {x(n)} < 72} = Prob KA LI <y’ (3.23)

4 o o o
iio O Wari%u w3 Gaussian Error Integral 1AAIRITUMIT (3.24)

o(y) = f f(x)dx (3.24)
924 CDF w04 PAPR{x(n)} Hu
Prob{PAPR{x(n)} <7’} = (1-20(7))" (3.25)

o e’a’ o o -y a a :
AMUU Wqmmnmmmmmmunzﬁluﬁzﬁumumu (CCDF : Complementary Cumulative Distri-

bution Function) 1Weu 1ot
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Prob{PAPR{x(n)}>7*} = 1-(1-20())" (3.26)

]
ad

dlodygramaoaduwiiilsunduwnidenthu N 1 wazdie N Tamnnii i

4 o

. . . ¥ ’
Joyanquiiamiiteiiors igunn wihlussuuiillafiefiond Afavudiulvgazdindt 15-17

y
o o o @

o -t - ac [ VO | ¢ 2 S 4
dB {ANYIMUANT I AIUUIBAAATWIONDTS wfluammﬂiymn

3.5 anvazvesnnu s udulianus

3 o ] : .
WideiisznanduuiaediduFuduinria ¥ lUIuaudse  elduny

gunsal bidhudaduildtuialyl Tash g() Aeiladdununhidlududuniedidyanais

[
<« ¢

o v O - yﬁ
auiou Antudygnuidudowldiih

X2 = g(x) (3.27)

»
o ]

. 14 1Y KA : ' 4 e oA A
Taoh x unuldnadiegn x(n/L) vesddudyone inadeiion uazlideiios x(¢) wield

14
L4

nmseueidhetiusmuydldanuhidhudaduuuyl¥anust  (Memoryless nonlinearity) 1u
aumsi (3.26) angUifluaumsficinars ='§qmsauuﬁuvufﬁ%’ﬁ’ﬂﬂ“luﬂu%"uﬁ“h’fqﬂﬂsaﬁmu‘lﬁ
fhefudy 9y 2wesirdan (Limite) tozawsunsiag FamssraeauuviiannsalFimy
gnsall¥aud1éd ednlsimumdnmsiozndniidningaunsoveelidgunsaidhass
Gunuuhld Tasmsussgndifieadndes  fmsmaunuy lidhadadulfanusreglugduy

ar 1 " ) A -3 1 = o
vosdred i lidetites Frensafoummiyaveantsmaunuyhidudadu Banus 18y

x£ (n) = g(x[n]) : (3.28)
o o o - U ar H 1 & s .yl o
Timeudivatu Simahaunurbidudaduegluplvesdyanadfinadeiion faiudyais

. »
ARamouansaeouldidiv

#(1) = g(x[t]) (3.29)

Anududgagaiiu 4

o 9 @ . 1
ae ldvzRvsananulidudaduuuylivesda (Non-Expansive) st
e
i

o

Tasnguauianms livensdyanu annsadouludndamansldd

le(x)[<]d ,vx (3.30)



35

¥ . ]
aniu gunsslhidhududulasia e idnvasduiliddudotion £ uaziidasivne

qaqaidu a>o0 Tagi |7 (x)| < alx @ouaumsiléidy £ =ag Taoi g Samaudlive

v
o

o a o o’ FURE: a LY < v
dyge  Antuglnsalveedyonan bidudadu  aunsousnesndszneudifiuasesvne

o

a b ada ot [} o & 9/ a wa
Fudulugrunanlisaswne o«  uazgunsoid liveedygradumudis g lumalfia

L 1 L] -, P ey Q’ o é r dy
dulnggunsalliduFuduitiguaniamssuds Seannsouasld fail
|lg(x)|<4 ,vx 3.31)

Unddnuas hidlwdaduluTanunaidenios dawlngifianniasvoemdage uuy'll

E 4
as

= ¥ as a aw  oa o dy
dhudadulugilvesdyapadunanuuidaid fail
x = lxlej"“{‘} = pe’ (3.32)
»
auiu eunTadidsdeuvesdyanauemiyaamnsodou ity
{92 F[p]ej(e+z[p ) (3.33)
[y o 1 a ¥ dyy £ °_ o
unudnvuzmsudasdunn lidudadunlianusives AM/AM tas AMPM sudidy

3.6 wansznuvsannyllihuiaduniineanssouzveescuy

A4 o $ oA o 8 ' a o &4 a & '
WedygnanddaiiouldilesnannyhidhuFudu Jammdnideiudl 2 ednde ms
% Q' 5 A ar A o o/ : [
anaewel PSD wag BER Wi Wedyanamvawaauwiiisasusiunuumd oty sy

a o da ' a 3 ° 4 1o @ [
voansAafiouiihasnanulidhudadui e siusdiudandiuves A’/E{|xlz} Tag

A* Aomaveninagaganingunsel liFadu was E{lx]z} undsanuntovesdyanuduna

<. =i

a

v 1 4
snsoMruanIIine s NG oA sTAUMIVAY (Clip Level) Tiiia1 Al

2

Cliplevel = 10log,,—— [dB] (3.34)

=]

>
38550071 Input Back-Off (IBO) wazmiidaiiudaisimuagamauvesisesuss Tasmsld o
o 9 ; P [] a ¥ (] =3 a o
miarmnieuifaninanuhidududuvesnssvnozanas ssnlsianlszaniamluns
¥esvenomdszandias uieaRsafumsiiines Output Back Off (OBO) amnsaiion'ld

1
AU
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2

E {Ig(X)lz}

OBO = 10log, [dB] (3.35)

Taodndddueniyaezlosnnmasduna dmuawhiduGadui hivowdyanaleg

s -

oonlsianr Sidyanamaeaiuny S9negluuinuiifhufuduvesgnsalifounasaal
fdsaeauiivelimIndRoefunn S0l 180 ~ 0BO
dedyanaeglussuuhithududui ¥ pSD arawia:d BER sy wuedana
mwfv!mzﬁmi?:uumnmsua@mmzniwﬁagﬂgm ildifandndfinand wenuounSeaudd
Aatuegueniuudiad Genusingmselii msAuTntmivessiinay (Spectral Regrowth) Ty
msladninglddesdinnuaninasuiteldsauiu 3981901080419 180 figs nieldnn
nyssrevinglnsel lifudadu menseamdanin Hpa ewdfidunugalduaziva q nsdifian

o w ° = P 1
fMdadaIdaslnosenis BER vy

3.7 tIMmaluMsandaNaIHMdIgeaseMaunie

Tuilegiufinsiaunds lunmsaamifefiorsnawis Tavozuadsdre q semilu 2 uwy As
~ =t Za o Y a 4" ;! = P f o Y o d’ P P s
msaafiefos i ldifanuioy  tazmsaafiefios it hivhififaanufiou  Famsanfiof

. - 3 1 i <4 -] 3 i ] o
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Abstract- In this paper, we proposed a new PAPR
reduction technique using selective mapping (SLM) cascade
with adaptive peak power reduction (APPR) methods. This
technique is used in a system based on Orthegonal Frequency
Division Multiplexing (OFDM). OFDM has many orthogonally
modulated subcarriers which unexpectedly produce a peak to
average power ratio (PAPR) and tend to reduce the power
efficiency of a RF amplifier. A sequence of input data is
rearranged by SLM for the reduction of PAPR and then fed
into the APPR process in the proposed system. The APPR
method controls the peak levels of the modulation signal by an
adaptive algorithm. It reduces modulation signals over a
predefined range. In simulation results, the proposed method
has shown better PAPR reduction compared to the SLM and
the APPR.

I.  INTRODUCTION

OFDM was first introduced in 1966, patented in 1970 and has
many well known advantages, such as robustness against frequency
selective fading or narrowband interference, high bandwidth
efficiency, and efficient implementation [1]. OFDM is mainly used
in digital audio broadcasting (DAB), digital video broadcasting-
terrestrial (DVB-T), mobile multimedia access communication
(MMAC), IEEE802.11a, IEEE802.16 and IEEE 802.20 [1, 2].

One major drawback of OFDM is the large Peak to Average
Power Ratio (PAPR) of the transmitted signal. The large peaks
require linear and consequently inefficient power amplification. To
avoid operating the power amplifiers with extremely large back-off,
we must allow occasional saturation of the power amplifiers,
resulting in in-band distortion and out-of-band radiation. Several
techniques to reduce PAPR have been proposed. These techniques
have been known as amplitude clipping [1, 2], clipping and filtering
[1, 2], coding (1, 2], tone reservation (TR) [2, 3], tone injection (TI)
[2, 3], active constellation extension (ACE) [2, 3], selected mapping
(SIM) [2,4,5,6,7], partial transmit sequence (PTS) [2,8] and
interleaving{2).

In this paper, we propose a new PAPR reduction technique.
This technique is based on the SLM cascade with APPR methods.
In the proposed method, for the first PAPR reduction, an input
sequence is weighted by each of the phase rotations to

978-1-4244-2101-5/08/$25.00 ©2008 IEEE

generate some alternative input sequences. These alternative input
sequences are transformed by IFFT and then the optimum sequence
with the lowest PAPR is selected for transmission. The modified
input data are fed to the APPR process for the second PAPR
reduction. The APPR method adaptively controls the gain based on
minimum LMS emor. It reduces modulation signals over a
predefined range. Using these two methods at the same time, the
simulation results show high efficiency of PAPR reduction of the
OFDM signals.

The paper is organized as follows in the next section we briefly
review PAPR of an OFDM signal, selected mapping, and adaptive
peak power reduction method. Section III explained the proposed
method. Section IV discusses the performance of the proposed
method with simulation result. Finally, conclusions are drawn in
section V.

II. OFDM SIGNAL AND PAPR REDUCTION

A.  PAPR and OFDM signal

Letusdefie N' symboksin OFDM as { X, n = 0,1,2,..., N =1} .A
set of N sub-carriers, i.e., {fn,n =0,l,2,.‘.,N—1} , is
used for these symbols in the OFDM. The N sub-carriers
are chosen to be orthogonal, that is, f,, =nAf in frequency

domain, where Af =1/ NT and T is the OFDM symbol
duration. The OFDM signal is expressed as [1,2,8].

1 ~Na i .
W)= 2 X,

n=0

0<t<T (1)

In order to avoid ISI and ICI, the periodic transmitted signal is
made by preparation a copy of the last part (~25%) of the OFDM
symbol. This cyclical prefix plays a decisive role in identifying
frames correctly. Then, the signal is D/A converted to produce the
analog baseband signal, upconverted to RF and transmitted. The
reception is the converse and self-explanatory. The block diagram
of the basic OFDM system is shown in Fig. 1.
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Fig. 1. Block diagram of the basic OFDM system

The PAPR is defined by [1,2,3]

2
max Ix(t)l

PAPR = (2)

E| x|

where F {} denotes expectation. In some blocks of the OFDM
signals, large PAPR happens since the structure of the given
symbols may cause this peak.

B.  Review of Selective Mapping (SLM) technique

In the SLM technique [2,4,5,6,7,9], the transmitter generates a
set of sufficiently difference candidate data blocks, it represents the

same information as the original data block, and selects the most

favorable for transmission. A block diagram of the OFDM transmitter
with the SLM technique is shown in Fig. 2.

Define each data block as a vector

X =[X0 X ...XN_I] 3)
Define phase sequences as a vector
B(")=[b b b ]u:lz U @
u,O » ll,l 3 o*vy. “,N—I 3 3 4oy >Ny

The vector X is multiplied element by element with different
phase sequences, each of length N . We have

(u) _ _
X —[Xu,o ) Xu,] ,...,Xu,N_l],u =12,..,U (5)
where

X =Xb ,u=12,.,Uandn=0,1,..N-1 (6)
u,n n u,n

To include the unmodified data block in the set of modified data
blocks, we set B as the all-one vector of length /N . Among

the modified data blocks X" ,u=1,2,..,U has the lowest
PAPR which is selected for transmission.

p

) fi
—»@X—v 1 AN
Partiton
nlo B‘ i Xm il Select
X pa ods —>®—» W e |y
— D Vg Dy . wih
Souree seid amn
(1] PAPR
U
i || & {0 o
‘—P@—b IFFT >

Fig. 2. Block diagram of the SLM technique.

C. Adaptive Peak Power Reduction (APPR)

This method controls the peak level of the modulation signal.
An adaptive algorithm reduces the amplitude of modulation signals
over a predefined range. Block diagram of APPR scheme is shown

in Fig. 3 [10]. The value of x(7)is the OFDM signal which is
considered as an input of APPR. The ix(z)l is fed into the

clipping module where the amplitude component |d (l)l is
generated by

@) du
()| < dy

If lx(l)l is smaller than the target valued , , then ]d (’)I takes

dli) = {d,,,.exp{ j.arg(x(i))} &

x(i)

the same value as |x(l)| . On the other hand, if lx(l)l is larger
than d,, , then Id(l)l is chosen as d, . Next, |d(l)| and

|x(i)| are multiplied together and the result is fed into a FIR filter.
The cross-correlation between complex target signals and complex
modulation signals is weighted by b(j) and is calculated by

1 M/2 *
2 b(m+M/2).x(i-m)d (i-m) (8)

M+1 m=-M/2

u(i)=

where the weighting coefficient b(j) is given from Blackman-
Harris window function.

b(j)=0.35875 - 0.48829 cos(27j / M) + o
0.14128 cos(47 j / M) —0.01168 cos(67j / M)

At the same time, Ix(l)l goes to the module of "(.)2 " and then
is fed into an (M +1) stage FIR filter. The autocorrelation
function of x(7) is weighted by b( ) and is calculated by

W= E bm+MIDxG-mpx Gom)  (10)

M +1 m=-M12
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Finally, the gain g(i) is calculated by Eq. (11) and multiplied by
the complex modulation signal for reduction of the peak level of

the signal.
u(i) .
N =5 v(@))O0
g (i) =4 (i) (1)
1 v(i)=0
LN Clipping
oot~
xG0) [ Envel Jei) u()
m:: FIR
b() Divider
{ u(iAi)
Delay o R
L &)

Fig. 3. Block diagram of conventional APPR.

III. PROPOSED METHOD

The new PAPR reduction technique based on the SLM cascade
with APPR methods is proposed in this paper. Fig. 4 shows the
block diagram of the proposed method.

First, a sequence of input data is rearranged using the SLM
method. An input sequence is weighted by each of the phase
rotations to generate some alternative input sequences. These
alternative input sequences are transformed by IFFT and then the
optimum sequence with the lowest PAPR is selected for feeding to
the APPR process. The APPR technique reduces modulation
signals over a predefined range. Using these two methods at the

same time, the PAPR performance is higher than the conventional
methods.

=

)
QA
Puttion l)
info Select
X Dat2 blocks Xm Xm o ¢
ol '® "| l' s
-’S“‘“-’h*m* .£—>API'R—>
" .
pary ) . .

Fig. 4. Block diagram of the proposed method

IV. SIMULATION RESULTS AND DISCUSSIONS

To evaluate and compare the performance of the conventional
APPR, SLM and the proposed methods, simulation results are
shown. The parameters of this simulation are listed in Table 1. The

normal modulation signal Ix(l)l used in APPR process is 1 at
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maximum. For comparison between Ix(l)l and d”, in

Eq. (7), we define d,h as 0.8 and 0.9 respectively.

Table, 1.

The parameter for simulation
Modulation 16 - QAM
Number of data sub- 256
carriers
Number of FFT points 256
Number of set data blocks | 16, 32
Phase rotations (¢ ) 0,7
dy, 0.8,0.9
Number of filter 16,24
coefficients (M)
Window function Blackman-Harris

D.  PAPR Performance

Fig. 5,6,7, and Fig. 8 illustrate the PAPR performance. The
definition of CCDF is complementary cumulative distribution
function [2]. In Fig. 5, the proposed method(U=32, d,;, =0.8) can
reduce PAPR more than the conventional APPR , SLM(U=16) and
SLM(U=32) by maximum 4.00 dB , 094 dB and 0.65 dB
respectively.

ot 4\
i N
Pl \
el il \

4 ] 1 u 2
PAPR(@B)

Fig. 5. PAPR performance M = 16, U= 16, 32)



In Fig. 6, the proposed method(U=32, d,;, =0.8) can reduce

PAPR more than the conventional APPR , SLM(U=16) and
SLM(U=32) by maximum 4.13 dB , 0.82 dB and 0.53 dB
respectively. In addition, the comparison of the simulation results

in Fig. 5 in case of M=24, the improvement is maximum compared
with APPR.

L
PAPR(@B)
Fig. 6. PAPR performance (M= 24 ,U= 16, 32)

In Fig. 7, the proposed method(U=32, dy;, =0.8) can reduce

PAPR more than the conventional APPR and SLM(U=32) by
maximum 4.37 dB and 0.73 dB respectively.

Fig. 7. PAPR performance M = 16, U= 32)

In Fig. 8, the proposed method(U=32, d;, =0.8) can reduce

PAPR more than the conventional APPR and SLM(U=32) by
maximum 4.72 dB and 0.56 dB respectively. In addition, the
increase number of filter coefficients M=24, we can reduce PAPR
more than simulation result in Fig. 7 (M=16) about 0.35 dB
compared with conventional APPR.

63

Fig. 8. PAPR performance (M = 24 ,U = 32)

V. CONCLUSIONS

This paper has proposed a new PAPR reduction technique by
the SLM cascade with the APPR methods. The input data are
reduced by PAPR reduction using SLM method before feeding to
APPR process. The PAPR is computed for each resulting sequence
and then the signal sequence with the lowest PAPR is fed into the
APPR process. The APPR technique reduces modulation signals
over a predefined range used adaptive algorithm. Using these two
methods at the same time, the simulation result shows that the
proposed method has better PAPR performance than conventional
APPR and SLM. {

REFERENCE

[1}] R V. Nee and R. Prasad,OFDM wireless multimedia
communications Artech House, 2000.

[2] S.H. Han and J.H. Lee, “An overview of peak-to-
average ~ power rtatio reduction  techniques for
multicarrier transmission,” JEEE Wireless Communications
Magazine,Vol.12,No.2, pp.56-65, 2005.

3] J. Tellado, Multicarrier modulation with
applications to DSL and wireless. Kluwer
Publishers, 2000.

[4] S. H. Muller & J. B. Huber, “A comparison of peak power
reduction schemes for OFDM,” Proc. IEEE Globecom97,
pp-1-5,1997.

[5] R. W. Bauml, R.F.H. Fisher and J. B. Huber, “Reducing
the peak - to - average power ratio of the multicarrier
modulation by selected mapping,”Electronic Letters,Vol. 32,
No.22,pp.2056-2057, 1996.

[6] P. A. Pushkarev, K.W. Ryu, K.Y. Yoo and Y.W. Park, “ A
study on the PAR reduction by hybrid algorithm based on the
PTS and SLM techniques,” The 57" IEEE VTC’2003,pp.
1263-1267, 2003.

[7]1 S.H. Han and J.H. Lee, “Modified selected mapping technique
for PAPR reduction of coded OFDM signal,” IEEE
Transactions on Broadcasting,Vol.50,No.3,pp.335-341,2004.

[8] A. Latifand N. D. Gohar, “Reducing peak to average power
ratio(PAPR) using partial transmit sequence in OFDM
systems,” Proc. IEEE INMIC2003, pp.126-130,2003.

[91 B.J.A. Bassem, J. Slaheddine and B. Ammar, “A PAPR
reduction method for STBC MIMO-OFDM systems using
SLM in combination with subband permutation,” Proc. of
IEEE ICWMC'07,pp.88-92,2007.

[10] C. Pradabpet, S. Yoshizawa, Y. Miyanaga and K. Dejhan, “A
new PAPR reduction in OFDM-WLAN systems by hybrid
algorithm of PTS and APPR methods”  Proc. of
APCC’2007 ,pp.145-148,2007.

low PAR
Academic

392



64
UszIneaen

a = - § o 4 a oo [V o o
wonesdns  9Uls imaidedui 18 Hquisu wa. 2512 Admdaanauns duSemsfnm
a @ a a a L4 a w o
Yiyanasgmunssumanstiada avisnssuliih auzdsmnssumans UNINNAOTUR
I's 4 < 9 ' [ ) Y] a o a
voriu Tutlmsdnut 2540 nazinfnyiae luszaulsyanIn vangasIaanssumMaasunIuSa

a a a a L4 LY a
NI TN INTANIAN MAIFIAINTIY INTAVUIAY AMLIAINTTUAMAAT aartumalulay
Yy v @ = =
nszvomndudgunmisaanszls luilmsdnw 2549
mand oaams InsAwinvadszmalne Tt wer. 2535 Jegiunldouveiiiu v5im iled
o o W 1 L d. é - W =1 o o
#1fa i) 0. udadane nEeies WANANE nTaIMWLMILAT F1 USHEW Ailedl $ifa

) Tdaivayunumsfnyinasandngas





