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ABSTRACT

In this thesis, the Trellis-based SLM with Artificial Bee Colony (ABC) phase
optimization method and the overlapping Partial Transmit Sequence (overlapping-PTS)
with Artificial Bee Colony (ABC) phase optimization method are proposed to reduce
the larger Peak-to-Average Power Ratio (PAPR) which is the major drawback of filter
bank multicarrier with offset quadrature amplitude modulation (FBMC-OQAM) system.
In this proposed method, we clarify the problem of larger PAPR by reducing the PAPR
of each overlapping data symbol with lower combination of the optimal phase factors.
Unlike the conventional SLM methods and conventional PTS methods, the proposed
method uses the lower combination of phase factors by applying the ABC algorithm
with considering the overlap between the current data symbol and the past data
symbol to search the optimal phase combination. The proposed method with ABC
phase optimization method can significantly reduce the larger PAPR with low
computational complexity for the FBMC-OQAM system which can be verified by the

computer simulation results.
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Spectrum Density, PSD) Y04dayaynauiinses (Side Lobe) fisnnn Sniededinnununiusie
AoeNAvaIAINARAUNIA kay FBMC-O0AM §ianinsadnnsnmadenanuivesdua o
Tnglifasnisraanavesnsdestu (Guard Interval: GI) 1ae dheaautATivondomman
FBMC-00AM Faidudaideniidrdadmsu 56 u1nndn OFDM Tnsianizagad sdnsu
punsnfog@slasiia (Asynchronous Devices) [17] luunilagnafiug1uddauos FBMC-
OQAM 11 N15vhusufidsyay1ulafieidu (OQAM Mapping) N15nsasdayaIavanaLd
(Polyphase Filtering) 2393505038 Qey18uAULUY (Prototype Filter) N1311AN9RTIEIUNA

NUARYELER (PAPR) ULaydsNsanaensdiunascaiegagn (PAPR Reduction)

2.1 suutenidudtugiu

sl Filter-Bank Wunuimsfiissansamlunisdunmnd msussuuiifaeas
nsesduauann 4 lunauaraudiisade lnenisuengdesdaaiagos (Sub-Channels) an
mwﬁ Polyphase Decomposition i Filter-Bank Eﬁﬂﬂﬁﬂﬂo’]Lﬁﬂﬂ’]iﬂhﬂﬂ@lu’mﬁliﬂiax‘i‘ﬁ
Y1N91USIUAU ﬂﬂ'ﬁLLUﬁﬂﬂﬁLEJ@Ei’NL%? (Fast Fourier Transform, FET) AMWSI1U8958UU FBMC
a1unsaesuilanie Synthesis bag Analysis Filter Bank 1ng Synthesis Filter Bank (SFB)
UTTNBUAILNGEUVDIINATNTOIRDVUIUAU 1TD Poly-Phase Network (PPN) 9£638NYAI9AT
ﬂi@ﬂﬁdﬂﬂ%ﬂi@ﬂﬁﬂLLUU (Prototype Filter) LLazﬁwmiLLUamﬁLEJEJEJ'NL% (Fast Fourier
Transform, FFT) 9zdauusnnunitsvesuwauaduninud (Bandwidth) Tu N desdmaimugas
Jiedsdyameenluainninds Tunszuiunisassiudufiniasu Analysis Filter-bank (AFB)
wUsznouseymaasnsesiinssiunadadledAuteyaiidinduan 1aziSen SFB uay AFB
71 Msuenan (Modulator) kag n1saxeaan (Demodulator) AUA1GU

nnsldasasnsesfinanuiiousnvesdy g esnaununsldfed Sumnineng

dwdey (Rectangular Window) msldnisuenianasa (Real Modulation) lite$nwin1sasain



FENINPAUNINEDY VITiNanaUausIBuNadveaATedds-5U FBMC lifinssiuiuainsuniu
INYeIH Y IMEREUINALY AU FEUU FBMC 2iimsdedydnualasenn 9 ASaianianves

doydnwal OFDM fl9gnisendnszuu FBMC-OQAM

_____________

: 0QAM modulation 1 Polyphase fitering
1 1 I
1 1| | femmmcmcccaaan 1
1 1 1 h
1> Re [ 12 > > H >
: o i "
| n i n
1
b jim || 12 fof 221 : i
I 1 l n
1 1 I I
1 1 I I
>l jim [ 12 >+ S| Hy 7 f
Input : K ! ! Channel
—s/p|! ? i IDFT| | p/s [hannel
Sl Re | 12 | 271! ! h
1 I : |:
1 e ' 1 1 Iy
1 1 1 1 1 I
T Gy |
1 1 I 1
1 ] 1 1 ' I
1 1 1 h
™! jlm -] T2 "/) —- Sy 212
:L \ e > S :
1 1 1
bs! Re || 12 [sf z-1 ! ;
1 h 1
: :: Synthesis Filter Bank :
powsll N\ 3% J/_ D . A\l Y ol 1
sU7 2.1 Tassasnsvennsosasdeynins FBMC-OQAM
LA ohee Al Sl U Ay B i
b - S T Py, 1 !
i : ™
L > _1 >
:: Hy [ 2 B Re Pz N
0 ) !
1 : :
i
] | z7tp b2 Pjlm — |
0 | !
i i |
i
R T V2 pim | 27 s>
1 1
Input X ' N
—{ S/P } \ | DFT ' | P/S |Qutput
h | Z7ip 2 Pl Ref— |
: !
1 1
] 1
: |
- |
|

gﬂ‘f/’i 2.2 Tnssadsveaedeadudyaia FBMC-OQAM



NSRILNTEUY FBMC-OQAM #ng Polyphase Structures uag DFT Qﬂ‘lj’lLauaﬂ%’j\i
usnlag Bellanger [18] uazgnAnwiselag Hirosaki [19] LAdesds-3u dayayias FBMC-OQAM
UW N subcarriers wandlanagy 2.1 wag 2.2

fvualid H(Z) feilsidugelounemanauausiduiadilunaidomiaiaives

prototype filter A[k] el Polyphase Decomposition aglé

LN-1

H(Z)=) hk|Z™*
o (2.1)
=> H,(Z")\Z™"

' L-1
Tnei MNANEE ™ (2.2)

1=0

WAy L AoAIN13dLAI0819 50 Oversampling Factor

TN sIns i esdsdya il dydnuwal BunaBedouvuin M x N lussuy

'
[y

FBMC-OQAM UUARUNINE8T 1IN N Uaglidiuasuazdiuiunn muadgdnvalainun

m™ VUPAUNIAN 2" 10U R wag I’ suaeu ansaleudunsdysnvalldedoulanadl

X, =R +jI', 0<n<N-1, 0<m<M-1 (2.3)

m,r

o 6 {

Tusguu FBMC-OQAM 15128 @9d QA NwaiasaNseaeinany 7/2, f T AvA1Uv8d

]

o [

anwol Inennwesdydnualdunedl m™ Aaynve

9

1 [

BRI RUTILIN N &

Lo
2

D

@

AU UL MNNELNNS

Xo=(X,, 0. X, X, v)'s 0<m<M -1 (2.4)

m,2° 2 m

Tnedl ()" AensvimsualnaveuunsIng

2.1.1 OQAM Mapping

o a

Tu [20] Saltzberg lanuginigatunsiaounuvesdydnuallun3mils sswinsdu

(Y L3

In-Phase wag Quadrature Yaddtyansal QAM vilvandeiinseninstosdygudosls uaz

o

v

s AudeyalalagUsAannnIsuNINaenseni g yanuwaluasUNINANTENI AT UNIN

Y

(%
LY

AeuLsazA uNYigoaIzgnUanLanaie OQAM Uaziiaulun1sneain (Orthogonality) 9%



Rsanfidauaiarinuu Tunisvi OQAM Mapping Wi iedadunssnwinsneansewing
AAUNINTGLABY A9 IazANTUANINIZAGUAUUUAMNA A UN LAz U Ydnyalot I
Aol ATUTDITYANUAILAZYDIINTTUINAAUNINYDYUDITZUU FBMC-OQAM @158

uanslagaguin 2.3

/\f
. . . : . complex symbol
« » N _I‘r,-f-“"
N A ° I m e m ® L
2 e, 1
T

EE )] = | ® N ® = L] Wy

1N L N ® ] L [ 1] B in-phase component

. . . . . = | @ quadrature component
-

JUN 2.3 uansdrydnualvesszuu FBMC-O00AM lulaluiiaiuazainud

Y L4

7 0<m' <2M —1 113911 OQAM Mapping 4830y nualBunadsdou (X, 1Ud

2M -1
m=0

v v € a Y v ‘29{1
Yanwniase {a, 10" uandlassil



R[m, J m' is even, n is even
m'is odd, n is even
m' is even, n is odd
J m'is odd, n is odd
(1-38).R",
m
5]
n
5]
2

+(1-0).1" ,, m'isodd
=[1-0)(1-05)+ ¢9§].Rfﬂ,J +[(1-6)o +0(1- 5)].[[}1,J

+jo." .
%J m’ is even

O.R

B

71 0=m' modulo 214a% & =n modulo 2UUARD ay, =R, ag, =1, , a,, =1 waz

=

a,, = R, wielduselevdainniueg19iiuse@nSn1ngeanvesnisuegian OQAM ATUYDS

[ !
1Y [ L LY 7 a

doydnwal 7 gnvinlvianata3wils dadudeyailaniel wasessuazinmdiuise (3ediu
JunNN) VosdYRIM LaTAURUAATIN (MEedIUR3s) azUsIngludiuvesnssuniu

dwsugesaaunigesninollasiuluy A1Usuial (Time-Offset) vas 7/2 gn

inluldiuaiuaiwesraunmigesinis waylddvdruiunn waesniunvitoefiass Aelu
v < o ] a s A Y o = 1Y) ! o

N agipaluduiug aunsadineansiingivesiungnismaeniuly [21] Sauduguuuy

Lwa (Dm',n

m' +n is even

0
¢m',n = ' A (26)
5 m +n 1S even

2.1.2 Poly-phase Filtering

#5491nN15%1 OQAM Mapping kidaydnwaluasdayaiugnnsesie SFB %4 SFB
HuuszneudensyuaunsuUas IFFT LAZNGUVBIINAINTDY Poly-phase Filtering Tudiiis
ZUNUNANDUAUDIDUNAAVDIINATNTDIAULUUAIY A(7) LazIUINAINLIT (Length) VB9
WATNTOIRULUUNAY KT 1ag K AAINS9ouiuiuuesasnges (Overlapping Factor)

doyqyauitugIues FBMC-OQAM %38 x(1) Wuaunislassil [22]

x(1) = ¢{{X, 1o 2.7)
={{X, X5 - Xy} (2.8)
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2M-1N-1 jz—”nt )
=> >a, ht-mT/2e T " (2.9)

m'=

(=]

n=|

Tneil
x(®)=0 370 t={0,(M—%)T+KTJ

¢{) Ao flerdunsuegian FBMC-OQAM

[ (Y L3

Al x, (1) Wudydnvalues FBMC-OQAM &iufl m” Fsliumasainnisuen)

]

lannmeTdyanualduNn X, f1aun m”

x,(H=¢{X,} (2.10)

[
Y

yeudasiaslulaunalves M nwe iy uBuNaiuaiedne

1NUY

2

&
youAsosddaa 0 FBMC-O0AM diunsaiduumduannisléssd
M1
x(1)=Yx,(t—mT),0<t < (2.11)
m=0

2.1.3 n1suansdeyaunns FBMC-OQAM uuuliisatiiasmiaiian
Frygyrouiugukuulideiilamneiaives FBMC-OQAM v3e x[k] MNaunisguLiiy

]

(Oversampled) §1uau L 53 @nansaldeuduaunislansd

x[k]=oiXe X Ko} (2.12)
2M—-1N-1 '2—”}1 ]
= Z Zam, [t - m’ﬂ]ejuv £ oI (2.13)
m'=0 n=0 ' 2
M-1
=2 %,[k=mLN] (2.14)
m=0

W x[k]%0 , 0<k<(M+K-05LN—-1 wag X, , 0<m<M—1 Ao 1inines

L2 6

FoyanwaldunaNHIuNTdUINlagNISINAT 0 91U (L-Dx N f3 A5anaeves X, Ay

aunng

A

X, =(X, 000X ,0,...,0,)(”175,...,Xm,N_l)T (2.15)

m,——1
2 (L-1)xN 2
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o [

WuRe iU x [k] Ae dydnwal FBMC-0QAM liisiowliaanie a1dui m™” Aeuns

& o

duiiy Faldunannisueguannnmesdyanualdunsiiniunisduiia (X,,)
x,[k]=¢iX,} (2.16)

2.1.4 19950599AULUY Prototype Filter

AT 9 rusn 29esnsesiuLUazgnesnuUUIIaenAdasiunsU ST NALY
gy o nMsFnwsenkUUMIIORaY AU IYessnsendudunisideuddayes
FBMC-0QAM ns1zanuannsalunisdiannudlfogwmdsuasauantfianiziaves
s¥UU FBMC-OQAM waztiteliinmssainadunividasldunniu é’aﬁ?ugﬂﬁzyapmsum FBMC-
00AM avgmirluldlunsesnuuuisesnsesduwuy wasnsesiusuiidluineiinusine

Y

1995n50471%931 PHYDYAS

2.1.4.1 29390389 PHYDYAS

PHYDYAS 1§ uniislunseenuuuiiunainlasinis The Physical Layer for
Dynamic Spectrum Access and Cognitive Radio (PHYDYAS) European Project [23] 1ag
NﬂiﬂsaaéfmwﬁlﬁgﬂﬁwLauéﬂﬂa Bellanger [24] aaﬂquuuﬁugmﬁuaﬂmsmsej:uéhasiN

Y

AMYd F9dvaftun1sinauskuuYARUSUAINISIHLMBS luN15aARUULNEalU AR 1LY

ANNISITLABSNAALUNANAD FINIANVBINITADUAUDIDUNAAVDIIIINTRIAULUY L, B9
Uy AINITIUTIUAUTD9995N58Y K
N1500NUUULT N UAINITAIAUA L, =KLN, F,,0<k <L, -1 10 ua"

#d1UsEANSAIURNABINS Tnen1rua L

Fy=1,F =0.97195983,F, =

1
NG

1-F? F,=04,4<k<L, -1 (2.17)

AANNTTOUNU K =4 NandUuauaIdunadua9asnsas PHYDYAS agladu

aunnsiee [24]

27kt
ho) = T{F +2Z( )'F, os[ T ﬂ 1e[0,KT] (2.18)

0, elsewhere
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A faruasialawdu (Normalization Factor)

KT K-1 2
27kt

A= 1+2) (=DF cos| === || dt
I{ Z( VA [KT ﬂ

:KT{1+2§(—1)" F,f}

k=1

(2.19)

NMFIATIEHANUNLILLLTBSEUN RS §IUBaTEUU FBMC-OQAM 7147995
N999 PHDYAS [25]
q)PHYDYAs(f) Z[F(f)]2 (2.20)

g F(f) ABAIIINTIE0IU8INANDUENBIAIINDUDI3995NT09 PHYDYAS

1911970

i sin(ﬂ(f—ijKj
k=K-1 NK
ED S [DF (2.21)

f AN sin(ﬂ(f = leKD

JUN 2.4 uay 2.5 uansnanauausiduiaduazalumuiLiuvesalnasy

[

MNA9Y8999INT09 PHYDYAS Uaz2995n309dLmiieyl (Rectangular) muady wagaingy 2.5
29U lA112999N599 PHYDYAS a111509100010a ke auInnI1193asnsesadmasunldlussuu

TorovfLd

2.1.5 n15A9INUlALUUSY

w4, (1) Msideuves A() Tumawazaiud lned

L
I @) =h(t—m'T /2)e’ 7" &/ (2.22)

fratiu aunisi (2.9) anunsaeululedy

2M-1N-1

XO=D> a4, A, () (2.23)

m'=0 n=0
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0.12
m— PHYDYAS
Rectangular
3
g
S OBl N ]
2
@
['4
B goab oo
&
(=8
E
002 oo SRR
" —
ona ; ; ; i ; ; i
-2 -1.5 -1 -05 0 0.5 1 15 2

Normalized Time

JUN 2.4 WIuilgunanauauesBuiadsenineieasnsas PHYDYAS uag Rectangular

——— PHYDYAS
: Rectangular

Power Spectral Density (dB)

i
-4 -3 2, =1 0 1 2 3 4
Normalized Frequency

JUN 2.5 Wiguimeunswnsveannuszninemeasnsas PHYDYAS wag Rectangular

mnuali (1) Aedga uisulalugssdygrailidauiaisuuazinissunaum

Y] = a , = 6 1 o~ & vo &
woyufNegen 7, . a1 my UuAAUNEeY x, Weouuaunisladsil

L <x(t)’ A (t)>

=jxam;(gm

2M-1N-1 +o

= 2 >, | A OX ()t (2.24)

m'=0 n=0

DI L A O, (D)t

(m',n) # (my,n,)

intrinsic interference term, ju

=a

iy
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7 () maawdunisminagunielu au [24] 2993nsesiuiuulagnesniuy

v
o U U U L4

Tneiweuvoanissuniuniely ju, , Fwsaindudydanuel a,,

mg,ngy

Jtyy oo = ZZam,,n j R O ()t (m',m) = (my,ny) (2.25)

¥ aw an

A919% 2.1 nanevausduiadusuaTesadyyanieltieasnies PHYDYAS

my —4 my —3 my—2 my—1 my my+1 my+2 my+3 my+4
1y —3 0 0 0 0 0 0 0 0 0
ny—2 0 0.0006 -0.0001 0 0 0 -0.0001 0.0006 0
ny—1 0.0054 0.0429j -0.125 -0.2058)  0.2393 0.2058j -0.125 -0.0429)  0.0054
n 0 -0.0668 0.0002 0.5644 1 0.5644 0.0002 -0.0668 0
1y +1 0.0054  -0.0429j -0.125 0.2058] 0.2393  -0.2058; -0.125 0.0429j 0.0054
ny 42 0 0.0006 -0.0001 0 0 0 -0.0001 0.0006 0
1y +3 0 0 0 0 0 0 0 0 0

A519% 2.2 NanaUAUBBLTadUR AT USRI AfnaLUla OQAM

my —4 my —3 my —2 my —1 m my +1 my +2 my+3 my+4

1y =3 0 0 0 0 0 0 0 0 0
ny -2 0 0 0 0 0 0 0 0 0
n, ~1 0 0 0 0 0 0 0 0 0

n 0 0 0 0 1 0 0 0 0
1y +1 0 0 0 0 0 0 0 0 0
1y +2 0 0 0 0 0 0 0 0 0
1y +3 0 0 0 0 0 0 0 0 0

TadninnuantAveInIsaw@Inly FBMC-OQAM Aedrialueivesdiuiuaiuvinty
A o Y} o ' ° a v ~ v v P I
YUz OFDM §aanunsasnwini1saaainte ba1vess uiudsdeun daduldlilamenazle

Handusuwuuianusadianaiuazaudlies e asdinaReulunisaminlas nugud

[

984 Balian Low [26] wielviussqaiudean1sfinan 1sdesratssulunisfaintazdnie

Y

UluitunA93 nasnuieianansasudyaauazulaindudeyaiiilauasossudygiu

[

—
e
[

Joyafignasasealua1aseiignidenainununin Constellation ¥8IN1sN1sNBNERANAH
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LBUNAYA (Pulse Amplitude Modulation, PAM) nilslunaiauifves FBMC-OQAM Aennsa

' o
(% v a1 (%

waandyanualnduntuazundeuiuioulmssuniuandydnualiraasmslulauy

o

NAMaTAIIND ANFNUTEANS P, ,, annsavianudilalaannaaneuaussduadues

1A% 0dId gy al LIel12993n0999 PHYDYAS A1ua15999 2.1 910A1919015917 909580

FBMC-OQAM #1193493n589 PHYDYAS anunsadanale nsasiedyanuel a,,, Ngnasdiuin

Tdeganysallannnnisldauasavesdyain «,, Nvinishvegwan

(2.26)

a

n3dndularl OQAM anunsaasulanisnen 2.2 aanauns 2.24 anansaaguladnnig

Raanvesdyanuel FBMC-OQAM Wudufiususnwadvesasnses lngn1siiauaiuia

% [ L3 v

T/2 5eMINE@INANUAILIUANINYBINFAN YT o U

]

’r\ : = = m FBMC-0QAM
0.Q ey M PA W /AN ¢ - . ..... —— O FDM

o o
~ =]
T !
-’ |

5 —
1 1

o
@
J
- -
- -
1

Mean FPower
=
(5]
-

=
.

=
(%]
T
iy
1

=
%]

Y L e _______ ______ |
/7 j A
T y m— g 4T 5T

Uil 2.6 Wisuiflsusetnaindsnuyesdaydnual OFDM uaz FBMC-OQAM

2.1.6 M3Founuiuvasdyanyal FBMC-OQAM

H296381909 A(r) Tredwyayios FBMC-OQAM il sannnidaydnwal FBMC-OQAM i

[V

agfnnudauviuiu Tuieasnses PHYDYAS wasnudalvgves a(r) avaguinanigluyman

o o A a o D] v vy o w c{' o
VDIALYLYTEU LNBDYILBIUNYANWUSNITUYDUNU G]@\TEE‘ULLUUﬂ']aQQ”IULQafJGUENaiyJQJﬂm FBMC-

1
v

OQAM Fsanunsaruualatdusatl
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P [¥O] =E[ [x)['] (2.27)

i E[] Ao danseyhaiaanis (Expectation Operator) waziilosainnisnszane
yanalumang fdwaswazaniunamuesdaydnualiinsdewaaitu 772 lagi 2
duiifimunsadanarintu 4T Fsduiudlnensaiuruianinuenves () vnlmduld
Farauang Uil 2.5 I15uuumdsnuvesdydnual FBMC-OQAM flauiianvindy 4.57

AULANAININ OFDM Niauvesdgdnwalindu T

2.2 A1PATIdIUAIAIRgaRRBNIALRAN VR (PAPR)
Ao nseAdnsIdIufIaIRgannematnfevesdn I (PAPR) Faluisnns
Nfeuldinansuniwesdyanendioud-loAneduluwnuaan lnefasunaindyeaiu

#iugnu (Baseband) vasszuuiandivud-leAieLdu

x(t)=Mz_1xm(t—mT),0St<oo (2.28)

m=0

a oA = 3 [ a @8 a =3 1 1 o &
azlinumiefionsvesdygyiatendiond-loasionludisaiuna) T dwenlussil

max |x(t) > max x(t) f
PAPR(X(I)) X 0St$T| | — 0£t5T| | (229)

E[[x0)f’ ] ;f|x(t)|2 di

) [y a a a oA = 4 (% a2 oA a < [

dunsunsUsziliulszd@nsninaiilefosvesdygiaienioud-loAeduazendy
| aa 6 o a a . . . .
AMaEdALazianFTunITLINLasazauLiain (Complementary Cumulative Distribution
Function, CCDF) 4195 u1efia1ut19stduvesaiiiten 15919899 (PAPR,) MLAnan

A8148¢ (Threshold) lagazuanslassil

CCDF (PAPR,) = Pr(PAPR > PAPR,) (2.30)
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ax P A A = = ¢
2.3 35N138AAINLENISIUTTUUNITRDEITHUUNRANEAAUNII
fosoemdnddnuesnsdoasuuunansndunviaediaiitefionsge sanfensdeans

Tusguu FBMC-OQAM M8 90913 8ULEULNEINUNTITARAINLENDITNANEIISNIT LilDan

'
I A

ALEN15AINANY IneynITagdeseg uuiiugIuninisaududouranisAuini g

o

il
auAull 3Bnsilagniaueidy Insdneendygyiumienduls (Clipping) 350115 Tone

o

Injection (TI), Tone Reservation (TR), Active Constellation Extension (ACE), Partial
Transmit Sequence (PTS), Selective Mapping (SLM) ag Block Coding [27-30] +0 ufu
Tnganunsaneneendu 3 nqundng Aa 1.n1sdngenvedeyyio wiedyaenlisunla
gﬂﬁﬂﬂlﬂluszﬁuﬁaau%’ulﬁ 2. sdendaaunuainauuitazdu 3.nsdsiansyyinlaeg

WagudyiaanmsiiudSinaindeya avldesueegasiBealudvudaly

2.3.1 250119 Clipping

=) =] a s

aa o o a ! A A & aa ] A ‘:4'
’Jﬁmimmaammﬂiyig'lmmalﬁﬂmWﬂa‘ﬂﬂﬂLﬂmmﬁamm‘wLawa’liLLUUVN’lEWIEjm

YY)

n9ieuvedsiAemsinvenvetdyn x(7) lnguennaulsesudynuganviifiuan

D Ag ) U

a, @wsnesuiglaniaunisaeluil

()= _ 4 (2.31)
XL( ) ao‘ejo(z) x(z‘)>a0

<

We Zx(¢)Juyuvesdyana x(7) 91nauns (2.31) dunalddmannisinauves

i

(%
a 1a

AAUTIMMIUARIEARINUAISYINIUYDIINATVENY d1U15aLUS UL UAIUFUNUS TN

a 1

ndunRsed I NAlARIIUN 2.7 uanulIeuliisuaaantRvesdyaimnsaay

De e
Py

sdaynaiuisesveiswuuliiludadu defvesisnis Clipping ﬁjlaiéfaamiﬁé’fagauaﬂlﬂé’q
3osfulanemns uwideidsvesisnisifesrdmanedszansnmmsldauadnndy e
a, AINangLINADNTLHIBIAANIUlUSsEUnaTuTuABY LazuAndyiusunIu
msf[,ummﬂfmJsnﬂé’zymﬂmﬁﬂmaiﬁé’smmifi’mﬁm’fa%aﬁﬂ@mmmaﬁw%%aﬁgﬂwm (Bit
Error Rate, BER) anad lé’ﬁﬁ’ﬂﬁ%’aﬁwuﬁﬁmﬂﬁqﬁué’asJﬂﬁU%’mJﬁqﬂﬁﬁmmuiauLﬁ@iﬁ

anansaanlansiileiiensuagnisusvesmadlugaunaiutafes
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Linear

Clipping

Relative Output Power (dB)
n
T

15 | Sl 1
-15 -10 -5 0 5
Relative Input Power (dB)

JU 2.7 Wisuifisuanau URvesdyannnisrauldygraiuinssensuuulidudadu
2.3.2 35119 Selected Mapping (SLM)

Bauml, Fischer waz Huber [29] dtaueisnisieaneatdy lneldasnisiuasundas

wavesdaalulawuaaud 38nslaunsamlalaenmuagliuunisivisunlacues

dyaraagtuning U dn15idd sundasgyuuuinavosd gyl " 21na1veq

0<u<U-1Tute N aursaleulansaunis

wﬂ:((; ,(ﬂY | (2.32)

e ¢ Aeguuuunisiasuulasva ¢ Uszneusie k" aansauansldsivannis

g = 0<u<U, 0<k<N-1 (2.33)
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I IS

e g, AeFnsiasuwlasnawuuginesueglugie Ouar 27 Tulauadunl

[

dygdoya X arediwiu N Inu lnensidsusvannavesdygyions Uinanamasi

a u U-1 a (Y
Wasuulas {¢( )}  fwnauiritu N

XW=Xxog",  0<u<U-1 (2.34)

U-1

gunsodedeyaifoniunaziidnuas

Sodudydnualnmagouuugasioga (X} 0

[ . @ o u U-l i 1 [y
Vo9dye 104 Constellation LAy lasdey e {X( )} Wenu IFFT azladygiumnislau

u=0

LY = 1 A = 5 < o 1 (u) U-l 2 1o
Wuna U dggasdariunisanatieiionsidy igﬁyﬂaﬂ,w{x (t)} TneidonAdeyaou
u=0

Aa A = s a Yo
V]Nﬂ']WL@W@r]ﬁ@V]?j@ IﬂﬂﬂquqﬁﬂLa@ﬂlﬂﬂanﬂqi

u, =arg minl:PAPRx(”) (:)} (2.35)

0<u<U-1

) A

e u,, Aodygandiditefiensianadsansaiiteyaiduduanlanndeyanis
Wasuwdaawanialenitlyddunesiudu (Side Information, SI) S1uiudnteyaveslendu
Wesiduflauavindu log, U defveisnisvesiaaieatdunelinsgnus ausz@nsnim BER

o

Usgdnsamnsanefeionsliunnietisetuegiuiuiuluuuveanaues U Bwniay

Y
v &

aunsnantaiefianslanwazinuiulendunasutunazunaulUsuny

2.3.3 2515 Partial Transmitting Sequence (PTS)
lunisanArfiefianstneldisnsudsdrdudeslunisds (PTS) X (k) 1Dunnwesiy

nuen19Aua 7 gnudseentdu P d@ruges X (k),p=01..P-1 asduazld

Pl & .
X(k)=> X, (k) nnuald <9pLﬁmwsuamq'mﬁﬁ’uﬂizﬁm% (Weighting Factors) A28
p=0

6, =0 fegnldludiudesves X, (k) maununvesdygraluniisnmeanuignimunli

Hu
X (k)= " X, (k) (2.36)

nsudasylSiesunduiuuneiesesaunisi (2.36) uazldruantinnududs

euves nswlaulSiesunduluusallies 1519ld
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X (n) = IDFT(X (k)

=> " IDFT(X (k) (2.37)

7 x,(n)=IDFT(X,(k)\Ju P vesnsuisdrdudeslunisds (PTS) luniaenis
a1 n3iesnaRy x (1) alefiteions (PAPR) Ainfidn Jadulumiuisnisid

a aa

UsgdnSnmanangnimvualindu

[01',92',...,49}71] = argmin]{ max |x'(n)|} (2.38)

(6.0 10p 1] \0Sn<N-1

(Y] A

lunsivayaiundulNiweeAT BT UL UABINITIUIANG UVB Ity aduUsedns

(Side Information) wag@e (P—1)log, W dnsendlsleieibudnudnual 4 W Aesiuiu

YA 1dUUTEANS (Weighting Factor) 31nauN157 (2.37) P waan1skuasn3iesuniu
oA & v A [ ‘ = 08 v a ° o v

wuusiawiles (IDFT) duazgnaesn1sinasdy x (n) wamsavibiianisdiuwiaainududeu

WANTU

M () vy ——
X * £

n k
"5 | 1FFT >® >
A
@ s
Xn XIEZ) Xk S
X | FFT r S|y, 0

DATA = MOD [ —» Add GI (> SSPA

S/p
+

) ) ()
% A X

n k
5| IFFT :@_—>
vV l —
Pegk 'vall.le Side information
optimization

sUN 2.8 ununmvesnisdadeyauuudndidudqulunisds (PTS)

= = v a e & o~ - 3
1NFUN 2.8 uansdislaseasnvesseuuloenfdunugiuniinisandiioionives
FEUULUY PTS dm5U3sn1suuu PTS 10U doyavniansiidin X (n) gnuuseeniungumndn

I Vonguasil X0, 1 <v <) lngfvayaniauavesluuiazngugniiuianniuan
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Y] a &£ 6" A o Y Aa i« = R = ]
dulszdns b =™ Weovinismeadygiaidaifiteiionsvesiian laglunismien

duUsgAvsnuneauvausaznguvanazuanslanuaunisiaea Ul

.-
,fV)E{ﬂiz
w

W W A9 91UIU N Na@NIALaAR gl UN1S RN

0,...,W—1} (2.39)

RIINNTANAIFNUTEAVS Ve tAaEnaunaNLAIE A d Yy 10a1NNTTINA UV

NN 9 NHUUANANANNTTL

%= i(b,E”X ) (2.40)

v=1

e b Ao AduUsEANS
Tneazdeshimdussansiaiudalsudeldlunahdyyanduium Fetoyalu

| -4 = 1 1 1 o e J S 'y L o o < [ a £ {

dutlaviieninguvestoyadulszdns (Side Information) dwsuldnvesdulszansunag

v Y

nauviandIuan ¥V nquasiluaimigaunmenusnuuesial Inedetanaaidiiudeya

luwsaznguudnuastingunaninsiniuazladyaiundaidioieisianas Tedyayin

g

3 1A = o‘dy Y
L@WWW@%@\Tﬂ’i%‘U’]Uﬂ’]ia@ﬂ’]WL@W@Wiuf\wl@@\‘]ﬁllﬂqi

i
Mv

¥, (b(” IFFT {X})

<
I

(2.41)

Il
M=

(50X

<
N

< A % ¥

naun157 (2.40) uag (2.61) aznulainerdudsgansilylunsgandriudoyaus

Y
v

| v o a PR a A a o a £ v
agﬂqaﬂﬁaﬂuu‘i]gll@']ﬂﬂﬂmﬂiu%ﬂum@qLjaqLLagﬂT}@Jﬂ IWJ‘V]%meimm’lﬁmﬂizaWSHmﬂW

Souludulussaunis

J =arg min max
0<w<W 0<n<N-1

(2.42)

> (o)

'
a o

dl' ~ [ « I a £ Y o
deo 7 WuSeulvlumeamendudszandsinvinlidygraiinafiteiiensi Tiam
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2.3.4 33075 Block coding wazign1sau 9

Bsanarfilefiorfdnniaisiuaulafoifudenlndu aunsaldlaonisldngs
vessiateyairsiadyaadeyaiiiunsuegianuduazsiaamnsaanafiofionslu e
VUBLAYINUY am;'haEJ'NLsd'umiL%’ﬂiﬁ'ﬁiﬂai%’ww?ﬁyﬁwamqMwauﬁaﬁmmmﬁmm?1'
AAuNNYg oY Lﬂuﬁ’ﬁy,mmﬁl,%”]mchuﬂ'ﬁua@,ammLLé"Jﬁﬁi’wmumm?{uWWﬁﬂaa Snuils

AaunvigaeltdmSUTuNER winsnsERe3Sves Golay meduiusianmintuaNise

[y

fiAnfileiesegNuszana 3dB nawndudanesiulagninaeulaefanusaliuseaniam

' 1%
& 1 a = N4 ¥ a

1 =l a @ a v 2 S o =3 [ Qll % d" (v
A5aAANLENBNSNANIN kiIsN1SUNTITTaR A NTUABITNSUSULUAUNI9PULAT BISU
PINTNSTARULAINUN TN SHAN A TULAT DA

aca 1 a = o‘gj d‘ 1 U ¥ o aa aa Ql'

YONINNITNITANAINLONDISNINUANNAIUIT AU T9a9TDNNa183TNISNA1U150an
o a (% 1 1 aa P £ v ad A o [~ [ 1 Q’lj @) aa a
Afteionslausvena1Isnisieadesiuisnisnunavedundn detasiuisnsign

Y lgiuseuy FBMC-OQAM

2.4 35n15aAANLENDS lUSTUU FBMC-OQAM
35n15aRATILENDS LUUALANNNENUILEITINAUFINTU A1U150aRAINLE NS LA

ag i Uszans nnluszuulatenmdy walianursovunldaulaiuszuy FBMC-OQAM é

LY VRS VR ] (%

Tngnss osannluszuu FBMC-OQAM dydnwaluesdgauazinsdounuiuiudyanual

LY Y

vosd 1A KaanTiutauliosdinalimdeanmfiloionsunardanuailuna Wie

Y e saal o v & o9 VI a o s o a \a dll
Nai']llﬂ‘UiSM'J’NﬁQ.jaﬂ'@mmllﬂ']imll‘lfauuLEJ\“H]$WWIVﬁqWL@W975ﬂaUNWQQaﬂLSUUL@IN LWEJLLf?{,LGU

Va o 1

Taymasnanladnidenatevinuaueiontsuiledamm

Y

2.4.1 /MS Dispersive SLM

ad

b y A ad o = = o s v v
BIANP] Dlsperswe SLM [31] ABIDNTTATUIDINANIENUUBDIA YA NTEUNUNITNUY DU

|
L7 (% faa 1 1

Mndgydnvandiiunisapaiitofensluna wesandyg i FBMC-OQAM dnsviudaudiu

o

a

[ Y o 1 [ @ ¢ Ly a8 A [ I
@QEU‘V] 2.9 T\]WﬂEULLﬁ@\ﬂﬁLVUG’HLLVUQSUaQﬁfUWﬁﬂ@mﬂ‘ﬂﬂUusU@ﬂL@WULEJSJ%LL@%G]’]LLWUQGUEN

v cal 1 oA = Y o o ¢ |
dyanwalniniunisanaiiteNensiuuan lnedydnvalazniuly x,_,,x, 5, x, ,Uaz x, |

PXEaU LnedlEI3eiaueis Dispersive Tadiuisnsandifitofionsiuy SLM lussuulaiel

u Tnei3unin 35 Dispersive SLM (DSLM)

1%
P

9ana37u3% DSLM a@nu15003unesuTunousIne Ui

o/ (% L3

i 1 Mtledyaadeyainuiuisdouruin M dydnvalanansadousgluguves

o

¢ M1 ° = A A 5% s =~
bINLABDT {Xm}m:() LLaSﬂ'WﬁJ@E'ULLUULWﬂLW@a@ﬂWWL@W@WiWUﬂL'ﬂﬂL@@i UE‘ULL‘U'U@']?J']?QL?JEJU

M-

1 ! v J Y o ! £ a dy
ATTNYTIININU NLLﬁSﬂﬂ%UWIMQWUQUﬂWiﬁQ‘U@QHaLWll“U‘Ll

m=0

pglusuraanmes {¢(“)}
Y Y

WINAU m WWELAMAINY 0<m< M —1 HAagAILEUNTIUSOUL I ILATUADUN 2-7
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4.5T
.............. Xm e Current symbol

AR IS R R S R Xm-a -

L _

——— - X3

NI .

— Past symbals

-y Xz

P SR B |

el el Tl | Xm-1

time

| | | | [l | 3

l | I 1 I | .
mT" 4.5mT

sUN 2.9 dygyrauidinsvivdeuiuvesdaydnual m-th

gll d' o d' o a o 1 d‘ th & Ql'
YUN 2 NMINAUATULUULWE LUDEYYIUDUNR X, AR m” Insidasuudal

Y 1 PN ' v o I s U-1
YoId eI NANYHTARANANTUTIUIY Ug‘uLLUUL%uagiugﬂmaamﬂmai {g} el
u=0

o a

q‘ W U-1 o./ o ¢l | u
ammmauwmmﬂasuuﬂaﬂﬂm’mu {xt dnwaliluengian OQAM lagrues ),
u=0 B

A q

Gumsidendrfitefiensiangasin X\

Tufl 3 N13uBARLAALUY FBMC-0QAM AnyanidonaLi or1LN151enR LaRKUY

Y
LY [

FBMC-OQAM pasaviadudneal m” anunsaeuasuielansauniseasnalud

o

2m-1N—-1

‘z—ﬂn .
W)=Y Y atin((=m'T12)e’ T " +

m'=0 n=0

overlappings pass symbols
2m-1 N-1 P od (2.43)
JPm'n
Z Dal h(t-m'T/2)e " e

m'=2m n=0

current symbol
e 2 (t) #0 91 t={0 (2m+1)z+4Tj
m > 2

alm) Fopnndydnvaiiounth X0

mG(O,l,---M—l)LLaz 0<u<U-1
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[y

9NaNNs (2.43) WeunuA U suuuuuddmiudygnmengiandie FBMC-
0QAM ) (7) @ 0<u<U-1

Fuil 4 msfwmmdriieRens lunsiuamearfiefiensazmearlugi 1 (1)
meluaunawyidu T, =[mT +T,,mT +T, ) ansofvunayiansmuinmaiiiiefiens

wirdu [mT,mT +4.5T) Sofwmunly

(u) _ tel,
PAPR}) = T, >0and T, <4.5T (2.40)

Fuil 5 nsimuadriitefions PAPRYY) ssiiumsidenduann U suuuu filsimnd

RIS NIAMNES anusaaussutelansannis

q

ul = argmin [PAPRM(z)} oI +T <t<mT +T, (2.45)

0<usU-1

¥

T eT,,T, >0and T, <4.5T psfimusdwnsmaritofionsdaunsalglanuy nlw

TalniAianes

o ca

Tuil 6 N199ULAA LI1ANT0ULART YRR AN BTN IUNITANATNLEND1TAIUNTT

Y

WNUANINLADIAIEUATS

m
Umin

oS 2 (2.46)

m
(“min )

(Y L3

A o a ~ N v
Jedyanvaldunadnisidsuudasineyy @

o

Tdornduryuiivivlidayyio
FBMC-OQAM iifniiteiia15nafian

TuN 7 nMsadiunisanafiteNensludydnwaldaly Aen1siinal m U 1154

AMTUNITIUAUANNTNNEINTUN 2

2.4.2 33n1519au0aduLUUWTand (Trellis-based D-SLM)
18119 Dispersive SLM 7 lona1adsluluiadediuds arunsaanan PAPR lussuu
FBMC-OQAM 19@n1135n15 SLM nuuaaauuafgelauszansninlunisanen PAPR 1a#

WifiAas AFNstednealduuuumsada vise Trellis-based D-SLM [32] Feldignunaustuuy
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WUFIUYDINITIAT PAPR Nitleefigauuudgdnualdedyanual Fainnuuinuaandn

191 i PAPR gsludydnualvesdyyindagdu Insunansenuinaindyanualvesdoyn
daluluviufnig
11383 Trellis-based D-SLM Hwis1agyinmsmian ¢« Jadunquueslanunnsng

fiu (Phase rotation) 31u3u M #l¥iA1 PAPR Aitjosvianludtydnualvasdayaudnly

{¢(u D, ) i) ¢(u,’,‘ﬂ;’>} (2.47)

1Y

LR T7AMI T T ﬂaﬂamaqmawmﬂwm PAPR uaawamammau M Fydnuaives

min®~"min?>* 7

[

ammm'@uwm LLaSQﬂa\‘iL‘UWUE]{JJa (Side Information) TUffua3eesudayana gﬂ‘m 2.10 MM

A

Funns (Path) ARfigeuesisnis Trellis-based D-SLM #iilen PAPR tfepiian nnsmn Path #if

q

figelu Trellis-based D-SLM uamalsidsanns

2m+1 ' N-1 'T

2r
) \, Joont o
( )(l‘)— E § a( )h(t ) [

m'=2m n=0

2m+3  N-1

'zlnt .
W= 3 S ae="le e (2.48)

m'=2m+2 n=0

x40 (1) = x(t=T)+x\ (t),OSu,vSU—l

m sm+1 m+1

h o/

A 0<m<M- 1,m" stage 1u3sn5 Trellis-based D-SLM @ nn e m' ganwal
yoadayny1as FBMC-0QAM fiAnaindaydnualvasdyquduns X, luuday Stage fivedl
Stage 983 U fluansnaiu Inefiuday Stage 1035015 Trellis-based D-SLM agnunefianis
MAMNANUBUNETENINYN 9 2 stage Vasdpyanualvesdyaadunn X, Feagfiduau
path Afuldliduiuwindu U2 dyanm FBMC-O0AM iammé’mﬁﬂm}umé@mmﬁuwm

h 2

X, @16ufl m" uag dydnvalvesduiadune X, AU (m+1)" azuandlunis
trellis lneidu Path ¢ “sendvsaniugves u” lu Stage A m" war anurves v lu

Stage i (m+1)" Tl => uansmnusaiiiessening 2 Stage
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stage m stage m+1
(m)T (m+1)T
|

Ul 2.10 uan¥38n13 Trellis-based D-SLM

2.5 Sanoiiuaraniauneiien

Fane3fumsmmfunzauwuusiandauRadien wie Artificial Bee Colony (ABC)
WAILNLIRINASEUIUNITAIRINITTOINS Weldlunismdneudniudgmnsmeamang
fgn Inoansa 20U W3dv (K. Frisch) lé’ﬁﬂquﬁﬂﬁﬁumimawmmaqsgafa wazeaSuluis
auaninsalumsdeasvesiadaenisidiusydh wie Wagsle Dance Inefimsidusstwosia
ﬁ?u%Lﬂums?%amﬁ’fagasumssaz‘vm firma wagaunmvoamaIslAlUNUEIN Mg
ﬁmmﬁaw‘hL‘flur;gaLLazﬁmiLLﬁqmjmmsﬁwmuﬁﬁmﬁwﬁ%’mau Tunsrurunsmemsvesi
Thiflesiusznauddaldun widiemns Aumemadudunasy (Employed Foragers) uas
nauisiimemnslaifuidunase (Unemployed Foragers) sloulu®) 2005 A137Tunn (D.
Karaboga) [33] laeSunganuduiusvesesnusenauninannfiugunuung Anssunsmenis
Voteid

W18981%15 (Food Source) maﬁaﬁiﬁmuﬁwauﬁLﬂulﬂlﬁsuaw%gﬁﬂzym

Aflaile (Fitness Value) WuAiildlumsinnaaivosunasonms Tunisihanldm

'
oA

AmNzan Fanunefsnuaivasdneuiiidulula Ferdmldann eadiaadiniladdun

wldldlunsiseuiisuiuauavasdaeundululiduy 9
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LS (Bee Agent) Lugaveshsfilddniunisduin dmsuisludaneifiuves
ABC thiazudseenldifu 3 nauAe RatBumaes (Employed Bees) Ae¥uans (Onlooker Bees)
uay Adumn (Scout Bees) Tufisglanils Avazgnuissaniu 2 nduwin q fu Aeksmamisi
Hubunaseveriadumasy uariesuarslunsmdnouiilululfusiassu Tuuigdiam
yesimemsarUsEneudeniinedeng 9 ﬁﬁqﬁamsmmmmxﬁqm LYUALNUIAY
YDIUNEIDINT TUNTTIRUUUMIIE WIS uNITMATINE iR 51l
Sruuvesadunasswinfuuiuewdte g

douduresmvhan Audumassazsimilumsdimaumasemsuazindoya
yosuvasemsiuluveniuisfuars wasissuansasdnaulatianidenuioliidonunds
p1MItuIIndoyaitldsy uasomsfiigunmgsiazdlonialunisgnidongenitunds
oSN Senmatnvsauvaseistmildaniimdnileddy dmiuiadunass
fundsomsvesiulilisunmssensvanniioueaiufiduilsfuans ffuesdiduiadu
naowogagla suluiiuil sdum wazvinasdumuvdsernisunadnl s1azidonves
Sanesfiuag fudsil

Buduansiundsvesunasomsggnadisuinlaenisqy nefiaoouianiisl

HlanduilddmsunsAnnumauaIveuate IS lanauns
F(x),x, €R”,ie{1,2,3,::; SN} (2.49)

A1 x, Wuiumiseswasesildunnmesiiiigveuawiiiu D f F(x) Wu
AreaUaiinilsiduildlunisAuunuaivewunaemis uaz SN uduumaeImng
WHRINNITANUAANLTUAY Hartseiazidngnssuauns AunifIumlnesunatemis lag

NZUIUNITTINLA LT UNITIUTDUNITNIUVDINTSUIUNITNEN 4 ATZUIUNTH

2.5.1 mausuussmnauidululdvasiiadunasy
dlol@sumiaveaunasemsuudd Rudunaseziumunaemsiiudy e
Wiguiguiuwratemnsidiuiley lnenisdue1siuiavasunasemsneginaaeaiy b

LD UNADEALLADNUUAIDNUITNANIAILAUNTT

v, =X, +CDl.j (xl.j —x,g.) (2.50)

'
Y

INauNIT (2.50) A1 v, WWumneunsewnasemsiidululdsulmindnulasunanaineu

VIRUMAMNSAL x, IINMSUSEuiguAumumiiiIufgsiiieninlaensdy x, A @,
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Juedildunannisdundivassening [1,1] Aduardwsunisuuihmdnvesnisiasuulas

Arananfudualnlvesnsinauluseusely dmsua1ves ke{l,2,3,....SN} uad
iAo TULIENTEL Wag e {1,2,3,...,D} WU j Weaiuiu x, anuuand1wes x,
Wag x,, AOAIWILIYREIMsTId R uLAliTAAe T TuLYE IS Sunaemsiny

v, Anuvae Wiy x, iknumuwdemisinmeunaseImsivg

2.5.2 msiaenanauilduldlavesiieduans

\HloR wdunaoevianaeliunae1msLa19enauangas wazasintayavesunas

v Y ¥
I = v v =

2IMsiatuUeniumA RS UA IIINA HaSuansazidensuvanliniensdusiegia 1l

a1 A < =

o K Y Ao A Yo =~ 1 IS
A1TINTIVAUAUINUN Iﬁﬁﬂ/]iﬂﬂ/lllﬂ']wmLu@]%ﬂﬁ]gmiaﬂqﬁiﬂiULa@ﬂ%Q AUNIVDIAY mm%t’dﬂu

[
v

nsidenumrasewnsnng o azludadl

L N\ (2.51)

dmsuan fir, Wurladnvestnasomsiaunded i Jaduaiinianld aneeuiaadin

WAty F(x) 108ua30915 | dmsua1ves fir, mlaainaunisnsialul

1
_ L w0
hoL Hfl @) (2.52)
VTS

Tnefan f(x) wredsa1nlaanfleiduunanasansang q vty F(x) 19

LAAIDIUNT i

2.5.3 nsUsuugsamauiiilululfuasieiuans
WIS UASENUNEIDIMTINRATUNABELEY NINTUITUSUUTIANRBUVBILIES
a % A Yy =i ! d v ow LY ° & a
gnsimInduidentimeaunisi (2.50) Wuhgifiuiunsuiuuss Ameureiudunasy
WA IMNSIANIEQNUNUTAIBUMAD T Insin a0 msmaifnda dundsetmslvaly

a 1 | a < = =1 = 1
AnduvasemsiiuiazgnldlunisiSeuiisuvesnisiieniuseusialy
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2.5.4 MMBNALIAINBUNILYIGN1 9 UYDIRIAUMN

o v
(% IS

TumneuilinaInn1snEudunasssuAunUIua I shuusnaniulumem sty 5ulid
AN TIANe mezlignidenainiaiuans Raudunaseifaviudsudesilulisium lag
mstudulgsihumidvdivemunaems dundslniveswnasemsiansamlaain

aun1saanalUll

X, =x)" + rand [0,1]*(x — ™) (2.53)

9 J

AN (2.53) A1, T A1 i nanedeineuiidululd way j nunefiadidves
Anauidululdluuigidamn wieansaznandnieniende x, Wuameun i volifty

unatesi j dmsuar o Wuveuaigauesiuiavedwratemstulian j uas

'
=

2 U UNEIEAYRIAILALNTOMVAIRMSNTAT j 1LBRANTNIRINUNEDIMNT x,

J
= a 1 2 A W = A 1 & I al PN v
WIBUNADYNUUIVNNRUANIDNANIDAULYNAUIAD x;nax eSS x_;mn LﬂUQWWN'}ﬂQWWa‘@LLaguaﬂ

'
= 1

Nanvedinil j YeunaI M INmun

o ¢

2.6 UEUIUIUNIULLUULN & U U
13U 2.11 dyanausumuluszuunsdeasiudiuginsdiaeslidudygyia

SUAIULUULNIE LT 91 (Additive White Gaussian Noise, AWGN) @ 99¥3 AN URU LU UVD
awnesuduuwuvgfinesu (Uniform Spectrum Density) Lazuoundgniin1suantasuuuind
(Gaussian Distribution) ImEJ‘LJﬂaLLﬁaﬁm@ﬁmﬁUﬂaumqqmmﬁ (Thermal Noise) wazdyyu
sUNUNIalNAI (Electrical Noise) tinarnnisvenedyaniuazinuautfvas White

. “ = [ 1 o Y @ % & Y =
Gaussian Noise Fa1nAaaNfInaIansadtaesidudyaiasunausuunddouls &
Hardumnunuttuvesanuuiazidu (Probability Density. Function) vesdeygiasuniu

WUULNALR B @UNSawansbaniualnis [34]
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_— —» r(t)=s()+n(?)

s(t) r(t)
n(t)

Additive white Gaussian noise

Amplitude pdf of power spectrum density pdf
A A

1 .
ENO Variance = Power
v L

t f

JUN 2.11 AnuauURvesdy s UNIULUUINAZ Y

2.7 ARV IUNGGS (HPA)
doueunos FBMC-O0AM Aanagyinnisasluduaiassuiiu fosihnsvenedyamdie

m%wmaﬁwé’qqq (High Power Amplifier, HPA) tlgldyaunns FBMC-OQAM Hufifidsau

\igenenagannsaiun1luidunsesy witnseweemasgenldegnalutuasianiul

U

< o

Wwdsduveiniseeidygin fe liaunsariinisueglanaon e sd g 1aiiiiniig

[ag]

DUNAVDIATDIVHIIAIYDANTINITVEUF Y QY IULAENAU [35]

]

M-1

—_— FBMC-0QAM Transmitter

5UN 2.12 unun1naIesdadayey1ad FBMC-OQAM $ufulATasvenedayay1ol

'
= U =

Inefie g() Aeflsiduanuliidududuveaesoweondias uay x Aaduyeyiud

A

INNBUNR AU Sy LA NI IANAYBIATOIVENEMAIEY @NUNTOLARIIARIENNTS

x4 =g(x) (2.55)
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wazlodyaraBunadudyainseriomisian (Continuous-Time Signal) 911

aun159 (2.55) lAdILeRNATEAATDIVENEAGIET FaauNTT
x¢[t]=g(x[t]) (2.56)

ilenaaeuiATeseeiageiliidusiollos /1 wavdnIINTUe18a9aATaATEN
YUMAIGHAWIIY @ dsduagle |0 <alxv3e f = ag uazodnngegnigndudives

A3 03718A9ET Ao A4 A9t WavwInweundgavedyy i dunaiiAigann 9 agla

(% (3

HYYIUDIANA ASFNNT

|g(x)| <A (2.57)

WAz ilady sl ANATRLAT B9V MEEElAINAY - x = |x]e/* ™ = pe’’ Auiluay

Ag 7] q

LodyaneinnraunIosvengmMasgs Asaunis
g ()] = Flple/ 1) (2.58)

We Flp] war ®[p] PenmdneaenuasuLlamueundaauasinavesdoyyiu

1 NATlIINATeEIEMdEs uwiegelsinny nseaeeiasgnldiueg ialulieg

Y Y

Qe

Y

waneUszny GeusasUszaniufiinaanvasiunnsniueentuliug

2.7.1 LﬂéaaﬂﬂﬂﬂﬁﬂﬁagaLLuu Soft Limiter (SL)

m?awmaﬁwé’nqu Soft Limiter (SL) ef'fﬂmmiamﬂ'mamwﬁmLLazLV\Ia%a

foynanodiwaliFianns (2.59) uay (2.60)

<4
F[p]z{j : Z ;1 (2.59)
D[p]=0 (2.60)

1NAUN15N (2.59) way (2.60) ilavasdyaaiednauuazliinisudsuwlanie

WeuiudyaaBune deiuausadeulaneuns
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_x lpls4
g(x)—{ Ae®, |p|> A (2.61)

waesesvenemasgauy SL dagldassiinisldauedraunsnaiy Weswindunis

d' g v wa ala Y o v v
gniagygunsalnbinuaudRinsi@ndlanuaunisadnei

2.17.2 Lﬂ'%'awmafi"lé’aguwui%ﬁﬂamw (Solid-State Power Amplifier, SSPA)
Lﬂ'%lawmaﬁwé’qqﬂLLUUT&U%%LW (Solid-State Power Amplifier, SSPA) HAaudnuaue

VDILBUNAPALALINAYDITY LY 10D WA ASEUNITN (2.62) Wag (2.63)

Flpl=—™"—— (2.62)
|:1 + (pj T
A
D[p]=0 (2.63)

§o r Aemsilmeseuaunisiddsundasntsiidudadugaadudiveanios
Y918 Fan. r DAY o uda SSPA Aazlinudnuaziindiefuiadesuengidageuuy
Soft Limiter &yanasunmudiinduainisassenewutlilifudaduiiosindyansunuld
ﬁqsuummmvxlmaﬁzygym AMUUAYANISYINUYB9358818 1BO FaEUNTOUAR IR IANNTS

Iomail

IBO = IOIOg% (2.64)

o

a

die P, \Jumdvaduvesdyanadunaverisasvonsnuuldiludadu ey P 1Hu

mn v 9

[

fduedsvesdyraiednnuecasuesuuuliudady
anantRvesasvssuuUliludaduriinansiafani (SSPA) anansnesuielésneg
aun1svensni (Rapp) Tuaunisil (2.54) uay (2.64) fazwiuldinenanssnsds Tneaunis
szusnoenifussuenuantivesnsiudsuutamisduloundga (Amplitude) uas Lyla
(Phase) m'iLU?{sJuLLUmﬁLﬁmquWﬂaqaimmaﬁgqaaqei'suﬁa%msﬂugﬂsuaqmit,ﬂ?{auéuaa
LOUNAYAYBIFYANUMIFUL WA T AN INLOLNAYAvD SR AN 9s L AU 15014

[ (3

goidu AWAM uazesuigluguvainsidsuwlaeanavesdyanaiednaiingan

Ag7]
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LouNAYAUeId ey uBune w3eldiadodu AM/PM 91nauN1TBLINHAINNTD

gaUNeMIURBUTRILeNNEYR wasialafsaunisn (2.65) wa (2.66) muddy

Flpl=——2 (2.65)
2r |o,
1+ [V’OJ
AO
Dy(p)=a, [%J (2.66)

Y 1< § v v a < [ 13 I
e o LUUﬁQﬂSUUSU@QﬁQJ,QJ}’]mﬁJUWW 4, LUU?ZWUT@\?HQ’]‘U%LEJWG]‘V\!G]LL@% r U

a s ¥ o wa 1 & a v [ < ' d'
Wfiwesnidmvunnuaudivemuliidudadu wag v iU o, Wue1A

5
Lineai S
g 0
Tt
3
=
g
g -5
S
%)
=
K
&-10
135 -10 -5 0 5

Relative Input Power (dB)
(n) AM/AM
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25

Relative Qutput Phase (Rad)
—
tn
T

05~ .
0 i A A I |
=20 -15 -10 -5 0 5 10 15 20
Relative Input Power (dB)
() AM/PM

JUN 2.13 Anuautfressvgnewuuliiludadu SSPA

2.7.3 wansznuananaliiludadaduvaaioswenanngegs
Wemaunvigesvesdyyialoenfwuiniseduiunesnunavs sdyaaaz vinld

LOUNA AT A1z ULAg FeawvhlviafiteRensiiAtas wasilevinisveny

TR IURINA1IRINaIMELATewEIeMaEs gy ludayaamlanitendnnve ua3esvey

MAsglanwargnURUNIeQNANNIHaNNEIAUBId e 10 LH9I31NN TN UNIINBUAIVDS
o [ = ) a o v 1 [ [y

LATIYLEANEIE Baaziluanuaiviiiaunuikiduntdaudsana sy (Power Spectral

Density, PSD) Uong1uaAIuD wage ns1AIuRNanatntnteoya (Bit Error Rate, BER) daAN

Y
WINTY F9N5ANTUYDS PSD wang1umIun Ty 81390l AnnN1SuWnsnaansEnInge 1uAINLd
o v 1 a Py P a
Pldanudnameals asealvaussausvasssuuiinianas
ImSﬁalﬂLLé";maﬂmuamj'*mmmLﬂm%ﬂLé’umaqm‘%awmaﬁwﬁaqaaeﬂugﬂmmm
gRIIEIUMR WU IANAGIAAFB G UFY VR IF A MLEIANA FeiT8nI1 Output Back
Off (OBO) @110 lensannish (2.67) [36]

2

OBO =10log E|:|g(x)|2]

[dB] (2.67)

w30 aunsavenyuanuiudadurenasoweieiasgeegluguveaidnsdin

[

A&9UeIANAgIARanIa 1 URA sV 1udunn Fu38n31 Input Back Off (IBO)

a11150vAlAsIaNnsh (2.68)
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4
E[ x|

a X : I o W a Y ' =
2.7.4 MSINNVUVDIATAIUAUILUUNIAWYIAUNATUUDNGIUAIIUED

IBO=10log [dB] (2.68)

Wedyaaiilaainie1dnnueas osvenefindaas dugnuiuniegnanviakeunage
U d‘

vosdyaanioninanuliidudaduvenaissvesidigs uazdafivzintunuanfenis

[ Ag7}

£

WNTUTDIAIANURUILUUAMSUTsaUnR S HUDNg1uAUALTDIAINATIRNT LYY 815 LUdn
vod e auidniswisusunsefiesainnisvausednsendayain Gaanalilusun 2.14
[36]

10 T T
——IBO=0 dB
o W V= H SN T A IBO=-4 dB
.......... IBO=-6 dB
~ -==-1B0=-8 dB
A 10
c
N—
> P
2
% 20
a oy B4
g i Yo e
L . N/
: = ==
& ] Y Y. w“
& -40 i 1 N
s i \"nM, —~a
..... Ml
~ el SN
TN,
-60 U -
-70
0 1 2 3 4 5 6 7 8 9 10

Normalized Frequency, fT/N
JUN 2.14 anvaranasuvesdygaendidudvainnsvensdyayiaiig HPA

i Y] o ) A @ oA o Y v

N3N 2.14 wansdnuaraldnasuvesdyg e Nl uandwinnisvenedyyiueiig
e o v ] ! a X ! ! a LY !

LATRIYE8MNGEY UINITRNTUYRIAT PSD wengrumudszuUInRuiuAT 1BO lag
= 1 [ 1 ! A a ¥ N o v < = -
e 1BO dAnge Auanesinyiiluldudureunieswengfingigeiauniy wazlaniadn
o 13 a CY A oy YR I o v @
dynaennlzgnuduniedingenniuniivesas aedy PSD wengrumnudldauniien
anas wsitumanduiumin 1BO fiAnanas uanaindiidududuvataissveneidaas duh
A o (3 a =Y < = R ! o v
QLN Iama‘vlaiymmmewngﬂmaumam@aammmmu AatUAT PSD wanAualy

UATANRNTUANY LAz L ARNISUNINADATENINETUANNATITINUT LA Le
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2.7.5 MIMNVUVRIAIBATINTHANAInTATDYE
msvduisedngendayauduieinanuliidudaduvenasowenaigags dul

HaviliAensimuiianaindndeya (BER) vesszuullAniiudu (iaannaiiunvidesves

2
a =

o g S a4 g 4 o &
dyaanendiduddugnsunmuanaduensiudnfiiiudu Feemnsauandsaunisi (2.69)
=g(x,)=k*x, +d'"® (2.69)

e x, AedygadunnvenaIeswesmasgelugienImn ¢ AT uag k° fe
AAuldidudadures HPA way d° Aadyanasuniuiiindudiudeyalunnmesf x
99 M-QAM Tneifsidupnlaidudadu g() Auanaunsn (2.69) d°9 aziiAids

auns7 (2.70)
A% =g(x,)—k*x, (2.70)

Wiapunandud [ ZAwinnda 4 Wiy 20(u) @1ansamainaswuRieves

TUINTUNIU (o) WInsyyinudeyawuudy ladsaunisi (2.71)

2

04 = Wj(x gx))e (2.71)

uay @nsolEnsdnwaruNUAWHIATUANIRUILLLYeIaNIagidu (pdf) ves
Ty auedunNgnuiveendnyaalaenieselenideds LasdygInsunIuiindy fegy

2.15

=b.

WAZAINITONIANIDNTIAIUVDIE ey ausi od Q145 UNIU (Signal to Noise Ratio,

SNR) léanaunsi (2.72)

2 2
|Hk| Ox i
2

(2.72)
|Hk|2 O-ék +Oy,

SNR =
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pdf(x) pdf(g(x))

g
X | —_—
> > g(x) =x+d

pdf(d)

JUN 2.15 wnupmilsiduanuvuiiurean sl x,g(x) wag x—g(x) [37]

e o), =c2, |H,|" Aednsivensvestesdyniod (Channel Gain) waz oy, A9

g

v v

duausuniunas ossuiinsgyiiudndnualdl £ Judennuali of, iuluu AWGN
AU130MAIBATINTRANAAEyANEal (Symbol Error Rate, SER) Uasdeyanwaitos M-QAM

I SEUNIST (2.73)

1 {3SNR
SER~4(1—\/A7JQ[ M_J (2.73)

10

—A— Simulation E:

----- Gauss Approx B[]
10, —— Gauss Approx |

Ideal E
AR 7 P D
S, \~ <
0 ~, \ == '~
5 10° * I~ T~
n =
-
N
10" >
=
N,
\‘\

10° £

<

N,
>,
kS
10°
7 8 9 10 11 12 13 14 15 16

Equivalent SNR
UM 2.16 AmnuduiusvesAdnsinisianaiadyanual (SER) uazednsidiuvesdnya e

Ay ausuniu (SNR)
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Tuguf 2.16 wanepudunusveeA18nsIN1THANaIndydnyal (SER) LAzl
dnsaruvesdyaamodyansuniu (SNR) uazaingUazmiuinde SNR fdanasazinasin
9% SER AAuTY waza1nguaziudm SER k910 Gauss Approximation B 1139911

aun1si (2.73) sxdianulndifgaiuilaainnisdiassunnian



unil 3
A5N15anA19RsIdUN1aIAgaRRN1AILRAY TUSEUU

a @ = a < = o [V ) o
NUDN-F1aA21LdULngAMNIULDUTUNITATUILAN

nund 2 nanidsnsandiiefionslussuunsieansuuunatepdunisi fld
LAEQNULEURNILEIENAIDE 1YY AEnsinsendanamienaut (Clipping) 33013 Tone
Injection (TI), Tone Reservation (TR), Active Constellation Extension (ACE), Partial
Transmit Sequence (PTS), Selective Mapping (SEM) ag block coding [31-34] 10 ufu
wazisn1sanA1NLeNes lusTUU FBMC-OQAM Usznaunie 3515 Dispersive SLM 35019
oaueaSLWULITaad (Trellis-based D-SLM) Fsluunit 3 desuredeniseenuuuiinisan
Anfliofionslu FBMC-00AM fiflanududeuanadiaefiiugiuainisnig PTS uarisnis
Trellis-based D-SLM laun A8n15anAitona1sinen1sisnisanatnvaiulun1sasiuy
Fousty SaufudaneSfiuermndaui wiley (ABC Overlapping-PTS, ABC-OPTS) 33015404
wealdunuuImngada S1uAusanesfiueaninun ey (ABC Trellis-based D-SLM, ABC-
TSLM) Tudugaguesunaynanis nsguaunsmaszgansameesszuuiitiaue ay
UsznouluaignszuiunIsmeiteiians (PAPR) wagnszuunsmAdnsidanainintaya
(BER)

3.1 38n1sanAritanasludyyias FBMC-OQAM Miin15annug1gaunis

AU

'
av a A

TunsamfiuaudseNfetasnuinerdnusatud 1135015 Trellis-based D-SLM
a A oF o ° = an %, 1 a a P |
1RsUieanmNggaulunIsAUIN Le9anISNsHaUsEanS A nAtun1sanA PAPR

lusguy FBMC-0QAM fantina1nfsliluuny 2 laglafinasusuusalaseaineminisnisiay

1Y

atl
3.1.1 38AsieduealduLUUWsAdanNAuTUdouasInile
BN sieaueauLUUImIadaniaududounsamils wiasenin Half Complexity of

Trellis-based SLM [38] 1#U$ U et ayumdnuesis Trellis-based D-SLM Aadl A2

¥
= [y [

Fudpulun13AUINNgwIn lneduIuauduasTuiudIuiIn M 89 Stage way 31U

U? vesguuuumlandululy Tneguuvuveanadndudesinnsanivndayanvalvosdyay i

(% L3

Ine7azvin35n13 Trellis Ndydnvalvosdygradunaaidun m="™ wazdyanuol

q o

aaa

VOIFYYIUBUNATIAUTT m™ ™ i1y Laeldun N AN Yo UL UUINAYDIUAAY



[
(% L3 (% (Y% (% L3

NwalYIRYYIUEINUN m ™ azlarsUuuumadmsuns dydnvalvesdeygyiuainu

Y

o

m M yardyanwalveddygimainui m " gy dyanvalvesdy

o w

dy
9 TUEIRUT

<
o

=

1UDUN

a1ufl m® giae Widndudewinignis Trellis NdydnvaldyaraBunaaiduil m ™

m*“™ Fganansaldzuiuuinaiiiineinni1svnisnis Trellis Adydnvaivesd

<

&y

8n 38013 Half Complexity of Trellis-based D-SLM fianunsauddawiiesmududouly

A15AIUIUVDIIT NS Trellis-based D-SLM LAule fanandlum1snad 3.1 lnedidanasnud

Uszavsnmlunisanen PAPR 1dlndiAesiuitnis Trellis-based D-SLM dsuansdlugui 3.1

A19799 3.1 nsSsuisunsmaudugeulunisAIunYesisns Half Complexity of

Trellis-based D-SLM

PAPR Reduction Improvement
Method Computational Complexity from Conventional
(U=16) TSLM

Conventional SLM MU =16M -

Dispersive SLM MU =16M A
Trellis-based D-SLM (M ~1)U? =256(M ~1) 100%
Half Complexity of
Trellis-based D-SLM SRR 1r

——Dispersive SLM

—#— Conventional FBMC

—o&— Half-complexity Trellis-based SLM
7 Trellis-based SLM

CCDF (Prob.PAPER>abscissa)
3

9 10
PAPR  [dB]

U 3.1 UszaAvsnmdliefiensdmiuitnns Half Complexity of Trellis-based D-SLM
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stage m stage m+1
(m)T (m+1)T
|

state 0

U 3.2 uang33m3 Trellis-based D-SLM 13 uifieufiudsnis Half Complexity of Trellis-

based D-SLM

9IN91979% 3.1 Way JUR 3.1 LaAINAAT PAPR 48935015 Half Complexity of
Trellis-based D-SLM wUSauLngunuisni1s Conventional SLM, Dispersive SLM wag Trellis-
based D-SLM Tas 35 n15u0g1aAKUY 1600AM S1uugULUUMaLYNAY 16 uazd1uIY
pAunYigeswiniy 512 9ngUnsmluanaliiifuiiuseansnmlunisannn PAPR ve538n1s
Half Complexity of Trellis-based D-SLM FulndiAsaiudsns Trellis-based D-SLM Tnedi
AnugugaulunsAUINLeEn31I9n1S Trellis-based D-SLM 50%

ag19bsAmuiioldunisanaududauvesn1sAILINDI3ISN1T Trellis-based D-
SLM asdn Fadufiunvesnmsvaassiiersanesiiu ABC unusuldluduneunseuiamia
Fvnzay Snaddlduaueiinisandn PAPR Tnan1sianisindiduanlunisauuudeuriv

(Overlapping-PTS) 8nion1suilsdsazlaeduiesvazidealuainudnly



a2

3.2 Fmsanaieiensludyin FBMC-OQAM fiuaus

3.2.1 3Fn1vaaA1nana15laen15iTn1sdnaaud ulunisdewuudauniu
(Overlapping-PTS)

1n3UT 3.3 Tassadravesdydnualdeyafiviudoutugninunldluisnsivnaue

1 a U a

WLREIAUTS PTS wuuiiily dydnualdeyawsn (m'=0) kiinsdowivdydnualveyala 9

D

1 [y

NogAniurzuieaniu ¥ arawesuazulaainiawuanuiidulawunailagly IFFT A

'
a

° 3 ) & v v W & A P aa I3
WU N points x;) duaadeyadydnualian X, ¢ PAPR Nfvignannsauanay

vV
- e (3.1)

v=1

i) ~ = v i
b (:em ) A ® Phase Weighting Factor 1 v —th cluster, P e%h =0,...wW-1

d‘dd‘ Q/ Y 6

a
i
= o d‘ o v v ¥ o
W Asduuanirualialrantin PAPR wmmamanamanwmmauﬁaLLﬁﬂmmsm’muvaéﬁmEJ

} . (3.2)

Y v a [ [

TnlUdyanwaldeyanviudeuiusuaindydneaidiiun 2 (m'=1) TWasdydnwal

o

S ()

v=1

[0, 52, .. 0 ] = min max[
w k

augavne (m'=2L-1) dydnvaideyaaunsadeulalae

Bty = oy ey i(byxggk ) (3.3)

v=1

210 (3.3), @11150USUN15%1AT PAPR Mssaugadanain

4

) ,.(1)
x(m'—l),(kJrg) + Z(bm' xm',k)

v=1

1 7,(2)
[b b

m' 2 Ym o

w

.,b,‘n’f)] =min max[
k

J ’ (3.4)

1<m'<2L-1.



43

1*-Real data symbol m'=0

1%-Real data symbol

T/
2, 1"“-Imaginary data symbol m'=1

1°-Real data symbol

T }'”:D Overlapping Symbol

A 1*-Imaginary data symbol
> 1¥-Real data symbol

T 2""_Real data symbol
— - '=
}m 1 T 2"Real data symbol }m - 2
2" Imaginary data symbol «—>

Overlapping Symbol

1*-Real data symbol

10quds Surddpliaa)

th
L"-Real data symbol 2""-Real data syynbol
=L-1 T T m' 3
T/ th_ . " +5 =
6 L"-Imaginary data symbol 2 2m_j, inary data symbol
«—>
: Overlapping Symbol
H
m'=2L—-1

sUN 3.3 nsgeuriuiuvesdyanualvesdyaalussuy FBMC-OQAM

3.2.2 Sanssuenaniauiafiendmiunisananusudeulunsiuan

Wil idayanal FBMC-OQAM fien PAPR itfaeiian d1m3uisnns Overlapping-PTS
waz Trellis-based D-SLM wsﬁuﬁua‘?ﬁmuﬂé’aL%%LL@SWW@%M@W@&LWaﬁﬁwm@Jmﬁ’ULLﬁi
azdanualuesdayyie ﬁqﬁuLﬁaLﬁmﬁ’wmummﬂé’aLmas‘LLasﬁTwu’auﬂa;msuaaLWa AT UL DU
Tunmsiwnfazfiutusoguiy Wwinsriinusdeshnsanmnududeulunsiuaiiie
wiaTimnzand s SanesiuenantnuRadion (Artificial Bee Colony, ABC)

TunuAandnvesdanasiiu ABC funtweswmasamsiduniseeniiduldldves
Homnsusulimzandaudlalilasiony Refdunnnisniuasisgnideluonnieumasis
Jien Tutamnisan PAPR Tngldnsifinyssansamaa ABC AUV BIUNEIDIMTAZYN
WNUA Y phase weighting factor 5™ A2891uIusUkuUTady gy nula (5) 7

i=1,2,....S. ABC wusoandy 4 a1 sail

1 a . 1 dyc.! a 4 {j (% 1 % LY 1 (iv) i3 d%’ SL 3 g
daud 1: dauwihidunsisudu, Jadeasdmdnulawuudy s gnasradulududiu
PnduAANLmszanet b aglugduvuiadearniminmaszgnusaidiulagaunis

doluil

1

1+ PAPR(Z(IJ""V) X )j |

v

fitness (b(i’v) ) = (3.5)
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daut 2: Jaduaraiudnmalvl 5% [Wuwnasemstminasr@uneluazuinusg

b TagieuTE@Iunsanantalae

pih — plih + g (b(i"’ _ptkD )’
le {1,2,...,S} &ke {1,2,...,J} where i #k,

(3.6)

[

71 J fedhuiuiisnu uway ¢ Wuduavdulugal-1,1] ez b Wudlisedes

, b pudidvualey (11) dmsu W=2 anunsadentsmuteulusaludl

geodll | 550 <, 57)
-1, else

[ '
=% v Y]

daui 3: Hsdunanisalazidenunaseimistusgiuainuiiasdunduiusiv

Y

WVEI9IMTUY p; Beansnsad s naunsielul

tness.
p =M. (3.8)

AR
Zﬁtnessq
q=1

daud 4: vasnasadunszuiunislu daudl 2 wae 3 winluiinsusulgeriaag
NZANVBIRNAIDIMITAILRITITR (Lim), Heunanendursdenuuy Hegnidoasnaunas
amsmllaenisgu lne

min max

B —pd 4 ( b0 —p ) -rand (0,1). (3.9)

10 d@9UN 1-4 NNANVIEIUITOLANITUABUNITANAT PAPR Mg T@UBNTaUNT

anAnududeulunsAnalumsmeananugaumedane3iiy ABC laglisui 3.4



Initialization:

1) Set values of Cye, Lim, S
2) Generate phase weighting factor (57) S patterns
randomly

3) Best Sol =0, k=1

Y

First Fitness optimization process:
1) Evaluate the Fitness of 5"’ by (3.5)
fir PAPR = L2 =128
ol 1+ PAPR,
2) Store the minimum value by,
Best Sol = min (fit PAPR;)

Y
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f’/ \ J -
f ‘ o | Yes
> Unct;cl'l;m_ka.c = | Optimal phase weighting factor
. L /! -
- 1
e -~
-~
TNO ‘ Stop )
Employed Bees process: |

1) Produce 5% within the neighborhood of 5“4 by (3.:6)
E;(r'-.-f) A b(!':-‘) ) gf,(f:-‘) (b(i;‘) _ b(k :-"))
2) Evaluate the Fitness of 57 by (3.5

CelNWER - (ANT AErah

Y
Onlooker Bees process:
1) Choose foad source by (14).
| = fitness,
i (Y 4
D fitness;
-1

L
2) Produce 5 within the neighborhood of 5 7/by  (3.6)
3) Evaluate the Fitness of 5 by (3.5

Scout Bees process:
1) Produce 5" by

2) Store “Best Sol”

(3.9

b = b0 + (8, —BY, )- rand (0,1)

Yerm oy -
S If limit value ™ Lim

Y
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3.2.3 33n1sieausalsunuuImnsada sautusanasiinenandauifivy (ABC-
TSLM)

971 3.5 wandlassasenIsTuedsMsedLeaBuLuUWSadd SaufuSane3iiy
pranfiauiadiesluszuy FBMC-OQAM 30 ABC-TSLM Taevhaainduveamlasswinen 4 2
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m

o/ LY L3

Wiy U? dayay1ad FBMC-OQAM shuvesdaydnualvesdayaaduns X, aeun m”
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5¥9119 Stage aglddanasiin ABC [Wuaiiunng
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Xom qu) Synthesis filter bank
Xm0 é__’ A0 L
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)
Xm,1 .; am,'] | @ ] xr(:: (t)
OQAM 1 L0 Ty
pre- LFET PPN Lol
v optimiz
processing A
()
Dy
Xmn-1 é_* ! N1

JUN 3.5 uandlAseasnensvnnuYedisnisieauenduuImnada s3uiy

dandsNua I NANRL e TusEUU FBMC-OQAM

3.2.4 33nnssagreudlulunisdeuuudousiu saurusanasiuenandauiaiion
(ABC-OPTS)

mﬂgﬂ‘ﬁ' 3.6 WANSLASIAS19NITVNUVRIITNTIRaIn uaUlUNISEILUUT D UU
Sufusanesfiuonaniaunafisyluszuy FBMC-OQAM %38 ABC-OPTS Taeiitumounis
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1 S/P
0QAM 5 &
] i Clustering

Y

Side Information

5UN 3.6 uanslassasnanisinauvediimsdnawudiulunsdauuudouriusiuiu

danasfuananiauiaiedluszuy FBMC-OQAM

3.3 NIWIANUTEEANSAINUBITEUL

3.3.1 msmAenes (PAPR)

lun13mAn PAPR v04dyaynad FBMC-OQAM 2£¥1n1503I93UAINAUGIaAYDY
Tyanaluidazdanaan 1 daydnuel Weviusrmdmuedsvesdayaaildannnismuin
Tned1 PAPRTIZIALMA Peak Power/Average Power Gﬁﬂugﬂﬁ 3.7 WAAILHUAINAITUIAN
PAPR vosdyeynadluseuy FBMC-O0AM #iliik1unseuiun1sanan PAPR LLasTugUﬁ' 3.8
LAAIWNUAINNIINIAT PAPR woedayeyradluszut FBMC-OQAM fiN11unS2uILnIsane
PAPR

FEMC-OQAM Signal |—> Peak detection _L Py
— FBMC-OQAM >
Q L A j Calculation
verage power
Calculation

(n) Yosdygramuuidudadu

i Peak detection
— FBMC-OQAM Signal —L
FBMC-OQAM . sspa _
Average power > Calculation
Calculation

(@) Fosdayarauuuliifudadu

JUN 3.7 uunmnsmanfitefionsvesdya e iduduuuiiug
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Peak detection
PAPR _|—> PAPR

— FBMC-OQAM > .
Q Reduction Average power j Calculation
Calculation

(n) Posdyeyramuuidudadu

Peak detection 1
+ FBMC-0QAM |—+| ~PAPR L 1 gopp PAPR
Reduction A j Calculation
verage power
Calculation

(@) dosdayarnnuuliiJudady

JUN 3.8 ununmnIsmAfiefionsvesdyanaenTiduduuuininauelagku

A = s
NILUIUNTITANATINLBNDIT

3.3.2 mamadnsiananindeya (BER)

lun1smadasinisianatndndoya (BER) 20933V 3¥NI1TUSHUWEUTENIN
foyangndsnanedesdaiisuiudeyaniveganlinanissiu dslumssrymdniinis
s’?mwmmaaﬁm%agaﬁu wvonadwulaf Andiusudwauiafanuaiidseaningin

< \ Ao o a a v Y] PN
PRGN I@EJlI'JﬁI'Uﬂ']TVVWY]a@ﬁqﬁquwmwa"lﬂﬂaﬂUmm@%a @QE‘UV] 3.9

AWGN

Detected Sequence

Source data

» Transmitter Channel | Receiver

Y

> Delay »| Comparison [«

Error Sequence

UM 3.9 ununmnsmagnsnsiianaindndeya (BER) v0eszUy
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Tneilumsiienianududoulunisduinazinnsanandiuiunisguuas
fﬁ’wmumsmﬂiu%umauﬂwsLLiJaij'%sJ%wﬂﬁuLwUL% (Inverse Fast Fourier Transform, IFFT)
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doyanwalvasdyaadunndiiy M dyanval Tun1smal PAPR uiazasaelddydnual

o

a o [ LY 6

Yaaday 1B UNRTIIY 2 Fydnunl winsddnualagnAnYRvenNaTILIN U 90 91U

v v X Y Y %
v

sauluns IFFT windu (M =) xU? A3
nsAeugUtaulunsAILIaY993I9A1S ABC-TSLM iafiansanidydnvalyes

a o
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¥ N/
DATA,, " Y, D/A S, \/\
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dlo  BO Ao yan1svhauvensasveneiiviaedu dB (BO: Input Back-Off)
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Uaya W10 a3
28n15anA PAPR ABC-OPTS ABC-TSLM
Modulation with Gray coding OQPSK
Demodulation Coherent
Allocated bandwidth 5MHz
N-data subcarriers 64 512
V-cluster 16 -
U - Phase Pattern - 128
W-discrete phase 2
K-overlapping factor a4
Prototype filter type PHYDYAS




54

Non-linear amplifier with
SSPA with -2dB -
IBO(dB)
Non-linear amplifier SSPA -
r-SSPA non-linear parameter 2 -

4.4 mstvunAfinesvessanesfiuananiauRadien
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4.5.1 Trellis-based D-SLM s2unudanasiy ABC
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SUTl 4.5 UszavisnmilieflonsdmiuiBns ABC Trellis-based D-SLM
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SUT 4.5 uanUszAn3nm PAPR #ag CCDF d1v§uiSnng FBMC-OQAM #2833
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4.7 Us¥ANSN1INNI5anAMUTULauluN1sATUIMYRIRSNULEUD

A15199 4.2 NS e UgUNISINANUTUTaULUNSANUIAUBTISNSNLLELD (SLM)

PAPR Reduction

Improvement

Method Computational Complexity from Conventional
(U=128) TSLM
Conventional SLM MU =128M -
Trellis-based D-SLM (M -1)U* =16,384(M -1) 100%
Proposed with =300
(M =1)(S-Cyc)=300-5=1,500(M 1) ~10%

and Cyc=5

A15199 4.3 N15USEUTIBUNITATLINAINNTULDUVBII o NISTLEWD (PTS)

PAPR Reduction
Method (V=16 and
W=2)

Computational Complexity

Improvement from
Conventional PTS

and Overlapping-PTS

Conventional PTS

w0 2006 _ 32 768

100%

Overlapping-PTS

Wl LolsD) 35 768

100%

Proposed with $S=300
and Cyc=5

S-Cyc=300-5=1,500

4.58%

Proposed with S=50 and
Cyc=5

S Cye=50-5=250

0.76%
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Abstract— The filter Bank Multicarrier (FBMC) modulation with
of fset-QAM (OQAM) has attracted attention as a major candidate
for future wireless communication systems which has several
advantages. A disadvantage of FBMC-OQAM is high peak-to-
average power ratio (PAPR). To overcome this problem, the
trellis-based SLM [1] technique is employed and achieved a much
better PAPR reduction performance. However, The Trellis-based
algorithm has also the intrinsic disadvantage of high
computational complexity, to decreasing the complexity will make
the system more desirable. This paper proposes the half-
complexity algorithm for trellis-based SLM scheme which
achieves lower p ional plexity when pared to
trellis-based SLM scheme with small degradation of PAPR
reduction performance. From various simulation results, the
proposed algorithm shows less computational complexity about
50% compared to the trellis-based algorithm with similar PAPR
reduction performance.

Keywords— FBMC-OQAM, PAPR, SLM, Trellis-based SLM
and Half Complexity Trellis-based SLM.

L INTRODUCTION

Filter Bank Multi-Carrier with Offset Quadrature Amplitude
Modulation (FBMC-OQAM) has been involved in the next
generation of wireless communications systems. The FBMC
modulation does not require CP extension and shows higher
robustness to residual frequency offsets than CP-OFDM by
taking advantage of the spectral containment of its modulation
prototypes filters. The further drawback of OFDM and FBMC-
OQAM is the large peak in the time domain signal. The high
PAPR leads the fatal degradation of FBMC-OQAM
performance in the nonlinear power amplifier.

There are various kinds of technique have been introduced
to overcome the problem of high PAPR for the FBMC-OQAM
system, such as selected Mapping (SLM), Partial Transmit
Sequence (PTS) and so on. However, if compared FBMC-
OQAM signals to OFDM signals. The FBMC-OQAM signal
has the adjacent data block overlap with one another. The
conventional PAPR reduction techniques cannot be employed
to FBMC-OQAM system. We have to consider the past
symbols of FBMC-OQAM signal when the optimum PAPR
reduction is calculated on the current symbol. The Dispersive
SLM have been employed to reduce PAPR of FBMC-OQAM

ISBN 979-11-88428-00-7

signals with consideration of past symbols. At the current
symbol, the determined optimum of phase pattern for
conventional scheme is not efficient for dispersive SLM
scheme [1]. Moreover, the trellis-based algorithm is obtained
the better optimum path of phase pattern when compared to the
conventional determination of phase pattern.

The high computational complexity can be problematic. The
computational complexity of trellis-based SLM scheme [2]
depends on M number of stages and U? number of possible
paths. The possible paths were calculated by each symbol that
is not necessary. To overcome this problem, we propose a half-
complexity algorithm for trellis-based SLM to reduce PAPR of
FBMC-OQAM signals.

1L SysTEM MODEL

There are different structures of filter bank multicarrier that
are presented, such as Cosine Modulated Multitone (CMT) [3],
Filtered Multitone (FMT) [4], FBMC-OQAM [5]. However,
the FBMC-OQAM method is the most attractive filter bank
multicarrier  structure  because it achieves maximum
transmission rate. Furthermore, Offset QAM (OQAM) is
introduced the process which shifts a half symbol space during
quadrature and phase components of quadrature amplitude
modulated (QAM) symbols.

The structure of FBMC-OQAM transmitter system is shown
in figure 1, which is consisted of OQAM pre-processing and
synthesis filter bank (SFB).

Xm Synthesis filter bank
Xm
4 ams [ 3z | | G %
1% T ,—‘T o l Xm(t)
GOAM ! / 62 H—O—
pre-
processing
s, Ot 1 tN/2 ‘ ‘ Gy-1(2)

Figure 1. The structure of FBMC-OQAM transmitter system.
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The OQAM pre-processing stage 1s placed at the FBMC-
OQAM transmitter side, as figure 2 is placed a diagram of
OQAM pre-processing structure which is separated operation
into two parts

The first operation, to convert from complex to real by
separating the real part and the imaginary part of QAM
complex symbol. The real part and the imaginary part are
separated into two new symbols which are a,,,, and @44,
respectively. It can be transmitted at the rate 1/T where T is
signalling period T = 1/A f, Af is subcarrier spacing. The
even and odd subcarriers for complex-to-real conversion have
totally different form as shown in the following equation.

s v
= 2m m'iseven n
2m+1  m'isodd
. (l—p),R; +pd” m'iseven 2)
| pRE (1= p ) m'isodd

Where m is a sample index at OQAM preprocessing input
and m’ is a sample index at OQAM preprocessing output. The
OQAM pre-processing can efficiently increase the sample rate
by two times.

The second operation, to retain the orthogonality of symbols,
0, has been multiplied at this stage.

Figure 2. The diagram of OQAM pre-processing structure.

At the transmitter of FBMC-OQAM system, the synthesis
filter bank is generated by N upsamplers and N Synthesis
filters. a,, ,, is upsampled with N /2 and filtering by synthesis
filter G, (z) and then every sub-channels are summation which
obtain the result to be x,,(t). The high spectral efficiency can
be remamed by prototype filter p(n) [6]. Therefore,
n'"synthesis filter g(n) can be expressed as the following
equation.

() = p(n)exp(j = (m — =) 3)

N

Wheren = 0,1,..., L, — 1.N is a number of subearrier and
Ly is length of prototype filter, L, = kim —1 where k is
overlapping factor.

ISBN 979-11-88428-00-7

111, PAPR REDUCTION By USING SLM SCHEME

The following part of this paper moves on the description m
greater detail of the PAPR reduction scheme. such as
conventional SLM, Dispersive SLM, Trellis-based SLM and
the final section will illustrate how the proposed scheme works.

The PAPR performance of FBMC signal at an interval T can
be expressed by the following equation

maX,, . |5(f)|2 “
%ys(:){l dt

A. Conventional SLM algorithm

SLM is an attractive technique of PAPR reduction because
it is simple and effective. Tn Conventional SLM, phase rotation
is generated N groups and being multiplied with input symbol.
The remained input symbol would be multiplied with the
different U which also obtain the different PAPR. The least
PAPR signal 1s selected to be transmitted. Figure 3 shown the
block diagram of conventional SLM algorithm.

PAPR =

U
Xom ’i;l) Synthesis filter bank
! wma {[ 1y [
& < 1 }——~ Ge) }
T B
Twa 4 L |, W Select | ¥ @
o (VN M 0
pre- with
f | processing ' lowest
o0, PAPR
]| g AL tugz ra ) |-

Figure 3. The diagram of conventional SLM algorithm.

The Conventional SLM achieves high efficiency in OFDM
system because the symbols have no overlapping. On the other
hand, Tn FBMC-OQAM system, there are some overlapping at
the beside symbols which causes the regeneration of high
PAPR.

B. Dispersive SLM algorithm

The Dispersive SLM technique is similar to Conventional
SLM technique. The number of different U are multiplied by
input symbol. Xf: ) is the results and then selected symbol
™ with the least PAPR from X5,

Tn FBMC signal, the current symbols have overlapping with
previous symbols, this is different between Dispersive SLM
and Conventional SLM, which causes the calculated PAPR
performance. Therefore, In the Dispersive SLM scheme, before

calculate and achieve the least PAPR of as:,)ﬂ symbol, we

would summation symbol G::'),n with symbol the af:’?::")' i
previous symbol at the overlapping site and then calculate
a::,’;‘i") from X, ,(nu) at the current symbol.

Mathematically &, (t) can be written as (5).
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EIEE S . 12_”,,
St} = Z Zaf;‘;"k(:—m'.’l"1’2)e Tty
=0 nell (s)

averlappings pass spmbols

-1 N1 Jﬂm
> >al h{t-m'Ti2)e T e

m'=im m=l

current symbol

Where af:}fﬂ is the selected symbol that achieves the least
PAPR from previous symbol.

C. Trellis-based SLM algorithm

The Dispersive SLM is mentioned in the previous section,
consider the PAPR performance in FBMC-OQAM system,
which achieves less PAPR reduction performance when
compared to the conventional SLM scheme.

The trellis-based SLM algorithm is introduced to overcome
the problem, based on symbol-by-symbol optimization. The

main idea comes out that the high PAPR at current symbol has
got an effect from the next symbol suddenly. In the Trellis-
based SLM, we would find ¢(") which is the optimal set of M
different phase rotation vectors that gives the best PAPR with
best path of phase pattern in the advanced symbols.

q,={¢(u;),¢(u;),¢(u;)_“,¢(u£.f1} (6)
By {tbm ki, o it} is the selected phase rotation

vectors of M input symbol which is transmitted as side
information to the receiver. Figure 4 depicts the process of

finding the best path as the trellis which achieve the least PAPR.

The best path of the trellis-based SLM scheme is finding
multiplicative vectors, as shown in the equation (7).

X PO | miate LET

sdage m atage m+]

()T

time =r : time
X 8 pa e
P Koy 80 e
i

X 00 b e i
X 90D Xy, BT _] :3]

stagem

{mT

Figure 4. The diagram of trellis-based SLM algorithm.
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Figure 5. The diagram of the proposed method.
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xiffl(f) =

X ) = -T + P D0 uvsU -1
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7

For0 < m < M — 1, m' stage in the trellis-based SLM
is all m™ FBMC-OQAM symbols which is generated from the
modulation of the input symbol vector X,,, signals. At each
stage, it will employ U different states, representing the rotated
FBMC-OQAM symbols. In every i-th trellis stage, an operation
is rotated by phase rotation vector in every two stages, the
possible number of path 1s U? paths.

The joint FEMC-OQAM modulation of m™* rotated input
symbol vectors X, and (m + 1)'" rotated input symbol
vectors Xm+1 is represented in the trellis by the path

(m=m+h
between u™" state in '™ stage and v™ state in (m + 1)"
stage where == represents a transition between two successive
stages. All detail of the trellis-based SLM algorithm is
described in [2].

D. Proposal of half complexity of TSLM algorithm

This paper proposes a scheme to improve the computation
complexity of trellis-based SLM algorithm which is mentioned
in the previous section. The proposed scheme could solve the
serious drawback of trellis-based SLM scheme which is high
computational complexity. The proposed scheme is named Half
Complexity of Trellis-based SLM algorithm.

The trellis-based algorithm is applied to m " “symbols
and ™M symbols. The optimum path determination of
phase pattern for each m**™(*\)symbols can get the phase
pattern both m¥#™ (") and m°44Ch symhols. The modd(th)
symbols can be used as the optimum phase pattern in the next
symbol, which have not need to take the trellis-base at the
m°44(th) symbols as conventional trellis-based SLM scheme.
The half-complexity algorithm for trellis-based SLM could
solve the high computational complexity problem with
reducing PAPR.

TABLE 1. COMPUTATIONAL COMPLEXITY OF EACH SCHEME

Algorithm ___Complexity
Conventional SLM MU
Dispersive SLM MU
Trellis-based SLM (M= DU?
Proposed algorithm for SLM (M/2)u*

Iv. PERFORMANCE EVALUATION

This section shows all simulation parameters in the table 2
which are employed for PAPR performance verification by
computer simulation.

ISBN 979-11-88428-00-7

TABLE 2. SIMULATION PARAMETERS

Schemes FBMC-OQAM
Modulation 16 OQAM
Demodulation Coherent
Allocated bandwidth SMHz
Number of FFT points (N} 2048
Number of sub-carriers (Af) 512
Number of discrete phases (#7) 4
Overlapping factor (K) 4
Number of Phase Pattern (L7) 16
Prototype filter Phydyas Filter
Figure 6, reveals the CCDF evaluation results for the
proposed  scheme compared to Conventional FBMC,

Conventional SLM, Dispersive SLM and Trellis scheme when
modulation technique is 16 OQAM, phase pattern (U) 1s 16 and
number of subcarriers 1s 512. The graph shows that The PAPR
reduction performance of the proposed scheme can achieve the
PAPR reduction performance nearly the trellis scheme with
50% reducing of computational complexity when the number
of M symbols is large. Approximately half of the computational
complexity of proposed scheme is reduced. From the figure 6,
it 15 clearly shown that the PAPR reduction performance of the
proposed scheme is better than Dispersive SLM scheme.
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Figure 6. Comparison PAPR performance between conventional and
proposed scheme for FBMC signal

'8 CONCLUSIONS

In this paper proposes the scheme that could reduce
computational complexity for conventional Trellis-based SLM,
which must be applied different phase rotation vectors to every
two symbols m®™ and m + 1" for getting the best phase to
optimize the least PAPR of each symbol. The feature of
proposed scheme is applied trellis-based algorithm between
me ) symbols and me 1) symbols, which have not
need to take the trellis-based at the m°4C" symbols as
conventional trellis-based SLM scheme. However, the PAPR
performance of proposed method is similar to conventional
Trellis-based SLM with 50% reducing of computational
complexity.
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Abstract: In this paper, the overlapping Partial Transmit Sequence (overlapping-PTS) with Artificial Bee Colony
(ABC) phase optimization method is proposed to reduce the larger Peak-to- Average Power Ratio (PAPR) which is
the major drawback of filter bank multicarrier with offset quadrature amplitude modulation (FBMC-OQAM) system.
In this proposed method, we clarify the problem of larger PAPR by reducing the PAPR of each overlapping data
symbol with lower combination of the optimal phase factors. Unlike the conventional PTS methods, the proposad
method uses the lower combination of phase factors by applying the ABC algorithm with considering the overlap
between the current data symbol and the past data symbol to search the optimal phase combination. The proposed
ovetlapping-PTS with ABC phase optimization method can sigruficantly reduce the larger PAPR with low
computational complexity for the FBMC-OQAM system which can be verified by the computer simulation results.
From the computer simulation results, it can be confirmed that the proposed method shows much better PAPR which
can reduce the PAPR by approximately 1.9 dB at CCDF 107 as comparing with the conventional PTS method and
can perform much lower computational complexity than the conventional methods which are only 4.38% and 0.76%

for S phase factor pattern =300 and 50 respectively.

Keywords: Hich PAPR, FBMC-OQAM, Partial transmit sequence, Overlapping, ABC phase optimization.

1. Introduction

By using the orthogonal frequency division
multiplexing (OFDM) technicue [1, 2] which is one
of the multicarrier modulation techniques in the
wireless communication system, efficient usage of
the spectral frequency and an eliminated ISI through
the use of GI insertion in the multipath channel can
be performed. However, the efficiency of spectra
and power would be decreased by adding the guard
interval (GI) To realize this issue, the filter bank
multicarrier with  offset quadrature amplitude
modulation (FBMC-OQAM) technique is applied
for solving which can increase the efficiency of the
spectra with an expense of computational
complexity and decrease the leakage of out-of-band
power [3].

In the 53 mobile communication standard, the
FBMC-OQAM iz considered for a candidate

International Joural of Intelligent Engineering and Systems, Vol 12, No.5, 2018

because of its advantages such as the good time and
frequency localization, low out-of-band radiation,
robustness to phase noize and so on [4, 5] A
prototype filter is used in the FBMC-OQAM
technique [6] for reducing the orthogonality of
subcarriers mstead of GI insertion i OFDM
technique which can achieve higher spectral
efficiency. From the explosive increase in demand
for mobile and wirelesz broadband services 1n 5G,
the FBMC-OQAM technique could be helper
effectively for the OFDM technique [7].

However, the major drawback of both OFDM
and FBMC-OQAM az the multicarrier modulation
techniques is the larger Peak-to-Average Power
Ration (PAPR). From this problem, the higher non-
linear signal distortion has occurred at the output of
a power amplifier which leads to the fatal
degradation of bit-error-rate (BER) performance. To
solve this problem, many PAPR reduction methods

DOL 10.22266/11es2019.1031 .25
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Figure. 1 A structure of transmitter in the FBMC-OQAM system

have been proposed for the multicarrier modulation
systems such as Partial Transmit Sequence (PTS) [8,
9], Seleetive Mapping (SLM) [10] and so on.

The PTS method which is one of the popular
PAPR  reduction methods is  known as a
distortionless technique. In the PTS method, the
minimum PAPR value will obtain from the
multiplication between data signal cluster of each
data symbol and the optimal phase combination. The
side information sent from the transmitter is
required at the receiver for data demodulation
correctly. In this method. the computational
complexity of optimizing phase combination
process is inereasing propertionally to the number of
clusters expanding. In [11], the PTS method was
applied for the FBMC-OQAM system. From the
results in [11], the PAPR performance of FBMC-
OQAM system can be improved by using the PTS
method insignificantly. From this result it is
difficult to get sufficient PAPR performance by
applying the PTS method m the FBMC-OQAM
system directly due to the overlapping symbol
structure of FBMC-OQAM system. Therefore, the
PAPR of each data symbol cannot be optimized
independently like that in the OFDM system.

Furthermore, the PTS method has also produced
the huge computational complexity in the search of
the optimal phase combination. Many solutions to

International Journal of Intelligent Engineering and Systems, Vol.12, No.5, 2019

this problem have been proposed such as flipping
iteration technique [12], phase coefficient searching
technique [13], PI'S with artificial bee colony
(ABC) technique [14, 15] and so on. One of the
promising techniques among these techniques is
PTS-ABC technique which can reduce the PAPR
performance with low computational complexity
especially when increasing the number of clusters.

In this paper, we propose a solution to the larger
PAPR problem in the FBMC-OQAM system which
can perform better the PAPR performance and
produce lower the computational complexity of
optimizing phase combination than that of using the
conventional PTS method. The silent features are to
minimize the larger PAPR by applying the
overlapping-PTS method [16] and to optimize the
phase combination by using the artificial bee colony
(ABC) phase optimization. Similar to the PTS
method, the receiver requires the transmitter to send
the side information for data demodulation.

This paper is organized as follows: Section 2
introduces the definition of PAPR for the FBMC-
OQAM signals. Section 3 proposes the overlapping-
PTS technique with ABC phase optimization for
FBMC-OQAM  system.  The  performance
evaluations of the proposed and the other methods
for PAPR reduction are presented in Section 4.
Finally, Section 5 draws some conclusions.
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Figure. 2 The overlapping data symbol in FBMC-OQAM system

2. FBMC-OQAM system and PAPR

Fig. 1 shows the overview of transmitter
structure in the FBMC-OQAM system. The input
data X,.(m), (n=0,1,2, ..., N-1) at n-th subcarrier and
m-th  symbol will be modulated by OQAM
modulation and transformed by IFFT with N-point
which the modulation complex data symbols can be
expressed by,

X, (m) = a,(m)+ jb,(m), 0SkSN -1, (1

where « is the real part as in-phase (I) component
and 4 is imaginary part as quadrature (QQ) component
which I and Q components are stepped by 772 in
time-domain where K is the overlapping factor
which is the ratio of impulse response /() duration
to the multicarrier symbol period (7). Then, x.(m)
will be passed through a prototype filter with /{7)
and 7/2 carrier frequency spacing which can be
given by,

M-121-1

s(t)=3" 3 {a (m)h(t~mT)
k=0 m=0 (2)

(3ztyx)

ks fb‘((m)f?(ffmi"f.;.)e-‘&w 3

A PHYDYAS [6] as a prototype filter is
designed for reducing the out-of-band leakage in the
FBMC-OQAM system. It should be noted that the
filter impulse response is spanned by 4 times of the
multicarrier symbol period.

In this paper, the Solid State Power Amplifier
(SSPA) [17] with AM/AM conversion is assumed as
the non-linear amplifier which can be expressed the

International Journal of Intelligent Engineering and Systems, Vol.12, No.5, 2019

relationship between input and output by the
following equation,

where p and 4 denote the amplitude of the input
signal and the saturated output level respectively.
The decision of non-linear amplifier level is
represented by r. The operation point in the non-
linear amplifier is defined by the input back-off

(IBO) which is expressed as,
1)
1B0)|,, = 101og[ﬂ]. ()
B

Generally, the PAPR for the multicarrier signal
is defined as the ratio of the maximum transmitted
signal power to the average transmitted signal power
which can be given by the following equation,

2
max|s(z)|
PAPR|,, =10log,,| == —— | (5)
1 j; ()| dt |

In the cvaluation of PAPR performance. the
PAPR reduction will be observed from the
probability of PAPR over a PAPR reference
(PAPRg) as the Complementary Cumulative
Distribution function (CCDF) which can be written
as,

CCDE(PAPR) = Pr(PAPR > PAPR,). (6)
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Figure. 3 The block diagram of the proposed PAPR reduction method

3. Proposal of overlapping-PTS with ABC
phase optimization method for FBMC-
OQAM system

From the structure of FBMC-OQAM symbol as
shown in Fig.2, the symbols will be overlapped with
KM symbol length. The next symbol L-th always
overlaps with the previous symbol (L-1)-th. Every
imaginary data symbol is delayed 772 of its real data
symbol. From this reason, it is not enough PAPR
reduction considering in  each data  symbol
independently for FBMC-OQAM symbol. To satisfy
the requirement, this paper proposes the PAPR
reduction for FBMC-OQAM system by modifying
the conventional PTS as the overlapping-PTS
method in this paper.

3.1 Overlapping-PTS technique

From the Fig.2, the structure of overlapping data
symbol is utilized in the proposed method. Like a
conventional PTS method, the first data symbol
(m'=0) without overlapping any adjacent data
symbol is divided into J"cluster and converted from
frequency domain into time domain by using IFFT
with N points as xg? The first data symbol signal

2§ with the optimal PAPR can be expressed as,

¥
B, = };l(b;-”xé“,% @)

where B (= e#™) is the phase weighting factor at
vth cluster and ¢ € i~ 0,.,w—1. W is the
number of predetermined phases. The optimal
PAPR of the first data symbol can be defined by,

.
[bé",b.](:),,.ubév': =mwm[mfx[ N (8)

4

DA

w=1
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Next, the overlapping data symbols started from
the second (m™=0) to the last (m=2L-1) data
symbols which can be given by,

Xk

v
eo V1) ke D) +ZJ[:(b,f,’.’,‘c}:.l ) (9)

From (9), it can be optimized the PAPR which is

chosen from,
z () .0v)
x(mu)‘(h‘;] e ;(b”" x;’“‘) by (10)
1

=m'<2L-1.

I_bf,]?,b,f'....,bf:“}
y
5 mintmax[
W &

Fig. 3 shows the block diagram of the proposed
overlapping-PTS with ABC phase optimization
method.

2

3.2 Minimization of PAPR by using ABC phase
optimization

To obtain the FBMC-OQAM signal with the
optimal PAPR, the huge computational complexity
by using the conventional PTS method is solved by
the proposed artificial bee colony (ABC) phase
optimization [14-15]. The proposed ABC phase
optimization method can achieve better PAPR
performance  with  the computational
complexity.

In the main concept of ABC algorithm, the
position of a food source is the possible solution of
optimization problem which is solved by employed
bees, onlooker bees and scout bees in the colony of
artificial bees. In the PAPR reduction problem by
using the ABC phase optimization, the position of a
food source is represented by a phase weighting

lower
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factor 5 with the number of phase weighting
factor patterns (S) where i=1.2.....8. In the ABC
phase optimization, there are four sections the
following as,

Section 1: this section is the initialization, the
random phase weighting factor A% is generated
initially then the fitness value of A" within the
phase weighting factor patterns will be evalvated by
the following equation,

1

Sfitness (b‘”’ ) . :
1+PAPR[2(5“” - )] an

v

International Journal of Intelligent Engineering and Systems, Vol.12, No.5, 2019

Section 2: the new phase weighting factor B as a
new food source is generated within the
neighbourhood of £ by the employed bees which

can be produced by,

B = pl) . s ( BED _ D )’

(12)
[efl.2,.. St &kef{l.2....J} wherei=k,
where ./ is the number of employed bees and ¢ is a
random number in the range [-1,1]. Because the 5%
is the diserete phase, 5“2 as given by (11) for =2
can be selected by the following condition,
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o (L i<
i) if 4 4 (13)
-1, else

Section 3: the onlooker bees will select a food
source depending on the probability value associated
with that food source p, which can be calculated by
the following equation,

~ fitness,
i~ -
Z Jitmess, a4
=1

Section 4: after completed the process in Section
2 and 3, if there is no any improvement of the
fitness values of the food source with the limit value
(Lim), the employed bees become the scout bees.
The scout bees produce the new food sources
randomly by,

B =pt) +(bfr:x —b&i)-r{md(ﬂ,l). (15)

From Sections 1-4. the following explain the
PAPR reduction procedures of the proposed
overlapping-PTS with ABC phase optimization by
using Fig.4.

4. Results and Discussions

In this scetion, this paper shows the PAPR
reduction and BER. performance of the proposed
overlapping-PTS with ABC phase optimization
which are evaluated by the computer simulation
using the parameters listed in Table 1.

Fig. 5 shows the PAPR value of the proposed
method with different S phase factor patterns when
changing a number of Cycles (Cyc). Here, Lim = 5
and different § = 20, 30 and 40, respectively. From
the result, it can be scen the PAPR of all is
decreasing rapidly for Cye = 1 to Cye = 5 after that
its change becomes slight. Furthermore, it can be
also observed that the PAPR for = 40 is better than
that of both 5= 20 and 30, respectively. From the
result, the following evaluations for the PAPR
performance employs Lim = 5 and Cye = 5 for the
proposed method in this paper. Meanwhile, Fig.6
shows the PAPR value of the proposed method with
Lim =5 and Cyc = 5 when changing size of § phase
factor patterns. From the result, it can be confirmed
that the PAPR value can be reduced by increasing &
phase factor patterns. However, its computational
complexity would be increased which corresponds
to the increasing of S phase factor patterns.

International Journal of Intelligent Engineering and Systems, Vol.12, No.5, 2019
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Table 1. Simulation parameters
Parameters Values
Technique FBMC-OQAM
Modulation with Gray coding OQPSK
Demodulation Coherent
OFDM occupied bandwidth SMHz
N-data subcarriers 64
V-cluster 16
W-discrete phase 2
K-overlapping factor 4
Prototype filter type PHYDYAS [6]
Non-linear amplifier with IBO(dB) SSPi\demh B
r-SSPA non-linear parameter 2
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Figure. 5 PAPR values with different S phase factor
patterns when changing Cycle number
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Table 2. Comparison of computational complexity for the proposed, Conventional PTS and Overlapping-PT S methods at

CCDF = 107[14]

2 5 = Improvement from
PAFR Jftugfon I:{e[hc'd (VR PAPR Computational Complexity Conventional PTS and
and W=2) .

Overlapping-PTS
Conventional PTS 6.25dB WUL=2060=33 768 100%
Overlapping-PTS 4.05dB FUD=006-D=33 768 100%
Proposed with §=300 and Cye=5 | 435dB 8% Cye=300%5=1,500 4.58%
Proposed with §=50 and Cye=5 4.65dB S8xCye=50=5=250 0.76%

Fig. 7 shows the PAPR performance based on
the CCDF for the FBMC-OQAM with the proposed
overlapping-PTS with ABC phase optimization (Cye
=5 and Lim = 5). The performances of FBMC-
OQAM with two conventional PAPR reduction
methods such as the PTS method [11] and the
overlapping-PTS method [16] are also shown as the
purpose of comparison with the proposed method.
At CCDF=10", the PAPR of using overlapping-PTS
method [16] is 4.05 dB approximately. Meanwhile,
the PAPR of using the proposed method with S =
300 and S = 50 arc approximately 4.35 dB and 4.65
dB. respectively. When comparing with the PAPR
of using overlapping-PTS method [16], although
there are the different levels 0.3 dB and 0.6 dB
respectively, the computational complexity of phase
optimization process of using the proposed method
is only 4.48% for § = 300 and 0.76% for S = 50 as
shown in Table 2, respectively. Moreover, from the
result in Fig.7, it can be seen that the proposed
method shows the better PAPR performances
withlow computational complexity than two
conventional PAPR reduction methods [11, 16].

Fig. 8 shows the BER performance evaluated for
the proposed method with different S phase factor
patterns when changing the carrier power to noise
power ratio (CNR) in the non-linear channel. In the

International Journal of Intelligent Engineering and Systems, Vol.12, No.5, 2019

simulation, the IBO of SSPA is taken by -2 dB.
From the result, it can be seen that the proposed
methods with S = 50 and S = 300 show much better
BER performance than the original FBMC-OQAM
and conventional PTS method [11] in the non-linear
channel. Moreover, it can be observed that the BER
performance of the proposed methods with low
computational complexity is close to that of the
overlapping-PTS method [16].

5. Conclusions

In this paper, we propose an overlapping-PTS
with ABC phase optimization method for the
FBMC-OQAM system. The silent features of the
proposed PAPR reduction method are to improve
the PAPR by using the overlapping-PTS method and
to reduce the computational complexity of phase
optimization process by applying the ABC phase
optimization. Compared to the existing PAPR
reduction methods, the proposed method can
achieve better PAPR performance which can reduce
the PAPR by 1.9 dB approximately as comparing
with the conventional PTS method [11] at CCDF 10°
! and can perform computational complexity lower
than that of performing by using the conventional
PAPR reduction methods [11, 16] which are only
4.38% and 0.76% for S=300 and 50 respectively.
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Furthermore, the proposed method can be adjusted
the PAPR value casily by using the three control
parameters such as S phase factor patterns, Cycle
number (Cyc) and limit value (Lim). From the
computer simulation results, it can be confirmed that
the proposed PAPR reduction method has the
capability to provide the better PAPR performance
with low computational complexity for FBMC-
OQAM system.
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Abstract— For the next age of mobile and wireless
communications systems. Filter bank multicarrier conjunction
with offset quadrature amplitude modulation (FBMC-OQAM)
is the non-orthogonal multicarrier modulation techniques,
which is mention as an essential and prominent player. It has
several advantages, such as higher spectral efficiency, as
compared to the traditional methods. Nevertheless, FBMC-
OQAM still has a critical weakness similar to OFDM system,
which is a high peak-to-average power ratio (PAPR) at the
transmitter. There are several varieties of ihe technique
presented to defeat the severe PAPR issue. The Trellis-based D-
SLM techmique is presented to employ and achieve a
significantly improve PAPR  curtailment performance.
However, The Trellis-based method still has a limitation of its
high computational complexity. This study presents the Trellis-
based D-SLM scheme with artificial bee colony (ABC) phase
optimization, which achieves lower computational complexity.
The results of PAPR performance evaluation through computer
simulation, the proposed technique ¢an deliver a performance
of PAPR reduction similar to the conventional Trellis-based D-
SLM technique, but the proposed technique requires around
10% computation lexity of the conv | technique,

Keywords— FBMC-0QAM, ABC phase optimigation, PAPR,
Trellis-based D-SLM, D-SLM

T INTRODUGTION

The FBMC-OQAM has considered and researched for the
following age of wireless and mobile communications
systems. The advantage of the FBMC-OQAM modulation is
robustness in the multi-path channel without cyclic prefix
expansion (CP) and presents more powerful to spectral
regrowth cancellation than CP-OFDM by using prototypes
filters prototype Filter for FBMC-OQAM. Nevertheless, the
QOFDM and FBMC-OQAM shil have a high peak of signal
the fime domain that is a significant disadvantage. The
FBMC-OQAM performance is degraded in nonlinear power
amplifier, due to high PAPR

There are several vateties of the technique presented
to. defeat the severe PAPR problem of both the FBMC-
OQAM and OFDM systems. In  addition to Tone
Reservation, Partial Transmit Sequence (PTS), Clipping
and filtering, Selected Mapping (SLM), Coding. However,
when compare FEMC-OQAM signals to OFDM signals
in the ime domain. The FBMC-OQAM sampling signal
in the time. domain includes the adjacent symbols that
overlap with one another. Therefore, the traditional PAPR
decrease methods have been useful in the OFDM signal
cannot  implement directly in - the FBMC-OQAM
system.  The past symbols effect to  the PAPR
reduction algorithms when the optimum PAPR reduction
is caleulated en the ¢ument symbol of the FBMC-OQAM
signal. The Dispersive SLM (D=SLM) [1] has to calculate
the past symbol when determining the optimum of the phase
pattern in

978-1-7281-6486-1/20/331.00 ©2020 IEEE

the current FBMC-OQAM symbol. Furthermore, the Trellis-
based algorithm [2] can reach an improved optimum path of
phase pattern as compared to the fraditional determination of
the phase pattern.

The high computational complexity can be problematic.
The computational complexity of the Trellis-based SLM
technique depends on number of stages (M) and the number

of possible paths (I/°) . All possibilities found the possible
paths for each symbol. that is meaningless. To override this
problem, we propose to employ the artificial bee colony
(ABC) for searching the optimum phase pattern with less
computation complexity inthe Trellis-based D-SLM scheme
We will explain the details in the next section.

II.  SYSTEM MODEL

The filter bank multicamier techniques were introduced m
different structures such as FBMC-OQAM [3], Filtered
Multitone (FMT) [4], and Cosine Modulated Multitone
(CMT). [5], respeetively. However, the mest advantaged
techniqueis the FBMC-OQAM method becauseit delivers the
highest trangmission rate at the same bandwidth, The Offset
QAM (QQAMY is one of the essential parts, and this process
shifts ahalf symbol space during quadrature-phase (Q) and in-
phase (1) components of QAM symbols - The main
components in the conventional FEMC-OQAM transmitter
structure are synthesis filter bank (SFB) and OQAM pre-
processing.

The modulated QAM signal firstly passed the OQAM pre-
processing stage at the transmitter side, which divides the real
and the imaginary parts to convert the QAM complex symbaol
to real symbol. Then real and the imaginary parts are divided
into two new symbols which are '@, and a respectively.

m+.n
It can be transmitted at the rate 1/ where " is.signaling
period 7' =1/ Af,Af is subgamier spacing. The even and odd
subcarriers  for complex-toreal conversion have fotally
different forms, as presented in equation (1).(2).

o |2 ni'ls even
m= 4 (1)
[2m+1  m'isodd
(1-p)R, +p.I” m'is even
G = 4 iy " ; (2)
PR +(1-p) I} m'isodd

‘Where mz is a sample index at QQAM preprocessing input
and ‘m i8 a sample index that passed the OQAM pre-
processing, which can efficiently increase the sample rate by
two times. And then, ¢, has been multiplied in the second
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operation to retain the orthogonality of symbols. At the
transmitter of the FBMC-OQAM system, the synthesis filter
bankis generated by N upsamplersand N Synthesis filters.
a . is upsampled with N/ 2 and filtering by the synthesis
filter G,(z) and then every sub-channels are summation
which obtains the result to be x, (#). The high spectral
efficiency can be maintained by prototype filter p(s) [6].
Therefore, 5 synthesis filter g(s2) can be expressed as the
following equation.

gi(n):p(n)exp[j%[mi’ilﬂ 3)

2

Where l:=0,l,...,Lp -1, N is a number of subcarrier
and L, is the length of the prototype filter, L, = km—1

where & is an overlapping factor.

III.  PAPR REDUCTION IN THE FBMC-OQAM SYSTEM

An FBMC symbel can be calculated the PAPR
performance at aninterval T, which included the overlapping
symbols, and it can be expressed by the following equation.

et (1)

PAPR =y
(3

<= i

- _!'|x(r)| 1

(t) (4)

A. Conventional SLM technique

The conventional SLM is one of the PAPR reduction
techniques, which an adventage and attractive technique
beeause 1t is an effortless but effective method. Conventional
SLM, the input symbol multiplied with groups of phase
rotation (/). The different U multiplied with the next
remained input symbol, which also obtained different PAPR
and selected the least PAPR signal to fransmit. The block
diagram  to explain the conventional SLM techmque
presented in Fig. 1

u
[
(5]
'lJ
Yo
" e,
|

Fig. 1. The FBMC-OQAM (mnsmitler striciure diagram with PAPR
reduction,

Because of no overlapping between the adjacent symbols,
50 i1 the OFDM system, Cenventional SLM can perform high
efficiency. Nevertheless, overlapping symbols in the FBMC-
QOQAM system generates the restoration of large PAPR.

B. D-SLM technique

The Dispersive-SLM (D-SLM) and the Conventional SLM
technique are almost identical. The input symbol multiplied

with groups of phase rotation (/). Xf;" is the results and

then selected symbol 4’ with the least PAPR from X,
Difference between D-SLM and Conventional SLM on

PAPR performance calculation is the current FBMC-OQAM

symbols overlapped with previous symbels, Therefore, In the
D-SLM scheme before calculating and achieve the least

PAPR of a:f?ﬂ symbol, we require a summation of symbol
a:“,,. with symbol the ai’f:"). In the previous symbol at the
overlapping site and then calculate @' from X at the
current symbol.

Mathematically £,,r,(t) can be wntten as (5).

= s g S I
X, (h= Z an.j';" R(t—m'T/2)e ™ ™ +

=0l

overiappings pass gmbol
M= N-{ i
> alh(i—miT/2)e

m'=lm n=0

current symbo!

ai"ﬁ:” is the least PAPR symbol selected from the previous
symbol.
C. Trellis-based D-SLM technique

As the previous section introduced and described to detail
about the D-SLM technique, which can improve PAPR
reduction better than the conventional SLM technique. Due
to the overapping strueture of symbels in the FBMC-OQAM

systern, the next symbol can damage the PAPR reduction of
the current symbol.

Based. on symbol-by-symbol optimization. The Trellis-
based D-SLM technique is introduced to reduce the effect of
the next symbol. The main idea is the next symbol
immediately affects the high PAPR of the current symbol. In
the Trellis-based D-SLM; we wonld find ¢’ which is the
optimal set of M different phase rotation vectors that gives
the best PAPR with the best path of phase pattern in the
advaneed symbols.

e s Ut (6)

By {uf,j,,,ﬂim,,,ﬂﬁ:j}ls the selected phase rotation of
vectors of A/ input symbol, which is-iransmitted as side
information to the receiver. The best path of the Trellis-based
SLM scheme is finding multiplicative vectors, as shown in

equation (7).

Imil N-l s ' 28
miT YT
.\":’l t): E E ﬂf:‘.)"flllf—-f]e T g
=} 27
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Im+3 N-1 5 ZL‘
0= 5 Fbali-mL) o

m'=2m+2 n=0
A (=2l (=T + ) (1), 0w v<U-1
o n Ko\, Usuvs
(&)

For 0<m<M -1, m" stage in the Trellis-based D-

SLMisall m™ FBMC-OQAM symbols which are generated
from the modulation of the input symbol vector X, signals.

At each stage, it will employ I different states, representing
the rotated FEMC-OQAM symbols. In every i-th trellis stage,
an operation is rotated by phase rotation vector in every two
stages, the possible number of the path is [° paths.

The joint FEMC-OQAM modulation of m™ rotated input
symbol vectors X, and (m+1)" rotated input symbol

vectors X, is represented in the trellis By the path {22,

et

between u” state in m™ stage-and v" state in (m+1)”
stage where = repregents a transition between  two
successive stages. All detail of the Trellis-based D-SLM
algorithm is explained in [2].

D. Proposal for Trellis-based D-SLM with ABC ulgarithm

The FBMC-OQAM signal withthe lowest PAPR, the huge
computational complexity is rtequired by using the
conventional method. The quick searching of the optimum
phase pattemn is solved by the propesed artificial bee colony
(ABC) phase optimization [6-8]. We introduced to employ
the Trellis-based D<SLM with ABC Algorithm, which can
achieve better PAPR performance with -the lower
computational complexity.

In the main eoncept of the Trellis-based D-SLM with ABC
algorithm, the pesition of a food source is the possible
solution of the eptimization problem or optimum phase
pattern, which is solved by employed bees, onlooker bees,
and scout bees in the colony of artificial bees. In the PAPR
reduction - problem. the position of a food source is
represented by a phase weighting factor b with the
number of phase weighting factor patterns (8} where
i=12,..,8 . In the ABC phase optinization, there are four
sections the following as,

Section 1: This section is the inifialization, the random
phase weighting factor b is generated initially then the

fitness value of 5'Y within the phase weighting factor
patterns will be evaluated by the following equation,

4__.___1..__.____, (3)
1+P_4PR[2(1;"-“’ -xﬁ“)]

v,

ﬁme.rs(b“ » j —

Section 2: The new phase weighting factor B ag 2 new
food source is generated within the neighborhood of 5" by
the employed bees which can be produced by (9).

BEIY — gl +gt (b(z.h 7,5[*.1)),

&)
le{1,2,..8} & ke {1,2,..,.J} where i#k,

where J is the number of employed bees and ¢ is a

random number in the range [-1,1] Because the B is the

discrete phase, B g given by (8) for =2 can be selected
by the following condition,

fon — [l Faeddais
1—1, else

Section 3: The onlooker bees will select a food source
depending on the probability value associated with that food
source p, which can be calculated by (11).

(10)

__ Jitness,
—%

S (11}
Z fitness,
g=1

Section 4: After completing the process in Section 2 and
3 if there is no improvement of the fitness values of the food
source with the limit value (Lim), the employed bees become
the scout bees. The scout bees produce the next of new food
sources randomly by (12).

B g0 (B0 — B ) rand (0,1) 2

1IV. PERFORMANCE EVALUATION

The results of PAPR performance evaluation through
computer simulation by applying all the parameters in Table
lare clarified in this section.

TABLEL SDAULATION PARSMETERS
Method FBMC-OQAM
Tiodulatiod 16 OQAM
N - FFT points 2048
Ms - sub-carriers 512
W - discrete phases 2
U7 - Phase Pattermn 128

TABLE II COMPUPATIONAL COMPLEXITY OF EACH TECHNIQUE
Technique Computation complexity
Conventional SLM M 12847
Trellis-based D-SLM M- DU? 16,384(0-1)
ABC-Trellis-based Y
D-SLM. (M= 1)(5 x Cycy | 1500 (A£D)

Fig. 2 represent the average PAPR values of the proposed
technique from the various amount of 8 phase factor patterns
for Cycles (Cye) from 1to 100, where Lim = 5 and different
8§ =20, 30, and 40, respectively. From the graph, it can be
shown the average PAPR value for § = 40 is better than both
of § =20 and 30, respectively. And the average PAPR of all
is decreasing rapidly for Cye = 1to Cye = 5 after that its
change becomes slight. From the result, the proposed method
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employs Lim = 5 and Cye = 5 for the PAPR performance
evaluation. Also, Fig. 3 shows the average PAPR value of the
proposed method from the various value of § phase factor
patterns. From the result, it can be verified that the average
PAPR value can be decreased by increasing S phase factor
patterns. However, increasing the value of S phase factor
patterns also increases the computational complexity.

Fig. 4 shows the PAPR performance based on the CCDF
for the FBMC-OQAM with the proposed Trellis-based
D-SLM  technique comjunction with phase optimized
determination using the ABC algorithm where Cye = 5 and
Lim = 5. From the figure confirms that the proposed technique
can reach the PAPR reduction performance approximately the
Trellis-based D-SLM, and the computation complexity of the
proposed scheme is required around 10% as conventional
Trellis-based D-SLM as shown in Table 11

Best Value of PAPR(dB)

Fig. 2. Average PAPR perfonnance vs. the nurmber of iteration when
changing the different 8 phase factor patterns when.

Best Value of PAPR(dB)

L i i o
1 50 100 150 200 0 30
Size of Discrete Phase Patterns (S)

Fig. 3. Average PAPR performance vs. $ phase factor pattern when
sclected the Cyc =5 and Lim =5

V. CONCLUSIONS

Although the FBMC-OQAM system has a large PAPR
problem similar to the OFDM system, the practical PAPR
reduction; techniques in the OFDM system may not

implement directly in that system. This study proposes the
Trellis-based D-SLM technique conjunction with phase
optimized determination using the ABC algorithm in the
FBMC-OQAM system. The proposed technique can deliver
a performance of PAPR reduction similar to the conventional
Trellis-based D-SLM technique, but the proposed technique
requires around 10% computation complexity of the
conventional Trellis-based D-SLM technique. Furthermore,
the proposed technique can adjust the PAPR value target
straight forward by using the three control parameters such as
S phase factor patterns, Cycle number (Cyc), and limit value
(Lim) when employing in the different settings of FBMC-
OQAM system.

= = | —+—Coaveationsl FEMC
ABC Trelis-based D-SLM
sed D-SLM

B ab seissa)

CCDE (Prob PAP!

Fig 4. PAPR performance of the propesed and conventional technique.
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