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ABSTRACT

Power amplifier is an essential component for transmitting signals to a remote receiver in wireless
communication systems. Power amplifier is a non-linear device in general, and the nonlinear distortion becomes
severer as the output power increases. The nonlinearity results in spectral regrowth, which leads to adjacent
channel interference, and decreases the transmit signal quality. To linearize power amplifiers, many techniques
have been developed so far. Among the techniques, digital pre-distortion is known as the most cost and
performance effective technique. However, the linearization performance falls down abruptly when the power
amplifier operates in its saturation region. This is because of the severe nonlinearity. To relieve this problem,
this paper proposes a new adaptive predistortion technique. The proposed technique controls the adaptive
algorithm based on the power amplifier input level. Specifically, for small signals, the adaptive predistortion
algorithm works normally. On the contrary, for large signals, the adaptive algorithm stops until small signals
occur again. By doing this, wrong coefficient update by severe nonlinearity can be avoided. Computer simulation
results show that the proposed method can improve the linearization performance compared with the

conventional digital predistortion algorithms.

7=

, W18 93, A9 A X 9 3 (Digital Pre-Distortion), RMS(Recursive Least Squares)

- 681 —



-

JE 2AbolH, o] Al
Hol AstEln AR He] F7hEHA
wEta BAE Exo] o) =

A TEAA 2ok dysg
o

oX

filo

N
ol 3y
Lo ot o

fru
oft
N
ol
rlr
r ME IR T
ot rlo 2

E=PERE
Hat7) Sste] Wems)
(feedback) olgE 1/
analog/digital predistortion)s
o] AtHNe 83 Hi
;<4o] m/uo] 0" Axsj=
o FTHeA AL 7Y
4o B we Ay
1 71e2 9eA Sio] HAd A

E (feedforward), =

ﬂﬂﬂ%
H,

:ﬂ
ﬂ
O""A

z

—

Hur
2 Ho gL
o
=

ol
A

Lo fl oo 1> T rlo
[o rle
N

K
ro
™
1%
N
I
N
o

X
=
s
0f \

ME I rlr % o ok 30 i X
=
o
o
Z
&S

>k
4
30
SOl

A2 PAe AR 5
Rt} sA e ¢y Ase] =27
A WA AW HEs A%
A s EAHE A3 T B
olgdd FAE a|As] st WA
717 Qe Y g Ze
12l A% daelag FA447 A7
AN, BE gut 2 279

2 ru{o rlr o

1 off ot

I o

A

ST
2
Ei_o.ﬂrio

N,

o
A

oo
o> >
(N o Y B ol ot
2y f
ru[o
[o3

2§ > 2 Jo o
N

2R el
N

]
&

x(n) Pre-

— Distortion
(PD)

a9 1. 0

=H

)%
oZ
3
Lo
3,
i:l
o

K
N
e
i
k1

T
Ir

A b s el A ShF
tHad 1 %=). A" 22 437
dneFe] 22 43710 <5 o
FANE vy AF HF710 o)
o) MEM A% e deste] vin

o oAt HAGOR FHAEE 2
B wE AN, wE AT

KT
o W Hg
ol ot

r&flz
>~Z:\éo
X 1o

n ARt rlo to ¢

mlo il o= oo X &t (b pE >

1> ot

fo N

o ngHEl

iiéz

% gy R

—grloﬁ

EW
&=
o
o Kl = .
® g
oy 5
fo 2 <
8 o
%
2]
‘ﬁ -
1.8
g
1E =
R

rQL' =]
K
N

B rfo

zo o]

o= o]._t,'_aﬁ ART gomg
‘o<l HEHE V| RE A}
(Q+1)-by-(Q+1)¢] =7 B 7HAE=
]§‘,]— ‘61—]:]— Z—]Otﬂ Ol-'jalz/] % =2 ;rs—_
#He H"A AF7|(PD)el HA =
of A&t A f=F AE vn
A A7) TS ol 43
A=7] A xm)t AH 2
&3k 2ol vehd & 31

Zw lz(n)* = wiz(n) - 1)

4=0
A FHAM F odE wzn)d Z7E
(Q+1)-by-1°1™, B3} Zo] H o3t}

= 1
i

:[w()va“'an]TO]—ﬂ AHNTE dFAAF
t AA dF AFE Jdepdg E23, z(n) =
[z(n),z(n)lz(n)P .z (n)lz(n )IQQ}TO]EP ol#g
AL T3l e AA A9 Y vin)s AY
270 dYFgozN HAY HAEFZr|E A
g glgie.
® L HeE 729 AXYgT s
*7]3}:
w=[0,0,...0]", P=1,
AR A= ATE F3le 488 gugs:
for n=1,-N
{
=[y(n), y(m)| y() ..o y(m) | y () | T
z(n) =wu
3 27'Pu
1+ 2 'u”Pu

e(n)=v(n) —z(n)
if (Jv(n)| < max_W)

essscccsssccess (1)

w=w+ke (n)
P=A""P=2"'uP ceeeceecces %)

- 682 —



=3
rx
09
i
i
OfM
I
N
°
H
fo
R
1
2
z
0!

Qlet CIXIE HX|t= 718

A% wgkel WA 5 itk o] wats)
9, A% A28 B9 AN AF vk A
A=l AT W Y4y AsT =8 Jo
g Asmu oz s Yool =X
toAE w=H HYHIE AU ol olAA ¢
o,

Agksts OAY AR 4T P e YA
277k A8 FFs)e] Aoy &Y olde @
A AR A% A% @ wiks AUSHA %2
Ashe ke Al }m 2, Ay 2%
Ao 22 gol ‘A%l AS FH e AR
shel QeAEe] =17t BY @ ARD A4S 3
ol & 19 (1), QAL FHFH] WS
Aske 4 Aze] A7t wY g ARt 2
BSole ol wike fAte] 8l G o]9)
o Azl talK HYHS BT 5 gl A
AL A% wire FHES Bk

}op
od 1o do o fo

© i

O

64-QAM(Quadrature

Modulation) 2.2 W Z5H EHQ'JIE':_O]
LTE 4F33 255 ALHUT 9P037} =
stgd ol 2IHA &7 s !J:/\LML]§ =79
Adgro] 160 HEE stgch vy "y =
7] 9= Saleh RE< o] &3gGTH3]. ¥ =
719 EXE AASE= Azt AL e v
ol dAstaoH, 4y Az A77h 17014
o] Agele &9 #el Ao 29 %A 1= =
dses s B, 49 $H719 oIS 1

JH:{J

EI[O

ojeki sHgstlon], 4 (@9 2ol el &
slet.

o e
yln) = vln) x IR ©

X e
1+[(2\v(n)|2
K =11 K=03K=1K=1

a9 2, 394 (@& A

=]
= [¢) el
ol ok AM-AM 543 AM-PM 54 B
dF3 gom, b)E ldPe A4 AY F
Z7] g9 AM-AM EA 3 AM-PM EXS B

O%T—l— Mqﬂ

— pA nulput |dea| (a} :
— PA output without DPD-(b) [}

PA output magnitude

; : ;
0 02 04 06 08 1 12 14 16 18 2
PA input magnitude

a9 2. AM-AM 54

AM/PM respnnse

—F‘A nutpul \dea\ -(a) I ;
40 | ——PA nutpulwwlhnut DPD (b}'H
35 ‘
30+
%[:;25
;‘,-2[]
g
161
10
A S N ) I N T R NN A
0 02 04 06 08 1 12 14 16 18 2
PA input magnitude
7% 3. AM-PM 54
gAd A3 sj=7r]e] B RIS dudEFs
Hgatgon HAn 57t 159 v os Ag
s, ST A4S 48y U
AzolA AAYZ Afs Adeted AeEE
A ARS T2 HedlT Adss oAl
A H=710M £H & A= dY FF7]9] =

gol Ao =7] @<l 1= 28T

PRt aipd,

on
PA output vith P roposed DP D-id)

PSD (dB]

a9 4 9Y FE7)e] AAEY

- 683 -



3 Wae Aeae ve] AYEYS nefF
gtk W AY FE719 YPuE 29
d@eln e gAd A2 g3

e wel 2AEgp)olt. AR s)E
P Agsge e AAE(oln AT
o A WS AEAGL W) 29 EY()]
ot

woAge o] WY FEr)e) ez 2
\ 242 7]z gAY dA1)9)

N

g B9 oFRAE A g
Were A9nT AR Ay xuEY A

R

Se W 12 PART 4dB AUAYSS

gl 4 Ak =, AAY A $E]9 9

NE AL Ene BES) Qe A
A

AEel WART A W] AHF & 3

N

o=z Qs =3}

FHS dY AEes S8l o] 99 ¥F Az

= FFE 71Ah B =fodAMe d¥is A

7I7F et #xata S w "AE ®A
= oM HA R AFE sk HA

[1] S. C. Cripps, "RF power amplifiers for
wireless communications," Artech House
Microwave Library, 2006.

[2] R. Marsalek, P. Jardin, and G. Baudoin,
“From post-distortiion to predistortion for
power  amplifiers linearization,”  IEEE
Commun. Letters, vol. 7, pp. 308-310, July
2003.

[3] A. A. M. Saleh, “Frequency-independent and
frequency-dependent mnonlinear models of
TWT amplifiers,” IEEE Trans. Commun.,
vol. COM-29, no. 11, pp. 1715-1720, Nov.
1981.

- 684 —



