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ABSTRACT

This paper presents an efficient adaptive predistortion technique compensating linear and nonlinear distortions
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caused by high-power amplifier(HPA) with memory in OFDM systems. The efficient adaptive data predistortion

techniques proposed for compensation of HPA with memory in single carrier systems cannot be applied to OFDM

systems since the possible input levels for HPA is infinite in OFDM systems. Also, previous adaptive predistortion

techniques, based on Volterra series modeling, are not suitable for real-time implementation due to high compu-

tational burden and slow convergence rate. In the proposed approach, the memoryless HPA preceded by a linear

filter in OFDM systems is modeled by the Wiener system which is then precompensated by the proposed adaptive

predistorter with a minimum number of filter taps. An adaptive algorithm for adjusting the parameters of the

predistorter is derived using the stochastic gradient method. It is demonstrated by computer simulation that the

performance of OFDM system suffering from nonlinear distortion can be greatly improved by the proposed ef-

ficient adaptive predistorter using a small number of filter taps.

IT.M B

FH AR Fuk £8 05 3H{OFDM : Orthogonal
Frequency Division Multiplexing) ¥4] & AHEY &
&o| £, tb3 7 & o o] Y(multipath fading)# ¢ ¥
2 F&(impulse noise)?] &L HA Wevte FH
o2 Qla] & dA7-7} o] Fo| A rHl]l. OFDM &
A9 A Aldelay)el A8 HE Frlo A et
T ATV st o] 52 A4 45§ Ya g 3
© ol mAFQ HdE Fyom g AoH23]
OFDM Al 2" ol M= A F3 HE F+7Hguard interval)
£ A9#o 2N A&7 7H43S!:inter-symbol inter-
ference)} 24'd 7} 74 (ICI : inter-channel interference)
ol AlEte AL A4 WY F sle wde v
w4y} ¥ Z(single carrier modulation) ¥4 ol M &= A
%o] Hold E3Hequalization) o] /34 ©
t}. 22y OFDME 7luted st A4 F4 A
9e g viga Al2dyo 748 FEV|(HPA:
High Power Amplifier)oll 2l3] A& w8 o F
of B WA Aoz dEA AG2Bl z¥ez
OFDM Al ZR)oM & o|2j g By fF& sl
Fololdt e d3E =& & AU

723 ZZ71(HPA :High Power Ampifier)= H] X
Y A7 AFH(AM-t0-AM conversion)F ] A4HH F(AM-
to-PM conversion) 542 z}7) s &o 3} g
Mo MY JFoz s 4 AT HYE Hoy=
o] 83171 Y TH4l. &8 NZe AVE A o2
M (backoff) HPAS] ¥IM B A& 433 Zarg
Aoy, 29 359 #97t FopA slof A< flat-

fade margino] 7434 |o}. Flat-fade marging &
2}7] 98l HPAE Hulgl ¥ 3} (saturation point)
X oA FaAIA L gt} wpEbA] HPAS 548 4
ooz 23 Y 7k R7MA A
Al A Bk A8 5 e JEe] dasit
a#2 g HPAS % Z-H(operating point)& N 3& o)
eyl e Ay I 5 A E AE5she LelA A
g E)

HPAE &4 o3 A1 &37] s vl AE F&
72N F Je B HHeRE AL DA A
A 2] of H(predistortion) WP FADdNM e F3}
(equatization) ¥ o] Utk 1A 4 A A& ¥
A% o] WA AEY ANF7 FEF WD
oA HlME 3-8 FAAITE Aol ElF3irt. WA
g Wy A dolet AX e fF BAls|z of
G20 413 AXe T FAelTe F A2 &
g 4 Qo) Y uigm A 2go A 2kd S st
o}(RAM3} Look-up QALNE Fr71gtezs 9™
constellation®& AAH o2 ZAd+ 3¢ dolg A
A 22 walo] th HRE o, TY wiga A
260 8 #HYWE A FHY U A OFDM A
2 ollA] HPAS] 7H538 1Y 2 53387 &
o 71& 2] WY& OFDM A 2dld ad2 A48 &
€ StHSl. H OFDM AlZ2"ojA njdY 932
Fol7] AT AANNF YHo R A4 HA Az
A1 W]o] AL UXRHE], o] WP L FHE
7} A E A77F 2 R (RAMZ 988ty
g RN EHE R Wi £ $20} 433 g
the @3 o] Atk

697

www.dbpia.co.kr



BERBEPERLE 974 Vol.22 No.4

HPAE w27} Qe HAg AagojA AA
2e A% g7t g A 59 Ty B
& 2H3 9ok 28B2 AAHoRE MR
& Zte vAdg Alado] " old @ AlAHE B
A F28 QAM(Quadrature Amplitude Modu-
lation) 4] &+ ISI9} constellation warping& Z &t}
Wixe gle Y A& g dAde
Hol thee W E 5 ) o vHS|[7], Volterra series 2.9 &
of 7123t Qe old WHEL Y AF7t gol
dasty Aol @2 olf2 AA AAZ FH
< ol Fol ATHYI14]{15].

B ATE YRR A Y HMY AlAHE R
dyddte & ez 59 F3d o3 ndy
(block-oriented model) ¥ o] AtH10]. ol#d F=
WS v A Al Edo] B8 9o ded Bajx
H(subsystem)EZE FAH A 1 A|l2"He] FF
& ¥3 e 7HR6d 7128 52 g 53] ¥
%3 ¥ Al 2" (linear dynamic subsystem)3} o} .2 §1
+ H]| A3 B A] 2" (memoryless nonlinear subsystem)
o] AdE AAE HAH A2HE Wiener A 2H
[11jel2} 3131 o] & FA|2He] EA7F vid Yo
B A A]2E-S Hammerstein Al Z:8){12]¢] @} &+
th. olgj ¥ Feje] AAHES A5 MY Ay &
okl A Bl &AL mdHsly] f AHRHI
o 28 72 ZdE FFse W g d+vt
o AR HA=H(1011][12], FALHES FA =
d Ale]l & QA= Ao dig AR glo] HAA A
289 ¢-2¥ 239 AAN A FHHEYG &®
g A Eg gl MY FALde ohdat sidke] A

KA 25 o] 2}z giX| gt v] M E Al 28] g {3 W)
2 uAd A= (finite-memory nonlinear system)
olg} gl ol#j gk Al 2o g A A 71
o] A¥ uf AcH13]

HPA ¢tchol] A8 dEel7t 1218 722 48 A&
g v AE Al ado] FE g AAE Wiener Al 28
22 AZg = gl Wiener Al 29 2] BIAY o &
e AxZor BAst7) 43 AL AARAY H
ol gt A7r} o] R o)A UHI4NS). o] & niete
2 2 =FdrMEe OFDM Aol HPA ddd
A3 ezt g1 A8 Wiener Ao B AP e
aRHoR HAAY F de AL AN F g

698

AQtgheh & =& AL g A 23 e
Wiener Al 2:8]2] of & B3 7iol HAdg AA g
Q= FZ(Hammerstein 2 9)Z Al¢tal, A sy
2719 ATLE JAE7] 94 AS B 4aYES
stochastic gradient W& AF&-3to] f-23HcH16). 3
Folde AGE %3eE]E5E OFDM Al 2H oA
HPA ¢tdol] H3 "E7E Yxste A2 443
= 2o dgez Agtd 4 A4S UF
a5, 4ol A28 Rl

1. OFDM AlA®IOIA 2] 2 H|MY
L PR

OFDM A4 Al 28 o] di§t 7] A ) ¥ (baseband) &
7b Al2z2eg )y 1o 7heE) Jehgii, 2 E-gE
HE BeoMe NS QAM 4 E Eg 2
085 HEAIZ W A8 g9 dojy 42 WA
71tk IFFT) o)) OFDM M%7} 439 5, 24 %
Ade] JEx 5 Zelwy} 7)1 HE N E(Guard
Interval)& Atg)sted ISI9} ICIZF WAl 8H=] oA &
o 1@ telA ¥ "He 2% ZAuigely IF
(Intermediate Frequency) ©@ollA 2159 AHEY &
F& 2AI e A4 e otk

R o 94 EA A= HPAZ TWT(Travelling
Wave Tube)& AF&-3H}:. TWTE vl Ra] Qe va g
4 E4e] o, o A3 o] FEtE vy
A7 WSS AN HPo s HAY F AL

A(r)=-i-2+-’7 (1)
2
@ (r) =0 —rz*i—r—; 2

71N r& 4 Az AsjolL, Be= nf60lth
QAM M7t ol st n| g s3] g o 3
AbzHE X 9FQ) constellatione] ¥ &&= constellation
warping @Abo] velbdoh 1Y 1o]A constellation
warpingS HASHL, ISIE Fo]7] 93 71 A A
A 271 & AgdstArt

29 19 deRd Ag Al2gAlA TWT ¢de A
3 "Est YA 2 vixg gle udy AL
o orcho] M8 F4 Al 2wo] §x]3te Wiener A

www.dbpia.co.kr



BX/EAHA ¢ AA G F2) & o 8¢ OFDM Al 2gofN o) v]dY 9T ny

QAM

Guard

Serial/ . Pre- Linear
— Signal —{IFFT — interval |— distorter |1 Fi 1 HPA
Generator parallel insertion Fiter
AWGN —(@
Guard .
— Detector Para’ll?v FET interval Sampler R:_Ttelve
sena removal ier

gNoles 3 2498 4+ 98¢ ¢ 4 At

3% ). OFDM A% Ao} dig 71U F7t A =99
88 tolojay.
Fig. 1 A simplified block diagram of the baseband-equivalent
system for an OFDM transmission system.
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Fig. 2 An adaptive predistorter for the TWT preceded by a

linear filter.
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Fig. 3 Learning curve of the system estimator (Nx=3, Na=5).
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Fig. 4 Learning curve of the predistorter (N;=7, Np= 10).
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Fig. 5 The constellation of detector input when the proposed
predistorter is used.
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(b)constellation from 1200 to 1400 iterations
(c)constellation from 2200 to 2400 iterations
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Fig. 7 Bit error rate versus Ey/Ny (output backoff 6.0 dB).
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