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A Technique Combining the Nonlinear Compensation and the
Path Calibration by Using the Feedforward Scheme in
Transmitting Array Antenna Systems

Min Kim" Regular Member, Changsoo Eun™" Lifelong Member

ko
2

B e AEEs WS olgslel Y 3719 WAYA nAst snke ek
F WS AR AR 716 ALSIeh e alEe] Aae] ARSe] U 54
o 2

nAs} A Slal A8 Aol 33 98 S0 chaAlsh YERE WA Algsioleh o]
o] ALEE MR Rrome, Asusl sl Yohe FUAA ke gt Assl 485 5 slch
A% mOARS Fslel, & shlel 33 g oM Y FE7)e] vy BdE Lo N

ar, vl okEe] 7 Ame] Ad AdE 94 AR BAR 4 gick

Key Words : Smart antenna, array antenna system, feedforward, compensation, calibration

ABSTRACT

We propose a new scheme combining the compensation of HPA nonlinearity and the calibration of the path
imperfections in the downlink OFDM smart antenna systems. We use a two term third-order polynomial
(without second-order term) and the feedforward method for compensation and calibration to make each path of
the antenna array have equal characteristics. Since the proposed scheme does not alter the base-band signal, it
can be applied to the smart antenna system independently of the base-band signal processing section. The result
of computer simulations shows that, with the addition of only one third-order term, the adverse nonlinear effects

can be effectively compensated, and the those of linear imperfections can be calibrated as well.
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Fig. 1. QPSK signal constellation of the array antenna
system with the identical nonlinearity in all the paths.
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Fig. 2. Comparison of beam patterns of the ideal system
and the system with the identical nonlinearity in all the
paths.

7‘;_137,].—‘?—2. H]/ﬂ‘&io] .:_]H‘O‘]— “?‘, 7]
i S0 HAS Y £ ool u]
A Ea A% el o) gleg wol
7 o2 Zze] el A= %— NRE

& A9, 2 Ehe B A et 2 o
g 5 oleh B EReldE wARARR ohe
Al o AR S ol EIAAE A
2] S1d el 2l & el vy
B Fleln JEEds $4E olgsle] WAl

5 At wHE Bl e e AR

zo] B

O_l_/
tlo

o [o r
2
(o279}

4 b o

N
)

‘I =z
L.

OF
oo 2

=

£

. LIEZYE HAl7

a8 32w Q] Ao As ARE v
el Zolt}. A1EE D/A WE|E 7x ohdEa
AZ 2 WEEw, a9 Fup5 A Wk o)
RF A% 2 Wkt RF Alse A9 F%7)9} oF
elevbe] olal AHSHrh BAE BAL 7| A
A AeEeg Bagst ¥AE 93 A D/A

+ e Fub4 D/A
P =3 7]‘ T; N <
~ e ) W3]
T34 D/A LR
AT | wEn [T g e
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Fig. 4. The block diagram of the digital feedforward
scheme using the nonlinear and linear imperfection model.
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Table 1. Array antenna system parameters used in the
simulations.
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Table 2. The linear imperfections used in the
simulations.

AZ | Zyc(2) |AlolE AR A} o153} g4 wig)

1 TA+42i 13855 1

2 —12+29; 61'1.4236 1.0217620.1241
3 4+18i e1',1.4011 0.9432¢~ 10.3447
4 —3—11s ei1.5014 1.0546€7i0'2]36
5 1+107 61'1.3907 1.0641620.4392
6 —1-7i 61',1.4533 0.9279¢ 10.3892
7 0 ei1.4849 107836205585
8

0 ei1.4318 0.95946“}'2614




SAl o qkelvte] mIAY B AE wAe] A3 rle

26] 1O =4 le) = Z:]|
ol AlzElst o Aty SRS wlasiiel o
H 5% QPSK} 16-QAM Al5e] A=S viehd
Ao, AW Al s 1 FAe] MAsh A
& welFrh 73 6% W A vhehl Aotk
AY APEL 7R Asde] W ARE vehys
ale Fof wal ohlel aivh 9 oA W
e o T YHE AL wolFch

Fig. 5. Signal constellations of the antenna array system
with linear imperfections.
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Fig. 6. Comparison of beam patterns of the ideal system
and the system with linear imperfections.
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Table 3. The nonlinear coefficients of the HPA used in
the simulations.
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Fig. 7. Signal constellations of the antenna array system
with both the nonlinear and the linear imperfections.
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Fig. 8. Comparison of beam patterns of the ideal system
and the system with both the nonlinear and the linear
imperfections.
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Fig. 9. Signal constellations after the calibration using a
linear term only.
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Fig. 10.Comparison of beam patterns of the ideal system
and the system calibrated using a linear term only.
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Fig. 11.Signal constellations after compensation and

calibration using a third-order polynomial.
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Fig. 12. Comparison of beam patterns of the ideal system
and the system after compensation and calibration using a
third-order polynomial.
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