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Modeling of Antenna Calibration Error and its Impact on
Open-Loop Beamforming
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Abstract : The reciprocity between TDD (Time Division Duplex) uplink and downlink wireless channels
makes it realizable to apply the uplink channel estimated result for open-loop beamforming. However, the
RF(Radio Frequency) paths between antennas and base-band module are not symmetrical, which would
degrade the performance of beamforming. This paper models the antenna calibration error, and the simu-
lation results show that within 1dB standard deviation of calibration amplitude error, and 20°phase error,
the performance degradation is less than 1dB at 10~° BER(Bit Error Rate). And this conclusion gives the
accuracy requirement of antenna calibration.
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Fig. 1 Antenna configuration of the system
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Fig. 2 Antenna calibration sketch figure
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Fig. 3 BER sensitivity to amplitude error
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Fig. 4 BER sensitivity to phase error

i 3y FL A5 AT LU B ki K 2 S 0 i
P 5 T 1% 2 X T 30 I RO IE £ R 2 A R WA Y L B
R 25 YU R A 39 O O PR R O R PR RE 7 2%
(R o 24 22 2 7 — 3 R P9 IR O B0 30 AR £
AR PERE X U2 25 B BUBUR IF AN i . A A IR R A
10 "M PERES R /N T 1 dB AT LA AZ D) EOR e R 1R
ZEWARIEZE/NT 1 dBL A R 22 1 B RAE/N T 207,
AR T R POE BT RA —ENSEE
X,

5 & it

1E TDD @ {5 A G b MR E /9 5 5 1. 1
FHA5R 5 A 915 18 15 B AT LURLH T R A7 I 30 i R
JEHAR N SR, Hy T R 0l 3 K 2k 145 7 Ab A
B 22 [] Wi e S5 000 TE IR T S S80M B B L Sy L i
A5 S5 90 1 T ) S T o T B G TR TS B AR 18 1o Al
HE L ARSI o A S 56 K X S A A o R
ZEHEAT AL IR AE SRR B ATl T IR R R
2 R KT S M TEE E )  E 15R 22 AR A3 TR 22 1Y UK
JE . 5 ELE5 W] R S5 A5 30 G R o O R R 2 ) o
MEZPEHIAE 1 dB. IR Z I AE 20° LN, JF 36
PR I B B P B4 R R R S R AF T 107 1/
T 1dB,

S & Lk

[1] Andersen J B. Array gain and capacity for known ran-
dom channels with multiple elements arrays at both
ends[J]. IEEE Journal of Selection Areas Communica-
tion, 2000,18(11):2172—2178.

[2] Telatar I E. Capacity of multi—antenna gaussian chan-
nels[ J]. Eurol Transactions on Telecommunication,
1999,10(6) :585—595.

[3] Nokia Siemens Networks. R1 —091368: Performance

. 4 .

comparison between Tx diversity and single stream
precoding[ Z]. Seoul : Nokia Siemens Networks, 2009,

[4] Lebrun G,Gao J,Faulkner M. MIMO transmission o-
ver a time-varying channel using SVD[J]. EEE Trans-
actions on Wireless Communications, 2005,4(2): 757
—764.

[5] Avago Technologies. Datasheet of MGA — 14516 Z].
[S.1. J: Avago Technologies,2009.

fEERE N

ZEME1981 —) 3 BB B A, 2008 4R 3% i [1 B 2
HARRZEFEHEERE L W20, 3R B DR R4y
HRARESE LG, FEHT A EZ REFS L. £
KW LT

LI Ya-lin(male) was born in Fuyang. Anhui Province,
in 1981. He received the Ph. D. degree from University of
Science and Technology of China in 2008. He is now a post-
doctor in the Post-doctorate Work Station in Alcatel —Lucent
Shanghai Bell Co., Ltd. His research interests include
multi-antenna signal processing and the design of multi-an-
tenna transceiver.

Email: Yalin. Li@alcatel-sbell. com. cn

B R A975—), B UL AU 2006 4R AR B A0 @
KeEFl 5 51E B R L 2407, 30 T DUR IR0 4 BR
AT LRI RE TR, F2NHE MIMO L (5
RET RG-SR 2 PR DI R RE R R BR RN R S Y
W5

FAN Xun(male) was born in Nanjing, Jiangsu Province, in
1975. He received the Ph. D. degree from Shanghai Jiaotong U-
niversity in 2008. He is now a system engineer in Alcatel-Lucent
Shanghai Bell Co. , Ltd. His research interests are signal detec-
ting in MIMO system, multi-user detecting,smart antenna theo-
ry and technology.

#1968 —), B VLI E M N, 1996 3Rk E H K%
Mg AL O R B TR R AR A5,
F BN SR B AL #5845 D7 T EE e S A
it

HU Bo(male) was born in Changzhou, Jiangsu Prov-
ince, in 1968. He received the Ph. D. degree from Fudan U-
niversity in 1996. He is now a professor and doctor advisor
in Electronic Engineering Department of Fudan University.
His research interests are the theory and algorithm research
in digital signal processing. digital communication.

EZEZ972—) BB HAA L1999 4F 3K [ 5 K%
55 55 B A B 2 Ay, IR 0 DUR IR FR 2
TCLWF LRI AN = TR, BT 10 B sl {5
e Z2a it S5k,

LI Chun-ting(male) was born in Hefei, Anhui Province, in
1972. He received the Ph. D. degree from Tongji University in
1996. He is now a senior engineer, and the majordomo of the
wireless R&.D Department in Alcatel-Lucent Shanghai Bell Co. ,
Ltd. His research interests are the design and development of

digital wireless base— station system.



