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IEEE Trans. Antennas Propagation Special Issues (1)

SELF-FOCUS
RETRODIRECTIVE

DIGITAL
BEAMFORMING

PATTERN
CONSTRAINTS

Call for Papers

SIDELOBE
CANCELLERS

"SUPERRESOLUTION"
TECHNIQUES

IEEE TRANSACTIONS ON ANTENNAS
AND PROPAGATION

A special issue devoted to the rapidly expanding new Paper Deadline Date

technology area of [adaptive processing antenna systems,is
planned for publication in January 1986. Contributions -a’re
solicited within the topic areas given in the diagram above,
and mav incliude thenarv/analvcic alamrithoafon 1 - ’

March 31, 1985

ANTENNAS

OPTIMAL
ALGORITHMS

IEEE APS, Newsletter, April 1984 / Call for Papers

[EEE Antennos and Propagation Society Newsletter, April 1984

ADAPTIVE
ARRAYS
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IEEE Trans. Antennas Propagation Special Issues (2)
Active and Adaptive Antennas, March 1964

- Retrodirective and self-steering array systems

Adaptive Antennas, Sept. 1976

- Adaptive interference nulling

Adaptive Processing Antenna Systems, March 1986
- High-resolution spatial spectrum estimation
- Adaptive look-direction constraints
- Adaptive algorithms/techniques
- Applications oriented contributions
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IEEE Trans. Antennas Propagation Special Issues (3)

Introduction, vol.AP-34, no.3, March 1986
Guest Editor W.F. Gabriel

In summary, adaptive processing antenna systems have
undergone enormous growth and progress in this past decade. Coupled
with the phenomenal advances in digital processing [12], the future looks
very bright indeed. Implementation of the more sophisticated estimation
algorithms is becoming quite practical, and so-called “digital beamforming”
systems are under serious consideration as analog-to-digital (A/D)
converter performance steadily improves.
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Y. Ogawa, M. Ohmiya, and K. Itoh, “Fading Equalization Using an Adaptive Antenna for High-
Speed Digital Mobile Communications,” Proc. ISAP'89, vol. 4, 4A2-3, pp. 857-860, Aug. 1989.
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TABLE 1
SPECIFICATIONS OF THE SYSTEM

Item Specification
Radio Channel
Center frequency 1431.5 MHz
TX power 37 dBm
Modulation GMSK (BT = 0.25)
Modulation bit rate 256 kbps
Channel Access
Multiplexing TDM
Channel bit rate 8 kbps
Number of slots 24
Slot length 512 bits
Adaptive Array
Number of elements 4
Update algorithm CMA
Processor TI320C25
Sampling frequency 1 MHz
YVYVYY
{—‘ Receiver
Ol »| BER
img;u;;n -1 Estimator
¥ Yy Clock
g:g:rder gﬁgodﬁen.‘

Fig. 1. Experimental system.

Fig. 4. Measurement area.

T. Ohgane, et al., “BER performance of CMA adaptive array for high-speed GMSK mobile
communication —A description of measurements in central Tokyo,” IEEE Trans. Veh. Technol.,

vol.42, no.4, pp.484—490, Nov. 1993.
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Fig. 7 Delay-angle spectra at P1. Fig. 9 Delay-angle spectra at P1 after

FETT4TF7oTHERET multiplying by the array pattern.
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T. Ohgane, et al., “BER performance of CMA adaptive array for high-speed GMSK mobile communication —A description of
measurements in central Tokyo,” IEEE Trans. Veh. Technol., vol.42, no.4, pp.484—490, Nov. 1993.

JimiE k2




100 A B S B R
e« W/ array
i s w/oarray
10-1¢ 3
i -
R 3
102¢ A 3
o :
L
m :
-3
o<
104E a -
i 1 Fig. 13. The BER performance with optimal
) array parameters compared with the single
s < antenna system. (a) Course A. (b) Course B.
10 -5 A 1 A
0 10 20 30 40 50
Et/No
(a)

T. Ohgane, et al., “BER performance of CMA adaptive array for high-speed GMSK mobile communication —A description of
measurements in central Tokyo,” IEEE Trans. Veh. Technol., vol.42, no.4, pp.484—490, Nov. 1993.
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HIE, - 73 ITT49 77T DI—0 0 FEFADIGH-, "EFHE,

A-P83-54, Aug. 1983.
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TSUNAMI (Technology in §mart antennas for the UNiversal
Advanced Mobile Infrastructure) (1994.1~1995.12)

- Delay spread reduction
- Range extension
- Interference reduction
Lower cell repeat pattern
Same channel reuse (SDMA)
University of Bristol, Aalborg University, Alcatel SEL, Hagenuk

GMBH, ...
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Eﬁﬁ * mobile, indoor, wireless local loop
* range extension

* high resolution direction—finding * interference reduction with fast fading
* jammer cancellation = signal acquisition and tracking
- interference reduction * delay spread equalization
* signal classification * propagation characterization
- directional transmission * adaptive retransmission _
= custom VLSI implementations * antenna design and implementation

* long range surveillance radars * Nortel Smart BTS — GSM
* military communication systems * Meta Wave SpotLight
* sonar * Array Comm IntelliCell
= geophysical exploration * Celwave Smart System - AMPS
* imaging * Hazeltine [AS - AMPS
* Ericsson and Lucent — IS-136

J. H. Winters, “Smart antennas for wireless systems,” IEEE VTC2000-Fall Tutorial, Sept. 2000.
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Figure 3 BS allocation of field test Figure 4 Results of field test

Y. Doi, S. Nakao, Y. Tanaka, T. Ohgane, Y. Ogawa, "A review of the applications and the new trends
— Base station of cellular system and consumer product —," Proc. JINA2004, pp. 263—267, Nov. 2004.
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Y. Doi, J. Kitakado, T. Ito, T. Miyata, S. Nakao, T. Ohgane, and Y. Ogawa, “Development and evaluation of the
SDMA test bed for PHS in the field,” IEICE Trans. Commun., vol.E86-B, no.12, pp.3433-3440, Dec. 2003.
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Y. Doi, J. Kitakado, T. Ito, T. Miyata, S. Nakao, T. Ohgane, and Y. Ogawa, “Development and evaluation of the
SDMA test bed for PHS in the field,” IEICE Trans. Commun., vol.E86-B, no.12, pp.3433-3440, Dec. 2003.

L A




E LN T=SDMA-PHSZE i1 5

i sk




MIMOS R Ly
- RIEE-BIER NAIEETLTS
. (EHREEIC B RO BELIK

i
wiEm | & Mﬁ > | =Ew
>

i s A




1 EMIMOF; fifit

E{EE j] EFVYRILB=
XIEED P BERE=
C =log, (%+lj

=C+ | (bps/Hz)
KIEBNZ2ME(C LU TCHEBERESZ(L1bps/HzUMMEZ IR0 |

N PR SPN




MIMOEflt D E A

IX{E&E 2P

S
2log, N

2C (bps | Hz)

(BEBE=E2EZEMN ! )

MIMO= A7 A

o
N
o
Bl cronnei2
- 5

XA

ZA=A

Y S\ 4

« MIMO= X T AlFZEREN (CAANIRMmXR RS = 1R

. EEESEEEN
. FHHES AR R T

T A




TILFNRIGIRIRTE

ZA=A

e =l

o BF VIV (hyy, hyy, byyy hyy) (FRBEEEURICKDYILFINRADETFS

o ZFVRILOHEEIEKRT — Z[EDEIZETIEE
e SDMAELRILO T

INSHA LT S
[ XILF I CRDZEFERN S A (MIMO) |

JimiE k2




MIMO D #} =

in a Rayleigh fading environment,”
Communications, vol. SAC-5, no. 5, pp. 871-878, June 1987.

WA= #) D if

J. H. Winters, “On the capacity of radio communication systems with diversity

USER
#1

|IEEE Journal on Selected Areas in

“... the communication channels between multiple transmit and/or receive
antennas can have low cross correlation even when the transmit or receive
antennas are closely spaced.”
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Fig. 6. Radio system consisting of two users, ...
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Optimum Transmitter/Receiver Processing

The total normalized capacity is given by

ls=%1log, (1+pA;P)

The P;'s that maximize [/, can be found by using the

water fill analogy ...
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