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Why Does Anyone Need ...

$-. Smart Antenna Systems ?
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4 ' Wireless Communication Systems
@-. TheRea Need ...

1 Capacity (bits/sec/Hz/sq-km)

i More links per unit-area

1 High quality per link

1 C =W, log,(1+ P/N)
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11 ' Wireless Communication Systems
®=. A Red Solution ...

B C =W, log(l+ P/N)

B Smart antenna technology

I Increases P/N for all 1 (better signal
quality for all users)

B Increases the smultaneous number of
users (range of 1)
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- Why Smart Antennas?

'i

% . Therea challenges...

i Maxwell’s equations are smply stated,
but ...

M %1 1 Electromagnetic propagation in the real

world is rather complex
B Thereal world is constantly changing

I Power contral is the issue - temporal
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Wireless Communication Systems
The Need for Adaptivity ...
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BY Smart Antenna Technology

. Precursors - Past and Present
I Sectorization

I Microcdlls

B Diversity

B Common theme: more (spatialy
distributed) antennas provide
Increased ahility to control power
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5 %5 | deal RF Environment
! Directional Antenna Coverage Area
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%14 % Real RF Environment

Directional Antenna Coverage Area
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Smart Antenna Technology
. Road to the Future ...
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§ | Switched Beam Systems

V Antenna Elements
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Past and Present Smart Antenna Systems
: Commonalities ..

# Increased number of antennas of differing types

~ 1 Relatively simple signal processing (based on
» detection of signal power)

# Limited use of temporal properties

% 1 Provide adiscrete set of fixed alternatives from
which the best alternative i1s chosen
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3 | Smart Antenna Technology
 The Future....

B Multiple antennas

B Digital sgnal procesang hardware

B Spatio-temporal signal processing
software
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Smart Antenna Technology
. Basic Architecture of Future Systems
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Multichannel Antenna — Multichannel
Receivers Array Transmitters

Intelligent t
Spatio-temporal Processor Spatio-temporal
Demultiplexers Multiplexers
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Sma't Antenna Technology
Algonthms of the Future ...

i Analyzethe RF environment

I Estimate how signals aretransformed asthey
propagate between (multiple antennas at) base
stations and subscriber units

f S I Useanalysisresultsto communicate
% inteligently

1 Allocate resour cesto maximize the number of high
quality communication linksthat can be established
simultaneoudy
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Sma't Antenna Technology
. Algorithms of the Future ...

I Selectively receive multiple cochannel signals
from subscribers

1 Optimally reconstruct signals from each subscriber

I Reect interference from noncooper ative sour ces

g i Selectively transmit multiple cochannel signals
| % tosubscribers

1 Ensure high quality signals throughout the network

I Minimizetransmitted power required to accomplish
thisgoal _
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Smart Antenna Systems
. Factors Affecting Algorithms ...

MOBILITY: high/low / portable/ fixed

RF ENV TYPE: urban / suburban / rural

RF ENV VARIABILITY: low ... high

MULTIPLE ACCESS. FDMA / TDMA /| CDMA
DUPLEX METHOQOD: TDD/FDD

MODULATION: FM / BPSK / DQPSK / GMXX ...
CONNECTION TYPE: circuit (voice) / packet (data)
PROTOCOL.: training sequences/ power ctl / feedback
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Future Smart Antenna Systems
. Commonalities 7??

# Increased number of antennas of differing types

I Spatio-tempora signal processing of varying
complexity for exploiting various amounts of
Information present

B Increasing appreciation of the system
Identification and optimal control aspect of the
wireless communication problem

I Desagned from the outset with smart antenna
technology in mind
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Future Smart Antenna Systems

Transmit Power Efficiency Limitations

10

RF Environment

m— |deal

= Typical
Worst

m
O
S—r
=
G
O
@
Q
©
>
2
L
3]
<
)
)
©
7]
>
<

4 S5 6 7 8 9 10

Number of Antennas _
D% ArrarComm




= Fl Xw'%tor Wl rd €SS wﬁa’n
Sample Suburban Deployment

! f i Cochannel Interfence Prohibits Intercell Reuse
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NSmart Antenna Wireless System
Sa’nple Suburban Depl oyment
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Spatial Selectivity Permits Intercell Reuse
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| §% Fixed-Sector Wireless System
' Sa’nple Suburban Depl oyment
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¥ Smart Antenna Wireless System
Sa’nple Suburban Depl oyment

Spatlal Select|V|ty Permits Intercell AND Intracell Reuse
s
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3 | Smart Antenna Technology
i What lies ahead ...

i Substantial increasesin signal processing
power (at decreasing Costs) ...

B Improvements in spatio-temporal multi-user
agorithms ...

B Advent of protocols designed with smart
antenna technology inmind ...

1_ = 1 All paint to avery bright future for smart
l | antenna technol ogy!
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