
TECHNICAL FEATURE

Several smart antenna systems have been
deployed or are still under development
at base stations in wireless communica-

tion networks all over the world. This article
discusses the important issue of testing smart
antenna systems before they are fully de-
ployed in service. Testing of smart antenna
systems is crucial to the service provider as it
permits a full understanding of the capabilities
and limitations of any candidate system. This
testing is also key to making an intelligent de-
cision on the selection of the most suitable
system that meets both cost constraints and
improved performance objectives.

Most smart antenna systems are designed
to operate under specific multiple-access
(MA) protocols. In addition, those systems de-
signed for the same MA protocol may cause
different assumptions to be made about the
spatial and temporal structures of the wireless
propagation channel, that is, the channel de-
lay, Doppler and angle spreads as well as the
channel joint-spread profiles. If these assump-
tions are satisfied, and the smart antenna sys-
tem operates under the MA air interface it
was designed for, the respective signal pro-
cessing algorithms implemented at baseband

will enhance the desired signal and remove (or
at least attenuate) noise, multipaths and co-
channel interferers, leading to improved ca-
pacity and range.

BACKGROUND
The basic principle of any communication

system is the signal propagation from the
transmitter to the receiver. Due to noise and
scattering effects, a distorted version of the
transmitted signal arrives at the receiver. In
wireless communications, the desired signal is
not always guaranteed to reach the receiver
through a single propagation path (referred to
as the direct path or line of sight). The trans-
mitted signal is reflected from remote and lo-
cal objects and reaches the receiver from oth-
er propagation paths after amplitude attenua-

TESTING OF SMART
ANTENNA SYSTEMS
Smart antenna systems must be tested to verify the various claims made by the
system designer and manufacturer. The tests should be performed primarily to
evaluate the most and least successful functions of the system under
consideration. Extensive testing should also establish the best and worst
propagation environments for system deployment. Most importantly, a
comprehensive test of a smart antenna system should generate results that enable
the service provider to examine cost vs. benefits based on a full understanding of
the system’s potentials and limitations. This article focuses on key tests that can
be performed on switched-beam systems, which are considered the simplest, but
most popular, among smart antenna technologies.
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tion, phase distortion and significant
delays. This phenomenon is known as
multipath. 

Figure 1 shows the effects of mul-
tipath, including intersymbol inter-
ference (ISI) and co-channel interfer-
ence (CCI). Multipath (along with
other interfering signals competing
for the same frequency bands or/and
time slots occupied by the desired
signal) impairs the radio transmission
channel, leads to erroneous decisions
at the receiver and produces higher
bit error rates (BER). These factors
limit both the traffic capacity and the
range of the wireless communication
network. Channel equalizations and
signal processing solutions based on a
single antenna receiver have mitigat-
ed some of these problems and im-
proved communication quality, but
can no longer keep up with the explo-
sive growth in high bit rate digital
mobile radio communications.

SMART ANTENNAS
The term smart antenna system

refers to innovative signal processing
techniques that are implemented ef-
ficiently to exploit the directional in-
formation of wireless communication
network users. This directional/spatial
information is carried by the users’
respective waveforms and can be ob-
tained only by using a multiple anten-
na receiver. The smart antenna is to-
day’s means of improving wireless
data communications, including cel-
lular, PCS and third-generation wide-
band CDMA systems, beyond the
level already achieved through chan-
nel re-use and various modulation
techniques.

The main objectives of any smart
antenna system are reduction of ISI,
removal of CCI, mitigation of adja-

cent-channel interference, enhance-
ment of spectrum efficiency, im-
provement of BER, reduction of out-
age probability, improvement of
transmission efficiency and reduction
of hand-off rate and crosstalk. In
turn, all of these desired effects result
in improved capacity, range and fre-
quency re-use. These objectives may
be accomplished through steering
nulls in the direction of co-channel
interferers and multipaths, steering a
beam toward the user’s direct path or
direct and multipaths, and increasing
the signal-to-interference-and-noise
ratio at the array output.

THE IMPORTANCE OF TESTING
In light of the numerous important

smart antenna system offerings, the
designers, developers and manufac-
turers of these systems are excited
about their deployments in both out-
door and indoor communications and
for serving wireless networks with var-
ious structures and protocols. On the
other hand, service providers contin-
ue to assess this new technology and
study its short- and long-term benefits
to justify the cost of purchasing, in-
stalling, integrating, maintaining and
updating a smart antenna system.

The two main deciding factors in
the selection of an appropriate smart
antenna system are the serviced ur-
ban/rural environment and the type
of MA air interface (FDMA, TDMA
or CDMA) protocol utilized. Once a
smart antenna system is deployed in
an environment that matches the pre-
sumed propagation conditions and
communication channel characteris-
tics properly, the service provider
anxiously awaits the results and pay-
offs of this multiple antenna receiver
(namely a significant increase in net-

work capacity and range). With smart
antennas in place and operational,
the expectation is that more users can
be added to the same network and
that the network can be accessed
from a longer distance than in the
case of a single antenna receiver.

It is natural to assume that for any
smart antenna system, a specific fa-
vorable setting (or range of settings)
exists for the different parameters
and statistical variables involved in
defining the operating propagation
environment. At these settings, the
smart antenna performance is indeed
at its best and its offerings are clear,
crisp, cost justifiable and most con-
vincing. On the other hand, at least
one (or more) opposite setting proba-
bly exists in which smart antenna of-
ferings are marginal, questionable
and have a meager impact on en-
hancing spectrum efficiency.

Smart antenna systems must be
tested to verify the various claims
made by the system designer and
manufacturer. The test should be per-
formed primarily to evaluate the most
and least successful functions of the
antenna system in question as well as
to assess the most and least suitable
propagation environments for system
deployment. A comprehensive smart
antenna test should generate results
that enable the service provider to
make an intelligent decision on adopt-
ing an appropriate smart antenna sys-
tem, evaluate the overall performance
gain and short- and long-term benefits
vs. need and cost, and deploy the right
smart antenna system at the right base
stations where multipath signatures
and fading patterns are more tolerable
of this specific system. In addition, the
testing should enable the service
provider to set the proper frequency
re-use factor in light of the system’s
capability to combat CCI, determine
the size of each cell in view of the
smart antenna beamforming and
nulling characteristics, and provide all
of this information to the antenna
manufacturer as valuable feedback to
be considered for adjusting, tuning
and extending the product strength
and increasing its marketability.

SWITCHED-BEAM SYSTEMS
One of the most popular smart an-

tennas is the switched-beam system
in which multiple beams are formed
by selecting several sets of steering
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▼ Fig. 1  ISI and CCI in mobile communications.  



the fixed beams’ directions and band-
widths. The amplitude and direction
of the multipath and CCI components
of the signal arrivals can be set to con-
fuse the receiver and thereby deterio-
rate system performance. These com-
ponents can also be chosen to en-
hance system performance. In testing,
an option should be provided to select
the undesired components to fall onto
the tip of one of the predetermined
fixed system beams and, in turn, be
received with a gain that is equal to or
even higher than that provided to the
desired user signal. These compo-
nents can also be selected to fall in
between beams and thus be received
with much smaller gain and sensitivity
than the user signal.

Testing smart antennas based on
switched-beam technology should
demonstrate the effective way the
scanning receiver switches traffic
channels among fixed beams, the fre-
quency of locking onto interferers
(beam falsing), the system’s switching
patterns in a multipath environment
and the interference rejection capa-
bility of the system vs. azimuth and
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coefficients, as shown in Figure 2.
Scanning receivers monitor the signal
level for each beam at every assigned
channel frequency (and time slot for
TDMA systems), as shown in Figure
3. Out of K constructed beams, typi-
cally the beam with the highest signal
for the frequency assigned to the mo-
bile unit is switched to the corre-
sponding base station receiver. More
sophisticated methods for selecting
the most appropriate beam for each
user probably exist. Any beam can be
switched to any receiver, and all re-
ceivers can be connected to a single
beam. Provided that the channel is
slowly varying over frequency (time),
in multibeam operation the same
beam is used for both uplink and
downlink operation in the assigned
frequency band (time slot). This rela-
tively simple architecture can be ap-
plied as an add on (appliqué) to exist-
ing base station equipment.

The main test objective in
switched-beam smart antenna systems
is to evaluate the system’s response
and performance as the user’s position
and angular spread change relative to

elevation angles. The test should also
determine how the system combats
flat fading and dispersive channels,
how it tolerates large angular spread
of the mobile and spatial dispersion,
how sensitive the system perfor-
mance is to the spatial distribution
around the nominal direction and
how the system performance is de-
pendent on the fading correlations
between the various array elements.
All of these performance indices can
be evaluated easily and compared
with a single antenna case. Single an-
tenna performance is provided by
feeding the data to only one element
of the array and ignoring the rest.

CONCLUSION
The importance of testing smart

antenna systems prior to deployment
at base stations serving specific envi-
ronments and using specific MA air
interface protocols has been ad-
dressed. The main purpose of per-
forming such testing is to allow the
service provider to gain confidence in
the smart antenna system under con-
sideration and to become acquainted
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▲ Fig. 2  Steering coefficients for switched-beam systems.  

STATIC
COMBINING
NETWORK 1

STATIC
COMBINING
NETWORK K

POWER
COMPARATOR

EFFECTIVE BEAM PATTERN

DEMODULATOR
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with its potential and limitations. This
article has focused on the various is-
sues related to testing smart antenna
systems that implement switching
technologies. It was noted that test-
ing the system using propagation
channel parameter settings similar to
and slightly or significantly different
from those assumed by the manufac-
turer is key to understanding the of-
ferings of the smart antenna system
and to developing realistic perfor-
mance expectations.  ■
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