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ABSTRACT

Adaptive Calibration
An 8x8 element array antenfar 1.71 - 1.785 Antenna BTS — System
GHz frequency range suitetbr an adaptive el
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INTRODUCTION R WIS L 3
Spatial division multipleaccess (SDMA) tech- b = = = = = = = = = = ‘
niques are expected sgnificantlyincrease the | ‘ EEEEEEEE . !'
capacity of cellular mobile communication L = }
systems[1]. The ACTS TSUNAMI (II) re- o Eneeen e |
search projectwhich is sponsored by the I !
European Unionaims at demonstratingthis A EEEEEE.. .
performance gain in a reaperating mobile (HEEEEEE ...
communicationnetwork and at promoting the I 4 _#!_!_!_!_!_ _!_!_! _!_!_ ‘_'
utilization of SDMA in third generatiomobile . Dummy Element _ o
communication systems (e. gMTS). During | Y N passive par once x|
this project an adaptive antenrgystem has ‘ Antenna (his reference plang,
been developed andfield trial in an operating | Y |
network will be performed.The DCS-1800 Yy 4 e oY A ‘
standard has been chosen dmsis inorder to e .
have a reahetwork availableand because the lnl o
frequenciesare similar to those allocated for
3rd generation mobile systems. \ R
SDMA example: o —

Figure 1 illustrates the SDMprinciple and %Zﬁ%g%gg@&y?g%g?ﬁ?g&iﬂd w

shows the polarizatiofiexible receive antenna
array which ispart of the adaptive antenna
system. Horizontally arranged subarrdysld

the array antenna. It is connected tmedified
DCS 1800 base transceiver station (BTS) and a

Fig. 1: Adaptive Antenna System with Polari-
zation Flexible Receive Array and Ex-
ample for SDMA
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calibration system. ThBTS is extended to 8
transceivers to enable digital beamforming at
baseband. ASICS perform complexigieing

of the 8 subarraignals and DSP aun the
algorithms for beamforming.

Calibration ofthe complex element weighting
factors iscrucial for the success of thield
trial. An important function ofthe adaptive
beamformer algorithms to be investigated is to
improvethe carrier to interferer ratio (C/l) by
placing nulls ofthe radiation pattern into the
direction of strong co-channel interferers.
Depth and angular position of thesalls are
very sensitive to phase errdx¢ and amplitude
errorsAa of theweighting factors. Thepost-
calibrationtargets for these errors amsdp <3°
andAa<0.5 dB.

Further improvement o€/l can be obtained
using the polarization diversity concept.
Therefore, a new polarization control unit has
been designed, which allows to switch between
16 different polarizations.

RX ANTENNA ARRAY

The receive antenna array shown in Figure 1
consists of l1lQinearly arranged subarrays, of
which the outer 2 act adummy elements to
increasehe similarity of the subarray radiation
patterns in the azimuEor the requiredzimu-

tal scan coverage of 12@ maximumhorizon-

tal antenna element spacing @635 A is al-
lowed to supress grating lobes.

Each subarray consists o8rtically separated
single antenna elements order to increase
directivity in elevation. The vertical spacing
between the antenrdements has been chosen
to 0.87A to obtain 11 dBminimum subarray
gain. The geometry of a subarray is shown in
Figure 2.

Microstrip patch antennas have been selected
for the singleelements, as thesee lowcost,
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Fig. 2: Geometry of a Subarray
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Fig. 3: Stacked-Patch Antennalement with

Ports forHorizontal and Vertical Po-
larization

easy to fabricate, low weightmall dimension
devices and it is easy to coupbet the two
orthogonal polarizations required for the po-
larization flexibility.

Also, gain and size of patch antenna can eas-
ily be reduced by choosing laigh permittivity
substrate. A low element gainimmportant be-
cause a broad mailmbe is required for the
120¢° azimut coverageFor the polarization
flexibility it is advantageous because thedia-
tion patterns for horizontal ancertical polari-
zation are moreimilar than with ahigh gain
and low g, patch. The E-plane radiation pat-
tern that corresponds to lmontal polarization
has astrongerdecaytowards greatemzimut
angles thanthe H-planepattern that corre-
sponds to vertical polarization. The horizontal
element spacing d?.535A makes an element
size smallethan A/2 favourable tolimit cou-
pling between neighbour elements.

Therefore, theconvenient strip-slot-foam de-
sign[2] cannot be used tobtain thenecessary
bandwidth becaus¢he usual foam material
(e. 9. ROHACELL HF) has aml, of about 1

and theelement gain and sizeould be too
large. Instead, a substrate withgm3.4 and a

tan0=0.002has been chosen. To mdbé re-
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quired bandwidth of 5% a very thidubstrate
could be chosenyhich is unpractical because
of weight and cost. Therefore a stacked-
element design has been applied, which is
shown in Figure 3. Above a lower patch reso-
nator, which is fed conventionally lwo coax-

ial probes for horizontal and vertical polariza-
tion, is a slightly smaller patch resonatwhich
produces a second resonance frequency and
thus increases the bandwidth.

Measurement results @il components show
good performance. Bandwidth of antenna ele-
ments isabout 6% (SWR < 2)Single element
gain is about 6dBi. Radiationpattern of a
subarray demonstrates a narrogam in eleva-
tion (6°, -3 dB) and #airly wide beam in azi-
muth (120°, -5dB). Crosspolarizatiottevel in
the sector of interest is below -25 dB.

ACTIVE RX AND POLARIZATION
CONTROL

The passivepart of theantenna array is suc-
ceeded by an active circuitry, which is shown in
Figure 4.

Two input ports are for the Vand H-signals
received by each subarray. Firstly, thegmals
are amplified by LNA"s tominimize the com-
posite noise figure.For the LNA's HP
MGAB82583 have been chosen. Their faligh
dynamicrange (1 dB compression point: +17
dBm) allows them to be connectdulectly to a
subarray before any RX bandpass filter.

To achievethe polarizationflexibility a new
digitally configurablepolarization controlunit
has been designed. It uges switches and a
4-bit phase shifteequally distributed on both
signal paths in order to getalancedattenua-
tion. The unitallows to switch between 16
different polarization setting&cluding hori-
zontal, vertical, left-handed circular and right-
handed circular polarization and it can account
for phasedifferences possiblyoccurring be-
tween the RX-LNAs.

The phase shifters arealized using a switched
delay lineapproachwhich is acceptable as the
relative bandwidth of operation isnly 5%.
GaAs-switches HP MGS71008 aundlized as
these arevell matcted, fast,easy to drive and
employ high isolation(36 dB) and low at-
tenuation (1.2 dB)Switching time is less than
30pus toallow switching inthe odd-numbered
DCS-1800 timeslots. Thus, the antenna can
online beadapted to the polarization of the
received signals.

A Wilkinson power divider combineghe two
signal paths for horizontal and vertical polari-
zation. Anotheramplifier is placed before the
output port ofthe active RX-unit to obtain the
required overallamplificationand to compen-
sate for thelosses of the phase shifters. It is
preceeded by a protecting bandpass filter.

The performance of the RX-unmiémainswell
within the specifications. The overall-amplifica-
tion is 16 dB. Phasshifters have a typical ac-
curacy of 2% at design frequency, which pro-
vides for a high polarization purity.

CALIBRATION

Calibration ofthe element signapaths is per-
formed by aroffline calibrationafter manufac-
ture and an online calibration during operation.

Theonline calibration iperformed by apecial
calibration systenthat measures the transfer
function of each element signaath in opera-
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Fig. 4: Active RX and Polarization Control
Unit
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tion and therefore can account for @iude
and phaseerrors occuring from temperature
variations, aging, changing cable connections
and soon. This is achieved by injecting a cali-
bration signal into every signglath bymeans
of the 16-to-1-Wilkinson-divider and the 20-
dB-directional-couplers shown in Figure 1 and
measuringthe response atligital baseband.
The Wilkinson-divider andthe couplers are
designed to provide aymmetric and equal
distribution of thecalibration signal to every
signal path.

The offline calibration assumebat thepassive
componentsncluding the single antenna ele-
ments preceedinthe activeRF-circuitry in the
signal paths fromthe antennalements to the
digital beamformer behave stalaeertime and
temperature. Thus a precise measurement of
scattering parameters is performed atpbées
which are on the referengalane indicated in
Figure 1.All offline calibration measurements
are performed with theompletely assembled
andfixed array to include alssmfluences from
mutual coupling between subarrays and the
housing and to have a stable characterization of
the passive parts.

Since it isnot practicable to measure tiadole
19x19 S-matrix,which would completely de-
scribe the antennasystem, a reducedet of
measurements is performed. Firstlge trans-
missionsregarding magnitude and phase be-
tween the central calibration sigrmdrt and the
16 ports for the V-and H-signals from the
subarrays are measured. Secondly, ntfagni-
tudeand phase radiation patterns or the trans-
missionsbetween théarfield antenngorts and
the V- andH-ports of eaclsubarray are meas-
ured over theazimut angle. Thus, alsmagni-
tude and phaseimbalances ofthe radiation

patterns between subarrays can be accounted

for in the beamforming algorithms.

CONCLUSION

A polarization flexible receive antenna array for
an SDMAfield trial has been presented. A sin-
gle antenna elemefr large angular coverage
and bandwidth has been developed. A new
polarization controldevice has been intro-
duced. Acalibration method consisting of an
online and aroffline calibration isdescribed.
The antennaassembly is preparedor the
SDMA field trial to be performed within the
TSUNAMI project.
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