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1. Introduction
     Adaptive arrays for broadband wireless access base stations are currently being
considered as a promising means to enhance subscriber capacity [1]-[6].  The transmission
speed for broadband wireless access systems are significantly higher than personal
communication systems (PCS)  to which the adaptive arrays are partly applied [7].
     Digital beam forming is being eagerly explored for application to PCS on account of its
flexibility, but it will be difficult to apply to the high-speed systems, because the digital signal
processing (DSP) and analog-to-digital converters (ADCs) require huge resources and power
consumption.  A pattern updating method with input vectors that are sparsely acquired to
reduce the signal processing load [3] is proposed for wireless access systems with low
mobility.  But, very fast and power-consuming ADCs, which sample the modulated signals
with a sufficiently higher rate than the signal baud rate, as well as a DSP circuit which
weights and combines the outputs sampled by the ADCs are still required for real-time
reception.
     Conventional phased arrays, on the other hand, utilize phase shifters through RF or IF
signal lines.  The phase shifters are usually both bulky and expensive.  Digital phase shifters
are preferred for computer-based control, but the signal attenuation becomes larger and the
noise figure is degraded as for the conventional type, if the number of bits increases to
achieve precise control.
     The authors have proposed an adaptive array steered by IF local signal phase shifters [2].
Figure 1 shows a typical configuration based on the proposal.  An adaptive array as a radio
receiver usually requires two or more frequency conversion stages to achieve the sensitivity
performance.  The phase shift and the frequency shift of the signal from each antenna
element can be simultaneously accomplished at the down conversion stage by the phase-
controlled local signal.  The configuration can avoid the additional loss or noise with the
received signal due to the phase shifter itself, and the ordinary commercial quadrature
modulator IC for mobile communication can be utilized for the CW local phase shifter.  The
adaptive array does not require the high-speed digital signal processing sections. Also, it
utilizes only one fast ADC in the digital demodulator for the composed output signal, not for
all input vectors.  A concern may be that LMS (Least Mean Square) or other adaptive
algorithms, which require input vectors, cannot be used straightforwardly with this
configuration.  However, some algorithms to be used with the configuration have also been
proposed for broadband fixed wireless access (FWA) (e.g. [8]).
     In this paper, we introduce a prototype operated in the K-band with the proposed
configuration.  The details of the adaptive array prototype as well as the beam pattern
measurement results are described.

2.  K-band Adaptive Array Steered by IF Local Phase Shifter
     Figure 2 is a photograph of the prototype and Figure 3 shows its functional configuration.
The operating radio frequency is in the 26-GHz band.  The prototype is composed mainly of
three parts: a microwave unit, a main unit and a control board.
     A planar array (Figure 4) is installed on the front of the microwave unit.  Note that the
array has eight subarrays; only half are shown in Figure 3 due to space restriction.  The
interval between the subarrays is designed to be 5.66 mm (0.5λ  at 26.5 GHz).  The
subarray [9] has two tapered slot elements fed by a coplanar waveguide and slot lines.   The
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array is vertically polarized.  The signal received by each subarray is amplified and down-
converted to the first IF signal (900-MHz band) by a mixer in the microwave unit, and output
to the main unit.  The first IF local signal is fed from a general microwave signal generator.
     The main unit comprises several functional IF components: an IF local signal divider, IF
local signal phase shifters, IF down converters, variable amplifiers, a combiner for second IF
signals (100-MHz band), and filters.  The phase shift and the frequency shift of the first IF
signals from individual subarrays are simultaneously accomplished at the IF down converters
and the IF local signal phase shifters.  The local signal phase shifter uses a commercial
quadrature modulator IC for PCS terminals (Figure 5).  When two DC signals are input for I
and Q of the quadrature modulator, the CW local signal with the required phase can be
derived.  The baseband circuits for I and Q have sufficiently large operating bandwidth of 40
MHz or more, in order to switch from a certain phase-shift to another within 1 µs.  The
variable amplifiers are used to compensate the gain difference between the subarrays.  The
functional IF components are mounted on three printed circuit boards (PCBs) with digital-to-
analog converters to control some of the IF components.  These PCBs, a CPU board, a
digital I/O interface, a GP-IB interface, and the bus rack where the boards are inserted, are
adopted Compact PCI, which is a popular embedded system bus standard.  Some I/O
devices (e.g. a mouse and an LCD) are connected to the CPU board.  The second IF local is
supplied by a general RF signal generator.
     The control board receives the commands which, for example, initiate a booting sequence
or specify one of the operating modes, from the CPU board through the digital I/O interface,
and controls both the phase-shifts by the IF local signal phase shifters and the gains of the
variable amplifiers.
     
3.  Operating Modes for FWA base stations
     The adaptive array currently has three operating modes:
(1) Manual mode: Arbitrary phase weights for individual subarrays can be set from the
console for the CPU board.  Beam patterns with fixed phase weights are measured, as
shown in the following section, under the manual mode.
(2) Terminal registration mode: The sketch is shown in Figure 6(a).  The array scans its
beam from -40  to +40 degrees based on the boresight while monitoring the receiving signal
strength indicator (RSSI), detects the best beam that has the largest RSSI output, and stores
the ID of the best beam in a database.  This mode assumes the registration of a newly
installed FWA terminal.  By the sequence of the mode, an FWA base station with the
adaptive array can register the terminal with the beam ID for the terminal to the subscriber
database.
(3) Communication mode (Figure 6(b)): The array scans its beam in accordance with a
certain sequence of the beam IDs specified by the CPU board.  The communication mode
supposes the reception of TDMA bursts from individual FWA terminals located in various
directions.  In a typical FWA, a base station allocates the timing and the length of TDMA
communication bursts to individual terminals, and informs to the terminals about them.  Thus,
the adaptive array can receive every TDMA burst from each terminal, as the array is also
informed of the burst timing and its length by the base station.

4.  Beam Pattern Measurement Result
      Beam patterns of the adaptive array with fixed phase-weights were measured in an
anechoic chamber.  A horn antenna against the array radiated 25.5 GHz CW.  The distance
between the horn antenna and the linear array on the microwave unit installed on a
positioner was 3 meters.  The strength of the combined signal was measured with respect to
the azimuth angle.  A 10-MHz reference signal was shared by three CW signal generators for
the first and second IF local signal for the array as well as the transmitted CW signal, to keep
the frequency stability.
    Figure 7 shows two typical beam patterns derived from the measurement.  The phase
shifts were set so that the signals of the array elements from each azimuth direction of +10
degrees or -20 degrees were cophased.  The worst error in the beam direction was 2



degrees, but most of the errors were less than 1 degree through the beam steering between
-40 and +40 degrees.  The measured results and the calculation, where the measured
element patterns were used and the equal amplitudes from the subarrays were assumed,
showed good agreement.  The slight degradation in the sidelobes is assumed to have been
caused by the IF signal coupling in a PCB in the main unit.  The coupling is expected to
become reduced by modification of the PCB pattern.

4. Summary
     A K-band adaptive array prototype steered by IF local signal phase shifters was
manufactured for high-speed FWA.  The IF local signal phase shifters were made with
ordinary quadrature modulator ICs and will contribute to realize a cost effective adaptive
array for high speed wireless communication systems.  The prototype worked under the
three operating modes by which an FWA base station can specify an appropriate beam for
each terminal and receive individual TDMA bursts from terminals.  The measurement results
showed that good beam patterns and beam scanning performance were accomplished.
     Some adaptive algorithms proposed by the authors (e.g. [8]), which adaptively direct
some nulls as well as a main beam, are going to be verified by the prototype.
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