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SPATIAL COMMUNICATIONS, INC.
QUARTERLY EXPERIMENTAL REPORT

Septamber 14, 1992

Siatus of SDMA Experimentation
Pursuant to Spetial Communications experimentel suthorization (File No. 3187-EX-AL-

Motorola CT2 equipment operating at 901-602 MHz has been instalied at Pier 18 at the
Port of Seattie. Pier 18 is operated by Stevedoring Services of America.

The objective of the Pier 18 instaliation is to test the equipment in an environment
wherein the /andacape is continually changing and which is highly RF reflective in
nature. The test is expected to run approximately 60 days, after which the equipment
will be instalied at View Ridge Elementary School for tests in conjunction with Viscom
Cable. To date, the tests have found the metafiic environment fairly hostile to the low
power RF transmission from the Motorola CT2 equipment.

Moatoroia personal base stations have aleo been instalied at various residences to test
the robustness of the system in verious residential environments. Additional tests of
the public CT2 equipment from Motorola is planned for the fall of 1982 in the Seattle
Sheraton. The purpose of the test is to determine optimum base station piacement and
propagation characteristics in an office tower environment. Upon compietion of the test
the aquipment will be instalied at View Ridge Elementary.

The purpose of the View Ridge Elementary installation is to evakiate the residentiel
environment and to test the use of a CATV network for transport of voios signals. The
CATV network being used in the experiment is operated by Viacom Cable. The test will



‘Spatial Communications, Inc.
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last 6 to 9 monthe and will include a markst survey. Viacom and One World
Telecommunications, Inc., & perent company of SCI|, are working cooperatively on
range of other PCS experimental activities inciuding work in the area SDMA
technology. As a result, SCI's and Viecom's experimental sfforts have been
through shearing of technical expertise.
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SECTION 1. INTRODUCTION

1. Introduction

This document describes additional experimental results on the application of Spa-
tial Division Multiple Access (SDMA) technology to Personal Communication Systems
(PCS) for improving spectral efficiency and signal quality. SDMA technology employs
smart antennas to selectively receive and transmit signals based on their spatial loca-
tion. SDMA technology can significantly increase the spectral efficiency (i.e. allow larger
number of communication channels within the allocated spectrum) and improve signal
quality in PCS network. SDMA technology can also improve dramatically the ability of
PCS systems to share spectrum with existing users.

SDMA technology uses an array of antennas to estimate the directions-of-arrival
(DOAs) of multiple co-channel signals and separate the impinging signals and their cor-
responding information streams. Likewise, using an array of transmit antennas, multiple
co-channel signals are radiated from an SDMA antenna array such that the RF energy
carrying each information stream is selectively directed toward the intended receiver and
with negligible energy radiated towards unwanted receivers. Such unwanted receivers
may include other co-channel PCS users in the cell as well as other users and services
sharing spectrum with PCS. SDMA transmission thus greatly reduces the degree of mu-
tual RF interference within a PCS network and between PCS and other band sharing
co-primary users such as point-to-point microwave systems.

A discussion of recent SDMA transmission experiments conducted as a follow on
of previous computer simulation testing of SDMA technology is described herein. An
overview of the basic methodology and a description of the experimental apparatus is
followed by a summary of the results obtained. The results of the experiments docu-
mented in the report confirm earlier findings relating to the ability of SDMA technology
to enhance capacity and signal quality in a PCS system and to expand PCS’s ability to
share spectrum with existing users.

2. Overview of SDMA Signal Transmission

The basis of SDMA PCS technology is the ability to dynamically locate and track the
direction of the handset requiring service and then receive and transmit in a directionally
selective manner. Here we address the transmission technique wherein we simultaneously
transmit different signal waveforms on the same carrier frequency to multiple spatially
distributed receivers, keeping cross-talk below acceptable thresholds so that each receiver
can successfully decode its intended waveform. Though this may seem difficult, the



SECTION 3. EXPERIMENTAL APPARATUS

results of tests described herein verifies the practicality of SDMA technology as indicated
by previous computer simulation studies.

Given estimates of the receiver locations, the objectives in the design of the SDMA
PCS transmitter are to:

1. ensure that a sufficient RF energy containing the information signal intended for a
given receiver is directed thereto,

2. ensure that the RF energy leakage towards unintended receivers is kept below an
acceptable level,

3. provide for a sufficient amount of robustness with respect to environmental and
system parameter variations,

4. and to otherwise minimize the total transmitted power so as the keep unwanted RF

emissions (pollution) to a minimum.

SDMA technology is applicable to environments where the receivers may be dis-
tributed in both azimuth and elevation. In the PCS environment, the spatial distribution
of users is likely to be concentrated in close proximity to the earth’s surface. For this
reason, an array of SDMA sensors should be designed to have maximum selectivity in
the horizontal direction.

In the next section, the experimental apparatus is briefly described, followed by the

results of the data processing performed to assess the performance of the SDMA trans-
mission system.

3. Experimental Apparatus

This section summarizes results of further testing of SCI’s SDMA transmission tech-
nology. The tests described herein were conducted in an anechoic chamber so as to have
sufficient control over the RF environment to allow a quantitative evaluation of system
performance. The overall system configuration for the SDMA transmit experiments is
shown in Figure 3-1.

The SDMA Processor consisted of a digital signal processor (DSP) with a 12-channel
digital-to-analog converter (DAC). A i486 based personal computer was used to control
the DSP and DAC and provide related computational support. The DAC ouputs were
sent to a multichannel transmitter that consisted of six (6) single-sideband (SSB) up-
convertors with appropriate filtering and power amplification subunits. The transmit
channel outputs were fed to six simple dipole elements. The transmitted power level

2



SECTION 3. EXPERIMENTAL APPARATUS
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Figure 3-1: SDMA Transmit Experimental Apparatus



SECTION 4. EXPERIMENTAL RESULTS

was set to approximately 10 dBm for each of the six elements. The transmit frequency
was chosen to be 850 MHz to suit availability of test equipment. However, the results
obtained are equally valid in other frequency bands that are may be allocated for PCS.

4. Experimental Results

The transmission beam response was evaluated by placing a single channel receiver
in the far field of the array. The receiver output was down converted and digitized for
processing.

The transmitted signals consisted of continuous wave (CW) and binary phase-shift-
keyed (BPSK) waveforms that were single sideband modulated on the RF carrier. The
CW tones frequencies were 10 kHz and 20 kHz, and the BPSK waveform was a 2000 bit
random binary sequence cyclically read out and modulated on a 20 kHz sub-carrier. In
the tests the two directions for transmit (handsets directions) were chosen to be at 270°
and 225°. This separation of 45° or approximately 1.2 Rayleigh beamwidths resulted in
each direction being at the peak of the first sidelobe of a conventional beam directed in
the other direction. Equal transmit power was used for both signals.

Consistent with previous computer simulation results, an SDMA transmitter with an
six element antenna array was found to require approximately only 1/6 the power needed
from a single antenna transmitter to achieve the same signal level at the receiver. This
reduction in total transmitted power represents a direct reduction in RF pollution.

The spatial distribution of RF energy for the sinusoidal transmission tests is given in
Figures 4-1 through 4-3. In Figure 4-1, only a single 20 kHz tone was directed at 270°,
with suppression at 225° desired. Due to imperfect absorption in the anechoic chamber
wall containing the door to the chamber, and the fact that the main beam was directed
at this wall when the response near 225° was being measured, some degree of scattering
was present. This accounts for the fact that only 20 dB of rejection was observed around
225°. This suppression is, however, still adequate to allow satisfactory reception of the
BPSK waveform.

In Figure 4-2, only a single 20 kHz tone was directed at 225°, with suppression at
270° desired. Since in this case the main beam was directed at the opposite wall of the
chamber, there was little scattering and the measured radiation pattern shows strong
50 dB nulls close to the desired direction. The small apparent error in the direction of
the null is due to positioning errors in the turntable control system.

In Figure 4-3, two CW tones were transmitted simultaneously, the first a 20 kHz
tone directed at 270° with suppression at 225° desired, and the second a 10 kHz tone
directed at 225° with suppression at 270° desired. The figure contains plots of power

4
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Figure 4-1: Measured Spatial Directivity for a Single 20 kHz Tone Directed to
270° with Rejection at 225°
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at the appropriate modulation frequency as a function of azimuthal angle. The desired
directivity was clearly achieved. Figure 4-4 is a contour plot of the same data showing
array directivity as a function of both azimuth and frequency. (The ridges therein are

the curves in the previous two figures.)
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Figure 4-3: Measured Spatial Directivity for 10 kHz and 20 kHz Tones Directed
to 225° and 270° Respectively

These experimental results clearly confirm findings of previously conducted simula-
tions and thus establishes that it is possible to simultaneously transmit different infor-
mation signals on the same carrier to spatially separated receivers with adequate mutual
signal isolation.

In the second set of tests, the two BPSK waveforms described above were transmit-
ted using the same parameters as in the two sine wave experiment. Different random
sequences were used for the two directions. The results are shown in Figures 4-5 through
4-7. In Figure 4-5, successful demodulation with no bit errors is manifest over a 12°
sector centered about the intended transmit direction. The effects of a decreasing C/I
ratio are evident at azimuth 274°.

In Figure 4-6, successful demodulation with no bit errors is manifest over a 6° sector
about the intended transmission azimuth. Consistent with the previous observations
concerning the breadth of the null achievable at 225°, there is no discernible performance
degradation over the azimuth interval. Further evidence of the breadth of the null is given
in Figure 4-7 wherein successful demodulation is shown out to 240°. That successful

6
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Transmitted Power versus Frequency and Angle
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Tones Directed to 225° and 270° Respectively



SECTION 4. EXPERIMENTAL RESULTS

0z 9 9 143

NOARM HSd P

foesw) et
ZL ol

-

3
X
SEFE

AR }Sd P

(w

(hw

foosw) ouy |

oz ot 9l (4] 14 ol L)

DLZ = yuszy

izmzi

u—"’of

OB )

ULIGIABM HSd Pemnpoue(

(Hw

Mw

Figure 4-5: BPSK Transmitted and Received Bit Sequences Around 270°



SECTION 4. EXPERIMENTAL RESULTS

demodulation is not always achievable is evidenced by the attempts to do so at 250°
and 300°. The larger variance manifest therein is due to the significantly reduced power

transmitted in those directions.
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These tests reaffirm results of earlier computer simulations demonstrating the ability
of SDMA technology to function in a complex PCS type propagation environment and
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to use spatially selective beams to transmit multiple co-channel information signals while
dramatically reducing interference into other cochannel systems. Thus, SDMA technol-
ogy results in improved PCS network capacity and quality, while also greatly enhancing

possibilities for coexistence with other users sharing the same spectrum.
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