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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

1



SECTION 3. EXPERIMENTAL APPARATUS

results of tests described herein verifies the practicality of 8DMA 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 (8SB) 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

Ground Plane

.... 15cm

Dipole Antenna (1 of 6)
Processor

Figure 3-1: SDMA Transmit Experimental Apparatus
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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 pes.

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

processmg.
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 2700

and 2250
• This separation of 450 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 2700
,

with suppression at 2250 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 2250 was being measured, some degree of scattering

was present. This accounts for the fact that only 20 dB of rejection was observed around

2250
• 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 2250
, with suppression at

2700 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 2700 with suppression at 2250 desired, and the second a 10 kHz tone

directed at 2250 with suppression at 2700 desired. The figure contains plots of power

4



SECTION 4. EXPERIMENTAL RESULTS

Transmitted Power versus Angle
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SECTION 4. EXPERIMENTAL RESULTS

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 2250 and 2700 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 120

sector centered about the intended transmit direction. The effects of a decreasing CII
ratio are evident at azimuth 2740

•

In Figure 4-6, successful demodulation with no bit errors is manifest over a 60 sector

about the intended transmission azimuth. Consistent with the previous observations

concerning the breadth of the null achievable at 2250
, 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 2400
• That successful

6



SECTION 4. EXPERIMENTAL RESULTS

Transmitted Power versus Frequency and Angle

Two Tones: (10,20) kHz

6-element ULA(A/3)
fc • 850 MHz

Figure 4-4: Measured Spatial and Frequency Directivity for 10 kHz and 20 kHz
Tones Directed to 2250 and 2700 Respectively
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demodulation is not always achievable is evidenced by the attempts to do so at 2500

and 3000
• The larger variance manifest therein is due to the significantly reduced power

transmitted in those directions.
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Figure 4-6: BPSK Transmitted and Received Bit Sequences Around 2250

These tests reaffirm results of earlier computer simulations demonstrating the ability

of SDMA technology to function in a complex pes type propagation environment and
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SECTION 4. EXPERIMENTAL RESULTS

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 pes network capacity and quality, while also greatly enhancing

possibilities for coexistence with other users sharing the same spectrum.
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Corporate Technology
Partners

(PP-51)

Cox Enterprises, Inc.
(PP-52)

Ericsson Business
Communications, Inc.

(PP-53)

Fleet Call, Inc.
(PP-54)

Freeman Engineering
Associates, Inc.

(PP-54)

Grand Broadcasting Corp.
(PP-56)
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James U. Troup, Esq.
Arter & Hadden
1801 K street, N.W., suite 400K
Washington, D.C. 20006

Mr. Douglas G. smith
President
Omnipoint corporation
7150 Campus Drive
Colorado Springs, CO 80920

Mr. Tom Alberg
Executive Vice-President
5400 Carillon Point
Kirkland, WA 98033

Mr. Douglas G. smith
President
Omnipoint Corporation
7150 Campus Drive
Colorado springs, CO 80920

Mr. Richard Brass
President
Oracle Data Publishing, Inc.
500 lOath Avenue, N.E., Suite 1750
Bellevue, WA 98004-5500

stuart F. Feldstein, Esq.
Fleischman and Walsh
1400 16th Street, N.W., suite 600
Washington, D.C. 20036

James P. Tuthill, Esq.
Betsy Stover Granger
Room 1529
140 New Montgomery Street
San Francisco, CA 94105

James L. Wurtz, Esq.
1275 Pennsylvania Avenue
Washington, D.C. 20004

Carl W. Northrop, Esq.
Bryan Cave
Suite 700
700 13th Street, N.W.
Washington, D.C. 20005

Mark A. stachiw, Esq.
PacTel Corporation
1221 Merit Drive, suite 800
Dallas, TX 75251

Iowa Network Services, Inc.
(PP-57)

omnipoint Communications
(PP-58)

McCaw Cellular
Communications

(PP-59)

omnipoint corporation
(PP-59)

Oracle Data Publishing
(PP-59)

omnipoint Mobile Data Co.
(PP-60)

Pacific Bell
(PP-61)

Pacific Bell
(PP-61)

Pactel Corporation
(PP-62)

Pactel Corporation
(PP-62)



Jeffrey Blumenfeld, Esq.
Glenn B. Manishin, Esq.

'- Blumenfeld & Cohen
1615 M street, N.W., suite 700
Washington, D.C. 20036

Caressa D. Bennet, Esq.
Blooston, Mordkofsky,

Jackson & Dickens
2120 L street, N.W.
Washington, D.C. 20037

Mr. Richard G. Tomlinson
PCN communications
2906 Main street
Glastonbury, CT 06033

A. Thomas Carroccio, Esq.
Santarelli, Smith & Carroccio
1155 Connecticut Ave., N.W.
Washington, D.C. 20036-4308

Mr. Kevin J. Kelly
Albert Shuldiner, Esq.
Nixon, Hargrave, Devans & Doyle
One Thomas Circle, N.W.
Washington, D.C. 20005

Peter Tannenwald, Esq.
Arent, Fox, Kintner, Plotkin

& Kahn
1050 Connecticut Avenue, N.W.
Washington, D.C. 20036-5339

James F. Ireland, Esq.
Cole, Raywid & Braverman
1919 Pennsylvania Avenue, N.W.
Washington, D.C. 20006-3458

Donald L. Schilling
President
SCS Mobilecom, Inc.
85 Old Shore Road, suite 200
Port Washington, NY 11050

Mr. Sanjay B. Moghe
President
SM Tek, Inc.
1021 Warwick Circle
Hoffman Estates, IL 60194

Victor J. Toth, Esq.
Law Offices, Victor J. Toth
2719 Soapstone Drive
Reston, VA 22091
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PageMart, Inc.
(PP-63)

Panhandle Telephone
(PP-64)

PCN Communications, Inc.
(PP-65)

Pulson communications Corp.
(PP-67)

Qualcomm Incorporated
(PP-68)

Radio Telecom and
Technology, Inc.

(PP-69)

SATCOM, Inc.
(PP-70)

SCS Mobilecom, Inc.
(PP-71)

SM Tek, Inc.
(PP-72)

SM Tek, Inc.
(PP-72)



- 6 -

Henry M. Rivera, ESq .
.-- Larry S. Solomon, Esq.

Ginsburg, Feldman & Bress
suite 800
1250 Connecticut Avenue, N.W.
Washington, D.C. 20036

James E. Meyers, Esq.
Baraff, Koerner, Olender

& Hochberg, P.C.
Suite 300
5335 Wisconsin Avenue, N.W.
Washington, D.C. 20015

Mr. Terrence P. McGarty
President
Telmarc Telecommunications Company
265 Franklin Street
Boston, MA 02110

Raymond G. Bender, Jr., Esq.
Michael D. Basile, Esq.
Deborah R. Broughton, Esq.
Dow, Lohnes & Albertson
1255 23rd Street, N.W.
Washington, D.C. 20037

The suite 12 Group
(PP-74)

Tele-Communications, Inc.
(PP-75)

Telmarc Telecommunications
Company

(PP-76)

TRX Transportation
Telephone Company

(PP-77)

Barbara C. Anderson, Esq.
Vice President and General Counsel
6 Thorndal Circle
Darien, CT 06820

Leonard J. Baxt, Esq.
Leonard J. Kennedy, Esq.
Laura H. Phillips, Esq.
Dow, Lohnes & Albertson
1255 23rd Street, N.W.
Washington, D.C. 20037

Caressa D. Bennet, Esq.
Blooston, Mordkofsky,

Jackson & Dickens
2120 L Street, N.W.
Washington, D.C. 20037

Mr. Charles L. Davis
Vice President
Advanced Product Development
Protocol Systems, Inc.
8500 SW Creekside Place
Beaverton, OR 97005

Executone Information
Systems

Personal Communications
Service

Paramount Wireless Limited
partnership

Middle Georgia Personal
communications, Inc.

Tri-Star Communications

Protocol Systems, Inc.



Russell H. Fox, Esq.
Gardner, Carton & Douglas

~' suite 900, East Tower
1301 K street, N.W.
Washington, D.C. 20006

William J. Franklin, Esq.
Pepper & Corazzini
1776 K street, N.W., Suite 200
Washington, D.C. 20006

Kenneth E. Hardman, P.C.
suite 800
1255 23rd Street, N.W.
Washington, D.C. 20037-1170

John W. Hunter, Esq.
McNair Law Firm, P.A.
1155 Fifteenth Street, N.W.
Washington, D.C. 20005

James F. Ireland, Esq.
Cole, Raywid & Braverman
1919 pennsylvania Avenue, N.W.
Washington, D.C. 20006-3458

Frederick M. Joyce, Esq.
Christine McLaughlin, Esq.
Joyce & Jacobs
2300 M Street, N.W., 8th Floor
Washington, D.C. 20037

David J. Kaufman, Esq.
Brown, Finn & Nietert, Chartered
1920 N Street, N.W., suite 660
Washington, D.C. 20036

Albert H. Kramer, Esq.
Keck, Mahin & Cate
1201 New York Avenue, N.W.
Washington, D.C. 20005-3919

Randall B. Lowe, Esq.
Jones, Day, Reavis & Pogue
1450 G Street, N.W.
Washington, D.C. 20005-2088

Mr. Bernard C. Nelson
President
35 Toni Drive
Englewood Cliffs, NJ 07632
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All star Communications
Data & voice of America

Wireless Communication
services

Advanced Tel., Inc.
Reserve Communications

and Computer Corp.

Rock Hill Telephone Company

TeleCable Corporation

LDH International, Inc.
Goeken Custom

Communications, Inc.

Greenline, Inc.

Tele-Financing Corp. Inc.

Capital Network Systems

Cerberus Consulting Corp.


