JUN-12-195d 0 19004 FRUM Lilabel @iilie o -
2 A
- & _{DECIBEL PRODUCT" )
? Micro Fill Indoor Antenna
DB781LP50N-C, DB781LP50F-C
Model Number | OB7BILPSON-C DB781LPSORC
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Termination Type N-Female Type F-Fomals
Frequency Range 824804 MHz
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Radome: ABS Plastic
Cotor Un-White .
Mounting Four mounting hals in baciplats.
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icro Fill Indoor Antenna
B791S50N-C, DB791S76F-C

Model Number DB781S50N-C DB781F75F-C
Impedance 50 ohme 75 ohme .
|| Termination Type N-Female Type F-Female
Frequency Range §24.894 MHz /\ /&
Galn +5.0 dbd or >8.1 dBi 6!’ S
VSWR 1.5:1 ﬁ )’ |
Bearrwidth 80 AA Plane
{3 4B from max) 120° £-8 Plane :
10s* cC Plane 64
Polarizadon Perpendidilar 1 C-C plane
 Max. input Pawer P wans
Other information fcaton: indodr ComerT/Rx
>10 dB Frontge Back Rate
Weight f4ibs
Mateviai Back Panel: L Brace
Radiating Elemeng: Brass
Radame: ASS Plastic
Caler COH-Whits
Haunting fFour mounting holbe in bacipiate.
|| Packing Stze 112 x 1z
|| Snipping Weight b ¢ Ibs
Plane A-A Plane B-B
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Expibit O

PCMCIA "Pager Card" Prototypé
(Forerunner of PCMCIA Transceiver Card)

Physical Char
Card Type: PCMCIA Type Il
Interface: PCMCIA Memory Card or {/O
Antenna: . Ffush mount (battery cculd be incorporated into external

handle; AAA preferred, AA probably too large)
+ Some manufacturers may require custom design and

location.
+ Contact plattform manufacturers on EMI ana RFE
compatability. This is consistent with other PCMCIA zrc

product manutz-turers.
Switch: Power On-Off

Indicator: Blinking LED

+ Message waiting indicator
+ Low battery indicator when voitage drops 10 cesign unit

Dispiay: None
Laple: PCMCIA STU release/paragrapn 3.1.7 lable
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PCMCIA "Pager Card" Prototype

Battery:

Product Features

Data Rate:

. Format:

Address:

Memory:

Internal Clock:

Electricat Requirements/
RF Requirements

Bortable Unit
(PDMCIA Cara Driver Software)

Display Features:

(Continued)

« 700 hours cut of perniable (350 hours lcwer umit)

+ Internal see PCMCIA STD release 1.0 paragrapn
3.1.6 battery location

« Consider re-chargeable options when cara Is
inserted in plattorm

+ Use ponable power scurce wnen card is inseneg

in PCMCIA siot

Insert and remove with portable power active

2,400 BPS; product evolution shouid anticipate
upgrade to 4,800 or 9,600 BPS as 2nd generation

proguct
POCSAG (2400 BPS)

Minimum ot 4 POCSAG zadresses. Minimum ¢t 18
addresses including the 2 POCSAG funciion nits.

32K bytes minimum

Time and date stamp of all received messages or
last packet received.

Commaensurate with Motorola Bravo pager
Commensurate with Motorola Bravo pager

PCMIA pager card should rely on software in the
cortable unit to manage the information in RAM

+ Message waiting ingicator

» Numoer of messages. type ot message, time anc
date stamp of message arnval

» Low bartery ingicator for PCMCIA card wnen
voltage not within operational limit

« Battery charging indicator (min./max.)

+ PCMCIA cara in-range ingicater
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PCMCIA Transceiver Card

Receiver: See PCMCIA receiver card

Transmitter:

Power Out: | 100 mw to 500 mw
Frequency: 230 MHz

Moduiation: Constant Amplitude
Bandwidth: FCC masking specification

for 25 kHz bandwidth

s Uls



U. S. Portable Computer Installed Base

LLaptop 396 K 3859K 12,072K
Notebook 169K 6122K
Pen-based 9K 6110K
Handheld 94K 11,462K
% Growth | 1300% 570%

Source: DATAQUEST, 1991
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Summary Biographical Information -- Roger D. Linquist

PageMart, Inc.
CEO, PageMart, inc. 1989-Present

*  Paging Business
- Founder of PageMart
- Direct Broadcast Satellite (DBS) Control of paging transmitters (pioneering DBS

system in Dallas/Ft. Worth, February 1990)
PacTel Personal Communications

CEO, PacTel Personal Communications, 1986-1989
¢ Cellular Business (largest U.S. subscriber base)
- 100% or controlling interest: Los Angeles, San Diego, Sacramento, Atlanta,
Detroit
- Active minority interest (system management): San Francisco/San Jose
- Passive minority interest: Dallas/Ft. Worth
*  Paging Business (Third largest)
e Automatic Vehicle Location

Communications Industries
CEO (V. P., CO0), Communications industries, 1982-86

¢ Paging Business (Third largest)
e Celiular Business
- Founding Director of Cellular Telecommunications Industry Association (CTIA)

- 100% interest: Atlanta and San Diego
- Minority interest: San Francisco/San Jose and Dallas/Ft. Worth
e Manufacturing Business
- Paging switch manufacturer (BBL)
- Mobile Communications Components Manufacturer (Decibel Products)

McKinsey & Co., Inc, (Management Consultants)

Management Consuitant, McKinsey & Co, Inc., 1976-82
e Telecommunications Business Practice

»  Computer and Computer Peripheral Business Practice
e Space Systems Technology Businesses

Texas Instruments

Department Manager, Video Systems and Caiculator Products, 1974-1976

¢ Consumer Products Division
- Video Systems Program (ail eiectronic CCD camera)

- Business calculator products

Branch Manager, Systems & Information Sciences, 1971-74

e Central Research Laboratory
- Interactive Cable TV System Program (hardware and software development)

- Advanced RF Receiver Technology (all solid state VHF/UHF TV Turner)

EDUCATION
Northwestern University -- MBA
Purdue University -- MSME

Purdue University -- BSME



Summary Biographicai Information -- Maicolm Lorang

PageM. n

V. P. Engineering, PageMart, 1989-Present
* Advanced wireless system and equipment design

Interpational Teletrac Systems

Corporate Scientist, International Teletrac Systems, 1988-89
+ Corporate Systems/Architect Engineer
* Liaison to AVM manufacturers and AVM Product/Architect Engineer

Texas Instruments

Member of Technical Staff, Texas instruments, 1972-1988

* Government Products Group: Member of Technical Staff - Systems Engineer

* Semiconductor Group: System design for next generation Telco product IC's

« Corporate Lab/Corporate Engineering Center: Architect/Systems and Circuit
Engineer of Bernouille disk product, facilities computer communications network
product, video coding products and rf systems design.

Magnavox Research Labs
Senior Engineer, Magnavox Research Labs, 1957-1972

»  System Architect and Sngineer on Specialized communications systems, primarily on
Spread Spectrum Communications Systems.

FORMAL EDUCATION

Waest Coast University

MS, Operation Research

- MS, System Engineering
-- MS, Management Science

Pacific State University -- BSEE
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Heferences from M-Tef Comments

MT4

MTS

MT7

W.CY. Lee

Mobile Communications Engineenng
McGraw-Hill Book Company

1982

W.C.Y. Lee

Mobile Communications Design Fundamentatls
Howard W. Sams & Co.,

1986

W.C.Y. Lee

Mobile Cellular Telscommunications Systems,
McGraw-Hill Book Company

1989 (see page 27 or attached figure)

PageMart References

8)

W.C.Y. Lee, Patent Number 4,932,049; Feb. 6, 1989
Cellular Telepnone System

W.C.Y. Lee, Patent Number 5,067,147; Nov. 7, 1989
Microceli System For Celiular Telephone Systemn

w.C.Y. Lee, Patent Number 4,249,181; Feb. 3, 1981
Cellular Mobile Raaioteiephone System
Using Tilted Antenna Radiation Patterns

John G. Proakis

Digital Communication

McGraw-Hill Series in Electrical Enginsering
Communications ana Signal Processing, 1989

M. Blanco
“Probability ot Sympol Error For M-ary FSK with
Diversity,” IEEE Trams. Commun., Vol. COM-37 (1989)

Kenneth Bullington
Raaio Propagation for Vehicular Communications
IEEE Trans. Vehicular Technoiogy, Vol. VT-26, No. 4, Nov. 77

Neal H. Shepnerq, Radio Wave Loss Deviation and Shadow Loss at 900 MHz IEEE
Transaction on Vehicuiar Technology, Vol. VT-26, No. 4, Nov. 1977.

"Methods angd statistics for estimating field strength values in the land mooile services
using the frequency range 30 MHz to 1 GHz." CCITT-XV Plenary Assemoly.

Geneva, Rep. £67, vol. 5, 1982.

P. . ‘Nells ang P.V. Tryon, "The attenuation of UHF radio signals in houses." 'EEE
Trans. Veh. Technoi., ¥1-26. pp. 358-36.1977.

H. K. Hoffman ana 0. C. Cox, "Attenuation of 900 MHz radic wave propogating into a
metal buiiding.” /EEE Trans. Antannas Propagation, vol. AP-30. pp. 808-811, 1982,
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D. C. Cox, R. R. Murray, and A. W. Norns, "Measuraments of 800 MHz radio
transmission into buildings with metallic walls.” Bell Sys Tech. J., vol. 62, pp. 2695-
2718, 1983.

E. H. Walker, "Penetration of ragio signals into buildings in the cellular radio
environment.” Beli Syst Tech. J., vol. 62, no. 9, PP. 2719-2734. 1984,

D. C. Cox, R. R. Murray, and A. W. Norris, "800 MHz attenuatic measured in and
around suburban houses.” Belf Labs. Tech. J., vol. 63, pp. 921-954, 1986.

D. C. Cox, R. R. Murray, and A. W. Narns, “Antenna height dependence of 800 MHz
attenuation measured in houses.” /[EEE Trans, Veh. Technol., vol VT-34, pp. 108-

115, 1985.

J. Horikoshi, K. Tanaka, and T. Morinaga, "1.2 GHz bana wave propagation
measuurements in concrete buiidings for indoor radio communications,” /EEE Trans.
Veh. Technol, vol. VT-35, pp. 146-152, 1986.

General Electric Systems Application Manual, sec. 80-A1. Table V-3, General
Electric Corp., Lynchburgh, VA. Dec. 1872.

Kozono. S., and K. Watanabe, "Influence of Environmental Buildings on UHF Land
Mobiie Radio Propagation,” /EEE Trans. on Communications Com-25 (Qct. 1977):
1113-1143.

Walker, E. H., "Penetration of Radio Signats into Building in the Cellular Radio
Environment.” Belf System Technical Journali 62; Pt. | (Nov. 1983): 2719-2734.

N. H. Shepherd "Radic Wave Loss Deviation and Shadow Loss at 900 MHz." [EEE
Transactons Veh. Technol. voi, VT-26, pp. 309-313 1977.

William Stallings, Handbook of Computer Communications Standardgs. vol. 1 A
Stallings/sMacMillan Book. pp. 79-81.

Philip Harley, Shornt Distance Attenuation Measurements at 900 MHz ana 1.8 GHz
using low antenna heights for microcells. (EEE Journal Selecteqd Areas in

Communications, vol. 7, no. 1., Jan 88.

Special issue IEEE Trans. Vehicular Technology vol. 37, no. 1, Feb 88 on
propagation models.

Bultitude, Robert and Bedal, Keith “Propagation Characteristics on Micercellular
Urban Mobile Radio Channeis at 810 MHz." JEEE Journal on Selecteg Areas in

Communication, vol. 7. no. 1, Jan 89, pp. 31-39.

Special Issue BSTJ, Jan 1979. val. §8, no. 1 on Agvanceg Mobiie Phone Service

Strejc, V. *Approximate Determimnaton of the Control Charactenstics ot an Aperiodic
Response Process,” Automatisme, Marcn 1960.

A. L. McBride and S. A. Gronemever, “MSK ano Offset 2PSK Modutation.” /EEE
Trans. on Comm.. voi. CCM-24, Aug. 1976.

M. Ramadam, “Practical Consiagerations n the Design of Minimum - 3andwiath, 90
mb 8-PSK Digital Microwave Systems” Proc. /[EEE internanionar Conf. on Comm.,
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MOTOROLA INC.

July 13, 1982

Mr. Rager D. Linquist. Chairman |
PageMart, inc.
6688 North Central Expressway

Suite 900
Dallas, Texas 75206

Subject: Personal Information Messaging Service (PIMS)

Dear Mr. Linguist:

We have had an opportunity to review the PIMS system design and have c¢nciugea
that Moterola coula develop anad manuiacture both the network equipment and the
subscriber receiver/transmitter unit using a ccmbination of existing ana smerging
technologies. The system elements utilizea in the cesign would require a base station
unit containing muitipte transmitters for the forward link; a base staticn unit csntaining
multipte receivers for the rewurn link; a trunking controt unit; and a subscnber unit
containing a receiver ana transmitter. Al of the network equipment tecnnolcgy is
assantially available toaay; however , agaitional deveiopment wiil be necessary
ensure against receiver desensitization, in harsh RF site iocations. The subscriber
receiver/transmitter unit wiil reguire further development if it is to use the PCMCIA carag

sackage. We believe such a ‘pager carg” {0 be feasible.

o "

Cur current Synthesizea Bravo Plus pager can switch frequencies in response 1o cver
the air commands from the paging terminal. Your proposed subscriber unit mignt
require additionai functionaility which will be extentions of the technology.

{Q

+ { r Y
Acnieving the requireq transmitter performance uUsing pager battery systems ana
cager antennas reorasents a supstantal 1echnological cnallenge. The supscroer unit
cesign may pe simeiifiea if the pager cara nas access 10 the host portable ccmouter
canery power in orcer 10-have a sustained transmit czoapility even at the hunarea
mutliwatt levei. The "pager cara” wiil probabily need an external attachment {0 ine
PCMCIA carag cackage in orcer to acccmmecate a mere erticient entenna.

- ol vistan



In summary, we believe that a “pager card” can be developed t¢ meet requirements
with reasonable cost and size assuming transmitter power can be sourced from the
host portable computer, and a more efficient, external antenna is used. We look
forward to continuing the development of your proposal.

egards,

Lenards Lo

Fernando Gomez ~4
Director, Paging Products Operation

Motcrola, Inc.

c: Jerry Leonard






ﬂ CORPORATE OFFICE
1401 McCORMICK DRIVE @ LANDOVER, MARYLAND 20785

IN[ (301) 9259400 m FAX (301) 925-8612
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October 5, 1992

Mr. Roger Linquist
President

PageMart, Incorporated
6688 N. Central Expressway
Suite 900

Dallas, TX 75206

Dear Mr. Linquist:

SFA, Inc. is pleased to submit its report on the feasibility study of the Personal Information
Messaging Service (PIMS) proposed by PageMart to the FCC in its Petition of Rulemaking in
February 1992.

We welcome the opportunity to answer any questions you may have about this study, or to
provide you with additional information on our analysis.

onald Nowak

Telecommunications Division
DN/jj

Enclosure

AN EMPLOYEE OWNED COMPANY Printed on fscycied Paper @



PIMS FEASIBILITY STUDY

Prepared for PageMart, Inc. on its
Personal Information Managing Service (PIMS)
Proposed to the Federal Communications Commission
in its February 1992 Petition for Rulemaking.

Prepared By:

Ernest R. Freeman
J. Robert Bounds
Mirza M. Ahmad
Katherine Y. Ernhart

SFA, Inc.
1401 McCormick Drive
Landover, MD 20785



SFA's Background

SFA, Inc. was founded in 1969 to provide engineering, scientific
and technical services to government and industry. As a result of
SFA's proven capability for providing low-cost, high-quality re-
search, engineering and manufacturing support, the company has
achleved a ten-folad increase in sales and stafflng in less than 10
years. Twice in recent years we have made Inc. Magazine's honor
roll of America's 500 fastest-grow1ng, privately-held companies.
We now maintain a full-time staff of more than 400 employees.

Today, SFA's Telecommunications Division is backed by a fully
equipped radio/microwave test laboratory 1nclud1ng'an independently
operated 38,000 square foot manufacturing fac111ty. Oour manufac-
turing capablllty allows prototype and limited productlon imple-
mentgglon of both mechanical and electrical assemblies and sub-
assemblies.

SFA's long experlence with telecommunlcatlons technology gives us
an insight into new developments in the industry before these
developments become w1dely established. We are able to forecast
and meet our clients' requirements efficiently and effectively. As
an_ example, SFA tracks developments in areas such as slow-scan
television radio transmission, and is even performing research into
the application of artificial neural networks to communication.



FEASIBILITY OF PAGEMART'S PIMS PROPOSAL

EXECUTIVE SUMMARY

SFA has analyzed PageMart's proposed Personal Information Messaging
Service (PIMS) to determine whether PIMS is technically feasible.
Each major design issue was evaluated, including frequency reuse,
system coverage, interference, signalling protocol, system
capacity, and use of current technologies. Based on this review,
SFA concludes that PIMS is a technically and commercially feasible
system offering advanced data communications capabilities. SFA has
also determined that there are no technical design issues in the
proposal for which empirical implementation solutions do not
already exist in engineering 1literature or in real-world
communication experience. The fundamental design of PIMS is sound
and workable as proposed in the Technical Appendix to PageMart's
February 1992 Petition for Rulemaking and March 1992 Pioneers
Preference Request.

In an innovative and creative manner the PIMS design selectively
exploits certain features of Cellular, SMR, trunking, POCSAG
paging, mobile satellite technology, packet switching,
simulcasting, radio location, data communications and micro/pico
cell concepts to achieve high throughput in a two-way data
transmission systemn.

PIMS system can be described as a combination of several existing
(e.g., cellular, paging) and emerging (e.g., micro/pico cell,
mobile satellite) technologies, blended to create an advanced
messaging service resulting in major performance improvements in
system throughput. None of the technologies proposed by PIMS,
whether existing or emerging require any verification in themselves
since these technologies are now well known through real-world
experience. Even those technologies proposed in PIMS which may be
classified as "emerging" are now well beyond the testing stage and
are being rapidly employed.

This report is organized into four sections as follows:

Section I: System Overview

Section II: Technical Discussion

Section III: System Architecture and Technology
Section IV: Conclusion



After reviewing PageMart's PIMS proposal with respect to existing
technical 1literature, published empirical data and wireless
communications industry experience together with SFA's accumulated
technical data, we have determined that PIMS is not only
technically feasible, but is an important system development in
wireless, non-interactive communications. The following technical
feasibility conclusions were reached on key aspects of the PIMS
system:

J PageMart's PIMS proposal based on a 4 cell reuse is not
only feasible, but desirable;

. PIMS' return link is fully functional in and out of
buildings;

. PIMS' return link and forward link is approximately

balanced resulting in fewer than two receiver sites per
transmit site;

. Adjacent channel interference is the return 1link is
controllable through conventional engineering design
practices;

o The polling channel can readily support PIMS subscriber
capacity estimates;

. The return link capacity is effectively matched to the
forward polling link;

. PageMart's PIMS system capacity estimates are
conservative;

. PIMS system capacity will proportionally increase as

improvements in hardware/software are made;

| PageMart's "cellular" approach to PIMS is different than
cellular telephone; and

. The technical feasibility of PIMS is confirmed by its use
of existing commercial technology.



SECTION I SYSTEM OVERVIEW

PIMS is a high capacity data transmission system ideally suited for
professionals, white collar workers, and consumers en mass
requiring longer messages than currently available in conventional
paging. PIMS distinguishes itself from other systems by offering
high system throughput, radiolocation, low cost, open protocol,
device independence, and mass appeal with virtually unlimited
growth potential in the number of subscribers.

A complete PIMS network and its operation can be described as
follows ( a more detailed discussion is contained in Section II and
IIT). The basic elements of PIMS are shown in Figures 1 through 5.

1. The data transmitting party (a computer terminal, fax machine
or other device) transmits the message to the system
controller on the landline network (PSTN) by dialing the
appropriate telephone number of the system controller. The
system controller has multiple incoming telephone ports
capable of receiving digital information. This first step
requires no further analysis or explanation, as this is a very
common method of data transmission.

2. The system controller which receives the data is basically a
high speed computer, programmed to control the network
traffic. The system controller consists of a CPU, storage
devices, and input and output ports. System controllers can
be designed and programmed to perform a vast number of
functions and are commonly used in hundreds of network
applications around the world.

3. After receiving the message, the controller processes the
message according to the address and routing information used
with the message. Using the address and routing information,
the controller attempts to contact the subscriber unit via a
satellite Ku-band uplink/downlink. The area cell transmitters
are equipped to receive the routing information via a Ku-band
receiver.

4. Upon receiving the routing information the area cell
transmitters ring the intended receiver on the polling channel
using simulcast broadcast. The number of cell transmitter(s)
involved in the simulcast transmission depend on whether the
messade is local, regional or nationwide. This information can
be added to the subscriber unit address. The two extreme cases
of a polling channel broadcast are as large as nationwide or
as local as a single micro cell transmitter inside a building.
Each cell transmitter involved in the simulcast broadcast
transmits its own unique transmitter identification (TXID)
during the broadcast.



5. The intended subscriber unit recognizes the TXID it receives
from the nearest cell transmitter (or strongest signal) and
sends an acknowledgement (ACK) on the return link channel (see
section II). All receive stations (Tx/Rx or Rx only) receive
the ACK (if within communicating distance). The ACK includes
the subscriber units unique ID and the TXID which it has
received. The subscriber unit identification received on the
return link channel also provides the approximate location of
the calling (acknowledging) party.

6. The system controller upon receiving the ACK and receiver
location information, sends a "GoTo" command to the subscriber
unit which instructs the unit to switch to a specific channel
at a given time and also the message length - concurrently the
system controller forwards the message via telephone lines or
satellite to the cell transmitter indicated by the subscriber
unit as having the strongest signal.

7. Once the message is received by the cell transmitter, it is
held in queue at the transmitter site for transmission at the
appropriate time slot (see section II). The message is then
transmitted on the data channel at its appointed time. PIMS
does not dictate or endorse a particular format for message
transmission on the data channel. The speed of data
transmission on the data channel is determined by the
subscriber units in PIMS due to its open data transmission
protocol. In some cases this speed could be as high as 19.2
Kbps.

8. After each packet of the message has been successfully
received, the subscriber unit sends back an acknowledgment
(ACK) . Otherwise an Automatic Repeat Request (ARQ) or a NACK,
as appropriate, is transmitted on the return link channel.

This basically completes a typical transmission cycle. There can be
some variations to the above described "typical" transmission
cycle. For example, the message request can be generated by a
subscriber unit. Communications can also be 1limited strictly
between a landline entity and a subscriber unit within a building
cell and or an office cell. The basic mechanism of establishing a
data transmission link remains the same.

SECTION II - TECHNICAL DISCUSSION

To determine the feasibility of PIMS, SFA believes the proposed
system can be broken down into four major design issues:

A, Cellular Concept and Frequency Reuse
B. System Coverage and Return Link

C. Adjacent Channel Interference

D. Signalling System and System Capacity
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