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UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
MARSHALL DIVISION
MOBILE TELECOMMUNICATIONS
TECHNOLOGIES, LLC,
Plaintiff,

v.
ZTE (USA) INC.,

Defendant.

§
§
§
§
§
§
§
§
§

Civil Action No. _______________
JURY TRIAL REQUESTED

PLAINTIFF MOBILE TELECOMMUNICATIONS
TECHNOLOGIES, LLC’S ORIGINAL COMPLAINT
Plaintiff

Mobile

Telecommunications

Technologies,

LLC

(“MTel”

or

“Plaintiff”) by and through its undersigned attorneys, hereby pleads the following
claims for patent infringement against Defendant ZTE (USA) Inc. (“ZTE” or
“Defendant”) and alleges as follows.
THE PARTIES
1.

Plaintiff MTel is a Delaware limited liability company having a

principal place of business at 1720 Lakepointe Drive, Suite 100, Lewisville, TX
75057.

MTel is a wholly owned subsidiary of United Wireless Holdings, Inc.

(“United Wireless”). In 2008, United Wireless, through another of its wholly owned
subsidiaries, Velocita Wireless, LLC, purchased the SkyTel wireless network from
Bell Industries, including assets related to SkyTel’s more than twenty year history
as a wireless data company.

Velocita Wireless, LLC, continued to operate the

SkyTel wireless data network after the acquisition. As a result of that transaction,
United Wireless gained ownership and control over the portfolio of intellectual
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property, including patents, developed over the years by several SkyTel-related
entities, including Mobile Telecommunication Technologies Corp. (“MTEL Corp.”),
Destineer Corporation, and SkyTel Communications. United Wireless subsequently
assigned certain of the patent assets, including the patents-in-suit, together with all
rights of recovery related to those patent assets to its wholly owned subsidiary,
MTel, which is the plaintiff here.
2.

MTEL Corp. was a pioneer of two-way wireless data communications

and launched the world’s first two-way wireless paging service, dubbed SkyTel 2Way.

The SkyTel paging operations and business are currently based out of

Lewisville, Texas.
3.

MTel is informed and believes, and thereon alleges, that Defendant

ZTE (USA), Inc. (“Defendant” or “ZTE”) is a corporation organized under the laws of
the State of New Jersey with its headquarters at 33 Wood Avenue South, 7th Floor,
Iselin, NJ 08830 and a principal place of business at 2425 North Central
Expressway, Suite 600, Richardson, Texas 75080.
4.

MTel is informed and believes, and thereon alleges, that ZTE (USA),

Inc. is a wholly owned subsidiary of ZTE Corporation, a corporation organized and
existing under the laws of the People’s Republic of China (“P.R. China”) with its
principal place of business in ZTE Plaza, Keji Road South, Hi-Tech Industrial Park,
Nanshan District, Shenzhen, Guangdong Province, P.R. China 518057.
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5.

MTel asserts against ZTE in this action U.S. Patent Nos. 5,809,428

(the “’428 Patent”) and 5,754,946 (the “’946 Patent”) (together, the “Patents-in-Suit”
or the “asserted patents”).
JURISDICTION AND VENUE
6.

This is an action for patent infringement under the Patent Laws of the

United States, 35 U.S.C. §1 et. seq. This Court has subject matter jurisdiction over
this action under 28 U.S.C. §§1331 and 1338(a).
7.

This Court has personal jurisdiction over ZTE under the laws of the

State of Texas, including the Texas long-arm statute, TEX. CIV. PRAC. & REM. CODE
§17.042.

ZTE has been, and currently is, continuously and systematically

conducting business in this jurisdiction and throughout Texas.

ZTE has

systematically, continuously, and purposefully harmed MTel in this jurisdiction by
making, using, importing, offering for sale, or selling infringing communication
networks, network operations centers, mobile units, related hardware, or related
software that infringe one or more claims of the ’428 Patent and/or the ’946 Patent.
ZTE has systematically, continuously, and purposefully harmed MTel in this
jurisdiction by knowingly contributing to or inducing infringement of one or more
claims of the ’428 Patent and/or the ’946 Patent.
8.

Venue is proper under 28 U.S.C. §§1391(a) & (c), and 1400(b).
FIRST CLAIM FOR RELIEF
(Infringement of United States Patent No. 5,809,428)

9.

Plaintiff reincorporates Paragraphs 1 through 8 as though fully set

forth herein.
PLAINTIFF MOBILE TELECOMMUNICATIONS
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10.

The United States Patent and Trademark Office (“USPTO”) duly and

lawfully issued the ’428 Patent, entitled “Method and Device for Processing
Undelivered Data Messages in a Two-Way Wireless Communications System” on
September 15, 1998. MTel is the assignee of all right, title, and interest in and to
the ’428 Patent and possesses the exclusive right of recovery, including the
exclusive right to recover for past, present, and future infringement. Each and
every claim of the ’428 Patent is valid and enforceable and each enjoys a statutory
presumption of validity separate, apart, and in addition to the statutory
presumption of validity enjoyed by every other of its claims. 35 U.S.C. §282. A true
and correct copy of the ’428 Patent is attached hereto as Exhibit A.
11.

The ’428 Patent describes and claims, inter alia, methods, systems,

and devices for storing undeliverable messages, such as e-mail, text and instant
messages.
12.

MTel is informed and believes, and thereon alleges, that ZTE, without

authorization or license, has been and is now directly or indirectly infringing one or
more claims of the ’428 Patent in violation of 35 U.S.C. §271, including as stated
below.
13.

MTel is informed and believes, and thereon alleges, that ZTE’s

customers and all end-users of ZTE devices, equipment, products, or services are
direct infringers of the ’428 Patent.
14.

MTel is informed and believes, and thereon alleges, that ZTE has

directly infringed, literally and/or under the doctrine of equivalents, and will
PLAINTIFF MOBILE TELECOMMUNICATIONS
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continue to directly infringe each patent claim of the ’428 Patent by making, using,
selling, offering to sell, and/or importing into the United States network operation
centers (e.g., XMPP (or similar protocol)-compliant servers and/or other networking
components) and mobile units (i.e., ZTE Android phones, tablets, and other wireless
devices such as Score M, Grand S, Grand Memo, Grand S Flex, Grand Era, Grand X
Pro, Grand X LTE, Grand X In, Grand X, Flash, Blade V, Blade G, Kis III, Kis II,
KIS Flex, Skate, V9800, Blade L, Blade C2, Blade C, Blade III, Blade, Anthem,
Concord, Merit, Warp Sequent, V857, V96A, V81, V70, N800, Warp 4G, Warp 4G,
Source, Supreme, Avail 2, Reef, Z998, Imperial, Vital, Grand X2 In, Engage LT,
Grand Era, Director, Geek, Force, Nubia Z5, Avid 4G, Groove, Engage, Concord,
Anthem 4G, Blade II, Fury, Mimosa Mini, PF 100, V96, V9S, T98, ZTE Light Tab
300, Kis, Skate Acqua, N91, PF200, PF112, Era, FTV Phone, Optik, Crescent, V9,
Roamer, Light Tab 2, Light Tab, Warp, Avail, Libra, V871, Score, San Francisco,
Racer, N720, V880) that provide XMPP-(or similar protocol) compliant messaging
services and applications (e.g., ChatON, Google Cloud Messaging (“GCM”), Google
Talk/Hangouts, Agile Messenger, AIO Instant Messenger, Asia IM, Beejive, Beem,
Bluejabb IM XMPP, BombusMod, BombusQD, Bria Android, Bruno the Jabber
Bear, Business Communicator, Callpoint, ChatCat Multilingual, IM App, CIM,
Crolix Communicator, Dodo, Facebook Chat, Gibberbot, Google Talk Chat and
XMPP, GTalkShare, GTalkSMS, GTalkSMS Donate, Handsfree SMS , Hotweb
(Beta), ICall:

Free Calls + Text , iChat XMPP,IM GreenBug Beta, IM+, imov

Messenger, Intelli IM, Jabiru , jTalk, Juick Advanced, Max Call, Maxis BizVoice,
PLAINTIFF MOBILE TELECOMMUNICATIONS
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Mimi Location (Family Safety), MoliCity Talk Talk, Mundu IM Lite, My Message,
myChatDroid, NFC XMPP Intent, OctroTalk, Paint Chat, Profile, PSChat Lite,
SecureChat, Servers Ultimate & Servers, Ultimate Pro, Simple XMPP Client,
SMSWiFi (Beta), Spicy XMPP Chat Client, Talkonaut, TextOne, Tigase Messenger,
Trillian, Twinsee – free video calls, Unique Dial SIP Softphone, Vegas Mobile, Voice
Chat for Car Free, VoIP Video SIP softphone, Wauwl, WCS Mobile AIR, Xabber,
Xabber VIP, XMessager, XMPP notify, XMPP notify full, XMPP Server & XMPP
Server Pro, and Yaxim) (collectively, “Messaging Services”) that embody or practice
the method of each claim of the ’428 Patent. These applications are preinstalled on
the mobile devices before delivery to the end-user or are provided by or through
ZTE’s App Store or the Google Play App Store.
15.

MTel is informed and believes, and thereon alleges, that the use by end

users of Messaging Services on the accused mobile units also practices the methods
of the ’428 Patent. Such use by the end users is direct patent infringement of the
’428 Patent.

ZTE has and will continue to contribute to and induce the

infringement of end users by intentionally instructing and otherwise encouraging
infringement and by providing infringing mobile units and compatible Messaging
Services preinstalled and for installation after activation of ZTE-branded mobile
devices. The Messaging Services and mobile devices have features relevant to the
end users’ direct infringement that have no substantially non-infringing uses other
than to operate and perform as claimed by one or more claims of the ’428 Patent.
The ZTE-branded mobile devices are specially enabled for utilizing the Messaging
PLAINTIFF MOBILE TELECOMMUNICATIONS
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Services. ZTE encourages end users to use the Messaging Services and intends the
end users to use its ZTE-branded mobile units enabled with at least one Messaging
Service as contemplated by the claims of the ’428 Patent.

ZTE intentionally

contributes to and induces direct infringement of the ’428 Patent with knowledge
that its actions constitute infringement of the ’428 Patent since at least the filing or
service of this action.
16.

MTel is informed and believes, and thereon alleges, that ZTE also

intentionally encourages and instructs Mobile Network Operators (e.g., AT&T,
Sprint, Verizon) and/or retailers to make, use, import, sell, and/or offer to sell ZTE
Android mobile devices that ZTE knows infringe each claim of the ’428 Patent. ZTE
provides detailed instructions and support regarding how to operate mobile devices
and network operation centers in manners that infringe the ’428 Patent. ZTE also
induces infringement by, for example, entering marketing and sales agreements
and

by

providing

components

used

in

infringement,

technical

support,

advertisements, marketing materials, instruction booklets, user guides, email
services, messaging services, and/or service manuals.
17.

MTel is informed and believes, and thereon alleges, that ZTE induced

and continues to induce the infringement of at least one claim of the ’428 Patent,
literally and/or under the doctrine of equivalents, in violation of 35 U.S.C. §271(b),
by, among other things, actively, knowingly, and/or recklessly aiding and abetting
others (including ZTE’s customers and end users) through activities such as

PLAINTIFF MOBILE TELECOMMUNICATIONS
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marketing with the specific intent to induce others to directly use without license or
authority, products that fall within the scope of at least one claim of the ’428 Patent.
Willful Infringement of the ’428 Patent
18.

Any further infringing activity demonstrates a deliberate and

conscious decision to infringe the ’428 Patent or, at the very least, a reckless
disregard of MTel’s patent rights. ZTE continuing to make, use, offer to sell, sell, or
import infringing products constitutes willful infringement for which MTel is
entitled to up to treble damages as well as attorneys’ fees and costs incurred in this
action, along with prejudgment interest under 35 U.S.C. §§284, 285.
SECOND CLAIM FOR RELIEF
(Infringement of United States Patent No. 5,754,946)
19.

Plaintiff reincorporates Paragraphs 1 through 18 as though fully set

forth herein.
20.

The USPTO duly and lawfully issued the ’946 Patent entitled

“Nationwide Communication System” on May 19, 1998. MTel is the assignee of all
right, title, and interest in and to the ’946 Patent and possesses the exclusive right
of recovery, including the exclusive right to recover for past, present, and future
infringement. Each and every claim of the ’946 Patent is valid and enforceable and
each enjoys a statutory presumption of validity separate, apart, and in addition to
the statutory presumption of validity enjoyed by every other of its claims. 35 U.S.C.
§282. A true and correct copy of the ’946 Patent is attached hereto as Exhibit B.
21.

The ’946 Patent describes and claims, inter alia, devices and networks

that provide for the transmission of unreceived portions of a message.
PLAINTIFF MOBILE TELECOMMUNICATIONS
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22.

MTel is informed and believes, and thereon alleges, that ZTE without

authorization or license, has been and is now directly or indirectly infringing one or
more patents claims of the ’946 Patent in violation of 35 U.S.C. §271, including as
stated below.
23.

MTel is informed and believes, and thereon alleges, that ZTE’s

customers and all end-users of ZTE devices, equipment, products, or services are
direct infringers of the ’946 Patent.
24.

MTel is informed and believes, and thereon alleges, that ZTE directly

infringes, literally and/or under the doctrine of equivalents, and will continue to
directly infringe each claim of the ’946 Patent by making, using, selling, offering to
sell, and/or importing into the United States mobile devices (i.e., ZTE Android
phones, tablets, and other wireless devices such as Score M, Grand S, Grand Memo,
Grand S Flex, Grand Era, Grand X Pro, Grand X LTE, Grand X In, Grand X, Flash,
Blade V, Blade G, Kis III, Kis II, KIS Flex, Skate, V9800, Blade L, Blade C2, Blade
C, Blade III, Blade, Anthem, Concord, Merit, Warp Sequent, V857, V96A, V81, V70,
N800, Warp 4G, Warp 4G, Source, Supreme, Avail 2, Reef, Z998, Imperial, Vital,
Grand X2 In, Engage LT, Grand Era, Director, Geek, Force, Nubia Z5, Avid 4G,
Groove, Engage, Concord, Anthem 4G, Blade II, Fury, Mimosa Mini, PF 100, V96,
V9S, T98, ZTE Light Tab 300, Kis, Skate Acqua, N91, PF200, PF112, Era, FTV
Phone, Optik, Crescent, V9, Roamer, Light Tab 2, Light Tab, Warp, Avail, Libra,
V871, Score, San Francisco, Racer, N720, V880) that include or are compatible with
messaging services and other applications that allow for message retransmission
PLAINTIFF MOBILE TELECOMMUNICATIONS
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(e.g., Gmail, Calendar) and embody claims and/or practice the methods of the ’946
Patent.
25.

MTel is informed and believes, and thereon alleges, that the use by end

users of messaging services and other applications that allow for message
retransmission on the accused mobile devices and networks also directly infringes
each of the claims of the ’946 Patent. ZTE has and will continue to contribute to
and induce the infringement of end users by intentionally instructing and otherwise
encouraging infringement by end users by providing manuals and similar
instructions on the operation of its mobile units and compatible messaging services
and other applications that allow for message retransmission. For example, ZTE
instructs end users on ways and methods of retrieving portions of email and other
messages. The messaging features utilized by the mobile units to infringe the ’946
Patent have no substantial non-infringing uses other than to operate as claimed by
one or more claims of the ’946 Patent. ZTE intentionally contributes to and induces
direct infringement of the ’946 Patent with knowledge that its actions constitute
infringement of the ’946 Patent since at least the filing or service of this action.
26.

MTel is informed and believes, and thereon alleges, that ZTE also

intentionally encourages and instructs Mobile Network Operators (e.g., AT&T,
Sprint, Verizon) and/or retailers to make, use, import, sell, and/or offer to sell ZTE
Android mobile devices and communication networks that ZTE knows infringe each
claim of the ’946 Patent. ZTE provides detailed instructions and support regarding
how to operate mobile devices, communication networks, and network operation
PLAINTIFF MOBILE TELECOMMUNICATIONS
TECHNOLOGIES, LLC’S ORIGINAL COMPLAINT
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centers in manners that infringe the ’946 Patent. ZTE also induces infringement by,
for example, entering marketing and sales agreements and by providing
components used in infringement, technical support, advertisements, marketing
materials, instruction booklets, user guides, email services, messaging services,
and/or service manuals.
Willful Infringement of the ’946 Patent
27.

Any further infringing activity demonstrates a deliberate and

conscious decision to infringe the ’946 Patent or, at the very least, a reckless
disregard of MTel’s patent rights. ZTE continuing to make, use, offer to sell, sell, or
import infringing products constitutes willful infringement for which MTel is
entitled to up to treble damages as well as attorneys’ fees and costs incurred in this
action, along with prejudgment interest under 35 U.S.C. §§284, 285.
PRAYER FOR RELIEF
WHEREFORE, Plaintiff MTel prays for entry of judgment against ZTE as
follows:
A. That ZTE has directly infringed each of the asserted Patents under 35 U.S.C.
§271(a);
B. That ZTE has induced the infringement by others of each of the asserted
Patents under 35 U.S.C. §271(b);
C. That ZTE has contributed to the infringement by others of each of the
asserted Patents under 35 U.S.C. §271(c);

PLAINTIFF MOBILE TELECOMMUNICATIONS
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D. That ZTE provide to MTel an accounting of all gains, profits, savings, and
advantages derived by ZTE’s direct or indirect infringement of the asserted
Patents, and that MTel be awarded damages adequate to compensate for the
wrongful infringement by ZTE, in accordance with 35 U.S.C. §284;
E. That the damages awarded to MTel with respect to each of the asserted
Patents be increased up to three times, in view of ZTE’s willful infringement,
in accordance with 35 U.S.C. §284;
F. That this case be declared an exceptional one in favor of MTel under 35
U.S.C. §285, and that MTel be awarded its reasonable attorneys’ fees and all
other costs and expenses incurred in connection with this civil action in
accordance with 35 U.S.C. §285 and Rule 54(d) of the Federal Rules of Civil
Procedure;
G. That ZTE, its officers, agents, servants, employees, attorneys, and those
persons in active concert or participation with any of them, be preliminarily
and permanently restrained and enjoined from infringing any of the asserted
Patents; and
H. That MTel receive all other or further relief as this Court may deem just or
proper.
DEMAND FOR JURY TRIAL
Pursuant to Federal Rule of Civil Procedure 38(b), MTel hereby demands a
trial by jury on all issues triable to a jury.
PLAINTIFF MOBILE TELECOMMUNICATIONS
TECHNOLOGIES, LLC’S ORIGINAL COMPLAINT
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Dated: November 7, 2013

Respectfully Submitted,
/s/ Daniel R. Scardino
Daniel R. Scardino
Texas State Bar No. 24033165
Craig S. Jepson
Texas State Bar No. 24061364
REED & SCARDINO LLP
301 Congress Avenue, Suite 1250
Austin, TX 78701
Tel. (512) 474-2449
Fax (512) 474-2622
dscardino@reedscardino.com
cjepson@reedscardino.com
ATTORNEYS FOR PLAINTIFF
MOBILE TELECOMMUNICATIONS
TECHNOLOGIES, LLC
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CIVIL COVER SHEET
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ABSTRACT

A network operations center transmits a data message to a
wireless mobile unit and waits for a data acknowledgment
message. If no acknowledgment is received within a specified time, the network operations center sends a probe
message to attempt to locate the mobile unit and waits for a
probe acknowledgment message. If still no
acknowledgment, the network operations center marks the
data message as undelivered and stores it for future delivery.
If a mobile unit receives a probe message while its transmitter is powered off, it displays an indication to the
subscriber that there is a message waiting to be delivered.
The subscriber can then dial into the network operations
center to retrieve the message. Or, when the transmitter of
the mobile unit is powered back on, the mobile unit sends a
registration message to the network operations center; and
upon receiving the registration message, the network operations center automatically re-transmits the undelivered data
message to the mobile unit.
10 Claims, 9 Drawing Sheets
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determining whether a received acknowledgment message is
an acknowledgment to a data message or an acknowledgment to a probe message; means for transmitting a probe
message to the mobile unit if, after transmitting a data
5 message to the mobile unit, no data acknowledgment message is received; means for marking a data message as
BACKGROUND OF THE INVENTION
undelivered and storing the undelivered data message if,
1. Field of the Invention
after transmitting a probe message to the mobile unit, no
probe acknowledgment message is received; means for
The present invention relates generally to methods and
devices for two-way wireless communications. More 10 receiving registration messages from the mobile unit; and
means for automatically transmitting undelivered data mesparticularly, the present invention relates to methods and
sages to the mobile unit upon receiving a registration
devices for processing data messages between a network
message from the mobile unit.
operations center and a mobile unit in a two-way wireless
In another embodiment, the invention includes a wireless
network.
mobile unit for receiving and transmitting messages from
2. Description of the Related Art
15 and to a network operations center, comprising means for
Portable wireless communication devices are gammg
receiving messages from the network operations center;
widespread popularity because they provide subscribers
means for transmitting, upon receiving a data message, a
access to information while on the move. Conventional
data acknowledgment message to the network operations
center acknowledging receipt of the data message; means for
wireless communications networks are typically one-way
paging systems wherein messages are transmitted from a 20 transmitting, upon receiving a probe message, a probe
acknowledgment message to the network operations center
central paging station to a personal pager.
acknowledging receipt of the probe message; means for
Such conventional systems are one-way in the sense that
powering off only the transmitter of the mobile unit; means
the pager has no transmission capability. The pager can only
for receiving and recognizing probe messages sent by the
receive messages from the central paging station and is,
therefore, incapable of acknowledging the receipt of mes- 25 network operations center when the transmitter is powered
off; means for displaying, upon receipt of a probe message
sages back to the central paging station. Because of this
when the transmitter is powered off, an indication that the
limitation, the central paging station has no way of knowing
network operations center has attempted delivery; means for
whether a message has been successfully delivered to the
determining, upon power restoration to the transmitter,
pager. The paging station simply transmits the page and
assumes that the subscriber received it. There can be various 30 whether a probe message has been received when the
transmitter is powered off; and means for transmitting, upon
reasons, however, why a message cannot be successfully
power restoration to the transmitter, a registration message
delivered. For example, the pager may be outside the range
to the network operations center if a probe message has been
of the paging station or, simply, turned off.
received when the transmitter is powered off.
Two-way data messaging systems are different. They
35
In yet another embodiment, the invention includes, in a
allow communication in both directions between a network
two-way
wireless communications system, a method of
operations center and a mobile unit. A two-way messaging
processing data messages that cannot be successfully transsystem is described, for example, in the U.S. patent applimitted from a network operations center to a wireless mobile
cation Ser. No. 08/124,219, filed Sep. 21, 1993, the contents
unit, comprising the steps of transmitting messages from the
of which are incorporated herein by reference. That appli40 network operations center to the mobile unit; receiving at the
cation describes that the mobile unit is capable of acknowlnetwork operations center acknowledgment messages from
edging that it accurately received a message sent from the
the
mobile unit acknowledging receipt of the messages sent
network operations center. The acknowledgment, however,
by the network operations center; transmitting a probe
does not indicate whether it is acknowledging the receipt of
message from the network operations center to the mobile
a data message or a probe message (a message sent by the
45 unit if, after transmitting a data message to the mobile unit,
network operations center to locate a mobile unit). Thus,
no data acknowledgment message is received at the network
there is a need for methods and devices that allow two-way
operations center; marking at the network operations center
communications between a network operations center and a
a data message as undelivered if, after transmitting a probe
personal mobile unit such that successfully delivered data
message to the mobile unit, no probe acknowledgment
messages and probe messages from the network operations
50 message is received at the network operations center; storing
center can be distinctively acknowledged by the mobile unit.
at the network operations center the undelivered data mesA need also exists to provide two-way communications
sage;
and transmitting undelivered data messages from the
between a network operations center and a personal mobile
network operations center to the mobile unit upon receiving
unit and have unsuccessfully delivered messages marked
at the network operations center a registration message from
and stored for future delivery.
55 the mobile unit.
It is to be understood that both the foregoing general
SUMMARY OF THE INVENTION
description and the following detailed description are exemAccordingly, the present invention is directed to methods
plary and explanatory only and are not restrictive of the
and devices that substantially obviate one or more of the
invention as claimed.
problems due to limitations and disadvantages of the related 60
BRIEF DESCRIPTION OF THE DRAWINGS
art.
The accompanying drawings are included to provide a
In a preferred embodiment, the present invention includes
further understanding of the invention and are incorporated
a network operations center for transmitting and receiving
in and constitute a part of this specification, illustrate a
messages to and from a wireless mobile unit, comprising
means for transmitting messages to the mobile unit; means 65 preferred embodiment of the invention, and, together with
for receiving acknowledgment messages from the mobile
the description, serve to explain the principles of the invenunit acknowledging receipt of the messages sent; means for
tion.
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In the drawings:
Central computer 106 controls the operation of network
operations center 100. In particular, central computer 106
FIG. 1 illustrates a block diagram of a network operations
preferably receives messages forwarded by message receivcenter, in accordance with a preferred embodiment of the
ing unit 104, processes received messages, forwards
present invention;
FIG. 2 illustrates a block diagram of a mobile unit used in 5 received messages to memory storage unit 110, generates
probe messages, forwards data messages waiting to be
a two-way wireless communications system, in accordance
delivered in memory storage unit 110 to message transmitwith a preferred embodiment of the present invention;
ting unit 108, marks undelivered data messages, and stores
FIG. 3 illustrates a block diagram of a central computer of
undelivered data messages in memory storage unit 110 for
the network operations center shown in FIG. 1, in accor- 10 future delivery. Central computer 106 is described in greater
dance with a preferred embodiment of the present invention;
detail below in connection with FIG. 3.
FIG. 4 illustrates a block diagram of a controller of the
Memory storage unit 110 preferably provides storage for
mobile unit shown in FIG. 2, in accordance with a preferred
received messages, control information, and undelivered
embodiment of the present invention;
messages.
FIG. 5 illustrates a block diagram of a power module of 15
FIG. 2 shows a block diagram of a mobile unit 200, in
the mobile unit shown in FIG. 2, in accordance with a
accordance with a preferred embodiment of the present
preferred embodiment of the present invention;
invention. Mobile unit 200 includes transmitter 202, receiver
FIG. 6 illustrates a flow diagram of a method of delivering
204, display 206, controller 208, key pad 210, memory 212,
a data message and processing an undeliverable data
and power module 214. Controller 208 is connected to
message, in accordance with a preferred embodiment of the 20 transmitter 202, receiver 204, display 206, key pad 210,
present invention;
memory 212, and power module 214.
FIG. 7 illustrates a flow diagram of a method of transTransmitter 202 transmits messages forwarded to it from
mitting undelivered data messages upon subscriber dial-in,
controller 208. Preferably, transmitter 202 transmits at least
three different types of messages: data messages, acknowlin accordance with a preferred embodiment of the present
25 edgment messages, and registration messages. There are
invention;
preferably two forms of acknowledgment messages: data
FIG. 8 illustrates a flow diagram of a method of transacknowledgment messages generated by a mobile unit to
mitting undelivered data messages upon mobile unit
acknowledge receipt of data messages and probe acknowlregistration, in accordance with a preferred embodiment of
edgment messages generated by a mobile unit to acknowlthe present invention;
30 edge receipt of probe messages (defined below) transmitted
FIG. 9 illustrates a flow diagram of a method of notifying
from a network operations center. A registration message is
a subscriber that a message awaits, in accordance with a
generally a message generated by a mobile unit to update its
preferred embodiment of the present invention; and
location to the network operations center.
FIG. 10 illustrates a flow diagram of a method of mobile
Receiver 204 receives messages and forwards them to
unit registration, in accordance with a preferred embodiment 35
controller 208. Receiver 204 preferably receives at least two
of the present invention.
different types of messages: data messages and probe messages. A probe message, as described above, is generally a
DETAILED DESCRIPTION OF 1HE
message generated by a network operations center to locate
INVENTION
a mobile unit.
40
FIG. 1 shows a block diagram of network operations
Controller 208 controls the operation of mobile unit 200.
center 100, in accordance with a preferred embodiment of
For example, controller 208 receives messages forwarded by
the present invention. Network operations center 100
receiver 204, processes received messages, forwards
includes dial-in access unit 102, message receiving unit 104,
received messages to display 206 or memory 212, forwards
central computer 106, message transmitting unit 108, and
messages entered by a subscriber through key pad 210 to
45
memory storage unit 110. Central computer 106 is contransmitter 202, and controls power from power module 214
nected to dial-in access unit 102, message receiving unit
to transmitter 202, receiver 204, and mobile unit 200.
104, message transmitting unit 108, and memory storage
Controller 208 also preferably generates acknowledgment
unit 110. The network operations center is more completely
and registration messages, as described in greater detail
described in the incorporated U.S. patent application Ser.
below in connection with FIG. 4.
50
No. 08/124,219.
A subscriber preferably enters messages and commands
In a preferred embodiment of the invention, dial-in access
through key pad 210 and display 206 in accordance with
unit 102 allows a subscriber or a caller to contact network
conventional techniques. Display 206 also displays mesoperations center 100 via the telephone network. For
sages received from controller 208 and messages entered by
example, a caller may dial-in to leave a message for the 55 a subscriber.
subscriber, and a subscriber may dial in to change subscripMemory 212 provides storage for received messages and
tion parameters or retrieve undelivered messages.
control information.
Message receiving unit 104 receives messages and forPower module 214 supplies power to the various comwards them to central computer 106. In accordance with the
ponents of mobile unit 200. Power module 214 is described
present invention, message receiving unit 104 receives at 60 in greater detail below in connection with FIG. 5.
least three different types of messages: data messages,
FIG. 3 shows a block diagram of central computer 106 of
acknowledgment messages, and registration messages.
network operations center 100, in accordance with a preMessage transmitting unit 108 transmits messages forferred embodiment of the present invention. Central comwarded to it from central computer 106. In accordance with
puter 106 includes message type determination (MTD)
the present invention, message transmitting unit 108 trans- 65 module 302, data message processing (DMP) module 304,
registration message processing (RMP) module 306, promits at least two different types of messages: data messages
and probe messages.
cessor 308, acknowledgment message processing (AMP)
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module 310, probe message generation (PMG) module 312,
herein. Timer 316 is preferably any hardware or software
and undelivered data message processing (UDMP) module
timer capable of performing the timing functions described
314, and timer 316.
herein.
MTD module 302 determines whether the message
FIG. 4 shows a block diagram of controller 208 of mobile
received by message receiving unit 104 is a data message, an 5 unit 200, in accordance with a preferred embodiment of the
present invention. Preferably, controller 208 includes
acknowledgment message, or a registration message. As
message receiving unit 104 receives an incoming message,
acknowledgment message generation (AMG) module 402,
it forwards the message to MTD module 302. If MTD
registration message generation (RMG) module 404, promodule 302 identifies the incoming message as a data
cessor 406, message type determination (MID) module 408,
message, then it forwards the message to DMP module 304. 10 probe message processing (PMP) module 410, and data
If MTD module 302 identifies the incoming message as an
message processing (DMP) module 412.
acknowledgment message, then it forwards the message to
MTD module 408 determines whether the message
AMP module 310. If MTD module 302 identifies the incomreceived by receiver 204 is a data message or a probe
ing message as a registration message, then it forwards the
message. As receiver 204 receives an incoming message, it
15 forwards the message to MTD module 408. If MTD module
message to RMP module 306.
As DMP module 304 receives a data message from MTD
408 identifies the incoming message as a data message, then
module 302, it forwards the message to message transmitit forwards the message to DMP module 412 and informs
ting unit 108 to be delivered to the destination mobile unit
AMG module 402 to generate a data acknowledgment
and starts an internal timer 316 for receiving acknowledgmessage. If MTD module 408 identifies the incoming mesment of receipt by the destination mobile unit within a 20 sage as a probe message, then it forwards the message to
predetermined time period. If timer 316 expires before a data
PMP module 410.
acknowledgment message is received, then DMP module
As DMP module 412 receives a data message from MTD
304 requests PMG module 312 to generate a probe message.
module 408, it sends the message to display 206 to be
viewed by a subscriber. If the subscriber chooses to save the
As AMP module 310 receives an acknowledgment mes25
message, then DMP module 412 also stores the received data
sage from MTD module 302, it first determines whether the
message in memory 212.
message is a data acknowledgment message or a probe
acknowledgment message. If it is the former, then AMP
As PMP module 410 receives a probe message from MTD
module 310 indicates to DMP module 304 to forward to
module 408, it first determines whether transmitter 202 is
message transmitting unit 108 the next data message in
powered on. If transmitter 202 is on, then PMP module 410
30
memory storage unit 110 waiting to be delivered to that
requests AMG module 402 to generate a probe acknowlsubscriber. If it is the latter, then AMP module 310 updates
edgment message. If transmitter 202 is off, then PMP
in memory storage unit 110 the location of mobile unit 200
module 410 transfers to display 206 a message indicating to
and indicates to DMP module 304 to re-send the last data
the subscriber that a message awaits and stores in memory
message to message transmitting unit 108. The location
212 control information indicating that a probe message has
35
information comes from the location of the base receiver
been received when transmitter 202 is powered off.
that relayed the probe acknowledgment message from the
Upon receiving from MTD module 408 or PMP module
mobile unit to the network operations center as described in
410 a request to generate a data acknowledgment message or
the incorporated U.S. patent application Ser. No. 08/124,
a probe acknowledgment message, respectively, AMG mod219.
40 ule 402 creates the appropriate acknowledgment message
and forwards it to transmitter 202.
As PMG module 312 receives a request from DMP
module 304 to generate a probe message, it creates a probe
RMG module 404 generates registration messages. In a
message, forwards it to message transmitting unit 108, and
preferred embodiment of the present invention, as transmitstarts timer 316 for receiving a probe acknowledgment
ter 202 is powered on, RMG module 404 checks memory
message within a predetermined time period. If timer 316 45 212 for an indication that a probe message has been received
expires before a probe acknowledgment message is
when transmitter 202 is off. If such an indication exits, then
received, then PMG module 312 requests UDMP module
RMG module 404 creates a registration message and for314 to mark the last data message transmitted as undelivwards it to transmitter 202.
ered.
In a preferred embodiment, modules 402, 404, 408, 410,
Upon receiving a request from PMG module 312 to mark 50 and 412 comprise software or microcode and any hardware
a data message as undelivered, UDMP module 314 marks
necessary to effect the execution of that software or microthe message accordingly and stores it in memory storage
code in accordance with conventional techniques. In an
unit 110 for future delivery.
alternative embodiment, modules 402, 404, 408, 410, and
412 can be implemented in electronic logic circuitry. ProAs RMP module 306 receives a registration message from
MTD module 302, it updates in memory storage unit 110 the 55 cessor 406 is preferably any processor capable of executing
the foregoing software or microcode and performing the
location of mobile unit 200 and forwards to message transprocessing functions described herein.
mitting unit 108 any undelivered data messages stored in
memory storage unit 110.
FIG. 5 shows a block diagram of power module 214, in
accordance with a preferred embodiment of the present
In a preferred embodiment, modules 302, 304, 306, 310,
312, and 314 comprise software or microcode and any 60 invention. Power module 214 includes power source 502,
transmitter power switch 504, receiver power switch 506,
hardware necessary to effect the execution of that software
and mobile unit power switch 508. Power source 502 is
or microcode in accordance with conventional techniques.
preferably any source, such as a battery, capable of supplyIn an alternative embodiment, modules 302, 304, 306, 310,
ing the power required by mobile unit 200.
312, and 314 can be implemented in electronic logic circuitry. Processor 308 is preferably any processor capable of 65
Transmitter power switch 504 preferably allows a subscriber to turn on or off transmitter 202 of mobile unit 200.
executing the software or microcode of the foregoing modules and performing the processing functions described
Receiver power switch 506 preferably allows a subscriber to
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turn on or off receiver 204 of mobile unit 200. Mobile unit
miss the data message. On the other hand, a probe message
is preferably broadcast by the network operations center to
power switch 508 preferably allows a subscriber to turn on
all locations covered by all base transmitters, so there is a
or off the entire mobile unit 200 including transmitter 202,
very high likelihood that it will reach the corresponding
receiver 204, and display 206.
There may be occasions when a subscriber wishes to turn 5 mobile unit even if the mobile unit has moved.
FIG. 7 shows a flow diagram depicting a method of
off only transmitter 202 or only receiver 204 to conserve
transmitting
undelivered data messages when a subscriber
power. For example, when mobile unit 200 is in flight on a
dials-in to network operations center 100, in accordance
aircraft, base receivers on the ground may be out of range of
with a preferred embodiment of the present invention. The
transmitter 202 or regulations may prohibit transmissions
process starts when network operations center 100 receives
from the aircraft. In this situation, a subscriber may simply 10
subscriber dial-in through dial-in access (DA) unit 102 (step
choose to turn off transmitter 202 to conserve battery power,
700). For example, when a subscriber traveling on an
while leaving receiver 204 on to receive probe messages so
airplane lands, he may dial-in to the network operations
the subscriber can be notified of message delivery attempts
center to check whether there are any undelivered messages
by network operations center 100.
for him. In response to a prompt (e.g., a voice prompt) from
FIG. 6 shows a flow diagram depicting the operation of 15 network operations center 100, the subscriber indicates that
network operations center 100 in attempting data message
he wishes to check for undelivered messages. DA unit 102
delivery and processing undelivered data messages, in
checks memory storage unit 110 to determined whether
accordance with a preferred embodiment of the present
there exists any undelivered data messages for that subinvention. The process starts when network operations cen- 20 scriber (step 702). If not, then DA unit 102 indicates to the
ter 100 transmits a current data message through message
subscriber that currently there are no undelivered messages
transmitting unit 108 to the last known location of a corre(step 704). If there are undelivered data messages, then DA
sponding mobile unit and DMP module 304 starts timer 316
unit 102 preferably indicates to the subscriber the number of
for receiving a data acknowledgment message as described
such messages (step 706) and inquires whether the subabove (step 600). MID module 302 then checks incoming 25 scriber wishes to receive them (step 708). If the subscriber
messages to identify a data acknowledgment message from
responds affirmatively, then message transmitting unit 108
the corresponding mobile unit (step 602). If a data acknowlre-transmits the undelivered data messages (step 710).
edgment message is received before timer 316 expires, then
FIG. 8 shows a flow diagram depicting a method of
network operations center 100 repeats steps 600 and 602 to
transmitting undelivered data messages upon mobile unit
transmit the next data message waiting to be delivered.
30 registration, in accordance with a preferred embodiment of
If no data acknowledgment message is received before
the present invention. The process starts when network
timer 316 expires, then DMP module 304 requests PMG
operations center 100 receives through message receiving
module 312 to generate a probe message. This scenario can
unit 104 an incoming message which MTD module 302
arise, for example, when the subscriber is in flight on a
determines to be a registration message (step 800). A regairplane, and the corresponding mobile unit has changed 35 istration message may be sent by a mobile unit upon power
location since its last location update to the network operarestoration to the transmitter of the mobile unit if a probe
tions center. PMG module 312 transmits a probe message
message has been received when the transmitter is powered
through message transmitting unit 108 to the corresponding
off. RMP module 306 then updates in memory storage unit
mobile unit and starts timer 316 for receiving a probe
110 the location of the corresponding mobile unit as
acknowledgment message as described above (step 604). 40 described above (step 802) and transmits through message
MTD module 302 then checks incoming messages to identransmitting unit 108 any undelivered data messages stored
tify a probe acknowledgment message from the correspondin memory storage unit 110 (step 804).
ing mobile unit (step 606). If a probe acknowledgment
FIG. 9 shows a flow diagram depicting the operation of
message is received before timer 316 expires, then AMP
mobile unit 200 in receiving a probe message while its
module 310 updates in memory storage unit 110 the location 45 transmitter is powered off, in accordance with a preferred
of the corresponding mobile unit (step 607), and network
embodiment of the present invention. Transmitter 202 is
operations center 100 repeats steps 600, 602, 604, and 606
turned off by a subscriber, as described, for example, to
to re-transmit the last data message.
conserve power when the subscriber is in flight on an
If no probe acknowledgment message is received before
airplane and regulations prohibit mobile unit transmission
timer 316 expires, then PMG module 312 requests UDMP 50 from the airplane (step 900). While transmitter 202 is off,
module 314 to mark the last data message transmitted as
receiver 204 receives an incoming message which MTD
undelivered. Again, this scenario can arise when, for
module 408 determines to be a probe message as described
example, the subscriber is in flight on an airplane and the
above (step 902). Mobile unit 200 cannot acknowledge
transmitter of the corresponding mobile unit is powered off
receipt of the probe message because transmitter 202 is off.
because regulations prohibit transmissions from the air- 55 PMP module 410 then indicates to the subscriber through
plane. UDMP module 314 then marks the message as
display 206 that there is a message waiting to be delivered
undelivered (step 608) and stores it in memory storage unit
from network operations center 100 (step 904). The sub110 for future delivery (step 610).
scriber can choose to dial-in to the network operations center
to retrieve the message from the airplane or when he lands.
It is possible that the corresponding mobile unit will
acknowledge a probe message but not a data message sent 60 PMP module 410 also stores in memory 212 control information indicating that mobile unit 200 has received a probe
from the network operations center because the transmission
message when transmitter 202 is powered off (step 906).
range or strategy for a probe message may differ from that
of a data message, as described in the incorporated U.S.
FIG. 10 shows a flow diagram depicting the operation of
patent application Ser. No. 08/124,219. For example, a data
mobile unit 200 in registering upon power restoration to
message may be transmitted by the network operations 65 transmitter 202, in accordance with a preferred embodiment
of the present invention. Transmitter 202 is turned back on,
center only to the last known location of the corresponding
mobile unit. Therefore, if the mobile unit has moved, it may
for example, when a subscriber traveling on an airplane
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lands (step 1000), RMG module 404 checks memory 212 for
control information indicating that mobile unit 200 has
received a probe message when transmitter 202 is off. If
such an indication exits, then RMG module 404 sends a
registration message through transmitter 202 to network
operations center 100 to update the current location of
mobile unit 200 (step 1002).
It will be apparent to those skilled in the art that various
modifications and variations can be made in the methods and
devices of the present invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations of
this invention provided they come within the scope of the
appended claims and their equivalents.
What is claimed is:
1. A network operations center for transmitting and
receiving messages to and from a wireless mobile unit
comprising:
means for transmitting messages to the mobile unit;
means for receiving acknowledgment messages from the
mobile unit;
means for determining whether an acknowledgment message is an acknowledgment to a data message or an
acknowledgment to a probe message;
means for transmitting a probe message to the mobile unit
if, after transmitting a data message to the mobile unit,
no data acknowledgment message is received; and
means for marking a data message as undelivered and
storing the undelivered data message if, after transmitting a probe message to the mobile unit, no probe
acknowledgment message is received.
2. The network operations center according to claim 1,
further comprising:
means for receiving registration messages from the
mobile unit; and
means for automatically transmitting undelivered data
messages to the mobile unit upon receiving a registration message from the mobile unit.
3. The network operations center according to claim 1,
further comprising means for allowing dial-in access to
undelivered data messages by a subscriber to retrieve the
undelivered data messages.
4. A wireless mobile unit for receiving and transmitting
messages from and to a network operations center comprising:
means for receiving data and probe messages from the
network operations center;
a transmitter;
means for generating, upon receiving a data message, a
data acknowledgment message, said data acknowledgment message being transmitted by said transmitter;

means for generating, upon receiving a probe message, a
probe acknowledgment message, said probe acknowledgment message being transmitted by said transmitter;
means for powering the transmitter on and off;
means for determining whether a probe message has been
received while said transmitter was powered off; and
means for generating, upon power restoration to the
transmitter, a registration message if a probe message
has been received while the transmitter was powered
off, said registration message being transmitted by said
transmitter.
5. The mobile unit according to claim 4, further comprising means for displaying, upon receipt of a probe message
when said transmitter is powered off, an indication that the
network operations center has attempted message delivery.
6. The mobile unit according to claim 4, further comprising a key pad for entering subscriber commands.
7. The mobile unit according to claim 4, further comprising means for storing information indicating that a probe
message has been received when the transmitter of the
mobile unit is powered off.
8. In a two-way wireless communications system, a
method of processing data messages that cannot be successfully transmitted from a network operations center to a
wireless mobile unit comprising the steps of:
(a) transmitting a data message from the network operations center to the mobile unit;
(b) receiving at the network operations center a data
acknowledgment message from the mobile unit
acknowledging receipt of the data message sent by the
network operations center;
(c) transmitting a probe message from the network operations center to the mobile unit if, after transmitting a
data message to the mobile unit, no data acknowledgment message is received at the network operations
center;
(d) marking at the network operations center a data
message as undelivered if, after transmitting a probe
message to the mobile unit, no probe acknowledgment
message is received at the network operations center;
and
(e) storing at the network operations center the undelivered data message.
9. A method according to claim 8, further comprising the
step of transmitting undelivered data messages from the
network operations center to the mobile unit upon receiving
at the network operations center a registration message from
the mobile unit.
10. A method according to claim 8, wherein a subscriber
has dial-in access to the undelivered data messages stored at
the network operations center to retrieve those data messages.
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ABSTRACT

A two-way communication system for communication
between a system network and a mobile unit. The system
network includes a plurality of base transmitters and base
receivers included in the network. The base transmitters are
divided into zonal assignments and broadcast in simulcast
using multi-carrier modulation techniques. The system network controls the base transmitters to broadcast in simulcast
during both systemwide and zonal time intervals. The system network dynamically alters zone boundaries to maximize information throughput. The system also uses a mobile
unit which receives messages from the network and transmits messages to the network. The mobile unit includes a
switch that allows a user to request the network to retransmit
a received message that contains errors.
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NATIONWIDE COMMUNICATION SYSTEM
I. CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of application
Ser. No. 07/973.918. filed Nov. 12. 1992. U.S. Pat. No.
5,590,403, the contents of which is hereby incmporated by
reference.
ll. BACKGROUND OF TilE INVENI10N
A. Field of the Invention
The present invention relates to methods and systems for
providing two-way communication capability between a
central network and a mobile unit over a relatively large
area, and more particularly to such methods and systems
which allow for rapid communication of large messages and
efficient use of system resources.
B. Description of the Related Art Conventional two-way
portable/mobile wireless messaging systems often provide a
variety of services to subscribers. Conventional messaging
systems in particular provide one-way services using store
and forward techniques to mobile receivers carried by the
subscriber. A fundamental goal of two-way messaging systems is to provide a network of interconnected transmitters
and receivers which provides sufficient transmitted signal
strength and receive capability to uniformly cover a geographic region. Some conventional messaging systems provide the message to the user on a small viewing screen on
the mobile unit.
However, such conventional systems often suffer from
problems associated with low system throughput, evidenced
by slow message delivery and message size limitations and
do not provide an feature wherein the mobile unit transmits
an acknowledgment signal to the system to acknowledge
receipt of the message from the system. Generally. system
throughput refers to the overall communication capability of
a system as defined by the total amount of message data
from the system to the mobile units transferred by the system
during a given period of time divided by the frequency
bandwidth necessary to transmit the message data and may
be measured in bits transferred per Hz. Further. such conventional systems suffer from technical problems preventing
consistent wide area coverage and would require extremely
wide portions of valuable frequency bandwidth to achieve
acceptable system throughput rates.
Simulcast technology in communication systems was
originally developed to extend transmitter coverage beyond
that which could be obtained from a single transmitter. Over
time, however. simulcasting has evolved into a technique
capable of providing continuous coverage to a large area.
Generally. simulcast technology provides multiple
transmitters. operating on substantially the same frequencies
and transmitting the same information positioned to cover
extended areas. As shown in FlG. 1, transmitter 100 generally provides coverage over area A. D. and E. transmitter
102 generally provides coverage over area B. D. and E. and
transmitter 104 generally provides coverage over area C. E,
and F. In some cases, the coverage area of a first transmitter
may be entirely enclosed within the coverage area of another
transmitter, such as in building interiors and valleys. In areas
where one (and only one) transmitter dominates (e.g., areas
A, B. and C in FlG. 1), simulcast is effective because the
other transmitters do not significantly affect receivers in
those areas.
However, in "overlap" areas D. E. and F shown in FlG. 1.
where the signals from two or more transmitters are approxi-

2
mately equal, problems can arise because destructive interference of signals occurs in these overlap areas such as areas
D. E. and F. Destructive interference occurs when the two
signals are equal in magnitude and 180° out of phase and
5 completely cancel each other. While there were some
successes. reliable design procedures were not available.
Attempting to precisely synchronize the carrier frequencies of all simulcast transmitters does not overcome the
problem because points (i.e. nodes) at which destructive
10 summing occurred persisted for long periods of time. At
such points. a mobile receiver can not receive the simulcast
signal.
Deliberately offsetting the carrier frequencies of adjacent
transmitters can ensure that destructive interference does not
15
persist at one point for an extended period of time. The slight
errors in frequency displayed by high quality reference
oscillators (e.g.. 20 hertz errors in 100 MHz signals or a few
parts in 107 ) render deliberate offsetting unnecessary.
Further. merely offsetting the carrier frequencies could not
20
guarantee acceptable quality demodulation because proper
alignment of the modulating signals in time is also required.
FlG. 2 displays the situation at. for example, point D in
FlG. 1 when modulating waveforms are synchronized and
includes coverage boundary 202 from a first transmitter and
25
a second transmitter coverage boundary 204 from a second
adjacent transmitter. An equi-signal boundary 200 exists
where the signals from the first and second transmitters have
approximately equal signal strengths. A more realistic equi30 signal boundary would take into account natural and manmade topography and propagation conditions. and therefore
would probably not be a straight line.
FlGS. 3 and 4 generally illustrate various signals as they
may occur at or near the equi-signal boundary 200 as shown
35 in FlG. 2. In particular, FlGS. 3 and 4 illustrate various
aspects of modulation synchronization and how altering
transmission parameters may affect the synchronization. In
general, there are at least three sources which cause the
signals from the first transmitter and the second transmitter
40 to be out of synchronization: (1) timing shifts in the delivery
of the modulating waveform to each of the transmitters; (2)
timing shifts internal to each transmitter; and (3) timing
shifts caused by propagation distances and anomalies. From
the perspective of a receiver located in an overlap area. these
45 three sources of timing shifts combine to produce an overall
timing shifts between the received signals from the first and
second transmitters. In current commercial practice, the
summation of these three components results in time shifts
of about 200 microseconds. The timing shift present in
50 simulcast systems disadvantageously limits the baud rate at
which information may be transferred. In general, FIGS. 3
and 4 will also illustrate how timing shifts prevents high
baud rate transmissions.
A time line representation of a signal 306 from a first
55 transmitter is shown in FlG. 3(A) and a signal 308 from a
second transmitter is shown in FIG. 3(B). both from the
perspective of a receiver located in an overlap area. Vertical
dashed lines 300 represent baud intervals on the time axis.
As can be seen from FIGS. 3(A) and (B). the signals 306 and
60 308 are frequency modulated between a high and a low
frequency value and the signals 306 and 308 are exactly in
phase. As will be appreciated, the timing shift between
signals 306 and 308 must be small when compared to the
baud interval shown in FlGS. 3(A) and (B) since signals 306
65 and 308 are in synchronization. Of course. as the baud
interval decreases. the timing shifts will likely cause signals
306 and 308 to be out of synchronization.
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FIGS. 3(C). (D), and (E) show the summation of these
two signals 306 and 308 at an equi-signal boundary. such as
boundary 200 in F1G. 2. FIG. 3(C) shows a composite signal
310 indicating that the frequency information remains
unchanged, FIG. 3(D) shows a linear graph 312 of the
relative phase difference caused by a slight carrier frequency
difference between the signals from the first transmitter and
the second transmitter. F1G. 3(E) shows a composite amplitude signal 314. A noise threshold is indicated by the
horizontal dashed line 304 in F1G. 3(E).
Of interest. FIG. 3(E) shows the composite amplitude
signal 314 dipping below the noise threshold 304 at an
anti-phase condition 302 (e.g .. when the relative phase angle
is ±180°, as shown in FIG. 3(D)). As can be seen from FIG.
3(E), the anti-phase condition 302 caused by the slight phase
shift between transmitter 1 and transmitter 2 will not cause
any loss of data because the anti-phase condition persists for
only a small portion of the baud interval.
The slight offset of the carrier frequencies between the
first and second transmitters causes a slow drift of the
relative phase of the two signals, as shown in F1G. 3(D).
When the signals are ±180° out of phase, the temporary dip
in the amplitude signal may cause the loss of a few bits in
the composite signal, at worst. These errors can be counteracted with a conventional error correcting code, such as is
commonly known.
FIG. 4 shows a set of similar signals to those in FIG. 3.
but wherein the signal 402 from the first transmitter is offset
from. or out of synchronization with, the signal 404 from the
second transmitter by a full baud. In particular. signal 404
lags signal 402 by one baud interval. As previously
discussed. the offset of signals 402 and 404 may be caused
by various timing shifts in the delivery of both signals 402
and 404 to a receiver in an overlap area. FIGS. 4(A) and (B)
illustrate the extreme case where the sum of these timing
shifts is equal to the baud interval shown by dashed lines
400. As can be seen in FIG. 4(C), composite signal 406
includes a period of indeterminate frequency which undesirably covers several entire baud intervals and. therefore,
successful demodulation is impOssible during those baud
intervals. If the baud interval were increased to minimize the
effect of these timing shifts, data loss would be less likely.
Therefore, it can be seen that the baud rate at which good
data transfer can be accomplished is limited by the timing
shifts between signals delivered to receivers in overlap
areas.
Through these examples, it can be seen that high degrees
of modulation synchronization make it possible to obtain
good data demodulation in a simulcast system. However. the
baud rate limitation of simulcast systems is a significant
drawback and limits system throughput
An alternative to simulcast for wide area coverage is
assignment of orthogonal, non-overlapping subdivisions of
the available system capacity to adjacent areas. Subdivisions
can be made in time (e.g .. broadcasting the information on
the same frequency in different time slots to adjacent areas).
or in frequency (e.g., broadcasting the information simultaneously on different frequencies in adjacent areas). There are
several problems with such orthogonal systems, however.
First, orthogonal assignments require tuning the receiver to
the assigned frequency or time channel for the area in which
the receiver currently resides. In the broadcast services every
traveler has experienced the frustration of finding the correct
channel for their favorite programs. Simulcast operation
avoids the need for scanning and re-tuning as the mobile unit
moves between areas. Such scanning and re-tuning also
disadvantageously increases mobile unit power consumption.

Second, and more serious, the orthogonal assignment
approach drastically reduces the system throughput capacity
as measured in bits per Hz because anywhere from 3 to 7.
or possibly more. orthogonal assignments are required to
obtain continuous area coverage in most conventional
orthogonal systems. This waste of capacity is somewhat
recouped if the same information is not needed throughout
the service area because a given piece of information is sent
only to those cells where it is needed.
Conventional cellular radio service is a typical example of
an orthogonal system. In cellular, the same frequencies are
reused in spatially separated cells to allow different data to
be transmitted to different mobile units. An example of three
cellular arrangements is shown in FIG. 5 where the number
of cells (N) is equal to 3, 4, and 7. Each cell (i.e., A, B. C.
. . . ) in conventional cellular service usually only includes
a single transmitter and operates in a different frequency or
time division within the communication protocol. As shown
in FIG. 5, cellular service generally locates transmitters
utilizing the same division (all the "A" transmitters) far
enough apart to reduce the likelihood of interference
between such transmitters. As the number of cells increases,
the likelihood of interference decreases. For example, with
N=3 as shown by arrangement 500 in FIG. 3. the distance
between the coverage area of"A" cells is about 'h cell width,
with N=4 in arrangement 502, the distance between the
coverage areas of "A" cells is slightly larger. and with N=7
in arrangement 504 the distance between "A" cells is larger
than the width of one cell
However, as the number of cells increases. the length of
the individual time intervals per cell decreases for time
division multiplexed systems, thereby decreasing the systems total information transfer. In frequency division
systems, more cells undesirably increases the frequency
bandwidth required. Therefore, system throughput in bits
per Hz is decreased as the number of cells increases.
Furthermore. cellular systems often require an electronic
"handshake" between system and mobile unit to identify the
specific cell (i.e. transmitter) in which the mobile unit is
located to allow capacity reuse.
In a conventional communication system. the transmitters
transmit messages in blocks to a mobile unit, each block
including an error correcting code. When a block is received
by the mobile unit. the mobile unit uses the error correcting
code to determine whether the block has been received
correctly. If the mobile unit determines that the block has not
been received correctly, the mobile unit automatically sends
a message back to the communication system requesting
retransmission of that particular block. The system then
retransmits the block to the mobile unit and the mobile unit
reassembles the block into the proper portion of the message. This technique ensures that messages are accurate. but
consumes a great deal of air time. driving up the costs of
mobile messaging. often needlessly. Therefore, it would be
desirable to reduce the needless retransmission of some
message blocks to reduce costs and conserve system
resources.
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m. SUMMARY OF THE INVENTION
The systems and methods of the present invention have a
wide variety of objects and advantages. The systems and
methods of the present invention have as a primary object to
provide a communication system for communicating messages to a mobile unit. which decreases costs and conserves
system resources.
Another object of the invention is to reduce the needless
retransmission of some message blocks.
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AG. 9 is a schematic diagram of a frequency spectrum for
Additional objects and advantages of the invention will be
multi-carrier modulation;
set forth in part in the description which follows. and in part
will be obvious from the description. or may be learned by
AG. 10 is a schematic diagram of an on/off keying
practicing the invention. The objects and advantages of the
modulator;
invention will be realized and attained by means of the 5
AG. 11 is a schematic diagram of a frequency shift keying
elements and combinations particularly pointed out in the
modulator;
appended claims.
AG. 12 is a schematic diagram of a four carrier quadraTo achieve the objects and in accordance with the purpose
ture modulator;
of the invention. as embodied and broadly described herein,
AG. 13 is a schematic diagram of a first embodiment of
the invention is directed to a mobile unit for transmitting and 10
a
base
transmitter;
receiving radio frequency signals to and from a communiAG. 14 is a schematic diagram of a second embodiment
cations network comprising means for receiving radio freof a base transmitter;
quency messages from the network, switch means for allowing a user to request retransmission of at least parts of the
AG. 15 is a schematic diagram of a mobile transceiver;
message from the communications network. and means for 15
AG. 16 is a pictorial representation of a mobile transtransmitting. upon actuation of the switch means, a signal to
ceiver;
the communications network requesting retransmission of
AG. 17 is a schematic diagram of a mobile receiver;
the at least portions of the message.
AG. 18(A) is a schematic diagram of an analog base
In another embodiment, the invention is directed to a
receiver;
20
communications network for transmitting radio frequency
AG. 18(B) is a schematic diagram of a digital base
signals to a mobile unit and for receiving radio frequency
receiver;
signals from a mobile unit comprising means for transmitAG. 19 is a schematic diagram of a base receiver with a
ting radio frequency signals containing message data to a
store and forward feature;
mobile unit. means for receiving radio frequency signals
from the mobile unit instructing the network to retransmit 25
AG. 20 is a schematic diagram of a network operations
the message data to the mobile unit. and means for retranscenter;
mitting radio frequency signals containing the message data
AG. 21 is a schematic diagram of a database structure;
to the mobile unit.
AG. 22 is a schematic diagram of a traffic database;
In yet another embodiment. the invention is directed to a
AG. 23 is a schematic diagram of a service queue;
30
method for transmitting messages from a communications
AG. 24 is a schematic diagram of a base transmitter
network to a mobile unit comprising (a) transmitting radio
database;
frequency signals containing message data from the network
to the mobile unit. (b) receiving the radio frequency signals
AG. 25 is a schematic diagram of dynamically changing
containing the message data at the mobile unit, (c) receiving
zonal assignments;
at the mobile unit a request from a user to retransmit the 35
AG. 26 is a flow chart of a preferred method of dynamimessage data, (d) transmitting a request retransmission
cally zonal reassignment;
signal from the mobile unit to the network, (e) receiving the
AG. 27(A) is a schematic diagram of the cycle protocol;
request retransmission signal by the network, and (f) retransAG. 27(B) is a schematic diagram of the forward batch
mitting the message data by the network in the form of radio
40 interval protocol;
frequency signals.
AG. 27(C) is a schematic diagram of the individual batch
It is to be understood that both the foregoing general
protocol;
description and the following detailed description are exemAG. 28(A) is a flow chart of a preferred method to enable
plary and explanatory only and are not restrictive of the
the registration feature of a mobile unit;
invention, as claimed.
45
AG. 28(B) is a flow chart of a preferred method to disable
IV. BRIEF DESCRIPfiON OF THE DRAWINGS
the registration feature of a mobile unit;
The accompanying drawings, which are incorporated in
AG. 29(A) is a flow chart of a preferred evaluation
and constitute a part of this specification. illustrate several
method
used to enable the registration feature; and
embodiments of the invention and together with the
AG. 29(B) is a flow chart of a preferred method used to
description, serve to explain the principles of the invention. 50
disable the registration feature.
AG. 1 is a schematic diagram of an arrangement of
simulcast transmitters;
V. DESCRIPTION OF THE PREFERRED
AG. 2 is a schematic diagram of uniform smooth earth
EMBODIMENTS
propagation;
55
AG. 3 is a schematic diagram of synchronized modulated
Reference will now be made in detail to the present
waveforms;
preferred embodiments and exemplary embodiments of the
invention. examples of which are illustrated in the accomAG. 4 is a schematic diagram of modulated waveforms
panying drawings. Wherever possible, the same reference
offset a full baud;
AG. 5 is a schematic diagram of cellular system cover- 60 numbers will be used throughout the drawings to refer to the
same or like parts.
age;
AG. 6 is a schematic diagram of a communication
A. Overview of The System Hardware
system;
AG. 7 is a flow chart of a preferred method of commuAG. 6 shows an overview of the major elements of a
nication;
65 preferred communication system according to the present
invention. As shown therein. the communication system
AG. 8 is a flow chart of a preferred method of sending a
includes a network operations center 600 which is connected
regional probe signal;
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to a satellite uplink 602 via data path 604. A satellite uplink
range of both transmitter 614 should at least cover the region
above dashed line 660, and preferably should extend someis used to provide data to satellite 606. Satellite 606 redirects
the received data to several satellite downlink stations
what below dashed line 660. Similarly. the range of base
including station 608 and station 610. Conventional satellite
transmitter 612 should at least cover the region below
technology allows for nominal data transfer rates of 24M 5 dashed line 660, and preferably should extend somewhat
bits/second. Further, conventional satellite technology
above dashed line 660. As can be seen. an overlap of
allows for accurate delivery of data to stations 608 and 610.
transmitter coverage may occur in the vicinity of dashed line
which allows for precise synchronization between the sig660.
nals broadcast in simulcast by the stations 608 and 610. n
Referring back to FIG. 2. it can be seen that boundary 202
should be understood that stations 608 and 610 may option- 10 and boundary 204 overlap in an area near the equi-signal200
ally receive identical data. or may individually receive
and between these boundaries which may be termed an
different data simultaneously from the satellite 606.
"overlap area." In FIG. 6, dashed line 660 is drawn near the
Satellite downlink stations 608 and 610 are connected to
may be defined as the equi-signal boundary between base
transmitter 614 and base transmitter 612. Of course, dashed
spatially separated base transmitters 612 and 614 via data
paths 616 and 618. respectively. Base transmitter 612 is 15 line 660 does not represent the overlap area that may occur
connected to antenna 620, and base transmitter 614 is
between base transmitter 614 and base transmitter 612.
connected to antenna 622. Preferably, the base transmitters
As explained in the Background of the Invention section.
of the present system have a power output capability of
if base transmitters 612 and 614 are broadcasting identical
about 350 watts, which will provide an effective transmitter
signals on the same frequencies in simulcast, good reception
coverage area of several tens of miles. Although not shown 20 by a receiver located near the dashed line 660. and possibly
in FIG. 6, each zone preferably includes multiple transmitter
in an overlap area (not shown), can be achieved. Simulcast
stations as will be evident from the following discussion.
thus may provide uniform transmitter coverage for the
region shown in FIG. 6. However, if base transmitter 612 is
Mobile unit 624 is connected to antenna 626 and. in the
preferred embodiment, is a small. portable unit capable of
broadcasting a first information signal and base transmitter
being carried easily by a user and therefore is similar to 25 614 is broadcasting a different, second information signal on
conventional pagers in those aspects. More preferably. the
identical frequencies simultaneously. it will likely be diffimobile unit has both receive and transmit capability, with a
cult for a receiver located in the overlap area to receive
either the first or the second information signal. In this
nominal transmit power output of about 1 watt.
The communication system includes several base receiv- 30 instance. the overlap area may be referred to as an interference area because a receiver in this area would receive a
ers 628. 630, 632. and 634 each connected to antennas 636,
composite signal, including the first and second information
638, 640, and 642, respectively. Base receivers 628 and 630
signal. that would likely be unusable.
are connected to a regional station 644 via data paths 646
The following will be an exemplary discussion of the
and 648. respectively. Base receivers 632 and 634 are
connected to regional station 650 via data paths 652 and 654, 35 various interactions of the elements of the communication
system when delivering a message to mobile unit 624. In
respectively. Base transmitters 612, 614 preferably have a
accordance with the invention, a preferred method 700 of
large transmit power output capability to provide coverage
this interaction is shown in FIG. 7. Network operations
to the mobile unit in areas to which communication is
center 600 generates a system information signal of several
typically difficult, such as building interiors, and to extend
the coverage area of each transmitter. An appropriate num- 40 blocks of information as shown in step 702. The blocks of
information include an electronic message to be delivered to
ber of base receivers should be dispersed throughout the
the mobile unit 624.
geographic area to reliably receive the signals from the
mobile unit. Due to the difference in output power between
In step 704. the system information signal is transmitted
base transmitters and mobile units, an overall ratio of 10
to the base transmitters. In particular the network operations
base receivers to 1 base transmitter may be appropriate. and 45 center 600 provide the system information signal and approthe 2 to 1 ratio shown in FIG. 6 is merely shown for ease of
priate other data to the satellite uplink 602 via data path 604
illustration.
for transmission to the satellite 606. The data is then
received and retransmitted by satellite 606 to satellite downRegional station 650 is connected to the network operalink stations 608 and 610. The data received by satellite
tions center 600 via data path 656 and regional station 644
is connected to the network operations center 600 via data 50 downlink 608 is provided to base transmitter 612 through
data path 616. and the data received by satellite downlink
path 658. The data paths 656 and 658 preferably include low
610 is provided to base transmitter 614 through data path
cost phone lines, but may include any convenient and
618.
appropriate data transfer technology.
At this point, the exemplary communication system
Generally, the communication system of the present
invention roughly divides various regions of space into 55 shown in FIG. 6 may transfer the message to the mobile unit
during one of two time intervals. In the first time interval,
portions called zones. Each zone must have one or preferboth base transmitter 612 and base transmitter 614 transmit
ably more base transmitters assigned to it. Zone boundaries
data via antenna 620 and antenna 622, respectively. in
are roughly defined by the transmitter coverage areas of the
simulcast to be received by mobile unit 624. which correbase transmitters assigned to that zone. For example, FIG. 6
shows a dashed zone dividing line 660 roughly dividing a &'J sponds to step 706 in FIG. 7. This first alternative may be
useful to deliver the message if. for example. the location of
zone 1 from a zone 2. Zone 1 includes base transmitter 614,
mobile unit 624 in zone 1 or zone 2 is unknown and broad
base receivers 632 and 634, regional station 650. and mobile
coverage is desired.
unit 624. Zone 2 includes base transmitter 612, base receivers 628 and 630, and regional station 644. Dashed line 660
In the second time interval, base transmitter 614 transmits
only roughly defines the boundary between zones because 65 a block of information including the message data to mobile
unit 624 and base transmitter 612 transmits another block of
precise boundaries do not exist. For example. to insure
information, which corresponds to steps 708 and 710 of FIG.
adequate coverage of the region. as shown in FIG. L the
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7. This second alternative may be useful if. for example. the
mobile unit 624 is known to be located in zone 1 and out of
range of base transmitter 612. Delivery of the message to
mobile unit 624 during the second time interval is advantageous because during message delivery to the mobile unit
624 by base transmitter 614. base transmitter 612 could be
delivering a different message to a different mobile unit (not
shown). As can be seen, this second alternative would
increase information throughput and system efficiency.
If the mobile unit 624 has properly received the message
via antenna 626, then the mobile unit 624 may generate a
return signal and broadcast that signal via antenna 626. The
return signal may be received by any or several of the base
receivers 628, 630, 632, or 634. For example, the return
signal could be received by base receiver 632 through
antenna 640 if antenna 640 is located closer to the mobile
units than any other antenna 636, 638, or 642. In this case,
the base receiver would receive the return signal and provide
it to regional station 650 through data path 652. The regional
station would then provide the return signal to the network
operations center 600 through data path 656 for further
processing as appropriate. It should be understood that a
return signal may include either an autonomous acknowledgment signal which indicates that the mobile unit accurately received the message or a user generated reply signal.
If the mobile unit 624 does not completely receive the
message, it can generate and broadcast a negative acknowledge signal. The negative acknowledge signals when delivered to the network operations center 600, indicates that
retransmission of the message is necessary.
It should be understood that the exemplary system shown
in RG. 6 includes a modest number of elements for ease of
explanation. It is envisioned that the system of the present
invention include a large number of base transmitters, base
receivers, regional stations, and mobile units with a substantial number of base transmitters assigned to each zone
and all base transmitters assigned to a particular zone
operating in simulcast. Further, it is envisioned that the
present system could advantageously support a large number
of zones to cover a wide geographic area.

systemwide time interval. Therefore, the systemwide time
interval can be used to send a "probe" signal that requests a
particular mobile unit to broadcast an acknowledgment
signal to allow the system to determine its approximate
location by determining which base receiver receives the
acknowledgment signal. Probe signals, thereby, may be used
to track the locations of mobile units, or to uncover the
location of "lost" mobile units.
In the zonal time interval, each base transmitter assigned
to a particular zone transmits identical information in simulcast. However. for mobile units at or near the interference
areas between adjacent zones, poor communication to those
mobile units is likely during the zonal time interval because
transmitters in adjacent zones will be simultaneously transmitting different data on the same, or substantially the same.
frequencies. The zonal time interval provides good communication capability for mobile units not located near the
zonal boundaries and allows the system to ''reuse" identical
frequencies in adjacent zones. Furthermore. if zonal boundaries are selected to be located in areas where mobile units
are not likely to be located, i.e. unpopulated areas, the
likelihood of providing good communication capabilities to
a large percentage of mobile units can be increased
As can be seen, from a system perspective, it is desirable
to communicate with the mobile units in the zonal time
interval because information throughput is maximized by
reusing the transmission frequency band in the several
zones. In other words, using the zonal time interval allows
communication with a large number of mobile units in a
short amount of time. Accordingly, communication during
the systemwide time interval should be minimized because
message transmission during this interval requires a large
amount of system resources be dedicated to that message.
For mobile units located near the boundaries between
zones where interference is likely during the zonal time
interval. good communication capability can be achieved for
these units during the systemwide time interval. In the
preferred systems and methods, when a mobile unit fails to
acknowledge a message sent during the zonal time interval
or provides a negative acknowledgment, the network operations center sends a probe signal during a subsequent
systemwide time interval to determine the location of that
mobile unit. If the location of the mobile unit indicates that
a likely reason for the failure of the mobile unit to receive
the message is caused by inter-zonal interference. the network operations center may simply retransmit the message
during the systemwide time interval. In other instances. the
failure to successfully deliver a message may be simply
caused by the mobile unit being located in a weak signal area
within a zone. In these instances, the system may retransmit
the message during the zonal time interval using an appropriate error correcting code or using a stronger error correcting code.
Alternatively. the network operations center may determine from the probe signal that the mobile unit is simply
located in a different zone than the zone that the message
was first sent. In this case, the network operations center
preferably causes the message to be retransmitted in the
appropriate zone without again using a portion of the
valuable systemwide time interval.
In accordance with the invention, a preferred method 800
for sending a probe signal is shown in FIG. 8. In step 802.
a message signal is transmitted by a base transmitter servicing a zone where the mobile transceiver was last known
to be located. In particular. this may be preferably an attempt
by the network to deliver a message to the mobile transceiver.
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B. Overview of the Zonal Simulcast Concepts
The preferred systems and methods of the present invention variously use simulcast techniques within individual 45
zones and over several or all of the zones. As previously
noted, zones are generally defined by the coverage areas of
the one or more base transmitters. The network operations
center 600 assigns each base transmitter in the system to a
zone. For example, in FIG. 6, base transmitter 614 is 50
assigned to zone 1. and the base transmitter 612 is assigned
to zone 2 by the network operations center 600. To maximize
information throughput, the systems and methods of the
present invention dynamically control zonal assignments
and the use of simulcast techniques.
55
In general, the communication system of the present
invention operates by repeating a communication cycle to
achieve desired infonnation transfer, which is more fully
discussed infra. The communication cycle is divided into a
systemwide time interval and a zonal time interval. In the 60
systemwide time interval, the base transmitters from at least
several zones are operated in simulcast to simultaneously
transmit identical infonnation to a large geographic area. It
should be understood that the systemwide time merely two
or more zones.
65
Broadly speaking, the communication system need not
know the location of a mobile unit to transmit to it during the
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H the mobile transceiver does not indicate receipt of the
message signal from the base transmitter transmitted in step
802. the network assumes that the mobile transceiver has not
received the message and transmits a probe signal by a
plurality of base transmitters servicing a plurality of zones in 5
step 804. The mobile transceiver receives the probe signal in
step 806.
Upon receipt of the probe signal by the mobile
transceiver. the mobile transceiver transmits an acknowledgment signal in step 808. A base receiver receives the 10
acknowledgment signal from the mobile transceiver in step
810.
Finally. the data, such as the last location field 2104
shown in user database 2100, is updated to refiect the zone
of the base receiver, or receivers, that receives the acknowl- 15
edgment signal as the last known location of the mobile
transceiver in step 812.
C. The Multi-Carrier Modulation Transmission
Format
The base transmitters of the communication system, such
as base transmitters 612 and 614 shown in FlO. 6. preferably
utilize a multi-carrier modulation format as will now be
described. In general. a multi-carrier modulation format
envisions the simultaneous transmission of several closely
spaced carrier frequencies within a desired frequency band,
each individually modulated to convey an information signal. The multi-carrier modulation format advantageously
allows for high data transfer rates by providing good bit rate
transmission rates while keeping below the baud rate limitations of simulcast transmission techniques.
FlO. 9 shows a frequency representation 900 of an eight
carrier modulation format. Carrier frequency 902 is shown
with side bands 904. carrier frequency 906 is shown with
side bands 908. carrier frequency 910 is shown with side
bands 912. carrier frequency 914 is shown with side bands
916. carrier frequency 918 is shown with side bands 920,
carrier frequency 922 is shown with side bands 924. carrier
frequency 926 is shown with side bands 928, and carrier
fr1:9uency 930 is shown with side bands 932.
It should be understood that although this exemplary
figure shows an eight carrier signal modulation format, other
different numbers of carrier frequencies may be considered
for use in the systems and methods of the present invention.
In this exemplary embodiment. the carrier frequencies are
spaced 3 KHz apart within a desired frequency band of 50
KHz. Dashed line skirts 934 and 936 represent minimum
frequency roll off levels. such as may be required by Federal
Communication Commission regulations. to prevent overlap
interference into adjacent frequency bands.
Because eight unique data streams may be modulated
onto the respective eight carrier signals in this embodiment,
the data transfer rate of the transmission from the base
transmitters can be greatly increased, while keeping the baud
rate within acceptable ranges for simulcast transmission. It
should also be understood that in accordance with good
simulcast practice. the respective carrier frequencies
between adjacent base transmitters. such as base transmitter
612 and base transmitter 614 in FlO. 6, should be slightly
offset to prevent sustained nodes or "dead spots" where
destructive interference between the signals from each transmitter provides an unusable composite signal, as was
explained in the background section of this application. This
frequency offset is preferably on the order of 10-20 hertz.
As previously discussed, each carrier signal may be
individually modulated to convey a data stream. The fol-
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lowing will discuss alternative techniques for modulating a
plurality of carriers in accordance with the systems and
methods of the present invention.
1. Modulated On/Off Keying
Perhaps the simplest modulation scheme conceptually is
modulated on/off keying (MOOK). FlO. 10 shows a schematic representation of a MOOK modulator 1000. The
MOOK modulator 1000 includes a plurality of carrier frequency generating devices, such as frequency generator
1002 generating frequency Fl. frequency generator 1004
generating frequency F2. frequency generator 1006 generating frequency F3. frequency generator 1008 generating
frequency F4. and frequency generator 1010 generating
frequency Fn. As shown in FlO. 10, the MOOK modulator
1000 may include any number (i.e. n) of frequency
generators. but eight carrier frequencies are preferred, as
shown in FlO. 9.
The output from each of the carrier frequency generators
102, 104. 106. 108, and no is applied to a plurality of
respective switches SW1 812. SW2 814. SW3 816, SW4
818, and SW n 820. The output from each switch is provided
to a combiner 1022.
Each of the switches SW1812. SW2 814, SW3 816, SW4
818, and SWn 820 opens and closes under the control of a
control logic system (not shown) to effect the MOOK
modulation. The control logic system (not shown) causes the
desired switches to variously close and open. thereby conveying an n-bit binary word. Each carrier frequency transmits a binary "one" if the respective switch is closed and a
binary "zero'' if the respective switch is open.
The summer 1022 combines the modulated carrier frequencies to provide a multi-carrier modulated output signal
that conveys an n-bit binary word.
2. Binary Frequency Shift Keying Modulation
An alternative multi-carrier modulation scheme including
frequency shift keying (FSK) techniques may be implemented by the modulator shown in FlO. 11. A frequency
shift keying modulator 1100 includes a first frequency
source 1102. a second frequency source 1104. a third frequency source 1106. a fourth frequency source 1108. and an
nth frequency source lllO. The output from each frequency
source is provided to a respective modulator 1112. 1114.
1116. 1118. and 1120.
A control logic system (not shown) provides a frequency
control signal to each modulator to frequency shift modulate
the carrier frequencies. In particular, the control logic system
(not shown) provides frequency control signal 1 to modulator 1112. frequency control signal 2 to modulator 1114.
frequency control signal 3 to modulator 1116, frequency
signal 4 to modulator 1118, and frequency control signal n
to modulator 1120. In binary frequency shift keying (BFSK),
the respective frequency control signals provide data corresponding to a binary "one" or "zero" which causes the
respective modulators to modulate a first or second frequency onto the carrier signal.
A summer 1122 combines the modulated carrier frequencies to produce an output signal.
3. M'ary Frequency Shift Keying Modulation
A modulation scheme related to binary frequency shift
keying is M'ary frequency shift keying. M'ary frequency
shift keying modulates three or more different frequencies
onto the respective carrier signals. In quaternary frequency
shift keying. for example, two bits of information may be
instantaneously conveyed on a single carrier frequency.
Similarly. 8'ary frequency shift keying may instantaneously
convey three bits of information per carrier frequency.
Referring again to FIG. 11, M'ary frequency shift keying
may be implemented by providing modulators 1112. 1114.
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1116. 1118, and 1120 with the capability to modulate M
base transmitter unit The control logic 1304 provides a
different frequencies onto the carrier signal. Accordingly. the
control signal to a plurality of modulators 1306. 1308. 1310.
various frequency control signals must provide data indi1312, and 1314. Modulator 1306 produces a carrier signal
Fl. modulator 1308 produces a carrier signal F2. modulator
eating which of the M frequencies is to be modulated onto
the carrier signal. For example. in quaternary frequency shift 5 1310 produces a carrier signal F3. modulator 1312 produces
keying, the frequency control signals must each include two
a carrier signal F4. and modulator 1314 produces a carrier
signal Fn.
bits of information to indicate which of the four different
frequencies are to be modulated onto the carrier frequency.
For example, the control logic may generate appropriate
control signals to modulate the carrier signals in a MOOK.
The summer 1122 combines the modulated carrier frequencies to produce an output signal.
10 BFSK. M'ary FSK. PFSK. or quadrature amplitude modu4. Quadrature Amplitude Multi-Carrier Modulation
lation scheme. as previously discussed. Each modulator then
Yet another alternative modulation technique for a multiprovides the modulated output signal to a combiner 1316
carrier transmission format is shown in FIG. 12. A quadrawhich combines each of the several modulated carrier
ture modulator 1200 includes a first quadrature carrier
frequencies into a single output signal.
generator 1202, a second quadrature carrier generator 1204, 15 The single signal is then applied to a power amplifier 1318
to amplify this signal to an appropriate level. The power
a third quadrature carrier generator 1206. and a fourth
quadrature carrier generator 1208. As is well known, quadraamplifier 1318 may, for example. produce a nominal output
ture modulators in general each produce an in-phase carrier
signal of 350 watts to antenna 1320. In this embodiment.
signal and a quadrature carrier signal that is +/-90° out of
power amplifier 1318 preferably has extremely linear charphase with reference to the in-phase signal. Of course, any 20 acteristics to prevent formation of intermodulation products.
number of quadrature carrier generators could be
and to insure that these intermodulation products do not
envisioned, depending upon data transfer and throughput
cause signals to be generated at undesirable frequencies.
needs. FIG. 12 shows four quadrature carrier generations
Antenna 1320 broadcasts the desired signal from power
which effectively correspond to eight unique modulator
amplifier 1318.
FIG. 14 shows a second preferred embodiment of a base
signals. Therefore. quadrature amplitude multi-carrier 25
modulation may preferably reduce the width of the fretransmitter unit The second embodiment comprises a base
quency band necessary to achieve a desired data transfer
transmitter 1400 which includes a satellite downlink conrate.
.
nected to data input 1402. control logic 1404. and several
Each q~adrature came~ generator 1202, 1204, ~206. and
modulators 1406, 1408, 1410. 1412. and 1414. Each modu1208 receives a control s1gnal from a controllogtc system 30
•
•
•
'd th d
b
dul ed
lator receives an approprmte control stgnal from the control
(not shown) which prov1 es e ata to e mo at onto
.
.
.
.
b
.
. al In .
logtc 1404, as previously discussed w1th respect to ase
.
.
the quadrature c~er stgn s.
a s1mp1e ~1ementation,
transmitter 1300.
the quadrature earner generators may amplitude modulate
the in-phase and quadrature phase output signals to convey
The output from each of modulators 1406, 1408. 1410.
two bits of information. The in-phase and quadrature signals 35 1412. and 1414 in base transmitter 1400 is provided to
output from each quadrature carrier generators 1202, 1204,
respective power amplifiers 1416, 1418, 1420. 1422. and
1206, and 1208 are provided to a summer 1210 which
1424 t.o provide an appropriate power output level for
transmlsston, such as 350 watts aggregat~.
combines the signals to produce an output signal.
5. Permutation Frequency Shift Keying (PFSK)
The output from each. of po~er amplifiers. 1416. 1418.
PFSK may be implemented through controllogic systems 40 1420.. 1422. and 1424 1s P!'ov1~ed to. comb~er 1426 to
similar to that used in a MOOK or an M'ary FSK modulacombme the modulated earner Signals mto a smgle output
signal which is provided to antenna 1428 for broadcast.
tion scheme. In PFSK. every baud has a fixed number of
carrier signals present, preferably any 4 of the possible 8. In
E The Mobile Unit
a PFSK arrangement. a constant average transmitter power
.
. ·
.
is advantageously delivered and the receiver only need 45 The . mob1le umt ~y ~e a small. po~ble mobile
transc~1ver. such as pictonally repr~sented m . FIG. 16.
decide which 4 carrier frequencies contain the most energy.
In the case of MOOK. the receiver must attempt to deterReferrmg n<:w ~o FIG. 15, th~ mobile. transceiver ~~00
mine on a subchannel-by-subchannel basis the presence or
s~own therem mcludes a re<:JVer section for rece1vmg
absence of a signal. This aspect of PFSK may simplify
s1gnals from the base transmitters of the system. and a
mobile receiver design.
50 transmitter section for ~ansmitting replies. or other
messages, to the base receivers of the system.
Compared to a binary or M' ary FSK modulation schemes,
In particular, the mobile transceiver 1500 includes an
a higher number of bits may be delivered per baud with
PFSK. For example, PFSK may generate signals that indeantenna 1502 which is connected to a transmit/receive
pendent FSK subchannels could never generate, such as all
switch 1504 to switch the antenna between the transmit and
four carriers being the four highest frequencies, and there- ss receive sections of the mobile transceiver 1500. A receiver
fore it can be seen that PFSK may advantageously increase
1506 is provided to receive the messages from the base
information transfer rates.
transmitter. Of course, the receiver must be appropriately
designed to receive the multi-carrier signals from the base
D. The Base Transmitter
transmitters and must be appropriately designed to demoduEach base transmitter unit, such as base transmitter 612 or 60 late the particular modulation scheme utilized. For example,
appropriate analog filters and appropriate demodulators
614 shown in FIG. 6. receives transmitter control data and
could be used. In the preferred embodiment. the receiver
message data transmitted from the satellite 606. FIG. 13
performs a transform, such as a fast fourier transform. on the
shows a first preferred embodiment of a base transmitter
1300 in accordance with the present invention. The base
received signal to separate the data from the various carriers
transmitter 1300 receives data from the satellite downlink 65 in the multi-carrier modulation format
The receiver 1506 is connected to a display and storage
connected to data input 1302 which provides this data to a
control logic system 1304 to control the operation of the
logic section 1508 to process the received signal. An annun-
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ciator 1510 to alert the user that a message has been received
is connected to and controlled by the display and storage
logic 1508. The annunciator 1510 may commonly include a
sound producing device such as a beeper, or a vibrator. or a
flashing light
A set of display controls 1512 to control the display of the
mobile transceiver 1500 is connected to the display and
storage logic 1508. A display 1514, preferably an LCD
display, is also connected to the display and storage logic
1508 to display messages and various other information to
the user.
Display and storage logic 1508 is connected to transmit
logic 1518 via connection 1526. Display and storage logic
1508 may generate an autonomous acknowledge signal
which causes the transmitter 1520 to broadcast an appropriately modulated RF signal. As previously discussed. it is
desirable for the mobile transceiver to transmit an acknowledge signal if the message was properly received by the
mobile unit, or alternatively to transmit a negative acknowledge signal if the message was only partially received. The
negative acknowledge signal indicates that the network
operations center should rebroadcast the message to the
mobile unit.
Preferably. the rebroadcast of the message to the mobile
unit should occur with an appropriate error correcting code
which may be decoded by the mobile unit to insure complete
and accurate reception of the message. Of course. error
correcting codes should be used only when necessary
because their use slows data transfer and increases the
complexity of the mobile unit. Other types of autonomous
replies may also be useful. for example, to indicate to the
network operations center that the user has not viewed the
message even though the mobile unit properly received it,
such as when the mobile transceiver is unattended by the
user.
A set of input switches 1516 is provided to allow the user
to input a reply to a received message, or to otherwise
generate a message to be transmitted by the mobile transceiver. The input switches 1516 also include a switch that
allows the user to request retransmission of a message
corrupted by errors. The input switches are connected to
transmit logic 1518 which decodes the signal from the input
switches 1516 to generate an output signal to the transmitter
1520. The transmitter 1520 generates an appropriately
modulated RF signal to be broadcast by antenna 1502.
The mobile transceiver 1500 also preferably includes a
noise detector 1522. The noise detector 1522 provides an
output signal upon sensing through antenna 1502 a threshold
level signal. The noise detector 1522 provides an output
signal to disable the transmitter 1520 via connection 1524,
and to thereby prevent unwanted transmission by the mobile
unit.
Noise detector 1522 preferably is set to detect electromagnetic signals which are generated externally to the
communication system and which are indicative of a condition when transmissions by the mobile unit are undesirable. For example, the noise detector 1522 could be
designed to serve a threshold level of noise at 400 Hz:. When
the user enters a commercial aircraft, which commonly uses
4()0 hertz power supply, the receipt of this noise by the noise
detector 1522 would then disable the transmit capability of
the mobile transceiver 1500 during operation of the aircraft
to prevent any unnecessary or unwanted interference with
the operations of the aircraft by autonomous or intentional
transmissions by the mobile transceiver 1500.
The display and storage logic 1508 of the mobile transceiver 1500 further preferably includes a timing circuit (not

shown) which may be used to turn the receiver section 1506
on or off. as desired. The timing circuit (not shown) advantageously allows the mobile transceiver to "power down"
during periods of time when messages are not anticipated to
be transmitted. For example, in a preferred communication
protocol. the receiver could simply power up at the beginning of each cycle to receive data to determine if a message
will be transmitted to that mobile transceiver during that
cycle or when information concerning message availability
will be transmitted. lf the mobile transceiver is to receive a
message, the timing circuit could power up at the appropriate time to receive the message, and then power down after
receipt. The timing circuit. therefore, advantageously prolongs the battery life of the mobile transceiver 1500. Of
course, it should be understood that the timing circuit could
control the other elements of the mobile transceiver. such as
the display 1514. and the transmit logic 1518.
In an alternate implementation, the receiver 1506 may
adaptively change its demodulation techniques to accommodate various formats. For example. each zone may advantageously use a different modulation format depending on
message traffic levels, and other considerations. In
particular, the receiver may receive a signal indicating the
modulation scheme utilized in a given zone via a modulation
format message contained in an overhead portion of the data
stream. The demodulation of FSK, M'ary FSK. PFSK. and
MOOK formats all begin with the determination of the
energy levels detected at each of the carrier frequencies. and
thus require identical processing of the received RF energy.
The logic (not shown) in the receiver interprets the meaning
of these measured energy levels based upon the modulation
scheme selected as indicated by the received modulation
format message. In this manner simpler and more economical transmitters. with a decreased capacity for information
transfer, can be used in zones that have decreased traffic
loads and more expensive. high-throughput transmitters can
be used only in those areas where they are needed.
A pictorial representation of the mobile transceiver is
shown in FIG. 16. The mobile transceiver 1600 includes a
pair of display control buttons 1604, a display 1606. a set of
six reply buttons 1608. 1610, 1612, 1614, 1616. and 1618,
and a request retransmission button 1622. As indicated
previously. display 1606 is preferably an LCD display and
a set of display control buttons 1604 may be used to scroll
text up or down on the display 1606.
The message ''will you be home for dinner?" is shown on
display 1606.
The set of six reply buttons 1608, 1610. 1612, 1614. 1616,
and 1618 provide a flexible system for user generated replies
to received messages. The display and storage logic 1508
provides information immediately above each button indicating a possible reply message by the user. In the simple
example shown in FIG. 16, the user may reply ''yes," "no."
or "?" to the message 1620 displayed on the screen 1606.
The transmit logic 1518 generates an appropriate signal
based upon which button the user presses. In this simple
scenario, buttons 1614, 1616. and 1618 are unused.
In alternate applications. up to six possible reply messages may be shown on the screen 1606. Of course, other
particularized applications may be envisioned for the reply
feature of the mobile transceiver 1500. For example, if the
user is a stockbroker, the display 1606 could display the
terms "buy," "sell," or "hold" above the appropriate buttons.
A variety of other applications may be envisioned.
With the six button reply option provided by mobile
transceiver 1500, a three bit message may be transmitted by
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the mobile transceiver to the base receivers. The two remainfunctionality to the similar elements shown in FIG. IS. Of
course, the mobile receiver 1700 cannot generate replies.
ing states of the three bit message may be used by the
which includes user initiated replies, an autonomous
transmit logic 1518 for the autonomous acknowledgment
acknowledgment signals or negative acknowledgment
signal which indicates that the message has been properly
received. and for the autonomous negative acknowledgment 5 signals, because of the lack of transmit capability. Also, the
location of this alternate embodiment cannot be tracked by
signal which indicates that the message has not been comthe network control center because of the lack of transmit
pletely or properly received.
capability. Generally. because of these reasons. the mobile
The request retransmission button 1622 allows the user to
receiver 1700 embodiment of the mobile unit is less prefrequest the base transmitters to retransmit received
messages, or partial messages containing errors. When the 10 erable than the mobile transceiver embodiment 1500.
Further, it should be appreciated that the mobile transmobile unit receives a message containing errors, it displays
ceiver embodiment may include circuitry for generating
the message on display 1606 with the erroneous portions
various autonomous responses without interaction by the
highlighted (e.g., underlined, placed in brackets, or printed
user.
in reverse video). The user reads the message and determines whether the displayed message is acceptable. If not. 15 F. The Base Receiver
The base receivers of the present system receive the low
the user can cause the system to retransmit the message. or
power output signal from the mobile transceiver unit As is
the erroneous portions. by pressing request retransmission
shown in FIG. 6, mobile receivers are dispersed throughout
button 1622. By pressing button 1622, the user causes the
the geographic service area. Base receivers need not be
transmit logic 1518 to transmit a signal to the base receivers
indicating that the user wishes the message or a partial 20 associated with zonal boundaries per se, but will always be
located to service at least one zone, of course. A few base
message to be retransmitted. The base transmitters then
receivers may exist in the overlap region between zones.
retransmit the message to the mobile unit at an appropriate
During transmission of the return signal by the mobile
time.
transceiver unit, it is possible that several base receivers
The request retransmission button increases system efficiency and lowers user costs by allowing the user the 25 could receive this return signal. In this instance, the network
operations center 600 preferably selects the data from the
flexibility to elect not to request retransmission of messages
base receiver with the highest received signal strength (i.e.
which contain errors but can be understood nonetheless.
the signal with the lowest probability of errors) to maximize
The signal transmitted by the mobile unit when the user
the likelihood of receiving accurate data. The signal strength
presses the request retransmission button 1622 also indicates
30 approach is preferred and can be satisfactorily implemented
to the system that the user has read the message. This
if the base receiver locations are carefully selected to insure
information can be used by the system to transmit a message
adequate signal strength reception from the mobile transback to the sender informing the sender that the message has
ceiver units and to minimize the overlap between base
been read, as well as for other pwposes.
receiver coverage areas. Alternately. the network operations
Of course, the mobile transceiver 1500 shown in FIG. 16 35 center 600 could use ''voting" techniques by comparing each
could be configured differently to provide more or less reply
data set from the several base receivers to arrive at the most
buttons, different display control buttons, and different dislikely return signal data using conventional voting receiver
play formats as desired or needed by the user. The request
technology.
retransmission button 1622 could also be configured in a
FIG. 18(A) shows a first embodiment of an analog base
variety of ways. and could be located anywhere on the 40 receiver. Analog receiver 1802 is connected to an antenna
mobile unit.
1800. The analog receiver 1802 simply receives the signal
Further, the mobile transceiver 1500 could additionally
from the antenna 1800 and removes the modulated waveinclude a data output port (not shown) for connection to
form from the carrier frequency and outputs this waveform
other electronic devices of the user. For example, the mobile
in analog format to a regional demodulator 1804 via data
transceiver could be connected through an output port to a 45 path 1806. Data path 1806 is preferably a 4 KHz analog
laptop or palmtop PC. or could be incorporated therein. The
telephone channel.
PC could display the message on its screen, thereby obviThe regional demodulator 1804 receives signals from
ating the need for the display 1606, and the keyboard could
several analog receivers included in several base receivers.
be used to generate any appropriate reply messages from the
Preferably, the regional demodulator 1804 is located in the
user. thereby obviating need for the reply buttons and so regional station, such as regional station 650 shown in FIG.
allowing free form messages to be sent by the mobile
6. The demodulated signal from the regional demodulator
transceiver. A user selected reply would be transferred to the
1804 is then transferred to the regional processing circuitry
mobile transceiver 1500 from the PC for transmission to the
1808, and then onto the network operations center 600.
base receiver.
The analog receiver 1802 could generate identification
Alternatively, the mobile transceiver could be connected ss data to be transmitted with each received message so the
to a voice data replay device, such as a speaker, thereby
network operations center 600 can determine the source of
allowing the user to receive messages from a voice mailbox,
each message received. Alternatively. and preferably, dedifor example. Of course, a voice data generation device, such
cated communication paths are used for each base receiver
as a microphone, could be connected to the mobile transand therefore, the source of the message can be inferred
ceiver 1500 to allow the user to reply to the voice mail 60 from the communication path that is activated.
message he has received or to initiate voice data communiFIG. 18(B) shows a digital base receiver embodiment
cation from the mobile transceiver to the base receivers.
which includes an antenna 1800 attached to an analog
Similarly, facsimile transmissions could be supported.
receiver 1802. As in the previously discussed embodiment,
the analog receiver 1802 removes the modulated waveform
An alternate embodiment of the mobile unit includes only
receive capabilities, but does not include any transmit capa- 65 from the carrier signal transmitted by the mobile transceiver
unit. The analog receiver 1S.2 outputs the modulated wavebilities. FIG. 17 shows a mobile receiver 1700. The various
form to a demodulator 1810 included in the base receiver.
components of the mobile receiver generally correspond in
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The demodulator 1810 produces a digital output signal
corresponding to the data stream transmitted by the mobile
transceiver unit. The demodulator 1810 provides the digital
ou1put signal to the regional processing circuitry 1808 in the
regional station via data path 1812. Data path 1812 may be
any conventional data path which can satisfactorily convey
the digital data from the demodulator 1810 to the regional
processing center 1808. The regional processing circuitry
1808 then passes the data to the network operations center
600.
FIG. 19 shows a digital base receiver including error
correction and store and forward features. An antenna 1900
is connected to an analog receiver 1802 which is connected
to a demodulator 1810, as previously described with reference to FIG. 18(B). The demodulated digital signal is output
from demodulator 1810 to error correction circuitry 1906
which may perform error correction algorithms to insure the
integrity of the return signal received from the mobile
transceiver unit. Of course, the error correction circuitry
should decode and correct data which have been compatibly
encoded by the mobile transceiver.
The error corrected data ou1put from the error correction
circuitry 1906 is provided to a store and forward circuit
1908. The store and forward circuit 1908 stores the received
data to allow it to be transmitted later at a convenient time
and at a convenient data transmission rate.
For example, in the present system it is likely that the
return signal traffic received by the base receiver will occur
in short bursts at a relatively high data transfer rate.
However, it is also likely that the average data transfer rate
from the base receivers is substantially lower than the
instantaneous data transfer rate during traffic bursts. The
store and forward circuit 1908 may preferably act as a buffer
to allow the return signal data to be communicated from the
store and forward circuit 1908 to the regional processing
circuitry 1808 at a lower (and less expensive) data transfer
rate. Store and forward circuit 1908 is, therefore, preferably
connected to regional processing circuitry 1808 via data path
1910 which may include a low cost telephone line.
G. The Network Operations Center
1. Overview
The network operations center 600 is shown in schematic
form in FIG. 20. The network operations center 600 includes
a base receiver input system 2000 which receives data from
the various regional stations throughout the system (e.g.,
regional stations 644 and 650) via various data paths, such
as data paths 656 and 658 as shown in FIG. 6. The data
received by the base receiver input system 2000 includes
reply data from users with various control data. Base
receiver input system 2000 may include appropriate conventional signal processing equipment. Control data may
include data identifying the base receiver (i.e. location of the
mobile unit) which received the associated reply. Preferably,
the base receiver input section 2000 receives data from the
regional stations via phone lines. However. other appropriate data paths may be considered.
The base receiver input system 2000 then provides the
received data to a central computer 2002. The central
computer 2002 may also receive input from a user input
system 2004. For example. the user input system 2004 may
receive data from users via phone lines who may access and
interact with the central computer via voice, DTMF. or
modem transmission and may include appropriate conventional signal processing equipment. A user may interact with
the central computer 2002 to modify his service. to initiate
or receive messages. or to perform other desirable functions.
Generally. the central computer 2002 processes the data
received from the base receiver input system 2000 and from

the user input system 2004 to perform various operations on
the data, to update various database entries for use by the
central computer 2002, and to generate data for transmission
to a satellite uplink ou1put system 2006.
It should be understood that, although FIG. 20 shows the
central computer as existing at a single location in the
network operations center 600, a distributed computing
system may be used to perform the necessary functionality
of the central computer 2002. Presently, however, a single
location for the central computer 2002 is preferred.
Satellite uplink ou1put system 2006 receives data from the
central computer 2002 and provides it to satellite 606, shown
in FIG. 6, for transmission to base transmitters within the
system (e.g., base transmitters 612 and 614 in FIG. 6).
The central computer 2002 is also connected to a database
system 2008 which stores various data such as message data,
user status data, system status data. and message status data.
for example, for use by the central computer 2002 in
processing.
Also, a control access 2010 is provided to allow systems
engineers or programmers to access the central computer
2002 to observe and modify its operations and system
performance.
2. Database Structure
The database 2008 of the network operations center
includes several database structures necessary for the operation of the system. While a preferred partitioning of these
databases is described below. it should be understood that
other partitionings could be considered. such as moving the
various "user traffic" fields from the traffic statistics database
to the user database.
a. The User Database
For example. the user database structure shown in FIG. 21
includes a record for each user of the system who possesses
a mobile unit. The record for user 1 2100 includes various
fields, such as an ID number field 2102 which indicates a
unique number associated with that particular user. The
transmit capability field 2106 indicates whether the mobile
unit assigned to the user has the capability to transmit. The
last location field 2104 includes data which indicates the last
known location of the user. The last location field may be
updated when the central computer recognizes that a new
base receiver has received a return signal from the mobile
unit, thereby indicating the mobile unit has moved since the
last return signal. Of course. if the mobile unit only includes
a mobile receiver without transmit capability, the last location field 2104 cannot be updated and the mobile unit may
be given a default location.
The service area field 2108 includes data corresponding to
the area in which the user has subscribed to. For example. if
a user desires service in geographic areas less than the total
system service area, the central computer could use the data
in the service area field 2108 to cause only selected base
transmitters to attempt to transmit messages to a mobile unit.
The button format field 2110 includes data indicating the
format of reply buttons the user may access on the mobile
transceiver. Of course, for mobile units with only receive
capabilities, the button format field will not be used.
The message field 2112 includes data representing one or
more messages which are intended for the user. A receive
flag is set when the central computer has received data
indicating that the message has been received by the mobile
unit via an acknowledgment signal. If the mobile unit does
not have transmit capability, the receive flag is set upon
transmission of the message by the appropriate base transmitters. The user database structure may include other fields
for each user of the communication system of the present
invention as needed to provide various desired services.
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b. The Receiver Database
replaced in the current messages queue for delivery to the
Database 2008 of FIG. 20 includes a receiver database
user via the appropriate base transmitters located near the
(not shown) which includes an entry with several associated
mobile unit
Preferably, the network operations center gives priority to
fields for each base receiver in the system. A first field for
each base receiver preferably includes the total number of 5 the delivery of all messages in the current message queue.
mobile units which have last communicated with this
and then sends probe signals to the users listed in the probe
receiver. A second field for each base receiver preferably
list queue after delivery has been attempted for all messages
includes a list of base transmitters which may cover all or a
in the current message queue. If the message volume in the
current message queue remains high for an extended period
portion of the receiver coverage area of that base receiver.
10 of time, the network operations center preferably begins to
c. Traffic Statistics Database
Database 2008 of FIG. 20 should also include preferably
periodically send probe signals to the users listed in the
a traffic statistics database as shown in FIG. 22 which
Probe Ust, even though undelivered messages remain in the
current messages queue. For example, in this instance of
includes various fields containing statistics calculated by the
persistent filled current messages queue, the network operacentral computer 2002 concerning traffic patterns for the
system. For example. the traffic database 2200 preferably 15 tion center preferably transmits three probe signals in every
includes a user field 2202 for data indicating a user of the
cycle transmitted.
network. Several fields are preferably associated with the
e. Base Transmitter Assignment Ust
The database 2008 of the network operations center also
user field 2202. Field 2204 includes data representing the
number of probe signals sent by the network to locate the
includes a base transmitter database 2400 as shown in FIG.
mobile unit associated with the user field 2202. Field 2206 20 24. The base transmitter database 2400 includes a zonal
includes data representing the number of registration signals
assignment field 2404 for data representing a zone assignreceived by the network from the mobile unit associated
ment associated with a base transmitter field 2402 in the
system. Also, a field 2406 for data representing the base
with the user field 2202. Field 2208 includes data representing the number of messages from the network that have been
receivers in the transmitter coverage area, and a field 2408
successfully delivered to the mobile unit associated with the 25 for other data associated with a base transmitter, are associated with base transmitter field 2402. As can be seen in
user field 2202. Field 2210 may be used for other traffic
related data. such as data indicating the average traffic per
FIG. 24, each base transmitter in the network has a base
cycle, and data indicating a time average (i.e. for the last
transmitter field and associated fields as described above.
In normal operating conditions of the system with low
hour) traffic amount.
Further, the traffic database 2200 could include fields (not 30 amounts of message traffic being transmitted, each base
shown) for data concerning overall system performance and,
transmitter will remain assigned to its particular zone.
in particular, each zone in the network. Such area specific
However. the systems and methods of the present invention
traffic data may be useful in optimizing system performance
provide for dynamically changing the zonal assignments of
various base transmitters to improve information throughby allowing intelligent redefinition of zonal boundaries.
d. The Service Queue
35 put. These dynamic zone allocation concepts dynamically
Database 2008 of FIG. 20 also includes a service queue
reassign base transmitters to new zones generally based
upon the volume of messages transmitted during the sys2300 as shown in FIG. 20. The service queue 2300 includes
temwide time interval, and more particularly based upon the
a current messages queue and a probe list queue. The current
localized volume of messages to mobile units. In general,
messages queue includes a system wide list of messages to
be delivered by the system. The current messages queue 40 dynamic zone allocation may be used to deliver messages to
mobile units in overlap areas (i.e. "zonal dithering"), or to
includes, for example, a series of ID number fields 2302.
2304. and 2306 with associated data location fields 2308,
balance the volume of message traffic between zones.
2310. and 2312, respectively. The data location fields 2308,
FIG. 25 is useful to explain these concepts. Various base
2310. and 2312 include pointers to the appropriate fields in
transmitters, each designated as an ''X," are dispersed
the user database structure shown in FIG. 21. The ID number 45 throughout a region of space shown in FIG. 25. Also. various
fields 2302. 2304, and 2306 include data indicating the ID
base receivers are dispersed throughout this region of space
2500, each being designated by an "R." The normal zonal
number of the user to which the message is to be delivered.
In operation, the central computer retrieves the ID number
boundary for zone 1 in FIG. 25 is shown by solid line 2502.
2302 and data location 2308 from the top of the current
A normal boundary for zone 2 is represented by solid line
messages queue and retrieves the appropriate data from the so 2504 during normal load traffic operation conditions. As can
user database 2100 to process and transmit a message to the
be seen, base transmitters 2506, 2508. and 2510 are located
user.
near the zonal boundary of zone 2. and base transmitters
2512. 2514. and 2516 are located near the boundary of zone
The probe list queue includes a ID number fields 2314,
1. Base receivers 2518 and 2520 are located in an overlap
2316. and 2318 and data location fields 2320. 2322. and
2324 similar in form to those in the current messages queue. 55 area 2521 between zones 1 and 2. As previously discussed.
mobile units located in this overlap area 2521 near base
The probe list queue contains a list of users which the system
receivers 2518 and 2520 must be communicated with during
has previously attempted unsuccessfully to deliver a mesthe systemwide time interval because of the interference
sage to. In other words, the users listed in the probe list are
considered to be "lost" by the system. The central computer
created during the zonal time interval by adjacent base
2002 then initiates a probe routine for the ID number 2314 60 transmitters.
During normal. low to moderate volume system
and data location 2320 located at the top of the probe list.
operations, the zonal overlap area 2521. i.e .• interference
After successful execution of the probe routine. the last
location field 2304 in the user database structure 2100 will
area, near base receivers 2518 and 2520 will preferably have
have been updated to provide an accurate last location of the
a small number of mobile units located therein. Therefore.
user from the base receiver that received the mobile unit's 65 communication with these mobile units will not significantly
acknowledgment to the probe signal. After the last location
consume system resources by occasionally communicating
field 2304 has been updated. the message can then be
with them during the systemwide time interval.
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However, if the traffic volume from the overlap area 2521
near base receivers 2518 and 2520 increases, such as
because additional mobile units enter this overlap area 2521.
the handling of this traffic in the systemwide time interval
can significantly consume system resources. For example,
communication with a large number of mobile units during
the systemwide time interval may significantly delay delivery of messages to units in this and other regions.
In this instance, the zonal boundaries are changed to
remove this high traffic region from a zonal overlap area. For
example, system efficiency is restored if the zone 1 boundary
were moved to dashed line 2522 and the zone 2 boundary
were moved to dashed line 2524.
The central computer 2002 may dynamically accomplish
this zonal redefinition by assigning one or more base transmitters to a new zone to reduce systemwide time interval
messages. In the present example shown in FIG. 25, the
central computer updates the base transmitter zonal assignment list to reassign base transmitters 2512, 2514. and 2516
to zone 2 while removing these base transmitters from zone
1. In view of this zonal redefinition. the new zone 1
boundary is shown by dashed line 2522. and the new zone
2 boundary is shown by dashed line 2524. The high traffic
region near base receivers 2518 and 2520 is now squarely
within zone 2 and messages to these units may be efficiently
delivered during subsequent zonal time interval(s).
In accordance with the invention, a preferred method
2600 for accomplishing zonal redefinition is shown in FIG.
26. In accordance with the method, step 2602 provides for
transmitting substantially simultaneously a first information
signal and a second information signal, the first information
signal being transmitted in simulcast by a first set of base
transmitters assigned to a first zone, and the second information signal being transmitted in simulcast by a second set
of base transmitters assigned to a second zone. For example,
as shown in FIG. 25, the base transmitters in zone 1 defined
by boundary line 2502 could be the first set of base
transmitters, and the base transmitters located in zone 2
defined by boundary line 2504 could be the second set of
base transmitters.
Step 2604 of the method provides for dynamically reassigning one or more of the base transmitters in the first set
of base transmitters assigned to the first zone to the second
set of base transmitters assigned to the second zone, thereby
creating an updated first set of base transmitters and an
updated second set of base transmitters. For example, base
transmitters 2512, 2514. and 2516 could be reassigned from
zone 1 to zone 2. As shown in FIG. 25, new zonal boundaries
would be defined by dashed lines 2512 for zone 1 and 2524
for zone 2.
Step 2606 provides transmitting substantially simultaneously a third information signal and a fourth information
signal, the third information signal being transmitted in
simulcast by the updated first set of base transmitters and the
fourth information signal being transmitted in simulcast by
the updated second set of base transmitters. For example, as
shown in FIG. 25, the base transmitters assigned to zone 1
defined by dashed line 2522 (i.e. not including base transmitters 2512. 2514. and 2516) could transmit during a
subsequent communication cycle a third information signal,
and base transmitters in zone 2 defined by dashed line 2524
(i.e. including base transmitters 2512, 2514, and 2516) could
transmit a fourth information signal during that same subsequent communication cycle.
Further. it is desirable that during the redefinition of the
zonal boundaries, it is insured that the new overlap area
2525 near base receiver 2526 and between dashed lines 2522

and 2524 is an area that is not likely to produce, or is not
currently producing a high volume of message traffic.
Generally. zonal boundaries should be preferably redefined
to maximize information throughput by minimizing the data
that must be transferred during the systemwide time interval.
A network manager could review the overall traffic patterns
and tendencies to determine an optimum redefinition of
zonal boundaries. Of course, the central computer 2002
could also implement an algorithm accessing the traffic
statistics database 2200 to determine optimal zonal boundary redefinition.
In a preferred embodiment in the instance where an entire
region is saturated with mobile units, such as a large
metropolitan area repetitive reassignments of base transmitters may be used to reduce message traffics during the
systemwide time interval. There may exist no appropriate
overlap area, such as overlap area 2525, with a low traffic
level to facilitate a long term reassignment of base transmitters with the resulting redefinition of zonal boundaries. In
this case, the preferred embodiment alternates between a
first and second set of zonal boundaries over each communication cycle and does not attempt to deliver messages
during the systemwide time interval.
For example, in FIG. 25 this preferred embodiment would
utilize the zonal boundaries defined by lines 2502 and 2504
during a first zonal time interval and would not attempt to
deliver messages to mobile units in overlap area 2521. In a
subsequent cycle, this preferred embodiment redefines the
zonal boundaries to dashed lines 2522 and 2524 and delivers
messages to the mobile units in previous overlap area 2521
during the zonal time interval using zone 2 base transmitters.
During this cycle. the network would not attempt to deliver
messages to mobile units in overlap area 2525. In yet a later
cycle, this preferred embodiment would switch back to
zonal boundaries 2502 and 2504 which would allow message delivery to mobile units in the now previous overlap
area 2525 during the zonal time interval using zone 1 base
transmitters. As can be seen, alternating between a first and
second set of zonal boundaries advantageously reduces the
need for communication during the systemwide time
interval, but slows message delivery somewhat by only
allowing communication to mobile units in overlap areas
during zonal time intervals on alternating communication
cycles.
H. The Preferred System Communication Protocol
The system communication protocol is preferably a time
division protocol organized within repetitive communication cycles of preferably 30 seconds in duration.
The blocks of data transmitted by the network are preferably formed by a bit interleaving process to prevent loss of
data during bursts of interference. Bit interleaving may be
envisioned as stacking two or more blocks of data (which
read from left to right). and then transmitting a bit stream in
a column-by-column. top-to-bottom sequence. As can be
seen, a burst of interference will likely only cause the loss
of a few bits per word at most. which can be corrected by
error correction techniques. rather than the loss of entire
words. Of course. the mobile unit must appropriately
deinterleave the data prior to processing.
FIG. rT generally illustrates a variety of preferred time
intervals which may variously be used for communication
between the system and various sets and subsets of mobile
units. An adaptable schedule for these time intervals is
preferably generated. and may be revised according to
system demands. The scheduling of the time intervals
advantageously allows a mobile unit to "power down"
during inactive time periods when the mobile unit will not
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transmit or receive any messages. thereby conserving battery power. Similarly. messages or infonnation for delivery
to a subset of the total number of mobile units will preferably be transmitted during time intervals which minimize
the delivery of those messages or information to unintended
mobile units not included in the subset to further conserve
battery power.
A preferred cycle protocol2700 is shown in FIG. 27(A).
The cycle protocol 2700 includes a cycle header time
interval 2702. a systemwide forward (FWD) batch time
interval 2704. a systenwide response time interval 2706, a
zonal forward (FWD) batch time interval 2708, a zonal
reverse time interval 2710, and a reverse contention time
interval 2712. Other arrangements, such as moving the
systemwide reverse interval next to the zonal reverse interval may be considered if transmitter turn on time is significant
The cycle protocol generally schedules time slots for
systemwide and zonal forward channel infonnation transfer
from the network to the mobile units and for systemwide and
zonal reverse channel infonnation transfer from the mobile
transceiver units to the network. Briefly. the cycle header
2702 field includes overhead or "housekeeping"
infonnation. the systemwide forward batch field 2704 and
the zonal forward batch field 2708 provide forward communication capability through the base transmitters to the
mobile units in a systemwide time interval and a zonal time
interval, respectively. The systemwide response field 2706
and zonal reverse field 2710 provide a return signal period
for the mobile transceivers to respond to messages generated
during the systemwide and zonal forward batch periods
2504 and 2508. respectively. Finally. the reverse contention
2712 field allows the mobile transceiver to initiate access to
the network.
Each of the fields shown. except the cycle header 2702
field. is preferably variable in duration. and may be changed
by the central computer 2002. depending on message traffic
requirements. The beginning of the cycle is synchronized by
the central computer to a time standard and preferably
coincides with the start of minute or half minute intervals.
Each mobile unit preferably includes timing circuitry. as
previously described. which allows for the mobile unit to
power up at the beginning of each cycle to receive communication.
For each cycle. the central computer 2002 calculates the
amount of time required for each field to maximize information throughput by the network. For example, for the
cycle protocol 2700 shown in FIG. 27(A), the central
computer will calculate the amount of time necessary for the
systemwide forward batch field 2704. the systemwide
response interval 2706. the zonal forward interval 2708. the
zonal reverse interval 2710. and the reverse contention
interval2712. The cycle header 2702 will preferably include
timing offset data which will indicate the timing offset from
the cycle header until the beginning of the systemwide
response interval 2706. the beginning of the zonal forward
interval 2708. the beginning of the zonal reverse interval
2710. and the beginning of the reverse contention interval
2712.
The cycle header 2702 starts preferably with an 8 digit
long preamble (not shown) for digit synchronization purposes. The preamble allows for the mobile unit to synchronize its timing circuitry with the network. For example. the
timing circuitry of the mobile unit could become offset from
the network due to commonly caused inaccuracies. The
preamble is followed by a "start of header'' string of four
digits and all timing offsets within the cycle are calculated

as a number of predefined intervals beginning from the start
of the last header digit The start of header string is followed
by an 8 digit string grouped into two words. each of which
is protected against errors by encoding it using a forward
error correcting code. preferably a Bose, Chaudhuri. and
Hocquenghem (BCH) code or a Reed Solomon code. These
error correcting codes add additional digits to the infonnation digits in a code word. where the additional digits are a
specific function of the infonnation digits. so that if certain
common error events occur. a decoding step involving all of
the transmitted digits. both infonnation and additional. can
recover the original information digits. The first code word
will contain a count of the current cycles executed for that
day. The second code word will contain the necessary timing
offsets for the beginning of the time intervals in the cycle
protocol 2700. Further infonnation regarding error correcting codes may be found in Gallagher, "Infonnation Theory
and Reliable Communication." Wlley 1968. which is hereby
incorporated by reference.
The systemwide forward batch 2704 field generally
includes a zonal header time interval including overhead
infonnation and a series of 64 batches. Also. the zonal
forward interval2710 similarly includes a zonal header time
interval with overhead infonnation and a series of 64
batches. Each batch is a string of data containing infonnation specifically directed to a single group of mobile units.
Each batch preferably contains infonnation directed to a
certain class of mobile units with the classes divided by the
types of service provided. For example. a first batch could be
directed to all mobile transceiver units. and a second batch
could be directed to all mobile receiver units. Further. each
batch may contain several messages. each intended for
different mobile units within the particular class of unit to
which that batch is directed. Generally. FIG. 27(B) shows
the forward batch interval protocol 2750 preferred for both
the systemwide forward interval 2704 and the zonal forward
interval 2708.
The systemwide forward interval2704 is preferably used
only for sending a probe signal to a mobile transceiver unit
which does not respond to zonal messages (i.e. a "lost" unit).
However. when necessary. the systemwide forward interval
2704 may be used to deliver messages to mobile units
located in overlap areas. The ID number. or address. of the
lost mobile unit is preferably followed by data indicating a
timing offset which is a time delay amount until the beginning of the time slot designated for the return signal of that
mobile unit. An alternative implementation. which may be
useful for mobile units that have not responded for a period
of time. could have mobile units that have received a probe
signal respond during the reverse contention interval.
After the end of the broadcast on the systemwide forward
batch time interval 2704. all network base transmitters shut
down until the beginning of the zonal forward batch time
interval 2708.
The forward batch interval protocol 2750 includes a
forward channel header interval2714 which includes data to
allow the timing circuitry of the mobile units to synchronize
themselves with the incoming data stream. The forward
channel header 2714 also preferably includes data indicating
a timing offset scheduling a reverse channel time interval for
each batch, as may be required. Of course, the forward
channel header 2714 for the systemwide forward interval
2704 would indicate a timing offset for reverse channel
transmission during the systemwide response interval 2706.
and the forward channel header 2714 for the zonal forward
interval 2708 would indicate a timing offset for reverse
channel transmission during the zonal reverse interval2710.
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The forward channel header 2714 further includes a data
Still further, a preferred embodiment accommodates
stream to the mobile unit listing which of the 64 batches will
mobile terminals with extensive reverse message generation
follow and the timing offsets indicating when those batches
capabilities (e.g .. a laptop computer connected to a radio
transceiver) by allowing for contention messages that
will be transmitted. Again. this feature advantageously
allows the mobile unit to "power down" during the system- 5 request extended reverse channel time for the transmission
of a long reverse message. The reverse contention interval
wide and zonal forward intervals 2704 and 2708 until the
appropriate time for receiving its batch information. thereby
2712 is located after the zonal reverse interval 2710 and
conserving the battery power of the mobile unit. The remainprovides for unscheduled messages from the mobile unit to
the network. For example, the mobile transceiver unit could
ing fields batch i 2720. batch j 2722. and batch k 2724 are
the individual batches directed to the mobile units.
10 send a message to the network during the reverse contention
interval 2712 indicating that the user no longer wishes to
It should be understood that different classes of mobile
units can follow different desirable batch protocols, dependreceive messages. thereby terminating service. Also. the user
ing on the type of service, processing power. battery
could transmit a message to the network during the reverse
contention interval2712 indicating that the user now desires
capacity. or other factors.
The individual batch protocol 2780 is shown in FIG. 15 to reestablish services and begin receiving messages from
27(C). The batch header field 2726 is similar to the header
the network. Further, a ''registration signal," which is disfields discussed above for FIGS. 27(A) and (B). The batch
cussed infra. could be transmitted during the reverse conheader 2726 includes a list of particular mobile units to
tention interval 2712.
The reverse contention interval preferably utilizes a
receive messages within the batch and includes timing
offsets indicating when such messages will be broadcast. 20 so-called "slotted ALOHA" protocol. which allows the
Further, the batch header 2726 includes data indicating a
mobile unit to randomly select a predefined time slot within
timing offset scheduling a reverse channel interval in the
the contention interval to transmit a message. A mobile
station wanting to transmit will first divide the contention
system reverse interval. the zonal reverse interval, or the
interval into slots. preferably 5.33 ms in length. and then
reverse contention interval. as appropriate. Again. this information allows the mobile unit to extend its battery life 25 choose randomly any of them to start transmitting. The
slotted ALOHA protocol is preferred because of the low
because the mobile unit need only power up at the appropriate time to receive or transmit the appropriate message.
likelihood of data "collisions" (i.e. 2 or more mobile units
Further. it is preferred that the reverse channel timing offset
transmitting during the same time slot).
data be transmitted using error correction codes to insure
I. Registration of the Mobile Unit
Because the network operations center 600 stores the
accurate receipt thereof by the mobile unit. Accurate receipt 30
location of each mobile unit in the system in the user
of the reverse channel timing offset data will prevent
database 2100. it is preferred that each mobile transceiver
unwanted or untimely transmissions by the mobile unit and
insure that a mobile unit may properly transmit a negative
unit have the capability to ''register" with the network
acknowledgment signal if it fails to properly receive an
operations center 600 by sending a registration signal to a
unencoded message.
35 base receiver into the network to update the location data.
The individual message interval 2732 includes the indiThe mobile transceiver unit preferably registers by simply
vidual message intended for a particular mobile unit or units.
transmitting its identification number to a base receiver,
The duration of each message and number of messages
which forwards this data and data representing the location
of the base receiver to the network operations center 600.
within a batch may be varied by the network operations
40
The mobile transceiver preferably registers upon crossing
center 600 and is traffic dependent.
Each mobile unit with transmit capability that has
zonal boundaries to alert the network operation center that
the mobile transceiver has left one zone and entered another.
received a message in the immediately previous systemwide
forward interval 2704 or the zonal forward interval 2708
For example. the mobile unit could receive information from
will have an appropriate time slot for transmission scheduled
the nearest base transmitter identifying which zone that base
in the systemwide response interval 2706. or the zonal 45 transmitter is assigned to at the beginning of each commureverse interval 2710. respectively. The timing circuit in the
nication cycle. Upon receipt of such information from a base
transmitter indicating that a nearby base transmitter is
mobile transceiver unit determines the assigned time slot for
transmission. For example. if the mobile unit simply intends
assigned to a new zone. the mobile transceiver then preferto transmit an acknowledgment signal, which indicates that
ably transmits a registration signal.
the mobile unit has properly received the message from the so
The mobile transceiver unit may also transmit a registration signal in other desirable instances. For example, if the
network. an 8 bit preamble followed by the address of that
mobile unit need only be transmitted and a 3 bit acknowlmobile transceiver unit has moved away from the transmitter
coverage areas of the network for a period of time, the
edgment. However. if a more extensive reply from the
mobile transceiver unit may preferably transmit a registramobile unit is required. additional data could be transferred
during this time slot. In particular. long reverse messages 55 tion signal upon returning to a coverage area. The display
and storage logic 1508 of the mobile transceiver unit prefcould be scheduled in response to a request from the mobile
unit sent during the contention interval 2712. as discussed
erably recognizes that the unit has left the coverage area of
hereafter.
the network upon failure to receive data from a base transmitter in the network during the cycle header time interval
Due to the low power transmit capability of the mobile
transceiver units. there is an increased likelihood of data 60 2702. for example. The mobile unit may leave the coverage
transmission errors for reply signals. The extended Golay
area of a base transmitter of the network when the user takes
code for error protection may be utilized for reverse channel
the unit out of the country. or enters the basement of a
building, for example.
messages from mobile transceiver units to the network.
The mobile unit may also preferably transmit a registraThe systemwide response interval 2706 and the zonal
reverse interval 2710 provide communication capability 65 tion signal when power is restored to the mobile unit after
having power removed. such as after being turned off by the
from the mobile transceiver units to the network (i.e. the
user. Of course, the power may be restored to the unit by
reverse channel).
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replacing or recharging a dead battery. which may also cause
transmission of a registration signal.
In general. the network must balance the need for frequent
registrations by the mobile transceiver units. and the desirable result of accurately knowing the location of each
mobile unit, thereby preventing the need for probe signals,
with the undesirable overhead costs of too frequent
registration, which sacrifices data throughput by utilizing
valuable transmit time.
In the preferred embodiment. the central computer 2002
of the network operations center 600 can achieve desirable
performance by implementing one or more algorithms to
evaluate the need for registration by a mobile unit. and then
appropriately controlling the registration performance of
that mobile unit. If the central computer determines that
registration of a particular mobile unit is useful, then the
mobile unit preferably should receive a message from the
network to cause the mobile unit to send registration signals
at appropriate times. Conversely, if the central computer
determines that the registration signals from the mobile unit
are too frequently not useful, the mobile unit preferably
should receive a message from the network to cause the
mobile unit not to transmit registration signals.
To implement this feature, the mobile transceiver unit
further preferably includes a registration flag (not shown) in
the display and storage logic section 1508. If the registration
flag is set. the display and storage logic section 1508 causes
the mobile transceiver to autonomously send a registration
signal to the network operations center on a desired basis. If
the registration flag is not set, the display and storage logic
section 1508 prevents any registration signals from being
sent. The registration flag may be set or removed upon
command from the network operations center by transmission of an appropriate signal from a base transmitter near the
mobile unit A variety of algorithms, possibly regarding
individual users or groups of users, can be used to determine
whether or not the registration flag should be set. It should
be appreciated that the present invention provides two
distinct algorithms for implementing these registration concepts depending upon whether the registration flag is set or
not in the mobile unit (i.e. the state of the mobile unit).
FIG. 28(A) shows a flow chart describing a preferred
method 2800 for implementing the registration concepts of
the present invention wherein the registration feature of the
mobile unit is disabled. In step 2802, the network sends a
message to disable the registration feature (i.e. set the
registration flag to zero) of the mobile unit to disable the
mobile transceiver's capability to transmit a registration
signal. As can be seen, step 2802 determines the initial state
for the method set forth in FIG. 28(A).
In step 2804, the network stores the number of probe
signals sent to the mobile transceiver during a first period of
time, and the number of messages successfully delivered to
the mobile transceiver by the network during a second
period of time. Preferably, the first and second time intervals
are identical. The traffic statistics database 2200 of the
database 2008 is preferably used to store the number of
probe signals and successful messages for each mobile unit.
As explained hereinafter. these two statistics from the operation of the network are preferably used to determine whether
registration by the mobile unit is useful.
In step 2806, the stored number of probe signals and
number of messages successfully delivered is processed to
evaluate a likelihood that a probe signal will be required to
be set by the network to locate the mobile unit to deliver a
message. The preferred embodiment of the invention processes the stored number of probe signals and messages

successfully delivered in accordance with the method set
forth in FIG. 29(A).
Referring now to FIG. 29(A). therein is shown a series of
substeps which are preferably performed during the implementation of the processing step 2804 shown in FIG. 28(A).
In particular, steps 2902 and 2904 are event driven and only
proceed to the next step after an input has been received by
the network. Step 2902 determines if the network sent a
probe signal to a lost mobile transceiver unit and if a reply
to the probe signal was received by a base receiver in the
network. If this event occurs. a counter (not shown) is
incremented by a value P by the central computer 2002.
In step 2904. if a message was successfully delivered to
a mobile transceiver, preferably including an acknowledgment signal return from the mobile transceiver to the
network. the counter (not shown) in the central computer
2002 is decremented by a value D.
After the occurrence of either of the events tested for in
step 2902 or step 2904. the algorithm proceeds to step 2906.
In step 2906. if the counter value is greater than a predetermined value J. this indicates that the likelihood that a
probe signal will be necessary to locate the mobile transceiver is greater than a selected value.
As can be seen. the process of substeps in FIG. 29(A)
balances the frequency of probe signals sent to a particular
unit against the number of successfully delivered messages
to that unit. If the system must send a large number of probe
signals. it would be useful to enable the registration feature
by setting the registration flag on that mobile unit to enable
the registration feature. In contrast, if many messages have
been successfully delivered without requiring a probe signal.
it is unnecessary to enable the registration feature by setting
the registration flag.
In step 2808, a message is sent to the mobile unit to enable
the mobile transceiver's capability to transmit a registration
signal if the calculated likelihood in step 2804 exceeds a
selected value. As can be seen, step 2808 preferably sets the
registration flag in the mobile transceiver unit.
FIG. 28(B) shows a flow chart describing a method 2810
for implementing the registration concepts of the present
invention wherein the registration feature of the mobile unit
is enabled. In step 2812. the network sends a message to
enable the registration feature (i.e. set the registration flag to
1) of the mobile unit to enable the mobile transceiver's
capability to transmit a registration signal. As can be seen.
step 2812 determines the initial state for the method set forth
in FIG. 28(B).
In step 2814. the network stores the number of registration
signals received by the network during a first period of time,
and the number of messages successfully delivered to the
mobile transceiver by the network during a second period of
time. Preferably. the first and second time intervals are
identical. The traffic statistics database 2200 of the database
2008 is preferably used to store the number of registration
signals and successful messages for each mobile unit As
explained hereinafter, these two statistics from the operation
of the network are preferably used to determine whether the
registration by the mobile unit is useful.
In step 2816, the stored number of registration signals and
number of messages successfully delivered is processed to
evaluate the likelihood that a registration signal will be
received by a base receiver in the network that will not be
used by the network to determine a set of base transmitters
to be operated to transmit a message to the mobile transceiver. The preferred embodiment of the invention processes
the stored number of registration signals received and number of messages successfully delivered in accordance with
the method set forth in FIG. 29(B).
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Referring now to FIG. 29(B). therein is shown a series of
substeps which are preferably performed during the implementa~on of the processing step 2814 shown in FIG. 28(B).
In particular, steps 2912 and 2914 are event driven and only
proceed to the next step after an input has been received by
the network. Step 2912 determines if a registration signal
was received by a base receiver in the network. If so, a
counter (not shown) in the central computer 2002 is incremented by a value A.
In step 2914, if a message was successfully delivered to
a mob~e transceiver, preferabl~ including an acknowledgment signal return from the mobile transceiver to the system,
the counter (not shown) in the central computer 2002 is
decremented by a value M.
It should be understood that the counter referred to with
regard to steps 2912 and 2914 is different then the counter
referred to with regard to steps 2902 and 2904 since each
counter is only necessary when the registration feature is
enabled or disabled in the mobile transceiver. However, the
same physical or logical device may be used to implement
both counters.
After the occurrence of either events in the step 2912 or
step 2914. the algorithm proceeds to step 2916. In step 2916.
the process determines if the counter value is greater than a
predetermined value T. The value ofT can be varied to meet
the needs of a particular network. When the counter value
e.xcee~ T. it is indicated ~t th~ likelihood that a registration signal from that mobile umt will not be used by the
network to determine a new set of base transmitters, and
therefore the registration status for that mobile unit needs to
be changed to disable the registration feature.
In other words, the process in FIG. 29(B) balances the
frequency of registration signals sent by a particular unit
against. the number of successfully delivered messages to
that umt. As can be seen, if the mobile unit sends a large
number of registration signals without the system using
these registration signals, it would be useful to have the
registration feature on that mobile unit disabled. In contrast,
if many messages have been successfully delivered without
too many registration signals being sent by the mobile unit.
it is unnecessary for the registration feature to be disabled.
In step 2818. a message is sent to the mobile unit to
disable the mobile transceiver's capability to transmit a
registration signal if the calculated likelihood in step 2814
exceeds a selected value. As can be seen, step 2818 may
preferably remove the registration flag in the mobile transceiver unit.
Of course. it should be understood that the variables P. D.
and J used in FIG. 29(A). and the variables A. M, and T used
in FIG. 29(B) can be adjusted as desired to enhance system
performance, as will be apparent to one of ordinary skill in
the art. The counters can be implemented with so-called
"reflective boundaries" so that if a counter reaches a minimum value (e.g .. zero), it will continuously reset to that
minimum value when further decremented.
It will be apparent to those skilled in the art that various
modifications and variations can be made in the systems and
methods of the present invention without departing from the
scope or spirit of the invention.
Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.
What is claimed is:
1. A mobile unit for transmitting and receiving radio
frequency signals to and from a communications network
comprising:
means for receiving a radio frequency message from the
network;

a display for displaying said message;
a switch actuatable to specify a portion of the displayed
message for which a user desires retransmission from
the communications network;
means for transmitting. only upon actuation of the switch,
a signal to the communications network requesting
retransmission of said specified portion of said message; and
means for receiving said specified portion retransmitted
from the communications network and for displaying
the received specified portion on the display.
2. The mobile unit of claim 1. further comprising:
means for detecting errors in the received message,
said display including means for highlighting said errors
when the message is displayed on said display.
3. The mobile unit of claim 1. further comprising:
means for receiving a radio frequency signal from the
communication network including a retransmitted message and an error correcting code; and
means for extracting a corrected message from the radio
frequency signal.
.4. The mobile unit of claim 1, wherein the signal transrmtted by the transmitting means indicates to the network
that the user has read the message.
S. The communications network of claim 4, wherein the
means for retransmitting includes means for including an
error correcting code in the radio frequency signals containing the message data.
6. The communications network of claim 4. further comprising means for transmitting a signal to a sender of the
message indicating that the user has read the message.
7. A communications network for transmitting radio frequency signals to a mobile unit and for receiving radio
frequency signals from the mobile unit. the mobile unit
having a display and a switch actuatable to specify a portion
of a displayed message for which a user desires retransmission after viewing the displayed message transmitted from
the communications network, the network comprising:
means for transmitting radio frequency signals containing
a message to the mobile unit;
means for receiving. from the mobile unit. radio frequency signals representing a portion of the message
that the user desires retransmission;
means for retransmitting radio frequency signals containing the portion of the message to the mobile unit.
8. A method for receiving and transmitting messages at a
mobile unit, comprising the steps of:
receiving at the mobile unit a radio frequency message;
displaying said message on the mobile unit;
receiving an indication of a portion of the displayed
message for which a user desires retransmission;
transmitting. only upon receipt of the indication, a signal
requesting retransmission of said indicated portion of
said message;
receiving a retransmission of said indicated portion; and
displaying the received retransmission of said indicated
portion on the mobile unit.
9. The method according to claim 8, further comprising
the step of:
detecting errors in the received message; and
wherein the step of displaying comprises the substep of:
highlighting said errors in the message on the mobile unit.
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