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(57) Abstract

There is disclosed an improved base station for communicating with communication units in a wireless messaging system. According
to an advantageous embodiment, the base station comprises: 1) a transmitter that is capable of transmitting messages to the communication
units in a forward—channel having a first frequency range; 2) a receiver that is capable of receiving messages from the communication units
in a reverse—channel having a second frequency range; and 3) an antenna that is capable of transmitting the forward-channel messages at
a first angle of electrical downtilt below the horizon and receiving the reverse-channel messages at a second angle of electrical downtilt,
wherein the second angle of electrical downtilt is less than the first angle of electrical downtilt.
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ANTENNA SYSTEM FOR NARROWBAND COMMUNICATIONS
SYSTEMS AND METHOD OF OPERATION

CROSS-REFERENCE TO RELATED APPLICATIONS

The present invention is related to that disclosed in

United States Patent Application Serial No. 09/001,759

(Atty. Docket No. PAGE01-00134), filed on December 31,

1997, entitled “SYSTEM FOR SCHEDULING REVERSE-CHANNEL

5 MESSAGES IN NARROWBAND COMMUNICATIONS SYSTEMS AND METHOD OF
OPERATION,” which 1is assigned to the assignee of the
present invention. The disclosures of this related patent
application is incorporated herein by reference for all

purposes as if fully set forth herein.

10
TECHNICAL FIELD OF THE INVENTION
The present invention is directed, in general, to
wireless communication systems and methods of operating the
15 same, and, 1in particular, to narrowband communication

systems for one-way and two-way transmission of voice and

data messages.
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BACKGROUND OF THE INVENTION

The demand for better and cheaper wireless
telecommunication services and equipment continues to grow
at a rapid pace. Much of this growth is spurred by the
Federal Communication Commission’s (“FCC”) approval of
certain frequency bands for the next generation of Personal
Communication Service (“PCS”) devices that provide voice
telephone service as well as advanced voice and/or data
message paging services. A relatively small portion of the
available spectrum was set aside for narrowband PCS, which
is more suited to advanced message paging services, to
encourage efficient use of the available spectrum.

There are a number of well-known wireless
communication techniques that attempt to maximize the
efficiency with which the available spectrum is used.
These methods include frequency division multiple access
(“FDMA”), time division multiple access (“TDMA”), code
division multiple access (“CDMA”), and the like. The term
“multiple access” means that multiple, simultaneous users
(or “subscribers”) are supported in each of these systems.

In an FDMA system, for instance, the total available
radio spectrum is divided into separate frequency bands (or
“channels”) of, for example, 25-30 KHz for those systems
based on the “AMPS” or “TACS” standards, or 10 KHz for
newer systems, such the narrowband PCS (“NPCS”) advanced
messaging systems. In FDMA, only one subscriber at a time
is assigned to a channel. No other subscriber may access
this channel until the transmission of the message sent by
the first subscriber is completed.

In a TDMA system, the total available radio spectrum
is again divided into separate frequency bands. Each band

is then temporally subdivided into, for example, three time
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slots. Only one subscriber at a time is assigned to each
channel, where a channel corresponds to a particular
frequency band and a particular time slot for that band.
No other subscriber may access this channel until the
transmission of the message sent by the first subscriber is
completed.

In a CDMA system, the total available radio spectrum
is used by each subscriber. Each subscriber transmits a
unique, pseudo-random noise (“PN”) code sequence as a
spread spectrum signal. The subscriber’s transmitter and
the receiving base station share the code, which is used to
distinguish the subscriber from other subscribers in the
system, who use different codes PN codes. Thus, a CDMA
system uses codes rather than frequency and/or time slots
to provide multiple access.

The total capacity of a multiple access system may be
further improved by dividing a wireless system into cells
and, in the case of FDMA and TDMA, using only different
frequency channels in adjoining cells. The organization of
message paging and cellular telephone systems into cells is
widely known and understood. Division into cells is
accomplished by limiting the transmission range of both the
base stations and the mobile communication units. The
frequencies used in one cell do not interfere with the
different freguencies used in the adjoining cells and are
not transmitted far enough to interfere with identical
frequencies used in more remote, non-adjoining cells.
Frequency “reuse” is therefore possible by dividing a TDMA
or FDMA system into cells.

In the case of CDMA, division of the system into cells
does not affect freguency allocation, since all subscribers
use the same amount of spectrum. However, there are less

subscribers per cell in smaller cells, so there is less
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interference to distort the signal transmitted by each
subscriber. Thus, capacity 1is still improved for the
overall system.

The structure of a message paging system is somewhat
different than cellular telephone systems. In a message
paging system, all of the base station transmitters
throughout a wide coverage area are synchronized and
simultaneously broadcast (i.e., simulcast) a paging message
in a forward-channel to a subscriber’s pager. This
simulcast increases the likelihood that the paging message
will reach the pager even through obstacles, such as
buildings. The paging system does not assign the
subscriber to a cell and transmit to the subscriber only in
that cell, as in the case of a cellular telephone system.

However, even in a paging environment, there is a
breakdown of the message paging system into cells. That
is, due to the low power of a hand-held two-way pager, a
message transmitted by a user in a reverse-channel has a
very limited range compared to the base station
transmitters. Therefore, a relatively large number of base
station receivers must be deployed throughout the message
paging system coverage area in order to ensure that the
signal transmitted by any pager is received by a base
station receiver. As a result, minimizing the number of
receivers necessary to monitor the coverage area of a
message paging system becomes an important consideration.
Using less receivers lowers the infrastructure cost and,
therefore, lowers the service cost to subscribers.

There exists a need in the art for an improved
wireless communication system that minimizes the equipment
cost necessary to operate the system. In particular, there
is a need for an improved wireless messaging system that

minimizes the number of base station receivers required to
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operate the system. There is a further need in the art for
an improved narrowband messaging system capable of
providing advanced two-way messaging services that
maximizes frequency reuse and spectral efficiency with a

minimum number of base station receivers.
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SUMMARY OF THE INVENTION

The limitations inherent in the prior art described
above are overcome by an improved base station for
communicating with mobile communication wunits (e.g.,
message pagers, PCS devices, personal data assistant and
other processing systems that include  wireless
communication functionality) in a wireless messaging
system. In an advantageous embodiment, the base station
includes: 1) a transmitter that is capable of transmitting
messages to the communication units in a forward-channel
having a first frequency range; 2) a receiver that is
capable of receiving messages from the communication units
in a reverse-channel having a second frequency range; and
3) an antenna that is capable of transmitting the forward-
channel messages at a first angle of electrical downtilt
below the horizon and receiving the reverse-channel
messages at a second angle of electrical downtilt, wherein
the second angle of electrical downtilt is less than the
first angle of electrical downtilt.

According to an advantageous embodiment, the first
angle of electrical downtilt is determined by the first
frequency range and the second angle of electrical downtilt
is determined by the second frequency range. As will be
discussed in detail herebelow, the downtilt angle of a
receive beam is preferably slightly below the horizon. Use
of a relatively small angle of electrical downtilt in the
reverse-channel allows the antenna to focus on signals from
more distant communication units, including those beyond
the boundaries of the coverage area in which the base
station resides. This tends to increase the probability
that the antenna will receive reverse-channel signals from

communication units in other coverage areas, thereby
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increasing the overall macro-diversity of the antenna in
the messaging network.

In an alternate embodiment of the present invention,
the base station further comprises an amplifier disposed
proximate the antenna for amplifying messages received in
the reverse-channel prior to processing in the receiver.
In a related embodiment, the antenna is a sectored antenna
that is operable to transmit a forward-channel message in
a selected direction at greater signal strength relative to
a signal strength transmitted in a non-selected direction.
In another related embodiment, the antenna is a sectored
antenna operable to amplify a reverse-channel message
received from a selected direction and attenuate a reverse-
channel message received from a non-selected direction.

In another alternate embodiment of the present
invention, the second angle of electrical downtilt 1is
approximately zero degrees, such that the antenna is
optimized to receive reverse-channel messages from remote
communication units.

The foregoing SUMMARY OF THE INVENTION outlines, rather
broadly, some advantageous features of various embodiments
of the present invention so that those of ordinary skill in
the art may better understand the DETAILED DESCRIPTION that
follows. Additional features of the invention will be
described hereafter that form the subject matter of the
CLAIMS OF THE INVENTION. Those of ordinary skill in the art
should appreciate that they can readily use the disclosed
conception and specific embodiments as a basis for
designing or modifying other structures for carrying out
the same purposes of the present invention. Those of
ordinary skill in the art should also realize that such
equivalent constructions do not depart from the spirit and

scope of the present invention in its broadest form.
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Before undertaking the DETAILED DESCRIPTION, it may be
advantageous to set forth definitions of certain words and
phrases used throughout this patent document: the terms
“include” and “comprise,” as well as derivatives thereof,
mean inclusion without limitation; the term “or,” is
inclusive, meaning and/or; the phrases “associated with”
and “associated therewith,” as well as derivatives thereof,
may mean to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to
or with, be communicable with, cooperate with, interleave,
be a property of, juxtapose, be proximate to, be bound to
or with, have, have a property of, or the like; and the
term “controller” means any device, system or part thereof

that controls at least one operation, such a device may be

“implemented in hardware, firmware or software, or some

combination of at least two of the same. It should be
noted that the functionality associated with any particular
controller may be centralized or distributed, whether
locally or remotely. Definitions for certain words and
phrases are provided throughout this patent document, those
of ordinary skill in the art should understand that in
many, if not most instances, such definitions apply to
prior, as well as future uses of such defined words and

phrases.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, reference 1is now made to the following
descriptions taken in conjunction with the accompanying
drawings, wherein like numbers designate like objects and
in which:

FIGURE 1 illustrates a representative portion of a
conventional message paging network in accordance with the
PRIOR ART;

FIGURE 2 illustrates conventional forward and reverse-
channels associated with a base station antenna using
electrical downtilt techniques in accordance with the PRIOR
ART;

FIGURE 3 1illustrates forward and reverse-channels
associated with a base station in accordance with an
exemplary embodiment of the present invention;

FIGURE 4 illustrates an improved messaging network
implementing improved base stations and an improved
receiver in accordance with an exemplary embodiment of the
present invention;

FIGURE 5 illustrates an improved messaging network
implementing improved base stations in accordance with a
second exemplary embodiment of the present invention; and

FIGURE 6 illustrates a flow diagram of an exemplary
method for operating the improved base station of FIGURES
3 to 5 in accordance with the principles of the present

invention.
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DETAILED DESCRIPTION

Turning initially to FIGURE 1, illustrated is a
representative portion of a conventional message paging
network (generally designated 100; hereafter, referred to
as “messaging network 100”) in accordance with the PRIOR
ART. Messaging network 100 may provide, for example, two-
way voice and text messages to subscribers. Messaging
network 100 is represented by three exemplary fixed land
sites, called base stations, for communicating with a
plurality of mobile communication units (e.g., message
pagers, PCS devices, personal data assistant and other
processing systems that include wireless communication
functionality, etc.) within messaging network 100. Base
stations 111, 112 and 113, each labeled “BS” in FIGURE 1,
have coverage areas 101, 102, and 103, respectively, that
are determined by the power of the transmitters in base
stations 111, 112, and 113. For the purposes of
illustration and discussion, coverage areas 101, 102,
and 103 are shown as circles. In real world environments,
however, each of coverage areas 101, 102, and 103 may
differ significantly from an idealized circular form.

For purposes of illustration, a plurality of message
paging units, each labeled "“P” in FIGURE 1, are shown
scattered throughout messaging network 100. Paging units
121 and 122 are located within coverage area 101 and may
engage in two-way messaging with base station 111. Paging
units 123 and 124 are located in coverage area 102 and may
engage in two-way messaging with base station 112. Paging
units 126, 127 and 128 are located in coverage area 103 and
may engage in two-way messaging with base station 113.
Paging unit 125 is in coverage areas 102 and 103 and may

engage in two-way messaging with base stations 112 and 113.
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In a narrowband messaging environment, such as FDMA,
base stations 111, 112, and 113 transmit RF signals in a
forward-channel, such as from 939-940 MHz, for example.
Base stations 111, 112, and 113 receive RF signals in a
reverse-channel at, for example, 901-902 MHz. Each base
station 1s effectively a transceiver that contains an
RF transmitter and an RF receiver for carrying out two-way
communications. Each paging unit receives forward-channel
messages directed to it at a selected frequency within the
forward-channel. Each paging unit also transmits reverse-
channel messages at a selected frequency within the
reverse~channel.

Messaging network 100 may be, for example, a two-way
wireless messaging system compatible with the MOTOROLA®
ReFLEX™ transport protocol. The ReFLEX™ protocol may be
used to send a numeric message, such as a conventional 10-
digit telephone number, to a paging unit. The paging unit
may then transmit in the reverse-channel an automatic
acknowledgment message that does not require subscriber
action. Alternatively, the ReFLEX™ protocol may be used in
an enhanced paging mode to send a more complex alphanumeric
message, such as an e-mail text message, to the paging
unit. The pager may then transmit in the reverse-channel
an automatic acknowledgment message that does not require
subscriber action. Some time later the subscriber may
transmit a “canned” message stored in the paging unit, such
as “Will Call You Later”, or a unique message composed by
the subscriber. Additicnally, the paging unit may be
enabled to transmit or receive voice messages of short
duration recorded by the subscriber or a caller.

Base station 111 transmits data and volce messages to
paging wunits 1in coverage area 101; base station 112

transmits data and voice messages to paging units in
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coverage area 102; and base station 113 transmits data and
voice messages to paging units in coverage area 103. Base
stations 111, 112, and 113 may be connected to one another
and to a central control facility (not shown) by a wired
backbone, such as a proprietary fiber-optic network. In
alternate embodiments, base stations 111, 112, and 113 may
be connected to one another and to a central control
facility by a satellite communications 1link, such as
through a very small aperture terminal (“VSAT”).

Voice and text paging messages may be received into
the central control facility from a variety of sources.
Some messages may be received from the public telephone
system in the form of simple call-back numbers entered by
a caller on a DTMF keypad. Alphanumeric messages may be
received by the central control facility from an Internet
connection. Additionally, voice messages from callers may
be received from the public telephone system and recorded
for subsequent transmission to the subscriber.

As is well known, the transmit power of a base station
is typically much greater than the transmit power of the
paging units in each coverage area. In order to maximize
the probability of receiving a reverse-channel message from
a paging unit, additional receive-only stations, or simply
receivers, are frequently disposed throughout messaging
network 100 in order to decrease the average distance
separating a paging unit from the nearest paging system
receiver. The extra receivers thereby minimize the effects
of multi-path fading, delay spread, and signal blocking
with respect to each paging unit. The receivers are also
connected to the base stations and the central control
facility by a wired proprietary data link.

For example, receivers 131 and 132 are located in

coverage area 101 and relay messages received in the
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reverse-channels from any of the paging units in messaging
network 100 to the central control facility. Similarly,
receivers 133 and 134, 1located in coverage area 102,
receive messages in the reverse-channel from any of the
paging units 1in messaging network 100 and relay the
messages to the «central control facility. Finally,
receivers 135 and 136 in coverage area 103 relay messages
received in the reverse-channel to the central control
facility.

Because of the plurality of receivers in each coverage
area, including any receiver that may be part of the base
station, a message transmitted by a paging unit may be
received by more than one receiver. Thus, if the signal
received by one receiver experiences multi-path fading or
is blocked by a structure, such as a building, another
receiver can still receive the signal and relay it to the
base station for processing.

Receivers are not tied to a particular coverage area.
All receivers relay the reverse-channel signal that is
received to the central control facility. For example,
paging units 125 and 126 are located proximate receiver 135
in coverage area 103. Messages transmitted by paging units
125 and 126 may be received by receiver 135, as well as
base stations 112 and 113 in coverage areas 102 and 103,
respectively. This built-in redundancy is known as antenna
diversity.

Many receiver systems actually comprise a pair of
receive paths coupled to two local diverse antenna systems.
In such a “micro-diversity” system, both receive paths
transfer the received signal energy from a reverse-channel
message to the local receiver circuitry at the base
station, which then performs error-bit checking to

determine if either of the two signals was well-received.
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If both of the received reverse-channel signals contain
errors as a result of fading or obstructions, the receiver
circuitry can sum the energies of both of the received
signals to form a composite signal. The composite signal
may then be error checked to determine the reverse-channel
message.

The Dbase stations and receivers 1in messaging
network 100 employ a variety of conventional techniques to
prevent interference between the signals transmitted by the
base stations and the signals transmitted by the paging
units. In a FDMA-based narrowband PCS messaging system,
one level of protection is provided by the frequency

filtering that separates signals according to their

transmission frequency. Messaging network 100 may also
employ a sector antenna multiple receiver (“SAMR”) that
focuses transmitted and received signals. For example,

messaging network 100 may employ a SAMR that uses three
panel antennas, each of which transmits a full strength
signal into a 120 degree sector in the forward-channel, but
transmits only an attenuated signal in the remaining 240
degrees of arc. Each panel antenna also amplifies reverse-
channel signals received from the 120 degree sector and
filters out signals or noise received from the remaining
240 degrees of arc.

Prior art paging systems such as messaging network 100
typically employ electrical “downtilt” in the antennas in
the base stations and receivers in order to reduce the
effective range of transmitted signals and to attenuate
signals received from distant paging units or base
stations. FIGURE 2 illustrates conventional forward and
reverse-channels associated with a base station antenna 202
using electrical downtilt techniques in accordance with the

PRIOR ART. Although the discussion that follows of PRIOR
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ART electrical downtilt techniques centers on base
station 111, it should be notéd that this is by way of
illustration only, and that the following discussion
applies with egual force to the other base stations and
receivers in messaging network 100.

Base station 111 comprises a tower 201 for holding
antenna 202 in an elevated position above the ground 205.
Base station 111 also comprises a transmitter 206 for
transmitting messages 1in the forward-channel and a
receiver 207 for receiving messages in the reverse-channel.
The forward and reverse-channel messages are appropriately
transferred to or from the central control facility.

Reference beam 211 is a horizontal reference axis
indicating the relative position of the horizon. Antenna
202 employs electrical downtilt to transmit messages in the
forward-channel along a transmit beam 212. Transmit
beam 212 represents the direction of travel with respect to
the horizon of the main power lobe transmitted by
antenna 202. As FIGURE 2 indicates, transmit beam 212 is
transmitted below the horizon at a downtilt angle, 61. The
downtilt angle 61 1is determined by the electrical
characteristics of antenna 202 and is dependent on the
transmission frequency of the forward-channel.

Antenna 202 employs electrical downtilt to receive
messages in the reverse-channel along a receive beam 213.
Receive beam 213 represents the direction of travel with
respect to the horizon of an incident signal transmitted
from a paging unit located at an optimum distance away from
antenna 202. Antenna 202 has been optimized to amplify
signals received from paging units at the optimum distance.
The downtilt angle, 62, of receive beam 213 is below the
horizon and is also below the downtilt angle, 01, of the

transmit beam 212.
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The primary purpose in employing electrical downtilt
in transmit beam 212 is to restrict the size of the
coverage areas 101, 102 and 103 in paging network 100. If
transmit beam 212 were oriented directly towards the
horizon with no electrical downtilt, much of the energy of
the signal transmitted by antenna 202 would be transmitted
out to infinity, and therefore lost. Furthermore,
employing only a small angle of electrical downtilt would
direct the main power lobe of transmit beam 212 towards
very distant paging units in other coverage areas resulting
in a weak forward-channel messages being received in the
distant paging units.

Electrical downtilt in the forward-channel sends a
stronger signal to relatively near paging units located at
the optimum distance from antenna 202 (closer to the
perimeter of the coverage area), while minimizing the
interfering forward-channel signal sent to relatively
remote paging units. Similarly, employing electrical
downtilt in receive beam 213 enables antenna 202 to amplify
reverse-channel signals from nearby paging units, while
attenuating reverse-channel signals from more distant
paging units.

Because the downtilt angle, 62, of receive beam 213 is

below the downtilt angle, ©1, of the transmit beam 212,

antenna 202 is optimized to receive reverse-channel signals

that are less distant than the paging units targeted by the
transmit beam 212. It would appear that base station 111
may be able to send messages in the forward-channel to
paging units from which it cannot receive messages in the
reverse-channel. However, i1t must be remembered that the
receiver circuitry in the base station 111 is far more
sensitive than the receiver circuitry in the paging units

and that coverage area 101 also contains a plurality of
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receive-only stations, including receivers 131 and 132,
that also receive reverse-channel signals. The number and
positions of the receivers in messaging network 100 1is
selected to ensure sufficient overlap of receiver coverage
areas. A signal from any paging unit in messaging
network 100 is therefore fairly assured of being received
by two or three nearby receivers.

The electrical downtilt and antenna diversity
techniques described above in connection with messaging
network 100 are costly in terms of hardware. A large
number of receivers are required to provide effective
reverse-channel coverage throughout messaging network 100.
The present invention provides an improved messaging
network that implements a much lower ratio of receivers to
transmitters across the messaging network.

Turning now to FIGURE 3, illustrated are forward and
reverse-channels associated with a base station 301 in
accordance with an exemplary embodiment of the present
invention. The base station 301 comprises a tower 302 for
holding an antenna 303 in an elevated position above
ground 205. The base station 301 also comprises a
transmitter 306 for transmitting messages in the forward-
channel and a receiver 307 for receiving messages in the
reverse-channel. The forward and reverse-channel messages
are appropriately transferred to or from the central
control facility (not shown). A tower-top amplifier 304
may optionally be included to strengthen received signals
at the antenna 303 before relaying the received signals to
the receiver 307, in order to compensate for line losses
occurring on long cables between the antenna and the
receiver.

Although the remainder of the discussion of the

exemplary embodiment focuses on base station 301, it should
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be noted that this is by way of illustration only, and that
the following discussion applies with equal force to the
other base stations and receivers in the improved messaging
network.

Reference beam 311 1is a horizontal reference axis
indicating the relative position of the horizon. Antenna
303 employs electrical downtilt to transmit messages in the
forward-channel along a transmit beam 312. Transmit
beam 312 represents the direction of travel with respect to
the horizon of the main power 1lobe transmitted by
antenna 303. As FIGURE 3 indicates, transmit beam 312 is
transmitted below the horizon at a downtilt angle, ©1. The
downtilt angle, 61, 1s determined by the electrical
characteristics of antenna 303 and is dependent on the
transmission frequency of the forward-channel.

Antenna 303 employs electrical downtilt to receive
messages in the reverse-channel along a receive beam 313.
Receive beam 313 represents the direction of travel with
respect to the horizon of an incident signal transmitted
from a paging unit located at an optimum distance away from
antenna 303. Antenna 303 has been optimized to amplify
signals received from paging units at the optimum distance.
The downtilt angle, 62, is determined by the electrical
characteristics of antenna 303 and is dependent on the
transmission frequency of the reverse-channel.

However, unlike the PRIOR ART antenna 202, the
downtilt angle, 62, of the receive beam 313 is now above
the downtilt angle, 61, of the transmit beam 312.
Furthermore, in a preferred embodiment of the present
invention, the downtilt angle, 62, of receive beam 313 is
only slightly below the horizon. In other embodiments of
the present invention, the downtilt angle, 62, of receive

beam 313 may be oriented directly at the horizon. The use
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of a smaller angle of electrical downtilt in the reverse-
channel in antenna 302 focuses antenna 303 on signals from
more distant paging units, including those beyond the
boundaries of the coverage area in which base station 301
resides. This type of optimization increases the
probability that antenna 303 will receive reverse-channel
signals from remote paging units in other coverage areas,
thereby increasing the‘ overall macro-diversity of the
antennas in the paging network.

The present invention optimizes antenna 303 for the
amplification of signals from remote paging units, and
thereby maximizes antenna macro-diversity effects, under
the assumption that, although antenna 303 may occasionally
lose the signal from a nearby paging unit due to blocking
or multipath fading, at least one other less-close antenna
will properly receive the lost paging unit’s signal because
the less-close antenna has also been optimized to amplify
the signal of remote paging units. Maximizing the ability
of more remote receivers to receive the paging unit’s
transmission improves the overall performance of the paging
network.

Turning next to FIGURE 4, illustrated is an improved
messaging network {(generally designated 400) implementing
improved base stations 411, 412 and 413 and an improved
receiver 421 in accordance with an exemplary embodiment of
the present invention. Base stations 411, 412 and 413,
each labeled “BS” in FIGURE 4, have coverage areas 401,
402, and 403, respectively, that are determined by the
power of the transmitters in base stations 411, 412,
and 413. For the purposes of illustration and discussion,
coverage areas 401, 402, and 403 are shown as circles. 1In

real world environments, however, each of coverage
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areas 401, 402, and 403 may again differ significantly from
an idealized circular form.

Each of base stations 411, 412, and 413 communicates
with a plurality of paging units generally located within
its coverage area. Under ordinary circumstances, base
station 411 transmits data and voice messages to paging
units in coverage area 401; base station 412 transmits data
and voice messages to paging units in coverage area 402;
and base station 413 transmits data and voice messages to
paging units in coverage area 403. Base stations 411, 412,
and 413 are connected to one another and a central control
facility (not shown) by a wired backbone, such as a
proprietary fiber-optic network or, preferably, by a
wireless link, such as a two-way VSAT network.

A plurality of paging units are shown scattered
throughout messaging network 400. Paging units 121 and 122
are located within coverage area 401 and may be in two-way
communication with at least base station 411. Paging units
123, 124 and 125 are located in coverage area 402 and may
be in two-way communication with at least base station 412.
Paging units 126, 127 and 128 are located in coverage area
403 and may be in two-way communication with at least base
station 413.

As in the PRIOR ART network, each of base stations
411, 412 and 413 transmit data and voice messages in a
forward-channel to the paging units within its associated
coverage area. Each base station may also receive messages
in a reverse-channel from any paging unit in messaging
network 400. Each Dbase station is effectively a
transceiver that contains an RF transmitter and an
RF receiver for carrying out two-way communications. As in
the case of the PRIOR ART messaging network 100, the two-

way message traffic in messaging network 400 may comprise
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voice and data messages associated with one of a plurality
of information or notification modes, such as numeric and
alphanumeric paging and voice messaging. In an
advantageous embodiment, messaging network 400 is a FDMA-
based narrowband messaging system implementing the
MOTOROLA® ReFLEX 25® protocol and employing sector antenna
multiple receiver (“SAMR”) systems that focus transmitted
signals in the forward-channel and amplify received signals
in the reverse-channel.

Messaging network 400 also comprises an additional
receive-only station to receive messages in the reverse-
channel. The receive-only station, receiver 421, 1is
connected to the base stations and a central control
facility (not shown) by a wired backbone, such as a
proprietary fiber-optic network. It can now be seen,
however, that the total number of receivers required by
messaging network 400, including the receivers in base
stations 401, 402, and 403, is much less than in the PRIOR
ART messaging network 100. This is due to the macro-
diversity effect gained across the entirety of messaging
network 400 by optimizing the electrical downtilt of the
antennas in improved base stations 411, 412 and 413 and in
improved receiver 421 according to the exemplary antenna
system described in FIGURE 3.

Turning next to FIGURE 5, illustrated is an improved
messaging network 500 implementing improved base
stations 511-514 in accordance with a second exemplary
embodiment of the present invention. The electrical
downtilt of each of the antennas in improved base
stations 511-514 is also optimized according to the antenna
system described in FIGURE 3. The exemplary messaging

network 500 is optimized for use in a heavy urban area.
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The outline of a large cluster of office buildings or a
dense metropolitan area is denoted by perimeter 501.

Base stations 511-514 are located around
perimeter 501. Receive-only stations optimized in
accordance with the antenna system described in FIGURE 3
may also be implemented within the urban core, if the
density of paging receivers and the number of signal-
blocking obstacles so requires. Paging units 521, 522 and
523 are located in the dense urban area and may be in two-
way communication with at least one of base stations 511-
514. In the forward-channel, base stations 511-514
transmit messages into the dense urban area and take
advantage of reflections off buildings to ensure that the
forward-channel signal reaches the intended paging unit.
Similarly, in the reverse-channel, base stations 511-514
can receive signals reflected off buildings to ensure that
at least one of the base stations receives a reverse-
channel message transmitted by any one of the paging units
521, 522, and 523.

Turning lastly to FIGURE 6, a flow diagram of an
exemplary method (generally designated 600) for operating
the improved base station 411 in accordance with the
principles of the present invention. For the purpose of
illustration, messaging network 400 is assumed to be, for
example, a two-way wireless messaging system compatible
with the MOTOROLA® ReFLEX™ transport protocol. In a normal
operating mode, base station 411 continually receives from
the central control facility forward-channel messages to be
broadcast (or simulcast) to paging units in messaging
network 400 and synchronization signals which synchronize
the simultaneous transmission of the forward-channel
messages to the appropriate pagers (process step 601). In

the illustrated example, Dbase station 411 receives a
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message that is to be transmitted in the forward-channel to
Pager X.

Next, at the designated time, the transmitter 306 in
base station 411 transmits the queued forward-channel
messages to each pager, including the forward-channel
message to Pager X (process step 602). All of the forward-
channel messages are transmitted by all of the base
stations at an electrical downtilt angle of ©1. This
simulcast of each message page by every base station in
messaging network 400 maximizes the probability that each
paging message reaches the targeted paging unit. The
forward-channel message also includes information telling
a receiving paging unit, such as Pager X, the reverse-
channel time slot and frequency in which the receiving
pager should transmit any scheduled messages, such as the
automatic acknowledgment message each paging unit sends
upon receipt of the forward-channel message.

In the reverse-channel, the receiver 307 in base
station 411 monitors the early time slots 0-17 and selected
frequency in each reverse-channel frame to detect the
automatic acknowledgment message that Pager X is scheduled
to send back upon receipt of the forward-channel message
(process step 603). The receiver antenna is optimized at
an electrical downtilt angle of 62 to receive the reverse-
channel messages transmitted by relatively remote paging
units in the messaging network 400. Next, the receiver 307
in base station 411 monitors the late time slots 18-22 and
selected frequency in each reverse-channel frame to detect
unscheduled messages from Pager X (process step 604). An
unscheduled reverse-channel message may 1include the
registration request generated by a paging unit when it is
first powered on and identifies 1itself to messaging

network 400. Alternatively, an unscheduled reverse-channel
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message may include an Inbound Message Request whereby
Pager X informs messaging network 400 that the subscriber
wishes to send a voice or alphanumeric message that
subscriber has composed.

Next, base station 411 sends all reverse-channel
messages to the central control facility for further
processing (process step 605). At this point, the Dbase
station 411 may repeat the process described above from the
start.

As is apparent from the foregoing, the principles of
the present invention are particularly beneficial when
applied to wireless communication networks that employ
simulcast messaging. Those skilled in the art should
understand that although message pager have been used to
illustrate the principles of the present invention,
alternate communication units (or devices) may suitably be
used with a messaging system in accordance with the
principles of the present invention. For instance, PCS
devices, as well as suitably arranged calculators; palmtop,
laptop, notebook, personal or other computers; and any
other 1like processing systems, including PDAs (i.e.,
devices, or “gadgets,” that perform particular tasks, such
as a diary, database, PCS, message paging, multimedia
player, memo-taker, calculator, alarm clock, etc.).

Although the principles of the present invention have
been described in detail with reference to message paging
system and infrastructure embodiments, those of ordinary
skill in the art should understand that they can make
various changes, substitutions and alterations herein
without departing from the spirit and scope of the

invention in its broadest form.
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WHAT IS CLAIMED IS:

1. For use 1in a wireless messaging system, a base
station that communicates with communication units located
in said wireless messaging system, said base station
comprising:

a transmitter that is capable of transmitting
messages to said communication units in a forward-channel
having a first frequency range;

a receiver that is capable of receiving messages
from said communication units in a reverse-channel having
a second frequency range; and

an antenna that is capable of transmitting said
forward-channel messages at a first angle of electrical
downtilt below horizon and receiving said reverse-channel
messages at a second angle of electrical downtilt, wherein
said second angle of electrical downtilt is less than said

first angle of electrical downtilt.

2. The base station set forth in Claim 1 wherein
said first angle of electrical downtilt is determined by

said first frequency range.

3. The base station set forth in Claim 1 wherein
said second angle of electrical downtilt is determined by

said second frequency range.

4. The base station set forth in Claim 1 further
comprising an amplifier disposed proximate said antenna
that is capable of amplifying messages received in said

reverse-channel prior to processing in said receiver.
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5. The base station set forth in Claim 1 wherein
said antenna is a sectored antenna that is operable to
transmit a forward-channel message in a selected direction
at greater signal strength relative to a signal strength

transmitted in a non-selected direction.

6. The base station set forth in Claim 5 wherein
said antenna is a sectored antenna that is operable to
amplify a reverse-channel message received from a selected
direction and attenuate a reverse-channel message received

from a non-selected direction.
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7. The base station set forth in Claim 1 wherein
said second angle of electrical downtilt is approximately
zero degrees, such that said antenna 1is optimized to
receive reverse-channel messages from remote communication

units.
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8. A wireless messaging system that communicates
with communication units comprising:
a plurality of transmitter stations, each of said
plurality of transmitter stations comprising:
5 a transmitter that is capable of
transmitting messages to said communication units in
a forward-channel having a first frequency range; and
an antenna that is capable of transmitting
said forward-channel messages at a first angle of
10 electrical downtilt below horizon; and
a plurality of receiver stations, each of said
plurality of receiver stations comprising:
a receiver that 1s capable of receiving
messages from said communication units in a reverse-
15 channel having a second frequency range; and
an antenna that is capable of receiving said
reverse-channel messages at a second angle of
electrical downtilt,
wherein said second angle of electrical downtilt is less

20 than said first angle of electrical downtilt.



10

15

20

WO 99/34626 PCT/US98/27899

-29-

9. The wireless messaging system set forth in
Claim 8 wherein said first angle of electrical downtilt is

determined by said first frequency range.

10. The wireless messaging system set forth in
Claim 8 wherein said second angle of electrical downtilt is

determined by said second freguency range.

11. The wireless messaging system set forth in
Claim 8 further comprising an amplifier disposed proximate
sald antenna that 1is capable of amplifying messages
received in said reverse-channel prior to processing in

said receiver.

12. The wireless messaging system set forth in
Claim 8 wherein said antenna is a sectored antenna that is
operable to transmit a forward-channel message in a
selected direction at greater signal strength relative to

a signal strength transmitted in a non-selected direction.
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13. The wireless messaging system set forth in
Claim 12 wherein said antenna is a sectored antenna that is
operable to amplify a reverse-channel message received from
a selected direction and attenuate a reverse-channel

message received from a non-selected direction.

14, The wireless messaging system set forth in
Claim 8 wherein said second angle of electrical downtilt is
approximately zero degrees, such that said antenna is
optimized to receive reverse-channel messages from remote

communication units.
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15. A method of operating a wireless messaging system
to communicate messages with communication units located in
said wireless messaging system, said method comprising the
steps of:

transmitting messages to the communication units
in a forward-channel having a first frequency range and at
a first angle of electrical downtilt below horizon; and

receiving messages from the communication units
in a reverse-channel having a second frequency range and at
a second angle of electrical downtilt, wherein the second
angle of electrical downtilt is less than the first angle

of electrical downtilt.

16. The method set forth in Claim 15 wherein the
first angle of electrical downtilt is determined by the

first frequency range.

17. The method set forth in Claim 15 wherein the
second angle of electrical downtilt is determined by the

second frequency range.
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18. The method set forth in Claim 15 wherein the step
of transmitting further includes the step of transmitting
forward-channel messages in a selected direction at greater
signal strength than forward-channel messages transmitted

in a non-selected direction.

19. The method set forth in Claim 15 wherein the step
of receiving further includes the step of amplifying a

reverse-channel message received from a selected direction.

20. The method set forth in Claim 19 wherein the step
of receiving further includes the step of attenuating a
reverse-channel message received from a non-selected

direction.
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21. A wireless communication system that includes a
plurality of associated base stations capable of
simulcasting messages to communication units in a forward-
channel and receiving messages from ones of said
communication units in a reverse-channel, said forward-
channel messages simulcast at a first angle of electrical
downtilt and said reverse-channel messages received at a
second angle of electrical downtilt, said second angle of
electrical downtilt being less than said first angle of

electrical downtilt.

22. The wireless communication system set forth in
Claim 21 wherein said first angle of electrical downtilt is

determined by a first frequency range.

23. The wireless communication system set forth in
Claim 21 wherein said second angle of electrical downtilt

is determined by a second frequency rangde.
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24. The wireless communication system set forth in
Claim 21 wherein one of said base stations includes an
amplifier that is capable of amplifying messages received

in said reverse-channel.

25. The wireless communication system set forth in
Claim 21 wherein one of said base stations includes a
sectored antenna that is operable to transmit a forward-
channel message in a selected direction at greater signal
strength relative to a signal strength transmitted in a

non-selected direction.

26. The wireless communication system set forth in
Claim 25 wherein said sectored antenna is operable to
amplify a reverse-channel message received from a selected
direction and attenuate a reverse-channel message received

from a non-selected direction.

27. The wireless communication system set forth in
Claim 21 wherein said second angle of electrical downtilt
is approximately zero degrees, such that an antenna 1is
optimized to receive reverse-channel messages from remote

communication units.

28. The wireless communication system set forth in
Claim 21 wherein said base stations are associated with a

perimeter of an urban area.



10

15

20

WO 99/34626 PCT/US98/27899

-35—

29. A method of operating a wireless communication
system that includes a plurality of associated base
stations capable of simulcasting messages to communication
units in a forward-channel and receiving messages from ones
of said communication units in a reverse-channel, said
method comprising the cooperative steps of:

simulcasting said forward-channel messages at a
first angle of electrical downtilt, and receiving said
reverse-channel messages at a second angle of electrical
downtilt, wherein said second angle of electrical downtilt

being less than said first angle of electrical downtilt.

30. The method of operation set forth in Claim 29
wherein said first angle of electrical downtilt 1is

determined by a first frequency range.

31. The method of operation set forth in Claim 29
wherein said second angle of electrical downtilt 1is

determined by a second frequency range.
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32. The method of operation set forth in Claim 29
further comprising the step of amplifying messages received

in said reverse-channel.

33. The method of operation set forth in Claim 29
further comprising the step of using a sectored antenna to
transmit a forward-channel message in a selected direction
at greater signal strength relative to a signal strength

transmitted in a non-selected direction.

34. The method of operation set forth in Claim 33
further comprising the step of further amplifying a
reverse-channel message received from a selected direction
and attenuating a reverse-channel message received from a

non-selected direction.

35. The method of operation set forth in Claim 29
wherein said second angle of electrical downtilt is
approximately zero degrees, such that an antenna 1is
optimized to receive reverse-channel messages from remote

communication units.
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36. The method of operation set forth in Claim 29
further comprising the step of associating said base

stations with a perimeter of an urban area.
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FIGURE 1 (PRIOR ART)
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|
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|

MONITOR EARLY TIME SLOTS AND SELECTED
FREQUENCY IN REVERSE CHANNEL TO DETECT |¢- 603
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:
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FIGURE 6
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