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ABSTRACT

An apparatus and method for paging a user terminal (UT)
using a satellite communications system having a gateWay
and one or more satellites, Wherein each satellite produces a

plurality of beams and each beam includes a plurality of
channels. The method of the present invention includes the
step of recalling a location of the UT, Wherein the recalled
location corresponds to a location of the UT at a time t1. In

one embodiment this is accomplished by performing a
lookup in a table that includes location information for user

terminals at different points in time. The method also
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includes the step of determining an area, based on the
recalled location, Within Which the UT is assumed to be
located at a time t2, Where time t2 is later in time than time
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criteria are satis?ed. First a satellite of the one or more
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satellites has an elevation angle betWeen 61 and 62. Second,
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all locations Within the area are located Within a footprint of

the satellite (that has an elevation angle betWeen 61 and 62).
The elevation angles 61 and 62 can be determined from the
perspective of the recalled location. Alternatively, the eleva
tion angle can be determined from the perspective of all
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On the forWard link, information is transmitted from a

METHOD AND APPARATUS FOR PAGING A
USER TERMINAL WITHIN THE “SWEET
SPOT” OF A SATELLITE

gateWay to a user terminal over one or more beams. These

beams often comprise a number of so-called subbeams (also
referred to as frequency division multiple access (FDMA)
channels, or CDMA channels) covering a common geo

CROSS-REFERENCE TO RELATED
APPLICATIONS

graphic area, each occupying a different frequency band.

This application is related to commonly-invented and

commonly-oWned applications entitled “Apparatus and
Method for Paging” having application Ser. No. 09/281,834
?led Mar. 30, 1999 and “Method and Apparatus for Mini

10

miZing the Number of Channels Used for Paging” having
application Ser. No. 09/305,180 ?led May 4, 1999, Which
are incorporated herein by reference.
BACKGROUND OF THE INVENTION

communication signals. PN spreading is a method of spread
spectrum transmission that is Well knoWn in the art, and
produces a communication signal With a bandWidth much
15

I. Field of the Invention
The present invention relates generally to satellite com
munication systems, and more particularly, to a method and
apparatus for paging a user terminal located Within a stron
gest signal coverage area or “sWeet spot” of a satellite.
II. Related Art

More speci?cally, in a conventional spread-spectrum com
munication system, one or more preselected pseudorandom
noise (PN) code sequences are used to modulate or “spread”
user information signals over a predetermined spectral band
prior to modulation onto a carrier signal for transmission as

20

greater than that of the data signal. On the forWard link, PN
spreading codes or binary sequences are used to discriminate
betWeen signals transmitted by different gateWays or over
different beams, as Well as betWeen multipath signals. These
codes are often shared by all communication signals Within
a given subbeam.
In a conventional CDMA spread-spectrum communica
tion system, “channeliZing” codes are used to discriminate
betWeen different user terminals Within a satellite sub-beam

Conventional satellite-based communication systems

on a forWard link. The channeliZing codes form orthogonal

include gateWays and one or more satellites to relay com
25 channels in a subbeam over Which communication signals
munication signals betWeen the gateWays and one or more
are transferred. That is, each user terminal has its oWn

user terminals. A gateWay is an earth station having an

orthogonal channel provided on the forWard link by using a
unique channeliZing orthogonal code. Walsh functions are
generally used to implement the channeliZing codes, also

antenna for transmitting signals to, and receiving signals
from, communication satellites. A gateWay provides com
munication links, using satellites, for connecting a user
terminal to other user terminals or users of other commu

nication systems, such as a public sWitched telephone net
Work. A satellite is an orbiting receiver and repeater used to
relay information. A user terminal is a Wireless communi
cation device such as, but not limited to, a Wireless
telephone, a data transceiver, and a paging receiver. A user
terminal can be ?xed, portable, or mobile, such as a mobile

30

are knoWn as Walsh channels. A typical orthogonal code

length is 64 code chips for terrestrial systems and 128 code
chips for satellite systems.
35

The remaining Walsh channels often include pilot, sync, and

Asatellite can receive signals from and transmit signals to
40

“footprint” of the satellite. The footprint of a satellite is the
geographic region on the surface of the Earth Within the

geographic region Within the footprint. Beams may be

session (that is, the user terminal is not receiving or trans

mitting traf?c signals), the gateWay can convey information
45

directed so that more than one beam from the same satellite

signals are often sent by the gateWay to establish a commu
nication link, to tell a user terminal that a call is coming in,
to reply to a user terminal trying to access the system, and
for registration of the user terminal. For example, When a
call or request for a communications link has been placed to
a particular user terminal, the gateWay alerts the user ter

division multiple access (CDMA) spread-spectrum signals,
as disclosed in US. Pat. No. 4,901,307, issued Feb. 13,

1990, entitled “Spread Spectrum Multiple Access Commu

separate communication links are used to transmit commu
nication signals, such as data or traf?c, to and from a

gateWay. The term “forWard communication link” refers to

communication signals originating at the gateWay and trans

to that particular user terminal using a signal knoWn as a

paging signal (also referred to herein as a page). Paging

covers the same speci?c geographic region.
Some satellite communications systems employ code

nication System Using Satellite or Terrestrial Repeaters,”
and US. Pat. No. 5,691,974, Which issued Nov. 25, 1997,
entitled “Method and Apparatus for Using Full Spectrum
Transmitted PoWer in a Spread Spectrum Communication
System for Tracking Individual Recipient Phase Time and
Energy,” both of Which are assigned to the assignee of the
present invention, and are incorporated herein by reference.
In satellite communication systems employing CDMA,

In contrast, paging, sync, and pilot channels may be moni
tored by multiple user terminals.
When a user terminal is not involved in a communications

range of signals of the satellite. The footprint is usually
geographically divided into “beams,” through the use of
beam-forming antennas. Each beam covers a particular

A majority of the Walsh channels are traf?c channels that
provide messaging betWeen a user terminal and a gateWay.
paging channels. Signals sent over the traf?c channels are
generally meant to be received by only one user terminal,
although messages can also be broadcast to multiple users.

telephone.
a user terminal provided the user terminal is Within the

knoWn as Walsh codes or Walsh sequences, and create What

minal by means of a paging signal. Additionally, if the
gateWay is sending a short message to a user terminal, such
55 as a request for a location update of the user terminal, the
gateWay can send such a request by means of a paging

signal. Paging signals are also used to distribute channel

assignments and system overhead information. Paging sig
nals are usually transmitted over paging channels, Which are
60

brie?y discussed above. Each paging signal includes an
identity number so that the user terminals listening to the

paging channel knoW if the paging signal is addressed to
them. If a paging signal is meant for multiple user terminals,
the paging signal includes an identity number that corre

mitted to a user terminal. The term “reverse communication 65 sponds to the multiple user terminals.

link” refers to communication signals originating at a user
terminal and transmitted to the gateWay.

Auser terminal can respond to a paging signal by sending
an access signal or access probe over the reverse link (that

US 6,539,200 B1
3

4

is, the communications link originating at the user terminal
and terminating at the gateWay). The access signal is also
used to register With a gateWay, to originate a call, or to
acknowledge a paging request by a gateWay. The access

save resources, the collection of location updates should be

accomplished Without utiliZing traffic channels. To accom
plish this, a location update request message can be sent as
a paging signal over a paging channel. To further minimiZe

signal is usually transmitted over channels speci?cally des
ignated as access channels, Which are brie?y discussed
beloW. The reverse link also includes traf?c channels for
providing messaging betWeen a user terminal and a gateWay.
If a user terminal is merely sending a location update in
response to a location update request that is received from a
gateWay over a paging channel, the user terminal may send

the poWer and capacity used, the number of paging channels
used to transmit the paging signal should be minimiZed for
the reasons discussed above. To even further minimiZe the

10

poWer used, the paging signal should only be sent When the
user terminal (being paged) is Within the “sWeet spot” of the
satellite(s) (that is used to send the paging signal). The

15

by the satellite beams Where the gain of signals sent from
that satellite is high, referred to as peaked up. That is, Where
the strength of the signals is relatively high. This is an area
that is substantially better for signal propagation for the user

“sWeet spot” of the a satellite is an area or region of coverage

location update information as an access probe over an

access channel. By using paging channels and access chan
nels to convey short messages (such as location update

requests and location update information), forWard and

terminal.
Thus, as discussed above, there is a need for an apparatus

reverse traf?c channels are reserved for longer communica
tions such as voice calls.
When a gateWay sends a paging signal to a user terminal,
the gateWay usually does not knoW the location of the user

terminal. Therefore, in contemporary satellite communica
tions systems, the gateWay usually sends a paging signal
over many paging channels. At Worst, the gateWay sends the
paging signal over every paging channel that is supported by
the gateWay serving the particular user terminal. This send
ing of a paging signal over many paging channels is often
referred to as ?ood paging. Flood paging, though inef?cient
and Wasteful, is relatively inexpensive When used to set up

and method for reducing the number of paging channels
used to page a user terminal. Additionally, there is a need to
minimiZe the amount of poWer, per channel, used to page a

user terminal. Even though the initial need for the reduction

of ?ood paging Was inspired by the reduction of ?ood paging
in a position determination system, the system and method
of the present invention is useful in many types of satellite
25

communication systems that uses channels (identical to or

similar to paging channels) for conveying information to a
user terminal that is not involved in a communications

voice calls. This is because the resources used to ?ood page
are relatively small compared to the resources used for a

session.
The present invention is most useful When used for an

typical tWo or three minute voice call. More speci?cally, the
total capacity and poWer used to ?ood page is relatively
small compared to the total poWer and capacity used to

immediately paged. That is, the present invention is most

application Where a user terminal does not need to be

support the voice call. Thus, ?ood paging, though not
ef?cient, has proven useful in voice systems. HoWever, ?ood
paging may become unacceptable When used for setting up
voice calls, if, for example, the number of call set up
requests increases to the point Where paging channel capac

35

useful for an application Where a gateWay can Wait, until
certain conditions are satis?ed, before it sends a page to a
user terminal. For example, the present invention is useful in
a system Where paging channels are used for requesting

location updates.
SUMMARY OF THE INVENTION
The present invention is directed toWard a method and
apparatus for paging a user terminal (UT) using a satellite

ity becomes a scarce resource.

The inef?ciencies of ?ood paging are not acceptable in
many other types of messaging systems, such as in a position

communications system having a gateWay and plurality of
satellites, Wherein each satellite produces a plurality of

determination system Where the response to a paging mes

sage may be a relatively short acknoWledgment message
and/or a location update message. This is because the

beams and each beam includes a plurality of channels. The
method of the present invention includes the step of recall
ing a location of the UT, Wherein the recalled location

resources used to ?ood page are quite large as compared to 45
the information sent in response to the ?ood page. More
corresponds to a location of the UT at a time t1. In one

speci?cally, the total poWer and capacity used to ?ood page

embodiment, this is accomplished by using a look-up table,

is relatively large compared to the total poWer and capacity
used to support the response to the ?ood page (for example,
an acknoWledgment or location update message).
An example of an industry in Which position determina
tion is particularly useful is the commercial trucking indus
try. In the commercial trucking industry an ef?cient and
accurate method of vehicle position determination is in
demand. With ready access to vehicle location information,
a trucking company home base obtains several advantages.
For example, a trucking company can keep the customer
informed of location, route and estimated time of arrival of

database, or memory elements in Which location information
for user terminals at different points in time is stored. The
method also includes the step of determining an area, based
on the recalled location, Within Which the UT is assumed to
be located at a time t2, Where time t2 is later in time than time
t1. The next step is to determine a time t3, Where t3 is equal
to or later in time than time t2, When the UT is located Within
55

payloads. The trucking company can also use vehicle loca
tion information together With empirical data on the effec

or of a point on the Earth, such as the recalled UT location.

tiveness of routing, thereby determining the most economi

The preferential location can be selected using elevation
angles for the satellite relative to the UT of interest. For

cally ef?cient routing paths and procedures.
In order to minimiZe the poWer and capacity used to track
the location of a truck, a location update request can be sent
to a user terminal (often referred to as a Mobile Communi

cations Terminal or MCT in the trucking industry) Within the

truck periodically (for example, once every hour). To further

a predetermined preferential portion of the satellite
footprint, also referred to as the “sWeet spot” of the satellite,
Which is de?ned as a region Where the gain of signals
transmitted by the satellite is highest. The “sWeet spot” of a
satellite can be speci?ed from the perspective of a satellite

example, a user terminal is considered to be Within the
65

“sWeet spot” of a satellite When the folloWing tWo criteria
are satis?ed. First, a satellite of the plurality of satellites has

an elevation angle betWeen tWo pre-selected angles 61 and
62 from the perspective of the user terminal. Second, all

US 6,539,200 B1
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locations Within the area determined above are located

determined from the perspective of the recalled location.
Alternatively, the elevation angles can be determined from

satellites, Wherein the satellites are not stationary With
respect to a point on the surface of the Earth. HoWever, the
invention is also applicable to satellite systems in Which the
satellites travel in non-LEO orbits.
A preferred embodiment of the invention is discussed in

Within a footprint of the satellite (that has an elevation angle

betWeen 61 and 62). The elevation angles 61 and 62 can be
the perspective of all locations Within the area. This ensures

detail beloW. While speci?c steps, con?gurations and

that the UT is in the “sWeet spot” of the satellite (Where the
gain of signals sent from the satellite are highest) When the
UT is paged. Apage is then sent from the gateWay to the UT

is done for illustrative purposes only. Apreferred application

on a channel of a beam of the satellite at time t3. The page
can be sent on a channel of every beam of a plurality of

tems.

arrangements are discussed, it should be understood that this

is in CDMA Wireless spread spectrum communication sys

II. An Exemplary Satellite Communications System

beams that make up the footprint of the satellite at time t3.
Alternatively, the page can be sent on a channel of selected

An exemplary Wireless communication system in Which

beams of the footprint. By Waiting until the UT is Within the
“sWeet spot” to page the UT, less poWer can be used by the
satellite. In addition, this type of operation alloWs the UT to

15

type communication signals, but this is not required by the

use an antenna that has a radiation pattern that exhibits a

substantial or higher gain only at higher elevation angles or
When the UT is Within the “sWeet spot”. This alloWs the use
of satellite poWer to be reduced further.
BRIEF DESCRIPTION OF THE FIGURES

The features, objects, and advantages of the present
invention Will become more apparent from the detailed

description set forth beloW When taken in conjunction With
the draWings in Which like reference characters identify

the present invention is useful is illustrated in FIG. 1A. It is
contemplated that this communication system uses CDMA

25

present invention. In a portion of a communication system
100 illustrated in FIG. 1A, tWo satellites 116 and 118, and
tWo associated gateWays, base stations, or hubs 120 and 122
are shoWn for effecting communications With tWo remote
user terminals 124 and 126. The total number of gateWays
and satellites in such systems depends on desired system
capacity and other factors Well understood in the art.
User terminals 124 and 126 each include a Wireless
communication device such as, but not limited to, a cellular
or satellite telephone, a data transceiver, or a paging or

corresponding elements throughout and Wherein:

position determination receiver, and can be hand-held or
vehicle-mounted as desired. In FIG. 1A, user terminal 124

FIG. 1A illustrates an exemplary Wireless communication

system in Which the present invention is useful;
FIG. 1B illustrates exemplary communication links

is illustrated as a vehicle mounted device and user terminal

126 is illustrated as a hand-held telephone. HoWever, it is
also understood that the teachings of the invention are
applicable to ?xed units Where remote Wireless service is

betWeen a gateWay and a user terminal;
FIG. 2 illustrates an exemplary transceiver for use in a

desired. User terminals are sometimes also referred to as
user terminal;
FIG. 3 illustrates exemplary transceiver apparatus for use 35 subscriber units, mobile stations, mobile units, or simply as
“users” or “subscribers” in some communication systems,
in a gateWay;

depending on preference. An exemplary transceiver for use

FIG. 4 illustrates an exemplary satellite footprint;

in user terminals 124 and 126 is illustrated in FIG. 2.
Generally, beams from satellites 116 and 118 cover dif

FIG. 5 illustrates the higher gain area of coverage or
“sWeet spot” of a satellite, from the perspective of a user

ferent geographical areas in prede?ned beam patterns.

terminal;

Beams at different frequencies, also referred to as FDMA
channels or “sub-beams,” can be directed to overlap the

FIG. 6 is a side vieW of the beam pattern coverage of FIG.

5;
FIG. 7 is a top vieW of the beam pattern coverage relative
to the satellite of FIG. 5;
FIGS. 8A—8D illustrate a satellite at four different points
in time, Wherein FIG. 8A illustrates the satellite at a ?rst
point in time, FIG. 8B illustrates the satellite at a later point
in time, FIG. 8C illustrates the satellite at an even later point
in time, and FIG. 8D illustrates the satellite at a latest point

same region. It is also readily understood by those skilled in
the art that beam coverage or service areas for multiple
45

Satellites 116 and 118 are tWo satellites of a satellite

based communication system. A variety of satellite-based

in time; and
FIG. 9 is a ?oWchart depicting the high level operation of
an embodiment of the present invention;
FIG. 10 is a ?oWchart depicting the high level operation
of an alternative embodiment of the present invention;
FIGS. 11A—11C are ?oWcharts depicting alternative
methods performed by a user terminal in alternative embodi
ments of the present invention; and
FIG. 12 shoWs an exemplary antenna beam pattern of an

communication systems have been proposed With an exem
plary system employing on the order of 48 or more loW

Earth orbit (LEO) satellites, traveling in eight different
55

including other orbital distances and constellations.
In FIG. 1A, some possible signal paths are illustrated for

antenna of a user terminal according to an embodiment of

communications betWeen user terminals 124 and 126 and

gateWays 120 and 122, through satellites 116 and 118. The
satellite-user terminal communication links betWeen satel

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

communications systems employing loW Earth orbit (LEO)

orbital planes for servicing a large number of user terminals.
HoWever, those skilled in the art Will readily understand hoW
the teachings of the present invention are applicable to a

variety of satellite system and gateWay con?gurations,

the present invention.

I. Introduction
The present invention is particularly suited for use in

satellites might be designed to overlap completely or par
tially in a given region depending on the communication
system design and the type of service being offered, and
Whether space diversity is being achieved.

lites 116 and 118 and user terminals 124 and 126 are
65

illustrated by lines 140, 142 and 144. The gateWay-satellite
communication links, betWeen gateWays 120 and 122 and
satellites 116 and 118, are illustrated by lines 146, 148, 150
and 152. GateWays 120 and 122 may be used as part of one

US 6,539,200 B1
8

7
or tWo-Way communication systems or simply to transfer

An access channel is used by user terminal 124 on reverse

link 164, 166 to “access” gateWay 122. Access channels,

messages or data to user terminals 124 and 126.

Which are Well knoWn in the relevant art, provide commu

FIG. 1B provides additional details of the communica

nications from a user terminal to a gateWay When the user

tions betWeen gateway 122 and user terminal 124 of com
munication system 100. Communication links betWeen user
terminal 124 and satellite 116 are generally termed user links
and the links betWeen gateWay 122 and satellite 116 are

generally termed feeder links. Communications proceeds in
a “forward” direction from gateWay 122 to satellite 116 on

forWard feeder link 160 and then doWn from satellite 116 to

10

122. One or more access channels are generally paired With
a paging channel to provide a more efficient means of user
terminals selecting channels to use in response to pages. In

user terminal 124 on forWard user link 162. In a “return” or

“reverse” direction, communication proceeds up from user
terminal 124 to satellite 116 on reverse user link 164 and
then doWn from satellite 116 to gateWay 122 on reverse

feeder link 166.

some CDMA systems, each access channel on a reverse link
15

In an example embodiment, information is transmitted by
gateWay 122 on forWard links 160, 162 utiliZing frequency

in spreading communication signals in the communication

division and polariZation multiplexing. The frequency band

channels. Similarly, gateWay 122 responds to transmission
on a particular access channel by a message on the access

channel’s associated paging channel.

“beams” using right hand circular polariZation (RHCP) and
eight individual 16.5 MHZ “channels” or “beams” using left
nels” or “beams” are further made up of a predetermined

is distinguished by a different PN code, Which may be
different in length or chipping rate from other PN codes used
system, as desired. User terminal 124 responds to a page
message by transmitting on one of the associated access

used is divided up into a predetermined number of frequency
“channels” or “beams.” For example, the frequency band is
divided into eight individual 16.5 MHZ “channels” or

hand circular polariZation (LHCP). These frequency “chan

terminal is not using a traffic channel. This could be to
register on the system, to establish a communication link, to
place a call, or to acknoWledge a page sent by gateWay 122.
Additionally, as Will be explained in further detail beloW, an
access channel can also be used for sending a short message,
such as a position update, from user terminal 124 to gateWay

III. User Terminal Transceiver
25

number of frequency division multiplexed (FDM) “subchan

An exemplary transceiver 200 for use in user terminals
124 and 126 is illustrated in FIG. 2. Transceiver 200 uses at

nels” or “subbeams.” For example, the individual 16.5 MHZ
channels may in turn be made up of up to 13 FDM
“subchannels” or “subbeams”, each of 1.23 MHZ band

least one antenna 210 for receiving communication signals,
Which are transferred to an analog receiver 214, Where they

Width. Each FDM subbeam can include multiple orthogonal

element 212 is often used to alloW the same antenna to serve

channels over Which communication signals are transferred
(also referred to as CDMA channels), Which are established

both transmit and receive functions. HoWever, some systems

using orthogonal codes. A majority of the orthogonal chan

and receive frequencies.
The digital communication signals output by analog

are doWn-converted, ampli?ed, and digitiZed. A duplexer
employ separate antennas for operating at different transmit

nels are traffic channels that provide messaging betWeen
user terminal 124 and gateWay 122. The remaining orthogo
nal channels include pilot, sync and paging channels.
The pilot channel is transmitted by gateWay 122 on
forWard link 160, 162 and is used by user terminal 124 to

receiver 214 are transferred to at least one digital data
receiver 216A and at least one searcher receiver 218. Addi
tional digital data receivers 216B—216N can be used to

obtain desired levels of signal diversity, depending on the
acceptable level of transceiver complexity, as Would be

obtain initial system synchroniZation, and time, frequency
and phase tracking for acquiring transmitted signals in

apparent to one skilled in the relevant art.
At least one user terminal control processor 220 is

beams or acquire a subbeam (CDMA carrier).
The sync channel is transmitted by gateWay 122 on
forWard link 160, 162 and includes a repeating sequence of

coupled to digital data receivers 216A—216N and searcher
receiver 218. Control processor 220 provides, among other

information Which user terminal 124 can read after ?nding 45 functions, basic signal processing, timing, poWer and hand

a pilot channel. This information is needed to synchroniZe
user terminal 124 to the gateWay 122 assigned to that
subbeam. Paging channels are often used by gateWay 122 on
forWard link 160, 162 to establish a communication link, to
tell user terminal 124 that a call is coming in, to reply to a
user terminal trying to access the system, and for registration
of the user terminal. Additionally, as Will be explained in
further detail beloW, paging channels can also be used for
sending short messages, such as a position update request, to
user terminal 124.

off control or coordination, and selection of frequency used
for signal carriers. Another basic control function often
performed by control processor 220 is the selection or

manipulation of pseudonoise (PN) code sequences or
orthogonal functions to be used for processing communica

tion signal Waveforms. Signal processing by control proces
sor 220 can include a determination of relative signal

strength and computation of various related signal param
55

eters. Such computations of signal parameters, such as
timing and frequency may include the use of additional or

separate dedicated circuitry to provide increased efficiency

The traffic channels are assigned on the forWard and
reverse links When a communication link is requested (for
betWeen user terminal 124 and gateWay 122 during a con

or speed in measurements or improved allocation of control
processing resources.
The outputs of digital data receivers 216A—216N are

ventional communication link or phone call is accomplished
using a traffic channel.

terminal. User digital baseband circuitry 222 comprises

example, When a call is being placed). Messaging transfers

coupled to digital baseband circuitry 222 Within the user

processing and presentation elements used to transfer infor

In the reverse direction, user terminal 124 transmits
information to satellite 116 over user link 164. Satellite 116

mation to and from a user terminal. That is, signal or data

receives these signals from multiple user terminals (over

link 164) and frequency division multiplexes them together
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storage elements, such as transient or long term digital
memory; input and output devices such as display screens,

for the satellite-to-gateWay feeder link 166. Reverse link 164

speakers, keypad terminals, and handsets; A/D elements,

contains traf?c channels and access channels.

vocoders and other voice and analog signal processing

