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(57) A subscriber unit for communicating with a satellite communication system. This subscriber unit receives and
transmits digital data from satellites of a satellite communication system. In addition, the subscriber unit self-
determines 1ts own position and transmits this position to the satellites of the satellite communication system. In this
way, the satellite communication system knows the position of each subscriber unit so that communications may be
established more efficiently. In addition, the position of the subscriber unit 1s automatically determined from the
recerved GPS signals and reported to the satellite communication system for other uses such as asset management and
search and rescue operations.
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POSITION AIDED SUBSCRIBER UNIT
FOR A SATELLITE CELLULAR SYSTEM

L%J

Abstract of the Discl

A subscriber unit for communicating with a satellite
communication system. This subscriber unit receives and
transmits digital data from satellites of a satellite
communication system. In addition, the subscriber unit
self-determines its own position and transmits this position
to the satellites of the satellite communication system. 1In
this way, the satellite communication system knows the
position of each subscriber unit so that communications may
be established more efficiently. In addition, the position
of the subscriber unit is automatically determined from the
received GPS signals and reported to the satellite

communication system for other uses such as asset management

and search and rescue operations.
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POSITION AIDED SUBSCRIBER UNIT
FOR A SATELLITE CELLULAR SYSTEM

RO —REFERENCE O RELATED APP 4 LN,

The present case is related to co-pending Canadian
Applications Serial No. 611,234; Serial No. 2,022,189-5
which has the same inventive entity as the present
application; Serial No. 2,022,854-7; Serial No. 2,023,611~-6;
and Serial No. 2,022,277-8 all being assigned to the same
assignee as the present invention.

Background of the Invention

The present invention pertains to portable
communication devices and more particularly to a position
aided, portable communication device for use with a
satellite communication system.

When achieving communication between satellites and
users of a satellite communication system around the world,
knowledge of the location of each user is important to
establishing and maintaining the communication link.
Knowledge of the location of a particular user is also
important because that location information may be reported
through the satellite link which serves the user to any
Other user worldwide. A single unit which combines voice/
data communication and precise location determination has
several advantages over the present day communication system
devices. Applications of such a system include asset
management as well as coordination of activities of search
and rescue and various military operations.

Since communications of the user unit to satellites

satellites, the knowledge of precise location of both the
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user unit and of the satellites can be used to efficiently
determine an appropriate hand-off strategy.

Further, precise knowledge of the location of a user
unit also aids in the acquisition process by permitting
precise correction for Doppler and reference frequency
induced errors. The satellites of a low-earth orbit
satellite communication system such as Iridium move very
rapidly compared with the location of a user on earth.
During communications, the system must provide Doppler
compensation to the signals to compensate for the rapidly
changing propagation delay in the link. During acquisition
of the signals, if the user unit cannot independently
determine the Doppler frequency, an exhaustive frequency
search of the Doppler range must be performed. This length
of time for an exhaustive search would delay the recognition
of the user by the system. Therefore, in the case of
telecommunication, the user would experience a delay in
being able to establish communications. .

However, the communication satellite ephemerides can be
stored in the user unit and will remain valid for several
days. Within knowledge of the precise location of the user
unit, the Doppler adjustment as well as the correction to
the reference oscillator can be explicitly computed. This
would permit more rapid acquisition and tracking of the
satellite pilot channel.

Accordingly, it is an object of the present invention

to provide a combined position aided voice/data communicator
device for use with a satellite communication system.

=ummary of the Invention
In accomplishing the object of the present invention, a

novel position aided voice/data subscriber unit for a

satellite cellular system will be shown.
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A satellite communication system includes a number of
subscriber units, each subscriber unit fot receiéing and
transmitting digital data. 1In addition, each subscriber
unit self-determines its position.

The subscriber unit includes a receiver/transmitter for
receiving from and transmitting to a satellite of the
satellite communication system digital user data. In
addition, the subscriber unit includes a receiver for self-
determining the position of the subscriber unit and
transmitting that position to the satellite of the satellite
communication system. '

The above and other objects, features, and advantages
of the present invention will be better understood from the
_followingdetailéd'description taken in conjunction with the

accompanying drawings..

srief Description of the Drawinc
The single sheet of drawings included herewith is a
block diagram of a combined position aided subscriber unit

for a satellite cellular system.

Referring to the single sheet of drawings included
herewith, antenna 1 1is shown. Antenna 1 receives
information from a global positioning system (GPS), not
shown, as well as ihformation transmitted from the
satellites of a satellite communication system (not shown).
In addition, antenna 1 operates tb transmit volice and data

information from the subscriber to the satellite

' communication system.
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Antenna 1 is connected to circulator 2 which provides
isolation between the transmitted and the received signals.
Circulator 2 operates such that the incoming signals
received from antenna 1 are transmitted to diplexer filter 3
and outgoing signal from transmitter/modulator 12 is
transmitted from transmitter/ modulator 12 to antenna 1 for
outgoing transmission.

Diplexer filter 3 is connected to circulator 2.
Diplexer filter 3 includes amplification and operates to
pass both the GPS signals and satellite transmitted signals
for subsequent processing. Diplexer 3 is further connected
to mixer 4 and to GPS receiver 9 via path 10.

Since the GPS information as well as the transmissions
from the satellite are in the same frequency band, they must
be separated for processing by the communication system.

The output of mixer 4 is connected to signal
discriminator 5. Signal discriminator 5 separates the
satellite communication signals from all other signals
received by the system. The satellite communication signals
are in the L-band which is approximately 1.5 to 1.6 GHz.
Signal discriminator 5 strips data from the carrier after
determining the appropriate tracking code.

Local oscillator 6 is connected to signal discriminator
5, to digital synthesizer 8 and to GPS receiver 9. Local
oscillator 6 is a reference frequency source. Signal
discriminator 5 detects a reference clock error and is
connected to processor 7 analogous to a phase lock loop.
Such error is interpreted by the processor to adijust the
Digital Synthesizer Frequency in such a manner to maintain
phase with the signal modulation. Processor 7 is connected
to digital synthesizer 8 and digital synthesizer 8 is
connected to mixer 4 in a feedback loop configuration. Data
transmitted from the satellite is sent at 2 millisecond
bursts (approximately 14 MHz data stream) at a 30

. 3
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millisecond rate. The signal discriminator 5 is based on
bit correlation and recognizes a predetermined header
pattern. Information following the header is the desired
communication information transmitted by the satellite
system.

The signal discriminator transmits bits of information
representing the communication information to processor 7.
Processor 7 derives a measure of the phase error which is
the difference in phase between the bits of the
predetermined header pattern synthesized in the synthesizer
and the corresponding bits modulated on the satellite
signal. As a result, processor 7 determines whether the
bits are being received early or late and adjusts digital
synthesizer 8 to transmit an adjusted reference signal to
mixer 4 for synchronizing receipt of the satellite
communication information. Processor 7 determines the
adjustment input to the digital synthesizer 8 from the
nominal reference of the local oscillator 6. Since there is
rapid movement of the satellites of the communication
system, the received signals at L-band may vary over a range
of approximately 70 KHz. Local oscillator 6 has an
additional 3 KHz uncertainty as well. Compensation for
these variations are performed by adjustment in the digital
synthesizer 8 which account for each of these variations of
the signals and the local oscillator.

GPS signals received from the global positioning system
satellites are received by antenna 1 and transmitted through
circulator 2 and through diplexer 3 to GPS receiver 9 via
connection 10. The GPS system includes a group of at least
four satellites from which time and location information may
be derived. From this time and location information, a GPS
recelver may calculate its own position. GPS receiver 9
operates upon the data received via antenna 1, circulator 2,
and diplexer filter 3 to perform these functions for the

.......
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subscriber unit. The GPS satellites are in 12-hour orbits
at approximately 22,000 kilometers above the earth. GPS
receiver 9 determines a pseudo range for each of the four
satellites of the GPS system. GPS receiver 9 then
accurately calculates the coordinates of the corresponding
subscriber unit. The processor 7 has stored in an
associated memory all the ephemerides of the satellites of
the communication system. As a result, processor 7 knows
which satellite is overhead and at which time to initiate a
message transmission to the satellite so that it will fall
into an appropriate Time Division Multiple Access time slot
of the satellite receiver. Also, the processor 7 must
adjust the signal for Doppler effects, which are attributed
to the satellite’s motion relative to the user during the
interval of communication.

Processor 7 is connected to digital synthesizer 11.
Digital synthesizer 11 is connected to transmitter/modulator
12. Transmitter/modulator 12 is connected to circulator 2.
User data 13 in the form of digital voice or digital data is
supplied to the transmitter/modulator 12 by the user.

At the appropriate time in the telecommunications
transmission, processor 7 will provide position information
for including in the modulated signal format that is
generated by the transmitter/modulator 12. Transmitter/
modulator 12 will convert the data to analog signals and
transmit it through circulator 2, to antenna 1 where it will
be output and transmitted to the appropriate satellite.

Once the telecommunication link has been established
between the subscriber device and satellite, user data 13 is
transmitted to transmitter/modulator 12 for transmission to
the satellite in the appropriate time slot. Under the
control of processor 7, digital synthesizer 11 provides a
carrier waveform having the appropriate frequency, properly
Doppler compensated and time synchronized at the satellite
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receiver. As a result, the satellite receives a string of
data being sent from a plurality of users each having their
respective information in the appropriate time slot.

The previously described subscriber unit for a
satellite communication system provides the following
advantages. First, automatic worldwide tracking of a
satellite user may be accomplished via the subscriber unit.
This function is important for applications which keep track
of a specified element or person that is using the satellite
communication system. The primary use, of course, for the
location detection by the subscriber unit is for the
communication system itself. Without such information, the
system would have to search over the entire world to find a
user. However, by reporting in occasionally, the subscriber
unit lets the system know where it is so that the system
resources may be used more efficiently when a call comes to
that particular user.

Second, improved efficiency of each subscriber unit is
achieved by the fast acquisition of the satellite pilot
channel. However, prior to tracking this signal, the
subscriber unit must be able to correct for Doppler effects
caused by the motion of the high-speed satellites relative
to the user. By "remembering" the satellite system’s
ephemerides, the subscriber unit can predict the signals
from each of the satellites and thus acquire the signals
more quickly than if search methods were employed., In
addition, uplink synchronization may be alded by knowledge
of range to the satellite. This information can be
immediately processed with knowledge of both the satellite’s
position and the subscriber unit’s position.

Third, call hand-offs between cells of a particular
satellite or between satellites are dependent upon knowledge
of position of the user relative to the satellite locations.
This information can be explicitly determined from knowledge
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of the subscriber unit’s position and the satellite’s
position. The communication satellite position can be
computed from stored ephemerides of the satellites which are
acquired from earth-based systems to which the satellites
communicate and transmitted to the user units along with
other data on the downlink. Precise time is available on
the satellites of the communication system through the use
Of Rubidium reference clocks onboard each satellite. The
subscriber unit position would be available as a primary

output of the GPS receiver that is built in to the
subscriber unit.

Although the preferred embodiment of the invention has
been illustrated, and that form described in detail, it will
be readily apparent to those skilled in the art that various
modifications may be made therein without departing from the

spirit of the invention or from the scope of the appended
claims,

)
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. In a satellite communication system, a subscriber unit
for receiving and for transmitting digital data and for
self-determining the location of said subscriber unit,
said subscriber unit comprising:

means for receiving from and transmitting to a
satellite of said satellite communication system digital
user data;

sald means for recelving and transmitting including
transmitter/receiver means coupled to a plurality of
satellites of said satellite communication system and
coupled to a plurality of satellites of a global
positioning system to receive location information from
salid global positioning system to receilive and to transmit
digital data to and from said satellites of said satellite
communication system; and '

means for self-determining said location of said
subscriber unit from saild location information of said
global positioning system and for transmitting said
location of said subscriber unit to said satellite
communication system, said means for self-determining

being coupled to said transmitter/received means.

2. A subscriber unit as claimed in claim 1, wherein said
transmit/receive means includes:

antenna means coupled to said plurality of satellites
of said satellite communication system and coupled to said
plurality of said satellites of said global positioning
system; and .

circulator means connected to said antenna means for
transmitting signals simultaneously as signals are

received from said plurality of said satellites of said

global positioning system.

»
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3. A subscriber unit as claimed in claim 2, wherein said
transmit/receive means further includes:

filter means connected to said circulator means, said
filter means transmitting those signals in particular
frequency ranges of signals transmitted by said satellites
of said satellite communication system and of said
satellites of said global positioning system; and

mlixer means connected to said filter means, said
mixer means for multiplying said signals received from

salid satellite of said satellite communication system.

4. A subscriber unit as claimed i1n claim 3, wherein said
means for receiving and transmitting further includes
means for recovering said digital data from said signals
of saild satellite communication system, said means for

recovering being connected to said mixXer means.

5. A subscriber unit as claimed in claim 4, wherein said
means for recovering further includes:

signal discriminator means connected to sald mixer
means, sald signal discriminator means for determining a
plurality of bits representing communication information
of said satellite communication system;

processor means connected to sald signal
discriminator means, said processor means operating to
recover and store sald communication information;

digital synthesizer means connected between said
processor means and sald mixer means, said digital
synthesizer means operating to adjust said mixer means to
synchronize said reception of said signals of said
satellite communication system; and

local oscillator means connected to said signal
discriminator means and to said digital synthesizer means,
said local oscillator means for providing a reference

signal of a particular frequency.

---m-wa-.«--.-.x-:-u.uwumu\wwmw;wﬁwpm..q;,...-. Lite owes e . . B T T T TR T TN O PRt ey PPN PR PRy P PSPPI .- . . Ve et e g DT R I e W A L MR D e e s 0 1€y ek el B e .



10

15

20

25

30

35

CA 02044452 2000-06-08

11

6. A subscriber unit as claimed in claim 5, wherein said
means for self-determining includes GPS receiver means
connected to said processor means, said local oscillator
means, and to said filter means, said global positioning
system receiliver means operating in response to said
signals of said satellites of said global positioning
system to determine said location of said subscriber unit

and to transmlt sailid location to said processor means.

7. A subscriber unit as claimed in claim 6, wherein said
means for receiving and transmitting further includes
transmit means connected between said processor means and
sald circulator means, sailid transmit means operating to
send digital data representing user data and digital data

representing said location of said subscriber unit.

8. A subscriber unit as claimed in claim 7, wherein said
transmit means 1ncludes:

transmitter/modulator means connected to sald
circulator means;

second digital synthesizer means connected to said
local oscillator means, to said processor means and to
said transmitter/modulator means; and

sald processor means synchronizing the transmission
of said user data and said location information via said
digital synthesizer means and said transmitter/modulator

means to a particular TDMA satellite time slot.

9. A subscriber unit as claimed in claim 8, wherein there
is further included means for generating user data, said
fneans for generating user data connected to said
transmitter/modulator means, said transmitter/modulator

means operating to control the transmission of said user

data through said circulator means to said antenna means.
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10. In a satellite communication system, a subscriber unit
for recelving and for transmitting digital data and for
self-determining the location of said subscriber unit,
sald subscriber unit comprising:

means for receilving from and transmitting to a
satellite of said satellite communication system digital
user data;

sald means for receiving and transmitting further
operating to recelve digital data from a plurality of
satellites of a global positioning system;

means for recovering the user data transmitted by
sald satellite of saild satellite communication system;

global positioning system receiver means for
self-determining said location of said subscriber unit
from said digital data of said satellites of said global
positioning system and for transmitting said location of
sald subscriber unit to said satellite of said satellite
communication system; and '

means for transmitting digital user data from said
subscriber unit to sailid satellite of said satellite

communication system.
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