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(57) Abrége/Abstract:

A method for determining the geolocation of a user terminal within a telecommunications system having a constellation of
satellites which relay communications signals between earth stations and user terminals over preassigned channels. The
method performs synchronization upon the telecommunications signals to calculate timing and frequency update information for
the user terminals. The timing and frequency update information Is also used within the earth station to calculate the geoposition
of the user terminal. To do so, the earth station calculates a distance between the satellite and a user terminal based on the
corresponding propagation time therebetween which is obtained from the timing information. Once the satellite to user terminal
distance Is obtained, a range solution line may be calculated therefrom. In addition, the frequency update information Is used to
calculate a Doppler solution line upon which the user terminal is positioned. Thereafter, the range and Doppler solution lines are
combined to obtain points of Intersection therebetween. These points of intersection represent potential geolocations of the user
terminal. The earth station discriminates between these intersection points in one of several manners, such as the coverage
beam spot or geographic cell assigned to the user terminal. Upon obtaining a single intersection point, the longitude and latitude
of this point or output is the geolocation of the user terminal.
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ABSTRACT

A method for determining the geolocation of a user terminal

within a teleccocmmunications system having a constellation of

satellites whick relay communications signals between earth

stations and user terminals over preassigned channels. The method

performs synchronization upon the telecommunications signals to

calculate timing and frequency update information for the user

terminals. The timing and frequency update information is also

used within the earth station to calculzte the geoposition of the

usexr terminal. To do so, the earth station calculates a distance

-

between the satellite and a user terminzl based on the

correspondlng prcvagation time therebetween which is obtained from

the timing information. Once the sztellite to user terminal

distance 1s obtained, a range solution line may be calculated
therefrom. 1In acdition, the frequency update information is used
to calculate a Dcopler solution line upon which the user terminal

1s positioned. Thereafter, the range and Doppler solution lines

are combined to cdbtain points of intersection therebetween. These

points of intersection represent potential geolocations of the user

terminal. The earth station discriminates between thesge

lntersection points in one of several manners, such as the coverage

beam spot or geocraphic cell assigned to the user terminal. Upon

1

obtalning a single intersection point, the longitude and latitude

of this point or output is the geolocation of the user terminal.
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TRW Docket No. 16-0281
ATTORNEY DOCKET NO. 11451USQ1 -

GEOLOCATION METHOD AND APPARATUS
FOR SATELLITE BASED TELECOMMUNICATIONS SYSTEM

FIELD OF THE INVENTION

The pressnt invention generally relates to a satellite based
telecommunications system. More specifically, the invention

relates to a method and apparatus for calculating the geolocation

of user terminals based on information within the communications

signal.
BACKGROUND OF THE INVENTION
Today, satellite systems exist for supporting

telecommunications with, and/or providing geolocation information
to, user units. Satellite based telecommunications systems, such
as Odyssey (as proposed by the assignee of the present
application), wutilize a constellation of satellites to relay
communicatiorns signals between user terminals and earth or base
stations. Ths user terminals are assigned to earth stations. The
earth staticans direct calls to and from the assigned user
terminals. The user terminals and associated earth stations‘
communicate zlong preassigned communicztions channels having a
pr.eassigned Fandwidth (subba_.nd) centered about a carrier frequency.

Satellits based navigation systéms, such as the globzal

positioning sztellite (GPS) system, include a constellation of

satellites which transmit navigation signals to the user units.
Each satellits emits a unique navigation signal along a preassigned

navigation channel. User units obtain navigation information from
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multiple navigation signals and, based thereon, calculate
the terminal's position relative to the earth. One GPS
technique 1s explained in an article entitled "GPS Signal
Structure and Performance Characteristics", by J.J.
Spilker, Jr., Gilbert Positioning System.

The navigation and communications signals are
transmitted over separate, mutually exclusive channels
specifically designated to carry corresponding signals.
Consequently earth stations, satellites and user
terminals must be designed to support separate
communications and navigation channels, thereby
undesirably complicating the overall system. Existing
telecommunications systems been able to merge
communications and geolocation signals/data onto a single
RF signal.

As the popularity of cellular telecommunications
increases, more and more demands are being placed upon
the capacity of telecommunications satellite systems.
These demands effectively monopolize the available
communlications subbands. Satellite systems have
attempted to 1ncrease the overall capacity of the
avallable frequency subbands by utilizing a variety of
user-access or "spread spectrum-based" techniques to
increase the user-density within a given frequency
subband. These user-access techniques include frequency

division multiple access (FDMA coding), time division

multiple access (TDMA coding), and code division multiple
access (CDMA coding). In addition, hybrid techniques
have been proposed using a combination of TDMA, FDMA and

CDMA codes.
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Depending upon the coding technique, each user terminal when .

assigned to a corresponding channel, is given a unique
TDMA/FDMA/CDMA code and/or transmission timing/frequency. The user

terminals transmit and receive all communicarions signals at the

assigned carrier channel, code and transmission timing/frequency.

As the coding techniques increase the user density, acceptable

tolerances decrease between adjacent user channels before co-

channel interference results. Therefore, the above-mentioned

coding techniques require the communications 1ink between a user
terminal and an earth station to be adjusted or tuned continually.
Such adjustments are necessary to ensure that the user terminal
continues to transmit within its assigned channel as the user

terminal and/or coverage satellites move relative to one another.

User terminzals and earth stations transmit telecommunications

signals as discreste packets or frames of information. Several of

the above-mentioned coding techniqgues require that the

communications link be maintained "synchronous" between the earth

station and the user terminal. A "synchronous" communications link

requires that each frame of data be received (at a user terminal or

an earth station) at an instant in time simultaneous with receipt

of frames transmitted from other CLerminals and/or earth stations.

The frames must also be received in the assigned subband centered

about an assigned carrier frequency. .Thus, synchronization and

subband alignmen: are determined with respect to the receiver.

However, synchronization and subband a&lignment are

continuously efZacted 1) by variations in range between the
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satellites and user terminals or earth stations (e.g., propagation -

delay) and 2) by changes in the relative range velocity between the

satellite and ths user terminals or earth stations (e.g., Doppler

eftfect).

Propagation delay variation arises as user units and/or

coverage satellites move since the distance or range changes

—

between a user terminal and 1ts associated ezarth station.

Consequently, tre propagation time of a frame between an earth

station and user terminal changes. To compensate for variations in

the propagation time, the transmitter (e.g., earth station or user

terminal) retards or advances the lnitiating time at which data

frames are transmitted. Thus, transmitters located near an
intended receiver retard the transmission initiating time, while

Cransmitters loczted far from the receiver advance the transmission

initiating time.
Doppler shift variation arises as satellites move relative to

earth stations znd user terminals since the resultant carrler

frequency perceived at a receiver changes. For instance, when a

satellite moves toward a user unit, the percelved carrier frequency

at the satellit= (and at the subsequent earth station) of a

communications signal is greater than the actual carrier fregquency

at which the user terminal transmitted the communications signal.

Stated another way, the perceived carrier frequency at the receiver

1S gréater than it would otherwise be if the satellite and

Cransmitter remazined at rest with respect to one another.

Similarly, when che satellite moves away from the transmitter, the
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receiver perceives a carrier frequency which is lower than the -

carrier frequercy which would be otherwise perceived if the

satellite were not moving relative to the transmitter. This
pnenomina 1s referred to as the "Doppler effect". Transmitters
(e.g., user terminals and earth stations) adjust the carrier

frequency, at wiich communications signals are Cransmitted, to

account for positive and negative Doppler shifts. By adjusting the
frequency and timing, a transmitter ensures that communications

signals transmitted therefrom remain within the assigned channel

and arrive synchronous with signals from other Lransmitters.

The timing and frequency may be controlled in several manners.

For instance, thz earth station may transmit timing and freguency

update informaticn to each user terminal.
However, cczventional telecommunication systems limit the use
of the teleccocmmunications channels to Lransmission of

telecommunicaticns information. Consequently, in conventional

telecommunicaticns systems separate channels must be used to

provide other functions such as navigation and the like.

Moreover, Systems  which provide GPS-type navigation

information reguire an unduly large number of satellites. ToO

calculate geolocztion, GPS user terminals require simultaneous

line-of-sight mavigation  links with multiple satellites.

Consequently, ths GPS system necessitates = constellation of

satellites which esnsure that multiple satellites are simultaneously

viewable at each position covered by the system. This multi-
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satellite coverage technique unduly increases the number of .
satellites.

A need remains within the industry for an improved geoclocation
method and apparatus for use with satellite based

telecommunications. It is an object of the present 1invention to

meet this need.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide

R

geolocation information and telecommunications data over = single

channel .

It 1s an object of the present invention to provide a

satellite based telecommunications which calculates the geographic

position of a ussr terminal based on related information passed

along the communications link.

It 1s a corollary object of the present invention to utilize
common signal carameters to maintain synchronization of the

communications rsturn link and to calculate = range solution line

Lo the user terminal .

It 1s a further corollary object of the present invention to

utllize the freguency offset parameter to retain proper channel

alignment and tc calculate the doppler solution line to the user

terminal.

It 1s a further object of the present invention Lo combine the

range and doppler solutions obtained curing synchronization and

channel alignmen:t to calculate geoposition.
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It is yet another object of the present invention to
afford network control, such as call routing, based on
geolocation information obtained from RF communications
signals.

It 1is a further object of the present invention to
afford emergency location services based on geolocation

information obtained from RF communications signals.

It 1s another object of the present invention to
provide navigational and communications sgservices to the

user terminals over a signal channel.

It 1is yet another object of the present invention to

use a communications channel for the dual purpose of

calculating billing and call management information
between location areas and companilies which require
different types of services based on their location.
According to an aspect of the invention, a method
for determining a geolocation of a user terminal 1n a
satellite based telecommunications system which passes
communications signals along assigned channels between a
user terminal, a satellite, and an associated earth
station, said method comprising the steps of transmitting
a first telecommunications signal over an assigned
channel to a user terminal; receilving a second
telecommunications signal over an assigned channel from
sald user terminal at an earth station; determining a
round trip propagation delay through said user terminal,
a satellite, and sailid earth station based on said first
and second telecommunications signals; recelving a
subsequent telecommunications signal over the assigned
channel from sailid user terminal at said earth station;
determining a timing error offset representative of
motion of said user terminal relative to said earth
station and based on said subsequent telecommunications
signal; combining said timing error offset with said
round trip propagation delay to obtain an updated round

trip propagation delay; removing an earth
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station-to-satellite round trip delay from said updated
round trip propagation delay, thereby determining a
satellite-to-mobile terminal round trip propagation
delay; determining a range solution line based on said
satellite-to-mobile terminal round trip propagation
delay; determining a Doppler solution line based on said
subsequent telecommunications signal; and determining

geographic points of intersection of said range and

Doppler solution lines; and outputting one of said

geographic points of 1ntersection as a geolocation of the

user terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 generally 1llustrates a perspective view of a
satellite system according to the present invention;

Fig. 2 generally illustrates a top plan view of a

satellite and 1ts associated coverage footprint;

Fig. 3 generally 1llustrates a block diagram of an
earth station according to the preferred embodiment of

the present invention; and
Fi1g. 4 generally 1llustrates a flow chart of the

processing sequence followed by an earth station

according to a preferred embodiment of the present

invention.

AT LA et vl Y- PRI T H Shisir ArR MMM
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DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 generally 1llustrates a satellite based

telecommunications system including a satellite 2 which relays

communications signals between an earth station 4 and a user

terminal 6. The earth station 4 transmits signals to the user

terminal 6 throuch a forward link including link sections 8 and 10.

The user terminal 6 transmits communications signals to the earth

station 4 via a return link 1ncluding link sections 12 and 14. The

satellite 2 functions as a "bent pipe" and passes communications

received upon forward link section 8 onward to the user terminal 6

via link section 10. Similarly, the satellite 2 relays without
delay signals received upon link section 12 to the earth station 4
upon return link section 14. The preferred embodiment may utilize
a closed loop system in which the earth station 2 Cransmits
corrective timing and frequency error information to each
corresponding User terminal to malntain a synchronous

communications line between. While Fig. 1 illustrates a single

user terminal 6, it is understood that the preferred embodiment is

useful with multiple terminals, earth stations and satellites.

Fig. 2 illustrates a footprint 16 representing the coverage

area of satellite 2. The satellite 2 forms the footprint 16 from
a plurality of overlapping beam coverage spots 18. The footprint

16 moves across the surface of the eaxth 24 as the satellite 2

travels in the direction indicated Py arrow 20. The satellite 2

may support communicates between the earth station 4 and user

terminal 6 as long as they are located in the footprint 16.
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The satellite based telecommunications system of the preferred -

embodiment may utilize several management techniques such as sprezad
Spectrum communications. By way of example only, the system may
use code division multiple access (CDMA) coding. Other coding
techniques may be used so long as they enable multiple user
stations 6 to transmit continuously and upon mutually exclusive

channels. Such channels may be in the same frequency band, such as

one of the fregusncy subbands assigned to beam spot 22. 2As more

user terminals :Iransmit within the same frequency subband, the
potential for irnterference increases. Interference is avolded &t
the earth station by identifying a unique "signature" for each user

terminal and its associated communications signal. Each user

terminal 1s assicned a unique signature (e.g., a unique CDMA code,

IDMA code, FDMA code) for transmission within the corresponding

frequency subband. By way of example only, when CDMA coding is
used, each signaziure represents a unique preassigned waveform or
chip sequence, wrerein a chip may represent a portion of =z bilnary

bit depending uron the number of user terminals assigned to the

subband. The uss

S

terminal combines its signature waveform with

outgoing frames cr packets of communications and/or command datsa.

The resultant corbined RF signal is transmitted at the preassigned

carrier freguencv. When CDMA coding is used, the combination of

the assigned carrier frequency and the terminzal’s unique CDMA code

define a "channel" assigned to the particular user terminal.

Optionally, a variety of PN or CDMA codes may be used. Other

Codes may be used so long as the code retains =a highly orthogonal

10
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cnaracteristic. In other wozds, it is desirable that tne code ke .
easily distinguishable 1) frcm & replica of 1tself shifted in time
and 2) from other codes used witnhin the same subband of the
telecommunications system.

Further explanation of multiple access coding techniques, such
as TDMA, FDMA anc CDMA may be found in the book entitled "Satellite
Communications Systems, Second Edition" by G. Maral and M.

Bousquet, publisned by John Wiley and Sons, Ltd., West Sussex,

England, 1993, Chapters 4 and 5. CDMA coding 1is also explained

in detail in a book entitled "Introduction to Communications
Engineering”, second edition, by Robert M. Gagliardi, published

by Wiley-Interscience Publications, N.Y., N.Y., at pages 538-553.

Fig. 3 illustrates, in block diagram form, a configuration
for the earth s-ation 2 utilized when calculating geolocation
information. Ths earth station 2 includes a tracker demodulator 30
which receives an RF signal on line 32. The tracker demodulator 30
processes the =resceived RF signal based on stored reference
signatures for user terminals assigned to the earth station. The
tracker demodulzzor 30 outputs communications data. When CDMA
coding is used, tae demodulator 30 may receive multiple incoming RF
signals superimoosed upon one  another and substantially

synchronized in cime with respect to & reference time. Such

11
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synchronization ensures that the signature for each user terminal’s -

RF signal is aligned in time with one another. In addition, all

carrier frequency to minimize co-channel interference.

While it is understood that the earth station processes
multiple RF sigrzls from multiple user terminals, for purpose of
simplification, 2 single RF signal from a signal user terminal is
explained below in connection with the geolocation process.

The earth station 2 includes timing and frequency

discriminators 4 and 36 which receive an RF signal. The timing

discriminator 3¢ compares the incoming RF signal with = timing

reference signal. The frequency discriminator 36 compares the
incoming RF sigrnzl with a frequency reference signal. BRased on
these comparisors, the timing and frequency discriminators 34 and
36 output timing and frequency error correction data, respectively,

along lines 38 znd 40. The timing and frequency correction data

are transmitted to the associated user terminal. The timing

correction data may instruct the user terminal to advance or retard
the initiating time of each frame of communilications data in order
Lo synchronize the starting point of such~ frames with incoming
frames of data from other user terminals in the same subband and/or
beam coverage sgot.

As to frequsancy correction, the discriminator 36 directs, via
the freguency ccrrection data, the user terminal to increase or
decrease the transmission carrier frequency in order to ensure that

the perceived carrier frequency at the earth station corresponds to

12
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the user terminzl’s assigned carrier frequency. The perceived -
frequency at the earth station does not necessarily egual the
transmitted frecuency at the user terminal. Instead, as noted
above, relative motion between the user terminal and satellite
lnduce "Doppler" shifts into the carrier frequency. The amount of
Doppler shift is dependent upon the distance between the user
terminal and satsllite. Also, the direction of the Doppler shift,
namely positive or negative, is dependent upon the direction of

Ctravel of the sztellite relative to the user terminal.

By way of example, as a satellite moves toward a user

terminal, the pserceived carrier frequency at the earth station

recelver 1s greater than the emitted carrier frequency at the user

terminal transmitter. Divergently, as the satellite moves away

from the user tzrminal, the percelved carrier frequency at the

earth station receiver is lower than the carrier frequency emitted

at the transmittzr. The ftrequency correction data transmitted to

the user terminz enables the wuser terminal to adjust 1its

transmitter carrier freguency to ensure that the received carrier

frequency corresoonds to the assigned carrier frequency for the

channel to which the user terminal has been assigned to maintain

1ts communicaticns link with the earth station.

Fig. 2 dillustrates a plurality of Doppler solution lines

(generally denotad by bracket 29). Each Doppler solution line is

assoclated with z specific Doppler shift wvalue.

Consequently, a

user terminal located anywhere along a sinc

le one of Doppler

solution lines 22 will experience the same Doppler shift. Thus, an

13
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earth station receiver will perceive the same shift in carrier -
frequency from a user terminal located anywhere along a single

Doppler solution line.

Fig. 2 also illustrates a plurality of range solution lines

(generally denoted by dashed lines 51). Each range solution line

1s associated with a constant distance between the satellite and

user terminal. EZach range solution line corresponds to a unique

round trip propagation time delay between the earth station,
satellite and user terminal. The round trip propagation time
equals the time required for an RF signal to travel along forward

link sections 8 and 10 to the user terminal and back along the

return link sections 12 and 14 to the earth station.

Returning to Fig. 3, the timing and frequency correction dats
are also suppliecd to range and doppler line solution modules 42 and

44 The range and doppler 1line solution modules 45 and 44

calculate the range line 26 and doppler solution line 28 (Fig. 1).

The range sclution module 42 calculates a range solution line

26 based on the earth station to user terminal range which is

calculated based on the round trip propagation time regquired for 3

-

communications signal to travel along the forward links 8 and 10

(F1g. 1) and return along the return links 12 and 14. Once the

the range between the satellite and user-terminal may be calculated

since the range batween the satellite and earth station is already

known. Once the range between the satellite and user terminal is

calculated, a range solution line 2¢ may be drawn (as shown in Fig.

14
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1) with the satellite 2 at its center and with a radius equalling -

Che distance between the satellite and user terminal. The Doppler

pased on the frequency shift between the transmitted carrier

frequency at the user terminal and the received carrier frequency

at the earth station. Optionally, the transmitted carrier

frequency may Dbe calculated from stored past Doppler shift

information concerning the user terminal which is updated

repeatedly with the frequency error data determined in

discriminator 34. Once the frequency shift is calculated, =z

corresponding Dcupler solution line may be obtained, such as from

i,

& look-up table cr throucgh empirical techniques.

Once the range solution line and Doppler solution line are

Calculated in mocules 42 and 44, these line solutions are passed to
the geolocation rodule 46. The module 46 thereafter calculates the

intersections of these lines as longitudes and latitudes. For

instance, the sclution line may represent an equation defining a

circle, centered at the satellite, on which the user terminal must

fall. Similarly, the Doppler solution line may represent an

equation defining an arc centered on the axis of the satellites

direction of wovement. The lines include two polnts of

intersection at points 52 and 54, The correct point of

i

intersection may be determined based upon the carrier freguency of

Wy

1

the beam spot covaring the user terminal. As explained above, each

Peam spot utilizes one or more unique subband carrier frequencies.

Consequently, the beam spot surrounding point 52 utilizes a carrier

R

15
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frecuency which differs from the beam spots surrounding point 54 .

Based thereon, point 54 may be discarded and point 52 identified as

the geolocation of the user terminal.

Fig. 4 illustrates the processing sequence carried out by the

preferred embodiment of the present invention to calculate the user

terminal’s geolocation. Once a communications signal is received
(step 200), auto correlation is performed (step 210). The received
RF signal may include a synchronization field which contains a

syncnronization signal that is correlated with a reference SYNC

sigral (e.g., reference signature code) to calculate the timing

shizt within the received RF signal from its desired start time.

(step 210). At step 212, the timing offset is combined with the

pricr known propagation time between the earth station and user

terminal to obtain an updated overall round trip propagation time.

NexT, at step 214, the propagation time between the earth station

and satellite is subtracted from the updated overall round trip

protagation time in order to obtain the propagation time between

the satellite and user terminal. Once the satellite to user

terminal round trip time is obtained, the distance or range

thersbetween may similarly be obtained. At step 216, a range

A

solution line (such as line 26 in Figs. 1 and 2) 1s calculated

based on the satellite’s current position and the distance between

the satellite and user terminal. As noted above, the current

sate_lite position and the satellite to user terminal distance

16
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Serve as a center and radius, respectively, of a range solution -

line.

AL step 218 the carrier frequency o©of the received

frequency and a reference carrier frequency. As explained above,
the received anc reference carrier frequencies will vary as the

distance and relative velocity between the satellite

and user

terminal change. Turning to step 222, a Doppler shift is next

obtalned based cn the frequency offset calculated in step 220.

Thereafter, a Dopovler solution line (such as line 28 in Figs. 1 and
2) 1s obtained based on the Doppler shift in the received signal.

When calculating the Doppler solution line, the earth station also

considers the sazellite’s current position, direction of movement

(as indicated by arrow 20 in Fig. 2) and velocity relative to the

user terminal.

AC step 22z, the Doppler and range solution lines are

simultaneously solved to obtain points of intersection (such as

points 52 and 54 in Fig. 2). The points of intersection represent

potential geolocations of the user terminal. At step 228, the

earth station ideantifies the point of intersection (between points

o2 and 54) corresronding to the user terminzl. This identification

when

may be carried cut in a variety of manners. For instance,
points 52 and 5+ lie within different coverage beam spots, the

earth station mav distinguish therebetween by determining which

17
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point of intersection lies within the coverage beam spot covering -
the user terminal.

Alternatively, the earth station may 1dentify the point of
intersection corresponding to the user terminal based on the user

terminal’s current assigned geographic cell. Geographic cells

represent fixed predefined regions upon the earth which differ from

coverage Dbeam spots. Optionally, each user terminal may be

assigned to a particular geographic cell. In such case, the earth

station would distinguish between intersection points 52 and &4

based upon the ceographic cell assigned to the user terminal. As

a further option, discrimination beétween polnts 52 and 54 may be

LA

effected by a process of elimination. Once the desired point o:

intersection is identified, it 1is output as the user terminal’s

geolocation at step 230. This geolocation output may include =

Ly

longitude and latitude identifying the user terminal’s location.

The above identified geolocation information may be used for

& variety of purvoses. For instance, the geolocation may provide

network control information necessary for call routing. The

geolocation infcrmation may also be used to provide emergency
location services, such as during 911 calls, to ldentify the

position of ths user terminal. Further, the geolocation

information may te used to provide navigation sexrvices, billing and

call management and the 1like, such sas between countries and

companlies providing and requlring different services as a2 function

of the user terminal’s location, including service restrictions.

18
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Optionally, the code timing discriminator 34 may be modified -

to utilize a variety of conventional synchronization routines for

analyzing the incoming signal. The discriminator 34 may utilize
auto correlation through any of several known techniques, such as
the Tau-Dither method, Early-Late method, the Dot Product method

and the like.

Alternatively, the preferred embodiment may be modified to

utilize a commurnications link based on FDMA or TDMA coding or a

hybrid coding technique, such as the combination of FDMA, TDMA, and

CDMA codes. The code may utilize one or more of these coding

—

techniques, so long as each communications signal received at the

earth station includes a unique signature, such as an orthogonal

code.

In the preferred embodiment, the synchronization data may be

obtained by comparing reference signals with sync signals stored in

F

a sync field of ezch frame of the RF signal. Optionally, the sync

signal may be surerimposed upon the datz in the data field.

Wnile particular elements, embodiments and applications of the

present inventicn have been shown and described, it will be

understood, of course, that the invention is not limited thereto

since modifications may be made py those skilled in the art,

particularly in light of the foregoing teachings. It 1s,
Cherefore, contemplated by the appended claims to cover such

modifications as incorporate those features which come within the

spirit and scope of the invention.
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We Claim:

1. A method for determining a geolocation of a user
terminal in a satellite based telecommunications system
which passes communications signals along assigned
channels between a user terminal, a satellite, and an
associated earth station, said method comprising the

steps of:

receiving a telecommunications signal over an
assigned channel from a user terminal at an earth

station;

determining a timing error offset representative of

motion of said user terminal relative to said earth

station and based on said telecommunications signal;

combining said timing error offset with a round trip
propagation delay representing round trip propagation
time of an RF signal through said user terminal, a
satellite, and said earth station to obtain an updated

round trip propagation delay through saild user terminal,

sald satellite, and said earth station;

removing an earth station-to-satellite round trip
delay from said updated round trip propagation delay,
thereby determining a satellite-to-mobile terminal round

trip propagation delay;

determining a range solution line based on said
satellite-to-mobile terminal round trip propagation

delay;

determining a Doppler solution line based on said

telecommunications signal;

20
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determining geographic points of intersection of
sald range and Doppler solution lines; and
outputting one of said geographic points of

intersection as a geolocation of the user terminal.

2 . The method of claim 1, wherein said step of
outputting a geolocation comprises determining a
geolocatlion for said user terminal based on said range
solution line, said Doppler solution line, and a beam

spot covering said user terminal.

3. The method of claim 1, wherein said step of
outputting a geolocation comprises determining a
geolocation for said user terminal based on said range
solution line, said Doppler solution line, and a
predefined geographic cell to which said user terminal is

assigned.

4 The method of claim 1, wherein said step of

determining a timing error offset comprises correlating
sald telecommunications signal with a reference sync

signal.

5. A method for determining a geolocation of a user
terminal 1n a satellite based telecommunications system
which passes communications signals along assigned
channels between a user terminal, a satellite, and an
assoclated earth station, sald method comprising the

steps of:

transmitting a first telecommunications signal over

an assigned channel to a user terminal;
recelving a second telecommunications signal over an

assigned channel from said user terminal at an earth

station;
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determining a round trip propagation delay through
salid user terminal, a satellite, and sald earth station
based on said first and second telecommunications

signals;

receiving a subsequent telecommunications signal

over the assigned channel from said user terminal at said

earth station;

1

determining a timing error offset representatilive of
motion of saild user terminal relative to said earth

station and based on saild subsequent telecommunications

signal;

combining said timing error offset with said round

trip propagation delay to obtain an updated round trip
propagation delay;

removing an earth station-to-satellite round trip
delay from said updated round trip propagation delay,
thereby determining a satellite-to-mobilile terminal round

trip propagation delay;
determining a range solution line based on said
satellite-to-mobile terminal round trip propagation

delay;

determining a Doppler solution line based on said

subsequent telecommunications signal; and

determining geographic points of intersection of

salid range and Doppler solution lines; and

outputting one of said geographic points of

intersection as a geolocation of the user terminal.

22
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Obtain Received Communications Signal from
incoming RF Modulated Signal.

Perform auto correlation upon received RF aond
reference signals to obtaining timing error
offset.

Combine timing offset with prior propagation
time to obtain updated overall round trip
propagation time.

Subtract eorth stotion to satellite round trip
time from overall round trip propaqation time
to obtain satellite to mobile terminal round
trip propagation time and range.

Calculate range solution line based on current
satellite position ond distance between
satellite and M/T.

' Obtain Recieved carrier frequency.

Calculate frequency error offset based on
comparison of recieved carrier frequency and
reference carrier frequency.

Calculate doppler shift based on frequency
error offset.
Determine doppler line solution based on
dopler shift in recieved signal.

Solve doppler ond ronge line solutions
simultaneously to obtain points of
intersection.

Identify point of intersection corresponding

to M/T.

Output location of intersection point as M/T
geolocation longitude and latitude.
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