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The present Invention relates generally to

a mobile satellite communication system. More

speéifically, the present invention relates to a

mobile satellite communication system with increased
user capacity by allowing frequency xre-use through

the use of multiple satellites to radiate one signal,
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Backgreund Art

Current mobile satellite communication
systexﬁs, such as Iridium, Globalstar, and 1ICO,
utilize low-cost user terxminals as one of their key
system features. To maintain communications linkage
with these current wmwobile systems, the system
satellites provide multiple beam and high-gain
services to the subscribers. The low-cost and low-
gain hand-held  terminals utilized by the users of
these systems, transmit and receive signals to and
from high performance satellites which populate
almost the entire hemisphere. Some of these current
systems require the usage of at least two satellites
to assure a soft hand-over process as the satellites
progress from horizon to horizon. As a result, as
more satellites come into a user’'s field of view
(FOV), the satellire system becomes more reliable and
available. The satellite constellations provided by

these current systems are thus sized to guarantee a
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minimum number of satellites within a user’s FOV over

large coverage areas at all times.

All of these current mobile satellite

communication systems, however, suffer from a variety

of disadvantages. First, they all have Llimited
frequency resources. Any given f{requency over a
given ground position can only be utilized by ome
user at a time. This is true regardless of the
sophistication of the system, including systems that
utilize multiple beam satellite designs. Evén when
maltiple satellites are available at a given
geographic location, the same frequency spectrum
cannot be used hy more than one nearby user. The
availability of multiple s=atellites merely serves to
increase the availability of the system to that user
who 1is assigned the specific Erequency spectrum.
However, the total  <capacity of these mobile

communication satellite systems is still limited by

‘the inefficient usage of the frequency spectrum.

Thus, the potential growth of these current satellite

communication systems is inherently limited.
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Additionally, . current telecommunications
Systems only allow mobile~to-hub and hub-to-mobile
communications in most cof the low earth orbit and
medium earth orbit mobile satellite constellations.
Mobile-to-mobile linkages require multiple hops
between hubs. ~Thus, one user utilizes a satéllite at

a frequency slot to communicate to his counterpart on
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the' network. Other satellites on or in the same
region cannot reuse the same frequency slot for other
nearby users. Thus, if a secondary user nearby has a

handset that réquires a particular freguency, which
is being utilized by the first user nearky, the
second user is unable to access the system through
the same frequency via different satellites. It is
therefore desirable to provide a mobile communication
sateiiite sySﬁem that relaxes these constraints and
more’ efficiently utilizes current mobile satellite

communication system resources, while also providing

much greater opportuhity for system growth.

Summary of the Invention

It igs an object of the present invention to
provide a mobile satellite communication system with
no limitation on frequency re-use for point-to-point

communicacions.

It is another object of cthe present
invention to provide a mobile satellite communication

system that utilizes simple and low cost satellite

designs.

It is a further object of the present
invention to provide a mobile satellite communication

system with high system reliability through graceful
degradation.
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It is still another object of the present
invention to provide a. mobile satellite communication
system wherein the individual satellites and the
mobile terminals are of low complexity with the
complexity of the system concentrated at the ground
hub terminal. ‘

It is yet another object of the present
invention to provide a mobile satellite communication
system with more accurate capabilities for satellite

and user positioning.

"'I_n accordance with ‘the objects of the
present  invention, a ‘novel mobile satellite
communications technique for hand-he_ld terminals is
provided. The mobile satellite communications system
includes a satellite system having a plurality of
individual satellites. The piurality of individual

satallites zarxe each in communication with a ground

telecommunications hub such that a signal processed

by the ground telecommunications hub is radiated
througn- multiplé paths to a plurality of the.

individual satellites in the satellite constellation.

' The radiated signal is then re-radiated by the

plurality of individual satellites to a mobile
satellite terminal which receives the re-radiated
signal £from the plurality of individual satellites
simultanecusly such that the same frequency spectrum

may be re-used by another mobile userx.
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These and cther features of the presentc
invention will Dbecome apparent from the following
description of the invention, when viewed in

accordance with the accompanied drawings and appended

claims.

___________________‘

'l'hls -Sheet Has Been R,

i

2t'd
|

10

20

9BEPSESSSTIN ol

Brief Description of the Drawings

FIGURE 1 is a perspective view illustrating
the forward 1link geometry of a mobile satellite
communications system in accoxdance with a preferred

embediment of the present invention;

FIGURE 2 is a schematic block diagram
illustrating the signal transmission . function of a
ground telecommunications hub for a mobile satellite

communications system in accordance with a preferrad

_embodiment of the present imvention;

FIGURE 3 is a perspective view illustrating
the return link geometzry of a mobile sateilite
communications system in accordance with a preferred

embodiment of the present invention;

FIGURE 4 1is a schematic block diagram

illustrating the signal receive function of a ground
telecommunications hub for a rmobile satellite
communications system in accordance with a preferred

embodiment of the present invention; and
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FIGURE S 4is a schematic flow diagram
illustrating the overall architecture for a multiple
satellite mobile communications system in accordance

with a preferred ‘embodiment of the present invention.
Best Mode(s) for Carrying Out the Invention

Referring now to the figures, the disclosed
mobile communication system can be utilized to break
away from the frequency spectrum limitation discussed
above and provide much more efficient means to res-use
the allocated mobile satellite spectrum multiple
times. By eliminating this_ frequency spectrum
limitation, the overall capacity of existing mobile
satellite communication systems will be allowed to

grow.

Referring now to Figure 1, a mobile
satellite communication system 10 in accordance with
a preferred embodiment of the present invention is
illustrated. In Figqure 1, the mobile satellite
communications system 10 is illustrated in a forward
link wmode. Tﬁe mobile satellite communications
system 10 includes a ground telecommunications hub
12, a satellite constellation 14 including a
plurality of individual satellites 16, and a
plurality of hand-held user terminals 18 such as
mobile phones. As discussed in more detail below,
the wuser terminals 18 can receive signals 20

simultaneously from multiple satellites 16 wvia their
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broad beam antennas 22, The ground
telecommunications hub 12 connects to all of the
satellites 16 in the satellite constellation 14
individually and simultaneously. The hub 12 also
pre-processes received signals to compensate for path
differentials before sending radiating signals 24 to

the satellites 16 as discussed in more detail below.

In accordance with the preferred
embodiment, the design of the individual satellites
14 can ke significantly simplified over those
utilized in prior mobile systems because the
satellite constellation 14 functions as a sparse
radiating array. It is known that the more
satellites 16 that are included in a satellite
constellation 14, the better the performance the
mebile satellite communications system 10 will
achieve. Satellites that are simple, small, and

provide high performance are gprefexable. This is

. because the performance of the system 10 depends more

20
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heavily on the satellite constellation 14 than on the
individual satellites 1ls&.

In a transmit mode, shown in Figure 1, the
individual satellites 16 radiate modulated RF power
to a chosen FOV. The system 10 is still operable with
reduced capacity and neo reconfiguration even if cne
individual satellite 16 is lost for any reason. As a
result, the system 1C features graceful degradation

characteristics and provides very high reéeliability
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and availability. Most of the complexity of the
system 20 is located in the ground hubs 12, which
locate and track the potential users and perferm the
major functions of Freamforming and f'iltering, as

discussed below.

As shown in Figure 2, the processing
pexrformed at the ground telecommunications hub 12 is
diagrammatically illustrated. The hub 12 tracks,
updates, and forward predicts the time wvariant
differential information among various paths between
the hub 12 and the intended user terminals 18, The
accuracy of this information must be within a tentch
of an RF wavelength. For UHF satellite systems, the
required path differential accuracy must be about ten
(10) centimeters. For L and S band mobile satellite
constellations, the aécuracy must be on the order of
one (1) centimeter. Unfortunately, the conventional
oxr GPS techniques will not provide the required

accuracy.

In accordance with the present invention,
the required accuracy of équivalent: path
differentials, including ail propagation distortion,
can be provided using ctwo-way active caiibration and
R2N (two-way ranging navigation) techniques. An R2N
technique is just one cechnique for obtaining
peositioning information by which to locate the
positioning of cthe satellites and users precisely

uzing multiple calibration cites and is described in
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co~pending U.S. Patent Application Serial No.
09/209, 062, entitled “Method and . System for
Determining a Position o©of a Transceiver Unit
Incorporating Two-Way  Ranging Navigation as a
Calibration Reference for GPS,” and filed on December
10, 1998. Other known technigques may also " be

utilized.

The ground telecommunications hub 12 has a
processing center 26 that processes each signal and
is shown in a transmit mode in Figure 2. The hub 12
has the capability to address the pluralicy of
satellites 16 individually through the use of antenna
spatial discrimination to separate signals to
different satellites. - Alternatively, code
identification can also be used to address different

satellites independently.

As shown in Figure 2, assuming that there

are “H" users, the signals from user 1 to user H,

‘identified generally by reference number 28, are

input inte the processing center 26. The position of
the various users (1 to H), is determined generally
by the circuitry from the various user signals 28,
designated by reference number 30. The varicus user
signals 28 for user 1 to user H are then combined for
transmission to the different satellites 16, as
generally indicated by reference number 32. In this
case, the signal is sent to N satellites, assuming N

satellites in the constellation. The combined signals
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This Sheet Has Been R are then amplified, filtered, up converted, and then
I I"I,” I"," m' m I"’ further amplified, as generally indicated by
reference number 36. These signals are then

delivered to a multiple beam antenna 38 where

5 beamforming processing is done so that the signals
can be transmitted to the N satellites via radiating
signals 24. The beam-forming process can be done in
baseband or a low IF frequency band by either digital

- or analog means. For a low bandwidth(less than a few
10 MHz signals), digital implementation can provide cost
| advantages. The processed signal 24, radiated from
the ground hub 12 wvia multiple paths, is amplified,
filtered, and then re-radiated by each of the
multiple satellites 16 to arrive at a designated user

15  location simultaneouslf. Consequently, the radiated
signals from the multiple satellites will be combined

coherently via a hand held terminal 22.

Equivalently, the effect of the spatial

processing perfcrmed by the processing center 26 is

20 .to focus signal strength on the user for multiple
satellites 16, which act 1like sparsely separated
portions of a large active reflector. Therefore, the
processing on the ground will insert different time
delays into the signals 24 which are radiated via

2§ various paths. The time delays will be inserted into
the signals 24 as if the satellites were located on

an ellipsoidal surface, of which the ctwo foci are
located exactly at the hub 12 and the designated user

18 positions respectively. In low and middle earth
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orbit consteilationg, the users 18 and <he hub 12

will always be in the near field of the sparse array.

In a receive mode, shown in Fiqure 3, the
individual satellites 16 collect the RF signals from
the same FOV. Figure 3 thgs illustrates the return
link geometry for receiving signals sent from the
user terminals 18 to the ground telecommumications
hub 12. As shown in Figure 3, there are two groups
of links invélved: the links between users 18 and the
satellites 16, generally indicated by reference
number 40, and those between the satellites 16 and
the hub 12, as generally indicated by referesnce
number 42. The user antennas 22 must be able to
illuminate all the satellites 16 involved. There
will also be a constraint on the variation and gain

of the user zantenna 22 over the cluster.

As with the forwaxd 1link geometry, the

satellites 15 will amplify the signals 40 received

"from :the users 18 and re-radiate the signais 42

toward the hub 12. The hub 12 can receive signals 42
independently, but simultaneously from the satellites
16, and will add the signals 42 from different
satellites coherently in the post-processor 44 as

illustrated in Figure 4.

The signal flows on the block diagram shown
in Figure 4 illustrate the receive function of the
post-processor 40 and the hub 12. The signal flows

are reversed from the corresponding ones in Figure 2.
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” II" I”"I Illl Therefore the receive process will net be reiterated
L IIII'!I! !Llil in detail., However, the links 42 from the satellices

[
: i 16 to the hub 12 are received at the beamformer 38
' and then transferred to the receiver and down

5 converters 46 bafore the signals are separated., The

signals are separated depending upon the user cd

which they are to be transmitted, as generally

indicated by reference number 48, and then sent to

the specific user 1 through H, as generally indicated

18" by reference number S0. It should be understood that

both the receive and transmit function are a
necessary part of pathlink calibration and user

positioning.

The technigque cof the present invention has

1S been demonstrated to significaritly reduce the average
side loeb levels. It has been determined that this

is due to three factors. First, the proposed
architecture is not a periodic array, but zrather a
randomiy spaced sparse array, which has no grating
20 lobes. Although the .average side lobe at a single
frequency is relatively high, the 1level decreases
with increasing 'band_width. Second, the large
sparsely filled array formed by moving satellites is

a large extended aperture size. Thus, all of the

25 users on the ground are in the near field of the
extended aperture and the wave £fronts received by all
users are spherical instead of planar. Consequently,
dispersion effects become much more pronounced than

would be the case in the far field. The dispersion
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grows very fast zs. a probe is scanned away from the
main beam and zhe dispersion smears the power
distribution very effecrively over a finite signal
bandwidth. Third, the communication system is

preferably designed with a finite frequency spectrum.

The information signal will therefore be spread over

a finite bandwidch via CDMA or through short duration

waveforms for TDMA schemes.

Figure S5 illustrates diagrammatically the
operation of the invention, which allows for the
increased re-use of precicus freguency spectrum. The
advantages provided by this system include 1o
limitation on Erequency re-use for point-to-point
communications. Rather, the capacity of this system
is only 1limited by total satellite RF power.
Further, the preferred =smbodiment allows for the .use
of simple and low cost satellite designs, because the

more satellites :Included in the constellation, the

.better the perfcrmance of the overall system. The

system aliso provides high system reliability through
graceful degradation, as well as concentrating
complex processing at the hubs. The preferred
embodiment creates demand fdr a large number of low
cost sacellites and also uses R2N technigues to
?erform satellite and user positioning. The more
uUsers using chis system, the more accurately the
satellite and user positions can be determined.
However, even more important . than the actual

positions of the users and satellites are the path
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lengths traversed by the signals. Therefaore,
periodic calibration techniques applied directly to
those path lengths may be much simpler and more cost

effective. Further, the system also provides

-advan:ages of CDMA and TDMA to the system performance

through large percentage bandwidth.

As shown in Figure 5, the present invention
is divided up into three segments; a hub segment 52
containing the ground telecommunications hub 12, a
space segment S4 containing a plurality of individual
gatellites 16, and a user segment 56, having a
plurality of user terminals 18. The hub segment also
has a processing center 26 and a post-processor 44
for processing the signals during the transmission

and receive nodes.

Having now fully described the invention,
it will be apparent to one of ordinary skill in the

art that mnany changes and modifications can be made

‘thereto without departing from the spirit or scope of

the invention as set forth herein,
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9 1is radiated through a plurality of paths [24] to a
10 plurality of said individual satellites [16) in said
Il satellite constellation [14]; and
12 a mobile terminal (18] for receiving said
13 signal radiated from said plurality of individual
14 satellites [16] simultaneously.
l 2. The wmobile satellite communications
2 system of claim 1, wherein said .ground
3 telecommunications hub ([12] includes  a processing
4 - center {26] for receiving a plurality of signals and
5 processing them to be transmitted te said plurality
6. of individual satellites {16]..
1 3. The wmobile satellite communications
. 2 system of claim 2, wherein said processing center
3 (26] 1includes apparatus ([32] <for combining said
4 plurality of received signals for transmission to
5 said plurality of individual satellites ([161]..
9PEPSESSITIA . oL *1d3a Jed STHEH WNd  be:al PRRZ-S Tk
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In The Claims:

1. A mobile satellite communications
system [10] for mobile users, comprising:

a satellite constellation [(14] having a
plurality of individual satellites [16];

a ground telecommunications hub ({12] in

communication with each of said plurality of

‘individual satellites [16], such that a signal

processed by said ground telecommunications hub [12]
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_ 4, The mobile satellite communications
system of claim 3, wherein said processing center
{26] includes a beam former [38] for forming multiple
beams for transmitting signals to said plurality of
satellites [16].

§. The mobile satellite communications

system of claim 4, wherein said processing center

- {26) includes apparatus for predicting any time

variant differential among various paths between said
hub [12] and said mobile texmimal [18].

§. The mobile satellite communicétions
system of claim &, wherein sgaid apparatus for
predicting said time variant utilizes two-way ranging
navigation.

7. A method for transmitcting a
coﬁmunications signal to a mobile hand-held terminal
(18], comprising the steps of:

providing a ground telecommunications hub
[12];

processing a received signal at said ground
telecommunications hub [12i;

radiating said signal through wmultiple
paths (24] to a plurality of satellites ([16] in a
satellite constellatién (14];

re-radiating said signal from said
plurality of satellites {16] to the mobile hand-held
terminal [18]; and

combining said re-radiated signal received
from said plurality of satellites [16] simultaneocusly
at the mobile hand-held terminal ([18].
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8. The =method of <claim 7, further
comprising:
processing a plurality of received user

signals at said ground telecommunications hub (12].

9. The method of claim 8, wherein said -
step of processing, said plurality of received user
signals further comprises:

combining said plurality of received
signals for transmission to said pluraiity of
individual satellites [161].

10. The method of claim 9, wherein said

step of processing said plurality of received user

signals further comprises:
forming multiple beams for transmitting

signals to said plurality of satellites (16].

This:Sheet HasBeen Replaced- :

i

il

ve'd 9pepSESSStin aL "1d3d TR SIHANH WONH  S2:AT  Ap@z-ST-dul



