15 JAN 2005 -1 MULTI PLE SATELLI TE MOBI LE COVMUNI CATI ONS METHOD AND
APPARATUS FOR HAND- HELD TERM NALS Techni cal Field The present invention
relates generally to a nobile satellite comunication system Moreq 5 JAN 2008
specifically, the present invention relates to . a nobile satellite
communi cation systemw th increased 5 user capacity by allow ng frequency
re-use through the use of nultiple satlellites to radi ate one signal.
Background Art Current nobile satellite conmunicatino systens such as

Iridium G obMiSLEPLESWTECATRMOBILE ¢ONMMONIC ATEONS METAGES AND one  of

their key 10 system f applReeTuS SORHAND MEITTERMMALSS | inkage with
these current nobile systens, the system satellites provide nultiple beam

and high-gain services to the sP&EF IS F5e | owcost and | ow gain
hand-hel d temnals utilized by the users of 15 these systens., transmt and
receive signals to and from high performance satellites which Do-0u e
al nost the entire hem sphere.ssSae OhvihesencuelantesSygéeaBal Bguizhe the
usage of at least two satellites  to assure a _soft hand-over process as the
satel lites 20 pebgless sFTVA Ho? i z6ATPBIAGAF26R. AYH-3®sul t, M@=nore
satellites caone ig%Toa%ﬁser::ﬁaf ield.of view, (EOM), , Lhe satelliteg system
e

S 1 s I K i1 rslscs . .
becomes nor € Feft ahtl avail ablé. The satel[Tte constell ationg provi ded
by mobile satsllitse communication svstam witn increagsd

5 user capacity by allowing fracqusncy re-use through

Currsnt mosile satsllics communication
systsms, such &s Lridium, Globalstcaxr, and ICOo,
ucilize low-cost usar terminzls as ons of thair key

10 systam features. To melntain communications linkags
with chese current mobile systems, the svysiem
azellites provide rmultiple beam and hign-gain
servicas to the subscribers The low-ceost arnd low-

5 these systems, transmit &nd reczive signals to and
from high pericrmance =sztellites which populzaze
zlmost the entirs hamisphere Some of these currsnt

R e

o
(FOV}), the sacellite systam becomes more reliable end



these current systens are thus sized to guarantee a 1 5 JAN 2005 - 2

.m ni mum nunber of satellites within a user's FOV over |arge coverldgdiilias
at all times. Al of these current nobile satellite comunication systens,
however, suffer froma variety 5 of disadvantages. First, they all have
limted frequency resources. Any given frequency over a given ground
position can only be utilized by one wuser at atinme. This is true

regardl ess of the sophistication of the system including systens that 10
utilize multiple beamsatellite designs. €ven when multiple satellites are
avai l abl e at a given geographic |ocation, the sane frequency spectrum
cannot be used by nore than one nearby user. The availability of nultiple
satellites nerelipigemasinten 3] reskel iR WiaRiabpl HE$T6F FRE systzemto
that user who.i_s assigned the specifijcfr yency spectrum  However, t he
total capaci tyl(?frgt%é:s?g’er%aﬁﬁ eare(%osrrrfauenicacla ie%n satellite systens is still
limted by the inefficient usage of the frequency spectrum 20 Thus, the
potential growth of these current satellite conmuni cgté'#on systens i s

inherently |inited. Addi thdnal Py, EBFEENt THIFHMMUAPRAL FonSatQidtidims only
al | ow nobi | e-tg:-:giggnﬁ?iaﬁ%t&mé € h&ebpani cahikens kRoADS! Rf-id1g, | ow
earth orbit an medi um eart’h orbit nobile satellite constellatiors.
Mobi | e-t o- mobi lof | idikesgbantages.e nulRigsite hégey all have limited
frequency resources. Any given frequency over a
given ground position can only be utilized by one
user at a time. This is true regardless of the
sophistication of the system, including systems that
10 utilize multiple beam satellite designs. Even when
multiple satellites are available at a given
geographic location, the same -frequency spectrum
cannot be used by more than one nearby user. The
availability of multiple satellites merely serves to
5] increase the availability of the system to that user
who 1is assigned the specific frequency spectrum.

" However, the total capacity of these mobile
communication satellite systems 1is still limited by
the 1inefficient usage of the frequency spectrum.

20 Thus, the potential growth of these current satellite

communication systems is inherently limited.

Additicnally, current telecommunications
gystems only allow mobile-to-hub and hub-to-mobile
communications in most of the low earth orbit and

25 medium earth orbit mobile satellite constellations.
Mobile-to-mobile linkages require multiple hops
between hubs. Thus, one user utilizes a satellite at

a fregquency slot to communicate to his counterpart on



bet ween hubs. Thus, one user utilizes a satellite at ., a frequency slot to
comuni cate to his counterpart on 1 5 JAN 2005 - 3 the network. O hérJAN 2005
satellites on or in the same region cannot reuse the sane frequency sl ot
for other nearby users. Thus, if a secondary user nearby has a handset
that requires a particular frequency, which 5 is being utilized by the
first user nearby, the second user is unable to access the systemthrough
the sanme frequency via different satellites, It is therefore desirable to
provi de a nobile comunication satellite systemthat rel axes these
constraints and to nore efficiently utilizes current nobile satellite
conmuni cati on system resources, ile also ﬁ%OViding much greater

whi |
opportunity for §PSt efifGreRth. SHREFy BAEEheltRTert? ofTl t 1ils e olsjaest of
the present |nvqubqgntQaﬂﬂagnggﬁggrgggI§aﬁ@1@}é#ﬁgngpngygkcggEogt%%E;em

with 15 no limtation on frequency re-use for point-to-poin
communi cati ons. hearbvanmdrs. objest of theegoesenty Usamntearbyohpsod de a
nobil e satellite connunicg%ion system t hat u%Llhﬁes s'qgle and | ow cost

i of

satellite 20 deSPHTEET -13% a P ERES Gbj BRF RE presBnticy nvédlidh to
provide a nobil e jgat eklinge GOATEREGAtEEN clgy/ St t luddOh RESERM  rhe

reliability through graceful degradation.
second user is unable to access the system through
the same frequency via different satellites. It is
therefore desirable to provide a mobile communication
satellite system that relaxes these constraints and
10 more efficientcly utilizes current mobile satellite

communicaticn system resources, while also providing

much greater opportunity Lor system growth.
Summary of the Invention

It 1s an object of the present invention to
provide a mobile satellite communication system with
15 no limitation on frequency re-use for poinc-to-point

communications.

It is another object of the present
invention to provide a mebile satellite communication
system that utilizes simple and low cost satellite

20 desigms.

It is a further object of the present
invention to provide a mobile satellite communication
system with high system reliability through graceful

degradation.



1 5 JAN 2005 it is still another object of the present invention to.

- provide a nobile satellite comunication system wherein the indi vi] guil
satellites and the nobile termnals are of |ow conplexity with the JAN 2005
conplexity of the systemconcentrated at the ground hub termnal. It is
yet another object of the present invention to provide a nobile satellite
comuni cation systemw th nore accurate capabilities for satellite 10 and
user positioning. In accordance with the, objects of the present invention,
a novel nobile satellite comrunications technique for hand-held term nals
IS provided. The nobile satellite communications system 15 includes a

satellite system having_a plurall. of _Jndi vid: satel l,tes. The
plurality of individual L%sajt%l FILE'?S( aarneoee%c‘h ?%y‘%%ﬁ% c%a élo%rﬁnsFﬁ‘ta ground

t el ecomuni caiQas-hdn Surhpidiatda i gobllpr saessiitebyothengeatidn
t el econmuni cations hub is radiated 20 through nul tigﬁl e paths to a plurality
of the indivistgaemsatdierieids the heSdvdA Ple SRSLLLFRS 0D TRESr adi at ed

signal is then re-~radi he Pl Weal ity ofkompdiewidyal Satel lites to a
nobi l e sat el Imiopglteer r%%?fgﬂr%stch%rrecei ves the rgfﬂ?ggi (31-'[ gg 25 g’i grt;'ate from
the plural sty cefnplediviyduaf saeeldystesn sonoenhnadas! ptsuthet Gaounke sane

frequency s - ' .
q y peck:{turbugenr%%atlg re-used by anot her nobile user

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

10 and user positicning.

In accordance with the objects of the
present invention, a novel mobile satellite
communications technique for hand-held terminals is
provided. The mobile satellite communications system

15 includes a satellite s?scam having a plurality of
individual satellites. The plurality of individual
satellites are each in communication with a ground
telecommunicaticns hub such that & signal processed
by the ground telecommunications hub is radiated

20 through muitiple paths to a plurality of the
individual satellites in the satellite constellation.

" The radiated signal 1is then re-radiated by the
plurality of individual satellites to a mobile
satellite terminal which receives the re-radiated

signal Efrom the pluralicy of individual satellites

ta
Ln

simultanecusly such that the same frequency spectrum

may be re-used by another mobile user.



1 5 JAN 2005 - 5 These and ocher features of the present invention wll
-becone apparent fromthe follow ng description of the invention, MthAN NS,
viewed in accordance with the acconpani ed drawi ngs and appended 5 cl ai ns.
Brief Description of the Drawings FIGURE ]. is a perspective view
illustrating the forward Iink geonetry of a nobile satellite
communi cations systemin accordance with a preferred enbodinent of the
present invention; to FIGURE 2 is a scheymatic block diagram illustrating
the signal transm ssion function of a ground tel ecommunications hub for a
nobil e satellite conmunications systemin accordance with a preferred

enbodi ment of the present inventi.on; FI ééﬁﬁf d's & pelgpectl I ew
illustrating the retur &E’llelsﬁk ﬁggma?%%é%f a mobile satell] te(lED esent
conmmuni cat i ong $Y$8Mn NWwaCEOr daaege W dgparguef dired  tdrebodiolsimwiaig t he
present invention; FIGURE 4 is a schematic hlock di @gr am_20 illustrating

the signal redeisorifotion onesf &R oun@dVESEOGmmuNEEEi onE R orth nobi | e

satellite conmunications. . t | D So88 edwhihngspeeikerdmibnasdodi nent
of the presentS5nF nlcgen;%uaﬁg t%EQJAN 2005 6 FIGURE 5 is a schematic flow

diagram 5 claims.
. Brief Description of the Drawings

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

embodiment of the present invention;

10 FIGURE 2 is a schematic block diagram
illustrating the signal transmission function of a
ground telecommunications hub fcr a mobile satellite
communications system in accordance with a praeferrad

embodiment of the present invention;

13 FIGURE 1 is a perspective view illustrating
rhe return Llink geometry of a mobile satellite
communications system in accordance with a preferred

embodiment of the present invention;

FTGURE ¢ 1s a schematic block diagram

30 illustrating the signal receilve function of a ground
telecommunications hub for a mobile satellite
communications system in accordance with a preferred

embodiment of the present invention; and



illustr
. conmuni

present invention. Best Mbde(s) for Carrying Qut the Invention 5 Refigr jANEos

now to

above and provide nuch nore efficient neans to re-use

ating the overall architecture for a nultiple satellite nobile
cations systemin accordance wth a preferred enbodi nent of the

the figures, the disclosed nobile comunication system can be
utilized to break away fromthe frequency spectrumlimtation discussed

the all ocated nobil e

satellite spectrumnultiple to. times. By-elimnating this frequency
spectrum limtation, the overall capacity of existing nobile satellite
communi cation systens will be allowed to grow Referring nowto Figure 1
a nobile 15 satellite conmunication syste L h; accardance; $5
preferred embodi ment ofFLGYe® present i r?ven%%%ﬂ & i I I°Ust r at ellljg.é nd?Fi gure
1, the

f orwar d
i ncl ude
i ncl udi
hand- he
det ai |

simulta

mobi | eifﬂdﬁgéﬂriﬁg CPHBUBHG&k4I1 QNS ytsierm chiré s £bk| astmateitbia a

i nK e
s a grounslletecoshihEc SOBRELGHY 1OTS  SYSHRE| It &T

e nobil e satellite conmmunications 20 system 10

t¥FAti on 14

lurality of ingdivi i 2 .8hi.ty of
"9 S oablelt) ite lapld HSURInol LT LRE dBesERE anvenuigh.'y o

il e phones. As discussed in nore

bel ow, 25 the user termnals 18 can receive signals 20

neously fromnultiple satellites 16 via.hej 005 - 7
broad beam ant enna®eBr MpRe (§obRF C2TTYIng ot W thveatiided

5 Referring now to the figures, the disclosed

mobile communication system can be utcilized to

break

away ftrom the frequency spectrum limitation discussed

10

13

20

25

above and provide much more efficient means to re-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 wmobile
satellite communicétion system 10 in accocrdance with
a preferred empodiment of the present invention is
illustrated. In Figure 1, the mobile satellite
communications system 10 1is illustrated in a forward
link mode. The 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 user terminals 18 can receive signals 20

simultaneously from multiple satellites 16 via their



t el econmuni cations hub 12 connects to all of the satellites 16 in the
. satellite constellation 14 individually and sinmultaneously. The hub .12
al so 5 pre-processes received signals to conpensate for path diffﬁgentials

before sending radiating signals 24 to the satellites 16 as discu

el Ni 2005

nore detail below. In accordance with the preferred enbodiment, the design
of the individual satellites 10 14 can be significantly sinplified over
those wutilized in prior nobile systens hecause the satellite

constellation 14 functions as a sparse " r'adiating array.

It

i s known t hat

the nore satellites 16 that are included in a satellite 15 constellation
14, the better the performance the nobile satellite communications system
10 wi |l achi eveca&at el betas t hantangasi npl €2.snal |, anbhepr ovgdeuhidgh

performance are preferable. This i because the perfornma
g QuPel 11t SUBIRTE | & o

10 depends noreT2B-RBIUEG26A T Re

Aits

of. the system
PRantB® the

indi vidual satghtbies:d6. hB aityansit Jmde ]l showcéAsEbguseidy the
i ndi vidual satellites 16 radiate nodul ated RF power to a chosen FOV. The

system 10 i s sinfiivdgeadble andh 2Widdraskdapaci t fhandwo ri@coalegurati on

even if one individual _s teIIitev%g i§&d§¥éf

.zAs a__result,
t he systenﬁlo ?ESfBFSEESF Sef =" egraéﬁtlon éﬁgrac %é?%%?%sf%ﬁdpﬁF | des
very high reli abfEet¥ntinldANat M -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

10 14 can be significantly simplified

utilized in prior mobile systems

satellite constellation 14 functions as

radiating array. It is known that

satellites 16 that are included 1in

a

over cthose

because the

sparse

the more

satellite

ts constellation 14, the better the performance the

mobile satellite communications  system

achieve. Satellites that are simple,

provide high operformance are preferable.

10 will

small, and

This 1is

20

25

because the perfcrmance of the system 10 depends more
heavily on the satellite constellation 14 than on the

individual satellites 16.

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 no reconfiguration even if one
individual satellite 16 is lost for any reason. As a
result, the system 10 features graceful degradation

characteristics and provides very high reliability



and availability. Most of the conplexity of the
-the ground hubs 12, which |ocate and track the potential users and perform
the major functions of beanformng and filtering, as 5 discussed bel ow.

As shown in

t el ecommuni cations hub 12 is
tracks, updates,

i nformati on

termnals 16. The

Figure 2, the processing performed at the ground

system 10 is located in

diagrammatically illustrated. The hub 12
and forward predicts the time variant 10 diff el SniANall®

anong various paths betweeng the hub 12 and the intended user

an RF wavel ength. For UHF satellite systens, the required path
accuracy. nust be about ten %g (i E centineters- For L and S
t

differenti al
band nobil e

one (1) centi

not provide
I nventi on,

i ncl udi ng al
calibration

sang| |avdilakhkiEr ati JAST

thecaequanwjGnanhzﬂwe0909qutvalenﬁepét@Hdnﬁézmqwmlaha

I t .distorti
ARI98 PNREE HBtay® F angt ABC AT 3L | O

accuracy of this |nfornat|on must be within a tenth

of

r SOPRhEE e 6F tFaEeorder of
| BB5ELn U ortunal el yeq t he caweptiboRal n@bs G teghpigues will

réquirted accuracy. 20 in accordance with the present

can ?degéﬁﬁ %mDAﬁﬁzaﬁftlve

techni que §s Lhysk,Q8edt eehpivque for obtaining positioning |nfornat|on by

which to | ocate the

using multiple calibration cites and is described in

15

20

25

As shown 1in Figure 2, the processing
performed at the ground telecommunications hub 12 is
diagrammatically illustrated. The hub 12 tracks,
updates, and forward predicts the time variant
differencial informacicn among varicus paths between
the hub 12 and the intended user terminals 18. The
accuracy of this informaticn must be within a tenth
of an RF wavelength. For UHF satellite systems, the
required path differential accuracy must be about ten
{10} centimeters. For L. and S band mocbile satellite
constellations, the accuracy must be on the order of
one (1} centimeter. Unfortunately, the conventional
or GPS technigues will not provide the required

accuracy.

in accordance with the present invention,
the required accuracy of equivalent path
differentials, including all propagation distortion,
can be provided using two-way active calibration and
R2N (two-way ranging navigation) techniques. An R2N
technique is just one technique for obtaining
positioning information by which to locate the
positioning of the satellites and users precisely

using multiple calibration cites and 1is described in

positioning of the satellites and users precisely



1 5 JAN 2005 9 cc-pending U S. Patent Application Serial No. 09/209, 062,
entitled "Method and Systemfor Determining a Position of a Transceiver
Unit Incorporating Two-\Way Rangi ng Navigation as a 5 Calibration ﬁsf %@ge
for GPS," and filed on Decenber 10, 1998. O her known techni ques yﬁ§I

be wutilized. The ground tel econmuni cations hub 12 has a processing center
26 that processes each signal and 10 is shown in a transmt node in Figure
2. The hub 12 has the capability to add[egsﬁthe plurality of satellites
16 individually through the use of antenna” spatial discrimnation to
separate signals to different satellites. Alternatively, code 15

i dentification can al so be used to address different satellites

i ndependent | y. A®-geswinh FlUgSre 2PaB8BEm nyPPhitathere WwBiaH' 'Nmers,

-he signals fro use | dent if] ene |y reference
nunber 28, are E%H%ﬁﬁﬁb%%%C)t %ﬁ%ﬁ%%gssin%éggﬁ er ég& Th§¥&&§qicnf?ﬁ t he
various users (Ipdteddinirds daterpbocdigenersd | ya byrtdesceiesit rygdiiom the
various user signals 28, designated by reference nunber 30. The various

user signals 28TKHTREACITS 0 (& WaYar e RAREAEomYABHIRBEOB5 t#BNsM ssi on

to the di ffeeentcmthﬁéa{éﬂﬁ AdfeASncdensrabby Fndhgated -y orrpf:?éﬁm?efm”ber
32. Inthis <case, the signal 1s sent to N satellites, assum ng
10, 1998. Other known techniques may also be

utilized.

The ground telecommunications hub 12 has a

processing center 26 that processes each signal and

10 is shown in a transmit mede in Figure 2. The hub 12
has the capability to address the plurality of
satellites 16 individually through the use of antenna
spatial discrimination to  separate  signals to
different satellites. Alternatively, code

15 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

20 input into the processing center 26. The position of
the wvarious users (1 to H), is determined generally

by the circuitry from the various user signals 28,
designated by reference number 30. The various user
signals 28 for user 1 to user H are then combined for

75 transmission to the different satellites 18, 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



satellites in the constellation. The conbined signals 1 5 JAN 2005 - 10
are then anplified, filtered, up converted, and then further anplified, as
generally indicated by reference nunber 36. These signals are then
delivered to a nultiple beam antenna 38 where 5 beanform ng procdssiigg 200
done so that the signals can be transmtted to the N satellites via

radi ating signals 24. The beam form ng process can be done in baseband or
a low I F frequency band by either digital or analog neans. For a | ow
bandwi dt h(l1 ess than a few i0 M4 signal ¢° ,- digital inplenmentation can
provi de cost advantages. The processed signal 24, radiated from the
ground hub 12 via nultiple paths, is anplified, filtered, and then

re-radi at ed byeachhef bhelifukdi plfélsateld. i tas dénveraedi vendt then

desi gnated user 15 location sjnu|taneously. Con uent,l y.. the radiated
signal s from thwerThsT i pla®etfeigdtes ad | | %&?&?&%ned lr@‘ﬁ@r‘:ﬁél yR¥a a

hand hel d termnal, 22.. Equi,yakent ly, the ehbeet ofidmelspabikal gH&gessing
performed by the processing center, 26 is 20 to focus signal strength on the

“user for nultigdkivergel | Lbesal6multtiigheactbgdke 3pREBBRY IJépardhexke
portions of a Iangg active reflector. ;thg re

t r Ssi t he
ground wil P i REATEIFTFHET e TiE+ del 5Ys “inito ?%e%aﬁaﬁgng%%% are
radi ated via 25 yapkousapatistedhed ivfe del ayselllikebe viis erddiat e

signals 24. The beam-forming process can be done in
baseband cor 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 via multiple paths, is amplified,
filtered, and then re-radiated by each of the
multiple satellites 16 to arrive at a designated user

15 location simultaneously. Conseguently, the radiated
signals from the multiple satellites will be combined

coherently via a hand held terminal 22.

Equivalently, the effecc of the spatial

processing performed by the processing csnter 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

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

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

18 positions respectively. In low and middle earth



the signals 24 as if the satellites were |l ocated on an ellipsoidal

surface, of which the two foci are |ocated exactly at the hub 12 and the
designated user 18 positions respectively. In low and mddle earth 1 5 JAN
2605 - 11 orbit constellations, the users 18 and the hub 12 will 14l yeNy205
be in the near field of the sparse array. In a receive node, shown in
Figure 3, the individual satellites 16 collect the RF signals from5 the
same FOV. Figure 3 thus illustrates the retyrn 1link geonetry for receiving
signals sent fromthe wuser termnals 18 t &t he ground tel ecommuni cati ons
hub 12. As shown in Figure 3, there are two groups of |inks involved: the
| i nks between users 18 and the 10 satellites 16, generally indicated by
reference nunbercXBit apgnshesde abérRSen e $FES19 | L8s AW afdie thebhul? 12,

as generally i ndiv?iafltedalga?'atﬁffbeé e%ggwgq{g)ﬁr GtAiQelc-{rht?f @g%h%rggle‘g%%agrﬂ nmust

be able to illumnate he s i tes 16 1nvol ved. WY al so

be a constraint on the variation and gain of the user antenna 22 over the
cluster. As with the forwarrh!| knkegear@t mudd heshewrhelid tesgdfe Wil | @l i fy
the signals 40 received fromthe_ users 18 and ;e-radiate the signals 42 20

toward the hub 1ZAndieldiml 192EaRl1ER8I V8 &GrEAE 42°¢ | RieFéAdeds yLrom
si mul t aneous| ¥ frg{gtggmﬁats%kﬂ.' tepigdfe 3N HMd |; adsthe-skongls A4 frem
different satellites coherently 1n"the post-processor 44 as
link geomecry for receiving signals sent from the
user terminals 18 te the ground telecommunications
hub 12. As shown in Figure 3, there are two groups
of links involved: the links between users 18 and the
10 satellites 16, generally indicated by reference
number 40, and those between the satellites 16 and
the hub 12, as generally indicated by reference
number 42. The user antennas 22 must be able to
illuminate all the satellites 18 involved. There

15 will also be a constraint on the wvariation and gain

of the user antenna 22 over the cluster.

As with the forward 1link geometry, the
sateilites 15 will amplify the signals 40 received
from the users 18 and re-radiate the signals 42

20 towatd 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.

25 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 correspconding ones in Figure 2.



illustrated in Figure 4. 25 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 fromthe correspondi ng onesﬂquN2m5
Figure 2. 1 5 JAN 2005 - 12 Therefore the receive process will not be .
reiterated in detail. However, the links 42 fromthe satellites 16 to the
hub 12 are received at the beanfornmer 38 and then transferred to the
recei ver and down 5 converters 46 beforg the signals are separated. The
signals are separated depending upon the user to which they are to be
transmtted, as generally indicated by reference nunber 48, and then sent

to the specific user | _through.H_ as general i pdicated. 44 erence
nunber 50. ItT@ﬁﬁﬂrﬁr%ethﬁd&e 6§ t%raq%ergo%?ﬁi%%eﬂrgec%itevgr%% tar%%férﬁt
function are g, ggegssar oRakterof diad hlimks cadi brati chearshwsklites
positioning. The technique of the present invention has 15 been

denponstrated 1® sbgriitd cBrbl -2 eafiR e FERE L ¥FEr afe SPMBe PG RGH 281t has

been determ ned.that thi ' thr ee fact obseikiekst ,53dd1e gepROSed
architecture ?%dnoghsnpei?ﬁgﬁgﬁgﬁfgg, ut rather a randonly spaced sparse

array, which hasvesr@rst uBg EFdmbeshe Abtonahh ohe Sameggsesi-de Thee at a

single frequency is relatively high, the |level decrea with i pgreasing
banduwi dt h. Se%b@tﬂ?lﬁhea¥%rg%ep‘}‘/ratgg debendity UEUTORER Ustd TES

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

10 by reference number 50. It should be understood that
both the receive and transmit function are a
necessary part of pathlink calibration and user

positioning.

The technique of the present invention has

15 been demonstrated to significantly 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 rather a
randomly spaced sparse array, which has no grating

20 lobes. Although the average side lobe at a single
frequency is relatively high, the level decreases
with increasing bandwidth. Second, the large
sparsely filled array formed by moving satellites is

a large extended aperture size. Thus, all of the

75  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

woulid be the case in the far field. The dispersion



sparsely filled array fornmed by noving satellites is a | arge 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 useyaN 2005
are spherical instead of planar. Consequently, dispersion effects becone
much nmore pronounced than would be the case in the far field. The

di spersion 1 5 JAN ?005 - 13 grows very fast as a probe is scanned away
fromthe main beam and : he dispersion sngars the power distribution very
effectively over a finite signal bandw dth. Third, the conmuni cation
systemis 5 preferably designed with a finite frequency spectrum The

information signal will therefore be _spread ov I ni bﬁggﬁi h via
CDMVA or t hr ougBr@Wsr tedyr &5%n *hafef ﬂ%%?%ﬁ %%ﬁﬂﬁ%%h%%ﬁ? 0 ighFe 5
i Ilustrates diggiamikiagal ldhd he-h@pedabkbensbbnt hemearent i one wpbakral | ows

for the increase@ re-use of precious frequency s ectrgg1_The advant ages
provi ded by thdsssysberipnclriey néLiachiiatlivonY¥Rcf reqlddyFF eSdg83¢or

poi nt -t o-poi nt,_15 conmuni cations, s Ratbgr, RGeS PT EPisegystigm is
only linited by2rgraf atellif%§$&?pomg%. Further, the pre erred

embodi nent al | gparkeablie désagneld siimpl e ahihl oay tosguencyl Epeetdrsi.gns,

because the nore satellites included in ih%h%%g%%%glq&éogbrggg %g_better
the performanc&hef infeorapsian $E4em “Th , = e

a finite bandwidth via CDMA or through short duration

waveforms for TDMA schemes.

10 Figure 5 illustrates diagrammatically che
operation of the invention, which allows for the
increased re-use of precious frequency spectrum. The
advantages provided by this system include no
1imitation on frequency re-use f[or point-to-point

1S communications. Rather, the capacity of this system
is only limited by total satellite RF power.
Further, the preferred embodiment allows for the use
of simple and low cost satellite designs, because the
more satellites included in the constellation, the

50 better the perfcrmance of the overall system. The
system also provides high system reliability through
graceful degradation, as well as concentrating
complex preocessing at the hubs. The preferred
embodiment creates demand for a large number of low

35 cost satellites and also uses R2N techniques to
perform satellite and user positioning. The more
users using this system, the more accurately the
satellite and user positions can be determined.
However, even more important than the actual

30 positions of the users and satellites are the path



system al so provides high systemreliability through graceful degradation
~as well as concentrating conplex processing at the hubs. The preferred
enbodi nent creates demand for a | arge nunber of |ow 25 cost satell i 5epnamu
al so uses R2N techniques to performsatellite and user positioning. The
nore wusers using this system the nore accurately the satellite and user
positions can be determ ned. However, even nore inportant than the actual
30 positions of the users and satelliteggare the path 1 5 JAN ?005 - 14

| engths traversed by the signals. Therefore, periodic calibration

techni ques applied directly to those path | engths may be nuch sinpler and

nore cost effectiye. Further he, syst.em al rQui des 5, advant ages of
CDMA and TDMVA FB‘gf%é syt B BT or nce&l? hr%gaﬁaﬁ\aér'ge peF§SEF §§%

bandwi dt h. As ,ahewdiiicn &i Dils£adioh he dptesenied nugpliied disr<livigedoup into
three segnments; a hub segment 52 containing the ground tel econmuni cations
hub 12, a 10 spase fEFfentemIrhonbay nbPRg MCH ridlH 48F odnd nBPYRdgast

satellites 16’3&%&%5‘& ser seg,g%p_}le%& hayd Ng @ scRklr ali g ao%rg§rq_rcietser mnal s -

18. The hub s t"al'so has "a processing center 26 an ost-processor
44 for precessiviagtiadessicghamadwnd driire toansel sgsorm perdndmaerel ve
nodes. Having now fully described the %PV%PLG%h it will be apparent to
one of ordi natpredIn laggenpercentage bandwicth.
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
10 space segment S4 containing a plurality of individual
satellites 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

15 and receive modes.

Having now £fully déscribed the invention,
it will be apparent to cone of ordinary skill in the
art ﬁhat many changes and modificacions can be made
thereto without departing from the spirit or scope of

20 the invention as set forth herein.



art that many changes and nodifications can be nade thereto w thout
departing fromthe spirit or scope of 20 the invention as set forth
herein. 15 JAN 2005 35 CLAIMS 1. A nobile satellite comunicati ons system
(10) for no- bile users, conprising: a satellite constellation (14p Ugmim@
a plurality of indi- vidual satellites (16); a ground teleconnunica§| g
hub (12) in communication with each otdsaid plurality of individual
satellites (16), such that a signal processed by said ground

t el econmuni cations hub (12) is radi@gigpgughrough a plurality of paths (24)
to a plurality of said individual satellites (16) in said satellite
constellation (14); and a nobile termnal (18) for receiving said signal
radiated fromsaid plurality of individual satellites (16), character-

ized in that said ground tel ecopmuni cati ons hub 1%@ i.ncl g % processi ng
center (26) flor réc@°Pin§ a2pRUFAFT t OB FiHY Sﬁﬁﬁbg §§i §*t fem to be:

transqjggﬁg Ege§§idcg gég&%ﬁﬁhof individ- ual satellites (16) such that

sai d signals are receil | - taneously at said nobile termnal (18),
and sai d proeessiteqlit26yooenedtatomprikes repparatausp fure lgtediodt ilagiany
different _tine delﬁ¥s agggg vari ous paths between said hub and said no-
bil e t eMAONAL. Satellyhgs & satellite communications systemof claim 1,

characterizeq igidfial +9aledoRrO6eE5E NEncantier ( (26)ir nedrsles caappar atinh (32)

for conmbining said plurality of received signals .
each of said plurality of individual satellites (16), such that
a signal processed by said ground telecommunications hub (12)
is radiated through a plurality of paths (24) to a plurality of
said individpal satellites (16) in seid sétellite constellation
(14); and | '
' a mobile terminal (18) for receiving said signal radiated
from said plurality of individual satellites (16), cheracter-
ized in that said ground telecommunications hub (12) includes a
processing center (26) for receiving a plurality of signals and
processing them to be transmitted to said plurality of individ-
val satellites (16) such that sazid signals are received simul-
taneously at .said mobile terminal (18), and said processing
(26) center comprises apparatus for predicting any different

time delays among various paths between said bub and said mo-

bile terminal.

2. The mobile satellite communications system of claim
1, characterized in that said processing center (26) includes
apparatus (32) for combining said plurality of received signals
for transmission to said plurality of‘ individual satellites

(16) .



for transmssion to said plurality of individual satellites (16). 15 JAN
2005 16 3. The nobile satellite conmunications systemof claiml or 2,
characterized in that said processing center (26) in- cludes a beam forner
(38) for formng multiple beans for trans- mtting signals to saw%
plurality of satellites (16). 4.- The nobile satellite communi cat mMﬂzmS
systemof claim 1, characterized in tigat said apparatus for predlctlng
said tine variant utilizes two-way rangi ng navigation. 5. A nethod for
transmtting a conmunications signal to a nobile hand-held term nal (18)
through a plurality of paths (24) to a plurality of - individual
satellites (16) in a satel- lite constellation (14);, conprising the steps

of providing a grgﬁgd?éséiconw%ﬁjj%ylon%mgﬁgg %f%? prgg galgg @1r§%ehved
u P

si gnal at sai d "gro nAUnT ca- edrctrng-a

di fferenbrtife debaystarDIM Vani QugtPadid Bebveesisgi @e@ﬂ:@und(ZG) in-
t el ecommuni cations hub and said nobile terninal; radi ati ng sai d signal

t hr ough shidesugtbppe parmer (03§) tipr sfa:ir@lm%rrrmlﬁtlpls]‘ begama| |fP1re§rem67 in
d satel|jt | f d
orurar (ot bFgar BT onThe g it SiPke gy PY BakRdERef, Bler 1108 S tna

~conbining said re-radi ated signal received fromsaid pIu- rallty of
satellites (16) S|nultaneously at .the nobile hand held tern1na| §
The mobile “satellite communications system f claim
1, characterized in that said apparatus for predicting said

time variant utilizes two-way ranging navigation.

5. A method for transmitting a communications signal to
a mobile hand-held terminal (18) through a plurality of paths
({24) to a plurality of-individual satellites (16) in a satel~
lite constellation (14);, comprising the steps of: ‘

providing a ground telecommunications hub (12);

processing a received signal at said ground telecommunica-
tions hub (12};

‘predicting any different time delays among various paths
between said ground telecommunications hub and said mobile
terminal;

radiating said signel through said multiple paths (24) to
said plurality of satellites (16) in said satellite constella-
tion (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 plu-
rality of satellites (16) simultaneocusly a; the mobile hand-

held terminal (18}).

6. The method of claim 5, characterized by:



6. The nethod of claimb5, characterized by: 15 JAN 2005 17 processing a
plurality of received wuser signals at said ground tel econmunications hub
(12). 7. The method of claim®6, characterized in that said step of JAN 2005
processing said plurality of received user signals further conpring:
conbining said plurality of received signals for transms- sion to said
plurality of individual satellites (16)17 8. The nmethod of claim®6 or 7,
characterized in that said step of processing said plurality of received
user signals further conprises: formng nultiple beans for transmtting
signals to said plurality of satellites (16).
processing a plurality of received user signals at said

ground telecommunications hub (12).

7. The method of claini 6, characterized in that said
step of processing said plurality of received user signals
further comprises:

combining said plurality of received signals for transmis-

sion to said plurality of individual satellites (16).

8. The method of claim 6 or 7, characterized in that
said step of processing said plurality of received user signals
further comprises: ‘

forming multiple beams for transmitting signals to said

plurality of satellites (16}.



