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ACCOUNTI NG FOR A SATELLI TE COVMUNI CATI ON SYSTEM FI ELD OF THE

| NVENTI ON: This invention relates -generally to comunications
systens 5 and, in particular, to satellite comunications systems
wherein a pl ur ®Wo%es14s8 user ternminals are in bi-directional FPCTURPGRFNRESS
comuni cation with a terrestrial communications network via a gateway
and at | east one satellite. BACKGROUND OF THE | NVENTI ON: 10 In
conventional terrestrial cellular conmunication systens it is often
the case that a user is billed at a predetermned rate on a per mnute
basis for the use of the system However, in a satellite-based
comuni cati on system this type of billing arrangenent may not
accurately reflect 15 a correct billing anount. By exanple, a user who is
upl oadi ng or downl oading a |large data file though a satellite at 9.6

kb/s will nost |ikeCCtRNRTING FORCA BATELLITE COMMUNICATRON SYSTEM - J-
sat’el I*i te power) than another user who i s engaged in a voice

communi cati on at an aver age

FIE OF I ON:

This invention relates generally to communications systems

5 and, in particular, to satellite communications systems
wherein a plurality of user terminals are in bi-directional
wireless communication with a terrestrial communications
network via a gateway and at least one satellite.

BACKGROUND OF H

10  In conventional terrestrial cellular communication systems:
it is often the case that a user is billed at a
predetermined rate on a per minute basis for the use of the
system. However, in a satellite-based communication systenm
this type of billing arrangement may not accurately reflect

15 a correct billing amount. By example, a user who is
uploading or downloading a large data file though a
satellite at 9.6 kb/s will most likely consume more of the
system resources (e.g., satellite power) than another user
who is engaged in a voice communication at an average

20 speech bit rate of less than 4 Kb/sec. The result is that
an inequitable billing arrangement may exist, whereby some
users effectively subsidize the useage of the system by
other users.
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OBJECTSCFTI—@ | ANERNT! ON: It is a first object of thiBCIHSASMAIIDN t o

provi de an O3CCUTr at e -measure of systemresources that are consuned by
a user of a satellite comunication systemon a per call or 5 connection
basi s. It is a further object of this invention to provide an

accurate nmeasure of systemresources thak are consunmed by a user on a

per call or connection baS| s and to‘enploy a- met hod for generating and
usi ng data thatOBXE )

St 6 : turenments that are nmade repeatedly .
during. the connect i on. SUMVARY OF THE | NVENTI ON
The foregoi ng ot her nqr me, and t of the
I nvention are r I t9e8 b‘{})l gm?ﬁSﬁ f8 ac’(fhveé'tté c@oﬁogﬂti?% an

anpunt. of sataggunake measvemnﬁvatelmgewem tle%fomr@esomme r"éf
allotted to anda user ofid isaedl it cofiini tliohabyStent opcs pead babl or
Connectlon 5 connection basis.

It is a further object of this invention to provide an
accurate measure of system resources that are consumed by
a user on a per call or connection basis, and to employ a
method for generating and using data that results from

10 measurements that are made repeatedly during the
connection. ' '

O HE TIO

The foregoing and oﬁher problems are overcome and the
objects of the invention are realized by a method for-
15 accurately accounting for an amount of satellite
communications system resources that are allotted to and
utilized by a user terminal on a per call or connection
basis. The method accumulates data at periodic intervals
during a connection, such as the speech coder frame rate,

20 the data indicating what portion of the overall system
resources are utilized on both a forward link (gateway to
satellite(s) to user terminal) and on a reverse link (user
terminal to satellite(s) to gateway). A Gateway (GW) that Co
is assigned to handling the call for the user terminal (UT) ?
25

accumulates the data and subsequently transfers the data
over a terrestrial data network (TDN) to a terrestrial
control center such as a Ground Operations Control Center
(GOCC) . The GOCC uses the data to determine an amount to be
billed to a service proviher assoclilated with a service area
30 that includes the GW. The GOCC may also use this data to
derive statistical information "describing the
communications traffic handled by the GW, and to derive
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3 ° - predict edtr €R0RIQ e ppEed that the teachingeof A APRgRtion can

information for peheuédll in lidu efow dVbiceotBeaivhdent h¥inubehi (VEMIf this
invention cafl appbBadRSdor Nedd Bk Qfsed Y ConSHHEY 8O Wit Ruble® vEMEMD S5
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approach, or can used 1 n conjunction with the VEMt nodi.fy _sane as
necessary to ac i AP A% Fﬁ%a%xfgﬁ% °cura€%§6lﬁe§g'§°ﬁs‘é}be i ek ng a
call. resources BRed- ipEgaRI W 120adE - THE DRAW NGS The above
set forth and other features of the invention are

TION OF E WINGS

The above set forth and other features of the invention are

10 made more apparent in the ensuing Detailed Description of
the Invention when read in conjunction with the attached
Drawings, wherein:

Fig. 1 is block diagram of a satellite communication system
that is constructed and operated in accordance with a
15 presently preferred embodiment of this invention;

Fig. 2 is a block diagram of one of the gateways of Fig. 1;

Fig. 3A is a block diagram of the communications payload of
one of the satellites of Fig. 1;

Fig. 3B illustrates a portion of a beam pattern that is
20 associated with one of the satellites of Fig. 1;

Pig. 4 is a block diagram that depicts the ground equipment
support of satellite telemetry and control functions;

Fig. 5 is block diagram of the CDMA sub-system of Fig. 2;
and

25 PFig. 6 is a block diagram of the satellite communication
system showing the teaching of this invention in greater
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I.nventi on when read in conjunction with the attached Dr awi ngs,—wherer ..
Fig. 1 is block diagramof a satellite comunication system that is
constructed and operated in accordance with a 15 presently preferred
énmbodi ment Ofvh?h%nhﬂve”t' Fig. 2 is a block dlagréﬁ$ﬂﬁmﬂﬂﬂnof the
gat eways of Fi Fi g 3A i's a block diagram of the conmunicati ons.
payl oad of one of the satellites of Fig. 1;

_ Fig. 3Billustrates a -
portion of a beampattern that is 20 associated wth one of the k
satellites of Fig. 1; -Fig. 4 is a plock diagramthat depicts the .
ground equi pnent support of satellite telenetry and control functions;

Fig. 5 is blockadtagram of the CDVA sub-systemof Fig. 2;

, and 25
Fig. 6 is a block diagramof the satellite comunication system
show ng the teaching of | S_Jnv i D .fb [k o WD 96/ 41494
PCT/ US96/ 01502 .

Fig. 1 illustrates a presently preferred embodiment of a
satellite communication system 10 that is suitable for use
with the presently preferred embodiment of this invention.
" Before describing this invention in detail, a description
will first be made of the communication system 10 so that

a more complete understanding may be had of the present
invention.

10 The communications system 10 may be conceptually sub-

divided into a plurality of segments 1, 2, 3 and 4. Segment
1 is referred to herein as a space segment, segment 2 as a
user segment, segment 3 as a ground (terrestrial) segment,
and segment 4 as a telephone system infrastructure segment.
15 In the presently preferred embodiment of this invention

there are a total of 48 satellites in, by example, a 1414

kn Low Earth Orbit (LEO). The satellites 12 are distributed

in eight orbital planes with six equally-spaced satellites
per plane (Walker constellatioh) . The orbital planes are
inclined at 52 degrees with respect to the equator and each
.satellite completes an orbit once every 114 minutes. This
approach provides approximately full-earth coverage with,
preferably, at. least two satellites in view at any given
time from a particular user location between about 70
degree south latitude and about 70 degree north latitude ..
As such, a user is enabled to communicate to or from nearly
any point on the earth's surface within a gateway (GW) 18
coverage area to or from other points on the earth's
surface (by way of the PSTN), via one or more gateways 18
and one or more of the satellites 12, possibly also using
a portion of the telephone infrastructure segment 4.

20
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detail . DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fig 1
il-lustrates a presently preferred enbodi nent of a satellite

comuni cation system 10 that is suitable for use 5 wth the presently
preferred enbodi nent of this invention. Bef ore describin '9§msuz

I nvention in dgbeéhieee description will first be nade of

comuni cation system 10 so that a nore conpl ete understandi ng may be
had of the present i nventi on. 10 The conmuni cati ons system 10 may
be conceptual |y sub- “divided into a plurality of segnents 1, 2, 3 and
4. Segnent lis referred to herein a8 a space segnent, segnent 2 as a
user segnent, segment 3 as a ground terrestrla e nt, and_segment
4 as a tel ephon&tsy&t BAERRFAL c PRLBE sERAfe he £ °f§8g§li‘?l e Meeedtt 1y
prefefred enbodidesariptidmict itheemystem 10 repmssentisecbut teney|sujtahie

satellites in, R¥Le &ﬁﬂ@:‘r@ of ' ldommnickEid®Wshatéh Qibhin(bﬁﬂ):h the

tellit 12 dj st I
Zgugl Lly gzacedar?§9 H%?%egg %g‘is PvﬁP%%:ernger}’%oﬁg% ?ﬁ?l on EF?{
orbital plarfes specidic dﬂ@lll"lﬁeelf Fhescommunicas-ignt ﬁW%%“b(%F i 1=t‘i’ehéquat or

and each s@leql! bk ccdiiRhelictn AN 10hbtingdensavapon thé practize ofhis
approach provid ? {,Qéké%el y full-earth coverage wth, preferably,
at. least tw sate €S I'n View at any given time froma particul ar

user | ocation between about 70 25 degree south latitude and about 70
degree north | acohttdeuing now with U ldeseripeion ofehbd| sybtenm tOmaUmOESt e t O

or fromnearly transféPy(!{H?idatff?rbict@es@aﬁéﬁwe%ﬁ QEi:éffn\!&sI an andahigway (GW
18 cover age. ar ea m ot her sur face

(by way of tthe KFeny ‘r‘ﬁdbﬁje‘{ g §it 3\?@3??"%8“3’68 gﬁ?fbsngr%egr ore of
the satellites ®2chpsatelditeal(EbgusSBlg provides pobroken commwricatiiopsone
infrastructure S@@MBNspfead spectrum (SS), code division multiple access

(CDMA) technique. The presently preferred SS-CDMA technique
is similar to the TIA/EIA Interim Standard, "Mobile
15 Station-Base Station Compatibility Standard for Dual-Mode
Wideband Spread Spectrum Cellular System" TIA/EIA/IS-95,
July 21993, although other spread spectrum and CDMA

" techniques and protocols can be employed.

The low earth orbits permit low-powered fixed or mobile

20 user terminals 13 to communicate via he satellites 12,

each of which functions, in a presently preferred

embodiment of this invention, solely as a "bent pipe"

repeater to receive a communications traffic signal (such

as speech and/or data) from a user terminal 13 or from a

25 gateway 18, convert the received communications traffic

signal to another frequency band, and to then re-transmit

the converted signal. That is, no on-board signal

processing of a received communications traffic signal

occurs, and the satellite 12 does not become aware of any

* 30 intelligence that a received or transmitted communications
traffic signal may be conveying.

Furthermore, there need be no direct communication link or
links between the satellites 12. That is, each of the
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s noted at this point that the foregoing and ensui ng descripttomof o
the system 10 represents but one suitable enbodi ment of a comuni cation
systemw t hin which the teaching of this invention may find use. That
I's, the 5 spe |f| 4g;t ails of the comunication system are PEWUSIGUISE
read or cqnst SHNRE a it ng sense upon the practice of this

i nvent i on. Conti nuing now with a description of the system 10, a soft
transfer (handoff) process between satellites 12, and also 10 between .
i ndi vi dual ones of 16 spot beans transmitgted by each satellite (Fig. .
3B), provides unbroken conmuni cations via a spread spectrum (SS), code
di vision multipsfeladeas 12 récElWes teadigngleonIpefporsantiynguidferr ed

SS- CDVA techni Tcatea L tHeTubaF steamhhe 2T bg/ ﬁlo%l hntfsﬂgfai&aedﬁ&teawbbl le
15 Station-Basg Station at| |I|tylﬁqc% %}1 ¥b 1 W deband -
Spread Spectru & PRPY eeqﬂe“fl AR a§§m1 g'a %’a 83 ya‘ﬁ Rough :

other spread speeteiveraddcabrd in thecissmresment Brerotel 3 reeeer o
enpl oyed. - 5  1décddWneehé hyeiid segméent t3.1 ow- powered fixed or mobile 20 -

It

user termnals 13 to communicate via he satellites 12, each of which
functions, in a gresently preferred - enbodi nent | of thIS I nventi on,
sol el y  as” a "beRpe Ji5es ségments gmay dncdude & PIRral Homednkyess GBsLI§Tf f i ¢

si gnal" (such tersimgiseall ahdtoareasadgptfedofor cemtuniratiioal with othd rom a
25 gateway 18, sseﬁyﬂeest 19." #hE1 WA CREHAIALSCRRC GG Ity exampignal Lo

t her f t ted 1.
That 15, no on. BuRiBEeHiRIof itkarent  brads (o sixed AR BRI Vg One

That is, no on-Bo®
traffic sigial termiuals sincdmdinge but eidt tldmitedobe, noandheddnmobide e of
any 30 intelli gaage-tdadphdnesceinigd QehisPdsmhditbaC OBpiIIeAt raBo-
traffic signal '{aéiegﬁon 041 YL%¥I nglng/messagz.ng-type devices 16, and fixed
radio-telephones l1l4a. The user terminals 13 are preferably
_provided with omnidirectional antennas 13a for
15 bidirectional communication via one or more of the
satellites 12.

It is noted that the fixed radio-telephones 1l4a may employ
a directional antenna. This is advantageous in that it
enables a reduction in interference with a consequent

20  increase in the number of users that can be simultaneously
serviced with one or more of the satellites 12.

It is further noted that the user terminals 13 may be dual
use devices that include circuitry for alsc communicating

in a conventional manner with a terrestrial cellular
25 system.

-
-
L

Referring also to PFPig. 34, the user terminals 13 may be
capable of operating in a full duplex mode and communicate
via, by example, L-band RF links (uplink or return link
17b) and S-band RF links (downlink or forward link 17a)
30 through return and forward satellite transponders 12a and
12b, respectively. The return L band RF links 17b may
operate within a frequency range of 1.61 GHz to 1.625 GHz,



Furthernore, there need be no direct conmmunication |link or i nks
between the satellites 12. That is, each of the
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satellites 12 receives a signal only froma transmtter | ocated in

t he user segmagbogufabs froma transmtter | ocated in th

segnent 3, and transmts a signal only to a receiver |ocated in the
user segment 2 or to a receiver 5 | ocated in the ground segnment 3.

The user segnent 2 may include a plurality of types of user term nal s
13 that are adapted for conmmunication witfh the satellites 12. The

user termnals 13 include, by ekanplé, a 'quality of different types
of fixed and noBi bandisigith 00 16.& MHAal and AerrUBPMYLated whth Racketdgedo,

handhgl d nobi | egigital raslice telpplanand/d4, davshsddrealsoimtastordantee

r adi o- te o | LRg= LCES sRdabigxed
radi o-t el ephoneg'igﬁa&%ﬁg%ﬁgg?g?yﬁygg%g%é%$r e?‘é?gﬁ e eBruglvi ded
with . ommi di re8tPRRARF linksdigmay pperate jrithipsa ﬁﬁemuﬁémm °
comuni cati &n Qi.4850CHZ tor2.%518Hz, of bandwidth of 16.& ¥HRi t Bewe fdrward

It is noted thagpt NGnkkXada afier -4 RS PHGIEtEEA d8Ya CGREOYay 18 "wilh

di rectional antenna..  Thi S .adyantageous in. that.jt .enabl es_a
reduction in i nP@Fﬁ%F'b?FC% %g@%a cY(ﬁggqﬁiﬁf‘als Zﬁnd)qrncqaétgsésﬁgﬁa?ﬁelﬁunber
of users that cagcbedsngawifhethe|spread spegtryn deghiigheone or nore of the
satellites 12.

The 16.5 MHz bandwidth of the forward link is partitioned
10 into 13 channels with up to, by example, 128 users being
assigned per channel. The return link may have various
bandwidths, and a given user terminal 13 may or may not be
assigned a different channel than the channel assigned on
the forward link. However, when operating in the diversity
15 reception mode on the return link (receiving from two or
more satellites 12), the user is assigned the same forward
and return link RF channel for each of the satellites.

The ground segment 3 includes at least one but generally a
plurality of the gateways 18 that communicate with the
20 satellites 12 via, by example, a full duplex C band RF link
19 (forward link 19a (to the satellite), return link 19b
(from the satellite)) that operates within a range of
frequencies generally above 3 GHz and preferably in the C-
band. The C-band RF links bi-directionally convey the
25 communication feeder 1links, and also convey satellite
commands to the satellites and telemetry information from
the satellites. The forward feeder link 19a may operate in
the band of 5 GHz to 5.25 GHz, while the return feeder link
19b may operate in the band of 6.875 GHz to 7.075 GHz.

30 The satellite feeder 1link antennas 12g and 12h are
preferably wide coverage antennas that subtend a maximum
earth coverage area as seen from the LEO satellite 12. In
the presently preferred embodiment of the communication



It is further noted that the user termnals 13 may be dual - use
devices that include circuitry for also communicating I n—&
conventional manner with a terrestrial cellular 25 system
Referring al so to Fig 3A, the user termnals 13 may be ' capabl e of
operating in E) soflUpl ex node and communi cate vi a, PCE/USSRAIENE e,

L- band RF |i nks up?lnk or return link 17b) and S-band RF links . .
(downlink or forward link 17a) 30 through return and forward satellite
transponders 12a and 12b, respectively. The return L band RF |inks

17b may operate within a frequengy range of 1.61 GHz to 1 625 GHz,
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bandwi dt h of 16Gs¥stenz10dhe anglersdbtendel firoh pariveni LRQIsatelliitp tla»l voi ce
signal's and/ or pﬁs%mahgnfdﬂseiéva%qsarﬂa{)r& from WHechPen W eheraes) S ead

spectrum t echni The an l'inks 17a at. within .
a frequency ran&p (ﬁx:.gxategngégg_gh[is é”‘g a SORSTRRN oﬁr’%)éof . The .

f or war d RF appreximagedy é@%@l%ﬂuilat@cﬁweﬁ-gat eway 18 wit h .
packetized digital voice signals and/or data signals in accordance with
t he spread gpe { [ : M’a‘é bandw ¢ f t]ggai%orward
link is par f$’| tlc%lrg]%ghlggng % channh‘(a 1&%1 m by e.é)}fq 8 users
bei ng assi BRSPS @H&ﬁneﬂ’r""m@ r PYRTRIS nR’lﬁ'ﬁ§'nheﬂFb \?&FPG

bandw dt hs, andtergemialseervmmagiod.’ﬁ mmynebaum;nnos-Himd anten_nas ghed- a
different channghatban i4is, Ghapa Woreraniy'edifrtidht ok

However, when o eratl

i nk (recel vi ng pﬁoﬂqr%rmasede%li\ét 3 1¥ g. ggce L Ogs, the %ra}lggi‘lr:et urn
10 and receive beams from the spacecraft cover the same area
on the earth's surface, although this feature is not
~critical to the operation of the system 10.

'As an example, several thousand full duplex communications
may occur through a given one of the satellites 12. In
15 accordance with a feature of the system 10, two or more
satellites 12 may each convey the same communication’
between a given user terminal 13 and one of the gateways
18. This mode of operation, as described in detail below,
thus provides for diversity combining at the respective
20 receivers, leading to an increased resistance to fading and

facilitating the implementation of a soft handoff
procedure.

L b
4
gy
N

It is pointed out that all of the frequencies, bandwidths
and the like that are described herein are representative
25 of but one particular system. Other frequencies and bands
of frequencies may be used with no change in the principles
being discussed. As but one example, the feeder links ..
between the gateways and the satellites may use freéuencies
in a band other than the C~-band (approximately 3 GHz to
30 approximately 7 GHz), for example the Xu band

(approximately 10 GHz to approximately 3:5 GHz) or the Ka
band (above approximately 15 GHz).
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Reference in this regard may also be had to U.S. Patent No..

5,422,647, issued 6/6/95, by E. Hirshfield and C.A. Tsao,
entitled "Mobile Communications Satellite Payload".

The .telephone infrastructure segment 4 is comprised of

existing telephone systems and includes Public Land Mobile"

Network (PLMN) gateways 20, local telephone exchanges such
as regional public telephone networks (RPTN) 22 or other
local telephone service providers, domestic long distance
networks 24, international networks 26, private networks 28
and other RPTNs 30. The communication system 10 operates to
provide bidirectional voice and/or data communication
between the user segment 2 and Public Switched Telephone
Network (PSTN) ﬁelephones 32 and non-PSTN telephones 32 of
the telephone infrastructure segment 4, or other user
terminals of various types, which may be private networks.

Also shown in Fig. 1 (and also in Fig. 4), as a portion of
the ground segment 3, is a Satellite Operations Control
Center (SOCC) 36, and a Ground Operations Control Center
(cocc) 38. A communication path, which includes a Ground
Data Network (GDN) 39 (see PFig. 2), is provided for
interconnecting the gateways 18 and TCUs 18a, SOCC 36 and
GOCC 38 of the ground segment 3. This portion of the



12d and 12c, respectively, are preferably congruent wth one anot her,
as depicted in Fig. 3B. That is, the transmt 10

t he spacecraft cover the sanme area on the earth's surface, although
this feature is not critical to the operation of the system 10.

As an exanpl eq Sguefal thousand full duplex communications Pﬂmsﬁﬁ'&%cculr
t hrough a given ‘one of the satellites 12. In 15 accordance with a feature --#

of the.system 10, two or nore satellites 12 nay each convey the sane

comruni cati on - between a given user terminal 13 and one of the gateways
18. This node of operation, as describediipn detail bel ow, t hus -

provides for diversity conbining at the respective 20 recei vers, |eading
t o an i ncr easedcrumunicationsosysitimgl ;myovides { ovenaklatsvsenhgontrol B
i npl ement ati on gfhinatfsdd. handof f procedure. It is pointed out
that all of the frequenciés, bandw dths and the like that are
descri bed herein are representative 25 of but one particular system
Ot her frequenci #9and sheHgone of thy gptewaws didedn mrpafer detrid« Bagl change’
in the principl gatewvay 180dnoludiés anps 86 dfovds dhal mlardeanhor RR Icebandder
i nks Dot Wehal L8R ComRda Lle 25l ld1l 85 MU fo dRibeaRET CS
I n-a band other than"the C-ban q_%ﬁ:]oxma ely 3,GRz to, 30 approglmately '
7 GHz),- for dé‘gé( 2 ppd peipstRl42a, low npise resRivers lag2nd, 0 T -
approxi mat el y 1%hi@h power t ampldfiers 46haklll (o dhesapprupements waysbeHz) .
PCT/ US96/ 01502  1008Ped6iAlfi% a radome structure to provide environmental

protection.

and recei ve—eanms—from.

10 The gateway 18 further includes down converters 48 and up
converters 50 for processing the received and transmitted
RF carrier signals, respectively. The down converters 48
and the up converters 50 are connected to a CDMA sub-system
52 which, in turn, is coupled to the Public Switched
15 Telephone Network (PSTN) though a PSTN interface 54. As an

option, the PSTN could be bypassed by using satellite-to-
satellite links.

The CDMA sub-system 52 includes a signal summer/switch unit

) 52a, a Gateway Transceiver Subsystem (GTS) 52b, a GTS
20

Controller 52c, a CDMA Interconnect Subsystem (CIS) 524,
and a Selector Bank Subsystem (SBS) 52e. The CDMA sub-
system 52 is controlled by a Base Station Manager (BSM) 52f :
and functions in a manner similar to a CDMA~compatible (for ?
example, an IS-95 compatible) base station. The CDMA sub-

25 system 52 also includes the required frequency synthesizer

52g and a Global Positioning System (GPS) receiver 52h.

The PSTN interface 54 includes a PSTN Service Switch Point
(SSP) 54a, a Call Control Processor (CCP) 54b, a Visitor
Location Register (VLR) S54c, and a protocol interface 544
30 to a Home Location Register (HLR). The HLR may be located

in the cellular gateway 20 (Fig. 1) or, optionally, in the
PSTN interface 54.



The gateways 18 function to couple- the comunications payl oad or

t ransponders 12a and 12b (Fig. 3A) of the satellites 12 to the

t el ephone infrastructure segnent 4. The transponders 12a and 12b

i ncl ude an L-band receive 5 antenna 12c, S-band transmt ant%)‘g@sa},ﬁg
C-band power wooémadd fier 12e, C-band | ow noise anplifier nd
antennas 12g and 12h, L band to C band frequency conversion section
12i, and C band to S band frequency conversion section 12J. The
satellite 12 also includes a master 10 frequency generator 12k and command
and tel enetry equi prment 121 Rafterence in this regard may al so be
had to U S. Patent No. 647, issued 6/6/95, hflel d and
Ca Tsao. | Theietiavarahi {6 COmREPACYS GHALeSaPRIRT Yok Tony PEEROE

The tgl ephone i threwsdh acstemdanlyipherfaces medeptiigmyghothe SSR)G4GS | 'ﬁ@e

t e![ ephonezgyslt e&ﬁtl-_ '1@0,{:#@@&3&1%' fnéék‘ﬂc@?baxk& conneale&wls& lenePhitd

gat eways oCa e as_t

t e ephone net wor k3 EB’O%PP# g ?Eﬁﬁ)cﬁhet%? e%%gﬁggses?\g%wer

provi ders, éorreg@pebl%ngfdupspaﬁééngzoa rﬂ?tﬁﬁ&tkscmecﬁ'-h%r F& i dn¥Pbhdewor ks
26, private netgRitchiy centénd(Mgd)ar RPTNs 30. The communication system 10
opérates to provi de bidirectional voice and/or data communi cation

bet ween the user segnment 2 and Public Switched Tel ephone .., Network (PSTN)
t el ephones 32 aRAeERtPRINIEPEQHSIAE S§27 TSI, Lixed £ignphiing to the

I nfrastructure sepreid. On tie ghbevayracide of tidisnmintdrsfanfe,vthe @CP 64hes,

whi ch may be prhﬁé&fﬁé’@éé"@{]ﬂﬁ the IsA|5§9 HhHaVhehBe F8- tilxe( ebfaakag-1 n Fig.

4.), as a portlon

ro s gnent is a, Satellite Lations
Cont r ol Oen?%’?"t?‘%&&)‘ € a Cd'£I (%@'Fat‘f’?ﬂ*? nt'?r(f'l %ﬁ?‘ &P 30
(GOCC) 38. A cofivnetions (fnrpahh smmm:cxma@ee(aahd whichDmey ket wor k

(GDN) 39 (seesknglar?2)to | $ngrovisded f Ghterimi NEEAREMRECt EOE t beMpat evays
18 and TCUs 18a,, %S&%&%%%Q GOCC 38 of the ground segnent 3. This '
portion of the

Blocks 54c and 544 generally provide an interface between
15 the gateway 18 and an external cellular telephone network
that is compatible, for example, with the IS-41 (North’
American Standard, AMPS) or the GSM (European Standard,
MAP) cellular systems and, in particular, to the specified
methods for handling roamers, that is, users who place
20 calls outside of their home system. The gateway 18 supports
user terminal authentication for system 10/AMPS phones and
for system 10/GSM phones. In service areas where there is
no existing telecommunications infrastructure, an HLR can
be added to the gateway 18 and interfaced with the S8-7
25 signalling interface. -

A user making a call out of the user's normal service area
(a roamer) is accommodated by the system 10 if authorized.
In that a roamer may be found in any environment, a user
may employ the same terminal equipment to make a call from

30 anywhere in the world, and the necessary protocol
conversions are made transparently by the gateway 18. The
protocol interface 54d is bypassed when not required to
convert, by example, GSM to AMPS.
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10
gomuni cati ons system 10 provi des overall system control f unctToms
Fig. 2 shows one of the gateways 18 in greater detail. Each gateway 18
i ncludes up to four dual polarization RF C-band 5 sub-systens each :
conprising a %9%}3919' c antenna 40, antenna driver 42 anBCHUSRSHISE 423,
| ow noi se recervers 44, and hi gh power anplifiers 46. Al of these
conponents may be | ocated within a radome structure to provide
envi ronment al protection. 10 The gateway 18 further includes down

converters 48 and up converters 50 §pr processing the received and
transmtted RF carrier signal's, respectively. The down converters 48
and the up convit tier witiirathecesnpec ot khe teacbing ofbthistiawention 3 whi ch,

ItR tuL_n,- L)ZT&O%EL&%@& I&%d?ﬂ@‘:é@, [divebedl 15ntéeﬁaaahp escthiet 861 uXSTN) ;
ough a interface 54.. . onf is 5%’111\1 passe
by using satel I??%e-"faa(-s 25’ m'sb‘g?‘gﬁﬁ%net?i%s}?‘npﬁ&e °fT 13 %ﬂgﬁ%g%ﬁst em 52
i ncl udes a si gn®R" sinkanfeski epAcifiad for GSMymohile: wiRFhipgceRteS

Subsyst em ( 6TS) ahd wendohirdify ieCany rimtleefabs toal SHIMAmbhi Xe sehbening _
Subsystem (Cl S) o s. 1t 38d CRiehiBPAte SHRPUSLE RH13B hvaRfiog N CDVA -
sub- system 'S controf‘]?re bé a, Ba S atign I\/an-ag%,[ K ESI\@ ;%f
and functions i hoPFRHAE a8 interrarg o4t YoERpHhe BSEN( faft indicated ) o
an | S-95 conpat ibl Bigbasassthei signalhpath\Resignat28 PSTY<INEM 52 al so
I ncludes the required frequency synthesi zer 52g and a d obal
Posi ti oni ng System éﬁS) receiver 52h. . The PSTIN interface 54
nel udes. & PSTNCUBFO Lo SRR FoTRieol is provided by |Ehe Gatany
10 controller 56 which includes an interface 56a to the above- _
mentioned Ground Data Network (GDN) 39 and an interface 56b
to a Service Provider Control Center (SPCC) 60. The gateway
controller 56 is generally interconnected to the gateway 18
through the BSM 52f and through RF controllers 43
15 associated with each of the antennas 40. The gateway
controller 56 is further coupled to a database 62, such as
a database of users, satellite ephemeris data, etc., and to’
an I/O unit 64 that enables service persomnnel to gain
access to the gateway controller 56. The GDN 39 is also

bidirectionally interfaced to a Telemetry and Command (T&C)
unit 66 (Figs. 1 and 1).

20

Referring to Fig. 4, the function of the GOCC 38 is to plan 5

and control satellite utilization by the gateways 18, and
25 to coordinate this utilization with the SOCC 36. 1In

general, the GOCC 38 analyses trends, generates traffic

plans, allocates satellite 12 and system resources (such

as, but not limited to, power and channel allocations),

monitors the performance of the overall system 10, and
30 issues utilization instructions, via the GDN 39, to the

gateways 18 in real time or in advance.

The SOCC 36 operates to maintain and monitor orbits, to
relay satellite usage information to the gateway for input
to the GOCC 38 via the GDN 39, to monitor the overall



(SSP) 54a, a Call Control Processor (CCP) 54b, a Visitor Locati on
Regi ster (VLR) 54c, and a protocol interface 54d 30 to a Hone Location

Regi ster (HLR). The HLR nmay be | ocated in the cellular gateway 20
(Fig. 1) or, optionally, in the PSTN i nterface 54.

PCT/ US96/ 015020 96 i¥a6/ 41494 The gateway 18 is connBEHERPL

t el ecommuni cati on net wor ks- t hrough a standard interface nade through
the SSP 54a. The gateway 18 provides an interface, and connects to the
PSTN via Primary Rate Interface (PRI). The gateway 18 is further 5
capabl e of providing a direct connection X®» a Mbile Swi t chi ng Center
(VsO) . The gateway 18 provides SS:7 | SDN,fixed,signalling to_the
CCP 54b. On the fYAFEIRRANY Rf fachhFateliihe J2« ing “&Wgﬂbe sta%ei Rferfaces’

with {he C'S 52¢hansatelicitet dbatheridAtouset the gaintfan ke RAEiOBR1S4h

provi des protocqathsapHtiii e satel el 19N%d Bhshbe SptIkam Litelriter face
(Al'), which may Standard, _for

b simlJar to he |1.S-95 _Inter
CDMA . com‘rulﬂrgﬁf‘ﬁ)ﬁjs‘?n widd reSPSEfist%ﬁ,tleaﬁd'rgE&eggjﬁe F1SA P sviBe an
interface bei weadditiont¥m ofhegwgyntBiensd an external cellul ar tel ephone
net wor k that is conpatible, for exanple, with the 1S-41 (North

a1 can Staniat, oA i UALURREEP 13 4B Hhnn co oMrsl 1

systens and, in parf’l C . C I ng
roaners, that i givesepsernko pT—lzﬁ;ePSZDJ fog abpth zignadd 1p8, t Meice R OFy st em
The gateway 18 sisgaosémmunications and also to generate data, via database

62 (Fig. 2), for billing purposes. Selected gateways 18
10 include a Telemetry and Command Unit (TCU) 18a for

receiving telemetry data that is transmitted by the

satellites 12 over the return link 19b and for transmitting

commands up to the satellites 12 via the forward link 19a.

The GDN 39 operates to interconnect the gateways 18, GOCC
15 38 and the S0OCC 36.

In general, each satellite 12 of the LEO constellation’
operates to relay information from the gateways 18 to the
users (C band forward link 19a to S band forward link 17a),
and to relay information from the users to the gateways 18
20 (L band return link 17b to C band return link 19b). This
information includes S8S-CDMA synchronization and paging
channels, in addition to power control signals. Various
CDMA pilot channels may also be used to monitor
interference on the forward link. Satellite ephemeris
25 update data is also communicated to each of the user
terminals 13, .from the gateway 18, via the satellites 12.
The satellites 12 also function to relay signalling
information from the user terminals 13 to the gateway 18,
including access reguests, power change requests, and
30 registration requests. The satellites 12 also relay
communication signals between the users and the gateways
18, and may apply security to mitigate unauthorized use.

In operation, the satellites 12 transmit spacecraft



user termnal authentication for system 10/ AMPS phones and for system
10/ GSM phones. In service areas where there is - no existing

t el econmuni cations infrastructure, an HLR can be added to the gat eway -
18 and interfaced with the SS-7 25 signalling interface. A user

maki ng a cal | «dogt N€ User's normal service area ( aPETHEMS/0)502.5 -
accommodat ed by the system 10 if authori zed. In that a roaner may be ..
found in any environnment, a user may enpl oy the same term nal

equi prent to make a call from 30 anywhere in the world, and the
necessary protocol conversions areimade transparently by the gateway -

18. The protocol interface 54d is bypassed when not required to
convert, by exahplemetzg\vdatasgt includes measurements of satellite

PCT/ US96/ O1502 cpé¥ationdl494tatus. The telemetry stream from 12the It
is within the SEQQQ}ﬂftetshe {acling g&st *ﬁr%rn' N¥edt EBEct O,

5OV,

dedi cated, universal jntérface to t cel 's 8 I N addltlon
to. or in pI ace GPPRYRiGELIOBRA( fesder links: ?'?n ac%‘asrﬁec ¢cf 1BIGSM

nobi | e swi t Ghi ngntemas 42§ andd2henbor -Yhozer gateways nBetﬁmemcﬂ.ude& 41 _
mobi | te swi t chi ngey 1&3&2@{ Srec%'éiwﬁce"d fé’éiiiélqrit\é"yt@l@mhﬁ S(aav&a g:ta: d Cat o '
i nvention nterfa

in Fig. 1 as th% PY' %7(?5' ’daetsﬂd'ng?e'g’ g% ’l\flEr °rq"' §fyﬂ%ﬁ d lé evvay- _
control is pr&ayvdes sﬂ?}'edtﬁmd spbseauontly foywarded &o Shevdeeh 3|5nétudes an
interface 56a ta haeegbeime, typitallyoepsh Gonodehaest Netnd rdelemby39 and
an interfacg 56faea, tonétrde ViEEnbh UM RO MerFPNbE" (R QRa The

gat eway
subsequently forwarded, is sent over the GDN 39 as packet
messages, each packet message containing a single minor
telemetry frame. Should more than one SOCC 36 be providing

satellite support, the telemetry data is routed to all of
15 the SOCCs.

The SOCC 36 has several interface functions with the GoccC
38. One interface function is orbit position information,
wherein the SOCC 36 provides orbital information to the
GOCC 38 such that each gateway 18 can accurately track up
20 to four satellites that may be in view of the gateway. This
data includes data tables that are sufficient to allow the -
gateways 18 to develop their own satellite contact lists,
using known algorithms. The SOCC 36 is not regquired to
known the gateway tracking schedules. The TCU 18a searches
25 the downlink telemetry band and uniquely identifies the

satellite being tracked by each antenna prior to the
propagation of commands.

F
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Another interface function is satellite status information
that is reported from the SOCC 36 to the GOCC 38. The
30 satellite status information includes both
satellite/transponder availabiiity, battery status and
orbital information and incorporates, in general, any
satellite~related limitations that would preclude the use
of all or a portion of a satellite 12 for communications



controller 56 is generally interconnected to the gateway 18 t hrough the
BSM 52f and through RF controllers 43 15 associated with each of the
antennas 40. The gat eway controller 56 is further coupled to a

dat abase 62, such as a database of users, satellite epheneris data,
etc., and to woosatwel/ O unit 64 that enabl es service personﬁE'F’“F?f"Bsa‘Pn
access to the gateway controller 56. The GDON 39 is also 20 bidirectionally
interfaced to a Telenetry and Comand ( T&C) unit 66 (Figs. 1 and 4).
Referring to Fig. 4, the function of the GOCC 38 is to plan and
control satellite utilization by the gateddys 18, and 25 to coordinate
this utilization with the SOCC 36. In general, the GOCC 38 anal yses
trends, gener at & PPEPFr c pl ans, allocates satellite 12 and system
resources (such as, but not limted to, power and channel

al locations), an iNpBLt&M®© ddpechesd UHERBEELE 10N sOMRE Wske S¥SssBpMA, and
30 issues util 'i%atéo%rﬁd truct LORS a1V E the at eways

) q N
Aon v al"e’ﬁ.’étyscff' 16182%5{ 33’191 Ogﬁﬁﬁ ain and

n
18 in-real tinme or THAdvance ) > ¢ j
noni tor orbits, negeivers appfgatshhe| nger temminalhracedvens. tRiversigat evay

fP CC)EI' / Iu ggg} 01550 , mmhegmez@wyaa e nEEhy2be the BBREEEY ofhfadited Ad
functioni ng of eségl\g;gégt éﬁll % afZFth%?euxaitﬁgmti glgt%& eorof‘.'l'le ga'?%wea]sg’gtsel lite
batteries, to sdrommBuibiple sateddites Gupramultiplpiand Gifferenthdatdel lite
12, to ensure optmgkhssaRaketeceiversr innths i wrerniticrminspeci3 tand hesur f ace
of the earth, | yateddghlidArklefidyed’ td'tec@i%e and combine the signals
10 from multiple sources. As an example, a user terminal 13 or

the gateway 18 provides diversity combining for the forward

link signals or the return 1link signals that are

simultaneously received from and transmitted through the

multiple beams of the satellites 12.

15 In this regard the disclosure of U.S. Patent No. 5,233,626,
issued August 3, 1993 to stepheﬁ A. Ames and entitled-
"Repeater Diversity Spread Spectrum Communication System",
is incorporated by reference herein in its entirety.

The performance in the continuous diversity reception mode

20 is superior to that of receiving one signal through one
satellite repeater, and furthermore there is no break in
communications should one link be lost due to shadowing or
blockage from trees or other obstructions that have an
adverse impact on the received signal.

25 -The multiple, directional, antennas 40 of a given one of
the gateways 18 are capable of transmitting the forward
link signal (gateway to user terminal) through different
beams of one or more satellites 12 to support diversity
combining in the user terminals 13. The omnidirectional

30 antennas 13a of the user terminals 13 transmit through all
satellite beams that can be "seen" from the user terminal
13. )



As descri bed above, each gateway 18 functions to connect a gi ven user
to the PSTN for both signalling, voice and/or dat a communi eattons—ama
also to generate data, via database 62 (Fig. 2), for billing purposes.
Sel ect ed gat evvays 18 10 include a Telenetry and Conmand Unit (TCU)
18a for ‘?ﬁ‘{;ﬂ telemetry data that is transmtted byPpChusIso1502 )
satellites 12 e return link 19b and for transmtting commands up
to the satellltes 12 via the forward |link 19a. The GDN 39 operates to
i nterconnect the gateways 18, GOCC 15 38 and the SOCC 36. 1n o
general , each satellite 12 of the LEO copgtellation operates to relay . -
infornation fromthe gateways 18 to the users (C band forward |ink 19a
to S band forwaEachi ghtéway , 18 suppodtso a etrgnswiftberat pawer r oomttted user s
tT ﬁ the gat em?ysf&&@ﬂm tld- daardssebubw fad&g 17abmt %ﬁgg%&ilpa@wrm&dmk 19b) .
i's i nf or udes |

channels, in ad&f‘%‘f%ﬂea{vgnﬂo%?dgﬁf? &edg'iéﬂctaq g %/Zﬁt' d&ﬁsaﬂc’web %f)ﬂ%mpl | ot
channel s nay &Bsimpismengeddon thpthghpt fprward andt seyversshddnks. tThee f or war d
link.  Satd|itrasponsi®imng &5 thePgowér tdndrbs ﬁirﬁit;@:arrwru@aisedat@ each of .

h .
EI'hg g:stral [ test ?&% unc’ftoli.(r)% %}Lﬁ;e?%gg"‘?cy 'é%c gh%eif&g%or ma%&%lf rom

the user terni n&eda¥3 to the gat eay 18, i ncl ud| ng access requests,
power change requests, and 30 regi-stration requests. The satellites 12 -

T ani 1y, app I SRLLIAGR e oal e it ol v
operation, yt hgp 2499 @/’59231 %?s% %’ sﬁﬁ@ tedis tO Vosader 539 Pacp‘et
PCT/ US96/ 01502 framese/2m Aptimum interleaver length trades off a longer
length, and hence improved error correction, at the expense
of increasing the overall end-to-end delay. A preferred
maximum end-to-end delay is 150 msec or less. This delay
includes all delays including those due to the received
15 signal alignment performed by the diversity combiners,
vocoder 53g processing delays, block interleaver 53d-53f
delays, and the delays of the Vitefbi decoders (not shown)-
that form a portion of the CDMA sub-system 52.

Fig. 5 is a block diagram of the forward link modulation
20 portion of the CDMA sub-system 52 of Fig. 2. An output of
a summer block 53a feeds a frequency agile up-converter 53b
which in turn feeds the summer and switch block 52a. The

telemetry and control (T&C) information is also input to
the block S52a. .
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25 An unmodulated direct sequence SS pilot channel generates
an all zeros Walsh Code at a desired bit rate. This data
stream is combined with a short PN code that is used to
separate signals from different gateways 18 and different
satellites 12. If used, the pilot channel is moduloc 2 added

30 to the short code and is then QPSK or BPSK spread across
the CDMA RF channel bandwidth. The following different
pseudonbise (PN) code offsets are provided: (a) a PN code
offset to allow a user terminal 13 to uniquely identify a



14 telenetry data that includes nmeasurenents of satellite

operational status. The telenetry streamfromthe satellites, the
commands fromthe SOCC 36, and the conmmruni cations feeder links 19 all
share the C band 5 antennas 12g and 12h. For those gateways 18 that

i ncl ude a woldeAth®s t he received satellite telenetry data

forwarded i nmmediately to the SOCC 36, or the telenetry data may be
stored and subsequently forwarded to the SOCC 36 at a later tine,
typically upon SOCC request. The telenetry 10 data, whether transmtted
I nedi ately or stored and subsequently forwarded, is sent over the
GDN 39 as packet nessa each acket nmessage containing a suﬁglle

ni nor © t el ensHASEVRY MY Bho%lPd’ I"T'BF% ffgRtorR 2 Bre psesr BrAmd
satel Lite suppori3 tphenimieciptidentify a satedtttetir aldndof(ciba PMeodeCCs.

The SOCC 36 has gr@gtato | 4R/ o ﬁHé‘Ptééllﬁn%tfstﬂ? ifg'e
|nterfacefunct|on JS orbit o%; h"eg] |nfor tion, gl OCC 36

provi des orbital® IHEPHRPF o 3¢ H@?Wﬁ&?e‘%aﬁf”b%\ay 18
can accurat edy tsadeklipe 202. t BikaturPN atagielsi fromt Hif fexentheonias \dfewhef t he

gateway. This satelaites Ncs udps daéﬁgﬁablﬁsffhbahta&smayﬁﬁaé‘é eiededsdl | OW
t he gat enayg.o ?DStflg %ﬁﬁ/e[ggﬁe@ édoﬁw gt ellite contact lists,
h

usi ng known al gori 'S not 8QU|red to known t he
gateway tracking schedules. The TCU 18a searches 25 the downlink telenetry

band and uni quelnf icked,i aeh tidot chafnéE!thdte Lei Peaidmdieed hby eaeh
antenna pri or t(qatl:%a 18 ﬂfﬁ?{%aﬂ?m@%tg&)w&%?gher or f&? ?prg'ﬁ?{ ﬁ;f ace

function is_sat e status or ma 'S repor
socc 36 to the Eé&‘fe 38han Ehe spther,gignals. A Eﬂ&?ﬁschannﬂ Bnalesna
i ncl udes bot user termimad| LBt td tacyuipentier timing| abithe Yorwied tCDMK

status and chghhéial bg&o{({@glog anaégco Qf’é:aér%% |fbrgen&;l@1?n@ny

satellite- relat g I ons t.hat Wog rec use all or a-
portion of a sateef“f’ Yip '?’ora"goﬁ’ﬁ:ﬁm' i rf%e"hamsm to perform signal

strength comparisons to determine when to initiate handoff.
15 The use of the pilot channel is not, however, mandatory,
and other techniques can be employed for this purpose.

The Sync channel generates a data stream that includes the
following information: (a) time of day; (b) transmitting
gateway identification; (c) satellite ephemeris; and (d)
20 assigned paging channel. The Sync data is applied to a
convolution encoder 53h where the data is convolutionally
encoded and subsequently block interleaved to combat fast
fades. The resulting data stream is modulo two added to
the synchronous Walsh code and QPSK or BPSK spread across
25 the CDMA RF channel bandwidth. -

The Paging channel is applied to a convolutional encoder
53i where it is convolutionally encoded and is then block
interleaved. The resulting data stream is combined with the
output of a long code generator 53j. The long PN code is
30 used to separate different user terminal 13 bands. The
paging channel and the long code are modulo two added and
provided to a symbol cover where the resulting signal is
modulo two added to the Walsh Code. The result is then
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pur poses. An inportant aspect of the system 10 is the use of
in.conjunction with diversity conbining at the gateway recei vers ahd at -3
the user termnal receivers. Diversity 5 conbining is enployed to mtigate- 3
the effects ofyd a9 as signals arrive at the user ter PEFHSS0152 o the -
gateway 18 frommultiple satellites over nultiple and different path- . -:
| engt hs. Rake receivers in the user termnals 13 and the gat eways 18-
are enpl oyed to receive and conbine the signals 10 fromnultiple sources.
As an exanple, a user termnal 13 or 18 he gateway 18 provides diversity
conbi ning for the forward link signals or the return |ink signals that
are si mul t @RERUSby rBRSK vepréadmagndssr dieni CPMAl (B 0BPh ghimnnel '
mul tipl e beans windR@rnatel lites 12, 15 In this regard the discl-osure of
U S. Patent No. 5,233, 626, I ssued August 3, 1993 to Stephen A ‘Anes
and entitled "Repeater Diversity Spread Spectrum Comunication -

Syst ent', i En | genryih.atthe [Bagioge dhiigeehe conMeys ERYCER: | RetSAde

The perfor mancetypes khichninicludas (h)varsidten pargidter teswadd} (by auperi or
to that of geceiyi og% | I b t | t EndsRaat and .
furt her nor e%t heé‘yeéél% no a‘r%leegz%@i r#ég%gag(')m%gﬁi c(g i %ﬁs@é%-uﬁaéone Iﬁﬁ(t be | ost. -
due to- shadow nfjegpade.

bl ockage fromtrees or other obstructions that have
an adverse inpact on the received signal.

The systenm parameter message includes the configuration of
the paging channel, registration parameters, and parameters
to aid in acquisition. The access parameters message
includes the configuration of the access channel and the
access chammel data rate. The CDMA channel list message

conveys, if used, an associated pilot identification and
Walsh code assignment.

10

The vocoder 53k encodes the voice into a PCM forward
15 traffic data stream. The forward traffic data stream is-

" applied to a convolutional encoder 531 where it is
convolutionally encoded and then block interleaved in block
53f. The resulting data stream is combined with the output
of a user long code block 53k. The user long code is *

20 employed to separate different subscriber channels. The
resulting data stream is <then power controlled in o
maltiplexer (MUX) 53m, modulo two added to the Walsh code, ‘
and then QPSK or BPSK spread across the CDMA RF ’
communication channel bandwidth. : )

25

The gateway 18 operates to demodulate the CDMA return
link(s) . There are two different codes for the return link:
{a) the zero offset code; and {b) the long code. These are
used by the two different types of return 1link CDMA

Channels, namely the access channel and the return traffic
30 channel.

For the access channel the gateway 18 receives and decodes



25 The multiple, directional, antennas 40 of a given one of t he

gateways 18 are capable of transmtting the forward i nk signal

(gateway to user termnal) through different beans of one or nore
satellites 12 to support diversity conbining in the user termnals 13.
The ommi direct ey wla1dd® antennas 13a of the user terninals 1PCT{UY

t hrough all satellite beans that can be "seen" fromthe user termnal
13. .
PCT/ US96/ 01502 WD 96/ 41494 : 16 Each
gateway 18 supports a transmitter power caatrol function to address

sl ow fades, and al so supports bl ock I nterl eaving to address nediumto

fast fades. Powe? RBith G the accesp| eharnedd BirthaaIueRtss aeorsyt ine
reverse |links. Tdueess rorspmede messagel ishendodiedcdnt rl 1éamcpreamble

adjusted to AACGWERIAE hOrelatayaly Cang1P0 BaGeS Y| bidd T OWL U1 1 P
del . The bl o i pt'er] eavers 5?(:1, e,. 53f, Fig.. 5) operate over
aeb?gek | engt h tl?"f'aﬁam?’ e AF o FRY 18P éPag% Irnd &N f%de'f rﬁ%ﬁ%.“ﬁ?

opti mum i nt eP| eshaaminahgih hasadamnigiue Jong Mfecode generaed byardumniznee

i nproved error ofiMeCoEEg8t Bitd RBeCEBRARGE PN genBlatdf BAYneaiAE overall
end-to-end delay. A preferred . maxi mum end-t o-end delay is 150 nsec or

| ess. This del ay i nc] udes all del ays including those due to the
received 15  siAfit#r nerefiving therrerersiraquesiey dhecgateway débsends a
vocoder 53g proasssiage el ane, fbkwakd i Mk |y hanhel (blocke!sues, and

the del ays of thg3Vi 25?' 2GRS 108% e SNPbe the 4l eedh8ed Unid O" of
the CDVA su?asys;[sesrygn ng a Walsh code to the user terminal 13 to establish
a traffic channel. The gateway 18 also assigns a frequency
channel to the user terminal 13. Both the user terminal 13
and the gateway 18 switch to the assigned channel element
and begin duplex communications using the assigned Walsh

15 (spreading) code(s).

The return traffic channel is éenerated in the user
terminal 13 by convolutionally encoding the digital data
from the local data source or the user terminal vocoder.
The data is then block interleaved at predetermined

20 intervals and is applied to a 128-Ary modulator and a data
burst randomizer to reduce cléshing. The data is then
added to the zero offset PN code and transmitted through
one or more of the satellites 12 to the gateway 18.

The gateway 18 processes the return link by using, by

25 example, a Fast Hadamard Transform (FHT) to demodulate the
128-Ary Walsh Code and provide the demodulated information
to the diversity combiner.

The foregoing has been a description of a presently
preferred embodiment of the communication system 10. A

30 description is now made of presently preferred embodiments
of the present invention.



Fig. 5is a block diagramof the forward |ink nodul ation 20 portion of the

CDVA sub-system 52 of Fig. 2. An output of a summer blo a—feets2
frequency agile up-converter 53b which in turn feeds the sunmer and_
switch bl ock 52a. The telenetry and control (T&C) information is also

i'nput to " the %Pck 52a. 25 An unnodul at ed direct SHIASBISES pi | ot
channel gener¥Pae an all zeros Wal sh Code at a desired bit rate. This'
dat a streamis conbined with a short PN code that is used to

sepafate signals fromdifferent gateways 18 and different satellites

12. If used, the pilot channel is nodul op@ added 30 to the short code and
Is then QPSK or BPSK spread across - t he CDVA RF channel bandw dth. The --

follow ng diff enerﬁs first meeddthat send Ridssébiie tddwdgueafer hidiingd: '(a) a
EcN;T/CB‘s’S6/ 01502 e ﬁééﬁ\a& ¥88" a tPivEn Aked SodrhedtiigHebY dglantisly a

7
gat evay 18; (b)t b\é\gl dé’ag:f Fake hareq PBWt%‘gaﬁ%gP % e g?mectm]f? to -
uni quel y i dent i The afkak aratie; can begmeferyed PR asda VoiceoEguivalentg) | ow -
tﬂet userttesm nedndlte t O7EM)i, Qulivhi dentprbdetermired)ittenacuvan®f fidke &b beans
at .is transm 0 r -
different ones £+&gﬂi oQ”L}Q?en{ §FFO§€$§ f"?i‘rg'{aul'andss5H 8 ésgyf Q‘?lgﬁtit e/ phase .

of fsets f r BRYER ofy ROnPerEEoR ckime Thy JEM nay be| paged jon SQWE pi | ot
channel that istypiecesihivbied quallity which gdnetamn,ldsnegpiesdntativeted at a

hi gher or 'Omrsaﬁ&eﬁtmcaﬂ-ewcohaenrms pLEte N Apeech auhﬁzitfﬁannel
enabl es a ser t;rrtf T{a t 0, ,acquli, he ti m.ng of the forward
10 orward lin power, diversi y evel, e

While the VEM is a relatively simple technigque for
accounting for the use of a satellite communication system,

it fails to take into consideration a number of situations

" that can result in underbilling the service provider. For

15 example, a user who is uploading a large data file at 9600
baud will consume more satellite prime power than a user
involved in a typical telephone conversation which takes
place at an average vocoder rate of, by example, 2400 baud.
Also by example, a user who is making a call from within a

20 vehicle with a handheld terminal will consume more
satellite power than another user who makes a same duration

call while standing in the open away from any RF
obstructions.

Reference is now made to Fig. 6 for illustrating a
25 simplified block diagram of the satellite communications
system 10 of Fig. 1. The user terminal 13 can be a
handheld, vehicle mounted, or fixed terminal. The user
terminal 13 includes an Electronic Serial Number (ESN} 13b
that uniquely identifies the terminal, and may further
30 identify the terminal type (e.g., vehicle, fixed, handhelqd,
voice only, voice/data, data, etc.). The user terminal 13
typically includes a variable rate (1200, 2400, 4800, 9600
baud) vocoder 13c for digitizing a user‘s speech and for
converting input vocoded speech to an analog format. The




channel, provides a phase reference for coherent dermodul ati on,
and provi des a nmechani smto perform signal strength conparisons to
determ ne when to initiate handoff. 15 The use of the pilot channel is
net, however, mandatory, and ot her techni ques can be enplo ed for this
pur pose. wobeaiggnc channel generates a data streamthat 622 ¢ he
following information: (a) time of day; (b) transmtting gatgmay
identification; (c) satellite ephermeris; and (d) 20 assigned paging
channel. The Sync data is applied to a convol ution encoder 53h where
the data is convolutionally encoded and subsequently bl ock interl eaved

to conbat fast f.ades h ul t at a st i.s nmodul o t added to
t he synchronous W% teﬂ&gai (53%? %PgR sP rﬁ %Bcr‘.'r?é’? angm m RF
channel bandwi dtlpwer contped BygFhiorhidderhats mapl bedsiwilar drv othat onal
encoder 53i Wﬁmﬁ i15 the WeTorbl-Rent 1 oheA S DX AL 2 PRt diSinl BEANELK

i nterl eaved. Tha. |t E{g t u ut of a
| orng code generato éﬂhsiﬂﬁg?é?{) %ﬁ%n QHQGQQQb %Q¥ Eééndweé)é

di fferent us®r t%‘#&ﬂem hdekand -fHpread EH@‘F‘F@‘%hMPlaﬁd gyetemhg code
are nodul o two RIASEIAAES-95, Pudyi Thab.t Tha astennh 16y esnnéets thBeaugeasul ti ng

signal is. M riad0 130€800he bPEmd¥d Sk QGfle: 1oLh%aE'€ﬁuu‘:bi€ tHi)
PCT/ US96/ 01502 o ﬁﬁ?& _ 8 QP
BPSK spread acroes ff)l\i 2FD RF channel bandwi dt h.

As was previously described in reference to Fig. 3A, in

10  this embodiment of the invention the satellites 12 are bent

pipe repeaters that receive user transmissions from one of

16 beams on the return link 17b, frequency translate same,

and transmit the user signal to a GW 18 on link 19b. The

satellites 12 also receive a feeder link 19a from the GW,

15 ffequency translate same, and transmit a signal to the user

terminal through the same one of the 16 beams on the

forward link 17a. The bit rate of the forward link signal-

is directly proportional to the amount of satellite power

- required to transmit the signal. Also, in that the

20 satellites 12 use linear amplifiers, the transmitted

. satellite power for a given beam is directly proportional
to the number of users being serviced by the beam.

SK or

On each of the forward and return links 13 different
frequency channels are defined, with transmissions in each

25 channel being accomplished with the direct spread {DS),
code division multiple access (CDMA) technique. By example,

128 Jdifferent Walsh spreading codes are defined per
channel, thus enabling' a number of users (e.q., 50) to
simultaneously use the same channel freguency. buring call

v 30 set-up the user terminal 13 is assigned at least one Walsh
code for the forward link and at least one Walsh code for

the return link. As such, the Walsh codes are also a
consumable system resource, in that if all available Walsh
codes for a given channel are assigned the communications



In general, the paging channel conveys several nessage types which
include: (a) a system paraneter nessage; (b) an 5 access paranetet

nmessage; and (c) a CDMA channel i st nmessage. - The system

par aneter nessage includes the configuration of t he pagi ng channel ,

i-egi stration @é&@gﬁgrs, and paraneters to aid in acqui MITES9EO1SEhe
access parane sage 10 includes the configuration of the access
channel and the access channel data rate. The CDVA channel |ist nessage’
conveys, if used, an associated pilot identification and Wal sh code - '
assi gnnent . The vocoder 53k encodeg, the voice into a PCMforward 15

traffic. data stream The forward traffic data streamis applied to a

convol uti onal aeEdte Sadaciter efi thats channel ofw atullliyonliiyzemcoded and then .
bl ock interl eaved in bl ock 53f. The resulting data streamis conbi ned

ith th t put of a user |long code bl ogck 53k. The yser n ode is -
\éVIO errp?aoggdp'tJ oF % §Hy éPel?i:J’ﬁsé’t"Eﬁf'gﬁﬁ&‘lfr iaﬁﬁ?‘gﬁf'&‘?nféﬁaé‘.“e&?h%“é Vals esul ![i ng

data streamis ¢ddes gsowesercherminadg Rpd for centxiqildrgrtiepgwes3ef nodul o

E\gﬂm agged t0 theneMiselr €effiinals auemﬁt;gﬁea@?%grpmi%p&eﬁ&aq@ss th_te'_
c ni C n : oper at es

t 0. denodul afe g?g% &B%/i“?g{i‘l?rﬁég@@etgﬁlﬁﬁwg%g?ﬁ%%eq%aarlgeﬁvx%? %ﬁ%ﬁ%tn codes . °

for the return 1ink:and by @afjusking ckke cfransnitsgs; paver (of the 4s®¥g code.

These are tanasirap tbewiud pdwkt adartirollypets Gentebiil thd iowk 161Wer
Channel s, nanel

¥nd %r%?ﬁsiiﬁ??rgﬁ@efagg s eﬁnets!ﬁgai rcgliafdﬂi%y £8cefla el -
For the access channel e gateway 18 receilves and detCodes".

at the user términal 13, the user terminal is also adapted

" 10 to control the GW transmitted power on the forward link.
That is, if the GW signal quality is low, as received at
the user terminal 13, the user terminal 13 will send power:
control bits over the return link to the GW 18 to increase
the GW transmitter power. Signal guality can be determined

15 from, by example, the energy per bit or from the frame
error rate.

As was previously described, the GW 18 is also capable of
transmitting to a user terminal 13 through more than one
satellite via its multiple directional antennas 40. This

results in identical copies of the same signal being
received at the user terminal 13.

20

These copies are
coherently combined in the user terminal 13, as described

in U.sS. Patent 5,233,626 (Ames), resulting in an increased
immunity to fading.

25 The GW 18 has a connection to the Public Switched Telephone
Network (PSTN)}, and includes the above-described variable
rate vocoders 53g for digitizing input speech before
transmitting same over the forward 1link to the user
terminal 13. A connection to a Mobile Switching Center

30 (Msc) 70 is also typically provided. The MSC is a
conventional system having a Home Location Register (HLR)

70a, and may have one or more Base Station Controllers
(BSCs) 72 connected thereto, each BSC 72 handling
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19 a burst on the access channel that requests access. The
channel nessage is enbodied in a |ong preanble foll onwed by a
relatively small anount of data. The preanble is the

access

inal's

| ong PN code. waoédmser 5 terminal 13 has a unique long PN codes gener at ed

by a uni que

tinme offset into the conmon PN generator polynom al.

After receiving the access request, the gateway 18 sends a nmessage on
the forward |ink pagi ng channel (blocks 53e, 53i, 53j) acknow edgi ng
recei pt of the access request and 10 as®} gning a Wal sh code to the
termnal 13 to establi iﬁtraffl channel . The gateway 18 al so

assigns a frequé’r?(?fes"'rm]cﬁ’d‘ﬁ'ﬁ

termpal 13

code(s).

user

88 £¢HS- ser termnal 13. Both the user

and the gateway 18 switch to the assigned channel el enent
and begi n dupl eXnt JEEdPaSREE QRSN HHIG tlhﬁeaesbﬂneﬂevwshs 1&ccuratesdi ng)

Corm nal 13 by EASoOIERAPE, saoll sHIZIOF cdrieBERE Yulte b0 LRI

| ocal data sour &egr thexmisals: or Fhig)

\ﬁé&éderresults THEo®at Peiodden bl ock

i nterl eaved mt picadatreneRrtedhd® aré nisde/alts Bydestanpden! thd frame YageAry

nodul ator and a {3 urst qﬂ{%;_z_ll\ ot Qer c dat a
is then aﬁ? tgeﬂ"leo{z)eég o‘?‘?és]et %le gf Eggt%%%%yt‘{% Aﬁ’r }):@;a

one or nore of faermdnption ©fsthe qall ke data\dy ppeprocessedhy y 18
processes the rai8ur foki akaigyle,sithe, cby.leéted eieemplie axeFaged Hadn‘rralod

Transform ( FHT) ﬂs%cd%FDQf'éé?éér ifiRervals 1l Ale/ Stokrell tRUend sk 9!80%9'9 the

denodul at ed
f or egoi ng H

" Oé‘%ﬂ 59‘8%%%r‘??)]t#vcﬁ’fyofvg%%ge{q# y%m{"° é’?eef%%cec?sén%g& ment

of the communi c&0CEn38yusesmthds Aaky foxiadcAppet diwd purpesasde of presently
preferred enbodi nents of the present invention.

15

20

25

One use of the data is to derive statistics describing the
historical use of the system 10. That is, Long Term
Planning (LTP) and Trend Analysis (TA) modules operate on
the data. The outputs of the LTP and TA are fed to a

Capacity Planning (CAP) module which predicts future demand’

on the system based on the historical demand. The output of
the CAP is fed to a Resource Allocation (RA) module which
assigns channels; maximum transmitter power levels, etc. to
individual ones of the GWs 18 via a GW Interface (IF) using
the TDN 39. This allocation is preferably made in part also
on inputs from the Satellite Operations Control Center
(socC) 36. As was previously described, the SOCC 36 is
responsible for monitoring the battery charging state ‘
transponder status and operability, and all other aspects
of satellite operation. The end ;Eesult is the outputting of
data to control the GWs 18 so as to proportionately
allocate and balance the use of the overall system and
satellite resources, and also to monitor the quality of
service provided to users.

A second use of the data output from the GW 18 is the
determination of an amount of total system resources that
were allocated to and consumed by the user terminal 13
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ks first noted that ‘one possible technique for billing a service
provi der for a given user connection or call is to bill aflat rate -
based on a duration of the connection. The flat rate can be referred to -

as a Voice E(r:]rw' V%h?{}a 5 Mnute (VEM, which is predeterni nedT/AUSHIBuUnNt
for an. amd P s system resources consuned by a user term nal per )
"mnute of connection tinme. The VEX nay be based on sone -typi cal voice
quality which, in turn, is representative of sone 'typical' vocoder
rate (perceived speech quality), 10 forygrd |link power, diversity |evel,
etc. Wiile the VEMis a relatively sinple technique for '
accounting for aWeinga chla entminnettionmimithdsi end sthet GOCC 38 alsdails to

take into consi geeAlddaadsdiiie’ adoutiti ! ($H)Smoan1d RARtGALEIGEH! nd N
underbilling the service provi .. For exanpl e er 0is -
upl oadi ng a | ar GESHER é‘sf’ﬁge&)%ﬁa g%ﬁ is ou B‘éﬁcﬁ%ﬂml {:h%cﬁig‘sggrb ahePg Wik it e
prime pover thasnaidestificatipnyvofytleinser tyexmiaalt dBepndnsheokotatation -
\ghl gh takes 5 coﬁhé&@i&ll t3RedVEKAGA HoaaUe! prRicssek, ‘lt:lbé( e as_aaéoozo
aud. SO0 e ser, g a
vehicle wth ggléﬁair%%cgrd&%m%ﬁw ﬁfﬁt@c %ﬁgﬁﬁ%ﬁiﬁg f’lé 44l \Mutggt]g?l ite
power than anot ReFouRkingihBakakddDd kP MERatitonPilling theferyiceandi ng
i n the open awaprovigennysddeiated witd ruhet GWNEs. Ref erence i s now nade
to Fig. 6 for illustrating a 25 sinplified block diagramof the '
satellite conmunicatj ons system 10 of Fi g 1. The user term.nal 13

can be a Hegifeta, thahi is Acoymrdated gy ¢ &% &Bpi hR PAFHECRIRL,

10 the gateway controller 56, during a connection for

outputting to the GOCC can include all of or a portion of
the following. '

FORWARD LINK . RETURN LINK

GW vocoder rate UT vocoder rate
15 GW XMTR power _UT XMTR power
: # of Walsh codes # of Walsh Codes

It is also within the scope of this invention for the GW-
accumulated data to include one or more of the following:

Diversity Level (i.e. # of satellites), Terminal Type, and
20 Terminal Location.

The vocoder rate of the user terminal 13 is known on a per é
frame basis, as the GW 18 must determine same in order to -
properly decode the user terminal transmission. The
transmitter power level of the user terminal 13 is also

25 known to the GW 18, as the GW is continuously controlling
the user terminal power level up and down at the frame
rate. An initial user terminal power level is known to the
GW 18 at the time the connection is. first set up, and
subsequent user terminal power adjustments are preferably

30 then made from the initial level. The number of Walsh codes
in use are of course known to the GW 18, as they are
assigned by the GW.



termnal 13 includes an Electronic Serial Nunber (ESN) 13b t hat

uniquely identifies the termnal, and may further 30 i dentify the
termnal type (e.g., vehicle, fixed, handheld, voi ce only,

vei ce/ data, data, etc.). The user term nal 13 typlcall§ |nclud§B a
vari abl e rate Wwoés1494400, 4800, 9600 baud). vocoder

digitizing a user's speech and for converting input vocoded speech to
an anal og format. The .
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user terminal 13 also includes a closed 18B6p transmitter power contr ol

be sim.ar_to ecified in the

function 13d th .
bef or e- nent i oned hﬁ%ﬁ?ﬁ*w éﬁ”ﬁ%s‘f’h&f'g&r’éﬁtum 1P" Ki55m Be fefergined ky
Stati on Conpati bthe Gf &8 afrtamr d¢heolocatiobuef - thsd eseyV tebmimhl $p; edich

Spect r;Jm t I?E| lul 28 asheéraifea fromT|s%‘tEh.M+.§ Qési@iﬂdinEg%taT%e%?ﬁﬁiwg 333
connects the use rgLn one re of rth .orbi
or%necti§§ 1Les téﬁsi&edq ahta rp Spre gﬁﬁggdePﬁ CPEEr ence

(LEO) - sat el revi ousth
to Fig. 3A, Pn 19pta fhatcisAtored isf tl‘ﬁeGW ﬁ\?eni'h%ﬁ ie byakapvineshey are

bent pi pe rbpediiens dfhathe emsiexre teadinkl an3m &nd Okel NulibeRe ad
16 beanms on the i@é&t&ﬁn&'é’ﬂ( tiaébsa'ééﬁcﬂ:% ttg?ggsé%%esf@chedt fﬁnﬁlt he

transmt the user . g%
al so receive a fHsF elrf“ﬁﬂ i ?'?t(ﬁﬂ"?hé:’@/\lul% G 18, fac feterpine thovws ane,
and transmt a snagwal satellidassenre beingr mused thr onghay heheansetairm of t he

16 beams oniphe communfieavPésl 1inkK £rdR thE8sbt tedr@ifia®f 13 ftﬁﬁv@ﬁ G4 i nk

si gnal is directly proportional to the anount of satellite power
required to transmt the signal. Also, in that the 20 satellites 12 use
linear anplifidhe usepctexninadnilogation dataagives tthedwiitide of diheen beam

is directly propmexri e¥hminal 13, which is useful if latitude-dependent
components of system power usage are determined. The user
location can also be useful in determining which user
15 terminals are in peripheral regions of a satellite's beam
pattern, where greater power is required.

The user terminal type can be employed to distinguish, by
example, hand-held terminals from typically higher-powered
vehicle-mounted terminals.

20 The SA operates on the data provided by the GW 18 to
deternmine, by example, a monetary amount that corresponds
to the total amount of the system capacity and satellite
power that were consumed by the user terminal during the
connection.

25 It is also within the scope of the invention to employ the
system usage data to derive a correction or weighting
factor to be used in adjusting a predetermined VEM to more
accurately reflect the actual system usage for a given call
or connection.

30 While the invention has been particularly shown and
described with respect to a preferred embodiment thereof,



to the nunber of users being serviced by the beam . On each of the
forward and return links 13 different frequency channel s are—defTTed,
with transm ssions in each 25 channel being acconplished with the di rect
spread (DS), code division nultiple access (CDVA) technique. B

Yy
éexanpl e, ng)%ﬁ% bierent Wl sh spreading codes are -defi N eRCA$96/01502
- channel , thus |ng a nunber of users (e.g., 50) to S|nultaneously

use the sane channel frequency. During call 30 ~set-up the user term nal
13 is assigned at |east one Wl sh code for the forward Iink and at.

| east one WAl sh code for the return ggnk. As such, the Wal sh codes are °
al so a consumabl e systemresource, in that if all avail abl e Wl sh
codes for a gi vitn eienrks undersoodnby theseoskiliegatinokhe art that
PCT/ US96/ 01502 chaNged6/i4h1434m and .details may be made therein withdut

traff t t ls
eponsi bl & 1 orse féﬁ%&.ﬁna‘f?‘%ﬂ;ﬁ% bign ] = 76E e trvenfB B 11

and for control P¥#Pie poRAU vocodsr FREP (ARt AERRSRUPPNG PRI, The .
power i s coftrodésckibedbpbeeasiity isheitisin ther scope’' of thignahvemtadon y on

the return £ “Jfl@&‘%@io?dhuéété‘%éd& E:Eﬁ&sﬁh&tf-‘z‘am[éo‘ﬂ%eOf of NSomes er
termnal 13 with,_power cont Di t G%V § &Mforward
link. Based on PHRSGATPEAAR ‘d‘tl‘ﬁ'ﬁ"tifagét?’é Lhen ’fﬁ'es l?SlgP Yirittha 13, -
t he user terni nkhej scapeoofidtivisdinmeentionc &ot lemolPYieO’GMIt relAHi & t BeW pover . -
on the forward keagkh orbitednstellatiéheoSEtdNdked)abutly a8 bRy, oxlS .
received atyg  oLAE YSQLeLEO BAbie Ssat i NRE" (LT, NUardI1Ybdd SRAE POV
orbit at approximately 10,000 km to 19,000 km). It is also
within the scope of this invention to employ satellites
that perform on~board processing of communications traffiec,
with or without satellite cross-links, as opposed to
15 relatively simpler bent pipe repeater satellites. The
teaching of +this invention may alsoc be employed to
advantage in satellite communications systems that use
other than spread spectrum modulation technigues and/or:
code division, multiple access technigues. By example, the
20 teaching of this invention can be used with satellite

communications systems that employ time division/multiple
access (TDMA) techniques.




control bits over the return link to the GN18 to increase the GW
transmtter power. Signal quality can be determned 15 from by exanple,

the energy per bit or fromthe franme error rate. As was

previ ously described, the GN18 is al so capabl e of transmng .cﬂﬂ hO @
user term nal WOM%H4Mgh nore than one satellite via it |pfe
directional antennas 40. This 20 results in identical copies of the sane
si gnal being received at the user termnal 13. These copies are
coherently conbined in the user termnal 13, as described in U S
Patent 5,233,626 (Anes), resulting in an Rhcreased ' ity to fading.
25 The GW 18 has a connection to the P Le.Sw tched Tel ephone

Net wor k (PSTN), and includes the above- bed vari abiﬂ!’i‘”’wmﬂ
vocoders 53g for digitizing i nput speech before tr agsm vaer

the forward |inkwHax tiBecuadted is: termnal 13. A connection to a ™bbile
Switching Center 30 (MsC) 70 is also typically provided. The MSC is

a -~ . conventional system having a Hone Location Register (HLR
70a, and may havk ofte HFthegr cfWasBPEFalkingh oMatsililiEe communieafkions7)
connect ed t he2etsysteng hcBfittr ifingattki steps of: W) 96/ 41494
PCT/ US96/ 01502 . 23 terrestrial
Acouml ates 3 dat 8SEBRLERTRG BacHLESIS CEBRASLITON WG By Y48 vi dual
4 terminal from a gateway that is coupled to the user
5 terminal through at least one satellite via a forward
6 link and a return link;
during the connection, repetitively determining at the:
8 gateway an amount of satellite system resources that
) are being used to maintain the wireless connection
10 with the user terminal; and
11 after a termination of the wireless connection,"
12 outputting system usage data from the gateway, the
13 system usage data indicating at least an amount of
14 satellite system resources that were required to
15 provide the wireless connection with the user
16 terminal.

1 2. A method as set forth in claim 1, wherein each step of
2 determining includes a step of:

3 determining an amount of forward link power being used
4 to maintain the wireless connection.

1 3. A method as set forth in claim 1, wherein each step of
2 determining includes a step of: |

3 determining an amount of return link power being used
to maintain the wireless connection.

[



user termnals. This data results from periodic 5 neasurenents that

are made at, by exanple, the frane rate (20_nsec) or at-soefre—Tmut rlpte
of the frane rate. At the termnation of the call the data is ;
preprocessed by the GwW mm]iuﬂlwmlllu“ﬂt col lected data is aver aged :
over 100 t‘}%ﬁ‘% greater | ored in theCTaRs®IPpr 10 - -
subsequent de | over the TDN ™39 to"the Goct 38. The G0OCC 38 uses
this data for at Ieast two pur poses. One use of the data is to .
der| ve statistics describing the hi storical use of the system 10. That :

.Long Term. Pl anning (LTP) and Trggd Anal ysis (TA) nodul es oper at e
on 15 the data. The outputs of the LTP and TA are fed to a Capacity
Pl anni ng (CAR) apdalimethbiicéis etdifoirshf ith lrknise dpneherein @achhstey sifem based
on the histog 'Céét%‘ifﬁlﬂg 1881 HdP Yt s8bp of: the CAP is fed to a Resource
Al'l ocation (RA) ule assi gns channel s, maxi mumtransmtter
power levels, etc. to 20 individual ones of the G 18 via a GNInterface '
(ILF) using 3 the cetiergdnindis airireptit gatevay prehemiggiomudsein part .al so

on inputs fromthe SateIIite Qperations Control Center (SOCC) 36. As
was previ ousl

the battery @%arggts & qt% ad %ea;tcor%%s Bngkpin Lt dBe éé’g’j‘ af"?‘r SP“ o

st'dt us oper 2] and
all other asﬁecﬂ&temmw §-aFéF¢¢§ea@§€Panbn The end result |s the
out putting of data to control the GM 18 so as to proportionately

al | ocate and pal ancedééémtﬁ‘ingfa Eﬁ@r&ﬂ fu%klr tfé%gﬁglaéﬂnsmissfé’ﬁ ?élt%t. e
resources, and also to nonitor .the qua service provided to
users. A second use of the data output fromthe GW18 is the

det ermi nati on ofé.ad methed asf sebt &brelysinewlaésoly cderehnt each stegr of
al | ocat ed to ANQARFRYARRY BhdikBedSErstey Benal 13
PCT/ US96/ 01502 WO 96/ 41494

3

determining a current number of satellites through
4

which the wireless connection is being maintained.

1 7. A method as set forth in clainm 1, wherein each step of
2 determining includes a step of:

3 deterﬁining a number of spreading codes that are in
4 use on the forward link.
1

8. A method as set forth in claim 1, wherein each step of
2 determining includes a step of:

3 determining a number of spreading codes that are in
- 4 use on the reverse link.

1 9. A method as set forth in claim 1, and including a step
2 of determining a location of the user terminal.

1 10. A method as set forth in claim 1, and including a step
2 of determining a type of user terminal.

1 11. A method as set forth in claim 1, wherein the gateway
includes a vocoder for processing speech at a predetermined




24 during a call or connection. To this end the GOCC 38 al so

Includes a Service Accounting (SA) nodul e i ves the system
usage data that is output from 18, al on an identifi cat i on
of the user termnal 13 and the t “mlm“ ﬁ‘ on tine. P%r

processes the wgst/savsage E m th predet’ermne
criteria and outputs AccountlngDéta ( D) for use in billing the
service provi der associated with the GW 18. The data that is
accunul ated by the GW 18, in particular 10 the gateway controller 56,
during a connection for outputtire® to the GOCC can include all of
or a portion of the foll ow ng. FORWARD LI NK

RETURN LINK 3 frame repeyoddfervherein each step qff ggEsmpmining oigs
G\NXWI' R powes performed at thd/ErduERratecior a multiplé of Whksifirsweles

# of \al sh Cedesg It is also wthin the scope of this invention for
the GW accurmT ated data to include one or nore of the foll ow ng:
Diversity Level (i.e. # of satellites), Term nal Type, and 20 Ter m nal
Locati on. 1 12Thel vme'bhl@d st esef forthsdm t etaimall,13and [Evekhedn a per
frame basi s, 23S cbifr {3Ank0 thdSEt&es &gyl ne same in order to properly
decode the user termnal transm ssion. The transmtter power |evel of

the user termnal 13 is also 25 known to the GN 18, as the GWNis
conti nuousl y 3cont r ol PYQRessing thesysfem ngage watapsren acpiralityngfdown at
the frame 4 rategatwaysi t tal d&arvet eani nidtgpdwal | e¥ebrd s denovhet o t he

GWV18 at thegime t RRgGt E?Qté)? t, set up, and subsequent user
term nal power adjus Tents are pre era y 30 then made fromthe initial
| evel . The nunber of Wl sh codes in use are of course known to the GW
18, as they @&re- enpiswiggetthbyhistoridal record to predict a future

7 system usage; and

8 allocating satellite system  resources amongst the

9 plurality of gateways in accordance with the predicted

10 future system usage.

1 13. A satellite communications system having at least one

2 user terminal adapted for bidirectional wireless

3 communication with a gateway through ét least one

4 satellite, comprising:

5 means in said gateway for establishing a wireless

6 connection with a user terminal through at least one

7 ' satellite via a forward link and a return link;

8 means in said gateway for determining, during the

9 - wireless connection, an amount of satellite system

10 resources that are in use for maintaining the wireless

11 connection with the user terminal; and

12 means in said gateway, responsive to a termination of

13 the wireless connection, for outputting system usage

14 data that indicates an amount of satellite system

15 resources that were required to provide the wireless
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25 The diversity level on the return |ink can be deternmed 0y
the GW 18 fromthe |ocatio : mal 13, which S

deternmined fromsatellite poSighkfni en the ~  connection is '
establ i shed, andcfnam satel | ig“ﬂﬂ"@ m{ﬂl data that i PCIUSPEISM the
GW 18. That i, %y now ng t ¢ L

of the user termnal 13 and
t he nunber and | ocations of the satellites 12 that can be reached from .

the . user termnal's antenna 13a, the GW 18 can determ ne how -many’ 3
satellites are being used to relay the rggurn 10 communi cation link from .3
the user termnal 13 to the GA13. ~ The  user term nal |ocation data
gives the |38itude cbnnection wighethe gtaepngerndnalvhich is useful if

| at i t ude- dependent conponents of system power usage are determ ned.
The user 1 !f’&.ath%ﬁ‘éég?a'aﬁo.é%% “f&éﬂ i{x‘ @ﬁ&?ﬁ,mzﬂ' NQndeth Yidh 15
termi-nals aré in peripteral regions of a satellite S beam pattern
where greate? fRtermisipgqigansy includes mgans, foF dekqrmining ok legst,e
enpl oyed to 8i stnenpf &n dmpunt of eferwdrmi. Xiamkdpoekd arnd namaimountomst
typically highorenou ediny, pelkCl Gad@UNLd diitadd! Sene Zireldis SA
operates on the data provided by the GW18 to etermne, by exanple, a-
nonet ary anodnt SPFRRCEPresponds to the total ampunt of the system
capacity and satellite power that were consuned by the user term nal
during the 16PNACCdysiém as set forth in claim 13, wherein said

determining means includes means for determining at least

one of a forward link transmission rate and a reverse link
transnmission rate.

T W N

16. A system as set forth in claim 13, wherein said
determining means includes means for determining a number

of satellites through which the wireless connection is
maintained.

W

17. A system as set forth in claim 13, wherein user
terminal and gateway wireless communications are modulated
with spreading codes, and wherein said determining means
includes means for dete;'mining at least one of a number of
spreading codes that are in use on the forward link and a
number of spreading codes that are in use on the reverse
link between said user terminal and said gateway.

SO M oW N

18. A system as set forth in claim 13, wherein said

determining means includes means for determining a location
3 of the user terminal.

N =

19. A system as set forth in claim 13, wherein said

determining means includes means for determining a type of
'3 user terminal.

20. A system as set forth in claim 13, wherein the gateway
includes at least one of a voice coder anq a data coder



25 It is also within the scope of the invention to enploy the system
usage data to derive a correction or weighting —— factor to be used in
adj usting a predeternmn ned VE:\/I to nore accuhl el y r ef {/ﬁc} t[]ﬁ act ual
syst em usage for a given cal mm ml\ ile the

i nventi on has weessmi4sarticul arly ”l “ HH escrl bed wPERUPEMEE: (o
a preferred enbodi nent thereof, "Wo® 96/41494 Wl b

PCT/ US96/ 1502 it w e
under st ood by those Skl Iled in the art that changes in formand details
may be made there| n W|t|hout tho deﬁartl ng31romtthe Zc?pe andhzsgrlbgegf 5t he
i nvent i on. ex e, alt VOCO rate a r

descri bed aboge °??rﬁ%§‘i\§ ?F“u %:Erﬁ%%§ g?ﬁf iﬂgﬁfnt?'a::‘i’;‘:ref'b 3

enpl oy a dat a4colrtrermindngneans nsanp ay awwnt of matelliterpsysiem
communi cat i OESI Nedsiitdles Ithats azleSGnWiidal trfor méi'i‘ﬁaiﬁﬂﬂ@ E‘?‘*tsmﬁﬂ‘-.‘%%gt I on
to enpl oy ot hgr r It co

suchnzs gne o§ 1%5 | czhogv% earf’ﬁe R'&t?tt QEE'P%'I‘ nft%s%@ gr}amga’f% % i Ped t hat
orbit at apprdxivktdple1of oble iGrame ¥at®00 km. It is also within the
scope of this invention to enploy satellites t hat perform on-board

processing of 4 c%mnhc?y t{saf% fOfrth V!rI hc%bentlgoutansaat g&l | te

cross-1links, as oppose ati 7pi pe repea e
satellites. %hé® Pr"st’-égcﬂ??'ng'oPWﬁfLSd|‘Fﬂ/eﬁ?tlidoﬁaﬁﬁ‘yalénl FOTHEreEsITAN t 0
advant age i n 3at®lid isyetenmsayecdatans fe¢rieata tHiatopical recoktiheéf HHean

~spread spect rUmMﬂlﬂzb%éﬂ"Gﬁﬁ@sf@P(ymﬁrloylng 1R S0 1929 redBlld ' P! ©
access techni gues B¥e§1§t”pa future system usage, and for allocating

6 satellite system resources to said gateway in accordance

7 with the predicted future system usage.

1 22. A satellite communication system, comprising:

2 a constellation of earth orbi_ting satellites;
3 at least one terrestrially located user terminal;
4 at least one terrestrially located gateway, said
5 gateway including means for establishing a
6 bidirectional spread spectrum, power controlled
7 wireless communication connection between a
8 terrestrial communications system and said at least
9 one user terminal through at least one of said
10 satellites;
11 at least one terrestrially located control center; and
12 a terrestrially located data network coupling said at
T 13 least one gateway to said at least one control center;
14 wherein, said at least one gateway includes means for
b periodically recording data during a wireless

16 bidirectional communication connection with a user



20 teaching of this invention can be used with satellite

communi cations systems that enploy tine division/mltiple
(TDMA) techni ques. \\O-96/ 4146

§6/ 41494
PCT/ US96/ 01502

CLAI VS Whglo ¢ @l,al rred | S: IL!Il“l “!I&I“ﬂ l"”““f)? operat| NECHUSHOAFOR te.
communi cati ons

acCtess

syst establishing -a .3
wireless connection WI t h a user term naI from a gateway that is
coupled to the user 5 t erm nal through at | east one satellite via a
forward 6 . link and a return link; 327 during the connection,

repetitively determning at the 8 gateway an anount of satellite
system resoafces thaterndnal, said dediandpedsgdexpremsiiveaat fhashioklans
connection 330 i’&énthwe dise{:héerdge‘i}a'teﬁl(i’nallland anafénﬂfun% of '
term nation__of the V\nreﬁﬁg onneg puttin st em usage
data fromtH8 gat end§Ated g3 commun 9%?'%% ugié%%enhaf%ls‘f HCat at*Feast an
anount of 1420 saeqisumed syin ererdedur &Os tPRAVider ¢ ERRUI Wielesss )
provi ged the: w ][el epidireeti6fidl OBomriiitatibf cufifdctifbn, and! @mheérafh. 1 2.
A met hod as t forth, | | - st

I ncl udes a s ep of : Q%ic{] SL@%H%% %‘i{l&gnq‘%&gﬁnt& Pugﬂgﬁdﬁﬁnngﬁower
bei ng- used recorded data to said data network for reception

24 said control center.

23, A system as set forth in claim 22, wherein said
recorded data is expressive of an amount of forward link
power and an amount of reverse link power used to maintain
the wireless bidirectional communication connection, and

one of a forward link transmission rate and a reverse link
transmission rate.

o U b WN K

24. A system as set forth in claim 22, wherein said
recorded data is expressive of a number of satellites

through which the wireless bidirectional communication
connection is maintained.

= W N -

25.. A system as set forth in claim 22, wherein said
recorded data is expressive of a number of spreading codes
that are 'in use on the forward link and a number of
spreading codes that are in use on the reverse link.

S W N

™
s

26. A system as set forth in claim 22, wherein the gateway
includes at least one of a voice coder and a data coder
operating at a predetermined frame rate, and wherein the

data is recorded at the frame rate or a multiple of the
frame rate.

. s WM

27. A system as set forth in claim 22, wherein said control
center includes means for processing the system usage data
to derive a historical record of the system usage, for
employing the historical record to predict a future system

& W NP



4 © to maintain the wireless connection. 1 3. A nethod as set forth in
cl'aim 1, wherein each step of ZW% a step of: 3
determ ni ng an anount of return—i povver bei “ﬂ!gsed 4 to maintain
the wirel ess connecti on.

PCT/ US96/ 01502 wo 96/41494 m 1 4. A nECRE§UNSGe
forth in claim1, wherein each step oft 2% determ ning includes a step of:

3 determ ning a current gateway transm ssion rate. 1 5 A nethod as
set forth in claiml, wherein each step of 2 determ ning includes a step

of : 3 determning a current user B&rmnal transm ssion rate. 1 6.
A nmethod as set forth in clalml wherein each step of 2 determ nin

i ncl udes a st@p Wage, $nd for dﬂ%@FﬁHﬁ‘?}gS%tﬂ}rlrtﬁmsyﬁﬁﬁBeFeﬁ?mé%ﬁsel tes
t hrough 4 6 siidlatt heask ranecgstamndat accordanve wgthra:het predicted

7 future system usage.

1 28. A system as set forth in claim 22, wherein said
constellation of earth orbiting satellites comprise a
constellation of low earth orbiting satellites.

w N

29. A system as set forth in claim 22, wherein said
constellation of earth orbiting satellites comprise a
plurality of satellites distributed in n orbital planes
with m egqually-spaced satellites per plane.

W e

(Y

30. A system as set forth in claim 29, wherein n is equal
to eight and wherein m is egual to six.

~

31. A system as set forth in claim 29, wherein the orbital
planes are inclined at approximétely 52 degrees with
respect to the equator, and wherein each satellite
completes an orbit in approximately 114 minutes.

F TR

32. A system as set forth in claim 22, wherein said
recorded data is employed to modify a fixed connection
3 rate.

N =



1 7. Anethod as set forth in clain11,'mherein each step of 2 determning

I ncl udes a step of:
use on the forward |ink

are in 4

reverse |ink. 1

3

9.

determ ning a nunber of spreadi ng codes that

1 8 A nethod as set forth in
claiml1, wherein each step of 2 determning includes a step of:
determ ni ng a woskRiao9f spreadi ng codes th

A nethod as set forth
2 of determining a |location of the user term nal

ein4d

s,

laim 1, and including a step

1 10. A nethod as set

forth in claim1, and including a step 2 of determning a type of user

t er m nal

2 includes a vacoder+fo

96/ 41494
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1 12. A nmethod as set forth in claim1, and further 2 conprising the steps

of: 3 processi ng the system usage data froma plurality of 4
gateways to derive a historical record of the 5 satellite system
usage; 6 enploying the historical record to predict a future 7

system usage; wirber41494 al I ocati ng ég#&l Ite systemresou
the 9 plurality of gateways in ac nce with the predicted 10
future systemusage. 1 13. A satellite comunications system havi ng at

st

| east one 2 user termnal adapted for bidirectional wreless 3
comuni cation with a gateway through at | east one 4 satellite, conprising:
5 nmeansel N sai d gategdy for establishipng a wreless 6 conngs} i on
Wi th a user Term throfgh at | east one & satellite Jia a forward

link and a rettrn—t+rnk—— .
during the 91 w wreless]jcon
resour ces tht e in use ftor
wi th the uset g naf~

a terninatioh g ¥3 the wir
usage 14 | @l&a that inWl cate
resour ces _t h?_t__\ﬂ@r_g__r_gqyl__r_p_t om

D,
conneeXH on

sponst to
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30. 16 connection with the user termnal. 1 14. A system as set
forth in claim13, wherein said 2 determ ning neans includes neans for
determ ning at |east 3 one of an anmount of forward Iink power and an_anount
of 4 reverse | iwtosspsar used to maint a::g Eée Wi rel ess 5 connBETUSHRISNZ) 15
A systemas set forth in claim13, whe {Bsaid 2 deternini ng neans

i ncludes neans for determining at |east 3 one of a forward |ink

transm ssion rate and a reverse link 4 transm ssion rate. 1 16. A system
as set forth in claim13, wherein said 2 determ ning neans includes neans
for determning a nunber 3 of satellites through which the wreless
connection is 4 naintained. 1 17. A systemas set forth in clai lﬁELS,
wher ei,n user 2 ter@ nal and gateway wirel ess conmuni®ations are mbfdl at ed
3 with spreading codes, and/wherein said determ niag neans 4 incl udes
nmeans for determzi at |gast one of a nunber of & 5ZZpreadi codes «t hat
are in use on the& FoBward ink@nd a 6 nunber of‘;‘sp@adi n
in use on the re §s{# 7/ 11 nk-between said user
gat enay. 1 lﬁjﬁésys emas set forth in claim rgh

det'er m ni ng - negrs—i~Aet s-;mans-fo.r_ldeterm' ni|ng..a.'J.oc ; of the user
term nal . L 19. Agysyemeas set forth in ¢l ai m 1y, ergn said 2
det er ni ni ng negns i ncl uges m&Ans for |det er mi nilng aty o |
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gat eway

3l 3

are in use for

t er m nal

hi st ori cal
hi stori cal

6 satellite s
predi‘cted future sy

conpri si ng:

at, | east one terres

user termnal
é 2 includes at
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1 20. A systemas set forth in claim13, wherein the
| east one of a voice coder and a data coder

PCT/ US96/ 01502

operating at a predeterm ned frane rate,
det erm ni ng My saedIPl €s an anount of

2 conprising neans,

and wher ei

ga%;élite system 5 resourcgﬁzthat
mai ntai ning the wreless onnection with the user

at the frane rate or a 7 multiple of the frane rate.
systemas set forth in claim 13, and further
to said gateway,
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4 at |east one terrestrially |ocated gateway, said 5 gat eway

I ncl udi ng means for establishing a 6 bi directional spread
spectrum power controlled 7 Wi rel ess comuni cati on connecti on
between a 8 terrestrial communications system and s'a‘.l';(?[ shigst 9
orie user terniwebeifwough at | east one oB AS d 10 satellites
at least one terrestrially located control center; and 12 a
terrestrially | ocated data network coupling said at 13 | east one
gateway to said at | east one control center; 14 wherein, said at
| east one gateway incljudes negns for periqdi¢ally recording data
during a wreless s direct g commniéagt;i on connection with a
user WO 95./51@4 Y- < ’ b 96/ 01502
32 17 term n& < Isai d Agfla=bei n essi f an 18
i dentity of the us&otle®ni da d an AteMite
communi cati on system rjesour at a : 1@ order~ to
provide the wrelesy 21 < bydireptgons &nnecttonh, and
wherein 22 said date Z ¢! ydep Bpar wsai d 23
recorded data to said {dafa &mn k wof Eame %aid control
center. 1 23. A sydteld 3@ fo\th D@ ¢ efyCsai d
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2 recorded data is expressive of an anount of forward |ink 3 power and an
amount of reverse link power used to maintain 4 the wireless bidirectional
conmruni cati on connection, and 5 one of a forward link transm ssion rate and
a‘reverse link 6 transm ssion rate. 1 24. A system as set forég?#ﬁﬂﬁlaim
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5 ysage, and for allocating satellite systﬁ?ogw pesA 0 6 said at |REP

one gateway in accordance with the predict

7 future system usage. COJP 8.

A gystemas set forth in claim22, wherein said 2 constellation of earth
orbiting satellites conprise a 3 constellation of |ow earth orbi ;:;f"u'- B
satellites. 1 29. A systemas-set forth in claim 22, wherein SEoVES
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