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SATELLI TE REPEATER DI VERSI TY RESOURCE MANAGEMENT -SYSTEM FI ELD OF THE
| NVENTI ON: 10 This invention relates generally to satellite

comuni cati on systens and, in particular, to satellite conmunication
systenms wher ¢yguerstdsl | i tes are enpl oyed as communi cati on  PCHUSHGAISS4S
‘repeaters. 15 BACKGROUND COF THE | NVENTI ON: Si gnal bl ocki ng and
fading in nobile conmunications systens . i's weld known. Satellite-based
Systens generally have nore 20 stringent requirenents that

‘terrestrial -based systens due to the significantly |onger
propagati-on paths. I n satellite nobile conmmunicati ons systens

bl ocki ng and fadi ng of user termnals by buildings, trees and terrain
can be mtigated by using multiple gorbiting satellite repeater 25
transmtters to send nultiple copies of a signal, via sone or al
sateflite repeater transmtters in view, to a user which is
potentially experiencing signal blocking and f adi ng. These
mtigation techni ques, especially those usi ng spread spectrum systens,
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10
This invention relates generally to satellite communication
systems and, in particular, to satellite communication
systems wherein satellites are employed as communication
signal repeaters.
15

BACKGROUND OF T ION:

Signal blocking and fading in mobile communications systems
is well known. Satellite-based systems generally have more
20 stringent requirements that terrestrial-based systems due
to the significantly longer propagation paths. In
satellite mobile communications systems blocking and fading
of user terminals by buildings, trees and terrain can be
mitigated by using multiple orbiting satellite repeater
25 transmitters to send multiple copies of a signal, via some
or all satellite repeater transmitters in view, to a user
which is potentially experiencing signal blocking and
fading. These mitigation techniques, especially those
using spread spectrum systems, utilize multiple signal path
30 diversity (hereinafter referred to simply as "path
diversity") as a means of maintaining communication paths
when individual mobile users are in blocking and fading

. situations. ILow Earth Orbit (LEO) satellite communication
systems in particular can exploit path diversity since
. 35 there are multiple satellites and, hence, multiple and

different communication paths to and from the user.

Most known or proposed systems of this type, in addition to
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2 using Code Division Multiple Access (CDVA), generally
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provi di ng path cahydigi tyabaDissioneratiplactaccessof (cmm)i,r | genéteEl By st em

to utilize nan i . S | e -t dgpﬂp’dfor
each satelli te?/ g‘?\;ﬁéntzglssog?e ﬁ??%usérg‘g:hagg?ie%ﬁ eq%‘gitrrﬂe%(ki\egg{ he ne RF

channel s ava?‘l”ameen‘fq;te'ea’&%’%@@ﬂ path Mﬁrﬁiyﬁm%ﬁnﬁdgﬂﬁﬁfgﬁﬁt

The end result cefi bequiriady theoBysten ot wtilizeapamyt gabéllites heTlsist em

d to i neffici ' ' I ' t O h

oy ovi di ng pabh iberéaddh Tne LURT pRiet WENa £t enchBELERPLOET K |
to all users. |nalsetredquimesceach satdid iteytot nakesthe samezBE chamneker e
are many differegbajlapie/ 3% GhciSEiert HdF PALA affeMPity 2afiBRYsSidn£] ent

types of 15 co ni cati_on vironnments that. a giv ser .may resjde in,
ei t her tenporar WgeOT"‘%EFﬂﬁgnﬁ@. 8 T é‘é @ q@e?ﬁﬁhf’%al cxﬁg‘é'igyvﬁ’#l |
enpl oy vehi cl e nthatsxsten dusate ineffhicienciesm dn RF chamelghsshgnment.

envi ronnent ggat her qui ckly. O her users may enpl oy hand-held or fixed

Lermnals wich BRY difbecien Y di8vEling'oall aivelfiff's' L8 bed 18R 2
diversity indiscriminately to all users. In fact, however,
the inventor has realized that there are many different
types of user terminals, as well as many different types of

15 communication environments that a given user may reside in,
’ either temporarily or permanently. For example, certain
users will employ vehicle mounted terminals which can move
through the environment rather quickly. Other users may
employ hand-held or fixed terminals which may not be moving
20 at all. In addition, there are a variety of terrains
" wherein users can be located, such as oceans, deserts,
forests, suburhan; urban, rural farmland, etc.

It can be appreciated that not all communication
25 environments r.:equire the same level of path diversity, and

furthermore not all user terminals within a given

environment require the same level of path diversity.

SUMMARY OF THE INVENTION
30

The fofegoing and other problems are overcome by a
satellite communications system that is constructed and
operated in accordance with this invention.

35 Methods and apparatus are disclosed for improving and
optimizing the delivery of path diversity in a satellite
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term nated by t h&@:ptﬂerpmiﬁgioﬁﬂf i%aknahled to receive sufficient signal
strength to avoid having an ongoing communication
automatically terminated by the optimization of path
10 diversity (formed by multiple wireless links) that is
applied to (a) classes (types) of user terminalsJynd/or (b)
to individual user terminals as a function of location and
also a local RF propagation environment of the user
terminal. In addition, the invention teaches a
.15 consideration of the satellite resources that are available
at any given point in time, and may restrict or limit the
availability of satellite path diversity, thereby
increasing overall system capacity.

20 Also, a particular user may be found to have a historical
record or "signature" of operating within a certain
environment. The historical record can be utilized to
optimize the user's typical usage, thereby further refining

the potential for gaining higher system operating
25 efficiency.

This invention teaches a method for operating a satellite
communication system that includes the steps of (a)
initiating a communication between a user terminal and a
30 ground station via at least one satellite communication
signal repeater; (b) classifying the user terminal as to
type and/or determining a location of the user terminal
within a service coverage area of the ground station; and
{c) selecting a number of satellite communication signal
35 repeaters to relay the communication between the user
terminal and the ground station, the selected number being
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WO 96/ 39788 example, satellite images of theg/ psgyrailsapd man-made
4 features within the service area. The step of selecting can
10 also include a step of considering a power control history
of the usér terminal. This is useful in distingu_:l.shing', by
example, a mobile-type user terminal that is in motion from
a mobile-type user terminal that ha;ipens'to be stationary.
The step of selecting may also include a step of
15 considering a current availability of satellite
communication signal RF channels within satellite repeaters
and the physical circuit loading of the RF channels and
satellite repeaters.

20 In a presently preferred embodiment of this invention the
communication is relayed as a spread spectrum, code
division multiple access communication signal between the
user terminal and the ground station. In this case the
method includes the additional steps of (d) receiving the

25 communication with the user terminal, wherein <the

" communication is received through different communication
paths associated with individual ones of the selected
number of satellite communication signal repeaters; (e)
equalizing at least the phase shifts and time delays of the

30 received communication from each of the different paths to
provide a plurality of equalized communication signals; and
(£) combining the equalized communication signals into a
composite received communication signal.
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Fig. 3A is a block diagram of the communications payload of
15 one of the satellites of Fig. 1;

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

20 Fig. 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;

25 Fig. 6 is block diagram of a forward link path diversity
delivery system in accordance with this invention;

Fig. 7 is a block diagram of a portion of the path
diversity delivery system of Fig. 6 in combination with a

30 path diversity selection system in accordance with this
invention;

Fig. 8 is a block diagram illustrating the reverse link
from user terminal to gateway:
35

Fig. 9 is a block diagram of a path diversity return link
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Fig. 11 is flow chart illustrating a method of this
invention.

T ESCR 0 TON

Plg. 1 illustrates a presently preferred embodlment 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.

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.

In the presently preferred embodiment of this invention
there are a total of 48 satellites in, by example, a 1414
km Low Earth Orbit (LEO). The satellites 12 are distributed
in eight orbital planes with six equally~-spaced satellites
per plane (Walker constellation). 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

presently preferred enbodi nent of this invention;
Fig. 2 is a block diagramof one of the gatfeways of Fig. 1; Fi g.

3A

20

support of
Fig.-5 is block diagram



Fig. 7 is a block diagramof a portion of the path diversity delivery
systemof Fig. 6 in conbination with a 30 path diversity selection system

in accordance with this i nventi on; Fig. 8 is a block diagram
illustrating the reverse link fromuser terminal to gateway; 35

Fig. 9is a W&%ﬂsagram of a path diversity return |ink PCTASY/OFHS
96/ 39788 PCT/ US96/ 05548

6 enbodi ment of this invention; : Fig. 10 illustrates an

exenpl ary conmuni cati ons environnment mdp that is a feature of this
‘invention; and Fig. 11 is flow chart illustrating a nethod of this
i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10
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had of the esent I nyention.
N pg a portion of tire telephone infrastructure segment 4.

It is noted at this point that the foregoing and ensuing
description of the system 10 represents but one suitable
embodiment of a communication sysﬁem within which the
' 10 teaching of this invention may find use. That is, the
specific details of the communication system are not to be

read or construed in a limiting sense upon the pi'actice of
this invention. '

15 Continuing now with a description of the system 10, a soft
transfer (handoff) process between satellites 12, and also
between individual ones of 16 spot beams transmitted by
each satellite (Fig. 3B), provides unbroken communications
via a spread spectrum (S8), code division multiple access

20 (CDMA) technique. The presently preferred SS~CDMA technique

: is similar to the TIA/EIA Interim Standard, "Mobile
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

25 techniques and protocols can be employed.

The low earth orbits permit low-powered fixed or mobile
user terminals 13 to communicate via the satellites 12,
each of which functions, in a presently preferred
30 embodiment of this invention, solely as a "bent pipe"
repeater to receive a communications traffic signal (such
as speech and/oxr data) from a user terminal 13 or from a
gateway 18, convert the received communications traffic
signal to another frequency band, and to then re-transnmit
35 the converted signal. That is, no on-board signal
processing of a received communications traffic signal
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| in the ground segment 3, and transmits a signal only to a
10 receiver located in the user segment 2 or to a receiver
located in the ground segment 3.

-

The user segment 2 may include a plurality of types of user
terminals 13 that are adapted for communication with the

15 satellites 12. The user terminals 13 include, by example,
a plurality of different types of fixed and mobile user
terminals including, but not limited to, handheld mobile
radio-telephones 14, vehicle mounted mobile radio-
telephones 15, paging/messaging-type devices 16, and fixed

20 radio-telephones 14a. The user terminals 13 are preferably
provided with omnidirectional antennas 13a for
bidirectional communication via one or mwore of the
satellites 12.

25 It is noted that the fixed radio-telephones l4a may employ
a directional antenna. This is advantageous in that it
enables a reduction in interference with a consequent
increase in the number of users that can be simultaneously
serviced with one or more of the satellites 12.

30 .
It is further noted that the user terminals 13 may be dual
use devices that include circuitry for also communicating
in a conventional manner with a terrestrial cellular
system.

'35

Referring also to Fig. 3A, the user terminals 13 may be
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packetized digital voice signals and/or data sxgnals in
accordance with the spread spectrum technique.

15

The 16.5 MHz bandwidth of the forward link is partitioned
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
20 assigned a different channel than the channel assigned on
the forward link. However, when operating in the diversity
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.
25 . :
The ground segment 3 includes at least one but generally a
plurality of the gateways 18 that communicate with the
satellites 12 via, by example, a full duplex C band RF link
19 (forward link 1%a (to the satellite), return link 19b
30 (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
communication feeder 1links, and also convey satellite
commands to the satellites and telemetry information from
35 the satellites. The forward feeder link 1%9a may operate in
the band of 5 GHz to 5.25 GHz, while the return feeder 1link
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that a received or transmtted comruni cati ons traffic signal may. be
conveyi ng. 5 Furthernore, there need be no direct communication |ink or
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The L-band and the S~band antennas are mu'ltiple beam
antennas that provide coverage within an- associated
terrestrial service region. The L-band and S-band antennas

15 12d and 12¢, respectiveiy, are preferably congruent with
one another, as depicted in Fig. 3B. That is, the transmit
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.

20 .
As an example, several thousand full duplex communications
may occour through a given one of the satellites 12. In
accordance with a feature of the system 10, two or wore
satellites 12 may each convey the same communication

25 Dbetween 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
receivers, leading to an increased resistance to fading and

facilitating the implementation of a soft handoff
30 procedure.

It is pointed out that all of the freguencies, bandwidths
and the like that are described herein are representative
of but one particular system. Other frequencies and bands
35 of frequencies may be used with no change in the principles
being discussed. As but one example, the feeder 1links
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9 capabl e of operati NQ¥ Desdrigtioh k gbégl.gx_,n@g eand..cqmmuni cat e
via, by exanple, L-band RF | Jai @ 'DEa&d Y5 ednk\.;g 17b) and S-band
RF links (downlink or forwar I Nk “17a thr oug ret’lif' and forward

satel lite tryRsRAsHe’ s 12a a E’@aWTQ‘B) : PA9fect-i-Je PYgedThe- re?ﬂtlﬂsﬁlﬂﬁﬁd RF

"Ii*nks 17b may oper at e wi {0 Abskadtr e¢ pagedy...r.angeaged 1.6 GHz to 1. 625
GHz, a bandwi dth of 16.5 i acketi zed

digital voice signals and/or data signals }h accordance with the
preferred spread spectrumtechnique. The forward 10 S band RF links 17a
may operate within a frequency range of 2.485 GHz to 2.5 GHz, a

bandwi dth of 16.g.M\&en The éﬂ%ﬁ ana tBe LhPKF) i 3 aﬁ ?%?Qggtﬁgﬁhaiﬁg at a

gateway 18 with packeti VOl ce signa Sl gnal s in
accordance with {Me2 stBﬁd"E‘b@EtF‘Eﬂﬁt fiRand (Bpproxipately 53 \fhz t
bandwi dt h of thealbprmaiuhﬁenyk I|'P p&HZ)LiI OBt exambne 13theanmkd s bahd up

to, by exanple, a '9@%& | e NelLi Nk
may have various E ‘“}&W% GH Eé lser %%naGPITB lf‘-nal{-'u(%rxL may
not bBe 20 adsi gh%ﬁa‘%???‘f%r’é’ﬁ’?%‘ﬁﬁﬁmy 4P FHZN e channel assi gned on

the forward |ink. However, when operating in the diversity reception

node on the retu ei\g N t W0, © A

the user is ass%ﬁedbﬁﬁe&%ﬁg ]f\ﬁ Euﬂéc}ﬁ@n anE‘Imrlg% @1 n&@ %ﬁ%g?’ for
each of the satePpylead o tra“sﬂ?é'dg?"%uﬁaase%:}?%nizg Kﬁ'égudé’@)at“f ekBe one
but ?Fperal ly a sat;l:piwal i3 yt:@ftliéﬁlazegebnwysmﬁrim‘.\R cmmml megaeAtWaLh t he
satellites Vi i

(Forvard Ti e 1othe trikaibders, 5’% 89‘2%?% End2ide o 'bana rebfive
satellite)) that3B %’I‘%‘L‘e%zﬁ’wt Brkand; txgespit antenna 124, C-band pover

amplifier 12e¢, C-band low noise amplifier 12f, C~band
antennas 12g and 12h, L band to C band frequency conversion
section 12i, and C band to § band frequency conversion
15 section 12j. The satellite 12 also includes a master

frequency generator 12k and command and telemetry equipment
121.

Reference in this regard may also be had to U.S. Patent No.

20 + by E. Hirshfield and C.A. Tsao, entitled
"Mobile Communications Satellite” Payload” (5.N.
08/060,207) .

The telephone infrastructure segment 4 is comprised of
25 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
30 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) telephones 32 and non-PSTN telephones 32 of
the telephone infrastructure segment 4, or other user
35 terminals of various types, which may be private networks.
[
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frequencies generally above 3 Giz and preferably in the C band. The

C-band RF links bi-directionally convey the communi cati on feeder

|l i nks, and al so convey satellite comands to the satellites and

telenetry information from35. the satellites. The forward feeder |ink 19a

Fra;fkoperate | o oemersgNe band .of 5 GHz to 5.25 GHz, whil e t hepgraysssmssieeder
i f

PCT/ US96/ 05548 WD 96/ 39788 10 19b
may operate in the band of 6.875 GHz to 7.8%5 GHz. The satellite
feeder link antennas 12g and 12h are preferably w de coverage antennas
that subtend a maxinum5 earth coverage area as seen fromthe LEO

satel I1te 12. INa1se SHOnPHSS I Y1 Pl REE SRy 8E 4 Rty

conmuni cati on system 10 tg 5 ( 3 2 g?ven%ﬂ% soe?t gfl ite

e~ ang ubt ende Jn’ret
12 (assuni ngtfﬁ[ GEPpnd| 853ment %mg %s"f?BF‘FJt & HFRgrations: Sopt
approxi mat el y 11@enters (§0et)36;, cander&am-mnueopénatimimomlonmbel y

3600 miles in di agBke)- 3s. c&ﬁﬁx é&g:g. nggtﬁhewﬁ&ﬁnﬁmn S(ﬁ'ro%ad

mul tiple beam ant ennas that eray an associ ate
terrestrial ServPata e‘&‘iﬁ’ﬁrkTh@ )baﬁa Afees-Bihd Aheerfasprovided £an 10c,
respectively, ardnpez&enn&&nﬁngomgeugatewuyél18 andN®CEL80L8£) ,s00T Adepiantied in

Fig. 3B. That isggihe ggag@nhﬁe gr"ﬁns Su&&gx@ Qea .’Mﬁg{;%ﬁ p%f gft

cover the sane area ace, "alt
not criti cal CPEMPRACAHGnS isystem e PTPY ides 19"312@11 SYS@M#M}%I e

several thousand fmkekidhgl ex communi cati ons
10

Fig. 2 shows one of the gateways 18 in greater detail. Each
gateway 18 includes up to four dual polarization RF C-band
sub-systems each comprising a di_sh antenna 40, antenna
driver 42 and pedestal 42a, low noise receivers 44, and

15 high power amplifiers 46. All of these components may be
located within a radome structure to provide environmental
protection.

The gateway 18 further includes down converters 48 and up
20 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

Telephone Network (PSTN) though a PSTN interface S4. As an
25 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 CGateway Transceiver Subsystem (GTS) 52b, a GTS
30 Controller 52¢, 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-
35 system 52 also includes the required frequency synthesizer
52g and a Global Positioning System (GPS) receiver 52h.



may occur through a given one of the satellites 12. In accordance with

a feature of the system 10, two or nore satellites 12 may each convey
t he sane comruni cation 25 between a given user term nal 13 and one of the
gat eways 18. This node of operation, as described in detail bel ow,
thus provi desyd syizofggversity conbining at the respective PCT/US9SI08548 S,

"l eading to an increased resistance to fading and facilitating the

i npl ementation of a soft handoff 30 procedure. It is pointed
cout that all of the frequencies, bandw dt h}3 and the like that are
described herein are representative of but one particular system

QG her frequencies and bands 35 of frequencies may be used with no change

in the principle ' f
p Pl e8ne psmb&heer@sé& UsS athc1fdel U PHIR Q42UDLE s"&c@?f‘ gsg-% 5548

i nks

bet ween the gate gé) arfﬁf"t e Gakle|9antrel REOGRESIT o(fifRic 4P 1é\‘”c')and
ot her than the ClbeatidqraReugistent ¢VLRE Sid, tamd a pappocod nhﬂﬁr;fac& S5Giiz)

for exanple theg Mmm&s&cmoﬁaﬁag%%@wm)1%&'23&9 AP IBRELY 15

GHz) or the gaS ba}recgsov I OX

funcfion to Coupt®B ﬂi’-'c ey 20 (%é?f oad e PPEES%}% §-n1§Beand
12b (Fig. 3A) of PSME interssicsl [Sat.es 12 to the tel ephone infrastructure
segnent 4. 10 The transponders 12a and 12b i nclude an L-band receive
antenna 12c, S-bapd transmt antenna 12d, . C-band power anplifier 12e,
C- band | ow noi se Qﬁ.[ﬁqﬂfqvgy A8 scggaﬁacted to telecommunication networks

through a standard interface made through the SSP 54a. The

10 gateway 18 provides an interface, and connects to the PSTN
via Primary Rate Interface (PRI). The gateway 18 As further
capable of providing a direct connection to a Mobile
Switching Center (MSC).

15 The gateway 18 provides SS-7 ISDN fixed signalling to the
CCP 54b. On the gateway-~side of this interface, the CCP 54b
interfaces with the €IS 52d and hence to the CDMA sub-
system 52. The CCP 54b provides protocol translation
functions for the system Air Interface (AI), which may be

20 similar to the 1IS8-95 Interim Standard for CDMA
communications.

Blocks 54c and 54d generally provide an interface between
the gateway 18 and an external cellular telephone network

25 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
calls outside of their home system. The gateway 18 supports

30 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 8s8-7
signalling interface.

35

A user making a call out of the user's normal service area



“entitled

antennas 12g and 12h, L band to C band frequency conversion section
12i, and C band to S band frequency conversion 15 section 12j. The
satellite 12 also includes a naster frequency generator 12k and conmand
and telenetry equipnent 121. Reference in this regard may al so be
had to U. S. aﬂi : , by E. Hrshfield amttdshe/o554%8.0,
'Nbblle Cbnnunlcatlons Satellite Payl oad” (S. N
08/ 060, 207) . The tel ephone infrastructure segnent 4 is conprised of
25 existing tel ephone systens and includ@d# Public Land Mbile Net wor k
(PLMN) gateways 20, |ocal telephone exchanges such as regional public
t el ephone networks (RPTN) 22 or other | ocal tel ephone service

provi ders, domesg %Jaﬂ%gédiétaéggﬁmﬁdatﬁgng)g sfeen o8 EaiRAl ALY ks

26, private networ ks 2 e communi catlon system 10
operates to I atye srameEceannRe Tt i, @nyr eR%iEoRRARk.niac ASe3n

?etvvﬁl;an tlhe Esemaemngy%méaﬂubtemﬁ\#ldm aifaerﬁti)mn:e a cayl V!G:roh
PST t el ephon n- N 0] 3
i nfrastructure segﬁg‘&% Iﬂér o% %ﬁé@f B%ﬁ er%rlﬁgna o?égéf ‘:}L:%Q{L Ypes,

whi ch may beB priSRIVELRiOREr axe made trangpapenthy dy the gateway 18. The
PCT/ US96/ 05548 protocol interface 544 is b assed Zthen not Abdfaiveawvid N

Fig. 1 (and alsq pgéll the ground segnent 3, is
a Satellite q)eraélons (fﬁ %ﬁfpﬁ! nter ) 36, and a G ound
Operations Control Center (GOCC) 38. A communi cation path, which

i ncl udes a Grourxt i% @ﬁtﬁil’a\l&h\wﬁ&oﬁm tB8 f&sfMingJof Dhis Snﬁéﬂ&i&ﬁd:d‘ or

10 provide a dedicated, universal interface to the cellular
gateways 20, in addition to or in place of the capventional
A" interface specified for GSM mobile switching centers
and vendor-proprietary interfaces to IS~41 mobile switching
centers. It is further within the scope of this invention

15 to provide an interface directly to the PSTN, as indicated
in Fig. 1 as the signal path designated PSTN~INT.

Overall gateway contrdl is provided by <the gateway
controller 56 which includes an interface 56a to the above-
20 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
associated with each of the antennas 40. The gateway
25 controller 56 is further coupled to a database 62, such as
a database of users, satellite ephemeris data, etc., and to
an I/o0 unit 64 that enables service personnel to gain
access to the gateway controller 56. The GDN 39 is also
bidirectionally interfaced to a Telemetry and Command (T&C)
30 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 gateways 18, and
to coordinate this utilization with the socc 36. 1In
35 general, the GOCC 38 analyses trends, generates traffic
plans, allocates satellite 12 and system resources (such



I nterconnecting the gateways 18 and TCUs 18a, SOCC 36 and GOCC 38 of
the ground segnent 3. This portion of the communi cati ons system 10
provi des overall system control functions. 10 Fig. 2 shows one of
the gateways 18 in greater detail. Each gateway 18 includes up to four

dual pol ari zgbiogaeres C band sub-systens each conpri si IRCTASHNIB4BNt enna
© 40, antenna driver 42 and pedestal 42a, |ow noise receivers 44, and 15

hi gh power anplifiers 46. Al of these conmponents may be | ocat ed
within a radone structure to provide envi @8nnent al protection.

"~ The gateway 18 further includes down converters 48 and up 20 converters
50 for processing the received and transmtted RF carrier si gnal s

i vel d
cespect vl TRE S8 SOR/SEhRR Sy, pdahi AT EELER e
Publ i ¢ Swi t ched®onitoxg| &pgoperfernpnge (PSTN?‘et RyegRLlL Pzﬂﬂﬂnﬁlérrf éé'@ 54

As an 25 opti dssuebeuR$IMzebion hestnuetdons, bmusn:m EBNelb, t &ol Ghe
satellite |i nksﬁateways g%el% \étﬁgy%eﬂ ‘H}‘ udes a si gnal

sumer/switch u eway anscel ver ubsystem(GTS) 52b, a
GTS 30 Cotrol l er 52c, a CDVA | nterconnect Subsystem (C'S) 52d, and

a Sel ector Bank'rﬁubsmems( dperabde. tdhfia fHbANS UAnd monitotsidyBivé, %o

lled b d.f
e L %, PSS GRS AR e s T SO,
base stati on. vigythentBN 3930 tionaranidon Haer capgradd

frequency synt h@smlﬁionmg 6fJeddl satdidite RQSi ineRhadingyeie BHaERS)of

receiver 5 the satmg@é% tg:eries to set the gain for the RF signal
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paths within the satellite 12, to ensure optimum_tsatelllte
orientation with respect to the surface of the earth, in

addition to other functions.

15 As described above, each gateway 18 functions to connect a
given user to the PSTN for both signalling, voice and/or
data communications and also to generate data, via database
62 (Fig. 2), for billing purposes. Selected gateways 18
include a Telemetry and Command Unit (TCU) 18a for

20 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
38 and the SOCC 36.

25
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 i7a),
and to relay information from the users to the gateways 18

30 (L band return link 17b to € band return link 19b). This
information includes SS-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

35 update data is also communicated to each of the user
terminals 13, from the gateway 18, via the satellites 12.



13 The PSTN interface 54 includes a PSTN Service Sw tch Point

(SSP) 54a, a Call Control Processor (CCP) 54b, a Visitor Locati on

Regi ster (VLR) 54c, and a protocol interface 54d to a Honme Location
Regi ster (HLR). The HLR nay be located 5 in the cellular gateway 20 (Fig.
1) or, optionglleéneigs the PSTN i nterface 54. The PETAISS§OSEEE | S
‘connect ed to tel ecomuni cati.on networks through a standard interface
made through the SSP 54a. The 10 gateway 18 provides an interface, and
connects to the PSTN via Primary Rate I¥terface (PRI). The gateway 18
is further capabl e of providing a direct connection to a Mbile
Switching Center (MSC). 15 The gateway 18 provides SS-7 | SDN fi xed

signalling to therhe satel1bdds: C:h t hesgat ApRtivhdet®f ztehi ¥: @ﬁémﬁagthe
CCP 54b |nte.rf€°ces th_the

| S 52d and he t %
Systom 52, The GRS GEOR KUR JBGE ERERERaLs i to"tas BRESYRE 18y (e
system Air | nter fimelyding addess negqhesta, power| zshange ndymests,9%nd

Interim Standar deed Htra®2W¥R requéPUNITHAL i Qﬂﬁellites 15' OgkSo S4reryl S4d
general ly proyide an interface %‘g"ween gat eway ﬁgd an_ext er nal

cel lul ar tel ePphorRPTRIRISALion sigpals |§e?fﬁﬁih[§\ﬁ é‘seFﬁraEQa £ cILEYHS he
| S-41 (North 1\n=and maySappliyrsecudhiRy) tor mihigdsMViunBwmthpednedt asalar d,
MAP) cel lular systens and, in particular, to the specified met hods for

handl i ng roaners,_t hat users who calls outside of their hone
system The gat evJa@/ 1‘?%‘?\?5'& OPrs e u{%é:relgéf'ﬁ?nap adtaAnemiL,: FBACPSR ALY st em
10/ AMPS phones artblemetrfyordaastmﬁOLﬁM@mnmeasdremtsl cef asatslldtsy e

there is Sdt {¥haie! &¢a¥EuNIi C &k e!sli R ga
be added to the g&%é E? an |%¥I§rfa?§e1 % % Su%ﬂ-gﬁ af?%l | ng
interface. 35 aF‘E'HﬁndSut fB‘P“'t ﬁ%‘eusﬁ?'c% mtftwafnder th
area communications. feeder links 19 all share the C band

antennas 129 and 12h. For those gateways 18 that include a
TCU 18a the received satellite telemetry data may be

15 forwarded immediately to the SOCC 36, or the telemetry data
may be stored and subseguently forwarded to the SOCC 36 at
a later time, typically upon SOCC request. The telemetry
data, whether transmitted immediately or stored and
subsequently forwarded, is sent over the GDN 39 as packet

20 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
the Soccs.

25 The SOCC 36 has several interface functions with the GOCC

' 38. One interface function is orbit position information,

vherein the socc 36 provides orbital information to the

GOCC 38 such that each gateway 18 can accurately track up

to four satellites that may be in view of the gateway. This

30 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 required to

known the gateway tracking schedules. The TCU 18a searches

the downlink telemetry band and uniquely identifies the

35 satellite being tracked by each antenna prior to the
propagation of commands.
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14 (a roamer) is accommodated by the system 10 i f authori zed.

In that a roaner nay be found in any environnment, a user may enpl oy
the sane term nal equi pnent to make a call from anywhere in the
worl d, and wblessmecessary protocol 5  conversions are REFHSI60S548
“transparently by the gateway 18. The protocol interface 54d is bypassed
when not required to convert, by exarrrpilﬁ GSM t o AMPS. It is
mithin the scope of the teaching of this vention to 10 provide a

dedi cated, universal interface to the cellular gateways 20, in
addition to or in place of the conventional "A" interface specified

for GSM nobi |l e awothb: nﬂ'xﬁ‘e&&heésfunctl&ﬂdsV@&MhRfé)BthﬁhﬁrMﬁdﬁﬁ‘lﬁ%ﬁeS to

- bi | ' . f th
venton 15 - EBaS: &% geparted BFon cthey Sott| € Tho hhe L RokE 48 TN e, L' °
in Fig. 1 as *théadieddditeat hstetiugnat ednPsTHattNdon inclmﬂm I gattbway_

_control is prOVhétélMté Ha¥r avaﬂ@ﬁi‘i‘iﬁ:&er %ﬁﬂﬂf“sﬁ'@ﬁé‘d

i nt e_rface 5§a r Egaf 3)& nmenti.on Groun Dat Nét wor 39 and
an i'nterfac 568 °§5?W"3‘é B efep ¥ The.
gat eway coﬁﬂrtetlﬂ-éte-sz&lag:ege ddmatatioms dﬂwnneulédprecmﬂae @teemp 18

through the BSMo¥2fa1andrt &I pesbidiy &0 réaleeq&até?»n for ASSmmiii &t #lnsh each
of the antennas 49, The gateway 25 controller 56 is further coupled to a

dat abase 62, su BOSeS. 7 3 dat abase of users, satellite epheneris data,
etc., and to an /O unit 64 that enabl es service personnel to gain

10 An important aspect of the system 10 is the use of SS5-CDMA
in conjunction with diversity combining at the gateway
receivers and at the user terminal receivers. Diversity
combining is employed to mitigate the effects of fading as
signals arrive at the user terminals 13 or the gateway 18

15 from multiple satellites over multiple and different path
lengths. Rake receivers in the user terminals 13 and the
gateways 18 are employed to receive and combine the signals
from multiple sources. As an example, a user terminal 13 or
the gateway 18 provides diversity combining for the forward

20 link signals or the return 1link signals that are
simultaneously received from and transmitted through the
multiple beams of the satellites 12.

In this regard the disclosure of U.S. Patent No. 5,233,626,

25  issued August 3, 1993 to Stephen A. Ames and entitled
"Repeater Diversity Spread Spectrum Communication Systen,
is incorporated by reference herein in its entirety.

The performance in the continuous diversity reception mode
30 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.
35

The multiple, directional, antemnas 40 of a given one of



access to the gateway controller 56. The GDN 39 is al so
bidirectionally interfaced to a Telenetry and Command (T&C) 30 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 gateways 18, and

to coordi natg\V&J& ggtilization with the SOCC 36. In 35 gerroralsysnises GOCC

- 38 anal yses t{ren s generates traffic - plans, allocates satellite 12
and system resources (such WO 96/ 39788

PCT/ US96/ 05548 " as, but not linitd8 to, power and channe

“al l ocations), nonitors the performance of the overall system 10, and

I ssues utilization instructions, via the GDN 39, to the gateways 18 in

real tine or lnméva_m:ewa 18 ke S.QEEbﬁ@ Qﬁ%ﬂﬁnﬂ&iﬂﬂ b rfo%ﬂ!drﬁonl tor
orbits, to gg tetusa nforn%tlon t 5“%%}%} " nput
to the GOCC 38 w Y # %a Rk srBiuel) festen

each satellite ?EamsnelfuehﬁgOrhmoseasetellitbs tde isatsmpqréi tivegsiity to
set the gain forczohbenBEgSEHnehe useeaftaimmm nﬁ herﬁé‘t Sinidfrebbion@iensure
optlnun1sat lite ent #g W t h res % he sur%q@; of the_earth,
in addi 13 on ¥& B‘Pﬁﬁr Tt user fe 8t} itragsait, thr agét evay
18 functions tOS@G#ﬂééteabeamsgphaancanebet!nedn? ESEN the wseih teExpimali ng,

voi ce and/ or 13data communi cations and also to generate data, via
dat abase 62 (Fig. 2), for billing purposes. Selected gateways 18

Each gateway 18 supports a transmitter power control
10 function to address slow fades, and also supports block
interleaving to address medium to fast fades. Power control
is implemented on both the forward and reverse links. The
response time of the power control function is adjusted to

accommodate for a worst case 30 msec satellite round trip
15 delay.

The block interleavers (53d, 53e, 53f, Fig. 5) operate over
a block length that is related to vocoder 53g packet
frames. An optimum interleaver length trades off a longer

20‘ length, and hence impfoved 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 receivead
signal alignment performed by the diversity combiners,

25 vocoder 53g processing delays, block interleaver 53d-53f
delays, and the delays of the Viterbi decoders (not shown)
that form a portion of the CDMA sub-system 52.

Fig. 5 is a block diagram of the forward link modulation
30 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
i:elemetry and control (T&C) information is also input to
the block 52a.
35 )

An unmodulated direct sequence SS pilot channel generates



i nclude a Telenetry and Conmand Unit (TCU) 18a for 20 receiving telenetry

data that 1is transmtted by the satellites 12 over the return |ink
19b and for transmtting comands up to the satellites 12 via the
forward |ink 19a. The GDN 39 operates to interconnect the gateways 18,
GOCC 38 v erdohs SOCC 36. 25 In general, each sat elPCrg603548f t he
"LEO constellation operates to relay information fromthe gateways 18
to the users (C band forward Iink 19a to S band forward |ink 17a),
and to relay information fromthe users tol®he gateways 18 30 (L band
return link 17b to C band return link 19b). This i nformati on includes
SS- CDVA synchroni zati on and pagi ng channels, in addition to power
control signals. _jYak4 IJd ot.cha . Al e d

noni t or i nt g¥f é%lgﬁ%%r%sn v{%(##/aer t.'I ?n§£§i§%*€i€%%p%%r P§9§5

update data i s aPtsea®nigincenkined ovitdcir @horke Piscode thatefgi naed o,

from-the gatewayséfaratd siimhaial eirbint @éfferent gateway¥O1964mP BF ferent
PCT/ US96/ 05548

al so function tosrate:f%l%/i%?sgr}azl'l :Itﬁgused, F‘Hf&%ﬁ Sﬁg??%}‘njt%@gggﬁa% glfllﬁlféglsslz
13 tJd the gaBewayoilhe shoryceds mpddsesbencQhekt or BRI spreadyacregsest s,
and r;a_gi st r athencoMx| Fs RY- °ﬁ§ﬁ"§€$ﬁ“‘§"§eﬁlz 'IgieSQon.EbﬂYné fgffeﬁgnﬁa
Spply secur y 1 BaahipnSidE ikt "RoHBTpReRRs 'W1E BRRURKS; (9 3 m{REad™
satellites 12 traffaet tpaldawie user terminal \3dipauniauelncidensdfy a
nmeasurenments of gateway!i®; (b) a PN code offset to allow the user terminal
10 13 to wniquely identify a satellite 12; and (c) a PN code
offset to allow:the user terminal 13 to uniquely identify
a given one of the 16 beams that is transmitted from the
satellite 12. Pilot PN codes from different ones of the
satellites 12 are assigned different time/phase offsets
15 from the same pilot seed PN code.

If used, each pilot channel that is transmitted by the
gateway 18 may be transmitted at a higher or lower power
level than the other signals. A pilot channel enables a
20 user terminal 13 to acquire the timing of the forward CDMA
channel, provides a phase reference for coherent
demodulation, and provides a mechanism to perform signal
strength comparisons to determine when to initiate handoff.
The use of the p.{lot channel is not, however, mandatory,
25 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)
30 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 module two added to
the synchronous Walsh code and QPSK or BPSK spread across
35 the CDMA FD RF channel bandwidth. '



-

10 operational status. The telenetry stream from the

satellites, the comands fromthe SOCC 36, and the - communi cati ons
feeder links 19 all share the C band antennas 12g and 12h. For those
gateways 18 that include-.a TCU 18a the received satellite telenetry
data may be g@ 9&% gyar ded i mredi ately to the SOCC 36, or t iperhusheessss y
-dat a e ‘stored and subsequently forwarded to the SOCC 36 at a
| at er tine typlcally upon SOCC request. The telenetry data, whet her
transmtted i mediately or stored and @fosequently forwarded, is sent
‘over the GDN 39 as packet 20 nessages, each packet nessage containing a
single m nor telenmetry frame. Should nore than one SOCC 36 be
FLOVis%icgg 253@1@ |Paiod nggU eREHKe] 12 éﬁiﬁrﬁt i tiatoamvsmewrm E%%’ﬂ#ez&c
e e S, sev netions e
38. One |nterface5-51[1un§t nilgsP (Y 38??? ‘%‘#&ﬁ h 1\:%‘Wl«3'1@'3#the

SOCC 36 provi des igtusirlgaved: SFhearesulting Idata strmmwdtmﬁthm
gateway 18 can accmtr b)f br 86ig Wode genkPatOH!5HA! Chthbl €5nd BN dBie B% i N

vi ew of the tevva hi s ncI udes dat ta,bl s .t hat

sufficient t aI I sePar@&Fe&Eﬁe‘i%“‘f i F‘%%ﬁ“g&t'el The
contact |ists, paqimsi sharnelrand g:bﬁl fLiong. cd’lﬂn mmlostmtaddaﬂnafw to
ownl 1 ik & ot R A0S L ey, G L) o (he. qpareny t ri

ownlink tel emetr an uely,Jdeptife e satel e |ng
tracked by each ﬁ?‘%ﬂﬁ &%gﬁg ? Bpéﬁéﬂ on'glﬁ el

WO 96/ 39788 QPSK or BPSK spread across thePCGDKJSQG‘DOSﬁES channel

17 10 bandwidth.

In general, the paging channel conveys several message

types which include: (a) a system parameter message; (b) an

access parameter message; and (c) a CDMA channel list
15 message. |

The system parameter message includes the configuration. of

the paging channel, registration éaramet:ers, and parametérs

" to aid in acquisition. The access parameters message

20 includes the configuration of the access channel and the

access channel data rate. The CDMA channel list message

conveys, if used, an associated pilot .1dentificatlon and
Walsh code assignment.

25. The vocoder 53k encodes the voice into a PCM forward
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

30 of a user long code block 53k. The user long code is
employed to separate different subscriber channels. The
resulting data stream is <then power controlled in
multiplexer (MUX) 53m, modulo two added to the Walsh code,
and then QPSK or BPSK spread across the CDMA FD RF

35 communication channel bandwidth.



Anot her interface function is satellite status information that is
reported fromthe SOCC 36 to the GOCC 38. The satellite st at us

i nformati on i ncl udes bot h satellite/transponder availability,
battery status and 5 orbital information and incorporates, in general,
any sat el lydgdomfgat €d Iimtations that woul'd preclude thecresdenssasof
all” or a portion of a satellite 12 for communi cati ons pur poses. 10
An inportant aspect of the system 10 is the use of SS-CDVA in
conjunction with diversity conbining at the¥ateway receivers and at
the user termnal receivers. Diversity conbining is enployed to
mtigate the effects of fading as " signals arrive at the user termnals

13 or the gat eveymd dScends Oy ik e B ddd RIS M 1B Plurn

different path . receirvers in the user term
t he gat evay st e ThRFe\ARP tHo Tferent,godesfiatethe Fatugnal ink:
frommultiple sou(xletheAzezd effset code;ussd (e rtheallofi c©sde. Thebbeare
gateway 18 provi I 4er sy | ¥ rar | 4i " Sh@pal s
or the return dﬁeﬂ{ 16gi ;}%%/SEQtHEgH}%FéR{: L@Qp'séls(r)ru?glf@la(ri"-ee{)%'(t‘}srfiy lri%ei\é/g from
and tiansnittad tfHANfLShoamely the pceess channek andetheratumetrastic

In this regard thehahmed.osure of U S. Patent No. 5,233,626, 25 i ssued
August 3, 1993 to Stephen A Anes and entitled "Repeater Diversity
Spread Spectrum Conmuni cati on Systent, I s incorporated by reference
herein in its ent¥9etthe access ghannal thegakewan Y8 seegives dndsdarodesity
recelp]tion nmode 30a busstuprrthe aocédsiiclinnedC ahdth retitestsgaatetdl OTHE ONe
satellite repgate resl aks |

comuni cat i oﬁg sh%% %néﬂﬂjﬁ% gg;?%é‘?gdg% t% 3‘9’ gﬁgc%gwi&r{i n%r long pﬁﬁglgﬁéﬁe
fromtrees or ot hEP1lyed ubYi chsrehativedn small a r s@f | fipket onThRe
received signal. pbeamble Tiee the tusdlre te#nifsl | SNbdng PN advdes 4@ach @sgrven

one of terminal 13 has a unigue long PN code generated by a unigue
time offset into the common PN generator polynomial.

15

After receiving the access request, the gateway 18 sends a
message on the forward link paging channel (blocks 53e,
53i, 53j) acknowledging receipt of the access requeét and
assigning a Walsh code to the user terminal 13 to establish

20 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

(spreading) code(s).

25 '
The return traffic channel is generated 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

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

35 The gateway 18 processes the return link by using, by
example, a Fast Hadamard Transform (FHT) to demodulate the
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18 the gateways 18 are capable of transmtting the forward i nk
si.gnal (gateway to user term nal) through different beans of one or
nore satellites 12 to support diversity conbining in the user termnals
13. The omi dipSshkofRgal 5 antennas 13a of the user term nPCIUBS6ASSBISM t
"t hrough al | satellite beans that can be "seen" fromthe user termna
13. Each gateway 18 supports a transmtter power control 10

function to address slow fades, and al so s@ports bl ock interl eaving
to address nmediumto fast fades. Power control I's inplemented on both
the forward and reverse |links. The response tinme of the power control

function is adj usbalaky waish REEQTERAGide enwéaoggggge JifEGmaA0R |1 Lo

round trip 15 dela ) K 1 nterl eavers , , FIg. 5)
operate over t%%oék"?’éﬁd’ﬁh QoRANEE -1 ef at ed to vocoder 53g packet
frames. An optimuminterl eaver length trades off a |onger 20 | ength, and

hence i nproved ey, | O t .the expe . Of jncreasing.t
overal | end-to-ervllirilggle?%/éi&’C'AI\S'l 2?% rebdae%l a rfge%%ﬁﬁﬁf‘%%'g_-toﬁeﬁd e"’fsf;.e)/m"lri 150
nmsec or | ess.5 ThipFeferxed embodimenticofalthelsompynicrtion ngystemel@uehto

the (r]I ecei5\?/)ed deBciiptioh i G Now! maee fox Igliésauuy;%g@i%g&&atammd | 'éiﬁtrss,dZS
vocoder g procec\&il interl eaver - el ays, an

t he del ays of the |t§5%rgf%%ée{’c§toc§er seg'l(&r%gfl'shom) that forma portion of
t he CDVA sub-system 52. Fig. 5is a block diagramof the forward
l'ink nodul ation 30 portion of the CDVA sub-system 52 of Fig. 2. An output

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

description is now made of presently preferred embodiments
of this invention. .

15 This invention builds upon the invention disclosed in the .
above-referenced U.S. Patent 5,223,626 to Stephen Ames
which is entitled "Repeater Diversity Spread Spectrum
Communications System".

20 In the system described in the Ames patent multiple signals
can be concurrently transmitted from multiple independent
transmitters and antennas to a single user receiver via
multiple satellite repeaters, thus forming multiple forward
paths 19a, 17a from a gateway 18 to the user terminal 13.

25 The return paths are likewise defined from the single user
terminal 13 to multiple independent gateway antennas and
receivers via multiple satellite repeaters.

In the present invention, thé transmission of the signals
30 from the multiple independent transmitters and antennas are

optimized and selected under the control of the gateway 18,

in accordance with information provided by or for the user

terminal being served, and also information stored in the

gateivay 18. The selection of one or more satellite
35 repeaters is based on this information.



a sumer bl ock 53a feeds a frequency agile up-converter 53b which in

turn feeds the sunmmer and switch bl ock 52a. The tel emetry and control
(-T&C) information is also input to - the block 52a. 35 An
unnmodul at ed direct sequence. SS pil ot channel generates WO 96/ 39788
PCT/ US96/ 055§ 96139788 19 PEH/USPEOS54 oS
" Wal sh Code at a desired bit rate. This data streamis conbined with a
short PN code that is used to separate signals fromdifferent gateways
18 and different satellites 12. |If us®¥, the pilot channel is nodulo 2
"added 5 to the short code and is then QPSK or BPSK spread across t he
CDVA FD RF channel bandw dth. The foll ow ng different pseudonoi se (PN)

ot o155, vty et thesosn abtiinty iisaniotre

| U | | p S
ermnal 13 to ynlguel v id Basto8: iy atops ifesrion, cham bis Satdhadey
(c) *a PN code 18 tofd sugen cemiinal t 1 wiseonee o nare 1L ttha sakhedlite

i dentify argh j;#cb,@ b ' j t § 18e
satellite 12. Pff%%%?ﬁ&hée)s rorvnégl'f grggﬁtéggéliéﬁé 6ff ?ﬁ@ i%gfgtlgﬂ Iltges 12

of the
are ‘assi gned di P8P eAPPLifRPIMate dityseFetyrp 1§P5n'PPFr€ e pi9B¢ dfed PN
code. | fdisectimesdh phtainhaeanks tdwed avallabler foed thet nser

gateway 18 may Kb g4t t t i_ghe r l: .4 han
t he ot her si gna?%ﬁ% P Inﬂgt gﬁgﬁnoeﬁatglr?%% é‘ggédgg sugg\ri\gt' érfn?%a*‘edigltn%
acquire the tinPRY BFVETRE ldnkdr arepipscribed in detail below.

10 Referring now to Fig. 6, there is shown a Path Diversity
Delivery System 60 in accordance with this invention. The
gateway frequency determination unit 43 sends a single
input of traffic signals to one or more of several
indeper{dent paths and forwards these to one or more .

15 transmitters 46a, 46b, 46c which amplifies each signal on
the same frequency and delivers the amplified signal to one
or more corresponding gateway directional antennas 40a,
40b, 40c for transmission, simultaneously or essentially
simultaneously and with the same RF channel freguency, to

20 the satellite repeaters 12. However, with proper signal
processing and combining in the user terminal 13 there may
be arbitrary delays in transmission. The receive antennas
12h of the selected satellite repeaters receive the uplink
{forward path 19a) signals (not necessarily simultaneously)

25 and transmit the signals to the ground via antennas 12d.
Although three satellites are depicted as being involved in
the transmission of the communication to the user terminal
13, it should be realized that from one to n satellite
repeaters 12 can be used, where n is equal to or greater

30 than two.

The selected one or more transmitted signals are received

at the user terminal antenna 13a and sent to the receiver

for diversity combining. The receiver of the user terminal  :
35 13 can be constructed and operated in the manner described

in the above-referenced Ames patent, which has been



channel, provides a phase reference for coherent denodul ati on,
and provides a nmechanismto perform signal strength conparisons to
determ ne when to initiate handoff. The use of the pilot channel is
not, however, mandatory, 25 and ot her techni ques can be enpl oyed for this
pur pose. wo ogB@ssync channel generates. a data stream t haCTAUSSIOI8s t he
“followng information: (a) tine of day; (b) .transmtting gat eway
identification; (c) satellite epheneris; and (d) 30 assi gned pagi ng
channel. The Sync data is applied to a 24 convol uti on encoder 53h where
the data is convolutionally encoded and subsequently bl ock interl eaved
to conbat fast fades. The resulting data streamis nodulo two added to

t he synchronous M&bpm@w ﬂﬁé&@&?&éﬁpriedl@%mﬁ&e sbeped# FD
RF channel band

PCT/ US96/ 05548 mﬁh{s invention to af%o eméioy ogﬂfr dlverfﬁgypgayhbn%w%nnel

is applied to a tefhmianesonal encoder 53i where it is convolutionally
encoded and is then bl ock i nterleaved. The resultlng data streamis

conbined with th of a Ion code ra 3j. .Jhe |on PN code
is 5 used t segja? Aty egg‘ﬁ‘ﬁ?g'%?ﬁs GSB? 31’353‘[183 L Def %

channel and t he $yskem o6 @fthDdUGOBnQWBhﬂmeﬂ Ratth Divqraitydsdleotamsynbo
cover where the g@sidd | ﬁnésﬂn% ihich IOkt RIS O F%.s?aeé@ sy, Code.

The result is then across t he CDVA RF channel 10 -
bandwi dt h. . - AFF0 eal"’i%hgﬁiﬁgfﬁ\ﬁe conveys several nmessage -

10 The PDSS 70 receives inputs from external information
sources, including a User Terminal Position Logation 72,
User Power Activity 74, and a User Terminal Type 76. User
historical system use data 77 is coligcted,and organized by
a user historical database system 95 and stored in a

15 database 86. The historical system use data 77 can, by
example, include an environment within which the user

" terminal 13 is most often used (e.g., urban area, rural
area), and can also include a typical or average length of
time that the user terminal is employed for making a call

20 or connection. The gateway 18 has access to such
information in that it is primarily responsible for
managing individual user connections and for gathering'
billing-related information for individual user terminals.

25 The PDSS 70 includes a transmitter control unit 78 which
issues control instructions 78a to the frequency
determination unit 43 of the Path Diversity Delivery System
60. The control instructions 78a specify which transmitter
and antenna pair (46a, 40a, etc) to use in directing user

30 traffic signals 62 over specified forward 1links 1% to
selected one of the satellite reéeaters 12. The transmitter
control unit 78 receives instructions from an instruction
interface 80 which is connected to a computing subsystem
82. The computing subsystem 82 determines the number of

35 diversity paths that should be provided, and the type of
diversity. The type of diversity may include which



types which include: (a) a system paraneter nessage; (b) an access

paraneter nessage; and (c) a CDMA channel |ist 15 nessage. The

syst em par anet er nmessage i ncludes the configuration of - t he pagi ng
channel , registration paraneters, and paraneters to aid in acquisition.
The access p ‘gﬂﬁkﬁﬁs message 20 includes the configurati ORCUUS26MESAB&CcCcess
*channel and t access channel data rate. The CDVA channel |i st
nessage conveys, i f used, an associated pilot identification and
Wl sh code assi gnnent. 25. The vocoder &k encodes the voice into a PCM
forward traffic data stream The forward traffic data streamis
applied to a convol utional encoder 531 where it is convolutionally

encoded and t he et rl eave b 53f h ta
streamis conbi Eseéc}l'e\?“\'n&t&h Bt ?‘b g ﬁ %gpéa%%resr imulg S%ébl o g'1‘;tg'§The
user |ong code <emputi ”Qmﬁ‘lﬁﬁé@tﬁv $2p Ham élépffdéﬂw §Gb§&PPSeF°B‘ﬁ§‘P|heI S.
The - resul t i pgraifdtarst,r 866h ids pbREr XevlsCod ttransmdt. "The computihdg! exer

gwad&;gg]r orsns?d;J Ihe %ﬁgé%ﬁgﬁﬁiﬁ%gﬁé cﬁan Laﬁrgdgggd&_ gﬁ rg&h‘?PSK
PCT/ US96/ 05528 %¢% 84/ 3Thegomputing subsystem 82 receives inpubsg from and The
gateway 18 oper abpsrattésiwwa) ai:eféﬁﬁt@awﬁs'é@i-éa in thel aakiavase BRG ¢opre
by Che Torn! coofifoille Jol phSY LIl 90l a satelleb Yodding 814 YeboRRESs 2"
availability subsystem 88, (c¢) the position of the user as
provided by a position location subsystem 90, (d)
10 historical system usage by the user, and (e) other sources
of user -information which may be used to determine a need
or lack of need for path diversity. The location of the
user terminal 13 is referenced to a service area
propagation map 92, also referred to herein as a

15 communications environment map, which may also be stored in
the database 86.

The computing subsystem 82, acting on the output of the
user terminal position location subsystem 90 and on the

20 data from the service area propagation map 92 which is
stored in the database 86, is enabled to determine an
environment of the user terminal 13. This user terminal
environment information is employed for further processing
and decision making with regard to path diversity

25 selection. The user terminal power utilization 74 way be
monitored and/or measured by a user activity subsystem 94,
and provided to the computing subsystem 82 through the
database 86 as described below. '

30 The instruction interface 80 also provides instructions to
a return 1link control unit 96, which in turn provides
instructions 96a to a user terminal frequency control unit

64 which forms a part of the Path Diversity Delivery System
60.

35

In operation, a user terminal 13 1logs into the



used by the two different types of return |ink COMA 5 Channels, nanely the
access channel and the return traffic channel . For the access
channel the gateway 18 receives and decodes a ‘burst ‘on the access
channel that requests access, The 10 access channel nessage is enbodied in
a | ong preanmbiyggsersg Ol | oved by a relatively small anmount oPCHHS%SS48The
’preanble Is the user termnal's | ong PN code. Each user term.nal 13 has
a unique long PN code generated by a uni que time offset into the conmon
PN generator pol ynom al. 15 After rece?élng t he access request, the
gateway 18 sends a message on the forward |ink pagi ng channel (bl ocks
53e, 53i, 53j) acknow edging receipt of the access request and

aﬁSl gn: ngTﬁ vl fboﬁﬁdﬂliéﬂl:ié}% l@%‘tei\eid’f}di‘ﬂ' i&%é@iﬁfé@ltbl ahs&Qricet %i-aﬁf ic
channe e ga al so. assi.gns_a . frequ a user
term nal 13. Bot ﬁrﬂ?ﬁg Sor M S‘ﬂ% pptro ol %axt ﬁgtﬁ"!\ \NE@ Egvg

the assigned chapntenaagnesda-40c and bsyansuipters corbamitat thas usrﬁg the

assi gned VMl sh  egtabSPsREs e QWS{—éﬁt ®F the thJ@ficﬁTs!Pﬂaié %iﬂ‘thctﬁéannﬂ
S generatedgnthe us ¥enco I.n

rmna y convo tlon
digital data 5FFo %mét’ﬁot’éla’\%f’g %%L?itg ro’?p‘l’ i gt “Wxggder
The data is thenabl oaklisatap dimed atuseretierminahdy@0 is tnansmda:ltsdahd S

applied to a 128 t Qg d uce
pp tﬁeyqﬂ%fi%gq é@dﬁ@tote Piicird, %%‘E glgmgg

cl ashi ng. The ﬂ g ts th e zero o set
transmtted thro 3 of Jhe ohsex, Eeppinale 13 ofFhet M8ex) Wtiﬁﬁl ¥ekay
18. 35 The gat dndprhstionmommsde tiranseitted ldtnleaeh teiaghory call, or

exanpl e, a Fast adamRed Te2RthRf MfbéMint AN ARE Y 'Stored in, by
example, a user information database, in a home location
register (HLR), or in a visitor location reg'is-ter (VLR)
that is in the gateway 18 or in a terrestrial network that

the gateway 18 is connected to. 1In any case the user

15 terminal type information can be detected and communicated
by some means to database information 86. As a result, the
user terminal type is known to the gateway 18. For
example, and referring again to Fig. 1, there may be
vehicle mounted voice terminals 15, hand-held voice

20 terminals 14, hand-held data terminals, paging and
- messaging hand-held terminals 16, fixed user terminals 14a,

or any number of other types of user terminals.

Each of these types of user terminals may have different

25 diversity reguirements. For example, a vehicle mounted
user terminal 15 which is moving at high speed in a
forested area may require diversity from three of the
satellites 12 to assure continuity of service, while a
hand-held user terminal 14 which is located on a pleasure

30 Dboat on a lake, or in an open desert area, may not require
any diversity.

Since the types of user terminals 13 are known to the
gateway 18, diversity can be determined and applied as a
35 group to all terminals of the same type. Alternatively and
in a more complex manner, the computing subsystem 82 can
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22 128- Ary Wal sh Code and provide the denodul ated i nformation to
t he diversity conbi ner. The foregoing has been a description of a
presently 5 preferred enbodi nent of the comruni cation system 10. A
description iwyoygdergde of presently preferred enbodi ments PCT/uS96/058548
‘present invention. 10 The foregoing has been a description of a
presently preferred enbodi nent of the conmunication system 10. A
description is now nmade of presently prefeffed enbodi ments of this

I nventi on. 15 This invention builds upon the invention disclosed in the
above-referenced U S. Patent 5,223,626 to Stephen Anes which is
entitled "Repeat aynbhi@&tiv Y d ni 'éﬁgﬁ yst.ent .
20 In the systey d ﬁfrlis'llged ai.g%rit%ﬂle ,§Errg§£i)§9e,nttormﬁtg%e gléééna sq_'S %Scan
be concurrently f‘%ﬁg 19 BYSERB fith it tering kupas of “segr%ﬁﬁ‘?ﬁ’latlérs and
antennas to a si byl tssisiay destruetions to thentrdngmittsat eohttol rEpantier s,

thus form ng mul &gl end Ofa; agL/@ froma gateway 18 to the
user termnal_ 13. 25 The réﬁﬁ?ﬁﬂﬁa?ﬁgggféﬁﬁﬁﬁggm se defined fromthe single

user ° tefmnal 13 to mul ti pl e i ndependent gateway antennas and
recei vers via nuFurpher satfirerentscpfadtvérsity contlrol! ey PbéS@tdrcised

nvention the t {3e8E Ay Bbr DEst Uk pd Grogk! OB LASIIAL ELovea cr

i ndependent trangmtters and antennas are 0 f
the control of tBegh¥RGSE 1herrain withda yhighcehe vaer nkerminalo33pisyi ded
by or for the usdpcated. t cImi cwdebcidHeaRrnife 8he Bpe oNfLéFrFdirORnator ed

in the 10 the user is located in it may be necessary to know the
location of the user terminal and the envéronmental
characteristics of the user's location.

The user terminal location can be determined in several

15 ways. By example, the user terminal 13 can send to the
system 10 the location information by way of an operator-
entered code (e.g., Ol=urban, 02=rural, 03=water, etc.).
Also by example, the user terminal location can be output
from a position location subsystem 90, such as GPS, LORAN

20 or some other device which calculates the user's location.
Also by example, the system can locate the user terminal by
ranging or triangulation wusing signals from the
constellation of satellites 12.

25 In any case, the user terminal location is assumed to be
known to the position location subsystem 90. The user
terminal location information, combined with service area
propagation map 92 information stored in the database 86,

. is operated on by the computing subsystem 82 to determine

30 and select the amount or degree of path diversity for a
given user terminal. For example, a vehicle mounted
terminal 15 traveling in a forested area may need three
satellite diversity (as shown in Fig. 6), while the same
vehicle mounted terminal 15 traveling in open country such

35 as plains or a desert may be able to achieve the same level
of service quality with only one satellite 12 (i.e., no



gat eway 18. The sel ection of one or nore satellite 35 repeaters is based

on this information. WO 96/ 39788

PCT/ US96/ 05548 23 The teachi ng of
this invention is primarily directed to the forward |ink 19a, 17a;
i.e., the diysgsisbag fromthe gateway 18 to a user terpaTaisvé/Bss¥d a one
or nore of the satellite repeaters 12. However, the teaching of this
intention is 5 al so applicable to the return link path 17b, 19b, if
directional antenna neans are avail able 28 the user termnal 13. Both
of these enbodinents (i.e., forward |ink and reverse link) are
described in detail bel ow 10 Referring nowto Fig. 6, there is shown a
Path Diversity gsyersPeli YErY Jflés.t?%?Qe{.zﬂséccﬁrg.%%‘ia&i&ht%%ﬁnéﬂvﬁﬂt hon.
The gat eway frequency d% rmnation unft 43 sends a single I nput
of traffic si gmf—eg ot aR Wsbanpfaxes cpay requireqdbEegerfataklifeand

forwards these diversiéty;, WRike lbhe £aRESHYPd oS ¥minddb lotatedhiotha

anplifies each 4ghan e uenc iyers. t lified
signal to (?éne 13 grk ﬁg?.%n %ﬁrﬁ;&fﬁ%ﬁ%ﬁgéﬁg&%?agﬁgg%g?lg%glé%n g:r?ﬁ‘a';qs) 40a,
40b, 40c f t AP FARS| epnnention ameddtYy or essentially

simul taneously and with the sanme RF channel frequency, to 20 t he

onbining | n ¢ phe Setviod RRK Brodledb B HEb o4 WG, gon eRBRBERC ENL"

conbining in the user
transm ssion. 9 tBakiissiarednin the databasy 86hean dedrpienented iine
repeaters receivarions uphy®Kk such (& Waritpatah Reyrapeie! sadtubase.

Antennas 10 BICdIERALY), Parelibe ] ARRY 40 SR MRS $ATSHRG Ved
in area can determine regions of terrain featureg based on

reflectivity values. Furthermore, it is ‘known that
satellite images taken in different spectral bands can be
used to locate and identify regions having certain types of

15 vegetation, such as forests. Such images can also be
included within the database 86. In this regard seasonal
variations in vegetation cover can also be factored into
the diversity determination method. By example, a user
terminal located within a region identified as having a

20 deciduous forest can be assigned three satellite diversity
during the summer months, to compensate for attenuation due
to leaves, while the same user terminal in the same
forested region in the winter months may be assigned only
two satellite diversity.

25
It is also within the scope of the invention to employ
real~time or substantially real-time weather information,
such as that provided by Doppler radar, in determining
diversity for a given user terminal. By example, and

30 depending upon the RF frequencies in use, user terminals
that are known to be located within rain cells within the
gateway 18 coverage area, as determined from Doppler radar
images of the gateway 18 coverage area, may have their
divefsity level increased over those terminals not

35 currently located within a rain cell.



the transm ssion of the communication to the user term nal 13, it
shoul d be realized that fromone to n satellite repeaters 12 can be
used, where n is equal to or greater 30 than two. The sel ected one
or nore transmtted signals are received at the user term nal antenna

13a and sent ywWog3dss’ €CEI ver for diversity conbining. BOBUSHHNSSaBer of
the user termnal 35 13 can be constructed and operated in the nmanner
descri bed in the above-referenced Ames patent, which has been

PCT/ US96/ 05548 29 24 i ncor porated by

reference herein. It is within the scope of this invention to al so
enpl oy other diversity conbining t echnj ques. 5 Fig. 7 illustrates a

go[}] I %n of t[le &@ibe?éi‘&l?'ﬁﬁbwﬁe{: (st co ﬁ%@ﬁn@&ufé Qre%ﬁﬁﬁofé&o a
a versity ectio 1 S con uc
operated in §§ccc§re3f§§8§ V\P?s% ’E‘rﬁr% PRV%PPBW%“? d"apﬁnetgﬁgs ii%&‘é%%l ves
i nputs from ext Segstatipo; nnatoral tewmin dsatureisydisnhusbass cand cerban|
Posi tion Locati %v&l,opmentvsﬁ vﬂl‘ﬂe&s%aldé t Bfaﬂllaﬂad ﬁd\ﬁ%&-ﬂirﬂéﬁ’é Type
76. User h| stn(a;i gg st em_us ta 7§P| s col | ected ag&eg‘ggam
a user histoti cATHSFABEAATLAds 0 BPE I RAFS, MABS The
historical syst athtlhs othardatahase informatiomnEuch aacthemsar teviinabent
within which theyw provide detailed information on the terminal's
environment of reception and/or transmission. The
computing subsystem 82, utilizing the rules set 84 and
10 acting on information in the database 86 and the known
location of the user terminal from the position location
subsystem 90, is enabled to thus provide ind:.vidual user
terminal- by individual user terminal instructions to the
transmitter control unit 78 so as to control the number of
15 gateway antenna/transmitter pairs that send a traffic
signal <transmission (19a, 17a) to the user terminal
receiver via the selected number of satellite repeaters 12.

A further refinement of path diversity control is
20 implemented by a knowledge of the historical use of power
by the user terminals 13. For example, in most mobile
communications systems using satellites the individual
traffic signals of the user terminal are actively power
controlied such that sufficient margin to overcome
25 shadowing and blocking is provided on a link-by-link basis.
Such power control loops operate on both the forward and
return links, and may be open or closed loops. In any
case, the power control loops may be monitored and data
recovered by the gateway 18 that is used to determine the
30 historical utilization of power, and therefore, the user
terminal enviromment. It is possible to determine, in a
general manner, the type of blocking or shadowing that is
being experienced. For example, a link which is blocked
(has an extremely deep fade) for a hand-held terminal 14
35 for minutes at a time can be deduced to be caused by a
building or some other Radio Frequency (RF) opague object.



termnal 13 is nost often used (e.g., urban area, rural area), and can

al so include a typical or average |ength of tinme that the user termnal
is enployed for making a call 20 or connection.” The gateway 18 has
access to such information in that it is primarily responsible for
managi ng | ndi%bg#%b“user connections and for gathering BCTUS965%8| at ed
~information f I'vi dual user term nals. 25 The PDSS 70 includes a
transmtter control .unit 78 which i ssues control instructions 78a
to the frequency. determ nation uni t3%3 of the Path Diversity
"Delivery System 60. The control instructions 78a specify which
transmtter and antenna pair (46a, 40a, etc) to use in directing user

one of ‘Lhe sat ol yaer oREE INIRG,, B! Sablaly ehEy1ng Bhqllich bE agel il O
one o e s | S : S .

receives instr ucFP%?l?rf%L‘ﬂ'n Zer% M9 desR Qa‘rﬁ"‘? nP8Y f §&3n§€7m?1i Eﬁ"{%le
connected to a cwoping threougbysheavily tr@ad &vimomenti Thisbhigtoric?
det ' the n fof | hg t heul ' and
eterm nes peer %n%?o%hiéé(féééé g?ﬂgé is! Nded %Bi qg%%ﬁedg&%i s afl

f .
'{/\?)69%}/28788 5 rceiill.g‘gvseltt\./o the d%?gv,ery &ge{)g{l&%é#n; X554 % etg se,

25 satel li berteheaﬂsersgmay isibeicaklousd mereipeder ey callckhput i ng
subsystem 82 canoghafs Pqte%rdfn&_etet&'%{es‘iegtw'eithgfpgi-&??&@! or adfrive, Pover

| evel s to transm,t.. The co utln% ubsystem erat es _acco_ln_dtoa
rul es set or al g&i‘??h‘l‘ﬁ%r Y : ﬂ?ediBR’é%&%g"%‘i?&é’ggﬁeﬁPBEeFételw
i nputs from and histopiralk egower (eontrvlordathi maystber et i@ ldey dedmbane 86,
(b) i nf ofgrat Eﬂ@r@@é’ﬁﬂ?{ﬁ?@ Rab@i&l 1 te loading and resources
availability subsystem 88, (c he position of the user as
The methods for selecting path diversity described above
may be used separately, or comhi.ned: in multiple ways, and
may be dynamically or semi-dynamically assigned. For
15 example, user terminals 13 may be selected initially to be
supplied with "all satellite available" diversity equally,
effectively bypassing the path diversity selection system
70 altogether. Alternatively, upon instructions from the
satellite loading and resource subsystem 88, the computing
20 subsystem 82, under control of the rules set 84, may
determine that selective path diversity is required in
order to conserve power or manage the FDM f£requency
allocation of the satellites 12. The computing subsystenm
82, under the control of the rules set 84, then decides on
25 a link-by-link basis, or alternatively on a user terminal
group basis, which path diversity mode to operat:.e in. The
.various modes and refinements of path diversity control, as
described above, can be utilized either singularly or in
any combinations, as necessary to achieve the goals of the
30 instructions of the satellite 1loading and resource
subsystem 88.

As such, it is a feature of this invention that the user
terminals 13 are actively diversity controlled much in the
35 same manner as the user terminals are power controlled, via
an open or closed loop path diversity control loop, which



pr ovi ded by a position |ocation subsystem 90, (d) 10 historical system

- usage by the user, and (e) other sources of user information which may
be used to determ ne a need or lack of need for path diversity. The

| ocation of the user ternmnal 13 is referenced to a service area
propagati oRyodRkhre2: also referred to herein as a TEWUﬂNﬁﬂHﬁlcatlons
envi ronnment  map, ich may al so be stored in t he dat abase 86. The
conputing subsystem 82, acting on the output of the user term nal
position | ocation subsystem 90 and on th&t20 data fromthe service area
propagati on map. 92 which is stored in the database 86, is enabled to
determ ne an environment of the user termnal 13. This user term nal

envi ronnent i nfgr RakEOR sd&f@éyedeatpuﬁyﬁéﬁﬂne%gceaﬁﬂ&s in 38fx

deci si on meki ng W th reqard toﬂﬁath di Ver%ﬁ % sel ecti'on. The user
terminal power ﬁ PY5itY o, ToaPARGe ke rece BfEma PNy neasured by a
user activity subsystem 94, and provided to the conputing subsystem 82

through the  mnedataRasity86 o5 i—%ﬂi@med bs&mmnica?ﬂonTh%y'seahgucuon _
pterface 80 2 2RBrl SRl fil 85 LR, G, nanetth i fe ol U
Ere F?\lj:pcyscg?te available in thésabeiliités: nn‘haommdwidﬂ:ht utibhadtilon endi |1 g y
ogs. %t oy gbwer aval1aBP1rity déﬂéndocfﬁ 8%3%/ ) A’% %58%7%%\? ggo%lied
26 0 the user terminals 13 on the system. While the
discussion above generally pertains to the improvement of
10 the reception of signals by the user terminals 13, the
opposite effect can also be achieved by the invention
described herein. For example, the path diveréitir control
of individual wuser terminals .13, sub-groups of user
terminals 13, or entire groups of user terminals 13 may be
15 employed to dynamically increase the capacity of the system
and/or to affect the power utilization of the system. The
instructions from the satellite loading and resource
subsystem 88, acted on by the rules set 84 in the computing
subsystem 82, may also be used to control the utilization
20 of individual ones of the satellite resources.

The discussion thus far has generally treated the forward
link, i.e., the communication path from the gateway 18 to
a user terminal 13, via one or more of the satellite
25 repeaters 12. The ensuing discussion will pertain, instead,
to the reverse or return link. The return link is defined
as follows and is shown in Fig. 8. A user terminal 13 takes
a single input and forwards this to a transmitter which
amplifies the signal and delivers the amplified signal to
30 its antenna 13a for transmission simultaneously on the same
frequency to the satellite repeaters 12. The satellite
repeaters receive antennas 1l2¢ receive the signals, not
necessarily simultaneously, and transmit the signals to the
ground via transmit antennas 12g (see also Fig. 3A). The
35 transmitted signals are received at the gateway 18 by three
in&ependent receive antennas 40a-40c and sent to their



comuni cations system 10 and is assigned to a service area which is
under the control of a gateway 18 having the ant ennas 40a-40c and
transmtters 46a-46¢ that are establi.shing the diversity of the traffic
signals with the 5 wuser. At log in and/or at other specified tinmes,

I ncl udi ng 8&’/&%& setup tinme, a user termnal type is tPEIuSI6os8M8 t o

. t e gat eway & ong with the Electronic Serial Nunber (ESN) of the
user termnal 13. The yser term nal type i nformation can be transmitted
at each tel ephone call, or 10 the user te¥2nnal type information can be
"stored in, by exanpl e, a user information database, in a hone |ocation
regi ster -(HLR) or in a visttor location register (VLR that is in the
gateway 18 or t t ' ected
to. In any case %é&é{ﬁﬁet %gé’t&%wr}% %I@ Thr‘if%érérfkgtlgns a%sgmézt{é;{g%d and
comuni cat ed bg\progasseiAnd F&“@&Pﬁ%éﬁdﬁﬁ%f“%ﬁ ilom 6 exepplercUeft . the

user term nal typatéent 8)@a3,526) Whigh hd8)bddh incbPporated by pbLerance

referring again L&y '98 1, there may be vehi cl e nounted voice termnals
15, hand-held voirce termnals 14, hand-held data term nals, paging
and mess&gi ng hand-held terminals 16, fixed user ternminals 1l4a, or

any number OT ot fRe mearnOfl inkemdyer Benaked for d@imihihgetthd yﬁeerofl

user termnals r v tyoted npl e,
a vehicl e nount ”glérﬂfy\(ﬁ %JJ& gg&i?’?&%div%e(rﬂb 7§rb h%@%h%hﬁ gg{é—ve'%é?n a
forested area ma}iPkRAYer POEYSY Wtﬁ-f’éﬁ?t‘!ﬁ}{ebeo?sﬂ'@“ this%ltPéﬂrPPFGsaEZ to

assure continuityedi.serHeceetudn | Eirkk may hﬂnﬁr bel dsdactot ei:ahﬁﬁit 1éhehi Ch
not requireld * BESE il ROBL 78 @Fi,% ceabhoddh 133 ARFEERaBLSR | 07
are known to themay bgaﬂ%dlerormav@afrawseamf Haagtive mmmtéws upereed as
a 35 group to abh tRéNkyedem,Obublicas BE dotiRlabihgremd ey tekflinaltsin a
mor e conpl ex nan%ggctgggig OEB}:JHP gNﬁmQ§¥St(§gk?2 v&%ﬂ an associated and
S predeternmined user terminal type. The return link may also
15 be used to transmit the user position location 72 (Fig. 7)
for use in making diversity decisions by the computing
subsystem 82. In this case the user terminal 13 transmits
a signal on this return link bearing information which may
be used by the gateway 18 to determine the location of the
20 user terminal 13. Alternatively, the user terminal 13 can
transmit its location by the use of some code. In another
embodiment of this invention any of the well-known types of
radio location systems (such as the various GPS position
location devices) may be used to determine the location of
25 the user terminal 13, after which the user terminal
location information 72 is transmitted over the return link
to the gateway 18 and thence to the position location
subsystem 90 (Fig. 7).

30 As mentioned previously, the return link may also have path
diversity selectivity in accordance with the teachings of
this invention, so long as the user terminal 13 has the
ability to simultaneously direct its signals to one or more
of the satellite repeaters 12. In this case, the operation

35 of the system involves cooperation of the gateway 18 and
the user terminal 13 in the following manner.
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27 dynam cal ly assign diversity to users accessing the satellite
system 10 with differing types of user._ termnals, by i ssuing
instructions to the transmtter control 78 unit via the instruction
interface 80yydogmorssFurt her refinements of diversity contr oPCTRIS6/98548
“eXerci sed W thin each user termnal type group if know edge is had of
the type of terrain within which the user termnal 13 is | ocated. In
order to deternmine the type of terrain thd 10 the user is located in it
may be necessary to know the | ocation of the user termnal and the
envi ronment al characteristics of the user's |ocation. The user

termnal locati gp 488 Besdeised 1 et 1ICHBEOL  1Bne 'Sy téinitdRiBe (Ne
user termnal ca;ghsend to t % b the Iocatlon I.nT or,imati on by
way of an operat . the “s%ﬁtB?%ﬁt’c‘UHelﬂ% é‘”‘ §4curBdntheusey fermigaly; o
etc.). Al scpolw;remqihrdtyt et lm ﬂetemdaied oard i pnocaslséna byt the
froma position é"%héy&{?%n L

ot her dgw ce Whld a?cgl ate userns fﬁb@ﬁi\lc@i%ns Q?%Niggbed g?arrp t he

systém can I-'bcatié'sFHBcﬁé%’l‘ iBERFfare p$0. Theyddistgucsion; r%“&ﬁg'ﬁiiﬁ?l GH
using signals decodestthe insteusttbhaitand générdtdd i s¢itable codroll n any

case, the user tguah Ql f&PCﬁ@ Q:Q?hﬁmfé‘é%nEg?Eeunlt 7&{%91%{)&9 dettirn

position Iocatlon su system

i nformation, cornifeFNETRLs SMAtc 2%y oD thispFéBagé’thteorF%ﬁ?"gz sigmddnat i on
stored in the dajemezate86 for thei xerprnaliddkorohyrbbeund8poti RGusabswust em

82 Lo deterfh ne Hinaidescheche! BoraliUal oiia U88508:0h €81 inel Ui for 2

gi ven user term na For exa

traveling in a fideGUeBAY aFeEtRRY Wil &4 r‘!afethe dié’&FéF-FYtEaﬁl \A8ldvierY( as
shown in Fig. 6)systlem 60t hFheaterminal frequency control unit 64 in turn

generates a control signal containing the information that
is necessary to control the antenna/amplifier combination

15 at the user terminal 13. This signal is sent to the user
terminal 13 receiver over the forward link.

As is shown in Fig. 9, the control signal 102 is received

at the user terminal 13 and is routed to an antenna
20 selector 104 which then controls the antennas 13a, 13a‘',

13a'', etc., to achieve the desired results. That is, in

this embodiment control over the user terminal 13 antennas

13a~-13a‘'", ang hence control over the return link path

diversity, is accomplished by remote control from the
25 gateway 18, using the forward link as a control link.

Reference is now made to FPig. 10 for showing a portion of

an exemplary service area propagation, or communications
enviromment, map 92. In this exemplary digitized map, which

30 wmay be derived from satellite images of the géteway sexvice
area, there is located a lake region, a forest region, a

rural region, and an urban region. These different regions

may be classified into three general types of Envirommental
Regions (ERs) in accordance with a level of path diversity

" 35 that is anticipated to provide a stationary user terminal
13 w_ith an adequate and acceptable 1link quality. By



vehicle nounted termnal 15 traveling in open country such 35 as plains or

a desert may be able to achieve the sane |evel of service quality with
only one satellite 12 (i.e., no WO 96/ 39788

PCT/ US96/ 05548 28 diversity at all). -
Li kew se, nggl d terminal 14 | ocat ed in.an urban POTARIRFE equire
fhree satellite diversity, while the sane type of termnal |ocated on a

| ake or ocean may require only one satellite 12 to obtain 5 the sane
connection quality. The service ar¥a propagati on map 92 (see, for

" exanple, Fig. 10) that is stored in the database 86 can be inpl enented

I n various ways, such as wth a geographic database. 10 Alternatively,

satellite i mggga ,gglé hetggt g_\gﬁg roglgeis de?i‘gﬁ“‘fﬁ] ﬁt %ﬁ] n%% ons of

terrain features Irvity va er mor’ It 1I's known

t hat sat el FP?’ée?EFﬁ%t? ei!?e‘ﬂ Yﬁr%m dheft s %eﬁﬁllb\atﬁdseea% &) - used
to | ocate and Thenturfal rseeaois desidiated &si BR2 ypdnichi cbrrespondati®n, such

as forests. Sugh ili%dﬁggeaié}élb%f ath'JNe‘f@?ayl ' Cr%ogé‘étdéégf&?e 86.

In this regard sea At one T nvege OVEr can
factored i Rto and thearpapecregign G@Pebﬁ?haﬁﬁmn#ﬁﬁﬂo%ﬁ ER3 ,e¥hipghamay user
term nal | ocat efrirespond atd €8 aAxifant avattaBbe hpatH0d dvabsitieCclévels

(oest cen be Skl et aliche I sl B ddlh ST
user terninal MANYhsatgkbites 12 opasdedposgibhei ndepending con nsyishem rray be |
assigned only loadih¢ariflothetteériteeifi.ty.
i0
Plotted on the map 92 are the current locatlons of 14
active user terminals (UT1-UT14). Assuming as a simplest
case that three satellite repeaters 12 are currently
serving this area, that all of the user terminals 13 are of
15 the same type, and that other factors such as historical
power control information, season variations, local weather
conditions, etc. are not considered, then UT1 is assigned
one of the satellite repeaters 12, UT3 and UT4 are assigned
two of the satellite repeaters 12, and UT2 and UTs 5-14 are
20 each assigned three of the satellite repeaters 12. It can
thus be appreciated that by not automatically assigning the
maximum available path diversity to user terminals UT1, UT3
and UT4, a considerable savings in satellite power
consumption is realized, as is a conservation of the number
25 of required RF channels and a general increase in total
system capacity.

Further in accordance with the invention the relatively
static system profile described thus far can be extended to
30 the more typical dynamic case, while still optimizing the
path diversity Qelivered to the user terminals 13. For
example, if UT2 is a mobile, vehicle mounted terminal 15,
then by detecting that the location of UT2 has changed from
ER3 to ER2 the assigned path diversity can be changed in
35 real time or substantially real time from three satellites
to two, while still maintaining the same user~perceived



25 It is also within the scope of the invention to enpl oy

real -time or substantially real-tinme weather information, such as that
provi ded by Doppl er radar, in determning diversity for a given user
terminal. By exanple, and 30 depending upon the RF frequencies in use,
user tern nag osmsezsst Nat are known to be located within r ai PCRUSI6HSHBL hi n
‘t he gateway 18 coverage area, as determ ned from Doppl er radar

i mages of the gateway 18 coverage area, nmay have their diversity | evel
increased over those terminals not 35 cudPently located within a rain

cel I. - WD 96/ 39788 _

PCT/ US96/ 05548 29 I'n general, known

types of conFutg n&e%gkgggrsuggﬁv&tggﬁyeqf thel gagggﬂ,,qpoﬂqjﬂ |é}?an es

envi ronnment a S nc at i aturgl terrain fea

subur ban and urEL%ﬁ'“' Ede‘é‘?/é‘?}pﬁBﬁtas%@?\ﬁQ gg ‘?g ﬁ?yaf"ﬁi‘a?ﬁl lﬁﬂﬂfgrl al
areas, 5 and otfrem tuo- satiel bifjesctts. thhese thtgmmm's,, i ett charimmsth

wi th other dat ag,@.%n gabefaftdf)&nesuw 534 ef'eusfﬁeaqrgamhmmaiypﬁa,

provi de detaile formati on on term na envi r onpent
reception ahd/ °?‘réﬁ§rna§§}‘6ﬂd £ have antennag: thgtsapeykecaked in a
utilizing the ruiegsicmetfﬁé a8 diynadeblogkingi obstrudtions,n tthen deiedmse 86

and the Known  yodi0CELiAhaAt i Y ad g[ycﬁaadi o biFghesbiten ieeat on

subsystem 90, is ena o thus provi

i ndi vi dual user 3&MAUGY thed: Ak (lassted midhin at“raﬁ%?mll‘t’-'&i"ﬁorﬂfr o‘l"h"hnl t
78 s0 as to contgadiewalye X8undgervisie Jdi:eagatzam/ ant exeoeple anthe t fereglad s

that send ajgr ﬁfrfégq.on caﬁ'ﬂé‘@es&fyﬁ?ﬁéﬁ %%: ?ﬂ ﬁﬂﬁ%q&Zﬁ)dﬁﬁﬁ‘EhH%nEﬁ m nal
receiver via the fS eﬁaeyc tﬁxrguugqpe({ct%bei?t gndI ESsES e@et as ‘an ER2 region

during the months of November through April.

The rules set 84 of Fig. 7 determines the path diversi{:y
15 level for the user terminals UT1-UTi4 as described

previously. The rules set 84 can be implemented as a set of

IF-THEN-ELSE type of logical statements. By example, the

following is but one suitable embodiment for a portion of

the rules set 84 in determining a Diversity Level (DL) for
20 usexr terminals 13.

IF TYPE of UT, = HANDHELD and
IF LOCATION of UT, = ER1
THEN DL = MINIMUM
25 ELSE IF LOCATION of UT, = ER2
THEN DL = INTERMEDIATE
ELSE IF LOCATION of UT, = ER3
THEN DL = MAXIMUM
ELSE
30 IF TYPE of UT, = FIXED
THEN DL = MINTMUM
ELSE
IF TYPE of UT, = DATA TERMINAL and
IF LOCATYON of UT, = ER1
35 THEN DL = INTERMEDIATE
ELSE IF LOCATION of UT, = ER2 OR ER3
THEN DL = MAXIMUM -
etc...

40 The data terminal type of user terminal 13 illustrates the
utility of the invention in assigning a diversity level
based on both terminal type and location. By example, it
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A further refinement of path diversity control is 20 inplenented by a

know edge of the historical use of power by the user termnals 13. For
exanple, in nost nobile communi cati ons systens using satellites the

i ndi vi dual traffic signals of the user termnal are actively power
control | ed Yusdbaoi@t sufficient margin to overcome 25 shaFWIGIBH

bl ocking is provided on a |link-by-link basis. Such power control | oops
operate on both the forward and return |links, and may be open or

cl osed | oops. In any case, the powd® control |oops may be nonitofed
and data recovered by the gateway 18 that is used to determ ne the 30
historical utilization of power, and therefore, the user term nal

environment. |ig s bgoﬁééﬂ-ﬁ’of:& &eta%%aemmyaassigngsm & JRAityt he
type of bl ockin

or shadow n a experi nced For xarrpl e,
L DTk wii oh i R, ueeq Cernihali that is, 14eRkiAihdoRB; AONER crempimate. nol g
term nal 14 35 oif do aivuicestarmindl rchatabs Hdedtilifited asobeéngalsaxlivied a

bui | di
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the other hand,t® av o %’é?%?fﬁ‘%é‘&lﬁén&ﬁa%?mjfs&}@ﬁ rom subst antially

zero to deep fadlng may signify a vehicle novi ng through a heavily

treed envi ronmegy reFQ?SéPé*fahlg doggg@r !cﬂ.frg.‘rgl oa lﬁ&ego#@f@eﬂe% used

to make deci si ons el very path i versit

Li kewi se, cih 1 Bhe DIass saly teynining R cdd miﬁi’erlﬁ:‘ﬁ]ﬁ t han
ot hers, | eadi ngsweh a ahesmﬁﬁdrie:dlhelpqnbmw ¢entpol depniiformation,t hatheuser
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link guality.

t can mﬂ.uence the

It should be noted that determined level of diversity for
15 a given user terminal may differ from the actual diversity
level delivered to the user terminal. By example, if only
two satellites 12 are. currently in view of the gateway
service area then the minimum diversity level may be one
satellite while the intermediate and paximum diversity
20 levels may both be set at two satellites. Further, even if
only one satellite is in view of the user terminal 13, the
gateway 18 and user terminal 13 may be able to utilize
signals from two overlapping means. Since the geometry of
- the satellites is known, th.{s invention can control and
25 employ transmissions to more than one beam. Also by
example, during periods of high user demand, and assuming
that three satellites are currently serving the gateway
service area, the intermediate and maximum diversity levels
may still both be set at two satellites. The translation of
30 determined diversity 1level into an actual diversity
assignment for a given user terminal 13 or class of user
terminals is accomplished by the computing subsection 82,
in cooperation with the satellite loading and resource
subsystem 88.
35

Fig. 11 is flow chart of a method of this invention. At



The nethods for selecting path diversity descri bed above may be used
separately, or combined in nultiple ways, and may be dynam cal ly or
sem -dynam cal | y assi gned. For 15 exanple, user termnals 13 nay be
selected initially to be supplied with "all satellite avail abl e"

diversity edwdessrss ef fectively bypassing the path di ver B¢FEYSISES¥Et j on
. system 70 altogether. Alternatively, upon instructions fromthe

satellite | oadi ng and resource subsystem 88, the conmputing 20 subsystem

82, under control of the rules set 84, may7 determ ne that selective

“path diversity is required in order to conserve power or nanage the
FDM fr equency al l ocation of the satellites 12. The conputing subsystem

82, under the cqniye x0h LGr'leaisel £4.1 rrand%@ I§ Rirdagy fooged

i nk- by-1ink basis, terna |ve y on a u
whi ch path di vertt yi'hitﬁétﬁﬁ BpSedde 9t iergalled. p% ibjeckfyd %n‘aser
refinements of padimidialetypé yéchstdeterrined, andlatcbloek caltthuelocahidne

Sehy e pom 2 BRAR g chminay, EDSABIIRGHL NS A SRI°BIEEK b
and " resour otheyHisen chpmpinal paraneterg: are tdqféa’%l‘lﬂ'@ét urs gt A% s
i nvEn_t i ophte hgg tlhﬁstt&ﬁ.rcal gcr:wéﬁrd?bm&hﬂ iatokmabion VAl ,y tmmrich% agsgégl | ed
rueh I e 38 7 el R Lok S0 0 MARIRER RGEELGETME oLhs
WO 96/ 39788 user terminal, etc. At block E th{gqmngy;ng55mgsystem 82
31 I s usedaderifinessr ViRArthesdathbageuseC aitepositidklocation
d' versity i Yo' esmsée% b6 Ceah egﬂvQLgiw tl'tegl for the user terminal 13.
The diversity level is determined in cooperatiop with the
rules set 84, the user position location 72, the user
terminal type 76, optional user terminal related
information, such as the terminal power activity 74, the
15 service area propagation map 92, and in accordance with the
satellite loading and resource system 88. At block F the
call is established with a selected diversity level via the
instruction interface 80, the transmitter control unit 78,
path diversity delivery system 60 and, optionally, through
20 the return link control unit 96 and terminal frequency
control unit 64. At block J the system senses and reports
increased/decreased power control activity and, after a
suitable delay, at block K increases or decreases the path
diversity accordingly. At block G a determination is made
25 if the call is completed. If NO, control returns to block
C, for a user terminal type that is capable of movement, to
update the user terminal position and to modify the path
diversity level (block E) if appropriate, If YES at block
G an optional step (block H) is executed to store or log
30 selected user terminal parameters, such as the terminal
power activity, last location of the user terminal, etc. At
block I the method terminates for this user terminal.

It can be appreciated that the teaching of this invention
35 provides a number of significant advantages to any type of
communication system that employs diversity combining



The capacity of satellite comrunication systens is 5 generally limted by

both the bandwi dth and the power available in the satellites. The
bandwi dth utilization and . power availability depend in part on the
di versity provided to the user terminals 13 on the system Wiile the”
di scussi on gh ogggneral ly pertains to the inprovement of RCH/US9SBSSM cept i on
- of signals by e user termnals 13, the opposite effect can al so be
achi eved by the invention descri bed herein. For exanple, the path
di versity control of individual uset®terminals 13, sub-groups of
" user termnals 13, or entire groups of user termnals 13 may be 15
enpl oyed to dynamcally increase the capacity of the system and/or to

2; I §|C|t. Egel gg\g/leﬁh%uén zqtﬂt@i-m@tnahe Zﬁgﬁsnt efageatersJ nszgfnattgt lieras ﬂwrenst Qgt
84 in the corrpufgﬁgﬁﬂ‘g ° ﬁ{ﬁ?s‘t’bvrﬁ"é%mng? ﬁbjet?é%%rt‘bs%y Y’iﬁh

utilization 20 thefS$+CDIMA dype oficLEOfsatalldtiecbommenicatiorc@ystem 10  The
di scussi on thus ¢hat i@%hGﬁHeééAéﬁéﬂl&e%%gtshelié)rWs‘iead, thd '%hachxﬁg’ the

comuni cation path fr at.ewa m n a one
or nore of the §§teH‘f ii‘f-}’e%trigﬁeaf'ﬁr s"ﬁ&u"?ﬁéeen Ri n%&ﬁ%c%ﬂ?eﬁn

pertain, inst ead:pmmunie&tidﬂae syatense thatr vse; rby | exanpiiey rtanmestrink | S

defi ned L€¥‘§s aé'f‘tl'xér SAPYNe | &y Hial- c&bﬁdﬂ% LARH %%'teiﬁiiékes
a single |nput forwards th s to transmtter {#es t he
i gnal and el | d2R0' Be SaRRYPRRERQISh FerssTens. The Sapehhas 9b F

transm ssi on si rimveahbondlsy adsotdppldaable to othenuarunss typée, sarchl a8t e
repeaters lgg 'Jilmsa{:ﬁétl'l‘;;e dj]verﬁﬁggaiﬁrs%n{eeﬁﬁhi‘@ram ennas 12c receive

t he signals, not necessari |y sinultaneous and transmt the signals
to the ground via transmt antennas 12g (see also Fig. 3A). The 35
transmtted sigrobus,avkilecthie/ dohventiba had dsen pB8rbyctbarky shown and

i ndependent recejai2rABEEIATH $08p40€ t3NFrefdtireliCeiid fments thereof, it
will be understood by .those skilled in the art that changes
15 in form and details may be made therein without departing

from the scope and spirit of the invention.
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32 respective receivers 44a—44c—Fhe—+ecetrved signals may then be

processed and conbi ned as descri D e, US Pat ent
5,233,626, which has been incorp Uﬁ nEnce herein. 5 g The
return link‘€§¥8g5??56d for dete t er mi rROTYRIHRTS

g’

aetivity 74 , al though the forward | ink power control activity
may be used for this purpose as well. The return link may al so be used
to transmt the 10 user termnal type 7@ Fig. 7), although this
-information may be derived from a database of inactive or active users
on the system such as by correlating the user terninal's El ectronic
Serial Nunber (ESN) with an associ at ed @Pﬁ) predeterm ned user term nal
type. The return link may al so 15 be transmt the user position
| ocation 72 (Fig. 7) for use in making diversity decisions by the
conmput i ng WHatY SkeB1 8Pmed NigHi s case the user termnal 13 transmts
a signal on this return link bearing information which may be used by
the gateway 18 to determne the |ocation of the 20 user termnal 13.
Al ternatively, the uSer At comnunications system;,rapmpiising: | ocation by the

use of sonme code. |In another enbodi nent of this invention any of the
wel | - known types of i 9 locati systens, (such_as t.he various GPS
position Iocatigﬁ' 8é§geg7?n%ﬁm?é¥%ﬁ§§f°Posbé?%$ﬁf?ﬁ?ﬂ?ﬁfﬁ ocation of 25

the user termnal 13, after which the user term nal | ocati on
information 72 is tranesnhtRictPin Idignadt tkansnitter havifgtAPlaaiaaky 18
and thence to the pogjdiogpbgagblon or SHUARRLSHTO (Eifhenldering®. &5
mentioned previously, the return|ink hay al'so have  pat Y S|?y
selectivity in accor i@msinicakicne teianfdlngstef said thps | pleast on ongo
long as the user terntdmdunidakaont Bégnal repudtery to simultaneously direct

its signals to one or nore of the satellite repeaters 12. In this
case, the operation 35 of the systeminvol ves cooFeration of the gateway 18
and a communication signal receiver for receiving a

communication signal from said communication signal
. transmitter through said at least one communication
signal repeater; and

control means, responsive to information specifying at
least a location of said communication signal
recelver, for specifying a number of said
communication signal repeaters to be used in repeating
a communication signal that is transmitted from said
transmitter to said receiver via said specified number
of communication signal repeaters.

2. A communication system as set forth in claim 1
wherein said control means is further responsive to
information that specifies a communication signal receiver
type for specifying the number of said communication signal
repeaters to be used in repeating the communication signal
that is transmitted from said transmitter to said receiver.

3. A communication system as set forth in claim 1
wherein said receiver is a component of a transceiver
having a transmitter capable of being remotely power
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the user termnal 13 in the fol

| owi ng manner WD 96/ 39788
PCT/ US96/ 05548 33

As was described in
detail above, the user terminal t \‘ﬁ‘“ﬁser position |ocation 72,
and the user term nal power m% ‘m“l term ned and ﬁr ocessed by
t he corrpw %g?ﬁgbsystem 82 andy nucti ofis are i ssued RGY
_iRAstruction 2 e 80. The instruction interface 80 decodes t he
i nstructions and generates suitable control signals for the transmtter
control unit 78 and the return link comorol unit 96. In this case the

- control signal generated for the return link control unit 96 causes a
10 signal 96a to be fornmatted and delivered to the term nal frequency

control unit 64 of the ersit at h deI | yst em 6Q. e term nal
frequency control cophr f’lgﬁg al"ﬁ‘?l vhere E?I%f({i g“Sr%JgnF‘FBFssFGnaF"rth

cont ai ni ng t he i rfesponsive ttmt mformatimcmaiﬁyingcmt poWwerhecontrol

ant enna/ anpl i fi erhfs@:@i*?nafdzon s&id rdriimitter (¥ %Q?gr @rangaeivékgfﬂr s

sent to the user recel ver_over

is shown in Fig. qyec[i}f,ggegnt E{W sPymRer 1 2f | ssari@cel catla?“t heiqnad
term nal 13 and irxepeatierd to bzm veide hnaréjikat ingl enécuonﬁﬁmwambntbiaqnal

controls tTEgt ant il3é’ra ‘tted ronl%%m t{'ﬁrfﬁmitttngfﬂ's%\i% LQSeE's?éNed

results. is, |n 'S enbo I ment con over e user term na
ant ennas 13a- 13a' ", and hence control over the return |ink path

diversity, is acconplisshex’ bystemviaes csatt r bortly ofnt bRah 1gaiieeyssinl Schelisi ng
the forward |ink fsecraeibholopeldlitying a 108LE6RN6E 3180 UoAALEALE- 10
for showi ng a porti
gnal recelver includes information that specifies an RF
energy propagation characteristic that is asquglated with
an environment within which the communications signal
receiver is located.

5. A system as set forth in claim 1 wherein said at
least one communication signal repeater is one of a
plurality of earth orbiting satellites.

6. A system as set forth in claim 5 wherein saiad
plurality of earth orbiting satellites form a portion of a
constellation of low earth orbit (LEO) satellites.

7. A communication system as set forth in claim 5
wherein said control means is further responsive to-
information that specifies a current availability of said
plurality of earth orbiting satellites for specifying the
number of said communication signal repeaters to be used in
repeating the communication signal that is transmitted from
said transmitter to said receiver.

8. A communication system as set forth in claim 1
wherein said control means is further responsive at least
to information that specifies a current availability of
said plurality of earth orbiting satellites for specifying
a number of beams of said communication signal repeaters to

be used in repeating the communication signal that is
s o TEREeRmE ORE
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an exenplary service area eri cations envi ronnent ,
map 92. In this exenplary digitized map, which 30 nmay be derived from

satellite i mages of the gate “C““U“ r“\“Lea, there is located a | ake
Tegion, a forest region, a %“‘m‘m Je#nd an urban regi on. These
di fferent regions may be ckassified i Ato three gener ECTUSPUESEHs

Envi r onnmentVP 96/39788 Regi ons (ERs) in accordance with a level of path
diversity 35 that is anticipated to provide a stationary user term nal

13 with an adequate and acceptable |ink gtiality. By WO 96/ 39788
PCT/ US96/ 05548 34 exanpl e, the | ake
region is designated as ERL, Wich corresponds to no diversity (i.e.,

one satellite repeatet). The r.al i esi te R2, which
corresponds totlpa%sg' tll"ﬁfief"ﬁ%’ai%%%&lltg\?@%@?tﬁgtﬁo a%%{;féﬁ%??‘%?ﬁé f orest
region 5 and the urban region are both designated as ER3, which may
correspond to a naxigium aychmailcatisehh sfistensiaby detVetortn in - €1aim he

comuni cation | IS estahlishe hr ough as ny, satellite as is
Coner ot ooy S84 Mannbl ek E oS BRmoonerE o, R iound SRptfod
Plotted on the ‘eansyeiyer havingr regrohndzbased xsceliver forageicedvingr

termnals (UT1l-4Hdd)comififfiiiBatdons ¥idl HYi@Slhat leastiPhed immiuiie@cishel lite
repeaters 12 are, currentl ser v, n%aéal s area, that all of the _user

torm nal 5 13 arSigaT Eepedrer, yhey PeTEe 18, = SomRgent of 8

hi st ori cal ugencranseeiyeri havingta gixansadtbearvand cankemna [thedl imeat her

satel |1 ot opon i) o APPEIGS Chifinldblon LOVEIANML Loast IR O | te

repeat er s 12? aﬁaiinipﬁﬂﬁiiﬁf§9891§igy%f_repeé%ers to be relayeéllo salg
ground-based receiver, and wherein said control means is
capable of selecting at least one of said communication
signal repeaters for relaying a communication from said
user transceiver to said ground-based receiver, and further
including means for transmitting a message to said user
transceiver for controlling said antenna of said user
transceiver for transmitting the communication towards a
seleqted one of said communication signal repeaters.

10. A communications system, comprising:
a plurality of communication signal repeaters:;

a communication signal transmitter having a plurality
of antennas for selectively transmitting a
communication signal to individual ones of said
communication signal repeaters:;

a communication signal receiver for receiving a
communication signal from said communication signal
transmitter through at least one of said communication
signal repeaters; and

-control means, responsive to information specifying at
least a type of said communication signal receiver,
for specifying a number of said communication signal

\
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20 each assigned three of the satellite repeaters 12. It can t hus be
appreci ated that by not automatica y maxi mum avai | abl e
path diversity to user tern1na|s

d UT4, a considerable
‘'savings in satellite power Jt"l@”mal ized, as is a
conservation of thg nunber 25 of* reqLur annel s aRGTASHMTEAS,|

increase i nW system capacity. Further in accordance with
the invention the relatively static systemprofile described thus far
can be extended to 30 the nore typical 4dynam c case, while still

optim zing the path diversity delivered to the user termnals 13. For
exanple, if UT2 is a nobi I e veh| cl e mount ed term nal t hen by
detecting that the Iocat 2 has ch.an fr ERS t.o R2 the
assi gned path diver §FP§3 Uﬁ&nd’@d’dl n“B e,ag-g.pgt iHreCPF ially

real time fromt hresisaablthaiesis transmittived momesaidltrmmia‘zan k@ t he

sanme user-perceivedgaig receivifp 96/ 39788 : o .
PCT/ US96/ 05548 35 link quality.

Conversely, if the location of UT4 changes fromER2 to ER3 the assigned
path diversity can 3d.chasgewunicatianmsystemansl setegorthtin ezlain 10

Furt her nor e, 'fwﬁéréi% kQQ:!M‘ contrBdl AEMES aligof sl iehdS r@sﬁén@i@ef ipeed user
termnal s 14a,

ssune tenngs that are |ocated in a
region free of a%BP %gsBﬁgff%%’fl o¥3°§i ommYRICAL IO, nal s
can be assi gnedsignala menglieesat £ori tepecifyiagt hbbhgh nheyenr cof ocsaist

V“ht h:c n-an Eﬁlwﬁﬁmcﬁhbﬂ%wnﬂg%ﬁ%iﬁﬁ@ &?b&' ﬁ@e@rﬁﬁ repeafily @heanpl e,
trmﬁt hgr este ommlﬂ\li%ra]ttg signsignﬁggt aiss ar]:ransm!lggeg . gg o ngsg.{]rf
transmitter to said receiver.

12. A communication system as set forth in claim 10
wherein said control means is further responsive to
information that specifies an environment of said
communication signal receiver for specifying the number of
said communication signal repeaters to be used in repeating
the communication signal that is transmitted from saig
transmitter to said receiver.

13. A communication system as set forth in claim 10
wherein said control means is further responsive to
information that specifies a historical usage of the systen
by the communication signal receiver for specifying the
number of said communication signal repeaters to be used in

repeating the communication signal that is transmitted from
said transmitter to said receiver.

14. A communication system as set forth in claim 10
wherein said receiver is a component of a transceiver
having a transmitter capable of being remotely power
controlled, and wherein said control means is further
responsive to information specifying a power control
history for said transmitter of said transceiver for
specifying the number of said communication signal

repeaters to be used in repeating the communication signal
- _
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of May through October, and designated as an ER2 region during the

nont hs of Novenber through April. The rulés set 84 of Fig. 7

determ nes the path diversity 15 L m user termnals UT1l-UT14

as descri bed previ ously. The ”mﬂ "m "HM' gg’be i npl emented as a set
y 1ISD6/05548

of | F- T@E%@, type of |ogical staten®nts. exanpl ecr.
. following is bdl onhe suitable enbodi nent for a portion of the rul es
set 84 in determning a Diversity Level (DL) for 20 wuser termnals 13.
| F TYPE of UT = HANDHELD and | F 39CATI ON of UT = ER1
"THEN DL = M NI MUM 25 ELSE | F LOCATION of UT[err] = ER2 .
THEN DL = | NTERMEDI ATE ELSE | F LOCATI ON of UT[err] = ER3
THEN DL = MAXI MUM ELSE 30 |F TYPE of UT[err] = FI XED
THEN DL = M NI Mjhat is trgpsmitted frowpmisk ttansm TeRse b\ reged ver.
| F LOCATION of UT[err] = ER1 35 THEN DL = | NTERMEDI ATE

ELSE | F LOCATI ON of = FR2 OR E HEN, DL = | MUM
etc... 40 The dgt airé'e%]nﬁys%}bea%f s%gef"f’é?miﬁalclfémi ;gllu PPﬁFé§%5

utility of the i|intormakiom spedifiing & diccatdiony dfevesid commusswmtdenbot h
terninal type angigmeRti&dbivdr 9421086z idformation thPt98hediBes an RF
PCT/U896/05548 energy propagation characteristic that is associated with
an environment within which the communications signal
receiver is located.

16. A system as set forth in claim 10 wherein said
plurality of communication signal repeaters are comprised
of a plurality of earth orbiting satellites.

17. A system as set forth in claim 16 wherein said
plurality of earth orbiting satellites form a portion of a
constellation of low earth orbit (LEO) satellites.

. 18. A communication system as set forth in claim 16
wherein said control means is further responsive to
information that specifies a current availability of saiaq
plurality of earth orbiting satellites for specifying the
number of said communication signal repeaters to be used in

repeating the communication signal that is transmitted from
said transmitter to said receiver.

19. A method of operating a satellite communication
system, comprising the steps of:

initiating a communication between a user terminal and
a ground station via at least one satellite
communication signal repeater:;

determining a location of the user terminal within a
area serviced by the ground station; and

selecting a number of satellite communication signal
e s T _
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36 may be desirable to automatically assign higher diversity to

a user termnal that is identified as a data term nal, or to a voice
terminal that is identified as belMI”Mtl"ﬂjllmmll in a data transm ssion,
'so as to provide additional margi erroneous data

transm ssi on. As described previolsly, bther criter PET/USIO058

consi dered w096/?SF{8§ he rul es set 84 when determning a diversity |evel,

such as historical power control information, the 10. historical usage.data
77, local weat'’her conditions, and any 440t her factors that are related to
or that can influence the link quality. It should be noted that
determ ned | evel of di versity for 15 a given user term nal may'differ from

th tual di it dtoth t I
T oonly  two sabepeaters £o meley FRecRpmpunfcat N BeErRER G REE
service area then thermimaimanddither groynd estitivmy bbeoselected gutmblelri t e
while the intermedi ghengngd s ;ww devatoidaadne LEFELALIRY, RRILMM oct at

two satellites. Furt e{r_j‘ even | one satellite is in V|ewof t he
user terminal 13, tRE the usen fexpingl and user termnal 13 may be able to
utilize signal s fromtwo overl appi ng neans. Since the geonetry of

h |1 Kk ' I
the satellites is %"‘{‘% ethda! égé/egénﬂiﬂ ‘Eﬁrﬁﬁ":br?@ltariﬁ 19""%%&:19{%%

transm ssions to nore an one

urin eri ods
of high user d&faffleskdngsingiydpes a StterPat"f%/I‘Freé"@rgé't‘%‘Pq ﬂ‘ésk%r%"%g'ﬁfyr ently
serving the gatmupagationseheraeteristid hthatt dsmadisatéated mdthmthe

diversity | evelcfeteraxin%yléééﬁ a,p(gfh the ag%eve infhagatel lites. The

transl ati on of term ned | versit Into an actual
diversity assignnent for a given user termnal 13 or class of user
term nal s i s acconplaishadndthddhas coetp (fiorth $nlxdedim bo vﬂﬂgre;b i thenstep

cooper ation wt t I n eseu i 35
oo o 21 eAgE RSB M, s PR ey 14 o

22. A method as set forth in claim 19 wherein the step
of selecting includes a step of considering a power control
history of the user terminal.

23. A method as set forth in claim 19 wherein the step
of selecting includes a step of considering a current
availability of satellite communication signal repeaters.

24. A method as set forth in claim 19 wherein the step
of selecting includes a step of considering a system usage
historical record of the user terminal.

25. A method as set forth in claim 19 wherein the
communication is bidirectionally relayed as a spread
spectrum, code division multiple access communication
signal between the user terminal and the ground station.

26. A method as set forth in claim 19 and further
comprising the steps of:

receiving the communication with the user terminal,
the communication being received through different
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37 bl ock A a user term nat—I3togs—omor;—+f already |ogged on,

initiates a call or is called. A r termnal type 76 is
deternined, and at block C the Imﬁ‘ﬂﬁmﬁlm@niﬁ the user termnal is
determ ned.wA&g%gH onal block D 5* o M rmnal pRCEHSPENSES,, o

Y as

det er m ned, hi storical power control information 74, historical

usage 77, weat her conditions at the determ ned | ocation of the user
termnal, etc. At block E the conputing sypsystem 82 determ nes, via

t he dat abase 86 and position | ocation 10 subsystem 90, the diversity

| evel for the user termnal. 13. The diversity level is determned in
cooperation with the rul es set 84, the user position |location 72, the
user - termnal toqmmurigatioptpakhd asseetatedwithalndiniidweddones of
information, such astid@ellRctelahuiiebrasate] Idte tomnifidBtio® Wiynag area
propagation map 92, and in _accordance with the satellite | oadi ng and
resource system 88. TRPSRASEHE ' t he call is established with a sel ected
diversity level via the instruction interface 80, the transmtter

t hrough 20 the return Jink contro It and termnal,  fre C
control unit 64. At 5?%%#(" tﬁgm‘g%{%%r}?é‘ns&"“hnﬁa?lépSEt he different
i ncreased/ decr eased patiee cdmt r opravideit g anplusdlity a of egializied

control unit 78, eqd&iihﬂ{q/eesiédstd%bv%{ahé&%&e&%@%la%t69@& Y,

del ay, at block K ingsgamefcd¥idiedignats; tdwapath diversity
accordingly. At block G a determ nation Is nade 25 if the call is
conpleted. If NO, control returns to bl ock C, for a user termnal type

that is capable of nooehiningtthe equaljjgdedccommnnismation signrlpobite en and

L I0 mlzdi fy the path compéiyeé Stddeivadeleomliftdation fsiRnqpriate. If YES at
oC

27. A method of operating a satellite communication
system, comprising the steps of:

initiating a communication between a user terminal and
a ground station via at least one satellite
communication signal repeater; '

classifying the user terminal as to type; and

selecting a number of satellite communication signal
repeaters to relay the communication between the user
terminal and the ground station, the selected number
being a function of at least the type of the user
terminal.

28. A method as set .forth in claim 27 wherein the step
of seléc‘ting further includes a step of determining a
location of the user terminal within an area serviced by
the ground station.

29. A method as set forth in claim 28 wherein the step
of selecting includes a step of determining an RF energy
propagation characteristic that is associated with the

determined location of the user terminal.
IR
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G an optional step (block H is executed to store or |og 30 sel ected user
term nal paraneters, such as the_tmn_nal————pevxer activity, |ast

| ocation of the user termnal, etc | the method term nates
for this user terninal. J m1 I ﬁﬂ!tt ed that the teaching of
this invention 35 provides a n nt advanl’ﬁg@§9‘(°554§ny type
of conYo #6888 on systemt hat errpl oys di versity. conbi ni ng

96/ 39788 38 t hrough i nt er nedi at e
signal repeaters. That is, the teachi pg of this invention is not
limted for use only with the SS-CDVA type of LEO satellite

conmmuni cation system 10 that is shown general ly in Figs. 1-5. Instead,
the teaching 5 of this _invention plicable to  other es of
comuni cations syst et® #hiethed a‘bfe@xﬁ?rﬁ"é ing %}’I’%‘&tzr"l Where "r"é't?e&gﬁi’s

ei ther al one or ofnseleedtiingt included) asatep [dft eonsidring ar poeers yonkrohous)
repeaters. The thggggwgof)ftl%és/}g%er tebRYSM ion is also applicable to other

access types, such as 10 that use diversity in some manner.
Thus, while the invention has been particularly shown and descri bed

with respect to prefsiredmetthod aendet £betiedn claim 27 ww'eh-leihethmdeept ood

Cher ZPﬁeWSi‘LLL?% el d thdthaglo siégie@%"n%i%%ﬁ?ﬁ R
istory of the user termina ..

32. A method as set forth in claim 27 wherein the step
of selecting includes a step of considering an availability
of satellite communication signal repeaters.

33. A methbd as set forth in claim 27 wherein the
communication is bidirectionally relayed as a spread
spectrum, code division multiple access communication
signal between the user terminal and the ground station.

34. A method as set forth in claim 27 and further
comprising the steps of:

receiving the communication with the user terminal,
the communication being received through different
communication paths associated with individual ones of

the selected number of satellite communication signal
repeaters;

equalizing at least the phase shifts and delays of t:hé
received communication from each of the different
paths to provide a plurality of equalized
communication signals; and

combining the equalized communication signals into a
composite received communication signal.

35. A method of operating a satellite communication

system, comprising the steps of:
I, G

eet Has Been Replaced

i \\\I i
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CLAI V5 What is clained is: 1. A commrunications system

conpri si ng: at | east ogﬂmmmﬂ I eﬂ l l“IISI gnal repeater;
‘a communi cation signal transmtt ity of nt ennas

for selectivel transmtting a conmuni cati on PET@W&V 0 said
at | east V¥ 9788 communi cation signal repeater; a

conmruni cation signal receiver .for receiving a | conmmruni cati on signa
from said conmuni cati on signal tréamsmtter through said at | east
one comuni cati on signal repeater; and control neans,

responsive to information specifying at | east a | ocation of said’
comuni cati on signal ei ver

e cormuni TR o Eempipsek fon KEtiEen’s her s o i and
a comuni cation sigrial g¥eund s statdomi t twi@ f radm skeast  one &a‘t&idmtlet er to
sai-d receiver via sashnifidatiiofl Sl repeater;

. selecting at least one satellite communication signal
repeater to relay a return link communication between
the user terminal and the ground station: and

transmitting a message from the ground station to the
user terminal over a forward 1link, the message
controlling the user terminal to transmltmthe return
link communication though the selected at least one
satellite communication signal repeater.

36. A satellite communication system, comprising:
a plurality of communication satellites:

a ground station comprising a transceiver for
transmitting and receiving communication signals with

individual ones of said plurality of communication
satellites; '

at least one user terminal comprising a transceiver
for transmitting and receiving communication signals
with individual ones of said plurality of
communication satellites:

said ground station further comprising a data base of
user terminal-related information including
information specifying, for individual user terminals,
at least a type of user terminal, said data base
further storing information that is descriptive of an
RF propagation characteristic of one or more regions
within a service area of said ground station:

This Sheet Has Been Reﬂlaced

TR




of communi cation signal repeaters. 2. A conmuni cation system as
set forth inclaiml V\hereiw I's further responsive
to i nformation that specifi a comruni cation signal recei ver type

LSLdSPﬁCiLKLQ?@; ne. commun cat f\&ﬁ[mmelll\\ \I\I JII DT o AERPRE o

sai d transmWQ said receiver.x ¢ * A communi cati on system as
set forthin claiml wherein said recei ver is a conponent of a
transcei ver having a transmtter capagBle of being renotely power

WD 96/ 39788 40 controll ed, and
wherein said control neans is further ‘responsive to information

speci fying a power con hi. st or said tranpspitter of said
P anscai var o " Centd faauna Sratiah, BRI, SoRPE RN oIS Begns
repeaters to be usedtham: rm)emupigdt ke sabdngutaabase ahgdntd a rulldsakets

transmtted from sai ﬁ]\:ﬁgﬂ{ Ghfe I gystem
as set forth in clai rghﬁ ere| ﬁnﬁt 4 & |i;n?é(?rana 8315?)%%:??yslan%éuiégcat i on
of said comuni cati ofier relayijih@e cepppyication G’G&S’ePﬁf tnddridnek ines
specifies an RF of nea Lyy qsem&gthﬁnalsrmdacdaﬁﬂl giroant hatat borgs saddat ed

with - an environgpgindd Ghaidhi thd1¥@ihgMRYANEA! EGPS etk @Pakning a

receiver is |ocated. location of individual ones of said user terminals,
and wherein said control means determines the number
of communication satellites in accordance with at
least one of a user terminal type, a user terminal
location, and an RF propagation characterisgic that is
associated with a location of said user terminal.

37. A satellite communication system as set forth in
claim 36, wherein said data base further stores information

that is descriptive of user terminal historical power
control activity.

38. A satellite communication system as set forth in
claim 36, wherein said data base further stores information

that is descriptive of user terminal historical system
usage.

39. A satellite communication system as set forth in
claim 36, wherein said plurality of communication
satellites comprise a Walker constellation of low earth
orbit satellites, and wherein communications are
bidirectionally transmitted as spread spectrum, code
division multiple access communication signals between a
user terminal's transceiver and the ground station's
transceiver, through at least one of said plurality.of
communication satellites.



5. A systemas set forth in claim1l wherein said at

conmmuni cati on si gnal Is one of a

satellites.

repeater

| east one

plurality of earth orbiting

plurality of earth orbiting satellites forma portion of a

constel | ati o ogaebsgw earth orbit (LEO satellites.

comuni cati on systemas set forth in cigim5
means is further responsive to

i nformatiqn that

_ PCTIUS96/05548
wherein said control
specifies a curre

6. A system as set forth in claimb5 wherein said
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wherein said transmtter is a conmponent of a ground station transcei ver
havi ng a ground-based receiver for receiving user conmuni cations via
said at | east one communi cation signal repeater, wherein said receiver
is a conponent of a user transceiver having a transmtter and antenna
.that is wopsehd7es of directing a transm ssion towards at pegasbessass Of
sai d conmuni cation signal repeaters t®2M& relayed to said gr ound- based
‘receiver, and wherein said control neans is capabl e of selecting at
| east one of said comuni ca{i on si gnal Irpgpeat ers for relaying a
conmmuni catioﬁ#um;uai d §pjuser transceiverato said ground-bgsed recemh
and further _ _ inctuding &ans for transnmit¥ing a message to|said user
transcei ver flor controlTing[said_atbenga of pamd user 1 [ Ol}afsceiyer faor
transmtti ng'th%com*runi cation %Wﬁ R la ®dl ected lo § ai g'?
conmmuni catiod signal repeat /10 4> @] A comlupi i SySteLﬂE
)

-

conpri si ng: > X< a ura y comuhiat i on sl gfal r§peaters;
a comuni cat il Bi@Qnall trangmi tt ef—h

ilogas al Qy | of o
antennas fdra. Zsel edtivel¥ trhnsfth ¥ 0 | Bcomurppatdon
signal to individual OMES O Sa®__T_ __ COmmunicath on sigpalQf epeat ers;
a communi catilon si gnal i r rgceiving a 1 c opicat i on
signal from dai d commjni cati onggi pnal transnirtter —t mat—"
| east one of Isai d go nicatio si gnal gepedt ¢§s; apd o !
control neand, re N4l ' mat ifon specifyim atl 0 ol b Eeas wa |
type of sai d lcomuni catd | Ler lfor s %if& an |
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repeaters to be used in repeating a connunlcatlon signal that is
transmitted fromsaid transmtter to sai d receiver. 11. A
comuni cation systemas set forth in claim10 wherein said control neans
_is further reepgassye to I nformation that specifies a | qerus9enssds sai d
conmuni cati on signal receiver for specifying the nunber of said

comuni cation signal repeaters to be us '1in repeating the comuni cati on
.signal that 1is transmtted from sa transmtter to said receiver.
12. A communication systemas set forth in claim 10 wherein said

control neans is furigger responsive to I nformati on ehat specifies

environment of said = co
nunber of sai d cg_m‘runl o
the communi cati orZPgoal that
sai d receiver. S 15
10 " wherein sa{i;_‘pez‘ ntr
i nfqormation that &pacbfie

ni cati on signal receiver for speci fying the

ion signal repeaters.t be>.£13ed in yepeating
igytransmitted from sagd trangm tter, KO
epnmuni cati on systemzse t folAh in clarm
nmeafis is further resp@d&
a historical usage of thd-sy&?
comuni cation sirgratk t-eegt ver-for--speej fying thg——-n

by < hé

e-a-ld
conmmuni cation signal r Fgtereto be uped in repealj- th§:
comuni cati on S|:gnal tﬁg ﬂansmtt d from ' said t %&ﬁ'ﬁte to said
receiver. I rm—‘A'CGrn’m'nu catlo system qs sfét"‘T‘o“t"h'I'n"'OI im10
wherein said regei der imm conpdnent oF a transgei ver havi ng{ N
transmtter caqul d of t{ ngarerdotel y power COHHM’ and eLefn
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history for said transmtter of said transceiver for speci fying the

nunber of said communi cation signal repeaters to be used in repeating

t he communi cati on si gnal WO 96/ 39788

43 that is transmtted fromsaid transmtter to said receiver.

15. A systenwedssess forth in claim1l wherein the I nf or merusyesesci fyi ng
“a location of said comrunication Si gnglqqrecei ver includes information

that specifies an RF S
.associated with g pns si gnal

receiver is |ocated. aim 10

wherein said pl ¢
of a pl urality‘tg eq
forth in claim16 wj
forma portion of a
18. A conmuni cati on
control means 20 f
currgnt availability

I

e conpri sed
byst em as set
satellites
satellites.
ih said
bci fi €s a
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plurality of earth orbiting satellites for specifying the nunber of

sai d communi cati on signal repeaters to be used in repeating the
comuni cation signal that is transmtted from said transmtter to said
receiver. 19. A nethod of operating a satellite conmmunication
system conprweidgleishe steps of: initiating a corpgsesbdsse
bet ween a user term nal and a greund station via at | east one
satellite comuni cati on signal repeater; determning a
l-ocation of the user tejLn nal wifthin a areaggerpiced by the ground
station; and L& ecti a nu f satel |l Of @ fonmmunj cati on
si gnal =Z[C oZ BCH U396/ 0554 36/ 88
44 repeat&% ol r e coggu tion be&fwe user
term nal and the gro@n séatimn;.) e se nu_r]tﬁru_‘r bekng. a
function of at |east the|detemas | oCajm | termnnal .
20. A nethod as set forth in Iém-QWnrgin te 2‘ | ecti
i ncludes a step of deterpminin - qrel 3, e
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propagation characteristic that is associated with the det erm ned

| ocation of the user termnal. 21. A nmethod as set forth in
claim 19 wherein the step - of selecting includes a step of classifying

t he user termnal as to type. 22. A nethod as set forth in
cl aim 19 wherwowsesigss st ep of selecting includes a step etrfossmssieri ng a
power contr ol history of the user tebfiiinal. 23. A nethod as
set forth in claim19 wherein the step of selecting includes a step of

consi dering a murrent availability of satellite comrunication signal

repeaters. N sSset forth in claim19 wherein the
step of sel e Ci I dering a system usage
hi storical recor 05 25. A nethod as set
forth in claim] 12 i {zB]i OR i s bidirectionally rel ayed
as a spread ﬁ:t um code divisi Mj‘ i pl éMaccess communi cation
si gnal between tfhe {fsleqf terninal and gE nd station. 26. A
met hod as set fdqrtHsh he conprising the steps of:
recei,ving the ccrmlgction w th thefuger term nal, t he
communi cation bqitdd<gle
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45 communi cati on paths associated with individual ones of
t he sel ected nunber of satellite communication signal repeat ers;
equalizing at |east the phase shifts and del ays of the recei ved
communi cat i onwWo w/s9esach of the different pat hs t opcTIUSHGIDEAS A
plurality of equalized cormmdfiiicati on signals; and
combi ning the equalized comunication signals into a conposite
recei ved conmuni cation si @al 27. A nethod of operatl ng a
satellite conmunication <O systenE r|5|ng_the staps gf
initiating a comuni cat |§ h/veen ter. \Z l)_-_ground
station via at Icast _,w o &)gr% si g? peat er;
cl assi fying the l.im % w Pand> O el e %a
nunber of satell &; ~ repeater|s t Pe y the
conmmuni cati on bet vvee t_l_lg__g$_t:_! _______ teymnal and | the _drou d_station,
the sel ected number keing a flfction of at the [t ype bf the
user . term nal . - | ] (ee— ‘g I
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28. A nethod as set forth in claim27 wherein the step of selecting

further includes a step of determning a | ocation of the user term nal
wi-t hin an area serviced by - t he ground station. 29. A

met hod as set forth in claim28 wherein the step of selecting
.includes a swopénassgiet er m ni ng an RF energy pr opagat iPQU/US96/05548
characteristic that is associated with BhH determ ned | ocation of the
user termnal. PCT/ US96/ 05548 WD. 96/ 39788

46 Eﬂ pet hod as set forth in claim27 wherein the step

of selecting«
the user term
the step of
hi story of the

gp of consideringrma power control - history of
31. A nethod 53\2:; forth in claim27 wherein

cqi ng incl
¢4 It rm nal . -

s a step of cynsidering a system usage
3d as set forth in claim

27 wherein the of selecti cludes a spig@ of considering an
availability sqtellite co | cat si gna epeat ers.
33. A nethd as ofth in claim wher ei comuni cation is

bi directional |l yor¢drdygd as a spread il gode division nultiple
access comuni ¢gfi
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signal between the user term nal and the ground station. 34. A

met hod as set forth in claim27 and further conprising the steps of:

receiving the comruni cation with the user termnal, : t he

comuni cati on being received through different comuni cati on

pat hs associyah gghovdst h i ndi vi dual ones of t he sel eCT/USP6HSA#Ber of
. satellite comuni cation signal repeaters; equal i zi ng

at | east the phase shifts and del ays qf, . the received - -

comuni cation fromeach of the differgﬁ“ paths to provide a
“plurality of equalized conmmuni cation signals; and

conbi ning the equalized conuni cation signals into a conposite

recei ved conmuni cation signal. 35. A nethod -of operating a

satellite comunication system conprising the steps of:

PCT/ US96/ 05548 WO 96/ 39788 _ 47

I nitiating a conmuni cati on between a user term nal and a ground

station via at | east one-sq}ellite
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communi cati on signal repeater; selecting at | east one satellite

conmmuni cati on si gnal repeater to relay a return |ink comrunication
bet-ween the user termnal and the ground station; and

transmtting a nessage fromthe ground station to the user

term nal over woéemoyegsr d | i nk, the nessage control | i peri$wRssase’
termnal to transmt the return | i nk comruni cati on though the

sel ected at | east one satellite ¢ ;Irguni cation signal repeater.

36. A satellite conmunication system corﬁﬁ' i ng: a plurality of
comuni cation satellites; a ground station conprising a :

transcei ver f@& transmtting and receiving conmuni cation signals
W th Mo [VA on f said plurality of ceymunication

satellites; t | east user termnal co ising at scei ver
for trransm'tti ng|and{refei ving co ni Lon signals Wi
I ndi.vi dual ones ﬂj: said plurality 0 ni cat
satellites; '$’ aid ground ktation furt ing a a base
of ' user EE'J nal -rel ate informatio I fieljudi ng %
i nformation spec|fyl@q,§for individtal user term et a
type of user terfrh—_nﬁ, ai d data base ' rong | rmet i on
that is descript|je n RF propagayi on ristic one or
nore regi ons 5 Ph a service area gf ' stati
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48 said ground station further conprising control neans that is
coupled to said data base and to a rul es set for determ ning a nunber
of s communi cation satellites for relaying a conmmunication between

i ndi vi dual ones of said user termnals and said ground station, said
ground st ati apobéhgsdi ng neans for determ ning a | ocat i per/Rbosiossds Vi dual
ones of said user termnals, - and wherein said control neans determ nes
t he number of conmmuni cation satellit&¥!in accordance with at | east
one of a user termnal type, a user term nal | ocation, and an RF
propagation characteristic that is associated wth a location of said
user termnal. 37. A satellite comrunication systemas set forth in
claim 36, wherein said data base ikt he qphOr €s information that is
descriptive of user termnal hi @ @}‘l r.control activity. 38.

A satellite comuni catj-orTsystie bt T inclaim 36, wherein said
dat a ‘base further stores inforna o/t PGBs Oescr | ptive of user term nal

hi stori cal system usage. 39] A satellite comuni cation system as set
forth in.claim 36, whereinpsai uratty—pf communi cation satellites
conprise a Wl ker const el I|at i BETE earfh orbit satellites, and
wherein  communi cat i gfis— QSERT'LEEM'NAL
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bidirectionally transnmtted as spread spectrum code division nmult i‘ﬂ)ﬂQGIOI -l
‘access conmuni cgt ion signals between a user termnal's transceiver angf.‘trﬂ@
ground station's transceiver, through at |east one of said plurality
communi cation satellites. e 24
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(57) Abstract
. Methods and apparatus are disclosed for improving and optimizing the delivery of path diversity in a satellite repeater-based

communication system, thereby conserving both FDM channels and satellite power utilization. The reception of communications is i

when one or more orbiting satellite repeater (12) transmitters is blocked or severely faded, by recognizing the need for satellite path diversity
on a real-time or near real-time basis. A user terminal (13) is thus enabled to receive sufficient signal strength to avoid having an ongoing
call automatically terminated. The system optimizes satellite path diversity applied to (a) classes (types) of user terminals and/or (b) to
individual user terminals as a function of location and also a Jocal RF propagation environment of the user terminal. In addition, the
invention teaches & consideration of the satellite resources that are available at any given point in time, and may restrict or limit the
availability of satellite path diversity, thereby increasing overall system capacity.




