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This invention relates in general to multipath
communication systems and, in particular, to an antenna
system for use in a multipafh satellite-based communication
system. .

BACKGROUND OF THE INVENTION:

Satellite-based communications 'systems are well are
represented in the prior art. By example, reference is made

. to U.S. Patent No. 5,303,286, issued on April 12, 1994 to

Robert A. Wiedeman, and which is entitled "Wireless
Telephone/Satellite Roaming System". Reference is also made
to the numerous U.S. Patents, foreign patents, and other
publications that are of record in U.S. Patent 5,303,286.

Of particular interest to this invention is U.S. Patent No.

5,233,626, issued August 3, 1993 to Stephen A. Ames and .

entitled "Repeater Diversity Spread Spectrum Communication
System®. This patent teaches a repeater diversity spread
spectrum communication system'that provides substantially
fade free communications between a transmitter (1) and a
receiver (7). A transmitted'signai is relayed through a
plurality of linear communications repeaters (3-6) that
produce,copies of the transmitted signal, the copies each
arriving through an independently fading signal path. The
transmitter and/or the receiver may be mounted upon a
_ blle platform and the plurality of repeaters may be
{ rﬁes&rjali ma{}b@ g yvided in satellites in low earth



plurality of linear comuni cations repeaters (3-6) that producecopi es of
the transmtted signal, the copi.es each 35 arriving through an

i ndependent |y fading S|gnal path. The transnitter and/or the receiver nmay
b&. nount ed upon a nobile platform and the plurality of repeaters may be
terrestrial or may be provided in satellites in |ow earth 2 orbit or in
ggosynchronous earth orbit. The receiver processes the received signal
copies to’'equalize themto one another in delay, frequency, and phase, and
t hen conbines the nultiple received and equalized signal copies 5 to

produce a COWD@EE:EtSbﬂ'nainh@éerﬂ:r&Fcﬁﬂids’ eggtRe bRk Ng OERé N redd\VizY
OF THE | NVENTI ON 10 é i nventi,on s .dir ctegﬁg n anten?i sy anlfor
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hi gh gain fr &o produce a composite signal having a greatly reduced
fading depth.

SUMMARY OF THE INVENTION

10 This invention is directed to an antenna system for use in
a multipath, satellite-based communication syétem that
provides a ground station or terminal with a capability to
transmit to and receive from a plufality of low earth orbit
(LEO) satellites of a constellation of LEO communication

15 satellites. '

The antenna of this invention provides a high gain for a
user terminal that includes bLoth -a receiver and a
transmitter of LEO satellite signals. The -additional

20 reéeiver gain provided by the antenna enables a
corresponding reduction in satellite (repeater) tranémiti:er‘
output power, which is a beneficial result when considering
the limited power that a LEO satellite has available. This
reduction in satellite power is made possible on both a

25 forward link (gateway-to-user) anﬁ reverse link (user-to-
gateway). The additional gain provided by the antenna also
enables a corresponding reduction in user terminal
transmitter outpﬁt power. ‘

30 An antenna includes a first sub-structure having a major
plane that is oriented at a first‘ﬁngle (for example, 90°)
with respect to an axis (normal)_ﬁhat is perpendicular to
the surface of the earth. The antenna 70 also includes a

: plurality N (for example six) of second sub-structures 74

35 indiviéhal ones of which have.a lccal major plane that is
disposed at a second angle (for example, 45°) to the major
plane of the first sub-structure. ¥ach of the plurality of



user termnal that includes both a receiver and a transmtter of LEO
satellite signals. The additional 20 receiver gain provided by the
antenna enables a corresponding reduction in satellite (repeater)
transmtter output power, which is a beneficial result when considering the
limted power that a LEO satellite has available. This reduction in
satellite power is made possible on both a 25 forward |ink
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disposed so as to point away from the axis.

10 At least one antenna element, such as a horn or patch or an
array of patches, is supported by the first sub-structure
and also by each of the plurality of second sub-structures.
Antenna elements of the first sub-structure and at least
some of the plurality of second sub-structures enable a

15 spread spectrum communication between a terminal and at
least one low earth orbit satellite over a wide range of
elevation angles of the low earth orbit satellite.

Selection of the antenna element(s) of a particﬁlar sub-

- 20 structure for use is made on predicted satellite elevation

angle and azimuth angle, based on satellite ephemeris data,

or is made on measurements of received signal strength by

scanning the antenna element(s) of a plurality of sub-

structures in turn. Combinations of satellite ephemeris

25 data predictions and measured signal strengths may also be
used.

Also disclosed is a method for operating a terminal to
receive a communication from or transmit a communication to
30 at least one satellite of a plurality of low earth orbit
satellites. Each of the plurality of satellites is
oriented, at any given time when in view of the terminal,
at a particular elevation angle. The method includes the
steps of, for a first range of elevation angles, selecting
35 a first portion of an antenna structure to receive or
transmit the communication, the first portion being

disposed at a first angle with respect to an axis that is



| ocal major plane that is oriented at a third angle (for exanple, [err])
around the axis froman cutwardlLy pointing nornal of an adjacent one of the
sub-structures. However, 5 N and consequently the third angle nay have

di fferent values, for exanple 8 and [err]. The outwardly pointing normal of
each of the plurality of sub-structures is disposed so as to point away
fAfomthe axis. 10 At |east one antenna el'enent, such as a horn or patch
or an array of patches, is support.ed by the first sub-structure and al so by
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a termnal to the communication, the further portions being disposed at
10 the first angle with respect to the axis that is normal to

the surface of the earth.

The method further includes the simultaneously executed
steps of receiving and tracking a synchronizing signal from

18 at least one other satellite of the plurality of
satellites.

In a preferred embodiment of this invention the received
communication is a spread spectrum communication, and the

20 steps of receiving and tracking include a step of locking
to a pilot channel that is transmitted by the at least one
other satellite.

BRIEF DESCRIPTION OF THE DRAWINGS

25 |
The above set forth and other features of the invention are
made more apparent in the ensuing Detailed Description of
the Invention when read in conjunction with the attached
Drawings, wherein:

30
Fig. 1 is block diagram of a satellite communication system -
that is constructed and operated in accordance with a
presently. preferred embodiment of the antenna system of
this invention;

35

Fig. 2 is a block diagram of one of the gateways of Fig. 1;
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Fig. 5 is block diagram of the CDMA sub-system of Fig. 2;

Fig. 6 is a top view of a presently preferred fixed antenna
structure of this invention;

Fig. 7 is a cross-sectional view of the antenna structure
of Fig. 6, taken along the section line 7-7;

Fig. 8 is a block diagram of the antenna system of this
invention;

Fig. 9A is a block diagram of the high gain antenna portion
of the block diagram of Fig. 8;

Fig. 9B is a schematic diagram of, pin diode switch matrix
of Fig. 9A;

Fig. 10 is graph that plots absolute gain (dBi) versus
zenith angle (degrees) for the fixed antenna system of this
invention;

Fig. 11 illustrates an exemplary satellite track which is
useful in explaining the orientation of the antenna sub-
structures 74 of Fig. 6;

Fig. 12 is a top view of a further embodiment of the
antenna structure of Fig. 6; and

the second portion being disposed at
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DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 illustrates a presently preferred embodiment of a

satellite communication system 10 that is useable with the
presently preferred embodiment of an antenna system 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
antenna system of this invention.

The ?:ommunications 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.
This invention is most specifically directed to the user
segment 2, in particular, to a fixed antenna structure 70
as shown in Figs. 6 and 7. The antenna structure 70, and
the associated electronic system, enables simultaneous user
communication with a plurality of individual ones of the
satellites that form a constellation of low earth orbiting
(LEO) satellites 12.

In the presently preferred embodiment of this invention
there are a total of 48 satellites in, by example, 1410 km
LEOs. 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 satéllites'in_view at any given

time from a particular user location between 70 degree

]



5 Fig. 3Ais a block diagram of the comuni cations payl oad of one of the
satellites of Fig. 1; Fig. 3B illustrates a portion of the beam pattern
that is 5 transmtted fromone of the satellites of Fig. 1; Fig. 4 is a

bl ock di agram that depicts the ground equi pnment support of satellite
telenetry and control functions; 10 Fig.  is block diagram of the CDVA
sub-systemof Fig. 2; Fig. 6 is a top viewof a presently preferred fixed
antenna structure of this invention; 15 Fig. 7 is a cross-sectional view
of the ant enna sautlttlatibhdé&i gnd6, 7 akegrae ongrthe leddttivge .| ik Fudh, Fiag

8 1o a block diaglamal {henpogenas S6RhaRi btk réiV el 0BoiRR Fiw. R is
a bl ock diagramo tﬁé high galn antenna portion of the block‘dlagr m of
Fig. 8 Fig. ORaxth'siEkace &R APanrdenineiditosn She eATRY £ Fustaceys
Fig. 9A; Fig. hiasdeapbrt hdrel fataksm uhe gahd (aii ) orersosezeast t lthe

angl e (degrfes)safgéli:{]@eél x_&d, ar;])toesnsri%ls)yStaﬁrgoOf ugsli'n 'QV%EfQ{Bn B%f the
telephone infrastructure segment 4.

It is noted at this point that the foregoing and ensuing
description of the system 10 represents but one suitable
10 embodiment of a communication system within which the
antenna structure and system 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 practice 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
20 vid a spread spectrum (SS), code division multiple access
( éDMA) technique. The presently preferred SS~CDMA technique
is generally compatible with the TIA/EIA Interim Standard,
“Mobile Station-Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System"
25  TIA/EIA/IS-95, July 1993. '

- 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/or 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-transmit
35 the converted signal. That is, no on-board processing of a
received communications traffic signal. occurs, and the

satellite 12 does not become aware of any intelligence that



Fig. 11 illustrates an exenplary satellite track which is useful in
explaining the orientation of the antenna sub- structures 74 of Fig. 6; 35
Fig. 12 is a top view of a further enbodi ment of the antenna structure of
‘Fig. 6; 6 Fig. 13 is a block diagram of further enbodi nent of the

i nvention wherein received signal strength is used for selecting and

swi tching antennas; and Fig. 14Ais a top Wyew and Fig. 14B is a side view
of a further enbodi nent of the antenna structure of this invention.

DETAI LED DESCRI PTION OF THE INVENTION Fig. 1 illustrates a presently

preferred embod FRle iQfed 8otk Sn COPEA Hciahirmitaybdesntita it s igynadeallye
with the presently preferred enbodi nent of an antenna system of this
Jinvention. BefRf LYY M ng this invention in detail, a description will

first be made of the conmmuni cation system 10 so that a nore conplete
under st andi ng '?%@geﬂﬁ‘cgré’f é:geenea%e%ra"%esﬁ%t ARGt Rohmubienitidh 11k or
conmuni cations ’s m nhy pbe” concept ual Ty sub- . .

5 1inks between tlje satellites 12. That is, each of the
satellites 12 rgceives a signal only from a transmittexr
located in the uger segment 2 or from a transmitter located
in the ground ségment 3, and transmits a signal only to a
receiver locatefl in the user segment 2 or to a receiver

i0 located in the fround segment 3.

The user segment 2 may include a plurality of types of user
terﬁinals 13 th?t are adapted for communication with the
satellites 12. The user terminals 13 include, by example,

15 a plurality of different types of fixed and mobile userx
terminals including, but not limited to, radio-telephones
14, mobile radio-telephones 15, and paging/messaging-type
devices 16.

20 Of ‘particular interest herein is a user terminal 68 having
an antenna structure 70, and associated receiver
electronics 68a, that is constructed and operated in
accordance with this invention. As will be described in
detail, the antenna structure 70 enables the simultaneous

25 reception of signals from, and also the transmission of
signals to, a plurality of the satellites 12, individual
ones of which are, at any given time, most probably
oriented at a different elevation angle relative to the
antenna structure 70. This provides an ability' to

30 selectively track a satellite 12 that is transmitting the
strongest signal and to follow the satellite as it passes
overhead. Furthermore, an ability is provided to receive
and lock-on to a non-communication traffic synchronizing
signal (for example a pilot signal) that is transmitted by

35 each satellite 12. fThis enables a rapid and smooth
transition or handoff from one satellite 12 to another of
the satellites 12, it being realized that each of the
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antenna structure 70.

10 Referring also to Fig. 3A, the user terminals 13 may be
capable of operating in a full duplex mode and communicate
via, by example, L-band RF links (uplink) and S-band RF
links (downlink} through return and forward satellite
transponders 12a and 12b, respectively. Uplink L-band RF

15 links may operate within a frequency range of 1.61 GHz to
1.6265 GHz, bandwidth 16.5 MHz, and are modulated with
voice signals and/or digital signals in accordance with the
preferred spread spectrum technique. Downlink S-band RF

~ . links may operate within a frequency range of 2.4835 GHz to

20 2.5 GHz, bandwidth 16.5 MHz. The downlink RF links 17 are
also modulated at a gateway 18 with voice signals and/or
digital signals in accordance with the spread spectrum
technique.

25 The ground segment 3 includes a plurality of the gateways
18 that communicate with the satellites 12 via a, by
example, full duplex C-band RF link 19 that may operate
within a range of frequencies centered on 5 GHz. The C-band
RF links bi-directionally convey the communication feeder

30 links, and also convey satellite commands (forward 1link)
and receive telemetry information (return link).

The satellite feeder link antennas 12g ard 12h are earth
coverage antennas, while the L-band and the S-band antennas
35 are multiple beam (preferably 16 beam) antennas that
provide earth coverage within an associated service region.

The L-band and S-band antennas 12g and 12h are congruent
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7 south latitude and 70 degree north l'atitude. As such, a user is enabled
to conmuni cate fromany point on the earth's surface to any other point on
the earth's surface, via one or nore gateways 18 and one or nore of the 5
satellites 12, possibly also using a portion of the telephone
Infrastructure segnent 4. It is noted atiphis point that the foregoing and
ensui ng description of. the system 10 represents but one suitable 10
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combining at the respective receivers, leading to an
increased resistance to fading and facilitating the

10 implementation of a soft handoff procedure.

It is pointed out that all of the frequencies, bandwidths
and the like that are described herein are representative
of but one particular system. Other fregquencies and bands

15 of frequencies may be used with no change in the principles
being discussed. As but one example, the feeder links
between the gateways and the satellites may use frequeﬁéies
in a band other than the C-band, for example the Ku or Ka
bands.

20 '
The gateways 18 function to couple the communications
payload (transponders 12a, 12b, L-band receive antenna 12c,
S-band transmit antenna 12d, C-band power amplifier 12e, C-
band low noise amplifier 12f, and C-band antennas 12g and

25 12h) of the satellites 12 to the telephone infrastructure
segment 4.

The telephone infrastructure segment 4 is comprised of
existing telephone systems and includes cellular gateways
30 20, Regional Bell Operating Centers (RBOC) 22 or other
local telephone service providers, long distance carriers
24, international carriers 26, private networks 28 and
public telephone and telegraph systems 30. The’
communication system 10 operates to provide communication
35 between the user segment 2 and the telephones 32 of the
telephone infrastructure segﬁent 4, and also operates to

enable communication between individual ones of the user
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25 TIAEIA 1S 95 July 1993. The |ow earth orbits permt Iowpowere

fixed or nobile user termnals 13 to comunicate via the sBisdhed eplaced
each of which functions, in a presently preferred 30 enbo A\ ﬁ‘\
iI'nvention, solely as a "bent pipe" repea? r to receive a c

traffic signal (such as speech and/or data) froma user term naI 13 or from
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transmtter c‘ in fhe ground segnent 3, and transmts a.signal gn y to

a receiver Io@d@hﬁt&m@a}‘@eﬁ%ﬁé@ﬁﬁt(@mr 58 ($eecFdPyepr) » is Provi
for interconnecting the gateways 18 and TCUs 18a, SOCC 36

and GOCC 38 of the ground segment 3. This portion of the
10 communications system 10 provides overall satellite control

functions. Globalstar 1is a trademark of Loral Qualcomm
Ssatellite Services Inc.

Fig. 2 shows one of the gateways 18 in greater detail. Each
15 gateway 18 includes up to four dual polarization RF C-band

sub-systems each comprising a dish antenna 40, antenna

driver 42, low noise receivers 44, and high power

amplifiers 46. All of these components may be located

within a radome structure to provide environmental
20 isolation.

The gateway 18 further includes down converters 48 and up
converters 50 for processing the received and transmitted
RF carrier signals, respectively. The down converters 48
25 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 54.

The CDMA sub-system 52 includes a signal summer/switch unit
30 52a, a Globalstar Transceiver. Subsystem (GTS) 52b, a GTS
Controller 52c, a CDMA Interconnect Subsystem (CIS) 54d,
and a Switched Base Station (SBS) 54e. The CDMA sub-system
52 is controlled by a Base Station Manager (BSM) 52f and
functions in a manner analogous to a CDMA-compatible (for
35 example, an IS-95 compatible) base station. The CDMA sub-
system 52 also includes the required frequéncy synthesizer
52g and a Global Positioning System (GPS) receiver 52h.

I 2|
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capable of providing a direct connection to a Mobile
Switching Center (MSC). '

The gateway 18 provides SS-7 ISDN fixed signalling to the
SCP 54b. On the gateway-side of this interface, the SCP 54b
interfaces with the Base Station Controller (BSC) and hence
to the CDMA sub-system 52. The SCP 54b provides protocol
translation functions for the Globalstar Air Interface
(GAI), which may be based on a modified version of the IS-
95 Interim Standard for CDMA communications.

Blocks 54c and 54d generally provide an interface between
the gateway 18 and an external cellular telephone network
that is compatible, for example, with the IS-41 (North
American Standard, AMPS) or the GSM (European Standard,
MAP) cellular systems and, in particular, to the specified
methods for handling roamers, that is, users who place
calls outside of their home system. The gateway 18 supports
user terminal authentication for Globalstar/AMPS phones and
for Globalstar/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 s8sS-7
signalling interface.

A user making a,call out of the user's normal service area
(a roamer) is accommodated by the system 10 if authorized.

"In that a roamer may be found in any environment, a user

may employ the same terminal equipment to make a call from

ite ted eqemmund qatdaminetyerkse
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mentioned Globalstar Data Network (GDN) 58 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
controller 56 is further coupled to a database 62, such as
a database of users, satellite ephemeris data, etc., and to
an I/0 unit 64 that enables service personnel to gain
access to the gateway controller 56. The GDN 58 is also
bidirectionally interfaced to a Telemetry and Command (T&C)
unit 66 which provides an interface to the TCU subsystem
18a (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
general, the GOCC 38 generates traffic plans, allocates
both satellite 12 and gateway 18 resources, and monitors
the performance of the overall system 10. The SOCC 36
operates to provide and monitor orbits, to monitor the
overall functioning of each satellite 12, including the
state of the satellite batteries, to set the gain for the
RF signal paths within the satellite 12, and to ensure
optimum satellite orientation with respect to the surface
of the earth.

As described above, each gateway 18 funct%ons to connect a
given user to the PSTN for both signalling, voice and/or
data communicatiens 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

effects of fadrng and 5 other

l

e antenna structure 70" 10 rri Fi t he
sonyexgions axsmadetransnananf Yn W f p?&é;y rriD%Ie 'g}ﬁ%
comuni cat e Vipgotrodx atpiverterh@id Ris [bypassad|whk) npniﬁﬁqn#mp¢¥ilrnks
(downl i nk) through return and forward satellite transponders 12a and 12b,
Uplink L-band RF 15 | i nks, may operate wi thin a freguency -
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i nks may operate within a frequency range of 2.485 GHz to 20 2.5 GHz,
bandw dth 16:5 MHz. The downlink RF links 17 are al so nodul ated at a
gateway 18 with voice signals and/or digital signals in accordance with the
spread spectrumtechni que. 25 The groungdh segnment 3 includes a plurality
of the gateways 18 that communicate with the satellites 12 via a, by
exanple, full duplex C-band RF Iink 19 that nmay operate within a range of
frequenci es ceestelwdngn GelBhmetipe dabandtlRit | ks WrangnridetednRy y vey

the communi calhggyi9eds 39 obkBkocnandcabagaconsenxeal i © g
(forward |ink 5Ra recei ve tefenetry I nf or mat i on S{Qturn |In5?. The
satellite feetwansmiktingesonwands vpdteokhgr satelddtes didagd i GRh A8

while the L-bapdrakdst ke $nkardopnketnNenedgatewaysnild, Worc Fwamand the
(preferably 16 bean) antennas that provide earth coverage within an

associ at e8 sePPCCe3Begi on. The L-band and S-band antennas 12g and 12h are
congr uent 10 with one another. As an exanple, a total of approxinmately

3000, 1l 4P SSRMY CUbA30S dTRLASRY, 157 Bk 148" i FELon
operates to relay information from the gateways 18 to the
users (C-band uplink to S-band downlink), and to relay

10 information from the users to the gateways 18 (L-band
uplink to C-band downlink). This information includes SS-
CDMA pilot, synchronization, and paging channels, in
addition to power control signals. Satellite ephemeris
update data is also downloaded to each of the user

15 terminals 13 via the satellites 12. The satellites.12 also
function to relay signalling information from the user
terminals 13 to the gateway 18, including access requests,
power change requests, and fegistration requests. The
satellites 12 also relay communication signals between the

20 users and the gateways 18, and may apply security to
mitigate unauthorized use.

In operation, the satellites 12 transmit spacecratt
telemetry data that includes measurements of satellite
25 operational status. The telemetry stream from the
satellites, the commands from the 8So0ocCC 36, and the
communications feeder links all share the C-band antennas
12g and 12h. For those gateways 18 that include a TCU 18a
the received satellite telemetry data may be forwarded
30 immediately to the SOCC 36, or the telemetry data may be
stored and subsequently 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 58 as packet messageé, each
35 packet message containing a single minor telemetry frame.
Should more than one S8S0CC 36 be providing satellite
support, the telemetry data is routed to all of the S0OCCs.



Cow

the system 10, two or nore satellites 12 nmay each convey 5 t he sane
communi cati on between a given user termnal 13 and one of the gateways 18.
- This node of operation, as described in detail below thus provides for

di versity conbining at the respective recgegvers, |eading to an increased
resistance to fading and facilitating the 10 | npl ementati on of a soft
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gateway-generated contact lists are also sent back to the
10 SsOcCC 36 to support the gathering of telemetry information
and the propagation of commands.
A second interface function is the provisibn of utilization
statistics from the GOCC 38 to the SOCC 36. The utilization
15 statistics pertain to the actual communications quality and
utilization (gateway assessment) of each satellite 12. This
information is correlated with satellite telemetry data to
distinguish between expected and anomalous behavior, etc.

20 A third interface function is the provision of satellite
status that is reported from the sSoOCC 36 to the GoccC 38.
The satellite status information includes both
satellite/transponder availability, battery status and
orbital information and incorporates, in general, any

25 satellite-related limitations that would preclude the use
of all or a portion of a satellite 12 for communications
purposes.

An important aspect of the system 10 is the use of SS-CDMA
30 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
from mﬁltiple satellites over multiple and different path
35 lengths. Rake receivers 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



-

30 20, Regional Bell -Operating Centers (RBOC) 22 or other |ocal telephone
service providers, long distance carriers 24, international carriers 26,
private networks 28 and public t el ephone and t el egraph syst ens
30. The comuni cation system 10 operatessto provi de comuni cation 35
bet ween the user segnent 2 and the tel ephones 32 of the tel ephone

infrastructure segnent 4, and al so operates to enabl e communi cation_between
i ndi vi dual ofms bhet forwsexd 1ink déghads o tihe usetuskghipk S19pad s he

gat enays 18.,.4AlSOrSHO¥Eoh Nafili It ransAl¢taks @hirbubhd thike datelpdtieison2of the
ground segnent 3, iIs a Satellite Operations Control 5 Center (SOCC) 36,

and a ;?cnuuF%iﬂ}EE??mBS%ﬁntrQI Center (GOCC) 38. A conmunication path 39,
whi ch includes a G ound Data Network (GDN) 58 (see Fig. 2), is provided for

I nt er connecting.,the . a OGa GgC% 338 gafg t he
ground stgne ?%1%#?a§%$%‘lﬁldeﬁ§&%%§}?}% 2>§cth)Frﬁfml cat i%%’s St g%,lsgs,
provi des oveisstedadaiguste 3ontkIA3 f tRctStapherr §. Amgs R ,enkitled

gﬁ;f’v"ggls . }?Z;??%%égéﬁ E?%\‘g%]ﬁéity Egshed® spadtAnm\comninitattim Sysitenfqur
is incorporateé!by reference herein in its' entirety, as is
the disclosure of U.S Patent Application S.N. 08/239,750,
10 filed May 9, 1994, by Robert Wiedeman and Paul A. Monte,

entitled "Multipath Communications System Optimizer".

The performance in the continuous diversity reception mode
is superior to that of receiving one signal through one

15 satellite repeater, and furthermore there is no break in
communications should one link be lost due to interference
from trees or other obstructions that have an adverse
impact on the received signalJ

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

25 terminals 13 transmit through all satellites that can be
igeen" from the user terminal 13.

Each gateway 18 supports a transmitter power control
function to address slow fades, and also supports block
30 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 the average 30 msec satellite round trip
delay.
35
The block interleavers (534, 53e, 53f, Fig. 5) operate over
a block length that is related to vocoder 53g packet
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sub-systens each conprising a dish antenna 40, antenna driver 42, |ow noise
receivers 44, and high power anplifiers 46. ‘All of these conponents may be
| gcated within a radonme structure to provide environnmental 20 i sol ati on.
The gateway 18 further includes down converters 48 and up converters 50 for
processing the received and transmtted REWarrier signals, respectively.
The down converters 48 25 and the up converters 50 are connected to a

O 513t rk iyl ol BB R g PRURLEY L8-40R EUNLR RHE "5y, o,
i ncl udes a si gn@NgGtimmAnd hiense dnproged espar coxeehbgn Trathdhe expense
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anal ogous t® a Uudespallblielaler die teexdmpleeceived-Sbgnakpatighmenktase
L o SR Bed o4, ! SR ERMGS S SORHERC) 52
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.
10 |
Fig. 5 is a block diagram of the forward link modulation
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
15 telemetry and control (T&C) information is also input to

the block 52a.

-
-

An unmodulated direct sequence SS pilot channel generates
an all zeros Walsh Code at a desired bit rate. This data

20 stream is combined with a short PN code that is used to
separate signals from different gateways 18 and different
satellites 12. The pilot channel is modulo 2 added to the
short code and is then QPSK spread across the CDMA
bandwidth. The following different pseudonoise (PN) code

‘25 offsets are provided: (a) a PN code offset to allow a user
terminal 13 to uniquely identify a gateway 18; (b) a PN
code offset to allow the user terminal 13 to uniquely
identify a satellite 12; and (c) a PN code offset to allow
the user terminal 13 to uniquely identify a given one of

30 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 from the same pilot
seed PN code.

35 Each pilot channel that is transmitted by the gateway 18
may be transmitted at a higher power level than the other
signals. A pilot channel enables a user terminal 13 to



The PSTN interface 54 includes a PSTN Service Switch Point (SSP) 54a, a
Service Control Point (SCP) 54b, a Visitor Location Register (VLR) 54c, and
an interface 54d to a Honme Location Register (HLR). 5 The gateway 18 is
connected to tel ecomruni cati on networks through a standard interface nade

t hrough the SSP 54a. The gateway 18 proviMes an interface, and connects to
the PSTN via Primary Rate Interface (PRI). The gateway 18 is further 10
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provide an interface between the %Sggwa 18 and an external cellular
8 bes X‘Fpé’ffnp

t el ephone net {8k PChSTP-OYE P le, with the 1S-41 (North
Aneri can -Standard, AMPS) or the GSM (European Standard, 25 MAP) cel | ul ar

systenms and, &Eep & Ecghgﬂheiogéﬂgrggggigiégka sfream that includes the

following information: (a) time of day; (b) trahsmitting

10 gateway identification; (c) satellite ephemeris; and (4)

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 reéulting data stream is modulo two added to-

15 ' the synchronous Walsh code and QPSK spread across the CDMA
bandwidth. '

The Paging channel is applied to a convolutional encoder

_ 531 where it is convolutionally encoded and is then block

20 interleaved. The resulting data stream is combined with the

output of a long code generator 53j. The long PN code is

used to separate different user terminal 13 bands. The

paging channel and the long code are modulo two added and

. provided to a symbol cover where the resulting signal is

25 modulo two added to the Walsh Code. The result is then
QPSK spread across the CDMA bandwidth. .

In general, the paging channel conveys the following
message types: (a) a system parameter message; (b) an

30 _access parametef message; (¢) a neighborhood list message;
and (d) a CDMA channel list message.

The system parameter message includes the configuration of
the paging channel, registration parameters, and parameters
35 to aid in pilot acquisition. The access parameters message
includes the configuration of the access channel and the
access channel data rate. The neighborhood list message



met hods for handling roaners, that is, users who place calls outside of
their hone system The gateway 18 supports user term nal authentication for
satellite system phones and for satellite %stem GSM phones. In service
areas where there is 30 no exi sting tel ecdgmmuni cations infrastructure, an
HLR can be added to the gat evvay 18 and interfaced with the SS-7 signalling

Interface. A usﬁ{Clr{P&(édﬂt egn% SHio: emkﬁbfégrau%ﬁg{l@kéég%w c§n§r ea ﬁg

(a roaner) is acconmo e SYS orrze a roamer

may be found i MekghkoxheetnBt offsaks. nihee MGy chanbake kisti mgssage

equi pment to rr&kﬁuaefsalﬁhér ociéﬁe&?’ eiaéntieivetion and the waish
necessary protogfiﬁconv.erm@grg are made transparently by the gateway 18.

The protocol coh {5 RGN bypassed when not required. 5 Overall gateway -
control is%rovided by the gateway controller 56 which includes an
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through the BSMpgpiiend tdr elgledRvolvtiicnaler encoder 531 where it is
convolutionally encoded and then block interleaved (in
10 block 53f). The resulting data stream is combined*with the
output of a user long code block 53k. The user long code is
employed to separate different subscriber channels. The
- resulting daf:e stream 1s then  power controlled in
. multiplexer (MUX) 53m, modulo two added to the Walsh code,
15 . and then QPSK Spread across the CDMA communication channel

" bandwidth. : '

‘With respect to return 1ink demodulatx.on, the gateway 18

.. operates to demodulate the CDMA return link(s). There are
-'2'9'_ o two different codes for the ‘return link: (a) the zero -
o offset pilot code; and (b) the long code. These are used by
the. ‘two dlfferent types of return link CDMA Channels ¢

- namely the access channel and the return trafflc channel.

.. 28 -7 :
;" For the access channel the gateway 18 receives and decodes
- @ burst on the access channel that requests access. The
:access channel message is embodied in a long preamble
fo;.lowed by a relatively small amount of data. The
39 preamble is the user terminal's long PN code. Each user
terminal 13 has a unicjue long PN code generated by a unique - -
time offset into the common PN generator polynomial.
After receiving the access request, the goteway 18 sends a '
. message on the forward link paging channel (blocks 53e,
35 531, 53j) acknowledging receipt of the access request and
assigning a Walsh code chahnel to establish a traffic
channel. The gateway 18 also assigns a chennel element and.



43 associated with each of the antennas 40. The gateway controller 56 is’
further coupled to a database 62, such as a database of users, satellite
epheneris data, etc., and to an I/O unit 64 that enabl es service personnel
to gain 15 access to the gateway controller 56. The GDN 58 is al so
bidirectionally interfaced to a Telenetry & Command (T&C) unit 66 which
provides an interface to the TCU subsystem 18a (Figs. 1 and 4). 20
Referrlng to Fig. 4, the function of the GOCC 38 is to plan %& 310%”%
satel lite utilibkathothgyuser termveys 13 ankdhe galavpn s sWite e

utilization w tashﬁgné@cgnﬁ inelNeféRBht! anlh®egPRCadplea conintn iicatiiions .
pl ans, allocates bofh satellite 12 and gateway 18 resources, and nonitors

25 the perfornmance of the overall system 10., The SOCC 36 operates to :
provi de and nongher pebain, twafitic t chdnnelovdsal geheratiedni iy dfheasiser

cain for tn8 RrCerRiRAL, a3 B ddivieorgiey %asﬁgﬁgeghtsg dé"?iﬂ(f?g't Ha
opti mum sat el | i €rowr the docal \datn reonxce ob the ygseratersd vegader .As
descri bed abovegngachagat e¥8Y dffleh UBIoQES 1k&PIEREéq a &V%éd%i{eﬁnﬂ.ﬂéw

PSTN for both 5| allln I ce and 5 d ons o to.
generat e dat a, %a§§8 gs(ﬁ’ﬁigﬁﬁl toot ﬁ#sﬂi lb?f#‘bg%% ‘?&t
gat eways 18 burst randomizer to reduce clashing. The data is then
10 added to the zero offset PN code and transmitted through
' - one or_ more of the sat_e_ll-ites 12 to the gateway 18.

'l'he gateway 18 processes the return link using a, by

example, Fast Hadamaid Transform (FHT) to demodulate the
15 128-Ary Walsh Code and provide the demodulated information
- _to the diversity combiner. '

'I'he foregoing has been a desoription of a presently :
preferred embodiment of the communication system 10. A
20 de_scription is now hade of presently preferred embodiments
B of the' antenna structu_re 70 and the associated electronics
for receiving and ‘transmitting communication signals

‘between the user terminal 68 (Fig. 1) .and one or more of

the satellites 12. '
25 _ -

- An important aspect of the antenna structure 70 is that it
enables simultaneous communication with two or more of the
satellites 12. This is facilitated by prov1ding the user
terminal 68 with the multi-finger spread spectrum receiver

30 ~68a. Such a multi-finger SS receiver is known in the art as
. ‘a Rake receiver. One suitable receiver type is disclosed
generally in Figs. 2 and 4 of the aforementioned U.S.
Patent No. 5,233,626 to Ames. The use of this type of
recelver enables a simultaneous reception of spread
35 spectrum signals from two or more sources, and the digital
combination of these signals in a diversity reception mode.
The receiver 68a operates to equalize the various input
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include a Telenmetry and Command Unit (TCU) 18a for 14 receiving
telenmetry data that is transmtted by the satellites 12 over the C- band
return link and for transmtting commands up to the satellites 12. The GDN
58 operates to interconnect the gateways 58, GOCC 38 and the 5 SOCC 36. In
general, each satellite 12 of the LEO constellation operates to relay

I nff ormati on fromthe gateways 18 to the users (C band uplink to S-band
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interference ratio over the receptlon of but a single
signal.
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Reference 1is made to Figs. 6 and 7 for showing one
presently preferred embodiment of the antenna structure 70.
The antenna structure 70 includes a high gain antenna 71
and a reference antenna 73. The high gain antenna 71 is
15 comprised of seven separate antenna sub-structures
designated as 72 for a vertically (V) oriented antenna sub-
structure, and a plurality (6) of antenna sub-structures 74
that are disposed at a predetermined angle 6 with respect
to the vertical antenna sub-structure 72. The sub-
20 structures 74, when the antenna structure 70 is installed,
are oriented so as to face the north (N), northeast (NE),
southeast (SE), south (S8), southwest (SW) and northwest
(NW) directions. Each of the antenna sub-structures 72 and
74 is comprised of one or more antenna elements 76. The
25 antenna elements 76 wmay be horn antennas or any other
suitable form of moderate-gain antenna, such as a patch or
an array of patches, as shown in Figure 6. In the
illustrated embodiment each of the antenna sub-structures
72 and 74 includes four antenna elements 76 that are
30 interconnected. A center-to-center spacing between
individual elements is preferably some multiple of the
wavelength(s) of interest, for example the center-to~-center
spacing is in a range of approximately 0.5 to approximately
0.8 times the wavelength A. In general, the wider the
35 spacing the higher is the gain. However, an increased
spacing also increases the amplitude of grating lobes. By
example, the overall width of the anﬁenna éub-—structure 72
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m tigate unauthorized use. In operation, the satellites 12 transmt
spacecraft telenetry data that includes neasurenents of satellite 25
operational status. The telenetry stream from the satellites, the
commands fromthe SOCC 36, and the conmmunications feeder |links all share
the C-band antennas 12g and 12h. For those22ateways 18 that include a TCU
18a the received satellite telenetry data nay be forwarded 30 I mredi atel y

to the SOCC 36, or the telenmetry data may be stored and subseqfentlé i
forwarded to tRRYSeE038 MEtars at EheSPACiRG heiesh APt INERES 15he

telenetry dat a1o\z\/eetdiﬁr(6mnam,ttaem i sl @l ehgner 76t Giesl andmhsmmeofl y

formarded IS sent _over et S S c e
nmessage cont ai ﬁp¥?§°§1§‘?ﬁ ﬁé’ %Ne%%%? qt%( ?ljr;%nlg hgﬁﬁﬁ %gr%e%n agﬁﬂ(;n%s
SOCC 36 be pr oprafngabAwempumeguppoatmashesz erepRt A teR Fertagetefal |

of the SOCks. thelénEEﬁnEOGGb?»@tmtﬁiﬁeee:zorllsn&ferpeﬁdeirdxﬂwr fta1CA | oBmatd. t h
the GOCC 38. Afirst interface function is orb 03|%|0n i nf or mat.i on,

wherein the $Secthesgsupfaceqes Fﬂ%ﬂ?%?t?nfor ALehentis e lin

that each gat ewaglh8eegnby example, a single antenna element 80 that is
also oriented perpendicular to the normal to the earth's
surface.

10 .

The angle 0 is preferably within the range of approximately
~30° to 60°, with the selected angle being a function of beam
'wshape. The angle is also selected to provide as high a gain

as 1s possible for a satellite oriented from approximately

15 10° elevation to 90° elevation (zenith). The use of 45° has
been found to provide satisfactory results, as will be

described below in reference to Fig. 10.

It should be realized that there is no requirement that the
20 sub-structures 74 abut or be adjacent to the sub-structure
72. By example, and referring to Fig. 12, one or more of
the sub-structures 74 may be spaced away by an arbitrary
distance D from the edges of the sub-structure 72, so long
as the above-described angqular relationships between the
25 various sub-structures are maintained.

In view of the foregoing it can be seen that an aspect of
this invention is the provision of an antenna that includes
a first sub-structure 72 that has a major plane that is
30 oriented at a first angle (for example, 90°) with respect
to an axis (normal) that is perpendicular to the surface of
the earth. The antenna 70 also includes a plurality N (for
example six) of second sub-structures 74 individual ones of
which have a local major plane that is disposed at a second
35 angle (for example, 45°) to the major plane of the first
sub-structure. Each of the piurality of sub-structures 74
has an outwardly pointing normal from the local major plane



5 accur at el

gateway. This data includes data tables that are suffi ciBygShegHash
gateways 18 to propagate their own satellite contact Ii-sti “ umﬂ

al gorithns. These gateway-generated contagg lists are als

10 SCCC 36

propagati on of commands.

y track up to four satellites that may be in view of the.

to support the gathering of telenetry information and the

A second interface function is the provision of
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sub-structures 72, 74, and also the support 78 for the

reference antenna element 80, are constructed from a
copper-plated fiberglass or teflon material.

In the illustrated embodiment the antenna sub-structure 72
has a hexagonal shape and is pointed vertically. The six
sub~structures 74 are arranged about the edges of the
vertical sub-structure 72 in 60° segments in azimuth, and
are slanted at the angle 8 to position the peaks of their
beams at the 45° elevation angle. The exact number of the
angled sub-structures 74 is a trade-off between increased
coverage and complexity/cost. The use of six of the sub-
structures 74, facing in the indicated directions, has been
found to provide satisfactory results with the orbits of
the satellites 12, as indicated generally in Fig. 11. In
Fig. 11 the groundtrack of one satellite 12 is shown, as
are the tracks of six exemplary spot beams (15° field of
view).

In one embodiment of this invention the antenna structure
70 is operated with a knowledge of the satellite 12
ephemeris data such that a relatively simple determination
can be made as to which of the plurality of elements 76 and
sub-structures 72, 74 to select at any time to provide the
maximum gain to the receiver 68a. In operation, the
elements 76 of one sub-structure 72, 74 are coupled to the
receiver 68a at any given 'time, while the vertically

pointing reference antenna element is always connected to '




conbining is enployed to mtigate the effects of fading as signals arrive
at the user-termnals 13 or the gateway 18 fromnultiple satellites over
mul tiple and different path 35 | engt hs. Rake receivers are enployed to
recei ve and conbine the signals fromnultiple sources. As an exanple, a
user termnal 13 or the gateway 18 provi déd di versity conbi ning 16 for
the forward link signals or the return link signals received from and
transmtted thf[

ough S llites 12 sinmultaneously. 5 In this regard
-the disclosure %‘? g’ff%{\g%fe%%gm. 5,233,626, issued August 3, 1993 to
‘Stephen A. Anes and entitled "Repeater Diversity Spread Spectrum

Comﬂﬂﬂcatimiﬁw§remd L oirBCHHROT 8iBEcbrar P Riafarles cbl itthe t antenna
entirety, as Is

he di scl osure of U. S Patent li.cation S..N. /239,750,
10 filed MySeEuEens 59 Fehdt o3k LB 35 Bismido dXehy) £6¥
"Ml tipat hs gonesm'upm j ossutByeistm i@t harthedst Th¥hee rdadreddrie | B2t fdrst
conti nuous diversi 1 ' ' t eg@,g l{\dne 0 Re
si gnal throughe%%%ﬁ§%£§§§%tbe ??frﬁgsae%ée%ﬁ?%%%&de l?ﬁsr tilkgﬁanrlf)a;e h?rie | f%
break in commugaintvhhchsviauiesofson appsexinatedye 1t 8Binak, thechoxizon

(-0° elevation angle) to approximately 11 dBi at 45°
elevation 'angle. The gain then decreases down to
10 approximately 8 dBi at about a 70° elevation angle, at
which time the gain of the SW-facing antenna elements 76
match the gain of the vertical beam of ‘the V antenna
elements 76. When the elevation angle of the satellite 12
is in the range of 60°-80°, the input to the receiver 68a
15 of the user terminal 68 (Fig. 1) is switched from the SW-
facing antenna elements 76 to the V-facing antenna
elements. As the satellite 12 passes through the beam of
the V antenna elements 76 the gain again increases to
approximately 11 dBi, and then falls off back to
20 approximately 8 dBi. At this point, the receiver 68a .is
switched from the V antenna elements to the NE-facing
antenna elements 76. As the satellite 12 passes through the
beam of the NE-facing antenna elements 76 the gain again
increases to approximately 11 dBi and then falls back
25 towards 1 dBi at 0° elevation angle before the satellite
passes over the horizon.

Practical considerations, such as propagation losses, can

limit the minimum usable satellite elevation angle to the
30 range of approximately 10° to approximately 20°. Under this

condition, the antenna structure 70 provides a minimum gain

of approximately 7.5 dBi. This gain provides a great

advantage in signal strength for a satellite-based

communication system, and enables a reduction in satellite
35 power consumption to be achieved.

A description of the multiple satellite communication
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fromtrees or other obstructions that have an adverse inpact on the

recei ved signal. 20 The multiple directional antennas 40 of a given one
of the gateways 18 are capable of transmtting the forward |ink signal
tgateway to user ternminal) through different satellites 12 to support
diversity conbining in the user terminal s283. The ommidirectional antennas
13a of the user 25 termnals 13 transmt through all satellites that can

be "seen" fromthe user terninal 13._ Each %aéewa .18 support
2S8Rt ipFiano i
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equally as well to a transmit function. :

The reference antenna 73 is combined with the high gain
main antenna 71 through the use of a separate LNA 82b,
10 which precedes a signal combiner 84, in order to avoid a 3
dB gain loss that typically occurs when antennas are
combined directly. By example, the combiner 84 may be
embodied as a well known Wilkinson hybrid combiner. The use
of the separate LNA 82b thus maintains the sensitivity of
15 the reference antenna 73. The receiver 68a referred to in
Fig. 8 as receiving the output of the combiner 84 is
preferably the multiple finger receiver that is capable of
simultaneously receiving, separating, and demodulating
multiple spread spectrum transmissions. One suitable and
20 présently preferred multiple finger spread spectrum
receiver is that described in the aforementioned U.S.
Patent No. 5,233,626 to Ames, which has been incorporated
by reference herein in its entirety. It should be realized,
however, that the use of this particular SS receiver is not
25 a limitation upon th_e practice of this invention, and that
other SS receivers having different architectures may be
employed as well.

The reference antenna 73 receives one or more non-
30 communication signals from the satellites 12. In that the
reference antenna 73 is omnidirectional, by virtue of being
‘vertically pointed, these received non-communication
signals typically have a lower signal strength than the "in
use" signal that is carrying the current communication,
35 such as a voice communication. In the presently preferred
embodiment of this invention the reference antenna 73
receives the aforementioned pilot signals that are
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| engt h, and hence inproved error correction, at the expense of increasing
the overall end-to-end delay. A preferred maxi numend-to-end delay is 150
nsec or less. This delay 5. includes all delays due to the received signal
al i gnment perfornmed by the diversity conbiners, vocoder 53g processing

del ays, bl ock interleaver 53d-53f del ays, 28nd the del ays of the Viterb
decoders (not shown) that forma portion of the CDVA sub- systen152 10 Fig.

5 is a block di agram of the forward |ink nodul atiqn portiqn of, t
sub- syst em 52 wranspitbed fropgiarpsatelliks 17 fbatsds Adcydey Pfcggpncy
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spread the current communication.

10
The presence of the synchronizing signals from other
satellites 12 allows the system 10 to transition the
receiver 68a from the "in use" satellite 12 to one of the
others whose pilot is also being received. This 1is a

15 handoff procedure, and is accomplished by switching the
high gain antenna 71 from the "in use" satellite 12 to one
of the others which is preferably increasing in elevation
angle. The identity of the rising satellite can be
determined from its ephemeris data, which is stored in or

20 otherwise accessible to the user terminal 68.

It should be realized that the use of the pilot signal

channel is not required, and that in some embodiments

another channel that conveys a synchronizing signal can be
25 employed. .

Fig. 9A is a block diagram of the antenna structure 70, and
shows the outputs of the elements 76 from each of the seven
sub-structures 72 and 74 being fed into a switch 86 that

30 receives a switch control signal from a controller of the
user terminal 68.

By example, and as is shown in Fig. 9B, the switch 86 may
include a plurality of PIN diode switches 86a of a type
35 well known in the art. A user terminal switch controller 87
selects, when receiving a signal from only one satellite,
one group of elements 76 from one of the sub-structures to
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code offset to allow the user termnal 13 to uniquely identify a satellite
12; and (c) a PN code offset to allow the user termnal 13 to uniquely
identify a given one of 30 the 16 beans that is transmtted fromthe
satellite 12. Pilot PN codes fromdifferent ones of the satellites 12 are
assigned different tine/phase offsets fr@nthe sane pilot seed PN code. 35
Each pilot channel that is transmtted by the gateway 18 nmay be transmtted
at a higher power |evel than the other signals. A pilot channel enables a
user term nalbd3féed intachberénpht o0Ffnthg BRAt B3af ¢Figrd 8D eppdydng

provi des a ph@:ﬁi@éﬂé@f‘aé Ve i°BhelS EDENE 3119 1 Gdés [ 6Y iSRS dne

mechanismto p orm nal _strength conparisons to determ ne when to
initiate hand‘bffth?hﬁlﬁgélo%l’f‘ﬁé 7Rot 5 channel is not, however,

mandat ory, and ot her techniques can be enployed for this purpose. The Sync
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locked onto and is tracking this synchronizing channel
while receiving the communication signal from the first, in
10 use, satellite 12, makes the transition from the first to
the second satellite very smooth and invisible to the user.

After the transition (handoff) from the first to the second
satellite takes place, the reference antenna 73 will most

15 probably be receiving a pilot signal from a third
satellite. As before, the receiver 68a is caused to
allocate a finger to the newly received synchronizing
signal and will eventually acquire and lock on to this
signal, while receiving the communication from the second

20 satellite. At some future time, the foregoing process will
repeat so as to handoff the communication from the second
satellite to the third satellite.

In principle, this process can continue indefinitely as
25 "new" satellites become visible over the horizon, and as
"o0ld" satellites disappear beneath the horizon.

This multipath diversity reception technique provides a
number of advantages in addition to the transparent handoff
30 described above. By example, a first advantage occurs when
the in-use satellite path experiences blocking or loss of
signal for any reason. In this case the system 10 can
quickly switch the high gain antenna 71 to a better quality
signal from a different satellite whose pilot channel has
35 already been acquired and which is currently being tracked.

A second advantage is that the total communication capacity



encoded and subsequently block interleaved to conbat fast fades. -The
resulting data streamis nodulo two added to 15 t he synchronous Wl sh
code and QPSK spread across the CDVMA bandwi dth. The Pagi ng channel is
applied to a convolutional encoder 53i where it is convolutionally encoded
and is then block 20 I nterl eaved. The réghlting data streamis conbi ned
with the output of a |ong code generator 53j. The long PN code is used to
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paransters a5 b S EETEOR SERERCURPERT] on' “The abcees parameters message
i ncl udes the configuration of the access channel and the access channel
data rate. ThepQplghhoLnN9ad ddwind&SS288 Fig. 13 for showing a further
embodiment of this invention that does not require, or that
10 is used in conjunction with, satellite ephemeris data. That
is, in this embodiment the receive antenna system is
employed to detect the relative signal strength of a
satellite in various antenna segments by 'sampling the
downlink signal strength on every segment prior to the
15 signal reaching the PIN diode switch 86, and to then
compare the relative strengths of the signals. Presumably,
the signal will be strongest in the antenna currently being
used. If, however, it is seen that the strength of the
signal in another sub-structure (72, 74) is increasing so
20 as ‘to approach the strength of the sub-structure being
used, it is indicated that the receiver can soon be
switched to that antenna segment. Continuous monitoring of
the received signals enables making the switch-over when
the signals in the ‘Ycurrent" antenna and the "new
25 candidate" antenna are approximately equal. This embodiment
employs a separate receiver from the receiver used for
communication, but the separate receiver need only decode
the SS-CDMA signal and give an output indication voltage
that is correlated with the antenna segment being viewed at
30 the time.

The sampling of the received signals from the antenna
elements 76 disposed on the various sub-structures (72, 74)
may be accomplished by use of a plurality of couplers 89
35 which feed the PIN diodes 86a and also a second set of PIN
diodes (86a'). That is, it may be desirable to decouple the
antenna selection system from the main antenna PIN diode



19 includes nei ghbor hood pi | ot identifiers and the nei ghborhood -
PN of fsets. The CDVA channel |ist message conveys the associated pil ot
identification and the Wal sh code assignment. 5 The vocoder 53k encodes the
voice into a PCMforward traffic data stream The forward traffic data
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to a predetermined threshold value, such as a sttored value

d compare

and/or a value measured from the antenna element(s) 76 of
10 another one of the sub-structures (72, 74). The result of

the comparison is then employed to select another antenna

element 76 or another sub-structure (72, 74), and is also

used to determine an optimum time to switch the

communication receiver to the antenna element(s) 76 of the
15. other sub-structure (72, 74).

In addition to predicting the motion of the in-use
satellite 12, this embodiment of the invention is also
capable of detecting another (a further) satellite which is

20 coming into view of the antenna structure 70. When the
received signal strength of the further satellite is found
to exceed the received signél strength from the satellite
that is currently being used for communication, an
indication is made that it is time to switch satellites.

25 The tracking process described previously then repeats for
the newly acquired satellite.

Furthermore, tracking and acquisition of satellites can be
accomplished through the use of both predicted satellite

30 elevation angle and azimuth, based on satellite ephemeris
data, and also on the received signal strength as outlined
above. As an example, satellite. ephemeris data can be
employed to select a sub-structure 74 to initially begin

. acquiring the satellite, while the received signal strength

35 is subsequently employed to track the satellite's position

as it proceeds in its orbit relative to the antenna
structure 70.



25 For the access channel the gateway 18 receives and decodes a burst on

t he access channel that requests access. The access channel nessage is
enbodied in a long preanble followed by a relatively small anount of data.
The 30 preanble is the user termnal's ng PN code. Each user- tern na
13 has a unique long PN code generated by a unique tine offset into the
common PN generator polynomal. After receiving the access request, the

gateway 18 SeBQ%eﬁ BESEﬁgefei‘eﬁbﬁnﬁoalégéglstBnpi‘ﬂ'é&n%@r&@éliﬂé&oﬁ%@%
35 53i, SBJghac now edgi ng réce| pt of the access req#est and .assi njng a
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data source Okrhbk Hsﬁbviﬁﬁnbﬁﬁélﬂﬁadﬁﬁt iﬂ&téﬁ&ae:hﬁléférh:?'éﬁ%tromc
interl eaved at predetermneéd intervals and 1Is ag led to a -
modul at or andS¥ig§shing arrangement to selectively couple antenna
elements to an input of a receiver, or to an putput of a
transmitter. Furthermore, the antenna system enables a
10 communication signal to be simultaneously received fronm a
plurality of satellites and combined in the before-
mentioned diversity reception mode of operation. Also, a
communication signal from one satellite can be received and
tracked, while receiving non-communication synchronizing
15 signals, such as pilot channels, from one or more other
satellites.

It is anticipated that the antenna system and structure

that has been described above may be modified in various
20 ways. By example, more or less than four elements 76 can . be

included ‘within each sub-structure 72 and 74. Also by

example the reference antenna element 80 could be disposed

on the sub-structure 72, as shown in Fig. 6 as the element

80', so 1long as an interference condition is not
25 established with the antenna elements 76.

Furthermore, the (SW), (V) and (NE) tracking example given
above has been made in the context of a satellite that
passes direcfly over the vertical antenna sub-structure 72
30 (an "overhead" or high elevation angle pass). However, for
a low elevation angle satellite pass only one or more of
the sub-structures 74 may be required, such as the (S) and
(SE) facing sub-structures 74. For another satellite pass
it is possible to seléct, by example and depending upon the
35 satellite's elevation angle and azimuth, antenna elements
associated with the (SW), (V), (NW) and (N) sub-structures
74, or antenna elements associated with the (SW), (NW), (ﬁ)



burst random zer to reduce clashing. The data is then 10 added to the
zero offset PN code and transmtted through one or nore of the satellites
12 to the gateway 18. The gateway 18 processes the return link using a, by
exanpl e, Fast Hadamard Transform (FHT) to denodul ate the 15 128- Ary

Wal sh Code and provide the denpdul ated i mformation to the diversity

conbi ner. The fore90|ng has been a description of a presently ..preferred
enbodi ment of t ni.c eg,10. A 20 description i s now made
of presently p? UB g%#ﬁgﬁ ég%fq?he antenna structure 70 and the
associ at ed electronlcs for receiving and transmtting comrunication

signal's betwegp ghewﬂffé Eﬁé”&ﬂ@l&n@&oﬁ'zhgs ia}aeﬁnéa%Qcﬁﬂ.aﬁﬂlyeshbw&hQnd
satellites 12. %

L mportant aspect of ant WWB stru g HEF s Jhat
it enabl es si %ﬁ?ﬁh@%ﬁﬂ%‘b‘mﬁﬁﬁi@ﬁ‘? &R RFFﬁeFRB of ™ orte 1 ittes
12. Thissis {atilhé aizﬁﬂeﬁatdwd)\bydumstdwekuaeedx gnnthal axis tha'th chlaexges
mul ti-finger spread spegtr ceiver .30
receiver is kﬁgwﬁq’ﬂ gﬂg g]aé S, MRY| e r@?nggrhe %{% %l[ptll'otkﬁ gve% type
" is disclosed geomr&ahkystcopEi gad Qpamdt4oﬁfthhel@W@HﬁﬁEﬂbloned U.S Pat ent

No. 5,233,626 to Anes. The use of this type of receiver enables a
si nul t aneous reception of spread



35 spectrum signals fromtw or nore sources; and the digital conbination
of these signals in a diversity reception node. The receiver 68a operates
to equalize the various input 21 signals for differences in Doppler
frequency offsets due to satellite notion, differences in propagation

del ays, and differences in phase shift. 3%he identification of the source
of each of the sinmultaneously received signals is 5 made possible by the
use of the different PN offsets for each of the satellite transmitters, as_
was described previously. This provi desShAIMEproved signal to noise and ~
interference ratio over the reception of but a single si gimmumcluﬂfm“ﬂw
Is made to FI%%a %%%f dsqgwmng one presently prefer

the antenna strdctdre e ‘antenna structure 70 includes & hlgh galn
antenna 71 and a reference antenna 73. The high gain antenna 71 is 15

conprised jof sevqn ﬁﬁpah%banaamﬁwm sub- thﬂfgesadeérﬂﬂﬁhid s 42
for a vertically oriented aE& E qp struc£ ifatand afp:HraI|t¥t£6)
of ant enna%uf tmegf7§ate ites of a conste ion oW ea
3 orbit satellites, each of the plurality of satellites being
4 oriented, at any given time when in view of the terminal,
5 at a particular elevation angle, comprising:

6 a first sub-structure having a major plane that is

oriented at a first angle with respect to an axis that

8 is perpendicular to the surface of the earth:;

9 a plurality N of second sub-structures individual ones
10 of which have a local major plane that is disposed at
11 a second angle to said major plane of said first sub-
12 structure, each of said plurality N of sub-structures
13 '~ having an outwardly pointing normal from said local
14 ° major plane that is oriented at a third angle around
15 said axis from an outwardly pointing normal of an
16 adjacent one of said sub-structures, said outwardly
17 pointing normal of each of said plurality N of sub-
18 structures being disposed so as to point away from
19 said axis; and
20 at least one antenna element supported by said first
21 sub-structure and by each of said plurality N of
22 second sub-structures, wherein antenna elements of
23 said first sub-structure and at least some of said
24 plurality N of second sub-structures enable a spread
25 spectrum communication between said terminal and at
26 least one low earth orbit satellite over a range of
27 elevation angles of said low earth orbit satellite.

2. An antenna system as set forth in claim 1 wherein
2 said first angle is approximately 90°, and wherein said
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that are disposed at a predetermned angle [err] with respect to the
verti cal

conpri sed of one or nore antenna el enents 76. The 25 antenna el enents 76

my be hory agLennas o 0581 WAt | A0kEnb" BT aBBEBkERSLARYN 0L A2

such as a patC

ant

enna sub-structure 72. The sub- 20 st r uctures 74 —when

the antenna structure 70 is installed, are oriented so as
(N, northeast (NE), southeast (SE), soutf (S), sout hvest | mgﬁ"lﬂm!ml!r
nort hwest (NW directions. Each of the ant Lan I

enna sub-structuresc

or —an as“shown 1'h Figure 6. In the

i | lustrated eabptpwdmatedyh68P.the antenna sub-structures 72 and 74

Q:-

I ncl udes four antenna elenents 76 that are 30 I nt erconnect ed. A
center-to-center spacing _between individual elenents i referably sone
mil tiple ot the wadel BRgRRESNNG: SYStEM8F8 Sely ToFHh A (HE T éf%‘?%e-]c‘bnt er

spaci ng i szi Nngaidangdrd @RGIEeXiisnapprokimatelanpsofki md| yher8ini Mesis he

wavel ength_[ e

gai n.

72

22

Hoev

1
2
3

NSO U W N e O W oW NP

& Wy -

0N > W N

rr].. Ln general, the wider the 35 spaci ng the higher is the
EﬂLa&nto %

n&t&ased spacing al so i ncreases the anplitude of

grating | obes. By exanple, the overall w dth of the antenna sub-structure

4. An antenna system as set forth in claiim 1 wherein
said third angle is approximately 45°, and wherein N is
equal to eight.

5. An antenna system as set forth in claim 1 wherein
there are a plurality of said antenna elements that are
supported by each of said sub-structures, and wherein
individual ones of said plurality of antenna elements are
spaced apart by a distance that is a function of a
wavelength of interest. -

6. An antenna system as set forth in claim 1 wherein
thére are a plurality of said antenna elements that are
supported by each of said sub-structures, and wherein
individual ones of said plurality of antenna elements are
spaced apart by a distance within a range of approximately
0.5\ to approximately 0.82, wherein A is a wavelength of
interest. '

7. An antenna system as set forth in claim 1 and
further comprising at least one reference antenna element
that is oriented at said first angle with respect to said
axis that is perpendicular to the surface of the earth.

8. An antenna system as set forth in claim 1 wherein
said first sub-structure has a generally planar, polygonal
shape, and wherein individual ones of said second sub-
structures each have an edge that is adjacent to one edge

_ of said first sub-structure.
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tructures a
to at least one antenna element that is disposed upon one

of said first sub—structure and said plurality N of second
sub-structures. .

11. An antenna system as set forth in claim 1, wherein
said first angle is approximately 90°, and wherein
individual ones of said plurality N of second sub-
structures are oriented so as to generally face north (N),
northwest (NE), southeast (SE), south (S), southwest (SW)
and northwest (NW), or subsets of these azimuthal
orientations. ) '

12. A communication system, comprising:

a constellation of 1low earth orbit satellites
individual ones of which each comprise means for
receiving a plurality of communication feeder links
from at least one ground station and means for
transmitting the received communication feeder links
to a plurality of terrestrially located terminals; and

at least one ground station including means for
transmitting said plurality of communication feeder
links to at least one of said satellites and further
comprising means for coupling said plurality of feeder
links to a terrestrially located communications
system; wherein

each of the plurality of satellites is oriented, at

preferably nmounted to a nmast 82—such—that—frf1nr—~

ub-structure 72 S perpendlcu
The reference34nt enna 73 incl ud “Hmmgﬂﬂleﬂlﬁl
nna elenent 80 that is also oriented perpendicu



In view of the foregoing it can be seen that an aspect of this invention is
the provision of an antenna that includes a first sub-structure 72 that has
a major plane that is 30 oriented at a first angle (for_exanple, [err])

With respect to an axis (normal) that is per pendi cul ar to the surface of
the earth. The antenna 70 al so includes azglurality N (fo mmir"mum"mmm
second sub-structures 74 individual ones of whi ch have a

that is disposed at a second 35 angl e (for exanpl e, [err]) the" ne or*
pl ane of e first asbgSivarcttinge whaeh iaf vtibe ofubﬁélbf @élaubeﬁﬁiﬂslﬁf es

74 has an t war dl | I i maj or pl ane
REPLACENMENT SHEET ﬁ]?gllqglcgﬁ%%t edéw?{@uth KT a'ngle (for exanple, [err])

around the axis froman outwardly pointing norrmal of an adjacent one of the

sub-struchgres 74. duaddifie ek P that) SHih CQNSEONEN L ddmb PEsL L rd angl e

may have different values, for as is shown in Figs. 14A and 14B.
exanple 8 and [err], respectively as is showmn in Figs. 14A and 14B. The

out war dl y 80i nt i ng amkstlernfa ¢halt d& tbmpplisedl bfya of i &b -SibUstLi8Eurd i s
di sposed @ as to %%vﬁ&mﬁéﬁﬁaﬁE%Wbi?ﬁeaéﬁét is oriented at a first angle

20 with respect to an axis that is perpendicnlar to the
21 surface of the earth; a plurality N of second sub-
22 structures individual ones of which have a local major
23 plane that is disposed at a second angle to said major
24 plane of said first sub-structure, each of said
25 plurality N of sub-structures having an outwardly
26 pointing normal from said local major plane that is
27 oriented at a third angle around said axis from an
28 outwardly pointing normal of an adjacent one of said
29 sub-structures, said outwardly pointing normal of each
30 of said plurality N of sub-structures being disposed
31 so as to point away from said axis; and at least one
32 * antenna element supported by said first sub-structure
33 and by each of said plurality N of second sub-
34 structures, wherein antenna elements of said first
35 sub—-structure and at least some of said plurality N of
36 second sub-structures enable a spread spectrum
37 communication to occur between said terminal and at
38 least one low earth orbit satellite over a range of
39 elevation angles of said low earth orbit satellite.
1 13. A communication system as set forth in claim 12
2 wherein said antenna is further comprised of at least one
3 reference antenna element that is oriented at said first
4 angle with respect to said axis that is perpendicular to
5 the surface of the earth, and wherein said terminal further
6 includes a multiple-finger spread spectrum receiver having
7 inputs coupled to said plurality of antenna elements and to
8 said at least one reference antenna element, said receiver
9

including means for allocating one of said fingers for



In a presentty—preferredenbodi nent of the invention the 10 THIS SHEET HAS BEEN

sub-structures 72, 74, and aI o the support 78 for the refe AERLAGED

fel gnen][ 80, &h ng ﬁﬁi& omI a ot her suitable diel ectm- pl at ed
[ bergl ass o | %ﬂ tructure 72 18 - has a nexagond INHNAMRNERIANN I

pointed vertically. The six sub-structures 74 are arranged abo(t the" edpes”

of the vefi (ic%lce%%n?% i I ridad %ﬂé&é%uﬁ%;ﬁﬁﬁé&f&ﬂ Bibn sata ke

sl ant ed at t he angl osition t of their beans at
[err] el &Jat leasdngne 1Pweeax Oﬁbm‘}eﬁaﬁﬁl ht-ezoandaﬁareal%‘aﬁa‘é%mc?ﬁres
74 1s a yhradeRidt beh&eeathafrwdocfoveame flNyeRsPIfod t yeeedvingheause

of six of the sub- structures a i.cated di.r ns,.,has
been fourld tayncgmqa’el@dlq §P§€P§T§LP§ ’%eﬂ’/ﬁ{]‘ﬁe‘# %&‘rd’r‘ﬁ d‘fle ?%ref ast
satel litas l&na&'ef&Meedamnal éyemena frohl atl 1est cﬁig.ouner hef
groundtr of . satel l.ite are the tracks of six

exenpl ar ggs(p(ﬁalgg w ﬁael?tfr]‘ ?,%@} VI e 1 n one enbodi ment of this
invention the antenna structure 30 70 |s operated with a knowl edge of the
satellite 12 ephe gﬁéﬁmﬁﬂie £88h ByLebal akCloetsi fBHh Oph CeTa DA hon_can

be made as to whic ura Ity of "el ements 76 .and sub-structures 72,
74 to sel &t and at‘r\grqn% qq}“R}TchﬁFr% neans for selecting as an output of

3 said antenna an output of antenna elements associated with
one of said first and second sub-structures, said selecting
means being responsive to at least one of a predicted
position of said at least one satellite and a received
signal strength that is measured at said first and second
sub-structures.

o N 6O

15. A communication system as set forth in claim 12
and further comprising means for selecting as an output of
said antenna an output of antenna elements associated with
one of said first and second sub-structures, said selecting
means being responsive at least to a track direction and to
an elevation angle of said at least one satellite.

N oW

16. A communication system as set forth in claim 12
and further comprising means for selecting as an output of
said antenna an output of antenna elements associated with
one of said first and second sub-structures so as to switch
the reception of said spread spectrum communication from
said at least one low earth orbit satellite to said at
least one other of said low earth orbit satellites.

LS. WS B P R VI

17. A communication system as set forth in claim 12,
wherein said first angle is approximately 90°, and wherein
individual ones of said plurality N of second sub-
structures are oriented so as to face generally north (N),
northwest (NE), southeast (SE), south (S), southwest (SW)
and northwest (NW), or subsets of these azimuthal

N U oW



maxi num gain to the receiver 68a. In operation, -the 35 elenments 76.of
one sub-structure 72, 74 are coupled to the receiver 68a at any given tine,
while the vertically pointing reference antenna el enent is always connected
to 24 the receiver 68a. Fig. 10 shows the expected performance of the
antenna structure 70 for a satellite 12 whiéh is passi ng f+em—for-5

exanpl e, southwest to northeast. The satellite 12 first enc:
SWfacing arte eleBs 76 and experiences a gain which mﬂlgmmmuml,
approximately 1 | at the horizon ([err] elevation angle) OXTy
11 dBi at [err] elevation angle. The gain then decreases down. to
10  approximatel y §gdBia doniififlcatid 'dystidivaid etanBdeh ain Wl &1 t1 3P
t he gain of _the %¥Vfa%Lnﬂ antenga.elenents Zﬁﬁ%ﬁgch theggpin oL tSe
vertical befm RREThER SHRRT LF L0 f Somu i9n. sYELEM FBRTERY eS¢ he
satellite 13 i that tibebidhgecbiohally, cotpledpin said lad leastvenetgeound
of the user 4t ers@'r?qﬁl\‘? GQ:h(IIquJh Jg dastasvfirrﬁ@ed fromthe SW facing antenna

e VY acin )

elenents 76 to t g "antenna elénents. As the satellite 12 passes
t hrough t he beam of

1 19. A communication system as set forth in claim 12,

2 vwherein said at least one ground station further comprises:

3 means for determining if said spread spectrum
4 communication is to be operated in a diversity
5 reception mode at the terminal and, if yes, for
6 routing said  spread spectrum communication
7 simultaneously through a plurality of said low earth
8 orbit satellites.

1 20. A method for operating a terminal to receive a
2 communication from at least one satellite of a plurality of
3 low earth orbit satellites, each of the plurality of
4 satellites being oriented, at any given time when in view
5 of the terminal, at a particular elevation angle and at a
6 particular azimuth angle, comprising the steps of:

7 for a first range of elevation angles and azimuth
8 angles, selecting a first portion of an antenna
9 structure to receive the communication, the first
10 portion being disposed at a first angle with respect
11 to an axis that is normal to the surface of the earth;
12 for a second range of elevation angles and azimuth
13 angles, selecting a second portion of the antenna
14 structure to receive the communication, the second
15 portion being disposed at a second angle with respect
16 to the axis that is normal to the surface of the

17 earth.



the V antenna el enents 76 the gain again increases to approximtely 11 dBi,

and then falls off back to 20 approximately 8 dBi. At this point, the
receiver 68a is switched fromthe V antenna el enents to theNefacing

antenna elenents 76. As the satellite 12 passes through the
NE-faci ng antenna el enents 76 the gain agagn increases to a4 nﬂm I IQNIH“"
gle before»

dBi and then falls back 25 towards 1 dBi at [err] elevation an
the satellite passes over the horizon. Practical considerations, such as

propagati onn | osses,2lcanal methotihasn setruforshblin setaihi 20 arelafuvbhengl e

to the 30
condi ti on,

2 L?%gﬁ:fgSl raO)é'.ltggt gy kSE'd .é&éisﬂgw%‘?ﬁenﬁtfeLXeLQ{:?Ln Yhgeest hi s

enna stractare 70 provi mim gain o
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22. A method as set forth in claim 20 wherein the
first angle is within a range of approximately 30° to
approximately 60°, and wherein the second angle is either
within the range of approximately 30° to approximately 60°
or is approximately 20°.

23. A method as set forth in claim 20 and further
comprising the simultaneously executed steps of receiving
and tracking a synchronizing signal from at least one other
satellite of the plurality of satellites.

24. A method as set forth in claim 23 wherein the
received communication is a spread spectrum communication,
and wherein the steps of receiving and tracking include a
step of 1locking to a synchronizing channel that is
transmitted by the at least one other satellite.

25. A method as set forth in claim 20 wherein the
steps of selecting each employ satellite ephemeris data to
predict a position of the at least one satellite.

26. A method as set forth in claim 20 wherein the

steps of selecting each employ a magnitude of a signal that
is received from the at 'least one satellite.

27. A method for operating a terminal to transmit a
communication to at least one satellite of a plurality of
low earth orbit satellites, each of the plurality of
satellites being oriented, at any given time when in view
of the terminal, at a particular elevation angle and at a

|Jite 35 tiop.to b hi d _Ad |pti or
Biaan heine dRiRveed; oh the 2Birds Spdfe BN, pPaRRaEatohi <



-

however that changing the Low Noise Anplifiers (LNAs) 82a and 82b in-Filg. 8

to a power anplifiers, and al so changing 5 the directio

Si

nal fl ow,

makes this discussion apply equally as well to a transmt function.

teference antenna 73 is conbined with the high gain main alf

the use of a separate LNA 82b, 10 which3precedes a signal

)]

*

W

order to avoid a 3 dB gain loss that typically occurs when ant énnas ®Bre = =
conbined directly. By exanple, the conbiner 84 nay be enbodied as a well
known W | kiéns parjiouilarc ezdimdh afgl ais ecafprising ddratstens\ ®% t hus

mai ntains the sensitivity of 15 the reference antenna 73. The receiver
68a referred to in Fig. 8 as receiving the output of thf‘aconbi ner 84

preferably7the nul thopl eaf EAgst (RS ePLt IRkevat 10 APE

§ and 15FgER |

receiving, g Sepgfqatd'dw.esb,?néed?l&dwt angfivét i [Portsipreadfspant ramtenna
transm ssi gns. e suit e a 0] r.esent | mulgsi pl gs L4 nger
spread spéctrum r@itéﬁ“\?g’r“’ﬁ% Rat r&é‘f@\il%b:%‘? %cPﬁéﬁéiéégr‘dtrgﬂfi S:trl{leeg %néé{: °
Pat ent No.105, 233, 63t s ingni dtisprsedert a nEbrporanate bylthfrespeet
herein in,its entinef Y laki%h@ﬁh‘ét 5?%51581?:{55%% YRR Fadddk the eaptrt

this particular SS receiver is no

imtation upon the practice of

this invedtd on, an®nthat other SS receivers having different architectures

may be enpl oyed as wel | .

13 for a second range of elevation angles and azimuth
14 | angles, selecting a second portion of the antenna
i5 structure to transmit the communication, the second
16 portion being disposed at a second angle with respect
17 to the axis that is normal to the surface of the
18 earth.

1 28. A method as set forth in claim 27 and further
2 comprising a step of, for a third range of elevation
3 angles, selecting a third portion of the antenna structure
4 to transmit the communication, the third portion being
5 disposed at the first angle with respect to the axis that
6 1is normal to the surface of the earth.

1 29. A method as set forth in claim 27 wherein the
2 first angle is within a range of approximately 30° to
3 appfoximately 60°, and wherein the second angle is either
4 within the range of approximately 30° to approximately 60°
5 or is approximately 90°.

1 30. A method as set forth in claim 27 wherein the
2 steps of selecting each employ satellite ephemeris data to

predict a position of the at least one satellite.

31. A method as set forth 'in claim 27 wherein the
steps of selecting each employ a magnitude of a signal that

3 is received from the at least one satellite.
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The reference antenna 73 recei ves one or nore non- 30 conmmuni cati on
signals fromthe satellites 12. In that the reference antenna 73 is

omidirectional, by virtue of being vertically poi nted, these received
non- conmuni catlon signals typically have a lower signal st " . B
"in use" signal that is carrying the curréft communicatio ]mmt“ I] mlll ml
voi ce conmunication. In the presently preferred enbodi nent of ‘thits M

i nvention the refer nce antgﬁPa 53 receives. t he a{é_oremeg nedg

signals that are 6 & r B8R t &8%F (B st Fﬂ“f‘@ ‘f%l‘f?r %iew
of the ant ennzosmudiasatel o0 fr‘ﬁnea&nlgagtamkecﬁtéllnte; mﬁsatpluhalmuybef of
pilot S1angl s Al ea2EnPorpit! tsawalisweg SCehyRd gEe difte B gu@s&ﬂ of

.satellites 12 that are sinu taneous Visib e to t he reference”ant enna

73, and al o saEeddides érelfrr%g@rger&e%aﬁqa%v thkyen nelpe ehen ingyieys
avail abl e tg0 |<:&C|tlﬂ§1 HerntiitaY ccat e haptt DduTda@nel evatioheanglé earabsees

t hat at Ieast 0 i S, r |re to receive, and .de- read the current
cormmuni cat fonP afg" 'ﬁﬁ’g'gﬁfr fa'f 'sy?ﬁ??ﬁ’%ﬁiz'ﬂ%gtg? gﬁg 8£95M ot her

7 for a first predicted range of elevation angles and
8 azimuth angles of the at least one satellite,
selecting a first portion of an antenna structure to
10 receive the communication, the first portion being
11 disposed at a first angle with respect to an axis that
12 is normal to the surface of the earth; and
13 for a second predicted range of elevation angles and
14 azimuth angles of the at 1least one satellite,
15 selecting a second portion of the antenna structure to
16 receive the communication, the second portion being
17 disposed at a second angle with respect to the axis
18 " that is normal to the surface of the earth.
1 33. A method as set forth in claim 32 wherein the
2 first angle is within a range of approximately 30° to
3 approximately 60°, and wherein the second angle is either
4 within the range of approximately 30° to approximately 60°
5 or is approximately 90°. '
1 '34. A method for operating a terminal to receive a
2 communication from at least one satellite of a plurality of
3 low earth orbit satellites, each of the plurality of
4 satellites being oriented, at any given time when in view
5§ of the terminal, at a particular elevation angle and at a
6 particular azimuth angle, comprising the steps of:
7 measuring a signal strength of a signal received from
8 the at least one satellite with at least one of a
9 plurality of antennas individual ones of which are
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gles” of the at least one satellite wherein the

17 measured signal strength exceeds a predetermined
18 threshold value, selecting a first antenna to receive
19 the communication, the first antenna being oriented at
20 a first angle with respect to an axis that is normal
21 to the surface of the earth; and
22 for a second raﬁge of elevation angles and azimuth
23 angles of the at least one satellite wherein the
24 measured signal strength exceeds the prédetermined
25 threshold value, selecting a second antenna to receive
26 the communication, the second antenna being oriented
27 at a second angle with respect to the ‘axis that -is
28 normal to the surface of the earth.
1 35. A method as set forth in claim 34 wherein the
2 first angle is within a range of approximately 30° to
3 approximately 60°, and wherein the second angle is either
4 within the range of approximately 30° to approximately 60°
5 or is approximately 90°.

68.

only one fgtelliteénone group,of elenents 76 fromone Qf the sub;structures



27 be fed into the input of the LNA 82a (Fig. -8) by applying a suitable
bias level to one of the PIN di odes 86a over one of the signal lines 87a. 5
The reception of the synchroni zing channel (for exanple the pilot channel)
fromthe second satellite 12, -and the fact that the receiver 68a of the
user termnal 68 has already |ocked onto &/ is tracking this synchronizing
channel while receiving the communication signal fromthe first, in 10

use, satellite 12, nmakes the transition fr

satellite very smdYTENNAJFOR, MULILEATH ?ﬁg%gééﬁﬁ ﬁ?&@#n#ﬁ¥&gﬁﬁﬁ§ﬁﬁﬂgﬁ
(handoff) fromthe first to the second satellite takes place, the reference

antenna 73 will nost 15 proﬁ g@ 5% ot signal from a
third satellite. As before %%LT&ACQ‘EOFI prdrck go al l ocate a finger

to the newy received synchronizing signal and will eventually acquire and
jock on 1o L anShAR@hnarkyby iﬁesuaéggatfrﬁgewgﬁ\h@miéo 4P henegd
20 satellite. sone future tI€E t he forggglggipro 3 pe&%oso
as to handof f ﬁhé“%]ﬂ'?ruiﬁ’il@é‘ﬁ otk oS HRrieR efl i Fﬂg £hi $Pr

satellite. In piampikl,e,90% switloceespeeh mmtanuaxnaje(nnrmﬂy hat is
perpendicular to the surface of the earth. The gntenna also
includes a plurality (for example six) of second sub-
structures (74) individual ones of which have a local major
plane that is disposed at a second angle (for example, 459%)
to the major plane of the first sub-structure. Each of the
plurality of sub-structures have an outwardly pointing
normal from the local major plane that is oriented at a
third angle (for example, 60°) around the axis from an
outwardly pointing normal of an adjacent one of the sub-
structures. The outwardly pointing normal of each of the
plurality of sub-structures is disposed so as to point away
from the axis. At least one antenna element (76) is
supported by the first sub-structure and by each of the
plurality of second sub-structures. Antenna elements of the
first sub-structure and at least some of the plurality of
second sub-structures enable a spread spectrum
communication between a terminal (13) and at least one low
earth orbit satellite (12) over a range of elevation angles
of the low earth orbit satellite. '



25 "new' satellites becone visible over the horizon, and as "ol d"
satellites di sappear beneath the horizon. This nultipath diversity
reception techni que provides a nunber of advantages in addition to the
transparent handoff 30 descri bed ?zgge. By exanple, a first advantage
occurs when the in-use satellite path experiences bl ocking or |oss of
signal for any reason. In this case the system 10 .can quickly s 'g
high gain antesna 71 to.la better quality Qignal froma dﬂffergqt shtellite
whose pilot channel ha= 35 al ready beewnjacquired a@g;ﬁﬁich 3 clrrently

. f . . .

bei ng tracked. A se dvantage is thgElthe total cBrfyni cationjcapadty
28 of the satQ’Diteoggggmis increas@%ﬁ virtue of @hBluse of e E2E =
satellite whigtris_fransimtting the sé@dﬁdest si gnal . it i s, & &

t he strongest Hgn‘a‘l educes the overall power require pt_from ¢ S QS
satellite which is 5 Xtyansmtting this digf ‘ i i Bl

power avail able for other users. Reference is or
showi ng a further enbodihent of this inve ticn1‘= 3] e, or
that 10 is mspd in conjunakion with sate{Bf|i® ! n—That
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I's, in this enbodi nent the receive antenna systemis enployed to detect the
rel ative signal strength of a satellite in various antenna segnents by
sanpling the downlink signal strength on every segnent prior to the 15
signal reaching the PIN diode swtch 8pi1p0and to then conpare the relative
strengths of the signals. Presumably, the signal will be strongest in the
antenna currengd eing used. If, however} it is seen that the strength of
fhe signal in anothérgsub-structure (72, =4) is increasing so 20 as
approach the sttength-of t-he sub-strueture|being-used, it is indicated that
the receiver carssoon be switched to that &ntenna segnent. Continuous
noni toring of hg recei ved si gnz‘a,l s enabl es|maki ng the swi tch-over Wnersghe
signals in the,"ﬁurrent "eAN@NE t he | 25 cpndi dat e" ant enna e
approximately e | . This [efbpdi e§ enpli@gs] & separbhte recgj ver f r ombithe
recei ver used f conmu put-1t he ¥ate refeiver d gnly decode
the SS-CDMA sigrg and syt iendi fon volfage that]is jcg™ el at ed
wi th the ant enpnadsegnent i B At the tipe. TheZx nﬁlng of the
recei ved signalys_from-the bntenna—e} ererts-+6-dirspestd on t €} vHdti ous
sub-structures (72, 74), ;

he G heg by use of a pl yypkmipy—pt3
couplers 89 35: whi ch eedt@ PI'N di ode$86a and afso aie dgﬁ’of PI'N
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diodes (86a'). That is, it nmay be desirable to decouple the antenna

sel ection systemfromthe main antenna PIN di ode 29 switches 86a by
usi ng directional couplers 89. The PIN di odes 86a' converge on a second
hybrid conbiner 84" that is fed into an antenna sanpling and contr ol
receiver 91. The PIN di odes 86a' are pyeberably scanned, via an antenna 5
steering PIN diode controller 87", in a repetitive pattern such as
"V-SWNW N NE- SE-S", and the received signal strength is recorded at each
antenna position and conpared to a predeterm ned threshold val ue, such as a
stored val ue and/or a val ue nmeasured fromthe antenna el enent(s) 76 of 10
anot her one of the sub-structures (72, 74). The result of the conparison is
t hen enpl oyed to sel g¢t another antenna el ement 76 9@r anof her sub-structure

(72, 74), and is als;[used to determ ne an opt %ine Yo switch the
conmuni cati on réE t oft he antenna el enment ( §§@§of e 15 oth
sub-structure ( n addition to predictghg (3Be tion of thezig-use
satellite 12, tHFézb nment of the invention is als¢ capable of d cting
another (a further) sa elﬁﬁie whi ch |s
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20

comng -into view of the antenna structure 70. Wen the received signal

strength of the further satellite is found to exceed the received signal

strength fromthe satellite that

an indication is made that

it

is ting,i@ switch satellites.

is currently being used for comuni cati on,

25 The

tracking process described previ ously then repeats for the newy acquired

satellite.

acconpl i shed thrd
angl e and azi nmut H,
received sign#y
epheneris data c¢g
begin acquiring t
subsequent |y enpl

its orbit

f oregoi ng des
sinpl e and | ow cd
transmtting to 8

Furt he cquisitionof satellites can be
ugh the use fo aiﬁgﬁédk Zugatel lite 30 gguﬁyatl
,z{ fer{¥e Ephalpr iy Rea, al t he
dtrengt f@uLur1d<ayme{95\aﬁ$ le, shtellite
n be By &d- +6_detefizd\sdbstplct Une 74 o initially
he &ﬂ%-k"T Et “riEsreceRyed signal\strlength 35 is
oy ,'fb/fra u{he atgLIite}é, osition if proceeds in
rel ati je AQ/1he- AL iRes ST a=ire” 74 30 B on t he
idgtf ony n TEaEST EA hi SN nti qnl provi des a
t high [gai anqéﬁn “B7Sr¥t hat i s|capably of
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receiving froma satellite over a wide range of elevation 5

ang

| es. The

antenna systemrequires no noving parts to track a noving satellite but
instead enploys an electronic switching arrangement to selectively couple

antenna elenments to an input of are
Furt her nore,

transmtter.

L) MPT

t he antenna 'system enables a 10

or-to an putput of a
conmu

ni cation

signal to be sinultaneously received froma plurality of satellites and
conbined in the befg,r - manu, ned diversity,|reception apde;of operation.
Al'so, a comuni catiZn|&i gpakEflr om one s ite can beZ &pived and
tracked, while ré_B%vm g0 = anunl cat i y%hromm@@ = signals,
such as pilot ch&hrfel = f P3P Qi or nor & other satel | i7eS. | IT is
anticipated that the. hnt enna ystem and str cture t.hat has bq/e‘ﬁ’ descri bed
above may be nodified|i f WYS; @Ie TOLe Pr b t han
four elenents 76 can t hi,H ac% t,_,r_,uctﬁﬁg agjl . Al'so
by exanple the refere | e tgu I @ di%&‘s oot§
sub-structure 72, as 6 as t%\od-" t<_,,80'53>@ NG AS, an
interference conditio est al %@# 2S5t hg= &2 erhage]| Srent s
76. Furthernore, the (NE) |tBacki xanp{& i veh abpve has
been made in the contpxt of alsatellite that] passgqs directjy over}]the
vertical antenna sub-Fptruct{T D e
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30 (an "overhead" or high elevation angle pass). However, for a | ow

el evation angle satellite pass only one or nore of the sub-structures 74
may be required, such as the (S) and (SE) facing sub-structures 74. For
another satellite pass it is possiglz to select, .by exanpl e and dependi ng
upon the 35 satellite's el evatiofl’ Rgle and azimuth, antenna el enents
associated with the (SW, (V), (NW and (N) sub-structures 74, or antenna

el enents associated with the (SW, (NW, (N 31 and (NE) s ch&Jres'
74. Thus, while the invention has been particulﬁgly shown and beH
I ~

wWith respect to preferred enbodi ments thereof, w1 b rstopd by
those skilled in the art that changes ip formand de be made
therein without departing frcWRthe hd spirit| § pelifvent i on. 32
CLAI M5 What is_clained is: N 76 .
\ — |5
>
o
60




1 1. An antenna systemfor coupling a tefmnal to a 2 plurality of
satellites of a constellation of low earth 3 orbit satellites, each of the
plurality of satellites being 4 oriented, at any given time when in view of

the termnal, 5 at a particular elevation angle, conprising: 6 a
first sub-structure having a major plapeothat is 7 oriented at a
first angle with respect to an aX|s that 8 is perpendicular to the
surface of the earth; 9 sk ural i of  second sub-structures

i ndi vi dual ones 10 o) lm%iGMNhave : ni§ or plane that is disposed
at 11 a second angte | tARTENRA A M8j OFANFENRNE T said first sub- 12
structure, each of said pl ity of ctures 13 havi ng an

outwardly pointing normal fro sald | ocal
oriented at a third angl e arogpdgzds

maj or plane that is

SE t?bam s from iNGERItIwar d_y

poi nting normal of an 16 adj acent ong sai d subssfructure saj d
outwardly 17 poi nting ngr o1 _eaghjof said plufal] spb-| 18
structures being m sed ' aMRYBRI om 19 sai d ¥ lang
20 at | east Eg :

qnt a el nt SJTpOE
sub-structure and by each of said plyrali
sub-structures, wherein antenna €l ent af
sub-structure and at | east sone of sda+e—24
sub-structures enable a spread
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25 spectrum conmuni cati on between said term nal and at 26 | east
one low earth orbit satellite over a range of 27 el evati on angl es of
said.low earth orbit satellite. 1 2. An antenna systemas set forth
fn claiml wherein 2 said first angle is approximately [err], and wherein
Sai d 33 3 second angle is withinggipange of approximately [err] to 4

approxi mately 600. 1 3. An antenna systemas set forth in claiml
wherein 2 said third angle is approxinmately [err], and wherein Nis 3 equal
to six. 1 4. An antenna systemas set forth in claiml1l wherein 2 said

third angle is approximately [err], and wherein Nis 3 equal to eight. 1
5. An antenna systemas set forth in claiml1l wherein 2 there are a
plurality of said antenna el enents that are 3 supported by each of ‘said
sub-structures, and wherein 4 indiyvid ores—Qf _said plurality of antenna
el ements are 5 spaced apart by [
wavel ength of interest. M ERRes - et forth in claim
1 wherein

SATELLITE,

«
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2 there are a plurality of said antenna elenents that are 3 supported by
each of said sub-structures, and wherein 4 individual ones of said
plurality of antenna elenments are 5 spaced apart by a distance within a
range of approximately 6 0.5[err] to @gg@oxinately 0.8[err], wherein [err]
ts a wavelength of 7 interest. 1 7. An antenna systemas set forth in
glaim1l and 2 further conprising at |east one reference antenna el ement 3
that is oriented atssai-d first angle with respect to said 4 axis that is
per pendi cular to the surfgce of the earth. 1 8. - An antenna system as
set forth in claim1 wherein 2 said first sub-structure has a generally

pl anar, pol ygonal 3 shape, and Wgerein i ndigwgdual ones of said second sub-
4 structures each have edge qt is adjacgnt to one edge 5 of said first
sub-structure. R ’
and 2 further conpri
received fromat |ea on

said first sub-structure alur gl i ti—~N of second sub-structures.
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1 10. An antenna systemas set forth in claim1, and 2 further
conprising neans for selectively inputting a signal 3 to at |east one
antenna el ement that is disposed upon one 4 of said first sub-structure and
said plurality N of second 5 sub-strugpyigs. 1 11. An antenna system
as set forth in claim1, wherein 2 said first angle is approxi mately [err],
and wherein 3 individual ones of said pIurallty N of second sub- 4
structures are oriented so as to generally face north (N), 5 northwest
(NE), southeast (SE), south (S), southwest (SW 6 and northwest (NW,

or subsets of these azimuthal 7 orientations. 1 12. A

conmmuni cati on system conprising: 2 a constellation of. low earth

orbit satellites 3 . i ndi vi dual ones of which each conprise neans for

.4 receiving at | east one communication feeder [inks 5 from at

| east one ground station and neans for as a downlink 6 transmtting

the receved at | east one comygni cati on regder as a downlink transm ssion 7

to a plurality of terrestrlalﬁy Iocged rmnals; and 8 at | east one
ground station including nea@g fors® EE transmtting said at |east one

comuni cati on feeder 10 Slinkssi o at2l east one of said satellites and

further l + * +
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1r . conprising means for coupling said at |east one fee

links to gp terrgstrlally Ioca?ed gcorrrrunlcatlons 13 (aeéygﬁﬂME”TSHEET
wherein 14 each of the plurality of satellites is ori %ﬁﬂilai JdL
AMENDED SHEET 35 15 any given time when in view of of SHIgT
termnals, 16 at a 'particular elevation angle; 17 characterrized
in that said term nal conprises, 18 an antenna that is conprised of a
first sub-structure 19 having a nmajdr plane that is oriented at a

first angle 20 W th respect to an axis that is perpendicular to the

21 ° surface t he X | ural i N of. secand

structures i n&Pvi g%afso"‘h ?qt\ﬂa‘ﬁ eg Fne NS ELMMRIES; orat}?%s paylgad, of ot
i s di sposed aheaofethndsamyhiﬁﬂﬁsxnflmmgorl24 pl ane of said first
sub-structure, each of said 25 plurality N of sub-structures having
an outwardly 2 pointing normal fromsaid | ocal maj | ane that is
27 orlgﬁﬁed3§tx&h9%9§$§%ﬁﬂ%3295 s%fdtﬁﬁlgeFWoﬁ?Eﬁegg that is

outwar dl g potfransgittednfron dhadfced satedlitesdofIFig. 1;
sub-structures, said outwardly pointing normal of each

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

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

Fig. 6 is a top view of a presently preferred fixed antenna
structure of this invention;

15 Fig. 7 is a cross-sectional view of the antenna structure
of Fig. 6, taken along the section line 7-7;

Fig. 8 is a block diagram of the antenna system of this
invention;

20
Fig. 9A is a block diagram of the high"gain.antenna portion
of the block diagram of Fig. 8;

. Fig. 9B is a schematic diagram of.pin diode switch matrix
25 of Fig. 9a: -

Fig. 10 is graph that plots absolute gain (dBi) versus
zenith angle (degrees) for the fixed antenna system of this
invention; '

30 .
Fig. 11 illustrates an exemplarj.éatellite track which is
useful in explaining the orientation of the antenna sub-
structures 74 of Fig. 6;

35 - Fig. 12 is a top view of a further embodiment of the
antenna structure of Fig. 6; and

LAMENDED . SHEET J




30 - of said plurality N of sub-structures being dispose HEPLACEMFMKrHEET
as to point away fromsaid axis; and at | east one 32

supported by said first sub-structure 33 and by each

plurality N of second sub- 34 strugtures, wherein ant

said first 35 sub-structure and at | east sone of said plurality N of
36 seEbypd 1Subisst aubilocks diamtae of fSpridwdt apecdimenB7of the

communi cat | g4k 066 U ElNGeN -3ded bl ML 1gha P " Celleritn 1o hEA3! Mg | OW

earth orbit e over ‘a range on angles of said | ow
earth orblts%%&%¢1mgeanq SWltChlEH an%emmeetqanﬂpn systen1as set forth in
claim12 2 wherein said antenna is further conprised of at |east one 3

ref erence anfenna el enment fhat i,s or|ent%f at saiq first,4 angle with
respect Lol Bl MRsifn FePp¥ipundndIBiat ol4E e arside BPewneted| h,
and wher ei pfuethier er embadlihentheof6 thel udateanaul struethiregerofs pridsis
spectrumr 'gﬁg idgving 7 inputs coupled to said plurality of antenna

el enents an 0 sai d at Ieast one reference antenna el enent, said
receiver 9 including ‘ DESCR: : WENTIONcrs for

REPLACENE“”FiﬂﬂEEﬁ.3@11ustrates a presently preferred embodiment of
satellite communication system 10 that is useable with the

presently preferred embodiment of an antenna system 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
antenna system of this 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.
This invention is most specifically directed to the user
segment 2, in particular, to a fixed antenna structure 70 as
shown in Figs. 6 and 7. The antenna structure 70, and

the associated electronic system, enables simultaneous user
communication with a plurality of individual ones of the
satellites that form a constellation of low earth orbiting
(LEO) satellites 12.

In the presehtly preferred embodiment of this invention
there are a total of 48 satellites in, by example, 1410 km
LEOs. The satellites 12 are distributed in eight orbital
Planes of 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 70 degree

“ AMENDED SHEET




10 Teceiving said spread spectrum conmuni cation from said atjf
|'ow earth orbit satellite, and for allocating at 12 |east o
said fingers for receiving a 13 synchronizing signal that i

through said at |east 14 one reference antenna el enent from

n@fhéFEUﬁUT@HEET

other of 15 said low earth orbit satelligtes. 1 14. A communtcatron
systemas set forth in claim12 2 and further conprising neans for
sel ecting as an output of 3 said antenna an output of antenna el ements

associ at ed whtlai4 it qfaypad ﬁﬂdﬁmﬁ@ﬁilﬁﬁcﬂﬁdlédht§&59!Cé5f>§sofsﬂlé’ame
sel'ecting 5 neans being res onslvg)rto at _[east one of a predicted

posi tion of S§5CHPMA 0@%?( ‘cf?ﬂf' Inke ShaP 27 RN '&‘H&’rc%‘f’r%gt h

that is neasorethat saiedt fiteatminel se®nd Thisib-ptovidesesa ldiversitfip. A

communt cati QR SN Aode’ Al MhlEiGLEbE the apfeLLL! BY AT SLid

means for as an ou enna an out tenn
el ement 8 as§§él|&&t e@mnail-zﬁema@atsan&-fl st WW%MP& rct yses,

sai d sel ect b%x&dm&m'f@qme@ﬁenag& Herhfddl 68 xd r@cﬂmﬁﬁﬂe oafand
to 6 an el ey tlontﬁrﬁa’s of siud at .| east one satellite. ‘f'ln"é

comuni cat i te3i1% ot Bhatfocmads POsE ¥ tHhe ‘&%?rp‘? s?‘ﬂﬁ
means for salmmtnm strwetwré pwo.of 3 said antenna, an out put of antenna
el ements associated with 4 one of said first and second sub-structures so

as to switch
10 Referring also to Fig. 3A, the user terminals 13 may be

capable of operating in a full duplex mode and communicate

via, by example, L-band RF links (uplink) and S-band RF

links (downlink}, through return and forward satellite

transponders 12a and 12b, respectively. Uplink L-band RF

15 links may operate within a frequency range of 1.61 GHz to

1.6265 GHz, bandwidth 16.5 MHz, and are modulated with

voice signals and/or digital signals in accordance with the

preferred spread spectrum technigque. Downlink S-band RF

. - links may operate within a frequency range of %%5%_5 GHz to

20 2.5 GHz, bandwidth 16.5 MHz. The downlink RF links 17 are

also modulated at a gateway 18 with voice signals and/or

digital signals in accordance with the spread spectrum
technique. |

25 The ground segment 3 includes a plﬁrality of the gateways
18 that communicate with the satellites 12 via a, by
example, full duplex C-band RF link 19 that may operate
within a range of frequencies centered on 5 GHz. The C-band
RF links bi-directionally convey the communication feeder

30 links, and also convey satellite commands (forward 1link)
and receive telemetry information (return link).

The satellite feeder 1link antennas .129 ard 12h are earth
Coverage antennas, while the L-band and the S-band antennas
35 are multiple beam (preferably 16 beam) antennas that
provide earth coverage within an associated service region.

The L-band and S-band antennas 12g and 12h are congruent

%
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5 the reception of said spread spectrum comuni cation from }t-. om
one low earth orbit satellite to said at one 7 |east one o er 41J sﬁﬁ%ﬁT
e

| ow earth orbit satellites. 1 17. A comuni cation sys ke UKOEBB
in claim12, 2 wherein said first angle is approxi mately [ effle—all - reim:
3 individual ones of said plurality N oflkecond sub- 4 structures are
oriented so as to face generally north (N, 5 (NE), sout heast

(SE), south (S), southwest (SW 6 and northwest ( or _subsets of
these azi miigiices af the psex sepBREL 2, via the N\%fﬁﬁ(ﬁ] t8tion system

as - set forth in cl a| m 12, 2 and further conprising a communicati on system
control |s b| rec al | ou I (&0 B I d_ at e_ground
4 station tﬁ“ough amt Qi % AR élll%° %‘ n#ru at?%n ségfﬁe:ﬁqggs get
forth in cl dthe 19rOQHWh@(9®‘m¢r§al ¥, ad sl @aﬁam?elgteu@@egtaéﬂw f genheel

Conpri S&s: Fenter (58088) h¥, aiﬁeénesﬁbﬁﬂd bbersdidnss o EPEERERI 4

comuni cation _is tao be_ o er at ed {_‘r]].o% drl’glgl_l’lSI t 5Wh10h I:’L%(é %tde%n node
’

at the ter mﬁ%cﬁdm% f By ggommppca
_ G Data Network (GDN) 58 (see Fig. 2), is provided

for interconneé%ing the gateways 18 and TCUs 18a, SOCC 36

and GOCC 38 of the ground segment 3. This portion of the
10 communications system 10 provides overall satellite control

functions.
catellid : . x

Fig. 2 shows one of the gateways 18 in greater detail. Each
15 gatewvay 18 includes up to four dual polarization RF C-band

sub-systems each comprising a dish antenna 40, antenna

driver 42, low noise receivers 44, and high power

amplifiers 46. All of these components may be located

within a radome structure to provide environmental
20 isolation.

The gateway 18 further includes down converters 48 and up
converters 50 for processing the received and transmitted
RF carrier signals, respectively. The down converters 48
25 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 54.

The CDM%Gggs—system 52 includes a signal summer/switch unit
30 52a, a éIE?%%ﬁtar Transceiver. Subsystem (GTS) 52b, a GTS
Controller 52c, a CDMA Interconnect Subsystem (CIS) 544,
Selector Bank Subsystem
and a §G§E§Eé%:§§%3:§555£%5773BS) 54e. The CDMA sub-system
52 is controlled by a Base Station Manager (BSM) 52f and
functions in-a manner analogous to a CDMA-compatible (for
35 example, an IS-95 compatible) base station. The CDMA sub-
system 52 also includes the required frequehcy synthesizer
52g and a Global Positioning System (GPS) receiver 52h.
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6 - routing sai d spread spectrum conmmuni cation REPLACE

.Simul taneously through a plurality of said low earth 8 MENT SHEET
satellites. 1 20. A method for operating.a termnal "t [kgggﬂyéudub‘ﬂss
comuni cation fromat |east one satellite of a plurality of t-Ew-earf R

orbit satel

any given tinme when in view 5 of the tefgnnal, at a particular elevation

lites, each of the plurality of 4 satellites being orlented, at

angle and at a 6 particular azimuth angle, conprising the steps of: 7

for a first

sel ecting arHd TGN arfade By alichnde® a PSTN sSexrciceeSvbtehbeBpintt he

communi cat i

with respec AREVARS

earth; 12

angl es, selgftitfol REGPELePOHLRY.Of the antenna 14

range of elevation angles and azinuth 8 angl es,

)tgg fLrSt 1olce ?ﬂ8?§5i0$3¥ﬂ g §¢§E0§ﬁi,at avibiibran9|e

'S norma e surface of

Locatirm Raemmd (R sfrc.ewéuhtarbﬂn&ﬁgq%ceaﬁddaﬁon&t H°I‘§

structure to

recei vé the communi cation, the second 15 portion being disposed at a

second &ng|
surface of

10

15

20

25

30

35

e wth respect 16 to the axis that is normal to the
The ddteway 18aibkhconnedt®d to telecommunication networks

through a standard interface made through the SSP 54a. The
gateway 18 provides an interface, and connects to the PSTN
via Primary Rate Interface (PRI). The gateway 18 is further
capable of providing a direct connection to a Mobile
Switching Center (MSC).

The gateway 18 provides SS-7 ISDN fixed signalling to the
SCP 54b. On the gateway-side of this interface, the SCP 54b
interfaces with the Base Station Controller (BSC) and hence
to the CDMA sub-system 52. The SCP 54b provides protocol
translation functions for the Globalstar Air Interface
(GAI), which may be based on a modified version of the IS-
95 Interim Standard for CDMA communications. '

Blocks 54c and 544 generally provide an interface between
the gateway 18 and an external cellular telephone network
that is compatible, for example, with the IS-41 (North
American Standard, AMPS) or the GSM (European Standard,

" MAP) cellular systems and, in particular, to the specified

methods for handling roamers, that is, users who place
calls outside of their home system. The gateway 18 supports
user terrflrpal authentication for-%iiiﬁjé!l:n%ﬁ%fs}ﬁﬁ@L phones and
for 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 S8S-7
signalling interface.

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

may employ the same terminal equipment to make a call from

ey
i
H
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1 - 21.

step of, for a third range of eIevatlon angl es 3 and azi nmutjh
selectlng a third portion of the 4 antenna structure to redepyg.t
comuni cation, the third 5 portion being disposed at the fi

A nmethod as set forth in claim?20 and further

respect to 6 the axis that is normal to the surface of the earth. 1

22. A method as set forth in claim20 wietein the 2 first angle is within a

range of approximately [err] to 3 approximately [err], and wherein the

second angl g,

appr oxi mat el'y

i&ﬁ%%?erié Wit |ndgyi&aﬂg€%&f gggroweg@ggdkﬂ(ﬂﬁﬁoﬁ5bol

I's approxi mat €l

forth in cl SonveErsiens mrﬁemaéecsﬁﬁnﬁgﬁﬁng QYmBh%mi%fiﬂ cut Y

steps of re

Gt dEb B GoMvéFBEk Bgaaisy Rypadided Mheti gt rfecq:mmdl east one
other 4 satellite of the plurality of satellites. 1 24. A nethod as

set forth in claim23 wherein the 2 received conmmuni cation is a spread

spect r urs coronerakl | cpatewand chevtrod t s styeyisted edyy vithe arghEew@Xi ng

i nclude a 4
transmtted

%5%&{1%19% Rhich ?m?%ﬂﬁi‘é&@ Ilme&fmaebsrahaa tﬁe5above—

er satellite. A net hod

set forth i rmemaiwq@ Dta Ngjwagrk s(ém!@t ﬁﬁgaEQcﬁne#ﬁt%’? ace
satel lite ephéeetbs aldérvice Prodiderd guititdPNCahtéRe (8PACyasso ONEhe

satellite. 1gateway Zgonérgliag?:d 5%3 igs? t gégg;glig (iln Ie@c%%nvt\a@: re% r!t(g h'ghe

10

15

20

25

30

35

gateway 18 through the BSM 52f and through RF controllers
43 associated with each of the antennas 40. The gateway
controller 56 is further coupled to a database 62, such as
a database of users, satellite ephemeris data, etc., and to
an I/0 unit 64 that enables service personnel to gain
access to the gateway controller 56. The GDN 58 is also
bidirectionally interfaced to a Telemetry and Command (T&C)
unit 66 which provides an interface to the TCU subsystem
18a (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
general, the GOCC 38 generates traffic plans, allocates
both satellite 12 and gateway 18 resources, and monitors
the performance of the overall system 10. The SOCC 36
operates to provide and monitor orbits, to monitor the
overall functioning of each satellite 12, including the
state of the satellite batteries, to set the gain for the
RF signal paths within the satellite 12;:and to ensure
optimum satellite orientation with respect to the surface
of the earth.

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
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2 steps of selecting each enploy a magnitude of a signal -

fromthe at | east one satellite. 1 27. A.nmethod for o
termnal to transmt a 2 conmunication to at |east one satel
plurality of 3 low earth orbit satellites, each of the plur

satellites being oriented, at any given éS”E when in view 5 of the

termnal, at a particular elevation angl& and at a 6 particular azinuth
angl e, conpr|5|ng the steps of: 7 for a first-range of elevation

angl es and ag SorientedNOE2 th BRI SHIATY (rdi kilarld, B0°PTaBuRBl eNna
9 structure o transmt communi cat1 on, the f|rs% Bo I on
bei ng di spos&heapxdsf from aﬂgM@ﬁM%q@#Kﬁﬂﬂkﬂt%HS norma} pLpan,adjppRgpt

nor nal ]Eo ]fh%néuréﬂicﬁu@fsﬁBGSEQﬁbhurﬁ% 74. F@Pthdd by examples scand .
range of el evation;j an t an e a on
portion of tfEMS ﬁﬁg yst tglE&Wﬁ?ﬁé‘? %%‘ﬁng-ﬁﬁ }gk %‘iugsd BS %n,

t he seco#fd 1&xampla ﬁbrahdn4@&nnpaspﬁnkmxb . aTbec wPeknrangect
17 to QRO LPuthey eyt baceull-dittickbres 74038 N 1
28. A net hod as set kk?%tcﬂlln ?I étli?% an%ft'ﬁ*lt her res

disposkd so as to point away from the axis.

In a presently preferred embodiment of the invention the
10 sub-structures 72, 74, and also the support 78 for the
reference antenna element 80, are constructed from a

. other suitable dielectric
copper-plated fiberglass or /ma erial.

In the illustrated embodiment the antenna sub-structure 72

15 has a hexagonal shape and is pointed vertically. The six

sub-structures 74 are arranged about the edges of the

vertical sub-structure 72 in 60° segments in azimuth, and
are slanted at the angle 8 to position the peaks of their

beams at the 45° elevation angle. The exact number of the
20 angled sub-structures 74 is a trade-off between increased

coverage and complexity/cost. The use of six of the sub-

structures 74, facing in the indicated directions, has been

found to provide satisfactory results with the orbits of

the satellites 12, as indicated generally in Fig.

11. In

25 Fig. 11 the groundtrack of one satellite 12 is shown, as

are the tracks of six exemplary spot beams (15° field of

view).

In one embodiment of this invention the antenna structure
30 70 is operated with a knowledge of the satellite 12
ephemeris data such that a relatively simple determination
can be made as to which of the plurality of elements 76 and
sub-structures 72, 74 to select at any time to provide the
maximum gain to the receiver '68a.’ In operattion, the
35 elements 76 of one sub-structure 72, 74 are coupled to the
receiver 68a at any given .time, while the vertically

pointing reference antenna element is always connected to

SHEET |
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2 conprising a step of, for a third range of elevation 3 an
a third portion of the antenna structiure 4 to transnit the
the third portion being 5 disposed at the first ‘angle with
axis that 6 is normal to the surface of the earth. 1

HEB) 2 q? [ eer
oJﬂlhm

N as

set forth in claim27 wherein the 2 first ‘?ngle Is within a range of

approximately [err] to 3 approximtely [% and wherein t

he second angl e

is either 4 within the range of approxi rrately [err] to approximtely [err]

5 Or is approxi mat&' y{\[n Aterna sgst%gt MBLROG A% S ein' erlta&m M ¢l aing 27

wherein the 2 ste ectln oy satellite ephe

d,atat03

predi ct a osFar eEf ?‘PF&P’&%SJ-%‘&sth szﬁoé] | sedectively gw p}g Nbd Sas

set forth 3n €ighal2revhgiedn firom &tﬁﬁ%wfor@IMemga eatémenpl that is

magni t ude pf
401 IP

5130080, A, BB | L (AP arubeFERBEYRe] S Cudli

communi cat% orpluvalityl Haof second siub-tsdmictungswality of° 3 low earth
orbit satellites, each of the plurality of 4 satellites being oriented,
any given tine when in view

1 10. An antenna system as set forth in claim 1, and
2 further comprising means for selectively inputting a signal
3 to at least one antenna element that is disposed upon one
4 of said first sub-structure and said plurality N of second
5 sub-structures. '
1 11. An antenna system as set forth in claim 1, wherein
2 said first angle is approximately 90°, and wherein
3 individual ones of said plurality N of second sub-
4 stﬁgggges are oriented so as to generally face north (N),
5 (NE) , southeast (SE), south (8), southwest (SW)
6 and northwest (NW), or subsets of these azimuthal
7 orientations. ’
1 12. A communication system, comprising:
2 a constellation of 1low earth orbit satellites
3 individual a gn?ga_s?f th.ch each comprise means for
4 receiving -a—p-:u—ra—.l.-l—ty-—e# communication feeder links
5 from at least one ground station and means for
6 transmitting the recef&ﬁ%ﬁcation g gg:(mlln
7 %ﬂﬁﬁ%ﬁﬁ%y of terrestrially located terminals; and
8 at least one ground station including means for
transmitting said communication feeder
10 links to at least one of said satelllié%%% and further
11 comprising means for coupling sala?-ml:l-?y—_%f feeder
12 linkss to a terrestrially located communications
13 system; wherein
14 each of the plurality of satellites is oriented, at

e powre g TS N e’y
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5 of the termnal, at a particular el evatlon angle and at a6 p

azimuth angle, conprising the steps.of: 7 -~ “for a first p?e‘?ﬂ[ éég HeE.r
of elevation angles and 8 a2|nuth angles of the a D&ga t1

satellite, 9 selecting a first portion of an antenna $itLuUCtire 1’5" 1 A
recei ve the comruni cation, the first portgén being 11 di sposed at a
first angle with respect to an axi s that is normal to the surface

of the earth; and 13 for a second predicted range of el evation angl es
and 14 erf.'c”]'t &aé}gic?s pP% dtQ ectlun ‘é@ﬁﬁnun@.@itﬁﬁf §di Saild® at
electlng a secon 7 6h of e an enna structure receive the

comuni c3di odeaste %dﬁd’ ety Pl gatellite, 0?%‘%)0%‘@6 aklocaking@tingl e
with respect jleadtheondl SotBer onet et igaidr E&hgfe&é hﬁoi'uri'éﬁﬁlﬁin hea

angl o i s WA { AP EAGETY SRty FRPRAVES SOTRNRBPRAR. ﬁwﬁ

and wher @40 tdme eEferenog| antenalat lerementt t firomt &t leage oheapyloear nafel y
[err] to apPpPro tely ] rexiately 900. 1 34. A
met hod f o o eaisa 0% % é'&n o%;?f.oéitéﬂﬂ ige

iI'ng a receive a 2 communication fromat |east
one satellite of a plurality.of 3 low earth orbit satellites, each of the

plurality pf 4 satg]lifesohfil qcfart'ﬁm e sédn Qéi‘_e&otr't'i'ie #6014 fin Vi EW 5

of the ternminal, af a particular,elevation angle. and
2 and further comprlslnq means for select:mg as an output of

said antenna an output of antenna elements associated with
one of said first and second sub-structures, said selecting
means being responsi.vé to at least one of a predicted
position of said at least one satellite and a received
signal strength that is measured at said first and second
sub-structures.

0 N O O o> W

15. A communication system as set forth in claim 12
and further comprising means for selecting as an output of
said antenna an output of antenna elements associated with
one of said first and second sub-structures, said selecting
means being responsive at least to a track direction and to
an elevation angle of said at least one satellite.

O Ul AW N

16. A communication system as set forth in claim 212
and further comprising means for selecting as an output of
said antenna, an output of antenna elements associated with
one of said first and second sub-structures so as to switch
the reception of said spread spectrum communication from
said at least one low earth orbit satellite to said at
least one other}%l'g' said low earth orbit satellites.

S O s W

17. A commhnicatiqn system as set forth in claim 12,
wherein said first angle is_appfoximately 90°, and wherein
individual ones of said plﬁrality N of second sub-
structures are oriented so as to face denerally north (N),

(NE) , southeast (SE), south (§), southwest (SW)
and northwest (NW), or subsets of these azimuthal

o L1 W
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6 particular azinmuth angle, conprising the steps of: 7 mﬂ&%ﬁgﬂsﬁ
.signal strength of a signal received fromS$8 the at |eagpt one '
satellite with at |east one of a 9 plurality of antenn 1§)atend'|\/idllﬂJ 199%
ones of which are 41 oriented to receive a satellite tranke-ssioa Ly oma - |

satellite disposed within a range of elﬁevat I on angl es and azi nut h angl es,
wherein certain ones of the ranges of elevation angles and azi muth angl es
overlap one another; for a first range of elevation angles and azimuth

angl es of the abrligftleqoito SERELIVLE ANELElibe TRaRRRILIMFrah gnoth
exceeds a predeterm.ned thresho val ue, selecting a first antenna to
recei ve the confatedditen disposad sithimem g ebretavetion anglest

angle with respaat beiadtdxanglba! WwhePeiRbket@aliRconbEl agctrb fQﬁgSQrth;
and for a second ran%ie1 of . el evati.on anlg%jes andt&m rrut? ang}lces of the at
| east one satel Pft TR B { ARIESs (FEY AFHMED [ BAGLRS o RVERISR hEne

predeterm ned t bnethelrd val ue, selecting a second antenna to receive

for a first range of elevation angles and azimuth
angles of the at least one satellite wherein the
measured signal strength exceeds a predetermined
threshold value, selecting a first antenna to receive
the communication, the first antenna being oriented at
a first angle with respect to an axis that is normal to
the surface of the earth; and

for a second range of elevation angles and azimuth
angles of the at 1least one satellite wherein the
measured angle strength exceeds the predetermined
threshold value, selecting a second antenna to receive
the communication, the second antenna being oriented at
a second angle with respect to the axis that is normal
to the surface of the earth.

35. A method as set forth in claim 34 wherein the
first angle is within a range of approximately 30° to
approximately 60°, and wherein the second angle is either
within the range of approximately 30° to approximately 60°
or is approximately 90°.

36. A method for operating a satellite communications
system of a type having a plurality of satellites in earth
orbit, each of the plurality of satellites being oriented,
at any given time when in view of a ground-based terminal,
at a particular elevation angle énd at a particular azimuth
angle, comprising the steps of:

routing a user communication through a ground-based
telecommunications network to a ground-based gateway;

ety s e
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t he communi cation, the second antenna being oriented at a s dﬁﬁ&hﬁﬁ@ﬁﬂﬂﬁmﬁﬁT
respect to the axis that is normal to the surface of the eajth. 35L

met hod as set forth in claim34 wherein the first angle is 1ram&s
of approximately [err] to approximately [err], and wherein
Is either wwthin the range of approximately [err] to approximtely [err] or
I s approxi mately 900. 36. A nethod fopq%%erating a satellite communications
system of a type having a plurality of satellites in earth orbit, each of

the plurality o gﬁ%ﬁ'ﬂt‘t&ﬁ% ’Eﬁé“ﬂs&f'é‘&ﬁ 1G4t Aol f&laﬂe%n@ Hﬁt\%}S? g view

of a ground-basied term na Rartlcu ar elevation ang e and
particul ar azinﬂFhlﬁﬁﬁFe°neoﬁﬁFP§ wget fé EPSpngFal%BMt? gs%tﬁéé%tes'
comuni cati on tlhrough a ground-based tel econmuni cati ons network to a

Communi cat | on (P BHCLNATYatBRay oD apnpuasrabieh dPE, Ehe"8r' TRatfrbre

of satellites; |sateillike;the user comunication with the at |east one

ty

transmitting the received user communication from the
at least one satellite to at least one ground-based
terminal; and

receiving the user communication from the at least one
satellite with an antenna structure of the at least one
ground-based terminal by the steps of:

for a first range of elevation ahgles and azimuth
angles, selecting a first portion of the antenna
structure to receive the user communication, the first
portion being disposed at a first angle with respect to
an axis that is normal to the surface of the earth; and

for a second range of elevation angles and azimuth
angles, selecting a second portion of the antenna
structure to receive the user communication, the second
portion being disposed at a second angle with respect

to the axis that is normal to the surface of the earth.

pepnn L}



satellite; transmtting the received user communi cation from g e Ot
| east one ground-based..term nal; and rec 'ﬁﬁﬂ&ﬂﬁﬂ¥ﬁﬂﬁ£HEET

one satellite to at
communi cation fromthe at | east one satellite with an antenn @%lyﬂtwe 1 9%
the at | east one ground-based term nal by the steps of: for & st"-éﬂig ............
of elevation angles and azinuth angles, selecting a first portion of the
antenna structure to receive the user comuni cation, the first portion
bei ng disposed at a first angle with respect to an axis that is normal to
the-surface of the earth; and for a second range of elevation angles and
azi muth angl es, selecting a second portiodEbf the antenna structure to
recei ve the user comruni cation, the second portion being disposed at a
second angle with respect to the axis that is nornmal to the surface of the

earth.
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