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(57) Abstract

A satellite communications system that would allow for communication between mobile (11, 12, 14) and fixed termi-
nals (16). The communications system includes a plurality of mobile users (11), a satellite (13) in geosynchronous orbit for
providing frequency addressable uplink and downlink signals to the mobile terminals (11, 12, 14), a base station (10) for
receiving signals from-and transmitting signals to the satellite and a plurality of fixed users (16) coupled to the base station
(10). The system provides the advantage of frequency reusability and frequency addressability in the uplink and downlink

transmissions of the mobile users (11, 12, 14).
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SATELLITE COMMUNICATIONS SYSTEM FOR
MOBILE USERS
1, 1. Field of the Invention
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This invention relates to a satellite communica-
tions system for mobile users; more- particularly to a
satellite~communications«systemrthatwprovide,services

to land, air or sea mobile stations.

BACKGROUND OF THE INVENTION
Geostationary satellites are presently utilized

extensively~for~providing«voicerand~dataﬂcommunicationu
services to maritime mobile stations. It is presently
contemplated that satellite systems will also be
used to provide communication to mobile users on the
land or in the air.

Present systems employ primarily earth coverage
beams to provide for the communication between a
mobile station and a fixed station. Accordingly, in
the earth coverage beam systems, the ocean or other
large bodies of water are covered by a beam from the
antenna of the satellite which allow for each of the
mobile stations i.e., boats, to pick up a certain
frequency and communicate to fixed users. However,
for the land or air mobile stations what is needed is a
satellite communications system which will have more
directional beams to provide both higher gain and

frequency reusability.

PCT/US87/02668
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mitter eff1c1ency because each transmltter handles
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In communication satellite systems which inter-
connect large numbers of low gain'terminals, the most

™

important parameters effecting the system capacity are

the effective isotropic radiated power (EIRP) of the
satellite_and'theravailable,bandwidth. EIRP refers to
a measure of the satellites transmitter power which
takes into consideration the'gain of the antenna. EIRP

is the power of a transmitter and an isotropic antenna

that would'achieve the same result as the transmitter
and the antenna which is actually employed.

In the past, high antenna galn and multlple
frequency reuse have been achleved by employlng a

plurality of upllnk and downllnk beams coverlng the re-

”glons of the country or other area of the earth to be

served. Both frequency division and time division
systems have- been“used or proposed—to“lnterconnect
large numbers of s19nals from many geographlcally

~separated earth stations.. Time division systems permit

'the'satelitteytransmittersftoroperate“efftcfently; S

This advantage is realized because.only one time division

_signal at a time is amplified in a transmitter, so that

it may be operatednat or close to single channel

saturation, the most efficient'operating point.

However, time division systems requlre hlqh power

ground transmitters and expen51ve ‘signal proceSSLng and
~are therefore incompatible with low cost earth stations.

Frequency division systems are better suited to low

.cost earth stations, but have lower satellite trans-

multlple carriers. Since multlple carrier amplifiers
generate undesxrable lntermodulatlon products that

increase in power as,the transmltter efficiency is

increased, the optimum compromise between transmitter
efficiency and 1ntermodulatlon generatlon results in a

relatlvely low transmltter eff1c1ency.
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The available bandwidth of a satellite system is
determined by the number of times the allocated
frequency spectrum can be reused. Polarization and
spatial isolation of beams have been employed to permit
reuse of the frequency spectrum. As the number of
isolated beams is increased, however, the problem of
interconnecting all the users becomes very complicated
and one of the factors that limit the number of reuses

of the frequency spectrum.
For the various users of satellite communication

systems, there are different frequency ranges that are

applied thereto. Accordingly, the frequency spectrum
allocated for satellite communication to.and from.. .

mobile users has typically been in.the L band frequency . .

range approximately (1.6 GHz) frequency, with the forward
and return link bands being separated bx;épp:g&imately
100 MHz.

The satellite-to-base station links have been in
the C band.from.Japproximatelynﬁxﬂwﬁﬂzluign-;ne_maritime
mobile service, while -the use of the Ku band alloc-
ations (approximately 14/12 GHz) has been suggested for
land mobile service, and the links for aeronautical
mobile systems will probably be in one or the other
of these bands. The typical satellite system
would have-a number of mobile users in a particular
zone that could communicate with fixed parties.

The difficult link in a system such as that
above described, is‘between the satellite and the
mobile user, since the mobile antenna is restricted in
size and gain relative to the fixed service antennas.
Most of the satellite resources such as payload power,
volume, and weight are therefore dedicated to this link.
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A frequency reusable and frequency’addressable
satellite communication system for use in the Ku band
frequency range is described in United States Patent
Appllcatlon No. 896,983 entitled, "Satellite Communi-
catlon System Employlng FrequencyrReuse filed in the
name of Harold A. Rosen and assigned to the assignee
of this application. This ebove-identified patent
appllcatlon describes a satelllte communication system -
for interconnecting large numbers of earth terminals
which maximized satellite EIRP, as well as the avallable

'bandw1dth

The system employs highly dlrectlonal beams on the
downlink which substantially increases the EIRP and

-allows multlple reuse of the aSSLgned frequency spectrum.

As a result, the number of communlcatlon channels

~that can be ‘provided for point-to-point service is

maximized;'-High,multi-carrier*transmitter efficiency

is achieved utilizing this system as a result of the
‘dispersion of intermodulation products, and the deleter=-

ious affects of rain on the downlink channel are easily
overcome by the use of pooled transmitter power. The
lnterconnectlon,of many of the users is achieved by a

combination of a filter 1nterconnectlon matrix within

the satelllte'and a highly addressable downlink beam.
Although this system works very effectively in’

connection with the described Ku band communication

~system, it has some disadvantages when utilized for

communication systems that lnclude mobile terminals.

Flrstly, by providing the filter lnconnectlon matrix

7w1tth the satellite, there is 1ncreased complexity

thereln that adds to the expense and weight to the
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satellite. In addition, although the downlink beams of
the above-described system are frequency addressable,
the uplink beams are frequency independent. This is
required for the above-mentioned system because it is
important to provide for the most direct route from one
location via satellite to another location.

However, the frequency independence of the up-
l1ink beams creates zones of overlap within different
geographic regions that reduces the communications
system's capacity. -Thus, although this system is very -
useful for communications systems that provide direct
communlcatlon between fixed terminals, it is not as
effectlve when mobile terminals are present in the
communications system._ .___ . . . - i

Accordingly, what is needed is a satellite
communications*system-for“mobiiewusers"thatrﬁrovides
an effective communication link between a mobile user
and a fixed user. The system should also utilize the ..
frequency pandwidth inm the most -efficient-manner so as
to allow for the maximum number of transmissions. The
system should finally make efficient use of satellite

resources in terms of payload power, volume and weight.

SUMMARY OF THE INVENTION

A satellite communications system between mobile

terminals and fixed terminals is disclosed. The
communications system comprises a plurality of mobile
users, a satellite in geosynchronous orbit for receiving
signals from and transmitting signals to the mobile
user, a base station for receiving from and transmitting
signals to the satellite, and a plurality of fixed

users coupled to the base station. In an embodiment

of this invention, the uplink transmissions from the
mobile user to the satellite is received by the same
antenna reflector and subsystem utilized in the down-

link transmissions.
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Frequency addressable beams are used on both the
forward and return 11nks to the mobile users. 1In ‘this
lmplementatlon, these beams are fan beams whose east-west
directions are determlned by the frequency of the
signals employed. This permits the high gain beams to.
cover wide areas. The area to be covered is divided

into zones in which the allocated frequency spectrum is

reused, providing more,usablevspectrum and hence channel

'capac1ty.,'

Also provided in this system is a c0mmun1catlon
subsystem that,xncludes an improved beam forming network
that utilizes an alternating coupler, time delay arrange-
ment for-providing a more weight efficient and frequency
efficient subsystem. o

, Accordingly, this arrangement ‘provides for a
satellite communication system that can be utilized

~with mobile users. This improyed,system.also provides

the advantages of frequency reusability and frequency

addressability in the uplink and downlink transmissions

of the mobile users.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a pictorial view of the mobile satel-

lite system of the present inventionj;
. FIG. 2 is ‘a view of an imaging reflector arrange-
ment for forming an addressable beam utilizing a small

~ array on a satellite;

FIG. 3 is a pictorial view of a satellite with

ltne imaging reflector arrangement of FIG. 2 installed

FIG. 4 is a block diagram of the communication

,Vsubsystem;'

FIG. 5 is a pictorial view of the division of the

'geograpblcal regions to be served by the mobile satel-
lite system for an Atlantic Maritime Mobile System;
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FIG. 6 is a pictorial diagram of the division of
the geographical region to be served by a mobile
satellite system for a land mobile system serving the
United States and Canada;

FIG. 7 is a diagram of the transmit beam forming

network or FIG. 4;
FIG. 8 is a schematic view of the receive beam

forming network of FIG. 4;
FIG. 9 is a schematic illustration of a feed array

10 system used in the present invention; and
FIG. 10 is a schematic showing the frequency

addressability of the beams.

DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises a novel communi-

15
cations system between fixed and mobile terminals.

The following description is-presented-to enable any -
person skilled in the art to make the invention and is
provided in the context of a particular application
and its requirements. Various modifications to this -
embodiment will be readily apparent to those skilled
in the art, and the generic principles defined therein
may be applied to other embodiments and applications
without departing from the spirit and scope of the
invention. - Thus, the present invention is not intended
to be limited to the embodiments shown, but is to be
accorded the widest scope consistent with the princi-
ples and features disclosed therein.

FIG. 1 shows a mobile satellite communications

20

25

system. As is shown, a base station 10 transmits and
receives signals to and from a satellite 13. Satellite
13 can also transmit and receive signals to and from
the airplane 12 (air mobile), truck 11l (land mobile)
and ship 14 (sea mobile). The base station 10 also

transmits and receives signals along land line 15 to

30

35
and from fixed users 1l6.
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' The frequency band allocated for satellite
communication to and from the mobile users is typically
in the the L-band range with the down and uplink
bands being sepafated by approximately 100 MHz. The
satellite-to—base station links are, correspondingly,
typically in the Ku'band or C band allocations. As
before mentioned, the difficult link in mobile satellite
service is to the mobile users because the mobile
antenna is restricted in size and gain relative to the
fixed service antenna.

Accordingly, most of the satellite resources in
payload power, volume and weight are concentrated in
the antenna subsystem and the L-band transmitter.

An effective satellite antenna,subsystemn40 for the
satellite is shown in FIG. 2. The subsystem includes

an image reflector arrangement 40 that comprises a

large reflector 21, small reflector 22 and feed array
23. The feed array 23 as shown, provides signals to

the small reflector 20 that are in turn transmitted to
the large reflector 21. Accordingly, the signals from
the feed array 23 are reflected by the small reflector
to the 1arge reflector 21 of the satellite 13 (FIG. 1)
to the various users.

FIG. 3 showslln pictorial view a typical satel-
lite 13 with the corresponding feed array 42 and large
and small reflectors 21 and 22.

‘The communications system by use of a main base
station 10 (FIG. 1) and improved features of the antenna
subsystem 40 of the satellite 13 has several advantages

- over similar systems designed for the fixed service.

With this combination of features, the uplink and
downlink beams from the mobile users are received by

the same antenna reflector and feed array system 40 on

the satellite 13. Accordingly, in this system, all
beams to the mobile users on the uplink as well as
downlink beams are frequency addressable.
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A block diagram of a communications subsystem 50
within satellite 13 is disclosed in FIG. 4. For the
purposes of illustration, it will be assumed that the
signal received by or transmitted by antenna 47 are in
the Ku frequency band and that the frequency range of
the signals received by or transmitted from the antenna
array 43 is in the L-band frequency range. It is well
recognized by one ordinarily skilled in the art that
other frequency bands could be utilized, if allocated,
without departing from the spirit and scope of the
invention. :

As is shown in FIG. 4, the subsystem 50 includes
a diplexer 46, which is connected to the receive
section 41 and the transmit section 42 of the subsystem
50. The receive and transmit- sections 41 and 42 are -
in turn connected to the L-band array 43 via diplexers
430.

The receive section 41 further comprises, a
receiver 410 which in turn provides signals to bandpass
filters 411-413. Filters 411-413 are connected to
down-converters 414-416 respectively. Each of the
down-converters 414-416 are connected to beam forming
network 417. Beam forming network 417 in turn pro-
vides signals to transmitters 419. Transmitters 419,
in turn provide appropriate signals to the diplexers
430 coupled to the L-band array 43.

The transmit section 42 is the mirror image of
the receive section 41 in that it operates in a manner
similar to the receive section 41, the only difference
being that the signals are reversed. Accordingly,
signals from the mobile users are provided to L= band
receivers 428 which in turn provide signals to beam
forming network 427. Beam forming network 427 in turn

sends signals to up-converter 424-426. Each of the



10

15

20

25

- 30 -

35

“WO 88/04495 / - PCT/US87/02668

10

up-converters 424- 426 prov1de 510nals to bandpass
filters 421,423,respect1vely. The 81gnals from filters
421-423 are sent to the Kuiband transmitter 420 and
thereafter provide& to diplexer 46. The diplexer 46
pro?ides'the,sighal along'therantenna'47 to base station
10 of FIG, 1. - |

The subsystem 50 receives signals from and
transmits:signalsrtq;the base station 13 as well as
transmitting signals to and receiving signals from
thie mobile users. In the forward link, signals, typically
in the frequency division multiplex'mode, are received

by ‘subsystem 50 from the base station 10 by diplexer
‘46 via antenna 47.

The received 51gnals -are-then ampllfled at

‘receiver 410. The signals are then separated by the

bandpass filters 411-413 into a numbe: eﬁ:bands that
are equal to number of zones into which the area ta be
served has been divided. For the purpose of illus-

_tration, three bandpass filters. and thus three zones

are descrlbed, but one ordinarily skllled in the art :
w1ll recognlze that’ there could be a greater or lesser

i number of fllters,dependent upon the particular appli-
- cation. '

The signals from the bandpass filters 411-413 are
then presented to down-converters 414-416 which

~translates these band 51gnals from separate Ku band
ffrequency bands to a 51ngle L-band frequency band.

Provided to each of the down converters 414-146 are
local oscillator frequenc1es fa-fc respectlvely which

“are chosen to provide this translation.
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Thereafter, these signals are.presented to inputs
of the transmit beam forming network 417. Each of the
inputs to the network 417 correspond to one of the
three zones of geographic region to be served. The
beam forming network 417, as will be described in more
detail hereinafter provides signals to the transmit-
ters 402. The transmitters 402, in turn drive the
array columns 43 via diplexers 430 to form narrow
transmit beams in the direction of the desired mobile
users, the direction being determined by the frequencies
of the transmit signal.

In the return link, the uplink signals from
mobile users reaching the feed array columns 43‘are
directed via the diplexers 430 to the receivers 428
to the receive beam forming network 427 which-is
similar in operation to the transmit network 417.

The beam forming network 427 provides signals - .
corresponding to the three zones to up-converters
424-426.

_ Also, similar to the down-converters 414-416 of
the receive section, the up=-converters 424-426 each
have a different local oscillator signal fd-££
presented to them so that these bands of signals,
which reuse the same frequency spectrum at L-band in
the three zones, may be transmitted to the base station
in three frequency separated bands. The bands are
then combined in the output multiplexer comprising
bandpass filters 421-423 and then amplified in the Ku
band transmitter for transmission to the base station 10.

FIGS. 5 and 6 depict a beam coverage of the
mobile satellite system for two different geographic
areas. FIG. 5 depicts the geographical region to be
served by the mobile satellite system for an Atlantic
maritime mobile system. FIG. 6 depicts the division of
the United States and Canada to be served by a land
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1 mobile'system. Showhrin each case are the areas within
the zones into which the signals in the lower, middle
and higher thirds of the allocated L-band frequency
spectrum designated £1, fm and fh are directed. These

5 areas apply to the uplink as well as the downlink
transmissions.

, ' The base station 10, receives all return signals
fromithe mobile users via the satellite 13 and there-
efter connects those mobile users to f£ixed users

10 preferably by land lines 16 via a telephone exchange
network. 7 : :

- FIGs. 7,and18lshow-inemere detail the beam form-
ing networks 417 and 427 of the subsystem 40. Beam
formlng networks-4l17-and- 427 are-similar- in operation

15 and construction and- operate- ln a’ 51m11ar manner except
that network 417 is operating in the transmit mode and

network 427 is operating. in_the receive mode. The
netwdrkr4l7rwill be described and it'shoﬁld be assumed
that the network 427 operates in a similar manner.

20 'Network-4i7 comprises a piurality of chplers 510
which are connected in alternating fashion with time
delay_units:SII in a’plﬁrality of zones (1, 2 and 3).
The time-delay units 511 are aLl—passrfilters 511 which
‘include resonators'513 in the arms of the unit 512.

25 Thesertimerdelay,units'511 provide the desired delay in
the signalS—without_intxoducing a frequency dependent
loss. ' ' '

~ Summers 514 receive SLgnals from each of the
~ zones (l, 2 and 3) via resonator57513 and are arranged

59  to provide outputs that are equal parts of the three
zone signals. The outputs of the summers 514 are the
inputs to transmitters 402. (FIG. 4) The number of
transmitters 402 is dependent on the number of columns
in the L-band array 43.

35

o
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Beam forming networks 417 and 427 can advantage-

ously be produced utilizing square conductor coaxial

.technology such as that as described in United States

Patent No. 4,539,534 entitled, "Square Conductor Coaxial
Coupler", and assigned to assignee of this application.
Accordingly, by use of these alternating coupler-time
delay units in the beam forming networks (417 and 427),
a cdmpact, low-loss, beam forming network is provided
that is ideally suited to a narrow band application.
This type of beam forming network contributes to the

low weight and high efficiency of the communications
subsystem 50. _

FIG. 9, by way of illustration, shows schematic~-
ally a feed array containing 12 columns of feeds separated
by a distance.d which would require 12 transmitters.

The beam forming networks 417 and 427 direct the antenna
beams of the feed array 43 in a direction frequency
determined by the signal, the incremental phase shift
being related to the time delay between columns as

well as signal frequency. »

FIG. 10 shows in diagrammatic view columns
of array, 43, wherein d is equal to the spacing between
the columns of array 43. The resulting antenna beam
has an angular offset of © where 0 is defined as the
beam scan angle. This means that © is the beam scan
angle from the normal to the transmit array. The
incremental phase shift produced by the time delay 512
is AT. The relationship between AT and 8 is given by:

Ad = 2TAfAT = 2rd sin §
. A
where:

>
[}

signal wavelength

beam scan angle

n

Q.
1}

spacing between array elements
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The relatlonshlp of these different factors '
prov1de for frequency addressability of the beams and

is given by:
sin @ = A/d Af AT

Where the term Af is the frequency;relative'to that
when the scan angle is zero. The signal frequency used for
the downlink to each mobile terminal is chosen to
direct the beam to the terminal, thereby maximizing its
gain and the link performanéé. The scan ahgle of the
secondary beam radiated toward the mobile terminal is
the angle'deﬁined,abova,diyided by the magnification
factor of the confocal reflectors of FIG. 2.

The uplink transmission from the mobile user to theé

satellite 13 is received by same antenna subsystem 40

as used for thé'downlink transmissions by means of the
diplexers-430.',The uplink'frequency used by each mobile
terminal is determined by its longitude, so that the
maximum uplink gain is available from the satellite
antenna, These received signals are then transmitted
down to the base station as previously described.

In view of therforegoing description, it is seen
that the communication system of the éresent invention
provides an improved éatellite communication.aystem
for mobile users. The presént invention pﬁovides
advantages that as above-described enhance the perfor-
mance of the satellite system by providing high gain,
addressable beams and frequency reuse.
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It is understood that the above-described
embodiments are illustrative only and that modifica-
tions thereof may occur to those skilled in the art.
For example, more than one base station could be util-
ized in this communication system and this use would
clearly be within the spirit and scope of Applicant's
claimed invention. Accordingly, this invention is not
to be regarded as limited to the embodiments disclosed
therein, but is to be limited only as defined by the
appended claims in which: ’
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CLAIMS

What is Claimed is:

1. a system for cOmmuﬁicating via a satellite
comprising: ' o | »

a plurallty of mobxle terminals located with-
in a geograpthal zone;

a satelllte positioned in view of the
geographlcal zone for receiving signals from and trans-
mitting signals to the plurality of mobile terminals; the
satellite including means for providing fregquency

addressable uplink and downlink signals to the mobile

terminals; and .

a base station for transmitting signals to
and receiving signals from the satellite, and;
" a plurality of fixed terminals coupled

to the base station, wherein the base station connects

the fixed terminals to the appropriate mobile terminals
via the satellite. '

2. The system of Claim 1 in which the range of
frequenc1es of the signals that is communlcated between
the satelllte and the plurallty of terminals is lower
than the range ofrfrequenc1es of the signals that is

" communicated between the satellite and the base

station.

3. The:System,of Claim 2 in which the range of

frequencies that are communicated between the satellite

and the plurality'of terminals is in the L-band fre-
quency range and :he':ange of frequencies that are
communicated between the satellite and the base station

is in the Ku-band frequency range.



WO 88/04495 PCT/US87/02668

10

15

17

4. The system of Claim 2 in which the range of
frequencies that are communicated between the satellite
and the plurality of terminals is in the L-band fre-
quency range and the range of frequencies-that are
communicated between the satellite and the base station

is in the C-band frequency range.

5. A satellite communication system comprising:

a satellite positioned in view of the geographic
area; the satellite including means for converting
between a first range of frequencies and a second
range of frequencies; the satellite also including means
for providing high gain, frequéncy addressable uplink
and downlink. beams.at. the second range_ of frequencies;

a base station located within the geographic
area for transmitting signals to and receiving signals-
from the satellite at the first range of frequencies;

a plurality of fixed terminals coupled to the
base station; and:

a plurality of mobile terminals located within
the geographic area for receiving signals from and
transmitting signals to the satellite at the second

range of frequencies.

6. The system of Claim 5 in which the first
range of frequencies is within the Ku~-band fregquency

range.

7. The system of Claim 5 in which the first
range of frequencies is within the C-band frequency

range.

8. The system of Claim 5 in which the second
range of frequencies is within the L-band frequency

range.
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1 9. A satellite communication system comprising;
| a forward link and a return link, the forward link -
relaying signals from the base station to the mobile 7
terminals and the return llnk relaylng signals from the
5 mobile terminals to the base stationj; the forward link
in the communication system comprising;
a first antenna for receiving and transmitting
signals at a first frequency.rahge;
- first diplexing means coupled to the first antenna
10 fof’separating'its transmit and'receive paths; -
a receive section coupled to the receive
path the receive section comprlslng,
first means for. fllterlng the signals received fromr
the transmlttlng and receiv1ng means, e
15 ' first means coupled to the first filtering
means for converting the signals received therefrom to a
second range of frequencies;'”
first beam forming network coupled to the
signals from the first convertlng means;
20' : - first means coupled to the first beam forming
network for amplifying the signals from the first
network; 7 o _
second diplexing means coupled.to the plurality of
~ transmitting means; '
25 , an array antenna coupled to the transmlt-
, ting means via the second dlplex1ng means for transmitting
V,the SLQnals at the second range of frequenc1es; and
the return llnk in the communication system
compr151ng, ,
30 _ - a plurallty of receivers coupled to the
secodd dipleXLng means of the antenna array for receiving
'sigﬁals from the'mobile users at the'second:range of
frequenc1es- - |
a second beam formlng network, respon51ve to
35 SLgnals from the plurallty of receivers for providing
' signals at the second range of frequenCLes;
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second means coupled to the second beam forming
network for converting the signals received therefrom
to the first range of frequencies;

a second filtering means for receiving the
signals from the second converting means; and

means coupled to the second filtering means
for providing signals to the first antenna at the first

range of frequencies via the first diplexing means.

10. The communication system of Claim 9 in
which the first plurality of converting means further
includes means for converting the first range of
frequenc1es containing multiple sub-bands.to- a single L~
band range by use of multiple local oscillator freguencies.

11. The communication system of Claim 9 in which
the second plurality of converting means includes means
for converting the single L-band range into multiple
first ranges by use of multiple local oscillator

frequencies.

12. The communication system of Claim 9 in
which the first and second filtering means are pluralltles

of bandpass filters.

13. The communication system of Claim 11 in which
the first range of frequencies is a higher value than

the second range of frequencies.

14. The communication system of Claim 13 in which the
first converting means comprises a plurality of down-
converters and the second converting means comprises a

plurality of up-converters.
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lS; In a satellite communication system for
receiving and transmitting signals within a geographic
area; the éatellite communication system including a
plurality of means for converting signals within the
geographical a:ea;reach of the plurality of converting

‘means having an output; the communication including a

forward link beam forming network, the network comprising:
A , a'plurality'oE lines, each of the lines

connected to a fespective output of the plurality of

convefting means;'at’least'one*oﬁ'the plurality of

lines including an alternating series of couplers and

time delay elements: each of the plurality of lines

containing a signal which is intended to be sent to one

 of a plurality. of zones<wikhin”the“ggographiq,area; and

a plurality of summers , each of the summers
coupled“tO'at’least“two'IineS"for'accepting signals
therefrom and for providing an output signals that is
representative thereof. 7

16. The forward link beam forming netéork of

‘Claim 15 in which each ofrthe'time—delay units comprises:

ah'all-pass filter that includes resonating

means, wherein each of the units delays the signals
‘to allow,forrthe beam scan angle to be appropriately

related to the signal frequency.

17. In a satellite communication system for
receiving and transmitting signals within a geographic
area; the system including a plurality of means for

‘receiving signals from the area; the system including a

return link beam forming network; the network comprising:
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a plurality of means for splitting the signals
into zonal locations, each of the plurality of signals
splitting means accepting signals from each of the

receiving means; and
10 a plurality of lines, each of the plurality

of lines including an alternating series of couplers

and time delay units; wherein each of the signal splitting
means deliver representative portions of the signal to

the coupler at the corresponding zonal locations of

15 the network.

1 18. The return link beam forming network of Claim
17 in which each of the time delay units comprises:
| an all-pass filter that includes resonating
means; wherein each of the units delays the signals to
5 allow for the beam scan angle to be appropriately related

to the signal frequency.
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