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FIELD OF THE INVENTION :
The present invention relates generally to mobile-
link systems for radio communication systems, and more
particularly to mobile-link systems providing for
diversity reception of uplink signals transmitted by
mobile stations.

: .
- A mobile-link system for a radio communication
system functions to create communication links between

'a base station and mobile stations located in a
. coverage area of the base station. To create the

communication links, the mobile-link system includes
one or more mobile-link assemblies with each mobile-
link assembly transmitting downlink signals to mobile

- stations located in the coverage area or receiving

uplink signals from mobile stations located in the

. coverage area. In the prior art, a mobile-link system

often included two or more mobile-link assemblies for
receiving uplink signals from the mobile statiohs and a
different mobile-link assembly for transmitting
downlink signals to mobile stations in the coverage
area. _

The use of two or more mobile-link assemblies for
receiving uplink signals is known as diversity
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systens providing for di versity “mH“l m‘“) “upl i nk signals
transmtted by 5 nobi |l e stations. BACKGROUND OF
THE | NVENTI ONyoy 97722188 A nobile-l1ink systemfor a radi o coREEMSBEIFHh
system functions to create communi cation |inks between a base
station and nobile stations located in a coverage area of the base
station. To create the 10 communi cation links, the nobile-link system
I ncl udes one or nore nobile-link assenblies with each nobil e-
link assenbly transmitting downlink signals to zobile stations
| ocated in the coverage area or receiving . uplink signals fromnobile
stations located in the 15 coverage area. In the prior art, a nobile-link

"baei ving uplink oi GFRREPHAE { AOABDRPEL LRR FERREB A Y S1veTBHEYY er ent
nobi | e-1ink assenbl yréqmptiicanspinbineg the uplimknsigrhals geezeived gebil e
stations in the Coveﬁf¥¥§rent mobile-link assemblies to produce diversity
uplink signals. Because the diversity uplink signals
5 are formed using a combination of uplink signals, the
diversity uplink signals tend to more accurately
correspond to the uplink signals transmitted by the
mobile stations. 1In the prior art, diversity reception
for the coverage area was typically provided by using
10 an additional mobile-link assembly for receiving uplink
signals. - The addition of a mobile-link assembly to the
base station increases the cost, complexity, weight,
and power requirements of the mobile-link system.
These problems associated with use of an additional
15 mobile-link aséembly for diversity reception are
increased when the base station and associated mobile-
link system is satellite based. Weight, complexity,
and power regquirements are critical factors for
satellites and additional mobile-link assémblies or
20 other components used for diversity reception '
| negatively impact all these factors. A mobile-link
system is needed that providés for diversity reception
and minimizes the above discussed problems.

SUMMARY OF THE INVENTION :
A mobile-link system for a radio communication
25 system including a first mobile-link assembly, a second
mobile-link assembly, and a.satellite feeder-link
assembly located in a satellite; and an earth feeder-
link assembly located in an earth station. The first |
and second mobile-link assemblies tbgether provide for
30 transmission of mobile downlink signals and reception
of mobile uplink signals for both a first and second
zone of a coverage area, and provide diversity
reception for the second zone in the coverage area. In
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20-  area. The use of two or nore nobile-link assenblies for
receiving uplink signals is known as diversity
2 " reception. A nobile-link systemusing diversity reception
conbi nes the uplink signals received at di fferent nobile-link
assenblies to pMORIR¥i versity uplink signals. Because tHHETHSPEIW$y
uplink signals 5 are formed using a conbination of uplink signals, the
diversity uplink signals tend to nore accurately correspond to the
uplink signals transmtted by the nobile stations. In the prior art,
di versity reception

3

the preferred embodiments, the first zone is a central
zone and the second zone is an edge zone. .
The first mobile-link assembly.receives mobile
uplink signals including zone-one uplink signals
5 transmitted from mobile stations located in a first
wone of a coverage area and zone-two upiink signals
transmitted from mobile stations located in a second
zone of the coverage area, and dutputs to the satellite
feeder-link assembly received zone-one uplink signals
10 and received zone-two uplink signals. The second
mobile-link assembly receives mobile uplink signals
transmitted from mobile stations in the coverage area;
and outputs to the satellite feeder-link assembly
received zone-two uplink signals and not zone-one
15 uplink signals. The second mobile link assembly also
" transmits mobile downlink signals to at least the first
and second zornies of the coverage area. '
- The satellite feeder-link assembly conveys the
received mobile uplink signals to the earth feeder-link
20 assembly by transmitting feeder-link downlink signals
corresponding to the received mobile uplink signals.
The earth feeder-link assembly is connected to and
couples the mobile-link system to a communication
network. The earth feeder-link assembly includes a
25 combiner for combining the feeder-link downlink signals
such that the zone-two uplink signals received by the-
first and second mobile link assemblies are combined to
produce diversity resultant signals.
Accordingly, it is an object of the present
30 invention to provide a mobile-link'system having a .
first and second mobile-link assembly that together
provide coverage for a first and second zone of a
coverage area and diversity reception.for only the
‘second zone.



for the coverage area was typically pr LQﬁng% g 10 addi ti ona

nobi l e-1ink assenbly for receiving uplit The addition of a
mobi I'e-1ink assenbly to the base st t he cost,

conpl exity, weight, and power requi nobi | e- i nk system
A hand Mobi | e wgbftdigd € Systemis discl osed i n 15 Nat i onal Teteapsd ®ss
Conference, NTC 82, "Systens for the Eighties", which allows users to
access a satellite directly through transceivers and smal | antennas.
These probl ens associated with use of an additi énal nmobi | e-1i nk
assenbly for diversity reception are 20 i ncreased when the base station
and associ at ed nnbile- link systemis satellite based. Wi ght,

Snd adi (| onal robi | o- 1 | SO ARIREE BE ShRopreseit LaFedtion Ya 3P oo
diversity reception cegaine afeceised izppectwal upihgkesignale sat dhe earth
mobi | e-1ink systemigeeder-link assembly. _
Another object of the present invention is to
5 minimize the components required for the satellite, and
to minimize the weight and complexity of the satellite.
These and other objects of the invention, together
with features and advantages therefore, will become '
apparent from the following detailed specification when
10 read with the accompanying drawings in which like
reference numerals refer to like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a mobile-link system and its
associated coverage area according to the present
invention. '

15 " Pigure 2 is a general block diagram of a mobile-
link system according to the present invention.

Figure 3 is a block diagram of the first and second
mobile-link assemblies according to a first preferred
embodiment of the present invention.

20 Figure 4 is a schematic showing representative spot
beam coverage of the coverage area by the second
mobile-link assembly according to the first preferred
embodiment of the present invention. '

Figure S is a block diagram of the earth station

28 according to the present invention.

Figure € is a block diagram of the first and second
mobile-link assemblies according to a second preferred
embodiment of the present invention.

Referring now to the drawings, a mobile-link system
30 according to the present invention is shown and
indicated generally by the numeral 10. Mobile-link
system 10 functions to create communication links
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between a base station and mobile stations located in a
coverage area of the base station. The base station is
connected to a public switch telephone network (PSTN) .
or other communication network such that the mobile
stations in the coverage area can be linked to other

communication devices in ths communication network. 1In

the preferred embodiment to be described, the base
station and its mobile-link system are satellite-based.
A mobile-link system according to the present invention
could also be implemented in a land-based base station.

Turning to Figure 1, mobile-link system 10 is based
in a satellite 12 and earth station 14, and links
mobile stations in a coverage area 24 to a ‘
communication network 15. -The coverage area 24 for the
mobile-link system 10 includes a central zone 24a and
an edge zone 24b. The edge zone 24b is located along
the periphery of the coverage area 24 and the central
zone 24a is located in a central area of the coverage
area 24. Figure 1 shows a first mobile station 26
located in the central zone 24a and a second mobile
station 28 located in the edge zone 24b. The central
zone 24a and edge zone 24b are determined based on the
relative strength of the communication links provided
to the coverage area 24. The mobile links between the
mobile stations in the central zone 24a and the mobile-
link system 10 are generally stronger than the mobile
l1inks between the mobile stations in the edge zone 24b
and the mobile-link system 10. The generally stronger
communication links for mobile stations in the central
area 24a are due primarily to the relatively shorter
distance between mobile stations in the central zone.
24a and satellite 12, and the relatively smaller impact
of shadowing on the mobile stations in the central zone
24a. .

The mobile-link system 10 includes a first mobile-
link assembly 16, a second mobile-link assembly 18, and
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3° the preferred enbodinents, the first zone is a central

zone ‘and the second zone is an edge zone. The first nobile-link
assenbly receives nobile uplink signals including zone-one uplink-
signal s 5 wolwamsgi tted fromnobile stations |ocated in ayplcrfisberosos
zone of a coverage area and zone-two uplink signals transmtted from
nobil e stations |located in a second zone of the coverage area, and
outputs to the satellite feeder-link assenbly received zone-one
uplink signals 10 and received zone-two uplink signals. The second
mobi | e-1i nk assenbly recei ves nobile uplink signal s transmtted

frommnobile stations in the coverage area,

a satellite feeder-link assembly 20 located on
satellite 12; and an earth feeder-link assembly 22
located in earth station 14. The first mobile-link
assembly 16 and second mobile-link assembly 18 together
5 operate to transmit mobile downlink signals from
satellite 12 and -receive mobile uplink zignals from
mobile stations located in the central zone 24a and
edge zone 24b of coverage area 24. In the
specification and claims, mobile downlink sigﬁals
10 transmitted to central zone 24a will be referred to aé
central downlink signals and mobile downlink signals
transmitted to edge zone 24b will be referred to as
edge downlink signals. Likewise, mcbile uplink signals
transmitted by mobile stations from central zone 24a
15 ‘'will be referred to as central uplink signals and
' mobile uplink signals transmitted from edge zone 24b
will be referred to as edge uplink signals.
The satellite feeder-link assembly 20 and earth
feeder-link assembly 22 operate to form a feeder-link
20 between the satellite 12 and earth station 14. The
feeder-link created by feeder-link assemblies 20 and 22
allow mcbile stations in the coverage area 24 to be
linked with communication network 15. For example, the
earth station 14 can be connected to a public switch
25 telephone network (PSTN) enabling mobile stations in
the coverage area 24 to communicate with telephones and
other communication devices in a communication network
connectéd to the -PSTN.
The first mobile-link assembly 16 and second
' 30  mobile-link assembly 18 of mobile-link system 10
' operate in combination to transmit downlink signals to
and receive uplink signals from mobile stations located
.both in the central zone 24a and edge zone 24b. 1In
addition, the first mobile-link assembly 16 and second
35 mobile-link assembly 18 provide diversity reception of
edge uplink signals transmitted from mobile stations



and outputs to the satellite feeder-|link assenbly recei ved zone-two
uplink signals and not zone-one 15 uplink signals. The second nobile
link assenbly al so transmts nobile downlink signals to at |east
the first and second zones of the coverage area. The
satellite feedemO$1RI8bssenbly conveys the recei ved nobPCBUSHVIoHE
signals to the earth feeder-Ilink 20 assenbly by transmtting
feeder-1ink downlink signals corresponding to the received nobile
uplink signals. The earth feeder-link assenbly is connected to and
couples the nobile-link systemto a conmuni cation networ k. The
earth feeder-link assenbly includes a 25 compi ner for conbining the
feeder-1ink downlink signals such that the zone-two uplink signals
recei ved by the first and second nobile |link assenblies are
conbined to produce diversity. resultant signals '
Accordingly, it is anl@ppeed ép the é¢%§eﬁ?ne 2P EiﬂﬁﬁﬂﬁﬁﬂhrFﬁeBFéOFdéﬂa
mobi | e-1i nk system havoBgpaovided foficentrall wekinid sinhidle traksasceall v

that toget her £RORY 51 98Y 6L ABEOAL 1804 10 the M OBED! 8a.
coverage area and diveéersity reception
More spec1f1cally, the second mobile-link assembly 18
5 transmits downlink signals to both the central zone 24a

and the edge zone 24b, and reveives uplink signals from
the edge zone 24b. The first mobile-link assembly 16
receives uplink signals from both the central zone 24a
and the edge zone 24b. Accordingly, an uplink signal
10 transmitted by a mobile station in edge zone 24b will
be received at both the first mobile-link assembly 16
and second mobile-link assembly 18.
_ As discussed in more detail below, the edge uplink
signals received by the first mobile-link assembly 16
i5 and second mobile-link assembly 18 are combined to
provide diversity reception for uplink signals
transmitted from the edge zone 24b. Diversity
reception is provided for edge uplink signals and not
: central uplink szgnals because the edge uplink signals
20 are generally weaker than the central uplink signals.
The edge uplink signals are generally weaker due
primarily to the longer distance between mcbile
stations in the edge zone 24b and the satellite 12, and
the increased shadowing of mobile stations in the edge
25 zone 24b. Providing diversity reception for the edge
uplink signals helps improve the generally lower
qual;ty communication links of mobile stations in the
edge zone 24b.
Turning to Figure 2, a more detailed block diagram
30 of mobile-link system 10 is shown. The first mobile-
link assembly 16 receives central and edge uplink
signals, and includes a receive antenna 30 and a
primary receiver 32. Receive antenna. 30 converts both
central and edge uplink signals to an antenna input
38 that is coupled to primary receiver 32. The primary
receiver 32 processes the antenna input from receive



-4- . Anot her obj ect of the present inventionis to conbi ne
recei ved zone-two uplink signals at the earth feeder-1ink assenbly.
Anot her object of the present inventionis to 5 m nimze the conponents
required for the satellite, and to mnimze the weight and conplexity
of the satelliweor22188 These and ot her objects of the i npenuUsEN9so8

t oget her with features and advantages therefore, will becone

apparent fromthe follow ng detail ed specification when 10 read with the
acconpanyi ng drawi ngs in which like reference nunerals refer to |ike
el ement s. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 shows a nobile-link systemand its g associ ated coverage area

according to the present 15 i nventi on. FIG 2, constructed of
FIG 2A and FIG 2B, is a

antenna 30 and outputs received edge uplink signals and
received central uplink signals to feeder-link assembly .
20. The primary receiver 32 processes the antenna
input to produce the received uplink signals in a

5 conventional manner. _

‘The second mobile-link assembly 18 receives edge
uplink signals, and transmits both central and edge
downlink signals. The second mocbile-link assembly
includes a transmit-receive antenna 36, duplexer

10 assembly 38, secondary receiver 40, and mobile-link
transmitter 42. To receive edge uplink signals, the
transmit-receive antenna 36 convé:ts mobile uplink
signals to an antenha input that is fed to duplexer
assembly 38. Duplexer assembly 38 directs the antenna

1s input to the secondary receiver 40. The secondary
receiver 40 processes the antemna input and outputs
received edge uplink signals. The secondary receiver
40 does not output central uplink signals. The
receiéed edge uplink signals are output to feeder-link

20 - assembly 20.

' To transmit mobile downlink signals from second
mobile~link assembly 18, mobile-link transmitter 42
outputs central and edge downlink signals to transmit-
receive antenna 36 through a direct path 42a and a

25 duplexer path 42b. The transmit-receive antenna 36
outputs central and edge downlink signals to the
central zone 24a and edge zone 24b. The mobile
downlink signals transmitted by mobile-link assembly 18
correspond to feeder-link uplink signals recezved at

30 satellite feeder-llnk assembly 20.

_Satellite £eeder-11nk assembly 20 and earth feeder-
link assembly 22 communicatively link satellite 12 and
earth station 14. The satellite feeder-link assembly
20 conveys mobile uplink signals transmitted by mobile

35 stations and received at satellite 12 to the earth
station 14, and receives communication signals from




general block diagram of a nobile-link system according to the
pr€sent invention. Figure 3 is a block diagramof the first and
second 20 nobi | e-1i nk assenblies according to a first preferred

enbodi nent of the present invention. Figure 4 is a schematic
showi ng repr eseMAY¥2E88s hot beam coverage of the coveragé’CJﬂéso?“B%ﬁ”f he
second nobi | e-1i nk assenbly according to the first preferred 25
enbodi ment of the present invention. Figure 5 is a bl ock diagram
of the earth station according to the present invention.

Figure 6 is a block diagramof the first and second nmobi | e-11i nk
assenbl ies according to a second preferred 30 efbodi ment of the present

i nvent i on. ' DETAI LED DESCRI PTI ON OF THE PREFERRED EXBCODI MENTS
Referring now to the drawi ngs, a nobile-lI'ink system according to the

present invention is shguugidhtion ddvide@ad %&ﬁhﬁkbxii’a{ntﬁﬁiv}w&@s' thle
Mobile-Tink SYSUEM 10 LEnii O By Al Bt daT i SR a Srembly 22. The
satellite feeder-link assembly 20 conveys mobile uplink
signals to earth station 14 by transmitting to earth
5 station 14 feeder-link downlink signals, which
correspond to the mobile uplink signals. The
communication network signals received at satellite
feeder-link assembly 20 are conveyed to selected mcbile
stations in the coverage area 24 by the second mobile-
10 link assembly 18. o .

' The satellite feeder-link assembly 20 generates
feeder-link downlink signals by channelizing central
and edge uplink signals outputted by mobile-link
assemblies 16 and 18. Accordingly, feeder-link

is _downlink signals coxreépond to the received central
uplink signals and received edge uplink signals.
Satellite feeder-link assembly 20 receives
communication network signals from earth station 14 by
receiving feeder-link uplink signals transmitted from
20 the earth feeder-link assembly 22. The feeder-link
uplink signals are used to convey communication network
signals from communication devices in the communication
network 15 to satellite 12. Satellite feeder-link
asgsembly 34 channelizes the received feeder-link uplink
25 signals and outpués channelized feeder-link uplink
signals to mobile-link transmitter 42. The wmobile-link
transmitter 42 convéye the cbmmnnicétién network
signals to mobile stations by processing the
channelized feeder-link uplink signals and tfanamitting_
30 corresponding mobile downlink signals. Satellite
feeder-link assemblies are known in the prior art.
The earth feeder-link assembly 22 of earth station
14 receives feeder-link downlink signals and transmits
feeder-link uplink signals. The feeder-link downlink
35 sighals are used to convey to earth station 14 mobile
uplink signals received at satellite 12. The feeder-
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5 bet ween a base station and nobile stations |located in a
coverage area of the base station. The base station is connected to
‘a public switch tel ephone network (PSTN) - or other communication
‘networ k such tvweterkimss nobi | e 5 stations in the coverage aaasHeiosoe
|l i nked to ot her .communi cation dévices in the conuni cati on networKk.
In the preferred enbodi nent to be described, the base station
and its nobile-link systemare satellite-based. A mobile-1ink system
according to the present invention 10 could also be inplenented in a
| and- based base stati on. _ Turning to fHgure 1, nobile-link
system 10 i s based in a satellite 12 and earth station 14, and
| i nks nmobil e stations in a coverage area 24 to a

link uplink signals are used to convey to satellite 12
the communication network ‘signals from communication
network 15. ' :
The earth feeder-link gésembiy'zz includes a

=3 feeder-link antenna 44, duplexer 46, transmitter 48,
racciver 50, and a controllar/switch S1. Feeder-link
antenna 44 converts feeder-link downlink signals to an
antenna input. Duplexer 46 then directs the antenna
input from feeder-link antenna 44 to receiver 50.

10 Receiver 50 includes a combiner 52 for gelectively
combining the feeder-link downlink signals. More
specifically, the combiner 52 combines the feeder-link
downlink .signals' that correspond to edge uplink signals
received from both the first mobile-link assembly 16

15 and second mobile-link assembly 18 so as to produce
"resultant diversity signals. The resultant diversity
signals correspond to edge uplink signals transmitted
by mobile stations in the edge zone 24b. The resultant
diversity signals and received feeder-link downlink

20 signals corresponding to central uplink signals are
output from receiver 50 to a controller/switch 51. The
controller/switch 51 controls the output of outgoing
signals, which correspond to mobile uplink signals, to
the communication network 15.

25 Barth feeder-link assembly 22 also transmits
feeder-link uplink signals that correspond to
communication network signals sent from communication
devices in the communication network 15 connected to
earth station 14. The communication network signals

30 . are designated for mobile s;ations'in the coveragé area
24. To transmit feeder-link uplink signals. The
controller/switch first receives communication network
signals from communication network 15. Next, the

) controller/switch 51 directs the communication network

35 signals to the feeder-link transmitter 48. The feeder-
link transmitter 48 transmits to feeder-link antenna 44



comuni cati on network 15. The coverage area 24 for the 15 nmobi | e-11i nk

system 10 includes a central zone 24a and an edge zone 24b. The
edge zbne 24b is | ocated al ong t he periphery of the coverage area
24 and the central zone 24a is located in a central area of the
cover age wapuR2188. Figure 1 shows a first nobil e stati onPQBUSANS08
| ocated in the central zone 24a and a second nobile station 28

| ocated in the edge zone 24b. The central zone 24a and edge zone
24b are determ ned based on the ~ relative strength of the

conmmuni cation |inks provided to the coverage area 24. The nobile
| i nks between the 25 nobile stations in the gentral zone 24a and the
nobi | e- link system 10 are generally stronger than the nobile

| i nks between the nobile stations in the edge zone 24b and the
nobi | e-1ink system 10. The general ly stronger comuni cation |inks

for nobile stations irfdedercddnkatplifik sigsalbs Dtxrespomiiagptonthely to

the relatively shorter; | §¥§; i o

central . zoney J'f' f?mé'r‘? ggt“ef"ﬁ?f'gt 1§,§ 3 AEEP A tl%f/el Péeéé' ﬂ%k

i npact of shaddiePaohst RE2RBMHIFR %P%I#%ﬁﬁFqTiﬁﬂﬁé”E@ﬁﬂka?ignﬁi§ to
24a. 35 The rfdddea~-iink agsembl{020 nsf utaseld ifde 32.M0ObI | e-

link assenbly 16,5a seconq.u%g'hbetu Blfg@féefplél fjiq:'sta'b(}eferred embodiment
- of the mobile-link system 10 located in satellite 12 is

shown. In the first preferred embodiment, the mobile-
1ink antenna 36 of the second mobile-link assembly is a
reflector antenna. The transmit-receive antenna 36 of

10 the first mobile-link assembly includes a transmit-
receive feed array 56 and a transmit feed array 58.
The transmit-receive feed array 56 has transmit-receive
feed elements Fi, where i=1,2,...m, and transmit feed
array 58 has transmit feed elements Fi, where '

15 i=m+l, m+2,...0. _

The transmit-receive feed elements Fi are
configured on antenna 36 tc convert only edge uplink
signals to antenna input signals and to transmit only
edge downlink sigrials. More specifically, the

- 20 transmit-receive feed element Fi are located at focal
S points of edge uplink signals being reflected by the
transmit-receive antenna 36 and such that downlink
'signals transmitted by the transmit-receive feed
elements Fi are reflectively directed to the edge zone
25  24b.

The transmit-receive feed array 56 generates
secdndary antenna input Usi, where i=1,2,...m, and
outputs the secondary antenna inputs Usi to secondary
receiver 40. The secondary antenna inputs Usi

30 correspond to edge uplink signals and each of the
secondary antenna inputs Usi corresponds to an edge
uplink signal transmitted by a mobile station in edge
zone 24b. Secondary receiver 40 includes a bank of
receiver chain Rsi, where i=1,2,...m. The receiver

35 chains Rsi receive the secondary antenna input Usi and
output received edge uplink signals 0Osi where
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6. a satellite feeder-1ink assembly 20 |ocated on satellite
12 and an earth feeder-link assenbly 22 | ocated in earth station 14.
The first nobile-1ink assenbly 16 and second nobile-link assenbly 18
together 5 opeigge to transmt nobile downlink signals freorusse19508
satellite 12 and -receive nobile uplink signals from nobi | e stations
| ocated in the central zone 24a and edge zone 24b of coverage area
24. In the spécification and cl ains, nobile downlink signals 10
transmtted to central zone 24a will be referred to as central
downl i nk signals and nobile downlink S|gnals 12 transmtted to edge zone
24b will be referred to as

i=1,2,...m. The received edge uplink signals 0si are
outputted from the second mobile-link assembly 18 to
the feeder-link assembly 20. Satellite feeder-link
agsembly 20 conveys the received edge uplink signals
5 0si to earth station 14. The satellite feeder-link

aésembly 20 conveys the received edge uplink signals
0si by transmitting secondary feeder-link downlink
signals Isi, where i=1,2,...m, to earth station 14.
The secondary feeder-link downlink signals Isi are

10 generated through conventional processing means
including cﬁannelization, .

Transmit feed elements Fi, where i=m+l,m+2,...n, of
transmit-receive antenna 36 are configufed on transmit-
receive antenna 36 to transmit central downlink signals

15 to central zone 24a. More specifically, transmit feed
elements Fi are located such that signals transmitted
by transmit feed elements Fi are reflectively directed
to the central zone 24a and not the edge zone 24b.
Transmit feed elements Fi are not connected to receive

20  components.

The transmit-receive feed array 56 and the transmit
feed array 58 are both connected to mobile-link
transmitter 42. Mobile-link transmitter 42 is coupled

_ to feeder-link assembly 20 and generates mobile

25 downlink signals which correspond to feeder-link uplink
signals received at feeder-link assembly 20. Mobile-

link transmitter 42 includes a bank of transmitter
chains Txi, where i=1,2,...m, m+1,...n. Transmitter
chains Txl to Tx2 transmits edge downlink signals to

30 transmit-receive feed array S6 through path 42a and
duplexer assembly 38. Transmitter chains Tx{m+1) to
Txn transmits central downlink signals to receive feed
array 58 through path 42b.

In Figure 4, transmit-receive feed array 56,

3s transmit feed array 58, and a reflector 57 of transmit-
receive antenna 36 are schematically shown generating



edge downlink signals. Likew se, nobile uplink signals transmtted by
nobil e stations fromcentral zone 24a 15 will be referred to as central
uplink signals and nobil e uplink signals transmtted fron1edge zone
24b will be referred to as edge uplink signals.

satellite feedeWO978R188ssenbly 20 and earth f eeder-1ink a"%’@%
operate to forma feeder-1link 20 between the satellite 12 and earth
station 14. The feeder-link created by feeder-link assenblies 20 and
22 allow nobile stations in the coverage area 24 to be | i nked
Wi th comruni cation network 15. For exanple, the earth station 14 can
be connected to a public switch 25 t el ephone natwork (PSTN) enabling
nobil e stations in the coverage area 24 to conmunicate with

t el ephones and ot her connunication devices in a conmuni cati on network

connected to the PSTN 'ﬁi‘ﬁﬂ gle | i nk assenbly_ 16 and
second 30 nobi | e- IFﬁRr§§§%ﬁﬁ?§”ﬂiFQﬁt 4 FRVEFage fYEa 24. -More

operate in conbi nati osptoifieatly; alcvrAnsnitsirgeelivet deed Fi anddrefletter
uplink signals fron1ng9 Lﬁeséﬂ%*ﬁwﬁhﬁé¥5¥ a iPot gggabhpegﬁgecggaég%g$one

24a and edge zone 24b. addition, The
16 and second 35 FGSPIQfIFhk %E%ﬁﬁﬂﬁ%/?ﬁ?ﬁiﬂ&vﬁ&@dalFér§FP9rFEE%p§|on of
edge uplink si gnsl s t aaEferéhedsponrbeahiire tdienledges zone 24b so that the

vansmit-receive feed array 56 provxdes coverage for
the edge zone 24b. Likewise, a transmit feed Fi and
reflector 57 are shown generating a spot beam in
central zone 24a. Each'of the transmit feeds Fi
10 generates a different spot beam in the central zone 24a
so that the transmit feed array 58 provides coverage
for the central zone 24a. :

In the first preferred embodiment of mobile-link
system 10, the mobile-link receive antenna 30 of the

1s first mobile-link assembly 16 is also a reflector
antenna and has a receive feed array 62. The receive
feed assembly 62 has feed elements Fi, where |
i=1,2,...n. The receive feed elements Fi are
configured on receive antenna 32 to convert both

20 central and edge uplink signals to antenna inputs Upi,
where i=1,2,...n. More specifically, the receive feéd
elements Fi of receive feed assembly 62 are located at
focel points of both edge uplink signals and central
uplink signals being reflected by the receive antenna

25 30.

The receive feed assembly 62 of receive antenna 30
generates primary antenna inputs Opi, where i=1,2,...n,
which are outputted to primary receiver 32. The

: primary antenna inputs Opi correspond to both central
30 and edge uplink signals. Each of the primary antenna

: inputs Upi correspond to either an edge uplink signal

transmitted by a mobile station in edge zone 24b or a
central uplink signal transmitted by a mobile station

" in central zone 24a. Primary receiver 32 includes a

35 bank of receiver chains Rpi where i=1,2,...n. The

receiver chains Rpi receive the antenna inputs Upi and
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7. | ocated in the edge zone 24b. Diversity reception is not
provi.ded for central uplink signals transmtted from nobile stations
| ocated in the central zone 24a. More specifically, the second
mobi | e-1i nk agprsddysst8 5 transmts downlink signals to bettus$ee9sses
central zone 24a and the edge zone 24b, and reveives uplink signals
from t he edge zone 24b. The first nobile-link assenbly 16

receives uplink signals fromboth the central zone 24a and the edge
zone 24b. Accordingly, an uplink signal 10 transmtted by a nobile

station in edge zone 24b wil | 14

output received uplink signals Opi, where i=1,2,...n.
Received uplink signals Opi are fed from the first
mobile-link assembly 16 to the satellite feeder-link
assembly 20. The satellite feeder-link assembly 20

5  conveys the received edge uplink signals Upi to earth
station 14. Sat¢liite feeder-link assembly 20 conveys
the received uplink edge uplink signals Opi by
transmitting primary feeder-link downlink signals- Ipi,
where i%1,2,.,.m, to earth station 14. The primary

10 feeder-link downlink -signals Ipi are generated through
conventional processing means including channelization.

Referring'to'Figure 5, the feeder-link downlink

signals Isi.and'Ipi are intercepted by feeder-link
antenna 44 of earth station 14, and converted to a

15 secondary feeder-link input fsi and a primary feeder-
1ink input Ipi that is directed to receiver 50 via
duplexer 46. The secondary feeder- link input Isi
corresponds to edge uplink signals transmitted by
mobile stations in the edge zone. The primary feederf

20 link input fpi corresponds to edge uplink signals
transmitted by mobile stations in the edge zone and
central uplink signals transmitted by mobile stations
in the central zome. The primary feeder-link inputs
Ipi corresponding to edge uplink signals are

25 represented by inputs Ipl to Ipm and the primary
feeder-link inputs Ipi correspondlng to central upllnk
signals are represented by ip(m+1) to iIpn.

Receiver 50 receives the feeder-link inputs Isi and

fpi in a conventional manner. In addition, the

30 = receiver 50 diversity combines the secondary feeder-
link inputs Isi with the primary feeder-link inputs Ip1
to Ipm. In the preferred embodiment, receiver 50
includes a combiner bank 52 having combiner Ci, where
i=1,2,...m, for combining the secondary feeder-link

35 inputs fsi with the primary feeder-link inputs fp1 to
fpm. Each of the combiners Ci combines a primary



be received at both the first nobile-link assenbly 16 and second
mobil e-1ink assenbly 18. As discussed in nore detail below the
edge uplink signals received by the first nobile-link assenbly 16 15
and second nobile-link assenbly 18 are conbined to provi de diversity
reception for upvyORR22BEnal s transmtted fromthe edge zoPEr/Usp6/19508
Diversity reception is provided for edge uplink signals and not
central uplink signals because the edge uplink signals 20 are general ly
weaker than the central uplink signals. The edge uplink signals are
general |y weaker due primarily to the |onger distance between nobile
stations in the edge zone 24b and the satellite 1%? and the i ncreased
shadowi ng of npbile stations in the edge 25 zofie 24b. Providing
diversity.reception for the edge uplink signals helps inprove the
general ly | ower qual ity comunication |links of nobile stations in the
ggge ZO][\e ZElbi o feea’wmm timputgdpd @ith avsecoinisy deddeacl idkagr am
of mobile-link s m 0 i LSt | .
assenbly 16 receives c% PR 21an e3H1%EuFE£E8né t3'a r%?¥4§%u%§ﬁjﬁd C|9§1§n§
recei ve antenna 3Q andszasnal reqﬁﬁm ;atr é’eéhvﬁhe@lrﬂemhﬁel%itz@#nasssmbly

converts both cepé rand %&&@Wlmamkgaaé&nsxy as antmweamahbﬁh

that is coupled tg prinmar rec l,ver r cei 32
processes the antenna § er&g; fte_ﬁ Prihaty'dnd secondary ¥eedss-1link

1nputs ualng conventional conbiuing processes such as
selection combining, maximal ratio and equal gain

combining.
Combiner bank 52 outputs diversity resultant
10 signals Ri where i=1,2,...m. The diversity resultant

signals correspond to the mcbile edge uplink signals
transmitted by mobile stations in the edge zone 24b of
coverage area 24 and received at the first and second
mobile-link assemblies 16 and 18. Receiver 50 also
15 receives primary feeder-link inputs fp(m+1) to Ipn
corresponding to central uplink signals received at the
first mobile-link assembly 16, and outputs received -
feeder-link downlink signals R{m+1) to Rn. The
received feeder-link downlink ‘signals R(m+1l) to Rn and
20 diversity resultant signals Ri are outputted from the
| earth feeder-link assembly 22 to controller/switch S51.
The coﬂtroller/switch 51 processes the earth feeder-
link assembly output and outputs outgoing communication
network information to communication network 15. The
25 outgoing communication network information corresponds
to mobile uplink signals inltlally transmitted from
mobile stations in coverage area 24.
Turning to Figure 6, a second preferred embodiment
of mobile-link system 10 located in satellite 12 is
30 shown. The second preferred embodiment is different
from the first preferred embodiment of mobile-1link
system 10 in that transmit-receive antenna 36 of the
second mobile-link assembly is a direct array antenna.
In the second preferred embodiment, the second mobile-
35 link assembly 18 outputs received edge uplink signals
transmitted from mobile stations in the edge zone 24b
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8. antenna 30 and out puts recei ved edge uplink signals and
received central uplink signals to feeder-link assenbly 20. The
primary receiver 32 processes the antenna i nput to produce the
received upliglgohogls ina 5 conventi onal rmanner. PCT/US96/16%08
second nobile-11'nk assenbly 18 recei ves edge - uplink signals, and
transmts both central and edge downl i nk signals. The second

nmobi | e-1i nk assenbly

16

as follows. Transmit-receive feed array 56 of
transmit-receive antenna 36 receives edge and central
uplink signals from mobile stations in the edge zone
24b and central zone 24a, and generates secondary
5 antenna inputs Usi, where i=1,2,...m. The secondary
antenna inputs Usi is' fed to secondary recelver 40 .
through duplexer 38. Secondary receiver 40 processes
the antenna inputs Usi in a conventional manner and
outputs receiver output signals Usi’ to a receive beam
10 former 64. Receive beam former 64 includes beam
weights Bi, where i=1,2,...m, for modifying each of the
receiver output signals Usi’. The beam weights Bi are
gelected so that central uplink signals received at the
transmit-receive antenna 36 are canceled out after
15 passing through receive beam former 64. The beam
weights Bi are multiplied with the receiver output
signals Usi’ to produce received edge uplink signals 0i
that are outputted from second mobile-link assembly 18.
The receive beam former 64 includes an adder 66 for
20 summing the received edge uplink signals prior to
outputting the secondary receiver signals Usi’ to
feeder-link assembly 20.
In the second preferred embodiment, the second .
mobile-link assembly 18 transmits central and edge
25 downlink signals to mobile stations in the central zone
24a and edge zone 24b as follows. Feeder-link uplink
signals, after processing including channelization, are
outputted from the satellite feeder-link assembly 20 to
a transmit beam former 70 having beam weights Bi, where
30 i=1,2,...n. Transmit beam former 70 multiplies the .

' channelized feeder-link uplink signals with beam
weights Bi. The beam weights of the transmit beam
former 70 are selected so that beam signals for
producing spot beams for coverage area 24 are _

35 generated. The beam signals are passed through mobile-



I nclJudes a transmt-receive antenna 36, duplexer 10 assenbly 38,
secondary receiver 40, and nobile-Iink transmtter 42. To receive
edge uplink signals, the transmt-receive antenna 36 converts nobile -
upl i nk signals to an antenna input that is fed to dupl exer

assenbly 38. DupY@¥é8ssenbly 38 directs the antenna 15 i nppérisecibls
secondary receiver 40. The secondary recei ver 40 processes the
antenna i nput and out puts recei ved edge uplink signals. The
secondary receiver 40 does not output central uplink signals. The
received edge uplink signals are output to feeder-link 20 assenbly 20.
To transmt nobile downlink signals from second nobi | e-1i nk assenbly
18, nobile-link transmtter 42 out put s cehfral and edge downl i nk
signals to transmt- recei ve antenna 36 through a direct path 42a
and a 25 dupl exer path 42b. The transm t-receive antenna 36

outputs central and gdgf ¢PuRlskikter0dal SaupleRer assemblaPdy,aland@0B8t AR
and edge zone 24b. The nobile nal s %ﬁr;msmtted

dgwnl i nk _si b
mobi | e-1i nk assenbl y 3fg as shown 5o, 8§B§H&et 'BPPgeﬂE?‘!'?i YGRS aﬁa?s“-
received at 30 - satel Thecmbbéderlinkksystenbkl) &0.the present ifimentione

feeder-link assenbly ; f f Ehz b DKy
SR AALL R 8dChecond mobileliide SEl%132s 16 ang

comuni catively |ink sat | \ earth statl )
satel lite feederS|ind&dhat tpgether proyide, for transpisgion of sobides
transmtted by nobil elownlink signals and reception of mobile uplink signals

for both a first and second zone of a coverage area,
and that provide diversity reception for the second
zone in the éoverage area. In the preferred

10 embodiments, the second zone is an edge zone, but other -
zdnes within the coverage area that would particularly
benefit ffom diversity reception can be selected for
the second zone. The mobile-link systeﬁ 10 eliminates
the need for providing an additional mobile-link

15 assembly used for diversity reception of mobile uplink
signals. In addition, by providing diversity reception
for only the second zone, the components required for
satelliﬁe 12 and weight of satellite 12 is minimized.
Likewise, by locating the combiner 52 in the earth

20 feeder-link assembly 22, the components required for
satellite 12 and weight of satellite 12 is minimized.
Accordingly, the mobile-link system 10 of the present
invention helps minimize the complexity and weight of
satellite 12..

25 ‘It will be appreciated by those of ordinary skill

' in the art that the present invention can be embodied
in other gpecific forms without departing from the
spirit or esaenti&l character thereof. The presently
disclosed embodiments are therefore considered in all

30 respects to be illustrative and not restrictive.
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14, and recel ves commni cation if‘éﬁ“‘*ﬁmﬁﬁaﬂﬂﬁ Il"“e%t 37/|ﬂ|t|||4|||||ilmllﬂ ||||

conmuni cati on devi ces and connunlcatl t hat are
transmtted Ryoepidips feeder-link assenbly 22. The - sat gd¥/usRn9s08
feeder-1ink assenbly 20 conveys nobile uplink signals to earth
station 14 by transmtting to earth S station 14 feeder-Iink downlink
signals, which correspond to the nobile uplink signals. The
comuni cation network signals received at satellite f-eeder-1ink
assenbly 20 are conveyed to sel ected nobile 18

What is claimed is:

1. A mobile-link system for a fadio

communication system comprising:

a). a first mobile-link assembly for

receiving mobile uplink signals including zone-one
5 uplink signals transmitted £rom mobile stations

located in a first zone of a coverage area and

zone-two uplink signals transmitted from mobile

stations located in a second zone of said coverage

area, and for outputting received zone-one uplink
10 : signals and received zone-two uplink signals;

b) a second mobile-link assembly for
receiving mobile uplink signalé transmitted from
mobile stations in said coverage area and
outputting received zone-two uplink signals and not

1s. zone-one uplink signals, and said second mobile-
link assembly for transmitting mobile downlink
signals to at least said first and second zones of
said coverage area; : '
) c) a combiner for diversity combining said

20 received zone-two uplink signéls received by both
said first and second mobile-link assemblies so as
to produce diversity resultant signals
corrésponding to zone-two uplink signals received
at séid first and second mobile-link assemblies.

- 2. The mobile-link system of claim 1, wherein
said second mobile-link assembly includes:
a)  a transmit-receive antenna including
transmit-receive feeds for transmitting mobile
S .downlink signals and receiving mobile uplink
signals, and transmit feeds for transmitting mobile
downlink signals;

ﬂﬁS SHEET HAS BE
EN
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stations in the coverage area 24 by thg. égﬁ% =adl0 | J

18- The satellite feeder-Ii nlsssqlgém i Ecegnerat jﬂnlumimmlmmlll
feeder.-1ink downlink signals by channeli EM!E Mjﬂ F _ *
signals outputted by nobile-link [ and 18. Accordingly,
feeder-l1ink 15wo9780i88! i Nk signal s correspond to the receiyed reavisoer 9508

uplink signals and received edge uplink signals. Satellite
feeder-1ink assenbly 20 receives conmuni cati on network signals from
earth station 14 by receiving feeder-link uplink signals transmtted
from 20 the earth feeder-link assenbly 22. The feeder-link

uplink signals are used to convey connunicationr*gwnrk signals from
conmruni cation devices in the comruni cation network 15 to satellite
12. Satellite feeder-1link assenbly 34 channelizes the received
feeder-1link uplink 25 signal s and out puts channelized feeder-link uplink

signals to mobile-link transm tpgr 43. sébondaby|redeirvker for prbeesafhgter

42 canveys the comunicati g et wor Kk . | . bi sjations_ by
processing the chaﬁﬁgﬁgféﬁpitgﬁe?}?Pﬁié8%?%%%9é§ § aFéfgnégansmft'
transmitting 30 10 correspeceing feedde downlink signals. Satellite

feeder-link assemblies are knowgyin ah@oBilerlghk.transmitter fdbeofifphbting
feeder-1ink assenbly 22 of &aégh stati

. f -1 pk
downl i nk signals and tran down logeﬂégg?}iééhr%ﬁﬁnggﬁﬁéﬁgséﬁﬁégve

feeder-1ink downlink feeds and tronemit feeds of said transmit-receive
' antenna for transmission of mobile downlink signals
15 to mobile stations in said first zone and said

second zone;
' d) a duplexer assembly coupled to said
secondary receiver, mobile-link transmitter, and
_ tranémitfreceiver antenna for'directing received

20 uplink signals from said transmit-receive feeds to

said secondary receiver and for directing mobile

downlink signals from said mobile-link transmitter

to said transmit-receive feeds.

3. The mobile-link system of claim 2, wherein
the first mobile-link assembly includes: _
. a) a receive antenna for receiving zone-one
and zone-two uplink signals;
5 b) a primary receiver for processing zone-
one and zone-two uplink signals received by said
receive antenna.

4. The mobile-link assembly of claim 3, wherein
the first and second mobile-link assemblies are located
in a satellite and coupled to a satellite feedexr-link
assembly, said satellite feeder-link assembly for

3 conveying said received mobile uplink signals outputted
from said mobile-link assemblies to an earth station.

5. The mobile-link system of claim 4, wherein
said satellite feeder-link assembly conveys said
received uplink signals to said earth station by

THIS SHEET HAS BEER
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10
uplink signals are used to convey to s t he conmuni cati on
net wor k si gnayg ohpefgs CONMUNI cat i on network 15. : rth
feeder-link assenbly 22 includes a 5 feeder-1ink antenna ﬂﬁﬂnﬁﬁﬁﬁgéer
46, transmtter 48, recciver 50, and a controller/switch 51.
Feeder-1ink antenna 44 converts feeder-link downlink signals to an
antenna input. Duplexer 46 then directs the antenna
| 20

transmitting feeder-link downlink signals to said earth
5 station.

6. The mobile-1link gystem of claim 5, wherein
said combiner is located in said earth station and
combines said feeder-link downlink signals received at
said earth station so as to produce said diversity

5 resultant signals corresponding to zone-two uplink
signals received at said first and second mobile-link
assemblies.

7. The mobile-link system of claim 1, wherein
said transmit-receive antenna of said second mobile-
link assembly is a reflector antenna, and wherein said
second mobile-link assembly receives zone-two uplink -

5 signals transmitted from mobile stations in said first
zone and does not receive zone-one uplink signals
transmitted from mobile stations in said second zone.

8. The mobile-link system of claim 2, wherein
said transmit-receive antenna of said second mobile-
link assembly is a reflector antenna, and wherein said
second mobile-link assembly receives zone-two uplink

5 signales transmitted from mobile stations in said first
zone and does not receive zone-one upiink signals
transmitted from mobile stations in said second zone.

9. The mobile-link system of claim 8, wherein
said transmit-receive feeds of said transmit-receive
antenna receives zone-two uplink signals transmitted
from mobile stations in said first zone and does not

s receive zone-one uplink signals transmitted f£from mobile
stations in said second zone.

THIS SHEET HAS BEeN
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|nput fromfeeder-link antenna 44 to rqgggﬁgﬁh§§&m§_lmmiRecelv

i n¢l udes a conbiner 52 for selectively - g the feaw HIIH'" "Ill l”“l
downl iink signals. Mre speci fi cal I”ﬂ"’“ﬂﬂw ﬂer co

f eeder-1ink downl i nk signal s that edge uplink signals
recei ved from bwdw#d2essf i rst nobile-link assenbly 16 15 anPcxAISIBA9508
nobil e-1ink assenbly 18 so as to produce resultant diversity
signals. The resultant diversity signals correspond to edge uplink
signals transmtted by nobile stations in the edge zone 24b. The
resul t ant diversity signals and received feeder-link dowlink 20
signals corresponding to.central uplink signals age out put from
receiver 50 to a controller/switch 51. The controller/switch 51
controls the output of outgoing .signals, which correspond to nmobile
uplink signals, to t he conmuni cati gn network 15. Earth

feeder-1ink assembly 22 ak8e trEegmqbile-link pysgem Pﬁnﬁlﬂﬂ‘lhk whepeins
that correspond to said ﬁSBEP@lEiﬁk<HYHMQMMQtKrSt&aﬁhﬁiﬁﬁnioﬁéiﬁﬂe

comuni cati on evices. in,th Ui, n_ne rk.15 connected to
earth station 14. ThegﬁgﬁgﬁﬁFcﬁ%$ﬁﬁl River fg?&§%gﬁgli eedsa?g gnat ed
for nobile stations |mransmsbvee@@ﬁyeuaa;enna and? zongotwpadewnl Lifle afgndliank

uplink signals. ghe o gaiROBLaRSMEE/eldive Fekds b@cgazs&f&mmrﬁdé&%
net wor k signal s from comuni cati on network 15.

control ler/switch 51 @R*ECP&the comunication netmork

11. The mobile-link syatem of claim 10, wherein
said duplexer assembly direct zone-two uplink signals
from said transmit-receive feeds of said transmit-
receive antenna to said secondary receiver and for

5 directing zone-two downlink signals to said transmit-
receive feeds of said transmit-receive antenna.

12. The mobile-link syétem of claim 1, wherein
said transmit-recéive antenna of said second mcbile-
link assembly is a direct array antenna, wherein said
transmit-receive antenna receives the zone-one and

5 zone-two uplink signals, and wherein said' second
mobile-link assembly processes said received upllnk
signals so as to output received zone-two uplink
signals.

13. The mobile-link system of claim 2, wherein
said transmit-receive antenna of said second mobile-
link assembly is a direct array antenna, wherein said
transmit-receive antenna receives the zone-one and

5 - zone-two uplink signals, and wherein said second
mobile-link assembly processes said received uplink
signals so as to output received zone-two uplink
signals.

14. The mobile-link system of claim 13, wherein
said second receiver includes a receive beam former for
multiplying received uplink signals from said transmit-
receive feeds with predetermined beam forming weights
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feeder-link uplink signals corresponding t con1ng
communi cati on ResYWHHeSI gnal s. Feeder-1i nk: ant enna 44 tr@‘@ﬁ,p%
feeder-link uplink signals to ‘feeder-link assenbly 20 of Sa !Vﬁ?%ﬁ
12. 5 Turning to Figure 3, a first preferred enbodi nent
the nobile-link system 10 located in satellite 12 is shown. In the
first preferred enbodinent, the nobile-
22
s 80 as to output zone-two uplink signals from said

second mobile-link assembly.

is. The mobile-link system of claim 14, wherein
said mobile-link transmitter includes a transmit beam
former for forming downlink signals to be transmitted
through said transmit-receive feed array and transmit

S feed array of said transmit-receive antenna.

16. The mobile-link system of claim 1, whereih
said first zone is a central zone of said coverage area
. and said second zone is an edge zone bordering said
central zone. '

17. a method for linking mobile-link system for a
radio communicatzon system with mobile stations,

comprising:
a) receiving at a first mobile-link
5 assembly mobile uplink signals including zone-one

uplink signals transmitted from mobile stations
located in a first zone of a coverage area and
zone-two uplink signals transmitted from mobile
stations located in a second zone of said coverage

10 - area, and outputting received zone-one uplink
signals and received zone-~-two uplink signals;

- b) receiving at a second mobile-link
assembly mobile uplink signals transmitted from
mobile stations in said coverage area and '

15 outputting received zone-two uplink signals and not
zone-one uplink signals, and transmitting from said
second mobile-link assembly mobile downlink signals
to at least said first and second zones of said

- coverage area; _

20 c) diversity combining said received zone-
two uplink signals recéived by both said first and
second mobile-link assemblies so as to produce

THIS SHEET HAS BEEN
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link antenna 36 of the second nobil e-| i THis She& @RIBEN Répladed
antenna. The transnit-receive antenna 36 | _ |rst mo imﬁ H“""I'IIHIII
assenbly includes a transmt- recei EHMJMN 56 and
feed array 58. The transmt-receiv has
transmt-recei vgyporr2issf eed el enents Fi, where i=1,2, ... m ancedresysndsos
feed array 58 has transmt feed elenents Fi, where 15 I -mtl, m2,

. n. The transmit-receive feed el ements Fi are configured
on antenna 36 to convert only edge uplink signals to antenna i nput
signals and to transmt only edge downlink signals. More
specifically, the 20 - transmt-receive feed ele2®nt Fi are | ocated at
f ocal poi nts of edge uplink signals being reflected by the
transmt-receive antenna 36 and such that downlink signal s

transmtted by the transn1t-r ceive fee elements Fi_are reflectively
directed to the edge zone¥® ftaﬁﬁbsl als corrﬁ?ﬁ??é%ﬂﬁnﬁq 5958e§V8 PBiX

array 56 generates ségnaﬂarye@miwmhaa¢rﬁnﬁdLﬁi:snMaadasecbnﬁ,mob&leand

outputs the secgrdary ant @R Lgeeksrisd. t o secondary recei ver 40.
The secondary antenna inputs Usi 30 correspond to edge uplink signals

and each of the secondary antenna inputs Usi corresponds to an edge
uplink signal transmttediBy a Théihethtdtobnclaimdye, whereinomhe?£irst and

Secondary receiver 40 Jeddpapd18e0inkfassemblies are located in a
satellite and coupled to a satellite feeder-link
_ assembly, and further including the step of conveying
S received mobile uplink signals outputted from saigd
mobile-link assemblies to an earth station.

19. The wmethod of claim 17, wherein said step of
conveying received mobile upliﬁk signals to an earth
station includes transmitting feeder-link downlink
signals from said satellite feeder-link assembly to

s said earth station.

20. The method of claim 17, wherein said
diversity combining step includes. combining feeder-link
downlink signals at said earth station so as to produce
said diversity resultant signals corresponding to zone-

5 two uplink signals received at said first and second
mobile-link assemblies.

21. The method of claim 17, wherein said step of
receiving mobile uplink eignals at said second mobile-
link assembly includes receiving with a reflector
antenna zone-two uplink signals transmitted f£rom mobile

5 stations in said first zone and not receiving zone-one
uplink signals transmitted from mobile stations in said
second zone. '

22. The method of claim 17, wherein said step of
receiving mobile uplink signals at said second mobile-
link assembly includes receiving with a reflector
antenna zone-cne and zone-two uplink signals

I THIS SHEET HAS BEEN
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uplink signals Gsi where WO 97/
?PCT/U896/19508

=1, 2, sved edge upllnk signals Osi are o] 6 rom
t he second nnb éﬁﬁl assenbly 18 to the feeder-1link gé@@%%f 5

receiver chain Rsi, where i=1, 2, . M. THiG Sheetdize Beeh Re chai
recei ve the secondary antenna |nput Usi qmm”l“l” mr recel 1/““' IIHE“I""I!I l”“l

Satellite feeder-link + assenbly 20 conveys the received edge upllnk
signal s 5 Csi to earth station 14. The satellite feeder-1link
assenbly 20 conveys the received edge uplink signals
' 24
S transmitted from mobile stations in said f£irst zone and

said second zone, and processing said received .zone-one
and zone-two uplink signals 80 as to output from said
second mobile-link assembly received zone-two uplink
signals.

23. The method of claim 17, wherein said first
zone is a central zone of said coverage area and said
second zone is an edge zone bordering said central
zone.
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Osi by transmtting secondary feeder-1link downlink

signals Isi,

where i=l,2,...m to earth station 14. The secondary feeder-1ink -
.downlink signals Isi are 10 gener ated through conventi onal processing
nmeans i ncl udi ng channel i zati on. Transmit fyeuosobassdft s
Fi, where i-mtlm2,...n, of transmt-receive antenna 36 are

confi gured orwoozRRIBY t - receive antenna 36 to transmt central
downl i nk signals 15 to central zone'a. Mre specifically, transmt
feed el enments Fi are |ocated such that signals transmtted by

transmt feed elenents Fi are reflectively directed

to the central
zone 24a and not the edge zone 24b.

Transmt feed elenments Fi are

not connected to receive 20 conmponents. The
transmt-receive feed array 56 and the transmt feed array 58 are
bot h connected to nobile-link transmtter 42. Mobile-Ilink

transmtter 42 is coupled to feeder-1Ilink assenggy 20 and generates:
nobile 25 downl i nk signals which correspond eeder-1ink uplink
signals received at feeder-link assenbly 20. i nk

transmtter 42 includes a bank of transmtt ins Txi, where

i=1,2,...m mtl,...n. Transmgter pf 2 transmts edge
downlink signals to 30N _trgnsmt-recgi rough path 42a
and ' dupl exer asgenpl y \38. TXn
transmts central down)/i nk siggﬁ
!
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transmt-receive feed
and a reflector 57 of transmt-
WD 97/ 22188

13

In Figure 4,

transmt feed array 58,

35
recei ve antenna 36 are schematically shown generating

array 58 through path 42b.
PCT/ US96/ 19508

array 56,
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transmt-receive feed array 56 provi des coverage for
atransmt feed Fi and
generating a spot beamin

24Db. Li kew se,

central

t he edge zone

refl ector 57 are shown
zone 24a. Each of the transmt

feeds Fi 10 generates a different spot beamin the central zone 24a

so that the traggyshafgged array 58 provides coverage
In the first preferre
system 10, the nobile-link receive antenn
nmobil e-1ink assenbly 16 is also a reflector
feed array 62. T

zone 24a.

wher e i =1,

on receive anten

to antenna i nput
receive feed
focal points of
bei ng refl ected
assenbly 62 of r

Opi, where i-1,214
The pri mar
edge uplink sign

correspond to ei

for #dwusndionl

nmbodi mrent of nobile-Ilink
0 of the 15 first

ant enna and has a receive

e rerpi\u:

t both 3

feed assenh)

ts Fi are configured

FZ has feed el enents Fi,

enf &l and edge uplink signals

ere i=1, L More specifically, the
T~ TeTel pssenbly 62 are | ocated at
S up.i.k ST OTa nt r al uplink signals
the recei vglant enna The receive feeg
' 36 . S primary antenna inputs
Ch afe gu d to primary r&ceiver 32. ‘@
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transmtted by a nobile station in edge zone 24b or a central uplink

signal transmtted by a nobile station in central zone 24a. Primary
receiver 32 includes a 35 bank of receiver chains Rpi where i=1,2,.. .n.
The recei ver chains Rpi receive the antenna inputs. Upi and

WD 97/ 22188 WO 97/22188 PCT/ US96/ 19508PCT/US96/19508
14 out put received uplink signals Opi, where i=l,2,...n.

Received uplink signals Opi are fed fromthe first nmobi | e-1i nk

assenbly 16 to the satellite feeder-link 5/
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assenbly 20. The satellite feeder-link assenbly 20 5 conveys the

recei ved edge uplink signals Upi to earth station 14. Satellite
feeder-link assenbly 20 conveys t he recei ved uplink edge uplink
signals Opi by transmtting primary feeder-link downlink signals Ipi,
where i=1,2,... RyobmmRggth station 14. The primary 10 f eedepet/usd619508
downlink signals Ipi are generated through conventi onal processing
means i ncl udi ng channel i zati on. égeferring to Figure 5, the
feeder-1ink downlink signals Isi and Ipi are intercepted by
feeder-1ink antenna 44 of earth station 14, and converted to a 15
secondary feeder-link input Isi and a primary feeder- l'ink i nputx | pi
that is directed to receiver 50 via dupl exer 46. The secondar
feeder-1link input Isi corresponds to edge uplink signals trans ted
by nmobil e stations in the edge zone. The prinmary feeder- ,20 <l ink

i nput | pi corresponds to edge
stations in the edge zone and
nobi |l e stations in the

apal’s
8- uplink

transnmtted =g§ Nl e
' _ gg by

| pi corresponding to edge upli 25 y impUts
Ipl to Ipmand the primry pqndi ng,t o
central uplink signal s aregfep y n uJacéégg
Recei ver 50 receives the feeder*Hhk inputs Isi and R &S
conventional manner. In &dition.,|the S 6
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30 receiver 8o 4" vePK§~ o L(S‘H‘bl nes the secondapif*fedtier - R it
I nputs Isi with the prim feeder-link inputs Ipl lpm In the
preferred enbodi nent, receiver 50 i ncl udes a conbi ner bank 52 havi ng
conbj ner Ci, where i=1,2,...m for conbining the secondary
feeder-link 35 i nputs Isi with the'prinary feeder-link inputs Ipl to
| pm Each of the conmbiners G conblnes aprimry . WO 97/ 22188
PCT/US96/ 19508 15
feeder-link input Ipi with a secondary feeder-1ink

2

reception. A mobile-link system using diversity
reception combines the uplink signals received at
different mobile-link assemblies to produce diversity
uplink signals. Because the diversity uplink signals

5 are formed using a combination cf uplink signéls, the
diversity uplink signals tend toc more accurately
correspond .to the Qplink signals transmitted by the
mobile staticns, In the prior art, diversity reception
for the coverage area was typically provided by using an

10  additional mobile-link assembly for zeceiving uplink
signai;. The addition of a mobile-link assembly to th
base station increases the cost, complexity, weight, and
power requiremeﬁts of the mobile-link system.

A hand Mcobile Satellite System is disclosed in

18§ ~ National Telesystems Conference, NTC 82, “Systems for
the Eighties”, which allows users to access a satellite
directly through transceivers and small antennas.

These problems associated with use of an additional

mobile-link assembly for divérsity reception axe

20 increased when the base station and associated mobile-
link system is satellite based. Weight, cemplexity, and
power regquirements are critical factors for satellites
and additjonal mobile-link assemblies or othexr
components used for diversity reception negatively

25 impact all these factors. A mobile-link system is

4
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i nput Isi which corresp to a particular edge -upling signzil""“’Id Job-yis
received at both the first nobile-link assenbly 16 d second
nobi | e-1ink assenbly 18. The conbiner 51 5 conbi nes the sel ected

priimary and secondary feeder-|ink i nputs using conventional conbi ni ng
processes such as sel ection conbi ning, maximal ratio and equal gain
conbi ni ng. Conbi ner bank 52 outputs diversity resultant 10

sighals R where i=l,2,...m The diversity resultant signal s
correspond to the nobile edge uplink signals transmtted by nobile
stations in the edge zone 24b of coverage area 24 and received at the
first and second nobi | e-1i nk asgénblies 16 and 18. Receiver 50 al so

cor respond nR TR RarThar ERPTHRe! ShA i e P ek bn and

mobi | e- i nk apgei] ¥ed 6t hangdbotkpaiscuesedvedobiema f eeder-1ink downlink

signals R(mtl) to Rn. The recei ved feeder-1link downlink'signals
R(m+l) to Rn and 20 diversity resultant signals R are outputted from
t'he earth feeder-link a A switch 51. The

controller/switch 51 processe | i nk assenbly out put

and out pgts 0uthlngm6BﬂNHnlEﬁkle?stem fo&ehMQ%HJdﬁdUmﬂﬁni&bﬁibn
comuni cati on network 15. The 25 out90|ng comuni cati_.on network

i nformati on ceYFE8BokASIuding BofAEBE @obditiend kg fAaeniny i 4 |gecond
transmitted fiQM1e-11nkORbbEnBLT,  ARR A" GRWIIANG FdrdA11nk

assembly located in a satellite; and an earth feeder-
link assembly located in an earth station. The first

10 and seconhd mobile-lirnk asse’nbl:.es togethexr provide for
transmission of mchile downlink slgnals and reception of
mobile uplink esignals for both a first and second zone
of a coverage area, and provide diversity receptien fbr

the second zone in the ccverage area. In

¥y
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Turning to Figure 6, a se’d preferred enbodi nent' 447 mobi 1"&¥] F-HK ¢ Job-¥¢4
syst'em 10 | ocated in satellite 12 is 30 shown. The se d preferred

enbodi ment is different fromthe first preferred embodi ment of

mobi 1.e=1i nk system 10 in that transmt-receive antenna 36

second nmobile-link assenbly is a direct array antenna. H!ﬂ !H)l“""ll””
preferred enbodi nent, the second nobile- 35 i nk assenbly 18

recei'ved edge uplink signals transmitted fromnobile stations in the

edge zone 24b - WD 97/ 22188 -18-

PCT/ US96/ 19508 16

WHAT IS CLAIMED IS:

1. A mobile-link system (10) for a radio
communication system comprising:

a) a first mobile-link assembly (1l6) for
receiving mokile uplink signals including zone-cne
uplink signals transmitted from mobile stations
(26) located in a first zone (24a) of a coverage
area (24) and zone-two uplink signals transmitted
from mobile stations (28) located in a second zone
©of said coverage area (24), and for outputting
received zone-one uplink signals and received
zone-two uwplink signals;

b) a second mobile-link assembly (18) for -
receiving mobile uplink signals transmitted from
mobile stations (26,28) in said coverage area (24!
and outputting received zone-two uplink signals
and not zcne-one uplink signals, and said second’
mobile~link assembly (18) for transmitting mobile
downlink signals to at least said first (24a) and
sgecond zenes (24b) of said coverage area; _

c} a combiner (52) for diversity combining
.said received zone-two uplink signals received by
both said first (16) and second (18) mobile-link
assemblies so0 as to produce diversity resultant
signals corresponding to zone-two uplink signals
received at said first (16) and second (18)
mobile-link assemblies.

2. The mobile-link system (10) of claim 1,
wherein said second mobile-link assembly (18) includes:
a) a transmit-receive antenna (36)
includirng transmit-receive feeds (56) for
crxansmitting mobile downlink signals and rece1v1ng
mobile uplink signals, and transmit feeds (S8)
for tra.nemit’ting mobile downlink signals;
a secondary receiver (40) for processing

_ This Sheet Has Been R i a
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as foll'one ¥ Ansmt {E?Keh(,u'LLh'?eed array 56-of S'*t"WPansgar - red@¥d Yhle i
36 recelves edge and central uplink signals from e stations in
t he edge zone —24b-and--ecentrat—zone 24a, and generates secondary 5

anfenna inputs Usi, wh [& = il The secondary ant emm I""l,””"
Usi is fed to second&} i t hrough dupl exer 38.
recei ver 40 processes " & enna inputs Usi in a conventiondl ranflers *

and- out puts rec ignals Usi' to a receive beam 10
former 64. Receive beam forner 64 includ@s beam wei ghts Bi, where
1=1,2,...m for nodifying each of the receiver output signals Usi'
The bean1me|ghts Bmoiride uplingelsignad ssaededtveseRY Haid| transnghal s

received at the L LA Talis @GR e antenna 36 are canceled out after 15
passi ng through recelﬁe%%ezwfggrger)64 The beam ts Bi are

miltiplied with the recélver folofide-1link SranaRltkse> %?br Bce received
edge uplink signal %Lﬁlputting s 1% Qldwiﬂﬁlﬁli ali driaihe stes omalidobi | e- 1 i nk

assenbly 18. Gelve, be r [ d 6 for 20
sunmi ng the recei vé:(fae'(fé‘}el Vo Inbal's gf[ dge $| or Ep% U@Pénékﬁ';?gﬁt@tél %g t he
secondary receiver &&gnafs SL&SJd qz@nsmlt #%&ﬂéfelﬂrhke%%%en%

In the second pref ecrfa@gnamq@m méﬂlﬁléwsLnk slgmé)lhe*—bl m&ba&&enbl y

16 transm s control, and 4G 25, OWIJ ke 502510 (BRY -3 allays 11

second zone {24b);

d) a duplexer assembly {38) coupled te
gaid secondary receiver {(40), mobile-link
transmitter (42), and transmit-receiver antenna
(36) for directing received uplink signals from
said traﬁsmitfreceive feeds (56) to said secondary
receiver (40) and for directing mchile downlink

'signals from said mobile-link transmitter (42) to
said transmit-receive feeds (56).

~3.. The mobile-1ink system (10) of claim 2,
wherein the first mobile-link assembly (16} includes:
_ a) a receive antenna (30) for Vecezv;ng
zone-one and zone-two uplink signals;
b) a primary receiver (32) for processing
zone-one and zone-two uplink signals received by
said receiver antenna (30).

4. The mobile-lihk-assembly of claim 3, wherein
" the first (16) and second (18) mobile-link assemblies

are located in a satellite (12) and coupled to a
satellite feeder-link assembly (20), said satellicge
feeder-link assewbly (20) for conveying said received
mobile uplink signals cutputted from said first and
said second mobile-link assemblies (16, 18) to an earth
station (14). '

5, The mobile-liﬁk system (10) of claim 4,
wherein said satellite feeder-link assembly (20) dgg
Qv
—— \g@?’
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24a and edge zone 24b a Ows. Feeder-|i-nk upricpikts si grrakés F-UgMit enoe-uzs
processi ng i ncl udi ng channellzatlon are outputte omthe satellite
feeder-1ink assenbly ZU'T“”‘“————a—%Fansnlt beam fornmer 70 haV|n beam

wei ghts of the trans ormer 70 are selected so that bedm

Shednst| i m%kﬁm it Gt e e g HANPHEALIRN

signals for pro anB for coverage area 24 are 35
generated. The beam signals are passed +=2@-ough nobi | e- WO 97/ 22188
PCT/ US96/ 19508 17

conveys said received uplink signals to said earth
station (14) by .transmitting feeder-link downalink
signals to said earth station (14).

6. The mobile-link system (10) of claim.5,
wherein said a combiner (52) is located in said earth
staticn (14) and combines said feeder-link downlink
signals rsceived at said earth station so as to produce
said diversity resultant signals corresponding to zone-
two uplink signals received at said first (16) and
second mobile-link assemblies (18).

7.  The mobile-link system (10) of claim 1,
wherein said transmit-receive antenna (36} cof said
second mobile-link assembly (18) is a reflector antanna
(587) (57), and whérein said second mobile-link
assembly (18) receives zone-two uplink signals
transmitted from mobile ‘stations (26) in said first
zone {24a) and does not receive zone-cne uplink signals
transmitted from mobile stations in said second zone
(24b) .

8. The mobile-link system (10) of claim 2,
wherein said transmit-receive antenna (36) of said
second mobile-link assembly (18) is a reflector antenna
(57), and wherein said second mobile-link assembly (18)
receives zone-two uplink signals transmitted from
mcbile stations (26) in said first zone (24a) and does
not receive zone-one uplink signals transmitted from
mobile stacions (28) in said second zcne (24b).

9. The mobile-link system (10) of claim 8,
wherein said transmit-receive feeds (56) of eaid
transmit-receive antenna (36) receives zone-TwWo uplink
signals transmitted from mobile stations (26) in said
first zone (24a) and does not receive zone-one uplink
signals transmitted from mobile statione (28) in said “(

% -
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link transmitter 42, dua"xer assenbly 38, and anten 36'a¥ SHih Py

produce spot beans for coverage area 24. The no e-nk system 10

of the present invention————neludes first and second nobi

assenblies 16 and 5 8 hat to et her provide for transm SSi “Immml"m#lm“"l
downl i nk signals and™ il e uplink signa

first and second zon E ar ea, and that prOV|de diversity
reception for the se in the coverage area. In the preferred

10 enbodi ments, the second zone is an.2ddge zone, but ot her zones

Wi thin the coverage area that would particularly benefit from

diversity recepriood eomebd24dilect ed for t he second zone. The

nobi | e-1ink system 10 el i m nates the need for providing an additional

mobi | e-1i nk 15 assemply used for, diversit p n_.of . nobi | e uplink
signals. In additid®, m%"fv?r &5 Witte AyS tf‘? @eoét %ﬁ ciaim gor only the
second zone, wheredm Eacd smcm;dtﬁ—rledm grransmittsat el43)t ecdi@namilesei ght of
satel|ite 12 Lol Ul Zllmiink o lqztsqg ¥ dbid WAl ¢ h@e&@@wgt 52.in

the earth 20 feeder-ll asse onents requl red
satellite 12 &fd %dgﬁtraé?s@é:t‘équqlé’qzaqtseqﬁ% & fnd z°neA'é‘€%rd| ngly,

the nobile-li %wmstt-ﬁdﬂsk@rﬁa‘lst hey REEHransmit 4 FRESEVONELHSERS (HENI M ze the

complexity and "l Q¥ Yansmit -relicive ‘Fhtetina (3€).

11. The mobile-link system (10) of claim 10,
wherein said duplexer assembly (38) direct zone-two
uplink signals from said tranamit-receive feeds (56)
of said transmit-receive antenna (36) to eaid secondary
receiver (40) and for directing zone-two downlink
signals to said transmit-receive feeds (56) of said
transmit-receive antenna (36).

12. The mobile-link system (10) of claim 1.
wherein said transmit-receive antenna (36} of said
second mobile-link assembly (18) is a direct array
antenna, wherein said transmit-receive antenna (36)
receives the zone-one and zone-two uplink signals, and
wherein sald second mobile-link assembly (18) processes
said received uplink signals so as to output received
zone-two uplink signals.

13. The mobile-link system (10) of claim 2,
wherein said transmit-receive antenna (36} of said
second mobile-link assembly (18) .is a direct array
antenna, wherein said transmit-receive antenna (36)
receives the zocne-one and zone-two uplink signals, and
wherein said second mobile-link assembly (18) processes
gaid received uplink signals so as to ocutput received
zone-twe uplink signals. ' '

' 14. The mobile-link system {(10) of claim 13,

wherein said second receiver (40) includes a receive

\MD@ .
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25 It will be ap ciated by those of ordinary skdal
art . that the present invention can-be enbodied I n her—specific
forms without departing fromthe spirit or essential cha

18 CLAI M 1. A stemfor a radio communi cati on system
conpri si ng: a) bile-link assenbly having a first
antenna coupled to a first receiver for -R&ceiving nobile uplink signals
i ncl udi ng central uplink signals trapnsmtted fromnobi|e stations |ocated
in a central PeaB §pPrEeFoVE égéoﬁrﬁﬁlﬁhﬂlﬂaﬁg ESFF&NQQgﬁﬁ%%ﬁhransnitted
fr931ngblle skaghans E@@&tgaiantaafeﬂge-zeaeioé FeledisC O\5F)AGE B €a Where
said edge zone rders.sai ntral zone and. said receiver oqutputting
central upi | nRESRGHEFT R BAED ERFPARI.rERArEET e BE S Furhld

- zone-two uplink slignals from said second mebila-link

assembly (18).

T Er R T T LT

15. The mobile-link system (10) of claim 14,
wherein said mobile-link transmitrter (42) inciudes a
transmit beam former (70) for forming downlink signals
to be transmitted through said transmit-receive feed
array and transmit feed'ar;ay (56) and transmit-receive
antenna (58).

16. The mobile-link system (10) of claim 1,
wherein said first zone (24a) is a central zone (24a)
of said coverage area {24) and said second zone (24bh)
is an edge zone (24b) bordering said central zone.

17. A method for linking mcbile-link system (10)
for a radio communicaticn system with mobile stations
(26,28), comprising: |
' a) receiving at a first mobile-link

assambly (16) mobile uplink signals including

zone-one uplink signals transmitted from mobile

stations (26) located in a first zone (24a) of a

coverage area (24) and zone-two u?link signals

transmitted from mobile stations (28) located in a

sscond zone {(24b) of said coverage area (24), and

cutputting received zone-one uplink signals and
received zone-two uplink signalé;

| b) receiﬁing'at a second mokile-link
assembly (18) mobile uplink signals transmitted
from mobile stations (26,28) in said coverage' area

(24) and outputting'received zoﬁe—two uplink |

signals and not zone-one'uplink'signals, and

transmitting from said second mchile-link assembly

(18} mcbile downlink signals to at least said

THIS SHEET MAS BEEN |
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b) a second nobife-| assenbl y haV|ng'a second ant coupled to a

40P LV T B LIV d G |
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second receiver for receitving nobile uplink signals tran tted fromnobiTe

stations in said coverage area, said second antenna and second
out putting edge uplink signals transmtted by nobile stations I”:“lﬁ HE“I""IIII”“I
m+<te

sai d edge zone and not outputting central uplink signals transm

mobil e stations located in said central zone, and said second nobil e- Ilnk
assenbly for transmtting nobile downlink SI als to at |l east said centra
and edge zones of said coverage area; a conbiner for diversity

conbi ni ng sai d edge upllgk si,gna t put t bf sai d f rst Lecei ver
and sai d second recei vEF-85 éggﬁéaﬁ%bﬁﬁfg %FJ%%% %Q%Lﬁt t33+9nal s
correspondi ng to edge apwvemage gralas (2d4degi ved at said first and second

mobi | e-1ink assenblies; andg, ) d*¢£r51t§h§gcc) nfﬁﬁcgaiar$é°g995§|zgfgk

assenbly, second mobi | e- 1§ nk assenbl predet er m ne .
provi de di versity recefFPoNPRdR% nﬁ&qq?ﬁﬂzﬁqQﬁEY? E%u?P%Hg%aiénélﬁﬁﬁ not
provi de diversity recefdllisonahdr seebind (@3t inwisl 1¢- Shnkl sesémpligengo as?.

The nobil e-1ink system.qf .Gl ai harel ?ﬁg cludes
transmt-receive feedgE P F?ﬁ%?n?ﬁgpnt'rnbﬁggﬂiomnlég%fgggﬁg?lkg 58
recei ving nobile upI|nK°§FgﬁaFS“P&m@&rﬁﬂiﬂﬁ ke frecpived 2% apahfit ELNgtnobile

downl i nk signals; and wheneiands aied o 0N®B ) a6 11 - PLOK E88€6mBDDELE upl i nk
signals received by said transmt-receive feeds; and wherein said second

mobi | e-1i nk assenbly further includes: a) a nobile-link
transmtter for output®fng #@Eimét@@ﬁNQﬁﬂGhﬁfﬁu%%'twh%eﬁunttbﬁsﬁnrstecelve

feeds and transm f1E¢edndolsezdnd JAGIRBLANLMENK Mssemblies are located
" in a satellite (12) and coupled to a satellite feeder-
link assembly (20), and further .including the step of
copveylng received mobile uplink signals outputted from
said mobile-link assemblies (16, 18) tc an earth
station (14).

19. The method of claim 17, wherein said step of
conveying received mobile uplink signals to an earth
station (14) includes transmitting feeder-link downlink
signals from said satellite feeder-link assembly (20)
to said earth station (14). '

20. The methed of claim 17, wherein said
diversity combining step includes combining feeder-link
downlink signals at said earth station (14) so as to
prcduce said diversity resultant signals corresponding
to 2zone-two uplink signals received at said first and
second mobile-link assemblies (16, 18).

21. The method of claim 17, wherein said step of
receiving mobile uplink signals at said second mobile-
link assembly (18) includes receiving with a reflector
antenna (57) zone-two uplink signals transmitted from
mobile stations (26) in said first zone (24a) and not
receiving zone-one uplink signals-transmitted from
mokile stations (26) in said second zone (24b).
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15" Tiogishi S8 on* aY ENSIERE VR h | i nk signals to.hobile |on§ " 'sai d ‘
cgntral zone and said e(Me zone; and b) a dup assenbly
coupl ed to -said secondary receiver, nobile-link transmtter
transmt-receiver antenna for di rect| ng recei ved uplink SI gnaTmmlzﬂt!luH“HIll " I“I
transmt-receive feeds to said second receiver and for ect
downlink signals fromsaid nobile-link transmtter to sald transmt-receive
f eeds. 3. The nobil e-1ink system of clabglz, wherein, the first
nobi | e-1ink assenbly i ncl udes: ) a first antenna for

for processi ng central Sdnd dge EHL o6 GHELD Aeovher fF S5ip VR
ant enna. 4. }I&eai&ﬁwgemahﬂeassﬁimﬂy edfgralls @at3 saddkrasgprndanebise- and
sec.ond mobi | e- link assembly {18) includes receiving with a reflector
antenna (57) zone-one and zone-two uplink signals
transmitted from mobile stations (26) in said first
zone (24a) and said second zone (24b), and processing
sald received zone-cne and zone-two uplink signals so
as to ocutput from said second mobile-link aséembly {18)
received zone-two uplink signals.

23. The method of claim 17, wherein said first
zone (24a) is a central zone of said coverage area (24)
and said second zone (24b) is an edge zone (24b)
bordering said central zone (24).



£z~
i nk assenbl i es arelocatedmasatelhtebﬁ@%ou c?o aaae*‘['
feeder-link assenmbly, said satellite feeder-llwazx]sent ﬁEleEM§ Wéﬁi Bkg
said received nobile uplink signals outputted f sai d WDblIe I NK
assenblies to an earth station. .5. The ITDbI|e|In|<E§j LOHQ? n
4, wherein said satellite feeder-link assenbly conveys|si d rece Dl | nk
signals to said earth station by transnitriﬁb T eeder - | ij nk—dovwrt-+rie—s+ghal s
to said earth station. 6. The nobile-link system ¢f claim5, whereip

sai d conbiner is |ocat ghdfhSAidhedit Stk BQ'eQBﬁtCQHQEH€§oﬁaiQ to

feeder-1link downlink signals received at said %d station so as
produce said di ver SAWPIRR Feckitved M%‘t(‘,"(?r Fﬁ@nﬁéaeﬂﬁe"—hﬁlﬁﬂ&h
signal s received atfeederfliskt ssserisiond nobil e i nk assenbl i es. 7.

The mobile-1ink .-system ai m,1 ond_ant enna, of sai d
second nobile-link asse ’ﬁ%‘?g}’?’% ofjr v%n f?c?& %fgﬁ%ég ARYERREYRI H &9 d second
mobi | e-1i nk agssenblminisizecthedmpmpagriente snemalrgdt Eoors thet eat €l bivepkirde
stations in said edge goRenpRd Hoeswdiy {r%ffﬂ Eonpaabidly BB EHE SLE0R fte.

J

transnmitted fromnobile stations.in said central
REPLACENVENT SHEET These and other ects of the invention, together
05 JUL 1999 with features and advantages therefore, will become

apparent from the following detailed specification when
10 read with the accompanying drawings in which like
reference numerals refer to like elements.

BRIEF DRSCRIPTION OF THE DRAWINGS
Figure 1 shows a mobile-link system and its

associated coverage area according to the present
15 invention.

FIG. 2, constructed of FIG. 2A and FIG. 2B, is a
general Dblock diagram of a wmwobile-link system

according to the present invention.

Figure 3 is a block diagram of the first and second
20 mobile-link assemblies according to a first preferred
embodiment of the present invention. -

Figure 4 is a schematic showing representative spot
beam coverage of the coverage area by the second
mobile-~link assembly according to the first preferred

25 embodiment of the present invention.

Figure 5 is a block diagram of the earth station
according to the present invention.

Figure 6 is a block diagram of the first and second
mobile-link assembligs according to a second preferred

30 embodiment of the present invention.

Referring now to the drawings, a mobile-link system
according to the present invention is shown and
indicated generally by the numeral 10. Mobile-link
system 10 functions to create communication links
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20 8. The nobile-1ink system

Hlllﬂl munliuumﬂm

second nobil e-1ink asse

I n said second antenna of

sai d second nobile-link assenbly t enha, Rsgi d
nbly recei ves tdge Wpl isnk*si gnaﬁtﬁggﬂwsd E.lfsrom
nmobil e stations in said edge zone and does not receivp gentral uplink
signals transmtted fromnobile stations ifgsaid centyf 2&duL 1999 The
nobi | e-1ink system of claim8, wherein said transmt-feceive feeds off gai d
second ant ennagQiLadMBves edge uplink signals transmttled from nobire
stations in said edge zone and does not receive centr uplink signals
transmtted fromnobile stations in said central zone. 10. The

nobi | e-1ink syatem of mebif-IikGystehtior b fadidcommiicaton syskerh camprisihg:er

transmts central downlink si

gnals to said transmt feeds of said second

antenna and edge do@l i nf@ %’F‘g’ﬁ&b'@ iink asgeeblyyhaying 4 first @pieppa coupled &¢ adfisty

second ant eNNarecejver for receiving mobile uplink signals including central uplink signals

transmitted from mobile stations located in a central zone of a coverage area and
edge uplink signals transmitted from mobile stations located in an edge zone of
said coverage area where said edge zone borders said central zone, and said
receiver outputting central uplink signals and edge uplink signals;

b)
a second receiver for receiving mobile uplink signals transmitted from mobile

a second mobile-link assembly having a second antenna coupled to

stations in said coverage area, said second antenna and second receiver
outputting edge uplink signals transmitted by mobile stations located in said edge
zone and not outputting central uplink signals transmitted by mobile stations
located in said central zone, and said second mobile-link assembly for transmitting
mobile downlink signals to at least said central and edge zones of said coverage
area;

c) a combiner for diversity combining said edge uplink signals
outputted by both said first receiver and said second receiver so as to produce
diversity resultant signals corresponding to edge uplink signals received at said first
and second mobile-link assemblies; and

d)
assembly, and combiner predeterminedly provide diversity reception for mobile

wherein said first mobile-link assembly, second mobile-link
stations in said edge zone and not provide diversity reception for mobile stations in
said central zone. '
2. The mobile-link system of blaim 1, wherein said second antenna includes
~ transmit-receive feeds for transmitting mobile downlink signals and receiving mobile
uplink signals, and transmit feeds for transmitting mobile downlink signals; and
wherein said second receiver processes mobile uplink signals received by said
transmit-receive feeds; and wherein said second mobile-link assembly further
includes:
a) a mobile-link transmitter for outputting mobile downlink signals to
said transmit-receive feeds and transmit feeds of said second antenna for
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11. . The nobile-link system of claim 10, wherei ssenbly
directs edge uplink signals fromsaid transm trmﬂmmlwmwwnmal d second
antenna to said second receiver and directs edge dowal itk %si gnaks to said
transmt-receive feeds of said second antenna. 12. The mobil e-1i nk
systemof claim1l, wherein said second antesina of said second nobile-I|ink
assenbly is a direct array antenna, wherein said second antenna receives

t he central anah'aasigisslmpldf miobiie gowhlink sigrilsivemebile stafiahsde seidccentrbl zamel andk
conbi ning step incl des combi ning feeder-1ink downlink signals at said
earth station $84 'cﬁtﬂﬁfce said diversity resultant signals

correspondi ng to edmf; Up'd dlgﬂédeﬂaﬁée‘inﬂl éﬁlpyétﬁtofﬁalosﬁedénﬂanysécei\mi mebikhk
nmobi |l e-1i nk assenbl i es. The m) ile-1ink si/stem of cl gmr)n 2, vvherel n

sai d transmit - tr@pEMiier. anddransmijrrecaiver anianeadongirsching recaived Uplipipsignals frgm
direct array a%ﬁ”ﬂ%nsnﬂ@?é&ﬁ)& ?@da@ fgréaanséconae%bwsr TR AdiFeRERY vmsb.tehe

zone-one and zone-two uplin , and wherein said second nobile-Iink
assenbly proc eslgwgll'ﬂiaﬁlgha*%&@m\ﬁéw mgbllerllﬂksfiagﬁ@ﬂ?r {rsaid trapsroitrreneiverfeeds. ved

zone-two uplink signals.

3. The mobile-ink system of claim 2, wherein, the first mobile-link assembly
includes:
a) a first antenna for receiving central and edge uplink signals;
b) a first receiver for processing central and edgé uplink signals

received by said first antenna.

4, The mobile-link assembly of claim 3, wherein the first and second mobile-
link assemblies are located in a satellite and coupled to a satellite feeder-link
assembly, said satellite feeder-link assembly for conveying said received mobile
uplink signals outputted from said mobile-link assemblies to an earth station.

5. The mobile-link system of claim 4, wherein said satellite feeder-link
assembly conveys said received uplink signals to said earth station by transmitting
feeder-link downlink signals to said earth station.

6. The mobile-link system of claim 5, wherein said combiner is located in said
earth station and combines said feeder-link downlink signals received at said earth
station. so as to produce said diversity resultant signals comresponding to edge
uplink signals received at said first and second mobile-link assemblies.

7. The mobile-link system of claim 1, wherein said second antenna of said
second mobile-link assembly is a reflector antenna, and wherein said second
mobile-link assembly receives edge uplink signals transmitted from mobile stations
in said edge zone and does not receive central uplink signals transmitted from

mobile stations in said central zone.
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21 14.. The nobile-link systemof claim 13, wh receiver

i ncl udes a receive beam former for multiplying rﬁmwmmﬂ”ﬂmﬂmgnal s from
said transnmit- receive feeds with predetermnm ned beantformungswet ghts so as
to output zone-two uplink signals fromsaid second nobile-1ink assenbly.

15. The nobile-1ink systemof claim 14, wherein said nobile-Ilink
transmtter includes a transmt beam fornmer for formng dowlink signals to
be transmitted8g hrougle mablda~llnkasystérn -in etV Wieerdinasaidseeordi antensariof shiged
array of said trans I nkij

mobi -1 i nk. sy SPEd robiec asSeBRi: & JeesTors RN wh s, WHBETR 2 JEPOS.

conpri si ng: mobiledihk as§aHilsly védeivedtedge fuplirdit sighdls transrhittsd #oaendble Stationsy a -
first. antenna coupled to a first receiver nobile éﬂl nk, si gnal s I{EF‘Ja?dI ng
central uplinki’ |SQWaP€gQ 7one; and (dogs iNad FeeRiYS p%ntga(l iR}, signgle fransm rom

central zone Ofm?ou@%‘t’ﬁ%ﬁgﬁ'l@él& Jﬁféqu@r@e uplink signals transmtted from
9

nobi | e stations cated 1n an edge zone of sal d coverage area where said
edge zone borders said central zone; outputting fromsaid

first receiver gLentrg| S INeIF1Y

receiving at a ggecor;@‘e Mgin}e Ih\k éﬁ%ﬂ% o %ﬂ“ Eqﬂg@]egéih asgls?etzond aﬁa{cglr\{ﬁafe%%sug?

to a second recsald/mconmanteanapéceruessadgealphnk wgmaisrtransrmttéd drormmoobileestatieris ons
in said edge zone and does not receive central uplmk signals transmitted from

mobile stations in sald central zone.

10.  The mobile-link system of claim 8, wherein said mobile-link transmitter
transmits central downlink signals to said transmit feeds of said second antenna
and edge downlink signals to said transmit-receive feeds of said second antenna.

11.  The mobile-link system of claim 10, wherein said duplexer assembly directs
edge uplink signals from said transmit-receive feeds of said second antenna to said
second receiver and directs edge downlink signals to said transmit-receive feeds of

said second antenna.

12. The mobile-link system of claim 1, wherein said second antenna of said
second mobile-link assembly is a direct array antenna, wherein said second
antenna receives the central and edge uplink signals, and wherein said second
mobile-link combining step includes combining feeder-link downlink signals at said
earth station so as to produce said diversity resultant signals corresponding to
edge uplink signals received at said first and second mobile-link assemblies.

13.  The mobile-link system of claim 2, wherein said transmit-receive antenna of
said second mobile-link assembly is a direct array antenna, wherein said transmit-
receive antenna receives the zone-one and zone-two uplink signals, and wherein
said second mobile-link assembly processes said received uplink signals so as to

output received zone-two uplink signals.
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in said.coverage area, d) outputtlng receiver
edge uplink signals transmtted by nobile statl “l“lm mmﬂ |d edge

zone and not central uplink signals; *transm tM 1 g *rom said
second mobile-1ink assenbly nobile downl i nk S|gnals to at least said
central and edge zone of said coverage areg f) diversity

conbi ning said edge uplink signals outputted by said first receiver and
sai d second reqdi verTheanetsiletlink Bystemast cltini ) Wh@ﬁ'el’mld $eoohd $é@;1\tdrihcludes a

corresponding to edge uplink signals receive id first and con
robi | er 1k 2 SRR Beshotaimer fof TRUBpYInG Tafved ek, Sousle iord st EaReL:

predet er m ned! yoqiryicdasd V\fltﬁrpréalskiéﬂnﬁnéd BéarR W@rrﬁnﬁb fRightsestd 8s T BatpaN gorittiwo
provided for nobile stations in said central zone.

22 17.  The welintosiondls frpeiseid sesondmabilefink assembiyst and second nobi | e-1i nk
assenblies are located in a satellite and coupled to a satellite
feeder-link assenbly, and further including the step of conveying received
nobi | e uplink dgibgnalTheombbile-irkdsysterm of adlaimtéhi whereim kaid smebite-linkstransnaitier
earth station. includes a transmit beam former for forming downlink signals to be transmitted
through said transmit-receive feed array and transmit feed array of said transmit-

receive antenna.

16. A method of linking a mobile-link system for a radio communication system
with mobile stations, comprising:

a) receiving at a first mobile link assembly having a first antenna
coupled to a first receiver mobile uplink ‘signals ihcluding central uplink signals
transmitted from mobile stations located in a central zone of a coverage area and
edge uplink signals transmitted from mobile stations located in an edge zone of
said coverage area where said edge zone borders said central zone;

b) outputting from said first receiver central uplink signals and edge
uplink signals; '

c) receiving at a second mobile-link assembly having a second antenna
coupled to a second receiver mobile uplink signals transmitted from mobile stations
in said coverage area;

d) outputting from said second receiver edge uplink signals transmitted
by mobile stations located in said edge zone and not central uplink signals;

e) fransmitting from said second mobile-link assembly mobile downlink
signals to at least said central and edge zone of said coverage area;

f) diversity combining said edge uplink signals outputted by said first
receiver and said second receiver so as to produce diveristy resultant signals
corresponding to edge uplink signals received at said first and second mobile-link
assemblies; and

9) wherein diversity reception is predeterminedly provided for mobile
stations in said edge zone and not provided for mobile stations in said central zone.
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18. .. The nethod of claim 16, wherein said st ecei ved
nobi | e uplink signals to an earth station i nCllmn"mamﬁ“uiﬁﬂé feeder-1ink
downlink signals fromsaid satellite feeder-1i asSenomy id earth
station. 19. The nmethod of claim 16, wherein said diversity conbining
step includes conbining feeder-link downligk signals at said earth station
So as to produce said diversity resultant signals corresponding to zone-two

upl i nk si gnal s 17eceiThed nagthadhiof tlamst 16,navheeshio nthentitsit | and | sdcond smobile-liric
20. The method of ¢l aim 16, wherein.said st f recejvin il e uplink
Sl gnal s at ar gosenbiRs i incated f Aicalelieg A gSunid e aElebaskiT R asrertEl.
reflector antenpdfetas inunidirr&thaismp%f%ohvwebéﬁdd frioBie OPIMk sigrisdPbutpitied N
sai d edge zone and not receiving central uplink signals transmtted from
nobi | e st at i ondronhsajdmpbiledink agsemblies to apaearth stalipd. et hod of ¢l ai m 16,
wherein said step of receiving nobile uplink signals at said second

nmobi | e-1ink assenbly includes receiving with a direct array antenna central
and edge upl i nKi8si gnalhe methedrmiftclain 16; wiheraimshid stemof conyeying sedeivedanobilel

ol nic si gnal s LBl 508 5588 BHR SEARL ey ar RS Pos Bt itRis
recei ved edge Uiom sdid saglitd feeder-link assembly to said earth station.

18.  The method of claim 16, wherein said diversity combining step includes
combining feeder-link downlink signals at said earth station so as to produce said
diversity resultant signals corresponding to zone-two uplink signals received at said

first and second mobile-link assemblies.

20. The method of claim 16, wherein said step of receiving mobile uplink signals
at said second mobile-link assembly includes receiving with a reflector antenna
edge uplink signals transmitted from mobile stations in said edge zone and not
receiving central uplink signals transmitted from mobile stations in said central

zZone.

21.  The method of claim 16, wherein said step of receiving mobile uplink signals
at said second mobile-link assembly includes receiving with a direct array antenna
central and edge uplink signals transmitted from mobile stations in said central
zone and said edge zone, and processing said received central and edge uplink
signals so as to outbut from said second mobile-link assembly received edge uplink

signals.
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(54) Title: A MOBILE-LINK SYSTEM FOR A RADIO COMMUNICATION SYSTEM WITH DIVERSITY RECEPTION OF

10

(57) Abstract

A mobile-link system (10) for a radio commiunication system includes a first mobile-link assembly (16), a second mobile-link assembly
{18), and a satellite feeder-link assembly (20) located on satellite (12); and an earth feeder-link assembly (22) located in carth station (14).
The first and second mobile-link assemblies (16 and 18) operate in combination to transmit downlink signals to mobiles in both the central
zone (24a) and the edge zone (24b) of the coverage arca (24). The first mobile-link assembly (16) receives uplink signals from both the
central zone (24a) and the edge zone (24b) whilst the second mobile-link assembly (18) only receives uplink signals from mobiles in the
edge zone (24b) of the coverage arca (24). In this manner the first mobile-link assembly (16) and the second mobile-link assembly (18)
provide diversity reception of edge uplink signals transmitted from mobile stations located in the edge zone (24b).




