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MJJLTIPI,E BEAM WIRELESS IELECOMMlJNICATION SYSTEM 

Field of the Inyention 
.. 

The present invention relates generally to wifeless telecommunications, and 

more particularly, to a .multiple-antenna-beam w~less telecommunication system 

s and base station electronic equipment therefor. 
···,;:·_~ . 

Backaround of the Invention 

Wireless telecomµtunication base stations ili'the prior art typically employ one 

or more broad beam antennas to transmit and rec~tve information-bearing signals to 

·wireless. terminals, e.g., cellular telephones, wi~iri ~given radius of the base 

lo station. With this approach, each broad beam iJi;~hD.uth can typically be used as 

the conduit for communications with a mobile W~l~ss terminal traveling over a 

wide angular sector in relation to the base. statiori.li .· 

One shortcoming of broad beam systems is'Sh9rt communication range. In 

general, the distance from which wireless termirials can communicate with the base 
-::: .. 
·:..·'". 

15 station is proportional to the base station ante~ gain, and inversely proportional 

to the solid angle beamwidth, for a given transulitter'.power level. More 

specifically, the nth powc!l' of this distance is dir~d~ proportional to the base 

station antenna gain, where n is typically betwee~ tbr~e and four. Short 

communication range can pose severe cost cons~ for practical systems, 

2 o especially in rural areas, since a large number of b~e stations would be needed to 

cover a correspondingly large geographical area~ ... , .· 

Another drawback of broad beam systems irfuefficient use of transmitter 

power. For example, in frequency-division-multlple~~ccess (FDMA) systems, a · 

narrow frequency channel, e.g., 30 kHz wide, ~ ·dedicated to each communication 

2 s session with a wireless terminal. Typically, eacb?btd~d beam transmits a frequency 

division multiplexed (FDM) signal carrying infodtt~~dn-bearing signals of many 

communication channels to assoeiated wireless ~iro;ri~Js. Since each wireless 

terminal is located in only one angular direction ~£{·_time, and signal power 
.· . 

intended for that wireless terminal is transmitted::4ver:a broad angular sector, 

·i:.-
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power is wasted. In addition, the likelihood of; µite,rference from other 

communication sessions can be high, inasmuch ,a~ 'each wireless terminal must filter 
'.<:.·.-:.-:-· ... 

out many undesired signals in order to commumcate. Interference oftentimes 
·, ~>:· : 

results when such filtering is less than perfect. ~,base station receiver is faced 

s with an analogous problem. 

One solution to the above-noted limitatiorut:b(broad beam systems is 

disclosed in commonly assigned, co-pending U.~/~atent applic~tion S/N 08/506286 

entitled "Power Shared Linear Amplifier Netwotkll:. •Therein, multi-beam 

communication systems are disclosed, each of w)µch :utilize a power-shared 

1 o amplifier network comprising a pair of power s~ networks, such as Butler 

Matrices, and a plurality of amplifiers coupled ~~~lletween. The power sharing 

aspect of the system provides advantages over coriJ.piktmentalized narrow beam 
'· ··:--:·. 

systems that use a power amplifier dedicated to '~ch. beam. That is, each amplifier 
.. ·.··, -

in the power shared amplifier network amplifies: power of all the information-
· .. ' .. ·:'{·,, .. 

1 s bearing signals to be transmitted, thereby improvll:i$ system reliability and 

enhaD:Cing communication traffic-handling capabili~, on a statistical basis. 

Multiple, high gain beams can be formed either ,by'a separate antenna dedicated for 

each beam, or by several multi-beam antennas. ,#~disclosed systems, however, 

typically utilize switching networks to switch m<>tiutat:ed signals to the appropriate 
: ·.·· > :. 

2 o antenna beam for transmission and reception. For' systems with a large number of 

users, such switching networks can be become complex, and costly. Additionally, 

if the base station- radios used for modulating thei ~'hu~rmation-bearing signals are 

located at the bottom of a base station tower, and.''the '~tennas are at the top of the 

tower, as is typical, the cabling requirements to ~6rine:ct the radios to the antennas 

2 s can become burdensome. 

30 

;;':·.·'.· 

Swnmacy of The Invention 

In an illustrative embodiment of the presen( lilVehtion, a transmitting system, 

suitable for use at a base station in a wireless tel~~brrimu,mcation system, is capable 

of transmitting information-bearing signals on millti~l~,,antenna beams while 

avoiding complex RF swjtching and cabling requ~em~nts characteristic of prior art 

.":···· 

-· .. ..... :·.·· 

·:·:· ... · . . · ..... . 
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systems. 

'11!e transmitting .system of the illustrative:•~~bodiment includes a radio 

transmitter assembly, which can be situated at ~e.:bottom of a base station tower, 

and a transmitter subassembly that can be situa~ .atop the base station tower. The 

s radio transmitter asselll.~ly is operative to mod\Jlate and frequency translate a 

plurality of input information-bearing signals. ~,signals are then combined to 

form a first FDM signal, which can then be roii~ ;to the transmitter subassembly 
··: : ~~ .. '; 

via a single FDM cab~e running up the tower .. 

The transmitter subassembly includes a p~wer splitter for splitting the first 

10 FDM signal into a plurality of second FDM si~~sand a plurality of frequency 

translators, each for frequency translating one 9f~ second FDM signals. Each 

frequency translator thereby places at least one: 9{ :,tlie information-bearing signals 

within a predetermineq translated frequency barid .. r9J>tionally, the translated 

frequency band is the same for each frequency·&~lator and has a narrower 

15 bandwidth than the baq.dwidth of the first FD~'.;stgnal. A multiple-beam-antenna 

radiates a plurality of antenna beams, with each. antenna beam transmitting at least . . .·.:.~ .... 

one of the information-bearing signals placed ·by?~•.associated frequency translator 

within the translated frequency band. 

The channels into ~ch the input infoni18tl~ll~bearing signals ate placed by 

2 o the radio transmitter a$Selllbly can be dynamiC8.l1~.'.:allocable by controlling other 

frequency translators within the radio transmittbf:~s,~embly, e.g., at the bottom of 

the tower. In this manner, any or all of the. mtci~tion~bearing signals can be 

transmitted by any one ()f the antenna beams. >> y 
~ . :·, .· :· . ,. 

A receiver system can be used in conjunetlori· with the transmitter system of 
:·.·.,--. 

2 s the illustrative embodiment. The receiver systc:Il'l iiiciudes a receiver subassembly 

and a radio receiver assembly. The receiver· SlJ.~~sembly receives signals from 
':.:=.·.: .:·>" :: • 

wireless terminals on multiple beams, preferably·u$ihg the same multiple-beam-
. ··:::: .· 

antenna used for transmit. The signals received ort· each beam are translated by 

further frequency translators, and then comb~ ~·:.form a third FDM signal. The 

.3 o third FDM signal is rout;ed to the radio receivefi~s~mbly, which may be located at . 

the bottom of the base station tower. The radi~ ~eheiver assembly preferably 

. ~ :. . .. ;· :··· . . · ... ; ... .'· " .. '. . 
· ..... -: ... 

,, 
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includes a plurality of frequency translators and .. associated radio receivers for 

isolating the incoming signals within the third :fi>M: signal and preparing the 

signals for subsequent transmission to a teleph()~:,11etwork. Optionally, at least 

one additional frequency translator and radio ~~Iver is provided, which function 

s together and in conjunc.tion with the base stati()n cont,roller to determine a suitable 

or superior antenna beam for each wireless te~itt~Luser. 
~.: .: ·. -:-::: .. 

Brie[ Description of Tbe• Drawinp ... . 

For a better under$tanding of the subject :invention, reference is had to 

exemplary embodiments. thereof, taken in conjunerlop with the accompanying 

1 o drawings in which like reference numerals depi~t':iilce elements or features, 

wherein: 

FIG. lA is a block diagram of an exempwj fiansmitter system in accordance 

with the subject invention; 

FIG. lB shows a block diagram of a radio.transmitter assembly; 

15 FIGS. 2A and 2B are schematic diagrams.~ffiequency translators; .. . .... "' 

FIG. 3 schematically illustrates an exemplaty:·aimplifier network; 
.. · .... 

FIG. 4 shows a schematic diagram of an ex~mplary multiple-beam-antenna; 
. . ·, .. ,·· '· 

FIG. S is a block df'dgram of a receiving sys~ in accordance with the 

subject invention; ·· i:L . 

20 FIGS. 6 and 7 are scll,ematic block dia-'.b(exemplary radio receiver 

assemblies; 

· FIGS. SA and SB respectively show exemp~ f.requencies that can be used 

for FDM cable channels and for radiation cbanrlCls; 
··i.:. 

FIG. 9 is an illustration of overlapping an~nrui beams; and, 
: ·, .. •, 

25 FIG. 10 is a schematic diagram of a wirel~ss tel~ommunication system in 

accordance with the present invention. 

DetaDed Descriptiop of The pj=efemd Embodjmenf, 
To illustrate the principles of the present in\f~ritil:)n, a preferred embodiment 

of the invention will be ~scribed below as form_i:llg ·a. .portion of base station 

... :· · .. 
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electronic equipment in a wireless telecommunication system. It is to be 

understood, however, that the embodiment to ~;:d~scribed is merely exemplary, 

and that the invention may also be employed iji()~~r types of systems, for 

example, satellite communication or broadcastltig. ~stems. 
s Fig 1. schematically illustrates an emoodbrtefil of a trans~tting system in 

accordance with the present invention, designated','generally as 100. Transmitting 

system 100 includes transmitter subassembly.ffu.::ikf radio transmitter assembly 

104 interconnected by a frequency division multl~lexed (FDM) cable 110. FDM 

cable 110 is typically a low loss, highly shielded toaxial cable. Subassembly 102 
: ,: ··:<-.:·:·. 

10 is particularly suitable for deployment at a firsteqwpment location, such as at the 

top of a base station tower (not shown) in a Wfrel~s~ telecommunication system, 

e.g., in a cellular telephone system. Radio tran~riut:ter assembly 104 can be 

employed at a second equipment location, suchi~ .;within an equipment shelter at 

the bottom of a base station tower. 

15 Base station controller 130 interfaces wit:ll· ~. Public Switched Telephone 

20 

Netw9rk (PSTN) via communications link 11s,'~Jg., a copper wireline, fiber optic 

or microwave link. As is conventional, informatlon~bearing signals are transceived 

between the base station controller and the Psn{~ia a Wireless Switching Center 

(not shown). These information-bearing signa.JS:.~&,:comprise voice signals or 

electronic data, such as E-mail or fa~simile da~i.>~~se station controller 130 
'· : .. ·. 

supplies the information-bearing signals received·~m the PSTN to radios within 

radio transmitter asseD1bly 104. Within assem~ly i64, the information-bearing 

signals are modulated, frequency translated aru;fthe~:c.ombined to form an FDM 

signal SFDM on FDM cable 110. Frequency-deUD1ite<f channels within the FDM 

2 s signal can be dynamically allocated to the indi:Vidua.{iriformation-bearing signals 

30 

. .. 

under the control of base station controller 130:,'.'/sijnai SmM carries up to a 

plurality K of information-bearing signals in up''.i6:::¥; FoM channels on the FDM 
• .:'>;_:· .. ·-·.·· .. 

cable, where K is generally greater than M. Hence,,,e.ach one of the M channels is 

capable of carrying a plurality of information-~~~ signals. It is noted that the 

frequency division multiplexing of the signals ~~,,~ls~ be performed in conjunction . . ··~· ·.: 

with code division multiple access (CDMA) or .. fifile(division multiple access 
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(TDMA). 

ht.transmitter subassembly 102, signal Si:oMis split up by l:M power splitter 

120- to form M FDM signals, each present on ~.~•of M output lines TL1 to T4f. 

Each of the M signals on lines TL1 to T~ is &J:fattenuated version of signal SPDM 

s (by virtue of the power split) and is applied to ~J·espective frequency translator T 1 

to TM. (Frequency translators disclosed herein:~.denoted by the legend "T"). 

Each frequency translator T 1 to TM functions to .. fi.eque~y translate and preferably 

filter the associated FDM signal, thereby isolatil'l.g .information-bearing signals 

within one of the M-frequency channels on the:f!>M cable. Each frequency 

1 o translator T 1 to TM is coupled to a common freque~y synthesizer 105 via an 

associated control line 107-1 to 107-M. Prefera~l~, a different local oscillator 

frequency is provided on each line 107-1 to 107~fyl. This enables each frequency 

translator to isolate information signals within a µiiique, permanently assigned 

· frequency band on the FDM cable, as will be eXp)4ined further below. 

. 15 The isolated signals on lines TR1 to TRM ~e:applied to amplifier network 140 

where they are each amplified, preferably in a power-sharing arrangement, to . .·· .··. 

power levels suitable for subsequent radiation. TJJ.~ amplified signals appear on 

lines L1 to ~ and are applied to multiple-beam~8iltenna 150, which forms M 

narrow beams B1 to BM. ~ch beam B1 to BM points in a distinct angular direction 
:.=··,:.:· .. · 

2 o to radiate signals within a narrow angular .sector centered about the beam peak. 

25 

Each beam is thus dedicated for communicatio~ WftlJ. wireless terminals within the 

associated angular sector. Preferably, beams B{tb.BM provide 360° of azimuthal 
. :·:.•:; ; 

coverage. · .. · . 

FIG. lB schematically illustrates an exempilry· radio transmitter assembly 

104a. Radio transmitters R1 to !lit receive basebatitinfonnation-bearing sigDats S1 
i""·: 

to SK, respectively, from base station controller,:130. on respective lines A1 to Ait. 
. ·· .... · ..... 

Each radio transmitter R1 to !lit generates a carrlet ~ignal, which is modulated 

therein by the respective baseband signal 81 to S~i) TI:ie IQ.odulated signals are then 

typically amplified and filtered to produce associa~(tmodulated radio output signals 
·:·-··.·· .. 

30 SM1 to SMK. Typically, each of the radio output'~ignals SM1 to SMK have the 

same carrier frequency fc. Suitable modulation techniques that can be employed 
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within the radio transmitters include those establ~b~d.Jor the Advanced Mobile 
Phone S.ystem (AMPS), IS-54 and IS-94 indus~:i,·~fjndards, each of which uses 
frequency modulation (FM). Digital modulati~IJ.:·te~tmiques such as frequency shift 
keying (FSK) or phase shift keying (PSK) are ~Ji~~ sµitable examples. . CDMA or 

s TOMA can also be employed -- in either of ~~~' ~~s, each radio transmitter ~ 
would be used to modulate a plurality of info~ti~rttbearing signals, such that the 
number of radios would be less than the numbe~-.C>(-signals capable of being 

-~-:·: .. :~\:·:";:::··· 

transmitted. · _,. · 

Radio output signals SM1 to SMK are applie<ftQ tunable frequency translators 
lo T 1' to T K', respectively, via respective lines 1192t.:·t())u9-K. Each frequency 

15 

··.··.-:-. ··"·'.' 

translator T 1' to T K' translates the associated racii9 6utput signal to a selected 
frequency-delimited channel controlled by base ,~'tilti~~ controller 130 via control 
signals on associated control lines CL1 to CLic. ~.M&i#Iated, frequency translated 
output signals are thereby provided on lines.115;'i·:tH.115-K, and applied to K:l 
power combiner 160, which combines the signal~:;~?f.orm signal SFDM on FDM 
cable) 10. : -~': :; 

Referring to FIG. 2A, an exemplary freq11~hey-iranslator Ti' can be used for 
.. "•<.; 

any of frequency translators T1'-TK' of radio tr~:fu;hrl~r assembly 104a. Up-
• :\.<;._ :--~:-; 

converting mixer 250-i receives, from the correspond~g radio transmitter~. the 

2 o associated modulated signal SMi having a carriet'ft.~~tiency fc. Mixer 250-i also 
receives a sinusoidal local oscillating (L.0.) sigbal S{o·-i from tunable frequency 
synthesizer 260-i.. The frequency fLOi of signal:Sl.0-iis controlled by a control . ,. 
signal on line CL1 supplied from the base statiop controller. Mixer 250-i mixes 
signal Sw-i with signal SM1 to produce a frequehcy tr?ns1ated signal SMTi on line 

. ·-:· 

2 s 115-i, ~hich has a carrier frequency equal to (ftb/;,;. ·fc). By tuning each synthesizer 
260-1 to 260-K to a different frequency, separa~d by .. more than the signal 
bandwidth of each modulated signal SMi, sign$ s?trf1:.·to SMTK can each occupy a 
distinct band-limited channel, e.g., 30~ wid~{ 1n'.~1s mannert when signals 
SMT1 to SMTK are combined to form FDM signa{SFDM•,;ho interference between 

3 o channels will result. As ·.the base station contrQ:Uer · c6ntrols the L. 0. frequencies . ;: .:-

within the individual frequency translators T 1' to TM'~: :the frequency channels 
.·>~/: .... 

. ·•· .. ··. . ·· . 

. . . . . 

· ..... : .. 
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designated for subsequent radiation can be dy~~ally allocated to any of the 
:.:::· 

information-bearing signals. 

By way of example, signals SMT1 to SMTIC ~:be placed anywhere within a S0-

650 MHz frequency range on the FDM cable, ~'llt vy-ill be subsequently radiated 

5 over a much narrower frequency band, e.g., ~tWe¢n 2500 to 2510 MHz. This· 

exemplary case is illustrated in FIGs. SA~ 8~·~-·'.'in this example, 60 FDM cable 

bands (or sub-bands) CH1 to C~ are created, -¢~C:h 10 MHz wide. Each FDM 

cable band is associated with only one of 60 na#C>w ·antenna beams B1 to B<io to be 

formed. Thus, any of signals SMT1 to SMTIC (FIG •. ·,~B) placed within a particular 
'··.· 

1 o FDM cable band will be radiated only on the anien.na beam associated with that 

band. As shown in FIG. SB, 333 radiation cha~~ls CR1 to CR333 can be 

established on transmit (including control chann¢1s), each 30 KHz wide, and each 
.. :.· ... . 

capable of accommodating any of signals SMT1 tc{~MTIC· The radiation channels on 

transmit fall within the common radiatio~ banctof;:2soo-2510 MHz. It is 

15 understood that other frequencies can be used o~'.·ttie·FDM cable and for the 

radiat}on channels. Each beam (and associated ·~M cable channel) typically has 
. ,.,. 

at least one narrowband control channel dedicate<f fQr call setups with wireless 
. : .. -'.· .. ·. 

terminals. In an extreme case, all the mobile Wjl-Ciess terminal users can be 

located, at any given time, within a single angul.~:,~ctor covered by only one of 

20 antenna beams B1 to~- In this scenario, each:iJib\?ile user can be communicated . ._·; .. ··:·· 

with by placing all signals SMT1 to SMTK within the' 10~Hz wide FDM cable band 

associated with that antenna beam, e.g., within:SG-60:·MHz (CH1) for the beam Bi 

associated with CH., and then radiating those sijna.1~: via beam Bi in selected 30 

KHz channels within the 2500-2510 MHz band.···~.:.:··· 

25 Also shown in FIG. SB are exemplary rece:ive:_c)wmels CR1' to CR333' 

within an illustrative receive band of 2600-26ld)Alti. Each receive channel CRt' 
h"• ·• 

is used for voice/data transmission by a wireless'tefunnai, and is offset by a fixed 

frequency from the corresponding transmit cbarIB~ft~ that the wireless terminal 

receives from the base station (in this example,:,tJie·tittset is 100 MHz). In 

3 o general, the receive band preferably does not ov~rtak. the transmit band. The 

• 
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receive case will be discussed in more detail below . 
. ::.-·;:··>· 

FIG. 2B shows an exemplary frequency ttarislator Ti, which can be used for 
·. . ··,.~ .:.· . ·: 

any of frequency translators T1 tQ TM of transn#~r subassembly 102. Signal SFDMi• 

present on associated input line TLi, is applied ~-.a frrst input port of up-converting 
·~ . . .. ; ; :· 

5 mixer. 210-i. Signal SFDMi is a multi-carrier sigri81."comprised of signals SMT1 to 

SMTK at respective carrier frequencies (fLoi. - fcfib'."(!LOK - fc). L.O. signals StoFi to 

10 

. •.-·-~~ . 

SLOFM• each of a different frequency, are provid¢d by common frequency 

synthesiz~r 105 on lines 107-1 to 107-M, ·res~~tiV¢ly. Synthesizer 105 receives a 
'· ... ~' .. 

clock oscillator reference on one of lines 108 fy~~-"the base station controller to 

enable the synthesized L. 0. frequencies SLOFt t() ·.$ic,FM to be precisely generated. 
.. ,,.:·.;_ .. 

Synthesizer 105 also receives control signals 01{lfues 108 from the base station 
_:::· .. ·.:·:· 

controller to control which L.O. frequency is piyvided on which line 107-1 to 107-
.-.' ···. ,. . 

M. Preferably, a predetermined L.O. frequencj'is.permanently assigned to each 
.. _,:_.··<' .· 

frequency translator T1 .to TM. In the alternatiY~(tlie. L.O. frequencies can be 
:::,.:.:::. 

15 dynamically altered under the control of the bas~·:·s.taiion controller. 

20 

25 

~-:- .. ::: 

L.O. signal SLoFb which has a frequency fu/is applied via line 107-i to the 

other -input port of mixer 210-i. The frequency:';~.· is selected such that only signals 

within an associated one of FDM cable bands ·dl1:to CHM is translated by mixer 

210-i to fall within the common radiation band>t6i;the sys~m. e.g., 2500 to 2510 

MHz. Preferably, bandpass tilter 220-i is . empl~yJd to tilter out frequencies 

outside of the common radiation band to produ~ a tlltered output signal Snt-i on 

line ~. By way of example, referring to FI9s. SA and SB in conjunction with 

FIG. 2B, if i=2 and band CHi is selected as ~htg ~ssociated with beam~ (and 

translator TJ then translator T2 would up-convert theCH2 band of 60-70 MHz to 

the common radiation band of 2500-2510 MHi.i·In'tlus case, fu-65MHz=2505 ... ·, ... ·. 

>:_·.-: 
MHz, so that fu=2570MHz. ,, < .·.· • 

FIG. 3 shows an exemplary amplifier net\.1V~rk)40a, which is an embodiment 

of amplifier network 140 of FIG. lA. Amplifi.et ~eriyork 140a is a power sharing 

amplifier network, including M. amplifiers P1 tp PM~<each of which amplifies a 

3 o substantially equal amount of power. Amplifier'lle~orks of this type have been 

described in commonly assigned, co-pending p;~nt
0

a.pplication SIN 08/506,286, 
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the subject matter of which is incorporated herei,ti, by reference. 
· . .,._::_,·; ... 

Briefly, first power sharing network 31q~)~~ludes M input ports 3021 to 302M 

respectively coupled to lines TR1 to TRM. Ea~h,n10dulated information-:bearing 
. · ... '.-,· ... ·:.·:. 

signal Sn1 to STRM is split by first power s~g,;~twork 310 among output ports •.. . .~ .. -~.,, ·''.·· .. 

s 303~ to 303M, with a predetermined phase relatforiship therebetween. This forms a 

composite signal on each output port 3031 to 3()3~', having signal power of all 
··: ... · .. 

signals Snu to STRM. Each composite signal is:~plified by an associated amplifier 

P1 to PM to produce an amplified composite si~t which is applied to an 

associated input port 3071 to 307M of second p~~~rsharing network 320. Network, 

10 320 reconstructs the amplified composite signai~'.;i9:form signals Sn1' to Sm.' on 

respective output ports 3051 to 305M, which co~¢t to lines L1 to ~' respectively. 

Signals Sn1' to STRM' are thus amplified versidii.\i~f signals Sn1 to STRM, 

respectively. It is noted that M = 3N in FIG.,~~'}su~h that three exemplary multi-
.. ~ ·.···· -... 

beam antenna arrays can each be coupled to N tj~tput ports such as 3051 to 305N, 

1 s as will be illustrated further below. 
.. ·.·· 

Power sharing networks 310 and 320 may:each be Log2M-stage Butler . . : _:·\: .. \;~"·· 

Matrices, with power sharing network 320 beiD.f:tlie inverse of network 310. This 

can be accomplished by using the same Butler :M~tnx for each power sharing 
.. :; . 

network, but with the input and output ports re~J~. Butler Matrices and their 
'·. . . ... : ;~ :.-· ... 

2 o operation are well known in the art - see, for e~ple, "Antenna Engineering 

Handbook", chapter 20, by R. Johnse>n, McoJi~m Publishing Co., 3rd edition. 

Alternatively, power sharing networts 310 anc:f320,may be each comprised of a 

network of quadrature hy~rld couplers, arranged to 'ajtow analogous sharing of 

average signal power among amplifiers P1 to P~{a#cJ subsequent reconstruction of 
·.-) •. :·.= ··?·"· .. 

2 s the amplified signals. 

FIG. 4 schematically illustrates an exempl~li-ji:multiple-beam antenna 150a, 
. . . . ... . . 

which is an embodiment of multiple-beam.-antCttt.a~ 150 of FIG. lA. Multiple-beam 

antenna 150a is comprised of three ante~ amys'.4:1()1 to 4103, each pointing in a 

different angular direction, sucli that e;Lch ante~n8. :~y produces multiple beams 
. .. ::···: ... ·. 

3 o within a designated angular sector. For instanc~;'alitenna arra:ys 4101 to 4103 can 

be planar arrays pointing ill azimuth angle d~-tio~: spaced 120° from each other. 

·, ·'·':··.-. 

. : 

. . --~ .. -· :: .. · .. : ..... ~.·. 
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ll -· 
' .. ··· · .. 
. ··.:;·. 

By proper design of each. radiating element A tr.~\of the spacing between 

adjacet5 radiating elements, each array can pJ.l~' .. N narrow beams to cover 

corresponding 120° angular sector:s in atimuthf·ih~~by providing 360° of 

azimuthal coverage. It Js· understood that othet:~hclfces can be made for the 
: ~·. . : ..... 

s number of antenna arrays employed to provide)$u~h ~am coverage. Some overlap . 

between adjacent beams is necessary to enable -~(~keless terminal situated between 
··.;ft,.·.··.·. 

beams to communicate via one of the adjacent ~ams. 
In areas of varyil:ig terrain, additional an~nrij :auT&YS could be provided to 

cover corresponding elevation angle sectors. Any ~fthese arrays could then be 

10 switched to, dependingon·the terrain for which;,ih~·~mitting system covers. 

For example, a total of 12 antellila arrays 410i ¢ouldbe employed, each covering a 

two degree elevation s~t<>r and a l20° azimutJ]~J ·~ctor. In each 120° azimuthal . 
~'.: :· . .. .. 

sector, one of the arrays can be switched to, m:·'onter to cover a selected one of the 

elevation sectors. 
. .-:·.··:.·:;:,.;:·· 

· 15 Each antenna array 4101 to 41~ includes,'.Jii:the. present example, an 

assoclated Log2N-Stage Butler Matrix 4041 to ~··~form the respective beams. 

Butler Matrices 4041 to 4°"'3 each have N inpufportS.coupled to lines (L1 to lrf), 
._;·. 

(lrf+1 to LzN) and <Lm+i to~, respectively, wtth·~~ociated signals Sn1' to - ·::::_:·::·::·.-. _)\··: 
STRM' present thereon. In this example, M=3~/ An,tenna array 4101• further 

... 
20 includes N broad beam antenna elements AT1 t0'A.fN auT8Ilged in a line array, and 

coupled to N corresponding output ports of Bu~~r· Matrix 4041, to radiate beams B1 

to BN. Beams B1 ·to BN' radiate signals Sn,1' to -STRN'; respectively. Analogously, 

arrays 41~ and 41~ ~l~ broad beam antenha el~ents ATN+t to AT2N, and 

AT2N+t to ATM, res~tively, coupled to respective :B4tter Matrices~ and~. 
25 to radiate beams ~+1 to ~N' and ~N+i to BM, tespeet~vely. Beams BN+t to BM 

radiate signals Srm+i' to $'\'RM', respectively. typican.:y, with this configuration, 

adjacent beams such as B1 and ~ will overlap: ~uch ~t the power of each beam at 

the cross-over points will be about -4 dB relati~~ to th¢ power at each beam's peak. 

This "scalloping loss" of 4 dB ~t the cross-over'.J>oiri~,can be reduced to about 1 

3 o dB, for example, by ad(img additional input and ou~~t ports to the Butl~r Matrices 

of the antenna arrays, to _form beams pointing nrldway between the original beams . 

. ·-·· .:_·. 

;."l. 
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As discussed above, each beam B1 to BM ~;preferably dedicated to radiating 

signals.within a permanently assigned FDM ca~I~'ft:equency channel. In an 

illustrative example, M can equal 60, such that;,~~l~ple beam antenna lSOa 

produces 60 beams, with 20 beams per antenna ~y. In this case, each beam B1 ·:.. 

s to B60 can have a 3dB beamwidth of six degrees,-,t? provide information-bearing 

signals primarily within an associated six degre~\~ide azimuthal angular sector. In 

the example of FIGS. SA and SB, all beams B1 ~~,B60 radiate signals in the 2500-

2510 MHz band; however, beam B1 radiates o~y>fue signals carried on one FDM 

cable channel such as CH1; beam Bi radiates si~s ··carried on another FDM cable 
.. ,_. , .. ·,· 

1 o channel such as CH2; and· so forth. 

It is noted that multiple-beam-antenna 150.,-;>f .f'G. IA could alternatively be 

embodied as M narrow beam antennas, each coupled to one of lines L1 to ~. and 
:·.:'·:·:-· · .. 

each producing one beaIJl. This approach is not preferred, since each of these 

single beam antennas would require as much spac~. as each multibeam antenna 410i 

15 to produce the same narrow beamwidth, thereby: '.stlbstantially increasing the 

antenga space requirements. 

FIG. 5 shows a receiving system in accor~a.D¢e:. with the present invention, 

designated generally as 500, which can be used u1_conjunction with transmitter 
.... '~·: ;· .... 

assembly 100 of FIG. 1.A. Receiving system soo:·.U1c.ludes receiver subassembly 

20 502 and radio receiver assembly 504 interconne~~·~Y FDM cable 510, and base 

station controller 130 coupled to assembly 504. : ~M cable 510 is typically a low 

loss, highly shielded co~ial cable. Subassembty'soiis particularly suitable for 

25 

~ . . . .. 

deployment at the top of a .base station tower w~i-e&S;radio receiver assembly 504 
. ·. ::,. 

can be employed within an equipment shelter at ,the· bottom of the tower. 

Receiver subassembly 502 includes multipl~-be~-receiving-antenna 550, 
~ ... 

which can be a distinct antenna, but which prefetably ,shares a common antenna 

aperture and beam-forming network with transmiffing;~tenna 150 of FIG. lA (as 

will be discussed further below in relation to FIQ)f Q>.. ·· In either case, receiving 
~ .'; ~ . '. :.-~· . 

antenna 550 forms substantially· the same multiple'. bc:3ttis B1 to BN as transmitting 

3 o antenna 150. Receiving antenna 550 receives sigDats SR1 to SRK originating from 

wireless terminals that may be located in random aziinuth and elevation directions 

. .;"·:: . .-· 
·.' . : .. .... :-· . 
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in relation to the base station. The variable K generally corresponds to the number 

of infomiation signals on transmit as well as on i:eceive, and is typically greater 
.. ·;:·::·. 

than the number M of beams. As mentioned a)?Qye, each receive channel (i.e., the 

frequency channel transmitted by a wireless terttiitJal) is preferably offset by a fixed 

5 frequency from the frequency channel transmittC:<l _by the base station to that 

wireless terminal (e.g., by a 100 MHz offset in.tJ:ie. example of FIG. SB). Each 

receiving beam B1 to BM receives primarily the· si$nals originating from the angular 

sector covered by a predetennined portion of that beam's main lobe. When a 

wireless terminal is positioned between overlapphig l:>eams, the beam that provides 

1 o superior signal quality can be selected at any given time for communication with 

that wireless terminal, using a technique to be deS,cribed below. 

Receiving antenna 550 provides received sigJlll1s s.1 to Su on lines L.,1 to 

Ln£, where the power distribution of thes~ sigm.Js,:among lines La1 to 'LaM depends 

upon the angular position of the wireless terminats:.transmitting the signals, and the 

15 extent of the overlap between adjacent beams ofan.tenna 550. By way of 
., 

illustr.ation, FIG. 9 shows radiated or received IX?\J,'Cr vs. azimuth angle of three 

adjacent antenna beams, BM, Bi and Hz. The pea'Ic8 of beams BM, B1 and Hz point 

at angles ~' <t>1 and. <t>2, respectively, where rel;l#ve beam gain of the respective 

beam is a maximum of <fmu, and where relative ~I.in of the adjacent beams are 

2 o below a level GQ. Relative gain GQ depends on th~ extent of the overlap between 

the beams, and is typically 20 to 40 dB below me·ga~ at the beam peaks. The 

respective beams ·intersect at angles <t>m,t and <t>1;:1~\~here relative gain is G00• 

The intersection angles· define the edges of azim#i:hatsectors associated with each 
: ' . : .. ~· 

beam. 
= .. ·.-:·; .. ' 

25 With.continuing reference to FIG. 5 in conjulic9.on with FIG. 9, it is assumed 

30 

that a wir~less tenninal WA (not shown) positio~ ai angle <1>1 transmits signal Sa1 • 

In this case, since adjacent beam field strength ~··~1~~ the gain level GQ, signal 
' ·. -~. ; 

SR1 is received primarily only ·on beam B1 and ap~ primarily on line L..1 • 

Analogously, if signal SR1 is transmitted by wire'l~~s ·terminal W 8 (not shown) from 

angular position <1>2, it will appear primarily on 1~· l.iu, and so on. If wireless 

terminal WA moves to a position at beam inters~tion angle <1>1,1 and continues to 

,· .: 
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transmit Sa1, the received signal appears with apprgximately equal power on both 
. _;,·, 

lines Lai and 42. An analogous signal distribt1rl~n will occur if terminal W8 , 

whic~ is transmitting signal SR2, moves to the ~~~~tion angle <I>1.2. If wireless 
.. ~ · .. ' . 

termihal WA continues to move towards angle <E>2rcommunication with this wireless 
:-:'.··."·:.: 

s termiiJal can be switched to beam Bi without ch8ngiJig_ the radiated frequency 

chamiel being used for the communication sessicirif '(m the transmit side, this. is 

accoDJ.plished by shifting the frequency of the L~qr·~ignalSLO-i (FIG. 2A) and, 

hence, of modulated signal ~, so that it falls with.in the FDM cable channel 
--· ... ·. 

associated with beam B2• If the L.O. frequency· iS' ~Jlifted by the spacing between 

10 FDM:cable channels, ·e.g., by 10 Mlh. in the ~~aiiiple of FIG. SA, the same 

radiated frequency channel is maintained. Snnllar: switching is performed on the 

15 

... ~· ... . : ; 

receive side, as will become apparent below. 

The received signals on lines La1 to La.. ~-tYPically filtered by bandp~s 
..... ·.··,·, 

filters: (not shown) each having a passband correspo#<fing to the radiation band on 

receive for the system, e.g., 2600-2610 MHz in.~~example of FIG. SB. The 

filterc:d signals are then amplified by receiving ~~~2~plifiers RA1 to RAM, 
·:'· :.: . 

respe<ftively, and applied to respective frequency:_~lators F1 to FM. Each 

frequ~ncy translator F 1 to FM down-converts the)liri~lified signal to an appropriate 

FDM .cable frequency chinnel, e.g., one of c~fa:cH1 to CHM of FIG. SA. 

2 o Preferably, the same FDM cable channel ~soci~ted-:with a given beam is used for 
.::.::. ··.: . 

25 

both -transmit and receive. Down-conversion to different FDM cable channels is 

accomplished by ~ocking each frequency translatrir ·P1 to FM to a different 

synthesized L.O. frequency derived from commori.frequency synthesizer 505 via a 

corresponding one of control lines 507-1 to 507~M>>synthesizer 505 is in turn 

locked ~o the reference oscillator .in base station; ~~ntfoller 130 via one of lines 508. 

Typically, the different L.O. frequencies on linei's<>?~l to 507-M are fixed, and 
... :·. 

only the L.O. frequencies of the frequency translato~ at the bottom of the tower 
. ~ ' ··,_. ''; . 

are changed to accomplish the switching. It is undet~tood, however, that the tower 

top oscillator frequencies could be dynamically ~ltei,~ble in other embodiments to 

3 o provide enhanced flexibility. . ..•... 

the circuit arrangement for translator Ti o(FIC,t 2B can be used for any of 

.·•· ~: ·. . ... ·• :~ .• 

• 
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frequency translators F1 to FM with the exception that the bandpass filter 220-i is 

optionaj_ since bandpass filtering was already performed. The orientation would be 

as follows: clock oscillator 505 replaces clock oscillator 105; lines 507-1 to 507-M 

replace lines 107-1 to 107-M, respectively; line FLi replaces line TLi; and line 530-

5 i replaces line TRi. 

The frequency translated signals on lines 530-1 to 530-M are applied to l:M 

power combiner 520, which combines the signals to form an FDM receive signal 

SFDM' on cable 510. This signal is supplied to radio receiver assembly 504, where 

the received information-bearing signals within the FDM signal are extracted, 

1 o demodulated and further conditioned for subsequent transmission to the PSTN via 

base station controller 130. 

FIG. 6 shows a schematic block diagram of an illustrative radio receiver 

assembly 504a, which is an embodiment of radio receiver 504 of FIG. 5. Signal 

SFDM, on FDM cable 510 is applied to 1:2K power splitter 602, which splits up the 

15 signal among lines 607-1 to 607-K and 609-1 to 609-K. The signal on each of 

these lines is thus an attenuated version of the SFDM, signal. Frequency translators 

610-1 to 610-K, which are respectively coupled to lines 609-1 to 609-K, each 

function to down-convert the FDM signal by a different frequency shift so that 

each translator translates 1l different information-bearing signal or signals within the 

2 o FDM signal to a preselected common band. The frequency shift of each translator 

610-1 to 610-K is controlled by a control signal on respective lines 645-1 to 645-K 

provided by base station controller 130. Radio receivers 615-1 to 615-K can then 

each utilize a narrowband filter having a passband corresponding to this preselected 

common band to thereby each isolate a different down-converted information-

2 s bearing signal or signals. 

Radio receivers 615-i then typically amplify and demodulate the signals and 

supply demodulated output signals to base station controller 230. If CDMA or 

TDMA schemes are being used, each radio receiver 615-i would be dedicated for 

receiving a plurality of information-bearing signals within the common band, 

3 o whereby radio receiver assembly 504a could receive considerably more than K 

information-bearing signals. In the case of CDMA, each receiver would extract the 
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individual information signals by decoding the chip codes of each received signal. 

In any £.ase, the base station controller further conditions the demodulated signals 

and places them on the proper wireline and/or time division multiplexed time slot 

and/or PSTN FDM channel for transmission to the PSTN as telephonic 

5 information-bearing signals. 

Radio receiver assembly 504a also includes additional frequency translators 

620-1 to 620-M and radio receivers 630-1 to 630-K, which function together to 

determine a suitable or optimum antenna beam for each wireless terminal user. In 

the embodiment of FIG. 6A, frequency translators 620-1 to 620-K are associated 

10 with translators 610-1 to 610-K, respectively, and also with radio receivers 615-1 

to 615-K, respectively, in the following manner. An attenuated version of the 

FDM receive signal SFDM, is applied to frequency translators 620-1 to 620-K via 

respective lines 607-1 to 607-K. The frequency shifts of these frequency 

translators are controlled by control signals on lines 660-1 to 660-K supplied by 

15 base station controller 130. The control signal on each of these lines is periodically 

changed to cause the frequency shift provided by each frequency translator 620-i to 

be periodically stepped. The frequency step preferably corresponds to the spacing 

"Fsp" between FDM cable frequency channels, for instance, 10 MHz in the 

example of FIG. SA. Tire actual frequency shift at any given time of a particular 

2 o translator 620-i is preferably equal to the frequency shift of the associated translator 

610-i plus or minus (N x F5p), where N is an integer. 

The frequency translated output of each translator 620-i on line 632-i is 

provided to associated radio receiver 630-i, which has a narrowband filter (not 

shown) at its input. By utilizing the frequency shifts indicated above for translators 

25 620-i, and by using the same passband for these narrowband filters as is used those 

of by receivers 615-i, the information-bearmg signal received by each receiver 630-

i is the same as that for the associated receiver 615-i. However, as the frequency 

shifts of translators 620-i are stepped by frequency F5p, receiver 630-i receives that 

information-bearing signal on an adjacent antenna beam. Each radio receiver 630-i 

3 o then supplies an output signal indicative of the received signal strength to base 

station controller 130 on a corresponding line 650-i. In this manner, a superior 
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antenna beam can be chosen by the base station controller for the communication 

session._ When it is determined that the presently used antenna beam is no longer 

the best choice, and an adjacent beam is superior, base station controller 130 

changes the control signal to frequency translator 610-i to change its frequency 

5 shift by F5p and thereby switch the communication session to the adjacent beam. 

With this approach, the same radiated frequency channel continues to be used even 

though the communication session is switched to another beam. 

For example, referring to FIGS. SA and SB, it is supposed that a mobile user 

communicating with receiver 615-i on beam B58 (associated with FDM cable 

10 channel CH58, for example) is transmitting to the base station on frequency channel 

CR1', i.e., 2600.00-2600.03 MHz. The base station transmits to the mobile user's 

wireless terminal on transmit channel CR1 (2500.00-2500.03 MHz). In this case 

the portion of the incoming signal received by the base station on beam B58 

occupies the frequency slot from 629.97 to 630.00 MHz on FDM cable 510, as a 

15 result of the frequency translation of translator F58• Meanwhile, the frequency slot 

on cable 510 from 639.97 to 640.00 MHz carries the portion of the incoming 

signal received on beam B59, by virtue of the frequency translation of translator F59• 

The frequency shift of translator 620-i is stepped to enable receiver 630-i, which 

has a fixed bandpass filter at its input, to isolate the power in only one of these 

2 o FDM cable slots at a time. When it is determined that the received signal power in 

slot 639.97-640.00 exceeds that within slot 629.97-630.00, base station controller 

130 commands translator 610-i to change its frequency shift by 10 MHz to 

establish communication on beam B59• Hence, the same radiated frequency channel 

on receive of 2600.00 to 2600.03 is maintained even though the beam used for 

2 s communication has been switched and the FDM cable band used for 

communication has shifted. Simultaneously, on the transmit side, base station 

controller 130 changes the frequency shift of the corresponding translator T/ of 

FIG. lB by 10 MHz to enable transmission of the corresponding information signal 

from the PSTN to be performed on beam B59• Since the L.O. frequencies provided 

3 o to the tower top frequency translators on transmit do not change, the same 

frequency channel on transmit, CR1, is likewise maintained throughout the 



-~~~--- .. -· ....... ·-----·-· . ·----------------------------~~---········'"-· ----·-·-·····-~--------

18 

communication session. 

It.code division multiple access is employed, each of receivers 630-1 to 630-

K would also sequentially decode the various information signals within the 

frequency channel isolated in that receiver at any given time. Each receiver 630-i 

5 would scan the different chip codes under the control of base station controller 130 

to obtain a sample of each signal for measurement of its signal strength. Once 

every signal is sampled, the frequency translator 620-i is stepped again to isolate 

the signals received on the adjacent beam, and the signals are decoded again for 

measurement. The base station controller then determines which users should be 

1 o switched to other beams. 

It is noted that the decision by the base station controller to switch the 

communication session to another beam can be based on parameters other than pure 

received signal strength. For example, the determination can alternatively be based 

on the measured bit error rate or the measured signal to interference ratio, or on a 

15 combination of received signal power with one of these parameters. 

It is further noted that one or more of receivers 615-1 to 615-K or 630-1 to 

630-K can be dedicated to receiving signals transmitted in control channels during 

call set-ups. As mentioned above, each antenna beam can have its own 

narrowband control channel in which call setup information is transferred to and 

2 o from the wireless terminals and the base station. The base station then commands 

the wireless terminal to tune to a selected available frequency channel for 

subsequent communication and assigns an available one of the radio transmitters R1 

to RK and an available receiver 615-i for the communication session on the selected 

channel. 

2 s An exemplary circuit arrangement for any of frequency translators 610-1 to 

610-K or 620-1 to 620-K is that of translator T/ shown in FIG. 2A, which uses a 

tunable local oscillator. Circuit port orientation would be as follows: line 607-i or 

609-i replaces line 119-i; line 632-i or 617-i replaces line 115-i; and control line 

660-i or 645-i replaces control fine CLi. 

3 o Referring to FIG. 7, an alternative embodiment of radio receiver assembly 

504 is shown, designated generally as 504b. Operation of receiver assembly 504b 
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is the basically the same as that of 504a except that a single frequency translator 

620 ani!_single "roving" radio receiver 630 is used to find an optimum or suitable 

beam for each user at any given time. Translator 620 and receiver 630 thus 

replace translators 620-1 to 620-K and receivers 630-1 to 630-K. Further, 

5 1: (K + 1) power splitter 680 replaces 1 : 2K power splitter 602. The L. 0. frequency 

of translator 620 is stepped in a sequence to enable receiver 630 to determine an 

optimum or suitable communication beam for one radio receiver 612-i at a time. 

In this manner, receiver 630 is time-shared between all the users. This approach is 

feasible since frequency translator 630 can step through all the communication 

10 channels, and base station controller 130 can process all the data in a timeframe an 

order of magnitude faster than a mobile traveler can travel between beams. 

In an alternative embodiment, the wireless terminals would determine an 

optimum or suitable antenna beam for the communication session. The wireless 

terminals would typically need to differentiate between beams, such as by analyzing 

15 codes in control channels associated with each beam and by continuously measuring . 

the signal strength of each beam as the wireless terminal position changes. 

It is further noted that the use of many narrow antenna beams allows for the 

employment of frequency reuse in which the same narrowband radiation frequency 

channels are used by sev~ral non-overlapping beams. This approach increases the 

2 o number of possible simultaneous users of a limited radiation frequency band. 

Moreover, polarization diversity could also be implemented to increase user 

capacity. 

FIG. 10 schematically illustrates a wireless telecommunication system in 

accordance with the present invention, designated generally as 1000, which 

25 employs a common multiple-beam-antenna 150 for transmit and receive. System 

1000 includes transmitting system 100' and receiving system 500', each of which 

include elements of respective transmitting and receiving systems 100 and 500 

discussed above. 

As is well known to those"skilled in the art, the reciprocity theorem dictates 

3 o that within the coherence bandwidth, transmitting beam patterns are identical to 

receiving beam patterns when a common or equivalent antenna aperture and beam-
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forming network are used for transmit and receive. In FIG. 10, antenna 150 is 

employ~d to transmit information signals on beams B1 to BM and to receive signals 

SR1 to SRK transmitted from wireless terminals. An illustrative beam Bi transmits an 

information signal to wireless terminal Wi, which transmits a signal S~ back to 

5 antenna 150 via the same beam Bi. Duplexers 0 1 to DM each have a transmit port 

TX coupled to an associated transmit line L1 to 4t, and a receive port R coupled to 

a respective receive line 4 1 to Lut. The duplexers enable simultaneous 

transmission and reception of signals to take place. Typically, as discussed above, 

frequency and control channels used for receive are offset from frequency and 

1 o control channels used on transmit. Transmit lines L1 to 4t connect to transmitting 

system 100' while receive lines 4 1 to 4M connect to receiving system 500'. The 

remainder of the system operates substantially as was described above in relation to 

transmitting system 100 and receiving system 500. 

It will be understood that the embodiments disclosed herein are merely 

15 exemplary, including the illustrative frequencies disclosed for the FDM cable 

channels and radiated frequency channels, and that one skilled in the art can make 

many modifications and variations· to the disclosed embodiments without departing 

from the spirit and scope of the invention. All such modifications and variations 

are intended to be included within the scope of the invention as defin~d by the 

2 o appended claims. 
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Claims: 

1. A multiple-beam transmitting system for use in a wireless 

telecommunication system, comprising: 

a) a radio transmitter assembly for receiving a plurality of input 

s information-bearing signals and generating therefrom a first frequency division 

multiplexed (FDM) signal; 

b) a transmitter subassembly comprising: 

i) a power splitter coupled to said radio transmitter, for 

splitting said first FDM signal into a plurality of second FDM signals related to 

1 o said first FDM signal; 

15 

ii) a plurality of frequency translators coupled to said power 

splitter, each for frequency translating one of said second FDM signals and thereby 

placing at least one of said information-bearing signals therein within a 

predetermined translated frequency band; and, 

iii) a multiple-beam-antenna for radiating a plurality of antenna 

beams, with each antenna beam transmitting at least one of said information­

bearing signals placed by an associated frequency translator within said translated 

frequency band. ""' 

2. The transmitting system according to claim 1, wherein: 

2 o said- first FDM signal has frequency components within a first 

25 

frequency range having a plurality M of frequency sub-bands therein; 

each of said frequency translators being operative to translate the 

associated second FDM signal to the same predetermined translated frequency 

band; and 

said plurality of antenna beams comprises M antenna beams, with 

each antenna beam radiating said information-bearing signals that are within an 

associated one of said M sub-bands of said first FDM signal. 
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3. The transmitting system according to claim 2, wherein each of said 

frequeIJ.Cy translators is operable to translate the associated second FDM signal by a 

different frequency shift. 

4. The transmitting system according to claim 2, wherein said 

s predetermined translated frequency band has a bandwidth less than the bandwidth 

of said first frequency range. 

10 

5. The transmitting system according to claim 2, wherein each of said 

frequency sub-bands and said predetermined translated frequency band are of 

substantially the same bandwidth. 

6. The transmitting system according to claim 4, wherein said plurality 

of input information-bearing signals is greater than said plurality M of antenna 

beams. 

7. The transmitting system according to claim 6, wherein any given one 

of said antenna beams is operative to radiate substantially all of said input 

15 information-bearing signa1s when substantially all of said information~bearing 

signals are placed within the sub-band of said first FDM signal associated with said 

given antenna beam. 

8. The transmitting system according to claim 1, wherein said transmitter 

subassembly further comprises an amplifier network coupled between said 

2 o frequency translators and said multiple-beam-antenna, for amplifying the signals 

translated by said frequency translators. 

9. The transmitting system according to claim 2, wherein said radio 

transmitter assembly comprises:· 

a plurality of radio transmitters, each for receiving at least one of 

2 s said input information-bearing signals and generating therefrom a modulated radio 
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signal; 

a plurality of further frequency translators, each for frequency 

translating one of said radio signals to a tunable narrow frequency band within said 

first frequency range, responsive to a control signal applied thereto, to thereby 

s provide a plurality of translated radio signals; and 

a power combiner for combining said translated radio signals to form 

said first FDM signal. 

10. The transmitting system according to claim 9, wherein said tunable 

narrow frequency band is about 30 KHz wide. 

1 o 11. The transmitting system according to claim 9, wherein said transmitter 

subassembly is disposed at a first equipment location and said radio transmitter 

assembly is disposed at a second equipment location, and wherein said transmitting 

system further includes an FDM cable coupling said power combiner of said radio 

trans~tter assembly to said power splitter of said transmitter subassembly, said 

15 FDM cable carrying said first FDM signal. 

12. The transmitting system according to claim 1, wherein said multiple-

beam-antenna comprises a plurality of antenna arrays, each said antenna array 

including a multiple-beam-forming-network coupled to a plurality of antenna 

elements, with each said antenna array forming multiple beams within a given 

2 o angular sector relative to said transmitter subassembly. 

13. The transmitting system according to claim 9, further including a base 

station controller coupled to said radio transmitter assembly, said base station . 
controller operable to receive telephonic information-bearing signals from a 

telephone network and to provide said input information-bearing signals derived 

2 5 from said telephonic signals to said radio transmitters, said base station controller 

also operable to supply said control signals to associated ones of said further 

frequency translators to control said tunable narrow frequency bands. 

,, 
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14. The transmitting system according to claim 2, wherein said transmitter 

subasseEibly further includes a frequency synthesizer for providing a plurality of 

sinusoidal signals at different frequencies, each said sinusoidal signal being 

provided to one of said frequency translators, each said frequency translator 

s comprising: 

a mixer for mixing said associated second FDM signal with an 

associated one of said sinusoidal signals to produce a frequency translated FDM 

signal; arid 

a bandpass filter having a passband corresponding substantially to said 

1 a predetermined translated frequency band, for filtering out frequency components of 

said translated FDM signal. 

15. The transmitting system according to ch~ l 8, wherein said amplifier 

network comprises: 

a first power sharing network having a plurality of first input ports 

15 coupled to associated ones of said frequency translators, for splitting each said 

frequency translated signal among a plurality of first output ports thereof, thereby 

forming a composite signal on each said first output port having signal power of all 

said frequency translated-signals; 

a plurality of amplifiers, each coupled to one of said first output ports, 

2 a each said amplifier amplifying one of said composite signals to provide an 

amplified composite signal; 

a second power sharing network having a plurality of second input 

ports, each coupled to an associated one of said amplifiers, for reconstructing each 

said amplified composite signal to thereby provide a plurality of amplified 

2 s frequency translated signals on associated second output ports thereof; 

said second output ports being coupled to said multiple-beam-antenna, 

wherein each said amplified frequency translated signal is radiated by an associated 

one of said antenna beams. 
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16. The transmitting system according to claim 15, wherein said first and 

second _power sharing networks each comprise a Butler Matrix. 

17. The transmitting system according to claim 16, wherein said multiple-

beam-antenna comprises a plurality of antenna arrays, each said antenna array 

s including a multiple-beam-forming-network coupled to a plurality of antenna 

elements, each said multiple-beam-forming-network comprising: 

a Butler Matrix having N input ports, with each of said N input ports 

coupled to one of said second output ports of said second power sharing network, 

and with each said Butler Matrix having N output ports coupled to associated ones 

10 of said antenna elements, and forming N beams with each of said N beams capable 

of carrying at least one of said amplified frequency translated signals. 

18. A wireless telecommunication system, comprising: 

A) a multiple-beam transmitting system, including: 

i) a radio transmitter assembly for receiving a plurality of input 

15 information-bearing signals and generating therefrom a first frequency division 

multiplexed (FDM) signal; 

ii) a transmitter subassembly comprising: 

a) a power splitter coupled to said radio transmitter, for 

splitting said first FDM signal into a plurality of second FDM signals related to 

20 said first FDM signal; 

25 

·. 

b) a plurality of first frequency translators coupled to said 

power splitter, each for frequency translating one of said second FDM signals and 

thereby placing at least one of said information-bearing signals therein within a 

predetermined translated frequency band; 

c) a multiple-beam-antenna for radiating a plurality of antenna 

beams, with each antenna beam transmitting at least one of said information­

bearing signals placed by an associated first frequency translator within said 

translated frequency band; 

B) a receiving system comprising: 
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i) a receiver subassembly, including: 

a) a receiving antenna for forming multiple beams and capable 

of receiving via said multiple beams a plurality of band-limited incoming signals 

originating from wireless terminals; 

s b) a plurality of second frequency translators, each for 

frequency translating the received incoming signals to provide translated received 

signals; 

c) a power combiner for combining said translated received 

signals to form a third FDM signal; and 

1 o ii) a radio receiver assembly coupled to said receiver subassembly, for 

extracting said received incoming signals from said third FDM signal. 

19. The telecommunication system according to claim 18, wherein said 

multiple-beam-antenna and said receiving antenna comprise a common antenna. 

20. The telecommunication system according to claim 18, further 

1 s comprising a base station controller operable to receive telephonic information­

bearing signals from a telephone network and to provide said input information­

bearing signals derived ftbm said telephonic signals to said radio transmitter 

assembly; 

said base station controller further operable to receive said incoming 

2 o signals extracted by said radio receiver assembly and to provide corresponding 

telephonic signals to said telephone network. 

25 

21. The telecommunication system according to claim 18, wherein: 

said first FDM signal has frequency components within a first . 
frequency range having a plurality M of frequency sub-bands therein; 

each of said first frequency translators being operative to translate the • 
associated second FDM signal fo the same predetermined translated frequency 

band; and 

said plurality of antenna beams comprises M antenna beams, with 

"' 
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each said antenna beam transmitting said information-bearing signals that are within 

an assq£iated one of said M sub-bands of said frrst FDM signal. 

22. The telecommunication system according to claim 21, wherein said 

radio transmitter assembly comprises: 

a plurality of radio transmitters, each for receiving at least one of 

said input information-bearing signals and generating therefrom a modulated radio 

signal; 

a plurality of third frequency translators, each for frequency 

translating one of said radio signals to a tunable narrow frequency band within said 

10 frrst frequency range, responsive to a control signal applied thereto, to thereby 

provide a plurality of translated radio signals; and 

a power combiner for combining said translated radio signals to form 

said frrst FDM signal. 

23. The telecommunication system according to claim 22, wherein said 

15 radio receiver assembly comprises: 

a further power splitter for splitting said third FDM signal into a 

plurality of fourth FDM Signals related to said third FDM signal; 

a plurality of fourth frequency translators, each for frequency 

translating one of said fourth FDM signals; 

2 o a plurality of radio receivers, each coupled to one of said fourth 

frequency translators and each for isolating at least one of the incoming signals 

within the associated translated fourth FDM signal. 

24. The telecommunication system according to claim 23, wherein said 

further power splitter is further operable to split said third FDM signal into a 

2 s plurality of fifth FDM signals related to said third FDM signal, and wherein said 

radio receiver assembly further ·comprises: 

a plurality of fifth frequency translators, each associated with one of 

said radio receivers and each operative to frequency translate one of said fifth 
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FDM signals by variable frequency shifts responsive to a control signal applied 

thereto _from a base station controller; and 

a plurality of additional radio receivers, each coupled to an associated 

one of said fifth frequency translators and to said base station controller, for 

5 measuring received signal power in a predetermined frequency band of the 

associated translated fifth FDM signal, each said additional radio receiver providing 

an output signal to said base station controller indicative of the signal power 

measured to enable said base station controller to determine a suitable one of said 

antenna beams for each communication session with said wireless terminals. 

1 o 25. The telecommunication system according to claim 23, wherein said 

further power splitter is further operable to split said third FDM signal into an 

additional FDM signal related to said thir~ FDM signal, and wherein said radio 

receiver assembly further comprises: 

an additional frequency translator operative to frequency translate said 

15 additional FDM signal by variable frequency shifts responsive to a control signal 

applied thereto from a base station controller; 

20 

25 

an additional radio receiver·coupled to said additional frequency 

translator and to said base station controller, for measuring received ~ignal power 

in a predetermined frequency band of the additional translated FDM signal; 

said additional radio receiver providing an output signal to said base 

station controller· indicative of the signal power measured to enable said base 

station controller to determine a suitable one of said antenna beams for each 

communication session with said wireless terminals. 

26. The telecommunication system according to claim 18, wherein said . 
transmitter subassembly further comprises an amplifier network coupled between 

said plurality of first frequency translators and said multiple-beam-antenna and 

wherein said receiver subassembly further comprises a plurality of receiving 

amplifiers coupled between receiving antenna and associated ones of said second 

3 o frequency translators. 
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27. The telecommunication system according to claim 18, wherein said 

transmitter subassembly and said receiver subassembly are both disposed at a first 

equipment location and wherein said radio transmitter assembly and said radio 

s receiver assembly are both disposed at a second equipment location. 

28. The telecommunication system according to claim 27, wherein said 

first equipment location is atop a base station tower and said second equipment 

location is a ground location, and wherein said telecommunication system further 

comprises a first FDM cable carrying said first FDM signal and coupling said radio 

1 o transmitter assembly with said transmitter subassembly, and a second FDM cable 

carrying said third FDM signal and coupling said radio receiver assembly with said 

receiver subassembly. 

29. A method of transmitting a plurality of input information-bearing 

signals from a base station to a corresponding plurality of wireless terminals, 

15 comprising: 

forming a first frequency division multiplexed (FDM) signal from said 

input signals by modulating, frequency translating and then combining said input 

signals; 

routing said first FDM signal from a first equipment location to a 

2 o second equipment location; 

splitting said first FDM signal, at said second equipment location, to 

provide a plurality of second FDM signals related to said first FDM signal; 

frequency translating each of said second FDM signals to thereby 

place at least one of said information-bearing signals therein within a predetermined 

2 s translated frequency band; and 

transmitting said information-bearing signals placed within each said 

translated frequency band via multiple antenna beams, each pointing in a distinct 

direction in relation to said second equipment location. 

•, . 



I lllllll llllll lllll lllll 111111 
* C L M S * 

30 

30. The method according to claim 29, further comprising amplifying said 

inform~on-bearing signals within said translated frequency band in a power 

sharing arrangement prior to said transmitting step. 

31. The method according to claim 29, further comprising receiving, at 

s said second equipment location, incoming information-bearing signals transmitted 

by wireless terminals via associated ones of said antenna beams; 

frequency translating each said incoming signal received to provide 

translated received signals; 

combining said translated received signals to form a third FDM signal; 

1 o routing said third FDM signal to a receiving equipment location; 

splitting said third FDM signal at said receiving equipment location to 

produce a plurality of fourth FDM signals related to said third FDM signal; and 

extracting at least one of said incoming signals within each of said 

fourth FDM signals. 

.. 


