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~1- MULTI'PLE BEAM W RELESS TELECOMUNI CATI ON SYSTEM Fi el d of the |@nEitep

. The present ;invention relates generally to w rel gss tel econmuni cations, and

wnore partf cul arly, to a multiple-antenna-beam wi rel ess tel ecommuni cation
system 5 iand base station electronic equi pnent therefor. Background of the
I nvention Wrel ess tel ecommuni cati on base stations in the prior art
typi cally enploy one or nore broad beam antennas to transnit and receive
i nf:or mat i oh- bear.i ng S ( naI S to wi rel ess terminals, e.g., cellular

- tel'ephones, wi tMA4 iV REALSNE CONVMMUNIGCATION SKNSTEM S
approach, each broad beam in azi muth can typ| cal'ly be used as the conduit
for comunications with a nobile wireless termnal traveling over a w de
angul ar sectpiéldidf the!Iavémtion © t he base station. One shortcomi ng of broad
beam systenms is_short communi cation range. In general, the distance from
whi ch wirel ess &g presgntinyemtiononetatesi meallwtorwuéiasheleemﬂﬁumanomnané

proportional e statian anten and j nverse|y proportional
to the soli anogﬁ@a@mgggmtgmn E?ﬁneg’ﬁ r“AﬁE‘ﬁ?sttPL‘FOWaF%WéYSte%re
SpeC'f'C®|)éndbbse£t£ﬁbrf)€ré@tiorﬂée%qgﬁleﬂdth&&?tﬁe I's directly proportional to

t he base station antenna gain, renis typlcally bet ween three and four.
Short communi cation range can pose severe cost. constraints for practical
systens, 2 special in rucal areas, since a |arge nunber of base
stations wo a correspondlngly | ar ge geogr aphi cal

?; : ﬁ-s ’rﬁ“\tn?g‘er d W&éﬁ%&&oﬁﬁﬂﬁﬁaﬁ&?%@yﬂm u',l &e' P drf typittally Soaptdy one
or more broad beam antennas to transmit and recelve information-bearing signals to
wireless terminals, e.g., cellular telephones, w1 ' a.given radius of the base
10 station. With this approach, each broad beam i imuth can typically be used as
the conduit for communications with a mobile Wiféless terminal traveling over a

wide angular sector in relation to the base statlon

One shortcoming of broad beam systems 1s short communication range. In

general the distance from which wireless termmals can communicate with the base

15 station is proportional to the base station antenna gam, and inversely proportional
to the solid angle beamwidth, for a given transmnter power level. More
specifically, the nth powéY of this distance is dxrectly propomonal to the base
station antenna gain, where n is typically between three and four. Short
communication range can pose severe cost constramts for practical systems,

20 especially in rural areas, since a large number o""base stations would be needed to
cover a correspondingly large geographical area

Another drawback of broad beam systems is mefﬁclent use of transmitter
power. For example, in frequency-dw1s10n-mult1ple—access (FDMA) systems, a -
narrow frequency channel, e.g., 30 kHz wide, is dedxcated to each commumcatlon
1d beam transmits a frequency
bearing signals of many
communication channels to associated wireless termmals Since each wireless

25 session with a wireless terminal. Typically, each
division mulnplexed (FDM) signal carrying mform _

terminal is located in only one angular direction a _ a' time, and signal power

intended for that wireless terminal is transmitted _ov 'fa broad angular sector,



power. For exanple, in frequency-division-nultiple-access (FDVA) systens,
narrow frequency channel, e.g., 30 kHz wide, is dedicated to each
vconmuni cation 25 session with a wireless termnal. Typically, each broad
beamtransnmts a frequency division nmultiplexed (FDM signal carrying
I nf.ormati on-bearing signals of many conmmuni cati on channels to associ at ed
wi.rel ess termnals. Since each wireless 4ermnal is located in only one
angul ar direction at a tinme, and signal power intended for that wrel ess
term nal ispbwaniwister By sddiflord) e kel Ut e |
In addition, the |ikelihood of Interference from er ~conmuni cati on
sessi ons camomBumicgtion sessiomsichn he hégh; linasimuch @s sadlewireless tepmdxial st Glteput
many undesired signals.in order, to,conmuni cate; "I nterference oftentines
AR Rrssired signpls

results whefus

is faced 5 radnith when& ﬁﬁgﬁﬁ% r SOyl ed
limtati onsrof_ broag géeléim Sys gn@%@%@%&'se |?1£§8{n‘%§8§?§°°3‘%§?‘§ﬁ%§5
co- pendi 5g With ampanatogousppdblemt i on SI N 08/ 506286 entitled "Power Shared

Li near Anmplifier, Network". Therein, | tj - beam.comuni cation systens are
di scl osed, each_bBF SR}\QQ‘BH 19,the 3 : eﬁmﬁg\%@?n@?&ﬁé’&bl‘@dm systems Met wor k
conprising g RRNE € %E
plurality o?lsgfrar,bp ‘Hﬁl%rs c%laagggh‘?ﬂecra%e ZI?T]SS

the system pntitledi®Rower\ShaterigbinearAmplifiepNetwark? alThesein,nankiokaheam

communication systems are disclosed, each of whxchutlhze a power-shared

10 amplifier network comprising a pair of power shatmg networks, such as Butler
Matrices, and a plurality of amplifiers coupled the ebetween. The power sharing |
aspect of the system provides advantages over céxqii;iirtmentalized narrow beam
systems that use a power amplifier dedicated to each beam. That is, each amplifier
in the power shared amplifier network ampliﬁesé power of all the information-

15 bearing signals to be transmitted, thereby xmprovmg system reliability and
enhancing communication traffic-handling capab_il_i&_bn'a statistical basis.
Multiple, high gain beams can be formed either j)}i.i;'separate antenna dedicated for
each beam, or by several multi-beam antennas.

e disclosed systems, however,
typically utilize switching networks to switch m | l_a_t_e_d signals to the appropriate

20 antenna beam for transmission and reception. F

systems with a large number of
users, such switching networks can be become c
if the base station: radios used for modulating the pféﬁnation—bearing signals are
located at the bottom of a base station tower, andtheantennas are at the top of the
tower, as is typical, the cabling requirements to connect the radios to the antennas

25 can become burdensome. | e

Summary of The Invention _

In an illustrative embodiment of the presen véﬂx___lt_icn, a transmitting system,
suitable for use at a base station in a wireless tel tﬂq;upication system, is capable
30 of ransmitting information-bearing signals on mult le antenna beams while

avoiding complex RF switching and cabling requiféniénts characteristic of prior art
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systens that use a power anplifier dedicated to each beam That is, each
anplifier in the power shared anplifier network anplifies power of all the
s<information- 15 bearing signals to be transmtted, thereby inproving
systemreliability.and enhancing comunication traffic-handling capability
on a statistical basis. Miltiple, high gain beans can be forned either by a
separate antenna dedi cated for each beam,or_by several multi-beam
antennas. The discl osed systenms, however, typi:cally utilize sw tching
networks to gwidmpd nodul ated signals to the appropriate 20 antenna beam
for transmission and reception. For systenms with a |arge nunmber of users,

such swi t chi ng nThedraasmitting bystém of e itlustedtive emisbdiment! cludebdd tddapal |y, i f
t he base station radi os used for nodul atin t'f.@ i nformati on-bearing signals

are |ocated Sansmitepdsseablrrwhichgan be siug theehottomnof 2 hase:stationrtawenr e at
h f T
the radios 1 459 QMG subatetibfy e diid %mae. shE B SRR Al b "ThE

| nventi on sl n radio ittaniditter tabsetnbty o Sheritive t@fmbdiﬂetéraﬁﬁeffe‘qnenvyed’dns% ad
transmtting system suitabl e for use at a bat

t el ecommuni c 2lYralitySfsinpit mfosmeawbwmsoslms t §¥&ﬂ6ls iang) then combined to

coml ox RE <dpeh hita: RN sibpfl o i Bef Bk 7004, %%#@é%&%%%l%ﬁw art

3 systenms. via a single FDM cable running up the tower. o

p-{D

The transmitter subassembly includes a p:_:_wer splitter for splitting the first

10 FDM signal into a plurality of second FDM sl_gnals,_and a plurality of frequency

of the second FDM signals. Each
frequency translator thereby places at least one the information-bearing signals
within a predetermined translated frequency b ppﬁomly, the translated
frequency band is the same for each frequency ilator and has a narrower

15 bandwidth than the bandwidth of the first FDM _:___1gnal A multiple-beam-antenna
radxates a plurality of antenna beams, with each___entenna beam transmitting at least

translators, each for frequency translating one ¢

one of the information-bearing signals placed b an -associated frequency translator
within the translated frequency band. o

The channels into which the input mformatxon_-bearmg signals are placed by

20 the radio transmitter a,ssembly can be dynamica 'llocable by controlling other
frequency translators within the radio transmitte
the tower. In this manner, any or all of the inft

transmitted by any one of the antenna beams.

mbly, e.g., at the bottom of
ation-bearing signals can be

A receiver system can be used in conjunction with the transmitter system of

25 the illustrative embodiment. The receiver syste "-_i_nelud_es a receiver subassembly

and a radio receiver assembly. The receiver subassembly receives signals from

wireless terminals on multiple beams, preferal?i__ly_ the same multiple-beam-
antenna used for transmit. The signals receiye on-each beam are translated by
further frequency translators, arid then combmed orm a third FDM signal. The

30 third FDM signal is routed to the radio receive eéeembly, which may be located at

the bottom of the base. eteﬁon tower. The radi rééeiver assembly preferably




The transmtting systemof the illustrative enbodi nent includes a radio
transmtter assenbly, which can be situated at the bottom of a base station
~tower, and a transmtter subassenbly that can be situated atop the base
station tower. The 5 radio transmtter asserrbly is operative to nodul ate
and frequency translate a plurality of input information-bearing signals.
The signals are then conbined to form_a f,irst- FDM signal, which can then be
routed to the transmtter subassenbly via a single FDM cabl e runni ng up the

et ot 1P & pRiray i natiblc Rl ot MRl fEhib Y oRE 11

plurality oflsdlammmcammg$1@aNW1mmahhtﬁlm:FDM@igﬁﬂPAhdtﬁﬁﬁﬁxfgtith one of
t he second FDMng\is,T&rll . Each frequency transkator thereby places at |east
one of the i1¥ iSYRseguent; FARsmission| 18 atelephoneanetwerket Optionally, at leastl at ed

LS5 B s 8y SN, L

each frequency tran e
bandwi dt b6 oftogétherf andsin doRjdmRtion with the Busel itaticr Esntillen i ddgrmiing h%hﬁ@ble
plurality of antenna beans, with each antenna-beamtransmtting at |east
one of the i YPRELT W‘H@a‘?ﬂ% osjegely wirejess tax .U§er. associ at ed frequency
translator within the transl ated frequency band The channel s into which
the input i nfornat i.on- bearing signals are pl aced by 20 the radio

transm tter Brie i ETHY Dewvidsl Y al | ocabl e by controlling other
frequency translators W|th|n the radio transmi:fter assenbly, e.g., at the
bottom of the t digsra betier understending of thmsubjsct davention,tneferenceds had tan- bear i ng

Sy e em con A MRy Ry pRiRbro e b (OB RoR i RE AR

10 drawings in which like reference numerals deplc'f"_:_lke elements or featnres,

wherein: -
FIG. 1A is a block diagram of an exemplary transmltter system in accordance
with the subject invention; '
_ FIG. 1B shows a block diagram of a radlo u'ansmmet assembly;
15 FIGS. 2A and 2B are schematic dlagramsip
FIG. 3 schematically illustrates an exempl

"'eguency translators;
mplifier network;
FIG. 4 shows a schematlc diagram of an exemplary multiple-beam-antenna;
FIG. 5 is a block dfagram of a receiving system in accordance with the
subject invention;

20 FIGS. 6 and 7 are _schematie block diagrams"fbf -exemplary radio receiver
assemblies; _
- FIGS. 8A and 8B respectively show exemél_ary frequencies that can be used
for FDM cable channels and for radiation channi'.ls
FIG. 9 is an illustration of overlapping antenna :beams, and,

25 FIG. 10 is a schematic diagram of a wn'eless telecommumcauon system in

accordance with the present invention.

To illustrate the pnncnples of the present mventmn a preferred embodiment

of the invention will be descnbed below as formmg a portlon of base station




25 the illustrative enbodi ment. The receiver systemincludes a receiver
subassenbly and a radi o receiver assenbly. The receiver subassenbly
sreceives signals fromwireless termnals on nmultiple beans, preferably
using the sanme multiple-beam antenna used for transmt. The signal s

recei ved on each beamare translated by further frequency translators, and
then conbined to forma third FDM signal .. The 3 0 third FDMsignal is
routed to the radio recei ver assenbly, vWﬁch may be | ocated at the bottom

of the base ' cei ver.:as. pref erably -4-
i ncl udes a p ura ﬂ?y&%%%gné&%tsgéﬂg OM'I’%‘C_;-ﬂsgg@%‘c &t%&" di o

recei vers founderstbod, gveves; thatohierienbodintd ke beldedtribed Rembfily 9  gnal
and preparing the signals, for subsequent transmi:ssion to a t one

networ k. Opt ?%ﬁlat 9'13 @t’em&ﬁsﬁm!bh'éozbemlmlquthﬁqmwftsysmmsafmr and radio
receiver is e nd in conjunction with

t he base sta go%terlo |°§’E‘“{M§J'i°§n‘?%§ﬂsﬁ‘§g§,%§ﬁfaﬂf'0r superior antenna
beam f or Bach WIFigl Essshématidallg| illusteites ﬁé@ﬁoﬁé&rdﬂﬁ%nﬁﬁmy@ ngs For
a better understandi ng of the subject invention, reference rs"had to

exenpl ary enﬁﬁ?ﬂﬁ?ﬁ? yithnthe psesent vention, designay ;g¢n9nallui ashlﬁmeTmsmnpagnyl ng
10 draw ngs =depi ct rrent S
f eat ures, e| n: ﬁgl%hlﬁ%i E@ﬁ@?ﬁﬁﬁ%&@h gmg Jé Eﬁﬁ ﬁ‘i’i@[}i tter
systemin aCG(M iinéreonnected by a frequency division mul lexed (FDM) cable 110. FDM
cable 110 is typically a low loss, highly shxelded coaxxal cable. Subassembly 102
10 is particularly suitable for deployment at a firsgeqm_pment location, such as at the

top of a base station tower (not shown) in a wueless telecommunication system,
e.g., in a cellular telephone system. Radio trans r tter assembly 104 can be

employed at a second equipment location, such as within an equipment shelter at

the bottom of a base station tower. -
15 Base station controller 130 interfaces wiﬂj; Public Switched Telephone

Network (PSTN) via communications link 175,-?,“ g, a copper wireline, fiber optic

or microwave link. As is conventional, mforma on-beanng signals are transceived
between the base station controller and the PS’fN v1a a Wireless Switching Center

(not shown). These mformauon-bearmg 51gnals an__compnse voice signals or
20 electronic data, such as E-mail or facsimile data .:Base station controller 130

supplies the information-bearing signals recewed from the PSTN to radios within
radio transmitter assembly 104. Within assembly 104 the information-bearing
signals are modulated, frequency translated and then combmed to form an FDM
signal Sgpy oOn FDM cable 110. Frequency—dehmxted channels within the FDM
25 signal can be dynamically allocated to the mdmdual__ information-bearing signals
under the control of base station controller 130. Slgnal Sepum Carries up to a
FDM channels on the FDM
_each one of the M channels is
g signals. It is noted that the

'so be performed in conjunction

plurality K of information-bearing signals in up
cable, where K is generally greater than M. Hernc
capable of carrying a plurality of information-bp
30 frequency division muitiplexing of the signals can

with code division multlple access (CDMA) or tnne' division multiple access




wi th the subject invention; FIG 1B shows a bl ock diagram of a radio
transmtter assenbly; 15 FI GS. 2A and 2B are schenmatic di agrans of
» frequency translators; FIG 3 schematically illustrates an exenplary
anplifier network; FIG 4 shows a schenmatic di agram of an exenpl ary

mul tipl e-beamantenna; FIG 5 is a block diagramof a receiving systemin
accordance with the subject invention;_2 9 - FIGS. 6 and 7 are schematic
bl ock di agrans of exenplary radio recei ver assenblies; FIGS. 8A and 8B
g respectlvely('pjjm)axerrpl ary frequencies that can be used for FDM cabl e
channel s and for radiation channels; FIG 9 is"an illustration of

over | appi ng ant ebntrahsmitter suhaslsenﬂ)lf) 102, sigial Sepyl 3 spiit ap by HeMppowerdipligepm of
a wreless t co tem in accordance th the present

i nvent i on. Dibﬁ Mi‘ﬁ*@ So £acH} RrefeIt 0B qne ot e Thoto Thust rat e
the principl B&EM) | | Lef t he

i nvention wi ﬁe%fof escrl Egll%§g% ?(gﬂﬁ"nlgag ag%ﬁ‘fa?ewggﬁgi%‘?fﬁ%n

‘el ectroni & edoy pn'metof i the power splitband Bl appliedrtona cespectivesyequency irﬁndlaiort T, be
under st ood, ho { t hat the enbodi nent to bexdescri bed |s ner e

exenpl ary, atl TunhatFreqrency, anslators ‘HESJOW%“BE nojedoby fhedegrnd t’ejlbes of
systens, fOr gach frequency translator T, to T, functions to frequency translate and preferably

filter the associated FDM signal, thereby lsolatmg mformauon-bearmg signals
within one of the M-frequency channels on the. FDM cable. Each frequency

10 translator T, to Ty is coupled to a common frequency synthesizer 105 via an
associated control line 107-1 to 107-M. Prefer_ap_ly,_.a different local oscillator
frequency is provided on each line 107-1 to 107¥M- This enables each frequency
translator to isolate information signals within a umque, permanently assigned

" frequency band on the FDM cable, as will be explamed further below.

15 The isolated signals on lines TR, to TRy, are .applied to amplifier network 140

where they are each amplified, preferably in a power-sharmg arrangement to

power levels suitable for subsequent radiation. The amplified s1gna1s appear on
lines L, to L,, and are applied to multxple—beam-antenna 150, which forms M
narrow beams B, to By. “Each beam B, to By, pomts in a distinct angular direction
20  to radiate signals within a narrow angular sector centered about the beam peak.
Each beam is thus dedicated for eommumcauon{'\_m_t_:l_l wireless terminals within the
associated angular sector. Preferably, beams Bl BM provide 360° of azimuthal
coverage. o

FIG. 1B schematically illustrates an exemplary radio transmitter assembly
25 104a. Radio transmitters R, to R receive baseband mformatmn—bearmg sxgnals S,
to Sk, respectively, from base station controller 130 'E_n respective lines A, to Ag.
Each radio transmitter R, to Ry generates a carner 31g'na1 which is modulated
therein by the respective baseband signal S, to Sx 5The modulated signals are then
typically amplified and filtered to produce assocra modulated radio output signals
30 SM, to SMg. Typically, each of the radio outp\__x | 1gn_als SM, to SM have the
same carrier frequency f.. Suitable modulationiee:ﬁn,i_ques that can be employed




exanpl e, satellite communication or broadcasting systems. 5 Fig 1.
schematically illustrates an enbodi ment” of a transmtting systemin
accordance with the present invention, designated generally as 100.
Transmitting system 100 includes transnitter subassenbly 102 and radio
transmtter assenbly 104 interconnected by a frequency di vi sion mul ti pl exed
(FDM) cable 110. FDM cable 110 is typically a l:ow | oss, highly shiel ded
coaxi al cable. Subassenbly 102 10 is-particu 'y suitable for depl oynent
at a first equipnent |ocation, such as at the top of a base station tower

(not shown) Wlﬂllathtraﬂlemsmimmnmhueahﬁsﬁ%l@taﬁﬁﬂfeﬂrlbr theGAdvan Mé)%hb“' ar
t el ephone s a ter asse y be enplo
secoﬁd equi éﬁf?ﬂ? Sry§€ {)mggu@hgﬁms:?ﬁ IRy glany S\.teash@lftmnclatm&he

b f e .lon co |l er 13
|(r)1t te(r);nagesaﬁ ac?PaibbPl C QRW ﬁ?@epﬂ%‘ﬁgﬁ; ﬁg‘f‘ ‘fﬂl)a &eguency
communi cat i deeyingi @RSK) 4, phasegslnftareymgr(PSKyVafeebméﬁsulfabféeéxaﬁﬂalésc COMA Grovave

link. As js ventional, information-bearing:signals are’transceive
bet ween the S‘th @ be somloyed = in gisheriofchene ses, 2ach Mllicetramssnities Rehi ng

S?S;:Irs(g?t Z@Q‘F\@%t roni cﬁlgh?&&rgg@ﬁﬁgg%g%i . 'aI i rcﬁagnélcdgyl ha VOI o

station contmmibeeof tifioswppld teslesd thah The fuidEber % Q’S%ﬁ%' ecei ved
fromthe PSIN to.radios within radio transm ttgr assenbly 1 thin
re nmodul at ed, frequency

assenbly 104Tang nf or mati on-bearing signals:a FDIVI bI 110.
transl ated and &ﬁgﬁ |."'nah51H eri! on e
Frequency-del i mﬁit&eg) gﬁm % %m’é%@ t% S{&lf’ ’@al |y
al | ocat a® t @t teeTj’ no‘espedwdly,l vih gespettiveides 19 DoSi HIR! SEéé'llCl?équEH@y control
of base stati or‘iaconlt fol] e,r 130. Signal S[err]zcarries up to a
translates the associated rad utput signal to a selected
frequency-delimited channel controlled by base sta n controller 130 via control
signals on associated control lines CL, to CLy o _jilated, frequency translated
output signals are thereby provided on lines 115- .115-K, and applied to K:1
15 power combiner 160, which combines the signals to form signal Sy, on FDM
cable 110. |

Referring to FIG. 2A, an exemplary frequéiic ':t"ranslator T, can be used for
any of frequency translators T,’-Ty’ of radio trammltler assembly 104a. Up-
converting mixer 250-i recelves from the correspondmg radio transmitter R, the

20 assocxated modulated signal SM; having a camer frequency fc. Mixer 250-i also
receives a smusoxdal local oscillating (L..O.) s1gnal S,_o-l from tunable frequency
synthesizer 260-i. The frequency fi; of signal. Sm-n 1s controlled by a control
signal on line CL, supplied from the base statlon controller Mixer 250-i mixes
signal S;4-i with signal SM; to produce a frequency translated signal Syy; on line

25  115-i, which has a carrier frequency equal to (f = fc) By tuning each synthesizer
260-1 to 260K to a different frequency, separaled by:;"" ore than the signal
bandwidth of each modulated signal SM,, s1gnals Sm_.'zéfto Syrx can each occupy a
distinct band-limited channel, e.g., 30KHz w1de In th1s manner, when signals
Suri to Syerx are combined to form FDM sngnal SFDM, no interference between

30 channels will result. As the base station controller controls the L.O. frequencies

within the individual frequency translators T,’ to TM_, ‘the frequency channels




plurality K of information-bearing signals in up to M FDM channels on the
FDM cabl e, where Kis generally greater than M Hence, each one of the M
«channels is capable of carrying a plurality of -information-bearing signals.
It is noted that the 30 frequency division nultiplexing of the signals can
al so be perfornmed in conjunction with code division nultiple access (CDVA)
or. time division nmultiple access -G6- @TDMA). In ransnmitter subassenbly
102, signal S[err] is split up by 1: M power splitter 120 to form M FDM

signal s, eacdesipnatedtor ubsedqienp fadidtiontdatitbe! dynamichill AlibtatdP toladyess thk- Each of
t he M5|gnals on lines TL[err] to TL[err] is an attenuated véersion of

si gnal S[errqxfcsma(lwbmngmgmlsme povver split) and is appli ed to a
respective freq transl [err uen ors

di scl osed here| &’ér‘? glt gf‘h %&g‘é’?ﬁrﬂ“ ]be@iafﬁgg é at or
Tlerr] to T[mmwmmmfdmméabwﬁaww@%m bfhma{ewter the

associ ated FDM signal; thereby isolating i nf ormat i on- bear | ng SI gnals within
one of th® mmreaumkyammmeqneucy bans, B3/, between 256@ ko asmqmy'rm

transl at or to TJ[er. dt.o zer
105 via an a‘%@&’é’hﬁ?é’& Jc n‘i‘lhﬁa%?‘f%% T‘@ g@? Qmﬁ’ %BP ?49%@“@% ent
l'ocal oscil | gings (b /BUKREY) CH, B CH I8¢ &@at@@cé&chllb%fﬁ%ﬂet Eatf PO Thi s
enabl es each frequency transl ator to isolate i nformation signals within a
uni que, per neRblnbangd iasssagiated with pnbhose o560 namow aatenpa/beas B, taBgtolte be
expl ai ned f Yo : heé. i)ﬁus, any of signals Sy to Sy (FIG. B) placed within a particular
10 FDM cable band will be radiated only on the antenna beam associated with that
band. As shown in FIG. 8B, 333 radiation channels CRI to CR;;; can be
established on transmit (mcludmg control channel':" ; each 30 KHz wide, and each
capable of accommodating any of signals Sy, to Sm The radiation channels on
transmit fall within the common radiation band,of:aZSOO-Zs 10 MHz. Itis
15 understood that other frequencies can be used onthe FDM cable and for the
radiation channels. Each beam (and associated FDM cable channel) typically has
at least one narrowband control channel dedicated for call setups with wireless
terminals. In an extreme case, ail the mobile wireless terminal users can be

located, at any given timé, within a single angular
20 antenna beams B, to By. In this scenario, each __:'i'_le user can be communicated
with by placing all signals Syr to Sy Within the 10MHz wide FDM cable band
associated with that antenna beam, e.g., thhm0-60MHz (CH,) for the beam B,
associated with CH,, and then radiating those s}iignalg_""-via beam B, in selected 30
KHz channels within the 2500-2510 MHz band. "
25 Also shown in FIG. 8B are exemplary rece1ve~_channels CR,’ to CR;;,’
within an illustrative receive band of 2600-261051\4}{2 Each receive channel CR;’
, and is offset by a fixed
frequency from the corresponding transmit -chai‘_mel CRl that the wireless terminal
the offset is 100 MHz). In
30 general, the receive band preferably does not overlap the transmit band. The

ctor covered by only one of

is used for voice/data transmission by a wireles

receives from the base station (in this example, :



15 The isolated signals on lines TRlerr] to TRlerr] are applied to
anplifier network 140 where they are each anplified, preferably in a
spower - shari ng arrangenent, to power |evels suitable for subsequent

radi ation. The anplified signals appear on lines L[err] to L[err] and are
applied to nultiple-beam antenna 150, which fornms M narrow beans B[err] to
Blerr]. Each beam B[err] to B[err] pointsg in a-distinct angular direction 2
O to radiate signals within a narrow ang ar- sector centered about the beam

i thin tho oeave et W AEALSASES o Borb A RRR ° ol "eferr) ro Brerry

, beans B[err] to B[err]
provi de 360[ err |FI¥. 28 stiowshal exeaydirgdrequ Eh@u&}la&smff&&maﬂédd’bé lidedSfof at es

an exenpl ary radlo transmtter assenbly 2 Radio transmtters

Rlerr] to R & 9f frequency trgaslatoent, tmT@pmmeaubans;mlg A82s Wusmg.o

Aer] " vo” arEEnat Suspdcidlh BRRF Bk e O aBRRL B, Bl e BPre B Shnvdie' "
g?é:}éfr S[Sgggfb%eg\dé[ﬂgr rSI The rmdulqgt tellc?l:rag:légzjirna-i:-'- gﬁlgf)t hen td)}pl cal 3}Qggpl ified

and filtere mq@rr@ﬁmetma@men frequencics (f o ef) tathex ofd pdi.Os isignalssS, 34 to

S ' t h of th \ ls S t
Merr] haveSione oA fiReishe FERIFhcR, gretiol PR BkdPrin AedleRes, o
techni ques t§akhesRer P65 SNIneY 207-1 to-107-Mi }és%b_ veR. rsﬂtﬁesﬂe@nwr&éﬁ&e% a

i nclude thosé established for the Advanced Nohil'é Phone System (AVPS)
| S-54 and | SFlodk pseillator gefercncaion dng oflives 108 finincthe basesstation controller to

10 enable the synthesized L.O. frequenc1es Siorm to S,,‘om to be precisely generated

controller to control which L.O. frequency is pr ":“.1ded on which line 107-1 to 107-

M. Preferably, a predetermined L.O. frequeneir germanently assigned to each
frequency translator T, o Ty. In the alternativ e L.O. frequencies can be
15 dynamically altered under the control of the bas: tion controller.
L.O. signal S, o, which has a frequency f; -applied via line 107-i to the
s selected such that only signals
within an associated one of FDM cable bands CH _:_:_b CH,, is translated by mixer
210-i to fall within the common radiation band for the system, e.g., 2500 to 2510
20 MHz. Preferably, bandpass filter 220-i is employed to filter out frequencies
outside of the common radiation band to produce a ﬁltered output signal Sp-i on
line TR;,. By way of example, referring to FIGS 8A and 8B in conjunction with
FIG. 2B, if i=2 and band CH, is selected as bemg assocxated with beam B, (and
translator T,) then translator T, would up-convert the CH, band of 60-70 MHz to
25  the common radiation band of 2500-2510 MHz.. In this case, f,,-65MHz=2505
MHz, so that f,,=2570MHz. |
FIG. 3 shows an exemplary amplifier network __ 40a, which is an embodiment
of amplifier network 140 of FIG. 1A. Amphﬁer neiﬁvork 140a is a power sharing

amplifier network, including M’ amphfiers P, to PM,Eieach of which amplifies a

other input port of mixer 210-i. The frequenci

30 substantially equal amount of power. Amplifie er 'networks of this type have been
described in commonly assigned, co-pending patent. apphcatxon S/N 08/506,286,




frequency nodul ation (FM. Digital nodul ati on techni ques such as frequency
shift keying (FSK) or phase shift keying (PSK) are other suitable exanples.
-CDVA or 5 TDMA can al so be enployed -- in either of these cases, each
radio transmtter Rlerr] would be used to nodul'ate a plurality of

i nformation-bearing signals, such that the nunber of radios would be |ess
t han t he nunber of signals capabl e of bei transmtted. Radi o out put
signals SMerr] to SMK are applied to tur%ﬂgl € frequency translators 10

TLCT 1)L, TUS s a0 o U b PR R 1 0 1121 e

§SSOC| ated radio
out put si gnal toBmeﬂyl ﬁcStqanEremrmgCnetﬁGﬂd 310 Bludes M édput porks 302,96 30, base

station controller 130 via control @nq al s on soci at ed control line

CLerr] to Crpwestfvely/sennled tylines By M-t rEag m@&temmmamgmamgr e
ghil.

t her eby provi n es :-: omer

conbi ner 160, fk%%l@ 11t6§ é]sﬁ{‘héy#%%glg] r ; ’%‘?ﬁgﬁi@ §P8‘? m cabl e
110. Refergi mos;mm;, with a predetetiiilied phaée RAAtRIASHIp thetBBrweeH. Tharfb}ms gan be
used for any of frequency translators Tl'-TK:#gf radio transmitter assenbly

104a. Up- coﬁ?@PPﬂFRgs*Mém@SbﬂpmuéD@ﬂ\ﬁQﬁ; tor 3 hmng:sxgndsppmnnﬁguraduo

e e Rl Sty BE U, MR DB 0 e S SR °

oscillating (f t6P), &lﬁaﬂceﬁﬂmﬁmedfmmokw WHSCH RNl B eS| zer
260-i. The frequed flerr], of signal S err] 1s controlled by a control

signal on | i #sociates inputperp B0Ztor 305 afsecands; ashaxing neimrloBZOar Networkr
20 557 S PP i b el R B S SRR
equal to (f[ qespective bwexpit portsE305| tdB0OS), Sith Sifiledfa Afs L, to Ly, respectively.
Signals Sp,’ t0 Sypy’ are thus amplified versions of s1gnals Sta; 10 Sipps
respectively. It is noted that M = 3N in FIG uch that three exemplary multi-
beam antenna arrays can each be coupled to N-output ports such as 305, to 305,
15  as will be illustrated farther below. |
Power sharing networks 310 and 320 may each be Log,M-stage Butler
Matrices, with power sharing network 320 being the inverse of network 310. This
can be accomplished by using the same Butler Matnx for each poWer sharing
ed. Butler Matrices and their
20 operation are well known in the art -- see, for le, "Antenna Engineering
Handbook", chapter 20, by R. Johnson, McGraw Hﬂl Publishing Co., 3rd edition.
Alternatively, power sharmg networks 310 and 320 may be each comprised of a

network, but with the input and output ports r

network of quadrature hybnd couplers, arranged to allow analogous sharing of

average signal power among amplifiers P, to PM
25 the amplified signals.

and subsequent reconstruction of

: ultiple-beam antenna 150a,

FIG. 4 schematically. illustrates an ex_em_p_'l:'
which is an embodiment of multiple-beam-antenna’ 150 of FIG. 1A. Multiple-beam

antenna 150a is comprised of three antenna arfays 4101 to 410,, each pointing in a

different angular direction, such that each antenna ]
30 within a designated angular sector. For mstancg,_ enna arrays 410, to 410, can

be planar arrays pointing m azimuth angle dxrecuons spaced 120° from each other.




a

260-1 to 260-K to a different frequency, separated by nore than the.signal
bandwi dt h of each nodul ated signal SMerr], signals S[err] to S[err] can
-ach occupy a distinct band-limted channel, e:ig., 30KHz wide. In this
manner, when signals S[err] to S[err] are corrbl ned to form FDM si gnal
S[err], no interference between 30 channels Wl result. As the base
station controller controls the L.O frequenciies within the individual
frequency translators T[err]' to T[erT]'}lthe frequency channels - 8-

desi gnat ed for subseguent |at1 Qn ¢ be V3 ally all ocat ed to any of
t he infor matto R%ﬁﬁ?ﬂ aﬂ‘-g! \ﬁgeyl _ &%Pg mgﬁ!ag detyeenr | to

E[D(I?/Irzngfgn bugﬁﬁfﬁqf)ﬂé\@gﬁ%quent% Fﬁ%?gng over a nu&ﬁg mon the

frequency baamiresporghng bZﬂW\nlgulaZFseaomnaﬁirﬁulﬂHﬁ éﬂylpr msosw"yoﬁ:ase i's
il lustrated in Cis “‘{5” this exanpte;: 60 FDM cabl e bands (or
sub- bands) dzif“@ﬁk’f ‘E‘B’e@qee r%?%fbéaotbsaehemsma@ 4hey FDM cabl e

B?Q?rist?ﬁéﬁﬁg‘}*mé%*?ﬁﬂ%%“% plted o PR EIAZOREALE, BB’y 2.

within a parhetwedmadjmnt:&dmﬁislmcmw wdnhblb;i ireless eminal yintted htweed enna
beam associ ated with that band. shown in EkEG: 8B, 333 radiation channels

CRlerr] to r?ceaxmwaé%mmmsqfébeawa@m;}_m (i ncluding control

ShonneLo) 2" it AECEARRT b o UBIFBL AR

'S0
cover corresponding elevation angle sectors. Any of_ these arrays could then be

10 switched to, depending on the terrain for whxch th transmlttmg system covers.

For example, a total of 12 antenna arrays 410, c d: be employed, each covering a
two degree elevation sector and a 120° azlmuthal sector In each 120° azimuthal

sector, one of the arrays can be switched to, i

order to cover a selected one of the
elevation sectors. _
15 Each antenna array 410, to 410, include; the present example, an
associated Log,N-Stage Butler Matrix 404, to 4043 .
Butler Matrices 404, to 404, each have N mputp _
(Lovs1 10 Loy and (L 10 Ly, respectively, witt
Sray’ present thereon. In this example, M=3N: - Ant
20 includes N broad beam antenna elements AT, tb”’ATﬁ-"arranged in a line array, and
coupled to N correspomlmg output ports of Butler Matnx 404,, to radiate beams B,
to By. Beams B, to By radiate signals Sqp,’ to: S-m, 5 respectxvely Analogously,
arrays 410, and 410, mclude broad beam antenna elements ATy, to AT,y, and
ATyy4 to ATy, respectxvely, coupled to respecuve Butler Matrices 404, and 404,,
25 to radiate beams By,, to B,y, and By, to BM, respectwely Beams By, to By
radiate signals Sy, t0 Syam’s respectlvely Typlcally, with this configuration,
adjacent beams such as B, and B, will overlap such that the power of each beam at

form the respective beams.
s.coupled to lines (L, to Ly),
ssociated signals Sy, to

the cross-over points will be about -4 dB relatwe to the power at each beam's peak.

This "scalloping loss" of 4 dB at the Cross-over’ pomts can be reduced to about 1
30 dB, for example, by addmg additional input and output ports to the Butler Matrices
of the antenna arrays, to fp__rm beams pointing r__mdway between the original beams.




transmt fall wthin the common radi ati on band of 2500-2510 MHz. It is 15
under st ood that other frequencies can be used on the FDM cable and for the
~radi ati on channel s. Each beam (and associ ated FDM cabl e channel) typically
has at | east one narrowband control channel dedicated for call setups with
wireless terminals. In an extreme case, all the nmobile wreless terninal
users can be |ocated, at any given ti_meyowi thin a single angul ar sector
covered by only one of 2 0 antenna beans Blerr] to Blerr]. In this

scenari o, each Apl¥idcAssed abotded beAAB) { g, i gnal s
Slerr] to S[err] wthin tﬁg i(r)é&g-llz? w de E%I%cg | € E%du%(gé%%ategumgh t hat
ant enna beamwsﬁlmtmmlsasmd(@ﬂ\bcame filequertch echbmmly Bhanr ]

associ at ed CH err then I at thqs nal s vi a beam Blerr]
in sel ect ed%{}?@ﬁé 124 %ntefﬁ“ﬁ %@%t i lF/ﬁE nng Al so

shown i n Fl Grod&BesP6(e beaty]Rbit 20 b@ﬁﬁéﬁ&é‘dﬂé’nﬂﬁ -
an illustrative recei ve band of 2600-2610 MHz:. .

that the wif fafin ap asspeiated, six degtee yide. 42 Angular segtos. dRanpl e,
hot over | ap skl 6l FIGS, S dng 887l begms %, 15 55, HEihe il 5 Bl 10
nmore det ai | 2pH) Mz bad; mesem\beamrB,emdnmsaxwy theemgnalmgammonloae ®&DMerr],
whi ch can bg cable Hannef such as CH;; beam B, radiates s:gnals ‘carried on another FDM cable
10 channel such as CH,; and so forth. |
It is noted that multiple-beam-antenna 150.of ] FIG. 1A could alternatively be

embodied as M narrow beam antennas, each coup ed to one of lines L, to L, and

each producing one beam. This approach is not preferred since each of these
single beam antennas would require as much spa__ as each multibeam antenna 410,
15 to produce the same narrow beamwidth, thereby: snbstanually increasing the
antenna space requirements. :
FIG. 5 shows a receiving system in accorqéiieefwith the present invention,

designated generally as 500, which can be used njunction with transmitter

assembly 100 of FIG. 1A. Receiving system 500 n__:__e:ludes receiver subassembly
y FDM cable 510, and base
station controller 130 coupled to assembly 504. ':FDM cable 510 is typically a low
loss, highly shielded coaxial cable. Subassembly‘: 02__1s particularly suitable for |

20 502 and radio receiver assembly 504 interconneé

deployment at the top of a base station tower whe as' radio receiver assembly 504

can be employed within an equipment shelter at 'the bbttom of the tower.

25 Receiver subassembly 502 includes muluple?beam-recelvmg-antenna 550,

which can be a distinct antenna, but which prefe_ _ ly" shares a common antenna
aperture and beam-formmg network with transm1 _ g’ antenna 150 of FIG. 1A (as
will be discussed further below in relation to FIG

antenna 550 forms substantially ‘the same multiple: beams B, to By as transmitting

)_. In either case, receiving

30 antenna 150. Receiving antenna 550 receives mghals Sm to Sgx originating from

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

W t hin
. Bl
ac I’eCGI \/e Cc annel

CRerr]" 5i staBgdandave oi 3l beamwitdtheofssix degrees; ity paowxde éifermsations , and is
of fset by a fi egfreﬁuer y fromthe corres endln transmt channel CRlerr]

cussed in



any of frequency translators T[err] to TMof transmtter subassenbly 102.
Signal S[err], present on associated input line TL[err], is applied to a
=first input port of up-converting 5 m xer. 210-i. Signal S[err] is a _
mul ti-carrier signal conprised of signals S[err] to S[err] at respective
carrier frequencies (flerr] - flerr]) to (f[err] - f[err]). L.O signals
S[err] to S[err], each of a different frequency, are provided by compn

frequency synt he5|zer 105 on |ines 107- f-3to'107 M respectively.

Synt hesi zer a cl ack cillator_reference on one of Ilnes 108
fromthe badBT é?{i ‘F gafen. (lbe ygria é%ssnec CorRespends,tothe number

frequenci es o a 105
al so recei veoglggﬁl?ﬁ(fh §F§ﬂgb’s‘ on |t%§&l rom 1)% Bgtg éé{&mt?fgn cont roller
to control Mmmemmbefmmwml Aspmentioned aboveyfzacihrdceive chamnel (i.0., if/- M

Preferably, redet.erm ned L. frequency is.pernmanently assigned to each
frequency tr £RRYoshagnel trqnspg,tteﬁ[l@f ?ﬁ" ireless terminal) is praferahly Oﬁﬁﬁtgl!}'

Stati on contraray Am K IRALERy ghafiel “&*ﬁ‘f*‘é‘%aﬁfgsﬁlg%ﬁ%%‘é%yo‘{hﬁe??] ba.si

appl i ed vi a wirelesstninal (2.¢.h by @ 100 MHypoffsep du theadxaniplecof FI®- §B). TBach
frequency flerr], i s sel ect g:l such that onl i/l?SI gnals within an assom at ed

one of FDM C8$ATEDNG bs w FecelyeEprmarily %18%11%9%3%%

](c)a:v:-lzw wle?er%gfy&ﬁbang% gd‘@?é“r er&gg%;n?ﬁlotgbﬁear%p oyed to 1gb'fter ou%O 2510 ’

frequenci es mlessctermiﬂmt iseposnmnam beméembvmlnﬂpmybﬁamwﬂmm that ptdv@desd
out put si gnal err&m L | ne TR;Lerr ‘?/ arrpl e, referripn
FIGS. 8AGnduBEiqr st c3n biselectedat amggl ep t;me QfrROmIBRRICation W
sel ected as ggsstg lator T[err]) then
transl at or ‘Itgﬁvgg?l up- convcei}spigifw@@gﬁ% 'éié h?s{cgggd]ﬁ% to 25 the comon
radi ati on band ®eceiviig Hfiérthais0. prbvudeilrecewedelgphlsean o Sxd\bix HidOh,, to

Lav, where the power distribution of these signg}#@émong lines Ly, to Ly, depends

upon the angular position of the wireless terminals. transmitting the signals, and the

15 extent of the overlap between adjacent beams of antenna 550. By way of

illustration, FIG. 9 shows radiated or received power vs. azimuth angle of three
. adjacent antenna beams, By, B, and B,. The peaks of beams By, B, and B, point
at angles @, O, andhcbz, respectively, where teiaﬁyc beam gain of the respective
beam is a maximum of G, and where relative gam of the adjacent beams are
20 Dbelow a level Gg. Relative gain Gy, depends on_s'_ﬂi_é éxtent of the overlap between
the beams, and is typically 20 to 40 dB below the -':'g'a_in at the beam peaks. The
respective beams ‘intersect at angles @,,, and CD, '

vhere relative gain is Gyr.

The intersection angles define the edges of azim I‘_sectors associated with each
beam. 3 )

25 With continuing reference to FIG. 5 in conjunction with FIG. 9, it is assumed
that a wireless terminal W, (not shown) posmo'
In this case, since adjacent beam ficld strength below the gain level Gg, signal

Sg, is received primarily only on beam B, and app

' at_ angle @, transmits signal Sg,.

rs primarily on line Lg,.
termmal W; (not shown) from
Lg;, and so on. If wireless
terminal W, moves to a position at beam intersect n angle @, , and continues to

Analogously, if signal S, is transmitted by wire
30 angular position ®,, it will appear primarily on li



MHz, so that f[err]=2570MH#z. FIG 3 shows an exenplary anplifier network
140a, which is an enbodi nent of anplifier network 140 of FIG 1A Anplifier
*network 140a is a power sharing anplifier network, including Manplifiers
Plerr] to Plerr], each of which anplifies a 30 substantially equal anount
of power. Arrpllfler networks of this type have been described in comonly
assi gned, co-pending patent applicatien ¢ N 08/ 506, 286, - 10 - the
subject matter of which is incorporated herein by reference. Briefly, first

power shari rtgmmtvﬂmkthﬂ]xﬁcem:ﬂ sigmal appemumhmppl’muﬁﬁﬁ[ édqual poweah 66th]
respecti veI :imed li.nes TRF”L@I err Fach npdul at ed
i nf or mat i on i-gha llts%wﬂl poqyy if terminabMwer sharing

k 310 d
phase rel at I g .p‘*%"%”i'?’*&sﬁ%mvrh. é%%e"%‘ﬁﬂ?%%%ééh*% g B,

out put port tafdihal W, dontil@&]termdvevawards a fglp‘ld& - quRBtinicdtionl Withs ks aifeldsker r ]
to S[err]. Each conposite, S|8nal |s arrpll i edby an assom ated anplifier

Plerr] tép[ ted fraquercyi s appl i ed

to an associ 7 . hari ng
net wor k 320. @él‘gg&géroargg%ons‘%nr'u%f’g%g%g&r n%ﬁ@?%%@gehﬁ? I gnal s
to form si graabanﬁlishbd]by dig’ frequeicy 0f BRCLIO.Ssignal Spi-i FIG. RA3GRkerr] to
305[err] whi ch connect to Ilnes Lferr] to L[€ respectively. Slgnals

Slerr]’ to HeBre]of medulated SigaAk vk Ohatck Sllsrwitin the FIM sablp chsinel o Sl er 1]
respectivel %ss&claté@w?ﬁtlﬁw B2t 1i¥he 130 H@qﬁé&y__:lgshl%& %yttﬂégpatcB{ge&t%égﬂfm ary

mul ti -

10 FDM:cable channels, e.g., by 10 MHz in the e ample of FIG. 8A, the same
radiated frequency channel is maintained. Similar switching is performed on the

. receive side, as will become apparent below. o :
The received signals on lines Ly to Ly aré typically filtered by bandpass
filters, (not shown) each having a passband correspondmg to the radiation band on
15 receive for the system, e.g., 2600-2610 MHz in .._.example of FIG. 8B. The
ﬁltered signals are then amplified by receiving pr_ amplifiers RA, to RAy,,
respectively, and applied to respective frequenc &anslators F,to Fy. Each

frequency translator F, to F,, down-converts the ; phfied signal to an appropriate
FDM cable frequency chénnel, e.g., one of channels CH, to CHy, of FIG. 8A.

20 Preferably, the same FDM cable channel assocxated wuh a given beam is used for
both transmit and receive. Down-conversion to dlfferent FDM cable channels is

accomphshed by locking each frequency translato | "El to Fy to a different

synthesmed L.O. frequency derived from common fréquency synthesizer 505 via a

corresponding one of control lines 507-1 to 507-M ynthesmer 505 is in turn

25 locked to the reference oscillator in base stauon controller 130 via one of lines 508.
Typically, the different L.O. frequencies on lmes 5 1 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 und tood, however, that the tower

top oscillator frequencies could be dynamically alterable in other embodiments to
30 provide enhanced flexibility. e

The circuit arrangement for translator T; of :FIG 2B can be used for any of




beam ant enna arrays can each be coupled to N output ports such as 305[err]
to 305[err], 15 as will be illustrated further bel ow. Power sharing
-networks 310 and 320 nmay each be Log[err]Mstage Butler Matrices, with
power sharing network 320 being the inverse of network 310. This can be
acconplished by using the sanme Butler Matrix for each power sharing
network, but with the input and output perts reversed. Butler Matrices and
their 20 operation are well known in the art - see, for exanple, "Antenna

Engi neer i ng frquetiop atenslacdiaF & FgOvitbiheRxcemivhstay hMbhdpasdiltbr £200f isshi ng
Co., 3rd edition. Alternatively, power sharing networks 310 and 320 may be

each conpri SB¢donsd skce bandnags theréﬂﬂama@ma@y edo b crientasion svapddi be o

Brerr] - andie {HioBATiElded, Beimef B FedpeoR RIS, AR S0 (s Fhi & '
schemat i cal kapladel linest10dtle® FOT-BX eespeadvelyiUide! FL&e @é@lﬁi&t’ﬁﬂnﬁn&m@,smh' ch

I s an enbodi nent of multipl e-beam antenna 150 of Mil'ti pl e- beam
ant enna $50ar¢placsadipeiBhd of three antenna arrays 410[err] to 410[err]

each pointing i differ ul.ar . di r at each

array produces ﬂﬂ?lfﬁ ﬂ}l%ncﬁgﬁwp%lgwst?ﬁ %&@%ﬁ%ﬁ&%?ﬂp d ée@? For
i nstance, apbeBNeombiney 520t LohieR E:bmbﬁxeslilﬁ[ﬁgﬁahs f@ﬁrﬁ%ﬂb&ﬁfee@fv@%&' poi nting
in azinmuth angle directions spaced 120 from each ot her. By proper design

of each radSaiM 9§ cablendll. Alisesigral isnaupplied tOeraslpamcwgexbmsembky o), adene
radiating elth%”r%@éx%éd %%rmﬁmn a%%é‘ sig Ol%' Wi Ntl?eaf‘f)gx\’s nzﬁ'e tegmcl&g ,r
10 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
Seom’ 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 Sgp,,’ 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? different information-bearing signal or signals within the

20 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-

25 bearing signal or signals.

Radio receivers 615-i then typically amplify and demodulate the signals and
supply demodulated output signals to base station conn'oller 230. If CDMA or
TDMA schemés are being used, each radio receiver 615-i would be dedicated for
receiving a plurality of information-bearing signals within the common band,

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

information-bearing signals. In the case of CDMA, each receiver would extract the



correspondi ng 120[err] angular sectors in azinuth, thereby providing
360[err] of azinuthal coverage. It is understood that other choices can be
‘made for the 5 nunber of antenna arrays enployed to provide such beam
coverage. Sone overl ap between adjacent beans is necessary to enable a
wireless termnal situated between beans to comuni cate via one of the

adj acent beans. In areas of varying terrain, additional antenna arrays
coul d be provided to cover correspondTngF%IeVation angl e sectors. Any of

th : 10 it d.to, d di the terrain for
uhi oh Che-t raioR) imErhasf e terBi Y 5ol s SR coseiof ghch reeaiveadbsighlenna
arrays 410[ Qhra]ngcdib&,%@%ammﬁ&nn%ﬁﬁpﬁﬁﬂx\é? Ebﬁﬂti@rlsttﬁﬁ’.dgﬁlgﬁ@?teglesﬁﬁggs' on

sector and a 120[err] azi nut hal sector. I'n each 120 azi mut , one
of the arrayndgdaced shemionghe graper wirelioe ded/or dimeodieision meltipikixed tiateesiof t he

el evati on sect,0r Each_aptenna.arra rr] to 410[err]

i ncl udes, i ﬁnﬂﬁoés%?ﬁEHMe%@ﬂ%ﬁgm gﬁm&y%‘&q Eﬂé‘ﬂ%&gﬂﬁ gﬂ%?g’@nﬁut ler Matrix
404, to @4[iﬁfdrha€i@n.59‘{rm§§1§nﬂ§5pec'tiVe beans. Butler Matrices 404[err] to
404[ err] each have N input ports coupled to lines (L[err] to L[err]),

(L[err] to L[erRadiarateivef asseinblyoSW4acalsq jncludes pdditionat Ifsequenicytraskhests at ed
signhals Slersl).to ri: .esent thereon. his examl e, M:3N. Antenna
ar ?ay 410% erqrz})']f % ?ﬁi‘?’{ EA‘E)“F‘{H?: F‘?f&é@"l\&{f)r‘gé‘a 6%@'&:1%?1&% 1om EESHICE AT err]
to AT[err IR0, Ishi | 1JAg Qqut put
por t 5 of butreriin a stitdhls bE Splblanicidd HeatoP CaliEpl AR AT iAY 18
B[err] to B[the einbodigieat of FIGnAASs fri8feency 'transla®re 620-1,to S2PI hievaskociated

ATrerr] Tb” AERASaGREIGT i SO, ThRecively, REcHst Faryo TEGHAreaLEd
Fare ey MO e bt s 10, BT AR ) 10
FDM recgive signal Sgpy’ 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
chang_ed 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. 8A. THe actual frequency shift at any given time of a particular
20 translator 620-i is preferably equal to the frequency shift of the associated translator
610-i plus or minus (N x Fgp), 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-bearing 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 Fp, receiver 630-i receives that
information-bearing signal on an adjacent antenna beam. Each radio receiver 630-i
30 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



radiate signals S[err]' to S[err]', respectively. Typically, with this
configuration, adjacent beans such as B[err] and B[err] will overlap such
-that the power of each beam at the cross-over points will be about 4 dB
relative to the power at each beam s peak. This "scalloping | oss" of 4 dB
at the cross-over points can be reduced to about 1 3 0 dB, for exanple, by
addi ng additi onal input and output ports to the Butler Matrices of the
antenna arrays, to form beans pointing nitdway between the original beans.

- 12 - As discussed above, each beam B[err] to B[err] is preferably

dedi cat ed t 0 MERM2-043YCAN Bn shaseniby Hthe, basepuatinanconinojlerfos ithe commbhication e

frequency ch : oL i a an, equal 6Q, sych that
nul tiple bea%ggiﬁb'én‘ﬁlgeq?dg d%{;ég[ég%ésd{%dﬁ %53%”5'?“%‘9%8% afff“ﬁ%%’r%“‘ﬂ%fm g?ﬁg?ﬁna
array. |n thile asehoien andaadjdbsy bdanbis suferf@rs bade safor@ifrofleSdit) beamn dt h
of six degrees, to provide information-bearing signals primarily within an

associ at ed sfhangeytieccoprgbsignaliodraguengygransiaterciiior to ahangehiss &equanicy of

FIGS. 8A and , I err]. radi ate s al s.in the 2500-
2510 o Bantirieyope b e Bl 12 Dpfbicd B §ord o0RE ioc R on
one FDM cabl Withvigppreashh vessdaid Rididked fequenB) ehdne! estitmh@stohairldsevear ri ed
on anot her FDM cabl e 10 channel such as 2, and so forth. It is noted that

nul ti pl e- beaficHgR ditheommpnigatiqn session i switehed|te @nether beamy be enbodi ed as M

cach produci ng. ore Beaieer OB Ty FIGS PR 483 o8, 1ER ppiped b acmBhid ot

t hese communicating with receiver 615-i on beam Bs; (associated with FDM cable

10 channel CHy,, for example) is transmitting to the base station on frequency channel
CR/, i.e., 2600.00-2600.03 MHz. The base station transmits to the mobile user's
wireless terminal on transmit channel CR, (2500.00-2500.03 MHz). In this case
the portion of the incoming signal received by the base station on beam By,
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 Fs3. Meanwhile, the frequency slot
on cable 510 from 639.97 to 640.00 MHz carries the portion of the incoming
signal received on beam By, by virtue of the frequency translation of translator Fi,.
The frequency shift of translator 620-i is stepped to enable receiver 630-i, which
has a fixed bandpass filte? at its input, to isolate the power in only one of these

20 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 Bs,. Hence, the same radiated frequency channel
on receive of 2600.00 to 2600.03 is maintained even though the beam used for

25 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 corre'sponding translator T,’ of
FIG. 1B by 10 MHz to enable transmission of the corresponding information signal
from the PSTN to be performed on beam Bs,. Since the L.O. frequencies provided

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

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



si ngl e beam ant ennas woul d require as nuch space as each nul ti beam ant enna
410[err] 15 to produce the sane narrow beamm dth, thereby substantially
“increasing the antenna space requirenents. FIG 5 shows a receiving system
i n accordance with the present invention, designated generally as 500,

whi ch can be used in conjunction with transmtter assenbly 100 of FIG 1A
Recei vi ng .system 500 i ncl udes receiver igbas_senbl y 20 502 and radio

recei ver assenbly 504 interconnected by FDM cabl e 510, and base station
controller d38ma i inassenbly 504. FDM cable 510 is typically a | ow

| oss, highly shi gilégiéglgg%g??él cabl e. Subassenbly 502 is particularly

suitabl e for delflcodedinisian nuiiiple apcest inemploged, aich of réceiveEs B8®1 @a$30adi 0
recei ver assgenbl 04 can b? e&%&y&é within an equi pment shelter at the
bot t om of t fle™? S0 spquentially Vasgpn idermatipnsignalswithiadhe

ttom of %0 _ tipnstgnals iy
uhi chpref o S e WAL, ol teckier st &5 ei¥eh B SRR Thalbr L o

wi t h t r aBsnivouldnspanthe differdd @hiyf cddeSundek the sonrdll of tasel statows 6esrdiler tiber
belowin relation to FIG _10). In either case, receiving antenna 550 forns

subst ant i al [ORR & $ARPIRGF eAgh SepAldRt mepsirementofg]seyignal seengthnIncet i ng 30
antenni, 0ey PSSl B0 RRAED Sk SRcR KB0T,8 0B Y LKL
and el evat i the sigmaécteceived on the ddjacent bedrr) aid e signaldre Ro®ledtaphinopr The -
variable K g‘x%gsﬁ:rrgrlnle t. ¢ rer ggs%%%ﬁ)ntc%n&gﬁerntlﬂgg ?i{atermines which users should be

10 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 meaéured 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 chanfiel in which call setup information is transferred to and

20 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 R,
to R and an available receiver 615-i for the communication session on the selected
channel.

25 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 woulci 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 645-1 replaces control [ine CL..

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

504 is shown, designated generally as 504b. Operation of receiver assembly 504b



of information signals on transmt as well as on receive, and is typically
greater than the nunber M of beans. As nentioned above, each receive
channel (i.e., the frequency channel transnmitted by a wireless termnal) is
preferably offset by a fixed 5 frequency fromthe frequency channel
transmtted by the base station to that wireless termnal (e.g., by a 100
MHz offset in the exanple of FIG 8B)- Bach +eceiving beamB[err] to B[err]
receives primarily the signals originating fromthe angul ar sector covered
by a predet és thertmsicply theosanee ag that ofo§kal exceptithatl Diiagle \WerlefoyWrArR I 486S
termnal is siéi?on d, bet ween overl apping beans, the beam that provides 10

superior si QE lang.single yroving " Jadigdeesivar 38t is ais¢d to findhar opwmpmy orcwwitablei cat i on

Rece ving atrenng: At Sebd n BhER ke, CTBRBAIE G2l (e QB 01 | e

L[err] to Lfreplade travistaterst620- pa620-Ki sidrretivére 63041 tolg39K SiFdipdks anong |ines
L[err] to L[err_;nldepends upon the angul ar position of the wreless

term nal $ t dasTi} Power sphites p3hsaplaces A RK pewerssplitter A02.0fThe He Oo frequegsy

bet ween adj f ill ti.Q FIG_9 sho
radi at ed oJr %?Z‘%Eé?lg@g%%g% F égée@g% ?ﬁ%ﬁ%ﬂ%ﬁt&@%@ T "If'ﬁ“éeg%égﬁglggﬁfmﬁ}?taé’nnas "
beans, B[ er ioptimBfreor juitblk Eimmudicativicheannior onk ragiorecdiler61k.i MBlasimé. and
Blerr] point at angles [err],[err]. and [err], respectively, where relative

beam gai n ofin thié Mannen dessiverfdfnis itineshassd barwees a wsers. ambis\appraachds at i ve

gain of the | / r ow.a.l eye rkl. Relative gain GQ
depends on tfﬁagibg? 131%% ?Igﬁﬂ?l}?g 'ga\?g\a%é%%becta&ééeﬁ { 19gg{ea§n'é,L cgw&minéca%lvxbi cally 20
to 40 dBobelchundels; agdibas@itatidiccditdNep @3t san prresseAPeR daveinde A fraffeins €Ct
at angles [err] and [err], where relative gainis Jerr]. The intersection

angl es' def iofderiafanagnitude fastesAhan, e meqbile deaveles car sovelhesteen heamsach beam

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 sevéral non-overlapping beams. This approach increases the
20 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 receivfng systems 100 and 500
discussed above.
As is well known to those'skilled in the art, the reciprocity theorem dictates
30 that within the coherence bandwidth, transmitting beam patterns are identical to

receiving beam patterns when a common or equivalent antenna aperture and beam-



25 Wth continuing reference to FIG 5 in conjunction wwth FIG 9, it
Is assuned that a wireless termnal WA (not shown) positioned at angle
[err] transmits signal S[err]. In this case, since adjacent beamfield
strength is below the gain |level (Jerr], signal S[err] is received
primarily only on beam B[err] and appears prinmarily on line L[err].

Anal ogously, if signal S[err] is transnppted by wireless termnal Werr]
(not shown) from3 o angular position [err], it will appear primarily on
line L[err] fumﬁingnetwmk hfe wied €bemransnsit and)adceldd. nI!nVlHG 110, antefsd 15 at beam
I ntersection g ﬁ£err] and, confinyes_to - transmt Slerr], the
recei ved m@‘ﬁﬁoﬁ‘g Hansmit 05{5}5@@8%%1"3/"%31 5bﬁman6rﬁomewe| sigrads L[ err]
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I'f wirel essinfermmtionlsighil cowireless ferintnalW.e whishRtratsnéid Sigh#lrSR, back to
conmuni cation with this wireless 5 termnal _can be swtched to beam Bl err]

wit hout EhadRjemg 13kviadhe mbqrm@eml@q@aﬁnﬂem Pli 99gh ha¥ea trgnsmiiport

hi Tt gt na SR Bpnsocified WARRER YnBitadp o ' PP BB R AfSbiR o

nmodul at ed sh Géb@bctﬁ[eefebhve f’rme tﬂ{?to L%, f dthe ?eiu‘p‘lekbtsrbxﬁble sibbiGebbe channel

associ ated with beam B2. ) frequency is shifted by the spacing
bet ween 10 nmmmvemﬁmpm@ OfeSIgnals by take place. i Typicadlyeandistussed ave, 8A,

per formed ofteRaty ApAYARE AR Bigd fr SRS e Chibin Bopify &0 " 1 ©

10 control channels used on transmit. Transmit lines L, to Ly, connect to transmitting

system 100’ while receive lines Ly, to Ly 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 defined by the

20 appended claims.



The received signals on lines L[err] to L[err] are typically filtered by
bandpa ' hown) each havi ng a passband corresponding to the
radi at ﬂﬁim)wglilﬂmﬁm&ecel ve for the system e.g., 2600-2610 MHz in the
exanpl ex0f¢ FI,G y3bs filtered signals are then anplified by receiving
pre-anplifiers RA[err] to RA[err], respectively, and applied to respective
frequency translators Flerr] to F[err]. ch_frequency translator F[err] to
F[err] down-converts the anplified signal "to an appropriate FDM cabl e
frequency ch s+ €.9., one of channels CHerr] to CHerr] of FIG 8A 2 0
Preferably, the sane FDM cabl e channel associated with a given beamis used
for both transm t_and receive. Down-conversion to different FDM cabl e

channel s is acconplished by |ocking each frequency translator Flerr] to
Flerr] to a different H’E‘R?s‘?%umnmgeﬁé@ﬁbgprd’& iy @ vifelesh conmon

frequency sy gﬁ,hﬁgi ls 8 a .aspondi ng one of control lines 507-1 to
507-M Synt h%géiezer (?ﬁ?g syéﬁhﬁﬁlﬂéﬁgﬁgl ocked to the reference oscillator
in base station contra)d eidid @ansmittepassembly forescebillg a Dhidiahifyl bfYinphhe

different _L.O,. fre ug)gci,es on |lines 5071 to 507-M are fixed, and only the
L.O fr eqﬁen’é‘f‘ﬁg“"&‘gn aring signalp apd gengrating Gerefrom afustyfsequensyodivisien t ower
are changed DA IB : switching. It is understood, however, that

t he tower to%gl(g@gﬁefrgFo §r1 q&’enci es could be dynamcally alterable in

ot her enbodi ments to B) §tpnavittdesybabs comprisifg] ity. The circuit
arrangenment for translator _T[err] of FI 2B can be used for any of - 15
_ i) a power splitter coupled to said radio transmitter, for

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

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,

15 ) 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:

20 said- first FDM signal has frequency components within a first

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 '

25 said plurality of antenna beams compriseé 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.



frequ

fil teﬂ'&%ﬂmmﬂ al since bandpass filtering was already perforned.
The or'k u be as follows: clock oscillator 505 replaces cl ock
oscillator 105; lines 507-1 to 507-Mreplace |lines 107-1 to 107-M
respectively; line FL[err] replaces line TL[err]; and line 530- 5 i
replaces line TR err]. The frequency-tragsl ated signals on lines 530-1 to
530-M are applied to 1: M power conbi ner 520, which conbines the signals to
form an FDM recdi ve Thgneainsisiteng $ystenm acerpling $0 @laithte, Svldreinadach of sagp! i ed to
radi o recei \é_er ass nbll\a/ 504, Wn&rle t he recej ved information-bearing signals
within the Bﬂh‘?%?ﬁ%@r“s fors B orerdiie tp trapslate the asspeinted segrndrFPMheignal by a
condi ti onedgffifer YRYABMS hif " ansm ssion to the PSTN via base station
controller 130. FIG™ 6 shows a schematic bl ock diagramof an illustrative
radi o recei ver assenbly 504a, which is an enbodi mrent of radio receiver 504
of FIG 5. Si g\r;\gl S[;;r r]q' on, FDM cabl e 510 is applied to 1:2K power
splitter 602, which E)Fi ApSMSting, §ystem agcagding tﬁﬁg‘ﬂ@ %.iwkeseigaridl t o 607-K and

609-1 t05609; Fﬂﬁ] | AR | | nyat ed
ver si on of ? ﬂégetg er re ? Sl i&h"gﬁ &@rggcdﬁ{éan&g;ﬁ? ?a%%@§%¢§e%%§goﬁ%§§5 . Which
are respect of/sdig firstufiptqantyordngees 609-1 to 609-K, each function to

down-convert the FDM signal by a different frequency shift so that each
translator translates a different information-bearing signal or signals

wi thin the 20 DM st ’B}ﬁ’(?o ggﬁ@n : cy shift
of each transl atg'or GTg??atn%) Eﬁ?ééﬁggéno?{rﬁggﬁe ybz;qg%eﬁg@gﬁa&é?’gggp on
respective [Feqeenc$4tb-bahds £nlsakd predetetinihet transiard retfubasy bandtarelofer 130.
Radi o receivers 615-1 to 615-K can then each utilize a narrowband filter

havi ng a paSubstantially, theesamenbAndyidtB. t hi s presel ect ed

M’(EF[err] to Flferr] with the exception that the bandpass

10 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 signdls 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
20 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

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



connDn band to thereby each isolate a different down-converted information-
z nal or signals. Radio receivers 615-i then typically anplify
=and m’l rﬁigﬁ ﬂ nal s and supply denodul ated output signals to base
stati édn €0 ﬂg | f CDVA or TDMA schenes are being used, each radio
recei ver 615-i woul 8§ be dedicated for receiving a plurality of
I nformati on-bearing signals within the mmon band, 3 0 whereby radio
recei ver assenbly 504a coul d recei ve conSiderably more than K
|nfornat|onlgﬂﬁr|ng signals. In the case of CDVA, each receiver would
extract the - 16 - individual information signals by decoding the chip

codes of each recei vaghmaligyaif. fuitherafitgqugasietratsiatoisa eacisfortiteyieficynt r ol | er
further condl%hons t he dego@al at.ed signals_and places themon the proper

wireline angdRslatingpueff s 10§24 bF%%MlW%ﬁeEWMrbmmldhannel

for transm si gnal s.
Radi o recei\ﬁ;lzstﬁg senglr}gn%}a a lgg:[(ﬁglqg egl gﬁl'g})@qé&?&g t}g%éf ?’Fansl ators
620- 1 t 05 62froNderadpluzality of eansixted sadidQighalsp afB0- K, whi ch function toget her
to determne a suitable or optinmm antenna beam for each wreless term nal
user. In the enbodi n&RPWEK C‘P‘P@m’ﬁﬂ?f combiniag s3iditranslatedi radio dgmalsito form0- K
are associ anslators 610-1 to 610-K, respectively, and al so
wi th radi oagrgtgg#\?eﬁs 6#%“1 to 615-K, respectively, in the foll ow ng nanner.
An attenuated version of the

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

narrow frequency band is about 30 KHz wide.

10 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 .
transmitter assembly to said power splitter of said transmitter subassembly, said

15 FDM cable carrying said first FDM signal.

12.  The transmifting 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

20 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 asse;mbly, said base station
controller operable to receive telephonic information-bearing signals from a
telephone network and to provide said input information-bearing signals derived

25 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.

I 4



"FDIVIrecei ve signal S[err]' is applied to frequency translators 620-1 to

620- K v ' Lhes 607-1 to 607-K.  The frequency shifts of these
frequen 'l’ﬁg@g@!ﬂﬁﬁ Iwe controlled by control signals on lines 660-1 to
660- K suppl¢e se station controller 130. The control signal on
each of these lines is periodically changed to cause the frequency shift
provi ded by each frequency translator 63Q-i .to be periodically st epped. The
frequency step preferably corresponds to the spacing "F[err]" between FDM

cabl e frequencyi4:hangé sranéfitting§is@RE Secot@indl claﬁnti“?wﬂﬂ.ﬁgkﬁ tginsax&‘é 8A.

The act ual frequency shift at any given tine of a partic ransl at or
620-i is presbassembly &ther includesea frequgnesn syntbesizer forf proviing s phiralitycbf

| Th

 oeaey bl sl i nd Bdebhich chbp a?“’ﬁégexswdeisxé‘é‘q@%%%ef s

provi ded t oprvideditaione df%didofréu{ﬂéﬁé W RhAnsPatbrs! eachiaid fregcery 1R t eg@and filter
s In

(not shown) at its input l'i"zi ng t he' frequency Shl cated above
for tran8| aconprisisg: 620-i, and by using the sane passband for these

narrowband filters as i.s uedthose by. recei ver
i nf or mati on- bearing &i"YASS O,Iélaléfng nﬁ @éﬁtﬁs ‘E‘Eﬁvé?l\’%?}éml W‘B%W he same as
that for th@ssaaﬁealoaawtsﬁﬁ%ﬁé@fdaﬁégmst y&a}ae”]f?ea}le&g AR Fm,fh' fts of

translators 620-i are stepped by frequenc iver -1 receives
that infor rmgmdnandaarl ng signal on an adjacent antenna beam Each radi o

recei ver 630-i es. an_out nal ingdicative of the
recei ved signal st reﬂg‘f‘ﬂgﬂaggbggléms"t‘%ﬁ & Ss@ﬁ?é g‘E}F‘FSBPn‘g@S) sghstantially te s3idndi ng
line 65Qqi . pleBefefthinedRimSTatedFréguBidy Bind, for filtering out frequency components of

said translated FDM signal. |

15.  The transmitting system according to clz 1 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
frequéncy 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,

20 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

25 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.



- 17 - antenna beam can be chosen by the base station controller for the
comruni ' T1CUE en it is determned that the presently used

: antennan ﬂ“‘lﬂmﬂtlﬂmm t he best choice, and an adjacent beamis

superi ors se statPFon*controller 130 changes the control signal to
frequency translator 610-i to change its frequency 5 shift by Flerr] and

thereby switch the conmunication sessigg tq the adjacent beam Wth this
approach, the sane radi ated frequency channel continues to be used even

t hough the commgni catHeQPaniR%tEih® Bydtém b drad L@ anpl e,
referring to FIGS. 8A and 8B, ?tyi S sE%pos dot(ﬁaa@ngj’mﬁrﬁgasglsdeﬁﬁi afid

communi cat isexpndjpoiwer sbaring:net@vtksi each chmprisdh Butler Matdinci at ed with FDM cabl e
10 channel CH58, for exanple) is transmtting to the base station on
frequency channel CR[err]', i.e., 2600.00-2600.03 Miz. The base station

transmts to t no byt 43 ' ' : t CaJRAE -
CREerr] (2500, O3 23000 hRaG e i A Cord g ot Hinf It S RO g
si gnal r ecdeameintenna itempeaises s phirality of anteanaraBhys, chclosaid pneand Aray r equency
slot fram 629.97 to 630, 00 M—%qon FDM cabl e 510, as a 15 .result of the

frequencdy tR % & TBpltiple-Reapharming-ngfvark couplgd,to 4, plugality 9f aRteBBdency sl ot

on cable 5 aviye -Midgaﬂ- | i on of the incom ng
si gnal rec{ee%\?geé (5r§3 g‘zgﬁqaé%@fl%goe\gﬁrtue f %@%%@ﬁﬁ% transl ati on of
transl ator F59. The af BatipreMatyixsiavidg Nfinputeposisaiwith €ael)of said N irpup drts 0

enabl e receiver 630-i, which hgas a fixed handpass filter _at its input, to
i sol at e t hEOPRIGR fO PRE sﬁwdaﬁ@t@fomyenz SAI[SREQNAAQI el | SBRENG P Of ke, When

it is deter t g.qq &gp%ﬁz%n I ﬂg@yyé{ ' : 0

exceeds t haatmi vq\’/lﬁ tghan&sslagdtﬁlﬁ‘ég : 9?- 30. 00, I;‘b%ls toéﬂfg irbgﬁblg%rtf?rg%f‘ﬁéeﬁﬁﬁg

commands t rofissidedntenna klemeritsy anldoneing N beams) wathasack lof §4id Y bédmdvtizpabte
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 inforr;lation-bearing signals and generating therefrom a first frequency division
multiplexed (FDM) signal;

i) 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;

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;

25 ¢) a multiple-beam-antenna for raciiating 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:



‘establ i sh conmunication on beam B59. Hence, the sane radiated frequency

cha receive of 2600.00 to 2600.03 is naintai ned even though the beam
: use&jﬁ’”ﬂwjmlqw&utation has been swi tched and the FDM cabl e band used
for LCan shifted. Sinultaneously, on the transmt side, base
station controller 130 changes the frequency shift of the correspondi ng
translator T[err]' of FIG 1B by 10 MHzyg0 enabl e transm ssion of the

correspondi ng informati on signal fromthe PSTN to be perfornmed on beam

Blerr]. Since the L. {a feceiieeBeiagsenblpVindding: 0 to the tower top frequency
translators on transmt do not change, the sane frequency channel on

transmit, CRlerr], is |ikahkgeceining aaenrdfor fooningaumltiplecreams -and Sapable
comuni cati Qp_session. |f. code,djvision Ltiple cess.i s enpl oyed, each
of receiver gpgegﬁﬁlflq ¥agaid m ﬂ%%"%f-“?ﬂ %8“?%&&@2@?%@&9“‘8@6%&@%&& ous

I nformati Onoﬁgﬁﬂﬁﬁéff&ﬂ Wirdlek$ erini@diiency channel isolated in that receiver
at any given tine. Each receiver 630-i 5 would scan the different chip

codes un8er the control ob)bphuakityafisscombofrequentye tradsdfiotso eaddt forn a sanpl e
of each sigpal far .nme renent af 1ts signal strength, Once every signal is
sanpl ed, _t ROCHYSIY sBsTatng fe repelved; bofpini. Sigmals, i proYils Fans atecordived ¢ ho

signal s recgigigig on the adjacent beam and the signals are decoded again
for neasurenent. The base station controller then determ nes which users

shoul d be 10 switched tochalpewebeambiner for combining said translated received
signals to form a third FDM signal; and
10 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
15 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 ffom said telephonic signals to said radio transmitter
assembly;
said base station controller further operable to receive said incoming
20 signals extracted by said radio receiver assembly and to provide corresponding
telephonic signals to said telephone network.

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 sul;-bands therein;
25 each of said first 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



is noted that the decision by the base station controller to swtch the

It

co | ' Lon to anot her beam can be based on paraneters ot her than
purn.gmﬁa "@zﬂam strength. For exanple, the determ nation can

al t t ed on the nmeasured bit error rate or the neasured

signal to interference ratio, or on a 15 conbi nation of received signal
power with one of these paraneters. |t ',f further noted that one or nore of
receivers 615-1 to 615-K or 630-1 to 630-K can be dedicated to receiving
signals tr e il r hannel.s . ' cal l. set-ups ment.i oned
above, eac%ggﬁ;%&égﬁgt%g%%%r@ ﬁé’@é“ %gilgv\lgl% ?&%n' fﬁ’&‘gé&ﬂa&o@a@‘ﬁﬁn‘ﬁ in

whi ch cal | agefssqridted oneref said Msubsbands’ off saedifitst FDM sZgfdl. from the wirel ess
termnals and the base station. The base station then commuands the w rel ess
terminal to tune to a selected avail abl e frequency channel for subsequent

conmmuni cati on d ass] Il.able one of .the radiojtransmtters R err]
to RK and an a\?gi I aﬁﬁf‘?@g@%@ﬁg@?ﬂéﬁ afﬁoéd@gm%l@a%]i'o %@Q#B{] on the
sel ect ed chadigatansg®tter assembl?@oG giggy-ary circuit arrangenent for any of

0

frequency translators 610-1 10-K or 620-1 to 620-K is that of
transl ator T[err]' sA®lrality off radioptransmifters, easbfonraceiving at least aneofci | | at or .

G i < 104 | ' db foll sl 07-i 9:i repl
e 110" Soid g Rrnfolddadind Fighls a4 spiaring BEreitofm il b Goo-
or 645-i repnapes control line Cl[err]. 3 0 Referring to FIG 7, an

al ternative enbodi nent of radio receiver assenbly 504 is shown, designated
general |y as 504b. @opluzality of 81ird frequeney trasslators, eactofuy frequency

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

10 first 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 first 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;
20 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
25 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



- 19 - is the basically the sane as that of 504a except that a single
freﬂm] 620 and single "roving" radio receiver 630 is used to
“fin mﬂmlﬂmﬁ&m{w tabl e beam for each user at any given tine.

Trangl afort 6 and«l'ecei ver 630 thus replace translators 620-1 to 620-K and
receivers 630-1 to 630-K. Further, 5 1:(K+ 1) power splitter 680 repl aces
1: 2K power splitter 602. The L.QO fre_quezrécy of translator 620 is stepped in
a sequence to enable receiver 630 to deferm ne an optimumor suitable

conmuni cat i eﬁgﬂa ' L Aer tie. 1n thi.s, manner,
receiver 638#21\2 t missog%gélgacw %%%@ﬁfghﬁtrﬁ@&x& 23 a%ﬁ“égﬁﬁs?‘gé@ﬂi‘?‘k

f easi bl e si reeetbrfeom arisage tstation lcahweolleddandan step through all the

comuni cation 10 channel and base station controller 130 can process all

the data in a tinefr érﬁi“réﬁfyo?@@diféﬂmhm fesgiversasaeh coupled 0 amassbeiatedavel er

can travel BRI | V& [ sk W r.el ess

termnal s mg§+ gﬁgﬂ?er m nqug%c%‘&a?ﬁ%tﬁqfsg?ﬁdst\éi aggﬁ%ggﬁ%@hrfgnggg?ﬁ 1f%tr t he
conmuni cst i areaserimy mneivi@@ighhlrlﬁiminfa%rﬁﬂﬂdrﬁnwﬂkiuén‘é?ibﬁﬁé by tieeed to
differentiate between beans, such as by apalyzing 15 <codes in control

channel s as assorited fragsiatedofifth FRMrmignal e3ph saidiadditions] sadipoeeseivengrovidiog
signal str eQHtoﬂgﬁE ﬁ%ﬁﬁ{‘ﬁgbs‘%maas% swﬁn‘%ﬁﬁbﬁésinaﬁémengll tfglggﬁg'.p%%%% apgtras:[ hlet

is further note e use of many narrow ant enna

enpl oynment afeafured te engble eald dasenstutivr boritfolies ebetBmiing Whvanable ame afisaid
frequency channels are_used by several non-overlappi ng beans. This approach
i ncreases t ABtenpa beamsfor egeh pemmiupication pession Vel said sdreless terminalsd t ed

radi ati on frequency band. Moreover, polarization diversity could al so be

i npl emented to increase user

10 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 third 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
applie_d thereto from a base station controller;
an additional radio receiver coupled to said additional frequency
translator and to said base station controller, for measuring received signal power
in a predetermined frequency band of the additional translated FDM signal;
20 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.

25 26.  The telecommunication system according to claim 18, wherein said
transmitter subassembly further comprises an ampliﬁef 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

30 frequency translators.



capacity. FIG 10 schematically illustrates a wireless tel ecomunication

system,y ccordance with the present invention, designated generally as
1000, ﬂ@uﬂ!wﬂmuﬂm a conmmon nul ti pl e-beam antenna 150 for transmt and
recei cludes transmtting system 100" and receiving system
500', each of i ch i*ncl ude el enents of respective transmitting and

recei ving systens 100 and 500 di scussed above. As is well known to those
skilled in the art, the reciprocity thedPem-dictates 30 that within the
coherence bandwi dth, transmtting beam patterns are identical to receiving
beam patterns when a comon or equival ent antenna aperture and beam -
20 - form ng nepyor K TRk albSiimiifkath ' : | n . ant enna
150 i s enpl oyed to transm i i n‘#or%a({l gn&{sl% a%gfdslﬁgﬁ@ fégnm;ler@%%m %%dB[ err]

and to recetrassmittgn sitmsseinebly pnd caif[recaiyertsubassemblyede botndispased ac a first
termnals. Anillustrative beamB[err] fransmts an information signal to

wirel ess t ePSHIREEDLAogatiqn ang wherein, spi ]Fﬁdﬂ% transmigian assemblyr a0d Wit kadie 5
: Dork - - h h
St e 4500kt YSAHAE PR Gl R L BLER el =) oot have

and a receive port R coupled to a respective receive line L[err] to L[err].
The dupl exers enabl e_si nul taneous transm ssion and reception of signals to

t ake pl ace. T_yp?%-al | he deleeamamunicalipn-systea a¢copding 4. Glain & 7¢ Hberedn stifannel s
used for regelVeuifhfen?idcafibn iy 46p fa ta8% SAAYn FWkr 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
10 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 comp;'ising:
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
20 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
25 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.



control channels used on“transmt. Transmt lines L[err] to L[err]
conne g system 100" while receive lines L[err] to L[err]

- conneﬂ“l“ﬂ"llmn Mﬂﬂmyst em 500' . The remai nder of the system operates
substantial |y d&s Wwas*descri bed above in relation to transmtti ng system 100
and receiving system500. It will be understood that the enbodi ments

di scl osed herein are nerely 15 exenplarﬁ including the illustrative
frequenci es disclosed for the FDM cabl e3Bharnel s and radi ated frequency

channel s, and that o ski]led in.the rt e many, nodi fications and
variations to ta@ i @513(5%%}&0@?&9859%?& &ﬁoﬁ%ﬁéﬁﬁ@ﬂﬁﬁgﬁmlﬁé saidi rit
and scope o m%ggh antPinl are

i nt ended tohgz.e’ Ry (?Pu e gn@lgf?ﬁn scope 0 &@hfr&iﬁ%nﬁgl on ad:b i ned by the
20 appendedskgdringrarrangement’drior t@lsalchmmsimttmg séeprul ti pl e- beam t ransrri tting

systemfor use in a wireless tel ecommuni cati on system conprising: a) a
radio transmtter assenbly for receiving a plurality of input 5

L o PeShLO TR e AoRRRE SR 20 St ShBr bR SORILREY
i) a powsr siliseéeid euiprham 16cation) ﬂcdsmﬂ:anfomﬁﬁm-béz&tng digrials 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;
10 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.



'-splitti ng said first FDMsignal into a plurality of second 3{'@%3? SBEEN
related to 10 said first FDMsignal; ii) a plurality of trequ \&'

‘translators coupled to said power splitter, each for frequency transl ating
one of said second FDM signals and thereby placing at | east one of said

i nformati on-bearing signals therein within a predeterm ned transl ated
frequency band; and, 15 iii) a multiple-beam ant enna
for radiating a plurality of antenna bez_gf W|th each ant enna beam
transmtting at |east one of said infor i on- beari ng Si gnal s placed by an
associated fre vy , .

The transmtti Wﬁﬂ%iﬁﬁ% 1y S
said first FDM signal has frequency corrponents within a f| rst frequency
range having a plurality Mof frequency sub-bands therein; each of said
frequency trAbksiragtors being operative to translate the associ at ed second

FDM signal to t rede ned tran at ed frequenc ba.n and 25
said plurality ls@ﬂfmén‘ﬁzf e Wlifni&?ﬁb ﬂgaﬁ?t”e gﬂ r'f% Seach
antenna bearfbfeééhﬁﬁxhﬂ:ﬁué@bﬁtéﬂf &El?ﬁlﬂrg@rm&‘&hﬂﬂnﬁtbﬂﬂs%hﬁbfyh%m@l{&dﬂbé hin an
associ ated one of said M sub-bands of said first FDM si gnal

5 situated at the bottom of a base station tower, and a transmitter subassembly that

can be situated atop the base station tower. The radio transmitter assembly is
operative to modulate and frequency translate a plurality of input information-
bearing signals. The signals are then combined to form a first FDM signal, which
can then be routed to the transmitter subassembly via a single FDM cable running

10 up the tower. The transmitter subassembly includes a power splitter for splitting
the first FDM signal into a plurality of second FDM signals and a plurality of
frequency translators, each for frequency translating one of the second FDM
signals. Each frequency translator thereby places at least one of the information-
bearing signals within a predetermined translated frequency band. A multiple-

15 beam-antenna radiates a plurality of antenna beams, with each antenna beam
transxilitting at least one of the information-bearing signals placed by an associated
frequency translator within the translated frequency band. A multiple beam
receiving system can be employed to receive incoming signals from wireless

terminals.

This Sheet Has Been Replaced
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3. The transmtting systemaccording to claim2, wherein each of said
frequency translators is operable to translate the associ ated second FDM
signal by a different frequency shift. 4. The transmitting system
according to claim?2, wherein said 5 predeterm ned translated frequency
band has a bandw dth | ess than the bandﬁ¥¢qh of said first frequency range.
5. The transmtting systemaccording to0 claim2, wherein each of said
frequency sub-bands and said predeterm ned transl ated frequency band are of
substantially the sane bandw dth. 10 6. The transmitting system
according to claim4, wherein said nylﬁ;ityézi i nput 1 nformation-bearing
signals is greater than said plurali *of enna beans. 7. The
transmtting systemaccording to claim®6, wherein any given one of said
antenna beans is operative to radiate subﬁtantially all of said input 15

i nformati on-bearing signals when substantPally aﬁu of said

i nformation-bearing signals are placed wwthn t sub- band of said first
FDM si gnal associated with said givenganten am_§. The transni?ﬁ%ng
system according to claim1, wherein sbru\%;en Q}S%ErMsubassenbly fur r
conprises an anplifier network coupl ed bet n-<aid 2 0 frequency
translators and said nultiple-beamantenna, for anplifying the signals

transl at ed sa d—f requeney S 93— — The—transH t4 Rg tem
according tb claim2, wherein smgﬁ_éuaﬂﬁmﬂther assembly gggpri ses:

|
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a plurality of radio transmtters, each for receiving at |east one of 25
said input information-bearing signals and generating therefroma nodul ated
‘radio - 23 - signal; a plurality of further frequency translators, each
for frequency translating one of said Q;ALP signals to a tunable narrow
frequency band within said first frequéyclyirange, responsive to a control
signal applied thereto, to thereby 5 provide a plurality of translated
radi o signals; and a power conbiner for conbining said translated radio
signals to formsaid first FDM signal. 10. The transmitting system
according to claim9, wherein said gygigle ga ow frequency band is about
30 KHz wi de. 10 11. The trandrsti gzzystenlaccording to claim?9,
wherein said transmtter subassenbly is disposed at a first equi prment

| ocation and said radio transmtter assenbly is disposed at a second

equi pnrent | ocation, and wherein said transmtting system further includes
an FDM cabl e coupling said power conbiner of said radio transmtter
assenbly to said power splitter ofyigald |t Fbdsnmitter subassenbly, said 15
FDM cabl e carrying said first FDM si gnall.CABEE The transmtting system

plurality ofr_ﬂ%n—ﬂa@m—ﬁ%sm said 4gnf enna array 10 1
| SFOM 104a |
| K:1 POWER COMBINER 160 |
l |
| {151~ 115-2 115K |
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including a multipl e-beamform ng-network coupled to a plurality of antenna
el enments, with each said antenna array formng nultiple beans within a
gi ven 20 angul ar sector relative to said transmtter subassenbly. 13.
The transmtting systemaccording to claim9, further including a base
station controller coupled to said radﬂg ﬂﬂansnitter assenbly, said base
station controller operable to receive tel ephonic information-bearing
signals froma tel ephone network and to provide said input
i nformati on-bearing signals derivedsfgl(:frg%kfaid tel ephonic signals to
said radio transmtters, said base an roller also operable to
supply said control signals to associ ated ones of said furgher frequency
translators to control said tunable narrow frequency bands. - 24 - 14.
The transmtting systen1acgﬂ?gmﬂaggprc+akﬁi27 whereiw-sgid transmtter
subassenbly further includss uency synthesizer fon provyiding a
plurality of sinusoi dlj si nARANSEATOR)i £ f epent f #1¥edienci eg,
si nusoi dalFR@M gnal bei g Brovi ded to one ? S i
sai d sinusoida

said frequgncy translator G| conpri sing
second FDM signal With an jssociated one P

and a bandpass fi
|
Tds L0~i

eachisai d
transt™ators, each

produce a frequehﬂg‘iransl ted FDM si gnal
passband correspondi ng subqtantially to shi
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10 predeterm ned transl ated frequency band, for filtering out frequency
conponents of said translated FDM signal . 15. The transm tting system
‘according to claim8, wherein said anplifier network conprises: a first
power sharing network having a plurality of first input ports 15 coupl ed
to associated ones of said frequency tr@pgl{jators, for splitting each said
frequency transl ated signal anong a plurf@ality of first output ports

t hereof, thereby form ng a conposite signal on each said first output port
havi ng si gnal power of all %aLd_fLequency.annsumwaSﬁgnals a plurality
of anplifiers, each coupled'tgone of said first output' ports, 20 each said
anplifier anplifying one of|s d conposite signals to rOV|de an anplified
conposite signal; a second power sharing network haV|ng a plurality of
second input ports, each couplgd to an associaged on f said anplifiers,

for reconstructing eaclhgsai Ilfléﬁ cogposg;e si gad A to:thereb provi de
a plurality of anplifi 2 "Wre ue nty franstat ed srg als—on a oci at ed
second out put ports t reofJ s§|d sgcond o u port ed to said
mul ti pl e- beam ant enna, mherg each|sal d a§%||; ed fire uency t anslated
signal is radiated by an as oclated one of ,said anténn beans. - 25 -
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16. The transmtting systemaccording to claim15, wherein said first and
second power sharing networks each conprise a Butler Mtrix. 17. The
transmtting systemaccording to claim 16, wherein said nultiple-
beam ant enna conprises a plurality of aptgnna arrays, each said antenna
array 5 including a multiple-beamfor _@ etwork coupled to a plurality
of antenna ements,—each-sard milt+tpte am +or++ ng- et wor k—c rising: a
Butl er Matrilx8having N input ports, with h—of——sa-l-d—H i nput pprts coupl ed
to one of s%iﬁa second out put ports of sai %agecond poyer’ shari ngl net wor k,

u

and with each said Butler Mtrix having N|o .t_%ut p&Ets |coup| ed to
associ at ed = nd forTm nlg N beang with each

nes 10 of said antenna eIenean,
d anplifjed = &=

of said N bj:ams capable of carrying at le

st pne of {sai
frequency transl ated signals. 18. AT r{al %s tel ecormmuni catioh s temes
conprising: |A) a multiple-beamtransmting<ystema ncl udl ng: aradio
transmtter assenbly for receiving a pAurality of i";’:OLtI 15 o .
i nformati onl bearing signals and gengraty n? t har ef ol g first f rfequeﬁ:y
di vi si on rruIItipI exed (FDM signa%n&)l\a ransmti ey subassenbl )
conpri si ng:#a) a power splitter gbupled, tp bﬁh‘ao@o ' —<f Or
splitting said first FDM signal int rality pf_second FDM ki gnal s
related to 20 said first FDMsignaI;/g)Fﬁ | ural iRy gf first frequency
transl atorstcoupled to said power spligters & fo"fa'f sl ating
one of saidlsecond FDM si gnal s and thgreb%pl ag ng =t l'east onel of %id
i nformation-bearing signals therein vw& hi = o ] -
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predeterm ned translated frequency band; 2 5 c) a

mul ti pl e-beam antenna for radiating a plurality of antenna beans, with each
‘antenna beamtransmtting at | east one of said information- bearing signals
pl aced by an associated first frequency, translator within said transl ated
frequency band; B) a receiving systen1dh%$?ising: - 26 - i) a receiver
subassenbly, including: a) a receiving antenna for formng nultiple beans
and capabl e of receiving via said nultiple beanms a plurality of
band-limted incomng signals originating fromwreless termnals; 5

b) a plurality of second frequency t ,aths, each for frequency
translating the received incomng signals to provide translated received
signals; c) a power comnbiner for conbining said translated received signals
to forma third FDM signal; and 10 ii) a radio receiver
assenbly coupled to said receiver subasséhﬂly, for extracting said received
incomng signals fromsaid third FDM si gnal\, 19 The tel ecommuni cation
system according to claim18, whereigy;said | ¥ Bl e- gﬁf\m antenna and $§gg d
recei ving antenna conprise a conmon ahte )
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20. The tel econmuni cati on system according to claim18, further 15
conprising a base station controller operable to receive tel ephonic

i nformation- bearing signals froma tel ephone network and to provide sai
I nput i nformation- bearing signals deri;e Lron1said t el ephoni c signals
said radio transmtter assenbly; said b #& tation controller further
operable to receive said incomng 20 signals extracted by said radiqn
receiver assenbly and to provide correspondi ng tel ephonic signals to rsaj
t el ephone network. 21. The tel ecomuni cati on system according to cl ai

18, wherein{ said Tirst FDM sTgnal haS fTrequency coifponents Wthtm3a fir

frequency rg e having asplusality Mok frequencyesubzbands thergin; PS5
each of sai ;Sji sst frequelacyd ransl at gds bei pg opkratdve Lo transl at|€t

e 0

d
to

/FROM PSTN

associ ated § ogel FDM si §hal o the saBe pretei@indB trans| at @ fnedudncy
band; and said rality jof aNtenna beans conprises M antenna bepns, wth
- 27 eachlsaid aptennpa jbeam 1 t1i 1 d infarnglion-befariny|signalls
that are vvi}hin an| a3 ' -b nr§91 ai d ff irest FOM
signal . 22.' The &I 5t ' ,EMLegein
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5 a plurality of radio transmtters, each for receiving at

| east one of said input information-bearing signals and generating
therefroma nodul ated radio signal; a plurality of third frequency

transl ators, each for frequency transl ambone of said radio signals to a

first frequency range,

tunabl e narrow frequency band w thin sai
responsive to a control signal applied thereto, to thereby provide a “ =
plurality of translated radio signals; and a power conbiner for COfTbi'T_'I_-I\n
said translated radio signals to formsaid first FDMsignal. 23. The =
tel ecormunltf—ion system according To claim 22, wherei m sard 15 —adlo &=
receiver enbl y conprises: a further power spI skt ersef or plitting & d's
third FDMs | into a plurality of fourth EDM shgnabs redated o sla'r =
third FDM si gna a plurality of fourth freq&ncyatrabsl at®rs, &ch |f
frequency tianslating one of said fourth FDM|signals; |2 0 | a
plurality ot radio receivers, each coupled to dne] of_said ffourfh f équéncy
transl atorsjand each for isolating at |eastjong (f E ifncom n%sﬁi;rral 5
wi thin the associated translated fourth FDV sid S 5 ]
t el econmmuni 4:ati on system according to claim23, V\/nergﬁ sai d f|@EtBed ppwer
splitter isyfurther operable to split said [hirld FDONMES®Egnal into F|25
plurality o* fifth FDM signals related to jsaiqd thi si gnet—and
wherein sai fl radio receiver assenbly further cqnprisep: a pl uralitylof
fifth frequ]ancy transl ators, each associ ated wijth onejof ’
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said radio receivers and each operative to frequency translate one of said
fifth - 28 - FDM signals by variable frequency shifts responsive to a
control signal applied thereto froma base station controller; and a
plurality of additional radio receivers ach coupled to an associ ated one
of said fifth frequency translators andg cﬂsaid base station controller,
for 5 measuring received signal power fn a predeterm ned frequency band
of the associated translated fifth FDM signal, each said additional radio
recei ver providing an output signal to said base station controller

i ndi cative of the signal power neasured to enable said base station
controller to determ ne a suitable one of said antenna beans for each

comuni cation session withysaid wireless termnals. 10 25. The
t el econmuni cati on system &cording to claim23, wherein said further power
splitter is furthe aigpe to split said third FDM signal into an
additional FDM signgl rel&ed to said third FDM signal, and wherein said
radi o receiver asse y further conprises: an additgbnal frequency R
transl ator operative<o frequency translate said 15= additi onal FDM 3 gnal
by variable freque shifts responsive to a controﬁ signal applied tRereto
froma base stationgcontfol ler; an additignal §radipg ecei v'e‘!—TV‘éco 9 %o
said additional fr y<Lranslator and flo saRd bpSe stati ¢n caeptrolNer,
for measuring recei $ed s| fhal power 5"’ “as?
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in a predeterm ned frequency band of the additional translated FDM signal;
20 said additional radio receiver providing an output signa
to said base station controller indicative of the signal power neasured to
enabl e said base station controller to determne a suitable one of said

ant enna beans for each comrmuni cation seﬂnghIMAth said wirel ess term nal s.
25 26. The tel ecommuni cation system according to claim 18, wherein
said transm tter subassenbly further conprises an anplifier network coupl ed
between said plurality of first frequency translators and said

mul ti pl e-beam ant enna and wherein said receiver subassenbly further
conprises a plurality of receiving anplifiers coupled between receiving
antenna and associ ated ones of said second 30 frequency translators, w -
29 - 27. The tel ecommuni cation system according to claim18, wherein &id
transmtter subassenbly and said receiver subassenbly are both di sposed <at
a first equipment location and wherein said radio transmtter assenblly &®d
said radio 5 receiver assenbly are both di sposed at a second equi pngnt §

| ocation. 28. The tel ecommuni cati on system according to claim 27, eZEin
said first equipnent location is atop a base station tower and said sfecé®d
equi pnent location is a ground | ocation, and wherein said tel ecomunifcation
system further conprises a first FDM cable carrying said first FDM silgnal
and coupling said radio
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10 transmtter assenbly with said transmtter subassenbly, and a second
FDM cabl e carrying said third FDM si gnal and coupling said radi o receiver
assenbly with said receiver subassenbly. 29. A nmethod of transmitting a
plurality of input information-bearing sigpals froma base station to a
correspondi nggpturality of wrekess ter@/?);ll‘p, 15 conprising: formng a
first frequengy division nmulti pBRxed (F signal fromsaid input signals
by nodul at L&g_%]f requency transl at -and_t hen _canbi.ni ng sai d_input_si gna:Es
routing sai rst FDM signal & orh ag¥irst agui pment sgocation tg al@d 0
second equi pment | ocation; spritti g"sal d ~rst FDM s‘PgnaI at |aj g—se]
equi pnent | oggtion, to providefa AI urality ]of second FDI\/I Si gnalf | at e

W/mmgps
o

said first ¢ a gnal; freg @,, ng ch of said secpnd JF[N
signals to+vt eby pl ace at Ieastl of sgi~d i nformtijon- beafing flgna
therein withigya predetermlned 25 'transl| at ad frequepcy [band; and
transmtting said infornmatijon- bear||ng signal s aced wifthin ep SAi @
o . .
transl ated frequency band yia nultiple antenna beamsgeacg poj FEi[ng iln a
distinct direction in relafion tofsaid second equi prr@t | gcat gt; - 30¢-
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30. The met hod according to claim?29, further conprisi
I nformati on-bearing signals within said translated frequ¢n
power sharing arrangenent prior to said transmtting step. 1,55 !hsaﬁet
according to claim?29, further conprising receiving, at ai or
equi pnent | ocation, incomng information-bearing signalsjttansmited by
wireless termnals via associ ated ones of said antenna bgans; frequency
transl ati ng each said incom ng signal received to provid _
recei ved signals; conbining said transl aBdd received signals to forma
third FDIVIsignaI 10 routln saldthlrd FDIVIS|naI to a
recei ving equi piesd Ll BS . VLN ) Y
recei vi ng equi pnent Iocatlon to produce a pI urality of fourth FDM signal s
related to said third FDM signal; and extracting at |east one of said

i ncom ng si gaRstead t hi n each of sai d-fourth FDM signal s.

Disclosed is a multiple-beam transmitting system for use in a wireless
telecommunication system, including a radio transmitter assembly, which can be
S situated at the bottom of a base station tower, and a transmitter subassembly that
can be situated atop the base station tower. The radio transmitter assembly is
operative to modulate and frequency translate a plurality of input information-
bearing signals. The signals are then combined to form a first FDM signal, which
can then be routed to the transmitter subassembly via a single FDM cable running

10 up the tower. The transmitter subassembly includes a power splitter for splitting
the first FDM signal into a plurality of second FDM signals and a plufality of
frequency translators, each for frequency translating one of the second FDM
signals. Each frequency translator thereby places at least one of the information-
bearing signals within a predetermined translated frequency band. A multiple-

15 beam-antenna radiates a plurality of antenna beams, with cach antenna beam
transmitting at least one of the information-bearing signals placed by an associated
frequency translator within the translated frequency band. A multiple beam
receiving system can be employed to receive incoming signals from wireless
terminals.

Figure 1
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