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Field of the Inventi

The present invention relates generally to w:reless telecommunications, and

more particularly, to a muitiple-antenna-beam wxreless telecommunication system
and base station electronic equipment therefor. .-

Background of the Invention

Wireless telecommunication base stations mthe prior art typically employ one
or more broad beam antennas to transmit and recl. ve information-bearing signals to
fa,__gwen radius of the base
imuth can typically be used as
é.ss terminal traveling over a

station. With this approach, each broad beam
the conduit for communications with a mobile wi
wide angular sector in relation to the base statlon -
One shortcoming of broad beam systems 1s short communication range. In
genetal the distance from which wireless termmals can communicate with the base
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 const__;amt_s. for practical systems,
especially in rural areas, since a large number of ase stations would be needed to
cover a correspondingly large geographical area, -

Another drawback of broad beam systems 1 S mefﬁclent use of transmitter
power. For example, in frequency-dwlsmn-multlple—access (FDMA) systems, a -
narrow frequency channel, e.g., 30 kHz wide, is dedxcated to each commumcatlon

session with a wireless terminal. Typically, each broad beam transmits a frequency
division mulnplexed (FDM) signal carrying mformauon—beanng signals of many

communication channels to associated wireless tq_ . Since each wireless

time, and signal power
er-a broad angular sector,

terminal is located in only one angular direction at

intended for that wireless terminal is transmitted;_;j
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power is wasted. In addition, the likelihood ofﬁ_iiiiérference from other

communication sessions can be high, inasmuch a; _'a'ch wireless terminal must filter

out many undesired signals in order to commumcate' Interference oftentimes

results when such filtering is less than perfect. The Dbase station receiver is faced
with an analogous problem.

One solution to the above-noted limitations .:?brqad beam systems is
disclosed in commonly assigned, co-pending US ﬁa_tent application S/N 08/506286
entitled "Power Shared Linear Amplifier Network" . Therein, multi-beam

communication systems are disclosed, each of whxchutlhze a power-shared
amplifier network comprising a pair of power shanng networks, such as Butler
Matrices, and a plurality of amplifiers coupled the ::':__}_b'etween The power sharing
aspect of the system provides advantages over comfﬁrtmentalmed narrow beam
systems that use a power amplifier dedicated to each beam. That is, each amplifier
in the power shared amplifier network amplifies. po _ er of all the information-
bearing signals to be transmitted, thereby xmprovmg system reliability and
enhancing communication traffic-handling capabxhty on a statistical basis.

Multiple, high gain beams can be formed either by. a separate antenna dedicated for
each beam, or by several multi-beam antennas. -

e disclosed systems, however,
typically utilize switching networks to switch m d lated sxgnals to the appropriate
antenna beam for transmission and reception. F: ' systems with a large number of
' pléx and costly. Additionally,
if the base station: radios used for modulating the mformanon-beanng signals are

located at the bottom of a base station tower, andtheantennas are at the top of the

users, such switching networks can be become o

tower, as is typical, the cabling requirements to connect the radios to the antennas
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 tﬂmunication system, is capable

of transmitting information-bearing signals on mult le antenna beams while

avoiding complex RF switching and cabling requlreniénts characteristic of prior art
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systems.

The transmitting system of the ﬂlusn'atxve"":j"mbodlment includes a radio

transmitter assembly, which can be situated a t_he.j__bottom of a base station tower,
and a transmitter subassembly that can be simé_

_:_._,a':top the base station tower. The
radio transmitter assembly is operative to mod__i te and frequency translate a

plurality of input information-bearing signals The
form a first FDM signal, which can then be ro“

signals are then combined to
d to the transmitter subassembly
via a single FDM cable running up the tower. .

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

translators, each for frequency translating one

frequency band is the same for each frequency ,,
bandwidth than the bandwidth of the first FDM _:_::1gnal A multiple-beam-antenna
radxates a plurality of antenna beams, with each___antenna beam transmitting at least

one of the information-bearing signals placed b an -associated frequency translator
within the translated frequency band. .F::
The channels into which the input mformatxon_-bearmg signals are placed by
the radio transmitter a,ssgmbly can be dynamica 'llocable by controlling other
mbly, e.g., at the bottom of

ation-bearing signals can be

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. ._

A receiver system can be used in conjunc on with the transmitter system of

the illustrative embodiment. The receiver syste "-_i__r_if:lud_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

third FDM signal is routed to the radio receive: éé?g'mbly, which may be located at

the bottom of the base. $téﬁon tower. The radi rééeiver assembly preferably
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includes a plurality of frequency translators and assocxated radio receivers for
isolating the incoming signals within the third ', M signal and preparing the
signals for subsequent transmission to a telephoj network Optionally, at least
one additional frequency translator and radio reeexver is provided, which function

together and in conjunction with the base stauon controller to determine a suitable

or superior antenna beam for each wireless term 'l user.

B.tn ) .I. fIlﬂ .

For a better understanding of the subject'_.i'n'y:e'__nt.ion, reference is had to
exemplary embodimerits thereof, taken in conjni:’étiﬁp with the accompanying
drawings in which like reference numerals deplc lke elements or features,

wherein: e
FIG. 1A is a block diagram of an exemplary transmltter system in accordance
with the subject invention; B
FIG. 1B shows a block diagram of a radlo n'ansmmet assembly;
FIGS. 2A and 2B are schematic diagrams, '_
FIG. 3 schematically illustrates an exemplaty amplifier network;

FIG. 4 shows a schematic diagram of an exemplary multiple-beam-antenna;
FIG. 5 is a block dfagram of a receiving system in accordance with the
subject invention;

FIGS. 6 and 7 are sehematic block diagram_s_.j_of: -exemplary radio receiver

assemblies;
- FIGS. 8A and 8B respectively show exem‘f) I : frequencies that can be used

for FDM cable channels and for radiation channe s;
FIG. 9 is an illustration of overlapping antenna Hbeams, and,

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 mv' | tmn a preferred embodiment

of the invention will be descnbed below as formmg a portlon of base station
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electronic equipment in a wireless wlecommuqidaﬁ§n system. It is to be
understood, however, that the embodiment to, be 'éscribed is merely exemplary,

and that the invention may also be employed i m othet types of systems, for

example, satellite communication or broadcastmg 'systems

Fig 1. schematxcally illustrates an embodiment of a transmlttmg system in
accordance with the present invention, desxgna ?
system 100 includes transmitter subassembly 1

:f"'e_nerally as 100. Transmitting
and radio transmitter assembly
104 interconnected by a frequency division mui lexed (FDM) cable 110. FDM
cable 110 is typically a low loss, highly shielded cdaxlal cable. Subassembly 102
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

ithin an equipment shelter at
the bottom of a base station tower. . '
Base station controller 130 interfaces wiﬂj; Publlc Switched Telephone
Network (PSTN) via communications link 175,
or microwave link. As is conventional, informa dii_l-_;bearing signals are transceived
between the base station controller and the PSTN 'via a Wireless Switching Center
(not shown). These infofmation-bearing signalsz“-'can{jcomprise voice signals or
electronic data, such as E-mail or facsimile data l.:Base station controller 130

g-f.'_,, a copper wireline, fiber optic

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
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
ach 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-be: _
frequency division muitiplexing of the signals can’

with code division multip‘l_e_..a_ccess (CDMA) or--ﬁ e division multiple access
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(TDMA). .

In_transmitter subassembly 102, signal S,=DM is split up by 1:M power splitter
120 to form M FDM signals, each present on o' of M output lines TL, to TL,,.
Each of the M signals on lines TL, to TL,, is an attenuated version of signal Sgp,,
(by virtue of the power split) and is applied to "respectrve frequency translator T, -
to Ty. (Frequency translators disclosed herein aré denoted by the legend "T").
Each frequency translator T, to T,, functions to frequency translate and preferably
filter the associated FDM signal, thereby lsolatmg mformatron-bearmg signals
within one of the M-frequency channels on the. FDM cable. Each frequency
translator T, to T, is coupled to a common frequency synthesizer 105 via an
associated control line 107-1 to 107-M. Preferably, 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.

The isolated signals on lines TR, to TRy, are .applied to amplifier network 140
where they are each amplified, preferably in a power-shanng arrangement to
power levels suitable for subsequent radiation. The amplified srgnals appear on
lines L, to L,, and are applied to multtple-beam-antenna 150, which forms M
narrow beams B, to By. “Each beam B, to By, pomts in a distinct angular direction
to radiate signals within a narrow angular sector ¢ centered about the beam peak.
Each beam is thus dedicated for communication v wrth 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
104a. Radio transmitters R, to R receive baseband mformatmn—bearmg srgnals 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 slém, which is modulated
therein by the respective baseband signal S, to Sx 5'?I'he modulated signals are then
typically amplified and filtered to produce associa modulated radio output signals
SM, to SMg. Typically, each of the radio outpu' 1gnals SM, to SM have the
same carrier frequency fc Suitable modulatlon_techmques that can be employed
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translator T’ to Ty translates the associated radio output signal to a selected
frequency-delimited channel controlled by base E:{ta n controller 130 via control
signals on associated control lines CL, to CLy M _ililated, frequency translated
output signals are thereby provided on lines 115- .115-K, and applied to K:1
power combiner 160, which combines the signals to form signal Sgpy 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
assocxated modulated signal SM; having a carner 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
115-i, which has a carrier frequency equal to (fLoi - 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

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

within the individual frequency translators T,’ to TM_, ‘the frequency channels
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designated for subsequent radiation can be dynamlcally allocated to any of the
information-bearing signals. o

By way of example, signals Sy to Syrx can be placed anywhere within a 50-
650 MHz frequency range on the FDM cable, but wﬂl be subsequently radiated
over a much narrower frequency band, e.g., between 2500 to 2510 MHz. This
exemplary case is illustrated in FIGs. 8A and SB In this example, 60 FDM cable .
bands (or sub-bands) CH, to CH,, are created, '.ggc_:_,h_ 10 MHz wide. Each FDM
cable band is associated with only one of 60 na&é"w--antenna beams B, to B, to be
formed. Thus, any of signals Syr to Syrx (FIG.:1B) placed within a particular
FDM cable band will be radiated only on the anténna beam associated with that
band. As shown in FIG. 8B, 333 radiation channels CR, to CRy, can be
established on transmit (mcludmg control chanﬁels)' _:_éach 30 KHz wide, and each
capable of accommodating any of signals S,,m Sm The radiation channels on
transmit fall within the common radlatxon band. of 2500-2510 MHz. Itis
understood that other frequencies can be used on_:the FDM cable and for the
radiation channels. Each beam (and associated FDM cable channel) typically has
at least one narrowband control channel dedlcated or call setups with wireless
terminals. In an extreme case, all the mobile w1re less terminal users can be

located, at any given time, within a single angular "sector covered by only one of
antenna beams B, to By. In this scenario, eac | mdblle user can be communicated
with by placing all signals Sy to Sypx Within the 'ZIOMHz wide FDM cable band
associated with that antenna beam, e.g., within. ::'.0-60 ‘MHz (CH,) for the beam B,
associated with CH,, and then radiating those s1gnals via beam B, in selected 30
KHz channels within the 2500-2510 MHz band. .
Also shown in FIG. 8B are exemplary rece_

j_'chann'els CR,’ to CRyy,'
within an illustrative receive band of 2600-261 MHz Each receive channel CR;’
is used for voice/data transmission by a wirele termmal, and is offset by a fixed
frequency from the corresponding transmit channel Rl that the wireless terminal
receives from the base station (In this example, 'the ffset is 100 MHz). In
general, the receive band preferably does not ove ap .the transmit band. The
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receive case will be discussed in more detail below

FIG. 2B shows an exemplary frequency translator T,, which can be used for
any of frequency translators T, to TM of transmltter subassembly 102. Signal Sgppy,
present on associated input line TL,, is applied. :_'

a first input port of up-converting
mixer 210-i. Signal Sgp,,; is a multi-carrier sxgnal omprised of signals Sy to

Surx at respective carrier frequencies (f,_o,' - f 1ok - fo). L.O. signals S, 5, to

Siomas €ach of a different frequency, are ptovid y common frequency
synthesizer 105 on lines 107-1 to 107-M,'respe§_': ly. Synthesizer 105 receives a
1'the base station controller to

enable the synthesized L.O. frequencies Stor te Swm to be precisely generated

clock oscillator reference on one of lines 108 fr

""“.lded on which line 107-1 to 107-
germanently assigned to each

controller to control which L.O. frequency is p
M. Preferably, a predetermined L.O. frequengir
frequency translator T, o Ty. In the alternativ
dynamically altered under the control of the bas

e L.O. frequencies can be
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 _:_:_o CHM is translated by mixer
210-i to fall within the common radiation band _fofi._'the system e.g., 2500 to 2510
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

other input port of mixer 210-i. The frequency:

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
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 neﬁvork 140a is a power sharing

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

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,
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the subject matter of which is incorporated h'e.f'
Briefly, first power sharing network 310
respectively coupled to lines TR, to TRy,. Ea

by reference.

udes M input ports 302, to 302,
ch modulated information-bearing
signal Sty t0 Sy is split by first power shanng etwork 310 among output ports
303, to 303y, with a predetermined phase telat;p_nship therebetween. This forms a -
composite signal on each output port 303, to 3
signals Srp; t0 Srra. Each composite signal is
P, to Py to produce an amplified composite sif

havmg signal power of all
_._li_fied by an associated amplifier
j—__which is applied to an
-sharing network 320. Network
form signals Stg,’ to Sy’ OD
t to lines L, to Ly, respectively.
Signals Sp,’ t0 Sypy’ are thus amplified versions of signals Stat t0 Sppm,
respectively. It is noted that M = 3N in FIG _.uch that three exemplary multi-
beam antenna arrays can each be coupled to N tput ports such as 305, to 305,
as will be illustrated further 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
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

associated input port 307, to 307, of second p
320 reconstructs the amplified composite signal
respective output ports 305, to 305y, which co

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
the amplified signals.
FIG. 4 schematically illustrates an ex_em_p_'l""

and subsequent reconstruction of

: ultiple-beam antenna 150a,
which is an embodiment of multiple-beam-antenna’ 150 of FIG. 1A. Multiple-beam

antenna 150a is comprised of three antenna arrays 410; to 410,, each pointing in a

different angular direction, such that each antenna- 1
within a designated angular sector. For instancg,_ enna arrays 410, to 410, can

be planar arrays pointing m azimuth angle dxrecuons spaced 120° from each other.
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By proper design of each radiating element A of the spacing between
adjacent radiating elements, each array can produce N narrow beams to cover
corresponding 120° angular sectors in azrmuthj_th': ___by providing 360° of

azimuthal coverage. It is understood that other chorces can be made for the

number of antenna arrays employed to provide such beam coverage. Some overlap .
between adjacent beams is necessary to enable eless terminal situated between
beams to communicate via one of the adjacent beams.

In areas of varying terrain, additional antenna arrays could be provided to
cover corresponding elevation angle sectors.

Any _-:l.these arrays could then be
switched to, depending on the terrain for whrch th transmrttmg 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. _

Each antenna array 410, to 410, include; -in 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:

) form the respective beams.

s coupled to lines (L, to Ly),
ssociated signals Sry,’ to
tenna array 410, further
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 respectrvely Analogously,
arrays 410, and 410, melude broad beam antenna elements ATy, to AT,y, and
ATyy4 to ATy, respectrvely, coupled to respectrve Butler Matrices 404, and 404,,
to radiate beams By, to B,y, and By, to BM, respectwely Beams By, to By
radiate signals Sy, t0 Syam’s respectrvely Typlcally, with this configuration,
adjacent beams such as B, and B, will overlap such that the power of each beam at

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
dB, for example, by addmg additional input and output ports to the Butler Matrices
of the antenna arrays, to form beams pointing mldway between the original beams.
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As discussed above, each beam B, to B, ';-_.preferably dedicated to radiating
signals-within a permanently assigned FDM calglejfrequency channel. In an
illustrative example, M can equal 60, such tha _ulﬁple beam antenna 150a
produces 60 beams, with 20 beams per antennn array In this case, each beam B,
to Bg can have a 3dB beamwidth of six degrees ;10

signals primarily within an associated six degre wi_tie azimuthal angular sector. In
the example of FIGS. 8A and 8B, all beams By to By, radiate signals in the 2500-
2510 MHz band; however, beam B, radiates onlythe signals carried on one FDM
cable channel such as CH,; beam B, radiates s1gnals ‘carried on another FDM cable
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 spn__ .as each multibeam antenna 410,
to produce the same narrow beamwidth, thereby: 'substanually 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__r__qludes 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 |

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.

Receiver subassembly 502 includes multlple?beam-recervxng-antenna 550,

which can be a distinct antenna, but which prefe_ a _ ly' shares a common antenna
aperture and beam-forrmng network with transm1 _ g’ antenna 150 of FIG. 1A (as

will be discussed further below in relation to FIG

)_. In either case, receiving
antenna 550 forms substantially ‘the same multxpl___ beams B, to By as transmitting
antenna 150. Receiving antenna 550 receives srgnals Sm to Sgx originating from

wireless terminals that may be located in random azunuth and elevation directions
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in relation to the base station. The variable K generally corresponds to the number
of information signals on transmit as well as on_g;iép_eive, and is typically greater
than the number M of beams. As mentioned above, each receive channel (i.e., the
frequency channel transmitted by a wireless termmal) is preferably offset by a fixed
frequency from the frequency channel transmlttedby the base station to that
wireless terminal (e.g., by a 100 MHz offset in.the example of FIG. 8B). Each
receiving beam B, to By, receives primarily me-siémk originating from the angular
sector covered by a predetermined portion of thatbeam's main lobe. When a
wireless terminal is positioned between overlappi;jg beams, the beam that provides
superior signal quality can be selected at any gi\?eﬁ time for communication v_vith
that wireless terminal, using a technique to be descnbed below.

Receiving antenna 550 provides received 51gnals Sy to Spx on lines Ly, to
Lav, where the power distribution of these signg}#@émong lines Ly, to Ly, depends
upon the angular position of the wireless termmals transmitting the signals, and the
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 teigﬁyc beam gain of the respective
beam is a maximum of G, and where relative gam of the adjacent beams are
below a level G,. Relative gain G, depends on_s'_ﬂi_é éxtent of the overlap between
the beams, and is typically 20 to 40 dB below thi :: -':'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. . i

With continuing reference to FIG. 5 in cogjdaqion with FIG. 9, it is assumed
that a wireless terminal W, (not shown) positior
In this case, since adjacent beam ficld strerjgth __ low the gain level Gg, signal
S, is received primarily only on beam B, and app primarily on line Lg,.
Analogously, if signal S, is transmitted by wireless. 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

i at angle ®, transmits signal Sg,.

angular position ®;, it will appear primarily on li
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transmit S,, the received signal appears with approxxmately equal power on both
lines Lm and Lg,. An analogous signal dlsmbu"""n will occur if terminal Wy,

which is transmitting signal Sg,, moves to the mte ectlon angle @,,. If wireless
terminal W, continues to move towards angle <D "

o_mmumcatlon with this wireless

ing the radiated frequency

: __ On the transmit side, this is
accomphshed by shifting the frequency of the L s1gnal S;o-i (FIG. 2A) and,
hence, of modulated signal Sy, so that it falls ; nhm the FDM cable channel
associated with beam B,. If the L.O. frequeneyv" _ shlfted by the spacing between

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

. receive side, as will become apparent below.

ypically filtered by bandpass
filters, (not shown) each having a passband correspondmg to the radiation band on
receive for the system, e.g., 2600-2610 MHz in the example of FIG. 8B. The
filtered signals are then amplified by receiving pre-amplifiers RA, to RA,,,
respectively, and applied to respec'ti\}e frequenc “ &érislators F, to Fy. Each
frequency translator F, to F,, down-converts the ; sliﬁed signal to an appropriate
FDM cable frequency chénnel, e.g., one of channels CH, to CHy, of FIG. 8A.
Preferably, the same FDM cable channel assocxated wuh a given beam is used for
both transmit and receive. Down-conversion to drfferent FDM cable channels is
accomphshed by locking each frequency translator Fl to Fy to a different

The received signals on lines Ly, t0 Ly, are

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

corresponding one of control lines 507-1 to 507-M

locked to the reference oscillator in base stauon controller 130 via one of lines 508.
Typically, the different L.O. frequencies on lmes 507-1 to 507-M are fixed, and
only the L.O. frequencies of the frequency translators 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 dynamlcally alterable in other embodiments to
provide enhanced flexibility.

The circuit arrangement for translator T; of :FIG 2B can be used for any of
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frequency translators F, to F, with the exception that the bandpass filter 220-i is
optional since bandpass filtering was already performed. The orientation would be
as follows: clock oscillator 505 replaces clock oscillator 105; lines 507-1 to 507-M
replace lines 107-1 to 107-M, respectively; line FL, replaces line TL;; and line 530-
i replaces line TR;.

The frequency translated signals on lines 530-1 to 530-M are applied to 1:M
power combiner 520, which combines the signals to form an FDM receive signal
SpoM’ on cable 510. This signal is supplied to radio receiver assembly 504, where
the received information-bearing signals within the FDM signal are extracted,
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
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
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-
bearing signal or signals.

Radio receivers 615-i then typically amplify and demodulate the signals and
supply demodulated output signals to base station cont‘roller 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,
whereby radio receiver assembly 504a could receive considerably more than K

information-bearing signals. In the case of CDMA, each receiver would extract the
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individual information signals by decoding the chip codes of each received signal.
In any case, the base station controller further conditions the demodulated signals
and places them on the proper wireline and/or time division multiplexed time slot
and/or PSTN FDM channel for transmission to the PSTN as telephonic
information-bearing signals.

Radio receiver assembly 504a also includes additional frequency translators
620-1 to 6.0-M and radio receivers 630-1 to 630-K, which function together to
determine a suitable or optimum antenna beam for each wireless terminal user. In
the embodiment of FIG. 6A, frequency translators 620-1 to 620-K are associated
with translators 610-1 to 610-K, respectively, and also with radio receivers 615-1
to 615-K, respectively, in the following manner. An attenuated version of the
FDM receive signal Sgp,’ is applied to frequency translators 620-1 to 620-K via
respectivel 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
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
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
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
then supplies an output signal indicative of the received signal strength to base

station controller 130 on a corresponding line 650-i. In this manner, a superior
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antenna beam can be chosen by the base station controller for the communication
session,. When it is determined that the presently used antenna beam is no longer
the best choice, and an adjacent beam is superior, base station controller 130
changes the control signal to frequency translator 610-i to change its frequency
shift by Fgp and thereby switch the communication session to the adjacent beam.
With this approach, the same radiated frequency channel continues to be used even
though the communication session is switched to another beam.

For example, referring to FIGS. 8A and 8B, it is supposed that 2 mobile user
communicating with receiver 615-i on beam Bs; (associated with FDM cable
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
result of the frequency translation of translator Fs;. 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
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
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
to the tower top frequency translators on transmit do not change, the same

frequency channel on transmit, CR,, is likewise maintained throughout the
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If code division multiple access is employed, each of receivers 630-1 to 630-
K would also sequentially decode the various information signals within the
frequency channel isolated in that receiver at any given time. Each receiver 630-i
would scan the different chip codes under the control of base station controller 130
to obtain a sample of each signal for measurement of its signal strength. Once
every signal is sampled, the frequency translator 620-i is stepped again to isolate
the signals received on the adjacent beam, and the signals are decoded again for
measurement. The base station controller then determines which users should be
switched to other beams.

It is noted that the decision by the base station controller to switch the
communication session to another beam can be based on parameters other than pure
received signal strength. For example, the determination can alternatively be based
on the measured bit error rate or the measured signal to interference ratio, or on a
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
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.

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-i replaces control [ine CL;.

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

504 is shown, designated generally as 504b. Operation of receiver assembly 504b
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is the basically the same as that of 504a except that a single frequency translator
620 and single "roving" radio receiver 630 is used to find an optimum or suitable
beam for each user at any given time. Translator 620 and receiver 630 thus
replace translators 620-1 to 620-K and receivers 630-1 to 630-K. Further,
1:(K+1) power splitter 680 replaces 1:2K power splitter 602. The L.O. frequency
of translator 620 is stepped in a sequence to enable receiver 630 to determine an
optimum or suitable communication beam for one radio receiver 612-i at a time.

In this ménner, receiver 630 is time-shared between all the users. This approach is
feasible since frequency translator 630 can step through all the communication
channels, and base station controller 130 can process all the data in a timeframe an
order of magnitude faster than a mobile traveler can travel between beams.

In an alternative embodiment, the wireless terminals would determine an
optimum or suitable antenna beam for the communication session. The wireless
terminals would typically need to differentiate between beams, such as by analyzing
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
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
employs a common muitiple-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
that within the coherence bandwidth, transmitting beam patterns are identical to

receiving beam patterns when a common or equivalent antenna aperture and beam-
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forming network are used for transmit and receive. In FIG. 10, antenna 150 is
employed to transmit information signals on beams B, to By, and to receive signals
Sg1 to Syx transmitted from wireless terminals. An illustrative beam B, transmits an
information signal to wireless terminal W;, which transmits a signal SR; back to
antenna 150 via the same beam B,. Duplexers D, to Dy each have a transmit port
TX coupled to an associated transmit line L, to L, and a receive port R coupled to
a respective receive line Ly, to Lyy. The duplexers enable simultaneous
transmission and reception of signals to take place. Typically, as discussed above,
frequency and control channels used for receive are offset from frequency and
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
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

appended claims.



A RO

10

15

20

25

Claims:
1. A multiple-beam transmitting system for use in a wireless
telecommunication system, comprising:

a) a radio transmitter assembly for receiving a plurality of input
information-bearing signals and generating therefrom a first frequency division
multiplexed (FDM) signal;

b) a transmitter subassembly comprising:

i) a power splitter coupled to said radio transmitter, for
splitting said first FDM signal into a plurality of second FDM signals related to
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,

) 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:

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 '

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.



A

10

15

20

25

- 22 -

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

frequency translators is operable to translate the associated second FDM signal by a
different frequency shift.

4, The transmitting system according to claim 2, wherein said
predetermined translated frequency band has a bandwidth less than the bandwidth
of said first frequency range.

5. The transmitting system according to claim 2, wherein each of said
frequency sub-bands and said predetermined translated frequency band are of

substantially the same bandwidth.

6. The transmitting system according to claim 4, wherein said plurality
of input information-bearing signals is greater than said plurality M of antenna
beams.

7. The transmitting system according to claim 6, wherein any given one
of said antenna beams is operative to radiate substantially all of said input
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
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

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

—  a plurality of further frequency translators, each for frequency
translating one of said radio signals to a tunable narrow frequency band within said
first frequency range, responsive to a control signal applied thereto, to thereby
provide a plurality of translated radio signals; and

a power combiner for combining said translated radio signals to form
said first FDM signal.

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

narrow frequency band is about 30 KHz wide.

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

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

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
from said telephonic signals to said radio transmitters, said base station controller
also operable to supply said control signals to associated ones of said further

frequency translators to control said tunable narrow frequency bands.
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14.  The transmitting system according to claim 2, wherein said transmitter
subassembly further includes a frequency synthesizer for providing a plurality of
sinusoidal signals at different frequencies, each said sinusoidal signal being
provided to one of said frequency translators, each said frequency translator
comprising:

a mixer for mixing said associated second FDM signal with an
associated one of said sinusoidal signals to produce a frequency translated FDM
signal; and

a bandpass filter having a passband corresponding substantially to said
predetermined translated frequency band, 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
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,
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
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.



(T

10

15

20

25

- 25 -

16.  The transmitting system according to claim 15, wherein said first and

second power sharing networks each comprise a Butler Matrix.

17.  The transmitting system according to claim 16, wherein said muitiple-
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, each said multiple-beam-forming-network comprising:

a Butler Matrix having N input ports, with each of said N input ports
coupled to one of said second output ports of said second power sharing network,
and with each said Butler Matrix having N output ports coupled to associated ones
of said antenna elements, and forming N beams with each of said N beams capable

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

18. A wireless telecommunication system, comprising:

A) a multiple-beam transmitting system, including:

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

¢) 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:



A R O

10

15

20

25

- 26 -
i) a receiver subassembly, including:

_ a) a receiving antenna for forming multiple beams and capable
of receiving via said multiple beams a plurality of band-limited incoming signals
originating from wireless terminals;

b) a plurality of second frequency translators, each for
frequency translating the received incoming signals to provide translated received
signals;

¢) a power combiner for combining said translated received
signals to form a third FDM signal; and

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

an associated one of said M sub-bands of said first FDM signal.

22.  The telecommunication system according to claim 21, wherein said
radio transmitter assembly comprises: _

a plurality of radio transmitters, each for receiving at least one of
said input information-bearing signals and generating therefrom a modulated radio
signal;

a plurality of third frequency translators, each for frequency
translating one of said radio signals to a tunable narrow frequency band within said
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

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;

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
plurality of fifth FDM signals. related to said third FDM signal, and wherein said
radio receiver assembly further comprises:

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

said radio receivers and each operative to frequency translate one of said fifth
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FDM signals by variable frequency shifts responsive to a control signal applied
thereto from a base station controller; and

a plurality of additional radio receivers, each coupled to an associated
one of said fifth frequency translators and to said base station controller, for
measuring received signal power in a predetermined frequency band of the
associated translated fifth FDM signal, each said additional radio receiver providing
an output signal to said base station controller indicative of the signal power
measured to enable said base station controller to determine a suitable one of said

antenna beams for each communication session with said wireless terminals.

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
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;

said additional radio receiver providing an output signal to said base
station controller indicative of the signal power measured to enable said base
station controller to determine a suitable one of said antenna beams for each

communication session with said wireless terminals.

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

frequency translators.
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27. The telecommunication system according to claim 18, wherein said
transmitter subassembly and said receiver subassembly are both disposed at a first
equipment location and wherein said radio transmitter assembly and said radio

receiver assembly are both disposed at a second equipment location.

28.  The telecommunication system according to claim 27, wherein said
first equipment location is atop a base station tower and said second equipment
location is a ground location, and wherein said telecommunication system further
comprises a first FDM cable carrying said first FDM signal and coupling said radio
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,
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
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
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.
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30.  The method according to claim 29, further comprising amplifying said
information-bearing signals within said translated frequency band in a power
sharing arrangement prior to said transmitting step.

31.  The method according to claim 29, further comprising receiving, at
said second equipment location, incoming information-bearing signals transmitted
by wireless terminals via associated ones of said antenna beams;

frequency translating each said incoming signal received to provide
translated received signals;

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

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.



