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' 'PHASED ARRAY CELLULAR BASE STATION AND ASSOCIATED
METHODS FOR ENHANCED POWER EFFICIENCY

Field of Invention
The present invention relates generally to
communications systems and, more specifically, to a
cellulaf radio communications system. '

Background of the Inventlon

- Cellular communications systems are commonly
employed to provide voice and data communlcatlons to a
plurality of mobile units or subscribers. Analog

- cellular systems, such as designated AMPS, ETACS,

NMT-450,. and NMT-900, have been deployed successfully

throughout the world. More recently, digital cellular
-systems such as designated IS-54B in North America and

the pan-European GSM system have been introduced.

..These systems, and others, are described, for example,

in the book titled Cellular Radio Systems by Balston,

et al., published by Artech House, Norwood, MA., 1993.

Frequency reuse is commonly employed in

_cellﬁlar technology wherein groups of frequencies are

allocated for use in regions of limited geographic

coverage known as cells. Cells containing eqﬁivalent
.-g:oups of frequencies are geographically separated to

allow mobile units in different cells to simultaneously
use. the same frequency without interfering with each
other, By so doing many thousands of subscribers may

‘be served by a system of only several hundred

frequencies.

- In the United States, for example, Federal
authorities have allocated to cellular communications a
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bldck of the UHF frequency spectrum further subdivided

flnto palrs ‘of narrow. frequency bands called channels.

Channel pairing results- from:the frequency duplex

'arrangement wherein the transmlt and receive -

frequencies in each palr are offset by 45 MHz . 'At
present there are 832, 30-KHz wide, radio charinels

: allocated to cellular moblle_communlcatlons in the

United States. To addrees'the”cepacify limitations of
this analog system a digital transmission standard has
been provided, designated IS-54B, wherein these.
frequencY'channels'are further subdivided into 3 time
slots. o o o
As illustrated in FIG. 1, a cellular
communication system 20 as in the prior art includes
one or more mobile stations or units 21, one or more
base stations 23 and a mobile telephone switching
office (MTSO) 25. Although only three cells 36 are
shown in FIG. 1, a typical cellular network may

~comprise hundreds of base statione; thousands of mobile

stations and more than one MTSO. Each cell will have
allocated to it one or more dedicated control chahnels
and one or more voice channels. A typical cell may
have, for example, one control channel, and 21 |
voice/data, or traffic,,channels. The control channel
is. a dedicated channel used for transmitting cell '
identification'and'peging information. The traffic.
channels carry the voice and data information.

The MTSO 25 is the central coordlnatlng
element of the overall cellular network 20. It
typically includes a cellular processor 28, a cellular
switch 29 and also provides the interface to the public
switched telephone network (PSTN) 30. Through the

cellular network 20, a duplex radio communication link

32'may beﬁeffected between two mobile stations 21 or,
between a mobile’ station 21 ard a landline telephone
user 33. -
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- - The function of the base station 23 is
commonly to handle the radio communication with the
mobile station 21. In this capacity, the base station

23 functions chiefly as a relay station for data and |
*-voiCe-signals. The base station 23 also supervises the

quality of the link 32 and monitors the received signal

-'strength from the mobile station 21.

A typical base station 23 as in the prior art

is SChematlcally illustrated in FIG. 2 whlch shows, as
.an example, the functional components of model number
" RBS 882 manufactured by Ericsson Telecom AB, Stockholm,

Sweden for the CMS 8800 cellular mobile telephone

'-system;‘ A full description of this'analog cellular

network is provided in publication number EN/LZT 101

908 R2B, publlshed by Ericsson Telecom AB.

A now common sight along many hlghways, the

"base station 23 includes a control unit 34 and an

'antenna tower 35. The control unit 34 comprises the
base station electronics and is usually positioned
within a ruggedlzed enclosure at, or near, the base of
the tower. Within this enclosure are the radié control

'”group:37, or RCG, an exchange radio interface (ERI) 38

and a primary power'supply-il for converting electric

" power from the AC grid to power the individual

components within the base station 23, and a backup

'power supply 42.

The ERI 38 provides signals between the MTSO0
25 and the base ‘station 23. The ERI 38 receives data
from the RCG 37 and transfers it to the MTSO 25 on a

‘dedicated MTS0-BS link 45. In the. reverse direction,
" the ERI 38 receives data from the MTSO 25 and sends it

to the RCG 37 for subsequent transmission to a mobile

'statlon 21.

The radio control group 37 includes the

‘electronic equipment necessary to effect radio

37 as in the prior art is shown in FIG. 3. The
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corrfiguration shown illustrates one control channel
transmit/receive module (TRM) 51, a number of voice
channel TRMs 52, and one signal strength receiver 53,

‘as is a typical configuration required to serve one

cell;orceector of a cell.  Each TRM'S;,,sz_includes_a
respective transmitter 54, receiver 55 and control unit
57. The TRMs 51, 52 are not typically frequency agile

-and operate'instead one only one predetermined channel.

Control 51gna1s from the ERI 38 are received by the

 individual control.unlts 57.. Voice and data traffic

signals are routed over a separate.lnterfacepto the ERI
38-' | . : . . - R ; .
Bach individual transmitter 54 for control
and voice is connected to a transmit combiner. 58. The
transmit comblner comblnes all of the input signals
onto a single output coupled through.a.coaxlal cable 62
to the transmit antenna 63. Through the use of the '
combiner 58, up to 16 transmitters 54 can typically be
connected to a common transmit antenna 63. The
combiner 58 is used because there is often a premium
for space on the masts and towers used to support the
antennas. In an extreme case, one mast may be required

. to support over 100 radio channels.

The individual transmlt s1gnals are ampllfled

'before combining and hence the TRMs 51, 52 have

relatively high output power to overcome the losses

through the transmit combiner 58 and the

interconnecting cable 62. Typical TRMs have average
output power levels between 10 and 50 watts.

On the receive side, each of two receive
antennas 65 is coupled to a respective receive combiner
66A, 66B where the signals received are separated
according to frequency and passed on to the individual
receivers 55 in each of the TRMs 51, 52. The two
rece.ve dntennas 65 are typically spaced 3 to 5 meters--
apart on the tower so that they receive signals w1th
uncorrelated fadlng patterns to thereby prov1de space
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diversity reception. There are many conventional

- techniques for both pre-detection and post-detection

- diversity which are described, for example, in Chapter
.10 of the book entitled "Mobile Communications

" Engineering"”, by William C.Y. Lee, published by

McGraw-Hill, 1992,
. It usually necessary to control the
environment within the enclosure for the base station

 electronics by means of HVAC equipment, that is,

heating, ventilation and air conditioning. On average,

- the typical base station enclosure is about the size of

a large truck.

-One visible feature of a typical base station
23 is the antenna tower 35. In order to achieve a
reasonable coverage area, the antennas 63, 65 are.
desirably mounted at some distance above the ground.
Referring now additionally to the prior art schematic
plan view illustration of FIG. 42, in rural areas the
towers 35 are commonly located at the center of a cell

36 thereby providing omni-directional coverage. In an

omni-directional cell, the control channel(s) and the
active voice channel (s) are broadcast in all areas of

-the cell -- usually from a single antenna. Where base

stations 23 are more densely located, a sectorized
antenna system may be employed as in the prior art, and

“ shown by the schematic diagram of FIG. 4B.
~ Sectorization requires directional antennas 70 having,

for example, a 120 degree radiation pattern as

" illustrated in FIG. 4B. Each sector 71 is itself a

cell having its own control channel(s) and traffic
channel (s). Note that "channel" may refer to a
specific carrier frequency in an analog system or to a

- specific carrier/slot combination in a hybrid TDMA/FDMA

system, such as IS-54 and GSM. .

' FIG. 5A illustrates a typical antenna system
as in the prior art and as discussed above. FIG. 5B
illustrates two types of prior art antennas that have
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beén heretofore discussed -- an omni-directional
antenna, such as a‘dipole 66, and-a7directional sector

‘antenna 70 which further 1nc1udes a’ reflector ‘64, for

example. It belng understood that transmit and receive
antennas are typically of the same type for a given
base station. :

- Thousands of such cellular base stations 23

' have been deployed in cell sites worldwide. -Currently,

the total footprint for'a cellular site is quite large.

‘often surrounded by a chainlink fence, the amount of

land required to site 'a typical base station 23 can be
sizable. 1In most'urbanlareas, the cost of the real
estate upon which the site is located is often
comparable_to the cost Of'the~equipment itself. 1In
addition to the cost of land acquisition;-real estate

taxes can be a significant operating cost. It would

therefore be advantageous to reduce the footprint of a
typical cell site. ' ' |
"~ “Also contrlbutlng s1gn1f1cantly to the

eperating cost of a cellular base station is the cost
of the power consumed. In addition to the HVAC '
eguipment for env1ronmental control, the DC power
requlrements for generating the RF power may be quite
hlgh. The solid state power amplifiers typically
located in each TRM 51, 52 operate at between 25% to
65% DC—to—RF_efficiency depending upon whether the
amplifier is linear or saturated. In addition to the
typical transmit combiner 58 loss of 3 to 4 dB, there
are significant transmission losses through.the coaxial
cable 62 from the RCG 37, up the tower 35, and to the
trensmit antenna 63. It is not unusual to suffer 10 dB
or more of total loss through these paths resulting in
only 10% of the RF power generated actually being
radiated by the antenna.

The use of scanning phased array antennas in

 cellular communications systems has beenaproposed. For

example, Stapleton, et al., A Cellular Base Phased
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Array Antenna System, Proceedings of the 93rd IEEE VTC,

- pp. 93-96 describe a circular array of monopole

radiating elements to provide 360 degree scanning
capability. ' In order to provide space diversity,
Stapleton’s antenna is designed such that each
radiating element has the potential of tfansmitting on
every channel allocated to the cell. ' '
The use of phased'array-antennas for
narrowband radar has been widespread. With emphasis

"given to highly focused transmissions of short pulse

duration, these so-called solid state, or active,

- phased arfays'usually employ Class C power amplifiers

behind each radiating element. 1In order to develop
highly directive beams, a typical array for a search
radar may have hundreds, if not thousands of individual
radiating elements. Such antennas are discussed at
length in'Skoinik,'Radar-Handbook, McGraw Hill, 1990,
chapters 5 and 7.

| It should be noted that passive microstrip
arrays are also currently available for use with
cellular base stations. For example, type no.
1309.41.0009 manufactured by Huber+Suhner AG of
Herisau, Switzerland is a seven element linearly
polarized flat panel passive antenna with a shaped
elevation beam for use in cellular base stations. This
array can replace the typical dipole antenna and is
more suitable for locations on the sides of buildings
or other flat surfaces. 'In application note 20.3,
published'by Huber+Shuner, it is shown that wide area

coverage may be obtained via the use of power-splitters

whereby portions of the signals are diverted to several
individual panels.

Unfortunately, both of the above described
phased array antennas require a multi-carrier power
amplifier, or MCPA, for simultaneous 1llum1nat10n of a

' partlcular sector with two or more frequenc1es as is

common in cellular systems. In a multi-carrier system,
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intErmodulation;requirements require spurious noise
suppression of'greater than -65 dB for third order
products. To_reducehintermodulation%disportion, an
MCPA must therefore operate in a: highly pewer
inefficient linear mode thereby reducing overall power
efficiency. ' '

- Summary of the Invgntign= _

In view of the forego;ng background, it is
therefore an object of the present invention to prov1de
a cellular communications system_base station and
associated method addressing the practical problems of
increasing power efficienéysana reducing'cell site
size. _ _ S '

It is also an object of the present invention
to provide a base station and associated method fof
facilitating the uSe_of.actiVe phased array antennas,
while reducing radiation of spurious signals, such as
intermodulation products. | |

These and other objects, advantages and
features of the present invention ate provided by a
base station including radio channel generating means
for generatingfa plurality of individual radio channel
signals each at a different frequency from one another,
and a plurality of individual phased array antennas

operatively connected to the radio channel generating
' means so that each individual phased array antenna

transmits only one individual radio channel signal at a
time. Accordingly, intermodulation products are
considerably reduced as compared to a phased array
transmitting multiple radio channels at different
frequencies et one time. Moreover, the present

 invention permits individual amplifiers to be

incorporated into the phesed array antennas to thereby
considerably reduce cable transmission. losses
associated with delivering RF power to a conventlonal
antenna, for example. The overallelmprovement of DC-

Thls Sheet Has Been. Re;ilaced
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to-RF efficiency reduces the size of the required

equipment power supply and lessens the thermal

' management problem, thereby also reducing operating
' costs and improving system rellablllty

- Bach of the phased array antennas preferably
includes a substrate and a plurality of radiating

'~ elements mounted thereon in a'predetermined'pattern.

Each radiating element is preferably provided by a
stripline, and the substrate is preferably a circuit

board. Accordingly, another feature of the base

station according to the invention is that power
radiated by each phased array antenna may be
selectlvely controlled to reduce the difficulties
associated with communicating with respective mobiles
that are both near and far from the base station. More

particularly, the base station preferably includes

signal quality receiver means for receiving a signal
from a mobile unit relating to the signal quality
received at the mobile unit, and further includes
antenna power control means for selectively operating
predetermined'ones of the radiating elements in each
respective phased array antenna responsive to signal
quality'reéeived at the mobile unit. Alternately,
signal strength may be sensed at the base station.
Thus, the radiated power and or beamwidth from the
anternna may be selectively controlled to maintain a
sufficient received power level at the mobile for good
eommunicatibns, yet not deliver so much power,
particularly for a near mobile, to create an

unnecessary likelihood of 1nterference, for example.

The radio channel generating means may

'preferably be located adjacent the lower portion of the

base station antenna tower, and linking means, such as

coaxial cables may be used to deliver the radio channel

signals to the phased array antennas. Alternately, the
radio channel generating means may be located on the



WO 95/26116 | | - PCT/US95/02464

10

15

20

25

30

35

~10-
towér or manufactured integral'with_the phased. array
antennas to further reduce RF power losses. _

. The base statioﬁ.alao preferably'ineludes a
receive antenna-pdsitipned agjacent”the traﬁemit phased
array antennae._ The receive antenna is also.preferably
a phased array antenna.capabie of receiving a plurality
of individual radio channel signals each at a different

frequency from one another from a plurality of mobile

units. Accordingly, the receive antenna may also
preferabiy include a combining network mounted thereon
and connected to the receive antenna elements.fof N |
coherently coupling signals received thereby, and a low
noise amplifier mounted on the antenna ahd connected to

the combining network for amplifying a 51gna1
therefrom.

The base station-also preferably includes
modulator means for hodulatingma plurality of radio
frequency carriers with respective input_or information
signals to thereby generate the plurality of individual
radio channel signals. In one embodiment, the input
signals may be time division multiplexed into time

- slots of repetitive multiplex frames.

Yet another advantageous feature of the
present invention is that a sw1teh_may be provided
between the radio channel generating means and the
phased array'antennas,.such as to facilitate cell
splitting. . More-particularly, the switch is movable
between first and second positions so that in the first
position the switch couples together two or more
predetermlned phased array antennas for 1ncrea51ng
radiated antenna power for a respective radio channel
signal. 1In the second position, the switch decouples
the two or more predetermined phased array antennaS'and
facilitates 1ncreas;ng radio channel capacity for the
base station, that is, spllttlng the cell.

Method aspects of the_present 1nventiqn
relate to operating the base station as described
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above. One method is for operating the base station
for enhanced power efficiency and includes the steps
of: generating a plurality of individual radio channel

- signals each at a different frequency from one another;

and operating each individual phased array antenna to
transmit only one individual radio channel signal at a
time. Accordingly, active phased array antennas may be -

- used to reduce losses typically associated with

delivering RF power from the ground to an antenna
mounted on a tower as in conventional cellular

communications systems.

Another method aspect relates to controlling
the radiated output power of the phased array antennas
and includeé the steps of: generating a plurality of
radio channel signals and transmitting same via at
least one phased array antenna, receiving a signal from
a mobiie'unit relating to received signal quality at
the mobile unit, and selectively operating

- predetermined- ones of the radiating elements responsive

to sensed signal strength from the mobile unit.

Accordingly, a desired amount of power or desired

beamshape may.be produced to ensure communications
while reducing the likelihood of unnecessary.

‘interference.

Another method aspect relates to facilitating
cell splitting as is typically required as the number
of mobile units increases in a given cell. The method
includes the steps of: generating a radio channel
signal and delivering same to two or more predetermined

‘phased array antennas coupled together for increasing

radiated antenna power for the radio channel signal;

~and later decoupling the two or more predetermined

phased array antehnas and operating the two or more
predetermined phased array antennas with respective
different radio frequehcy channels to thereby increase
the radio channel capacity for the base station.

Sheet Has Been Replaced

T I U
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* Brief Description of the Drawings

. These and other'features énd;advantages,of

. the present invention.will be readily apparent to one

of ordinary skill in the art from the following written

description, read in conjunction with the drawings, in
~ which: '

: ~ FIG. 1 is é;schematic,block diagram
illuétrating the-basic'componen;s of a cellular
communications system as in the prior art; -

FIG. 2 is a schematic block diagram
illustrating the functional components of a cellular

'communications;base station as in the prior art;

FIG. 3 is a schematic block diagram _
illustrating the;functidnal elements of Radio Control
Group of a base station as in the p:ior_art;; o

FIG. 4A is a schematic plan view illustrating
an_Omni-directionaI_cellular pattern as in the prior
art; o : o

FIG. 4B is a. schematic plan view illustrating
a sectorlzed cellular pattern as in the prior art;

FIG. 5A is a schematic side v1ew illustrating
a typical cellular antenna system as in the prior art;

FIG. 5B is a schematic side view illustrating
an omni-directicnal antenna and a sector antenna as in

the prior art;

_ FIG. 6 is a schematlc block diagram
illustrating a-cellular communications system base
station according to the present invention;

FIG. 7 is a schematic block diagram of a
transmitter/receiver module used in the base station
according to the present invention;

" FIG. 8 is a schematic planiview_illustrating
a.typiéal arrangement of antennas in accbrdance.with
the invention having three sectors served by one, two,
and three carrier frequencies each; '
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.

FIG. 9 is a schematic plan view of _
theoretical downlink coverage patterns as produced by
the arrangement shown in FIG. 8;

© FIG. 10 is schematic block diagraﬁ

illustrating the relationship between the slots;

frames, and multiframe transmission in GSM as in the
prior art; | '
FIG. 11 is a schematic block diagram of an

embodiment of the base station according to the

invention'illustrating how capacity and radiated power
may be traded to facilitate cell splitting;

FIG. 12 is a schematic block diagram of an
embodiment of the base station according to the
invention illustrating a method'to effect radiated

power control; and

FIG. 13 is a schematic diagram of an

‘embodiment of the base station according to the

invention_illustrating a method to effect coupled power
by changing the beamshapeiof a phased array antenna.

" Detailed Description of the Preferred Embodiments

The present invention now will be described
more fully hereinafter with reference to the

' accqmpanying drawings, in which preferred embodiments

of the invention are shown. This invention may,
however, be embodied in'many different forms and should
not be construed as limited to the embodiments set

forth herein. ' Rather, these embodiments are provided

so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to

those skilled in the art. Like numbers refer to like

elements throughout.

"Although'the proposed invention may be used
with any known cellular or land-mobile radio
transmission standard, it is envisaged that it may be
particularly suitable for use with the pan-European GSM
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sYstem. Therefore, where appropriate, specific ,
examples presented herein w111 be dlrected towards a
GSM implementation. This 1s done to ensure that the
description of the preferred embodiments w111 be
readily understood by those skilled in the art, while

. those skilled in the art will apprec1ate that the

present invention can be easily and readlly adapted to
different transmission standards.

First, a proposed base station_in accordance
with the invention will be descrlbed Following this,
a detailed descrlptlon will be prov1ded lllustratlng
how to advantageously use the proposed base station in
a cellular communications system.. |

Referring first to FIG. 6 there is shown an
embodiment of the base station 80 according to_present
invention configured for an exemplary arrangement
eovering one sector with three carrier frequencies.
This particular arrangement is chosen due to-its
simplicity and is_not intended to be 1imitati&e. It is
envisaged, for example, that a tYpical base station may
have 8 or more carriers and therefore 8 or more

transmit antennas per sector/cell. From the following
description of this example those of skill in the art

will readily be able to extend this example

configurations having many carrlers and/or many

sectors/cells.
The base station 80 includes an antenna
system 81, an interfacility link (IFL) 82, and the

‘radio control group (RCG) The RCG 83 is preferably a

rack mounted assembly whlch in one: embodlment is

IFL 82. The RCG provides the radlo channel generatlng
means for generating a plurality of 1nd1v1dua1 radio
channels at different frequencies. ‘The IFL 82 provides
linking means and preferably includes a bundle of
coaxial cables, power cables, and control wires, and is

. typically a few tens of meters in length. It is
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envisaged that the base station 80 in this embodiment
will have the RCG 83 located on the ground and housed

'in an environmentally shielded enclosure.

The antenna system 81 will typicaliy be
positioned on a tower 86 or otherwise elevated above
the ground. It is also possible to have the RCG 83
located intermediate on the tower or itself _
incorporated into the antenna system 81. If the RCG 83
is to be so located, careful consideration should be
given to providing adequate lightning protection, as

would be readily understood by those skilled in the

art. , _
In either arrangement, the RCG outputs 85 are

interfaced to a conventional exchange radio interface

(ERI) 90 and subsequently to the MTSO 91 and to the

. remainder of the network via conventional means as

would be readily understood by those skilled in the
art. 1In fact, it is envisaged that the proposed base
station 80 may be used to upgrade existing cellular
systems by replacing an existing antenna system,

'conventional'IFL and RCG with the components as

described herein. The new RCG 81 may therefore plug
directly into the inputs of an existing ERI.

The base station 80 accordlng to the present
invention uses a single carrier per active array. Aas
shown in the illustrated embodiment of FIG. 6, the base

‘station 80 includes three separate active array

antennas or panels 95A, 95B and 95C for transmitting
one each of three frequencies assigned to the
sector/cell. The base station 80 also includes a
single receive antenna 96 capable of receiving all of
the transmit frequenc1es. '

Each active array panel includes a plurality
of RF power amplifiers 101 each coupled through a
filter 102 to an individual radiating element 103.
Power is distributed to each power amplifier 101 via a
power dividing network schematically illustrated only
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for: active array A~95A-by_thé dotted block labelled:

105. In this embodiment, the above-mentioned .
components are preferably £abficatéd_using stripline or
microstrip tephniques”oh:a;mountingfsubstraté, such as

a glass-epoxy printed circuit board, as would be

readily understood by those skilled in the art.

. The power divider 105 is a network for
distributing RF pbWer from a single input to several
outputs and may preferably be a Wilkinson power
divider,_branchéguide-or_edge-coupled_divider, or other
well-known pOWerndivisiOnwdevices, such as described in
Chapter 5 of Béhl, et al., Microwave Solid State

. Circuit Design, Wiley & Sons, 1988. The power divider
105 is preferably_designed to provide phase coherent

outputs to each power amplifier 101. The input power
may be équallygdivided-and in-phase among all of the
power amplifier 101 inputs; this is known as uniform

-illumination and produces a symmetrical radiation

pattern. Alternatively, small power imbalances and/or -
phase offsets can be provided if it is desired to shape
the radiation pattern in accordanée with basic array
theory. A discussion of phase offsets and power
imbalanceslﬁay be found in Part 2 of Brookner,
Practical Phased-Array Antenna Systems, Artech House,
1991. Another reference on the basics of array theory
can be found in Chapter 7 of Skolnik, Radar Handbook
2nd Ed., McGraw H111 :1990. _ o

‘In the illustrated embodlment the. power
ampllfler 101 may preferably be a 1-2 watt dev1ce such
as part number GT-1867 manufactured by GigaTec, Inc. of
942-1 Shimosatomi Haruna-machi Gunma-gun Gunma-ken

370-33 Japan. The power amplifier 101 is desirably

suitable for integration to a microstrip circuit and
may be operated in a saturated or linear mode depending
upon whether the modulation of the RF signal is
respectively'of'COnstant or non-constant envelope. For
an analog system using frequency modulation, the
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ampiifier may be operated as a saturated Class C device
having high DC-to-RF efficiency. For certain digital
modulations, for example w/4 shifted DOPSK, the
amplifier 101-is'preferably operated as a linear Class
5 A device having lower DC-to-RF efficiency, but
_producing an amplified replica of the envelope
variations of the input signal. .
- The power amplifiers-lOl may produce wideband
noise outputs at frequencies overlapping the receive

10 freqnency band. These may be of such a level as to
degrade the noise figure of the receive amplifier 110.
To improve the spectral purity of the transmitted
signal, the output of each power amplifier 101 is
preferably coupled to a respective filter 102. . The

15 filter 102 is preferably a microstrip notch filter,

' such as described in Chapter 6 of Bahl, et al.,

- Microwave Solid State Circuit Design, Wiley & Sons,

- 1988. The filter 102 preferably attenuates signals'
that overlap the receive frequency band. Depending

20 upon the system bandwidth and frequency assignment, the
filter: 102 may also preferably be a bandpass filter
with the pass band centered about the transmit

. frequency. Alternatively, a'low—pass or high-pass
- filter may also be appropriate. '

25 The output of each filter 102 is
illustratively coupled to a respective radiating
element 103 which may preferably be a _
linearly-polarized microstrip patch antenna such as
described on pages 7-1 to 7-14 of Johnson, et al.,

30 Antenna Engineering Handbook - 2nd Edition,
McGraw?Hill, 1984. Alternatively, a circularly
:polarized'patch antenna, such as described on pages
7-14 to 7-16 of the aforementioned reference may
equivalently be used.

35 . : In the illustrated embodiment of the base
station 80, the transmit active array panels 95A, 95B
and 95C are preferably identical. The receive array
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pane1a96 iS'preferably an antenna array'forméd from
microstrip patch elements 97. As with transmit active
array panels, the receive panel 96 is'prefe:ably -
constructed from a glass-epoxy circuit board using
stripline or microstrip techniqﬁes, as would be readily
understood by thoSe'skilled'in the art. The antenna
elements 97 are agaln preferably microstrip patch
radiators as described above. - The patch antenna
elements 97 are preferably:llnearly:polarized patch
antenna elements. It is preferred if both the transmit
and receive panéls exhibit the same polarization --
normally vertlcal linear polarization.

The receive antenna .elements 97 are coupled
to_a-common transm1551on_11ne 98 via a combining
network 99. Basically the inverse of power dividing
network 105, the combining network 99 coherently.
céuples-the'signals received from array elements 97
into a common output. As before, the combining network
99 may introduce phase offsets or tapered coupling in
order to effect beam shaping or to reduce sidelobes.

The output-of-combining'netwak 99 is
illustratively coupled to a low-noise amplifier (LNA)
110.  Traditionally, a similar LNA was located in the
RCG of a conventional. base station, and, accordingly,
the received signal suffered 2-4 dB of transmission
loss through the IFL cabling.: By locating the LNA 110
on the receive antenna panel 96 in accordance with
another advantage of the present invention, losses
prior to amplification are reduced thereby benefitting
the overall sYstem noise figure and enabling the
receive antenna gain to thus be reduced.

" The amplified receive signal from the LNA 110
is also preferably filtered to remove unwanted signal
components, such as those generated by the power
amplifiers 101. Therefore the output of LNA 110 is
preferably coupled to bandpass filter 112. The
bandpass filter 112 may preferably be a ‘microstrip edge
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coupled filter, such as describedein Chapter 6 of Bahl,
et al., M&crowaﬁe Solid State Circuit Design, Wiley &
Sons, 1988. Depending on the system bandwidth and
channel spacing, a low-pass, or high—pass filter msy
also be acceptable as would be readlly understood by
those skilled in the art. ' o

Both the transmit signals and the receive

'signals'are coupled to/from the antenna system 81 via

an interfacility link (IFL) 82. 1In the illustrated
embodiment, the IFL preferably comprises a bundle of

provide power to the power amplifiers 101 and the LNA

110.

The radio control group 83 preferably
1ncludes a plurality of transmit/receive modules (TRMs)

- 120. Referrlng now additionally to FIG. 7, the TRM 120

is explained. The TRM 120 preferably comprises the RF
hardware and electronics necessary to effect conversion

‘of an information signal to an RF output and vice versa

for a receive signal. The information signal is

. preferably dlgltlzed to a bltstream comprising a
- sequence of dlgltal phase and/or phase and amplitude

1nformatlon and is received from the ERI by
conventional means. For GSM cellular'systems, the-

- information signal represents a GMSK waveform. For

IS-54 systems, the information signal represents a n/4

-shifted DQPSK waveform. The generation of both of

these types 6f signals would be readily understood by
those skilled in the art, as would other modulation -
techniques.

The information signal is coupled to a

‘modulator 121 where the phase, amplitude and/or phase
- and amplitude information are impressed upon a

reference frequency to create a baseband signal coupled
to a mixer 123 where it is mixed with a predetermined
RF carrier frequency genereted by a reference

oscillator 127 and channel synthesizer 128. The

< T——
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reference oscillator 127 is also coupled to the
modulator 121 via the multiplier 129'in the illustrated
embodiment . The RF carrier frequency is selected
responsive to commands which are obtalned from the ERI.
The output of the mixer 123 is coupled to a transmit
filter 124 to remove unwanted mixer products. After
filtering, the modulated RF carrier is.coupled via
coaxial cable 115 illustratively defining the IFL 82 to
the transmission line 116 on the active array panel 95a
where it is radiated as described above (FIG. 6). 2an
identical process, at a separate carrier frequency, '
occurs in each of the other TRMs.

Still referrlng to FIG. 7, 51gnals recelved
from the receive array panel 96 are coupled to a
receiver circuit 130 where the modulated RF;carrief is

downconverted to a baseband signal and demodulated by

the illustrated arrangement of first and second mixers
132, 134, respectively, driven respectively via a local
oscillator and associated local oscillator filter 135,

and by a second local oscillator synthesizer 137,

respectively. -Three_IF:filters_141-142'are also shown
in the illustrated embodiment for downconﬁerting the -
receive signal to baseband and demodulating_the
downconverted signal. Accordingly, two signals are
generated: an IF signal and a received signal strength
indicator (RSSI) signal as illustrated. .

In FIG. 7 is shown an arrangement suitable

for demodulating a 7/4 shifted DQPSK signal. An

example of such a demodulation technique is described,
for example, in U.S. Patent 5,048,059 entitled
"Log-Polar Signal Processing" to Dent and assigned to
the present assignee, the disclosure of which is hereby
incorporated herein by reference. onefskilled in the
art can readily observe that a GMSK demodulator, or
other, may be used. _ .

- output from the recelver c1rcu1t 130 is an

_informatlon signal which may be processed_ln ‘the TRM
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120° or passed through to the ERI for subsequent

processing according to conventional techniques. A

similar process, at a receive frequency correspending

to the respective transmit fiequency occurs'in all of
5 the TRMs 120. -

FIG. 8 is a schematic plen view illustrating
an exemplary arrangement for using the proposed base
station 80 heretofore described. This arrangement

'provides'6mni¥directional coverage by'dividing a cell

10 ihto-three sectors each having, for example, a

' different number of frequencies allocated. _Transmit
phesed array active antennas 151, 152, 153, 155, 156
and 157 are located on a triangular mount 160 and
oriented to provide sectorized coverage. A

15 conventional radome 162 provides protection from the
environment. Sector 1 is defined as approximately that
region between line 165 and line 166 and is illuminated
by phased array antenna 151. Sector 2 is defined as
approximately-that-region_between line 166 and line

20 167. Sector -2 is illuminated by three phased array
antennas: 155, 156, and 157. Sector 3 is defined by
that region between lines 167 and line 165 and is
illuminated by two phased array antennas 152 and 153.

In a single carrier per channel system, such

25 as the US AMPS system, that is, IS-553, one frequency

' is preferably assigned to each phased'array antenna in
accordance with the invention. For this example, ‘a
first frequency is assigned to antenna 151, a second,
third, and fourth frequency are each assigned to

30 -antennas 155, 156, and 157 respectively, and a fifth
and a sixth frequency are assigned to. antennas 152 and
153, respectively. Frequency assignment is determined
by the MTSO which provides control signals via the ERI
to the respective TRM associated with each antenna as

35 previously described. Although it is possible that the
individual frequency assignments may be dynamically
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changed, each antenna does not transmit more than one
frequency at any moment in time. '

“ In FIG. 9 is shown a theoretlcal coverage
pattern produced by the antenna system of. FIG. 8
wherein the respective coverage areas for each
transmitter are indicated by the respective antenna
numerals with an "A" suffix. According to the present
invention, a mobile station 171 may receive downlink
signals on a first frequency transmitted from antenna
151. The uplink signals transmltted from mobile
station 171 will be received by the phased array
antenna 150. Note that the patterns (not shown) of
receive antennas 150, 154, and 158 preferably have
sufficient beamwidth to cover their entire respective
sectors. In Sector 2; mobile station 172 may receive .
downlink signals from all three -antennas in this
sector. Therefore, mobile”station 172 may be tuned to
receive a downlink signal on a second frequency from
antenna 155, a third frequency from antenna 156, or a
fourth frequency from antenna 157. Mobile station 173
is shown outside the coverage area of antenna 157 so it
must be tuned to receive a downlink signal at a second
frequency from antenna- 155, or a third frequency from
antenna 156. The uplink signale-trensmitted by mobile
stations 172 and 173 are both received by receive .
antenna 158. _The_ieceived signals are coupled to the
TRMs in the RCG and processed as described in greater
detall above.

In a TDMA system, such as the pan- European
GSM system, e ach carrier is divided into several time
slots 178. An illustration ofnthe prior art GSM frame
structure is shown in FIG. 10 andgineludes a multiframe
181 divided into a series of TDMA frames 180, in turn,
divided into a series of time slots 179, as would be
readily understood by fhose_skilled in the art. As
shown in the TDMA frame 18Q there are eight time slots
numbered 0 through 7. Thefefore up to eight mobile
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stations can occupy a given carrier frequency.' In'FIG.
9, for example, mobile station 171 and seven other
mobile stations (not shown) can be served from antenna
151. Similarly, in sector three mobile stations 174
and 175 may occupy_different slots of the same
frequency transmitted from antenna.152 or antenna 153.
It can also be observed that mobile_station 174 may
occupy, for example, a time slot transmitted on a first

frequency by antenna 152 and that mobile station 175

may also occupy the same time slot.transmitted on a
second frequency by antenna 153. '

In FIG. 11 there is shown another aspect or
feature in accordance with the present invention.
Therein'is illustrated an arrangement of two tranSmit__
phased array active antennas 95A and 953 connected via
a single pole double throw, or SPDT, switch 190. Upper
antenna 95A and lower antenna 95B may be identical to
the description given above. For clarity, the IFL 82
and the RCG 83 are not shown in FIG. 11. There are two
TRMs 120 also as described above and connected to the
ERI. ' . C
It wiil be readily appreciated by those
skilled in the art that the effective radiated
1sotrop1c power, or EIRP, for a phased array antenna is
a function of the power transmitted by each radiating
element 103 the number of elements, and the gain of
the.antenna. For example, if each radiating element

103 has a 600 milliWwatt power amplifier 101 coupled
.thereto, and the radiating element has 11 dBi gain,

then each of the upper and lower antennas 95A, 95B,

.respectively, have approximately 100 Watts EIRP.

Connected ‘together as when sw1tch 190 is closed they
form effectively a Single antenna hav1ng approx1mately
400 Watts EIRP. _ .

In the initial deployment of new cellular
coverage there are often relatively few cell sites each
having wide regions of coverage, that is, large cell
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diameters. As the number of subscribers 1ncrease, cell

_spllttlng 1s de51rable cell spllttlng is the process
by whlch cell s1zes are decreased and frequency reuse

is 1ncreased The general approach is descrlbed for
example, on pages 301 306 of W.C.Y. Lee, Mbblle
Cellular Telecommunzcatlons Systems, McGraw Hlll Book

'Company, 1989

In the 1n1t1a1 deployment of a cellular

communlcatlons system, a ‘base statlon 80 1nclud1ng an

antenna conflguratlon such as shown in FIG. 11 may be

_ erected. The system w111 flrst be deslgned w1th

relatlvely large cell s1zes 'In this sltuatlon, for
example, a s1ngle frequency w1th a hlgh EIRP is

_requlred and the SWltch 180 preferably has an arm
_coupled to pole thereby connectlng the upper and lower -

antennas, 95A, 955 together with one TRM as shown by
the dotted sw1tch pos1tlon, thereby formlng effectively

one antenna hav1ng a hlgher EIRP.

As the number of subscrlbers 1ncreases, the-

,base statlon 80 has the bullt 1n capablllty to trade

cell s1ze for capac1ty ThlS is accompllshed by addlng
another TRM shown on the left of FIG. 11 into the RCG
and.moving the switch 190 to the position indicated by
the solid line. 1In this configuration, the left TRM .
120 is:connected_to the upper-antenna 95A and the right
TRM is connected'to the'lower'antenna 95B. Each TRM is
tuned to a dlfferent transmlt frequency as prev1ously
descrlbed . By so d01ng, without requlrlng any change
to thé antenna system other than resettlng switch 190,

a s;ngle antenna hav1ng 400 Watts EIRP is changed to
two antennas each hav1ng 100 Watts EIRP _ ' As would be
readily apparent to one skllled 1n the art, 1ncrea51ng

~the number of frequenc1es ‘and reducrng the transmlt

power increases the system user capacity.
- In any cellular communlcatlons system there
is a so- called "near/far“ problem For example,

'referrlng back to rIG 4A, there 1s shown in oell 36
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two'mobile stations 21. One mobile station is located
close the base station while the other is located at
the periphery of the cell far removed from the base
station. To reduce interference, it is desirable to
transmit downlink (and uplink) signals with just enough

'power to meet the sensitivity requirement of the

respective receivers. Therefore, it is desirous to
transmit to a near mobile station at a much lower power
level than to a far mobile station.

In a cellular telephone system employing

digital communications, signal quality may be a more

important factor than received signal strength. It is
a distinct advantage in TDMA systems, such as IS-54B
and GSM, that a mobile station may perform signal.
quality measurements during otherwise inactive time
slots. Most often these measurements are used to
determine whether or not a handover to another
frequency is necessary. Such a method is known as
mobile assisted hand-over, or MAHO, and is well known
to those skilled in the art and is described, for
example, in Section 3.4.6 of the IS-54B Specification.
According to another aspect of the present invention,
the signal quality measurements performed by the mobile
station may also form the basis for determining the
required amount of power transmitted by the base
station. Indeed since it is signal quality and not
simply signal strength that is typically measured, the
power transmitted by the base station may be optimized
if these signal quality measurements are used. Signal
quality measurements are performed in the usual manner
and the transmit power of the array antenna méy be
adjusted as will now be described.

It has been shown how to effect ‘large changes
in the transmlt .power of the antenna system above.
However, practical downlink power control requires
smaller increments of power aajustment. An embodiment

~of the invention shown in FIGI" 12 illustrates a base
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 station 80 for so doing. - FIG. 12 shows the addition to
the structure of FIG. 11 of a micropfocesSor-controlled

power ‘supply.185. For understanding, individual supply
lines 196a-196h to each power amplifier 101 are shown.

- It is also possible to have individually addressable

pOwertsupply_iinesuserved from a common bus supply. 1In
either case, the controllable power supply 185 is .
capable of turning on and off the DC power to each _
individual power.amplifier 103 in response to signals
received from the ERI. _

-In this example near and'far-mobile stations
of FIG. 4A are in the coverage region of antenna system
shown in FIG. 12; and both are being served by
different time slots transmitted on the same frequency
from the antenna system.: Referring back also to FIG."
10, it is assumed-further-that the near mobile station
occupies the time slot five of the TDMA frame 180 and
the more distant mobile station occupies the time slot
three of the TDMA frame. It can be shown that the
output power (i.e., EIRP) of the antenna is -
proportional to the number of active elements squared
by: ' : - . |
- BIRP < N? (Gain) (P,)
1f, as before, each power amplifier is capable of .
producing a power output, PT of 600 milliWatts and that
each element has.a gain of 11 dBi then the radiated

- power values in TABLE 1 below can be constructed.
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. | Power . .
State Supply | . Activated?
1 196a YES YES YES YES YES YES YES YES
2 196b NO YES YES YES vEs | vms YES YES
3 196¢ NO NO 1 ¥&s YES Yes YES YES YES
4 196d NO- NO NO YES YES YES YES YES
5 196e No NO ‘'No - | mo YES YES YES YES
6 196f NO NO NO NO o |ves YES YES
7 196g NO NO NO NO NO NO YES YES
8 196h NO NO NO NO NO No | wo YES "
EIRP (Watts) 7.8 30.2 67.9 | 120.8 | 188.8 | 271.9 | 370.1 | 483.4

~ If, for example, it is required to transmit
to the near mobile station with 30 watts, then during
time slot five of the TDMA frame power supply lines
196a and 196b are activated and all others are
deactivated. If it is required to transmit to the far.
mobile station with the full 480 watts, then during
time slot three of the TDMA frame all of the supply
lines are activated. Other combinations may, of

~course, be used as desired. If intermediate power

levels are required they can be obtained by varying the
number of power supply lines which are activated during
any given time slot. ' '

As the number of elements in a'phased array
antenna is decreased, the'radiation beamwidth
increases. This has advantages which can be exploited
in the present invention. In FIG. 13 is shown a phased
array antenna 95A according to the present invention.
When transmitting to.more distant mobile stations such
as mobile station 177, it is required to activate a
relatively large number of the available active
elements 103. By so doing, the vertical beamwidth of
the antenna 95A and schematically illustrated by dashed
line 178 is also decreased thereby providing a
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directive beam to the dlstant moblle ‘station 177 When
transmlttlng to nearer mobile station 176 fewer active
elements 103 are required to be actlvated Slnce

mobile-statlon 176 may be very close to the antenna

tower, it would normally be in a poor coverage region
for an antenna hav1ng beamwrdth.l?B.' However, since
decreasing the number of active elements 103 in the

' antenna has the effectfof broadening the vertical
rbeamw1dth 1nd1cated by dashed line 179 moblle statlon

176 is’ found to be in a reglon of acceptable coverage

.w1thout having to resort to electronlc or mechanical

steerlng of the antenna 95A. _

Many modlflcatlons and other embodlments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachlngs presented
in the foregoing descrlptlons and the associated

‘drawings. Therefore, it is to be understood that the

invention is not to be’ limited to the spec1f1c
embodlments disclosed, and that modlflcatlons and
embodiments are intended to be included within the
scope of the appended claims.
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1. A base station for a cellular

cbmmunications_system, said base station compfising:
radio channel generating means for genefating
a plurality of individual radio channél signals each at
5 a different frequency from one another; and
a plurality of individual phased array
antennas connected to said radio channel generating
means so that each individual phased array antenna
transmits only one individual radio channel signal at a
10 time. '

2. A base station according to Claim 1
wherein each of said phased array antennas comprises a
substrate and a plurality of radiating elements mounted
thereon in a predetermined pattern.

15 3. A base station according to Claim 2
further comprising signal quality receiver means for
receiving a signal transmitted from a mobile unit
relating to signal quality received at the mobile unit,
and further comﬁrising antenna power control means

20 connected to said signal quality receiver means and
said phased array antennas for selectively operating
predetermined ones of said radiating elements in each
respective phased arréy antenna reéponsive to signal
quality received at the mobile unit.

25 4. A base station according to Claim 2
further comprising signal strength means for sensing
received signal strength from a mobile unit, and
further comprising antenna power control means
connected to said signal strength means and said phased

30 array antennas for selectively operating predetermined
ones of said radiating elements in each respective

R O O
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phased array antenna responsive to sensed signal

strength.

5. A base station according_to;Claim 2.

- wherein -each radiating element comprises a stripline,

and wherein said substrate comprises a circuit board.

6. A base station according.to Claim 2
further comprising a respective amplifier connected ‘to

"each radiating element and mounted on said substrate so

that each phased array antenna defineé_an_active phased
array antenna. '

7. A base station according to Claim 1
further comprlslng a receive antenna positioned
adjacent said phased array antennas for receiving from
mobile units a plurality of individuai'iadio channel
signals each at a different frequency frbm one another.

8. A base station according to Claim 7
wherein said receive antenna comprises a receive phased
array.antenna.including a substrate and a plﬁrality of
receive aﬁtenna elements mounted theréon in a
predetermined pattern.

9. A base station according.to Claim 8
further comprising: _

' combining network means mounted on said .
substrate of said receive antenna and connected to said
plurallty of receive antenna elements for coherently
coupling signals received thereby; and

amplifier means mounted on said substrate of
said receive antenna and connected to said combining
network means. for amplifying a signal therefrom.

. 10. A base station according to Claim 1
wherein said radio channel generating means further

* [ L M S *
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comprises-modulator means'fo; modulating a plurality of
radio frequency carriers with respective input signals

to thereby generate sald plurality of 1nd1v1dual radio

channel signals. '

11. A base station according to Claim 1
further comprising switch means connected between said
radio channel generating means and said phased array
antennas and movable between first and second positions
so that said switch means when in the first position
couples together two or more predetermined phased array
antennas for increasing radiated antenna power for a
respective radio channel signal, and so that said
switch means when in the second position decouples the
two or more predetefmined phased array antennas for
increasing radio channel capacity for the base station.

12. A base station for a cellular
communications system, said base station comprising:

radio channel_generating means for generating
a plurality of radio channel signals;

at least one phased array antenna connected
to said radio channel genefating means, said at least
one phased array antenna comprising a plurality of
radlatlng elements; .

signal quallty receiver means for receiving a
signal transmitted from a mobile unit relatlng to
51gnal quality received at the mobile unit; and

- antenna power control means connected to ‘said

signal'quallty receiver means and said at least one
phased array antenna for selectively operating
predetermlned ones of said radlatlng ‘elements
responsive to signal quallty recelved at the mobile
unit.

13. A base station according to Claim 12
wherein said at least one phased array antenna further

* c L M S *
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radiating elements are mounted.
14. A base station accofding_to.Claim 13
wherein each radiating element comprises a stripline,

and wherein said substrate comprises a circuit board.

15. A base station accordiné,to Claim 13 -

further comprising a respective ampliﬁief connected to

each radiating element and mounted on said substrate so
that said at least one phased array,antenna defines an
active phased array antenna. i

16.' A base station according to Claim 15
wherein said antenna power control means comprises a
microprocessof operating under stored program control
to selectively operate predetermined ones of the
amplifiers. ' |

17. A base station for a cellular
communications 9ystem,.said base statién comprising:
radio channel generatlng means for generating
a plurallty of radio channel signals;
a plurality of phased array antennas
connected to said radlo channel generating means; and
switch means connected between said radio
channel generating means and said phased array antennas
and movable between first and second positions so that
said switch means when in the first position couples
together two or more predetermined phased array
antennas for increasing radiated antenna power for a
respective radio channel signal, and so that said.
switch means when in the second p051tlon decouples the
two or more predetermlned phased array antennas for '
increasing radio channel capacity for the base station.

RO A0
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5 ~©19. A base station according to Claim 18
further comprising signal quality receiver means for
receiving a signal transmitted from a mobile unit
relating to signal quality received at the mobile unit,
and further comprising antenna power control means

10 connected to said signal quality receiver means and
said phased array antennas for selectively operating
predetermined ones of said radiating-elements in each
respective phased array antenna'responsive to signal
quality received at the mobile unit.

15 20. A base station-aCCording to Claim 18
further comprising signal strength means for sensing
received signal strength from a mobile unit, and
further comprising antenna power control means
connected to said signal strength means and said phased

20 array antennas for selectively operating predetermined
ones of said radiating elements in each respective
phased array antenna respons1ve to sensed signal
strength ' '

21. A base station according to Claim 18
25 wherein each radiating element comprises a stripline,
and wherein said substrate comprises a circuit board.

22. A base station according to Claim 21
further comprising a respective amplifier connected to
each radiating element and mounted on said substrate so

30 that each phased array antenna defines an active phased -
array antenna.

R A
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‘ 23. A base station accordlng to Claim 17
wherein sald radlo channel generatlng means further
comprises modulator means for,modulat;ng a plurality of
radio frequency carriers-with.respective input signals
to thereby generate said plurality of individual radio
channel signals. | '

24. A method for operatlng a base statlon
for a cellular radio communlcatlons system of the type
including a plurality of 1nd1v1dual phased array
antennas, said method compr1s1ng the steps of:

generating a plurality of 1nd1v1dual radlo
channel signals each at a dlfferent frequency from one
another; and. = _

operating. each 1nd1v1dual phased array
antenna to transmit only one individual radio channel
signal at a time.

25. A method according to Clalm 24 whereln
each of the phased array antennas 1ncludes a plurallty
of.radlatlng.elements, and further-cqmprlslng_the step
of receiving a signal transmittea from a mobile unit
relating to 31gna1 quality recelved at the mobile unit,
and selectively operating predetermlned ones of the
radiating elements in each respective phased array
antenna responsive to signal quality received at the
mobile unit. . |

_ 26. - A method according to Claim 24_fﬁrther
comprising receiVing from mobile units a plurality of
individual radio channel signals each at a different
frequency from one_another; ' '

27. A method accordlng to Clalm 24 whereln
the step of generating the plurallty of 1nd1v1dua1
radio channel signals comprises modulatlng a plurallty

* [ L M s *
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28. A method according to Claim 24 wherein
the step of generating a plurality of individual radio
channels comprises time division multiplexing a
plurality of input signals into predetermined time
slots of repetitive multiplex frames.

29. A method according to Claim 24 further
comprising the step of coupling'together two or more
predetermined phased array antennas for increasing
radiated antenna power for a respective radio channel
signal.

' 30. A method according to Claim 29 further’
comprising the steps of later decoupling the two or
more predetermined phased array antennas, and operating
the two or more predetermined phased array antennas
with respective different radio frequency channels for
increasing radio channel capacity for the base station.

31. A method for operating a base station
for a radio cellular radio communications system of the
type including at least one phased array antenna
comprising a plurality of radiating elements, the
method comprising the steps of: :

generating a plurality of radio channel
signals and transmitting the plurality of radio channel
signals from the at least one phased array antenna;

receiving a signal transmitted from a mobile
unit relating to signal quality received at the mobile
unit; and

selectively operating predetermined ones of
the radiating elements responsive to signal quality
received at the mobile unit.
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32. A method accordlng to Claim 31 wherein
the at least one phased array antenna further comprises
respective amplifiers associated with each of the

'~ radiating elements, and wherein the step of_sélectively
5 operating predetermined ones of the radiating elements
comprises selectively controlllng power delivered to

respectlve ampllflers.

33. A method for operating a base station
for a cellular radio communications system of the type
10 including. a plurality of. phased array antennas, the
method comprising the steps of: | .
generatlng a radio channel 51gnal and
delivering same to a plurallty of predetermined phased
array antennas coupled together for increasing radiated
15 antenna pbwer for the radio channel signal; and
| later decoupllng the plurality of
predetermined phased array antennas and operating the
predetermined phased array antennas with respective
different rédio,frequendy channels for increasing radio
20 channel capacity for the base station.
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