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(54} Title: DIVIDABLE TRANSMIT ANTENNA ARRAY FOR A CELLULAR BASE STATION AND ASSOCIATED METHOD

(57) Abstract

A time division multiple access base
station communicates with a plurality of mo-
bile stations in a cellufar communications sys-
tem using a plurality of time division multiple
access (TDMA) time slots. The base station
includes an antanna, a modulator, and a radio
frequency switch. The antenna includes an
array of transmit antenna elements. The mod-
ulator generates a first cellular radio signal
for transmission during a first time division
rauliiple access (TDMA) time slot, as well as
second and third cellular radio signals for si-
multanecus transmission during a second time
division multiple access (TBMA) time slot.
In addition, the second and third cellulat ra-
dio signals are generated on different fraquen-
cies. The radio frequency switch couples the
first cellular radio signal to a first plurality of
the transmit antenna elements during the first
time division multiple access (TDMA) time
stot, while coupling the second and third cel-
Iular radio signals to respective second and
third pluralities of the transmit antenna ele-
ments during the second time division multi-
ple access (TDMA) time slot.
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DIVIDABLE TRANSMIT ANTENNA ARRAY FOR A
CELLULAR BASE STATION AND ASSOCIATED METHOD

Field of the Invention
The present invention is related to systems and methods for wireless

communications, and more particularly to systems and methods for wireless

cellular communications.
Background of the Invention
Cellular communications systems are commonly employed to provide

voice and data communications 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 15-54B 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 Antech House, Norwood, MA., 1993,

Frequency reuse is commonly employed in cellular technology wherein
groups of frequencies are allocated for use in regions of limited geographic
coverage known as cells. Cells containing equivalent groups of frequencies are
geographically separated to allow mobile units in different cells to simultaneously

use the same frequency without interfering with each
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other. By so doing, many thousands of subscribsrs 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
block of the UHF frequency spectrum. further subdivided
into pairs of narrow frequency bands called channels.
Channel pairing results from the frequency duplex
arrangement wherein the transmit and receive
frequencies in each pair are offset by 45 MHz. At
present there are 832, 30-KHz wide, radic channels
allocated to cellular mobile communications in the
United States. To address the capacity 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.

As illustrated in Figure 1, a cellular
communication system 20 as in the prior art includes
one or more mobile stations or units 21, cone or more
base stgtions 23 and a mobile telephone switching
office (MTS0} 25. Although only three cells 36 are
shown in Figure 1, a typical cellular network may
comprise hundreds of base stations, thousands of mecbile
stations and more than cocne MTS0. Each cell will have
allocated to it one or more dedicated control channels
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 paging information. The traffic
channels carry the voice and data information.

The MTSO 25 is the central coordinating
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
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cellular network 20, a duplex radio communication 1link
32 may be effected between two mobile stations 21 or,
between a mobile station 21 and a landline telephone
user 33. The function of the base station 23 is
commonly to handle the radic communication with the
mobile station 21. 1In this capacity, the base station
23 functicns 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 schematically illustrated in Figure 2 which 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, published by Ericsson Telecom AB.

A now common sight along many highways, the
base station 23 includegs a control unit 34 and an
antenna tower 35. The control unit 34 comprises the
base station electronics and is usually positioned
within a ruggedized enclosure at, or near, the base of
the tower. Within this enclosure are the radio control
group 37, or RCG, an exchange radio interface (ERI) 38
and a primary power supply 41 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 MTSO
25 and the base étation 23. The ERI 38 receives data
from the RCG 37 and transfers it to the MTSO 25 on a
dedicated MTS0-BS link 45. 1In the reverse direction,
the ERI 38 receives data from the MTS80 25 and sends it
Lo the RCG 37 for subsequent tranemission to a mobile
station 21.
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The radio control group 37 includes the
electronic equipment necessary to effect radio
communications., A functicnal block diagram of an RCG
37 ag in the prior art is shown in Figure 3. The
configuration shown illustrates one contrcl channel
transmit/receive module (TRM) 51, a number of voice
channel TRMs 52, and one signal strength receiver 53,
as 1s a typical configuration required to serve one
cell or sector of a cell. Each TRM 51, 52 includes a
respective transmitter 54, receiver 55 and control unit
57. The TRMs 51, 52 are not typically frequency agile
and operate instead on only one predetermined channel.
Control signals from the ERI 38 are received by the
individual control units 57. Volce and data traffic
signals are routed over a separate interface to the ERI
38.

Fach individual transmitter 54 for contrcl
and veoice is connected to a transmit combiner 58. The
transmit combiner combines all of the input signals
onto a single output coupled through a coaxial cable 62
to the transwit 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.

On the receive side, each of two receive
antennas 65 is ccupled to a respective receive combiner
66A, 66B where the signals received are geparated
according to frequency and passed on to the individual
receivers 55 in each of the TRMz 51, 52. The two
receive antennas 65 are typically spaced 3 to 5 meters
apart on the tower so that they may receive signals
with uncorrelated fading patterns to thereby provide
space diversity reception. There are many conventional
techniques for both pre-detection and post-detection
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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, 1892.

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 additicnally to the prior art schematic
plan view illustration of Figure 4A, 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 veoice channel(g) 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 Figure 4R.
Sectorization requires directional antennas 70 having,
for example, a 120 degree radiation pattern as
1llustrated in Figure 4B. Each sector 71 is itself a
cell ha%ing its own contrcl channel(s) and traffic
channel (s). MNote 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 I5-54 and GSM.

Figure 5A illustrates a typical antenna
system as in the prior art and as discussed above,
Figure 5B illustrates two types of prior art antennas
that have been heretcfore discussed -- an
omni-directional antenna, such as a dipole 66, and a
directional sector antenna 70 which further includes a
reflector 64, for example. It being understood that -
transmit and receive antennas are typically of the same
type for a given base station.

The use of scanning phased array antennas in

cellular communications systems has been proposed. For
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example, Stapleton, et al., A Cellular Base Phased Array Antenna System,
Proceedings of the 93rd IEEE VTC, pp. 93-96 describe z circular array of
monopale radiating elements ta provide 360 degree scanning capability.
Stapleton's antenna is designed such that each radiating element has the
potential of transmitting on every channel allocated to the cell.

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 celtular base stations. This array can replace the typical dipcle 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.
U.S. Patent No. 5,299,198 to Kay et al. entitled "Method and

Apparatus For Expféitation Of Voice Inactivity To Increase The Capacity Of A
Time Division Muitiple Access Radio Communications System" discusses a
mobile telephone system which multiplexes plural voice traffic channels on a
single carrier using a TDMA protocol. The capacity of the mobkile telephone
system is increased by assigning voice traffic capacity, not on a conversation

basis, but on a speech spurt basis.
Notwithstanding the above menticned cellular base statians, there

continues to exist a need in the art for base stations having enhanced cellular

communications capacities and reduced cost.




10

15

Ty

20

.u
.

Y
- .

. .
sves
LY

.

seen

.
namsee
a .

S o

.
senw

30

6a

Summary of the Invention

in one aspect the present invention provides a time division multiple
access (TDMA) base station for communicating with a plurality of mobile stations
in a cellular communications system using a plurality of time division multiple
access (TDMA) time slots in a time division multiple access (TDMA) time frame,
said base station including: an antenna including an array of transmit antenna
elements; high power transmit means for transmitting a high power cellular radio
signal from a first plurality of said transmit antenna elements during a first time
division multiple access {TDMA) time slot of the time division multiple access
(TDMA) time frame; and low power transmit means for transmitting a low power
cellular radio signal from a second plurality of said transmit antenna elements
during a second time division multiple access (TDMA) time slot of the time
division multiple access (TDMA) time frame.

In another aspect the present invention provides a method for transmitting
a plurality of cellular radio signals from a cellular base station to a plurality of
mobile stalions using a plurality of time division multiple access (TDMA) time slots
in a TDMA frame, said method including the steps of; transmitting a first celtular
radio signal during a first time division multiple access (TDMA) time siot of the
TDMA frame wherein said first cellular radio signal is transmitted at a first power
level; transmitting a second cellular radio signal during a second time division
multiple access (TDMA) time slot of the TDMA frame, whersin said second
cellular radio signal is transmitted at a second power level less than said first
power level; and transmitting a third cellular radio signal during said second time
division muitiple access (TDMA) time slot of the TDMA frame, wherein said third
cellular radio signal is transmitted at said second power level.

In another aspect the present invention provides a time division multiple
access (TDMA) cellular system for communicating with a plurality of mobile
stations, said cellular system including: a first base station having a first antenna
for transmitting a first cellular radio signal at a first power level during a first time
division multiple access (TDMA) time slot of a time division multiple access
{TDMA) time frame, and for transmitting a second cellular radic signa! at a second

power level during a second time division multiple access (TDMA) time slot of the
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time division multiple access (TDMA) time frame, wherein said first power level is
high relative to said second power level; and a second base station adjacent said
first base station, said second base station having a second antenna for
transmitting a third cellular radio signal at a third power level during said second
time division multiple access (TDMA) time slot of the time division multiple access
(TDMA) time frame and for transmitting a fourth cellular radio signal at a fourth
power level during said first time division multiple access (TDMA) time slot of the
time division multiple access (TDMA) time frame, wherein said third power level is
high relative to said fourth power level, thereby reducing interference between
said first and second base stations.

In a further aspect the present invention prdvides a radio frequency switch
for use in a phased array antenna transmitting Time Division Multiplex (TDM)
signals in a number of time division multiplex (TDM) time slots of a time division
multiplex (TDM) time frame including: a plurality of inputs for modulated time-
division multiplexed radio frequency (TDM FR) signals; a plurality of outputs for
outputting selected ones of said TDM RF input signals; selection means for
selecting which of said input signals are output from each of said outputs;
memory means for storing for each of said TDM time slots of the TDM time frame
a set of input to output signal selections that shall be used; cycling means for
retrieving said selections from said memory in synchronism with said TDM time
slots of the TDM time frame so that a first one of the TDM RF input signals is
coupled to a first plurality of the outputs during a first TDM time slot of the TDM
time frame, and second and third ones of the TDM RF input signals are coupled
to subsets of the first plurality of the outputs during a second TDM time slot of the
TDM time frame,

The present invention embodies a base station including an antenna that
can transmit fewer channels at higher power or more channels at lower power
during each TDMA time slot allowing a dynamic allocation of antenna resources
according to range, number and locations of active mobile stations. In particular,
the antenna can transmit one high power cellular radio signal during a first TDMA
time slot, two medium power cellular radio signals during a second TDMA time

Z¢  slot, and four low power cellular radio signals during a
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third TDMA time slot. Accordingly, the base station
can transmit the high power cellular radio signal to a
mobile station near the limit of the transmit coverage
area, transmit the two medium power cellular radio
signals to two mobile stations at medium distances from
the base station, and transmit the four low power
cellular radio signals to four mobile stations
relatively close to the base station. The first,
second and third time slots used at respectively high,
medium and low power can be tallcored to the mobile
distribution.

The antenna can transmit the high, medium,
and low power cellular radio signals using available
cellular frequencies. For example, the high power
cellular radic signal can be transmitted over fregquency
f,, the two medium power cellular radio signals can be
transmitted over frequencies f, and f,, and the four low
power cellular radio signals can be transmitted using
frequencies f,, £,, f;, and £f,. This allocation of
frequencies in a first base staticn allows the use of
the same four frequencies in an adjacent base station.
For example, at the second base station, the high power
cellular radio signal can be transmitted using
frequency f£,, the tweo medium power cellular radio
signals can be transmitted using frequencies f; and f,,
and the four low power cellular radioc signals can be
transmitted using frequencies f;, £,, £, and f,. The
pessibility of interference between the two base
stations is reduced because the high and medium power
radio signals for each antenna operate on different
frequencies. The only duplication of frequencies
ceccurs with respect to the low power cellular radio
signals which do not overlap coverage areas of adjacent
base stations.

In one embodiment of the present invention, a
time division multiple access base station for

communicating with a plurality of mebile stations in a
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cellular communications system using a plurality of
time division multiple access time slots includes an
antenna having an array of transmit antenna elements, a
modulator, and a radio frequency switch. The modulator
generates a first cellular radioc signal for
transmission during a first time division multiple
access time slot as well as second and third cellular
radio signals for simultaneous transmission during a
second time division multiple access time slot. In
addition, the second and third cellular transmit
channels are generated on different frequencies. The
radio frequency switch couples the first cellular radio
signal to a first plurality of transmit antenna
elements during the first time division multiple access
time slot, and then couples the second and third
cellular radic signals to respective second and third
pluralities of transmit antenna elements during the
second time division multiple access time slot.
Accordingly, the base station can transmit different
numbers of cellular radio signals during different time
division multiple access time slots while each antenna
element continues to radiate energy only at a single
frequency. This facilitates the consgtruction of active
transmit elements using efficient Class-C power
amplifiers that only amplify a single frequency at a
time without causing unwanted intermodulation.
Preferably, the second and third pluralities
of transmit antenna elements comprise respective
subsets of the first plurality of transmit antenna
elements so that the first cellular radio signal is
transmitted at a higher power than the second and third
cellular radioc signals. Accordingly, one cellular
radio signal can be transmitted during one time
division multiple access time slot while more lower
power cellular radio signals can be transmitted
simultaneously during another time division multiple

access time slot. This power allocation can be
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achieved by an antenna wherein each transmit antenna
element is a patch antenna element, preferably
connected to a respective Class-C transmit amplifier.
Accordingly, a high power cellular radic signal can be
transmitted by using all patch antenna elements
simultaneously, and lower power cellular radic signals
can be transmitted by using only a portion of the
active patch antenna elements. Several mobiles may
thus receive service on the game frequency during
different time division multiple access time slots.
Furthermore, multiple mobile stations may receive
service on different frequencies during the same time
divisicn multiple access time slot.

In additicn, the base station may generate
fourth, fifth, sixth, and seventh cellular radio
gignals on different frequencies for transmission
during a third time division multiple access time slot.
The radio freguency switch couples the fourth, fifth,
gixth, and seventh cellular radio signals to regpective
fourth, fifth, sixth, and seventh pluralities of
transmit antenna elements during a third time division
multiple access time slot. Accordingly, each of the
fourth through seventh cellular radio signals may be
transmitted at a lower power than each of the first
through third cellular radio signals.

The antenna preferably defines a first
transmit coverage area over which the first, second,
and third cellular transwmit channels are transmitted.
In addition, the base station may include a second
antemna defining a second transmit coverage area
overlapping at least a portion of the first transmit
coverage area. This second antenna transmits a
broadcast contrcl signal over a predetermined frequency
during a predetermined time division multiple access
time glot, Furthermore, energy 1s transmitted from the
second antenna over the predetermined freguency during

every time division multiple access time slot at a




WO 97/40594 PCT/USYTI06492

10

15

20

25

30

35

-10-

predetermined power level. Accordingly, the base
station may transmit a broadcast control signal which
conforms to the GSM standard protocel, which requires
that the control signal be transmitted over a frequency
with constant power in all time slots.

In an alternate embodiment, the base station
includes an antenna comprising an array of transmit
antenna elements, high power transmit means, and low
power transmit means. The high power transmit means
transmits a high power cellular radio signal from a
first plurality of the transmit elements during a first
time division multiple access time slot. The low power
transmit means transmits a low power cellular radio
signal from a second plurality of the transmit antenna
elements during a second time division multiple access
time slot. Accordingly, high and low power cellular
radio signals can be accommodated during different time
division multiple access time slots. Furthermore, the
second plurality of transmit elsments is preferably
less than the first plurality of transmit elements so
that the high power cellular radio signal is
transmitted at a higher power than the low power
cellular radio signal. Accordingly, multiple low power
cellular radio signals can be transmitted from the
antenna at the same time. In addition, the low power
cellular radic signale can be transmitted with a
broader vertical beam pattern than the high power
cellular radio signal in order to provide better
coverage to mobile stations relatively cloze to the
base station which may be at a negative elevation angle
relative to the antenna.

In yet another embodiment of the present
invention, a c¢ellular system for communicating with a
plurality of mobile stations includes a first base
station having a first antemnna, and a second base
station adjacent the first base station having a second

antenna. The first antenna of the first base station
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transmits a first cellular radio signal at a first
cellular frequency. The second antenna of the second
base staticn transmits a second cellular radio signal
at a second cellular frequency at high power and
transmits & third cellular radio signal at the first
cellular frequency at low power to reduce interference
between the first and third cellular radio signals
while reusing the first frequency at both base
stations. In particular, the firgt antenna may define
a first transmit coverage area over which the first
cellular radio signal is transmitted, and the second
antenna may define a second transmit coverage area over
which the second cellular radic signal is transmitted.
The second antenna also defines a third transmit
coverage area over which the third cellular radie
signal is transmitted, and the first and second
transmit coverage areas overlap while the first and
third transmit coverage areas do not overlap.
Accordingly, adjacent cellular base stations may share
common transmit frequencies during the same TDMA time
slots without significant interference between the two.

As discussed above, the present invention
allows the transmission of fewer cellular radio signals
at higher power or more cellular radio signals at lower
power during a single time division multiple access
time slot. Accordingly power and capacity trade-offs
can be made for each time division multiple access time
slot based on the number and locations of active mobile
stations in the transmit coverage area for a base
station. That 1s, a fewer number of cellular radio
signals with more power can be used tc transmit to
mobile stations at a greater distance from the base
during one time division multiple access time slot,
while a greater number of less powerful cellular radio
signals can be usged to transmit to more mobile stations
a shorter distance from the base station during a

second time division multiple access time slot.




WO 97/40594 PCT/US97/06492

10

15

20

25

20

35

-12-

In addition, the allocation of cellular radio
gsignals by frequency and power at a first base station
allows the duplication of the same frequencies in an
adjacent base station without causing significant
interference between the two by arranging that the same
frequencies are not transmitted at high power at the
same time. Furthermore, the use of patch antenna
elements which can be divided into arrays allows the

invention to be implemented at a relatively low cost.

Brief Description of the Drawings
Figure 1 is a schematic block diagram
illustrating the basic components of a cellular
communications system as in the prior art.
Flgure 2 is a schematic block diagram
illustrating the functional components of a cellular
communications base station as in the prior art.

Figure 2 is a schematic block diagram

“illustrating the functional elements of Radic Control

Group of a base station as in the prior art.

Figure 4A is a schematic plan view
illustrating an cmni-directional cellular pattern as in
the prior art.

Figure 4B is a schematic plan view
illustrating a sectorized cellular pattern as in the
prior art.

Figure 5A is a schematic side view
illustrating a typical cellular antenna system as in
the prior art.

Figure 5B is a schematic side view
illustrating an omni-directional antenna and a sector
antenna as in the prior art.

Figure 6 is a plan view of a base station
including a plurality of antennas according to the
present invention.

Figure 7 is a top view of the base station of
Figure 6.
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Figure 8 is a cut away view of an antenna
including a plurality of patch antenna elements on an
elongate substrate according to Figure 7.

Figure 9 is a schematic view of an antenna
according to Figure 8.

Figure 10 ig a front perspective view of a
single patch antenna element on an elongate substrate
according to Figure 8.

Figure 11 is a back perspective view of a
single patch antenna element on an elongate substrate
according tc Figure 8.

Figure 12 is a diagram of an allocation of
channels by frequency over time division multiple
access (TDMA) time slots.

Figure 13 is a top view of a portion of the
bage station of Figure 6 illustrating an antenna and
the respective transmit coverage areas assoclated with
varying transmisgion powers.

Figure 14 is a side view of the transmit
coverage areas of Figure 13.

Figure 15 is a top view of a portion of the
base station cof Figure 6 illustrating twe adjacent
antennas and the respective transmit coverage areas.

Figure 16 is a top view of two adjacent base

stations according to the present invention.

Detailed Description

The present invention now will be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,
however, be embodied in many different forms and should
not bhe construed as limited teo 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 one
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having skill in the art. Like numbers refer to like
elements throughout.
Referring first to Figures & and 7, a

base station 300 including a plurality of antennas

5 322a-f is described. The antennasg are arranged in a
cylindrical pattern to transmit signals to any
direction. Each of the six antennas preferably defines
a transmit coverage area extending out from the base
station on the order of 120° in azimuth. Accordingly,

10 the six antennas can be equally spaced around the base
station at 60° intervals so that adjacent antennas
define overlapping transmit coverage areas.
Furthermore, the base station is preferably a time
division multiple access (IDMA) base station wherein

15 each antenna can transmit multiple cellular radio
signals over a frequency which is divided into time
slots. In other words, each cellular radic signal is
transmitted over a geparate communicaticns channel
defined by a time slot and a frequency.

20 In addition, the six antennas on the base
station are preferably divided into two groups. The
first group includes antennas 322a, 322¢, and 322e, and
each of these antennas can transmit one cellular radio
signal at one frequency at high power, transmit two

25 cellular radio signals at two frequencies at medium
power, or transmit four cellular radio signals at four
freéuencies at low power during any time division
multiple access (TDMA) time slot. Accordingly, a
single one of these antennas can transmit one cellular

30 radio signal at high power to a cellular mobile station
near the limit of the transmnit coverage area during cne
TDMA time slot, two channels at medium power to two
cellular mobile stations located an intermediate
distance from the antenna during a second TDMA time

35 glot, and transmit four channels at low power to four
cellular mobile stations located relatively close to
the antenna during & third TDMA time slot. The base
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station can thereby dynamically allocate frequencies
and power TDMA time slot by TDMA time slot according to
the number of active mobile cellular stations within
the transmit coverage area and the distance of these
active mobile stations from the base station.
Furthermore, by allocating four frequencies to each of
these antennas, the base station can dynamically
allocate frequencies and power levels over the entire
transmit coverage area for the base station. The four
frequencies used by each antenna may also be varied
from TDMA frame to TDMA frame according to a frequency
hepping algorithm defined by the GSM standards.

The second antenna array includes antennas
322b, 322d, and 322f, and each of these antennas can
transmit a single Irequency at high power during every
TDMA time slot. Preferably, one of the TDMA time slots
for each of these antennas is dedicated to a broadcast
control signal, and energy is always transmitted in
each of the other time slots at the same high power,
thus allowing the broadcast control signal to be
identified more rapidly when a cellular mobile station
first enters into the respective receive coverage area.
By evenly spacing the antennas in the second array
around the base station, a broadcast control signal can
be received by a cellular mobile station anywhere
within the transmit coverage area of the bhase station.
In particular, this arrangement supports the
transmission of a broad cast control signal on a fixed
frequency with a constant energy level as required by
the GSM standard protoceol. Thus, a base station
according to the invention can support both frequency
hopping and non-hopping channels.

Each of the antennas 322a-f preferably
includes a plurality of transmit antenna elements for
transmitting signals which can have a predetermined
rotational polarization. These antenna elements are

arranged in a predetermined pattern to define
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respective transmit coverage areas for each of these
antennas. The antenna elements may be circular patch
antenna elements (as illustrated in Figures 8 and 9) or
crossed dipoles as would be readily understood by one
having skill in the art. 1In addition, these antenna
elements may serve simultansously as receive antenna
elements. Antenna mounting means, such as the
illustrated antenna mast 318, is preferably provided
for mounting the antennas so that the adjacent receive
coverage areas defined by adjacent antennas are
overlapping.

A cut away of a single antenna 322 is
1llustrated in Figure 8. 1In a preferred embodiment,
the antenna includes a plurality of printed circuit
board antenna elements 224, such as patch antenna
elements. The patch antenna elements 224 are provided
on an elongate substrate 226 such as a printed circuit
board, and these patch antenna elements can be used as
transmit and receive elements simultaneously. The
elongate substrate can also be provided with othexr
components such as input amplifiers 228, a transmit
filter 230a, an output or receive low noise amplifier
("LNA") 231, and an output filter 232b or receive
filter 232a, as illustrated schematically in Figure 9.
As further illustrated in Figure 8, the elongate
substrate 226, with patch antennas 224 is preferably
enclosed in a radio-transparent tubular housing 234. A
mounting bracket 236 can be used to connect the antenna
to the base station mast, and the cable 220 can be used
to connect the antenna 322 to cellular receivers. In
addition, a temperature sensor and heater can be
included within the housing for colder climates.

As shown schematically in Figure 9, a radio
frequency (RF} switch matrix 319 distributes transmit
signals to the transmit power amplifiers 228. As would
be readily understocd by one having skill in the art,

the transmit amplifiers are preferably single carrier
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power amplifiers (S8CPA’'s) (such as Class-C power
amplifiers) for amplifying the Time Divisgion Multiple
Access (TDMA) signmal. In the case that SCPA’'s are
used, a signal is directed towards a single principle
direction on a single frequency. In the receive
direction, however, the receive low noise amplifier 231
is preferably always capable of receiving and
amplifying signals on multiple fregquencies. Each
antenna element 224 is alsc coupled by coupling circuit
238 including coupling line 239 to a common receive
filter 232a and low-noise receive awplifier 231.

The RF switch matrix 319 has inputs for four
transmit signals, each transmit signal having a
separate cellular frequency f,-f,, and each transmit
amplifier 228 drives respective transmit antennha
elements 224. The RF switch matrix 319 can apply one
transmit signal at one cellular frequency £, to all of
the transmit amplifiers 228 during one TDMA time slot
to transmit one cellular radio signal at high power
(Mode 1 Operation). The RF switch matrix can then
apply one transmit signal at one cellular frequency f,
to four of the transmit amplifiers while applying a
second transmit signal at a second cellular frequency £,
to the remaining four transmit amplifiers during a
second TDMA time slot to transmit two cellular radio
signals at medium power (Mode 2 Operation). The RF
switch matrix can then apply four transmit sigmals
having respective cellular frequencies f,-f, to two
regpective transmit amplifiers each during a third TDMA
time slot to transmit four cellular radio signals at
low power (Mcde 3 Operation).

In general, the RF switch may be controlled
by two binary bits that determine for each output which
of the four input signals will be passed to that
output. FRight bits are thus reguired to control all
four cutputs. One B-bit byte determines the array

configuration for each time slot so that 8, 8-bit bytes
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determine the configuration during a TDMA frame. This
information may be stored in a memory in the switch and
retrieved c¢yclically in synchronism with the TDMA
frame, and only changed by controller 321 when the
allocation cf array elements to time slots and
frequencies is to be changed.

A controller 321, which is operatively
connected to the RF switch matrix, determines for each
TDMA time slct the number of cellular radio signals to
be transmitted, the frequencies at which the cellular
radio signals are to be transmitted, and the power for
@ach cellular radic signal, based on the number and
location of active cellular moblile stations in the
receive coverage area of the antenna. After
determining the allocation of signals for a TDMA time
slot, the controller preferably generates a digital
control code designating which inputs to the RF switch
matrix are to be applied to which transmit amplifiers.
The digital code is applied to the RF switch for each
TDMA time slot. BAs an example, the digital code can be
an eight bit control byte which is sufficient to define
each of the possible RF switch input and transmit
amplifier combinations. As will be understocd by cne
having skill in the art, the controller 321 can be
implemented as a special purpose computer, a general
purpose computer with special purpose software, special
purpose hardware, or combinations thereof.

A medulator 323 encodes cellular digital
information on each of the cellular frequencies used
during each TDMA time slot. As discussed above, the
controller 321 determines the number of channels
required for each TDMA time slot, as well as the
frequency and power for each channel at each time slot,
based on the number and locations of active mobile
cellular stations in the respective transmit coverage
area. Accordingly, information is sent from the

controller to the modulator 323 for each TDMA time slot
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instructing the modulator 323 as to which frequencies
should be encoded with which transmit signal thereby
allocating the cellular communications transmit
channels for each time slot.

The transmit amplifiers 228 may produce
wideband noise outputs at freguencies overlapping the
receive frequency band that are of a sufficient
magnitude to degrade the noise figure of the receive
low noise amplifier 231. Accordingly, a transmit
filter 230a and receive filter 232a can be used as
illustrated. The receive filter 232a may be a band-
pass filter tuned to pass the receive frequency band
and attenuate transmit frequency signals, while the
transmit filter 230a c¢an be a notch filter to attenuate
transmissicn in the receive frequency band and pass the
transmit frequency band.

As will be understood by one having skill in
the art with reference to Figure 8, each antenna is
preferably fabricated separately on an elongate
substrate 226 such as a long thin module or printed
circuit board. Printed circuit board antenna elements,
such as‘patch antennas, may be readily fabricated as
part of such a2 wmodule as would be readily understood by
one having skill in the art. As shown in Figures 10
and 11, a circular patch antenna element 224 may be fed
at two feed points 270 and 272, and the two feed points
connected to a printed, branch-line quadrature coupler
274 to provide two feed points 270 and 272 of opposite
circular or rcotational polarization. A grcound
connection 276 can be used to connect the antenna
element 224 to a ground plane 278 shown sandwiched
between two layers of the elongate substrate 226. As
will be understocd by one having skill in the art,
active elements, such as amplifiers, and passive
elements, such as filters, may also be mounted or

constructed on the elongate substrate.
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Multiple antennas may be mounted on a single
antenna mount. Each antenna thereby provides
directivity in the azimuthal plane as well as a narrow
beam in the vertical plane, and the antennas may be
oriented to cover different azimuthal sectors. This
can be done by mounting different collinear antennas.
around the antenna mast at the same height but pointing
to different azimuthal sectors, or by mounting two or
more antennas above each other pointing to the same or
different azimuthal sectors. In fact, the azimuthal
pointing of an antenna may be set independently of
where it is mounted, but it is preferred that the
antennas be directed so that there is no interference
from the other antennas or the mast.

Figure 12 illustrates the allocation of
frequencies over TDMA time slots for a single antenna
in a base station according to the present invention.
As will be understood by one having skill in the art, a
single frequency can be divided into a plurality of
TDMA time =lots defining a plurality of communicaticns
channels thereby allowing the transmission of a
plurality of cellular radio signals over the single
frequency. For example, the GSM standard protocol
provides that each cellular frequency is divided into
eight time slots t,-t, per TDMA frame defining eight
communications channels and allowing the transmission
of eight cellular radio signals over a frequency.

In TDMA time slots 1-5, t,-t; of Figure 12,
the antenna transmits over a single freguency £, from
the full array of transmit antenna elements thereby
providing five high power cellular radio signals. This
high power transmission is referred to herein and in
the Figures as Mode 1 Operation, and one high power
cellular radic signal can be transmitted per time slot.
In Mode 1 Operation, the RF switch 319 (shown in Figure
9) provides the cellular radio signal having frequency

f, to all of the transmit antenna elements 224 through
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respective transmit amplifiers 228 during respective
time slots.

In TDMA time slots 6-7, t,-t, of Figure 12,
the antenna transmits over one frequency f; from half of
the array of antenna elements and over another
frequency £, from the other half of the array of antenna
elements thereby providing four medium power cellular
radio signals. The effective radiated power in any
direction may be reduced by 6dB in this mode. This
medium power transmission is referred to herein and in
the Figures as Mode 2 Operation, and two medium power
cellular radic signals can be transmitted per TDMA time
slot. 1In Mode 2 QOperation, the RF switch 319 (shown in
Figure ¢) provides the cellular radic signals having
frequencies £, and £, to respective halves of the array
of transmit antenna elements 224 through respective

transmit amplifiers 228 during respective TDMA time

‘glota.

In TDMA time slot 8, t, of Figure 12, the
antenna transmits over fowr frequencies f,-f, from
respective fourths of the array cof antenna elements
thereby providing four low power cellular radio
signals. This low power transmigsion is referred to
herein and in the Figures as Mode 3 Operation, and four
low power cellular radio signals can be transmitted per
TDMA time slot. In Mode 3 Operation, the RF switch 318
{shown in Figure 9) provides the cellular radio signales
having frequencies f,-f, to respective fourths of the
array of transmit antenna elements 224 through
respective transmit amplifiers 228 during respective
TDMA time slots. Other modes are also achievable, such
as transmitting with one freguency using 3/4 of the
elements and transmitting with another frequency using
1/4 of the elements.

The respective ranges of transmission for
antenna 322a operating in Modes 1-3 are illustrated in
Figure 13. As shown, antenna 322a defines a 120°
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azimuthal transmit coverage area 340. Accordingly,
three antennas evenly spaced around the base staticn
318 can provide three mode operation with 360°
coverage. As discussed above with regard to Figure @,
an antenna including eight transmit elements 224 can be
divided into four sub-arrays of two transmit elements
each, and each transmit element ig driven by a
respective tranemit amplifier 228. Each of these
amplifiers can be a 1 watt amplifier. Accordingly, a
gignal transmitted by all transmit elements in Mode 1
Operaticn can have 8 watts of power combined with
maximum antenna directivity, a signal trangmitted by
four transmit elements in Mode 2 Operation can have 4
watts of power combined with a 3dB-reduced directivity,
and a signal transmitted by two transmit elements in
Mode 3 Operation can have 2 watts of power combined
with a 6dB-reduced directivity.

As shown in Figure 13, a high power cellular
transmit channel transmitted by the full array of
transmit elements in Mede 1 Opefation can extend to a
full range r,, of the antenna 322a. A medium power
cellular transmit channel transmitted by half of the
transmit elements in Mode 2 Operation at 6dB less EIRP
can extend to an intermediate range, such as r,./2"?, of
the antenna 322a, due to the fourth power of distance
propagation law for cellular landmobile radio systems.
A low power cellular transmit channel transmitted by a
quarter of the transmit elements in Mode 3 Operation at
12dB less EIRP can extend to a shorter range, such as
T,../2. Figure 14 illustrates the vertical beamwidths
in each of the three modes of operation. Higher levels
of power thus provide a greater range of transmission,
while lower levels of power provide increased vertical
beam width. Accordingly, higher levels of péwer can be
used to transmit to more distant mebile stations, while
lower levels of power can be used to transmit to mobile
stations relatively close to the base station which may
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be positioned at a significant negative elevation angle
relative to the antenna.

Stated in other terms, the antenna can
transmit one full power cellular radio signal to one
cellular mobile station 341la anywhere (such as within
Yp) 1n the transmit coverage area 340 during a first
TDMA time slot in Mode 1 Operation. The antenna can
transmit two medium power celliular radio signals to two

cellular mobile stations 34lb-c within an intermediate
range {such as within r.,,./v2) in the transmit coverage

area during a second TDMA time slot in Mode 2
Operation. The antenna can transmit four low power
cellular radic signals to four cellular mobile stations

34ld-g within a shorter range (such as within z,./2) in

the transmit coverage area during a third TDMA time
slot in Mode 3 Operation. Further modes of cperation
can also be supported by the base station of the
present invention. For example, the antenna can
transmit one medium power cellular transmit channel and
two low power cellular transmit channels during a TDMA
time slot. FPFer a uniform area distribution of mobiles,

half the wmokiles would be expected to lie between
I./v2 and r,,, with 1/4 each in the other two ranges.

The number of time slots for each range can be
allocated accordingly.

Two adjacent antennas 322a and 322b from
Figure 7 together with respective receive coverage
areas 340 and 342 are illustrated in Figure 15.
Antenna 322a and its respective transmit coverage area
340 having three ranges and three modes of operation is
discussed in detail above with regard to Figures 13 and
14. Antenna 322b is spaced arcund the mast 318
approximately 60° from antenna 322a and defines a
second transmit coverage area 342, Both transmit
coverage areas extend approximately 120° in azimuth and

therefor overlap. Accordingly, a mobile station in the
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overlap of the two regions can receive signals
transmitted by both of the antennas.

Antenna 322b preferably includes an array of
transmit antenna elements which simultanecusly transmit
signals having a single freguency f. during each TDMA
time slot. This freguency f. is preferably different
than those transmitted by adjacent antennas thereby
reducing the possibility of interference between
adjacent antennas. Accordingly, antenna 322b transmits
over a single frequency at full power during every TDMA
time slot.

The signals transmitted by antenna 322b are
preferably transmitted during individual TDMA time
glots as discussed above with regard to antenna 322a,
and one of these time slots can be used to transmit a
broadcast control signal. The time slot and freguency
over which the broadcast control signal is transmitted
define the broadcast control channel (BCH). BAs will be
understood by one having skill in the art, the
broadcast control signal is used to transmit cellular
gystem information such as transmissicn fregquencies,
reception frequencies, and available channels, for
example. In addition, the remaining TDMA time slots
transmitted by antenna 322b at frequency f; are
preferably transmitted at full power making the
broadcast control signal easier to find by a scanning
cellular mobile station.

Most preferably, data is transmitted on the
control channel frequency at each TDMA time slot
whether a communications channel is regquired or not.
That is, dummy data can be transmitted if a
communications channel is not regquired in one or more
of the TDMA time slots making the broadcast control
signal easier to locate. By providing the breadcast
control channel on a frequency where data is
transmitted during every TDMA time slot at full power,

the reguirements of the GSM standard protoccl can be




WO 97140594 PCT/USI7/06492

10

15

20

25

e

35

~25-

gatisfied. Furthermore, by providing three antennas
which operate on single frequencies spaced at 120°
around the base station, a broadcast control signal can
be provided over the entire azimuth range of the base
station.

A cellular system including two adjacent
cellular base stations 360 and 370 is shown in Figure
16. As shown, each base station includes three
regpective antennas 362a-c and 372a-c defining
respective transmit coverage areas 364a-c and 374a-c.
For example, three antennas spaced evenly around each
of the base stations and defining.120° azimuthal
transmit coverage areas can cover a circular area
around each base station. B&n overlap of the transmit
coverage areas of the two base stations provides
uninterrupted coverage between the two base stations.

Each antenna 362a-c¢ and 372a-c preferably
includes a plurality of transmit antenna elements which
can be used to transmit one high power cellular radic
signal during one TDMA time slot (Mode 1 Operation);
two medium power cellular radio signals during another
TDMA time slot (Mode 2 Operaticn); and four low power
cellular radio signals during still another TDMA time
slot (Mode 3 Operation); as discussed above. The
ranges of transmission for each of these modes of
operation are indicated by concentric circles around
each base station labeled Mode 1, Mode 2, and Mode 3.

As shown, the transmit coverage area for
antenna 362a of base station 360 during Mode 1
Operation, and the tranemit coverage area for antenna
372a of base station 370 during Mode 1 Operaticn
overlap. Accordingly, signals from these two antennas
can interfere if transmitted over a common freguency
during a common TDMA time slot. 7Tt is therefore
preferable that one antenna use one frequency for Mode
1 Operation and the other antenna use ancther Ifrequency
for Mode 1 Operation. In order to maximize the reuse
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of available frequencies, it may be desirable that
antennas 362a and 372a use a common set of frequencies.

As discussed above, antenna 362a can transmit
one high power cellular radio signal with frequency f,
during one TDMA time slot (Mode 1); transmit two medium
power cellular radio signals with frequencies f, and £,
during another TDMA time slot (Mode 2); and transmit
Eour low power cellular radio signals with frequencies
£, £, f; and f, during still another TDMA time slot
(Mode 3). By properly allocating frequencies, antenna
3723 can coperate in all three modes with the same four
frequencies without significant interference despite
the overlap of transmit coverage areas. For example,
antenna 372a c¢an transmit one high power cellular radio
signal with frequency £, during one TDMA time slot (Mode
1}, transmit two medium power cellular radio signals
with frequencies f, and f, during another TDMA time slot
(Mode 2); and transmit four low power cellular radio
signals with frequencies f,, f,, f, and {, during still
another TDMA time slot {(Mode 3).

Accordingly, even if antennas 362a and 372a
both operate in Mode 1 during the same TDMA time slot,
there will be insignificant interference because the
transmissions will have different frequencies., If
antenna 362a transmits a low power cellular radio
signal over frequency f, (Mode 3) and antenna 372a
transmits a high power cellular radio signal over
frequency f, during the same TDMA time slot, there will
be insignificant interference because there is no
overlap of transmit coverage areas in these modes of
operation.

Thus many degrees of freedom exist when base
stations are time synchronized to ensure that the same
frequencies are not selected at high power at the same
time., In other words, by synchronizing the TDMA time
slots of the two base stations, antennas 362a and 372a

can both transmit over the same frequency at high power
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without significant interference as long as both
antennas do not transmit the same frequency at high
power during the same time slot. The synchronization
of TDMA time slots of adjacent base stations is
discussed for example in copending Application Serial
No. 08/608,717, filed February 29, 1996, and entitled
"Time-Reuse And Code-Reuse Partitioning Systems And
Methods For Cellular Radiotelephone Systems" to Paul
Dent. This application is hereby incorporated herein
in its entirety by reference. This application is
assigned to the assignee of the present invention.
Furthermore, each base station can transmit at high
power over the same frequency during different TDMa
time slots without significant interference as long as
both base stations do not transmit over the same
frequency during the game TDMA time slot.

Each of the three antennas on each base
station preferably transmit with a unique set of four
frequencies to reduce interference between adjacent
antennas. As discussed above, however, the same twelve
frequencies can be used by two adjacent base stations.
In addition, the freguencies can be allocated so that
overlapping transmit coverage areas of adjacent
antennas do not use the same set of frequencies during
the same time slot. While not shown in Figure 16 for
purposes of clarity, each base station 360 and 370 can
also include additional antennas for transmitting a
broadcast control signal as discussed above with regard
to Figure 15. The broadcast control channel
frequencies of one site can be used at adjacent sites
for low power transmissions (mode 3).

The present invention alsc encompasses a
methed for transmitting a plurality of cellular radio
signals from a cellular base station to a plurality of
mobile stations using a plurality of TDMA time slots.
This method will be discussed with reference to Fig.

13, The method includes the step of transmitting a
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first cellular radic signal during a first TDMA time
slot wherein the first cellular radic signal is
transmitted at a first power level. This method also
includes the step of transmitting a second cellular
radice signal during a second TDMA time slot wherein the
second radic signal is transmitted at a second power
level less than the first power level. In addition, a
third cellular radio signal can be transmitted during
the second TDMA time slot wherein the third radio
gignal is transmitted at the second power level,

For example, the first cellular radio signal
can be transmitted according to Mode 1 operation toc a
cellular mebile station 34la a distance r,, from the
base station. The second and third cellular radio
gignals can be transmitted according to Mode 2

operation to two cellular mobile stations 341b and
341c a distance z,,./y2 from the base station. In

particular, the first and second radio signals can be
transmitted at a first frequency and the third radio
signal can be transmitted at a second frequency. There
is insignificant interference between the first and
second radio signals because each is transmitted during
a different TDMA time slot. There is insignificant
interference between the second and third cellular
radio signals because each iz transmitted at a
different frequency.

The first, second, and third cellular radio
signals can be transmitted from a common antenna on the
base station. This antenna can include a plurality of
patch antenna elements as discussed above. More
particularly, the antenna can define a transmit
coverage area with a 120° azimuthal pattern.
Accordingly, three such antennas spaced evenly around
the base station can provide 360° coverage. Preferably
each antenna on the base station operates with a unigque
set of frequencies tc reduce the possibility of
interference bstween antennas on the base station.
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A first cellular radic signal can be
transmitted to a first mokbile cellular station 34la a
first distance from the base station, and second and
third cellular radio signals can be transmitted to
second and third mchile cellular stations 341b and 34lc
located second and third distances from the base
station. In particular the first mcbile cellular
gtation can be located at a longer distance from the
base station than the secona and third mobile cellular
stations.

A method can also include the step of
transmitting fourth, fifth, sixth, and seventh cellular
radio signalsg during a third TDMA time slot wherein the
fourth, fifth, sixth, and seventh cellular radio
signals are transmitted at a third power level less
than said second power level. Accordingly, the fourth
through seventh cellular radic signals can be
transmitted to mobile stations 3414, 34le, 341f, and
341lg, which are located relatively close to the base
station. For instance, these mobile cellular stations
may be located within a distance r,,/2 from the
antenna.

The method may also include the step of
transmitting a broadcast contryol signal over a
predetermined frequency during a predetermined TDMA
time glot at the first power level. Furthermore,
energy can be transmitted over the predetermined
frequency during every TDMA time slot at the first
power level. Accordingly, the broadcast contrel signal
can be transmitted in conformance with the GSM standard
protocol.

Many modifications and other embodiments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented
in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the

invention is not to be limited to the specific
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embodimenzs disclosed, and that modification
empodimentcs ars intendsd to b2 included wit
scope of the appended claims.
“comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or components
but does not preclude the presence or addition of one or more other

features, integers, steps, canponents or groups thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A time division multiple access (TDMA) base station for communicating
with a plurality of mobile stations in a cellular communications system using a
plurality of time division multiple access (TDMA) time slots in a time division
multiple access (TDMA) time frame, said base station including:

an antenna including an array of transmit antenna elements:

high power transmit means for transmitting a high power cellular radio
signal from a first plurality of said ransmit antenna elements during a first time
division multigle access (TDMA) time slot of the time division multiple access
(TDMA) time frame; and

low power transmit means for transmitting a low power cellular radio signal
from a second plurality of said transmit antenna elements during a second time
division multiple access (TDMA) time slot of the time division multiple access

(TDMA) time frame.

2. A base station according to claim 1 wherein said second plurality of
transmit elements is less than said first plurality of transmit elements so that said
high power cellular radio signal is transmitted at a higher power than said low

power cellular radio signat.

3. A base station according to claim 2, wherein said high power cellular radio
signal is transmitted with greater directivity than said low power cellular radio

signal.

4, A bhase station according to claim 1, wherein said high power cellular radio
signal and said low power cellular radio signal are transmitted at a common

frequency.




32

5. A base station according to claim 4 further including:

second low power transmit means for transmitting a second low power
cellular radio signal from a third plurality of said transmit antenna elements at a
second frequency during said second time division multiple access (TDMA) time
slot, wherein said second and third pluraliies of transmit antenna elements
include separate subsets of transmit antenna elements from said first plurality of
transmit antenna elements so that said high power cellular radio signal is
transmitted at a higher power than said first and second low power cellular radio

signals.

6. A base station according to claim 1 further including:

medium power transmit means for transmitting a medium power celiular
radio signal from a third plurality of said transmit antenna elements during a third
time division multiple access (TDMA) time slot, wherein said third plurality of
transmit elements is less than said first plurality of transmit elements and gréater
than said second plurality of transmit elements so that said high power cellular
radio signal is transmitted at higher power than said medium power cellular radio
signal, and said medium power cellular radio signal is transmitted at a higher

power than said low power cellular radio signal.

7. A base station according to claim 1, wherein said high power cellular radio
signal is transmitted to a first cellular mobile station a first distance from said
antenna, and said low power cellular radio signal is transmitted to a second
cellular mobile station a second distance from said antenna, wherein said first

distance is longer than said second distance.

8. A base station according to claim 1, wherein said antenna defines a first
transmit coverage area over which said high and low power cellular radio signals
are transmitted, said base station further including:

a second antenna defining a second transmit coverage area overlapping

ate least a portion of said first transmit coverage area, wherein said second
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during a predetermined time division multiple access (TDMA) time sloi at a
predetermined power level, wherein energy is transmitted from said second
antenna over said predetermined frequency during every time division multiple
access (TDMA) time slot at said predetermined power level.

9. A base station according to ciaim 8, wherein said broadcast control signal

conforms to a GSM standard protocol.

10. A method for transmitting a plurality of cellular radio signals from a cellular
base station to a plurality of mobile stations using a pluralily of time division
multiple access (TDMA) time slots in a TDMA frame, said method including the
steps of:

transmitting a first cellular radio signal during a first time division multiple
access (TDMA) time slot of the TDMA frame whersin said first cellular radio signal
is transmitted at a first power level;

transmitting a second cellular radio signal during a second time division
multiple access (TDMA) time slot of the TDMA frame, wherein said second
cellular radio signal is transmitted at a second power level less than said first
power level; and

transmitting a third cellular radio signal during said second time division
multiple access (TDMA) time slot of the TDMA frame, wherein said third cellular
radio signal is transmitted at said second power level.

“11. A method according to claim 10, wherein said first and second cellular

radio signals are transmitted at a first frequency and said third cellular radio signal

is transmitted at a second frequency.

12, A method according to claim 10, wherein said first, second and third
cellular radio signals are transmitted from a common antenna on said base

station.
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13. A method according to claim 10, wherein said first cellular radio signal is
transmitted to a first mobile cellular station a first distance from said base station,
said second cellular radio signal is transmitted to a second mobile cellular station
a second distance from said base station, and said third cellular radio signal is
transmitted to a third mobile cellular station a third distance from said base
station, wherein said first distance is long relative to said second and third

distances.

14, A method according to claim 10 further including the step of:

transmitting fourth, fifth, sixth, and seventh cellular radio signals during a
third time division multiple access (TDMA) time slot, wherein said fourth, fifth,
sixth, and seventh cellular radic signals are transmitted at third power level lower

than said second power level.

15. A methad according o claim 10 further including the step of:

transmitting a broadcast control signal over a predetermined frequency
during a predetermined time division multiple access (TDMA) time slot at said first
power level, wherein energy is transmitted over said predetermined frequency
during every time division multiple access (TDMA) time slot at said first power

level.

16. A method according to claim 15, wherein said broadcast control signal

conforms to a GSM standard protocol.

17. A time division multiple access (TDMA) cellular system for communicating
with a plurality of mobile stations, said cellular system including:

a first base station having a first antenna for transmitting a first cellular
radio signal at a first power level during a first time division multiple access
(TDMA) time slot of a time division multiple access (TDMA) time frame, and for
transmitting a second cellular radio signal at a second power level during a
second time division multiple access {TDMA) time slot of the time division multiple
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access (TDMA) time frame, wherein said first power level is high relative to said
second power level; and

a second base station adjacent said first base station, said second base
station having a second antenna for transmitting a third cellular radio signal at a
third power level during said second time division multiple access (TDMA) time
slot of the time division multiple access (TDMA) time frame and for transmitting a
fourth cellular radio signal at a fourth power level during said first time division
multiple access (TDMA) time slot of the time division multiple access (TDMA) time
frame, wherein said third power level is high relative to said fourth power level,
thereby reducing interference between said first and second base stations.

18. A time division multiple access (TDMA) cellular system according to claim
17, wherein each of said first, second, third and fourth cellular radio signals is

transmitted over a common frequency.

sse
»

19. A time division multiple access (TDMA) cellular system according to claim
17,. wherein said time division multiple access (TDMA) time slots of said first and

.
3
-
-
L3

second base stations are synchronised.
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.. 20. A time division multiple access (TDMA) cellular system according to claim
* 19, wherein:

P said first cellular radio signal is transmitted from said first antenna over a
:::::g first transmit coverage area and said second cellular radio signal is transmitted
-;::5 from said first antenna over a second transmit coverage area, said first transmit
coverage area extending a greater distance from said first antenna than said
LW second transmit coverage area;

=. said third cellular radio signal is transmitted from said second antenna over

a third transmit coverage area and said fourth cellular radio signal is transmitted
from said fourth antenna over a fourth transmit coverage area, said third transmit
coverage area extending a greater distance from said second antenna than said

fourth transmit coverage area;
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said first transmit coverage area overlaps a portion of said third transmit
coverage area,

said second transmit coverage area does not overlap said third and fourth
transmit coverage areas; and

said fourth transmit coverage area does not overlap said first and second

transmit coverage areas.

21.  Atime division multiple access (TDMA) cellular system according to claim
17, whergin said first antenna transmits said second cellular radio signal over a
first frequency and wherein said first antenna further transmits a fifth cellular radio
signal over a second frequency at said second power level during said second

time division multiple access (TDMA) time slot.

22. A radio frequency switch for use in a phased array antenna transmitting
Time Division Multiplex (TDM) signals in a number of time division multiplex
(TDM) time slots of a time division multiplex (TDM) time frame including:

a plurality of inputs for modulated time-division multiplexed radio frequency

. (TDM FR) signals;
a plurality of outputs for outputting selected ones of said TDM RF input

]
. .
vee
..

* signals;
selection means for selecting which of said input signals are output from

*n
" eser
.

4 eeesvsas ug
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'

each of said outputs;
memery means for storing for each of said TDM time slots of the TOM time

frame a set of input to cutput signal selections that shall be used;

S0 cycling means for retrieving said selections from said memory in
-;:::5 synchronism with said TDM time slots of the TDM time frame so that a first one of
the TDM RF input signals is coupled to a first plurality of the outputs during a first
" TDM time slot of the TDM time frame, and second and third ones of the TDM RF

input signals are coupled to subsets of the first plurality of the outputs during a
second TDM time slot of the TDM time frame.
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23. A switch according to claim 22 further including programming means for
varying said stored selections to adapt transmissions to a changing pattern of

traffic to be transmitted.

24, A base station according to claim 1, wherein said first and second
pluralities of said transmil antenna elements include different numbers of said

transmit antenna elements.

25. A base station accerding to claim 5, wherein said separate subsets of
transmit antenna elements include mutually exclusive subsets of transmit antenna

elements.

26. A method according to claim 12, wherein said common antenna has an
array of transmit antenna elements and wherein said first cellular radio signal is
transmitted from a plurality of said transmit antenna elements, and wherein said
second and third cellular radio signals are transmitted from respective mutually

exclusive subsets of said plurality of transmit antenna elements.

27. A radio frequency switch according to claim 22, wherein said second and
third ones of the TDM RF input signals are coupled to mutually exclusive subsets
of the first plurality of the outputs during the secend TDM time slot of the TDM

time frame.

28. A method according to claim 10, wherein said first, second, and third
cellutar radio signals are transmitted over a first transmit coverage area, said
method further including the siep of:

transmitting a broadcast control signal over a predetermined frequency
during a predetermined time division multiple access (TDMA) time slot at a
predetermined power level over a second transmit coverage area overlapping at
least a poriion of said first transmit coverage area, and wherein energy is

transmitted over said predetermined frequency over said second transmit
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coverage area during every time division multiple access (TDMA) time slot at said

predetermined power level.

29. A base station according'to claim 21, wherein said first base station further
includes:

a second antenna defining a fifth transmit coverage area overlapping at
least a portion of said first and second transmit coverage areas, wherein said
second antenna transmits a broadcast control signal over a predetermined
frequency during a predetermined time division multiple access (TDMA) time slot
at a predetermined power level, and wherein energy is transmitted from said
second antenna over said predetermined frequency during every time division
multiples access (TDMA) time slot at said predetermined power level.

30. A method according to claim 14, wherein the base station includes an
antenna having a plurality of antenna elements:

wherein said first cellular radio signal is transmitted from a first plurality of
said transmit antenna elements;

wherein said second and third cellular radio signals are transmitted by
respective second and third pluralities of said transmit antenna elements with said
first plurality of antenna elements being greater than said second and third
pluralities of antenna elements;

wherein said fourth, fifth, sixth and seventh cellular radio signals are
transmitted by respective fourth, fifth, sixth and seventh pluralities of antenna
elements with said first, second and third pluralities of transmit antenna elements
being greater than said fourth, fifth, sixth and seventh antenna elements so that
said first cellular radio signal is transmitted at higher power than said second and
third cellular radio signals, and so that said second and third cellular radio signals
are transmitted at higher power than said fourth, fifth, sixth and seventh cellular

radio signals.

31. A base station as claimed in claim 1 substantially as herein described with

reference to figures 6 t o 16 of the accompanying drawings.
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32. A method as claimed in claim 10 substantially as herein described with

reference to figures 6 to 16 of the accompanying drawings.
33. A cellular system as claimed in claim 17 substantially as herein described

with reference 1o figures 6 to 16 of the accompanying drawings.

34. A switch as claimed in claim 22 substantially as herein described with

reference to figures 6 to 16 of the accompanying drawings.
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