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[57] ABSTRACT

An antenna switching system for handling high traffic
sectors in a cellular radiotelephone system. The system
switches the cell’s base station transmitter to sectors
that have more mobile traffic than they can handle. The
additional transmitters increase the number of frequen-
cies in the overloaded sector, thereby allowing a greater
amount of mobile traffic to use the cell.

10 Claims, 2 Drawing Sheets
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1
ANTENNA SWITCHING SYSTEM

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

TECHNICAL FIELD

This invention relates generally to the switching of 10

antennas. More particularly, this invention relates to the
routing of radiotelephone transmissions from a transmit-
ter to a particular antenna in a cellullar radiotelephone
system.

BACKGROUND OF INVENTION

Cellular radiotelephone cells typically consist of a
number of transmitters that transmit, in either omnidi-
rectional or directional antenna patterns, from the cell.
The highest capacity cells use directional antennas,
dividing the cell into sectors. A major metropolitan area
can consist of a large number of these cells. The cells
are hnked to the land telephone line allowing mobile
radiotelephone users to access the land telephone lines
and vice versa.

Using the cellular radiotelephone system, a mobile
radiotelephone user can travel across a metropolitan
area while keeping in contact with the land telephone
lines. As a mobile user travels through an area, he may
travel through more than one sector of a cell or, de-
pending on the distance traveled, more than one cell.
The cellular system takes care of handing off the user’s
call to another sector or cell.

The mobility of the user means that the sectors within
a cell could have widely varying demand at any given
time. This vanability could cause some sectors to be-
come overloaded while other sectors may have excess
capacity. Presently, when a sector has more users than
it can handle, the users trying to communicate in that
sector are either shifted to another sector or they must
wait for a frequency to become free.

Cellular base station receivers are diversity receivers
which require 2 antenna inputs. In sector receive con-
figurations, the 2 receiver inputs come from one even
and one odd numbered sector that are adjacent. In order
to route these 2 inputs from the odd or even antenna to
the receiver, a configuration of passive splitters and
matrix switches is used. The passive splitter splits the
signal from the antenna into multiple signals to be han-
dled by different receivers. The switch matrix switches
the signals to the appropriate receivers. This configura-
tion does not allow receivers to handle signals from any
sector in the cell. Each receiver can only receive from
the odd or even sector matrix to which it is assigned.

Each sector of a cell typically has a single antenna for
transmitting. In order to transmit on multiple frequen-
cies in that sector, therefore, multiple transmitters must
be combined on that single antenna. FIG. 1 illustrates
the present method of combining transmitters onto an
antenna. The transmitters (A) produce a signal that is
amplified (B) and passed through a combiner (C). The
combiner (C) merges the signals allowing a number of
transmitters (A) to transmit on one antenna (E).

The combiner (C) contains resonant cavities which
each allow only one frequency at which the cavity 1s
tuned to pass to the antenna (E). The cavities are manu-
ally tuned to a certain frequency which can only be
changed by manually retuning the cavity. Therefore,
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only a limited number of fixed tuned frequencies can be
transmitted from present sector cell configurations.
Because mobile traffic is not distributed evenly, 1t is
continuously changing in number and location, and
nresent transmitter hardware is limited to a fixed num-
ber of frequencies within a sector, there exists a need to
move underutilized transmitters and/or frequencies
from sector to sector with varying traffic demands.

SUMMARY OF THE INVENTION

The antenna switching system includes at least one
transmission source. The signals from the transmission
source are switched to the appropriate antenna by a
switch matrix. A broadband combiner, located between
the switch matrix and the antennas, combines the
switched signals into a single output. In some system
applications, additional amplifiers are not needed and
the output from the combiner is directly connected to
an antenna. However, a highly linear amplifier i1s re-
quired between the combiner and the antenna if a higher
power output level 1s required at the cell site.

The switch matrix can route any or all transmitters to
any of the sector antennas that are handling mobile
users, accommodating in real time the traffic demand.
This will increase the number of frequencies in those
sectors, thereby allowing the cell site to handle more
mobile traffic without increasing the number of trans-

mitters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the prior art;

FIG. 2 is a block diagram of one embodiment of the
present invention with a single base station;

FIG. 3 is a diagram of a cell site with 60° sectors;

FIG. 4 1s a block diagram of an alternate embodiment
of the present invention with multiple base stations; and

FIG. 5 is a block diagram of an alternate embodiment
of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The antenna switching system provides dynamic
frequency allocation in a cell. In other words, a trans-
mitter can be switched to other sectors in a cell on
demand. This is accomplished by the use of a switch
matrix similar to the matrix used in the receive portion
of a cell. For proper operation, however, this transmit
matrix 1s used in conjunction with a linear power ampli-
fier and a single combiner.

F1G. 2 shows a single base station with the capability
of switching between all odd and even sectors of a cell.
The odd/even sector configuration of a cell is illus-
trated in FIG. 3. The odd/even sector switch (201) may
be used when a mobile user (301) travels between sec-
tors (303) of a cell (302). In this case, if the mobile user
(301) travelled from sector 3 to sector 2, the sector
switch would allow the base station (210) to follow the
mobile user (301) from the odd to the even sector. This
would also apply to a mobile user going from an even
sector to an odd sector. The odd/even sector switch
function may also be incorporated within the matrix
switches (203).

Once the odd or even sector 1s selected, the signal is
switched by the switch matrix (203). The switch matrix
(203) routes the signal to the appropriate broadband
antenna combiner (204) that is within the sector the
switch matrix (203) controls. Both the switch matrix
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(203) and the sector switch (201) have the task of isolat-
ing one antenna (220) from another.

A broadband combiner (204) combines signals of
different frequencies, from the switch matrices, to be
transmitted on one antenna. The broadband combiner
(204) output may feed a linear power amplifier (2095).
The input to the linear power amplifier will be signals of
multiple frequencies that will generate intermodulation
products if the amplifier is non-linear. Therefore, the
linear power amplifier (205) must have a very linear
amplification for proper operation of the cell site.

The linear power amplifiers is only required for nor-
mal cell site coverage in a metropolitan area. If the
antenna switching system is used in a building or other
situations where high power 1s not needed, the linear
power amplifier can be removed and the antenna
switching system will still operate properly.

A typical cell configuration uses a number of base
stations for transmitting and receiving. A base station
consists of a number of transmitters and receivers and
typically has 8 to 18 frequencies for communication.

FIG. 4 illustrates a multiple base station configura-
tion, the typical configuration of a cell. As in the single
base station configuration, the signal from the base sta-
tion (401) is transmitted to the appropriate switch ma-
trix (402). The switch matrix (402) switches the signal to
the broadband combiner (403) feeding the appropriate
antenna (404). The broadband combiners (403) illus-
trated in FIG. 4 are shown having unconnected inputs
(405). This denotes that this embodiment can be ex-
panded with additional switch matrices without depart-
ing from the present invention.

FIG. 5 illustrates an alternate embodiment to inter-
face the cavity combiner hardware presently used to the
antenna switching system. Using this scheme, the cell
will have some channels fixed in a sector and some
reserved to accommodate changing traffic demands,
thereby reducing the cost of upgrading a cell.

The antenna switching system allows dynamic fre-
quency allocation in a cell. This is a result of the ability,
to switch base station transmitters from sector to sector
and because resonant cavity combiners are not needed.
An overburdened sector in a cell can request a transmit-
ter from another sector to assist in handling the traffic.
The transmitters switched into the overburdened sector
will be capable of transmitting on any frequency avail-
able in the system, thereby increasing the number of
frequencies in that sector. If the system had control
hardware/software to determine what frequency to
assign to minimize interference between users, this in-
vention would allow all the base stations in a cell to
operate in one sector of the cell if needed.

Those skilled in the art will recognize that various
modifications and changes could be made to the inven-
tion without departing from the spint and scope
thereof. It should therefore be understood that the
claims are not to be considered as being limited to the
precise embodiments set forth in the absence of specific
limitations directed to each embodiments.

We claimn:

1. An antenna switching system, comprising:

(a) at least one signal transmission source for generat-

ing a plurality of radio frequency signals;

(b) means, coupled to the at least one signal transmis-
sion source, for switching the plurality of radio
frequency signals;

(c) radio frequency combining means, having an
input and an output, for combining the plurality of
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signals from the means for switching, the input of
the radio frequency combining means coupled to
the means for switching;

(d) amplification means having an input and an out-
put, the input of the amplification means coupled to
the output of the radio frequency combining
means; and

(e) at least one antenna coupled to the output of the
amplification means.

2. The antenna switching system of claim 1 wherein
the means for switching is at least one switch matrx
operably coupled to at least one odd/even sector
switch.

3. The antenna switching system of claim 1 wherein
the means for switching routes a signal from a first
antenna to a second antenna.

4. The antenna switching system of claim 1 wherein a
first antenna is isolated from a second antenna by the
means for switching.

5. The antenna switching system of claim 1 wherein
the means for combining is 2 broadband combiner.

6. The antenna switching system of claim 1 wherein
the amplification means is a linear power amplifier.

7. A dynamic frequency allocation system for allocat-
ing frequencies between sector antennas of a base sta-
tion having a plurality of odd and even sector antennas,
each odd sector antenna coupled to an odd sector
switch matrix and each even sector antenna coupled to
an even sector switch matrix, the odd and even switch
matrices each having a plurality of inputs and outputs,
the system comprising;

(a) at least one signal transmission source for generat-

ing at least one signal;

(b) sector switching means, coupled to a first signal
transmission source of the at least one signal trans-
mission source, for routing a first signal of the at
least one signal from the first signal transmission
source to a first input of the odd switch matrix or a
first input of the even switch matnx;

(c) a plurality of radio frequency signal combining
means, each having an input and an output, the
input of a first radio frequency signal combining
means coupled to first output of the odd or even
switch matrix;

(d) a plurality of linear power amplification means,
each having an input and an output, the input of a
first linear power amplification means coupled to a
first output of the radio frequency signal combimng
means; and

(e) a first one of the sector antennas coupled to a first
output of the linear powder amplification means.

8. An antenna switching system for switching a plu-
rality of signals among sector antennas of a base station
having a plurality of odd and even sector antennas, an
odd sector switch matrix, and an even sector switch
matrix, the odd sector switch matrix switching a signal
to an odd sector antenna and the even sector switch
matrix switching a signal to an even sector antenna, the
system comprising;

(a) at least one signal transmission source for generat-

ing the plurality of signals;

(b) switching means, coupled to the least one signal
transmission source, for switching the plurality of
signals among the odd and even sector switch ma-
trices; and

(c) combining means, coupled to the odd and even
sector antennas, for combining the plurality of
signals from the odd sector switch matrix onto the
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odd sector antennas and the plurality of signals
from the even sector switch matrix onto the even
sector antennas.

9. An antenna switching system comprising:

at least one signal transmission source for generating a 5
plurality of radio frequency signals;

a switching circuit, coupled to the at least one signal
transmission source, for switching the plurality of
radio frequency signals;

a radio frequency combiner, coupled to the switching 10
circuit, for combining the plurality of radio frequency
signals;

an amplifier, coupled to the radio frequency com-
biner, for amplifying the combined plurality of
radio frequency signals; and 15

at least one antenna coupled to the amplifier.

10. A dynamic frequency allocation system for allocating
Sfrequencies between sector antennas of a base station hav-
ing a plurality of odd and even sector antennas, each odd
sector antenna coupled to an odd sector switch matrix and 20
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each even sector antenna coupled to an even sector switch
maltrix, the system comprising:

at least one signal transmission source jor generating at
least one signal;

a sector switching circuit, coupled to a first signal trans-
mission source of the at least one signal transmission
source, for routing a first signal of the at least one
signal from the first signal transmission source to the
odd switch matrix or the even switch matrix;

a plurality of radio frequency signal combiners, a first
radio frequency signal combiner of the plurality of
radio frequency signal combiners coupled to either the
odd or the even switch matrix;

a plurality of linear power amplifiers, a first linear power
amplifier coupled to the first radio frequency signal
combiner; and

a first odd or even sector antenna coupled to the first

linear power amplifier.
* ¥ x * *
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