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(57) Abstract

A cellular telephone system is described of the type wherein a plurality of contiguous cells, each having a different as-
signed set of transmission frequency channels, are arranged with handoff controller (98) for maintaining continuous communica-
tion with mobile telephones moving from cell to cell. The system allows multiple access by including device (251) for assigning at
least one of the frequencies in the assigned set of frequencies to more than one mobile telephone. Three embodiments of the mul-
tiple access systems are disclosed. In one embodiment, frequency division multiple access is used (Fig. 4). In a second embodi-
ment, time division multiple access is used (Fig. 4). In a third embodiment, code division multiple access is used (Fig. 10).
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MICROCELL SYSTEM IN DIGITAL CELLULAR

FIELD OF THE INVENTION
This invention relates generally to cellular

telephone systems. More particularly, the invention
relates to a digital multiple access communication system
for cellular telephone systems.
BACKGROUND OF THE INVENTION
In a typical analog cellular telephone system, a

plurality of contiguous cells, each having a different
assigned set of transmission frequencies, are arranged
with handoff means for maintaining continuous
communication with mobile telephones moving from cell to
cell. As a mobile unit travels along a path that passes
from one cell to another, a handoff occurs which switches
the mobile unit from a frequency in the set assigned to
the cell it is leaving, to a new frequency in the set
assigned to the cell it is entering. The handoff action
is controlled by a mobile telephone switching office
(MTSO) which receives a handoff command or instruction.
The handoff command is typically generated when the
signal received from the mobile telephone falls below a
preselected signal strength thus indicating that the
mobile telephone is at the cell boundary.

In an analog system, each cell in a cellular
telephone system operates with a different assigned set
of transmission frequencies. As a mobile telephone
passes from one cell to another, the handoff signal
instructs the cell which the mobile telephone is entering
to begin transmitting at a frequency which is different
from the frequency which was being transmitted by the
cell which the mobile telephone was leaving. A similar
procedure is followed when the mobile telephone passes
into the next contiquous cell. Sets of assigned
frequencies are different for adjacent cells, and such
sets are not repeated except for cells that are far
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eﬁough away from each other so that interference problems
will not occur. In the case of systems using
identification codes, the identification codes are
generally not repeated.

A mobile telephone unit typically contains a
control unit, a transceiver, and an antenna system. Each
cell site typically is provided with a control unit,
radio, a power plant, data terminals, and antennas. The
MTSO provides coordination for all the cell sites and
contains suitable processing and switching means. The
MTSO also interfaces with the telephone company zone
offices for standard hardwired telephone systems. The
communication links between the MTSO and the various cell
sites are typically microwave, T carriers, or optical
fiber, and carry both voice and control data between the
cell sites and the MTSO.

When a user sitting in a car activates the
receiver of the mobile unit, the receiver scans a
plurality of set-up channels which are designated among
the total channels assigned to the cell. Typically,
there may be 21 set-up channels out of a total of 416
channels. (The remainder are communication channels.)
The receiver then selects the strongest set-up channel
and locks on for a certain time. Each site is assigned a
different set-up channel. Accordingly, locking onto the
strongest set-up channel usually means selecting the
nearest cell site. This self-location scheme is used in
the idle stage and is user-independent. It has a great
advantage because it eliminates the load on the
transmission at the cell site for locating the mobile
unit. The disadvantage of the self-location scheme is
that no location information of idle mobile units appears
at each cell site. Therefore, when the call initiates
from a standard non-mobile or land line to a mobile unit,
the paging process is longer. Since a large percentage
of calls originates at the mobile unit, the use of self-
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16cation schemes is justified. After a delay, for
example, one minute, the self-location procedure is
repeated.

To make a call from a mobile unit, the user
places the called number into an originating register in
the mobile unit, checks to see that the number is
correct, and pushes a "send" button. A request for
service is sent on a selected set-up channel obtained
from a self-location scheme as described above. The cell
site receives it, and in directional cell sites, selects
the best directive antenna for the voice channel to use.
At the same time the cell site sends a request to the
MTSO via a high-speed data link. The MTSO selects an
appropriate voice channel for the call, and the cell site
acts on it through the best directive antenna to link the
mobile unit. The MTSO also connects the wire-line party
through the telephone company central office.

When a land-line party dials a mobile unit
number, the telephone company central office recognizes
that the called number is mobile and forwards the call to
the MTSO. The MTSO sends a paging message to certain
cell sites based on the mobile unit number and a suitable
search algorithm. Each cell site transmits the page on
its own set-up channel. The mobile unit recognizes its
own identification on a strong set-up channel, locks onto
it, and responds to the cell site. The mobile unit also
follows the instruction to tune to an assigned voice
channel and initiate an audible signal to alert the user
to the incoming call.

When the mobile user is finished with the call,
the hang up turns off the transmitter, and a particular
signal (signaling tone) transmits to the cell site and
both sides free the voice channel. The mobile unit
resumes monitoring pages through the strongest set-up
channel.

During a call, two parties are on a voice
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channel. When the mobile unit moves out of the coverage
area of a particular cell site, the reception becomes
weak. The present cell site requests a handoff via an
appropriate signal, for example, a 100 ms burst on the
voice channel. The system switches the call to a new
frequency channel or a different cell identification code
in a new cell site without either interrupting the call
or alerting the user. The call continues as long as the
user is talking. The user does not notice the handoff
occurrences.

When call traffic in a particular area increases,
increased capacity may be generated by reducing the area
covered by a particular cell, i.e., creating a microcell.
For example, if a cell is split into four smaller cells,
each with a radius of one-half the original, traffic is.
increased four fold. Naturally, the smaller the cell,
the more handoffs required in a cellular telephone system
for a given capacity.

Although in the proper circumstances, reduced
cell size is advantageous, certain problems can arise.
Very often when cell size is reduced, for example to a
radius of less than one mile, very irregular signal
strength coverage will result. This may be caused by
buildings and other structures, and can therefore become
highly dependent upon the location of the mobile unit.
Other problems arise in connection with signal
interference. Although some cellular telephone systems
have employed several sets of frequencies in a small
single cell, in an attempt to improve capacity in that
cell, this prevents the reuse of the same frequencies or
adjacent frequencies in the neighboring cells. The
overall capacity of the system thereby decreases, since
the number of available channels in a system is
proportional to the inverse of the number of different
frequency sets émployed.

A cellular telephone system in which an antenna
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set configuration leads to a more uniform signal coverage
contour and lowered interference levels is described in
U.S. Patent No. 4,932,049 issued to Lee. The cellular
telephone system comprises cells which contains a
plurality of antenna sets arranged and configured to
limit propagation of signals substantially to one of a
plurality of zones or sectors within the boundaries of
the cells. The zones or sectors are substantially less
in area than the area of the cell. Transmission at any
one frequency (of the assigned set of transmission
frequencies for the cell) is confined to the zone or
sector wherein the mobile telephone has been assigned to
such one frequency. Frequency handoff occurs while the
mobile unit moves to a different cell.

In order to optimize the usage of the assigned
set of transmission frequencies in a zoned or sectored
cell described above, multiple access schemes allowing
more than one user to use a communication channel could
be implemented in the cell. Multiple access is possible
because most users of a voice communication system do not
fully utilize the capacity of the communication system.
More specifically, a typical user who is allocated a
channel in the communication system only actively uses
the voice channel for a fraction of its allocated time.
As an example, a typical user using a voice channel
generally speaks for half of the time and listens for the
remaining times. Thus the communication channel is then
left unused for at least half of the time. By
appropriate identifying by user time slot or code, bursts
or pockets of voice signals for different users in
digital systems may be transmitted thereby increasing the
user capacity of the system.

Analog multiple access schemes such as analog
frequency division multiple access have been implemented
in cellular telephone systens. Digital multiple access
schemes including digital frequency division multiple
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aécess, time division multiple access, and code division
multiple access have been developed, and it is
anticipated that they will also be implemented in
cellular telephone systems. It is advantageous to
implement a multiple access scheme using digital means.
This is because digital communication typicélly offers
better performance, higher capacity, and lower cost. It
should be noted that the applications of digital
communication are not limited to communicating digital
data. Analog voice signal can enjoy the benefits of
digital communication by first converting the analog
voice signal to a digital signal before transmission.
After the digital signal is received by a receiver, the
digital signal is then converted back to the analog voice
signal. '

One of the reasons for the improved performance
in a digital communication system is that the system is
more tolerant to noise. This is because a threshold
level of noise energy is required to change the state of
a digital signal. Thus, the communication is relatively
error free if the noise energy of the communication
medium is below the required level. 1In addition, it is
possible to implement error detection and correction
algorithms which further reduce the error rate even if
the communication medium is relatively noisy. As a
result, it is possible to set up communication channels
under noisy environment thereby increasing the capacity
of the communication system.

Another reason for the improved performance is
that digital data can be easily manipulated using digital
processors. Thus, many operations which are difficult to
implement using analog means can be implemented using low

cost microprocessors and digital logic circuits.

SUMMARY OF THE INVENTION
In accordance with the invention, an improved
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céll configuration leads to a more uniform signal
coverage contour, lowered interference levels, increased
capacity, improved voice quality, and relatively simple
and economical construction. The improved cell includes
5 a master site and a plurality of zone sites. The
improved cell also includes a plurality of antenna sets,
each set being suitably positioned within the periphery
of the cell to cover a corresponding zone and having
transmitting and receiving means directionally configured
10 to limit propagation and reception of signals
substantially to a zone within the boundaries of the
cell. The strength of the signal received in each zone
by each of the antenna sets at each frequency in the
assigned set of transmission frequencies for the cell is
15 monitored at the master site. Transmission, for each
frequency in the assigned set of transmission frequencies
for the cell, is confined to a selected antenna set in
the zone which receives the strongest signal, and
transmission is terminated at the antenna sets in other
20 zones. This confines transmission at such frequency to
the zone associated with the selected antenna set. The
cell also includes a means for assigning at least one of
the frequencies in the assigned set of transmission
frequencies to more than one mobile telephone within a
25 given cell.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram illustrating a
typical layout of a cell employed in the invention.
Figure 2 is a schematic diagram illustrating
30 another layout of a cell employed in the invention.
Figure 3 is a schematic block diagram of the
electronics of an embodiment of the present invention.
Figure 4 is a schematic block diagram of a zone
select transmitter system according to the present
35 invention.
Figure 5 is a schematic block diagram of an
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embodiment of a zone site selector according to the
present invention.

Figure 6 is a schematic block diagram of another
embodiment of a zone site selector according to the
present invention.

Figure 7 is a schematic block diagram of a
scanning receiver system according to the present
invention.

Figure 8 is a schematic of a master site
according to the present invention wherein set up channel
is transmitted and received through zone sites.

Figure 9 is a schematic diagram illustrating a
typical layout of a cell in a code division multiple
access (CDMA) system according to the present invention.

Figure 10 is a schematic block diagram of the
electronics in a CDMA system according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

There are three main types of digital multiple
access systems: digital frequency division multiple
access (digital FDMA), time division multiple access
(TDMA) and code division multiple access (CDMA). The
present invention allows the implementation of digital
FDMA, TDMA, and CDMA in a microcell. Thus, the benefits
of digital multiple access communication can be realized
in the microcell. 1In addition, the present invention
relating to the digital frequency division multiple
access can also be applied to an analog frequency
division multiple access system by a person of ordinary
skill in the art.

Frequency division multiple access, both analog
and digital is a method whereby the bandwidth of a
communication channel is subdivided in frequency into
subchannels so that more than one user can use the
communication channel simultaneously.

TDMA is a method whereby the time of operation of
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a communication system is divided into a plurality of
time slots having predetermined lengths. The system
transmits information relating to a user only during the
time slots assigned to the user. The system has means to
temporarily store information generated by the user
during other times so that information is not lost during
these times. Thus, more than one user is able to use the
same channel in the communication system.

In a preferred cellular TDMA system, the
bandwidth of a channel is 30 KHz. Three callers have
access to a particular channel. Communication time is
divided into time frames of 20 ms and the time frames are
divided into three slots of 6.66 ms each. Each mobile
unit is assigned one of the three time slots in a
particular channel.

CDMA is a method whereby each user is assigned a
different coding scheme instead of being assigned a
different frequency channel or a different time slot.
These coding schemes are orthogonal or partially
correlated to each other so that it is possible to
identify the user based on an analysis of the codes used
in the transmission. Aas a result, more than one user can
use the same channel.

CDMA is especially desirable if the communication
channel is relatively noisy. This is because CDMA
typically uses spread spectrum techniques which are known
to be tolerant to noise and multipath interference. As a
result, CDMA allows more users to use the noisy channel
to make initial calls thereby increases the capacity of
the channel.

Another advantage of CDMA is that every cell uses
the same set of wide band frequencies, or channels. As a
result, it is possible to have the closest co-channel
separation, i.e., the ratio of the co-channel separation
distance (D) and the cell radius (R) in a CDMA system
could be equal to 2, whereas the ratio D/R for other
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communication methods is about 4.6.

A consequence of using the same set of wide band
frequencies in every cell is that no frequency switching
is required as mobile units move from cell to cell.
Instead, the coding scheme in CDMA has a code for
identifying the cells. As mobile units move from cell to
cell, only the identification codes for the cells need to
be changed. Such change in the identification code
instead of changing frequency is referred to as "soft"
handoff. As a result, the performance of the system
improves.

An example of a microcell in which the system
accbrding to the present invention can be used is shown
in a cell 1 of Figure 1. The structure of cell 1 is
disclosed in U.S. Patent No. 4,932,049 issued to Lee,
which is incorporated herein by reference. This
structure leads to a more uniform signal coverage contour
and lowered interference levels.

The outer boundary of cell 1 is delineated by the
circle 11 in solid line. Although shown as a circle,
cells are often represented as hexagons in designed
illustrations. 1In reality, however, due to the shape of
terrain and the presence of buildings and other
structures, the actual boundary of the circle 11 may be
of an irregular shape. In any case, the solid line 11 is
intended to represent that location at which a mobile
telephone unit passes from the influence of the
illustrated cell and into the influence of an adjacent

cell.
Three separate antenna sets 13, 15, and 17 are

“positioned within cell 1. Antenna set 13 is located at a

zone site 14, whereas antenna sets 15 and 17 are located
at zone site 16 and 18, respectively. One of the zone
sites, for example, zone site 14, can colocate with a
master site which processes the signal to and from the
zone sites. Depending upon the particular conditions
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within the cell area, other numbers of antenna sets may
be usefully employed, and it is to be understood that the
use of three sets in Figure 1 is for illustrative
purposes only. Each antenna set includes a transmitting
antenna 13a, 15a, and 17a, respectively. Each antenna
set also includes two receiving antennas 13b and 13c, 15b
and 15c¢, and 17b and 17c, respectively. Duplication of
the receiving antennas at each zone site is for diversity
use to reduce signal fading by combining the signals.

The determination of the locations of zone sites and the
number of zone sites in a cell can be based on the Lee’s
coverage prediction model published in IEEE Transactions
on Vehicular Technology, February, 1988.

Each antenna set has its own zone of major
influence for transmitting and receiving signals. Thus,
antenna set 13 at the master site 14 has a zone indicated
by the dotted line 13z. Similarly, antenna set 15 at
zone site 16 has a zone of influence designated by the
dotted line 15z and antenna set 17 at the zone site 18
has a zone of influence designated by the dotted line
17z. It may be seen from Figure 1 that the zones overlap
in certain areas. Directionality is provided to the
antenna sets so that the zones of influence, i.e. the
zones of propagation and reception of signals, are
limited to be substantially within the boundaries of cell
1. Such directionality is provided by suitable means
such as shown as a symbolic means 19 arranged at each
antenna set or zone site. The directionality means 19
can be a reflector for each individual antenna, or any
other suitable arrangement to provide the desired
directionality and coverage.

The signal of the set up channels can be
communicated to the mobile units inside cell 1 in two
different configurations. The first configuration uses
an additional antenna set in the master site, in this
case, zone site 14. Thus, antenna set 13 includes a
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sétup transmitting antenna 13d for transmitting set up
signals, and duplicate setup receiving antennas 13e and
13f for receiving set up signals, as will be explained
below. The set of setup antennas 13d, 13e and 13f,
however, is configured to have a greater zone of
influence, this being indicated by the dash-dot line 21,
substantially coextensive with the limits of cell 1
delineated by circle 11. The second configuration uses
the same sets of antenna 13a-c, 1l5a-c, and 17a-c for
communicating both the voice channel and set up channel.
In this configuration, no additional antenna set is
required.

Figure 2 is another example of microcell 110 in
which the system according to the present invention can
be used. Microcell 110 is preferably positioned along a
highway 150 for providing cellular telephone services to
mobile units (not shown) moving along highway 150.
Microcell 110 comprises a plurality of zones, illustrated
by the dotted circles 113-116. It is to be understood
that the number of zones in Figure 2 and the shape of the
zones are for illustrative purposes only. Each zone
comprises a zone site for housing at least one antenna
set. Thus zones 113-116 comprises zone sites 123-126 and
antenna sets 133-136. One of the zone sites can also be
a master site.

The advantage of microcell 110 is that a long
stretch of highway 150 can be covered by a set of
assigned frequencies. Thus, a mobile unit can travel a
long distance without the need for a handoff action. 1In
addition, the power radiated by antennas 133-136 could be
low and still cover the stretch of highway because the
area of each zone is small. As a result, the microcell
110 could be implemented using low cost equipment.

Figure 3 shows a block diagram of the electronics
which can be used either in a TDMA or in a digital FDMA
located in the cell of Figure 1. Two zone sites 16 and
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lé are each coupled to a master site 14 and are
controlled therefrom. In the illustrated embodiment,
zone site 16 is connected to master site 14 via three
cables 23, 25, and 27. Zone site 18 is connected to

5  master site 14 via cables 29, 31, and 33. The specific
nature of the signals assigned to the respective cables
will be described below. Generally, however, cables 23
and 29 carry transmitter antenna signals whereas cables
25, 27, 31, and 33, carry receiver antenna signals. The

10 illustrated embodiment depicts the communication between
the zone sites and the master site as being via cable.
It will be apparent to those skilled in the art that such
cables may include, for example, Tl carrier cables,
optical fibers, or the like. The cables may also be

15 replaced by microwave channels.

The zone sites each contain a signal processing
ensemble of components as shown at 35 for zone site 14a.
It is understood that substantially identical signal
processing ensembles are contained in zone sites 16 and

20 18, although such ensemble are not shown in Figure 3 for
simplicity. Signal processing ensemble 35 includes a
filter 37, an amplifier 39, and a converter 41 interposed
between antenna 13a and cable output 43. Similarly,
filter 45, amplifier 47, and converter 49 are interposed

25 between antenna 13b and output cable 51, and filter 53,
amplifier 55, and converter 57 are interposed between
antenna 13c and output cable 59. The filters,
amplifiers, and converters filter, enhance, and convert
signals as desired and may be of any type suitable for

30 the stated purpose.

In Figure 3, the three amplifiers 39, 47, and 55
enhance the UHF signals applied to their input from
filters 37, 45, and 53 respectively. These UHF signals
are then applied to converters 41, 49 and 57, which

35 either up convert or amplitude modulate the frequency to
an optical frequency, where optical fibers are used for
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the cable connections, or down convert the frequency to a
base band for passing through Tl carrier cables. They
may also directly convert from UHF to microwave where
microwave channels are used. The filters, amplifiers and
converters may be of any type suitable for the stated
purpose.

Master site 14 comprises a zone selector 95, a
transmitter module 96, a receiver module 97, a controller
98, and a set up channel 99. Controller 98 communicates
with the MTSO. Transmitter module 96 comprises a
plurality of transmitters. Each transmitter generates a
signal having a frequency corresponding to the assigned
freéuency of a channel. The signals generated from the
transmitters in transmitter module 96 is coupled to the
appropriate zone site through zone selector 95 for
communication with the mobile units. Zone selector 95
also receives signals from the three zone sites, and,
after processing these signals in a manner described
below, couple the signal to receiver module 97. Receiver
module 97 comprises a plurality of receivers for
recovering the signals generated by mobile units in the
cell. Each receiver is a two-branch diversity receiver,
well known in the art, which comprises two inputs, each
input accepting a signal from one of the two receiving
antenna in the zone site. Each receiver is tuned to a
frequency corresponding to the assigned frequency of a
channel. The recovered signals are coupled to controller
98.

Zone selector 95 comprises a zone switch 92, a
zone switch/combiner 94, and a zone scanner 93. Zone
switch 92 receives signal from transmitter module 96 and
directs the signal to the appropriate zone site for
communication with the mobile units. An exemplary
implementation of zone switch 92 is shown at Figure 4.
The selection of the appropriate zone site is determined
by a selection signal generated by zone scanner 93. An



WO 92/17954 PCT/US92/01854

10

15

20

25

30

35

-]15-

exemplary implementation of zone scanner 93 is shown at
Figure 7. Zone switch/combiner 94 receives signal from
the zone sites, and, depending on the mode of operations,
described below, either combines the signals from the
three zone sites or selects a signal from one zone before
coupling the resulting signal to receiver module 97.
Exemplary implementations of zone switch/combiner 94 are
shown at Figures 5 and 6.

At master site 14, the output ports 71-73 of zone
switch 92 go through converters 61-63, respectively, and
then coupled to zone sites 14a, 18 and 16, respectively,
through cable connectors 43, 29, and 23, respectively.
The selection of the appropriate zone site is determined
by a selection signal generated by a zone scanner which
is input to zone switch 92 through an input port 87.

Zone switch 92 also has an input port 88 for inputting a
set of transmitting signals generated by transmitter
module 96.

Zone scanner 93 comprises three input ports 81-83
for coupling signals from the three zone sites via
converters 64-66, respectively. The strength of these
signals are compared to determine the zone site which
gives rise to the strongest signal. Alternatively, the
zone site can also be selected based on the supervisory
audio tone (SAT) signal. Zone scanner 93 also comprises
an input port 85 for accepting a time division clock
signal from receiver module 97 for separating the
appropriate time slot. The selection signal generated by
zone scanner 93 is sent to an output port 84 for coupling
to zone switch/combiner 94 and zone switch 92.

The signal received from the three zone sites,
after going through cable connectors 25, 27, 29, 31, 33,
43, 51, 59, and converters 64-69, terminates at the input
ports 74-79 of zone switch/combiner 94. If zone
switch/combiner 94 operates in a zone switching mode, a
selection signal is coupled to an input port 89. The
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selection signal select one of the signal from one of the
three zone sites for coupling to the output ports 90, 91.
If zone switch/combiner 94 operates in a combing mode
such that the signals from all the zones are combined,
the selection signal is not used. Zone switch/combiner
94 generates two sets of output signals, one at an output
port 90 and the other at an output port 91. Each member
of each set of oﬁtput signals is coupled to a
corresponding input terminal of a two-branch diversity
receiver in receiver module 97.

It can be understood by a person of ordinary
skill in the art that if master site 14 is co-locate with
one of the zone site, say zone site l4a, no converter is
required for communicating between master site 14 and the
co-located zone site 1l4a. In this case, converters 41,
61, 49, 64, 57, and 67 are not needed.

Controller 98 measures the signal strength of a
channel requested by the MTSO. If the initial call is in
this particular cell, or if the call is handed off to
this particular cell through the controller, the
controller initiates one of the transmitters in
transmitter module 96 to transmit at a particular
frequency assigned by a MTSO to that call. The signal is
then sent to a proper zone through zone switch 92. If
during the call, the signal strength received at
controller 98 is below a preselected level, the
controller initiates a handoff process from the MTSO to
handoff the call to another cell.

In Figure 3, controller 98 is connected to a set
up channel 99 which transmits and receives signals on the
three control antennas 13d, 13e, and 13f. The set up
channel assigned in each cell can cover the entire zone
of influence 21, shown in Figure 1, which 1is coextensive
with cell 1 in Figure 1. However, it is also possible to
transmit the set up channel 99 to each zone site so that
no setup channel antennas are needed. In this case, all
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zone sites transmit and receive the setup channel inside
its zone of influence. An exemplary setup channel which
does not use setup channel antennas is shown in Figure 8.

In operation of the system above described, a
mobile unit which is operating on an assigned frequency
f, in the cell will typically be moving within the cell.
All zone sites within the cell will receive signal levels
(strengths), but only that zone site at which the
received signal level is the strongest will transmit and
receive signals to the mobile unit during a call. The
transmitters in the other zone sites do not transmit to
the mobile unit. When the mobile unit moves such that
the received signal strength at a zone site other than
the one that is currently transmitting becomes strongest,
the system operates to turn off the transmitter at the
weaker zone site and turn on the transmitter at the zone
site at which the stronger signal level is being
received. The two-diversity antenna signal at each zone
are also selected from the proper zone site to receive
the call. The operating frequency, however, remains
unchanged at f,. Thus, no handoff has occurred in the
traditional sense and the MTSO is not involved. As a
result, no additional handoff load is added to the MTSO
switching equipment. An alternative way is to combine
the two diversity antenna signals from all zones, as
described below.

As was noted above, the block diagram shown in
Figure 3 can be used both in digital FDMA and TDMA. 1In a
TDMA scheme, a plurality of time division multiplexers
and an associated synchronization clock is used, as
explained below. In a digital FDMA scheme, it is not
necessary to use the time division multiplexers and the
associated clock.

Figure 4 shows a block diagram of an exemplary
zone switch, shown as numeral reference 92 in Figure 3,
according to the present invention. Zone switch 200
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comprises two input port 283, 285 and three output ports
211~213 which correspond to ports 87, 88, and 71-73,
respectively, of zone switch 92 in Figure 3. Thus,
signals from a transmitter module, shown as 96 in Figure
3, is coupled to input port 285 of zone switch 200.
These signals are directed by zone switch 200 to the
three zone sites 14a, 18, and 16 through output ports
211-213.

As was noted above, transmitter module 96
comprises a plurality of transmitters, each generating a
different signal. Thus, Input port 285 further comprises
a plurality of input terminals, shown as 286 and 287 in
Figure 4. Terminal 286 couples a signal having a
frequency of f, into zone switch 200 and terminal 287
couples a signal having a frequency of f, into
transmitting zone switch 200.

Zone switch 200 further comprises a plurality of
time division multiplexers, two of them, 251 and 261 are
shown at Figure 4 for illustrative purpose. 1In general,
the number of time division multiplexers is the same as’
the number of frequency channels assigned to the cell.
Zone switch 200 also comprises a plurality of channel
zone switches, six of them, 241-246, are shown at Figure
4. In general, the number of zone switches is equal to
the product of the number of time slots and the number of
time division multiplexers. Zone switch 200 further
comprises three combiners 221-223, one associated with
each zone site, for combining the signals from the
channel zone switches for sending to the three zone
sites. '

A time division multiplexer (TDM) is a device,
well known in the art, for dividing time intervals into
time slots. In Figure 4, TDM 251 and 261 divide each
time interval into three time slots. Preferably each
time slot is 6.66 ms long in a 20 ms time interval. It
may be understood that a TDM can divide time intervals
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into any suitable number of time slots, and the choice of
the number of divisions in TDM 251 and 261 are for
illustrative purposes only.

TDM 251 comprises an input port 253 for accepting
signals having a frequency of f,, generated by a
transmitter of transmitter module 96, shown in Figure 3.
The time interval for transmitting the signal having
frequency f; is divided into three time slots. The
signals of the time slots are coupled to output ports
256-257. Each of these signals is eventually directed to
a zone site for communicating with a mobile unit. Since
different time slots can be directed to different zone
sites, it is possible that three mobile units in three
zone sites communicate with master site 14 using the same
frequency channel.

Similarly, TDM 261 comprises an input port 263
and three output ports 266-268. Ports 263 and 266-268
correspond to ports 253 and 256-258, respectively, of TDM
251. TDM 261 functions in a similar way as TDM 251. All
the output signals from TDM 261 have frequency f, since
the input signal to TDM 261 has a frequency of £,.
Again, signals having frequency f, in the three time
slots can be directed to the same or different zone
sites. A

Each of the output ports from the TDMs is coupled
to a channel zone switch for directing the output of a
communication channel from the TDMs to the appropriate
zone site. Thus, output ports 256-258 and 266-268 are
coupled to channel zone switches 241-246, respectively.
The construction of all the channel zone switches are
substantially the same. Thus, only one channel zone
switch, 241, is described in detail.

Channel zone switch 241 comprises an input port
231 for accepting signals from TDM 251. Channel zone
switch 241 also comprises three output ports 235-237
coupled to combiners 221-223, respectively, for directing



WO 92/17954

10

15

20

25

30

35

PCT/U0S92/01854
=20~

signals to one of the three combiners. Channel zone
switch 241 further comprises a switch 233 for selectively
coupling the input port 231 to one of the three output
ports 235-237. The coupling is controlled by a selection
signal at a control port 232. Control port 232 is
coupled to input port 283. As was noted above, input
port 283 corresponds to port 87 in Figure 3 which is
coupled to zone scanner 93. Depending on the status of
the signal at input port 232, the signals from output
port 256 of TDM 251 could be sent to one of the three
zone sites.

, Similarly, each channel zone switch has three
output ports for coupling to the three combiners. Again,
depending on the status of the control port, the outputs
of the channel zone switch is coupled to one of the three
combiners. Each of the combiners 221-223 combines all
the signals coupled thereto and sends the signals out to
the zone sites through output ports 211-213,
respectively.

As was noted above, a typical TDMA system
divides a time interval of 20 ms into time slots. If
quadruture phase shift-keying modulation is used, a total
of 486 symbols can be transmitted within the 20 ms time
interval, i.e., the time duration for each symbol is 41
microseconds. In order to ensure that the last symbol of
one slot and the first symbol of the next slot are
correctly received, the rate of switching should be
faster than the time duration for a single symbol, i.e.,
41 microseconds. In order to prevent undesirable effects
resulting from switching transients, a TDM switch which
has a switching rate substantially faster than 41
microseconds should be used. Examples of such TDM
switches are part numbers 54F/74F 151A manufactured by
National Semiconductor and 10G050A manufactured by GBL.

It should be noted that the block diagram shown
in Figure 4 can also be used in a digital FDMA scheme if
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the TDMs are removed from the block diagram. 1In this
case, the signals from the transmitters in transmiter
module 96, shown in Figure 3, are coupled directly to the
channel zone switches, and the number of channel zone
switches are the same as the number of transmitters
instead of three times the number of transmitters if the
TDMs are included. Thus, terminal 286 couples a signal
having frequency f, to one of the three channel zone
switches 241-243. Similarly, terminal 287 couples a
signal having frequency f, to one of the three channel
zone switches 244-246..

Figure 5 is a block diagram of a zone
switch/combiner 300 according to the present invention.
In this embodiment, zone switch/combiner 300 operates as
a combiner and will be referred to as zone combiner in
the following description of Figure 5. The block diagram
in Figure 5 also includes a receiver module 330. Zone
combiner 300 and receiver module 330 correspond to zone
switch/combiner 94 and receiver module 97 in Figure 3.

Zone combiner 300 comprises seven input ports
303, 304-309, and two output ports 301, 302. Input ports
303, 304-309 and output ports 301, 302 correspond to
input ports 89, 74-79 and output ports 90, 91,
respectively, of Figure 3. Thus, the signals at input
ports 304-309 are signals from the zone sites.

The signals from input ports 304-306 are combined
by combiner 321 and coupled to output port 301. Since
input ports 304-306 are coupled to the zone sites, it
means that all three signals from all the three zone
sites are combined together by combiner 321. Similarly,
the signals from input ports 307-309 are combined by
combiner 321 and then coupled to output port 302. Again,
input ports 307-309 are coupled to the three zone sites,
thus, the three signals from the three zone sites are
combined together by combiner 321. The signals at output
ports 301 and 302 are coupled to receiver modules 330 in
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an arrangement described below. Since there is no need
to select the zone sites in this embodiment, the select
signal present at port 303 is not used.

Receiver module 330 comprises a plurality of two-
branch diversity receivers, only three of these
receivers, 333, 335, 337, are shown in Figure 5. These
receivers 333, 335, 337 are TDM receivers and could
recover individual signals sent by the mobile units.

Each receiver in module 311 is tuned to a frequency
corresponding to the frequency generated by a
corresponding transmitter in transmitter module 96, shown
in Fig. 3.

Each receiver in receiver module 330 comprises
two input ports. One of the input port is coupled to
port 301 and the other input port is coupled to port 302.
The recovered signal from each receiver is sent to
controller 98, shown in Figure 3. It is well known in
the art that the two-branch diversity receiver
arrangement enhance the quality of the received signal.

Since all the receivers in receiver module 330
are TDM receivers, all the receivers share a common clock
(not shown) which can be used for synchronization with
the time slots of the TDMs in zone switch 200, shown in
Figure 4. The common clock signal is sent out of
receiver module 330 through an output port 340. As was
noted above, this clock signal is coupled to zone scanner
93, shown in Figure 3, for synchronization.

It should be noted that if the block diagram of
Figure 5 is used in a digital FDMA scheme, no
synchronization clock is needed. Consequently, port 341
is not needed.

Zone combiner 300, shown in Figure 5, is
preferably used if the transmission rate is low,
typically less than 10 kilobits per second, or the
distance between the zone sites and the master is short,
typically less than one half of a kilometer. Otherwise,
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another implementation of zone site selector, shown at
Figure 6, should preferably be used.

Even though zone combiner 300 is described as
part of a TDMA and a digital FDMA scheme, it should be
noted that zone combiner 300 can also be used in an
analog multiple access system and in a portable telephone
system. One of the advantages in using zone combiner 300
in an analog system is that the power delivered to the
receivers in receiving module 330 is increased because
all the power from the three zone sites are utilized.
Another advantage is that temporal loss of received
signal from one zone would have less effect on the
quality of the signal because signals from the other
zones could compensate for such loss.

Figure 6 is a block diagram of a receiver module
390 and a zone switch/combiner 350 which is suitable for
used for high transmission rates or in situations where
the distance between the zone sites and the master site
is long. 1In this embodiment, zone switch/combiner 350
operates as a zone switch, and will be referred to as a
zone switch for receiving in the description of Figure 6.
Receiver module 390 is similar to receiver module 330 of
Figure 5 and comprises a plurality of two branch
diversity receivers 391-393 for recovering signals
transmitted by mobile units. Receiver module 390 also
comprises a output port 394 for sending a clock signal to
zone scanner 93, shown in Figure 3, for synchronization.

Zone switch 350 comprises two sets of channel
zone switches 360 and 365. Zone switch 350 for receiver
further comprises two output ports 352, 353, and seven
input ports 351, 354-357 which correspond to ports 90,
91, 89, and 74-79, respectively, of zone switch/combiner
94, shown in Figure 3. Input signals from input ports
357-359 are coupled to the first set of channel zone
switches 360. Input signals from input ports 354-356 are
coupled to the second set of channel zone switches 365.
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Each set of channel zone switches 360, 365 has a
plurality of channel zone switches, 361-363 and 366-368.
The number of channel zone switches in each set is the
same as the number of channels in receiving module 390.
Each channel zone switch selects one of the zone sites in
response to a control signal at input port 351. Since
input port 351 corresponds to port 89 in Figure 3, the
control signal is a signal from zone scanner 93, shown in
Figure 3.

The channel zone switches in zone switch 350 for
receiving is substantially the same as the channel zone
switches in zone switch 200 for transmitting, shown in
Figure 4, except that the channel zone switches in
receiving zone switch 350 have three input ports and one
output port instead of three output ports and one input
port. Again, a selection signal is used to determine the
coupling of the output port to one of three input ports.
Since the operations of all the channel zone switches are
the same, only one channel zone switch, 361, is described
in detail.

Channel zone switch 361 comprises three output
ports 371-373 for accepting signals from input ports 359,
358, and 357, respectively. Channel zone switch 361 also
comprises an output ports 375 for coupling signal to a
terminal 381 inside output port 353, preferably an outlet
box, of receiving zone switch 350. Channel zone switch
361 further comprises a switch 376 for selectively
coupling the output port 375 to one of the three input
ports 371-373. The coupling is controlled by a selection
signal at a control port 374. Control port 374 is
coupled to input port 351. As was noted above, input
port 351 corresponds to port 89 in Figure 3 which is
coupled to zone scanner 93. Depending on the status of
the signal at input port 375, the signals from one of the
input ports 371-373 of channel zone switch 361 could be
sent to output port 375.
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The output signal from channel zone switch 361 is
coupled to an input port of receiver 391. This signal
comprises one branch of a two-branch diversity signal.
Similarly, the output from channel zone switch 366 is
coupled to another input port of receiver 391. This
signal comprises a second branch of a two-branch
diversity signal. Receiver 391 recovers the signal
transmitted by a mobile unit and sends this signal to
controller 98, shown in Figure 3.

Similarly, the output signals from channel zone
switches 362, 367 are coupled to receiver 392 and the
output signals from channel zone switches 363, 368 are
coupled to receiver 393. The signals recovered by
receivers 392, 393 are coupled to controller 98.

It should be noted that if the block diagram of
Figure 6 is used in a digital FDMA system, no
synchronization clock is needed. Consequently, port 341
is not needed.

Figure 7 is an exemplary implementation of a zone
scanner 400. Scanning receiver 400 comprises three
frequency scanners 411-413, three time slot switches 421-
423, and a comparator 427. Zone scanner 400 further
comprises four input ports 437, 431-433 and an output
port 439. Ports 431-433[ 437, and 439 correspond to
ports 81-83, 85, and 84, respectively, of zone scanner
93, shown in Figure 3.

Signals from zone sites l4a, 18, and 16 are
coupled to frequency scanners 411-413 through input ports
431-433, respectively. Frequency scanners 431-433 scan a
predetermined number of frequencies from zone sites l4a,
18, and 16, respectively. Time slot switches 421-423
selectively couple one of the three scanners 411-413 to
comparator 427 at any given time. The timing for
coupling one of the three scanners 411-413 is controlled
by a clock signal input from port 437.

Comparator 427 stores and compares the average
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signal strength of the signals from the three zone sites.
As a result, it is possible to determine the zone site
which gives rise to the strongest signal received at the
master site. This information is coupled to output port
439 as a selection signal for controlling the zone
switches. Comparator 427 preferably includes hysteresis
means for reducing the ping pong effects resulting from
instantaneous signal fluctuations. Comparator can also
be used to compare the strongest supervisory-audio-tone
signals among the three zones.

It should be noted that if the block diagram of
Figure 7 is used in a digital FDMA scheme, no
synchronization clock and time slot switch is needed.
Consequently, time slot switches 421-423 and port 431 are
not needed.

Figure 8 is a schematic block diagram of a master
site 640 wherein the setup channel is transmitted and
received by the three zone sites instead of using setup
channel antennas. The zone switch/combiner 94, zone
switch 92 for transmitting, zone scanner 93, controller’
98, and converters 61-69 in Figure 8 function the same
and share the same numeral references as the
corresponding elements of Figure 3. Consequently, these
elements and their connections are not described here.

Controller 98 is coupled to a set up transmitter
612 which is in turn coupled to a power splitter 614.
Power splitter 614 splits the signal generated by set up
transmitter 612 into three substantially identical
signals. Each of the three signals is coupled to a
corresponding combiner 616, 618, 620. Signals from the
output ports 71-73 of zone switch 92 for transmitters are
also coupled to combiners 620, 618, and 616,
respectively. The combined signals from combiners 620,
618, and 616 are coupled to converters 61-63 for sending
to the corresponding zone sites. A power splitter is
used in Figure 8 because the location of the mobile unit
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is not known during set up operations.

Signals from converters 64-69 are coupled to a
combiner 624 in addition to zone switch/combiner 94.
Combiner 624 combines the signals from converters 64-66
into one signal and couples the combined signal to one
input port of a two-branch diversity set up receiver 622.
Combiner 624 also combines the signals from converter 67-
69 into one signal and couples the combined signal to a
second input port of receiver 622. Receiver 622 recovers
the set up channel transmitted by a mobile unit and
couples the signal to controller 98.

Zone switch/combiner 94 can either be of a type
comprising a combiner, shown in Figure 5, or of a type
comprising channel zone switches, shown in Figure 6. If
zone switch/combiner 94 comprises a combiner, this
combiner can be physically combined with combiner 624.

It should be noted that the arrangement in Figure
8 can be used in analog frequency division multiple
access, digital frequency division multiple access, TDMA,
and CDMA.

Figure 9 is a schematic diagram illustrating a
typical layout of a cell 500 utilized in a CDMA system
according to the present invention. The outer boundary
of cell 500 is delineated by a circle 511 in solid line.
The circle is used for illustrative purposes only and the
actual boundary of cell 500 may have an irregular shape.
Three separate antenna sets 521-523, are each positioned
in a zone site 516, 514, and 518, respectively, within
cell 500. A master site is co-located with a zone site,
in this case, zone site 514. Depending upon the
particular conditions within the cell area, other members
of antenna sets may be usefully employed.

Each antenna set includes a transmitting antenna
521a, 522a, and 523a. Each antenna set also includes two
receiving antennas 521b and 521c, 522b and 522c, and 523b
and 523c, respectively. Duplication of the receiving
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aﬁtenna at each sub-site is for diversity use to reduce
signal fading by combining the signals. Directionality
of the antenna is provided by suitable means, shown as a
symbolic means 519, for each set of antennas. Each
antenna set has its own zone of major influence for
transmitting and receiving signals. Thus antenna set
521-523 has zones of influence designated by dotted lines
531-533, respectively. In contrast to the antenna
arrangement shown in Figure 1, there is no separate setup
channel antennas.

In the CDMA system according to the present
invention, the three zone sites are transmitting and
receiving signals continuously. Thus, cell 500 becomes a
three-zone microcell. Since the radius of each microcell
is about half that of the cell, the power level required
is reduced by a factor of four. Consequently, the amount
of interference to neighboring cells are reduced
substantially thereby resulting in higher quality. 1In
addition, the reduced power level alsoc allows the use of
low cost equipment.

Figure 10 is a schematic block diagram of the
electronics of a CDMA system according to the present
invention. The functions of the components in Figure 10
are substantially the same as the functions of the
components in Figure 3, except that zone selector 95,
which comprises zone switch 92, zone scanner 93, and zone
switch/combiner 94, is replaced by a zone selector 582,
which comprises a combiner 581. The components having
the same functions in Figures 3 and 8 are shown with the
same numeral references,; and the functions and
connections of these components are not described here.

The CDMA system, shown in Figure 10, comprises a
transmitter module 573 which includes at least one wide-
band (spread spectrum) transmitter for generating signals
having the appropriate codes at the initiation of a
signal from a controller 98. The signal generated by
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module 573 are coupled to combiner 581. The combined
signal is sent to all the zone sites for the antenna set
inside the zone site. Unlike the TDMA system, it is not
necessary to divide time intervals into time slots and
select the appropriate zone sites.

Signals received by all the zone sites are also
combined by combiner 581. Thus, signals received by
converters 64-65 are combined by combiner 581. The
combined signal is sent to one input port of all the two-
branch diversity receivers in a receiver module 575.
Similarly, signals received by converters 67-69 are
combined by combiner 581 and sent to a second input port
of all the two-branch diversity receivers in receiver
module 575. Receiver module 575 comprises at least one
CDMA receiver, well known in the art, for recovering the
signals sent by the mobile units to the master site 514.
After the signals coupled to the receivers are diversity
combined, they are coupled to controller 98.

Various modifications of the invention, in
addition to those shown and described herein, will be
apparent to those skilled in the art from the foregoing
description and accompanying drawings. Such
modifications are intended to fall within the scope of

the appended claims.
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WHAT IS CLAIMED IS:
1. In a cellular telephone system wherein a

plurality of contiguous cells, each having an assigned
set of transmission frequencies, are arranged with
handoff means for maintaining continuous communication
with mobile telephones moving from cell to cell, a cell
having a plurality of antenna sets, each set being
positioned and having transmitting and receiving means
directionally configured to limit propagation and
reception of signals substantially to a zone within the
boundaries of said cell, control means including means
for monitoring the strength of the signal received by
each of said antenna sets at each frequency in the
assigned set of transmission frequencies for said cell,
means for confining transmission, at each frequency in
the assigned set of transmission frequencies for said
cell, to a selected antenna set in said cell having the
strongest received signal at each such frequency to
thereby limit transmission at such frequency to the zone
associated with the selected antenna set, and means for
assigning at least one of the assigned transmission
frequencies to more than one mobile telephone located in
said cell. V

2. A cell according to Claim 1 wherein said means
for assigning comprising a time division multiple access
system. .
3. A cell according to Claim 2 wherein said time
division multiple access system comprises: means for
dividing a time interval during transmission into a
plurality of time slots; means for allocating one of said
plurality of time slots to one of said mobile telephones
in said cell, said one of said mobile telephenes being
located in one of said zones in said cell; means for
directing transmission during said allocated time slot to

said one of said zones; and means for recovering
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transmission by said one of said mobile telephones.

4. A cell according to Claim 3 wherein said
means for dividing said time interval comprising a time
division multiplexer.

5. A cell according to Claim 3 wherein said
means for directing comprises: means for generating a
selection signal indicating the zones in which said one
of said mobile telephones is located, said selection
signal generation means include means for comparing the
strength of signals received by said antenna sets located
in said zones; and a channel zone switch having an input
port and a plurality of output ports, at least one of
said plurality of output ports being coupled to one of
said zones, said input port being coupled to a selected
one of said plurality of output ports in response to said
selection signal.

6. A cell according to Claim 5 wherein said
selection signal generator comprises: a plurality of
frequency scanners, each of said frequency scanners
having an input and output port, each of said frequency
scanners measuring the signal strength of a predetermined
set of frequencies; means for coupling the input port of
each of said frequency scanners to a corresponding one of
said zones; a comparator‘having a plurality of input
ports and an output port, said comparator generating said
selection signal at said output port indicating the input
port having the strongest signal strength; and means for
coupling each of said plurality of frequency scanners to
a corresponding input port of said comparator at a
predetermined interval of time for a period substantially
equal to said time slot.

7. A cell according to Claim 3 wherein said
means for recovering transmission comprises: at least one
combiner for combining signals from all the zones in said
cell; and a receiver coupled to said combiner for
retrieving signals having a predetermined frequency and
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being transmitted during a predetermined time slot.

8. A cell according to Claim 7 wherein said
receiver comprising a two-branch diversity receiver.

9. A cell according to Claim 3 wherein said
means for recovering transmission comprises: means for
generating a selection signal indicating the zones in
which said one of said mobile telephones is located, said
selection signal generating means including means for
comparing the strength of signals received by said
antenna sets located in said zones; a channel zone switch
having an output port and a plurality of input ports, at
least one of said plurality of input ports being coupled
to one of said zones, said output port being coupled to
one of said plurality of input ports in response to said
selection signal; and a receiver coupled to said channel
zone switch for retrieving signals having a predetermined
frequency and being transmitted during a predetermined

time slot.
10. A cell according to Claim 9 wherein said

receiver comprising a two-branch diversity receiver.

11. A cell according to Claim 1 wherein said
means for assigning comprises a code division multiple
access systemn.

12. A cell accoraing'to Claim 11 wherein said
code division multiple access system comprises: means for
generating a signal having a code for identifying a
corresponding one of said mobile telephones; means for
coupling said signal to said zones; at least one combiner
for combining signals from all the zones in said cell;
and a receiver coupled to said combiner for retrieving
signals having said code.

13. A cell according to Claim 12 wherein said
means for coupling comprising means for splitting said
signal and means for directing said splitted signals to

said zones.
14. A cell according to Claim 12 wherein said
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receiver comprising a two-branch diversity receiver.

15. A cell according to Claim 1 which further
comprising means for transmitting set up channel and
means for receiving set up channel.

16. A cell according to Claim 15 wherein said
set up channel transmitting means comprises: a set up
transmitter for generating a signal; a power splitter
coupled to said set up transmitter for splitting said
signal into a plurality of splitted signals; and means
for directing said plurality of splitted signals to their
corresponding zones.

17. A cell according to Claim 15 wherein said
set up channel receiving means comprising at least one
combiner for combining signals received by said antenna
sets and a set up receiver for recovering signals
transmitted by said mobile telephones.

18. A cell according to Claim 1 wherein said
means for assigning comprising a digital frequency
division multiple access systen.

19. A cell according to Claim 18 wherein said
digital frequency division multiple access system
comprises: means for dividing the bandwidth of a
frequency channel into a plurality of subchannels;
means for allocating one of said plurality of subchannels
to one of said mobile telephones in said cell, said one
of said mobile telephones being located in one of said
zones in said cell; means for directing transmission of
one of said subchannel to said one of said zones; and
means for recovering transmission by said one of said
mobile telephones.

20. A cell according to Claim 19 wherein said
means for directing comprises: means for generating a
selection signal indicating the zones in which said one
of said mobile telephones is located, said selection
signal generation means include means for comparing the

strength of signals received by said antenna sets located
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in said zones; and a channel zone switch having an input
port and a plurality of output ports, at least one of
said plurality of output ports being coupled to one of
said zones, said input port being coupled to a selected
one of said plurality of output ports in response to said
selection signal.

21. A cell according to Claim 20 wherein said
selection signal generator comprises: a plurality of
frequency scanners, each of said frequency scanners
having an input and output port, each of said frequency
scanners measuring the signal strength of a predetermined
set of frequencies; means for coupling the input port of
each of said frequency scanners to a corresponding one of
said zones; a comparator having a plurality of input
ports and an output port, said comparator generating said
selection signal at said output port indicating the input
port having the strongest signal strength; and means for
coupling each of said plurality of frequency scanners to
a corresponding input port of said comparator.

22. A cell according to Claim 19 wherein said

means for recovering transmission comprises: at least one
combiner for combining signals from all the zones in said
cell; and a receiver coupled to said combiner for
retrieving signals having'a predetermined frequency and
being transmitted during a predetermined time slot.

23. A cell according to Claim 22 wherein said
receiver comprising a two-branch diversity receiver.

24. A cell according to Claim 19 wherein said
means for recovering transmission comprises: means for
generating a selection signal indicating the zones in
which said one of said mobile telephones is located, said
selection signal generating means including means for
comparing the strength of signals received by said
antenna sets located in said zones; a channel zone switch
having an output port and a plurality of input ports, at
least one of said plurality of input ports being coupled
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to one of said zones, said output port being coupled to
one of said plurality of input ports in response to said
selection signal; and a receiver coupled to said channel
zone switch for retrieving signals having a predetermined
5 frequency.
25. A cell according to Claim 24 wherein said

receiver comprising a two-branch diversity receiver.
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