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¥ (57) Abstract

An inbuilding communication system is described for providing telephone communication between sets of portable tele-
phone (58) located in different areas (13-15, 17-19) of a building (12 or 16), wherein each set of portable telephones is assigned a
substantially identical set of frequencies. The various areas (13-15, 17-19) are separated by building structure which attenuates ra-
dio signals. Each area is provided with a set of at least two antennas (54-56, 64-66, 74-76, 94-96, 104, 106, 108, 114, 116, 118) the
number and position of each antenna being chosen such that the radio signals transmitted from such antennas are attenuated be-
low a predetermined level from passing through the attenuating structure. A selection circuit (52) is provided for selecting one an-
tenna in each set for transmitting a selected radio signal, such antenna being selected to that which requires the lowest signal in-
tensity for transmitting to the portable telephone in that area corresponding to a particular frequency.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

AT Austria FR France

AU Australia GA Gabon

BB Barbados GB Untted Kingdom

BE Belgium GN Guinca

BF Burkina Faso GR Greece

BG Bulgaria HU Hungary

BJ Benin IE frefand

BR Brazil IT Ttaly

CA Canada JP Japan :
CF Central African Republic Kp Democratic People™ Republic
€G Congo of Korea

CH Switzerland KR Republic of Korca

Cl Céte d’voire KZ Kazakhstan

cM Cameroon LI Licehtenstein

cs Czechuslovakia . LK Sri Lanka

cz Czech Republic LU Luxcmbourg

DE Germany MC Mounaco

DK Denmark MG Mudzigu:car

ES Spain ML Mali

Fl Finland MN Mongolia

Mauritania

Malawi
Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovak Republic
Senegal

Sovict Union

Chad

Togo

Ukraine

United States of America
Viet Nam




10

15

20

25

30

WO 93/10619 PCT/US92/09906

INBUILDING TELEPHONE COMMUNICATION SYSTEM

This invention relates to telephone communication systems, and
more particularly, to a telephone communication system which allows the use of a

plurality of portable telephones in a building.
BACKGROUND OF THE INVENTION

The use of a portable telephone in a building allows the user a
degree of mobility not available from using a telephone which is attached to a
telephone jack using a cable. As a result, there is a high demand for portable
telephones. Prior art portable telephones have a transceiver and an antenna for
transmitting radio signals to and receiving radio signals from a base unit. The base
unit is typically coupled to a wireline telephone central office. The base unit also
has a transceiver and an antenna for transmitting and receiving radio signals. The
radio signal provides the means for communicating between the portable telephone
and the base unit, and subsequently to other telephones through the telephone

central office.

Even though there is a high demand for portable telephones, there is
presently a limit on the number of portable telephones which can be utilized in a
building. One of the limitations to the number of portable telephones is that the
radio signal frequency spectrum assigned to portable telephones by regulatory
agencies is limited. Effort has been made to better utilize this frequency spectrum.
As an example, the frequency spectrum is divided into frequency channels having
as narrow a band width as practical. Typically, each portable telephone is assigned
one of these channels. Thus, the number of portable telephones is limited by the

number of assignable channels.
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One way to increase the number of portable telephones is to assign

more than one portable telephone to the same frequency channel. However, one of
the problems of such assignment is that there could be unacceptable interference
between the portable telephones using the same channel. Interference occurs when
the radio signal transmitted by one portable telephone affects the quality of the R
signal used by another portable telephone. Interference is especially significant
when the intensity of the interfering signal is strong and is of substantially the

same frequency as the signal which is interfered with.

One way to reduce interference is by separating the portable
telephones using the same frequency channel by a physical structure, such as the
flooring separating one floor from another, which attenuates radio signals. If the
radio signal passing through the structure is reduced to a low level, it is possible
that the interference is reduced to an acceptable level. One way to implement this
method is to assign a set of frequency channels having different frequencies to the
portable telephones on 2 floor of a building while the same set of frequency
channels is assigned to the portable telephones located on a different floor. The
interference between the portable telephones on the same floor is small because the
frequencies used by the portable telephones are different. The interference between
the portable telephones on different floors would also be small if the physical
structure, such as the flooring, attenuates the radio signals passing through the
structure to a low level. This method could also be used to allow the portable

telephones located in different buildings to use the same set of frequency channels.

The above method has limitations because the physical structure
separating the two sets of portable telephones may not be able to sufficiently
attenuate the radio signals. Typically, the amount of attenuation to radio signals by
a building wall is about 15-25 dB and by a building floor is about 20 dB. In order
to avoid interference, the signal intensity of the radio signals on each floor cannot
be too strong because of the finite amount of attenuation provided by the walls and

the floor. However, a strong signal is required in order to increase the coverage of

sl
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a portable telephone because there is a direct relationship between the signal
intensity and the coverage. The maximum distance between the portable telephone
and the base unit is determined by a number of factors. Among them are the
separation distance, the physical condition of the building, and the intensity of the
signals transmitted by the portable telephones. Typically, the signal intensity
required to maintain communication is an increasing function of the separation
distance. Thus, in order to cover the distances typically found in a building, the

signal intensity may be higher than a level where interference is acceptable.

As a result of the above limitations, the number of portable
telephones allowed in a building is limited. Consequently, the demand for portable
telephones often exceeds their availability. Accordingly, there is a need for an
inbuilding communication system, i.., a communication system which uses a
plurality of portable telephones in the building or a portion of the building, which
can reduce these limitations thereby allowing more telephones to be employed in

the system.

SUMMARY OF THE INVENTION

Broadly stated, the present invention relates to an inbuilding
communication system for providing telephone communication to a first set of
portable telephones located in a first area and to a second set of portable
telephones located in a second area. The first set of portable telephones transmit
and receive a first set of radio signals having a set of assigned frequencies. The
second set of portable telephones transmit and receive a second set of radio signals
having the same set of assigned frequencies used by the first set of portable
telephones. The first and the second areas are separated by a structure which
attenuates radio signals. A first set of at least two antennas is located inside the
first area for communicating with the first set of portable telephones. The number
of antennas and the position of each antenna in the first set of antennas are chosen

such that the first set of radio signals are attenuated below a predetermined level

PCT/US92/09906
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after passing through the structure. A second set of at least two antennas is loca:ted
inside the second area for communicating with the second set of portable
telephones. The number of antennas and the position of each antenna in the
second set of antennas are chosen such that the second set of radio signals are
attenuated below a predetermined level after passing through the structure. The
inbuilding communication system also comprises a first selection means for
selecting a selected antenna of the first set of antennas for transmitting a selected
radio signal of the first set of radio signals to a corresponding one of the first set
of portable telephones. The selected antenna of the first set of antennas requires
the lowest signal intensity for transmitting the selected radio signal of the first set
of radio signals to the corresponding one of the first set of portable telephones.
The inbuilding communication system further comprises a second selection means
for selecting a selected antenna of the second set of antennas for transmitting a
selected radio signal of the second set of radio signals to a corresponding one of
the second set of portable telephones. The selected antenna of the second set of
antennas requires the lowest signal intensity for transmitting the selected radio

signal of the second set of radio signals to the corresponding one of the second set

of portable telephones;

Therefore, it is an object of the present invention to provide an

inbuilding communication system.

It is another object of the present invention to provide an inbuilding
communication system wherein the same set of frequency channels is used in

different areas of the same building or in different buildings.

It is a further object of the present invention to provide a wireless

private branch exchange system (PBX) inside a building.
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These and other objects of the present invention will become
apparent to those skilled in the art from the following detailed description of the

invention and from the accompanying drawings.
5 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing showing one embodiment of an inbuilding

communication system according to the present invention.

10 Fig. 2 is a block diagram of a zone site signal processing unit

according to the present invention.

Fig. 3 is a block diagram of a zone site signal processing unit and its

associated converters using a diversity scheme according to the present invention.

15
Fig. 4 is block diagram of a master site using a diversity scheme
according to the present invention.
Fig. 5 is a drawing showing another embodiment of an inbuilding
20 communication system according to the present invention.

Fig. 6 is a drawing showing a wireless private branch exchange

using an inbuilding communication system according to the present invention.

25 DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a system diagram showing one embodiment of an
inbuilding communication system, i.e., a communication system which uses a
plurality of portable telephones in the building or a portion of the building,
30 according to the present invention. The communication system comprises a master

site 10 for transmitting signals to and receiving signals from at least one building
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via an antenna 40 and for coupling signals to and from a cellular inbuilding
telephone system. It is to be understood that the communication system according
to the present invention can also be coupled to a wireline telephone central office
and is not limited to couphng to the cellular telephone system. The cellular
telephone system provides a plurality of telephone communication channels to the
inbuilding communication system. In Fig. 1, two buildings 12 and 16 are shown.
Each building has three floors, labeled as floors 13-15 for building 12 and 17-19
for building 16. The number of buildings and the number of floors shown in Fig.

1 are for illustrative purposes only, and the present invention is not limited to two

buildings each having three floors.

Master site 10 includes a conventional cell site 20 for providing a
plurality of telephone communication channels to the inbuilding communication
system. Cell site 20 includes a plurality of radio frames, shown in Fig. 1 as
reference numerals 21 and 22, and a plurality of cell site controllers, shown as
reference numerals 23 and 24, coupled to the corresponding radio frame. Each
radio frame includes a plurality of radio transmitters and a plurality of radio
receivers, each being assigned a different frequency. A transmitter and a receiver
are used to communicate with a transmitter and a receiver of a corresponding
portable telephone located in one of the floors of one of the buildings 12 and 16.
For example, a transmitter and a receiver of radio frame 21 are used to
communicate with a corresponding portable telephone located in floor 15 of
building 12. Similarly, a transmitter and a receiver of radio frame 22 are used to

communicate with a corresponding portable telephone located in floor 19 of

building 16.

The same set of frequencies are assigned to all the radio frames.
Thus, the same set of frequencies assigned to radio frame 21 is also assigned to
radio frame 22. Such arrangement allows the frequency spectrum o be used more
efficiently, if the problems associated with interference can be resolved. One

aspect of the present invention is a means to reduce such interference.
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Each radio frame is coupled to a corresponding cell site controller.
Thus, radio frames 21 and 22 are coupled to cell site controllers 23 and 24,
respectively. The cell site controllers are in turn coupled to a mobile telephone
switch office (MTSO) 25. Both the cell site controllers 23 and 24 and MTSO 25

are well known in the art and are available from several vendors.

It should be understood by a person of ordinary skill in the art that
other means for providing telephone communication channels may also be used.
For example, a private branch exchange (PBX) could be used to replace cell site
20. Similarly, a wireline telephone central office could be used to replace MTSO

25.

In a cellular telephone system, the bandwidth of each channel is
preferably 30 KHz. The frequency spectrum of the channels in the cellular
telephone system is preferably 50 MHz and the carrier frequency of each channel
is preferably about 850 MHz in the UHF frequency range. Various methods, both
digital and analog, have been developed to use the same spectrum in a cellular
telephone system to provide service to more than one user. Examples of such
methods are time-division multiple access, frequency-division multiple access, and

code-division multiple access.

The inbuilding communication system according to the present
invention uses the same set of cellular communication channels for each floor of
buildings 12 and 16. In a typical building of three floors, forty channels per floor
are sufficient to satisfy the need of most users. One of the forty channels is
preferably a setup channel for transmitting control information between master site
10 and each floors of buildings 12 and 16. In this case, cell site 20 provides a set
of forty assigned cellular communication channels, and by using multiple access
methods i.e. allowing more than one user to use a cellular communication channel,
two hundred and forty users in buildings 12 and 16 can access the telephone

system at the same time.

PCT/US92/09906
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Each cellular communication channel is associated with one portable
telephone in each floor. Since there are six floors in buildings 12 and 16, each
cellular communication channel is associated with six portable telephones.
Preferably, the frequency of the radio signal assigned to a portable telephone for
use inside its floor is the same as the frequency of the associated cellular
communication channel. Consequently, the portable telephones used in the

inbuilding communication system could be low cost conventional portable cellular

telephones.

Since the same set of frequencies are used in all the floors, this
arrangement allows the radio frequency spectrum, an increasingly valuable
resource, to be used more efficiently. As pointed out above, if the intensity of the
radio signals are strong, there would be unacceptable interference of the radio
signals from adjacent floors and from adjacent buildings. One aspect of the present

invention is to provide a means, described below, for reducing such interference of

the radio signals.

Another problem with using the same set of channels on each floor
is that there must be a wa'y for master site 10 to associate the radio signals, which
has the same set of frequencies on each floor, to the corresponding floor. Another
aspect of the present invention is to provide a means for separately communicating

the forty channels in each floor of buildings 12 and 14 to master site 10.

The communication link between master site 10 and buildings 12
and 16 is described first. A microwave communication link is preferably used.
This is because a microwave communication link provides line-of-sight
communication which is highly directional. Asa result, only the buildings aimed
at by antenna 40, in this case, buildings 12 and 16, receive the microwave signal.
In addition, the cost of a microwave communication link is low and the reliability

is high because it is an established technology. However, other types of

(%
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communication links, such as an optical-fiber communication link, can also be

used.

In order to provide a microwave communication link that can
separately communicate with each floor of buildings 12 and 14, master site 10
includes a plurality of frequency converters, such as converters 28 and 29, for
converting radio signals having a cellular frequency, i.e., about 850 MHz, to and
from a microwave signal having microwave frequency, preferably about 23 GHz or
40 GHz. Each converter comprises an up-converting mixer for up-converting the
signals from the forty cellular communication channels to a transmitting microwave
signal and a down-converting mixer for down-converting the received microwave
signal to the cellular frequency of the forty channels. The microwave frequency
used by each converter is different. As explained below, each converter
communicates only with a corresponding converter associated with one of the
floors in building 12 and 16. Thus, these converters provide a communication link

between master site 10 and each floor of buildings 12 and 16.

As an example, converter 28 includes an up-converting mixer 30
having a frequency of F, in the microwave range. The signals of the forty
channels transmitted by radio frame 21 modulate the microwave signal having
frequency F,. The resulting modulated microwave signal is sent to the buildings
via antenna 40. Converter 28 also includes a down-converting mixer 32 having a
frequency of F,’ in the microwave range. The microwave signal received by
antenna 40 having a frequency of F,” is down-converted by mixer 32 to the signals
of the forty channels which are received by the receiver in radio frame 21. As
explained below, only one of the floors in buildings 12 and 16, in this case, floor
15, is able to convert the microwave signals having frequencies F, and F,’. As a
result, converter 28 provides a communication linkage  between cell site 20 and

floor 15.

PCT/US92/09906
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Similarly, converter 29 includes an up-converting mixer 36 having a
frequency of Fg and a down-converting mixer 38 having a frequency of F’.
Converter 29 converts the same forty communication channels used by radio frame
92 in a similar manner as converter 28. Again, only one of the floors in buildings
12 and 16, in this case, floor 19, is able to convert the microwave signals having
frequencies Fs and Fg'. Asa result, converter 29 provides a communication link

between cell site 20 and floor 19.

The number of converters in master site 10 is preferably the same as
the number of locations serviced by master site 10. In the system shown in Fig. 1,
there are two buildings, 12 and 16, having three floors each. Thus, there should
preferably be six converters using six pairs of microwave frequencies Fi, F', B,
E, F, F, E, F'L Fs E;’, F,, and F;’. However, each floor in each building uses
the same forty communication channels. As explained below, even though the
same communication channels are used, the present invention reduces the

interference between the floors and between the buildings to an acceptable level.

The communication system of one of the buildings, building 12, is
now described. Building 12 includes an antenna 42 and a microwave amplifier 44
for enhancing the transmitting and receiving microwave signals. Amplifier 44
receives and amplifies microwave signals from antenna 42 and couples these
signals to three CONVerters 46-48 via line 45. Amplifier 44 also receives and
amplifies the microwave signal generated by converters 46-48 and couples these
signals to antenna 42 for transmitting to master site 10. Amplifier 44 preferably
includes broadband microwave amplifiers which could amplify microwave signals

in the frequency band F;-F; and F,’-F;'.

Converter 46 in building 12 has a similar structure as converter 28
in master site 10. Consequently, its detailed structure is not shown in Fig. 1.
Converter 46 down-converts the microwave signal having a frequency of F; to the

radio signals of the forty communication channels used by the portable telephones.
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Convert 46 also up-converts the radio signals of the forty communication channels
to a microwave signal having a frequency of F,’. As a result of the use of the

same pair of frequencies, F, and F,’, by converters 28 and 46, these two converters -

are able to communicate with one another.

Similarly, converters 47 and 48 up-convert to microwave frequencies
F,” and F;’, respectively, and down-convert from microwave frequencies F, and F;,

respectively.

The converters 46-48 are preferably located on the top of building
12. This is because signal loss resulting from connecting microwave components,
in this case, antenna 42, amplifier 44, and converters 46-48, could be a serious
problem. The signal loss is reduced by reducing the connection distance of
antenna 42, amplifier 44, and converters 46-48. Since antenna 42 is preferably
located on top of building 12, amplifier 44 and converters 46-48 are also preferably
located on top of building 12. On the other hand, signal loss at the frequency of
the communication channel, preferably around 850 MHz, is not a significant
problem. Thus, long cables, preferably TV cable, could be used to provide low
cost connections between the converters 46-48 to the other communication

components located in each floor.

Similarly, building 16 includes an antenna 82, amplifier 84, and
converters 86-88 for receiving and transmitting microwave signals. Antenna 82,
amplifier 84, and converters 86-88 in building 16 function in the same way as
antenna 42, amplifier 44, and converters 46-48, respectively, in building 12.
However, the frequency of the converters are different. Thus, converters 86-88 up-
convert to microwave frequencies F,’, Fy’, and F’, respectively, and down-convert
from microwave frequencies F,, Fs, and Fg, respectively. As a result, each
converters in the buildings 12 and 16 is able to communicate with a corresponding

one of the converters in master site 10.

PCT/US92/09906
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It can be seen from the above that a microwave link is provided
such that each converter communicates only with a corresponding converter
associated with one of the floors in building 12 and 16. Even though each floor
uses the same set of frequency channels for communicating with the portable
telephones in the floor, the microwave link provides a means for master site 10 to

identify the signal generated from each floor.

It is apparent to a person of ordinary skill in the art that even though
a microwave communication link is described, other communication links could
also be used. For example, if it is not desirable to provide a line-of-sight
communication link, an optical fiber communication link could be used between

master site 10 and buildings 12 and 16. In this case, converters 28, 29, 46-48, and

86-88 are optical frequency converters.

Returning now to building 12, converter 46 is coupled via lines 50
and 51 to a zone site signal processing unit 52 located in floor 15. As mentioned
above, lines 50 and 51 are preferably TV cables. Signal processing unit 52 collects
radio signals generated by portable telephones, such as telephone 58, via a plurality
of inbuilding UHF antennas, such as antennas 54-56, and sends these signals to
converter 46. Signal processing unit 52 also directs the signals from converter 46
to the inbuilding antennas closest to the corresponding telephones. For example,
only antenna 54 is used to transmit a signal to telephone 58 because portable
telephone 58 is closest to antenna 54. The structure of unit 52 will be described
later. It should be understood that even though Fig. 1 shows three inbuilding

antennas in each floor, any number of antennas could be used.

The advantage of using unit 52 and a plurality of antennas 54-56 is
that the signal intensity required to cover floor 15 is reduced when compared to the
case where only one antenna is used. This is because each one of the three
antennas 54-56 only needs to transmit signal§ of sufficient strength to cover a

portion of the floor space. Since the intensity of a radio signal required to reach a
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portable telephone is an increasing function of the distance between the antenna
and the portable telephone, such reduction in coverage could drastically reduce the
signal intensity. As a result, interference resulting from the low intensity radio
signal is also reduced. The number of antennas is selected such that the intensity
of the radio signals generated by unit 52 and the portable telephones in floor 15 are
sufficiently attenuated by the flooring and the walls of building 12 so that these

signals do not interfere with signals on the other floors or in building 16.

Each floor in building 12 has a system similar to the one used in
floor 15. Thus, lines 60 and 61, zone site signal processing unit 62, and antennas
64-66 in floor 14 correspond to lines 50 and 51, zone site signal processing unit
52, and antennas 54-56, respectively in floor 15. Similarly, lines 70 and 71, zone
site signal processing unit 72, and antennas 74-76 in floor 13 correspond to lines
50 and 51, zone site signal processing unit 52, and antennas 54-56, respectively in

floor 15.

Each floor of building 16 also includes a zone site signal processing
unit and a plurality of antennas. Thus, lines 90 and 91, unit 92, and antennas 94-
96 in floor 19 function in a similar manner as line 50, unit 52, and antennas 54-56,
respectively, in floor 15. Similarly, line 100, unit 102, and antennas 104-106 in
floor 18, and line 110, unit 112, and antennas 114-116 in floor 17 function in a

similar manner as line 50, unit 52, and antennas 54-56, respectively, in floor 15.

It can be seen from the above that a means has been described
which allows the same set of frequencies to be used by the radio signals in each
floor. The problem of radio frequency interference between adjacent floors and

adjacent buildings has been solved.

Fig. 2 is a block diagram showing the detail structure of a zone site
signal processing unit 150 according to the present invention. The structure of

zone site signal processing units 52, 62, 72, 92, 102, and 112, shown in Fig. 1, are
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similar to the structure of zone site signal processing unit 150. Unit 150 comprises
a port 152 for coupling to a converter, such as converter 46, and three ports 154-

156 for coupling to three inbuilding antennas, such as antennas 54-56, shown in

floor 15.

The signals transmitted by the portable telephones and received by
the antennas are coupled to an adder 160 via lines 162-164. Adder 160 adds the
signals collected by all the antennas and sends the combined signal to port 152 via
line 165. By combining the signals received by all the antennas before sending to
port 152, the intensity of the resulting signal increases. The Signals on lines 162-
164 are also coupled to a zone scanning receiver 170 via lines 172-174. Zone
scanning receiver 170 compares the intensity of the radio signals received by each
antenna and outputs a selection signal to a switch 182 inside a zone selector 180
via a line 175. Switch 182 coupled the incoming signal at line 184, which is the
down-converted signal at port 152, to one of the three terminals 185-187. The
terminals 185-187 are coupled to ports 154-156, respectively, via lines 190-192,
respectively. The selection signal couples the signal from line 184 to the antenna
which receives the strongest signal from the portable telephone. Since the antenna
receiving the strongest signal is also closest to the portable telephone, only the
antenna which is closest to the portable telephone transmits to the portable

telephone. The other antennas only receive the signal and do not transmit.

The procedure to direct the incoming signals from port 152 to the
inbuilding antenna receiving the strongest signal transmitted by a portable
telephone is performed for each of the forty communication channels. This is
because the portable telephones could be located near any one of the three
antennas. In order to direct the channel to the right telephone, it is necessary to

determine the Iocation of the strongest signal for each channel.

If it is desirable to increase the signal strength of the signals, signal

enhancers, well known in the art, for increasing signal strength, could be connected
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to ports 154-156. In addition, if the area of each floor is small enough so that only

two antennas are required, a T-combiner could be used to replace zone selector

180.

It is possible to improve the performance of the inbuilding
communication system by using a diversity scheme. In a diversity scheme, a pair
of diversity antennas is used to replace a single inbuilding antenna. The members
of the pair of diversity antennas are preferably placed close to each other. Thus, if
a diversity scheme is used in the system shown in Fig. 1, each floor will have three
pairs of diversity antennas, i.c., a total of six inbuilding antennas. Further, the
communication system also needs to include additional components for processing
the signals from the added antennas. It is known that a diversity scheme could
reduce multi-path fading of radio signals, i.c., the fading of the signal due to its
propagation from one point to another on more than one path. Thus, if one
membér of the pair of diversity antennas has trouble in receiving a signal from a
portable telephone due to multi-path fading, the other member could pick up the
radio signal. The improvement in using diversity scheme is especially significant

when the signal strength is weak, which is the case here.

As mentioned above, additional components need to be included in
the inbuilding communication system of Fig. 1 in order to use a diversity scheme.
Fig. 3 shows a block diagram of a zone site diversity signal processing unit 200
and two converters 202 and 204. Unit 200 is similar to unit 150, shown in Fig. 2,
except for the components which are added for the diversity scheme. Converter
202 is an up-down converter which corresponds to converters 46-48 and 86-88 in
Fig. 1. Thus, converter 202 down-converts a microwave signal having a frequency
of, say F, to cellular frequency signals and up-converts the cellular frequency
signals received by unit 200 to a microwave signal having a frequency of, say F.
Converter 204 is an up-converter, not shown in Fig. 1, which is used to up-convert
the diversity signals received by the additional diversity antennas to a microwave

signal having a frequency of, say F”’. Both converters 202 and 204 are preferably
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placed on top of buildings 12 and 16 while unit 200 is preferably placed inside

each floor.

The same reference numerals are assigned to the components in unit
200 which function in the same way as the components in unit 150, shown in Fig.
2. These components are not described in detail here. Unit 200 further includes
three additional ports 210-212 for coupling to three antennas. The antennas
coupled to ports 154 and 210 are members of a pair of diversity antennas.
Similarly, the antennas coupled to ports 155 and 211 form another pair of diversity
antennas while the antennas coupled to ports 156 and 212 form the third pair of
diversity antennas. The signals received by ports 210-212 are coupled to an adder

220 through three lines 214-216, respectively.

In Fig. 3, only the signals received by ports 154-156 are coupled to
scanning receiver 170. However, it is possible to couple the signals received by
ports 154-156 and ports 210-212 to scanning receiver 170. In this case, scanning
receiver 170 should be able to process six pairs of signals for each communication
channel. The advantage of processing six pairs of signals is that the accuracy of
Iocating the appropriate antenna for a portable telephone increases. The
disadvantage is the additional cost involved because both the processing speed and

the number of signal paths of scanning receiver 170 need to be increased.

Adder 220 is coupled to converter 204 which up-converts the signals
received by ports 210-212 to a microwave signal having a frequency of F’’. This
microwave signal together with the microwave signal generated by converter 202
are then sent to port 222. Port 222 is coupled to microwave amplifier 45, shown

in Fig. 1, for transmission to the master site.

In order to process the microwave signal having a frequency of F,
the master site needs to have a means for down-converting the additional diversity

signal. Fig. 4 shows a block diagram of a master site 250 including a diversity
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converter 252, a cell site 254, and an antenna 256. Converter 252 has two mixers
262 and 264 for down-converting microwave signals having frequencies of F’ and
F’. Converter 252 also has a mixer 266 for up-converting the cellular
communication channels to a microwave frequency having a frequency of F.
Except for the ability to convert the diversity signals using mixer 264, converter
252 functions in a similar manner as converter 28, shown in Fig. 1. Master site
250 has a plurality of converters, similar to converter 252, for éommunicating with

each floor of buildings 12 and 16.

Cell site 254 includes a radio frame 270. Radio frame 270
comprises a transmitter for transmitting cellular frequency signals to mixer 266 and
a diversity receiver for receiving cellular frequency signals from mixers 262 and
264. Radio frame 270 is coupled to a cell site controller 272 which is in turn
coupled to the MTSO. Both radio frame 270 and cell site controller 272 are well
known in the art. Cell site controller 272 functions in a similar manner as cell site
converter 23 of Fig. 1. Except for the use of a diversity receiver, radio frame 270
functions in a similar manner as radio frame 21 of Fig. 1. Cell site 254 has a

plurality of radio frames and cell site controllers.

It is often desirable to allow a user to continue his telephone
communication while he moves from one floor to another. As mentioned before,
the inbuilding communication system shown in Fig. 1 allows different users located
on different floors to use the same communication channel. If a user on one of the
floors, say, floor 15, moves to another floor, say, floor 13, using an elevator, the
telephone communication has to be terminated as soon as the portable unit enters
the elevator. No service is provided in the elevator. This arrangement is to avoid
the possibility that the communication channel used by the user originally located
on floor 15 is being used by a user on floor 13. As a result, additional components
are needed to allow the user to continue his telephone communication when he is

inside the elevator.
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In order to include the above-mentioned feature in the inbuilding
communication system according to the present invention, a floor switching means
for switching the communicating channel used by the user as he moves from one
floor to another is preferably installed. An inbuilding communication system

including a floor switching means according to the present invention is shown in

Fig. 5.

Fig. 5 shows a building 130 and a master site 140. Building 130 is
similar to building 12, shown in Fig. 1. However, the floors are connected by an
elevator system comprising a plurality of elevator shafts 133-135 having an
elevator in each shaft. Thus, the elevators and the shafts constitute a connecting
area between floors 13-15. Although only one building is shown in Fig. 5, the

present invention is not limited to one building.

The communication components in building 130 of Fig. 5 comprise
the same components as those in building 12 of Fig. 1 together with a converter
49, a signal processing unit 122, and three antennas 124-126. The same reference
numerals are used for the components which are common to Figs 1 and 5.
Antennas 124-126 are preferably mounted on top of the elevator shafts 133-135,
respectively. However, they may also be mounted on the individual elevators in
the shafts. These antennas are coupled to signal processing unit 122. Signal
processing unit 122 functions in a similar way as signal processing units 52, 62,
and 72, located on the floors of building 142. Signal processing unit 122 is
coupled to converter 49 by a pair of lines 136 and 137. The number of antennas is

determined by the number of elevator shafts and is not determined by the number

of floors in building 142.

A set of elevator communication channels, which is different from
the set of assigned floor communication channels used by floors 13-15, is assigned
to the elevator shafts. The three shafts share the same set of assigned elevator

communication channels. Thus, the elevator shafts comprises a "virtual cell” site.
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As explained in detail below, as a portable telephone moves from a floor, say floor
15, to one of the three elevator shafts, communication continues using one of the
assigned elevator communication channels. Signal processing unit 122 directs
communication to the antenna located in the elevator shaft at which the portable
telephone is located. As the portable telephone leaves the elevator shaft and moves
to a different floor, say, floor 13, a new communication channel from the set of
floor communication channels, which might be different from the one used by the

portable telephone on floor 15, is assigned to the portable telephone.

The inbuilding communication system in Fig. 5 includes a master
site 140. Master site 140 comprises the same components in master site 10, shown
in Fig. 1, with the exception of a new set of radio frame 141-143, a "virtual” cell
site controller 144, a local port exchange 145, and a converter 146. The same
reference numerals are used for the components which are common to Figs 1 and
5. Radio frames 141 and 142 transmit and receive the set of floor communication
channels while radio frame 143 transmits and receives the set of elevator
communication channels. As mentioned above, the set of assigned elevator
communication channels is different from the set of floor communication channels.
Radio frames 141-143 further comprises a set of scanning receivers which scans
both sets of elevator and floor communication channels. The function of the
scanning receivers will be described below. Local port exchange 35 performs
"hand-in" operations by switching between the communication channels assigned to
the floors and those assigned to the elevator shafts. Radio frames 141-143 are
coupled to local switch 35 through cell site controllers 23, 24, and 144,
respectively. However, only cell site controllers 23 and 24 are coupled to MTSO

25.

The microwave communication link will now be described. The
conversion of the floor communication channels generated by radio frames 141 and
142 into microwave signals and the conversion of the microwave signals into floor

communication channels received by radio frames 141 and 142 are similar to those
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described in Fig. 1. Radio frame 143 is coupled to converter 146 which up-
converts the set of elevator communication channels to a microwave signal having
a frequency F;. Converter 146 also down converts a microwave signal having a
frequency of F;’ into a set of elevator communication channels. The microwave

signals are sent and received by antenna 40.

The microwave signal is also converted by converter 49 located in
building 130. Thus, the microwave signal having a frequency of F; is down-
converted to a set of elevator communication channels. Similarly, the set of
elevator communication channels transmitted by the portable telephone inside

elevator shafts is up-converted to a microwave signal having a frequency of F;’.

The operation of the inbuilding communication system of Fig. 5
including a floor switching means will now be described. As a portable telephone
which is carrying a telephone communication is moving from one of the floor, say,
floor 15, into an elevator, the scanning receiver in radio frame 143, which is
associated with the elevator, detects a sharp rise in the signal strength of the floor
communication channel associated with the portable telephone. At the same time,
the scanning receiver in radio frame 141 detects a sharp drop in the signal strength
of the floor communication channel. Since radio frame 141 is associated with floor
15, as discussed in Fig. 1, it is possible to determine the floor on which the
portable telephone is originally located. When the signal strength of the floor
communication channel detected by radio frame 143 is above a threshold level, one
of the idle elevator communication channels is assi gned to the portable telephone
by cell site controller 144 through local port exchange 145, i.e., a hand-in occurs.
Note that the switching is performed without going through MTSO 25. Asa
result, the load on MTSO 25 is not increased.

When the portable telephone leaves the elevator and enters a
different floor, say, floor 13, the scanning receiver associated with floor 13 detects

a sharp rise in the signal strength of the elevator communication channel. When
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the signal strength of the elevator communication channel is above a threshold
level, local port exchange 145 performs another hand-in operation by assigning an
idle floor communication channel to the portable telephone. Again, MTSO 25 is

not involved in the operation.

It should be note that the hand-in algorithm, described above, is
different from the hand-off algorithm used in conventional cellular telephone
system. In the conventional hand-off algorithm, a switching is performed when the
signal strength of the signal from a neighboring cell is below a threshold level. On
the other hand, the hand-in algorithm directs a switching when the signal strength

of the signal from a neighboring cell is above a threshold level.

The inbuilding communication system according to the present
invention can also be used to implement a wireless private branch exchange (PBX)
system. Fig. 6 shows a wireless PBX system according to the present invention as
implemented in a building 302. In Fig. 6, building 302 is shown to have three
floors, 304-306. However, the invention is not limited to be used in a building
having three floors. The wireless PBX system allows a portable telephone located
in building 302 to communicate either with other telephones outside the building
via a wireline telephone central office or a cellular switch or with other portable
telephones located inside building 302 without going through the wireline

telephone central office or the cellular switch.

Each floor of building 302 has a zone site signal processing unit and
a plurality of antennas. Thus, floor 304 includes a zone site signal processing unit
312 and three antennas 313-315. Similarly, floor 305 includes a zone site signal
processing unit 322 and three antennas 323-325 while floor 306 includes a zone
site signal processing unit 332 and three antennas 333-335. The structure of units
312, 322, and 332 are the same as the structure of zone site signal processing unit

150, shown in Fig. 2.
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The frequency spectrum used for communicating between the zom;
site signal processing unit and the portable telephones are preferably the same in
each floor. Preferably, the carrier frequency is about 850 MHz. As pointed out
above, normally, there would be unacceptable interference between the radio
signals of adjacent floors. The inbuilding communication system according to the
present invention reduces the interference to an acceptable level by using a
plurality of antennas transmitting low intensity radio signals. The number of
antennas is chosen such that the intensity of the radio signals required for
communicating with a portable telephone, say telephone 316 located in floor 304,
is reduced to a level such that the radio signals, after attenuation by the walls and

floors, do not interfere with the radio signals of the other floors.

Unit 312 is coupled to a radio frame 342 inside a PBX switch 340
through lines 317 and 318. Similarly, unit 322 and 332 are coupled to radio
frames 344 and 346, respectively, inside PBX switch 340 through lines 327-328
and 337-338, respectively. The physical location of PBX switch 340 is not
important. Thus, switch 340 could be located at any floor inside building 302.
Switch 340 could also be located outside building 302. If the distance between
PBX switch 340 and units 322, 332, and 342 are short, regular cables or TV cables
are preferably used because they are inexpensive. In this case, the frequency of the
signals carried by lines 317-318, 327-328, and 337-338 should preferably stay
below 850 MHz because the signal loss could be high at higher frequencies. If the
separation between PBX switch 340 and units 322, 332, and 342 are long, an
optical fiber communication link is preferably used. If an optical fiber
communication link is used, converters should be inserted between switch 340 and

units 322, 332, and 342 in a similar manner as described in the inbuilding

communication system of Fig. 1.

Radio frames 342, 344, and 346 are coupled to a PBX controller 350
which is in turn coupled to the wireline telephone central office or a cellular

switch. Controller 350 determines whether the call from a portable telephone
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inside building 302 is directed to another portable telephone inside building 302. 'If
the answer is affirmative, controller 350 couples the call to the appropriate channel
of the appropriate radio frame so that communication between the calling telephone
and the called telephone is established. If the portable telephone wants to call
another telephone outside of building 302, controller 350 couples the calling
telephone to the wireline telephone central office or the cellular switch. The
coupling between controller 350 and the wireline telephone central office could be
through-a T1 carrier, a microwave link, or an optical fiber. If a T1 carrier is used,
the radio signal of the portable telephone having a frequency of about 850 MHz is
beat down to the base band. If a microwave link or an optical fiber is used, a
converter, similar to those described above, is needed to convert the radio signal to

a microwave signal or an optical signal.

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. An inbuilding communication system for providing telephone

communication to a first set of portable telephones located in a first area and to a
second set of portable telephones located in a second area, the first set of portable
telephones transmitting and receiving a first set of radio signals having a set of
assigned frequencies, the second set of portable telephones transmitting and
receiving a second set of radio signals having the same set of assigned frequencies
used by the first set of portable telephones, the first and the second areas being
separated by a structure which attenuates radio signals, said inbuilding
communication system comprising: a first set of at least two antennas located
inside the first area for communicating with the first set of portable telephones, the
number of antennas and the position of each antenna in said first set of antennas
being chosen such that the first set of radio signals are attenuated below a
predetermined level after passing through the structure; a second set of at least two
antennas located inside the second area for communicating with the second set of
portable telephones, the number of antennas and the position of each antenna in
said second set of antennas being chosen such that the second set of radio signals
are attenuated below a predetermined level after passing through the structure; first
selection means for selecting a selected antenna of said first set of antennas for
transmitting a first selected radio signal of the first set of radio signals to a
corresponding one of the first set of portable telephones, said selected antenna of
said first set of antennas requiring the lowest signal intensity for transmitting said
first selected radio signal of the first set of radio signals to said corresponding one
of the first set of portable telephones; and second selection means for selecting a
selected antenna of said second set of antennas for transmitting a first selected
radio signal of the second set of radio signals to a corresponding one of the second
set of portable telephones, said selected antenna of said second set of antennas
requiring the lowest signal intensity for transmitting said first selected radio signal

of the second set of radio signals to said corresponding one of the second set of

portable telephones.
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2. The inbuilding communication system of Claim 1 wherein
said first selection means comprises: first scanning means coupled to said first set
of antennas for generating a first selection signal, said first selection signal
indicating said selected antenna of said first set of antennas being the antenna
which receives the highest signal strength of the radio signal transmitted by said
corresponding one of the first set of portable telephones; and first zone selection
means responsive to said first selection signal for directing said first selected radio
signal of the first set of radio signals for transmission to said selected antenna of
said first set of antennas.

3. The inbuilding communication system of Claim 2 wherein
said second selection means comprises: second scanning means coupled to said
second set of antennas for generating a second selection signal, said second
selection signal indicating said selected antenna of said second set of antennas
being the antenna which receives the highest signal strength of the radio signal
transmitted by said corresponding one of the second set of portable telephones; and
second zone selection means responsive to said second selection signal for
directing said first selected radio signal of the second set of radio signals for
transmission to said selected antenna of said second set of antennas.

4. The inbuilding communication system of Claim 1 further
comprising means for providing at least one telephone communication channel and
means for coupling at least one said telephone channel to said first and said second
selection means.

5. The inbuilding communication system of Claim 4 wherein
said means for coupling comprises: first conversion means coupled to said means
for providing for converting a first signal of at least one said telephone
communication channel to a first carrier signal having a first carrier frequency;
second conversion means coupled to said means for providing for converting a
second signal of said at least one telephone channel to a second carrier signal
having a second carrier frequency; third conversion means coupled to said first
selection means for converting said first carrier signal to said first selected radio

signal of the first set of radio signals; and fourth conversion means coupled to said
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second selection means for converting said second carrier signal to said first
selected radio signal of the second set of radio signals.

6. The inbuilding communication system of Claim 5 wherein
said first selection means further includes a first adder for generating a first
combined signal by adding a second selected radio signal of the first set of radio
signals received by said first set of antennas and wherein said second selection
means further includes a second adder for generating a second combined signal by
adding a second selected radio signal of the second set of radio signals received by
said second set of antennas.

7. The inbuilding communication system of Claim 6 wherein
said means of coupling further comprises: fifth conversion means coupled to said
first adder of said first selection means for converting said first combined signal to
a third carrier signal having a third carrier frequency; sixth conversion means
coupled to said second adder of said second selection means for converting said
second combined signal to a fourth carrier signal having a fourth carrier frequency;
seventh conversion means coupled to said means for providing for converting said
third carrier signal to said at least one communication channel; and eighth
conversion means coupled to said means for providing for converting said fourth
carrier signal to said at Jeast one communication channel.

8. The inbuilding communication system of Claim 7 wherein
said first, said second, said third, and said fourth carrier signals are microwave
signals.

0. The inbuilding communication system of Claim 7 wherein
said first, said second, said third, and said fourth carrier signals are optical signals.

10.  The inbuilding communication system of Claim 4 wherein
said means for providing comprises a cell site coupled to a mobile telephone
switch office.

11.  The inbuilding communication system of Claim 4 wherein
said means for providing comprises a private branch exchange.

12.  The inbuilding communication system of Claim 7 wherein

said first set of antennas further includes a first set of diversity antennas and
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wherein said first selection means further includes a third adder for generating a
third combined signal by adding the signal received by said first set of diversity
antennas.

13.  The inbuilding communication system of Claim 12 wherein
said second set of antennas further includes a second set of diversity antennas and
wherein said first selection means further includes a fourth adder for generating a
fourth combined signal by adding the signal received by said second set of
diversity antennas.

14.  The inbuilding communication system of Claim 13 wherein
said means of coupling further comprises: ninth conversion means coupled to said
third adder of said first selection means for converting said third combined signal
to a fifth carrier signal having a fifth carrier frequency; tenth conversion means
coupled to said fourth adder of said second selection means for converting said
fourth combined signal to a sixth carrier signal having a sixth carrier frequency;
eleventh conversion means coupled to said means for providing for converting said
fifth carrier signal to said at least one communication channel; and twelfth
conversion means coupled to said means for providing for converting said sixth
carrier signal to said at least one communication channel.

15.  The inbuilding communication system of Claim 1 further
comprising means for allowing a member of the first set of portable telephones to
continue its telephone communication as it moves from the first area to a
connecting area and from the connecting area to the second area.

16.  The inbuilding communication system of Claim 15 wherein
said means for allowing comprises: means for assigning a third set of radio signals
having a set of assigned frequencies different from said set of assigned frequencies
of said first and said second sets; at least one antenna located in the connecting
area for transmitting and receiving signals; and switching means for switching said
member of the first set of portable telephones from using said first set of radio
signals to using said third set of radio signals as said member moves from the first

area to the connecting area and for switching said member from using said third set

PCT/US92/09906



10

15

20

25

30

WO 93/10619 PCT/US92/09906
-28-
of radio signals to using said second set of radio signals as said member moves
from the connecting area to the second area.

17.  The inbuilding communication system of Claim 16 wherein
said switching means comprises: a first scanning receiver associated with the first
area for detecting the signal strength of radio signals; a second scanning receiver
associated with the second area for detecting the signal strength radio signals; a
third scanning receiver associated with the connecting area for detecting the signal
strength of radio signals; means for switching said member of the first set of
portable telephones from using said first set of radio signals to using said third set
of radio signals when said first scanning receiver detects a sharp drop in the signal
strength of the radio signal transmitted by said member and when the signal
strength of the radio signal transmitted by said member and detected by said third
scanning receiver is above a first predetermined value; and means for switching
said member of the first set of portable telephones from using said third set of
radio signals to using said second set of radio signals when the signal strength of
the radio signal transmitted by said member and detected by said second scanning
receiver is above a second predetermined value.

18.  An inbuilding communication system for providing telephone
communication to a first set of portable telephones located in a first floor of a
building and to a second set of portable telephones located in a second floor of the
building, the first set of portable telephones transmitting and receiving a first set of
radio signals having a set of assigned frequencies, the second set of portable
telephones transmitting and receiving a second set of radio signals having the same
set of assigned frequencies used by the first set of portable telephones, the first and
the second floor being separated by a structure which attenuates radio signals, said
inbuilding communication system comprising: means for providing a plurality of
telephone communication channels; first conversion means coupled to said means
for providing for converting a first signal of said plurality of telephone
communication channels to a first carrier signal having a first carrier frequency;
second conversion means coupled to said means for providing for converting a

second signal of said plurality of telephone channels to a second carrier signal
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having a second carrier frequency; third conversion means coupled to said first
selection means for converting said first carrier signal to a selected radio signal of
the first set of radio signals; and fourth conversion means coupled to said second
selection means for converting said second carrier signal to a first selected radio
signal of the second set of radio signals; a first set of at least two antennas located
inside the first floor for communicating with the first set of portable telephones, the
number of antennas and the position of each antenna in said first set of antennas
being chosen such that the first set of radio signals are attenuated below a
predetermined level after passing through the structure; a second set of at least two
antennas located inside the second floor for communicating with the second set of
portable telephones, the number of antennas and the position of each antenna in
said second set of antennas being chosen such that the second set of radio signals
are attenuated below a predetermined level after passing through the structure; first
scanning means coupled to said first set of antennas for generating a first selection
signal, said first selection signal indicating said selected antenna of said first set of
antennas being the antenna which receives the highest signal strength of the radio
signal transmitted by said corresponding one of the first set of portable telephones;
and first zone selection means responsive to said first selection signal for directing
said first selected radio signal of the first set of radio signals for transmission to
said selected antenna of said first set of antennas; second scanning means coupled
to said second set of antennas for generating a second selection signal, said second
selection signal indicating said selected antenna of said second set of antennas
being the antenna which receives the highest signal strength of the radio signal
transmitted by said corresponding one of the second set of portable telephones;
second zone selection means responsive to said second selection signal for
directing said first selected radio signal of the second set of radio signals for
transmission to said selected antenna of said second set of antennas; a first adder
for generating a first combined signal by adding a second selected radio signal of
the first set of radio signals received by said first set of antennas; a second adder
for generating a second combined signal by adding a second selected radio signal

of the second set of radio signals received by said second set of antennas; fifth
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conversion means coupled to said first adder for converting said first combined
signal to a third carrier signal having a third carrier frequency; sixth conversion
means coupled to said second adder for converting said second combined signal to
a fourth carrier signal having a fourth carrier frequency; seventh conversion means
coupled to said means for providing for converting said third carrier signal to a
third signal of said plurality of communication channels; and eighth conversion
means coupled to said means for providing for converting said fourth carrier signal

to a fourth signal of said plurality of communication channels.

19.  The inbuilding communication system of Claim 18 wherein
said means of providing comprises a cell site coupled to a mobile telephone switch
office.

70. The inbuilding communication system of Claim 18 wherein
said means of providing comprises a private branch exchange.

21.  An inbuilding communication system for providing telephone
communication to a set of portable telephones located in a location having a first
area, a second area, and a connecting area connecting the first and the second
areas, the set of portable telephones transmitting and receiving a first set of radio
signals having a set of assigned frequencies in the first and the second areas, said
inbuilding communication system including means for allowing a member of the
set of portable telephones to continue its telephone communication as it moves
from the first area to the connecting area and from the connecting area to the
second area, said means for allowing comprising: means for assigning a second set
of radio signals having a set of assigned frequencies different from the set of
assigned frequencies of the set; at least one antenna located in the connecting area
for transmitting and receiving signals; and switching means for switching said
member of the set of portable telephones from using said first set of radio signals
to using said second set of radio signals as said member moves from the first area
to the connecting area and for switching said member from using said second set
of radio signals to using said first set of radio signals as said member moves from

the connecting area to the second area.
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22.  The inbuilding communication system of Claim 21 wherein
said switching means comprises: a first scanning receiver associated with the first
area for detecting the signal strength of radio signals; a second scanning receiver
associated with the second area for detecting the signal strength of radio signals;

a third scanning receiver associated with the connecting area for detecting the
signal strength radio signals; means for switching said member of the set of
portable telephones from using the first set of radio signals to using said the set of
radio signals when said first scanning receiver detects a sharp drop in the signal
strength of the radio signal transmitted by said member and when the signal
strength of the radio signal transmitted by said member and detected by said third
scanning receiver is above a first predetermined value; and means for switching
said member of the set of portable telephones from using said second set of radio
signals to using said first set of radio signals when the signal strength of the radio
signal transmitted by said member and detected by said second scanning receiver is

above a second predetermined value.
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