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A THREE-DIMENSION COVERAGE CELLULAR NETWORK

Cross-References to Related Applications

This application claims priority to and the benefit of Canada Patent Application Serial No. 2,393,552,
filed July 31, 2002, titled “Methods and Antennae for High-Rise Buildings Coverage of Terrestrial Cellular

Wireless Communications Systems”, the entire disclosure of which is hereby incorporated by reference.

Field of The Invention

This invention relates to cellular signal coverage on ground and above ground for a cellular
telecommunication system. It is about network, method, base station and antenna to establish three-

dimension cellular signal coverage for a cellular telecommunication system and meanwhile eliminate
interferences in a geographical area.

Background

Mobile cellular telecommunication system (simply called “mobile cellular system”, or “cellular system”),
originally invented by Bell Telephone Laboratories in the 1970s (U.S. patent No. 3,663,762), is generally
known to include at least one mobile switch centre (MSC), a plurality of base stations dispersed across a
geographic area and a plurality of ground-based subscriber radio stations. It comprises of at least one
control channel and a group of traffic channels, and provides mobile wireless access telecommunication
services for ground-based subscriber radio stations using radio frequencies or frequency spectra allocated
for cellular mobile communications. Each base station includes a base station transceivers system (BTS),
at least one base station antenna and an antenna supporting structure (tower, pole and rooftop etc.), and
serves a ground area — a ground cell, which is covered by one or a plurality of base station antennas.
Each ground cell can be further divided into multiple ground sectors, each of which is covered by one or a
plurality of base station sector antennas. Radio frequencies or frequency spectra are reused among the
ground cells and sectors. The BTS includes a plurality of transmitters and a plurality of receivers, both
comprising at least one control channel and a plurality of traffic channels. Exclusive radio frequency bands
are assigned to mobile cellular systems in a geographical area. In North America, two frequency bands

are assigned to mobile cellular systems. One is 800MHz band with transmission frequency from 824MHz
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to 849MHz and receiving frequency from 869MHz to 894MHz; another one is 1900MHZ band with
transmission frequency from 1850MHz to 1910MHz and receiving frequency from 1930MHz to 1990MHz.

Cellular system is based on two basic concepts: cells and frequency reuse. A geographical area is
divided into many smaller service areas - cells, which are Qenerally represented as hexagons tangent at
each other and composing a cellular pattem. Base stations locate proximately at the centres of each cell
with antennas mounted on towers (or poles, rooftops etc.), transmitting/receiving radio signals and
communicating with subscriber radio stations in their own cells. Radio frequencies are reused among
these cells. The advantage of this strategy is great increase in network capacity with limited frequency
spectra. Today, this cellular strategy has been widely used in various mobile cellular systems, like AMPS

~ (advanced mobile phone system) system, TDMA (time division multiple access) system, GSM (global

system for mobile communications) system, CDMA (code division multiple access) system and 3G (third
generation cellular system). (A cell is the geographicat area or space covered by a base station or a
subsystem of the base station corresponding to a speéiﬁc logical identification on the radio path. A cell is
also considered as the coverage extent of a base station or a subsystem of the base station. Mobile

stations in a cell may be reached by the corresponding radio equipment of the base station).

Radio frequencies reuse among cells can cause interferences. In FDMA (frequency division multiple
access) cellular systems (like AMPS) and TDMA cellular systems (iike GSM), radio frequencies reuse
causes co-channel interferences. In order to minimize co-channel interferences, cellular network structure
is designed to increase the distances of co-channel interfering sources to subscriber radio stations. Cells
are organized in clusters. A cluster is a group of cells. Within a cluster of cells, the whole available
frequency spectra can be exploited. A portion of the total number of frequency channels is allocated to
each cell, while adjacent cells within the same cluster are assigned different groups of frequency channels.
There is no radio frequency reuse within a cluster. The frequency channels arrangement in a cluster then
repeats in all clusters of a cellular network. In this structure, frequency reuse distance is much larger than
the cell's radius, helping to reduce co-channel interferences. A cell can further be splitinto multiple sectors
with directional sector antennas. Each sector covers a part area of the cell. Each sector is assigned 'é
portion of the total frequency channels of the cell. The orientation of sector antenna further reduces co-
channel interferences. In a CDMA cellular system, all cells use the same spread spectrum in a wide
frequency range. The interferences come from increased on-going communications within the cell and
from the adjacent cells, which contribute as noise floor to the system. Less signals radiating to the
adjacent cells, less interferences will be created to the system. Containing base station radio signals
within its own cellis a way to control interferences in the cellular system.
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As shown in FIG.1A and 1B, the down-tilt beam base station antenna (simply called “down-tilt antenna”)
is a method widely used in mobile cellular systems (U.S. patent No. 4,249,181). The down-tilt antenna
radiates signal downward, contains its signal within its own cell and limits its signal radiating to its adjacent
cells, so as to reduce interferences in a celiular system. Whilst helping to reduce interferences, down-tilt

.antenna comes at a price. As its beam points downward to the ground, space above the down-tilt antenna
is suffered by sharply reduced radio signals, especially near the boundary of its cell. The space coverage
pattern of a cell when using the down-tilt antenna is just like a big dome (as shown in FIG.1C and FIG.1D),
high in the centre but low at the boundary. Radio signal outside cells coverage extents is not strong
enough for communications. (Herein after, a cell covered by down-tilt antennas or by antennas without
beam tilting is called “ground cell": a sector covered by down-tilt sector antennas or by sector antennas
without beam filting is called “ground sector, a cellular network composed of ground cells and ground
sectors is called "ground cellular network”. Word “ground” is to emphasis their coverage target).

Mobile cellular system was developed to provide mobile telecommunications on ground. Its network
structure and system design were based on mobility and ground coverage. Traditionally, a mobile cellular
network treats its coverage area as a surface and covers ground only. Itis basically a two-dimensional
coverage network. The world is three-dimensional. There are many high-rise buildings in urban areas,
especially in farge cities. Limited heights and down titing of base station antennas make the upper floors
of many high-rise buildings out of the coverage range of a mobile cellular network. Though as technology
improves, subscriber radio station like mobile phone and BTS are made more and more sensilive to enable
them to pick up weaker signal, it has been proved that cellular signal inside the upper floors of many high-
rise buildings is too weak to make good quality communications. There are two major additional signal
losses besides free space loss, happeriing between a base station and a mobile phone inside an upper
floor of a high-rise building in its cell. One major additional signal loss is penetration loss of the wall and/or
window of the high-rise building. It contributes about 20dB loss on average. Another major additional signal
loss is due to the down tilting of its base station antenna. The upper floors of many high-rise building are
not in the major lobe coverage range of the down-tilt antenna. instead, they are in the null zone of the
down-tilt antenna. Generally, the gain of a cellular base station antenna is 20dB less in its null zone than in
its major lobe. It contributes another 20dB loss on average. Cellular signal inside the upper floors of most
high-rise buildings is about 40dB lower on average, compared with cellular signal on ground in the same
location. That's why we have difficulty to make cellular phone calls on the upper floors of many high-rise
buildings. Whist inside the lower floors of high-rise buildings or inside low-rise buildings, which are under
major lobes coverage range of down-tilt antennas, cellular signals suffer only 20dB on average the

penetration loss besides free space loss. Cellular signals there are much stronger than inside the upper
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floors of most high-rise buildings in the same area. You can make good quality cellular phone calls there in
most situations. 20dB makes a significant difference in radio communications, especially in weak radio '
signal environments like indoors. The existing mobile cellular network needs to be modified to solve the

coverage problem in the upper floors of high-rise buildings, (Antenna major lobe is the lobe of the antenna

radiation pattern, which containing the maximum radiation energy. Sometimes it is also called “main lobe”
or “beam”).

In rural areas, where telecommunication traffics are low, cells are designed as large as possible to
cover a wider area. Base station antennas generally down-ilt small angles or don't tilt at all. in urban
areas, where telecommunication traffics are high, cells are designed much smaller than in rural areas.
Most base station antennas down-ilt relatively larger angles than in rural areas to contain their radiations
within small cells and to avoid interferences. As.concerns of interferences, cell size, agsthetics, cost and
location availability, base station antennas are generally mounted on rooftops in heights from 20 meters to
40 meters above ground. That leaves the upper floors of many high-rise buildings in urban areas,
especially in big cities, out of mobile cellular network coverage range in space. The reality is the absence
of or weak cellular signal coverage in the upper floors of many high-rise buildings. People work and live
there. As mobile phone becomes so popular worldwide, mobile cellular signal coverage in high-rise
building is now a major concern for both service providers and their customers.

A system and method called “distributed antenna system” (DAS) has been used to provide mobile
cellular signal indoor coverage in high-rise buildings. It introduces cellular radio signal inside Buildings
from a microcell base station or a repeater via RF (radio frequency) cables and/or fibres. Generally, it
needs a microcell base station or a repeater, a long and complicated radio signal distribution network and
many indoor antennas. Radio signal strength is fimited to cover small areas around the indoor antennas.
Unfortunately, the DAS system is not a cost-effective solution for high-rise building coverage. The microcell
base station or repeater and the distribution network are very expensive. Rentals of equipment rooms to
host the microcell base station or repeater and the distribution network in high-rise buildings are very
expensive as well. It also requires permission from landlords to run the distribution network. The
installation expenses are prohibitive. To achieve full coverage in all buildings, you have to run this system
floor-by-floor and building-by-building at extraordinary expenses. The paid traffics in the coverage areas of
the DAS system are limited. In most situations, revenue generated from the DAS system simply cannot
compensate its investment. That's why it is not commonly implemented.

There is a need of a more practical, cost-effective solution for cellular signal coverage in upper floors of
high-rise buildings for a cellular system.
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Summary

A cellular telecommunication network (simply called “cellular network) of this invention has the feature
that at least one of its base stations has a 3D (three-dimensional) space coverage extent on ground and
above ground, while eliminating interferences by sharing the transmitters and receivers of the base station
between its down-tilt antenna and up-tilt antenna and by beam down-tilting and up-tilting of its base station
antennas. It may further have another feature that at least another one of its base stations has coverage
extent in a space above ground, while eliminating interferences by beam up-tiiting of its base station
antenna. So the cellular network of this invention provides a cost-efficient solution for 3D space coverage
in a geographical area, especially coverage of the upper floors of high-rise buildings in city.

This invention also provides method and base station to set up the cellular telecommunication network
with the features described above.

A cellular telecommunication network of this invention comprises a plurality of base stations in a
geographical area. It provides cellular telecommunication services in the geographical area. The
geographical area is divided into a plurality of cells. Each base station provides radio signals o subscriber
stations in its cell. At least one base station of the celiular network has a 3D space coverage extent on
ground and above ground in its cell. The base station comprises a transmitter, a down-tilt antenna and an
up-tilt antenna. The transmitter generates a radio signal to be provided within the cell of the base station,
and within a frequency range that is reusable in more than one of the cells of the cellular network. The
down-tilt antenna is coupled to the transmitter for radiating the radio signal in a characteristic radiation
pattern having its major lobe pointed downward. The up-tilt antenna is coupled to the transmitter for
radiating the radio signal in a characteristic radiation pattern having its major lobe pointed upward, so as to
radiate the radio signal within the cell of the base station below the down-tilt antenna and above the up-tilt
antenna, while limiting radiation of the radio signal into other cells of the cellular network within which the
radio signal may interfere with radio signals from other base stations of the cellular network. The base
station further comprises a receiver for receiving radio signals generated by subscriber stations in its cell.
The receiver may be coupled to both the up-tilt antenna and the downtilt antenna, so as to receive the
radio signals generated by subscriber stations in the cell of the base station through at least one of the two
antennas. Both antennas may be substantially collocated. The down-ilt antenna may be located above the
up-tilt antenna in altitude. The two antennas may be integrally formed into one antenna. (Radio signal, or
sometimes simply called “signal”, is detectable radio energy that carry information generated by a

transmitter or by a subscriber radio station. Antenna radiation patter is the variation of the field intensity of
the antenna as an angular function with respect to the axis.)
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The cellular network of this invention may further comprise at least another one of its base stations,
which has coverage extent in a space above ground. The base station comprises a transmitter and an up-
tilt antenna. The transmitter generates a radio signal to be provided within the cell of the base station, and
within a frequency range that is reusable in more than one of the cells of the cellular network. The up-titt
antennais coupled to the transmitter for radiating the radio signal in a characteristic radiation pattern
having its major lobe pointed upward, so as to radiate the radio signal within the cell of the base station
above the up-tilt antenna, while limiting radiation of the radio signal into other cells of the cellular network
within which the radio signal may interfere with radio signals from other base stations of the cellular

network. The base station further comprises a receiver for receiving radio signals generated by subscriber
stations in its cell.

A method of this invention, for providing cellular telecommunication service in a geographical area
where is divided into a plurality of cells, comprises the flowing process: generating a plurality of rad'io
signals in a frequency range which is reusable in more than one of the cells, wherein each radio signal is to
be provided to subscriber stations in its cell; providing each radio signals to its cell. Wherein one of the
radio signals is provided to its cell by radiating it from a down-tilt antenna in a characteristic radiation
pattern having its major lobe pointed downward, and by radiating it from an up-tilt antenna in a
characteristic radiation pattern having its major lobe pointed upward. So the radio signal is radiated within
its cell below the down-tilt antenna and above the up-tilt antenna, while being limited its radiation into other
cells within which it may interfere with other radio signals. The method further comprises the process of
receiving at least one radio signal from a subscriber station in the cell. The radio signal from the subscriber
station may be received through at least one of the down-tilt antenna and up-tilt antenna. Both antennas
may be substantially collocated. The down-tilt antenna may be above the up-tilt antenna in altitude. The
down-tilt antenna and the up-tilt antenna may be integrally formed into one antenna.

The method of this invention may further comprise the following process: providing another radio signal
to its cell by rqdiating itin a characteristic radiation pattern having its major lobe pointed upward from an
up-tift antenna of the cell, so as to radiate it within its cell above the up-tilt antenna, while limiting its
radiation into other cells within which it may interfere with other radio signals.

A base station of a celiular telecommunication network of this invention comprises a transmitter, a down-
tilt antenna and an up-tilt antenna. The cellular network is adapted to providing a plurality of cellular radio
signals in a geographical area where is divided into a plurality of cells. The transmitter generates a radio
signal to be provided within the celi of the base station. It operates at a frequency range that is reusable in

more than one of the cells. The down-tilt antenna is coupled to the transmitter for radiating the radio signal
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in a characteristic radiation pattern having its major lobe pointed downward. The up;tilt antenna is coupled
to the transmitter for radiating the radio signal in a characteristic radiation pattemn having its major lobe
pointed upward. So the radio signal is radiated within the cell of the base station below the down-filt

antenna and above the up-tilt antenna, while being limited its radiation into other celis within which ity 'may

interfere with other radio signals of the cellular network. The base station further comprises a receiver for
receiving radio signals generated by subscriber stations in its cell. The receiver may be coupled to the
down-tilt antenna and the up-tilt antenna, so as to receive the radio signals generated by subscriber
stations in the cell of the base station through at least one of the down-ilt antenna and up-tilt antenna. The
down-tilt antenna and the up-tilt antenna may be integrally formed into one antenna.

This invention further pfovides a multi-beam multi-tilt base station antenna, which has at least two
beams in two different directions, it may be used in a cellular base station to replace a down-ilt antenna
and an up-tilt antenna for providing 3D space coverage with single antenna. When it is used in a cellular
base station, one of its beams points downward to cover ground, another one of its beams points upward
to cover space above ground. (Antenna beam, also called antenna major lobe, is the radiation lobe
containing major radiation energy in confined small angle in at least one dimension).

Brief Description of The Drawings

FIG.1A (prior art): A typical base station of a mobile cellular system and its coverage.

FIG.1B (prior art): The lobe pattern in elevation of the down-ilt sector antenna in FIG. 1A,

FIG.1C (prior art): The schematic 3D coverage shape of a typical ground cell of a mobile cellular system,
FIG.1D (prior art): The schematic 3D coverage shape of a ground mobile cellular network.

FIG.2A: Up-ilt sector antenna covers the upper floors of high-rise buildings.

FIG.2B: Up-tilt omni-directional antenna covers the upper floors of high-rise buildings.

FIG.2C: Up-tilt transmitting and receiving sector antennas cover the upper floors of high-rise buildings.

FIG.2D: The lobe pattemn in elevation of the up-tilt sector antenna in FIG.2A.
FIG.2E: The schematic 3D coverage shape of an upward cell of this invention.
FIG.2F: The schematic 3D Coverage shape of an upward cell and sectors of this invention.

FIG.2G: The schematic 3D coverage shape of an upward cellular network of this invention.
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FIG.3A: The Space coverage profile in elevation with an upward cellular network overlaying on a ground
cellular network in first way. ‘

cellular network in second way.

FIG.3C: The Space coverage profile in elevation with an upward cellular network overlaying on a ground
cellular network in thirg way.

FIG.3D: The space coverage profile in elevation with an upward cellular network overlaying on a ground
cellular network in fourth way. ' ' ' .

FIG.4A: An embodiment of the method and the shared base station of this invention for eliminating
interference between an upward cell and a ground cell,

FIG.4B: An embodiment of the method and the shared base station transmitters and receivers of this
invention for eliminating interference between an upward cejl and a ground cell.

FIG.4C: An embodiment of the method for eliminating interference between an upward cell and a ground
cell by using dedicated frequencies or frequency spectra in an upward cellular network.

FIG.5A: A system structure embodiment of an upward cellular network of this invention,

FIG.5B: A system integration embodiment of an upward cellular network and a ground cellular network,
FIG.5C: A system integration embodiment of an upward cellular network and a ground cellular network.
FIG.5D: A system integration embodiment of an upward cellular network and a ground cellular network.
FIG.6A (prior art): A typical base station sector antenna, its beam pattern and coverage

FIG.6B: An embodiment of the method for high-rise building coverage with a narrow beam antenna,
FIG.7A: An embodiment of the multi-beam multi-tilt antenna of this invention in single band.

FIG.7B: The lobe pattern in elevation of the antenna in FIG.7A,

FIG.7C: An embodiment of the multi-beam multi-tilt antenna of this invention in dual bands.

FIG.7D: The lobe pattern in elevation of the antenna in FIG.7C,
FIG.7E: An embodiment of mechanical beam tilting means of the multi-beam multi-tilt antenna,

FIG.7F: An embodiment of electrical beam tiiting means of the multi-beam multi-tilt antenna,

Detailed Descriptions
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FIG.1A to FIG.1D describe prior art and its problem.

FIG.1A is an embodiment of a typical base station of a mobile cellular system and its coverage. Down-tilt
sector antenna 1 connects fo BTS 5 with RF cable 4. It is mounted on mast 3. Its beam is down-tilted B
degree below the horizontal plane from its mounting position. Its beam covers ground, low-rise building
20a and the lower floors of high-rise buildings 20 in its ground sector. Its beam does not cover the upper
floors of high-rise buildings 20. Antenna 1 acts as both transmitting and receiving antennas. Amrow 51 is
beam (or major lobe) axis. (A sector antenna has a radiation pattem that is directional in both azimuth and
elevation. Beam or major lobe axis is the maximum radiation power direction of the beam or major lobe)

FIG.1B is an embodiment of the lobe pattern in elevation of the down-tilt sector antenna 1in FIG.1A in
both transmitting and receiving directions. Because there is reciprocity between the transmitting and
receiving characteristics, an antenna has the same lobe pattem in both transmitting and receiving
directions. Major lobe 6 of sector antenna 1 is down-tilted g degree below a horizontal plane. (The major
lobe direction is its maximum power radiation direction). While 7 is its first upper side lobe; 8 is its first
lower side lobe; 9 is its backside lobe. Arrow 51 is major lobe axis. Notice the null between major lobe 6
and first upper side lobe 7 is just around the horizontal plane. It is the space area where are the upper
floors of many high-rise buildings. Generally, cellylar signal strength in this null‘zone is 20dB lower than
the maximum signai strength of the major lobe. So down-tilting of base station antennas in 3 cellular
system makes cellular signal in the upper floors of most high-rise buildings 20dB lower in strength on
average than cellular signal in the lower floors of high-rise buildings or in low-rise buildings in the same

area. A coordinate XY is shown as g reference (axis X represents horizontal direction and axis Y
represents elevation direction).

FIG.1C is an embodiment of the schematic 3D coverage shape of a typical ground cefl of g mobile
cellular system. The area and Space covered by down-tilt omni-directional antenna 2, form ground cell 11.
It may have a shape like a big dome that is high in centre and low around boarder. While 13 is the boarder
of ground cell 11. Antenna 2 connects to BTS 5 and is mounted at a height h1 above ground. Ground cell
11 does not cover space higher than h1. Its coverage height decreases as the distance from its cell centre
increases. Because of reciprocity between the transmitting and receiving characteristics of an antenna,

ground cell 11 has proximately the same Coverage shape and range in both fransmitting and receiving

directions. (An omni-directional antenna has a radiation pattern that is non-directional in azimuth. Its
vertical radiation pattern may be of any shape)

FIG.1D is an embodiment of the schematic 3D coverage shape of a ground mobile cellular network in

both transmitting and receiving directions. A plurality of ground cells juxtapose on the earth's surface
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composing a ground mobile cellular network. These ground cells cover only the space under their down-tilt
base station antennas. The coverage near their cell boundaries is worse in both signal strength and
coverage height. As described before, a ground mobile cellular network doesn’t cover the upper floors of -
many high-rise buildings. It is problem to be solved. The intention of this invention is to solve this problem

in a cost-gfficient manner. The ground mobile cellular network has proximately the same coverage shape
and range in both transmitting and receiving directions.

FIG.2A to 2G illustrate the first basic concept of this invention: Base station antenna has its major lobe
point upward to cover the upper floors of high-rise buildings to increase cellutar signal strength there;
space above ground in a geographical area is divided into a plurality of small service spaces — upward
cells; each upward cell is covered by one or a plurality of upward major lobes of base station antennae in
both transmitting and receiving directions; a plurality of upward cells composes an upward cellular network
and covers space above ground in the geographical area. Whereby, an upward cellular network provides

cellular signal coverage in space above ground, especially in upper floors of most high-rise buildings, in the
geographical area for a mobile cellular system.

FIG.4A to 4C illustrate the second basic concept of this invention: An up-tilt antenna and a down-tilt
antenna are coupled together and then connect to base station transceivers. That is they share base
station transceivers, so as to share cellular frequencies or frequency spectrum and avoid interference.
They may share the whole BTS or part of it of a base station. The up-tilt antenna covers space above
ground, or upward cell; the down-tilt antenna covers ground, or ground cell. Because both antennas share
the same radio signal source, no interference will happen between the upward cell and the ground cell.
This interference elimination technique and the interference elimination technique of beam down-tilting and
beam up-tilting can be combined to use to eliminate interferences in the whole cellular network.

A base station of a mobile cellular system comprises at least a BTS, at least one transmitting antenna
and at least one receiving antenna. Each BTS comprises at least one transmitter and at least one receiver.
The transmitting antenna is coupled to the transmitters and transmits the radio signals generated by the
transmitters into its cell; the receiving antenna is coupled to the receivers and receives the radio signals
generated by subscriber stations in its cell. Both have proximately the same radiation characteristic
pattern. They are mounted on an antenna supporting structure. The transmitters generate cellular radio
signal to be provided in its cell within a frequency range that is reusable in more than one of the cells of the
mobile cellular network. The radio signal generated by the transmitters radiates from the transmitting

antenna in a radiation characteristic pattern having its major lobe point upward above the transmitting
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antenna in its cell. The receivers receive radio signals generated by the subscriber stations in its cell

through the receiving antenna. A base station is often used as both transmitting and receiving antennas.

As its has been discussed before, cellular signal strength will increase up to 20dB on average in the
upper floors of high-rise buildings if a base station antenna is up-tilted to have its major lobe cover there.
Because of reciprocity between the transmittiﬁg and receiving characteristics of the antenna, the strength
of received radio signals generated from the subscriber stations (mobile phones, for example) there and
received by the base station antenna will increase up to 20dB on average as well in the base station
receivers, if the base station antenna is used as both transmitting and receiving antennas. It will
significantly change cellular telecommunication conditions there. One up-tilted base station antenna can
cover the upper floors of many high-rise buildings in its cell. It is a cost-fficient coverage solution and easy
to be implemented. (Herein after, a beam up-tilted base station antenna simply called “up-tilt antenna”; a
beam up-tilted base station sector antenna simply called “up-tilt sector antenna”).

The radio communication process between a base station and a subscriber station in a mobile cellular
system is a well-known art. It is not the scope of this invention. In most situations, antenna is used as both
transmitting and receiving antennas in cellular base stations. It has the same gain and direction selection
in transmitt:ing and in receiving. It will reject radio signal from a subscriber station outside its coverage
range. For example, an up-tilt antenna will reject radio signal from a subscriber station on the ground in its
cell. The up-ilt antenna can be used as a way to efiminate interferences among cells in a mobile cellular
network, just the same way as the down-tilt antenna does. Separate transmitting and receiving antennas
may be used in a base station for certain reason. They may have different characteristics in order to
balance the differences between downlink (from base station to subscriber station) and uplink (from
subscriber station to base station). In no matter what situations, Itis preferred that a base station has same
coverage shape and extent in both transmitting and receiving directions in a mobile cellular network.

Space above ground is treated as three-dimensional in coverage in this invention. Besides the ground
cells and ground sectors, concepts of upward cell and upward sector are introduced in this invention. An
upward cell is a predefined space above ground and covered by one or a plurality of major lobes pointing
upward from one or a plurality of base station antennas. An upward celf can be divided into multiple
upward sectors (three upward sectors, for example). An upward sector is a predefined space above
ground within an upward cell and covered by one or a plurality of major lobes pointing upward from one or
a plurality of base station sector antennas. Each upward cell comprises at least a BTS and at least one
antenna (transmitting and receiving). The antenna is coupled to the BTS and mounted on an antenna

supporting structure. Each upward sector comprises a BTS and at least one sector antenna (transmitting



WO 2004/014095 PCT/IB2003/003022

-12-

and receiving). The sector antenna is coupled to the BTS and mounted on an antenna supporting
structure. Except coverage differences, upward cell and sector have no significant differences from ground
cell and sector. In a netwark level, like ground area divided into ground cells, space above groundina
geographical area is divided into a plurality of small service spaces - upward cells in a mobile cellular
system in this invention. A plurality of upward cells composes an upward cellular network. It covers space
above ground in a geographical area for a mobile cellular system. Cellular frequencies or frequency
Spectra are reused among the upward cells if necessary (depends on cellular system type and upward
cellular network scale). The upward cellular network may adopt a similar frequency reuse plan as the
existing ground cellular network does to eliminate interferences among the upward cells, like 7/21 or 4/12
frequency reuse plan used in a GSM cellular system. It is preferred in this invention to adjust base station -
antenna height and its major lobe up-iilt angle to eliminate interferences among upward cells within certain
altitude (depends on application case). The upward cellutar network further comprises at least one control
centre. The control centre connects with each base station of the upward cellular network. It may connect
with other communication systems too. The control centre controls communications of base stations and
subscriber stations of the upward cellular network. It also controls communications between its mobile
cellular system and other systems. How the control centre controls communications in the upward cellular
network is a well-known art. it is not the scope of this invention. The existing ground cellular network
covers ground. The upward celiular network may integrate with it to expand its coverage to space above

ground in a geographical area. Both celiufar networks may share a common system control centre,

In application for high-rise building coverage for a mobile cellular system, the upward major lobe from a
base station antenna points to the upper floors of the high-rise buildings in its upward cell. Each upward
cell serves the subscriber stations of the mobile cellular system in the upper floors of the high-rise buildings
in its upward cell; each upward sector setves the subscriber stations of the mobile cellular system in the
upper floors of the high-rise buildings in its upward sector. It is preferred in this invention to adjust an up-tilt
antenna height and its major lobe up-ilt angle to maximize its coverage in the upper ﬂoors of the high-rise
buildings in its upward cell and minimize its coverage in the high-rise buildings outside its upward cells.
The existing ground celiular network covers ground, low-rise buildings and the lower floors of high-rise
buildings already. An upward cellular network can integrate with it to expand its coverage to the upper
floors of most high-rise buildings in a geographical area. They may share a common system control centre.
The upward cellular network may be employed in other applications. For example, an upward cellular
network may be implemented in a non-terrestrial mobite cellular system for space coverage.

FIG.2A illustrates the basic concept of this invention: Up-tilt antenna covers the upper floors of high-rise

buildings. Sector antenna 10 connects to BTS 15 with RF cable 4. It is mounted on mast 3. It has its beam
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up-tilt o. degree (10°, for example) abbve the horizontal surface from its mounting position and point to the
upper floors of high-rise buildings 20 in its upward sector (or upward cell). Arrow 51 is beam (or major lobe)
axis. Cellular signals generated by the transmitters of BTS 15 are radiated upward through antenna 10 and
are provided to the subscriber stations in the upper floors of high-rise buildings 20 in its upward sector (or
upward cell). The receivers of BTS 15 receive cellular radio signals generated by the subscriber stations in
the upper floors of high-rise buildings 20 in its upward sector (or upward cell) through antenna 10. Though
up-tilted mechanically as shown in FIG.2A, the antenna beam may be up-tilted electrically, or in both ways.
Instead of mast 3, antenna 10 may be mounted on any antenna supporting structure like a tower or rooftop
etc. Though the coverage targets of antenna 10 are high-rise buildings in FIG.2A, they may be towers or
any high-rise construction on the ground. In FIG.2A, antenna 10 acts as both transmitting and receiving
antennas. It has proximately the same direction selection in transmitting and receiving radio signal. BTS 15
has proximately the same coverage range in both transmitting and receiving directions. That means its

upward sector (or upward cell) has proximately the same coverage shape and range in both transmitting
“and receiving directions.

FIG.2B illustrates the same concept as FIG.2A does, but up-tilt sector antenna 10 is replaced by up-tilt
omni-directional antenna 14. Antenna 14 provides cellular signal coverage in an upward cell.

FIG.2C illustrates the same concept as FIG.2A does, but base station 15 uses separate transmitting
sector antenna 10t and receiving sector antenna 10r. Antenna 10t has its beam point upward « degree
(10°, for example) above the horizontal plane from its mounting position and cover its upward sector (or
upward cell). It connects to the transmitters (TXs) of BTS 15 via RF cable 4. Antenna 10r has its beam
point upward the same o degree above the horizontal plane from its mounting position and cover its
upward sector (or upward cell). It connects to the receivers (RXs) of BTS 15 via RF cable 4. Both antennas
are mounted on mast 3. They have proximately the same direction selection. Arrow 51 is beam (or major
lobe) axis. Cellular signals generated by the transmitters of BTS 15 are radiated upward above antenna
10t and are provided to the subscriber stations in its upward sector (or upward cell). The receivers of BTS
15 receive cellular radio signals generated by subscriber stations in its upward sector (or upward cell)
through antenna 10r. Though antenna 10t and 10r may have different gains, it is preferred they have
proximately the same coverage range, so as to have a balance between uplink and downlink.

FIG.2D is an embodiment of the lobe pattem in elevation of up-tilt sector antenna 10 in FIG.2A in both
fransmitting and receiving directions. Major lobe 16 is up-tilted o degree above a horizontal plane. While
17 is first upper side lobe; 18 is first lower side lobe; 19 is backside lobe. Arrow 51 is major lobe axis. It is

preferred in this invention that, by adjusting antenna up-tilt angle to make the null between major lobe 16
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and first lower side lobe 18 occur around the horizontal plane from the antenna mounting position. It will
minimize cellular signal strength around the horizontal plane in the antenna mounting height, so as to fimit
cellular signal radiating into other upward cells or ground cells and minimize possible interferences. A

coordinate XY is shown as a reference (axis X represents horizontal direction and axis Y represents
elevation direction).

FIG.2E is an embodiment of the schematic 3D coverage shape of an upward cell of this invention in
both transmitting and receiving directions. The space covered by up-tilt omni-directional antenna 14 forms
upward cell 21. It may have a shape like a big dome but upside down. While 23 is its boarder. Antenna 14
connects to BTS 15 and is mounted at height h2 above ground. Upward cell 21 may not cover space lower
than h2. Its no-coverage height increases as distance from its cell centre increases. It is preferred in this

invention that an upward cell has proximately the same coverage shape and range in both transmitting and
receiving directions.

FIG.2F is an embodiment of the schematic 3D coverage shape of an upward cell and its upward sectors.
Upward cell 21 is divided into three upward sectors 22a, 22b and 22c. Up-tilt sector antenna 10a connects
to BTS4 15a and covers upward sector 22a; up-tilt sector antenna 10b connects to BTS5 15b and covers
upward sector 22b; up-tilt sector antenna 10c connects to BTS6 15¢ and covers upward sector 22¢c. While
23 is the boarder of upward cell 21. Three up-tiit sector antennas are mounted at height h3 above ground.

Itis preferred in this invention that an upward cell and sector has proximately the same coverage shape
and range in both transmitting and receiving directions.

FIG.2G is an embodiment of the schematic 3D coverage shape of an upward cellular network. A plurality
of upward cells 21 juxtaposes on the earth’s surface, composes an upward cellular network. It is preferred
in this invention to properly adjust antenna height and its beam up-tilt angle to maximize signal radiation in
its upward cell and to limit signal radiation outside its upward cell. Like down-tilt antennas and down-tilt
sector antennas eliminating interferences among ground cells, up-tilt antennas and up-tilt sector antennas
 can also eliminate interferences among upward cells within certain altitude (the maximum high-rise building
height, for example) in a geographical area. The upper floors of most high-rise buildings in a geographical
area will be covered by the upward cellular network. It solves the problem of high-rise building coverage,
which has been existed for a long time in a mobile cellular system, in a cost-efficient way. It is preferred

that an upward cellular network has proximately the same coverage shape and range in both transmitting
and receiving directions.

An upward cellular network may be necessary only in urban area in a mobile cellular system. Limited
coverage targets (high-rise buildings) make the upward cellular network much smaller in scale, compared
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with a ground cellular network in the same area. It helps to reduce interferences amongst upward celis and
between upward cells and ground cells. In a medium or small city, all necessary upward cells may be .
within a cluster. (A cluster has seven cells in 7/21 frequency reuse plan). In this case, no cellular frequency
need to be reused in an upward cellular network for a FDMA or TDMA mobile cellular system. A single
upward cell or upward sector may be enough to cover few high-rise buildings in an isolated rural area. The
upward cell, upward sector and upward cellular network of this invention can be implemented in various

type of mobile celiular systems to provide cellular signal coverage in the upper floors of high-rise buildings.

Theoretically, cellular frequency or frequency spectrum should be reused among upward cefls in an
upward cellular network. In a real upward cellular network, whether celluiar frequency or frequency
spectrum is reused or not depends on system type, structure and scale of the upward cellular network. For
example, if a mobile cellular system is CDMA system, then the same spread spegtrum is reused among al}
upward cells in a geographical area. For TDMA or FDMA mobile cellular system, cellular frequency may be
reused among upward cells if the upward cellular network is larger than a cluster. A large scale upward

cellular network is necessary in a large city where are many high-rise buildings in a wider urban area.

FIG.3A to 3D are embodiments of space coverage profile in elevation when an upward cellular network
overlay on a ground cellular network in different ways. To expand coverage of a ground mobile cellutar
system to space above ground, especially to the upper floors of high-rise buildings, an upward cellular
network may overlays on the existing ground cellular network. There are many possible ways to overlay an
upward cellutar network on a ground cellular network. FIG.3A to 3D are four examples.

In FIG.3A, an upward cell overlay on a ground cell with their base station antennas of both cells in
proximately the same height at proximately the same locus. Upward cells 21b, 21a and 21e (the continued
line areas) lay on ground cells 11b, 11a, 11e (the dashed line areas) respectively. Interspaces 29 are the

space not covered by both upward and ground cells. In FIG.3A, base station of an upward cell is collocated
with base station of a ground cell.

FIG.3B shows the same scenario as FIG.3A does, except base station antenna of an upward cell is
below base station antenna of a ground cell in proximately the same locus. Overlapped spaces 28
(hatched areas) are the space covered by both upward and ground cells. The overlaying advantage in
FIG.3A and FIG.3B is that the upward cell can share all or part of the existing base station facility of the
ground cell, like equipment room, power supply, tower and carrier etc. As shown in FIG 4A, even the
existing BTS of the ground cell can be shared. The way of overlaying in F1G.3B provides better space

coverage than the way of overlaying in FIG.3A, as less space is left uncovered in FIG.3B.
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In FIG.3C, an upward cell centre locates near the boarder between two ground cells with base station
antennas of both upward cells and ground cells in proximately the same altitude. The centre of upward cell
. 21bis near the boarder between ground cell 11b and 11a; the centre of upward cell 21a is near the
boarder between ground cell 11a and 11e; the centre of upward cell 21e is near the boarder between

ground cell 11e and 11g. Interspaces 29 are the spaces not covered by both upward and ground cells.

FIG.3D shows the same scenario as FIG.3C does, except the base station antenna of an upward cell is
below the base station antenna of a ground cell in altitude. Overlapped spaces 28 (hatched areas) are the-
space covered by both upward and ground cells. The overlaying advantage in FIG.3C and FIG.3D is that
you have freedom to choose the location of an upward cell base station. The way of overlaying in FIG.3D
provides better space coverage than the way of overlaying in FIG.3C, as more space is covered in FIG.3D.

A practical upward cellular network may combine the various overlaying strategies to achieve cost-
efficiency and flexibility for high-rise buildings coverage.

FIG.4A illustrates an important content of this invention: A shared base station between an upward cell
(or upward sector) and a ground cell (or ground sector), and a method for avoiding frequency interference
between an upward cell and a ground cell. It is also a method to share cellular frequencies or frequency

spectra and base station apparatuses between an upward cell and a ground cell whilst eliminating
frequency interference between them.

As available frequency. spectra to each mobile cellular system are limited and the fact that almost all
frequency spectra have been fully exploited in the existing ground mobile cellular systems, especially in
urban areas, an upward cellular network may have to share cellular frequencies or frequency spectra with
a ground cellular network. This brings out a new problem: frequency interferences between them. Itis
easily solved by this invention. The solution is that an upward cell and a substantially collocated ground
celi share all or part of base station transmitters and receivers. That is they share the whole BTS or part of
it. The shared transmitters and receivers comprise at least one control channel and at least one traffic
channel of the mobile cellular system. A transmitting antenna of the upward cell and a transmitting
antenna of the ground cell are coupled together with a splitter/combiner or a coupler (evenly or unevenly
splitting/combining RF signal) and then connect to the shared transmitters (TXs); a receiving antenna of
the upward cell and a receiving antenna of the ground cell are coupled together with a splitter/combiner or
a coupler and then connect to the shared receivers (RXs). In this solution, an upward cell becomes the
extension of a ground cell in space above ground. No interference is introduced between them. Cellular
signals generated by the shared transmitters are radiated upward above the transmitting antenna of the

upward cell and are provided fo the subscriber stations in the upward cell; they are also radiated downward
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below the transmitting antenna of the ground cell and are provided to the subscriber stations in the ground
cell. The shared receivers receive cellular radio signals generated by subscriber stations in the upward cell
through the receiving antenna of the upward cell; they also receive cellular radio signals generated by
subscriber stations in the ground cell through the receiving antenna of the ground cell. In this situation,
upward cell and ground cell also share cellular frequencies or frequency spectra and many mobile cellular
system apparatuses, like carrier and control centre etc. This solution is very cost-effective and easy to be
implemented. The existing mobile cellular system easily expands its coverage to space above ground,

especially to upper floors of high-rise buildings, at minimum cost by addition of up-tilt antennas to their
base stafion antenna systems.

FIG.4A is an embodiment of this solution. Up-tilt sector antenna 10 of the upward sector and down-filt
sector antenna 1 of the ground sector are coupled together with splitter/combiner 30 (or coupler) and then
connect to the shared transmitters and receivers of BTS 5 with RF cables 4. The beam of antenna 10 is
up-tilted o degree (10°, for example) above the horizontal surface from its mounting position and points to
high-rise buildings 20 in its upward sector. The beam of antenna 1 is down-tilted 8 degree (8°, for '
example). below the horizontal surface from its mounting position and points to ground and low-rise building
20a in its ground sector. Both antennas are mounted on mast 3. Amrow 51 is beam (or major lobe) axis. In
FIG.4A, the upward sector becomes the extension of the ground sector in space above ground. Celiular
signals generated by transmitiers of BTS 5 are radiated upward above antenna 10 and are provided to the'
subscriber stations in the upward sector; they are also radiated downward below antenna 1 and are
provided to the subscriber stations in the ground sector. The receivers of BTS 5 receive cellular radio
signals generated by subscriber stations in the upward sector through antenna 10; they also receive
cellular radio signals generated by subscriber stations in the ground sector through antenna 1. Whilst
mounted below down-ilt antenna 1 in FIG.4A, up-tilt antenna 10 may be mounted above or at the same
height as it. Though antenna 1is shown as a down-tilt sector antenna in FIG.4A, it may be a down-tilt
omni-directional antenna. Though antenna 10 is shown as an up-tilt sector antenna in FIG.4A, it may be
an up-tilt omni-directional antenna. Though mast 3 shown in FIG.4A, it may be any antenna supporting
structure, like a tower or rooftop etc. Though all transmitters and all receivers of BTS 5 are shared in
FIG.4A, it may be only part of them to be shared by antenna 1 and antenna 10. In FIG.4A, when a
splitter/combiner (or a coupler) is inserted in the antenna system, it will introduce about 3dB loss (when RF
signal is evenly split) to the antenna system of the ground sector. As most ground cells and sectors in
urban area are small sizes and their base stations use low gain antennas, replacing them with higher gain
antennas can easily compensate this loss. In FIG.4A, antenna 1 and antenna 10 each acts as both

transmitting and receiving antennas. In this solution, the upward cell (or sector) also shares the network
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carrier and control centre of the ground cellular network. {Note, the splitter/combiner or coupler here refers
to split radio signal power from one way into two or more ways in transmitting direction; and to combine
radio signals from two or more ways into one way in receiving direction. Sometimes we call it power divider
when radio signal power is evenly divided from one way into two ways. It is a passive device. No signal
information is processed in it. In both transmitting and receiving directions, the input radio signal and its
output radio signal contain exactly the same information, except the signal strength change and a little time
shifting between them because of the radio path inside the splitter/combiner or coupler. In transmitting
direction, two ways or more ways output signals split from the same input signal contain exactly the same
information, except the signal strength in each way may be different from each other and there may be a

little time shifing between them because the radio paths to each way may be slightly different from each
other inside the splitter/combiner or coupler).

FIG.4A is also an embodiment of a shared base station between an upward cell (or upward sector) anld
a ground cell (or ground sector). An upward cell (or upward sector) and a ground cell (or ground sector)
share common BTS of a base station. The base station is a shared base station. It may be only part of
transmitiers and receivers of a shared base station are shared between an upward cell (or upward sector)
and a ground cell (or ground sector). The advantage of a shared base station is obvious. It includes

coverage expansion, cost saving, frequency saving and interference immunity.

FIG.4B is another embodiment of a shared base station of this invention. Unlike antenna used as both
transmitting and receiving antennas in FIG.4A, separate transmitting and receiving antennas are used in a
shared base station in FIG.4B. Up-tilt antenna 10t of upward sector (or upward cell) and down-tilt antenna
1t of ground sector (or ground cell) are coupled together with a splitter/combiner 30 (or a coupler) and then
connect to the shared transmitters of BTS 5 with RF cables 4; up-tilt antenna 10r of upward sector (or
upward cell) and down-tilt antenna 1r of ground sector (or ground cell) are coupled together with another
splitter/combiner 30 (or a coupler) and then connect to the shared receivers of BTS 5 with RF cables 4. In
this embodiment, antennas 10t and 1t act as transmitting antenna; antennas 10r and 1r act as receiving
antenna. Antenna 10t and 10r may have proximately the same uptilt angie and proximately the same
coverage range in upward sector (or upward cefl); antenna 1t and 1r may have proximately the same

down-tilt angle and proximately the same coverage range in ground sector (or ground cell).

In the situations as shown in FIG.4A and in FIG.4B, the upward sector (or upward cell) covered by the
up-tilt antenna and the ground sector (or ground cell) covered by the down-tilt antenna can be considered
as one sector (or cell), which has 3D space coverage extent. The upward sector (or upward cell) is the

extension of the ground sector (or ground cell) in space above ground. When a subscriber station moves
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between them, no switching happens. For example, when a person in @ mobile phone call moves from the

ground floor in one of high-rise buildings 20 to its top floor in FIG.4A, the radio communication link of the
phone call keeps between his mobile phone and BTS 6.

Another solution to eliminate interference between upward cellular network and ground cellular network
is to use dedicated cellular frequencies or frequency spectra in upward cellular network in a geographical
area. For example, some reserved cellular frequency channels that haven't been used in the existing
mobile cellular system may be used as dedicated cellular frequencies in upward cellular network. In this
solution, upward cellular network may be independent of ground cellular network. Base stations of upward
cells can locate at any favourable places in the geographical area. They don't have to collocate with the
base stations of ground cells. Upward cellular network may adopt different cellular network structure and
frequency reuse plan. For example, upward cellular network may adopt 4/12 frequency reuse plan, whilst
ground cellular network adopts 7/21 frequency reuse plan. Upward cellular network may share system
control centre of ground cellular network, or it may have its own system control centre.

The two methods described above can be flexibly integrated in a mobile cellular system to achieve cost-
efficiency and maximum coverage. That is some upward cells share base stations and system control

centre with ground cells; some upward cells have their own base stations and system control centre, or
they share system control centre with ground cells.

FIG.2A is also an embodiment that an upward sector uses dedicated frequencies or frequency spectra
in its base station.

FIG.2B is also an embodiment that an upward cell uses dedicated frequencies or frequency spectra in
its base station.

FIG.4C is another embodiment that dedicated frequencies or frequency spectra are used in the base
station of upward cells. In FIG.4C, base station of an upward sector and base station of a ground sector
are collocated. Dedicated frequencies of frequency spectra are used in BTS4 15 of upward sector. Up-lilt
sector antenna 10 of upward sector connects to its BTS4 15 with RF cable 4. Down-iit sector antenna 1 of
ground sector connects to BTS1 5 with RF cable 4. Both antennas are mounted on mast 3. Arrow 51 is
beam (or major lobe) axis. Antenna 1 and antenna 10 each acts as both transmitting and receiving
antennas. In FIG.4C, BTS4 15 of upward sector and BTS1 5 of ground sector are independent of each
other. They operate in different cellular frequencies or frequency spectra.

FIG.5A to FIG 5D are embodiments of the system of an upward cellular network and its integrations with
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the system of a ground cellular network.

Upward cellular network of this invention further comprises at least a control centre (a switch centre, for
example). It controls communications of upward cellular network and communications with other systems,
like a ground cellular network and PSTN (public switched telephone network) etc. An upward celtular
network and a ground cellular nefwork may share a common control centre.

FIG.5A is an embodiment of the system of an upward mobile cellular network of this invention. In
FIG.5A, seven upward cells 21a, 21b, 21c, 21d, 21e, 21f and 21g compose an upward mobile ceflular
network. Upward cells 21a is divided into three upward sectors 22at, 22a2 and 22a3; upward cell 2icis
divided into three upward sectors 22¢1, 22¢2 and 22¢3. Upward cell 21d is not a full cell. It contains only
two upward sectors 22d1 and 22d3. Upward cell 21e is not a full cell. It contains only one upWard sector
22e1. Upward cell 21f is not a full cell as well. It contains only one upward sector 22f1. Upward cell 21b
and 21g both are not divided into sectors. Each of them may be covered by an up-tilt omni-directional
antenna. Each upward cell has a BTS at proximately its cell centre. They are BTS 15a, 15b, 15¢, 15d, 15,
15f and 15g respectively. BSC1 (base station control centre) 25a controls BTS 15a, 15e, 15f and 15g of
respective upward cell 21a, 21e, 21f and 21g via carriers 27 (cable, fibre, microwave radio etc). BSC2 25b
controls BTS 15b, 15¢ and 15d of respective upward cell 21b, 21¢ and 21d via carriers 27. MSC 24
controls BSC1 25a and BSC2 25b via carriers 26 (cable, fibre, microwave radio efc). It also connects to
PSTN. The structure and operation of the upward mobile cellular system is similar to the existing ground
mobile cellular system except its ground cells and sectors are replaced with the upward celis and sectors.
How this system works is a well-known art. It is not the scope of this invention.

FIG.5B is an embodiment of the integration of an upward mobile cellular system and a ground mobile
cellular system. As shown in FIG.5B, the dashed lines and circles represent a ground mobile ceflufar
network; the continuous lines and circles represent an upward mobile cellular network. They are integrated
together. The ground mobile cellular network comprises seven ground cells 11a, 11b, 11, 11d, 11e, 11f
and 11g. Each ground cell has a BTS at proximately its cell centre. They are BTS 5a, 5b, 5¢, 5d, Se, 5f and
5q respectively. BSC1 25a controls ground cell 113, 11e, 11f and 11g via carriers 27. BSC2 25b controls
ground celt 11b, 11c and 11d via carriers 27, MSC 24 controls BSC1 25a and BSC2 25b via carriers 26.
Each ground cell is divided into three ground sectors. For example, ground cell 11d is divided in ground
sectors 12d1, 12d2 and12d3. The upward mobile cellular network comprises five upward cells 21a, 21b,
21c, 21f and 21g. Upward cell 21aiis divided into three upward sectors 22a1, 22a2 and 22a3; upward cell
21b is divided into three upward sectors 22b1, 22b2 and 22b3; upward cell 21g is divided into three

upward sectors 2291, 2292 and 22g3. Upward cell 21c is not a full cell. It contains only two upward sectors
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22¢1 and 22¢3. Upward cell 21f is not a full cell also. It contains only one upward sector 221. In this
embodiment, each upward cell shares a common BTS with a ground cell. Upward cell 21a shares BTS 5a
of ground cell 11a; upward cell 21b shares BTS 5b of ground cell 11b; upward cell 21c shares BTS 5¢ of
ground cell 11c; upward cell 21f shares BTS 5f of ground cell 11f; upward cell 21g shares BTS 5g of
ground cell 11g. So the upward mobile cellular network shares BSC1 25a, BSC2 25b and MSC 24 of the
ground mobile cellular network as well. This embodiment represents the situation when the up-tilt antennas
are coupled together with the antennas of ground cells and/or ground sectors to share the BTSs of some
ground celis andfor ground sectors in a mobile cellular system (as shown in FIG.4A). Itis the most cost-
efficient way to expand the coverage of a mobile cellular network to the upper floors of high-rise buildings.
How this system works is a well-known art. Itis not the scope of this invention. .

FIG.5B is also an embodiment of the shared base station and the method for avoiding interference
between upward celiular network and ground cefiular network.

FIG.5C is another embodiment of integration of an upward mobile cellular system and a ground mobile
cellular system. As shown in FIG.5C, the dashed lines and circles represent a ground mobile cellular
network: the continue lines and circles represent an upward mobile ceflular network. They are integrated
together. The ground mobile cellular network comprises seven ground cells 11a, 11b, 11¢, 11d, 11e, 11f
and 11g. Each ground cell has a BTS at proximately its cell centre. They are BTS 5a, 5b, 5¢, 5d, 5, 5f and
5¢ respectively. BSC1 25a controls ground cell 11a, 11e, 11f and 11g via carriers. BSC2 25b controls
ground cell 11b, 11c and 11d via carriers, MSC1 24a controls BSC1 25a and BSC2 25b via carriers. Unlike
in FIG.5B, there is no any sharing of BTS, BSC and MSC between the upward cells and the ground cells in
FIG.5C. The upward mobile cellutar network comprises three upward cells 21a, 21b and 21c. Each upward
cell is located proximately near the boarder of ground cells. Upward cell 21a is not a fufl cell. It contains
two upward sectors 22a1 and 22a3. Upward celf 21b has no sector. It may be covered by an up-tiit omni-
directional antenna. Upward cell 21c is divided into three upward sectors 22c1, 22¢2 and 22c3. Each
upward cell has a BTS at proximately its cell centre (in term of azimuth direction). They are BTS 15a, 15b
and 15c respectively. BSC3 25¢ controls them via carriers 27. The upward mobile cellular network has its
~ own control centre MSC2 24b. it controls BSC3 25¢ via carrier 26. MSC 24b also connects to PSTN. In this

embodiment, the upward mobile cellular system is independent of the ground mobile cellular system.

FIG.5C is also an embodiment of the method for avoiding interference between upward cellular network
and ground cellular network by using dedicated frequencies or frequency spectra in upward cellular

network. Dedicated frequencies are used in upward cefl 15a, 15b and 15¢ in FIG.5C to avoid interference
with the ground cellular network.
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FIG.5D is an embodiment of more complicated integration of an upward mobile cellular system and a
ground mobile cellular system. It is the combination of integration embodiments in FIG.5B and in FIG.5C.
That is that some upward cells and upward sectors share BTSs, BSCs and MSC of ground cells, ground
sectors and ground cellular network; some upward cells and upward sectors have their own BTSs, BSCs
and MSC. In FIG.5D, upward cell 21s shares BTS 5b of ground cell 11b. 1t contains two upward sectors
22s1 and 22s3. Upward cell 21t shares BTS 5c of ground cell 11c. It contains two upward sectors 221 and
223. Upward cell 21s and 21t share BSC2 25b and MSC1 24a of the ground mobile cellular network.
While upward cell 21a, 21b and 21¢ each has its own BTS located near the boarder of ground celis. They
are BTS 15a, 15b and 15¢ respectively. Also they have their own BSC3 25¢ and MSC2 of 24b. All upward
cells 21 a,' 21b, 21c, 21s and 21t compose an upward mobile cellular network. This embodiment provides
flexibility and cost-efficiency for a mobile cellular system fo expand its coverage to space above ground.

FIG.5D is also an embodiment of combination of the method of avoiding interference by sharing base
station between upward cell and ground cell and the method of avoiding interference by using dedicated

frequencies or frequency spectra in upward cellular network. Dedicated frequencies are used in upward
cell 21a, 21b and 21c in FIG.5D to avoid interference with ground cells.

For a CDMA mobile celluiar system, the same spread spectrum of a ground cell may be reused in an
upward cell when base stations of both cells are not collocated. In this case, an upward cell acts as a
neighbour cell of ground cells in space. For example, if the mobile cellular system is CDMA system in
FIG.5C, upward cell 21a, 21b and 21c may use the same spread spectrum of ground cells. Besides acting
as the neighbour cell of upward cell 21a and 21c, upward cell 21b also acts as the neighbour cell of ground

cell 11a, 11b and 11g in space above ground. In a 3D cellular network, we should consider neighbour cells
in a 3D view.

A typical base station sector antenna has a beam pattern wide in azimuth but narrow in elevation, which
well fits ground sector coverage. FIG.6A illustrates a typical base station sector antenna, its beam pattern
and coverage. Sector antenna 31 comprises a set of radiation elements (dipoles, for example) 32 aligning
in a vertical plane. It generates beam 33 whose azimuth beam-width ¢ (45°, for example) is much larger
than its elevation beam-width 6 (10°, for example). Beam 33 can't cover whole high-rise building 20 when
antenna 31 is close to it (500 meters, for example), even if it is up-tilted. A coordinate XYZ is shown as a

reference (axis Y represents elevation direction, axis X and axis Z represent two perpendicular directions
in a horizontal plane).

High-rise buildings are not everywhere. They may concentrate in a small core business area in a city

and intersperse in wide urban area. Maybe there are only few high-rise buildings to be covered in a
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geographical area. As small size celis are adopted in mobile cellular system in city, many cellular base
stations locate close to high-rise buildings. Instead of covering the whole upward cell, a base station
antenna may focus its coverage on individual high-rise building. To do so, it will benefit system
performance for stronger cellular signal in high-rise buildings and less interference to its cellular network,
because antenna radiation focuses in a splice space of a cell than in the whole cell.

This invention provides another method for celiular signal coverage in high-rise buildings for a mobile
cellular system. That is to provide a narrow beam antenna whose beam has larger elevation beam-width
than its azimuth beam-width fo a base station of a mobile cellular system. This antenna connects to the
BTS of the base station. It radiates cellular signal generated by the BTS in a beam patiern that wide in
elevation but narrow in azimuth, and points its beam to the high-rise buildings nearby. To avoid
interference, either its beam is up-tilted to point upward or dedicated cellular frequencies or frequency
spectra are used in the base station. This solution is useful to cover single high-rise building or a group of
high-rise buildings, which are adjacent to each other, in short distance.

FIG.6B is an embodiment of the antenna and the method. Antenna 34 comprises a set of radiation
elements (dipoles, for example) 35 aligning in a horizontal plane. It generatés beam 36 whose elevation
beam-width 6 (45°, for example) is larger than its azimuth beam-width ¢ (10°, for example). Itis up-tilied o
degree (30°, for example) to cover high-rise building 20. Coordinate XYZ is shown as a reference.
Antenna 34 can be easily realized. Just rotating antenna 31 in FIG.6A 90° clockwise around X-axis, it

becomes antenna 34 in FIG.6B. Antenna 34 fits individual or a small ground of high-rise buildings
coverage in short distance.

FIG.7A to 7F illustrates a new type of multi-beam multi-tilt antenna, which can be used to cover both
upward cell (or upward sector) and ground cell (or ground sector) with a single antenna.

As limited antenna mounting spaces and many antennas to be mounted on an antenna supporting
structure in a base station, it is preferable that an antenna has multiple functions. Besides space saving, a
multi-function antenna is economic also. For this reason, a new type of multi-beam multi-tilt base station
antenna is invented to cover both ground cell (or ground sector) and upward cell (or upward sector) with a
single antenna. It comprises at least two sets of radiation elements, a supporting device and means to tilt
its beams. Each set of radiation elements comprises at least two radiation elements. The radiation
elements of each set are mounted on the suppoﬁing device in spaced apart relationship. This antenna also
comprises a mounting structure, ahousing and signal input/output port (or ports). The radiation element

sets, the supporting device and the means of beam tilting are disposed within the housing. The first set of




WO 2004/014095 PCT/IB2003/003022

-24 .
radiation elements generates a first beamin a first direction; the second set of radiation elements
generates a second beam in a second direction that is different from the first direction. The means of beam
tilting includes mechanical means, or electrical means, or both means, for tilting each of the beams in
predefined direction. So thig antenna provides radio signal Coverage in two directions. Each beam may be
omni-directional or directional. The first setand the second set may operate in the same mobile cellular
frequency band or in different mobile cellular frequency bands that are not totally overlapped. The polarity
of the first beam and the polarity of the second beam may be the same or different. The angle between the
two beams is between 3° and 60°. Itis preferred in this invention that when this antenna is used in a
Cellular base station, its first beam points downward and its second beam points upward. So it covers both
ground cell (or ground séctor) énd upward cell (or upward sector) with a single antenna.

FIG.7A is an embodiment of the multi-beam multi-tilt base station antenna of this invention, which is in

single cellular frequency band and in vertical polarity. FIG.78B illustrates its lobe pattem in elevation. Dual-
" beam dual-tilt antenna 38 comprises two sets of radiation elements 39 (above the dashed line) and 40
(below the dashed line). Both sets are in vertical polarity and operate in same frequency band (800MHz
cellular frequency band, for example). Set 39 comprises four radiation elements spaced-from each other
and mounted on a supporting device (a grounded plate, for example). |t generates beam 37b that down-
tilts B degree (8°, for example) below the horizontal surface. Set 40 comprises four radiation elements
spaced from each other and mounted on the supporting device. It generates beam 37a that up-titts o
degree (10°, for example) above the horizontal surface. Arrow 51a is the axis of beam 37a. Arrow 51b is
the axis of beam 37b. Beam 374 and 37b each has proximately the same characteristics in both

transmitting and receiving directions. Port41 is RF signal input/output of the antenna. The tilting of each
beam can be realized mechanically, or electrically, or in both ways.

FIG.7E is an embodiment of electrical means to tilt each beam of antenna 38 in FIG.7A in predefined
direction. Four radiation elements 39a, 39b, 39¢ and 394 of set 39 are mounted on a grounded supporting
plate 47 in proximately equal spacing. Four radiation elements 40a, 40b, 40c and 40d of set 40 are also
mounted an supporting plate 47 in proximately equal spacing. Supporting plate 47 is in proximately
vertical direction. 50a is the signal feeding circuit of set 39, it connects to port 41 through splitter 49 (evenly
or unevenly splitting signals). The feeding circuit to radiation elements 39a, 39b, 39¢ and 39 increases in
length in steps. So phases increase in step in them (for example, starting from element 39a, phase
increases § in element 39b, 26 in element 39¢ and 3§ in element 39d). So the beam generated by set 39
down-tilts. (The down-tilt angle depends on frequency and phase shift step ). 50b is the signal feeding
circuit of set 40, It connects to port 41 through splitter 49. The feeding circuit to radiation elements 403,
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40b, 40c and 40d decreases in length in steps. So phases decrease in step in them (for example, starting
from element 40a, phase decreases y in element 40b, 2y in element 40c and 3y in element 40d). So the
beam generated by set 40 up-ilts. (The up-tilt angle depends on frequency and phase shift stepy).
Reflecting piate 46 is disposed on the inner backside of housing 45 to reflect radiation signal back. All
radiation elements, support plate 47, feeding circuit 50a and 50b, splitter 49 and reflecting plate 46 are
disposed inside housing 45. A mounting structure is attached to back exterior of housing 45 (not shown in

. the diagram). So antenna in FIG.7E generates an up-tilt beam and 3 down-tilt beam. Itis a single-band
dual-beam dual-tilt base station sector antenna.

FIG.7C is another embodiment of the multi-beam multi-tilt antenna of this invention, which is in dual
mobile cellular frequency bands and in cross polarity. FIG.7D iflustrates its lobe pattern in elevation. Dual-
beam dual-tilt antenna 42 comprises two sets of radiation elements 43 (above the dashed line) and 44
{below the dashed line). Both sets are in cross polarity. Set 43 operates in a first frequency band (800MHz
cellular band, for example); Set 44 operates in a different frequency band (1900MHZ cellular band, for
example). Set 43 comprises four elements spaced from each other and mounted on a supporting device
(a grounded plate, for example). It generates beam 37d that down-tilts 8 degree (8°, for example) below
the horizontal surface. Set 44 comprises four radiation elements spaced from each other and mounted on
the supporting plate. It generates beam 37c that up-tilts o degree (10°, for example) above the horizontal
surface. Arrow 51c is the axis of beam 37c. Arrow 51d is the axis of beam 37d. Beam 37¢ and 37d each
has proximately the same characteristics in both transmitting and receiving directions. Port 41a is RF

signal input/output of set 43. Port 41b is RF signal input/output of set 44. The tilting of each beam can be
realized mechanically, or electrically, or in both ways.

FIG.7F shows mechanical means to tiit each beam of antenna 42 in FIG.7C in predefined direction. Set
43 includes four radiation elements 43a, 43b, 43¢ and 434. They are mounted ona grounded supporting
plate 47a in proximately equal spacing. Supporting plate 47a is down-tilted P degree from vertical direction.
Set 44 includes four radiation elements 44a, 44b, 44¢ and 44d. They are mounted on a grounded
Supporting plate 47b in proximately equal spacing. Supporting plate 47b is up-tilted o degree from vertical
direction. 48a is the signal feeding circuit for set 43, It connects to port 41a. The feeding circuit to each
radiation elements is in proximately equal length and equal phase. So set 43 generates a beam in direction
perpetrated to supporting plate 47a. 48b is the signal feeding circuit for set 44. It connects to port 41b. The
feeding circuit to each rédiation elements is in proximately equal length and equal phase. So set 44
generates a beam in direction perpetrated to supporting piate 47b. Reflecting plate 46 is disposed on the
inner backside of housing 45 to reflect radiation signal back. A mounting structure is attached to back
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exterior of housing 45 (not shown in the diagram). 49 are splitters in the feeding circuits. Al radiation
elements, support plates 47a and 47b, feeding circuit 48a and 48b, and reflecting plate 46 are disposed
inside housing 45. So antenna in FIG.7F generates a beam down-tilting B degree and a beam up-iilting o
degree. Itis dual-band dual-beam dual-tilt base station sector antenna.

The multi-beam multi-tilt antenna of this invention may be applied in a base station of a mobile ceflular
system for providing 3D space coverage. In this application, the multi-beam multi-tilt antenna connects to
the BTS of the base station. Its one beam points downward to covers the ground cell (or ground sector);
its one another beam points upward to cover the upward cefl (or upward sector). So this base station
provides 3D space coverage. For example, single-band dual-beam dual-iilt antenna 38 in FIG.7A can be
used to replace antenna 1, antenna 10 and splitter/combiner (or coupler) 30 in FIG.4A. Its port 41 connects
to BTS 5. Its one beam points upward and another beam points downward, so as to cover both ground
sector and upward sector. In this application, antenna 38 acts as up-tilt antenna 10 and down-tilt antenna 1
in an integral form. Another example, dual-band dual-beam dual-tilt antenna 42 in FIG.7C can be used to
replace antenna 1 and antenna 10 in FIG.4C. Its port 41a connects to BTS1 5 of ground sector; its port
41b connects 1o BTS4 15 of upward sector. Antenna 42 has its beam generated by BTS1 5 points 4

downward to cover ground sector. Antenna 42 has its beam generated by BTS4 15 points upward to cover
upward sector. So it covers both ground sector and upward sector.

The achievement of this invention is a cost-effective solution for cellular signal coverage in high-rise
buildings for a mobile ceflular system. The network, method, base station and antenna of this invention can

also be used in other cellular telecommunication systems for providing cellular signal coverage on ground
and in space above ground.

Where in the foregoing description reference has been made to integers having known equivalents then
such equivalents are herein incorporated as if individually set forth.

Although this invention has been described by way of example and with reference to possible
embodiments thereof it is to be appreciated that improvements and modifications may be made thereto
without departing from the scope or spirit of the present invention. For example, antenna space diversity in
base station, especially in uplink, is a common method used in ground celis and sectors to overcome multi-
path fading and to improve system performance in a mobile cellular system. It can be implemented in base
stations of upward cells and upward sectors for the same purposes. That is to add an up-tilt space diversity
antenna for an up-tilt antenna in the base station of an upward cell (or upward sector). Another example,

the up-tilt antenna and the down-tilt antenna, sharing a BTS in a base station, may be integrally formed
into one antenna for providing the same function, like antenna 38 in FIG.7A.
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What is claimed:

1. A cellular telecommunication network for providing cellular telecommunication service in a

geographical area, said geographical area divided into a plurality of cells, said network comprising:

a plurality of base stations, each providing radio signals to subscriber stations in an associated
one of said cells;

at least a first one of said base stations comprising

a transmitter for generating a first radio signal to be provided within a first one of said cells
which is associated with said first base station, and within a frequency range which is
reusable in more than one of said cells;

a first antenna coupled to said transmitter for radiating said first radio signal in a

characteristic radiation pattern having its major lobe pointed downward;

a second antenna coupled to said transmitter for radiating said first radio signal in a

characteristic radiation pattern having its major lobe pointed upward;

50 as to radiate said first radio signal within said first cell below said first antenna and
above said second antenna, while limiting radiation of said first radio signal into other ones

of said cells within which said first radio signal may interfere with radio signals from other
ones of said base stations.

The network of claim 1 wherein said first base station further comprises a receiver for receiving radio
signals generated by subscriber stations in said first cell.

3. The network of claim 2 wherein said receiver is coupled to said first and second antennas so as to

receive said radio signals generated by subscriber stations in said first cell through at least one of said
first and second antennas.

4. The network of any one of claims 1 to 3, wherein said first and second antennas are substantially
collocated.

5. The network of any one of claims 1 to 4, wherein said first antenna is located above said second
antenna in altitude.

6. The network of any one of claims 1 to 5, wherein said first and second antennas are integrally formed.
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7. The network of anyone of claims 1 to 6, wherein a second one of said base stations comprises:

a second base station transmitter for generating a second base station radio signal to be provided
within a second one of said cells which is associated with said second base station, and within a
frequency range which is reusable in more than one of said cells;

a second base station antenna coupled to said second base station transmitter for radiating said

second base station radio signal in a characteristic radiation pattem having its major lobe pointed
upward;

s0 as to radiate said second base station radio signal within said second cell above said second
base station antenna, while limiting radiation of said second base station radio signal into other

ones of said cells within which said second base station radio signal may interfere with radio
signals from other ones of said base stations.

8. The network of claim 7, wherein said second base station further comprises a receiver for receiving
radio signals generated by subscriber stations in said second cell.

A method of providing cellular telecommunication service in a geographical area, said geographical
area divided into a plurality of cells, comprising:

generating a plurality of radio signals, each to be provided to subscriber stations in an associated

one of said cells and having a frequency range which is reusable in more than one of said cells;

providing each one of said signals to its associated cell, wherein a first one of said signals is
provided to a first one of said cells which is associated with said first signal by

radiating, from a first antenna, said first signal in a characteristic radiation pattern having
its major lobe pointed downward, and

radiating, from a second antenna, said first signal in a characteristic radiation pattern 4
having its major lobe pointed upward,

s0 as to radiate said first signal within said first cell below said first antenna and above
said second antenna, while limiting radiation of said first signal into other ones of said cells
within which said first signal may interfere with other ones of said signals.

10. The method of claim 9, further comprising receiving at least one radio signal from a subscriber station
in said first cell.
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11. The method of claim 10 wherein said at least one radio signal is received through at least one of said
first and second antennas.

12. The method of any one of claims 9 o 11, wherein said first and second antennas are substantially
collocated.

13. The method of any one of claims 9 to 12, wherein said first antenna is above said second antenna in
altitude. '

14. The method of any one of claims 9 to 13, wherein said first and second antennas are integrally formed.

15. The method of claim 9 to 14, wherein a second one of said signals is provided to a second one of said
cells which is associated with said second signal by

radiating, from a second-cell antenna, said second signal in a characteristic radiation pattern
having its major lobe pointed upward,

80 as to radiate said second signal within said second cell above said second-cell antenna, while

limiting radiation of said second signal into other ones of said cells within which said second signal
may interfere with other ones of said signals.

16. A base station of a cellular telecommunication network, said network adapted for providing a plurality

of cellular radio signals in a geographical area, said geographical area divided into a plurality of cells,
said base station comprising:

a transmitter for generating a transmitter radio signal to be provided within a first one of said cells,

said transmitter operating at a frequency range which is reusable in more than one of said cells;

a first antenna coupled fo saig transmitter for radiating said transmitter radio signalin a
characteristic radiation pattern having its major lobe pointed downward;

a second antenna coupled to said transmitter for radiating said transmitter radio signalin a
characteristic radiation pattern having its major lobe pointed upward;

S0 as to radiate said transmitter radio signal within said first cell below said first antenna and

above said second antenna, while limiting radiation of said transmiter radio signal into other ones

of said cells within which said transmitter radio signal may interfere with other ones of said plurality

of radio signals.
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17. The base station of claim 16, further comprising a receiver for receiving radio signals generated by
subscriber stations in said first cell.

18. The base station of claim 16, wherein said receiver is coupled to said first and second antennas so as

to receive said radio signals generated by subscriber stations in said first cell through at least one of
said first and second antennas.

19. The base station of any one of claims 16 to 18, wherein said first and second antennas are integrally
formed.

20. A base station antenna, operating in a frequency range for cellular telecommunications, comprising:

a first set of radiation elements, said first set comprises at least two radiation elements being in
spaced apart relationship therewith, said first set is operable in a first frequency range, said first -
set has a characteristic radiation pattern having a first major lobe in a first direction;

a second set of radiation elements, said second set comprises at least two radiation elements
being in spaced apart relationship therewith, said second set is operable in a second frequency
range, said second set has a characteristic radiation pattern having a second major lobe in a

second direction, the angle between said first and second directions is between 3° and 60°;

means for tilting said first major lobe in said first direction and said second major lobe in said
second direction,

whereby said antenna has a characteristic radiation pattern having two major lobes in two directions.
21. The antenna of claim 20, wherein said first and second frequency ranges are the same.
22. The antenna of claims 21, wherein said first and second sets are drivable by a same radio station.

23. The antenna of claim 20, wherein said first and second frequency ranges do not completely
overlapped.

24. The antenna of claim 23, wherein said first set is independently drivable by a first radio station,
wherein said second set is independently drivable by a second radio station.

25. The antenna of any one of claims 20 to 24 is a sector antenna.

26. The antenna of any one of claims 20 to 24 is an dmni-directional antenna.
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