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si gnal coverage on ground and above ground -tor a cellular

t el ecommuni cation system It is about network, nethod, base station and
antenna to establish three- dinension cellular signal coverage for a
cellular tel ecomunication systemand neanwhile elimnate interferences in
a geographi cal area. Background Mobile cellular telecomunication system
(sinply called "nobile cellular system, or "cellular systenm), originally
i nvented by Bell Tel ephone CragmoRef¢rendeeto Retatechipplicatioss (U. S. pat ent No.
3,663;762), is generally known to include at |east one nobile switch
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spectra allocated for cellular nobile communications. Each base station

i ncl udes a base station transceivers system (BTS), at |east one base
station antenna and an antenna supgggiot TROnvnfiglct ure (tower, pol e ‘and
rooftop etc.), and serves a ground area - a ground cell, which is covered
by one or a pl ur_alit%/ of base station antennas. Each ground cell can be
further dihisioiestianrelefests aellgarsional soveirgsentomuad aethaigvegropis feta seiuldiover ed by
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conprising at |east one control channel and a plurality of traffic

channel #leresearesdi @ geedphisaka®uency bands are assigned to nobile cel | ul ar
systens in a geographical area. In North Arerica, two frequency bands are
assigned to nobile cellular systens. One is 800MHz band with transm ssion
frequency from 824MHz CONFI RVATI ON CBEglh@004/ 014095 PCT/ 1 B2003/ 003022
-2 to 849MHz and receiving frequency from869VMHz to 894MHz; another one is
1900MH#z band with transm ssion frequency from 1850M#z to 1910MHz and |

r ecei vi ngMobisretiarieleqonmunigaipmsystans (stepoddied ‘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. |t 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, bpth
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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Cel lul ar systemis based on two basic concepts: cells and frequency reuse.
A geographical area is divided into many smal |l er service areas - cells,
whi ch ar ewgenevakdoy represent ed as hexagons tangent at PeaaR2008h&022and
conposing a cellular pattern. Base stations |ocate proximately at the
centres of each cell wth antennas mounted on towers (or poles, rooftops
etc.), transmtting/receiving radi o signals and comunicating vmth
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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 split into 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 cell is a way to control interferences in the cellular system.



is a method widely used in nobile cellular systens (U S. patent No.
4,249,181). The down-tilt antenna radiates signal downward, contains its
si gnal wwbizo4/aigooswn cell and limts its signal radiatiPeg/1Bzospes0zd] acent
cells, so as to reduce interferences in a cellular system Whilst hel ping
to reduce interferences, down-tilt afdenna cones at a price.. As its beam
poi nts downward to thg@%round space above the down-tilt antenna
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conpared wth cellular signall on ground in the sane |ocation. That™s why
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not in the major lobe coverage range of the down-ilt 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



-4 floors of nost high-rise buildings in the sane area. You can nmeke good
quality cellular phone calls there in nopst situations. 20dB nakes a
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That's why it is not conmonly inplemented ere is aneed of a nore
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floors L%fortu%t%@,’ t% B‘Rs%%tér#is'}%?a éo%f-ef%cffv%ls'ol'dlio%rforsﬁllg%t-r%emouiIding 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.



WO 2004/ 014095 PCT/1B2003/003022 -5- Summary A cellul ar tel econmuni cation
network (sinply called "cellular network) of this invention has the feature
that at |we=004me09sf its base stations has a 3D (three- dCFIB3I0NEB0I2 Space
coverage extent on ground and above ground, while elimnating
interferences by sharing the transmti®fs 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 anMgi@das. It may further have anot her
feature that at | east another one of its base stations has coverage extent
in a spa tin
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the cellular network has a 3D space coverage extent on. ground and above
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range that is reusable 1n nore an one of the cel he ce
net wor kwithTthe featltesrdesdribed shovenna is coupled to the transnitter for radiating
the radio signal in a characteristic radiation pattern having its major
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within the cell of base station below the down-tilt antenna and above
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the base station throu | east one of two antennas ant ennas
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the up-tilt, ant nnai e. The_two nnasrra inteaqr forrred
nto onateisthaf € Rk Boiroriny B R BRES s e B e Gl

det ect aRttifghé RdRMYEMN b BidradensioradiBion ERIrh RAVIMGGE Afafth RPe Poiniad u;SvVa?d‘ 8618 toer
or by a'subscriber radio station. Antenna radiation Pattern i's

vari at i @aiatsfthe ragiofsigaplavithintharcsil phthebase station below the down-tilt antenna and above the up-ilt
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 down-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 two
antennas. Both antennas may be substantially collocated. The down-tilt 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 pattern is the variation of the field intensity of

the antenna as an angular function with respect to the axis.)



t he antenna as an angul ar function wth respect to the axis.) WO
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may furthwooomprisse at | east anot her one of its base stPaTiiBz®3/0030td ch has
coverage extent in a space above ground. The base station conprises a
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signal to be provided within the cell of the base station, and wthin a
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transmtter generates a radio
The method of this invention may further comprise the following process: providing another radio signal

to its cell by radiating it in a characteristic radiation pattern having its major lobe pointed upward from an
up-tilt antenna of the cell, so as to radiate it within its cell above the up-ilt antenna, while limiting its

radiation into other cells within which it may interfere with other radio signals.

A base station of a cellular 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 cell 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



signal to be provided within the cell of the base station. It operates at a
frequency range that is reusable in nore than one of the cells. The
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(prior art): [obe pattern in elevation of the down-tilt sector antenna
in FIG MOV@FISGaCB abo(qogrolmd (Ante)mahew slsthenited arderd ey Bhagethe ragipgoniobe
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Up-tilt sector antenna covers the upper floors of high-rise buildings.
FIG 2B: Up-tilt omi-directional antenna covers the upper floors of

hi gh-rise buildings. FIG 2C Bief DéstrigtiomoiSTe Crawiggsand r ecei vi ng sect or
antennas cover the upper roors of high- ri se buildings. FIG 2D: The | obe
pattern i | evat i u t|| ntennal FIG 2A. FIG 2E:. The
D ehennt i cabAdts s Noisaihase el o p iabls eufi siert s HAHE on. 1 G 2F

The schematl c 3D cover age shape of an upvvard cell and secto of this

i nvent i onfG.1B)(esiop &ft): Thedokenatiamtn elewpfipnefike doye-td segie agtennain f ‘d cel lul ar

network of this invention. WO 2004/ 014095 PCT/|1B2003/ 003022 -8
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-tilt 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 pattern in elevation of the up-tilt sector antennain 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.



FI G 3A: The space coverage profile in elevation wth an upward cel |l ul ar
networ k overlaying on a ground cellular network in first way. FI G 3B: The
space cowpage/qprosile in elevation with an upward cel | RICRABIIOSMBOX
overlaying on a ground cellular network in second way. FIG 3C. The space
coverage profile in elevation with an&pward cel |l ul ar network overl ayi ng on
a ground_ cellular network in third way. FIG 3D: The space coverage profile
in el evatiGshdne BPags cosiage aradilsn %lP‘éﬁt'Oﬂw\é'ﬁ\/\ﬁi‘rLIPWGKi’éﬁeM%h”ﬁé'OEKrPVa”QyWGQﬂé ground

cel I ul Q%Ild"é?tn\éﬂ\fohﬂhﬂrsf th way. FI G 4A: An enbodi ment of the method and the
shared base station of this invention for elimnating interference between
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An enbodi nent of the nethod for elimnating interference between an upward

cel | andrps 8C.0uedpace@blerdyé prsilcn@eleRMbs Ritesh dpwarLRMearestwark JveRHMERAY Fipet r a
in an upward cel lul ar network. FIG 5A: A system structure enbodi nent” of an

upwar d larmetoriiethildmRy.of this invention. FIG 5B: A systemintegration
enbodi ment of an upward cel lul ar network and a ground cel | ul ar network.
FI G 5C: RIG;@&tT@ﬁspaw@gvmge@mf@rmeldva’mm]wmoan upwardostirlal networkudvaayingtonargiouadd a

ground cel | ul FI G 5D. A systemintegration enbodi nent of an
upwar d C@E Irf;rn|e§~for H’:ﬁﬁ We“élnd a gr ound cellular network. FIG 6A (pri or art):
A typica |ons n am pattern and covera
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antenna of this invention in single band. FIG 7B: The | obe pattern in
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multi-tilt ‘antenna o s invention in ban
pat t er nnventi@l fervaiminatingaftetférencarvevenman upvl%in&e‘n@nd Ep@uidcelAn enbodi nent of
mechani cal beamtilting neans of the nmulti-beamnulti-tilt antenna.

FI G 7F:  NG.¢0todimbedinentof eleawdtiiodderlelibinatingtintérforenge betasen afupvael calbid a hrewm
multi-tilt antenna Det ai | ed Descriptions WO 2004/ 014095 PCT/ | B2003/ 003022

-9 FI G CEADy Hsing @dlc@eéfra%eww frepyeHey spestrainan vpward clieERatWak.G 1 A is an
enbodi nent of a te/ pi cal base station of a nobile cellular systemand its
cover age FlI®biurf: syisiem strgelne embagiment whan upserthesduler networkie s invanHorRE cabl e 4. It
is mounted on mast 3. Its beamis down-tilted R degree bel ow the
hor i zont &IG.pB:angystemantegrationremipadiman) ob e ipwanchcellulersnebresinarclavgzouwnd geltuen detwork.
| ow-rise building

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-ilt 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 tilting means of the multi-beam multi-tiit antenna.

Detailed Descriptions



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.

Ant enna Iwechet/@Eg0dSot h transmitting and recei vi ng ant en®aI/IB208/0030%L | S
beam (or major |obe) axis. (A sector antenna has a radiation pattern that
is directional in both azimuth and el®vation. Beamor nejor |obe axis is
t he maxi num radi ati on power direction of the beamor major lobe). FIG1 B
is an enbbalimodtGdIP depreibe BE apaRd EYMOBIPMel evation of the down-tilt sector
antenna 1 in FIG1A in both transmtting and receiving directions. Because
there Ispj@egh %%‘H%Hb)ﬂdlﬂ@ﬁﬁ’&?g fc'él%a%} %ﬁ%?%h@&le%@lﬁlar%ﬁfe@ﬂ 3{d coverage. Down-filt
character|st|cs an ant enna e sane | obe pattern in both transmtting
and r ecszictor argenndnroenrm(;tsris BTB/Ej\mih RF(ublﬁe 8. |bis neantedon mast @nitscbedmiisdatowiitted Bl t ed
R degree bel ow a horizontal | obe direction is
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nobile cellular system The area and s ace overefi down-tilt
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hl. Its vera ei decr eas rom entre
ot eas @t BURHT S0 BEe SO AGUTS JeDeTAREH Fike T3 B SHACE CIoQ R EELPEAT ng
charact %dri&f'nﬁ’aﬁéﬁgh-%b @\lﬂHlﬁﬁ@‘%ene&ﬂPH&ﬂlaﬁgéﬁal Q{Penﬁtﬁﬁh 5 il 7oak & 20dB Mfvep BER
coverage snape range I n both transmt recei vi ng dl rections.
(An omthediaxisein sigral steengtaiofihe major labe. a8 @uwndtﬂmgaat haée platignaantengas in a cellular

non- dlrec ion zimut h d| an
hape) . Sita argsiogif S S e P dr RSP biP b ler Pt 2
ground gRdpideah&edelitaraignaiet e ldwet ﬂborémhfghinl;@blﬁlﬂ“hgst @rﬂgloﬁmsb biediegsin tr@ same
directions. A plurality of ground déuxt apose on t e earth's surface WO

2004/ 013B95A FaoTdinat b 5/sHown apa refemceéﬁ%ﬁ eprgsentsiogzaite! diesstioneandiis o) ar
net wor k pH%gﬁ?elg\r/é?HHglre%%Ags cover only the space under their down-tilt

base st P GR ART eNnas coverage near their cell boundaries is worse in
both signal strength and coverage height. As described before, a ground
mobi | e ceflGUICds amembelinkentlofebmschernatice3D doleraggmhiape dfladypical gréund cell of a mobile

cellular system. The area and space covered by down-iit 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 fransmitting and receiving directions. A plurality of ground cells juxtapose on the earth’s surface



many high-rise buildings. It is a problemto be solved. The intention of
this invention is to solve this problem in a cost-efficient manner. The
ground nowDl2e04c08kd98] ar net wor k has proxi nmately the sanePcouBz@geostrape and
range in both transmtting and receiving directions. FIG 2A to 2G
illustrate the first basic concept of 10kis invention: Base station antenna
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one transmtting antenna and at |east one receiving antenna. Each
conpr i sgavgephic@ arse fgmanelileealltiar 3ystemand at | east one receiver. The
transmttlng antenna is coupled to the transmtters and transmts the radio
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is coupl receivers and recel ener a
subscri br&énnstaaei ¢oaplad togethérsand éleh codetiito bmestanomkanmmw Thdtés th@r’@am&ds@t i on
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t he 'ul ar network. The radio sig gener at ed
t he tr agrowid, preupsvardegll;dbedovihrtitiranienra quemgmmd |0h@ourwjmelé r’:aeaausa beth aplghrasisbare
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cell through the receivi n% antenna. A base station is often used as both
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cellular signal strength will increase up to 20dB on average in the

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 celi; 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 fransmitters radiates from the transmitting

antenna in a radiation characteristic pattern having its major lobe point upward above the transmitting



upper floors of high-rise buildings if a base station antenna is up-tilted
to have its major | obe cover there. Because of reciprocity between the
transm t twogoamd4098cei vi ng characteristics of the antenmal/1Bh®3/sioength of
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have no significant differences from ground-
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 cell 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
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antenna height and its major lobe up-tilt 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 cellular 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 mobile 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



up-tilt a degree (100, for exanple) above the horizontal surface fromits
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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 pattern in elevation of up-tilt sector antenna 10 in FIG.2A in both
) transmitting 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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much smaller in scale, conpared
in this invention to properly adjust antenna height and its beam up-tilt angle to maximize signa 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-ilt 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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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
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existing BTS of the ground cell can be shared. The way of overlaying in FIG.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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easily solved by this invention. The solufion is that an upward cell and a substantially collocated ground

cell 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 fransmitting

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 to the subscriber stations in the upward cell; they are also radiated downward
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height as it. Though antenna 1 is 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-ilt 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

fransmitting and receiving antennas. In this solution, the upward cell (or sector) also shares the network
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splltter/combmer 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 up-tilt angle and proximately the same
coverage range in upward sector (or upward cell); 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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FIG.4C is another embodiment that dedicated frequencies or frequency specira 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-tilt
sector antenna 10 of upward sector connects to its BTS4 15 with RF cable 4. Down-ilt 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 specira.

> FIG.5A to FIG.5D are embodiments of the system of an upward cellular network and its integrations with
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upward sectors 2291, 2292 and 22g3. Upward cell 21c is not a full cell. It contains only two upward sectors
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directional antenna. Upward cell 21c is divided into three upward sectors 22¢1, 22¢2 and 22¢3. Each

upward cell has a BTS at proximately its cell centre (in term of azimuth direction). They are BTS 15a, 15b
and 15¢ 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 cell 15a, 15b and 15¢ in FIG.5C to avoid interference

with the ground cellular network.
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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 coveredin a
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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 béams. Each set of radiation elements comprises at least two radiation elements. The radiation
elements of each set are mounted on the supporting device in spaced apart relationship. This antenna also
comprises a mounting structure, a housing 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
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of set 4BIGfisan embodiment of electrical means to tilt each beam of antenna 38 in FIG.7A'in predefined

direction. Four radiation elements 39a, 39b, 39¢ and 39d 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 on 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 39d increases in
length in steps. So phases increase in step in them (for example, starting from element 39a, phase
increases & in element 39b, 28 in element 39¢ and 35 in element 39d). So the beam generated by set 39
down-tilts. (The down-tilt angle depends on frequency and phase shift step 8). 50b is the signal feeding

circuit of set 40. It connects to port 41 through splitter 49. The feeding circuit to radiation elements 40a,
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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 plate 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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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 cells 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.



Al t hough this invention has been described by way of exanple and with
reference to possible enbodinents thereof it is to be appreciated that

i mpr ovenewOosoamd4evsdi fications nay be made thereto witireatiB2iwpassdzng from
the scope or spirit of the present invention. For exanple, antenna space
di versi ty in base station, especialdi374+n uplink, is a comon met hod used
in grou ceIJs and sectors to overcone nulti- path fading and to inprove
syst em'{8tiE6RMEAce in a nobile cellular system It can be inplemented in
base stations of upward cells and upvvard sectors for the same purposes.

That is to add an up-tilt spac |ver ant enna for  an tilt antenna
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station, e | ntegr Into one antenna for providing the sanme
function, like antenna 38 in FI G 7A. WO 2004/ 014095 PCT/|1B2003/ 003022 -27-
What is cl aiamphualitylof basecddtiond, aachipsdvisingrradio sigaald to subsertibgostrting in giraseeciftely
cellular tel eco]m'r%m @ﬁatl on service in a geographical area, said

geogr aphi calP"aPe%E*R ded into a plurality of cells, said network
conprising: a plurality of base stations, each providing radio signals to

subscri ber st labdt@nisst bie ¢fRaid daseatdibestonprisinggf said cells; at least a first
one of said base stations corrprisi ng a transmtter for generati ng a first

radio signal to be proyided wt St oeof S
associ at ed wi th saaxraasmsﬁe o asheathgraat o Sral g et it b e oE S SRln ch
I's reusable in %ﬁ&lﬁéhewﬂ]fsa rd p&&) éta‘%lon Bnfl Witk aﬁ@cﬁ@ﬂé‘ﬂa%ﬁ&ﬂsto

saidtransrn'tter ratin flrst adio signal In a racteristic
radi ation patter neusablengnoreﬁwan@p©of3admellqo0| nted downward; a second antenna
coupled to said transmtter for radiating said first radio signal in a
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first antenna andhabeiisic fliatdorsRtemha@ng Bmaor I dodrtddidsiwhwarg; radi ation of
said first radio signal into other ones of said cells within which said

first radio signal may interfere with radio SI Is frgglotag ones of
sai d base stati orfssecond antaanaeuRIsH fo epid Qﬁ”ﬁmﬁtﬁr ?@Qﬁa' fetirapip signalina e

station further coOprlS&Gs ré?ha'hﬁ?ﬁtﬂéﬁrhafnﬂg? ‘tsr ﬁ%@r‘ lé&e&%m‘i&?@ Wﬁrds' gnal s generat ed

by subscriber stations 1 n sai rst ce net of claim?2
wherein said receiver is coupled to said first and second antennas so as to
receive said radlawwt(gradiate sgidrfiest E&dmlgﬂgﬂ withivseidifitsé eellbelawiseid sirst antermiading i r st

cell through at a %\%t sat seecgr];d asn?enna whller lsmltmagnrgdlgt%ﬁ%f] saldaf%t?ar]inoasﬁgnal into other ones

of said cells within which said first radio signal may interfere with radio signals from other

ones of said base stations.

2. 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.



4. The network of any one of clains 1 to 3, wherein said first and second
antennas are substantially collocated. 5. The network of any one of clains
1 to 4, wereiais@sd first antenna is | ocated above sai @¢cyaBzwsioo3aze enna in
altitude. 6. The network of any one of clains 1 to 5, wherein said first
and second antennas are integrally fopged. W 2004/ 014095 PCT/1B2003/ 003022
-28 7. The network of anyone of claims 1 to 6, wherein a second one of said
base st7at Temretwaskphanyens of dlaisiscldn g, Wiesan a seondena of sad RasersationsoMpaSRS at i ng a
second base station radio signal to be provided wthin a second one of
said cells | ' i M j i tdvlaba a
frequency r ﬁégaé@nvﬁag g%@g&r@hgﬁ@%&{bﬁ ﬁ%{%&g %ﬁﬁgﬂﬂobﬁgég?@g g%dgpﬂ%qaﬁgﬁey&gggg nd
base st ati onwithintaeseoandoame of saitl ¢ells whichis sespoiatid btk eaid sarondbese iskatieniand withif @r
radiating said second base station radio signal, in a characteristic

radi ati on pafQdeeey 9P Wg'%ﬁtséeﬁél%m TYB aBBP%&%@‘d CE‘EWar d; so as to radiate
sai d second base station radio signal within said second cell above said
second base, sdeaid KH3e aBlidNERbNNIRdUpRA ltd $Hid dchd tREE ethiiPNrapdmiB@ifsh radstingdaipase
station radio signal into other ones of said cells wthin which sard
second base sscend heae staiifingadio jgnrgl inrrepparapiedstic eadiation pattendayiag itssnejerdeks Foindas

ot her ones of sajd base stations. 8. The network of claim7, wherein said
second base &% on further conprises a receiver for receiving radio
signal s generated by subscriber stations in said second cell. 9. A nethod
of provi di ngsecalth tdite datl secamirbars station oadicggnal within saidsegenigethatitive adid szcead

sai d geographical A area divided . into a plurality of cells, .conprising:
generating aP3segialion anfenga, whilg firgiting r@ﬁ%ﬁ“i‘%‘,‘)f %%@WCP@ hage 5*@L5tha@%|3'9 Ig‘l?,f’oélg?ri ber
stations in aRsapSRELR fithin (e Rl seBrd 1asé batioAnstid@aNGafinfras WhR fatid ange
which is reusable 1n nore than one of said cells; Pproviding each one of

sai d si gnal ssignalsi ftom atees ooésaif seid badelsfatiohier ein a first one of said signals is
provided to a first one of said cells which is associated with said first

signal by _radiating, fr a first antenna, .saj i rst.Si . -

char act ri@?ﬁﬁtwpgﬁ?g?'mﬁ%%@?é?' S @\')iﬁj ﬁase%tqtlgﬁpgp%gorﬁérggé %gef&gltvéergorg%%vwgr d,
and radi atidi@sigidisEnérae opBebsaibersiftins hakid sktdndtelsi gnal in a characteristic
radi ation pattern having its major | obe pointed upward, so as to radiate

said first signal within said first cell below said first antenna and above

sai d seRofdnethedpepvidigicelilar felacommynicalian saryiehin geekpriice| 3ed. saif geraranhicely
ot her Onesaré%;di\ﬁ(?édﬂﬁﬁlglu%lig‘&Eéﬂg,%?ﬁms‘ﬁﬁ: said first signal may interfere with
of sard signals.

ot her ones

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

having its major lobe pointed upward,

so 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.



10. The method of claim9, further conprising receiving at |east one radio
signal froma subscriber station in said first cell. WO 2004/ 014095

PCT/ | B200BOQ0B0R2095- 29 11. The net hod of cl aim 10 wher eiPaTaB23/803022ast one
radio signal is received through at | east one of said first and second
antennas. 12. The nethod of any one obg9clains 9 to 11, wherein said first
and second antennas are substantially collocated. 13. The nmethod of any
one of | dhemmethod of cleim 10wberein said ai lgast Presedia pigedt isdecelved Boaneh shipest seefsaid
antenna i alti . 14 . The nethod of any one of clains 9 to 13, wherein
sai d firsﬂsgﬁgsgéﬁgﬁamg%Fennas are integrally formed. 15. The net hod of
claim9 to 14, wherein a second one of said signals is provided to a second
one of 1alfle metbd 6f ampioreofi chinmsSiodil awteteimsdidfirstaind seoeod ardersiag Bl substantially

radi ating, froma second-cell antenna, said second signal in a

char act er F¥OF#eq-adi ati on pattern having its nmjor |obe pointed upward, so
as to radiate said second signal within said second cell above said
second-@ehrhe @eﬂqealaﬁan \Af@ bilairhd Soti2NEhar@dsad firgtran@hns BlafoveaeRRecont anghnd iRt 0

ot her ones of said cél s wthin which said second signal nmay interfere
wi t h ot heeltitvdes of said signals. 16. A base station of a cellular

t el ecommuni cati on network, said network adapted for providing a plurality
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transmtter for generating a transmtter radio signal to be provided within
a first15mae akthedbitlatablis 14, whaleth & seaovsitint bésaidsgigmalatis provided taa feceqdi emcyf saidnge
which is reusable in m)r((f\g.t han, one of said cells; a first antenna coupl ed

to said tcalfdvrchisrsseeated il sid seeondsigna ¥ ansmitter radio signal in a
characteristic radiation pattern having its major |obe pointed dowward; a

second ant elmﬂé%iiéfiﬁg’, Wgﬁda deRorrilefl ahtb2S §4id $eRbnd WnalifdlicRdradiishdiaiafiondagerht t er

radio signal 1n a aracteristic radiation pattern having its nmgjor |obe
poi nt ed upwaha¥jngste mafr tobe peintedtpwasdi d transmtter radio signal within said
first cell below said first antenna and above said second antenna, while

limting radiati,on of i s Lher i j i 0
sai'd cell s w1 A ot PR ALl o S BN 1o oSl B uftle,
ot her ones ofimig@y rddigionronbaid secomf sigratinto othegora of saidReROGIMIDAAEOSEId second signal
PCT/ | B2003/ 003022 - 30 o
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 to said transmitter for radiating said transmitter radio signal in a

characteristic radiation pattern having its major lobe pointed downward;

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

characteristic radiation pattern having its major lobe pointed upward;

so 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 transmitter 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.



17. The base station of claim 16, further conprising a receiver for
receiving radio signals generated by subscriber stations in said first
cell. 18.woheodsag®sstati on of claim 16, wherein said re®erasroosdsoozupl ed to
said first and second antennas so as to receive said radio signals
generated by subscriber stations in sgpd first cell through at |east one of
said first and second antennas. 19. The base station of any one of clains
16 to 11, Thehkasestatienaef@laim 16 furiherccompiainac raeriven featsceiviag fadiosignalb pgnerdtert byed.

20, A bas %b§é{ﬁ9%)ﬁ§§0%§f§$§fafﬁgﬁf§@?r ating in a frequency range for cellul ar

t el econmu a first set of radiation elenents, said
first set conprises at |east two radiation elenents being in spaced apart

rel ati oigsMhgbdshetation dflelains 8, dhéreinshid seeiverds caupled i wid finstand secohd drtemue e NS
range, said first  set has a characteristic radjation pattern having a
first maj irresehissaidsadio signalsiaeneraied Py sipscrivecdrlionsinsaid ficst cell dhipughiableagtioBasht s,

sai d secopgy ﬁr@lté}glﬁ‘%g&ﬁh%ﬁ@n _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
havi ng 18. Skehasd statiproof ahpbre of nlaims 16de th dhereinesaidifishand deeorairayteandsedrevméagratipi d
first and,secpnd directions is between 3 and 60; neans for tilting said
first najgym? be in said first direction and said second major |obe in said
second direction. whereby said antenna has a characteristic radiation

pat t er ROhAWasstation afRhe, opdriiivg in dfrdgdencyirdr@e fdresiRlar te%&omﬂibﬁca?ﬁﬂrﬁs?(mg)r@m cl aim
20, wherein said first and second frequency ranges are the sane. 22. The

antenna of clains 21, wherein said first and second sets are drivable by a
same radi o st ¥plisgkpf radie§on elpments, Saif first 2k cQmRiises 3t ipashine Fadiakionseleraerts beitg land
second freq Weloy - ek al v ; na‘?tﬁ? of
claim 23, wh r@(ge.fﬂnafp gg?e?l? '?s‘rﬂlspp Résr%@%?glﬁ g%’fgﬁgﬁéeﬁﬁ'@'ﬁ%ﬁﬁ%gﬁq een%?nﬁ f% rs Qr adi o
station, weetkdse charadtedstic catibtisrepatiem hianidg p érstimapd lybedn avisbdiection, a second
radio station. 25. The antenna of any one of clains 20 to 24 is a sector

g%ie?gﬁ eg? i q)%;ggn(gﬁ gﬂaﬁgtl%];l eﬁe%ntg,ns%id%%co%ld %Ietn(%m%r(l)se% St Igélst hio 3diation elements
being in spaced apart relationship therewith, said second set is operabie 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 6mni-directional antenna.



