-1 17 JULY 2006 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-%ﬁ@gw%qs
Coverage of Terrestrial Cellular 5 Wireless Commupnications Systems", the entire f which
is hereby incorporated by reference. Field of The IHVention This invention relates to cellular signal

coverage on ground angl TRREESDIMENSION € 0\FE RAGECFIYNEARNERIORK is about network,

method, base station and antenna to establish three- dimension cellular signal coverage for a cellular
telecommunication system and meanwhile eliminate 10 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 15 geograkiRerRARB b ROMERRyESIMInd-based subscriber radio
stations. It comprises of at least one control channel and a group of traffic channels, and provides

mobile wireless access telecommuynicatign services. for gr -based subsgriber radjq stations using
tadio frequ TP P L LA N B o AN THEB] BEU IO e e 2Bt Fse
station infiikddiedy 3 ha0e2statio riednscaivernisysterion BifisRisaBeikitige Gy ersge sdtepr siideCelialand an
antenpa orting structure (tawer, pple and rooftop etc.), and 20 serves a ground area - a ground
coll i R P S B R SERH i B S LA S LAl 27 08 rorner
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 tranSielfefr hﬁﬂ@x‘@bﬂﬂrality of receivers, both comprising at
least one control channel and a plurality of traffic channels. Exclusive radio frequency bands 25 are

assigned tamobitentistrdatesyisigMmsairtigrabayerpivenl goaad Snd\boveAroaaitcar avelliieguency bands
are assigned to maobile cellular systems. One is 800MHz band with transmission fr ncy from
st PRI UGN SLSETB JUR AU LA R IR ANy R GEBIB PSSO B nother one
is 1900Mtitadnaionl ewithartsiynanissiagdfecaesialaitelrdbinOivtiatio tos < iid e atlvdieeiiingfsequency
from 93.0LéIHz to 1990MHz. Cellgllar system is based on two basic concepts: cells and frequency

reusdV A QECGRAISHR I 48gg[gphical 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

15 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

20 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

25 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



divided into many smaller service areas - cells, which are generally represented as hexagons tangent
at 5 each other and composing a cellular pattern. Base stations locate proximately at the centres of
each cell with antennas mounted on towers (or poles, rooftops etc.), transmitting/recejving.radio
¢ as moun . [PO'ES, TOOTIOPS € .ﬁréyg@g
gnals and communicating with subscriber radio stations in their own cells. Radi e s are
reused amon% these cells. The advantage of this'gtr'ate%s great increase in network capacity with
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access) system, GSM (global system for mobile communications) system, CDMA (code division
multiple acgcess) system.apnd 3G (third generation cellular,system). (A cell is the geographical area or
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cells, less interferences will be created to the system. Containing base station radio signals within its
own cell is BalajreusHAfdIaHEe ABRNGCEES RAheA eI NEFeTpsrem. I F DWA Virepiss cyadividosHainin FIG.1A
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widely used in mobile cellular systems (U.S. patent No. 4,249,181). The down-tilt antenna
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
20 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
25 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 a
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
30 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.



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 cellular system. Whilst helping to reduce

interferences, down-tilt 5 antenna comes at a price. As its beam points downward tg Mﬁ@;ﬂd, space
r

above the down-tilt antenna is suffered by sharply reduced radio signals, especial1l boundary

of its cell. The space coverage fé‘alttern of a cell when using the down-tilt antenna is just like a big
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20 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, happening 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
25 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
30 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



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 eeﬁgﬁ/ré)pﬁqe
modified to solve the coverage problem in the upper floors of high-rise buildings. EQH ajor lobe
is the lobe of the antenna 5 radiation pattern, whichf Containing the maximum radiation energy.
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generally down-tilt small angles or don't tilt at all. In.urban areas, where telecommunication traffics are
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ground. Bhajdgaves 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 15 of or weak

cellular sigr]al coverage in th(? Lpper floor§ of many hi h-risei buildings. Peoqle work an%live there. As
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not commonly implement re Is a nee more practical, cost-effective solution for cellular

signal coverage in upper floors of high-rise buildings for a cellular system. -5- . .
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

20 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 limited 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

25 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

30 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.



Summary 17 JULY 2006 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 ﬁ] ] aiﬁe
transmitters and receivers of the base station 5 between its down-tilt antenna and p‘mg@ %hna 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 §H%‘Pé@e extent in a space above ground, while
eliminating interferences by beam up-tilting of its base station antenna. So the cellular network of this
invention pﬁocétliﬂ@r &leosireifivtetirsdtwiok ([EndPcaliacestoke rrgrrk) o Hisdurenbicksitesessmecially
coverage,of th F%a§per fI PEOf hjgh-rise bwéﬁr@s mﬁfﬁg 1O'I'| IS invention as owdes met od and
base staffihh 1St oI (AT eH é%sc et \B&%C?h"é?\f%@ﬁﬁr%’é, 8%ﬁb°é‘8da
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geogr phical area. Jt s cellul munic seryice the | area. The
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coverage, ex ?nt on nd and a ovegegm nd.in i t rf” The b se statl 'Pab es gtat{ansmltter a

down-tilt Bhtenna and an uS RE tgvrr\]rq af“% (raerng eaén aq ‘?a lr(1393|gnS T BE Pt provided
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the cells Iof thgoc?ll%l%gln%\év%%kew C%(\len -ilt tennal S coup e%tﬁsthgu Gannsmlttg for radiating the
radio signa?% S Pt G T ?a lation S@% ern V|ng ItS major lobe 0|nqte(5J d8wnward. The up-tilt

antenna is coupled to the transmitter for radiating the radio signal in a characterlstlc radiation pattern
havidg its mBafnieBEopslsramUdesdrathed ardtbasesiriien theebididhsiepllantelferaunipistRetwRke
station bglawHbedowsail Aptanpg,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 25 station further comprises a

receiver for rERMIANE SLMBISNAILRS Geiwars AL NIy Y ERHAR A9EIPERSE SRR s BRSe PRIGRBiGer may be
coupled geqtprie! Qﬂfé”tt@F&ﬁmamﬂbﬁ%@%uﬂl&%@ﬁm@@tﬁé@é@@@pﬁmﬁeﬁmﬂﬂ signals

generated by subscriber stations in the cell of the base station through at least one of the two
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(Radio SIS{ nal, or 30 sometimes simply called "si is detectable radio energy that carry information

generate W%a%%@r‘(ﬁtgé‘?“&fjw bEE?uB%?%%i@’?s?&ﬂl?ﬁse}ﬁrﬁéfﬁP\%{W%%fraﬁ%‘ﬂﬂéﬁéﬂt?@ﬂ?é‘%ﬁatuon
of the fielgpifitensima TiberaRfnaey ascrilcaagaldy SignstioneitbyiesPatiiandecRyishk 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

20 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

25 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

30 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.)



17 JULY 2006 -6- 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 ﬁggmiaf\ﬁghm the
cell of the base station, and within a frequency range that is reusable in more tha cells of
the cellular_network. The up-tilt 5 antenna is cou%r)é to the transmitter for radiating the radio signal in a

characteristicersRlidaoMe pefterhthisd0TRRIRR ey BriRassopmrte atlgarkatpiag areef Hedite $iRlo%Psdio signal
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into other cells of the cellular network within which the radio signal may interfere with radjo signals
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providing cellular telecommunication service in a gzeographical area where is divided into a plurality of
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stations in its cell; providing each radig signals to its cell. Wherein one of the 15 radio signals is
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radiation pattern_having its major Jobe pointed upward. So the radio signal is radiated within jts ce
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cells withgeatwhéah its ety interfere with other radio signals. The method further comprises the process
of 20 receiving at least one radio signal from a subscriber station in the cell. The radio signal from the
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cells within which it may interfere with other radio signals. The method further comprises the process of
20 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
25 toits 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-tilt 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
30 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



more than one of the cells. The down-tilt antenna is coupled to the transmitter for radiating the radio
signal 17 JULY 2006 -7- 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 aj?m?%ﬁﬁgc
radiation pattern having its major lobe pointed upward. So the radio signal is radiatet-wit he cell of
the base station below the down-tilt antenna and above the up-tilt antenna, while being limited its

radiation THAGSIAEISEEIR"AAEHIPM RRREM iB3HAY & MatiaRe RARIBAWRAET - SiBhrstib ARt B2 IR faYRIRdwork

The basqgsiaiipahéHitiefr PRMisEh e rEaRRINARIMI a @eRIVIBG fR ORISR IS ASVRLES MajHissriber
stations in its cell. The receiver may be coupled to the down-tilt antenna and the up-tilt antenna, so as

to receiv@tRiEF AP R Re Ao siend isyadiaied Mistip beerld e prse eirtianhelayybe Lewidl through at
least onexffetie siyabdils atatepnrRARh D Wil BERNRittRRs ERMbo it beRP sefitie which it aatenna

may be integrally formed into one antenna. 10 This invention further provides a multi-beam multi-tilt

base staflSFarHRQINRHRACHANAS 1L FRlIA5 5L In TR BRR SIS GASPIISAA BRI in a

cellular baseistgtigdoeigeninrm sHeY-SlibsdHisan Ratiansiaits UptiThanéeans fndyevite I apace
coverage with si\g&le antenna. When it is used in a cellular base station, one of its beams points

downwartPB S AtegRaRE BBt ABISENGF TR a5HAMREEHEIMG AR SAFAR, SEBFRISIYRYRISERR ground.

(Antennaskgiams irtlis el e thapies sativraianlohet isdsenadigiodolabet bhteariaidng-mashasdiption
energy in conflged small a ﬁ‘l?e in at least one dnimensig%v Brief Description of The Drawings FIG.1A

(prior artfOXT{iAaiepaaa dW'SﬁﬁWtﬁBrEﬁI@@é BIREIAEIMIRNIS MRATER: FIG.1 B (prior art): The

lobe pattern in elevation of the down-tilt sector antenna in FIG.1A. FIG.1C (prior art): The schematic
3D ctveragdisirapstiof autippiqadgdesiadhokitbedra muibiilkcbesH slatiayateama AthiehGas B igasbiwart): The

schemati G h fa g mabile cellylar network.. E1G.2A: Up-tilt sector antenna
covers 1A e R b RS G B e R
upper floeng af higfit-sisterinaifolipcpyidi GIRGpadp-tilverageswiittaig laradtescaiVihgnstistasedmentedslaover the

i = idinas. FIG.2D: ; : . o .
O 2a. SEEROUE, YREPTI St oGe &t 805 EUBING R R S e L BRI 7
schematito B0varspacageoshgpeinst. fntepnabdaoeblandadet antsnoh thizionobativthe RRREG IoDBe schematic

3D C?é’er@o%‘?aﬂi}%ﬂﬁﬁr%iﬁﬁé’ﬁ%ﬂ%@%\'}}ﬂ@ornﬂ%tx"%'él IO AN RO Bn et dintéAkignp 006 -8- FIG.3A: The

i
space coverage profile In elevatiorrwith an upward cellular neéz%work overlaylng on a ground

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-tilt sector antenna in FIG.1A.

FIG.1C (prior art): The schematic 3D coverage shape of a typical ground cell of a mobile cellular system.
20 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 antenna in FIG.2A.
25 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.



cellular network in first way. FIG.3B: The space coverage profile in elevation with an upward cellular
network overlaying on a ground cellular network in second way. 5 FIG.3C: The space coverage profile
in elevation with an upward cellular network overlaying on a ground cellular netw ay.
FIG.3D: The space coverage profile in elevation with an upward cellular network o wm

ground cellular network in fourth way. FIG.4A: An embodiment of the method and the shared base
station of tHiiAetR$PASE él’iYﬁlﬁ%ﬁlPle"fdﬁlﬁ'@/ﬁlé%l’l’BB HLHRA SRS RPN SRy BOAb R AP Wl
FIG.4B: ea@galg@mgﬂemtf@tmmethod and the shared base station transmitters and receivers of this
invention for eliminating interference between an upward cell and a ground cell. FIG.4C: An

embodimerEBHTBePacs doveriipinafis tiskreriente Heipeen @upweaib el argiserosgduael by

using dedica [%d frequencies or frequency spectra in an upward cellular network. 15 FIG.5A: A system
structureC<§ AANEH 'BREFPIPWAY cellular network of this invention. FIG.5B: A system integration

embodime ward cellular net ork and a nd cellul Wor

reorition B HGETINESE R BUBRP LBIL A RN AT ARG S e QBT B Bg
system irtigiatietwerk inatimheay.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 20 FIG.6B: An
embodimef@Bthd lmeﬂaoel forerdge prigiiebnidttivajicowihagewviddaelaaonetvedkmvanaginpan FoBUA: An
embod|mc% Lt“g'fljilgﬁv m ulti-tilt antenna of this invention in single band. FIG.7B: The lobe
pattern in e evat|on e antenna in FIG.7A. FIG.7C: An embodiment of the multi-beam multi-tilt

antenna of #l‘(’:%l&'v/ﬁllél%lolﬁr&ﬂn‘l%ﬂ%ﬂ?eth%@lnﬁ%e@l’l‘ér&%%@élﬁléh'B‘f ﬁlE‘lﬁ\léﬁ’lﬂoﬂffél‘@hﬁﬂl&l?laa n

FIG.7C. 25 FIG.7E: An embodiment of mechanical beam tilting means of the multi-beam multi-tilt
anterfa. lnﬁ@@memtwm@dlHMfd)‘fQﬂlé@‘ﬂrﬁ:ﬁpb@éﬁﬁ”tlItlng means of the multi-beam multi-tilt antenna.
Detailed Descriptions -9- FIG.1A to FIG.1 D describe prior art and its problem. 17 JULY 2006 FIG. 1A

is an embobimERrBY eNBRsianb aEBesRibef Gnd theorineed dmsfastaljendmsirlers asveratyersobia-tilt

sector aﬂF@@ﬁlﬁ)#f&%ﬂ%ﬁl@lrﬁJ@r&%%%&%@p‘lval‘d'@ell‘élldlﬂ%‘?o@ﬁll'EbﬂSt 3. Its beam is down-tilted
(3 degree below the horizontal plane from its mounting position. Its beam covers ground, low-rise

building 5 3@@mdﬂll’(@rl@dd%él@@fﬂw@mmbd%ﬁemﬁllﬁﬂl@ﬁn?&fé’ﬁeﬁé&félwaéhm%al@déﬁam dermmpt

cover the uP
cell by using dedicated frequencies or frequency spectra in an upward cellular network.

15 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

20 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.

25 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-ilt antenna.

Detailed Descriptions



floors of high-rise buildings 20. Antenna 1 acts as both transmitting and receiving antennas. Arrow 51
is beam (or major lobe) axis. (A sector antenna has a radiation pattern that is directional in both
azimuth and elevation. Beam or major lobe axis is the maximum radiation power %ﬁ@iﬁt s%)of the beam
or major lobe). FIG.1 B is an embodiment of the Iot%e pattern in elevation of the do

antenna 1 in FIG.1A in 10 both transm &rﬁ and reteiving directions. Because there is reciprocity

between the GaAATitiP slsacribediong HEREPRIERS, an antenna has the same lobe pattern in both
transmitting and receiving directions. Major lobe 6 of sector antenna 1 is down-tilted (3 degree below
a horizontalFlﬂalAels éhlkenbodjmentatie l;llriealbmdsstﬁsdmabdnmmmuﬂarr@dtaﬂmdlIrgwlmrégé/\lbtﬂ&nﬂihs its

first ide 8 ts fi I be; 9 js its b lob 51 IS.
Notce (AT AATEH MRS S 140 05 Ar L TR RGeS DA P RHESHA pae.

Itis the spapeed@aWMREHEriasatEhsidARMRM ﬂ@ﬂf@lﬁlﬂﬁ@@&lﬂbl@hlsﬂ%%r’ﬁ'éﬂdé'?@@roﬁ@lnl@WHye eeilyihgr signal
strengqth in this null zone is 20dB lower th n thg@maxmum Si j %ﬁgth of the major lobe. So
I

down-iltiff 3B Ne WaRTeS éllﬂlhésﬁlbﬁ'g@ﬁ’al IS QAT SREQT L IPRAMAG RN HE R EPRSS ors of

most hlgmwmobmgdlrwwmﬂﬁgé@wmmmer@tﬁ wb@wmmuth@nﬁ@Hed@wmg;mblmébexlmwﬂl@ors of
high-rise bu”dL s or in low- rlsg buildi % in the same 20 are Ii]‘!ﬁ;goordlnat is shown a

referenc@?ﬁ% Brr 8?1?%“?1 ﬁfBﬁ I ?@8&&?%%@%@@ @rl“isd'é% ngéﬁwiﬁl@ 1Cis

an embodigetithoBtam sehaftndtice3Nicio s agiishanadytiar yoiced ditios ot eedkaniup itgordetie)lar
system. The area and space covered by down-tilt omni-directional antenna 2, form ground cell 11. It

h
poarder 2 U eal o ERT LR B R SRR S e I e SR
grouhd. Gothurahgeitinglacbesaidngdivestisnsdiebigbeihtiiais reLipnacitobeivass heitimsdwtngaands as the
distance frofp &%la%%’?%lt?cs'%@rﬂéﬁ 4 P?‘ﬁ é‘é&n%flla%‘é'ﬁ]ég% [lyrﬂ?o‘lll’?rﬁﬁ‘sll?lﬁnl S%é nd receiving

characteristics of an antenna, groun has proxi the same coverage nd range in
both trandinattions. dtejor dates Gl nfsedice cnitansa (e dnwnntltlb[bﬁtﬂegmleahete\mladldirasn'alatatmmclﬁhpammvn that is

non-direction azimuth. Its 30 vertlcal |at at 1 D.i s an
o bt SR BT S Il S R ORI TR e SR B IR e

transmﬂtlngeaedermbe:\ﬂn@ltd|badtmmslobepllmmalln5/l ad gajmﬂmbe:allts Nztap dwenoihbiteeeantdmsobée 17

JULY 20 composin round maQ |I ellula twork, . These roundc IIs cover on the space
nde i i R A R TR R TR B TR R B Do
signal stritnoggtofanahydugreriagéuidingst. Bendredyrietdan sipra saepgtiuindhis obileocelisi dBdtwenthatoesn't

cover th%p c’H rﬁﬁ% |E“%p§tl‘l‘o‘?'lqé'ﬁl 3BHIBLNGS olR-ARFYRIAISsRRRINR AR difipn of this

invention'is o 5
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
20 area. A coordinate XY is shown as a 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 cell of a 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

25 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 transmitting and receiving
directions. (An omni-directional antenna has a radiation pattern that is non-directional in azimuth. Its

30 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



5 in a cost-efficient 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 ;;opik?e 6I;Ipper
floors of high-rise buildings to increase cellular Sigl:|18| strength there; space abové] grj 90ea
geographical area is divided into a plurality of small*service spaces -- upward 10 cells; each upward
cell is cof@TEIINP GriEYPETABIG B BRI nhBsSe BB GRISLovas b e sRaFAIGH (NsiHown-tlt

transmittig aqtipceine Sirmeiene: R ehemribsiPtaDrRehRed s GRM fsssedgHRWREAgEe dar network
and covers space above ground in the geographical area. Whereby, an upward cellular network

provides CR¥HIARE NSighaltodkscBedRelpace Hpveiigral W ety dresp her Ao B BPeh B Righ-rise
buildingsmighjhyromeasaritgs asepiepienme bl e rrltl PresHEiRbn daHd (aveAtisn @b duisérale srpieacond

basic concept of this invention:_An up-tilt antenna and a down-tilt antenna are coupled together and

then conMef98 BHEEURABRELr IS GENBAMaRS CRIYIRE YNl BRI XKRADNPAREE U A9 bRy share

cellular frafuengies sotiemeeneYgSPRGEENIR Wresits 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- it anignag oves around o graund cell Becaise holnaniennas shars 20 same adio
signal source, no interference will happen between the upward cell and the ground cell. “This

interferemoaielpwardtimcotecteigpeeaiw thef higbrieedinddingkrivimeteasd ecthuidgsignaf emgihdbever-tilting and

beam up-tlltlngangan be COJ‘anned to use to e“m'n%e#ntﬁg}eéﬁ%ﬁigiﬂém whole cellular netwark. A base

. dace ve ground in‘a geograpnical area IS eqin Service spaces -- upward
station Ofs mo |?e c%ﬁupar syﬁenq c%mprlses at leaSt a one transmitting arRenna and at

leastlOnecetisasgthgavaeived i Hagbr& TS awopa pesaiitylefagivane rcordobitaf hask atdissirdermaedeiver.
25 Th jtti is. led.to th i ' i0 Si d
® e TR AR A PR e P BR AT L RIs O (Nl Raneyete

by the transmitters in receivin coup e receiv receives
radio sigaatscayersexzresiabyvsighaoitie thetgtiogrspinides aredl. \Battehaae yroxiditigrthevsakeoddtiation

character] . ' transmitt
gonerate eI ooV TSR BATE S B T S S S R e,
more thageograpbioki@ree lisr efmthkilg Oethutsisystestiular network. The radio signal generated by the
transmitters radiates from the transmitting antenna in a radiation characteristic pattern having its

major Jobe pajnhupwerH Ry ;ARG FANERIKIRACE A HhY RN knaptanaadmissel-dbhs-feceivers

receive radio signals generated by the subscriber stations in its cell through the receiving antenna. A

base sta@i¢HIRaierRYBlIesogal s dnekiientrOfaRes A ibase Baign deBssRieEnidahiadneNSherlasen
discussegrhpforansalidar §ieRa SHAoGHIM HRRIGRRA UPQEIRBPBRIRI adeRRteHaRAES 0OrS Of
high-rise buildings if a base station antenna is up-tilted to have its major lobe cover there.
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
20 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.
25 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
30 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



5 Because of reciprocity between the transmitting 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 verage as well
in the base station receivers, if the base station antenna is used as both transmitt?lqu‘éil\ﬁ eiving
antennas. It will significantly change cellular teleégr%'munication conditions there. One up-tilted base

station anigéing Rae . CThecetamanpiResiiRRcigasyhightedss Peikdiasoist datierl initiscaleastgficient
coverage solution and easy. to be implemented. é}—(erein after, a beam up-tilted base station antenna

simply caflBeHYRPAITRANA 125 Bl ARHIRE B0 Rd A5 AL KRS AIEhAL SRILAIBR 3 8p-tilt

sector antenna"). The radio communication process between a base station and a subscriber station in
a mobile celkildrasheste disisisseddibfons well@at. sit iairstre tigth sdojperedsthip n\A8dBon. dveragesindiiations,

antenna 5 used as ballh1RJANSMIIPY a0d (eeeiving antenRand] pllbiarbase Sialons. g the
same gain and direction seléction \n transmitting and’in receiving. 1t will'reject’ radio’signal from a
subschib&estatonf cedpidetitbatovendustraasjding andsaainitg, charapetittionod thecntéhne)éet stehotisignal
fromas iher jor t in s, cell. t
ciminate AR Sefas Ser g dn b SR e Rl SRE B R B B
antenna thseiyeSkypthestest siadionanienanvilemsbasguaneclidBoRavaiagelse welkid inedrrsstagitation for

ai i g . SO i bet
ik B I BB B L A R T e staton).
In no masignifigaatlysthaatiensl|ulaidgigedermonicaimnshadordhirse. Das weatited basestafjensignaacah extent in
both o AR ) | ) ed
s th e B N R S e,
conceptstobeijmpiaenta dhigraipwhied sbetor wrdliedroasestalion antenima/sinihcaed (pnitrantsonas a

predefineg%ajﬁﬂ%q” cb\ég&g@wgsg&gr%ﬂﬁﬁ%ipﬁg&gpg&c@ﬁﬂw@ééfzﬁ\rﬂ%;e%ni)lobes pointing upward from

one or a plurality of base station antennas. An can nto multiple upward sectors
(three upward sectors, for example). An upward sector is a predefined space above ground within an

upward cell BhEFEBFERRBBIFARB BPEHIBRATBPRH R BASR PRIBR S B IRECTRAN ARIARORA D S Bt B plurality
of base sialion BRAHRAIIRASAARAS 1 adh HO YRRk GRS RTIBR SIPhieShalRRS @ikhadl Ieasioandintenna

(transmitting and receiving). The antenna is coupled to the BTS and mounted on an antenna

suppbHirEetAItRg anEser i patensas fo Felbirhinsesialinms hes diasaaiesiain e diresing seigction
(transmitfinesAshittifg ¥R feckRing NEVRGERANG T HghSRRSAN PSSR RBeiS GaMPIREL IR R BB RN

mounted on an antenna supporting structure. Except coverage differences, upward cell and sector

have no S8%ESRRMRIR ABeHbANIERBRNH reishtartosiangTom & SisprbrMeialen A S lvAdRdS
divided ingy gneinsltifeliteriRaen BOOYRI a5 NS 8liminate interferences among cells in a mobile cellular

network, just the same way as the down-tilt antenna does. Separate transmitting and receiving antennas
20 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, It is 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
25 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
30 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



geographical area is divided into a plurality of small service spaces - upward cells in a mobile cellular 5
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. CeIIuIarg e jes or
frequency spectra are reused among the upward cells if necessary (depends on élm?]ééﬁgem type
and upward cellular network scale). The upward c&llular network may adopt a similar frequency reuse

plan as tRBd E36elRg) gFBRiARFE ADIBMAdR SRR bR INR BIR ARG RO e e eaRiEPeENd pward cells,
like 7/21 gfi4{dre. ERdEpieRecyd aiermias usestdedl sSnabasHHiRe Ay sighmicHntipepéaceadrbmtbrisund

invention to adjust base station antenna height and its major lobe up-tilt angle to eliminate
interfere/fEL8NEHABTIY-ul RISk LvRhHile SErAhaaRid RS P SrRYE e o BRRCR RRP 88y kAL pward

cellular ngdwepskHivatarsaae BnadiERtebIBRENIGNS SaalRlvReRisEhe sRadebRERtiaeBIeMsavith each
base station of the upward cellular network. It ma{ls connect with other communication systems too.

The contP¥PERHI-IEIMFBIOT o RIAR A BRYAT BRESUTRASRAAMIMEERILErBEWS b FRYSP §R8%oward

cellular ngigerrolinal fracotialhieararsa Ricatipbicehugesydteninobilgacritiiaicrsiemaerdgther
systems. How the control centre controls communications in the upward cellular network is a

well-knowRESTE HELGHSELANCRD MG BPYATS AR A AGRESFRRY WRRANS Y GEIMPLEYRIFEH RRARIPUGTL rs
ground. ThrRiMPHéMErkedalar TIRMwMVErdRIUIBEeERE WD Hdtptexsans ftsqerey adrdplanasthabove

di [ . Both cellular net k h ter | tre. 20
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pellul?lr sytmtemgddetﬁeadw?ietpgléow?%ﬁeﬁ hh.@hrtprmngldlml\:vdglsfumﬁcdmml : aiﬂes§p0§ée¢dt5ﬁtdoln this
Inventon 1o al St an up-t antenna.nel Nna Its majqQr, lopbe up-tl e o Ximize ItS coverage
e g o b e e Sk R e T G
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antenna 10 ccipnects to BTS 15 Wi@ogﬁFemg}e . It is mounted on mast 3. It has its beam 17 JULY
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and point to the
20 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 serves 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
25 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.
30 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



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-rjs g ings 20 in
its upward sector (or 5 upward cell). The receivers %‘f BTS 15 receive cellular radic;[ér@ﬁlJ nerated
by the subscriber stations in the upper floors of high-rise buildings 20 in its upward sector (or upward

cell) throtBiilem faerre 119°TREEXAMAIY 28 Iekorzanial frEace fremismayaingposiion AR MRl R 1% may

be up-tiltgaheleelicaiigRlit BORNYEYS in RStpRE 58P ot BRI BAIL ABRYS PR BRaHEhaRashe)
antenna supporting structure like a'tower or rooftop etc. Though the covera &g&ets of antenna 10
@/\@612 [

are high-#de balldar§isnalsgenciatethaytha dpnsaiisiredsBd o110 amyaighsiy iterntntd grsund.
In FIG.2A 258 HARESES B ATBRS M FEH S6S Vi - RBIBNRRR s AT LIpRURAIeNOHS sSame

direction selection in transmitting and receiving radio signal. BTS 15 has proximately the same

coverdge/PHAFECRYIpBIR TPareriteie arld Feebioiphy thrdatiinais geRsexeh hydhe pupsrabse staiopsrn
upward Qﬁﬂhsbg?reﬂgeég_'ﬁf%ﬁ A SRINGs SOMRTRABWAARE R oradar e R B aSAR{ERg 1@%5@]§ﬁiying
. I

directions. 1. lustrates the same concept as FIG.2A does, but ufr-tilt sector antenna 10 is
replaced WytilipA tnehanfediaz ey Britchéth the anknaakear TRb ORI e AISFtErgGhaIE SV eRRgEaHs an
upward ogliehiGfAadliyarErRsatherta pe fenaeRbAS Y ﬁrt%ﬁné‘@@%&?ﬁﬁg%ﬁ@t&@ﬁ%%ﬁ@ﬁr&ﬁ%rate

transmitting _sector antenna 10t and receiving sector antenna 1 Or. Antenna 10t has its beam point
upward £tte§reeh s, wueEaasESH80ER e BigfalitRMHBIRER N Gl MRS St 8 P cover its
upwaisl safifigisdRaHMRIDITEN hél FOMREFF fQ 2hedrirnaaT ekt dotatok B imithey Wad Récarde 4.

Antenna 10r has its beam  point upward the same a degree above the horizontal plane from_its
mountinf BRSNS RGvEIARY Hissams diseelion splepRAIRtEamM RGeS aade SR S TRIQ) of
BTS 15 \igsRfosimatelythBoihanéesags raie Mebhteshanifitasnd. rdssiing aredasaximatehesng isame

direction selection. Arrow 51 is beam (or major lobe) axis. Cellular signals generated by the.
transmitt4PAAF SR SRR B AR TR (e SAMGHRYe5a08 SPaRTRAT EapRSURRA B g criber

stations igntisdépmiagaiasitas (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

antenpa 1 rm ave different gai it is,preferred they have, proxjmately the same.,.
ovalqe rhl G2 L R e R B A R S AR TR R a R SR o
the lobe paitiedineirtieielatienma 41 p\ik rsectd peovidoste LG isifHE @reragedatrandPwead saflitting and
receiving directions. Major lobe 16 is up-tilted a degree above a horizontal plane. While 17 is first

upper side jg89rifIES RGNS eI TdmRAGEE 4 RE SLHIAN Sl QRIBLO b At IS
preferred in this invention that, by adjusting antenna up-tilt angle to make the null between major lobe
16 17 JUsectoaméenng-10t and receiving sector antenna 10r. Antenna 10t has its beam point upward o degree
(10°, for example) above the horizontal plane from its mounting position and cover its upward sector (or
20 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
25 10tand 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
30 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



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 limit cellular signal radiating into other upward cells or ground cells and mini

interferences. A coordinate XY is shown as a refer%nce (axis X represents horizoﬂai%&e?cq n and
axis Y represents 5 elevation direction). FIG.2E iS ah embodiment of the schematic 3D coverage

shape of & [SWANET SEIP 1S RRAURBHNE SdteraARl plRIR G M e SRR QSRS iphd t%ace
covered hyniiizHlEQmMa SHFRF SRRIARIIIAaNEhIREONTl pRMEITHSE Hridhnl MR RiBhEBRE i big

dome but U@srde down. While 23 is its boarder. Antenna 14 connects to BTS 15 and is mounted at

height hZ8lSighaRdatnp iR atRenrpYaRL5 IS Sr Sever SpicanbBIMAs foshliRinis#i8EBY dtage height
increasegRFdMHHAREeIEAONMECL e RpEHEe déﬁé@@%ﬁes@d% ReATBRtartirdia drwemwrret;!sr@gamsu pward cell
has proximately the same coverage shape and range in both transmitting and receiving directions.
FIG.2¢ iCR¥ALARSERIN: 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 connecHGL2E® arTéiﬂbdéﬂaneImdfd:hB/arlseupﬁLa’fﬂ saetag? Sepepitih spatod agltenths i}:ﬂlmtimmmects to

BTS5 15B nd cov rs u ard sect 2‘t trlt sector ant nna c connpec tq 1'54c and covers
0 3§§m a ervr ec s acec ver y omni- i? jon ane na forms
upward sector oar er 0 war "'fpnree up-tlt Sector artennas are

mountedupivaeigall B8 abmyer@\m)antiapdzt||beprbi@dwnbrhutrupslde/domm\tmwZ%ISJMaawerelAatenhadetor has

prOX|mate the sa e sha e|n both transmittin receiving directions. 20
Flo20 (O s eod b e O B O S ST e e vt
plurality thbopvdtschoeitse2dgphempbisesanetiae dstats fﬂmnfaseelbmmtm)rse@aaea.rﬂiveapmfeeddriartrrmtwork It
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antennasremdm@dmatlllnsector antennas eliminating interferences among ground cells, up-tilt antennas
and up-tilt sector antennas 25 can also eliminate interferences among upward cells within certain

altitude (the: @aximym higfisst BPM@'Q&weﬂ%‘@!’éDf%\/%@@E}{ﬁbéeraﬂ%B\Qé?o%ﬂﬁ%h@f@% Whr Ledes floors

of most high-rise buildings in a geographical area will be covered by the upward ceIIuIar network. It

solves thER¥@BIesh i Hdﬁg@mhfﬁﬁgmﬁég@wmcﬁha@%@% ﬁ@téﬁftﬂiraat%ﬁgi%éoﬁﬂ%cﬁroblle
cellulay sk iBanaTsRICIBALM AUl B RS EPIIBS SRlas Bebyass as Rremately

the same coverage shape and range in both transmitting_30 and receiving directions. An upward

cellular nEWRIASASEY 0 ricdeeantor sRIgTPAURSABIRES TR & TMBARe ansl ieRersyaEd. eritedc cBdeage

565 %ets (Higl-fiee bateinaspmarieing umvseishaRIkeaspRepas B bl hElghe AR RaRe 17
It is preferred in this invention that an upward cell and sector has proximately the same coverage shape

and range in both transmitting and receiving directions.

20 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

25 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

30 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



-15- with a ground cellular network in the same area. It helps to reduce interferences amongst upward
cells 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 pﬁ%%ﬂ case, no
cellular frequency need to be reused in an upwarcjécellular network for a FDMA or ile
cellular system. A single 5 upward cell or upward séctor may be enough to cover few high-rise

buildingsWihnorednsk&dllvgFNewas in e sapkarePck NeRs PRI iErNeRS AN SR HPMR A SBIRPR %D this

inventionyg@ibEeupiRlamMAB e Grombeers. e rﬁédi&ﬁp&esﬁ@"'dﬁ?[ SVREeRISAH) RiRyidesns hdppsignal
coverage in the upper floors of high-rise buildings. Theoretically, cellular frequency or frequency

spectrumdRBAG beFiseesienBRGRBIVEREP Kbl Trraenpivaracdtialn HEh R " Ca el TRoWRIY

cellular nedurikbaveeibe el lyiaaiteanaaaefiotetite PDMA QST bbik e pitarnt Alsipgiads on
system type, structure and scale of the upward cellular network. For example, if a mobile cellular

system iSRYSFA AL o5 ARG T IR 2k RFLANER 1P SPYREIRIRNIEN e dneR R AiPoRRA AR LIRS ilhg
geographisphrea, wald¥¥thorartdphArasniR ek shate mucpelnidnfredvpesemeayniarisassed

among u War? cells if the upward cellular network js larger than a cluster. A large scale upward
cellular n¥RRGHIOIRERILEL Y SIFTS 10 GEOYRG CoMERe SRR HAYRATRA- e ARG ARG AN QRISR PUIBES area.

15 FIG.3A to 3D are embodiments of space coverage profile in elevation when an upward cellular

network ovidWenetimalig, getuiadireqlienay ocfrequeady shEfeinem tshaydsbd e esedantpupragkcefsangnound
mobile cellular, system to space above grqund, especially to the upper floors of high-rise buildings, an
cwarc T SR TR B T R e (0 Ly
possiltle spaysuio isvertay amalipepardsen ajateneiwe ritroctaegrodistilie el thau peandork ukRBdwotl BD are
four exa 2 FlG. war. Love ro ith.their ] ntennas
of borh caTB R ST b S Rt Sl SO R TS R
21e (the cpmidwelts ihriegaogeaphicey avaagFouhdMeibs AIMEA mdbileltu(dneysashedliilefmmasy ewydetively.
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FIG.3A deadislaereorioasecsssionemiegeaityiverapreandnydligisribeildings e statien wbrearea.of a

ground cell in proximately the same locus. Overlapped spaces 28 (hatched areas) are the space

coveyed byeRgHNIPUREHANHGIRWAT 8 YSacENB RYSIIANEHE HLBRIASRIReTIBuARANCLITIG Afisrinat the

upward cell can share all or loart of the existing base station facility of the ground cell, like equipment

room, poRVeraPbRgRIR Pk etk dadlffeeeahiavs. iForerpand cavpsge il agreund inRb s el dpthe

ground celkfaidspabeEBevel suN L ety RMRAUED & o PSP RISRS Qﬁ%gsﬁ% ey 6smie than the
way of overlaying in FIG.3A, as less space is left uncovered in FIG.3B. 17 JULY 2006
network may overlays on the existing ground cellular network. There are many possible ways to overlay an

upward cellular network on a ground cellular network. FIG.3A to 3D are four examples.

20 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.

25 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

30 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.



-16- 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 21 b is near the boarder between ground cell 11 b and 11 a; the centr?e?f Lfﬁ/ébrd cell 21a
is near the boarder between ground cell 11 a and 11e; the centre of upward cell 21 -hellhe
boarder between 5 ground cell 1lle and 11g. InterSpaces 29 are the spaces not covered by both

upward anddrGinfd BeHBWRISESUINEURSAIS SeanbeReaTariP ey g oryRs CeliRMER RARe 55 station

antenna ghtambPviaihavird Rele ehihgdmae giatigioRmisienarelisamsaundeetiin @lidde usherd aaped
spaces 28 (hatched areas) are the space covered by both upward and ground cells. The overlaying

advantag® #iSHR8rdee Serideraeirsed graund oell AAbandddache e UYL W iR iGrHSeahtward cell

base statigardéiseivasnQfrQuRy Y iInthish H3e3Rcléd o vidpw Aatien Snace & ves aesrdopetigeway of
overlaying in FIG.3C, as more space is covered in FIG.3D. A practical upward cellular network may

combinie SFRUNAFRIIE SRR AN S IPARSE S RISIBRIBRASGSIAL CONTERS M PANG ANIB ARG SERRRFEse

buildings coverage. FIG.4A illustrates an important content of this invention: A shared base station
between arfri@B¥esibus|thésampsemhseatdi)G3Cl doap;@ioeb bl hasaystation et )ofandiavare tietids for

avoiding fieqigney tererengets Getwesp,anpyard oo and a.gcaund sel Jide.glse A metfod to
share cellular frequencies or frequency” spectra and base station apparatuses bétween an upward cell
and a grepack cellereditst thmipatingpridtenued oglisitdife edey ng tadeemalreimE ISs38\aitei @ 30eiq teatcy
spectra (6 achebile ol aylsm.ars Imited and i el Jiat imest all agusney-anecia have
een fully exploited’in the existing ground mobile cellular systems, espéecially in rban areas, an
upwdidl cetvidesietieoskaceao Veaage tihahiheaveg i tave flayingen €i€s36; emorerappaEnecnewitn F@BkLNd
cellular network. This brings out a new problem: frequency interferences between them. Itis easily

solved by thig yentighattaRRMIGhd 3y %HHWHQ@EU@%Q@%@?@QQ@% fPAgfaegoground cell

share all or part of base station transmitters and receivers. That is share the whole BTS or part of
it. The sHiieanguARhiierddltnfon ebeisebyildBigirpserageeast one control channel and at least one traffic
25 channel of the mobile cellular system. A transmitting antenna of the upward cell and a transmitting

antenna of tie gy auseheebaieserp eentesriais WilenBorP AttREcamiis eratsrroeRICs{ |pRaR &l
unevenly splittg\q%/combining RF si nalix?znd then connect to the shared transmitters (TXs); a receiving

antenna & YREAHEGSIN N 29U Ahealiifhg e RRRCHS BE g reRied é‘@l?é‘?@%ﬁ%ﬁ’éﬁ”ﬁﬁé FaNith a

splittes/cobRArAuFVERLIRIC RNHGBeM cennesisothtsifadas Jepe dsiitatRERlertiddis Bedusiasy, an
upward cell becomes the 30 extensjon of a ground cell in S@%fﬁ above ground%\@ interference is

introduceWHHRER IR AP IR ANPAFALRSRAE! OB £ LA PR RS hHUFL SR RiBRted upward

above th&gqamimie}g;@mgm@av@ém@mpward cell and are provided to the subscriber stations in the
upward cell; they are also radiated downward

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

20 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. It is
easily solved by this invention. The solution 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

25 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

30 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



17 JULY 2006 -17- 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 upwarﬁ cel P}% also
receive cellular radio signals generated by subscriber stations in the ground cell t Zdﬁljly 6receiving
antenna of the ground cell. In this situation, 5 upward cell and ground cell also share cellular

frequencREOVIEIERNEAI NG REePARI SRy h Rl RNE iR RIPVGS NG BithsraRrs s linre B MR gFo4AY
control cepfretRishdrbissRiviRndeNaLRAS alis eI feherRyts) Ravitale Msadn ThaupiriRel

mobile cellular system easily expands its coverage to space above ground, especially to upper floors
of high-rigﬁoﬂgﬁl(‘%ﬁd‘%‘?ﬁé\ﬂ%ﬁﬂmﬂﬂ ddes wynaetitringy @b&ii@%ﬁﬁ‘t@ﬁﬂ&%i@ﬁﬁ%ﬁ'%ﬂ%&%ﬁ@ﬁ Bhtenna
systems.s{iBsth et IrefrRaeimnes thilighspirdesvikpattesersphanieineceP pftiesipted sector

and down-tilt sector antenna 1 of the ground sector are comg)led together with splitter/combiner 30 (or

coupler) HAURTASR eeheratpdsehalshsiiig tRiWaRTMRN SRR YRAVRIY SPEsira aduiAnk BB elYarrhe
beam of gpfiemndddnsen kéedract agieeniideips examuaoriayYR teg kosizaetalsunpessiramdts

mounting position and points to hié:;h-rise buildin%s 20 in its upward sector. The beam of antenna 1 is

down-tiltdBPETEIEE 8 SYPINS HRAIR SR BERHER&FYIS SIFEQUEr A RRACARMAGBYSion and
points to gyisudrdyanddearfldess biligingseXadingts Ararmelsasisin Beidtiontgnpas aiRimstotedion mast 3.

Arrow 51 is beam (or major lobe) axis. In FIG.4A, the upward sector becomes the extension of the
ground sB%?SPEﬁ“%aE'&fﬁ%&ét Sund. Cellular signals generated by transmitters of BTS 5 are
radiated upward above antenna 10 and are provided to the subscriber stations in the upward sector;
they Hie al$iGadintedaithediwantiobthiewokutivandptit aedoapat2thpridvifited upwhel setiscaifibdmiaditns in the

i the upsd Shern o R s U SR AR R SRR S e ere o
subscribepstatidohinstiaced teanantiterstand ecrigthisai Brha vith/RRitsblesduritexbeetoef sidenmaitlantenna 1

in FIG.4A, up-tilt antenna, 10 may be mo nteia ove or at the same.. height.as it. Though antenna 1 is
chown aUB 0T USRS AR A AR R Y R R o S e AR

Though aigerisebLilisgs!RovimitespatdsdiioseThertaate ohanienrdG i4 Aoiinniyd iBedsares Bt for
t 3 shawn in FIG.4A, it may be any antenna

omni-directional antenna. Thou % mas , upporting .
Struokire SRBE ORGSR HOR L FR R AR RS LR AN B S S8 b R i
FIG.4A, i20aayilegronhd pestorf Bosrareripassiraacubyeotemadl Anshaditeean (brinddCetéd),anben a
splitter/c%%lgge or a coupl 2 is inserted in the ant?ima system, it will intro%uce about moss
(winen RE G0 &R oL BRI GRS 08 TP e e i A cos
and secteignifts gehantar eq tessitted 5187 dnktheiinfed spwintighyeiscdone gaumante proaiietaplheing
them with higch%rr%?ip , ,
subscriberstations in the upward sector; they are also radiated downward below antenna 1 and are
20 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-tilt antenna 1 in FIG.4A, up-tilt antenna 10 may be mounted above or at the same
height as it. Though antenna 1 is shown as a down-tilt sector antenna in FIG.4A, it may be a down-tilt
25 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
30 signalis 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



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 17 JULY 2006 -18- carrier and control centre of the ground cellular netwo 5 Not (;[ge
splitter/combiner or coupler here refers to split radjo signal power from one way ir{o §p ore ways
in transmitting direction; and to combine radio signdls from two or more ways into one way in

receivingCaTFEEABMH TRl ST S\ ie BEPRd sl Rk (Nalen PactRiLsH FRIMRIBGSF FouplRhgrerfolEd from

one way ﬂ@@lM&UW@b@%albﬁy@r%ﬁﬁb‘ﬁ@ Wﬁy (23 tW@o‘?i%_@ WY m’éiﬁhﬂtiﬁg%@éﬁ&’%%dﬂdbdﬂﬁmh
transmlttlna and recelving directions, the input radio signal and its output radio signal contain exactly

the samdIRRFIFRAR OB e BF FRICIRE INLBr AR IR NI RERIV IR FIERYAR STREtERRRe Gl dhRowisrAidpr
because \Mﬁéh‘%ﬂﬂ%@mﬁbmi@%ﬁ&ﬂy&ﬁﬂiH&iW@%@M@%%;@ M%@;ﬁ@&i@d@@?ﬂ@fydﬁw ways or
more ways output signals split from the same input signal contain exactly the same information,
except tHEUTPAIANSE BIRFRT SRR EH W el Bting R e YR diRHihdbeinpriedie Fign 58S o little

time shiftqagplrebaieeibithkerareytite safvimathatioh eaebpmay Ay breatishihastiFarans frrmangsach
other inside the SBlitterlcombiner or gouple% FIG.4A is also an embodiment of a shared base station

between ST REMERR NS} RIS CEEEERY QRN DEASIRRISCANE P BRIGN Q" QLS. A KATSWLRS cell (or
upward S@@@Elrar@tg«i% agrovndore il ps @npumbala@ietqmt @mnﬁe@mmﬁpuﬁggﬁft@bmﬁ?ﬁmhﬁhg gase
station is g shared base station. [t may pe only part of 15 transmitters and receivers of a shared base
Station /S S0 BARLLR STANARIE ) SR N SEAL ERMEDE 700 A AT U PEdcton,
The agdvaitttegecditpndeadensechidticiuss dRVIRISpAtHS Qudes wag verpoe sygiierant O5sadng,
frequenc ﬁ?e[\r\/,in aI[ﬁd ins rfzrenc,e immunil%. FIG.4B is another embodiment of a shared base station
of this in idk! PRSP RERY SR 91 transmitting and receiving antennas in FIG.4A,
separate transmitting and receiving antennas are used in a 20 shared base station in FIG.4B. Up-tilt
antenna 10tI6f4fpevaisd seetobodimemobaciced) bass diation-tittwereanapwand geth (ondpyertoeptorprodind

I ' li i | d
ranome O Ao A R o7 Rl S S W e e
down-tilt sharermasrmandf Tgroimbase statiofo I hedanel stalibndse sbarptitohsogistins: iithydreonhkpart of

litteg/ ' | - i [ bl
o in 25 et A T e e Rl e A £ LR o BT o
receivingarhagneindAeltéongiouod secionOf e agvaataggebxishamrslpabe statioreivgbinusnigleckideisproximately

the samecoggﬁ@iﬁgﬁgﬁ%@g ;ﬁéywﬁ%@ﬁﬂc&%%&ﬂ@i&%%r@r@@mmt nd 1 r may have proximately

the same do a proxi y the sante coverage range in ground sector (or ground cell).

In the situations as shown in FIG.4A and in FIG.4B, the upward sector ﬁ)r.upward cell) covered by the
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
20 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
25 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
30 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



30 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 gré)mng V$]/qt1en a
subscriber station moves 17 JULY 2006 -19- betWT n them, no switching happeng. gg ple,
when a person in a mobile phone call moves from thé ground floor in one of high-rise buildings 20 to

its top floRFEEN M PHVHSEIRY EERRANSNTCAGRMRNK BFeRE RN RO et irddrPKRS FOBLE phone
and BTSgoua gt st doRde-REBinaie e dais ppaIfe i erMpWa e e isianMveRkimnst eound

cellular network 5 is to use dedicated cellular frer%uencies or frequency spectra in upward cellular
network iP8N§ &Y KapRT CateemNiEBloBIeRRpNE, 39RES 8served cellular frequency channels that haven't

been used in the existing mobile cellular system may be used as dedicated cellular frequencies in
upward celAratheresviidn tmeiiminate intéeiorenpsvseto ezl lupaarisisiokds nedyokkeamidgppenicenlaf rptaord

cellular network. Base stations of upward cells can locate at any favourable places in the geographical
aren. Thiy B IRIES COMR A I e IO E0e A Pyt e el e T e et oo
may adoptediffEoeatargllalaome teserkestoatlardrameninechaanely telsavpherbeEousadimipeexigingrd cellular
network ey adapt 44 reguenex telise plan, whish graund eslluier netwark adopts Ji2, frequency
reuse plan. Upward cellular network may share system control’ centre of gréund cellufar network, or it
may havedigiownpsistere | dentsdlakmay. bEHel svendeetlobghs e setilechabhavie Base biatftaxiblypnedrated

in a mobilg,callar susjerm o AdhlBe gost g lfciengy and naimum everage Jhat (sisqme
upward cells share base stations and system control centre with ground cells; some upward cells have
their dvrbbseseatiztiorigranc sedteipwardtoel dentebyak rtiag yddph differesteneil denedhersrstractvithagdound

lls. is al i ' f ' f
cpeara TR S R T B e BT R ™
frequencigrsuod frelylae netwsiieckoptsiT/Atsllegsensyatiose. (FIG Yiovisdared ttas netmbre dinyeahata aysierdicated

frequenciegpy Ere%%%?%’qgﬁ’oegéﬁ@l rr?eM?aer‘Q g iﬁﬁ%?ﬁ‘:?\‘?e i?&%@%ﬁe%’@é%foé@ﬁ?re!“ FIG.4C, base station

of an upward sector and base station of a ground’sector are collocate Icated frequencies of
frequency spectra are used in BTS4 15 of upward sector. Up-tilt 25 sector antenna 10 of upward

sector conrdetveomeihedssiescrbritabrYe cambke Aexiviragretestion Bbin alldbpysioniRiasaeNs Eshnects
to BTS1 &rikith &F EreariQittuiR eRRYE RS fE8 M AMIRE Qs BIRRE Bad Eoitiond 4 Reaem @htvpior lobe)

axis. Antenna 1'and antenna 10 each acts as both transmitting and receiving antennas. In FIG.4C,
BTS4 156nTipWiIarewdseisnacme Sawsracghd hne SsitoraRashA dayemrtt tysteapppntrol 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.

20 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-tilt

25 sector antenna 10 of upward sector connects to its BTS4 15 with RF cable 4. Down-tilt 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.

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



other. They operate in different cellular frequencies or frequency spectra. 30 FIG.5A to FIG.5D are
embodiments of the system of an upward cellular network and its integrations with -20 the system of a
ground cellular network. 17 JULY 2006 Upward cellular network of this invention f%ﬁmg’%gégnses at
least a control centre (a switch centre, for examplg It controls communications llular
network and communications with other systems, 4tke a ground cellular network and PSTN (public
switched f618 IR E RtiRt retdamieMisitiard cellular 5 network and a ground cellular network may
share a common control centre. FIG.5A is an embodiment of the system of an upward mobile cellular
network of UpwadrnvestitiannétwdrkGf i ismmionpr&rdmﬂi&saéaléé&ta eohtroPdanire 1@ swildhaseelt2] fpr

compose an u \sv rd mapile cellular netV\{cork HE divided i to thre[\ war sectors

e PR S T eV R e b R P

Upward dikdl a?@ﬂbusdwllaia‘mewbkk Iarublhﬁ' iIN$pabiiy $Qtthel tghphodesestiank) 22 Araumi/vawlull@ward ceII
cell. It co rd sector 22el. U Wa d cell 21f is not a full cell as well.

Iz'[lc(aof?ar:(rzri%gllf( Sﬂ%i%&}‘&é&d %% Lﬁ%\’/\f RFegn gﬂr(]]tr § rE)(?’th 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%els sermeodimest afthagystasaf asupvidse Mobie eliularrsiwril of Hrsrisxgrtionvisly. BSC1

(base Staﬂ%%%&@ﬁ Efﬂ%%@%%&’“ﬂg:?&@ VAL %aﬂr@ﬁﬁlo e?QsQfaﬁ%;S @Eﬁﬂkﬁﬁe% Hyipd cell 21

a, 21e, 21f and 21g via carriers 27 (ca bre,’microwave r controls BTS 15b,

15c and mw@fkrﬂﬁwétetm@%wﬁdIwéﬁdzntq)thzeﬁ @W&W@Zﬁrr@@ 27d R8T upvasdpeliclscBs C1 25a
and BSCg, 2l Wi UL 44 ScaBle 2bRr 9226!%6’@\4@ (Rar gt 34 @\é%cﬁ%ﬂ[ﬁ?&ﬁﬁ' $Pcdn éT@‘oﬁr

structure and operation of the upward mobile cellular system is similar to the existing ground moblle

celluld} shanvasdegstars Zou eedd Snwase eadrd! are nelsddbeeiviiieapaingolrenesipyandemetors. 20
How this SySte i Ry k8IS @2i¥edt K AMVen 3L wiifSoh g SHRRH O L NS N 195+ FIf5weR ISP 1b

embodiment of the integration of an upward mobile cellular system and a ground mobile cellular

system. Agdsmvbﬁthﬁﬁ@wldﬁ@I@tagaé@rﬁr%%ﬁw@r&r@gyrb@ﬁ@g@ﬁd BygouprtitAoBiereeiriar network;
the contigyEHs-liIRgsHAN SHCERERY 858 H: an%‘§(@5}1th‘&%&%"%@%\&?§<1E%hwbaﬁ@dnf&gfﬁsd

together. Theground mobile cellular network comprises seven ground cells 1 la, 11b, 11c, 11d, 1le,

11f 25 anl@"B0g. BREasRAEPY: %@hé@é@ﬁfﬁ@%mﬁ%ﬁﬁa@)ﬁﬁg clirelsRFS. PReipardoband g Bb, 5c,

5d, 5g; StapeLng ffRRacE eha BRCI12A%199 gm@‘&gﬁé’&w cahid Jiste WGerd b AN did-erofiaperisions 27.
BSC2 25b controls ?round cell 11'b, 11c and 11d via carriers 27, MSC 24 controls BSC1 25a and

BSC2 25WWRIeBTRI52450RR8N et inereeiv e pnat ek At R et i eatisis ZM8kthple, ground
cell 11d igogliMRass e 953U BERoIosh %%%rrﬂe?éﬂ?s%me?%rem%wm%dﬂm&ﬁ|99§H'@dnﬂséwk

comprises five upward cells 21a, 21Db,
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 cells and sectors.
20 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 cellular
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, 11c, 11d, 11e, 11f

25 and 11g. Each ground cell has a BTS at proximately its cell centre. They are BTS 5a, 5b, 5c¢, 5d, 5e, 5f and
5g respectively. BSC1 25a controls ground cell 11a, 11e, 11f and 11g via carriers 27. BSC2 25b controls
ground cell 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,

30 21c, 21fand 21g. Upward cell 21a is 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



30 21c, 21f and 21g. Upward cell 21a is divided into three upward sectors 22al, 22a2 and 22a3;
upward cell 21b is divided into three upward sectors 22b1, 22b2 and 22b3; upward cell 219 is divided
into three upward sectors 2291, 2292 and 22g3. Upward cell 21c is not a full cell. Iﬁom%only two
upward sectors 17 JULY 2006 -21- 22c1 and 22c¢3, Upward cell 21f is not a full ce?l o) ntains
only one upward sector 22f1. In this embodimenf,%éch upward cell shares a common BTS with a

ground c&fC LA Afa% &P aTd sl sy B4 cil giRou R GRAINE LAY AR HPWRIEIPSOH X b8 TS 5b of

ground cehidkiRieHPwaItupakhrdkd shaeas Bdmmos BT DiRKAG AN UpwiddaehdbhaleamrmsBiS Sf of
ground cell 11f; upward cell 21g shares BTS Sg of 5 ground cell 11g. So the upward mobile cellular

network ShERUEBeSH1 195 paEEsll 24p s Fnob BN dfRIUHE: Ry CRUIR e shaseR B 28 Nell. This

embodimesineBsr3ea sl SitIatieshaee B TRSUR JlABIGNINAS LpiRRieR 2 WartBeTYER dhe
antennas of ground cells and/or ground sectors to share the BTSs of some ground cells and/or

ground s8I GR'd TRoBRENERYIIL LR P e B AT SRS BRY | ZReuRd b M GRAL MRy to
expand the aavesdoes efidamebilsiced war Mebéatbotntbe wprReitets sibiahwiss mMéldintisntdfhow

this system works is a well-known art. It is got the scope of this invention. FIG.5B is a

. |so an
embodinfSRCEfRIE aahss WidaeRasRa A %?8%B%H%%I“f’é‘?f%Bﬁ?&?ﬂér@?@ﬁ@éh%ﬁﬁgéﬁms%\%ard
cellular ngpupdkceRG@oLgd el kdesnaiwonkbifl Ceibfarisyaleatiey seowrodirEBARTIiR e @ aidercestan

upward mgbile cellular system and a ground mobile cellular system. As shown in FIG.5C, the dashed
ines andeUIFABSRRRRAR B GaHEISF B o R 1S B COLTE ARt GRS RLASRR  acs.
repragenHan HRwdmediite isalvdikneivwerkit They Bestopearetegintegisher. The ground mobile cellular
network comprises seven ground cells 1 la, 11b, 11c, 11d, 1le, 11f and 11g. Each ground cell has a

' ly i Il e Th f . ively.
o ot progiase s it BT o tnelland SRRIERN S0 2
11d via chehiees WMSCd 24dacoetwork 88 §bRBxelnthB8®@ark5b via carriers. Unlike 20 in FIG.5B, there

is no any sharing_ of BTS, BSC and MSC b_etween the upward cells and the ground cells in FIG.5C.
The UpW&rT"lG‘.Sé'l@%M@érﬂ@&W@%t@%ﬂ%éﬁgf%ﬁlwg %Q%Iésc%ﬁtﬁar%}é}é\ﬁ‘gna%cgrﬁﬁﬁ%%ard cell

is located proximately near the boarder of ground cells. Upward cell 21a is not a full'cell. It contains

two upwRILHESIED 2EISBANN 2D RIS W hiarénehan Jines anssCiigosdersisantAgyosrdcoRirceeibiean up-tilt
omnir irgglipnakaniemine {ayard Q?dieg%Eéémigﬁgfi\gé%%%ﬁe%mﬁéﬁﬁm FeiCare FREr AR 22C3.

Each 25 upward cell has a BTS at proximately its cell centre (in term of azimuth direction). They are
BTS 15atofsthendfeiseurspett g St P EORMAIERA SAMRIOI ¢ e td 2 71 BrHd cuplfiaid embbile

cellular ngtwerk BasniteoARANsel BROHE MakaeRAR. KICAOITIRY 58 B RS s4aspastiesd2e MRfd24b

also connects to PSTN. In this embodiment, the upward mobile cellular system is independent of the
ground nmEBAEPEENGI4r BSsietpa 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

20 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 cellular 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 full cell. It contains
two upward sectors 22a1 and 22a3. Upward cell 21b has no sector. It may be covered by an up-tilt omni-
directional antenna. Upward cell 21c is divided into three upward sectors 22¢1, 22¢2 and 22¢3. Each

25 upward cell has a BTS at proximately its cell centre (in term of azimuth direction). They are BTS 15a, 15b
and 15c¢ respectively. BSC3 25c¢ controls them via carriers 27. The upward mobile cellular network has its
own control centre MSC2 24b. It controls BSC3 25c¢ 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
30 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.



FIG.5C is also an embodiment of the method for avoiding interference between upward cellular
network 30 and ground cellular network by using dedicated frequencies or frequency spectra in
upward cellular network. Dedicated frequencies are used in upward cell 15a, 15b ﬁﬁ@ﬁ% IG.5C to
avoid interference with the ground cellular network, 17 JULY 2006 -22- FIG.5D is ent of
more complicated integration of an upward mobiIéQge'Ilular system and a ground mobile cellular

system. It i§{HaRERmFRRRSMSNTS{ERROMBIFHBRIRRIREGR It RS wwalddRPie esliter syfiamianthat some
upward catisranaobimaNd seskiEm ShaeEbbinBik ofaey ik ahiamestsrliscarYndinsecss and

ground cellular network; some upward cells and upward sectors have their own BTSs, BSCs 5 and

MSC. In Fie el Rne HPuaiidseds g BB estp SR dSe PGS Bt MoRal SR et 8 ctors

22s1 an%@&ér%-a\o)@wa{ﬁﬁdfﬁlhﬂ’ér halvereséheubrarl e apiatd ectbreontaineivwan BTGy Bsestors
22t1 and 22t3. Upward cell 21 s and 21t share BSC2 25b and MSC1 24a of the ground mobile cellular

network. 30FHeupiENa ikpwad ooll B15s8a53 B L3 cR HEoHBRRH TBk-4! ROBIABE B APHREERR Y of

ground ceflst dieans3re)Rvet 16182 ftehaaBTS Geasgriidel Aleat tarlainaweothelamise drCRt2aand

network, PRI BBt LBC A P B BEHE SR

expand iyigRv@Rge tellsrace!abaye @reathchak its i BT8IRR A e el mendde e galinasien kihe
method of ayQiding interference by sharing base station betwe pward cell and ground cell and the
etnod rabORGi BRI OBy GRY dith TRt oA o Bt B Co e AL
cellul@r nesiworie, Ry zaied dreguEncidsase asashvitdpuvisteldiaeabtdda, ThibeanddhaninrbiGesD to
avoid interference with ground cells. Fora CDMA mobile cellulay system, the same spread spectrum of
= ground BTN LG RESHEIT VAN 4 Rl AL e B &GPt R BT B e 2PRY: UOHBated. In
this case, an upward cell acts as a neighbour cell of ground cells in space. For example, if the mobile
cellular sysité®bI3 iCadd ansyrshedinientefGobBinaimwafdheatiefbdpiZMbidingliBedenense yeshheing dase spread

¢ . . . . . q
ool 21 b B e L B s
3D cellul&eqienossonireqskhoty dpeotigidepweidhelbiar oelteorin 2edCateie iequeryitsaird ase stapvardector
antenga IC1 e W@.%lﬂq?aéjgwme%k%érwm %l&}/@éig'n, which well fits ground sector

P B
coverage.égltflzg.GSZ%@?%tes a typical base station sectorgh}ntenna, its beam pattern 25 and coverage.

Sector antenna 31 comprises a set of radiation elements (dipoles, for example) 32 aligning in a

vertical plafie’ 3t(ddta ragaierselirRraysipRb e A2Me HasE SRRSIR P DR@SURd calk Bty eased B arger
wﬁgnits elBVAHPERIPHAEH HUKEAORE of BEECRMRIRIN R BT ABLAAIS RUSE, WRGHR AP Beliggd44lgling 20
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
20 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

25 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

30 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



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 30 in a horizontal plane). High-rise buildings are not everywhere. They ﬁg\(ﬁ:ﬁ%e trate in
a small core business area in a city and intersperse in wide urban area. Maybe ther er{/] few
high-rise buildings to be covered in a 17 JULY 2006 -23- geographical area. As small size cells are

adopted ASPAEBINEE BIRAPSFERIFIAR G5 2R 2GR N A10B M ee BBk Ry ST Kty oY 8HIBHRAR

buildingssthtistrast ok eRierinaigheisy *bglﬂihﬁ%*Mﬂ%%Uf eoharg Haliapeapirnmacnalnies iy coverage
on individual high-rise building. To do so, it will benefit system_performance for stronger cellular signal

in high-ri8BeRMTMRYOHE 186V RiRSRraPANW A IDLTIRALUIRR o1k J8 et Al SRearflRRE Padiation focuses
in a splicgepipangnes Rcsibhgarcinuaeshalp RRN-rEBisuIRNRRIERE RES ViterBAGIREIBENaEhEGRIIUlar

signal coverage in high-rise buildings for a mobile cellular system. That is to provide a narrow beam

antenna RR784eF 5B A L RfyEP BER IR SHICE S RAGRIBh 2 (FRYANRS AR WP EEI-width to a base station

of a mobile cellular system. This antenna connects to the BTS of the base station. It radiates cellular
signal genetateheytitrepRlBas andiesmgiiadt:fion cbiatavignahcdv@ratevatimh-isd haldiogs fiorazimbite, and
points its pram 9 e Biainebuildings nearby, Taaveid nierference silnerisheam isupdited to
point upward or deditarka Renbiay requencies or 1arequency Specira are USedin the base Station. This
solution iharsitfalzinutovearsingli tigtatsetatividoig mobilgelpaotykigrh-fikis inidoagsnreoistodne adjacent
to each r.40 short distance, FIG.6B is an embodiment pf the antenna and the method. Antenna 34
comprises 3 SLNEERRE SEST el O B s e R e B e e
generatesldyaton 36 narosenadeivativ raisbzontsid tre@m(45thEohighasa pialdisgkangabyhdo at®idzimuth

beam-wi far, le). Iti -filte d f le) t ver high-ri uilding
20. Coorﬂr%%ﬁeég&%?zgftsﬁ?&%%slsau?g g?érlgcgo%&H?evgr%r%goﬁggg%%%é)%gas%ﬁ%%’l%ﬁggg§ dﬁ’? 98%&%‘]29 antenna
31 in FIGsptetadackdisthalmae diatexiB)ist stetonsasseinténcaxed 4ingl& g6 BseAntding arddgfspindividual

ora smaHi%i{__ féggu%i Lh%hﬂylﬁ&] ?}gl%ﬁgﬁ#&gggﬁ%ﬂ? m g%w&ig{'gﬁggce. FIG.7A to 7F illustrates a new

type of mufti-oeam m t antenn e 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 antefifa8Rdsiza arMnodiaancaf die angsnaarslibp oreined AiRRRSHEeMpases stadicH radiatipheferable
that 35 agisnaashasdRs!eEHARICIABRRIRS RBASRERMING. R RhdMY TARtRAREBRAdRRCcONOMIC
also. For this reason, a new type of multi-beam multi-tilt base station antenna is invented to cover
both grolearesidb Odfetirier ssarhiyldmBrapiiaan itcarimvtopormavisii o) Otifar gxample). It is up-tilted 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

20 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
25 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 supporting device in spaced apart relationship. This antenna also
30 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



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 supporting device in spaced apart relatiozfmgf %g antenna

also 30 comprises a mounting structure, a housing and signal input/output port (or1 radiation

element sets, the supporting device and the mearfs of beam tilting are disposed within the housing.

The first S&ia3P1 PIGTRENS SeRAI0H2 fieliBerin BR e riEgioneifescadrsetinb saiaHea fpsiaiection; the

second sgirafdReiatedRIPNANIS a38ERTRIRS AFRRONS dRAEAt o IRCHBCURE@BHOThERBARSHifsEaRt from
the first direction. The means of beam tilting includes mechanical means, or electrical means, or both

means, fOHIRGIAEUSSE MeARECEABGASIO" SlRATRhBaAARLRIT BephsidoaHtingRagy 8RR Msignal

coverageptadefifediBRetinS ke heana Pravides fadkingi@vtrigeliPfwdidhedanal. Fair fiahsed and the
second set may operate in the same mobile cellular frequency band or in different mobile cellular

frequenc§HAHEEAIoaR A FRAtiRsRlI NGV  SpIR. i 8epNIA i) M PRETAE (T g SRS RIS LAY of the
second bpjieRcRydre Hheé sasene maifiierential heqabete ety aen dhendvistdigavesdspbe tesib@rand 60.

It is preferred in this invention that ng}ﬁn this antenna is used in a ceIIuI?r base station, its first beam

points dofbHRAR} SFAMANS ERRPBY A TNS SRR PRARIT PR B8 sarefb e YrJ0R AN I AP eFB (K
sector) afgb uBAYRI ¢ Bethéen BPwRY dreeRtePriRea iRinG M AR PatilkR fidsArrmEkedimpry of the

multi-beam multi-tilt base station antenna of this invention, which is in single cellular frequency band

and in vereiaTERE RptpNG!S B RRATARE BRI B 3 RBF S RARNARRAT BARIR WHAH: R YR ROha 38
compuisegdir e8P hratiatedon aRraIMsaRd Mg pddReRBAvitR)stark 4RehRglow the dashed line).

Both sets are in vertical polarity and operate in same frequency band (800MHz 15 cellular frequency
band, for e le). Set 39 comprises foyr radiatio ments spaced from each other and mounted
on 3 Suppo TG R LS TR e LTS UL EHTLoRE Gon e A e B B BT 3
degree (8inigie exthitapie)ieeiovbihe dndriz oetabspukaite. B6t780Icsmfpistsolmpattiati eie eltime Disl-
spaced from each other and,mmounted on the supparting device. erates be 7a that up-tilts a
cegree (TR AT R TR e aae S Rdeoh e A e B RRmeS o M ow o1 b
is 20 th_e _(anlsvxomdashe_'d?fibe)_BBat_nthéeamrim\@ﬁmamola_rhﬁsnpmpémmtialyame fwmc;ﬁanmtt&@ﬁi\ﬂ_ld_s in both
rans 'ttlg]egﬂu%r}(flr%géﬁ:caer{?:é}l?%%ér%!r e B,r%é‘t]ab}%‘rﬁ %%?%d?%‘é‘é%@ﬁpe‘fénﬁ’ént ;@%@}% &A1 b of

, o
each ‘beam can re mecnanic Iy, or electric , Or In both ways. S an emboc%ment of

electricalamte@nsntedtih @astipfoeaindel iae (e grau@Rdrp BIE; ferexampiedlefi gembraitieebt_a‘am.(ﬂbtﬂratabim_ion
oroximartly BoRRE e T LR T IHRON F0AH O DR EOA oY GUEHE e 4 mounted
on suppaiitedoiate eEibpERsD atelyited vatRPaphE ifgURRREINdgRRiatdsy bisain IToKisapiits o
degree (10°, for example) above the horizontal surface. Arrow 51a is the axis of beam 37a. Arrow 51b is
20 the axis of beam 37b. Beam 37a and 37b each has proximately the same characteristics in both
transmitting and receiving directions. Port 41 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 39d of set 39 are mounted on a grounded supporting

25 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

30 increases 0 in element 39b, 23 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,



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, staytj 8fro lement
39a, phase 30 increases S in element 39b, 28 in element 39c and 38 in element 3 or‘l 5\6% beam
generated by set 39 down-tilts. (The down-tilt angfé depends on frequency and phase shift step S).

50b is thé Gt FReHgeeiragRsdt SooU0" ReRsn e PRoRs ST aas R IR DRl A §XarPRISeRIIg circuit
to radiatigg,elesnRAactDBndse dbteatl0fn RmaR0B0n ANE N IR SRFSFiNEIGRBR AT BISP heSO

phases decrease in step in them (for example, starting from element 40a, phase decreasesy in

element 167 2grerarsrhe R4t A7 A ndifheitieidenerEs anéereaisy genehasedyLer o up-tilts.
(The Up'ﬁéf?é&ﬂhggﬁg%% 83)35%9%‘?ﬂﬁ¥ g §i9es&'ﬁo§i%r§wj tﬁ@ﬁ'&‘&'ﬂ%ﬁéﬂﬁﬁ@'Eagmﬂ’sed on
0 nal back. Al me

the inner backsi housing 45 to reflect radiation sig . All 5 radiation e nts, support plate
47, feédiraglistiouelerntansy Bomt Bakte: Bodingr-renitetinang|ate, spiteedtandostertingipleihéiging 45. A

mountin 1 : i : ' i iagr tenna
I e o B PR bace

station sét@gagranrRe. FIENTON$ Enotiaeneraiefoaimetit beamendAtiayanlit heami-tis ariegledaitthis
inventiondygpﬁggﬁd%gmada]sg mabileksluaefreguency bands and in cross polarity. FIG.7D illustrates

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 inF‘JaGﬁ?gt'?r@Eﬂﬁ'é‘?ﬁ@ymB%@?@immﬁ’?uwé?ﬁﬂ@r”ﬁ%w f91ea%a Al iis) ineentian, WRISRAR JHak different
frequencisised kAN RAAEAG bt RNk cfeds pamplIeIcIetift3teAsREcDS fRuealpnarRMSorPaRRM from

each other and mounted on a supporting device 15 (a grounded plate, for example). It generates beam

37d that BRATHHRSI{ARIEERR 44 SO ESEMp R IBHIAAR Fiegtime @hpvcibe dased | s four

radiation iswanésissresiddy Boteesd Athacrrs poiampiedtan oitealsnarisormipihcl gpaesattmream
37c that up-tilts a deg)ree (10,@5% exargi%e%‘ above the ho({rizontal surfjﬁe. Arrow 51 c s the axis of
ARG ;

beam 37608 BIEXA 6 Beahfraios nsdlifarert dregrgney Hand A0S AL RA0AHET same

characteggiinplé) [ty anaprssn D arbieesd\dnistifntieash Rt 4daniseehsigugddnipyideuteut of set
43. Port 41 b is RF signal input/output of set 44. The {ilti

ng of each beam can be realized
mecHanica P BHAIRA éﬁfﬁ’@ﬂ‘ﬂ%&iﬁ%ﬁ%‘?ﬁﬁ@!‘?§7§48%%§%8@H%ﬁi€%$rﬁ?e@ﬁ’sf%eﬁﬁ”&\@l?ﬂ@‘é{m of

antenna ¢h¢ Hyfatdl Guabsesiaiined Abipei aur ARfiatich BIEhsHes daite dadatianrierRIens i mcddn 43¢

and 43d. They are mounted on a grounded supporting plate 47a in proximately equal spacing.

Supportiftf SHROTING REo W9aneEreeP ey s ghy Bk Satieareation. 'S aaple) shersdeswizeiiation
elements;dacifbof4¢a0theads INRYAMENRLEA PR RIEQNRABEAM 37d. Beam 37¢ and 37d each

has proximately the same characteristics in both transmitting and receiving directions. Port 41a is RF
20 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 tilt each beam of antenna 42 in FIG.7C in predefined direction. Set
43 includes four radiation elements 43a, 43b, 43¢ and 43d. They are mounted on a grounded supporting
plate 47a in proximately equal spacing. Supporting plate 47a is down-tilted 3 degree from vertical direction.
25 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
perpendicular to supporting plate 47a. 48b is the signal feeding circuit for set 44. It connects to port 41b.
30 The feeding circuit to each radiation elements is in proximately equal length and equal phase. So set 44
generates a beam in direction perpendicular 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



supporting plate 47b in proximately equal spacing. Supporting plate 47b is up-tilted a 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 seﬁélm?er@tes a
beam in direction perpendicular to supporting plate 47a. 48b is the signal feeding circui 1%t 44. 1t
connects to port 41 b. 30 The feeding circuit to eacti radiation elements is in proximately equal length

and equPfiise! oysing A nglehendtdstaeisiagram: dratsinitse eihailes e SISy ot riTBlioR: 47b.
Reflectingigt@ifs?Sutpoisnacs dranataa ) relirg @sinerod By uendaf® idaliRgisrciatipndrpaaidoack. A

mounting structure Is attached to back 17 JULY 2006 -26- exterior of housing 45 (not shown in the

diagram)naigedie-spatterSteHenReduiig £iroanerais rrnemciowaidingritleatnson phers wrillisada7p,
feeding Gl R 80401 ABALERACEINYIPIALR daRAESRRARRANISIde housing 45. So antenna in

FIG.7F generates a beam down-tilting (3 degree and a beam up-tilting a degree. It is dual-band
dual-beamadual-tilt base station sector antenna. 5 The multi-beam multi-tilt antergna of this invention

may be apphed i BB EHbANEARLBIR eI ey SR ARECHP ARART SE L SLR AR HEYET In this

applicatiepsttnefonpHivideryaonghtditonsigenm econagsiaiton the RlIGmbHnmbase sieion chimests theam
points do%n ints upward to

d to covers the ground cell (or ground sector); its opne another beam po .
P ovor thel L o 16 5P SN BBt P LG8 B S ONEH S SR RSL OB
example jtsiorg erloéed [baal fuhasu plvat it cnte ieeupBaiid EdI of Apvairdizecld)) uSe thihesplgetoantenna 1,
antenna 10 and splitter/combiner (or coupler) 30 in FIG.4A. Its pqrt 41 connects to BTS 5. Its one
oo RO GER L P2 AN AREr LR DB SN He ot A SO Th Al Cobalkng
upwai@ seedio teptade aftphcaticantenmie nhandS@itts/ asnbpdil{cctapies 30iaAGdAME bireateonsedts in an
integral for ther example, dual-band dual-beam dual-tilt antenna 42 in FIG.7C can be ysed to
eiocs dRIBTSuA TEoTS BrA e 0B A RS SR Oy YA 5 23 & GH 51 BT SEmor vt port
15 41 b cszotoeats! ip\RarG<edtbroh disvapislisiorg mnfenter B8adi2 dxngpitit betannagthaerdundvbyiBih@hna points
downward to cover.ground sector. Antenna, 42 its bea erated hy BTS4_15 pojnts upward to
e e e e e A e er
inventionreplace@steaffedtand anferinan 6an E6HYiar|sigoditacenagmsito BigHt rise gouhdisgovitsaporbbile
cellulgr system. The n r ethod, base station and antenna of this inventi n 20 also be used
otth3r AR Bt e B e e e B R A i

space abdowengaoiioctoVehgmeind shetdiodedening 42dssrifsttmamefenentss bp 8 TRt pcte dpwate (persvbiaving

known equival ntstct)pego Euch eq&%%alents are herein inco por{atred as if individually set forth. Although

g ward sector. covers round sector ang, upward 'Sector, :
this invention has baen deseribe y%vay osfeexamplepan With Teference to possible

The achievement of this invention is a cost-effective solution for cellular signal coverage in high-rise
buildings for a mobile cellular system. The network, method, base station and antenna of this invention can
20 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

25 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

30 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.



25 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 %om}&éelg and
sectors to overcome multi- path fading and to imp;%/e system performance inam b o
system. It can be implemented in base stations ofupward cells and upward sectors for the same
purposes. f8ids faKBdad an up-tilt space diversity 30 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 ayréale integrally. formed  intg one antenpa for providing the same
functon. i eAURL L BRI B B RRGHANETR
telecommungeatiaphietivaced, faidaengdipiicakbdieladit@ed otora pluradityoh cetisy sa@ imevogecanapdingal area,
said geographical area divided into a plurality of cells, said network comprising: a plurality of base

stations, each proyicig SAGUC.IBABLS, 1Cush BRUNRS SLRY'IH%IS BRuBSSRHALERom GNeSalt ea!ls: at

least a first one of said’base stations comprising a transmitter for generating a first radio signal to be
provided within enfireitssifecelfssaid cells which is associated with said first base station, and within a
frequency range which is reusable in more than one of said cells; 10 a first antenna coupled to said

transmitter for ragligdine frai@ il of sadipsistalionsxofiprsarferistic 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,lohe pointed,upward; 15.so as. tQ radiate .said, first

i el it ST e gl & 5 2 S AR W A B il

limiting radiation of saidHicstisassocktpdaVithaidtiverbase statibrsacdaattsnvai fraquerticrasga dvhiickt isadio

signal may interfere with ra Iio.siﬂnalﬁ]from otper. ongs of said base stations. 2. The network of claim 1
Tpre than one.o S

. e reusanle i § said cells:. . T
wherein said first base St300n TUAEr comprises a réceiver for receiving radio signals generated by

subscriber stations in said first cell. 20 3. The network of claim 2 wherein said receiver is coupled to

said st and second a&féﬁr@ﬁ@@ﬁﬁagu@etié@é@iﬂét@aﬁﬂni&ii@@@ﬂiwq@hbﬁ@té@ﬂi@;ﬁﬁﬂb@ﬁ@ber stations in
said first cell through agjgast-nag Heaich SLRL AT RF RS ABBE BSinted 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;

S0 as to radiate said first radio signal within said first cell below said first antenna and
15 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.

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.

20 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.

25 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 claims 1 to 3, wherein said first and second antennas are substantially
collocated. 25 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, Wherj'w @@@?ﬁ and
second antennas are integrally formed. 17 JULY 2006 -28- 7. The network of any JdUrcRs 1 to 6,
wherein a second one of said base stations comprises: a second base station transmitter for

generatinly a88 SEHEPBAEVRIFR! $aHMS LilgPaes i SreRABLOTRiBARRIS RAsSoTRIINTe /T RISBSCells which

is associated with said second base station, and within a frequency range which is reusable in more
than one of saicheelsndhassestativn basenitationganéening £eetplarbizssistioecnitksiasksbatipovided

transmitter for radjating said, secgnd.basge statjon radio signal, in a characteristic radiation pattern
naving its majo LB DUTRE R AT G S 16 BASEC i WLLEA Fatc A AP R0 G S GVt
said second celfrafpmreysaidysedishds lasebitatinoratianos ofbdid tetisting radiation of said second base
station radio signal into other 10 ones of said cells within which said second base station radio signal

may interfere Wi\BRguS A aM AR, 00Es O spdsn satn STbRREMO A T

wherein said second base station er comprises a receiver for receiving radio signa

by subscriber stftong haseatioadedid ekl 9 Achasaniedsts (adsiidmpptiemuiaringlésmaien lpbrcpeidiedervice
ina geographica}\?gﬁe@, said geographical 15 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%#§iaIa48R$3i&8eanIaTeHHalion sadic SipRrb YR Bide8eParFAl 3DRVE30iBRAN a first

one of said cellgyepightisnardaiataHiw iR dabraior onsiyeLontastisdivatdraaiv HtpbAnieomas said first
signal in a characteristic radiation pattern having its major lobe pointed downward, and radiating, from

a sedfnd antenfResHligAittsESRAINMRERIIG sesPReibaschiRlBn BafsignahBngREerR 4 18R pointed

upward, 25 so aggifalsaFliptetsaendssruanabyddiimsnaid first cell below said first antenna and above
said second antenna, while limiting radiation of said first signal into other ones of said cells

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.

9. A method of providing cellular telecommunication service in a geographical area, said geographical
15 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

20 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
25 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.



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. 17
JULY 2006 -29- 11. The method of claim 10 wherein said at least one radio signal | c\?iv% through
at least one of said first and second antennas. 12. The method of any one of clain??ﬁlo herein
said first and second antennas are substantially cONocated. 5 13. The method of any one of claims 9

to 12, wherelhe ARG LHRER A BB vaIS aldeasisdadinelanal i resrivad drauaeh e7sRRR el 67idny one

of claims 9 tqa:diZnwhbaisin Saédfyst 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

associat ith saﬂg econd signal by 10 radjating, from a.second-cell antenna, said sec .ng signal in
 eharaGiAlE ERTAROn SR HRTRS HatF eBSBE e hssare S BB aHORe A semond
signal withincstedaserzond 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 359”%.37?15 Bty %‘f‘ﬁﬁ&%ﬁéiggblﬁfrﬁs %%#%'ﬂv&ﬁé?&f?@%ﬁﬂ‘ﬁ%@ﬂ@ﬁhé‘%tW\}% %%&%%%Weﬂﬂgmed for

providing a plurality of celltlar radio signals in a geographical area, said geographical area divided
into a pluraligitisideells, 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 raus@bIRdmha farthBReeIamsalthas!igngfin SHRtRRNR&ARIRENAS e HRGRNY i

radiating said transmitter radio signal in a characteristic radiation pattern having its major lobe pointed
downwarﬁjé' econd antenna coupled to said transmitter for radiating said transmitter radio signal in a
charactentti 1 BENBIAREDS st R AF LB A RS QiU D AR S P PR ier
radio signal vélbinhashith Besboelbd aitvesaiddngd sigtarnma and 25 above said second antenna, while
limiting radiation of said transmitter radio signal into other ones of said cells within which said

transppiter radlio;signR) % INLEEREH ThRHIE SNFSRbRFUbRAYFYR R RARCSIRAS iy 2006

having its major lobe pointed upward,

so 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.

15 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;

20 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;

S0 as to radiate said transmitter radio signal within said first cell below said first antenna and
25 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.



-30- 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 17, wherein said
receiver is coupled to said first and second antennas so as to receive said radio Sﬁﬂ@fﬁ@ rated by
subscriber stations in said first cell through at least one of 5 said first and second >19. The

base station_of any one of claims 16 to 18, whereiff'said first and second antennas are inte%rally
formed. 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 17, 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

5 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.



