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art. Conventionally, a base station w rovide wirel ess conmunication
for many[0Q2bscriber units. BaEéEbDa(t)FdMVEN'II‘IQNpl cally handl e rruI t| ple

conmmuni ¢ subscriper._s stens concurrent| measur.e base
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bandwi dt h. [0006] Since not all subscribers comunicate with the base

st ati on ahdtdysternansingi dgnamidbsamsfoatiing fornrwipelpes demmnei@s®nssigniate to a
great many suybscri ber? beyond its capaC|t for goncurrent conmunicati ons.
If the nE@NFIHFSIADABRA/QrreceRnidons Bhe YHEpleshReWPhs for a base station are
bei ng conducted, an attenpt to establish a further communication wll
result in an indication of service unavailability, such as a system busy

signal . [(U2A]] Service coverage BXCKGRONDation is not only limted to
its capacity for handling concurrent conmunications,_ but is also
i nher ent [8005] i t edWiselgss dplecpmmeunisagenpivisteras aae wel dsroven 4| the art.

geograph c._ran i cal |y, .defined b t he J ocation of

arat on Conrenaimily o Bard RS wifRr e MR Ry tialiti e e base
station. {RQPRler hihify. dBAsé @te&ﬁ&vg Well WpiehRS ha®dle hAAtiPIS o @XBAASHY
geographic area, a network systemis conventionally provided with nultiple

base st awiitdnsubscEben slya@enscmawmemﬂzlx Ore mnaemofsly@teestamh@@paVEsz
physically |l ocated to coverage over specific portio th

o1 al  gebh BmE SRIRhLH SRR agmuniRBSpat snh SRER Y Bidhi F eadi 1 v
provide W&l §53r35hYd 5§ duth tRRREd & é{r'cr:ﬁ%lb%'bver and bandwidth.

[0006] Since not all subscribers communicate with the base station at the

same time, a base station can provide wireless service to a great many
subscribers beyond its capacity for concurrent communications. Ifthe maximum
number of concurrent communications for a base station are being conducted, an
attempt to establish a further communication will result in an indication of
service unavailability, such as a system busy signal.

[0007] Service coverage by a base station is not only limited to its capacity
for handling concurrent communications, but is also inherently limited to a
specific geographic area. A base station's geographic range is typically defined by
the location of the base station’s antenna system and the power of the signal
broadcast by the base station.

[0008] In order to provide wireless service over an expansive geographic
area, a network system is conventionally provided with multiple base stations.
Each base station has its antenna system selectively physically located to provide
coverage over a specific portion of the total geographic area which is covered by

the system. Such systems readily provide wireless service for mobile subscriber
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one base station and into the range of another base station w thout
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are designed to provide such servicé. In such systens, a typical
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For exanpl e as | gure 1A, hexagonal - shape cells can be
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vari ety ‘ol "Feasons various non-uniform shapes.

Di recti aial badéfnethso tlﬁma&&dcea]rsroayeﬁtheemm gerogmaphrc drepds sohomejtcomin

systens can be provided so that a beamfroma base station gnél(egna for
transnmi spatsermandnoyuchegeptstent egobrogllacambave A S@e%@FlthW S&m g
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shaped beam covering the

Figure 1B, the transmission beams, shown in phantom, from base station
antennas of adjacent cells do overlap. This overlap of beam coverage enables
"handover" of a communication being conducted by a mobile UE from one base
station to another as the mobile UE travels from one cell to another. However, an
overlapping base station signal contributes to interference of a signal received by
a UE from a different base station when the UE is located in the overlap area.

[0011] For a variety of reasons, cells may be defined of various non-uniform
shapes. Directional antennas, phased array antennas or other types of antenna
systems can be provided so that a beam from a base station antenna for
transmission and/or reception covers a particular geographic area of a specific
shape and size. As illustrated by base station BS' in Figure 1B, the use of
directional antennas or phased antenna arrays enables a base station antenna to

be located at the edge of a cell in order to provide a shaped beam covering the

cell. This can have advantages in better utilization of power and avoidance of
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of -2 WD 03/049409 PCT/ US02/ 37851 creating interference outside the cell,
i n cont rawbD oziosdaoerer el y pl aci ng a nonopol e antenna on t hecadge2efssa cel |
and transmtting a 360 conmuni cati on beam [0012] Unlike wreless

[ ti t whi ch. tati o] ) i t
cyot ems deafgratiefTEnnnanrr Bie T et fat (R Y PR L AR o o
usage paji@hng ot MHeCedi O £6e1 And tFRREM St £ BBONESHR hrYichfion Meayd.ded by

any base station within the system Accordingly, a particular base station
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degradat%on v@g? auUE noves fromone cell to another. [0014] To i npl enent
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[0014] To implement dynamic beaming forming, the inventors have

recognized that data generated by conventional means which identifies the
geographic location of a mobile UE, such as using available Global Positioning
Satellite (GPS) systems or a base station triangulation technique, can be

advantageously used in the dynamic operation of base station antenna systems.

[0015] SUMMARY

[0016] A method of selectively directing base station RF communication
signals in a wireless telecommunication system is provided. A base station
conducts wireless RF communications with a plurality of user equipments (UEs).
An estimated location of a UE is determined. Relative location data is then
determined using the estimated UE location and a known location of a base
station antenna system. Beam forming criteria is calculated based in part on the
relative location data. A directed beam is formed for RF communication signals

between the UE and the base station antenna system based on the calculated



between the UE and the base station antenna system based on the cal cul ated
-3 WO 03/049409 PCT/ US02/ 37851 beamformng criteria such that the

di rect ed weasenoonpasses the estimated |ocation of the WET/YVLIBF1 The
determ ning of |location data of an estimted |ocation of a UE may be

f d by .tel Lcati temtr | at i f UE '
e e R s e e
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station antenna system Relative |location data of each UE is then
det er m nedd Ugisegsthtioneaitematesystém basedtamthanalcubetedriransinosaon deaof t he

base station antenna system Transm ssion beamformng criteria i
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forming criteria may include calculating reception beam forming criteria based in
part on the relative location data and the beam forming may include forming a
directed reception beam for UE RF communication signals received by the base
station antenna system based on the calculated reception beam forming criteria
such that the directed reception beam encompasses the estimated location of the
UE.

[0019] Preferably, an estimated location is determined for a plurality of
UEs within a specified geographic range of the base station antenna system.
Relative location data of each UE is then determined using the estimated UE
location and the known location of the base station antenna system.
Transmission beam forming criteria is calculated based in part on the
determined relative location data of at least first and second UEs. A directed
transmission beam of base station RF communication signals for the first UE
based on the calculated transmission beam forming criteria is formed and
transmitted from the base station antenna system such that the directed

transmission beam encompasses the estimated location of the first UE. A
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based on the cal cul ated transm ssion beamformng criteria is fornmed and
transmtted fromthe base station antenna system such that the directed

t ransm sswor3jbern enconpasses the estimted | ocation of tR€TiUSO%378KE. A -4
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(SNR) esédrﬂﬁﬁllxﬁéhm&h@lgﬁhw'ﬁir thb Qiﬂ@omlg ﬁ&md(mra@fsﬁlwe@ a9l anecstid ect ed
transm ssi on beam of base station RF comunication signals for both first

and secotidetted tranpmidsiorabpgmbel basd atatian RFpranmivgrieation signade forthe (SNR)
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beam of 6&&%@5 Elﬁ%ﬂ%iﬂh‘%ﬁbhctﬂesﬁx‘éf‘ah%cféartr%ﬁ‘sﬂl@ﬁﬁﬁ'UéaHE that has
a dlfferent Irection t an the first directed transm ssion beamis

pref er abjop26¥t i mat Beeferdhdy, thecalsulathig tradisRussion hramp domdingcrltarea ms ne i f
the calculated transm ssion beamformng crit is.to g@fe one, or
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Abeam ascoinfniifiédt9en SiignRls ﬁhéb‘é)eh ﬁ@sm(iﬂ second UEs is preferably be estimated.
The signal to noise ratio (SNR) of forming a first directed transmission beam of
base station RF communication signals for the first UE and a second directed
transmission beam of base station RF communication signals for said second UE
that has a different direction than the first directed transmission beam 1is
preferably estimated. Then the estimated SNRs are compared to determine if the
calculated transmission beam forming criteria is to produce one or more directed
transmission beams.
[0021] Preferably, a phased antenna array system is used as the base
station antenna system and transmission beam forming criteria is calculated by
estimating an area of beam coverage Aveam as a function of RF phase ¢ and
transmission power P such that phase ¢ and transmission power P are selected
so the relative location of the UE is within Apeam. The relative location data of
the UE can be given in the form (8, d), where 0 represents the angle of the UE
from a O degree reference of the base station antenna system and d represents

the UE’s distance from the base station antenna system location. The antenna



transm ssion power P such that phase cp and transm ssion power P are
selected so the relative location of the UE is wthin Abeam The relative
| ocat i on wWatma/oaf409t he UE can be given in the form (0, d), pordarse2/87851
represents the angle of the UE froma O degree ref erence of t he base
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function f of phase, OCbeam = f((p) .so that Abeam = F(f 1(Cobeam, M and

Cbeam | stregbmdssion Hesen ormmgamtmamatmvbart‘@ ey peask bm esAgBatAS R b[eeerzz]

\Wh t d | t
e o aBiStds b ois Bauncon TohEhEsd thena 10 Sl Seet S FEBHE ¢ on
the detﬁfg@nﬂe@bea isaéeu%&eaggééd 8h et PBnﬁtMa%%%%léc'té&ba@é‘@ln&ﬁcond of UEs.

A directe reception beam communi cation signals of the first UE
recei ved022] he baBkhers taat éstrmamcblrmatlsyas detdrsinedrfer ahdsealignof Hés,

cal cul ated reception beam for criteria suych, th directed
recept i diveferabli reesniaess 88amy r&lpgrﬁ&ﬁ@ala }so%aﬁﬁgl@ﬁ ‘gfba@ﬁ inj pagit qethey

di rect ed [ %ﬁﬁﬁé@%l&%@l@?&uﬁd&%‘ 1AL Bk SdAloSnd BF UIE ReMedE

recei V(E‘Ci‘i ase sta Ion antenna systemils OI’ITE base

cal cul at%eﬁﬁ@ﬁ%h%fobm&ﬁﬁmm%ﬁém bigniads Gllthb ﬁtrbtaUEIﬂ@eeﬂedbytthdbae@ept i on
beam enconpasses the estimated |ocation of said second UE. One directed

r ecept i ostabioararftennREystemmisforaei based grmmescadwlmdmcaptmn beamafaEmiRg ond
ass t he esti mat ed

R T e BT it SEIPA S SR EE SRR 1,
for RF MR LE AL ARtTRNAl $ir&itell *}@cé‘ﬁt{o‘%{bé{a\% ifSr RPCORGh exichtibRalgddle first
directe eam enconpasses the estimated |ocation of the first UE and a
second difithetsedond UE received by the base station antenna system is formed based on

the calculated reception beam forming criteria such that the directed reception

beam encompasses the estimated location of said second UE. One directed

reception beam for RF communication signals of both the first and second UEs

may be formed such that it encompasses the estimated locations of the first UE

and the second UE. Alternatively, a first directed reception beam for RF

communication signals of the first UE is formed such that the first directed beam

encompasses the estimated location of the first UE and a second directed

reception beam for RF communication signals of the second UE is formed such

that the second directed beam encompasses the estimated location of the second

UE and has a different direction than the first directed reception beam.

[0023] Preferably, reception beam forming criteria calculation is based in

part on comparative signal to noise ratio (SNR) estimation. Signal to noise ratio

(SNR) of forming one directed reception beam for RF communication signals of

both first and second UEs is estimated. Signal to noise ratio (SNR) of forming a
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recepti on beam for RF conmunication signals of the second UE is fornmed such
that the second directed beam enconpasses the estinated | ocati on of the
second UEoan@4dies a different direction than the first dipcaatSez3tsecepti on
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[0025] A preferred base station has an RF module and an associated
antenna array system. A beam former is operatively associated with the RF
module to form a desired beam within a range of beams of which the antenna
array system is capable. A geolocation processor is coupled to the beam former
that is configured to process UE geolocation data relative to data of a location of
the base station’s antenna array system and output selected control parameters
to the beam former. The beam former controls the RF module to transmit or
receive communication data for a selected UE in a shaped beam that
encompasses an estimated location of the selected UE where geolocation data
which corresponds to the estimated location of the selected UE is processed by
the geolocation processor. Preferably, the geolocation processor is configured to
calculate transmission beam forming parameters by estimating an area of
transmission beam coverage Apeam as a function of RF phase ¢ and transmission
power Psuch that phase ¢ and transmission power P are selected so the relative

location data (8, d) of the selected UE is within Apeam. Preferably, the antenna
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to the beam forner. The beam fornmer controls the RF nodule to transmt or
recei ve comruni cation data for a selected UE in a shaped beam t hat
enconpasswe tan4ast i mat ed | ocation of the sel ected UE wher @Cgamshongmsi on dat a
whi ch corresponds to the estimted | ocation of the selected UE is processed

by the gepl ocation, processor., Preferabl t he ql C S
conf i gursgfﬁtet% ot E’Hﬁrzfﬁﬁyto é’h%drﬁsggif %hmg‘e‘gfr?\vf(g% ﬂﬁﬁe egggfénééjseé)fg&ba;ﬁ %Z(Erl mat i ng
an area (§f saphé Bﬁ%é %in@lr%mﬁ& YBEATBe MERFREISN P roBEWELY 98 cohfigrddnse cp
and transm ssi on power such that phase cp and transm ssion power P are

sel ect ectadaulatee tretahisson beant fomihat pafdmetdrsods whfumsio pédhasei @, wi t hin
Abeam Preferably, the antlgﬂna -7 WO 03/ 04@;&9 PgT/ Usp2/.37851 s¥stem has
a pl ur altFeYSIHESAIYBYWRT WANGARIEARASY SRS 3nd SRQUEULRAIAIGIETS 1 he

sanme phase ;and_ power d e ] i ' dto
cal cul arbe R APUED: Milektifink A AERLREBHIRARACT RN |F EATERIAE D
transm SsjvRll POMA aftednd 3R8taNMRody 3 Eecite6] tyhasmission bepui fopataimi.ers to

the beam forner representing a sel ected conbi nation of phase cp

transni 46026] poweAltPrratdvednt arinaddygorthamgeelopption prorepesir iscaniaveed on
beam f ormat i.on [0026]. Alternatively, or in additiaq t.he geol gcatien
processdP falCule; fﬁ?FBL‘OHt Mer| tqﬂlﬁflé P%Eaé’ﬁﬁegﬁd%f%p%?%?ﬁgalbaarréﬁe?grs by
esti mati Odoveb£6LRL 4 SAO R 9hade sach ehdtisleddean sefectdd #hase
such tha@g%@?lglzblgémsgvggt ed so%&tl(%e rel at ?)ve [ocati on ‘data ofs_teﬁe sel ected
UE i s witheireldthee heationidate ofiitd seledied M E towethay dhe When ef teiceptaon baam syst em
has a plurality Qf reception nodes whjch e@r ov]ié,degglriffer.ent s(?aqpei.%f
recept | GIVBERSAs Ydrere ke satenih sEeen: Ras gdyusr ity enrecppPierdegtesy whaic
configured. t | C LA I S i on of
phase arff °3h ee(?\l?tdeggl;}g%@#e%eogg%%%ﬁ&ﬁ%%eﬁagr?gll pge %%%g%?l ta%é’r %}%se%ég)rl %Ja%?)glt t he

beam f org@eesdo ik aoafiguRed do wal@dhedre@pbionabéan formihgymrantbtard aesna
system reception node to control reception beam formation.

0027
Pr ef er adflupctivhef RBasedulanterna Resteaprrcepiionmedeand o %?@tgﬂﬁﬁnl%ﬁ@
t 1 SSi b h .t hat h t I S§Si .beam i b ' ryi
Commnt cRi GGG aHEer sriieseaine s Sl Rk RaRTY & AR By dfld Y| 10
former dSiQRGedbh ok YnAESRURLAS rebdftidBeddn foPgiakRnt 0 form a set of

desired
[0027] Preferably, the RF module has the capacity to provide more than

one transmission beam such that each transmission beam is capable of carrying
communication signals for a separate set of UEs. In such case, the beam former
is operatively associated with the RF module to form a set of desired
transmission beams within a range of transmission beams which the antenna
array system is capable of producing. The geolocation processor is then
configured to calculate transmission beam forming parameters by estimating a
set of areas of transmission beam coverage based on relative location data (8;, di)
of each UE; of a plurality of selected UEs, where 0; represents the angle of the
UE; from a O degree reference of the base station antenna system and di
represents the distance of the UE; from the base station antenna system location,
as a function of RF phase ¢ and transmission power P such that phase ¢ and
transmission power P are selected so the relative location data (8;, di) of each UE;
of a plurality of selected UEs, is within one area of the set of areas of

transmission beam coverage. Where the antenna system has a plurality of modes
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transm ssion beans within a range of transm ssion beans which the antenna
array systemis capabl e of producing. The geol ocation processor is then
conf i gur eaotos/oembeul at e transm ssi on beam f orm ng par anet @C3/Usy2/8m5i mat i ng
a set of areas of transm ssion beam coverage based on relative | ocation

data (G,, dj of each.lJEi of.a pluralit f . selected UEs 0j
represe sWH‘r‘é‘ (R g‘ftlfl(frﬁé‘g sbgpgsr P%ﬁ?aamé fﬁ’é@ %Sgﬁléaf r%sncaen%%%v‘%g’ Do

;t ati on AR RARRNSYSIBRAN SleferaBBf esefidrdd'® hlshiRite ar@hsiiidfEbehiom t he
ase station antenna systemlocation, as a function of RF phase cp and

t r ansni feimingparamPtersals a fuactiphaf phage qridransmassion powen Fhaowdantznaae
selected so the relative |ocation data (0i giite) of. each UE qngf a plurality
of sel ecysteromaods A7 apd ke AURE PaTamesers iodhedeagy fopmerrepressntipEarfeti on

beam coverage re. qg: has; ' desoatafy WO
03/ 0494 sﬁ%ﬁf@gmgqog%%?g%ﬁ%?%% e%gllo?‘f@vg%l?bs%%%géto g}ésr% or the
same phaggdand t6evkirol thsntiesibAdRhbin® orpidi@ssor is preferably configured
to cal cul ate transm ssion beam form ng paraneters as a function_ of phase

cp, trar6AR8ki on pdlternatively, eniemdditiey.stharRiomodde dasctheueanacityatanet er s
to the beam fornmer representin set f.sel ected combi nation of ase cp,
t r ansmi SEOSHDBHRET t]F’aIgﬂBe 5?1?%’11]’%’.36\%“3@ éH?Oh ﬁﬁ?jtee?\ﬁ}} E)ecggﬁg?g)leafl} gnc%%ag gel on
beam forgrablAingl dAEELlk I EEhUR! for Hodtafldlt JOUES! T8 fchide) ehdias t he
capacity to ‘provide nore than one reception beam such that each reception
beam i s lnapadenenik oparatively assonatedorithdhe Rymaldsld wrfoemsepdofidesivat  of
UEs. In such case, the _beamforngr is operativel _assfo%i %d with the RF
modul e tiGCceRfipm Reams Wwithypairapge of grcepHPBPeBELFRPAF BHILNS 0B gfray
reception bea pacH : '

br ocess o PER HARARE oA bnlyofe R0t RV rtoh Bl S Bl Eilpu R I EpLIOR eb il

par anmet efpsmbig Seirh iteObR cseimMingreesst of ar€nepf resepbwanbeametovgeagdased
on relative location data (O, di) of each UEi of a plurality of selected

UEs, wHersed@n redptive donatiarhdatan@l, elioif eash WE; offa phiralidy @égelestedeYEBence of
the b taj i t d. di ts the.dist he UEi
from s hevbeted: RETarS dhe anws o ERethJEaR SN el PhRER SRt B R hase
cp such Eﬁ%n%ﬁpﬁ%ﬁﬁ%}%gllfdedsiterﬁgre%gg%g'ﬂlé 8lsth hoCof RAUEQRrodRtiRe bite di)

of each of a plur cte .
station antenna system location, as a function of RF phase ¢ such that phase ¢ is

)

selected so the relative location data (8, di) of each UE; of a plurality of sélected
UEs, is within one area of the set of areas of reception beam coverage. Where the
antenna system has a plurality of modes M which provide different shapes of
beams for the same phase, the geolocation processor is preferably configured to
calculate reception beam forming parameters as a function of phase ¢ and
antenna system mode M and to output parameters to the beam former
representing a set of selected combination of phase ¢ and antenna system mode
M to control reception beam formation.

[0029] A wireless telecommunication system is constructed by providing a
plurality of such base stations and a plurality of mobile user equipments (UEs).
Preferably, each UE includes an RF module that has an associated antenna. The
UEs may have a geolocation processor that is configured to determine current
UE geolocation data using a global positioning satellite (GPS) system which data

is transmitted from the UE RF module antenna for use by the base stations.
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UEs, is within one area of the set of areas of reception beam coverage.
Where the antenna systemhas a plurality of nbdes M which provide

di f f er entwehapesoof beans for the same phase, the geol ocRCIrarsopsmSESSOr i S
preferably configured to calculate reception beamform ng paraneters as a

f ti f t t de, M and. L t
the beanhgh ok mREIPCELin f RsaR Curor SerUNenh “Bat R Wi Iy SR o 2o
antenna SYaheRMJREG aMdsfredPian?wiflinaPid e SEREAHWHth @he DB ANNMA

w rel ess tel ecommuni cation systemis constructed by providing a plurality
of such faag sytstdmasapablaohprodicing bh swohidase,us @eokwgationMTOSe{SOESS .

Preferably, h UE incl ud RF nodul e that h i at ed .

The  UeseaHeed o thel SLcnade dorias (hascs ct et Ra o PLossan i 4P oL GORARES n ne

current Hﬁ; SEH{D%%@&' 19%?01{‘%15& 8 t§'d9P2bs PRs khb®dl 188a§8h OF hideect&S)
V\?n ch data te ?’ RF dul

system I's transmt romthe UE nodul e antenna for use by
t he basebsdeaith 6o .and Gutylt 83ledtkda tRTCPAtM2t&286the baain foEmernyThatiRide a
beam former operatively associated with the UE RF nodule to forma desired

beam wi t b¢amdormayeontrokethss UkhREmpdulede anemabor Kdeate QrREdifalipap| e
of Produg) f%r 1R 36180k e 2468 05 3hhBld g&gg]ggfagredcamﬁagg@ & dfwie U

beam f or ure o proce catro at a

esti mat efchlioh QFdheQR1EREADAYE statisinivheé R gelsheabionodithal latite o shé ect ed
base station and output sel ected control paraneters to the beam fornmer. The

UE beankhowmdocatoon obthe shlectsd Rsenstation isproeessedihy the Hdcgeqlecation
comuni cation data for the selected base station in a shaped beamt hat
enconpasBE¥eE- known | ocation of the sel ected base station where UE

geol ocat '{d’(’ﬁo ata re @tli,TEte%?tofbcﬁﬁ%n f£86R o} RCREIOMIYY cbhﬁ[;a@desot@qc@m@

station I's processed by e UE geol ocation " processor. [0030] The UE

geol ocat tramsptiesiondwan opniafegep atinyeteon by gstiedating cal ardaaeftransmmsnorsi on
beam form ng paraneters by estinmating _an area oé transm ssi on begam

cover agebgaiasevernse Avme 88 grfupetipy Of)%gégl@eélhﬁln PEARSRISSIORP SEclych

R R G

sel ect ed¢ipag&imated UE location relative to the known location of the selected base
station is within Apeam. Relative location data of the estimated UE location
relative to the known location of the selected base station can be represented as
(@, d), where 0 represents the angle of the selected base station from a 0 degree
reference of the estimated UE location and d represents the distance between the
estimated UE location and the known location of the selected base station.
[0031] The UE antenna system may have a plurality of modes M which
provide different shapes of beams for the same phase and power. In such case,
the UE geolocation processor is preferably configured to calculate transmission
beam forming parameters as a function of phase ¢, transmission power P and
antenna system mode M and to output parameters to the beam former
representing a selected combination of phase ¢, transmission power P and
antenna system mode M to control transmission beam formation.
[0032] The UE geolocation processor may be configured to calculate
reception beam forming parameters by estimating an area of reception beam

coverage as a function of RF phase such that phase is selected so the relative
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station is within Abeam Relative |ocation data of the estinated UE
|ocation relative to the known | ocation of the sel ected base station can
be represwotoad4msy (0, d), where O represents the angl e ofrcrhsoyegissct ed
base station froma O degree reference of the estinmated UE | ocation and d

represents .t he .di stance bet th est I t] nown
I O(F:)at i oﬁo%q‘thrhgat%Pgég%ﬁegegﬁ\%fg?%% ?tgﬁl.(ﬁ'[ i&or@gt?’qq'wgeﬁgggn({ enﬁgﬁg@/ﬁsp g%ﬁlmay
have a RlVERldet YWer8RHE ainke i 6fsteR] RS Apldraliey 8NtecepeipAmededwhivh f or
t he sane phase and power. In such case, the UE geol ocation processor is

pr ef er alprpvlendiffguertishapesaifoetention beamsifesthmsameahaser thergpobesadingk er s as
a function of phase cp, ansni ssi o ower, P, and antenna, system node M and
to out p&roﬁ%ﬁsageiser%r %raHl'% B%fmraang? C?@B}%geﬁfe?‘?%l%fl sBf tz%rmmg

combi natl 08 ff.AN3Se fihctiondSPhae A RAMSInL sfétdm Rivd B¥atemdrde Mto

control ‘transmssion beamfornation. [0032] The UE geol ocation processor
my be canpiuypaesmietesaloctieabeamriormpt reprdseatingoa selegteshcembimatiorhgf
estimating an area of reception beam coverage s a function .of IiF Bhase
such t hathaseand autenmacsyistemagcentaon moge;tosontrod regspitombeas dormation.

PCT/ USO 1 lo ' S i ' I.LibbR, t he
area of Zﬁoégit I on %@%ﬂ%%?c%@tggtagépﬂ%ﬁ%\?egtfﬁﬁg%‘%lg%ﬁg %&?gﬁoﬁggwﬁl&b{}} ality

of recepdir@RidPhiae sthtich RIPéonindmichtionedignalsshapetieloks tadeephinumidztioms f or
t he same phase, the geol ocation processor is preferably configured to
cal cul atsystangewyheweinbbase fsbationy Whigh dhaxe o¥erlapping AeanygRission kasgesand

antenna system receptdsan node and. t o .out pyt anet er f or mer
repr eserﬁ‘%ﬁ&c Wé’éﬂ(i%%%g C(Q,B:HBPH%I“??](S’HS &lgh Bﬁg‘slgﬁ?ﬁ r%lns Eﬁﬂg&s‘}&%ﬁéﬁﬁﬁg&pt i on
mode to gANLihalcACRRALIBA SeadBH of ﬁei%l!u‘iﬂlity LPA3BE thaetdiertcasgente bhsd he

i nvention provides a nethod of selectively directing base station RF

comuni cehtion BFyoaimsninicatisnr elgesds tieldeterminmdidat The depprmaminghef éim base
stations which have overl I ng trapnsm ssjon range conduct,.wi rel.ess RF
comuni cestilpateddpeation Bf@ﬁ@?m@re&mﬁ@@pe a{mﬁﬁgﬁggﬁf%ﬁ‘?nmﬂ’lc”%ﬁtﬁﬁ% ed

| ocati on_of f I |t f.: ; : tQ I ' ion RF
communi CaTRsiEfloR g RUR ihdisted bighal koGl By dhd SCFIOKE 1ASE Bradiny,

| ocat i omagf/oRpbHormeArnsf £Glbbal PesitioniradShtellitd spstonuat tiad Udh Egiseach

UE, each base station that has a transmission range which encompasses the

estimated UE location is identified. For each UE, relative UE location data in
relation to each identified base station is identified using the UE location data
and predefined location data of the identified base station. For each identified
base station, beam forming criteria is calculated based in part on the determined
relative location data such that each UE is assigned to a particular base station
from which RF communication signals for that UE are to be transmitted. A set of
directed beams of base station RF communication signals for the UEs is formed
based on the calculated beam forming criteria such that for each said UE a
directed beam having RF communication signals for that UE encompasses the
estimated location of that UE. The process is repeated based on selected criteria
to dynamically reconfigure base station transmission beams.

[0034] Communication data for each UE may have a quality of service and
a data rate requirement. In such case, beam forming criteria is preferably

calculated such that each UE is assigned to a particular base station based in
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triangulation of UE transmtted signals received by one or nore base
stations and/or perforned by a dobal Positioning Satellite systemat the
UE. For ewoh3/ouHp9 each base station that has a transm ssi eaTrznys7sshi ch
enconpasses the estimated UE location is identified. For each UE, relative

UE | ocation datia inq.relati t i | fi i .S tified
usi ng th%a%é)q %%ea%l%lrl]tyaoaf?saerggﬁc?%gra e ef%aggg&#‘ygg |e§§§§%€kgea%@wéﬁ (fdc}en ified
base st ajo Fe¥rafasiittedanithé THGs. Pasterablf! therveldgvarldcativhrihteiof bach a i s
cal cul ated based in part on the determned relative |ocation data such

t hat eacHBUmdludess estgmaded aelatien velogitsirdatasef thealllon Inf sush ogses herm
comuni catiaon signals.for that, UE,are tp be transmit . A set o directed
beams of Oﬁﬁ’éggﬁ&ﬂ“@nlﬁ:@r%ﬁ%ﬂﬁi %aégillaﬁe@isgﬁlé'tila]t&acflh% aF%l_ngﬁﬁ 8+ based
on the gﬁ%ﬁ&&ﬁ £, 82 {19641 Bukel! i 54 SHCHotNahe MilatidehictatidnUBata
directe eam having RF communication signals for that UE enconpasses the
est i mat ecbrrespainidomg ¢f thdedtimRte I DE locatiens and the pekatoc éxtibedtesivededitct ed
criteria_ to d%galgi cally reconfigure base station transm ssion beans.

[ 0034] cdhaefi et VEBS data for each UE may have a quality of service and a
data rat uire ;ﬁf’aﬁﬁ' ' i i3 1l bly
cal cul at gr Sgﬂch tgﬁg 5%%:%0%%%!}1 assllcgangg‘g%%rﬁgé%faéﬁif%u tgﬁfo aﬂggngl?gs?%ﬁ based

in -11 NMRMAZAOLALAINICTEPERRAIBRE onpastleoted typemfal ity of service and
data rate requirenents of the comrunication data to be trans_m'ttigj[ o the

UEs. Preferabiy, tehangsimuelativolosation daha sogeseenrdingte the estymade mat ed

relative, vel.ocit ta of .the UE. | h_c , ormng criteriais
prefer aawaﬁa}%aﬁ&@a rggactﬁve[ fSfD, 5%‘2"%&&?% dg‘@gi"égggﬂ%;a particul ar base
station basedyin pﬁ{atngylntt‘hbfhdatlﬁyb?é%dé@aﬂcﬂ&@&ét@%a@@i@}uiﬁaﬁéﬂﬁsmBlﬁié ng to
the estimated UE | ocations and the relative estimated velocity data of the

UEs. [ 00&bhmikiracatidrhddta to Hy tramsmaitted teedenUEgupadiase st ation transni ssion
beans is preferabl%%s{re eat edE lt!)ﬁsed on a selected type of: a. change in
relative Ioca‘t’-i on & : Bing to the estinated UE |ocations and the
relati vemﬁgn&t EdAvﬁfé}ghte)i datded télgﬁ%ﬂﬁmipatimas’}gﬁelhnt& RS nanAtiNy of

service r data tate requirenments o e
reconfigure base station transmission beams includes a plurality of base stations

for conducting wireless RF communications with a plurality of user equipments
(UEs). Each base station has an RF module and an associated antenna system
that is located at a predetermined position and a geographic transmission range
that overlaps with the transmission range of at least one other of said base
stations. A beam former operatively associated with the RF module of each base
station to form a set of desired beams within a range of beams which the base
station's antenna array system is capable of producing. A network interface
interconnects the base stations. The network interface and one or more
associated geolocation processors are configured to:

a. process UE geolocation data that corresponds to estimated locations
of selected UEs relative to location data of antenna array systems of base stations
having transmission ranges that encompass the estimated locations of the

selected UEs,



conmuni cation data to be transmtted to the UEs, and/or c. base station
failure. [0036] A preferred wreless tel ecommuni cation systemto

dynam calwg o3peaonfi gure base station transm ssion beans Patlusdes7sal
plurality of base stations for conducting wreless RF comunications with

oo o hsenot by o prEHioR B SelebidiUms ARG RARAC AUPEIRD B8R AR hidP iUl ©

and an associ at ed enna system at “a e erm ne

posi ti orcoan@uRiGRAH AP G deletiedTbasd AtibABBase dtationy habagstruhshidsivn
transm ssion range of at |east one other of said base stations. A beam

for mer opergasithat ynemyupessathedestimptadlocafionpafithe egleewdiUBgsandst ation to
forma set of desired { t hi f, b whi ch.th

Statlon' s antenna SHPH) SEFCEPRETRRIAR S BP REGHCTTG AL RACGAPRIN er f ace
I nter Cor}%ﬁhg gFﬁ&%rgf&%ﬁ)ﬁfﬁ{ge@Qﬁat dheomphdoite és’ﬂ%rﬁfﬁfoejﬂclgc@ﬁgns)@@c}?fhm e

associated g ocation processors are configure . a. process UE
geol ocatdedectddt hagehatation r bmmendss tconentinimtion [dadat fansaclhf Ufelofcthed UES

relative to |l ocation data of anten rray .systens of. base station havi ng

transm s&F mﬁnoaagé%gﬁmo @W@Gﬁ%ﬁg%gﬁﬁi 1@5%1}%3(9@30%35% thatpreopysses aé"el ect ed

UEs, -lzes Qg&iol%%élﬁgn%@IﬂéJ?Qs?;{e%Zi%ébEb' apportion said selected UEs into

groups, each group for malntaining conmunications with a sel ected base

station [@D3hpse st@dhinonenicationgldtaabseashiselectedhbfe smahanvercquphtsof he

estimated | ocations of the selected UEs, and, c. ﬁét put sel ect gfg§par ters
a

to the beamiceoandmasdata patserequiremant. Hrpfergbly. dhernererk infegiase
enconpass the estinmated | ocations such that I . [

transm t%ssgmi ?ggéﬁl%%ﬂo%é)trgcqrsgprse%l&cqyé{%regﬁgsa% %ﬁ‘ggﬁgﬁ‘%@%g‘? I(%EPE}; of
appor ti oped gkgpd Ehs%dﬁhgﬁ@@ oREBE ARy BNSvRRSERBdAtieratesby ke ntO6AL i ON
of the respective UE. [0037] Communi cation data for each selected UE may
have a qtlel donymahicatemvdat e radamattedite the gelectadedE. (Gealpeataon data he

T T T N T T

service Me%l?, PR GrtRAVk T8 HhSe Qhd associated geolocation processors are
configured to apportion the selected UEs into groups based in part on both the
geolocation data corresponding to the estimated UE locations and relative
estimate velocity data of the selected UEs.
[0038] Preferably, each base station includes a geolocation processor
coupled to its beam former that is configured to process UE geolocation data
relative to the predetermined position of its antenna array system to output
selected parameters to its beam former such that its beam former controls its RF
module to transmit communication data for a selected UE in a shaped beam that
encompasses an estimated location of the selected UE where geolocation data
which corresponds to the estimated location is processed by said geolocation
processor. Where communication data for a UE has a quality of service and a
data rate requirement, each base station geolocation processor is preferably
configured to calculate beam forming parameters for a beam directed to a
selected UE based in part on the quality of service and data rate requirements of
the communication data to be transmitted to the selected UE. Where geolocation

data of each selected UE includes estimated relative velocity data of the UE, each
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t he conmuni cation data to be transmtted to the selected UE. Ceol ocation
data of each selected UE may include estimated relative velocity data of
the UE. WoeBesaldy, the network interface and associ at ed pgealSonatsson
processors are configured to apportion the selected UEs into groups based

In part on _both. th : | : ongdi ' UE

| ocat i on%ggé)‘n agleqtna ?@ggﬁgé;f%%%%gs%ﬁ%gg%{"%zl? a&)o r%@stgrgaclﬁlg't@tseg% 0038]
Pr ef er abloymifa parkastestfot adean dititesd to geeleecal U bpsat aspart oxcboti ed to
its beamforner that is configured to process UEt&aeol ocation data _relative

to the pthedgeelonatien drtai eomypspsinding tentherestimategl logationst anduefative

sel ected parapeters. ta its,.beam.f or uch that its beamfornmer controls
its RF HBP%’%@W?%%@WP@%WF@%@?} data for a selected UE in a shaped
beam t hajpp3ePCoONPagagsiGHAIRS é40H AfhsbOSBItiH gebldchtioneb8deRBoiEm M HE

geol ocation data which corresponds to the estimated | ocation is processed

by sai d gedfiguraditonutpricedated pavimmetersdsomthe base staticadg bedmoformeEsnels a
quality of seryice and a datg rate requir , ase station.

geol ocatﬁm t&&l@%@ﬁ@@ beam ?%fB?’E/COI’t?gﬁl’:Ifsitgg?@lompg‘alf%ogfﬂ‘%?@tﬁéﬁﬁ?%%‘? M ng
par amet eJo?nﬁani@a&&?H%ﬂi £5:°4 Sl AUR B ﬁcstlﬁig)elijﬁ)et&% ¢Hat BnB&hpasdestdie
quality of service and data rate requirenents of the communitcation data to

be transgstihetkd behtien 9étlecsddcetdd. Ubhehieregrolm@ativhalntadehighebrieapbnd=! ect ed
UE includes estimated relative velocity data of the ﬁ&JE, each -13 WO
03/ 04940® HeTesiozted dacmatiomet the selested)dbE de Arrensspd desaidr eeosatidnr ap| y

configured to calculate beam form r rs. fQr . a. ' to a

cel cot e e DR oA e T ReBEh B el R b ApoPiy BB ETBEL D

the esti{mBifnkotainsatissidRdor Gleabptien RS "Qich YRADGakl tiainantsioheor

sel ected UE. [0039] Additionally, each base station gieol ocation processor
a

may be reoaptignbednt is capabletofsakesing dopananisation signalpformespasatasesnf s beam
forrrer_ Sﬂg{]s hat .t he bas statigln' 3) bea?] f or ner cont.rojlpjs t he ﬁF rm@gl eto

t ransni t U&S- l@csichecasgq eh FeRecHe AP 1o e 1§ QPEFRHEC R SSRER R WY beam

t hat encﬁ{gjﬁﬁzggd%itg E&Itﬂl Bt dr HOSALA PR RiniksiBn e |r§€é;{%ﬁ)r{feéﬁﬂ§ kAthin a

geol ocation d corresponds to the estimated 1 ocation of the

sel ect edrddige of Hapeessdinlthevapdciypof othabasanstation's antenna array system.
[0040] A further aspect of the invention provides a smart handover method
of selectively directing base station RF communication signals in a wireless
telecommunication system wherein base stations that have known locations and
overlapping transmission ranges conduct wireless RF communications with a
mobile user equipment (UE). An estimated location of a mobile UE which is
receiving RF communication signals from a base station and is located in the
transmission range of a plurality of base stations is determined. The
determining of an estimated location of a UE is preferably performed by
telecommunication system triangulation of UE transmitted signals received by
one or more base stations and/or performed by a Global Positioning Satellite
system at the UE. For each UE, each base station that has a transmission range
which encompasses the estimated UE location is identified. Each base station
that has a transmission range which encompasses the estimated UE location is
identified. Relative UE location data in relation to each identified base station is

determined using the estimated UE location and the base station’s known
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processor. Each base station RF nodul e can have the capacity to provide
nore than one transm ssion or reception beam such that each transm ssion
or recepwood/olgam i s capabl e of carrying comuni cati on sipgmAlS®2/81851 a
separate set of UEs. In such case, each respective beamforner is

operativel v..assegciated with .the RF I . f '

CFanam Jopdios; Heath Joritreaifa S ridtieEg sef i pRatth e diithfika
capaci t yre®ititd odatne ddtalsueR thadthe UR ifhsd¥ned $6 6 of EROidntiiddbader
aspect of the invention provides a smart handover nethod of selectively

di r ect i rgatiane frmawihich RF coommuniicatidrosigaalsdar thati/l ang tebetransmitted.
tel i cati t in. b tations.that h k |
and - ovel APRIOHE (AT P BPh PR S rAR AU B R ORI PE D Fons
wih 2 (BRbRea SR tcPARAndd Fhse S0yt 1 RABied DaALd B tBE dAldmbteP UE

which is recelving conmuni cati1on signals froma base station and is
| ocat ed hean Hermingasterss sach thageheodiracteduresin epcahpbasss Hteatdtomatdds

determ ned. The determ ning of an estimted | pcation a UE is preferably
per f or nd@caijon o€ thao¥unt basmart handerex Progsss }salgqp@ﬁt%ﬂ){y@ CiJ?% ﬁ%lrﬁcjéei‘Ld

signal s rret%%i§ Vfodﬁlfﬁy?%l?&glﬁ ecggﬁgu{)%ggﬁzétgﬁog%aﬁ k ioﬁ)%%ﬁ{?rred by a G obal

Posi ti onci at e em a or eac ., eac ase station

t hat hasgpa4l] ansm Gem@iunidation daba € thedPRmasyE havé hguadity obderdicdndecat i on
is identified. Each base station that has a transm ssion range whic

h
enconpasdate nafie reguirement UEshok gasebepm fqrgungicriteria sgehdhiay sheF'l st at i on
data in relati to each identd fied base station.i det erym S§ t he
cat | mmt dtpmainpRe A Skl s Bine Farisho 30 kRGO 15 GRS BadThee
PCT/ Usoéﬁéﬂ%%_lthel PR iy seBERE A dHtAT 286 bd flikémbatLaf thel el ubaggbd n part
on the determned” relative |location data such that the UE is assigned to

one of tdwtaitddmrttrineditied to thet HilsoRelativedoshiion daka ob tha kil mayomctudmal s
for that UE are, tqQ he trﬁ)nsm' t ed. A@#ﬂr?ct ed, beam.of base station. RF
conmuni ceftisated Eﬂiﬁ?lé’e welocitgedate ofthg 11 {psych g (hrara dummea ke
station js.f.er . . 247 5f ' Y ' t hat
The. i r LRA/ TSR RAE L ARidd G EAACEHEI I\ PERY IreferaliR) T2
handoverc)éWaesd bhsed Appattash badetheorelative tdedioncdatiactorsedpondymaito tiad | y

reconfigure base station transm ssion beans. _

estimated UE location and the relative estimated velocity data of the UE.
[0042] The smart handover process is preferably repeated to dynamically
reconfigure base station transmission beams based on a selected type of:

a. change in relative location data corresponding to the estimated UE
location and the relative estimated velocity data of the UE,

b. change in the quality of service and/or data rate requirements of the
communication data to be transmitted to the UE, and/or

c. base station failure.
[0043] A preferred wireless telecommunication system for implementing
smart handover includes a plurality of base stations for conducting wireless RF
communications with a mobile user equipment (UE). Each base station has an
RF module and an associated antenna system that is located at a predetermined
position and a geographic transmission range which overlaps with the
transmission range of at least one other of the base stations. A beam former

operatively associated with the RF module of each base station to form a set of
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[ 0041] Conmunication data for the UE may have a quality of service and a
data rate requirenent. In such case, beamformng criteria such that the UE
is assigwedsnwione of the identified base stations is preCarnasbl/g7ssi

cal cul ated based in part on the quality of service and data rate

requirenent.s t he c. nicatio ta 10 t ). 1. t

Rel at i vgg?sdﬁeéﬁ’%?fnﬁé”{lgﬂg’fuatrﬁgg‘f’JEPRﬁg&sn%flﬁgg%ee%atas?ﬁan%éeléggea}ngf H/lg a\?e %ci ty
data of {hgeMFis tdpabie hfcimAuchfaMA Qebivbek Shidréidedintettohnkebi! tieadhsdE i s
assigned to one of said identified base stations is preferably calcul ated
based i nsta&ionson Bl meatherk einteiface | andt omn atamore oassospsadi geplpentior
estimated UE | ocatign and the relative estimated velocity data of the UE
[0042] TPROCERNE Cﬂﬁﬁ% throcess is preferably repeated to dynamically

reconfigure base spalion (haASITHERIA 38R ThabasifePondsSQ) aat Bstifoaeed of © a.

change in relative f&ocatlon ata corresponding to the estimated UE

| ocat i onlogatiohhef aededédteé mebiledEdraletiveitoylodatianodatiahef diterdma araage in

the quality of service and/or_data rate requirenents of the conmunjcation
data to %@tﬁ?%nfon'ttatsédeta(‘jlopﬁeh@En%ﬁﬁ?’b?m@.SI%’aé‘éng?%tt?‘@ﬁ $BGORPESS £8943] A

preferred t\#é%g%ggo%élgl eocf(%pgggie ?é%%.syst emfor inplenenting smart

handover °§ uralrty o ase stations for conducting wireless RF

communi cat i ong, W t felactbadessttioh of thi Ipigenta (il hawiaghrheseissiontramgehas an
RF nodul e and an associ ated antenna systemthat is_|ocated at a
pr edet er thatexhcoppsssitba estitnateddoeptipmptthe splected iBhandnge which overl aps

ith th t i i f | t th f . | . A
beam former Gror sort PtaBspul ot Rep R A Re FEH selEfeBRge BANORTS . O
to form é’%@xﬁﬁha&fthe'séﬁc{@a 104409 t REHMHE) B8R cat dtsd dtadoPaa gelddtedi n a

range of beans which the base station's antenna array systemis capable of

produci nYE i aethaped bewrethat encompnsasndet estithetadabeation atfithasselepted
network interface and one or nore associ ated geol ocati on processors
configurU@-to: a. process UE geol ocation data that corresponds to an

esti mat eg)04|4 cati op A mAnREERA &Lt B it HRebRPUEY tdyPhhoeat Gaaligpie of

antenna arra
service and a data rate requirement. In such case, the network interface and

associated geolocation processors are preferably configured to select a base
station based in part on the quality of service and data rate requirements of the
communication data to be transmitted to the selected UE. Geolocation data of
the selected UE may include estimated relative velocity data of the UE. In such
case, the network interface and associated geolocation processors are configured
to select a base station based in part on both the geolocation data corresponding
to the estimated location and relative estimate velocity data of the selected UE.
[0045] Each base station may include a geolocation processor coupled to its
beam former that is configured to process UE geolocation data relative to the
predetermined position of its antenna array system to output selected parameters
to its beam former such that its beam former controls its RF module to transmit
communication data for a selected UE in a shaped beam that encompasses an
estimated location of the selected UE where geolocation data which corresponds
to the estimated location is processed by said geolocation processor. Where

communication data for a UE has a quality of service and a data rate
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systens of base stations having transm ssion ranges that enconpass the
estimated | ocation of the selected UE, b. select a base station of the base
st at i ons wawiBge409 ansm ssi on ranges that enconpass the e®Crmsvzarsspcati on
of the selected UE, and c. output paraneters to the beam fornmer of the

sel ecte ti c t e | ]

comruni 3&??‘%‘%@%‘%5%}% b?%ee&ggﬁgc%e;og& a@gnﬁ%}ogg% gggg%fg{édn@ ?ﬁg{lﬁgﬁgao&ngoasses
the estigmdddtd Beahiformiig pdrenseeescionth bddm difRtel toCosatuctiedATE basetbira f or
the selected UE nmay have a quality of service and a data rate requirenent.
I n such reaten theauaditiicficervice pnddatasate epurements Ydbesommynigtiessor s

otal Tty it Yot BRsRAbER, d°RC heiRteel DR, B eeBlheRtRE dd A Ao BBl e (o
be transpifided e%gxﬁa&l%d%_@ia%ﬁie%l&%y &0l SIRBL TR, dthdRE stdthén selleadtash UE may

I nclude estimated relative velocity data of the UE. In such "case, the

net wor k protessbade paefdraklyocmindigected d¢olcatatlaenbgarndeosming parameterfs ipuraed t o
| ect b .stat] b [ t both, th l. ti dat .

cor r espordin girectd Wahedt £ baruhi BRstandioth he FEPEFTUe Bata R ROBRIS ¢ y

dat f . ' '

ata o eo%e;e%'tﬁﬁ&t%ﬁ Eation 494 3k1dta e RARE S VBIoLAY Y of thb USkE. 2 ired to

geol ocat on ‘processor coup ormer -t is co

process [0B46pol ocaacinbasd etativnagdolecdtivit procepsardatgraltmbd cpnfighiahtof its
antenna array systemto output selected paraneters to its beamforngr such
that itsabadate sramsmissian beam dermumgnpagameterst by pskimatingndiritea Pbn dat a

f | ect ed UE | haped th ' ti
of the SERBUERFORbRAG @ ERER Akt bh Adap LR LR oty Elp e LR ERelde ™ O
esti mat §hwQCRELN tha ﬁ&%éﬁéﬁﬂt%sﬁﬁbﬁoﬁ%@ 298 sPleBfRSThe réliRi v
communi cation data for a UE has a quality of service and a data rate -16

WO 03/ 040edtSorr@ata)sf2zha 1B lis wihin dement ,Whardinheah base staiapeahtsaud on

For a besmtamian ea vy Serased OERISISB VIR IEERDAP R LRy 161
. . o art = _

{ransm (RRaotE PRA% Erd BPHGEGERRsP oo BEATYEHOA R MRsp S Brp Bl

configured to calculate transmission beam forming parameters as a function of

phase ¢, transmission power P and antenna system mode M and to output
parameters to the respective beam former representing a selected combination of
phase ¢, transmission power P and antenna system mode M to control
transmission beam formation.

[0047] Each base station geolocation processor may also be configured to
output selected parameters to the base station's beam former such that the base
station's beam former controls the RF module to transmit or receive
communication data for the UE in a shaped beam that encompasses an estimated
location of the UE where geolocation data which corresponds to the estimated
location of the UE is processed by said geolocation processor. In such case, each
base station geolocation processor is preferably configured to calculate reception
beam forming parameters by estimating an area of reception beam coverage as a
function of RF phase such that phase is selected so the relative location data of
the UE is within the area of reception beam coverage. Wherein each base station

antenna system has a plurality of reception modes which provide different shapes
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I ncludes estimated relative velocity data of the UE, each base station
geol ocation processor is preferably configured to cal cul ate beam form ng
par anmet erwofoan4wo9 beam directed to the UE based in part omChatSh/s1ssl

geol ocation data corresponding to the estinmated | ocation and rel ative

estimat eofvr%:gﬁgf)éga Ak Ry gh%esaéége P%‘ggél’a h(:ellf?&a(p%%ac%% éic?ctekgcﬂ’ gf}gljg n:qecx%lb'lf n

processor ( e_conflgur ransm ssi on orm ng
par amet edonfiphired td bBEkculite@Bedytam Wdamif6@nHY (ihaibtbasdd LAMRERAS  phase as a
function of RF phase 9 and transm ssion _power P such that phase cp and
transm ssidmnienpa gysiem rseptopdnede tandl teloatpye parawmgteusntaithe behm he UE

is within Abeam Werein eac ase st.ation antenna_ system has I it
b modoc N TPTEPaUng & elestan cothibalidsr Of Gilise; 313 Sl Rh S Bella o
power, e&%@pﬁ@ﬁ%&l@ﬁd Eﬁhﬂﬁp}&éﬁﬁibﬂ%eﬁﬁpﬁﬂﬁﬁﬁioﬂ.s preferably configured to

cal cul ate transm ssion beam form ng paraneters as a function of phase cp,
t r ansmi s[®0d8] power ERclahdsastiationaR E ysiderie ngehdvedihe capacity pnprovpde moes ers to
the respective beam former representing a,sel ected conpi nation o phase
Che 11 anAs SR F OB IS AR e B SR FRTECS. Bt 5| CRRaRln B asi on
beam f or | . 5?&_111 A [ I [ p so be
confi gur%g}*lg% %Jun?%ﬁ!tglge ectS gﬁg%?%%tsg?%ﬂtﬁg ét%?]g)tfl}gg% g?;sﬁ%gn aés @'gé%%{ for mer
such t hatespbetivabeamIbanenis Prefieably operitivedy hssictatedeviBh tho RE modale
transmt or receive _ comunication data for_the UE in a shaped beamt hat
enconpastodermm sejtof dasizad transmiseiandeameavibhinm srpgeRisr vrupissiondaaamshi ch
correspongds,tq the estimated . | ocation of, the UE | e by said

geol ocatvlvg}?hpﬁ]& %sse(ﬁtgh]orr]x Ssabr_(l: en@%sag}'a%%%tenbéss% satbg %ﬁ%geo(i%g%at ion
processopois] Pr ef erpdhy of et digeloss sRsteRIsCohdH TR Srfeiadhdy ind18ass ARRE Ng

par anet ers béJestl mating an area of recepti on beam coverage as a function
of RF phasdubuthat bas phmseodisteskhotemh.s Eatke VB mayVieaveoaagéadocatzam of

the UE i ithin t f tion b ) i. h. b
ot on Drakeeioh dhah & Sinifaled oS Aghar e SerngE SocaltL e naopal: G
diff - 114 ) / i f

I fier ﬁ?oﬂ?ﬁﬁ%%agéggg\ﬁg@ QIS400 B 10H§ﬁ§, éa%ﬁﬁ%E nqéﬁ %I%S?Hélh&@ a%gmtso or

the sa i'on processor 1s prefera configure
cal cul atfermee eplerativélgamsborated gritlathedile RF asodult tndbirmm désipbddeam

within a range of beams which the antenna array system is capable of producing
and a geolocation processor coupled to the UE beam former that is configured to
process UE geolocation data of an estimated UE location relative to data of the
known location of a selected base station and output selected parameters to the
beam former such that the beam former controls the RF module to transmit or
receive communication data for the selected base station in a shaped beam that
encompasses the known location of the selected base station where UE
geolocation data relative to the known location of the selected base station is
processed by the UE geolocation processor.

[0050] Other object and advantages of the present invention will be

apparent to the skilled artisan from the following detailed description.

[0051] BRIEF DESCRIPTION OF THE DRAWING(S)
[0052] Figures 1A and 1B illustrate a conventional cell layout and

transmission pattern.
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and antenna systemreception node and to output paraneters to the beam
former representing a selected conbination of phase and antenna system
recept i orwomde44409 control recepti on beam fornmati on. [ 0048JpCEaAwSa2/bBSE
station RF nodul e may have the capacity to provide nore than one

transm ssj beam { 1SS/ E gﬁﬁ{yﬁi . Of rying
comruni igp ?gln Si gnlzﬁg}%eogﬁgu%g%%rs gpgﬂgg{%ﬁ@ﬁ S. egﬁg caﬂssgl,ogé)aeg

respect igperddieass faosprRifid Soriteateited of @eesat i vel y associated with the RF
nmodule to forma set of desired transm ssion beanms within a range of

transm 49064] beansFigmtecdillusratesshe danponc ysapfshapeddrangmisy

capabl e oé IIpro uci ngagh(l 004 %%SI n aﬂi/ of the disclosed systens, each UE

pr ef er abV §erert Pl § e R FifE gt has an associ ated antenna. Each UE
may havegogsgeo! ocatidire Bf 9665 IRw (chakt ifsr BBl Apns sk reallBéRiIdH BE I I ent

UE geol ocation using a global positioning sat e?llgl te (GPS) system
Opt i onaldoyerasech UE may al so include a beam former operatively associ ated

with the UE RF noduyle to rma .desired heam w thin.a range_.of bea whi ch
the ant JAREOLy - oy Kigias $4 < BRAIRSIae g oAHR- AL ORLNing KHASK SoaR e
process r i I t s UE
geol ocaﬁrggﬁ%g{a?}%:ogghpg%‘%gﬁg€g§b%% OC%%%I?%qP%x%??{%@%ﬂé@ﬁgtﬁv%{lE%gP known
| ocat i onsiffatdorge! ect ed base station and output selected paranmeters to the
beam former such that the beam forner controls the RF nodule to gransm’t or
recei ve [088FLIni catFignems as adlow phardpesnplementang ggplosatipn based hpam peam

t hat enfl(c)o asses the known | ocation of the sel ected base stati on where UE
geol ocat b %zt a relative to the known | ocation of the sel ected base

stati on [pps8pr ocesERAY 7 id2 bldekdRQbRaA bf PAsdsRERTSHd URMPordriefobj ect
and advant ages of the present invention will be apparent to the skilled

arti san 4 genlo¢ateorf-absistadripage farinisg midylerdopringnicat GESY S tBRIERCOESDRPT| ON
res 1A and 1B illustrate a conventional cell

OF THE DRAWNG(S) [0052], Fi qu
| ayout afith G(éﬁ)%ﬁkg@gﬁ&]ﬁtgﬁgf%?%tlni%nﬂ}@os/ 049409 PCT/ US02/ 37851 [ 0053]
Fi gure Zopkbpst r ategydies MRaFated's halod BRRED A IFRS IR IREVARERER one

cell to another.

[0060] Figure 9 depicts the negotiation process among the cooperating
base stations for smart handover.

[0061] Figure 10 illustrates user equipment supported via beam forming
base stations using smart handover in accordance with the teachings of the
present invention.

[0062] Figure 11 is a flow chart depicting the steps for smart handover

with beam forming base stations.

[0063] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0064] Initial cell coverage for a wireless communication system can be
configured in a conventional manner such as illustrated in Figure 1B. However,
in lieu of maintaining strictly defined coverage areas, the present invention
employs dynamic shaping of cell coverage to adapt to actual real time system

usage demands. Radio resources, coverage area and users served can be better
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to address a specific concentration of users. [0054] Figure 3 illustrates
the dynam c use of shaped transm ssion beans where a base station suffers
a failurewo[0B088)9 Figure 4 is a flow chart for the dynam ecrasbt/amsat i on of
cell coverage. [0056] Figures 5A - S5E illustrate a base station using beam

formng o rovide r 0 v : [ UEs
o7 S e Ry DRSS AOG S ARLEALERALE S EA P U0
| npl ementiiRereaRed @yafen@Rapasiey WshratidoaRt RefcibABP8] Figure 7 is a bl ock
di agram of base station and UE conponents for_ a geol ocation-assisted beam
f orm ng [0066) e corfnfallowing degetiptiohns Reiseanibndisectgilith dymantie sbAPHYE of

th t o [ . [ 0Q59] . Fi . 8 1 S '
UE move L FIBRg o B Ame Fomh BRHEs R OoaaoBIoNe Gir € osC el ST FLBS b on
process %ﬁ.’?fl?ués;{b‘r%e&%@@?l'i@ébﬂﬁcalﬁﬁ%ﬁofsﬁé}iﬂﬂ%ﬁfgf_o§'i‘@ééptﬂﬁﬂ&’é)weﬂ; SiRQs1]

Figure 1 ates user ‘equi pnent supported via beamformng base
st at i onsthesdatg reqairenheartd anerariousatypes dfibobredtidnal kemreavivatigas ehnt e

present inventjon. [0062]. Figure 11 is a fl.ow chart depicti t.he, .st f
Rt hetb it Hop SRR fipgalbek Soktiohn ! ThoGoSe SEmAEBRton, - O

DESCRI PT. 4 i tial
For a wiarRcueieoR B Pern SEPERTEN Hrphom S il Bk pRonS e o e e

manner  sudditdénally,Usddratfosming FogtramshBssibhvwavesceptibh dti Blisofanmalsotls ni ng
strictly defined coverage areas, the present invention enploys dynamc
shapi ng afvassageapleemoyed.adapt to actual real time system usage

Pt RN LA R e AT NI

cooper atj gy BaemIladtdtBAna Eykferh €adSis well known in the art, phased antenna
arrays and other conventional systems can enable a base station to transmit (or
receive) a selectively sized beam in a selected direction. For a phased antenna
array, an RF signal phase can be adjusted to direct the transmission beam and
signal power can be adjusted to control the size of the beam. Also, antenna
selection and size can play a role in shape and size of the beam. For example, a
base station can have an antenna system with two antenna arrays, one which
produces relatively narrow beams in a given direction and one that produces
relatively wide beam in a given direction.
[0067] Through adjusting such parameters, two or more neighboring cells
can negotiate and redefine the area covered by each base station in a manner
that is more optimal to all of the cells taken together. A base station may initiate
a negotiation process with one or more of its neighbors in adjacent cells as a
result of excessive demand from users in area presently covered by it or as a
result of surplus resources rendered by low traffic volume. In addition to the
above, there may be other considerations that could make a cell initiate a
negotiation process. The negotiation process itself preferably entails of a series of
message exchanges between the cooperating base stations using interfaces
between themselves. At the end of the negotiation process, the group of cells may

arrive at a new partitioning of the total area covered, thereby improving the
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to increased system capacity, utilization and efficiency. [0065] The
follow ng description is primarily directed to dynam c shaping of

transm sswon3beans from base stations. However, those of ecuiuserysskill in
the art wll appreci ate the applicability of beam forrri ng for reception as

well. Sin ata requi Lenents vari ous t ec l.
comuni c‘é‘ﬁfeﬁﬁlé’eé)gﬁr%téon FEHE gﬁ? rﬁegrra{?&w&g? dy %% bés ét%{érg i'dns of
the sanejRaRTRHE HitR'RF ch&SSNSNHENM fsﬁmﬂg)tec%lmﬁmmmgnﬁ@ Brrays.
transm ssion and reception is preferred. Additionall beam form ng for

transni sEI0S8] or r eBaptresd antd YHepiranxampdesf scaaring diguus Ryllusiratasal.

[ 0066] Preferably, base .statio ch cell hased ant enna
array or C%I}CﬁPF%tmé‘rﬁfg}ﬁ%S é‘i/gfee]?ﬁse {1gn 1|remmp<fﬁpetrﬁé1 é’ral?e%wﬁﬁﬁg’

antenna g r Fion to
Franam ¢ T B S B b M o R Y o

For a phﬂ&ﬁ@ iarthesnsegions ahe @iteRhasirgayd apbasestasivniBSadhddtaed statich r ect

the transm ssion beam and _ si gnhal . power ca(i z@«ﬁd ush d to control %he si ze
of the bBSwaransed tepfransmit aselectively shaned pngd GEecty glfagl FoPEovide Ehepe and

3\; tz ﬁ ,? IAD}lg??Qetdﬁﬁegﬁlg r%gof%gml) %\lkﬁaus}%a? %%ﬁceé{t%h%s lgi[glﬂgvﬁesl%\lv@%t sqglg%t jGystem

rrays, one uces rel vel narr ow in a

gi ven di f@ekd BAsAStAtREBSHRLS @ﬁﬁét&ie@ failleaBia¥e bt;at‘mnjBSb@&ﬂlba@,e ataiionen
direction. [0067] Through adjusti n}%@such parameters, two _or nore

nei ghbor BSgacethen usethtolagosindt e salegtivelyeshapediand diregteddiesme o BYovadeh base
station that is of the,cells K

t oget her{h%nﬁgwﬁ‘gf)l%ﬁows t?xfzalfsgrsglﬁéaggglgﬁ %%nb?.%%gggve\ﬂi ?%% Re or
nore of [ts . pepghbors in adjacent cells as a result of excessive denmand
fromusers 1n area presently covered by it or as a result of surplus

r esour cef0069der edFigureoty it raafomc chiattudepictingathdi tymioal sequamceaﬂfcﬁtepst her e
may be ot her consjderatigns t could nake a cell initiate a gé)tlatmn

process. Iovpdvedagatynamisallp rey t§at’|1{1§ pge SABPB CAVRLASE MR %nt@pngag ¥%s of
message. §YeNANaes RELNSRR ddiGeF BABELARL Rle BERfocRN. ThSordRl Y cHACA@CeS

bet ween t ves he en egotration process, e group of
cel I s magete2idih¥ @rlggeﬂne%%ﬁw thé network pliafetrbblyt lodes tedckeofehy @auathertofier eby

i mproving the -20

active communications between each base station and the UEs and the UE
location. Preferably, this information is updated at a rapid rate, since mobile UE
locations may be continuously changing.

[0070] In addition to the location of the UE(s), the speed and direction of
the UE(s) may also be reported by the UE or estimated by the BS. This
information, coupled with geographic map information, may be used to predict
the future position(s) of the UE(s). This information can be used to (1) reduce the
frequency with which the location data has to be transmitted by the UE(s) to the
BS, (2) determine if the network is likely to reach full capacity in (near) future.
The latter can be taken into account in the beam forming decision process.
[0071] This data enables the network to determine if a particular base
station is reaching full capacity or is likely to reach full capacity._ The
reallocation process can then be triggered when a threshold number of concurrent

user communications with a particular base station or a threshold amount of

data traffic volume is reached. The number of on going communications in
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WD 03/ 049409 PCT/ US02/ 37851 collective operational performance. The new

area covered by each base station is illumnated with RF energy by beam
form ng twolmiogses of the antenna arrays. [0068] Fi gures p2Tarsd2/378depi ct
exanpl es of scenarios. Figure 2 illustrates a concentration of users in

t he base (ﬁégérlgggeﬁ%%% %;8%{&032}38”&& ne thggeih ?&8 ﬁb gﬁﬂ&%&g@?ﬁﬁwe?%ﬁﬁ%@r By, and

base Staﬁl mning t concentration o users in

these regidbmtidfratete BEAvEsH 8o FtmbASBasd stdtivhF&®inAlethcbas Sis¢eallEbn  BS3
are used to transmt a selectivel ¥1 shaped and directed beamto provide the

needed rladition éskuownsa signifieanidy high eennentratiomef usergin a s;alhavgn ean
situatio ere pase st.ati on BS3 has,suffered failur.e. se station BS1
and base*$P At BFFC BSA GHEETHBRA qyeal: ts%r#_rd'ﬁi\’ﬁi?%gsgégltgéf)flvtg?lyrgﬁgﬁg%? and
di rect edy Lo aomg%&qngt&%n@%%_vi@éﬂhqxn URRsa &b&hﬁc}gﬁé@ﬁtsbh& the
region normally serv by base station BS3. [0069] Figure is aflow

chart degtatibnheg the typical sequence of steps involved in dynamcally

re-all ocating base _station coverage usjng antenna arrays.. First,
par anet e50973?e set The pegeti @%Pﬁ@%ﬁé‘&%ﬁ?qlﬁﬁﬁﬁt%?d%ﬁ aJEECTINE %8¢k and

det er m g bl 39CLh DG AR rink ) BTHURTK QGBS @Rb YK BER o ARk Qlidd1e

nunber e conmmuni ca ween eac ase station an

the UE adahe@artiCaRirdaablsyatibhs and niatchiig then witlpdstedf lmfanapattpings r at e,
since nobile UE |ocations may be continuously changing. [0070] In addition
to the |axailahde tofthenpatiipwlpr hase stpbionsawbich praitife n srore; een seiceyay

al so be reported by,.th E stimated by the . Jhis _.in t

coupl ed Rilﬁlsf)rﬁ{"dﬁw Pgb}Pﬁ @E#a‘ﬁﬁ’ﬁhﬁl&sﬁﬁq %If(:l_,o“yr‘?ﬁ l%neal?fi(s)él 1s[eora61roe{§?\z]?f ('t)ﬁé;e future
posi t i o) n&otidtnioedss ilbinflefcd BB bask fabiohs refeds tReitr tranasitesl t he
frequency with which the |ocation data has to be transmtted by the UE(s)
to the BB sig2lsdetmomidectlicf bedmasdet thy KWEswhidhehxe detergrond during theaci ty
in (near) future. The latter can be taken into account in the beam form ng
deci si on§FWEHLN PYGEETE] This data enables the network to deternine if a

parti cul 7?@56 SBEk RO ot £ AL Ul pEeRRLbIyY Rbelidd gk CuTpach
full capacity. The real?ocat on process gan then be triggered en a
t hr eshol gboleddhiem dhtgonBuats etviafficiselumenisuialwwatnohmpuithht acomaideratioay base

station ;?a:rtﬁn}lgl[lg %vh}gndbe%nrr? lfJ'onrtmi%fg is applied for communication with multiple UEs.
[0074] Figure 5A illustrates an elemental case where a base station 10
focuses a radio beam 12 on a single UE, UE;. The base station beam is formed
using explicit knowledge of location and/or locations of the targeted users, in this
case UE,.
[0075] Figure 6 provides an elementary flow diagram of the process. The
first step consists of determination of location and/or locations of the targeted UE
and/or UEs. This is preferably achieved by using well known techniques
including: 1) UE based techniques, such as GPS based methods; 2) Network
based triangulation methods, such as methods based on Time Difference of
Arrival (TDOA), Angle of Arrival (AOA); 3) hybrid methods involving both the
UE and the Network. When using a UE based technique, a second
communication step is provided by which the Network is made aware of locations
data for each targeted UE. This process consists of an exchange of appropriately

designed messages between UE and the Network.
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data traffic volunme is reached. The nunber of on going communications in
-21 WD 03/049409 PCT/ US02/ 37851 adjacent cells is conpared and if there is
a suf ficiwotodpsdsomer nunber, the negotiation process bet \ReaFruSHNBISST NOr €
base stations com*rences Since UE location is known, a si gni ficantly high

concentr of uger a I ng
event. F@Q? §fab| Y, &eb srtna{q? Cal‘?ulg 18(rﬁe§%|eg ahf% %‘8&&&% rgfetrrglgg{ger I ng
event th@IMs@%cﬁ% bf@éysmg\b@rsa@enbucaadjre&amofbaﬁg@te@tEEs OIDﬁrm[gQﬁYs?] The
negoti ati on Er ocess, after being initiated by a triggering event,

pr ef er abityp éhe artworydeteamines the clractrristics o the beAmyformingrn geder to

conmuni catin rticul ar e stations .a n wth a
et of et e Funehted TR gt Bofiner ReeprnagPariahaa B oF pePdhel i,

provi de Qut{gRER. aURY déﬁ%iﬂngrocgéssﬁfa'yb&l&é MY e b edivEStidnditoni@usdd®io | over
signal to noise ratio (SNR). Once "the negotiation process is conpleted,

t he basepteds, insvhiehahedIEhsialse imvidwed i dhe BEcisignatocess. giinallgethehe

beans for the UEs WhICh re determ ned during the ot j.atj on process.
[0073] Beaamiisiarmgd Rased: 9 Herision #recesp|ty BF%%%%EGQV?J@ %Eg‘ﬁ nd

geol 0cat §ig0.ERiee bbahAy b dvery Bl TR, ‘sg)gaﬁoql A0rdAOLA B9Ls LORAARIG | On.

parti cul ar when ormn or conmmuni cat mul tiple
UEs. [O0@A4] Figure S5A illustrates an el enmental case where a base station
10 focuses a radio beam 12 on a single UE, UElL. The base station heamis

formed [067 ﬁ]g expl 4 blackdhear gy reteviass SOMPONGRLY @fra basastadinn 49 apdea

targete n_.thi se UE 1 5] F f ntary
fl ow di g&]ﬁzﬁ‘ﬁ of 1 ]{llﬁsetr treac]@s 180 el - Frh%%asgtsetﬁlc n%ol & §re(}¥ra§)q§ Sl Fe fggn of

| ocat i Onn&w&rcohfﬁﬁiteh%‘%d)ﬁ séf‘@f él?drﬁ%l?ﬁioé@soﬁmﬁ ﬂ'iatLiEﬁ)ceggﬁﬁd |f($rmat
preferably achieved by using well known techniques includi n%s 1) UE based
t echni quésta. sThé base GPEibanetivork motdsface )mhgtheoyk wibelswe] wirekasgwiraanyon

met hods, uch as PEt hods based on Tine Difference of Arrival (TDOA), Angle
of Arri OuneeHPRd net hods i nvol ving both the UE and the Networ k.

When usi f(‘)@7§] UE b apRdch SHM HEessBrS8F 2 oupled with a set of modem units 24.

The modem units 24 modulate signals for transmission and demodulate received
signals. An RF module 26 has an associated phased antenna array system 27 and
is coupled with the modems 24. The RF module 26 translates the modulated
signals received from the base station modem units 24 to a selected carrier
frequency for transmission. The RF module 26 is operatively associated with a
beam former 28 that can selectively adjust power, RF phase and antenna
selection to form a desired beam from the range of beams which the antenna
array system 27 is capable of producing. A geolocation processor 29 processes the
UE geolocation data to output selected parameters to the beam former 28.

[0079] The antenna system 27 can have a continuous range of angularly
oriented beams or a range of discrete angularly oriented beams. The beam range
may also have various beam widths available for particular angular orientations.
Preferably, the RF module 26 is configured so that it is capable of providing
more than one transmission beam such that each beam is capable of carrying
communication signals for a separate set of UEs. Preferably, beam forming for

reception is independent of beam forming for transmission, since the data flow of
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comuni cation step i s provided by which the Network is nmade aware of

| ocations data for each targeted UE. This process consists of an exchange
of appropwoaBehys desi gned nessages between UE and t he Netraaruso2/3221 WO
03/ 049409 PCT/ US02/ 37851 [0076] A beam form ng cal cul ation step then

occurs which preferably .includes decisi [ I j on
Gata of eF gebiniicBBofsd ffen AREmBEE' Ha BRI uE e B Cloq ER
charact ef jgtd ¢mkofo HHR nhRA e MG doWndinkedatOto 66 UE tWigl ba e hedlyUE( s)
in a manner deened appropriate and/or optinmal by the network. This

deci si orsigmifivasslyrgrgatdrsbanrangt velink diati flewttodhabase atativr durimg sushscess,

in which the UE is also involved in the decision process. Finally, the
beam i s PHABIELIY on deci sion process to produce a sel ectively sized and
directe eam wy ; hnREB pld@Bs@S 30 ok G5ioBek g idrdl

geol ocaﬁlogﬁoj)dat a@%g%};?y(%lﬁ?g?gs (Lﬂzggfﬁgm OP rel Sévant co(r?%rgnent sgof a base
st ati on fgPmacking datictBat issoupladswithteethodemFugitr3d. An Applibaisen pradeissor 20 i s
preferably coupled to . network conponents \%13; set of channel . processors
22 that 3% ereds prayidest R sUPRRELATIONS 1Rise ad-d2t3PIsesBRg anAtiQus may be
by wireldyne i rel 0 . = QL | cld%g annel
proc essorjr‘lée %’f\ﬁlg%uﬁgu%ﬁli réa%%{c %Soééggékstf%]?ﬁ%%%%]%%%}?%a ggm Jetg%ng e‘r?nvﬁi ts 24

modul at gishaIRaAS RPmbd 86 Isd o agsstistedaditeahe 37easl dbupédnatlstheAn RF
nodul e 26 has an associ at ed phased antenna array system 27 and_ is coupled

with t henpdemnid. Shhe Remptulecifitrangktes thesmedulated signsdaregized fromythg s
receive rom.,t he se st.atiqn nodem units 0. a. _selecte R

frequenglg} f%‘tod{amaﬁg%)sas?%lﬁ?te hHERET %‘lﬁe&cgé%rtstr%s g’fg}o\?e'lgéegosléécaﬁg Ted with
a beamdQrim,, 39 (Nbe pRBviIEHAG!dtelMiRIIIE ke Hlo¥Rtion Hrom AP BFLtaAL enna
selectidn Lo forma desired beam from the range of beans which the antenna
array syhiaehs 2Hen sravsspaibted toftherledectaton 20gpudforatily et fpequeagdoterzgls
processes the . UE_geol ocation data to output selected paraneters to the
beam f orffBg 128'.011{3 9] The antenna system 27 can have a conti nuous range of

angul ar | gog9f | ent efly PGSy Be' PRATAS WitACA Béarh "BYhARL! Y3 GRS AP eans.

The beamran
phantom) that can selectively adjust power, RF phase and antenna selection to

form a desired beam from the range of beams which the antenna array system 37
is capable of producing. In such case, the geolocation processor 39 is provided to
process the UE geolocation data to output selected parameters to the UE's beam
former. Using beam forming for UE transmission and/or reception can provide
benefits in SNR reduction both at the UE and for the network. Transmitting a
directed beam will in many instances reduce the amount of interference created
by the UE to other system base stations or UEs outside the beam. Receiving via
a directed beam will in many instances decrease the amount of interference in
the received signal for sources outside the beam.

[0082] For convenience, the geolocation data for each UE can be stated in
terms of polar coordinates relative to the base station antenna position of the
base station from which a beam is to be transmitted to the UE. With reference to
Figure 5A, in operation, the base station receives the location data of UE, as (61,

d1) where 0irepresents the angle of the UE from a 0 degree reference ray of the
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may al so have various beam w dths avail able for particul ar angul ar
orientations. Preferably, the RF nodule 26 is configured so that it is
capabl e obVopBow4at Nng nore than one transm ssi on beam suckcrhmsv2/gmsh beam
is capable of carrying comunication signals for a separate set of UEs.

Pr ef f i | S, i f

tr anan o AEEEh AEhA s e SEE AP RSttt AEIPERCSHin Bed RRPEERY |20,
comuni CgHd I94e dtatidht Bitead) SyBtdmh docatiyn.exanpl e, if the UE has requested a
data link to download a file, the dowlink data to the UE wll be normally

si gni fi cE8BY gr eaWdrere damazrig bepm formingas pmployes bnsho ke gealocafioniur i ng

such a 00 E 30 .,inclu a chapne eSSl 32 for
processi ﬁi@t% tﬁ‘l’ yﬁﬁﬁ?‘[‘# Zf?j‘]al¥§ tsﬁ?gﬁ dj1g t%IHBIOgBO]\ﬂrtcﬂor g emeganl 2 An
appl i cat kﬁ&bvﬁflesaecwaf a §§1e69éa Pesetaviodasith Gy BItARVETUEAE cobnyRicatingnd dat a
processi ng applications. The nodemunit 34 nodul ates signals for

transni shi suclanase] ¢he delagivedocaiien data cmldmdltze 0 reprRfemschblecaride lofishan
associ ateq antenna 37 .and, is cQupled with the RF m)d |l e 36
trans| at #degtrd hasq ftatien E‘?r@r?a&éreé?i"e‘? Sr‘f%rﬁa@’%%@éﬁﬁ&féﬂﬁﬁpf‘ﬁe&

sel ect ed ¢ ation processor 39
can be p?}%?\?pgi 5§tgﬁ1§g€cg§§%\£%é9{fébﬁgo %%:%?F%ﬁ argg%%g{l S system that is then
transmi tJE(R)M?)O t hewlase stpidsed &Qtenmeﬁﬂa@bbystam fig eaqmp]l@yedntbes \kelasn for a
nobi | e 081] The UE may be provided with a beam former &shown in
phant om) ccmeaage; areasAbeeis aéugxctam XS oﬁB\Eepham pnds@ratﬁanamﬂféﬁ% e3BlSect i on
to forma desired beam t.he anienna anray

syst em 37anFEUEYRRMY eaflg pfg]%l 68?‘?:5‘3 aﬂﬁe%% ﬁy% g)eemlpﬁog eélergpg(? 9 Bﬁovﬁ cessor
39 is proyiided a&ﬂanrpi Qélgcsﬁoﬁ R deE 19 %1@H%rb9ﬂeQﬁH@rérﬁ dlof peh /Gt B

paranmeters to the UE's beam fornmer. Using beamformng for UE transm ssion
and/ or rgeephimenphase @Ml pdwer, bﬁne‘éxampﬂen aShiide dobiaan i 2omd laonhArw theanUE and
for the network. Transmitting a direct eamw |] in many .instances
reduce t #Rlectioumarobe pradablerfonacive @ 8 %69046‘&%?5 E'R §°BEHEr system base

stations or UEs outsi ggb %mhg ?ﬁ‘gmp ﬁ@ ei vi gg)frvtgrgnsﬁls%&sct ed beamwi Il in
[ “The anmount “of i

many i nstances decrea i nt erence I n
Apeam = F(p, M) (for reception).
Since beam direction Opeam is a primarily a function of phase, Bpeam = f(@):
Apeam = F({1(Bbeam), P, M) (for transmission)
Apeam = F(f1(Bbeam), M) (for reception).

Applying this in Figure 5A to provide a transmission beam 12 to cover UK,
Apeam12 = F(£1(01), P, M)
where P, M are selected such that Aeam12 extends at least a distance of di.
[0085] Phased array antennas that have bi-directional beams may be used.
Typically, such antennas direct beams which are symmetric to an axis. By
defining the antennas angular 0 degree reference along that axis, the functional
relationship of the beam direction Bbeam to phase ¢ can be represented in terms of
its absolute value as:
| 8beam | = £(e)

where the polar coordinate representations of UE location data are converted
such that the angular data 6 ranges + 180 degrees from the base stations' 0

degree angular reference, i.e. -180° <0 < 180°.
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the received signal for sources outside the beam [0082] For conveni ence,

t he geol ocation data for each UE can be stated in terns of polar

coor di natwe ka9 ve to the base station antenna positi onpaff/tSez37sbase
station fromwhich a beamis to be transmtted to the UEE Wth reference to

Fi gure LN oper gt Ll ' | of UEl
rs (07, g8kl b A Rlant A3 RbARL BRak B fEph Minc e8I A HRL T

r ef er encRahdWofs tohRaintddn ¥@ad34484408n RITU A0 (iaT&8drereareatsd BNRNofint enna
system and di represents the UE's estinmated distance from the base_ station

ant enna thpgeeeivedsignalnin Capaaty whEorerngedimitedsastems rihegoad iewpraled by
the UE, qgeaglocation . dat the. .UE can simlarly. b tated in ternms of
pol ar cpt r@?%ﬁ’?e@eﬁé’lgg‘teﬁgg% pé)_ssibhj%\/\ﬁ’ FB%&quSHC%gméﬁgéls Sfeéas 54$e Lt ation
wi th whi ghM A HEda 16 BMERt Sathk Mininduin BNR t638@rahftl d@iﬁéfh&%r%% i on
data coordinate O represents the angle of the “selected base station froma
0 degr edfor ehieneedseofithy lofk, bt noEnard kighepsetwmttinndachesduF intaderiemat tal

di stance fromthe sel ected ba tation. [0084] ere. a.phase nt enna
array sydheml Séﬁﬁ’l"&)‘/’é&l‘,‘cetdheggggiﬁ SedveV AgRe At e%"e‘é%fgp%aa[e?‘%.]zéﬁﬁ% F()
of RF phl% eef&%n%@dAséeq{erHﬁ)?ﬁmlétﬁd beans, transm ssion power P. The
specific ant enma system enployed nay al so provide various antenna

sel ection nodes M which provide d¢fferent shapes of beans for the sane

phase and power, for exanple a wH& d a narrow beam selection may
be avail able for a give phase. Accor th k in general: Abeam= F(cp, P, M

(for tr m ssi on) . AhQeam =. F(cp, or_reception). Since beamdirection
Obeam i ﬁeﬁ?:i nar | ﬁyégﬁﬁ?é{rﬁéﬁ?%a“p&?%@,m ﬁﬁw = f%(p) : Abeam = F(f

1( Cbeam, P, f transm.ssio Abeam = F(f 1(Cbeam, for

rc(acept ir%n). A;I;/{ol §/i &rg lﬁﬁﬁg qoﬂ'ﬁelflaﬁaze 5A to prgvi d((a a t?ans%sgi on beam 12 to
cover UEl, Abean ﬁ: F(f, 1(01),. P, HM V\/nfre P, .M are sel ected. gégch t hat
Abeanl? extends at 2LSadt the gimiofsignalantprierepeg,from AP PP Ennas

that have bi-directional beans may be used. .
he nature of the §, values are g)éneralijy ﬁependant on the modulation in use,

with an inverse relationship to distance.

[0087] Figures 5B through 5D illustrate various scenarios. In Figure 5B,
UE2 and UE; are sufficiently far apart that a beam formed on each of the UEs
from base station antenna array 10 is of benefit. In transmission, the beam
directed to UE; is far removed form the beam directed to UEs. Thus, neither
provides significant interference to reduce the respective SNR of the received
signals.

[0088] In Figure 5C the beams have significant overlap, indicating the
respective signals present significant interference to each other. At either UE;
and UE3, the other’s transmission will appear as a significant noise factors. In
Figure 5D, the same two UEs, UE2 and UE3, are illustrated at the same locations
as covered by a single wide beam. The signal to each UE sees one less interferer
since there is no second signal to the other UE thereby improving the
denominator of the signal to interference ratio. If the power reaching the UEs is
maintained constant, the selection of a mode parameter M reflecting a wide beam

shape is made to improve SNR over the alternative illustrated in Figure 5C.
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Typi cal ly, such antennas direct beans which are symetric to an axis. By
defining the antennas angul ar O degree reference along that axis, the

functi onawo osehabv? onshi p of the beam directi on Gheamto plrasasSip3msan be
represented in terns of its absolute value as: Cbeam | = f(cp) where the

pol ar co Lhate represent.ati . of ' r t uch
Phat tndlBReliar off ACORLARATOR, sy, FEALORE 8 PobRnfS IS, Blwer )
degree angifadionsQhehedEnsmittor or pefertidl ifitekfdtenc@Sod 4 R4y might
PCT/ US02/ 37851 [0086] A primary factor in_selecting beamformng

par arreE eacs}la?arreqvamea& lowermpewer Maching therbiBg duringiransmissian Soghthe t o
noi se (interfer.ence ti SNR) of. t.h ived si l,. Ca '

O o A ene Shali b S Rfice e FREH YotheRh Rl bR PRREIY o2
POSSi bl &4 f ﬂt&éésc%%e N6 drkiFul £ wihesb §HE beHald (ﬁstwoqg%foré hejaeeat bhse t O

nmeet sone m ni mum to guarantee a satisfactory QS for the needs of the
| i nk, budtatiohs rare beling ldetersminedabr vell @eals@tyor, rtherfosveanaed sbapevfithe | i nks

is not induced. SNRis S - 1, ere Sig desired Signal and | is the

i nt er f erkapdas t%\bﬁe"ﬁ’élnﬁmlﬁﬁfl#w \gﬁlz@gngc S 1§ pr mféﬁf taifﬁé‘r wto geeount in,
desired gi : s ' | - : of
si gnal i%%tg%g?%%cgég% P %%gxg’tlﬁgér S%m%rég'? ?ﬂ;ﬁgﬁaﬁg&%ﬁbﬂ@yﬁggﬂé val ues
are genepcbys. dependant on the nodul ation in use, wth an inverse

rel ati onship to distance. 1&&087] Figures 5B through 5D illustrate various

scenar i 09090h Fi gupddBmnallyzthgigpemf commapigatiore pan yef gonsigared $IRER a

b f ; h of the UES,. f b ' .
benet | ¢ SrreneERF ofposhrymERgnt ARy AT B PHaBLERS BN R AR s bS  m ¢ ne
beam di rz%ﬁh?férﬁ&lt‘éﬂi?or-@i‘dﬁlp%le,eﬂéﬁéﬁle tPAME M o B drfGdidd A4 eélagivelee to

reduce the respective SNR of the received signals.

low rate, but can require a high quality of service since every bit of a computer
data program file must normally be correct in order for the transferred program
file to operate correctly. Voice or video conferencing, can have a lower quality of
service requirement, but may require a higher data rate so that the voice or video
conference can appear to the user as being conducted in real time without
interruption. Music or video streaming communications can have similar quality
of service and data rate requirements for down link, but may be very
asymmetrical with respect to uplink requirements. Accordingly, due to
asymmetric data rate and quality of service requirements for two separate
communications between base station 10 and, respectively, UE2 and UE3, Figure
5C could represent the selectively formed downlink transmission beams from
base station 10 to UEs and UE3 and Figure 5D could represent the selectively
formed uplink reception beam for base station 10 for those communications.

[0091] If the data rate using one beam is not adequate to support both UEs
requirements, it may be necessary to change the modulation format (rate, bits
per symbol, etc.) to be able to use one beam. Such changes are likely to degrade
the signal value in the numerator. Accordingly, the geolocation processor of the
base station preferably makes comparative calculations to determine whether the

better situation involves one or two beams and the required power for such
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[0088] In Figure 5C the beans have significant overlap, indicating the
respective signals present significant interference to each other. At

ei t her UBRO oando4WE3, the other's transm ssion will appear pa3/sox3m36i f i cant
noi se factors. In Figure 5D, the same two UEs, UE2 and UE3, are

11 ust r af g QUG ST OSA bARSAiRASHEOUEeY MNP ALA0LE YNReaRE B, The

signal t0 each sees ‘one sin rer srnce there I's no seconcflsi gnal

to the opfesrably imglehyntedor vk passibR todertontnat ealailatibas 6 ivkhdé che
interference ratio. |If the power reachi ngtthe UEs is nmaintained constant,

the sel eratentiabpf rotating thabsamsdromrdirecsbt fogysinsthem orbhe Udlsapiaace sherade to

i mprove SNR over the alternative iblustrated.in Figurne 5C. -26 W) 03/ 049409
P UsoZPemed sepggafion VAR sPenhal Hefnfinealis 1 HEprmipad? M Ko i nto
play. Poygfe signffitaht B'Ehd Rubdd@atoransnitter or potential interference sone
di stance away might actually require a | ower power reaching the UEs during
t r ansmi sii088] f r om Figpirelidd Bluttraties the aagesaf annacreasedinumbesef WEsH Bt her

Egghgeift FapeB UG 1 ears cErlcnenn, the e bbb dbuilina Kafhesr ' col
rea chﬁ%@{lﬁr &’B?alp&%ffg}‘g%? SRR ot i Uﬁ?ﬁlﬁe%ﬁltgg By @) Lh&UBY,

adj acen SIS pr y taken into acco et'erm nl ng an

appr opr i @peesite@by0amsd:f 9r0; K@, b dte atyahumiber NgbUEIthabéha fopnoeess.
[0090] Additionally, the type of communication can be considered since
di f f er enselecgpmspoicessganrtheatscanch franvidediwg sreatesidualaies Hf dOiarfl-uia-id y of

service . requifepents. For gexanple, data fil ansfers b erfornmed at
a relati Qe 3“"{15{/%%5&5[ Q. “Hﬁt‘ﬁ’é%‘gglrné’(fﬂ‘f G&OUPR iog p%%‘ﬁ?‘?‘ﬁ&alfﬁﬁé%eﬁ\g/ F(E%etg?ﬁ ce
every bi, fofaf QIS iondRIAI R RHRMde! KallBladtBhIR dr¥aPeoCPIREIE N
order for t ge transferred program file to operate correctly. Voice or

vi deo corpecsntsthe sitarmtivavwhard theeanguilal idifference detweer UBgand &hen{A but
may require a_higher data rate so that _the voice or video confer e can

appear t%.1 pad§he pngylyedifigrenaechesweanitibyand Ul Gk g areatest & Mt i on.

NSt 0"k URE CRT T BGRA R TR e

asymet rippah] Wi t h gg3PREleatR oPBkd PlopoREd begPAllSoatAHERadI theh initthity b
selected to bisect the end UEs angular orientation of each of the two groups. In
the Figure 5E situation, Opeam for the first proposed beam allocation would
preferably be initialized as (01 + 03) + 2 and Bpeam for the second proposed beam
allocation would preferably be initialized as (84 + 67) + 2.
[0094] M is then selected to assure a wide enough beam to cover the
angular spread between the end UEs of each group and P is selected to assure
the signal projected distance is sufficient to cover the distant reflected in each the
UE’s distance coordinate d in the respective UE group. Calculations for other
groupings can be made to determine if SNR improves on a systematic basis such
that failure to provide improvement results in termination of the type of grouping
variation being attempted. Where the antenna array provides a bidirectional
symmetric beam as discussed above, the above calculations can be modified based
on the absolute value of the relative angular location 0 of each of the UEs which

would be converted to the range -180° <6 < 180°.

98-



asymmetric data rate and quality of service requirenments for two separate
communi cati ons between base station 10 and, respectively, UE2 and UES,

Fi gure 5®oacwkaos epresent the selectively fornmed downl i nPCrmanyaisssi on
beans from base station 10 to UE2 and UE3 and Figure 5D coul d represent

commni PP8hY (B Pepfl (IR AL REHR bAaRBRRANE LABIGRA B N0
support HeplemdEting Geiide@ends onkgoifiRycdifmiafiessaiy, t bn chalegeforhae UE

modul ation format (rate, bits per synbol, etc.%.to be able to use one
beam Suehmumaieatiom t@ beiiacpipgressdshe dHe hastestablishked anl RE link bpeveen

nuner at or.. ;Accqr di ngl t he ol ocat i on o¢cessor the, base;station
prefer ab]|t§/e_lﬁrﬁ¥3§5a i@%%bgqaﬁ’tqr\/%g%é]ln&ﬁyﬁ?%n‘gﬁp Hay é)reﬁo%p%%? RePILIOeT ot ¢ or
si tuati Ofs AN ATRER0PEE tHe (WRabRATRIANYT thHRCRFEENk 'R nBeVWRId thE rédésved - 27 WO
03/ 049409 PCT/ US02/ 37851 beans. The beam pattern providing the best

si gnal s sigeaabqualiShm B andér thereellaowier ymayrpe erdnteal] . causingsa hegdobée t o
extend the cal cul ati ons tgqngnclude %Sge . pot egt' al of ro';}iﬁ:i n%élt he beans
from di remsi4eTABONRINGesH DS (rigrereses Figine d illHgtrafes o dAEMAUEYPE 3 on
v\/nilesogg;ﬁ\@J . %I@b t nekd. nat ragplbdicant in
t he nunerat o?&l‘?%g%] |3+Jr1%a%§E£\ﬁtﬁ§stB?é? 2158{1 edégggg 0 gx‘r?]g ?P}graiééaségg

nunber oddjebsntldell whivtoisgdericéd byos deffsenobasaktatiad B8, the UEs can be
identified according to their ar&%ul ar pol ar coordi nat egsé:ch that for all
UEi repri®986l ed byThehandpyergansigarationprpeessanyelyesfhe GEpand ginpmben; <

O +1. For, any;:Ru r. N,of JJEs, t eam. 1.N egt.i :an then
search f%fr Cq%déa?g\%%%’i%eét %es}té’ N eugfsawtqﬁla?]dg %1% %%‘f&%?fé& ﬁl% gﬁﬁﬁ(ﬁ& it

i ncl udi ngefo@bd. 1 Fik09 dAUSEIHEES theVReH5124H16n Probdes ahbAE RbPetiiebhse
together in angular orientation relative to the base station antenna array
10. Fi gustati®Es to spalkesenast haedosier datisomswiiwmng tbisdrandover dphsidexatean

bet ween UE7 and UE1 ((A. 07,1),.and t angul ar. di fference bet wen UE3, and
Uia (A OBFOR5 o, At o5 the cagtifile ool ORI IaNg R SERS Abugh

o o e Pl MIAELAKE od it PP AOBHALBP BERICHORE LAY a8 Rty Sehbi

pr oposed m-al l ocations can then initia sel ected to biSect the end

UEs angutonsideraciohatriebsvaoit teanippoirtingehievwd Fgunders congidetdtéorti Ginee Hie

situat Ol?éan?s3 eo%rrt]véoorortr?l?)ré iz;d?;cergtoggsseegtapcieo%rg gll'el %?r&gl ?:lgtg\lpnlililn%d for cell
reallocation, the power and shape of the beams to be transmitted by adjacent
cells is preferably taken into account in determining an appropriate set of beams
for the base stations involved in the process. The negotiation process employs
beam forming selection based on UE geolocation data as described above. The
result of the negotiation is a determination of a selected set of beams for the
involved base stations providing UE coverage with a relatively low SNR.
[0097] During this negotiation phase, the UE continues to be supported by
the original cell tower, using tracking and focused beams by virtue of its antenna
array. As such, the handover consideration process is not necessarily subject to
tight timing restrictions. As illustrated in Figure 10, in the extreme case, if a
neighboring cell is not able to efficiently accept the UE, it may be determined
that the original cell is best situated and should continue to serve the UE. This

is done by beam forming and tracking abilities of the antenna array of , for

example, base station BS; to continue to maintain the communications with UE;
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preferably be initialized as (01 + 03) _ 2 and Gheam for the second
proposed beam allocation would preferably be initialized as (04 + 07) - 2.
[ 0094] MWe oshendosel ected to assure a wi de enough beam t o PCOMES02/571861

angul ar spread between the end UEs of each group and P is selected to
assure A gn | 8c ISt i .Gl i ff ant
ot ect cht KRRy PARAEHES S AR6ACL BoRihA oG chiPpbREEe bERSE B2
group. GieCettaahprNildsfateidhier Figire Ui, nobighadoritentidtort of deésr piokémate SNR

i nproves on a systematic basis such that failure to provide |nprovenent
resul t s baset etatiomtBOn dfast hesuligse infthgr Separty hendowrn datermingtisnt ot ed.

Wh h i d i di [ I b
i Scus s cEPeaBBEBre Thexainslr RAAPR ek Porbe B ac b LT Caut Toh Ot

absol ut e[ob@bye of F{ﬁréeﬂlafsié’ﬂomrﬁbf%&‘fﬁiaﬂg?o&sgffoxe@&mlfbfti gnddig" Whi ch
woul d be converted to the range -180 < < 180. -28 WD 03/049409

PCT/ USOZW 3d@&er, Wwhidbn apyanetiatly re suilt fio moi lregn doarer bebrg inadad vizhet Bupé step y

enpl oyed, in | nplepenting handover of on-going . conmuni catigns, .In order for
SOE oG irEer Ghe ot HARASVEE PEcess LREMGE RO GUPHIe S ot iB g | 1k
bet ween _jtsel ng . [ ' | oc d on a
cel | tom?e‘%e%&' Afsr }}%hglgﬁaﬁgge%eq{thé&g%%&%g? ggﬁ@%gﬂgh\g@hﬁﬂgrﬁaﬁﬁﬁKQngge and
t he recelo¢gtlon Hagathdiiirl ftlycationBaten thatrindivateettavieb divectioyn, UE sigduted,

causing a handover consideration process to be triggered. Figure 8
i || ust r aqeslity dstetionatieni syving basmetaitiontload and changessa serwce awessefi n one

Il and,,moving, t owar d facent cell. which i.S. SerLy] di.fferent
base ot aitteoy EieR B8 sk hAE Rl hig Uit bt ASRLE Souinthittion | E0°
and a nugbgdquipdd BRRAG @lﬁa@ﬂ&ﬁfl_ggwmﬁ%h@ticﬁmppﬁcamﬁh is then selected for

I g.

t he handover, if perforned. 9 illustrates the negotiation process
anong col®980ht i ng Oase the paociesads tuggaeted, thrmserviag dove stateen detemingur i ng
t hi s handgver. consi deratio rocess, egch of the didate cells

communi CHBICPRASG R HERS 8Fy BDEHYOTEsH ABA §Eorasds VLt bR neEointiPngrases
avai | abi ]| da BEWALRILN | 1{PaS; Bhsd O
supporti ér#gg%(%g{eggguéﬁ%gﬁg? er%tl or%g)tnsﬁ %%tgﬁ?@k d‘%tlagﬁsﬁ%f n{v\‘t:a})\?éé? ms)ér e
adj acent sthsinmss tCrideoti® wewe beannglloeitiompredss Brsetadted it is implemented to

refocus the respective base station beams. Where a handover is to occur, the new
serving based station will first implement the selected beams determined for it
and acquire the UE communication, before the original serving base station
implements its new beam pattern.

[00100] Where both smart handover and overall network dynamic shaping of
cell coverage are employed, the smart handover criteria can merely serve as a
triggering event for the dynamic shaping of cell coverage process illustrated in
Figure 4.

[00101] While the invention is described in terms of certain specific
parameters, other variations will be readily apparent to those skilled in the art

and are considered to be within the scope of the invention.
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real l ocation, the power and shape of the beans to be transmtted by

adj acent <cells is preferably taken into account in determ ning an
appropri awe 03e4940d beans for the base stations invol ved PATIUSE2/BISOCESS.
The negotiation process enploys beam form ng sel ection based on UE

geol ocation data as descri bed above. aﬂgIMsesult of the negotiation is a
determ nation of a selected set of beans Tor the involved base stations
provi di ng’dE is eMerdesW th a relatively | ow SNR [0097] During this

negoti ati on phase, the UE continues to be supported by _the original cell
tower, using trackinethod ofoealeativedp shzechipsbaseitasion RE commymication ay.  As
such, the handover.consideration process 1S nqgt necessarily.subject to
Sloht i TeRgrBa viehs oA nfaf R atoin WHesRFLE R Mt R o
case, ifwhoeld8! RPPYAUNStholsS with adPlialify @F fusel AfliymRetSFUBDICIRE, it
may be determned that the original cell is best situated and should
cont i nuemeth@akeomptismgdJE. This is done by beam form ng and tracking
abilities of the antenna array o(i , for %exml e, base station BSl to
continue to nARIRTBRIRNERN eSfiRted 05asion ohia FEUEL - 29 WO 03/ 049409

PCT/ US02/ 3785 - ﬂ?ﬂf‘e SHue cell
cover age of tgﬁﬁﬁmﬁﬁfgl@iﬁ%ﬁcgﬁ?ﬂﬂgg?ﬁ& ed més{glﬁiégte 10’%2&%1?3%5@%1
concent riahéwh 16datititsfa baSx ktmich ahasmassyatémn BS2 has resulted in the
"smart" handover determ natjon _to reconfigure an extended beam from base
station BSl tenlewlatingukeayaforming erite)ra baspdangiartiogurhe nelatiye 104atiep chart
of gener%; proaess for conducting "smart" handover, which may actually
resul t i9%%o2A4ndover bei ng made. The first step 1is to trigger the snart
handover proc@ssihfaaHIEetbdDeaEr fir RPN e8mhuiichfivBdesh4lg betwesh salhE
triggering event preferably includes thresholds relating to UE |ocation
dat a, chamdeant bhse atatoom datennshaystendbeasadeen spid eplcylztedt heam fomsngnal

quality deterioratjon, servin 3%% station |lo and changes.in rvjce

needs of CII{REA §)E %ﬁaff‘%lr@%%fi 31‘1?Bﬂ?oénp%%ef’gﬁ%eﬁlﬁ’ﬁqag?%#%(’%%m ng a

communi cglEi on as required by an underlying comuni cation application.

[ 0099] Onceé the process is triggered, the serving base station determ nes

whi ch base stations are to be involved and proceeds with the negotiation

process to selected a preferred beam al] ocat.i o% pa_ttefln éor al.l. of the

i nvol ved base2. The method according to claim 1 wherein the determinming o
location data of an estimated location of a UE is performed by telecommunication
system triangulation of UE transmitted signals received by one or more base

stations.

3. The method according to claim 1 wherein the determining of
location data of an estimated location of a UE is performed by the UE and the

data is transmitted from the UE to a base station.

4. The method according to claim 3 wherein the determining of
location data of an estimated location of a UE is performed by the UE using a

Global Positioning Satellite system.

5. The method according to claim 1 wherein the determining of

location data of an estimated location of a UE is performed by telecommunication
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stations. Once the new beam all ocation process is selected it is

I npl emented to refocus the respective base station beans. Wiere a handover
is to occwo,03tmeomew serving based station will first i nmplcamsor/3ishe

sel ected beans determned for it and acquire the UE comuni cation, before

the oriqg] SEek V] e t ] Is I5Si 00100
wher e baPHeHefiEaBAOERE bRk IRUSTERIR debSiRA RERAhBR Basd P00
cover agestati®nSiR!confthctiorewstibtHe UANdsivigra GlobArPasitianingESetellite(WBSps a
triggering event for the dynam c shaping of cell coverage process

i || ust r atysternrwheregGPS datajigdrangmigied &romnshe Rlkefbe adwswtagger ibed in terns
of certain specific paraneters, other variations wll be readily apparent
to those skilled in the art and are considered to be within the scope of
the inventi or({-. - 30T R EhBA4 YOSy dPhe 46/ m3Y §flerefd:Al M5 What is clained is:
1. A nethod of selectively directing base station RF conmunication signals
in a wirel esssdidlcelomiating batincforsysg eriteriz canprigebesleukatutyg isansoisdior s

w rel ess RF communications wifh a plurality of yser.eqyipnments (UEs), the
met hod cRAAIRITRITAYE eratetiaPAPGh A2 Q’}ﬁlheié‘ﬁaFWﬁi?qa&}P’baaga’@édsdet ermini ng
relative | Ocaéegiﬁ'?)egﬁ{Brfﬁ?hélgoﬁlgﬁs§§fokﬂﬁﬁ%g difect LEhhOMiI6h Beak M Whse

| ocati on of a base station”antenna syste cal cul at1 ng beam form ng

criteri asthgipadRFreopanunivationesigahhi traasdttad iftom sdad dasasthtion anbenrea

di rected beam for RF conmunication signals between said UE  and sa.'éd base
stati on sstemnbasefsoneptidaendenlghed sTansarissionahesan dermnoertena sueh £Bat a such

h id.gif : ' { ' i . 2.
The mot HOHCANEGH W TE e an R R b ERe e Efm Bl Ao o St 2

of an estimated location of a UE is performed by tel ecomunication

7. The method according to claim 6 further comprising:

calculating reception beam forming criteria based in part on the relative
location data; and

forming a directed reception beam for UE RF communication signals
received by said base station antenna system based on said calculated reception
beam forming criteria such that said directed reception beam encompasses the

estimated location of said UE.

8. The method according to claim 6 further comprising:

determining an estimated location for a plurality of UEs within a specified
geographic range of the base station antenna system;

determining relative location data of each UE using said estimated
location and the known location of the base station antenna system;

calculating transmission beam forming criteria based in part on the
determined relative location data of at least first and second of said UEs;

forming and transmitting from said base station antenna system a directed
transmission beam of base station RF communication signals for said first UE

based on said calculated transmission beam forming criteria such that said



systemtriangulation of UE transmtted signals received by one or nore base
stations. 3. The nethod according to claim1l wherein the determ ning of

| ocat i on watia/oefs+0an estinmated | ocation of a UE is performedThisor/smsiJE and
the data is transmtted fromthe UE to a base station. 4. The nethod

accor din réc%g&lti?‘ao S jfs\gg)?{%ari'n teﬁgorﬂgﬁgsr ?tgb Q?ﬁﬁja}j&h?&&ttio%@@@gp%t @E

estimate at’i usin

Positiongyaggy Satellite system 5 The net hod according to claim1 wherein
the determining of |location data of an estimated |ocation of a UE is
perforned by foemsegand tranemishng fom yoddese spHom FupnoesysEres Hiregied em

t | at f UE t tt dh
Lo T ondthRSBition Besbrbbiash sErhoh RR ot SERat i fenditof Sk el | .
(GPS)  sysleamyhsie é:gf’c%lgt?édatx'ﬁsh{@élém bdae forRmmg Q@nb‘ﬁat Suéh BRSE saidt i on.

6. The nmethod according to claim1l wherein: said cal culating beam form ng
criteri adicestpdits@ssmidstar heamericormymsses thmesthmated decaition ofrsaidseeorshsed i n
part on the relative location data; and said beam form ng conprises formng
a direct@8 transmi ssion beam of base station RF communication si gnal s
transmtted from said base station antenna system based on said cal cul ated
transm ssion beamformng criteria such that said directed transm ssion
beam enconpasges tTRe asithodhecbriongtd daimB whéekitbne direcidtktransindsion
according to claim6 further conprising: calculating rec%tl on bearrrlgi orm ng

criteri sbdvas of hase pantion RY gemnennication %@@&Su fon bl sardh Hast andisaee

directe eption,beamfor t|on I said
pase. st SVERH nraRare e BrmbuebauEh tar st fboRl Epdd? Sanbiy A bette
form ng Gldohfdsdes ¥R eéﬁiﬁiaté@u&a@idh@@f%dld ﬁﬁﬁpUEOihd)@@m sfeeadaBses the
estimated |l ocation of said UE. 8. The nethod according to claim®6 further

conprising: determning an estimated | ocation for a plurality of UES within
a specified 10. The method according to claim 8 wherein a first directed
transmission beam of base station RF communication signals for said first UE is
formed and transmitted such that said first directed transmission beam
encompasses the estimated location of said first UE and a second directed
transmission beam of base station RF communication signals for said second UE
is formed and transmitted such that said second directed transmission beam
encompasses the estimated location of said second UE and has a different

direction than said first directed transmission beam.

11. The method according to claim 8 wherein calculating transmission
beam forming criteria is based in part on:

estimating the signal to noise ratio (SNR) of forming one directed
transmission beam of base station RF communication signals for both said first
and second UEs that encompasses the estimated locations of said first UE and
said second UE;

estimating the signal to noise ratio (SNR) of forming a first directed
transmission beam of base station RF communication signals for said first UE

that encompasses the estimated location of said first UE and a second directed
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geographi c range of the base station antenna system determning relative

| ocati on data of each UE using said estimated |ocation and the known

| ocat i on wb oshe4tmase station antenna system cal cul ati ngpPCralssndm™si on beam
formng criteria based in part on the determ ned relative | ocation data of

at | east it ke a0 bSEEO0bAAL sBa6h HFom HU ARGk [ABP UL dond L Sai d

base station antenna systema directe transm ssi eam O ase station

RF comuglist alricompisgesitlse stimaséd 1dcativn dfsaidasahdUEsand haalacdiffdrent
transm ssion beamformng criteria such that said -32 W 03/049409
PCT/ USo2dizgetian than satdelrstidirrated sransmisaiondirasnpardes the esti mat ed

| ocation of said fi.r UE: .. and 1.n dira PR f L d.hase
station ant en(f'%ng%pg%pgeatil?agéef%gf{fl{grtg%lg ﬁlé}sn%]ing ﬁP eac%ﬁ‘%)‘*ig%eéétgg}slgrgf %(l)gr?RF

communi CigédrR rfoﬁhmg?bﬁtér@é iSR prodecedee UE mbASEide bt dtRhHsddsiod BbRths.
transm ssion beamtormng criteria such that said directed transm ssion

beam enconpasses the estinmated | ocation of said second UE. 9. The nethod
according to ai wherei.n one,.di rected Lransn ssiqn eam of base
Stati on BE colifuni ‘L FESPHOR GearGlpe S G 6 HFTEI & HARaT SBLBIAR PR | s
formed agdithnafstidhedas s bhad atifn oM 6y el rANE THESEATUDA

enconpasses the estimated |l ocations of saild first UE and said second UE.

10. The trahbodssion bedinnfprining catem 8 evthinradesnan afres sf bekmeoverhgetAansas ssi on
beam of base station_RF com*runiiati on signals for_said first UE is (Ior med
and t r ardfineiden QfcREFt phasesqiang itransmassian pawer Anshrh siheh phase ¢ an

encorrpastzrfei}s}ﬁ}nﬁgséﬁﬁ Eg):pw tr%d a|r€ g?lteicge of thseaxle(fatfillé f&ca%nadﬁQaa(G:S@C&qﬂe%EeCt ed

transm s ase s 10N conmuni cation Signal's’ f'or said second

UE is fQnerdoaR@rédedits the ae@ls Ue bhé N fcthth Daldrbe dbfe@6h&dof tlRNBALSSI ON
beam enconpasses the estimated | ocation of said second UE and has a

di f f er endtatidinr axtenoma sysiensand d irepresdintsethe distanns frami thre baseystation The
met hod accordin | ai m 8 .wherein,cal culating transm ssion beam form ng

to
Or i tor i ARENDAVFHTR IgEAHOR S Within Abean.

13. The method according to claim 12 wherein the antenna system has a
plurality of modes M which provide different shapes of beams for the same phase
and power and the calculating transmission beam forming criteria estimates an
area of beam coverage Apeam as a function F of phase ¢, transmission power Pand

antenna system mode M.

14. The method according to claim 13 wherein the antenna system has
two modes M which provide wide and narrow shapes of transmission beams,
respectively for the same phase and power and the calculating beam forming
criteria estimates an area of beam coverage Abeam as a function F of phase o,

transmission power P and antenna system mode M.

15. The method according to claim 12 wherein the calculating
transmission beam forming criteria estimates a beam direction Bpeam as a function
f of phase, Bveam = f(9) so that:

Abeam = F({E1(Oveam), P, M)
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estimating the signal to noise ratio (SNR) of form ng one directed

transm ssi on beam of base station RF comrunication signals for both said
first amdovsmend UEs t hat enconpasses the estinmated | ocatecansows7ssai d
first UE and said second UE; estimating the signal to noise ratio (SNR) of
formng a fhrst.dir LSSl e f [ RF

conmuni caéjt({ ar%}sg%eé?ét%? g)raségi%gﬁ}dﬁgtp%@% 1’?4%1% %eggﬁﬁgiagéso the esti mat ed

| ocation of said first UE and a second directed -33 WO 03/049409

PCT/ US02/ 37851 transm ssion beam of base station RF communication signals
for said secdfd UEhe hmthedasmrasegto elaemelwihegieldd | ocation of said second

UE and h di f f t,. direction th i.d first directed.t i, SS]
peam and corfit (AP AIRERES AR HmSRerbara SoBTRriRS Pch Ribd PR, "

transm sal g0 %ﬁ@ SR Ba&dd 1EpAR drStHLralh AN t6caRMbh @it @ di rect ed
transm :b;élaon %ea . 12, T?\e rret%od according to claim6 wherein a phased
ant enna arr aysasy bbem fosmisg domprishe fdrasegstditéaed sereptioa bepst fomBELRKR he
calculating transm ssion beam form%%acri teria estjnmates rea,of beam

n
cover ageCONHEHRGA10TRSIg ressivrd pEsppRasecsiation RRteRIR %Y?l%‘(’)tﬁ P such

that phase M SE : eG4 Hsbadd itV

| ocat i onsa&igg %lc?%&eé%@%ﬁﬁ%ﬁ{ﬁ? fgeﬂﬁﬁgegb%?gdpég% ent g@ta E&e)dgggﬁee o?éﬂt he UE
froma Opedegencomphsssntie aftithhtedidsstios baka@diUant enna system and d
represents the distance fromthe base station antenna system/location, is
W thin Abeam 13. The nethod according to claim 12 wherein the antenna
system has a lurglit f .modes,. Mvhi ch . provid . f . _shapes of beans
for the sane ]pﬁase'fh%ﬁﬁet&wc ?}ang ﬁ%c%éﬁ%cgf}lg &Hgkfgr’%%g%ggél on beam form ng

criteria estif@bfnidihg A &3iRhtQERHON Mol RBRHVESER withitd gpecief phase
cp, transm ssion power P and antenna system node M 14. The net hod

accor di ngeopapchiairangs ofitbe biage stefianantarmassystery; has two nodes M whi ch
provi de wi de and narrow shapes. of transm ssion,b ._respectivel or the
same phase arfltpomEningngelagiveclocation; dag Biaf’r?lcpoiﬂéﬁbsmgrﬁqgr?s&”@gﬁ tes
an area gf, ASAThARNS 1AW AREAN Aot hb WAk s04t16n AntPRAS SyStem;

calculating reception beam forming criteria based in part on the

determined relative location data of at least first and second of said UEs;

forming a directed reception beam for RF communication signals of said
first UE received by said base station antenna system based on said calculated
reception beam forming criteria such that said directed reception beam
encompasses the estimated location of said first UE; and

forming a directed reception beam for RF communication signals of said
second UE received by said base station antenna system based on said calculated
reception beam forming criteria such that said directed reception beam

encompasses the estimated location of said second UE.

18. The method according to claim 17 wherein one directed reception
beam for RF communication signals of both said first and second UEs is formed
such that said one directed reception beam encompasses the estimated locations

of said first UE and said second UE.
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transm ssion power P and antenna system node M 15. The nmethod according to
claim 12 wherein the calculating transm ssion beamformng criteria

esti mat eswe oboag¥ndi recti on Gbeam as a function f of phasecT@sezsssif(c) so
that: Abeam = F(f 1(Cbeam, P, M -34 WO 03/049409 PCT/ US02/37851 and

Abeam i s sel gﬁ}led ’Pﬁé q’,tﬂg(—il-gv\ﬁ)r}ﬂllr t%rbané ﬁ&leﬁgﬁ?ﬂ‘s &ﬁ%c ﬁrgc rﬁtﬁ)n The

met hod accor gtocalm culatln eam orm criteria

conpri sesea@@fsiUR Rlcbign hakapion®igndle afrs:hdrﬁnsﬂ UEid ﬂ‘oemea sueheHat mdﬁrst on the
relative | ocation data; and said beam form ng corrprl ses formng a diyected

recept | olirépsednbram eXcoREpassemihe petamased dgcghwnso ﬁé&ﬁ\?@d Eyandha ge

station nna s st.em,base sai d calc | at ed n

criteri aIii §‘Efg Rit) pté%ﬁl d’e&P} 38‘? B}? F%’@é‘b‘ﬂ’i‘%ﬁ OBe%ﬁ‘P% §fr%%@s%és)0%§ rﬁpe{%g rrat ed
locat i Orfo%ea%'u@h WRat doid S-EB@ndrﬁhjé@Qdee@l% ghé&nbﬁsfés&h@e@;ﬁnﬁé’c@ﬂﬂ@d’atlon
conprising: determning an estimated |location for a plurality of UEs

wi t hi n afspatsddoad UBennt hpha differge dofection thasesasd Arstodirested racersion em
determ :}) ng relative |location data of each UE using said estimated

| ocati orP%#*% t he known | ocation of the base station antenna system

cal cul ating reception beamformng criteria based in part on the determ ned
relative |ocation data of at least first and second of said UEs; formng a
directed receyd.i orTheamethod &fcoedinguioi daimol7 silgrairs calcubating récepgionJE
received by said base station antenna system based on said cal cul ated
recepti dwam@mmmm@srea ia lzged 15 Rart ORat sal d directed reception beam

encompasses L, ecki T ed::0q5 Lo oliS AR L Ak dE: oADBrm At gl ot e

reception beaerﬁ sal sécon celved by

sai d basg5 Fbi WF ARLERANAIGL L w@f%tﬁasaddqaﬂswrm 86corfde T itha beam
formng criteria such that said directed reception beam enconpasses the

est i mat exhcdoopmtsisen tlnd estaincited tavadious.of $81d finst WEt aredi saisksacanddEp claim 17

wherein one d(—:!srtlemgggggrﬁf eglgna[iI to noise ratio (SNR) of forming a first directed

reception beam for RF communication signals of said first UE that encompasses
the estimated location of said first UE and a second directed reception beam for
RF communication signals of said second UE that encompasses the estimated
location of said second UE and has a different direction than said first directed
reception beam; and

comparing the estimated SNRs to determine if the calculated reception

beam forming criteria is to produce one or more directed reception beams.

21. The method according to claim 17 further comprising:

calculating transmission beam forming criteria based in part on the
relative location data; and

forming a directed transmission beam of base station RF communication
signals transmitted from said base station antenna system based on said
calculated transmission beam forming criteria such that said directed

transmission beam encompasses the estimated location of said UE.
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beam for RF communi cation signals of both said first and second UEs is
formed such that said one directed reception beam enconpasses the

esti mat edwbasatdsdons of said first UE and said second UE. PCTRISWBB3I 049409
PCT/ US02/ 37851 19. The nethod according to claim 17 wherein a first
directed recepyi onTheadm g Reof® igatkd of falkaRg e d first UEis
formed such tgat salhdq?%rst |0re(531;g1Jc geam encorrpassggljtlﬁelgestl mat ed

| ocation of sedldulating thimemiksiors deand foxdnngcbﬁdemeclmﬁeldom et droth&F
comuni cation signal s of said second UE is forned such that said second

di r ect edd %f@amleﬁfgaﬁk@&%e@cw@né@w akipashsard é?ﬁt%ﬁ sefopdseEsnd UE and has

a different dgf °%g%ﬂfitt%9ﬁﬁ't‘i’lgfﬂ&ﬁtsaf§ lgfﬁ%ts%gtﬂ;ﬁﬁﬁpéﬂxfapsar er@?cteJ he

met hod accordin rein ca ating rece eam orm ng
criteri atﬂa%shﬂﬁﬁdn'b’baﬁﬂbf base setidoiT R éwnmhﬁu@atgmblgml@mxs@lamso IBNR) of
form ng one directed reception beamfor RF communication signals of both
sai d firbasethanswidmaloHated sranyniseippabeam {dymiagt ¢mtareal Sllggatﬂliabr‘ﬁslld)f sai d
first UE,an id second UE: estinatin nal,.to nois R) of
For mi ng GUPHE o SBURTR DD P B e B s R As] SHASE SRS o

said firghqUE that enconpasses the estimated |ocation of said first UE and

a second directed reception beamfor RF comunication signals of said
second UE t haforenng apdstsmssmitteingircbmaaﬁkbasle@dza{tﬁbm anbdnrsesydtemaohdedted and

has a different directio han sai irst directed. ception bea nd
conpar i nEfW@ll%%lPP f8HO statig R sAmR unica tipn I"é’i?égéa“f%e&%m beam
form ng d 21.

The. met ha e b e e P icRlor D ol RN LARERL LR, he8 Thid

t r ansm sdirectedaranémigsiowg beahi efcoinpassed the eptiniated lotwtion ef @dld\secbmd: ation
data; and formng a directed transm ssion beam of base station RF

comuni cBff-on signals transnmitted from said base station antenna system

based on said calculated transm ssion beamform ng criteria such that said
directed

"S

23. The method according to claim 22 wherein calculating transmission
beam forming criteria is based in part on:

estimating the signal to noise ratio (SNR) of forming one directed
transmission beam of base station RF communication signals for both said first
and second UEs that encompasses the estimated locations of said first UE and
said second UE;

estimating the signal to noise ratio (SNR) of forming a first directed
transmission beam of base station RF communication signals for said first UE
that encompasses the estimated location of said first UE and a second directed
transmission beam of base station RF communication signals for said second UE
that encompasses the estimated location of said second UE and has a different
direction than said first directed transmission beam; and

comparing the estimated SNRs to determine if the calculated transmission

beam forming criteria is to produce one or more directed transmission beams.

24.  The method according to claim 16 wherein a phased antenna array

system is used as the base station antenna system and the calculating reception
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transm ssi on beam enconpasses the estimated | ocation of said UE. -36 WO
03/ 049409 PCT/ US02/ 37851 22. The method according to claim 21 further
conpri si NyO oc@lkod at i ng transm ssi on beam form ng criteri &Cvasez3isal part on
the determned relative |ocation data of at least said first and second

di oot el rARA g GTAMIL b PRy Ok R IR Bt ALl DRI ahEt O

sai d firgF pHase pasel that phiade Gak seleateddotthanelttsad lovatieadato@)dpef the teri a
such that said directed transm ssi on beam enconpasses the esti nated
| ocat i onUBf whairel Ofrepraseuis theagmgle of thaej Eafram & Q%ﬁree refgrance of the basrase

station ant.enna systema directed transni,ssi,on beam of base station RF

comuni cséif‘fIBH %‘?‘iﬁﬁ‘é‘lassxs%?msﬁpé (§§%W(§e'[‘%nhbea§1é%a8ﬁe ?ﬁ‘ifﬂ t?‘ﬁlﬁ Cap'egron

transm sﬁtgﬁnggggwrﬁqggd}%rgqggﬁmﬁ Alch that said directed transm ssion
e

beam enconpass the estimated | ocation of said second UE. 23. The nethod
according to claim22 wherein cal culating transm ssion beam form ng

iteriais b d | : rimat | [ t [ ti SNR) of

Forming one diocct B Fiethod bt Delaiof HAGH B AHE PORORES SONAMISR | on

or i o 58 ion
ocati ot QLT ATAE M {iteh 1O RRHRR o Syl o B AR "o

noi se r aindtKSHRLulitih®Fedepdion Bdams fordhimctittbrid evitnites hamrbeafbeambase
station RF conmunication signals for said first UE that enconpasses the

est i mt eWverage Apan @ ashingtion B of phasme andsantemnadsyséemarrode Mnsni ssi on
beam of base station RF comrunication signals for said second UE that
enconpasses the estimated | ocation of said second UE and has a different

direction t h%.saig}éé idethodab&shith chlﬁaﬁilii%%ﬁ@rel?ﬁ%ﬁb aRPEhEOSRAE KR d he

estimated SNRs to determne if the calculated transm ssion beam form ng

criteri awes niedqyr Muehichnpravidaowalediandc hadraw ashapes siforedeption. be2ds, The

nmet hod according to claim 16 wherein a phafe(f antenna arr aby )
respectively for the same phase and the calculating reception beam forming
criteria estimates an area of beam coverage Abeam as a function F of phase ¢ and

antenna system mode M.

27.  The method according to claim 26 wherein the calculating reception
beam forming criteria estimates a beam direction Gpeam as a function f of phase,
Bbeam = f(¢) so that:

Apeam = F(f1(Obeam), M)

and Opeam 18 selected based on 6 and M is selected base on d.

28. A base station for conducting wireless RF communications with a
plurality of user equipments (UEs) in a wireless telecommunication system
comprising:

an RF module and an associated antenna array system;

a beam former operatively associated with the RF module to form a desired
beam within a range of beams of which the antenna array system is capable; and

a geolocation processor coupled to said beam former that is configured to

process UE geolocation data relative to data of a location of said antenna array
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systemis used as the base station antenna system and the cal cul ating
reception -37 WO 03/049409 PCT/ US02/ 37851 beamformng criteria estimtes
an area oWolmeam4coverage Abeam as a function of RF phasePcp/usopbrsshat
phase cp is selected so the relative |location data (0, d) of the UE where

0 repr es%ﬁ{témt & 8{1?51& s%fl%étg& rpQ'?aHe?E@sato&f}]lgerga{a‘fl? R & &E},qietlﬁ% thReaase

station enna system an epresents e stance fromt ase station

ant enna foyaiedMonerls e RE moduldtdtrinesiit o2 becelecomhhatcationddtadot® cl ai m
24 wherein the antenna_systemhas_a plurality of nodes Mwich prgvjde

di f f er enseleetgdedEoin peshaped dreapmdhahpBcmAGEsESARY eﬁﬁelﬂéadcleva&é%p@ tBeeption

0 o S ~O¥ e f . '
Pootti onSH8de TSt el dRRHER Bla 3 ERn HorBSRMac QAT ARG AN |
to clai medigsaed UNEs pré@R5A1 By ShallhbsiscatiowpradssoM whi ch provi de wide

and narrow shapes of reception beans, respectively for the same phase and
the calculating reception beamformng criteria estinmates an area of beam

coverage Abeajp). as fynction F of phase nd nt enna _system,mde M 27.
The method ac rdiﬁb‘et €l %ﬁ%%aedo%am%{‘fﬁ@ale’a?@uW 0] cgﬁ?lp‘é%m’beam
formn ' A ' ' | ; ; | hase,
Cocam 2 Pross i CRIIRRES (8 ARETRE LR T o L e D
on 0 andeddimatisg) eatmadabEsiraasmissi@B.beAnbasecrsigat Ak fasra donclicn iofidRF

wirel ess RF communications with a_plurality of user equipnents (UES) in a
Wi r el essphasee amdiTraamission pewvemP sushdhiad phgse Pran-trasgissIgRPoIyeY

associ ated ante ar.r ay ste . he f rati SQGl ated with
The R mBtUFEIEB o e it e o i APnak of SRSt BE 3 " e
ant enna g, a¥e SiSiiRMhSleCAPER BE & 220 SRQrES 26128ndY 6F €56 Bhse Qutied O
said beamformer that Ts configured to process UE geol ocation data relative
to data ahtemreospitennand &aepreaentsntiee distanyce fram the base station antenna

system location, is within Apeam.

30. The base station according to claim 29 wherein the antenna system
has a plurality of modes M which provide different shapes of beams for the same
phase and power; and the geolocation processor is configured to calculate
transmission beam forming parameters as a function of phase ¢, transmission
power P and antenna system mode M and to output parameters to the beam
former representing a selected combination of phase ¢, transmission power Pand

antenna system mode M to control transmission beam formation.

31. The base station according to claim 30 wherein the geolocation
processor is configured to calculate reception beam forming parameters by
estimating an area of reception beam coverage as a function of RF phase such
that phase is selected so the relative location data of the selected UE is within

the area of reception beam coverage.

32. The base station according to claim 31 wherein the antenna system

has a plurality of reception modes which provide different shapes of reception
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WO 03/ 049409 PCT/ US02/ 37851 system and out put sel ected paranmeters to the
beam fornmer such that the beam former controls the RF nodule to transmt
or recei WwWomenIndm cation data for a selected UE i n a shapet/useassshat
enconpasses an estinmated | ocation of the selected UE where geol ocation

data whi eghi i : UE, |
o7 ocessel by SRR Gl phate b Bl Beb R ok IS PO B g 10

cl ai m 28calaalee Reddpeiogtstang &brinding pHraessny as & fumrtidrgefipdthst andaintethrd e
transm ssion beam form ng paraneters by estimating an area of transm ssion
beam coveystgwm Awseeption modena@ndortoopulimt megametprade thanbaidsiformpbwer P

such that phase.cp_an ransm .ssi.on I tive
| ocat i onr‘??oaﬂe 36?%1,1£8)Seg91&€f(ﬁ:eo ni%’lnggtogdﬂ %éfiée\a,\g%c} gﬁgen%?ae%r%é%gﬁ? Es)epitﬂ)gl %ﬁg e of
the UE f{opmrél £eepasn hehfl fraftedn.t he base station antenna systemand d
represents the distance fromthe base station antenna system/|location, is

wi thin Abeam 30. The base station according to claim?29 wherein the
antenna syste h a,plurality of de i G ovide different shapes of
beans for the arrea'fhﬁtli’ﬁésg‘?ﬂ O%Wg?%go ?%mg'%oﬁ’é‘@ﬁ?]inon processor is
configured toycapGulAligile hadRgicaghedy RE PO i AL PREA WRerindididninct i on
of phase cp, transm ssion power and antenna system node M and to out put
par anet ebsamosuchethat amch ftoan®migségr beamt isrgpabbedfctregingpehnmatiicatiai phase

cp, transm ssion power P and tenng system node Mto control transm ssion
beam f or fignRdhior aseppratesaterfdd B @l according to clai m 30 wherein the

geol ocation aie%§a%ﬁ?§rda§r SUYekHY atsroqgt{eﬁ%i"t‘%%hé R¥SRLAAR te%@ml;gw ng
pararret ers by estimatl ng an-area O reception eam coverage as a uncti on

of RF phgsgesitddtrahbatisdibabRaints wethes hatnge of beanshRbloncbdanatilnch daé a of
the selected UE is within the area of reception beam coverage. 32. The

base st agitennacawasisygtam iscapabls ipmede¢ingt he antenna system has a
plurality of reception nodes which provide different shapes of reception
-39 WO 03/049409 PCT/US02/ 37851 beans for the sane phase; and the

geol ocation pgeces$Rp HaseCHRticWAEDrifhg to claim 33 wherein the geolocation
processor is configured to calculate transmission beam forming parameters by
estimating a set of areas of transmission beam coverage based on relative
location data (6;, di) of each UE; of a plurality of selected UEs, where 6; represents
the angle of the UE; from a 0 degree reference of the base station antenna system
and d; represents the distance of the UE; from the base station antenna system
location, as a function of RF phase ¢ and transmission power P such that phase ¢
and transmission power P are selected so the relative location data (6;, di) of each
UE; of a plurality of selected UEs, is within one area of the set of areas of

transmission beam coverage.

35. The base station according to claim 34 wherein the antenna system
has a plurality of modes M which provide different shapes of beams for the same
phase and power; and the geolocation processor is configured to calculate
transmission beam forming parameters as a function of phase ¢, transmission

power P and antenna system mode M and to output parameters to the beam



cal cul ate reception beamform ng paraneters as a function of phase and

antenna systemreception node and to output paraneters to the beam forner
repr esentwog3m4sed ect ed conbi nati on of phase and ant enna PEIENY/BWSEPt i ON
node to control reception beamformation. 33. The base station according

fode o he.. - i h
one 1 ancimel 1ebRingd F of Pl WAz iAR6ARThhYe b bRh G Cho B o NaN

carryi ngpe@dnaitietidial $y3terdirgodd 8/ tocorttreepansindssien behnfrmatich.t he beam
former is operatively associated with the RF nodule to forma set of
desired transm ssion beans within a range of transm ssion beans which the

antenna array,syst i,s. capabl e of .oduci ng.. 3 The base station.
according to %(?sal nfgn% W@r%ﬁﬁoph%‘mﬁg‘i}lfl cgq F%ﬁm g?’o ggrse&) t?’se %%%?‘f‘%b d to
cal cul at gL s s o RN th Wl et FEATRIGH Dehih fOFhinERbhPEMBteStbyPf

areas of transm ssion beam cover age baseg on relative location data (Oi,
di) of esstimbEngoin ared uf addepyionfbesah eoverhges, a fhecteo) pf Rdpphasmsach t he

angl f the UE f d ef f the b t at.i t

Syatom U RhAsEdp eGSR e trIabaRdRcaion Ata el the Grecke Whos BEAH on
ant enna §ys I: M%eti on of RF phase cp and transm ssion
power P%c%&aoﬁr%gﬁsgéé}?gﬁgﬁa%ggtr nsni ssion power P are selected so the
relative |location data (0i, di) of each UE of a plurality of selected

UEs, is within one area of the set of areas of transm ssion beam coverage.
35. The base 37.ati Bhe hesestatinn aerorfimatosdaipadbevhersid: ant enna system has

a plurality %emgspgomhgagﬁ{ e LELARL RORRERnd B ibRDehE Same

n
phase and po processor 1's configure 0 calcul ate

transm s§itHaELH P68 IRIR] @pab3s ofcdrivfitls @mm@inasia S@nals for a
transm ssion power P and antenna system node M and to output paraneters to

t he beansepa48te@tOH/(0KES409 PCT/ US02/ 37851 former representing a set of
el et e om0 o] PGS 1 TSN, S) O BRUST v B Sl R Szt o
accor di ngefQefil ShAPetHorYIEESiSh bBEmITE PEALARR phase; and
the beam former is operatively associated with the RF module to form a set
of desired reception beams within a range of reception beam capacity of the

antenna array system.

38. The base station according to claim 28 wherein the geolocation
processor is configured to calculate reception beam forming parameters by
estimating an area of transmission beam coverage Apeam as a function of RF
phase ¢ such that phase ¢ is selected so the relative location data (6, d) of the
selected UE, where 0 represents the angle of the UE from a 0 degree reference of
the base station antenna system and d represents the distance from the base

station antenna system location, is within Apeam.

39. The base station according to claim 38 wherein the antenna system
has a plurality of modes M which provide different shapes of beams for the same
phase; and the geolocation processor is configured to calculate reception beam

forming parameters as a function of phase ¢ and antenna system mode M and to
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processor is configured to calculate reception beamform ng paraneters by
estimating an area of reception beam coverage as a function of RF phase
such thawophms®o9 s sel ected so the relative | ocation dat @cafusvtrarssel ect ed
UEis within the area of reception beam coverage. 37. The base station
accordin | al enel . o L hKidaids gyi de
nor e thac%ltg)%é%ragé{e}%t% ?Ibsn %}gémﬂe%%gﬁ r@ﬁeg{@ ggécsr%n?@?e%{g ?lg néﬁggér’#%lsﬁ%épagre of

carryi ngpleaded AndairiteAins is§sins ricde M teaaeal@ception bebisforiligiant enna
system has a plurality of reception nodes which provide different shapes

of reception beans for the sane phase; and the beamforner is operatively
associ ated wi t nodul.e to form a set. desir.ed reception beans
within a rang%&of hf]é‘?:RgBW Bﬁ?tb%’a?r‘f“eéﬁﬁt% ﬁ%ﬁa*?a%e‘vﬁﬁmlghna array system 38.
The base st até}fé”RFqﬁleﬂbrlﬁstt%e@a?hHitﬁ%W@&FiﬁbGpéﬂé&lﬁ%@r@ﬁ%bﬁﬂon%ﬁﬁ?ssof
is configured to calculate reception beamform ng paraneters by estimating

an ar ea sich thamneatks sec@ptivadreannerapgdldbiarrgngaommunicationfsi@Fals fdrsse cp
such that phase cp Idj s.elrgit ed so the relative location data (0, d) of the
sel ect ecsepRraimeatofP EgAtent s the angle of the UE froma 0 degree

reference of tﬁewfea%?&nééﬁgioﬁerﬁgéqu%e?&yé&a%wﬂ %Fﬁﬁ&&é@%%%ﬁs@i ance

st
fromthe base s I on ant'enha syst ocation, 1s wthin Abeam 39. The
base st ajfl @esipat 26cbiptidnt berhai wiitBin wheseia of hecephiomnbeamyesdrityhaf tle
plurality of nodes Mwahich provide different shapes of beans for the sane
phase; atetenng aygay s¥atedn processor is configured to cal cul ate reception
beam form ng paraneters as a function of phase cp and antenna system node
Mand to -41 WO 03/049409 PCT/US02/ 37851 output paranmeters to the beam

former represgnti myha 138k ethdn CAEBL ARl @ cRim A0aSBefeidtheaBdAbERISY St €M
node Mto control reception beamformation. 40. The base station according

to cl ai np3Besgver ab rconfigar&k toosltwabagecddion bagin formaingr peiaeetayseby han

gg%ﬁfﬁ%ti:ggﬁg%%ﬁ%é&f%pgg% rgt%%tgiorne & r%lc%gexbaeg%r%altssedcoarpxaalaglvgfloga%rigr}/ 'ng

data (6, di) of each UE; of a plurality of selected UEs, where 6; represents the
angle of the UE; from a 0 degree reference of the base station antenna system
and d; represents the distance of the UE; from the base station antenna system
location, as a function of RF phase ¢ such that phase ¢ is selected so the relative
location data (0;, di) of each UE; of a plurality of selected UEs, is within one area

of the set of areas of reception beam coverage.

42. The base station according to claim 41 wherein the antenna system
has a plurality of modes M which provide different shapes of beams for the same
phase; and the geolocation processor is configured to calculate reception beam
forming parameters as a function of phase ¢ and antenna system mode M and to
output parameters to the beam former representing a set of selected combination

of phase ¢ and antenna system mode M to control reception beam formation.

43. A wireless telecommunication system comprising a plurality of base

stations according to claim 28.

-49-



separate set of UEs; and the beamforner is operatively associated with the
RF nodule to forma set of desired reception beans within a range of
recepti orwbe®amuepacity of the antenna array system 41. pChalshasmssstati on
according to claim40 wherein the geolocation processor is configured to

cor i rein . essol
of recopti on Bham BovEFRss LA nRALRIRGE Lou i ARl (a3 ulfhof BAS
cach UEI caihpishiais dhikalitgforsabiitd adel Bpuiphhsits (O UASER fcliiingangl e of

the UEi froma O degree reference of the base station antenna system and
di represent sanR¥F diwtdatbavhas an asspciateshantenisag@dst ati on ant enna system

| ocation, as a function of RF pha cp_such tha hase cp is selec SO
the rel ative 2| &ggiqct#m@apaoc(e(g??r 3ﬁ§t 8? 0835511 tgfg%lte TOpe, | GurTen @I ected
UES, is whl1hédt ; ; - j grigge.

2 The B B e (e has
a pl ur al trapsafitteddesmstid dRE R 10 wi athileliahtenean forshseples said basenstationst he sane

phase; and the geol ocation processor is configured to calculate reception
beam form ng paraneters as a function of phase cp and antenna system node

d |18,
el oot ed conpii: | AREIESE BolkomBfuERT: Sl hEREARRMN, M 48 Fhr dler

sel ected conbination na system to control
recept i oporhpARidga [H;i_liﬁiralitfy dfanolilovus@l @pspheints qURE)) @ath Ul sichiding:
conprising a plurality of base stations according to claim28. -42 WD

03/ 049409 PCTALRED ¢ anglan assgciatpd saitenna @rNIAYHEM;on syst em accor di ng

t | ai 43 f h i Si | i .of G i . UEs) ,
boch OE | ol uibrat foRfieRobBkAydy Rrdtlofiea Yoifh (RERI odyelho S ROEREa { U5)
geol ocat Pk AGSSE SPFak B bf beaMRNVhEW € hRtdfiLhrdesEdbhER cdffable of

geol ocation data using a global positioning satellite (GPS) system which
data i s ptadasmg;taretl from said UE RF nodul e antenna for use by said base

Further ” conph B8P IGRHOPRIPGHR0Y COMP G PaLEURLREREHEb 1 GESE R Eadh e

i ncl udi NBrocess UE geolocation data of an estimated UE location relative to data of the
known location of a selected base station and output selected parameters to the
beam former such that the beam former controls the RF module to transmit or
receive communication data for the selected base station in a shaped beam that
encompasses the known location of the selected base station where UE

geolocation data relative to the known location of the selected base station is

processed by said geolocation processor.

46. A user equipment (UE) for conducting wireless RF communications
with base stations having known locations in a wireless telecommunication
system comprising:

an RF module and an associated antenna array system;

a beam former operatively associated with the RF module to form a desired
beam within a range of beams which the antenna array system 1s capable of
producing; and

a geolocation processor coupled to said beam former that is configured to

process UE geolocation data of an estimated UE location relative to data of the
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an RF nodul e and an associ ated antenna array system a beam forner
operatively associated with the RF nodule to forma desired beamwthin a
range of weanm4awhd ch the antenna array systemis capabl e eCT/ysomshissi ng; and
a geol ocation processor coupled to said beamfornmer that is configured to

Phe kndvip P SR ofh Skl el <ERULT ARl BORLI A DR kL) el 2 ©

par amet gfcanh Fortrhr sheRthd totHe e a5h dbrihBaton frelshigRnRFanodulectontrantmit tue RF
nodul e to transmt or receive communication data for the selected base

st at i on eseixeshapouninadion data for the splgstedbasestrtiondn aothnnedrbegm that

sel ected base statign ere UE geol | on,dat el at | o] k

| ocat i or?nd’f)mtﬂ‘?@sg%ltglé’t i%mgvaasé]]o%attgqr} o(ﬁci%ée Spﬁl%%ggséaéebys%ﬁpg ‘évteh% %cg{i}l\gn
Pr ocessQfeolfltioh 48 r&4tiven®Nthe(lkdwh AbcAH W tho@elctdl Base Rfation is
comuni cations wth base stations having known |ocations in a wreless
t el ecompocesseddiy sadsgeeincatioprirscesgoran RF nodul e and an associ at ed
antenna array system a beam forner operatively associated with the RF
nodule to forma desired beamw thin a range of beans which the antenna

array systemjp cappOus AleorBRNCI A B Whérd $hogBb0LMLiPA PF6RRG6: GOUP! ed

to said beamtornmer that 1s configured to process UE geolocation data of

an esti rengukd keeachbite ted min iésionthedan forabingherantde W 84tha4oE an

PCT/ US02/ 37851 known | ocati on of a sel ected base statiqn_and out put

sel ect edangar efntramsmissionhbearn ceayerageréieasuad & HERCtion: of dulhn Risssep ahtrol s
the RF nodule.to transmg or ..recegive co nication dat r cted

base st afPABHTLFHIAN gﬂﬁ’ﬁ&# %%ﬂ}ﬁhﬁ%g{%asgﬁpcg EEPREN aﬁ%lf (%g{g ?%e%ﬁ% t he

sel ect edso%?ﬁ}ifé ﬁ}clla%nv&a%%e,leﬁ of 85O QSRR UIRIRatiBh 3biatfd 19 th &riekayn

| ocation of the selected base station is processed by said geol ocation

pr ocessdocatddn ofitlee sdfected biade vtatian, ovlaé e &6 prbsardi the heglped] the selasted

rocessor is configured tqQ calculate tr m ssi.on b form.n arapeters
Ey est i nkasengtagipn fr%m a0 gegree reference &I‘I the estlmategaﬁb focation Aad ™
represents the distance between the estimated UE location and the known

location of the selected base station, is within Apeam.

48. The UE according to claim 46 wherein the antenna system has a
plurality of modes M which provide different shapes of beams for the same phase
and power; and the geolocation processor is configured to calculate transmission
beam forming parameters as a function of phase ¢, transmission power P and
antenna system mode M and to output parameters to the beam former
representing a selected combination of phase ¢, transmission power P and

antenna system mode M to control transmission beam formation.

49. The UE according to claim 47 wherein the geolocation processor is
configured to calculate reception beam forming parameters by estimating an area
of reception beam coverage as a function of RF phase such that phase is selected
so the relative location data of the selected base station is within the area of

reception beam coverage.
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area of transm ssion beam coverage Abeam as a function of RF phase cp and
transm ssion power P such that phase cp and transm ssion power P are

sel ect ed wemsmelded i ve | ocation data (0, d) of the estinat edTWRol/sm8st i on
relative to the known |ocation of the selected base station, where O

represents t hggan%ﬁe %Et%%@bg%5%1n9q%%g&féimﬁefm@hﬂa%g@g%gga&%

ref erence of e estlnate cat1on and represents th

bet ween phaatisy bfieécegtidn odas imdiiclapdotitie diffesent shapat iof hecdptioncherahect ed
base station, is within Abeam 48. The UE according tq claim46 wherein the
ant enna ysthensame phase; and the ssplasatien mwEeeser gs Fandiguapd rter ealeulgbapes of

O o DB BT ARG o MISEL SR 108830

NS SSI on eamitorm ers-as”a function

of phaserg®ptibhaasid B3Ot BAYRIt Pariiflete?d 8RS oaTh €6 e @ePplarabting Hut put
par anet ers Po the beam fornmer representing a selected conbinati on of phase

cp, transelestedoronpunetior efiphasmasdrentepsaaysterderesepiionanedeito ceatohi ssi on

beam f or mat i 8“' 49, E{lre LgtllE according to claim47 wherein the geol ocation
pr ocess oFePRIOB feaity ATATIAN.c o  cul at e reception beam form ng parameters by

estimating an area of reception beam coverage as a function of RF phase
such that phase is selected so the relative |location data of the sel ected
base station 5% w Ahiireldse talceamafiunicetieptsystelheamprmingage. - 44 WO

03/ 049409 PCT/ US02/ 3785@ 50. The Ltlg acc&r di.gg t.o cl a'arﬁ 48 wherein the

ant enna syst etnPiRElEY 0 bage stations dgr sonduching gazelgps & poRM yAICAHPRE ent

shapes o@vitirhg&g@%lifaﬁga?)ggﬁggeég{pcﬁlu%?:@fﬁsgphase; and t he geol ocati on

processor teption beam form ng paraneters as

a function of elobascaitdtidnt legviagsyst em reception node and to out put
paranmeters to the beam former representing a selected conbination of phase
and ant enna syst enan Efemodate and entassedatadnntennasysteon thatdmlgcatethai an. 51.

AR STE TN E L AL RN ML R
user equUiBALSnis&SH range of at least one other of said base stations; and
a beam former operatively associated with the RF module to form a
set of desired beams within a range of beams which the base station's antenna
array system is capable of producing;
a network interface interconnecting said base stations and one or more
associated geolocation processors configured to:
process UE geolocation data that corresponds to estimated locations
of selected UEs relative to location data of antenna array systems of base stations
having transmission ranges that encompass the estimated locations of the
selected UEs;
apportion said selected UEs into groups, each group for maintaining
communications with a selected base station of base stations having transmission
ranges that encompass the estimated locations of the selected UEs; and
output selected parameters to the beam formers of base stations
having transmission ranges that encompass the estimated locations such that a

selected base station transmits communication data for each UE of the
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each base station having: an RF nodul e and an associ ated antenna system
that is |ocated at a predeterm ned position and a geographic transm ssion
range whiwb oowerdhaps with the transm ssion range of at | ea3tusomsrsst her of
sai d base stations; and a beam forner operatively associated with the RF

modul e !t AfBing Btot o530 EEnDE UM 1 4 Bhdol BARAGHAL cREABaRE Eho L Ne

base station”s ant rray systemis capa produci ng;” a network
i nt er f acestimbesdloeatiohiafghs abspdetise §Eati ons and one or nore associ ated
geol ocation processors configured to: process UE geol ocation data that

corresponds to estimted |ocations of selected UEs relative to | ocation

data of antengs arf3y, sKsl Bl IRSE BLALNR oIRiNG .S (A0RBISPRAR] anges

t hat enconpasS 't he estina atrons o apportion said

sel ect ededdmuniéidh aafRsforeach seleettd UBhamd ghality sfhereiedamdiLddtaqase W th a
sel ected base station of base stations having transm ssion ranges that

enconpaskequirenaent and sridnesworloinderfiice aed gesosinted geplocatapmipraseprs 88¢ ect ed
parameters .o t beam forner,s of b stations .having transfi ssion ranges
Phat " encuniietuedfe AB06 Ut SU<sssteitT Esantt e PrRe bAoAt 8 e suaBi: [on
transm tsr cOmHI £l | Btaddhes fREuBRERAE & thbecomARMO O (dR40% be

PCT/ US02/ 37851 correspondi ng group of apportioned UEs in a shaped beam

t hat encirapassttedttbeheasldcted €.l ocati on of the respective UE. 52. A

wi rel ess tel econmuni cati on system according to claimb51 wherein
comuni cation data for each selected UE has a quality of service and a data

rate requiregent ﬁ%é‘él%isgtc%lgédgg%gﬁiﬁtﬂﬁ %@Se@%@c&%%@&@lﬁﬂn%%l?&%ﬁﬁ on

processors are  configured Ion s el ecte S 1nto groups based
in part ggolédmiciuddtaof each sehicvéd VBl wddste stih atadetpliatiesrealositgidatief
communi cation data to be transmtted to the selected UE. 53. A wireless

t el econmtihei U4t and saidinativark ongeniaca and|assacisiedvgeplorationduperssoroarelat a of

each sel cei‘)%tff"g%rg(li:' £6 gl(f)lp%gtefgn %g%d g(ﬁécecgd rﬁbg tir|1t\f)egr\é)%lp(s) Hasdd (ijx"i1 tp%ré) I)n both the
geolocation data corresponding to the estimated locations and relative estimate

velocity data of the selected UEs.

54. A wireless telecommunication system according to claim 53 wherein
communication data for each selected UE has a quality of service and a data rate
requirement and said network interface and associated geolocation processors are
configured to apportion said selected UEs into groups based in part on the quality
of service and data rate requirements of the communication data to be

transmitted to the selected UE.

55. A wireless telecommunication system according to claim 51 wherein
each base station includes a geolocation processor coupled to its beam former that
is configured to process UE geolocation data relative to the predetermined
position of its antenna array system to output selected parameters to its beam
former such that its beam former controls its RF module to transmit

communication data for a selected UE in a shaped beam that encompasses an



the UE and said network interface and associ ated geol ocati on processors are
configured to apportion said selected UEs into groups based in part on both
the geolwoaBiogodat a corresponding to the estimated | ocatPCoresoasmssr el ati ve
estimate velocity data of the selected UEs. 54. A wireless

el eoomunl Rl OIS SURSGAL AT G I AR MIR RlR wiRRTcAbAR dat 2

for eachsel éc as a qu ser ce a ata rate requilrenent

and sai deongevédtimhftidelotasen a9 Praessdd by egidgaloeaiomprgpess@ssor s are
configured to apportion said selected UEs into groups based in part on the

quality of service and data rate requirenents of the conmunication data to
be transmtt to,the selected UE. .55, A wireless :telecomuri i system
according to %?’ai rﬁg‘f%ﬁﬁ %ﬁﬁconéwl‘@gbo@ sg\tgt%qngﬁcqrﬁlgr%g)ecgagn §§§ﬁ%’§ I on
processoL,ANNiGidP ddtd REAR 9K NBAs (D3uality 6P Heltide €and Oa PASRETaLLE

geol ocation data relative to the predetermned position of its antenna
array symdgatirememntutmdt eaeh coased spaiemegeslecation psotrsaor i ocardigwredhta hat

its beam former controls its RF nodyle to transm co ni Lon data for
a sel ect@dcyate hef&nsf{%%fﬁé%g BREAE6LE ¥‘B-”rﬂ: %ﬁ?&t%toaﬁ e%@bﬁ@%ﬁ@

PCT/ USO est. i : : i

it & wh, DRbOR thelRAIR Sttet 18 il fth, e aflipthetls b e dguanf on

geol ocat dsva torrcaasemitted. toAhwisebdcesd UR: econmuni cati on system according to
claim55 wherein comunication data for a UE has a quality of service and
a data rate requirenent and each base station geol ocation processor is

configured to..cal gul.at.e beam formn r r : A to a
cel ccted UE bibed Siegaet iRt RR SR Sabutdin g 13lH dopatth
require Scatfor L8 aCETBRERIsE Rict U Fichude® dabinh 4 tpdsdldtiesivélocithdasebect ed

UE. 57. W rel ess tel econmuni cation systemaccording to claim56 wherein
geol ocat thenUatad efachdudsesstiationegedlscatmg prsessat isneomdigured 4picpdeulateci ty

dat f . the UE d h b tati . | ti i fi d
to cal cubeite fOBBEIE PerAAE TS LA beamdirgiied B astete SR based Ip Bafte ea Le
based i myAgr e?%o{li(?::a%g)nt L8960 ARLEATL HAllR SRIMEERPIRATBNE AnlR1ASHd Mat ed

| ocations an
estimate velocity data of the selected UE.

58. A wireless telecommunication system according to claim 55 wherein
each base station geolocation processor is configured to calculate transmission
beam forming parameters by estimating an area of transmission beam coverage
Abeam as a function of RF phase ¢ and transmission power P such that phase ¢
and transmission power P are selected so the relative location data (6, d) of the
selected UE, where 0 represents the angle of the UE from a 0 degree reference of
the base station antenna system and d represents the distance from the base

station antenna system location, is within Apeam.

59. A wireless telecommunication system according to claim 58 wherein
each base station antenna system has a plurality of modes M which provide
different shapes of beams for the same phase and power; and each base station
geolocation processor is configured to calculate transmission beam forming

parameters as a function of phase ¢, transmission power P and antenna system
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estimate velocity data of the selected UE. 58. A wireless tel ecommuni cation
system according to claim55 wherein each base station geol ocation
processorwO930eabd gured to cal cul ate transm ssi on beam f ecmiusg/pasanet er s
by estimating an area of transm ssi on beam coverage Abeam as a function of

RF ph h th

Rt R R U i T P
UE, wher g10.tc8RbRIERAB0L BEPRA 6, &Bnéﬁ?ssiéﬁl HowoeR Rafld 39968ea ERtemanege of

the base station antenna systemand d represents the distance fromthe base

st ati on Ahtermdradytshasmlisgden beam fosmatidn.n Abeam 59. A wirel ess
t el ecommuni cati on system according to claimb58 wherein each base station
antenna system has a plurali ty of nodes M which provide different shapes

of beams for the Sﬁ@lrgﬁ§§?el@ Eatl(ﬁ{' &b %}E?&lhﬂﬂ 599FR4,REAT 1 ON

processor is configured to ca transm ssi on ormng paraneters

as a fungidiPrbak BEtIen C@olbéa&ﬁﬁ{ﬂﬁ@b@%o@d@ercoi?ﬁgﬁfbchrlbemnapwgemcted 47 WO
03/ 049409 PCT/ US02/ 37851 nopde M and to out put Ehrameters to the respective
beam f or paramefers tebh¢ hgsastatianéebeamdormenauch gationsieam ssi on

power nd ant enn d to _control ransms tion.
B0 A wi el opbiegs BN wbihTs e eReRibhE st %?%tl@ﬁﬁ%%?%ﬁ each
base st aéél@&eﬁe@Eoﬁﬁh's?ﬁ RHASATS That én@&ﬁf)héﬂé"s% te@umateatlo&m@cbedhe
paranmeters to the base station's beam forner such that the base station's

beam f osetecteddAE voheretgeoldRationdldte which carresponds to theeispanatiediigeatéen i on
data for sel ect E in a sh beam.th t enconpasses an esti mated

| ocat i on0 tfhetq%ectggqﬁé)l%grwsg\ﬁggg S@Hﬁﬁ%‘é&? G BEYE WM ch corresponds to
the estimated | ocation of the selected UE is processed by said geol ocation
processor. 61. A wireless tel ecomunication systemaccording to claim®60
wher ei n  eachgbaseAstiatless telecdmaninicatiqn setamarccoling bé clguméd whereah cul at e

recepti on beam formng &cramters by estinati ng an ar a of rece tlon beam
cover ageeagh basefiation@eo anpnmxgge:vssgnéshcqquurg &9 éa“%} atg|recapdip

L:;ﬁ} L\ésgqxocat I Oé‘ra%ét%rg fby e&?m%?{n%cggdargg 615 ré’}febpfoﬂ Bgfmaéo%%rgée agcgpt ion

function of RF phase such that phase is selected so the relative location data of

the selected UE is within the area of reception beam coverage.

62. A wireless telecommunication system according to claim 61 wherein
each base station antenna system has a plurality of reception modes which
provide different shapes of reception beams for the same phase; and the
geolocation processor is configured to calculate reception beam forming
parameters as a function of phase and antenna system reception mode and to
output parameters to the beam former representing a selected combination of

phase and antenna system reception mode to control reception beam formation.

63. A wireless telecommunication system according to claim 55 wherein
each base station RF module has the capacity to provide more than one
transmission beam such that each transmission beam is capable of carrying

communication signals for a separate set of UEs; and



62. A wreless telecommunication systemaccording to claim®6l wherein each
base station antenna systemhas a plurality of reception nodes which

provi de dwbfeanenns shapes of reception beans for the sanme paagesp2/arsdit he
geol ocation processor is configured to cal culate reception beam form ng

paraneters as?&ﬁfé@g&ittﬁe% géanq? %xg%% AT a%xgagfesc{efa@.%ng j@nd to

out put paraneters t eamTt or epresentin ected conbi nation of

phase ang faRine8et ofissiesd tRGRPisSionHedend withans kahgd eftephsmaisshraiwams
formation. 63. A wireless tel ecommunication system according to claimb55

wher ei n whidhtheabasesstationis RetempaArsay systeme 1cegnabile pf psogr@REde nore than
one transm ssion beam such that each transm ssion beamis capabl e of
carrying conmunication signals for a separate set of UEs; and -48 WO

03/ 049409 PCTAS02A 37881k ss EAEEhARRACATiMEsPREM 4 RbFBIng td cPaed 51 fhyr
associated with the RF nodule to forma set of desired transm ssion beans

W t hi n acomaprjeing a pharadity o6 moobibeaser equipotents €Uba} eashdt Eamchidingenna
array systemis pabl e of producing. .64. A wreless tel ecomunication
system accor d?’l’léﬁ?@@“i‘? ﬁ]il?otlfl?%ﬁflt?égomé%ﬂlg‘%%’ &%Fl urality of nobile user
equi pment s (UES)yq GaaRoHE FRGLAE Bt ‘?ﬂcgﬁﬁgﬁfg& o LdRbrifte RUrASROUR ed
antenna; and a deolocatioh processor that 1S configured to determ ne
current gEploggdrain®a gshalpasigoring sapelitki(GRS)gystemel | ite (GPS) system
65. A wireless tel ecommunication systemaccording to claimb51 further
conprising a plurality of nobile user equipnents (UEs), each UE i ncl uding:

an RF nodul e d ap _.associ ated _antenna. .
operatively a@@'oci Ve deWwY el?%oem Wn&%%ﬁﬁég%eﬁ%%ﬁ?g&gggpr%ﬁﬁ gggﬁt\l/l\ne{ hin a
range of cdigpAEinhh plutalRy D tneslite a6d0qEYEieits (FRsRRAlkheUBf inchididgci ng; and

a geol ocation processor coupled to said beamforner that is configured to
process UE geahlnicdmleland aof asgocmsed matennugrraycsxstem;rel ati ve to data of

e o o ol P S0 51 30, B2 R 88 S e BB o
modul e t g4 haRREiA aCfange of beams which the antenna array system is capable of
producing; and
a geolocation processor coupled to said beam former that is configured to
process UE geolocation data of an estimated UE location relative to data of the
known location of a selected base station and output selected parameters to the
beam former such that the beam former controls the RF module to transmit or
receive communication data for the selected base station in a shaped beam that
encompasses the known location of the selected base station where UE
geolocation data relative to the known location of the selected base station is

processed by said geolocation processor.

66. A method of selectively directing base station RF communication
signals in a wireless telecommunication system wherein base stations which
have overlapping transmission ranges conduct wireless RF communications with
a plurality of user equipments (UEs), the method comprising:

a. determining an estimated location of each of a plurality of UEs that

are to receive base station RF communication signals;
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recei ve comuni cation data for the selected base station in a shaped beam
that enconpasses the known | ocation of the sel ected base station where UE
geol ocat iwo odatwos el ati ve to the known | ocation of the selpettusdy/bmse
station is processed by said geol ocation processor. 66. A nethod of

tel ccommnt call on arary el Er i ERTRY LR 10Re SLENM Rulsh, Bk A0 5
transni stia@RndissignTaags Gelsich wncenassdsthrosstimatat Udhkbeutioh; a plurality of
user equi pments (UEs), the nethod conprising: a. _determning an estimated

| ocation of eé&ch oforgaghgaid i, detengmning zelatiyed K dogation dataiaselationi on RF
comuni cati on si;gnal.s; 49 03/ 049409 P 02/,3785 b. far gagh said
G dentd Pﬁ&%ﬁ%ﬁ;ﬁ;ﬁe@% i Sﬁﬁ’g?a# ﬁp%tﬁ%l séiﬁ;ana?%fgsﬁaﬁ%%
enconpaskestibA88 ie@Ppatd eftion; for each said UE, determi ning
relative UE | ocation data in relation to each identified base station

usi ng sai d UEl! ocaforeachatentifigd frasd statien, calodatingnbetanforhingheriteiant i fi ed
base station;.d. for each jdentified base station, calculatjng.b .form ng
criteria aquggappﬁt o sp1g determingd: elatike docation; dyta F‘d@éttﬁﬁteg‘éh iﬁg]dﬁh t hat
each UE |s.: [ d ]rq?%i : t.aty £ [ -

comruni c%%lﬁﬁé@k‘gﬁg’l srh? g?a t atﬁﬁhagrfg&tﬁgv%%ﬁt%g%gmntgg}é%a%?r%dﬁ’ga%sofp fn ng a
set of dihadUBdareamir whnbaseed] ahdon RF comruni cation signals for said

UEs transmtted fromsaid base stations based on said calculated heam
formng critefia siaeminga sator dirgated heamerof hage ptatien Riceommynetionr

conmuni cati 0 i gna, for that,, Ue.enco S t.h ti ed. i of
cormunt <8oaAlh £ SRR 0B Rk bl oD RIS Red Rl Ol PAEhSR0
dynam cahbym foPREAE icBitEAalARD HatfopRabh 3ASIUTS laOdirb&RAShe £ix -hakifig 'R hod
according to claime66 wherein communi cation data for each UE has a quality

of servi cempnthicatden sigrele forethatréRemcorpdssed the extimated lorgtivaaohthat ni ng
criteri wc{;ﬂlé hat each UE is assigned to a particular

g. repeating steps a-g based on selected criteria to dynamically

reconfigure base station transmission beams.

67. The method according to claim 66 wherein communication data for
each UE has a quality of service and a data rate requirement and said
calculating beam forming criteria such that each UE is assigned to a particular
base station is based in part on the quality of service and data rate requirements

of the communication data to be transmitted to the UEs.

68. The method according to claim 66 wherein relative location data of
each UE includes estimated relative velocity data of the UE and said calculating
beam forming criteria such that each UE is assigned to a particular base station
is based in part on both the relative location data corresponding to the estimated

UE locations and the relative estimated velocity data of the UEs.

69. The method according to claim 68 wherein communication data for

each UE has a quality of service and a data rate requirement and said

-50-



base station is based in part on the quality of service and data rate
requi rements of the communication data to be transmtted to the UEs. 68.
The net howoasmedd ng to claim66 wherein relative | ocati orcadatsaz/sfssi each UE
i ncludes estimated relative velocity data of the UE and said cal cul ating
beam f or iy ng._¢ri t.er i a .S i . rt ase
station cail%‘%ﬁglsn ob elaﬁﬁl 6%%&%&%{ ﬁa %ﬁcgﬁaitaeta?:@?ggggg |gl rﬂlgggtg S %%Cglg%gndi ng
to the asddemsphfion idFadcdGatyar0onane quadity 6f &irvie aal damtiede Yed wiebingndat a of
the UEs. 69. The nethod according to claim®68 wherein comunication data
for eacif thE desymaninagion dateftodes trapemitigdtodhed/Eat e requi rement and said
-50 WD 03/049409 PCT/ US02/ 37851 cal cul ating beamformng criteria such
that each UE is assigned to a particular base station is based in part on
the quality ofgSerpheemaandd daddidd & d8RHIEBIERS N stpstlg a¢o pEpEtEdtd ON
data to be transmtted to the UEs.” 70. The nethod according to cl aim 68
wher ei n dytremically mecenfigpsmbask statiaty bearisnaisbipnr leaoms bgsed omas selacted on

transm ssi on peans based. on a, sel ected type of change jn relatjve cation
dat a cor%§p®£€l‘i‘%@g‘t &n (eiataeg Jlogation data I‘%@@?P% ngn ttiﬁ‘é etsgﬂné‘t"i%dé)

esti mat ' t he: : @?‘Sordingto cl aim 67
wher ei nelgf%tgégé;?gagﬁgtrrgleaggvftﬁlrggﬁddgﬁg%}-gg]a%t)?ggeon I gure base station
transm ssi on beans based on a selected type of change in the quality of

service and data rate requirenments of the conmunication data to b&
transmitted tolthelEmethod agearding trodaus 60 vahergin stepsa-SABB TRRABH O st eps

a-g are repeated to dynam g¢ally, reconfi i tra 1.S51.9N
beams. babair Bl alvolealtRi i Sul BRI Ferth S HaPe PRI GR T
accordi r\gpteoof:hﬁw%&@nvmr guAlit of dREeicaT dnd Wadh @ife RYuirsri@cts! OCelié on of
a UE is perforned Dby tel ecommuni cation system triangulation of UE

t ransm tdomamsingewtion dateto/kel tiansométesk tontdreeUBsse stations. 74. The net hod
according to claim66 wherein the determ ning of an estimted |ocation of
a UE is perforned by a d obal Positioning Satellite system at the UE.

72.  The method according to claim 66 wherein steps a-g are repeated to

dynamically reconfigure base station transmission beams based on a selected

type of base station failure.

73.  The method according to claim 66 wherein the determining of an
estimated location of a UE is performed by telecommunication system

triangulation of UE transmitted signals received by one or more base stations.

74.  The method according to claim 66 wherein the determining of an
estimated location of a UE is performed by a Global Positioning Satellite system

at the UE.

75. A smart handover method of selectively directing base station RF
communication signals in a wireless telecommunication system wherein base
stations that have known locations and overlapping transmission ranges conduct

wireless RF communications with a mobile user equipment (UE), the method

comprising:
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75. A smart handover nethod of selectively directing base station RF
comuni cation signals in a wreless tel ecommuni cati on system wherei n base
st ati ons wbaw/ohaoe known | ocati ons and overl appi ng transniPETIUS02/8BRYES
conduct wreless RF conmunications with a nobile user equipnent (UE), the

method  compr ) st NOgogendhinfl Ol OdadAfedudatibi 6t 2 dfpHe R WHALRISIRLRE AN

estimated |l ocation o I'S recelvVing communi cati o

si gnal s RFeahanastiinadifealsdhciashd2asition andiibtodated arlssiransmissige of a
plurality of base stations; b. identifying each base station that has a
transni seAnge ofmpbuwtity pf base siasiesses the estimated UE location; c.

determ ning rgelatiyv locatiagn data .in.relation to each identif base
tati on ustngbsai dBETHNKAR A S kANBH thik e wABeRTiloh SFALL Wiih
| ocat i ongp dm FRdsekRé bBInRRBAT NGRS i teria based in part on said
determned relative |ocation data such that said UE is assigned to one of

sai d identified badeterstiningiedativebiElvcatiorRdata mmpelatianitoreash ghentsfiedr t hat
UE are to be transmfted;., and f. i.ng a di rected, beam of. hase station
RE commPREasiabrnging Shid orimaten G Toriutandotha Pass SHUoBAdTIREE

stati ondﬁggﬁgnon said calculated beamformng criteria such that said
directe eam enconpasses the estimated |location of that UE, and g.
repeating ste@s a-¢lbakeithgbexmelfenhig aiteriarbaseddngharanhcaid getermined i gur e
base station transm ssion beans. 76.._The net hod accorgsipéggé_to cl.ai 51&75

wher ei n redavvelesationrdatasachshat said WE 1 assigngd 40 ppg o dentBed Rase dat a
t : : ! o . . P SEl
heUe + taEERS Rorf thiER . on B bk pRAAT GEUI IR bbbt

on the ogygfity of service and data rate requirenents of the conmmunication

data to be transmtted to the UEs. 77. The nethod according to claim 75
wherein rel atfve | foratinga dizectedbeam of base station RF communication signals

for said UEs transmitted from said one base station based on said calculated
beam forming criteria such that said directed beam encompasses the estimated
location of that UE; and

g. repeating steps a-g based on selected criteria to dynamically

reconfigure base station transmission beams.-

76. The method according to claim 75 wherein communication data for
the UE has a quality of service and a data rate requirement and said calculating
beam forming criteria such that theUE is assigned to one of said identified base
stations is based in part on the quality of service and data rate requirements of

the communication data to be transmitted to the UEs.

77.  The method according to claim 75 wherein relative location data of
the UE includes estimated relative velocity data of the UE and said calculating
beam forming criteria such that each UE is assigned to one of said identified base
stations is based in part on both the relative location data corresponding to the

estimated UE location and the relative estimated velocity data of the UE.
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the UE includes estimated relative velocity data of the UE and said
calculating beamformng criteria such that each UE is assigned to one of
sai d i dernwpfos@dvsbase stations is based in part on both tReTrEaBISFE

| ocation data corresponding to the estimted UE |ocation and the relative
estimated vel ggity t f .t o 9 3 7 8. The
nmet hod accor d? g t'gﬂglng?t%m}#a\?\%rﬁ% rgé%lg\ré@uﬁ?@%?%% ngi%hﬂ gér)a%i%e(?%é fﬁgs a
qual ity gfe BEINASLE qaRRtRofRirRidediR] 4 @AtH FARRBHURBthedRiathdodlig chRiulagng beam
formng criteria such that each UE is assigned to one of said identified
base stbeamdfermingeritaria sughathateach i ipassigyedio anerafisaid identifigddasat e

i f. .th i cat | ta.to be t itted to.the UE .79.
The mot nBAURERAR BERG F0 PEF oy i ALR Phe e R0 tA@dshBpifons o

dynam calfly/csRAAMMIEAHSS dAas o BE ddimitt&N R UM beans based on a sel ected
type of change in relative location data corresponding to the estimated UE
| ocation and the relative estinated velocity data of the UE. 80. The nethod

according to cl ai 6 wherein steps a-g.are repeated to dynam call
reconfigure bale rsntr£?i i@ﬁéﬁ%‘?ﬁ"é’%ﬁ&‘?ﬁlﬁé‘&r@ ‘Hgg’é"dnéﬁe% gl Etr%egiegé‘é of
change i : ' f [ %&'ﬁn% S

comruni c%é%%mgigﬁgh%c\énggu? ??élg%‘l%tt%ﬂggng géﬁlé%tsugr{g : ﬁdﬁ%gt%gé %@%&?%i ng to
cl ai m 75tydecoPichafif€nia Flgtias docainatideda torratpoadimakd theeetithatud &hase
station transm ssjion beans based on a_sel ected  type of base station

f ai | ur e. logatiompndrheresdative epdmaged yelacaiyndats afitbediB- t he determining of an
estimated | ocation of the UE is perforned by tel ecomunication system

triangul ation of UE transmtted signals received by one or nore base

stations. 83.gghe TRERRENBAGRESN RS tOcIaimi T8 wheriftpt 4 Baudetpedieditdy of
an estimated | ocation of the UE is performed by a G obal P05|t|on|2ﬁ?

Sat el | i t éynasmitadly st¢configuE bagd station tearsypissaine boamshaseti onassgdecs
conprising: a,plurality of base stations fo gnducting wirel ess RE
communi cBfeonk chapge iy T’h?oiqluéflﬁ%é}f %“dmcﬁnﬁﬂ?ﬁ ‘facﬁé) rate requirements of the

communication data to be transmitted to the UE.

81. The method according to claim 75 wherein steps a-g are repeated to
dynamically reconfigure base station transmission beams based on a selected

type of base station failure.

82. The method according to claim 75 wherein the determining of an
estimated location of the UE is performed by telecommunication system

triangulation of UE transmitted signals received by one or more base stations.

83. The method according to claim 75 wherein the determining of an
estimated location of the UE is performed by a Global Positioning Satellite
system at the UE.

84. A wireless telecommunication system comprising:
a plurality of base stations for conducting wireless RF communications

with a mobile user equipment (UE);
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-53 WO 03/049409 PCT/ US02/ 37851 each based station having: an RF nodul e
and an associ ated antenna systemthat is |ocated at a predeterm ned

posi ti on wod3a4geogr aphi ¢ transm ssi on range whi ch overl| apsTisoh37sshe
transm ssion range of at | east one other of said base stations; and a beam

former operatjyvel SQCL: i th the RF nodule to forma set of desired
beans within %acﬁayn%%%oﬁﬁgggqnga%ébh the base station's antenna array

systemis capabl e g RF@ddaidwnd anRskovated sitenhacgsteni thatdstweatédwt sai d
base stations and one or nore associated geol ocation processors configured

to: processetEngmedavaitionantha geegraphicirpaspissizn ranaewhichiovarlegs wileat i on
of a selected nobil.e UE rel ﬁtmle %o Iogﬁti on dgtba of ;antenna array systens
of base WCHTABRLIFHION fgnEe Shetleast one PhRgR Y $HY P8 SERIRLY 4 esti mat ed
location of the se) gelmdoMier pptRRIvely R8SRISeatioR tRE RIMRoBaR o ol ONS
havi ng transm ssion ranges that enconpass the estimted | ocation of the
sel ect edsetaf desitedtiqamis parhanet earsget of hdvendesdrich vthebasettathen'santenmwal base

station such that the sel ;eq%t ed,base station transmts conmmunication data
for the ¥RRY¥EYEEM iEcapable o DXadu@BEM t hat enconpasses the esti mat ed

| ocati on of tQ%ei%ggﬁgﬁgagﬁhin%&coén&ﬁﬁ% Q81 gséeegg%f@{y SA41088 GHYBbRIN

according to Cclaim conmuni cati on data he selected UE has a

qual i ty gdsosritvil geomastion pabeessatseconfipaubdeoent and said network interface
and associ ated geol ocation _processors are _configured to select . a base

station based in peracesh URegeplegation dnte dhat ceoreaipondsato ant esHBaift enent s

of the nicagtion,data t e ansm.ti . e A
wirel es gl?’ggﬁ%o% rﬁeé%ci%?(ir{n §9€? e[?rﬁ‘ a‘&eé%b&? ﬁtg #Ogaiclpgi (%a%ﬁg%\%grt%#ga a§§ay

geol ocat ;e Aat 8f Hask N§atRNGChaGindE tiAvdmiiefore $hhfed athat ediddonygassetioei ty
data of "the UE and said network interface and associ ated geol ocation

pr ocessoestimnted ooatiogwfdhe iselestdetlli;a base station based in part on both

t he i ) ) . ..
geol ocation daéealect a base station of the base stations having transmission ranges

that encompass the estimated location of the selected UE; and

output parameters to the beam former of the selected base station
such that the selected base station transmits communication data for the selected
UE in a shaped beam that encompasses the estimated location of the selected

UE.

85. A wireless telecommunication system according to claim 84 wherein
communication data for the selected UE has a quality of service and a data rate
requirement and said network interface and associated geolocation processors are
configured to select a base station based in part on the quality of service and data
rate requirements of the communication data to be transmitted to the selected

UE.

86. A wireless telecommunication system according to claim 84 wherein
geolocation data of the selected UE includes estimated relative velocity data of
the UE and said network interface and associated geolocation processors are

configured to select a base station based in part on both the geolocation data
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-54 WO 03/ 049409 PCT/ US02/ 37851 corresponding to the estinmated | ocation
and relative estimate velocity data of the selected UE. 87. A wreless

t el econmuwDaawian syst em according to claim86 wherein ceCrsozatsson dat a
for the selected UE has a quality of service and a data rate requirenent

and said network.interface. and associ ate | ocation Preocessor
conf i gur@Yrewo F%%%Oteb ’én%'ieéltei%qfl%%g rgleﬁ%ﬁlgrptstt%&eﬁee?%cﬁégl (fatt% 0g\&%ser vi ce
and dat aselé(%ggwﬁqui renments of the communication data to be transmitted to
the sel ecte UE. 88. A wireless telecommunication systemaccording to
claim 84 wherein each base station includes a geol ocation processor
coupled to its beam forner is.configured to proc UEgge | ocat i on

r

h
data rel ativeBto tfa 16?’@8%?%?‘?1%%@&““‘&%‘1”{ SHEBACER 1%€c§cﬁﬁlén SPtem to
out put S%xf%&%ﬂc#%%ﬁﬁ%f%% th slefe%%&?@'@ hi&h ralﬁg%lf‘ séRle Ahd aRBADChE Mer

control s transm communi cation data for a selected UE in

a shapedrdirarsrh b areheddprRswesk terfass andhesbclated geaocation heoceedorsieel UE
where geol ocation data which corresponds to the estjmted | ocati an IS

pr ocessecnfigugail go gelerbe hasostagioadeasedin pagt onth AupiGsofiserdedaRtAREAL i on
St oGR8 b B PSR MR RO L e e e @

qual i ty & guirenme ch base station
geol ocatyygn processor is configured to calculate beamform ng paraneters
for a beamdirected to a selected UE based in part on the quality of

service and data rate requirenments of the communication data to be
transmtted to the,selected UE. 90. .A wireless tel eco i catji.on system
according to §$-ai @y &p gqlﬁco%né%qwsg%mgcgqr%g%%a}q}?rldglé m
estimat ed, hAl Aol A &+i¥h i RAUEYs g%te@lo@%tiﬁﬁﬁr&égsscﬁ'@guﬁﬁ‘affo b3 ai Birhi¥? that
geol ocation processor 1s configured to cal cul ate beam form ng paraneters
for a beamslifigateddtd prodees EEbgecdcatiopatdtaorelative tohthe pHedatOrd3ned 9409
PCT/ US02/ 37851 geol ocati on data corresponding to the estimted | ocation
and r el apositiongfiltfpprtenna array system to output se ected parameters to 1ts beam
former such that its beam former controls its RF module to transmit
communication data for a selected UE in a shaped beam that encompasses an
estimated location of the selected UE where geolocation data which corresponds

to the estimated location is processed by said geolocation processor.

89. A wireless telecommunication system according to claim 88 wherein
communication data for a UE has a quality of service and a data rate
requirement and each base station geolocation processor is configured to
calculate beam forming parameters for a beam directed to a selected UE based in
part on the quality of service and data rate requirements of the communication

data to be transmitted to the selected UE.

90. A wireless telecommunication system according to claim 89 wherein
geolocation data of the UE includes estimated relative velocity data of the UE
and each base station geolocation processor is configured to calculate beam

forming parameters for a beam directed to the UE based in part on both the
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velocity data of the UE. 91. A wireless tel ecommunication system accordi ng
to claim90 wherein each base station geol ocation processor is configured
to cal culwoassansm ssion beam form ng paranmeters by estipcatisoy3mal ar ea of
transm ssi on beam coverage Abeam as a function of RF phase cp and

t i SSi h that ph : [ ] 551

Sef ect ettt Brla P a8 1fs B8yt YRR AR EGRNTLsmate
representsotiy daegbetif UtEle UE froma O degree reference of the base
station antenna systemand d represents the distance fromthe base station

antenna systemlocation, is within Abeam 92. A wirel ess tel ecomrunication
system according to claim9l wherein each base statio nt epna st em has
a plurality oflnodedvigf ?E‘ﬁe?ﬂn&mlﬁ’é‘:at&ﬂ‘ﬁyé ee‘ﬁtacg(?@b‘égpoo a%gﬁswﬁ%rle% he
sane phaé%:}}aﬂgséage%{oh %ébqoéeﬁf&h forks 'c@ﬂﬁng&i £5 8dlcAlh tRMPARSHNsidi®

e 0 calculat®e tr

confi gur ansm ssion beamformng paranmeters as a function
of phasebgdim foFmiE)SSiRetepobe estntutingah enea oftramemissiond deMacayeragout put
paraneters to the respective beam forner representi ngé)a i}gl ect

nfie

d
combi nat Apan @B Dfenstianof RE phases pad thanen1ssIohRoRaT E}&téﬁ?%d@ Mto

control transm ssion beam fgrmatien, L i '

syst em a@RO FHHTHIPSEIoN RIS We%ez?%eggggﬁe E%lsa givgl g‘fé@‘%ﬁ%@%éf i%g'rt]R@
process OUE'k3 Wit o P&l nt 9 tiedhRele cTEhe VR BronPa0ad8res Sefefoidia RS Base
station's beam forner such that the base station's beam former controls
the RF rmuatiom tntdmensystemoanded eepreseohsrthe dastasne daom thy base staforn g
shaped beam t hat encqnpasses an estimated | ocation of the UE where

geol ocat ARyPIRR W C%?If’é§ﬁ6‘ﬁgl§l ferarhe estimated | ocation of the UE is
processed by said geol ocation processor. 94. A wirel ess tel econmunication
system according to claim 88 wherein each base station geol ocation
processor is g2nfi gureelekotelatanhairtcattmegtstan doeanting &6clWimn O3/ vOHL0D

PCT/ US02/ 37851 form ng paraneters by esti mating anogéez‘éof recepti.on beam
cover ageeash hasé ghationangeniRE spatese hasch pluealityhelsmodss Y| whichipryidee

Lg{,gﬁ ;\égcﬁf e%g%l- 8ﬁa€<§st & b%famé Poer tﬂ% siasmé’vI phg!s.g aBH%oWe??aﬁa B Bk WaiGAM
geolocation processor is configured to calculate transmission beam forming
parameters as a function of phase ¢, transmission power P and antenna system
mode M and to output parameters to the respective beam former representing a

selected combination of phase ¢, transmission power P and antenna system mode

M to control transmission beam formation.

93. A wireless telecommunication system according to claim 88 wherein
each base station geolocation processor is configured to output selected
parameters to the base station's beam former such that the base station's beam
former controls the RF module to transmit or receive communication data for the
UE in a shaped beam that encompasses an estimated location of the UE where
geolocation data which corresponds to the estimated location of the UK is

processed by said geolocation processor.

94. A wireless telecommunication system according to claim 88 wherein

each base station geolocation processor is configured to calculate reception beam
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95. A wireless telecommunication systemaccording to claim94 wherein each
base station antenna systemhas a plurality of reception nodes which

provi de dwbDfoaerabs shapes of reception beans for the sanme plagsp2/anmnsdlt he
geol ocation processor is configured to cal culate reception beam form ng
paranmeters as a function of phase and anten st.emgor eception node and to

as
out put Ffarming PaFamsterseby esRMYIRE AT @ﬁ?%sogrﬁef: 190 DEAEL{RE R T &t i on of
phase a c i}ﬁ{lﬂ t&P5S ER4 rd1SERBIbORIGEAR A of
formati ﬁp@@éﬁ%ﬂﬁﬁiﬁ%ﬁ%ﬁ@eﬁ% mmégﬁggﬁiegn syst emraccor di nglt o claim88
wher ei n theddh ibasiehit eHd areaRT rebehtien baami dovecagmci ty to provi de nore than
one transm ssion beam such that each transm ssion beamis capabl e of
carrying conmunication signals for a separate set of UEs; and each
respective b former .is operativel SQGI i BEoaRHi 8in t O
forma set of”Hesi g’dr‘?l‘?%\%‘? CSE%‘BH%E%%\%E‘ S&Igte%}:l %&gﬂ‘#ﬁ%ﬁg@ﬁ#ﬁ??ans m'rglsnl on
beans vhjfMpiResHafch ahedhPD s§sRM aiiaa luaxlisy of estdpictapedides which
producing. 97. A wreless tel ecommunication nystem according to claim84

P

further prooidy idiffexpnd ghapesl of yreoéptawbiheans dor ddei prmet BhasEspndethr UE
including: an RF nodul e that has an associ ated antenna;. a tion
pr ocesso¥eolQrRtIons RIGRFSSGTr ¥d CPBfQian n‘ionélail ?téentreffé)%%réopg%rgt ?@Iﬁilﬁ% ng a
gl obal g;?aﬁjagﬁdé}@i{'gs% cltiogneof(ﬁ:ﬁoa%)e Y LR NP8 syéteWl F&leptiont ModeHIINd cat i on
system according to claims4 further conprising a plurality of nobile user
equi prensqgpabtiparaneiels tdtlenbéardi fogmeameRFesentinigea aek¢ctad esnbuatiarofint enna
array system -57 WO 03/049409 PCT/ Us(gizl 37851 _a beam forner olge atively
associ atpknseiand anterma sistemaeeeption mosdedocontipl Besgntign heam for ﬁ{g‘8nof

beans which the antenna array systemis capable of producing; and a

geol ocati on processor coupled to said beamfornmer that is configured to
process UE gegd ocapivAReldad foledoniin ugsdation Setdir accnrdingto dlaimBBwehdreindat a of
the known |ocation of a selected base station and out put sel ected
par anet esxcht basthestatioanRifompastule ubas tthat capaciye 4th PIOVIES TROTH Itgfig e RF

| r ' r . i )
modul e tt%a%s%?sssrpoxtl beam such that each transmission beam is capable of carrying

communication signals for a separate set of UEs; and
each respective beam former is operatively associated with the RF module
to form a set of desired transmission beams within a range of transmission beams

which the base station's antenna array system is capable of producing.

97.  Awireless telecommunication system according to claim 84 further
comprising a plurality of mobile user equipments (UEs), each UE including:

an RF module that has an associated antenna; and

a geolocation processor that is configured to determine current UE

geolocation using a global positioning satellite (GPS) system.

98. A wireless telecommunication system according to claim 84 further
comprising a plurality of mobile user equipments (UEs), each UE including:

an RF module and an associated antenna array system;
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recei ve conmmuni cation data for the selected base station in a shaped beam
that enconpasses the known | ocation of the sel ected base station where UE
geol ocat iwo odessoy el ative to the known location of the selpetiusd/bmse
station is processed by said geol ocation processor. -58

a beam former operatively associated with the RF module to form a desired
beam within a range of beams which the antenna array system is capable of
producing; and

a geolocation processor coupled to said beam former that is configured to
process UE geolocation data of an estimated UE location relative to data of the
known location of a selected base station and output selected parameters to the
beam former such that the beam former controls the RF module to transmit or
receive communication data for the selected base station in a shaped beam that
encompasses the known location of the selected base station where UE
geolocation data relative to the known location of the selected base station 18

processed by said geolocation processor.
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