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O (57) Abstract: The present invention relates to a method and system using dynamic beam forming for wireless communication
signals in a wireless network. Base stations and/or Ues are provided with antenna systems having a range of beam forming selections.
Relativebase station and UE locations are one type of criteria used to make beam forming decisions.
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FOR W RELESS COMMUNI CATI ON SI GNALS [0002] FIELD OF | NyENTI QN[0003] The
present invention relates to the field of wreless connunications. Mre
- specifically, the present invention relates to a nethod and system using

dynam cwBeghch@r M ng for wirel ess comunication sign I ssions
Ons | BBl

and/or receptions in a wireless network. [0004] BACK 5] Wreless
tel eco nj cat j Y, well _known_in the art. Conventionally, a
base. sEOLbn Swetend VD daedfon Ty S8 miariic b am iR NG o cr i ber
units. Base stations WOR WIRHIEDS COMMINIGATION|S nications with
subscri ber systens concurrently. One neasure of base station capacity is

t he mafd088m nunber of concFIEAD OFdNNENTEONons it can support which is a
factor rmn by such things as avail abl e _power. and, bapdw dth. [0006]
Si nce wgﬁaﬁll sUBi§cralgEry B H?’Eat"%la\‘iﬁst hbot h@%\ggéldst%ﬁiﬂﬁe Sthe same
tine, gbRsgicatiohs OMdredpRGANAINE tHE pRLRRE iRk Grelfledtdll SRLthERNY

subscri bers beyond its capacity for concurrent conmunications. If the

maxi muand spsteny usifhgodymamic detnc rmimg dat woete st momem taicaticd afgnah are bei ng
conduc{ ed, an. att t to establish 1a furthﬁg communi cation will result in
an i ndPeaPREHIoNs 2 FRCRRUORS B AR PR REYWOTEh as a system busy signal .

[ 0007] Service coverage by a base stationis not only limted to its
capacity for handling concurrent conmunications, but is also inherently
linitef®004] a specific geogr BARKGROEUHND A base station's geographic range
IS typj y defi.ned by. the | ocat.ion of the base.station!.s antenna system
and + ROOBELL, “oiiFdiess fejseammpRgatiod syslpys e Bal dopa Fofte fo08] 1 n’ or der
to proghskentioh&lIFSS eSS ¥iatRnOWAl pARRRAERSY CodBAiBRNLlor3h&fy & network
systemis conventionally provided wth multiple base stations.” Each base
st at i oynhisagbént wnitat Bagesstatione wils eypallyvisdndle mpdtipld dommuonmatidng o provi de

covera over specific portion of. the total_.geographic area.which is
cov_ere%ﬁbfugfc}’fgaeéﬁﬁ%ms c§§8‘ﬁ”§9€¥'e EPE%W?O#W%@Q% FAMAELE Kervi ce for
mobi | etRURgEM i mumdber of concurrent communications it can support which is a

factor determined by such things as available power 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. If the 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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29 May 2006 WO 03/049409 PCTI US02/ 37851 units which c%gﬁ%,a%%,le; out of the
range of one base station and into the range of another Base station

Wi t hout interruption of an ongoing w rel ess conmunication. In such

net wor Kgyo (sif4ghe0gr aphi ¢ area covered by a base stati@n jo5, Hguymonly
referred to as a cell and tel ephone comruni cation services provide are
comonly called cellular tel ephone services. [0009] Systens constructed in
accor daniséewhichreamutiraeaious phiiefiange pbme hofse stasiorpantl Bin sheardange obar t ner shi p

Pr ogr anﬁétﬁ@P%ﬁeai%desitgneg ;o _prtovi such ser.vélce. Inusu 1% systenms, a
typi caf PSRRI ST BHEQULnLeTrARHionot g SREOINE WATEIERS ompautiation. * ¢ i ¢
subscr Th&uch RbfworkB PtHeCgdr4iHI€ hiaS@wvered B§NLWas@EtadiodSis lecomiionyent (UE) .
[0010] In designing a tel ecomunication systemto cover a specific

geogr aysergedioss a larhohe eoramanionbipn servicesprevideaw copmendy pr edef i ned

patter f |lds. & X le as illustrated in Figure I A, hexagonal - shape
cells &é%g cggufézft?lﬁgéoé%g%ﬁggs't he cells cover the entire geographic area in

a ho ne%moa]b pabystelns doRstiueiad i Satsidanite wiblkusRht spRifidatives efthase station
whi ch has an antenna at the center of the cell to provide 360 coverage.

Al t houdf GanerggioniParsngrshipRregeage (SGRE) pre drsignpdda pvpvadorichapsyicgver | appi ng

ar eas, 1j i i Q:e:E e A.SSL R ns, shown in
phant orIr%l Q‘f@%%%%ggsg a??gﬁ?gé@@n%xﬁ%tgﬁﬁggéeoﬁtéggﬁl ggc%ﬁ)yngiieﬁsﬂn%gggo%er£ap. Thi s

.over | ajypihl Hesaoribervanidogaokitady ctherwiks dmosm asdf Userdoquipimeas@E)n bei ng
conducted by a pobile UE from one base  station to another as_the nobile UE

travel 9010lom on& dasIEniBE oh JelesPmmuyaigagion sygtemo e rqoxphian §Peale st ation

si gnal A | Ot ' received E froma
ai 11 or SRPMHOULEE 48, bUEBEIBEREE iy Bobionk BHRK Sptiened T 17 O 0,
For a patdratef célls. rld@sxample & Hstiyedin Peliratd, héxaganalslmpeestaini f or m

shapes. Directignal_ antennas, phased array antennas or other types of
ant enrien boydehiagd se fhatjheselly coyen thaentigiccagrspaig auegin a horgrcomtyt i on ant enna

for t I S e {] rii e ’ I ic area of a
speci féagpestg‘ halgieg‘ra'}]tcryélI ggél@églﬁ”é&?]l 15932%%}5%? g?/b %%s%hgly gﬁl{r %I%EB%S% Figure 1B,
t he ussntehina at the center of the cell to provide 360° coverage. Although a map of cell

coverage may be designed without any overlapping areas, in practice as shown in
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




di rectional antennas or phased antenna arrays enableszghﬂg%%ogtation
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 avoi dance of -2 29 May 2006 creating interference outside the
cell, in contrast wwth nerely placing a nonopole antenna on the edge of a
cell and transmtting a 360 comuni cati on beam Unlike wreless

el | and . D ke vireless
Cyat o o Sha Bl the L by 3G RRB0 oS BT o

usageap@hh&bA3hs bRl Sedelliand thahstnitmkl 4 86&eoeaRumestid heanhe provided by
any base station within the system Accordingly, a particular base station

may find i Uslibepeireless seinmypufiedtiop aysteins edhivh owlyi servéEtatéortaeyi ng its cell
fromother, cell.s. The inventqgrs have recognized that the base station and
ass op‘?"thbrs'ﬂé@er a“ﬁ‘t‘tén Wét%% H"eﬁﬁ%‘w BRI g”éflhl ?gbj‘ieeﬂse?% E?\?c’é‘ﬂf’h gure base

statl QBre L&APRA és?ig@"ba%%%@rsiﬂcgcs% O e ﬂb%ﬁf@&ogﬁ?ﬁlﬂr ggtual use of

the wireless system” This can result 1n dynani ca ngi'ng overal |l cell
covermgeided byosmy bieasthtiyn ReeHin SBé Wi aemd dwBdiidmady)th pafidalarieister avoid
attenpted communi cations being nmet with a network busy signal. This can
al so ¥taton maspfind rﬁaﬂ@pam’rﬂmve?uﬂn whilized; by mohie Mlsamtemngidgcedat i on when a

UE noy.es ftﬂé)r”c}e ne cell to another. To inplenent dynam ¢ beam ng form ng, -
t he i'nventors have recognized that data generated by conventional neans

whi ch i denthd igferibe naROGEARRIE! GRIIANLEL &Rl b Uesociigh as using

avail able G obal Positioning Satellite ( ) systens or a base station
t ri amgptbBaia osystesd ningwe be c dyndeicaliyl vasidage owsdoyfigised biake t dteticynam c
operation of base station antenna systems. SUMVARY In accordance with a
firsttragppissioprandir 1eeenian bsamse it responsenty actugl ool thegwireless hod of
sel ect.i ymdirect i ng. basg stathon.RE communication sigpnals in a wreless
tel ec rsriTy'?SLlrln rl(;}glts i(%_lﬁ rgfllgfc enrln(te %}né?a%lyac}lgggjélgs?vgf?]gﬁefé(?ﬁ‘éﬁfagegpo Al ess RF
COMMRk &Y S sibvich demBhHE 8hd,lthu®fbee avsdUtRiIERES corthicatifs
' being met with a network busy signal. This can also result in “smart” handover

to avoid communication degradation when a UE moves from one cell to another.

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.

SUMMARY

In accordance with a first aspect of the present invention, there is
provided a method of selectively directing base station RF communication
signals in a wireless telecommunication system wherein a base station conducts
wireless RF communications with a plurality of user equipments (UEs), the
method comprising: determining an estimated location of a UE; determining
_relative location data using the estimated UE location and a known location of a
base station antenna system; calculating beam forming criteria based i.n part on

the relative location data; and forming a directed beam for RF communication
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nmet hod conprising: deternmining an estimted |ocation g§ya \Ssqcdet erm ning
relative location data using the estinmated UE | ocati on and & Known | ocati on
of a base station antenna system calculating beamformng criteria based
in part on the relative location data; and form ng a directed beamfor RF
comuni cation -3 29 May 2006 signals between said UE and said base station
ant enna system based on said calculated beamformng criteria such that

sai d direft the .estimated |ocation of said UE 29 My
2006 %%égﬁénggﬁﬁgﬁﬁhgﬁ |oc%§?3ﬁgﬁé%§m% a%%“g%ﬁ?ﬂﬁ?%ga$%ﬁglf% of a UE may
be pedltalatdibdiyn fRhesOBIEHLCAIhONS ¥ ST dctddnanl ahdoibaRbesdhet ransni tted
signals received by one or nore base stations. Alternatively, or in

conbi eeftnaied ledadioawt s4id Ulhe determi ning of |ocation data of an estinated

| ocation of a UE may be perforned by the UE, such as by the UE using a

G obal Positioning Satellite system and the data is transmtted fromthe
UE to a base station. The calculating beamformng criteria preferably

i ncludes calculating transm ssion beamformng criteria based in part on
the relative |location data. The beamform ng preferably includes formng a
directed transm ssion beam of base station RF comunication signals
transmtted from said base station antenna system based on the cal cul ated
transm ssion beam formng criteria such that the directed transm ssion
beam enconpasses the estimated |ocation of the HE. Alternatively, or in
addition, the calculating beam formng criteria may include cal cul ating
reception beamformng criteria based in part on the relative | ocation
data and the beam form ng may include formng a directed recepti on beam
for UE RF conmuni cation signals received by the base station antenna
system based on the cal cul ated reception beamformng criteria such that
the directed recepti on beam enconpasses the estimted | ocation of the HE
Preferably, an estimated location is determined for a plurality of UEs

.3a-




within a specified geographic range of the base statigg fppa system

Rel ative location data of each UE may then be determ ned using the
estimated UE |ocation and the known | ocation of the base station antenna
system Transmi ssion beamformng criteria may be cal cul ated based in part
on the determned relative |location data of at |least first and second UEs.
A directed transm ssion beam of base station RF comrunication signals for
the first b@gﬁ . I ransni,ssi.on amformng criteria
may be for JPrrg%ldan gﬁ%%fslpngﬁtfogld& afltl“lFl %Er“ngg ﬁ‘gétl 3%? lg?aé: qnooﬁeaagpe’ﬁﬁg]bgyst em such

t hat pdréordiadent telbcorh mamiotidaisgsteheamngueitpas IHS trlaRemasdd siph4ld | ocation of
the first ?EWA 29 May 2006 directed transm ssion beam of base station RF
comUTRCBIAET oY MGn&F s1PEY hase stabiephdAliernsdively, ofr tiRe combinatior ed

LT NS OR BEAM-ALITHO G FcbbiSh b hndReinl AR A0f4 L BRSILELed Trom the

base station antenna syStem suc ransim'ssion beam

enconipapsdernidichyetttei E} @dthl axclast ilenUBfusidea SR6N Posionidg@atdilitect ed
transm ﬁ%i_lon gﬁa%of base station RF conmmunication signals for both the

firstS§ Esis Fegnapaitted drampy theHEtte arbase stadl9nsuch that it
enconpassedhd NSl tIRE €hdaa¢ atihPRsh P PRLMAt Ei?re&'éfa?ﬁ%ugnQQQeé he second UE.

Alternatively, a first directed transm ssion beam o ase station RF

commuefiledeting Eppsmission dreaph éorniing terigiFianbgsdseinf partech dhel relativeni tted and a
secong.fdkJ.£ Ngg,SSi . f S tation RF co ni.cati on signals
for tg ?1% ({sne?gﬁ% %E %nyﬁ bg&%gﬁgﬁﬁegeﬁaggr grhcz%ﬁ}tst go "Ehenh?t %?Ct?cge second

di r ectresbmissian debmsofdrasbetatidvaRFaotinfdecativn dinettrofzntittad fidne fir st

directed.transni ssign bea Preferably, the calculating transm ssion beam
f or ni %‘9 Mida B%tlgni Yo PR %tl{eoﬁﬂ&‘ﬁéfq%v@agﬁﬁﬁé}ont}_be%i se ratio

( SNR)fomatrignatiteeid. sudhe titdtofta) dire@edOirsRsriBlibA KeaMRenedmpaisbd RRe One direct ed
transm ssion beam of base station RF comunication signals for both first

and sEbgdedisatien gt drediBptltematively paieadditivhethsicglralating brsitse ratio (SNR)
Cormuoy B, B oy IhARE Sl Lane RAPALAFE Rrling WARHTAL AN, T o ssi on
beamsfrt padhe selative lpcifor datruand he benrs fgmehg riayr irshidd fomoomed UE
| 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.
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 may then be determined using the estimated UE
location and the known location of the base station antenna system.
Transmission beam forming criteria may be 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 may be formed and

transmitted from the base station antenna system such that the directed

transmission beam encompasses the estimated location of the first UE. A




that has a different direction than the first directedgpf LkSSi on beamis
preferably estimated. Then the estimted SNRs are conpared to determne if
the calculated transm ssion beamformng criteria is to produce one or
nore directed transm ssion beans. Preferably, a.phased antenna array
systemis used as the base station antenna system and transm ssion beam
formng criteria is calculated by estimting an area of beam coverage

Abea f | ase .an transm ssi on. po P,such that
phas%%“%é%?ﬁ%%?@%ﬁgg %gbv\%’? S%gté?%ﬁgefoé%’flélﬂma&n tSF'é'a\lfsgfoﬁttlh\?e | ocati on of
t he Utedosd WE basedAretie calbdatadelrahin@sion debhoforshadsficoferiat lagy Y can be gi ven

in the for . d), e 0 represents. the angle of the UE froma O degree
r ef ergoﬁglgdg%n%[ W@éﬁ%vgeisﬁ’ﬂ 5ﬁ£§ﬁ?eeﬁ'ﬁ£m§y%‘lt§ﬂ?%ﬁ33t8mr %‘;‘ﬁhegb"r‘itée the UE' s

di st adectbd @rarishisIas BeshadicBMpaiNeE A SHATa84 IRGALA AP thd REoalt enna . 5 29
May 2 %g system nmay have a plurality of nodes Mihich provide different
shapes’ pfﬁéilﬁ%:te‘# AngwissionheaphelkasaritationBl comunenigation sighdda beam f or i ng
Crit efgrdhofRYnd RER arltPsdethd WM Rdy 0% S5hLA8hE ’%Qal?s%i&reﬁasugi £ nﬁaﬁ‘ coverage

Abeam as a function F of phase Tp, transn ssion power antenna system
node tpPrwheseshy estivmtedidcatinas sfy botbmitieaBrsatUE eamslt thieveecomt €. Mahi ch

provi | d_nayrow,sh s, of transm ssion, beans,  ,resp ively for the

sane gﬁgiéﬂg%gfﬁ%?pgﬁrggﬁée&?faar MEEINeI %é‘m f of ﬁ@aﬁ& SHH% iegﬁcan be

cal cuteatrednibyties sigmals fog the HeanUTinae del APME) RedAMrassmitiednaid @n f of phase,
P M and Abeamis sel ected

“()beam = f (0 t hat Abeam = F(f 1(()beam, nd /

basedseﬁﬁn‘%&zsg%e‘; SEsLonReam fgdlsﬁé 1‘3c5‘n[$l compinicaionsignalpiord | ocation is
det er fien@idodd U ndyt bl thiined hindESansmPted QLAD A BRERILAD dagamyform ng
criteria is calculated based in part on the determned relative |ocation
dat a ‘pngnispigpdeam; hag a differentcdirretion thyms thenfiriitidivscted tramseiptipon beam for RF
commupd.gation signals of the first UE received by the base station antenna
system may be fornmed based on the cal cul ated reception beam form ng
criteria shciiertablt, tle cdlaubatieg trecapissivn beam neadnpassesid ke estimted

| ocatjon.of the first UE. A directed reception beamfor RF.
based in part on comparative signal to noise ratio (SNR) estimation. The signal

| to noise ratio (SNR) of forming one directed transmission beam of base station RF
communication signals for both first and 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 is
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.

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 Aneanm 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 Abeam. The relative location data of
‘the UE can be given in the form(6, d), where  represents the angle of the UE
from a 0 degree reference of the base station antenna system and d represents

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




conmmuni cation signals of the second UE received by thgggfa}ez@%ation ant enna
system nay be forned based on the cal cul ated recepti on beamtorm ng
criteria such that the directed reception beam enconpasses the esti mated

| ocation of said second UE. One directed reception beamfor RF

communi cation signals of both the first and second UEs may be fornmed such
that it enconpasses the estimated | ocations of the first UE and the second

HE. ' : [, St i . recepti be for RE _communi cation
- Si gng%%@%?%{l%ﬁ%‘?éras@uw@g{/ %ggf‘?%‘r%rrlgé p%"ﬁcﬁe aeferf%gs]ga?‘?sros@tbe%’lpf ected beam
enconfvasbesambphest anhp@cker soclatrimsmiséion beemf formingdritana nanyshenand di rect ed
receptio or RF communi cati.gn signal s f the second E _nmay be forned
suchp?%ﬁ%lcgﬁgergsg%gﬁt&maﬁ%@?e@eﬁéﬁ ea@ng‘ﬁ'ﬁ%s&@a% ?Feaj‘é?‘ftﬁ’é‘t &l ocation of
the sglempdy,Uraandistias poverl Pehdnintedhs @giteN niddamst reetbiabsy tdbrected
reception beam Preferabl %/ reception beamformng criteria calculation is
base@ANPAPYSIHR hag ginraehtte modesgiarhich profdewide dnd Hesrey sleapesmat i on.
S gnabs i Alchfis( SelPecilely [ REMIY AR PrbEELAA FBGERt TR beam for RF
comuni cation signals of both first and second UEs mgy be esti mated.
Si gnalirangmiseios ebgam ifornfigRyritefia f@annbe gakulade bylMasti2@E fi betm di r ect ed

r ecepji.om: m i cathon sional f the i rst U d a second
di reccgﬂé%@lro g?%fﬁ %%%f@e:cg%q ?gf%%t%’ﬁﬁunﬁ( agl%lﬁg‘él’eﬁ’hapgth{)ese h? Second UE that
has aaril Guf-ariepdleded batd on Otdnan? hld M dreskeledieddabech decept i on beam may be
estimated. _TJhe estimated SNRs are then conpared to deternine if the

cal cul at ed" "8t gitimates {fsatPmgs cdgternimgd; fori g PrsitEecbhor nmore
di r echefbrabIgCRRES R Q@a%%ﬁ&gr&it@riah@%%fkum%&%@?@ﬁﬁ PhrSYS e 1S used as
the base station antenna system reception beamformng criteriais
pr ef eledaiyined |relakiat detabiyn desd oft lieag: farst and aeahdod i< ov diragged Abeam as a

functi on of RF(Igpa cp such that phase cp is selected so the relative
| ocatieEPtPLbea ,Or?)%‘ Gy yEcqiten; siengls pf the AFebHE regigrdehst the b2t enna syst em

has &l %h{érlﬁa%fysmﬁﬁay%‘fogﬂe@ HQYd fl6n Fhi fcglrcﬁﬁgeéi FaRSH Plapeans for the

sanme phase, reception beamformng criteria my
forming criteria such that the directed reception beam encompasses the

estimated location of the first UE. A directed reception beam for RF
communication signals of the second UE received by the base station antenna
system may be 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 may be
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 may be 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:.

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 may be estimated. Signal to noise ratio (SNR) of forming a
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cal cul ated by estimating an area of beam coverage Abe gyogunction F of
phase c¢p and antenna system node M Reception beam form ng criteriais
preferably calculated by estimating a beamdirection Ceamas a function f
of phase, Gheam = A(P) so that Abeam = F (fl (Oobeam), A b and Cbheami s
sel ected based on 0 and Ms selected base on d. In accordance with a
second aspect of the present invention, there is provided a base station

for cg 14 i F ications with a | prali f user

caui pron AR G B HEal ol MOM-ARNCRRS: Meb st BRI el T hg: an me
modul gecand davcRdSe6dptioh heal RRRF dhAYnEYHbL MendldiFank sbomaerroper atively
associated with the RF nodule to forma desired beamw thin a range of

beansthst bis 8Hifferent irenrion dhamthe ot ditested apedyition bewin anaydel ocat i on
processor cqupl.ed ta sai mforner that is configured t rocess UE
geol O%%PP I&f‘fgda he FQTIH‘F?‘?ﬁg éﬂgﬁlﬁaﬁrﬁ ery "IOHlPéf?doﬁooflets?‘é‘inHlear’r?etE‘ﬁa array
5YSt eaicdBtkdOH B ord BLAH Gt B! ABHES th DrbiifeGRMY AlOIPLRHER that the
beam former controls the RF ule to transmt oOr receive communi cation
dat a feetptaorskdagd ed UE in a shaped beam that enconpasses an esti mated
| ocation of the selected UE where geol ocati on data which corresponds to

t he esti ma¥d@re ccabpend entempne arey esvstain UB ussdppedbs skabebstasiand geol ocat i on
processor. -7 29 May 2006, Preferably, .1the geol Qqcatjon processor is

conf i Jur Iéﬂatsgs%gf’ci%% on P‘Faéﬂs'ﬁjf@g}%ﬁm & B:Fei%?lﬁ‘ %a@aﬂaf%fi%y estimating
an ar&diiting SRAMH TR HANLEAEL A0S AREAN ARApHUNCH LRG, flac™ Phase (P
and transm ssion power P such that phase cp an Pranshi ssi on power P are
sel ecplembegpist dedectesl st theerelativatlo@itiodadaaa (8, d)df thé Ukhi wRhachgd. UE is within
Abeam Preferably, the antenna 29 May 2006 system has a plurality of nodes
M whi Vet tha deteaps peviem hama pburabity pbrmedes 8f whidheprsside diffsxsatand power and

L 555 B LS5 R SRR s g S L o1 on
calculated by estimating an area of beam coverage Abeam as a function F of phase
¢ and antenna system mode M. Reception beam forming criteria is preferably
calculated by estimating a beam direction Bkeam as a function f of phase, Obeam =
() so that Aveam = F (f! (Oveam), M and Bpeam is selected based on 0 and M is
selected base on d. -

In accordance with a second aspect of the present invention, there is
provided 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 system
and output selected parameters to the beam former such that 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 said geolocation processor.
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transm ssi on power P and antenna system node Mand to ?é’i\/ﬁa ogedranmeters to
the beam fornmer representing a selected conbi nati on of phase rp,

transm ssion power Pand antenna system node Mo control transm ssion beam
formation. Alternatively, or in addition, the geol ocation processor may be
configured to cal cul ate recepti on beam form ng paraneters by estimating an
area of reception beam coverage as a function of RF phase such that phase
s _selectedorpalipe el LbMEbar A RNHA R bnbilere!GCLeflublE 1 S WH LN n the
area of reception beamcoverage. ere the anténna systemhas a plurality
of r elrapsmoasionobesn Wbohiny opadendtefd ebgntesthapag: ofinr egept iofn beans for

t he sane phase, .the eol ocat,i on procesgsor, may be configured to cal cul ate
r ecept PRSI SRR My VerisPanater 85 a8 g”f%’ﬁ@t HnREf PHASE P afld ant enna

SYSt i h8GRRIICBoWRA S 3Mh t that Oph RN oPRERELS it Rn! PEwBEI are

former' representing a selected conbination o phase and antenna system

r ecepielentedroalthde releone tphtion clepa (& nd)bd ahe balcorti OB. is RridiiarMaly, the RF
m)dullg Eas ﬁhﬁ cagécity to provide nore than one transm ssion beam such
that EEHT2PPARRPREDYA beam i s capabl e of carrying conmunication signals
for a separate set of UEs. In such case, the beamformer 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 systemis
capabl e of producing. The geol ocation processor may be then configured to
cal cul ate transm ssion beam form ng paraneters by estimating a set of
areas of transm ssion beam coverage based on relative |location data (0,, d;
) of each UE; of a plurality of selected UEs, where 9i represents the
angle of the UE froma O degree reference of the base station antenna
systemand di represents the distance of the UE, fromthe base station
antenna systemlocation, as a function of RF phase cp and transm ssion
power P such that phase cp and transm ssion power Pare selected so the
relative location data (0i, d) of each UEi of a plurality of selected UEs,
is wthin one area of the set of areas of transm ssion beam coverage.
Were the antenna systemhas a plurality of nodes -8 29 May 2006
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Mnrhi ch provide di fferent shapes of beans for the sarrezgp,?a?ezo%d power, the
geol ocation processor is preferably configured to cal culate transm ssion
beam form ng paraneters as a function of phase cp, transm ssion power Pand
antenna system node Mand to output paraneters to the beam forner
representing a set of selected conbination of phase cp, transm ssion power
P and antenna system node Mo control transm ssion beam fornmation.

Al ter | v S L |1 Y, city to

pr ovi B T e A B B R o DR o 1 6
~capabtie swxifie phiigeyamb powatrund ¢thin e géditvation fprbcaas@eipapafigneéttoof UES. In
such cz;}slﬁ, t he beamfgrmer may be operatively associated with the RF

modul EEHa ke prRgmission, pea o farpang parapetesh a8 NG oh PRaPaAYe of

" eCePiEARERRARRG d ShudillE o AULPARE, LAY SYRpRIbERbRGh 00t | on

processor may then be contigure alculate re I'on beam f orm ng

par angtechennb jorest i veptdsagting aeteleofedacoaddnation b phpdei @nirbeamssioner age based

on relative |pcation data (6(, . d)- of each U& of a plurality of selected

UEs, e eorn @’bﬁeé'g@ﬁ%’%tef“h‘éowt@ cgrtrplfgapgmispiogbegmdorigyfittee ref erence of
the base SARLROIIAMN CRANPYSdATbANGLE! LABEATS Sroblior dhglagge of the UE,
fromthe base station antenna system | gcatlon, as a functiron of RF phase

cp sucinfighatd phastcutqtei mcopdioncheath sorniing paehmbtore byostinaingdana (6s, di) of
each UE; I uralitg of sel ected UEs ithin one area of the set of

. of a ol
ar eas*'Sft °?rr8‘é?é’_ flol?‘?aﬁb_ ‘?ﬁe&‘ﬁfe?saﬁém‘\'ﬂ?é’r%f#ﬁé’ £ SHAtL tR]ERRAREHSS a plurality
of mogestdd sqvghe bemfieyu&%a@lhfc;a@é %E}theg Qéxegédqﬁms%mhfehetma%@ﬁe phase, the

geol ocation processor is preferably configured to calculate reception beam
~ f or mi regeptpar kaapt eoverags. dHewe thd axtenha pysism ls apldraityexineceptist em node Mand

to out pyt aneters..fo the beam former representing a.set of selected
cohbi?fﬁ#‘?sovﬁ]%fi pr‘b"ﬂ‘i"séﬁ%ﬁegﬁgaﬁ?ﬁ ﬁﬁ%%gg?@ﬁﬂ%ﬁg%thﬁt%%@mﬁ%ﬁg? eception beam
for mgdoRRatidd) pR6eOscianGs vy tdhiRubdd tdl cARAREL rOleptiBR RS Blmihgvention,

there is provided a user equi pment (UE) for conducting wreless RF

commuparemeteyass avfurivtionsd minae and sinbeiangy skero wecdpdvat nods and ta Wi r el ess

tel eco ni catign tem conprising: an.RF nodul e. and, an .assqci at ed
ant enfHHP R} PAAY Eﬁsefﬁ the b %?r#s?resw%ﬁ- %Ft%dsgtae?lgeaaw?t h the RF

nodul ghdse ah@aMtehndQTste8trf28/n mode to control reception beam formation.

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 producfng. The geolocation processor may be then
configured to calculate transmission beam forming parameters by estimating a
set of areas of transmission beam coverage based on relative location data (6;, dy
of each UL of a plurality of selected UEs, where 0; represents the angle of the
UE: from a 0 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 Pare selected so the relative location data (8, d) 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




wi thin a range of beans which the antenna array SVStG%hfag%%bl e of -9 29
May 2006 produci ng; and a geol ocation processor coupled sal d beam f ornmer
that is configured to process UE geol ocation data of an estinmted UE

| ocation relative to data of the known |ocation of a selected base station
and output selected paraneters to the beamforner such that the beam
former controls the RF nodule to transmt or receive conmunication data
for t hewseliepiRthebdrent 3hhdt of Ebaﬁl_ssﬁﬁ&ﬁg st%@rEBhtaQ@%mg gg,ggq%g,es the known
| ocation of the selected base station ere UE geolocation data relative

t o t hgedlergdian| eeassemisopreférablyetmfigered basalcglag tomsingssprobessed by sai d

geol o A or.. 29 06 The UE geol ocati o ocessor is

pr ef e%%@%ggﬁﬁeggl%eaé at%mg%/?%ﬁf% R ?%?ﬁlgmqisé‘?rbﬂovﬁeéapn‘?‘%??‘ﬁeﬁ‘(j‘apar aneters by
est i n@ysterd mdteadRmdab dubARSHraBERRs tOERBRAY R AL rédfieamtas Pedtuncti on of RF
phase é% and tragism‘ssi (En power Psuch _that phase rp and transm ssion power
P ar e”lsleted gorabinatipn of phasepattpBpmission pwertRand antertidesy st | ocat i on

rel atj ¥ge Wt&&ﬁt}%@%sh%ggl{aéﬁau? 0{%Qﬁ0§_el ected base station is within

Abeam Rel ative | ocation e estimated UE |location relative to the
known | ocadltemmativeijeorsial ahtition bdecREtadduda neanhbe: tleprgaenyaed as (0, d),
where O r&greseg}s the ang] e of the selected base station froma 0 degree

r ef er RARYEOPOF Eran e FgfeRiion ieamoruch t9AL eard Tgcontiondwanm is cepeblgi st ance

bet wegnp k- esthhBhedioEiH g8t %i I ' finLhe sel ected
base stgt%}glrl\g The UE ar?terlléna sydgé.ﬂ%@ﬂﬁgﬁieﬂge\;g?a p't}?;ﬁ%ptl;}g%’ tﬁ%des M whi ch
pr ovi ke fdrirer emay bé apestiofly heswimtédwithhihe Rfvenqdlakse fand spessexf. | n such
case, lgteol cation, processor preferably configured to cal cul ate

t he UE i .
trans _%@ﬁoﬁce EdMPFBTR § PahEtesy EP gecertiog nhadny (rapeifih g dhep,
U1 ansgritssh® P88 stEmdNte ARG SHSLEHRAG. Meaneh b Y paraneters to
the beam fornmer Trepresenting a sel'ected conbi nati on of phase cp,
t r anstal@Batenresentem Peamdormaimigepmansysiscry astiinating a sandfr adeat reinsmi ssi on

beam fornmation. The UE geol.ocatjo rocessor e confjgured to cal cul ate
recepqg:m l())eam coverage based on reiatRTeplocation é)ata i?/di? of each UE; of a

plurality of selected UEs, where6i 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 ¢ lsuch that phase @ is selected so the relative location data (0i, di) of
each UE; of a plurality of seclected Uls, 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.

In accordance with a third aspect of the present invention, there is
provided 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 is capable of




reception beamform ng paraneters by estimting an arggbﬁéﬁﬁﬁgeption beam
coverage as a function of RF phase such that phase is se so the
relative -10 29 May 2006 | ocation data of the selected base station is
within the area of reception beam coverage. Were the antenna system has a
plurality of reception nodes which provide different shapes of reception
beans for the sane phase, the geol ocation  processor is preferably

conf | GHiReined ol £ Poilbeatidil B0 REAMLTLA b AMIG' Taasipd function of
phase and antenna system reception np and to output paraneters to the
beam tanfigared Bppmseastli}}ﬁggealosehcenﬂm donbestatated O loqahiaserebititeant enna

syste receﬁélon node to cont ptlon beam faormation. I n _accordance

with ¥ f3t Phthes RaYn Jecating %§@ n@%ﬁt?ﬁﬁﬂn r%“?gtsﬁ@ﬂﬁﬂdeq a net hod
of Seb@ﬁ%éﬁ@ﬂsﬁodtﬁee%drﬂgbﬁﬁ&e sﬁé}f"tthé’tn IR bE Rh SR LhRARo1s Stk 3&1 nﬁ S Ina

Wi reless tel econmmunication system wherein base stations have
over | alpéuhgwthrm o5 lremmeamvgasumoarmrcﬂam foe ks sel&fEed basustiaciahi ons with a

plurality.o pnents t he thod c r a. determ ning
an et A 883 83’5& BroBge eﬁf 8 iowma ‘10?1'3’/0%10?@% sg ‘é'ieda]‘?ae”’eto receive

base sthtibh %eraﬁfpgéamahsﬁ%%&m&@mhehmowlo&&fo% c?f%hg sbleetelident i fyi ng
each base station that has a transm ssion range whi ch enconpasses the

esti neasedtadion is paedesseddy safidgedeakion grakebi#ey. det ermining rel ati ve UE

| ocation data in relation to each identified base station using said UE

| ocation data and predefined |location data of the identified base station;
d. for each identified base station, calculating beamformng criteria
based in part on said determned relative |ocation data such that each UE
is assigned to a particular base station fromwhich RF conmmrunication
signals for that UE are to be transmtted; and f. form ng a set of

directed beans of base station RF communication signals for said UEs
transmtted fromsaid base stations based on said cal cul ated beam form ng
criteria such that for each said UE a directed beam havi ng RF comruni cati on
signals for that UE enconpasses the estimated | ocation of that UE, and g.
repeating steps a-g based on selected criteria to dynamcally reconfigure
base
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station transm ssion beans. Conmunication data for eag@kﬂgzﬁﬁg have a
quality of service and a data rate requirenent. In suc ase, beam form ng
criteria is preferably calculated such that each UE is assigned to a
particul ar base station based in -11 29 May 2006 part on the quality of
service and data rate requirenments of the communication data to be
transmtted to the UEs. Preferably, the relative |ocation data of each TIE
i ncludes estimated relative velocity data of the UE. In such case, beam
forming criteria is preferably calcul ated such that each UE is assigned to

a particufhe UBseedbaitioanpbasedri i3 padferably kohfigidkd telaldigel ocation data
corresponding to the estimated UE | ocations and the rel ative estimted
vel octrepsmiggion kepm fmims pardactees hp @stivatipaan eeal of treevnibsigr e base

t at t f bl ted b d | ected t
o - obehh SRS 1 DEerisR Al RPitat 4 16l FREBBRPRGOrS EREBot i mat od Un -
| ocat ﬂﬁ'ﬁ%hﬁ&éj?tﬁﬁ ﬁr@ﬁﬁﬁis%%n%‘zv‘e@ﬁ@ MRl doVrefitivd BEatidieddder . change in

the quality of service and/or data rate requirenents of the conmunication
dat a the &tinataddhiE tldmdmhcreﬁatteveLEstheathvm lazatibm o€ the atlectedflaisbure. In
accordance with a fifth_aspect of the present invention, there is provided

a wi repEeR i sViEhisnAbem- cRelabie sly%%t@m é@ﬁap@ﬁ &hengstuaaﬁﬁdupé‘-i lqoptigR pase
Statll%lilét‘;eog 0 %&5'1 Wnro?lt S3el atl on% with a a.phu uraI ity of user
equi pmsn ()lﬁé ;]} eac ase ? ?? gHe ae”m’enS at "3h “REPROGRITEHRA “an associ at ed

ant en@ads Y80t pteskbts| tB6 AheR: itha sa@&datb%@bﬁa%ng@&w ®Regtld a geographic
transm ssion range which overlaps wth the transm ssion range of at | east

one wfdvencecf th@estnbasé[§Eaicabmandidd‘eprebau;smlﬁ@dlsmncebetveaen\xhéy associ at ed
with the RF gﬁglle to rma set of desjired beapns within a range of beans

whi crestinated Bidiplogatign ghealmogﬂhlgcag}qnegftgg,gqlgqiml bagesffatit® of producing; a
network i ngf Ak CantbRALTGRMIECHhLP I AR § PRSSIS! BF 0GR WAliEn OF 1Tore

associ at ed geo ocatl on
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 A 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.

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

- 10..




processors configured to: process UE geol ocation datag é, Eresponds to
estimated | ocations of selected UEs relative to |ocat | on ata of antenna
array systens of base stations having transm ssion ranges that enconpass
the estimated |ocations of the selected UEs; apportion said selected UEs
into groups, each group for maintaining comunications with a sel ected
base station of base stations having transm ssion ranges that enconpass

t he t I [ f e nd out put

sl coP ST Bita @3B! QLEh biek Sl T wBREP b B CUE A e

t r ansqyivesigoNWhang €lse hhithn@NgORPARSs hhRuRgith Bakeskptios &ﬁd»dé@szvhlﬁtl(?h that a

sel ected base station transmts conmunication data for each UE of the

cor r exjovidei diengnd ahamsts Qipwmtibnﬂvedmsliw the sanehpbes, Beagaoldeatiomnconpasses

t he estimated Ioc%.ti of t.he respect -12a 29 May_,20Q06 Communi cati on
dat a F8FEHcHS s 8F Elfag’gy Predae &aiﬁﬂ%t?t{}e%f’tm%e AR e fUAHRE data rate

" equl i aRRkers RSl Fibblol of B Shi Ui 81k S BMionaRRChA 86 0eol ocati on
processors are con |gure to apportlon t e sel'ec Into groups based
I N pasdtponpitaencagens| tol theObeadhe forne @prbseafing hadededt@l) béribinBtibs 06f t he
communi cation data to be transmtted to the selected UE. Ceol ocation data
of eddiseaneentanngEyagn raseptieremeds tomensngl r@eatlmbeamtf@matt@ndat a of the UE.

Pr ef bl th K d t ed.
cont § gar ed™ BOSBERF NE b S8 2 R g BRSH BRI Fpart on both.
the geeliegal iRerdat & Qéléétﬁf%gg'Me@ﬂn% ooatsaesta%h nRFe&nHﬁuhie&ﬁ&ﬂ ons and

relative estimate velocity ta of the selected UEs. Preferably, each base
st at i shgmslndh ud @sredesycielcoomniwnicapivacasemi velarpire tadeostiatidns ddeh f or ner t hat

is configured to process UE geolocation data relative to the predetern ned
posi thayh Oa?rlfrlm&n&ma@ﬁwassmwgwémft‘ﬁlr@l@ﬁﬁoﬁﬁ copmpEtieafigpaitfet ers to its

b f h th
oo ey LSt Dliphl Rec PN, (B0 TREen G IR § e Bl oo on. an

estimated location of each of a plurality of UEs that are to receive base station

RF communication signals; b. for each said UE, identifying each base station
that has a transmission range which encompasses the estimated UE locationsec.
for each said UE, determining relative UE location data in relation to each
identified base station using said UE location data and predefined location data
of the identified base station; d. for each identified base station, calculating
beam forming criteria based in part on said 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; and f. forming a set of
directed beams of base station RF communication signals for said UEs
transmitted from said base stations based on said calculated beam forming
criteria such that for each said UE a directed beam having RF communication
signals for that UE encompass'es the estimated location of that UE; and g.
repeating steps a-g based on selected criteria to dynamically reconfigure base
station transmission beams. _

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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estimated | ocation of the selected UE where geol ocati 9‘91\% I \é/ni ch

. . a 0 .
corresponds to the estimated |ocation may be processed 3'S&I d geol ocati on
processor. Were conmunication data for a UE has a quality of service and
a data rate requirenent, each base station geol ocation processor is
preferably configured to cal culate beam form ng paraneters for a beam
directed to a selected UE based in part on the quality of service and data

rate %%ﬂ@ﬁ{zﬁl ergpgfe éoe:;l@lcg ng't 4 aée%?q&!i%rﬁeﬁt% 0?% e %c!x%%%mlc%tﬁed to the

n .
sel ec ocat1 on each selecte cl'udes esti mat ed

rel atdata toeleaatigmitidtido @he UK. Pifefay) thd 3c13B8vd/MtadfPdabdseashat i on
geol ocation processor is preferably configured to cal culate beam form ng

par anBEeinslydss estimated delative ewlacyadatel ecthedUBE Ibaset dasepheamon both the
geol ocation data corres di to the estimt ocations .and relative

est | n@f‘g_l%f“&gqrﬁ lsdﬁf‘ge’%gﬂ’t ﬁ%g%l@fzeél_tc?‘éﬂ’ aEﬂ.t %fggpjpoﬁa?q%%neéa@habase station
geol oGAkicAkrPHRGE SBR{onMBYsRE in CRAE! G BNt Hll”lé) Lf%ﬂlwvesﬁlc:%ﬁéf ddaQ%r armeters to
the base station's beamtormer such that the base station's beamfornmer
cont r@rsespoediig tonvlibiéstin el AN otations ah@ ek vidativOsINMeaveRBitgat a for a

selected UE in _a shaped beamthat enconpasses an estimated |ocation of the
sel ecladg ofEhe\HBSe geol ocation data which corresponds to the estimated

| ocati on h el,ected UE.i rocessed sai d geol ocati.on processor.
Each base_og éatl]ﬁ%t%’OEZF Ongegléfﬂlﬁ"éu%aj]ﬁ'p ﬁ%??é&igﬁl e%&ﬁﬂﬁ%_%%ﬁ%‘)%re than one
tr anYdassd Rpreferd126 Qleh 1 %%@@bﬁ%l%@lek{éﬁttyﬁéﬁﬁ transm ssion or reception
beam i s capabl e of carrying communi cation signals for a separate set of
UEs. In such cadepgeactelatbedeaitiovaldbe amréponding rayhdestopaediivel y

associated w.th the RF nodule to forma set of desired transm ssion or
r ecepPsASIPDS @Rfhe fplpHyneshimaing aclority datpsofithe BEs. t he capacity of the base

station's ant encri;l%ngr Lay . agg}tengf I n .accgci/daacte w.th a.sixth aspect of the
present invention tthers Ler S FRHAE A YRR RNk SYLPIGREHE T of
sel eqhb ¢emnHidRhl s BABEtrahahite Bhe CHEURABAL I ON signals in a wirel ess
‘tel econmuni cati on system wherein base
c. base station failure.
In accordance with a fifth aspect of the present invention, there is
provided a wireless telecommunication system comprising: a plurality of base
stations for conducting wireless RF communications with a plurality of user
equipments (UEs); each base station having: 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 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
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stations that have known | ocations and overl appi ng tr@@iﬂ%ﬁib%” ranges
conduct wreless RF communications with a nobile user equipnment (UE), the
met hod conprising: a. determning an estimted |ocation of a nobile UE
which is receiving RF communi cation signals froma base station and is

| ocated in the transm ssion range of a plurality of base stations; b.
identifying each base station that has a transm ssion range which

.enco st 1.QN; ROl 0l r i UE | ocation
dat a T pated SIRE TR B Elect QB oAt Gy ITHEHILA AL HUNE T red LE
| ocat stanioan thavie basemiikin AMmess khaWRncdBsai R; eftlim Aol Qvéaidneg beam
formng criteria based in part on said determined relative |location data
such 8w thehjacelgrtqdsbass stafimndtranswite commyiichtionetnta fiprendhadB ofst at i ons from

whi ch ;RF_communj.cati on signals f hat UE are to be -14 29 May 2006
PRI EL i S T S et R R N R
COMMUtHeCatinfiled RS & thevesiRb@ydbE, transmtted from said one base station
based on said calculated béamformng criteria such that said directed

beam enconpasses the estimated |ocation of that UE, and g. repeating steps
a-g based on selected criteria to dynamcally reconfigure base station
_transm ssion beans. Communi cation data for the UE nay have a quality of
service and a° data rate requirenent. In such case, beamformng criteria
such that the UE is assigned to one of the identified base stations nay be
cal cul ated based in part on the quality of service and data rate

requi renents of the conmmunication data to be transmtted to the UEs.

Rel ative |l ocation data of the UE nmay include estimated relative velocity
data of the HE. In such case, beamformng criteria such that each UE is
assigned to one of said identified base stations nmay be calcul ated based
in part on both the relative |ocation data corresponding to the estimated
LIE location and the relative estimted velocity data of the HE. The snart
handover process may be repeated to dynam cally reconfigure base station
transm ssi on beans based on a selected type of. a. change in relative

| ocati on data corresponding to the estinmated UE
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| ocation and the relative estimted velocity data of b?mﬁ@m@. change in
the quality of service and/or data rate requirenents of the comrunication
data to be transmtted to the UE, and/or c. base station failure. In
accordance with a seventh aspect of the present invention, there is
provided a wirel ess tel ecommunication systemconprising: a plurality of
base stations for conducting wireless RF comrunications with a nobile user

equi prent  ChlehiuRBsdoante BEalIANsNRMLA0TEAR ST pIDdY Guand, ap associ at ed

antenna systemthat is located at a predeter posi t1on "and a geographic

t r anssarsgicoand andeatankate hreguenapt Ridfdrablye the answbdsiiarfaengadof at | east

one other, of said.base stations; d a,beam forner operatjively associated
with #9% Cl??%agefgcﬂfé‘?/n PERUESEFIALH CEHEUSH ffBRPPEoN the %Ecﬁyﬁﬁéve a quality

of sefth cRPRBaged ﬂlaﬁhsa-t bAkBe GRANY R IBREce ddd EBHE a&%ﬁug&%@mfsfo?r m ng

criteria such that the UE is asSigned to one of the identified base
st at | Grescomynpriedteoraditp todiecirhnseidtddamatic isplecpdrfEoGetlhantipnaldtay of service

and data rate reguitenents.of the co icatiqQn .  data tp be ansmtted to
the UEs®? J@‘E‘Wﬂ%é‘é&lﬁﬁ b’f?l‘b‘%t g H?atteﬁgrlé%t enﬁ‘%"‘i‘ﬁ’c %@e‘_’fog?_t pﬁ'{at ed relative
vel ocPicferdBlyd tBE Adi@oklE. intddfa2b Cdh L 288ciBER BebBEACAD pEbdel &t re SUCh that

each UE is assigned to one of said identified base stations is preferably
cal cutoatigaradaweabriortigmthe saledted FWEshate stoaps besédbmpadrondaith ther r espondi ng

to the ;est.imyged UE | ocat.ion and the relatj estimated velocity data of

t he lf!f.(’hf%%em%r#f? £ ﬁ%’f?&%%‘im%&(?cﬁées eptimptegy mgi’%ﬁ’t"é‘ﬁeﬂa’ldﬁd@]ﬁ&vﬁlynam cally

I econdstignete veiRGiey 8hRldfPRe tdlansdUxsl on beans based on a selected type of. a.
change in relative |location data corresponding to the estinmated UE

| ocati on alfrgiersldy.reachbpseestation nslusids aededlocationdubeesefr cohwedk ith. change in
e W ol Y SR RAALEle TS B LML STRRL Sl 15 g0 020101
accorgiaaeerniinbd psiS6y 6Ntk aatRas larly dyBRNPIESRPHL sdle pAAmetdigr e i s

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 may be 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 TUE, each
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provided a wirel ess tel ecommuni cati on system conpri si EEM% ﬁLdér ality of
base stations for conducting wireless RF comruni cations Wwth a nobile user
equi pnent (UE); each based station having: an RF nodul e and an associ at ed
antenna systemthat is |ocated at a predeterm ned position and a geographic
transm ssion range which overlaps with the transm ssion range of at | east
one other of said base stations; and a beam forner operatively associ ated

wth bh SRuNAYetRIff QLS & OplbRhibly Slichled!GP LhBHABBIR W thi N 2

range of beans %\lhl C ase station"§ antenna array systemis capabl e of
pr oduédrmang aarsenstersor at lsnin dizected te neoleetat URghased th pateonsbathi ons and one

or nor.e associ,ate eol ocati gn rocessors configured to: process UE
geol 0¥ igS?ilO%?&fOél gﬁ% 08]3'9?’1??88‘%50 tt ea%t“%%tﬁgﬂlﬁ‘? PSR i(T6HBP a sel ected
mobi | gstiFatetleBlcityAatof BEablaRddALa Of antenna array systems of base
stations having transm ssion ranges that enconpass the estimated |ocation

of the sel Adddwbnatly, sehert basdagetishalgeohcatiohherbassnstmbyobs havi ng
transm sfsi on.ranges tha nconpass the estimated | ocation of the selected

t
UE; affPHAMpado pamytse F@Stpérﬂ“ﬁ@?eb%fé’rﬁhﬁ@laﬁ%?taﬁpn'ﬁﬂi’éa@éplﬁmreﬁdlcbase station
h i i i i data f th
o octtah thy e EaGRhE bR} s, R Boud BIRERERE 8eMBcat i on of the

sel ecte In as enconpa

sel ecétinbinicadién Naya 2206 s40ABRIUE &t ia08ha@al deh Y tHa %nﬁﬁﬁﬁﬁs@éj akE may have a
C

quality of service and a data rate requirenent. In suc ase, the network

i nt er ¢shipeatad docagion of ithe edeqjedUdicuhemregeplovetes datm whiehppeesaldsy confi gur ed
to sel egt a base, station, hased in t on the quality of service and data
rate Jipeﬁlj’l FeitRaied IB‘Faﬂfoﬁ’eOf g&f’rﬁﬁi?ﬁt%%rﬁs Papegsted Be spidagralecetian to t he

sel ecl,ed. I ' inel ude esti mat ed
rel afllS ve SJ\%E' 3%% 9y&§§{sgangfn dlt%ﬁgn@é’.le F%?élég %ﬁécg%)ea,léﬁ? @%ﬁ%‘f]\g}\%&(’r}e nterface and
associhahe dngepheoritsion §f PERPEONK Shaane HRRT (1M 84kh tRNSRIREIn arbase station

based in part on both the geol ocation data corresponding to the estinmated
| ocatieseptigidbeaat a8 ranablesef eratdny edmviunjcainnssipials fie s edrecatecseE. Each base
'S_t at i&%ﬁ&%nisﬂgﬂl ga(tjs%, gac%er%ggecc &rtia ggalg rfc?r(}neésrsnolgy g %B(larggivglg)r aisgosciated
with the RF module to form a set of desired transmission or reception beams
within a range of beams within the capacity of the base station's antenna array
system.
In accordance with a sixth aspect of the present invention, there is
provided 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' a. determining 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; b. identifying each base
station that has a transmission range which encompasses the estimated UE
location;c. determining relative UE location data in relation to each identified
base station using said estimated UE location and the base station's known
location; d. calculating beam forming criteria based in part on said determined

relative location data such that said UE is assigned to one of said identified base

stations from which RF communication signals for that UE are to be
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beam fornmer that is configured to process UE geol ocat 'QQM%@@Gr elative to
the predeterm ned position of its antenna array system out put sel ected
paranmeters to its beamforner such that its beamforner controls its RF
nodul e to transmt conmunication data for a selected UE in a shaped beam
t hat enconpasses an estinmated |ocation of the selected UE where

geol ocation data which corresponds to the estimated |ocation is processed
by sajdn s afrldof S i_cat i . a UE has a
R B T P
st at i egngleofoocatid dNEpteaessaed ifsorpr efi@ronkl ase osthiigheded @n gaiicul at e beam
form ng paraneters for a beamdirected to a selected UE based in part on
t he q?ﬁgF‘Fl?‘;Pdolfe%W%’ég gieridatughthet said glivectadehmas eficontpassasrhiani cat i on

dat a - ransmtt t he sel ected .UE. \Were geol.ocation data of the UE
i ncl u%sggggts??i %ﬁ%éodl Pglgl%fttiog ’\?@ﬁo%i f‘ipeagflas&?pst Ré EEEde?ﬂ: ﬁe%ﬁt@g station

geol 0gdfetidto dPhOME@HY redofiPhRf Bise RttidmORhA Ghik§on b0 k&l cul ate beam forni ng
paraneters for a beamdirected to the UE based in part on both the

geol ocat i ofosamunicdigredpenibride WB mhe lestiargualityl ofcstrviza andar el ati ve
esti te v | oci t.ﬁy da(t_[(?jI of Elhe UE. Eagh base stati og geol ocatji.on processor
may al&8 BL° LohPItLhd™ Yo a8 Fe eare i puns piltetiagincB dBat #5 WS par aneters
by esidsiged g oad offHRAdG tifidd RS B 2in i RERNI LN SATE s APRAM S @ function of
RF phase cp and transm ssion power Psuch that phase cp and transni ssion
pover thpgrualise pg seratte sadidada refeateuiremientsadfi tha cdmraiéationeddst tbs wi t hi n

Abea erei. ch, ba st.ation antenna, system a plurality of nodes
Mwhi cY \é\%]aonvslm e_e(g?t\‘of g}eei‘ﬁlss_ glatdve, dog ]é?ﬂsfliftﬁr 3 ?‘ﬁeeqzérfﬁagﬁaﬁl_é‘dﬁnd power ,
each haseatsd abladite GBRLRE AbtPH {HOOUES $0kudls cA¥eeh&iARbdming UMtbANr ed to

cal culate transm ssion beam form ng paraneters as a function of phase cp,
t r ansichsthen egelndil fs apdgratt tnore of saidnidendfed/based stadioositopast be par anet ers t o
the r ti am former resentin sel ected conbi ngtion of phase
cp. (AR R ke B iorh 81 FRRRL: 1eRoR hBte rPaPCOR AP RS ¢r anm sl on

| bea][n_e‘sﬁmméécﬂ UE loEatidh HabtheSbRitivesaRRQCAMIGRY RiL6LARAWENMBY al so be
conti1 gure to : .
The smart handover process may be repeated to dynamically reconfigure

base station transmission beams based on a selected type of:

a. chéng‘e in relative location data corresponding to the estimatéd URE
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,

In accordance with a seventh aspect of the present invention, there is
provided a wireless telecommunication system comprising: a plurality of base
stations for conducting wireless RF communications with a mobile user
equipment (UE); each based station having: 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 said base stations; and a beam former operatively associated with the
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out put sel ected paraneters to the base station's beanb%%{ goguch that the
base station's beamformer controls the RF nodule to transmt or receive
comuni cation data for the UE in a shaped beamt hat enconpasses an
estimated |ocation of the UE where geol ocati on data which corresponds to
the estimated |ocation of the TIE is processed by said geol ocation
processor. In such case, each base station geolocation processor is

pref er abl y coanbitivditth barLMCtteal® 1186 9RkEA GRERE of QLT AGRREaMELer s DY
estimating an area of reception beam coverage as ‘a unction of RF phase
such takx rath aemitesned| brieth soet e Erating eritedzatuchrihdaitlee UE ist he UE i s

within the ,area of. recepti beam cover.age. rei.n each base station

ant enfSPERAG: @A t&e b‘i?%’rtéﬁ%&_t@asSfSt?té@éd‘ﬁ i%(’i?fe\\‘"/i;g’g’éga]\%]ia& bassdilBe differ ent
shapegadbnMay AAB6 6of sereie@RhH WAt S ErefQireh PSs SR TRe PHAREmidaRBn 9€0! OCat i on
processor is preferably configured to calculate reception beam form ng

par anBalarts begransmitted ito tho U Esp Rakaéiva hatating dntvaofsthe i@ hmagcisphiden node and to

out pu araneters to. the eam.fo r representin sel ected conbination
of phésggm{étﬁg% grﬁtlgﬁﬁglogggtd@% OEQEeeW(B?I Sf’rglbéasteo g tfg’&‘mrge‘ggﬁ’fliaon beam

f or magudithatasdh B S€a&i@ledan oRE of RHE i ntféd havestaiené AAe i XoI, 0 Provi de
nore than one transm ssion beam such that each transni'ssion beamis

capabtacypteddpseq impartambethcheirelative derakion fdata eorsespending togheof UEs. I n

such S [espect jve am farner, i efera eratively
assoc‘fgsg]tigaofegmﬁlof Ao érr#)}beuﬁegaemfeoeS&B’rrra%’daveg%‘g{yoéa%ﬁ8 Wee Et ransni ssi on beans
within a rangendrtt hathes Sreess PRABEMLEO rbhaitbase® gyatheahy antenna
array systemis capable of producing. In any of the disclosed systens, each
UE priecefigirg bpseottatien teansmissionohains hased omaselenteddspedfat ed ant enna. Each
‘UE may have a Q0. D sor _t i figured to erm ne
current U 'geo%gl%gg‘igg{nfeggsti%egbgﬁgcﬁl&g%? CQI%%Sﬁoﬁfi%l%iQﬂéﬁ% 5%%%?%%8{1 gﬁ% GPS) system
Opt i Oloedtion arebidie relativegstamated vedddigelata b UE.or ner operati vel y associ at ed
with the LLE RF duletilg]fO{ig; desired, beam wthin a range. of beans which
‘the antenni ar ray"syEt S g P& Ty e HEmEnE S tBR at i on

pr oc e@snhugiesidedath Qo bb erddenifiadtd He'BE, 4dér i s configured to process UE

geol ocation data of an estinmated UE | ocation relative to data of the
c. base station failure.

In accordance with a seventh aspect of the present invention, there is
‘provided a wireless telecommunication system comprising: a plurality of base
stations for conducting wireless RF communications with a mobile user
equipment (UE); each based station having: 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 said base stations; and a beam former operatively associated with the
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known | ocation of a selected base station and out put ghﬁ?% parameters to
the beamforner such that the beam forner controls the m)gule to
transmt or receive comunication data for the selected base station in a
shaped beam that enconpasses the known | ocation of the sel ected base
station where UE geolocation data relative to the known | ocation of the
sel ected base station is processed by the UE geol ocati on processor. O her
obj ecRFangd@earbhag eSsdaf oftdesirbd BeSRL witMaN kb Bealtfs whRRAKENt tO the
skilled artisan fromthe follow ng detailed description. BRI EF DESCRI PTI ON
OF THPERPRAMINKS pgenpp garaysysiemisrapble of peaduging & nebwiekrintesfese cel | | ayout
and 1 S.ShL.gN t Ntz 0 / 0 1S02/ 37851
[0053%1&%;&3{1%%&%% T‘(qus%ér%rgt gtgtlg)ﬁsezagjfr\{g}é? g& ugneo\é%)f st%ﬂgé% ?(g%s%l’ygsi on beans

t 0 adproessom epdigufed te grroesss rEE| geolooftiars data thda0&54tespogly ® 3ni | | ustrat es

t he dynam se.of shaped transn §Si0 eans, wher base station suffers
a fai Sglrné?t%flg nlf)?g%gegecﬁe({ gno;ﬁ]? mr‘rﬁ}ﬁ Ve b 69C3‘F‘ﬂ’é%@3?18ﬁf"ﬁtep83| | ocation of

- cel | awayesyages df 066 ktdtiogs hasingAransinishibh Ushgad thad éd&Bpsdsahbon usi ng beam
formng. to qr ovi de rgdi 0 begr{lb‘%ov rage to selected User Equi pnents (UES)
in a ipaed lepptionof tht pelaged | ?Pfecrzad:tﬂs% statian of #hedigse giation or

| Pl eRBAkE NGa B8R H6AT 1D AHRH HRBMDaIOTAL NGB tind 0P BbedHBULE the! S @ bl ock
di agram base station and UE conponents for a geol ocati on-assisted beam

0
f or i §edechesbUle anshpwinie perameteys tethe heawclormenoé theselecteldaseachi ngs of
tne PUEBsRbul MR hORaed:0PBRe FAOMI frallohlcs UshhRLSEhABIE B She SCENAr T O as a
UE noves from one ce to anot her.

selected UE in a shaped beam that encompasses the estimated location of the

selected UE.
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[0060] Figure 9 depicts the negotiation process anmongs Iﬂfyc%%eratl ng base
stations for smart handover. [0061] Figure 10 |IIustrat es-user equi pment
supported via beamform ng base stations using snmart handover in
accordance with the teachings of the present invention. [0062] Figure 11
is a flow chart depicting the steps for smart handover w th beam form ng
base stations. [0063] DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S)

[0064] | ni Comlm&@khti6QVIta0fr§ He %el’é‘cf&i PS8 ﬁﬁ?ﬁyﬁe‘:aat QB18y Yrem can be
configured in a conventional manner such as il strate I'n Figure 1B.

Howevesryicej apd raeiat@frafmrawalemeng Bt sudkt ¢aseddid netvoclonetesfgee andas, t he

t t I d t t
Dot uateorka, By EFehPtrstio St PR PRI B PR ot et £ QWS age. ar ea_and
User Sstaeib¥ Bessbih Pt BATHhE Gually ofBeNadk ARD804R031QAB4RARNRT HS02/ 37851

shared anong a nunber of neighboring and cooperating base stations. This
Ieadscomléuméﬁl@asﬁ@tﬁ §3/!?€ émnsaptied tty theselectedtUBnGesldeasioni drterdy . [0065] The

follo tlon rlnarl rect dy api
trans%eg%ll‘%ﬁe eans. %%crrlll Sémézit é%%lﬁ Ve Y @8\%3 ‘ﬁgg]%iﬁq S&‘Fnﬂary skill in
the @isk, theldet@pil BELTAR drﬂ%s@&ﬂéﬂeﬂ%@biobéﬂo@ﬁro@&%&sfzﬁ'E %ﬁ%lﬁ‘@& reception as
well. Since the data requirenents in various types of I rectional

conmuiiei selct 8rhase aietion baged irepatit Pneioghn the gﬁolprtlpn klatm@rmmmnk portions of
e SATEe SOMRMRLORL O, and URREIAN.COOLLR 1L SRR SORA OB 1O

transmi ssion an eption s formng for

transm ssiBachobage eRpionOthagt mLﬂElﬂe C&ﬁ%e@l'o@aﬁ;ld?ﬁ prexdyantagsied sioyitgnpl oyed.
[ 0066] Preferably, the base station for each cell enploys a 1;3hased ant enna

ar r ayPegm &rmerdhah it eenfigussd te mFOCA%s PE grglocakinndata meltah@e 4p tthe phased
ant egﬂ@get?{rﬁﬂ)é& pgﬁgor? Bpﬁig aﬁt% %’ragns%temy vsot cﬁxntgutcs%i]ec%ﬁ 10aralrn‘?eltetl)'étle se station to

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 fo_r a UE has a quality of service and a data rate
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receive) a selectively sized beamin a selected di recbbmymfs a phased
antenna array, an RF signal phase can be adjusted to direct the

transm ssi on beam and signal power can be adjusted to control the size of
the beam Al so, antenna selection and size can play a role in shape and
size of the beam For exanple, a base station can have an antenna system
with two antenna arrays, one which produces relatively narrow beans in a

gi Venrddiut@eden® bR $addd @ta‘i:ihﬁiﬁe@fo@%?ﬁmcﬁs%b@ié Miekekaly d8nfg@ai¢ @ given

direction. [0067] Through adjusting such paraneters, two or nore
nei ghtsdeilatg heein rmipgrparageterafor sboin ditedtedieo 4 hedeaed IR baseddd by each base

station.in manner .that is e optimal to all of the cells taken
toget%aefﬁ.on@ﬁ ally o SesHesApd dats r%'%éfeq‘ar%@wioéi%ﬁ%%e&eyow th one or

nor e @ftal foShd Hla@BRMS td tIRIEACABY B! WheS gfoloda®BH! datQfor@neag@i ve denand
fromusers in area presently covered by it or as a result of surplus

r esouimchislep esfdapted rolativewelorisy flata ofcheti, eheh haigi ttatoon geledationabove, there

may bem% helr isconzi deratians th@t c‘lolijlg Erake a cell ini t{ate% a_ negotiation
pr oc 2SR 15 RUAFRAY BRI deLs 04l at% ??F‘éff%‘}u&BF)Pa_éﬂ‘fnﬁ ¥E 't 2a series of
eSS gRane AFBaAsd eStHRAIMBEs AN § aeOaPBsRIth e dlaaBios Wald QhfesPahdidgi Nt er faces
bet ween thenselves. At the end of the negotiation process, the group of

cel | storthy esamptagdoegtion andwelpdiveiestionitegelofitst daatobtied UBr ea covered, thereby

| proving phs, 120, 29,08 208518 §3,049409 PCTI\SRl 350, sl ect i ve

. 8 % (hO ure . .
operati on pertormance. new darea cover y c se station Is

i |l uniatatlete twiahbmiRBioanbegy foymbenmpatansieny tyeedtihatieg 0f arde ofint enna
arrays. 0068]. Figures 2 .and 3 depict e es of scenarios. Figure 2

| o rarhOSan benaHEg Ao 86 ALSBPLoT B FREMSE 250 A BIan f egi on and
the regePhehwbenphase) afd fbhomnifrh pwbrPSR Rididids the3elatipon determ ning
the high concentration of users in these r;g;sons, the antenna arrays at

base le¢ationofatasel Hirg Uk e withap j Aveen. B¥bergine eaehe basepstatignsamtenna sel ecti vel y
Conca B e B R B AP e B L o R 03 has
suf f ethegamefrdidsenad pBase esthbasnstBSbn gadotzabe mbeadsk@nis 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 respective beam former representing a selected combination of
phase ¢, transmission power P and antenna system mode M to control
transmission beam formation.

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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BS2 are then used to transmt a selectively shaped a”%Qﬂhf gd beamto
provide the needed radio resources to the users in the région normally
served by base station BS3. [0069] Figure 4 is a flow chart depicting the
typi cal sequence of steps involved in dynamcally re-allocating base
station coverage using antenna arrays. First, paranmeters are set for
triggering the reallocation. In order to track and determne triggering

event §f rdcBStiREbIRRK fY BleCla YhARERRe LEAGHLRE DGR refabiCt i Ve

comuni cations between each base station and the UEs and the UE | ocation.
Pr ef eeedigyired ke salcnlagse raednsioni beam darreihigaparameserisdas at fnctipmed nobi | e UE

| ocat | Nt apgi:ng.. 4 PO LIl t.o the | ocation
of thgﬂﬁﬁig?¥a?ﬁg&gpgggﬁgﬁ%bﬁﬁggbpggﬁq%?'H%ég&ﬁkgggg%§§&gﬁgégge reported by
t he Ueean festdrmepedeityng haeBsteddontinad tivfnosfraitsise mnd cot@iredsysidrh geogr aphi ¢
map informatio may,. be used t redict. the future position(s) of the
UE(s)*® fﬁl%mlm E%Fon‘g%fzr(?ﬁr%cﬁﬂgﬁrégffgﬁgorpﬁ‘t’(of) reduce the frequency with which
the |ocatipRcKlha B@%ichORPEMbARBSHLY hade Bie AL &) pbRidd GorBS (2)
determne if the network is likely to reach full "capacity in (near) future.
The | €tarepne dranbmigsidoehedmtsmchabhatiesch Brambmidsaanbéon ns rgpadeicdi on process.

[0071] This data enables the network to determine if a particul ar base

" st at | GRTYIEE ceRENItRtion sisealsder aysepargte spt ReUEs: dnswgl wapq|9ackapacity. The
reall | C n e tri red when a. 4 hreghol d; nunber of
concuf PErt SR BRATERRCE AL IR S AR SN el MR T

t hr esipofEmaandentof Hesire@ttBatsndbdits Y Withih LeAGBEGS tFGridgber of on going
comuni cations in 21 29 May 2006 WO 03/ 049409 PCI/ US02/ 37851 adj acent cells

i s cobparsedhighdhé baselatation'santesnd hiwyeysten iscapsblavfibedpcinge  negoti ati on
process bejueen S o6 R1G Hase, 5L ALLONE SOTERCes, (Sjace, R, Tocal on s
2: 50 HedweethadShA hil H96LhRE 8YRRha. EREL QTRDIYy RaRageetiRbiion failure is

processor that is configured to determine current UE geolocation using a global

positioning satellite (GPS) system. Optionally, each UE may also include a beam

former operatively associated with the UE 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 the UE beam former that is configured to

process UL 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.

Other object and advantages of the present invention will be

apparent to the skilled artisan from the following detailed description.

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

transmission pattern.
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defined as a triggering event to provide auxiliary coggﬁaﬁ%d@é adj acent
base stations. [0072] The negotiation process, after being initiated by a
triggering event, preferably entails evaluating all of the UE | ocation
dat a fofyodResg@Muni cating with the particular basePﬁrn%g&zﬁ%gland mat chi ng
themw th a set of beampatterns available to the particular base stations
which proyj de a re even service distribuytjon of the UEs, wwth the sane or
| ower Ogﬁfm t o Fighze 2 wtﬁatefsmm@ﬁeveuset#éhﬁwm%&%ﬂmbpms i s

conmpl efethdridies RBsa s biideARS bR LPakS st heir transmitted RF signals to

provi de the egng for th((aa Os’ V\/r??c gre determ ned during the negotiation
pr ocesf05400073] Figanre 8 dlwitrages thealynaonc use qfsképadtibdnsniietien béaxesl usi ng UE
geol ocati on Eat a. agata raffi¢c volune is also an inportant consideration,

par t i cHPEE &PHT EAREGEA RYWS applied for comunication with nultiple
UEs.  [0988*] Fi $yEGre/ id UBbRALURS: 30 SheHAbalic GRaRoMiBh R cdIpSE Station
10 focuses a radio beam 12 on a single HE™ UElL. The base station beamis
f or medeovensigeg explicit know edge of |ocation and/or |ocations of the

t t , +.N thi UEI . 075] . Fi. . 6 d | t
Lo et BsHECT St Pl 5,588 BBl BARER h hRB Re bogi heret Y
| ocat | pRvileFadio BanRbdRiSzdio delRiddA SR E¢hibRmentdAIRE) iWaSvaritly 8f 1 S

preferably achieved by using well known fechniques ‘including: 1) UE based
t echni gjtmedionsuch as GPS based net hods; 2) Network based triangul ation

met ho uch as,.net hgds hase Ti D fference of. rri,val (TDOA), Angle
of A rPYTI"C AcaTiERse Ron RAV e Rdas AR BIREE HOLREtHebAa8 2R ( no. Not work.
When ugimmhegd UE based technique, a second communication step is provided

by which the Network is made aware of |ocations data for each targeted HE.

This pP68&ss coligwreT tsfa blaclediebram of fsespaiopandU8] cpmposentgdens nessages
bet ween U'l:' apd t he Jc\ledt Wwor kf -22 Z%JVBX 2006 WD 03/ %49409 PGT/ US02/ 37851
a geolocatlion-assiste beam orming mobplie ¢ mmunication system m accoraance

with the teachings of the present invention.

[0059] Figure 8 illustrated a handover scenario as a UE moves from 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




[0076] A beam form ng cal cul ati on step then occurs | 8 rably
I ncl udes deci si on processing based on | ocation dat awé&&g?gzg’bgd UEs. During

this step the network determ nes the characteristics of the beam form ng
in ordggohSesessr Ve the targeted UE(s) in a manner d Omﬁppri ate and/ or
opti mal % tlge networ k. This decision process may al sO 1 nvolve a

bi di rectional conmunication  process, in which the UE is also_ involved in
the debpredampnpaaymberpfpgighbormgandypogperasingbapestations dhisdeadsci si on

process : o) ' - SJ i rected RF beam whi ch covers
-the uéﬁ“é&ﬁggs‘% |o{n’veng§§§€1é: ég@%‘%ﬁ@ ﬁ‘ge%ngg'ation data. [0077] A bl ock

di agr §00€d] r el eVhafolloring defntiptioh iepHaseilp dakcted t@0yradicahapng30 i s
illustrated in Figure 7. The base station 2Q is preferahly.cqupled to

net wordk tremapasrion Reameirgmdase @#at@ﬁ&nﬁewemrom%ﬁ%@mﬁ%ﬁ%ﬁ& ess and

f or mat o | y qu el i ne,

wrel easﬂs:@ Qg%%ﬁﬁg?ﬂgefa%%gbﬂ;ﬂ' gg‘}]e\r%%ﬁfﬁﬁgf%gggf@%gggﬁghne Lrepr ocessors 32
are cahpldath réduireanart 110 variouetypasn of bidéctioddl @onmmaervativrisscaddbenodul at e
signal s for. ranitm ssbogag)gfl degggul ate re%e' ved signals. An RF nodul e 26
has ariUaesGEeERMfop HRYB PERpAnG Qi dRe Samepemmunicalifited with t he
mode Mgy, @éhen 8Bt (St FUR O int Shap); @(%%%ﬁggdsﬁoﬂgﬂ&e C%&&ﬁ%niﬁpmrédf ecei ved from

t he base 'station rrlgsgem units é ect arrier requency for

t r ans nidditionall¥hieeazir fomainigefo Gransmigséornor vedeptias aodilBs exh alsbtbea beam
former 28 that can sel ectively adjust power, RF phase and antenna

sel ecuyantages W&lpi‘b}?ﬁr ed beam fromthe range of beans which the antenna
array em 27p| QUG ?fsag fagS0r 29

pr oceég(zésé]the ﬁﬁ?%%g%(@éﬁ%ks a‘fta tié@%tﬁlt%bl%%@el ect%}gﬁggégrret ers to the
beam faprayesr sdfhilar [a0ber}a Sizéerandsns swethlatosn Rirtheant, hasedantEmnanuous range

of angularly _ oyiented hea or a range, of discrete angularly oriented
beans Y a@é&%%ﬁ)@@éﬂ ¥R 408 SPable e Staten %3?@%%%@ e for
parti ?Hée%cf)%n&?&%]ﬂ B{éiﬁm @édnﬁ’gl?a se e’éf'efd%!t%n. tFoe aiphaabliheedl | S

configure [o} atVe s capable of pro Ing nore than one transm ssion
beam surdy, ahRF signhl plesswn dan beapjidted 66 directrthe hcpnsonssivmbeamiamd si gnal s for

a separate set of UEs._.Preferably,, beam for.m ng for
P s{gna power can be adjusted to con%/rol ?he rs?ze of rH:xe %eam. 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 coop'erating 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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reception is independent of beamformng for transm s%%ayfdogce t he data
flow of -23. 29 May 2006 WO 03/ 049409 PCT/ US02/ 37851 user “comruni cations is
often asymmetric. For exanple, if the UE has requested a data link to
downl oa I the downlink data to the UE will be

si gni figgﬁotsﬂlglégr eater than any uplink data flowto tﬁgP@g@}g%s% ation during
such a conmmuni cation. [0080] The UE 30 includes a channel processor 32 for
pr oces stirgtiap dperpbionaknarfayngace. Thenew area soysiredibypadh basestrdtanifi t 34. An

o bces i atP FEITRE cndls 1D Bt EehRuBtEN R sl o ° o T
transm{@mgdn andrigenR ddrld PdepiiCexavigfles ¢fisiidlrbs. PiguPé:zth@humes’%@ has an

associ ated antenna 37 and i s coupled with the nobdem 34. The RF nodul e 36

t r ans| geregntnabioppiiuseas Eutheihase stationdiSiaegion and theregion hebueantzget o a
| ect ed ,carud f i Ssi.on. Lon.: 39
can’ bo SEatfB B8 Cind bEERES, % UEBE B hifihe, oo High RERRRARMARPTEERO Ve,

t r ans mubé@dn thedeiegioas ahs tantemin 2FayPihe abltiordBST asd basd statiber val s for a
nobil e_UE. [0081] The UE mai/ lf?_eag'rovi ded wiith a_beam forner. 38 (shown in
S Az

phant ofySs frmbsegdn taansaut ipve ubeppbaed dirpetegbear Woﬁ#‘i‘?éhﬁg sel ecti on
to f Ohg%(fedd&ﬁﬁ &%Bﬁxgcﬂg}:(g rt].‘?éon(:ié&ecorn@é}ft‘?at%nsﬁ @2&0@3"?%&5} Q%}tﬁ&ﬁ&?na array

system i's capa produci ng.” T'n suc e geol ocatlon processor
39 i s pheys bked statiorpBBskassufferedi faibnk oBade statictlaBS; hind basqutatiswl ect ed

paraneters to the UE's beam forner ing beamformng for UE transm ssion
and/ orh%éé@p&%r\ls%‘gw ARy S elsishaped spRAireciGRORER 9FEEE (he UE and
for th Tr L4 I E ] ' I.Ast ances

r educe a4 EadibBitels | th oot D BhELpeRGERbally Lib BBy beg O base

st ati opiatioh B¥gs out side the beam Receiving via a directed beamw |l in
many i nstances decrease the ampunt of interference in the, received signal

for solffl8€h out Shigrerhds Bekiow qhapisdspicténg s barralreguenspo of@igPecat i on dat a
for eamo%dﬁayx%ﬁw teeqal'l&ating base station coverage using antenna arrays.

First, parameters are set for triggering the reallocation. In order to track and

determine triggering events, the network preferably keeps track of the number of
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 info account in the beam forming decision process.
[0071] This data enables the network to determine if a particular base
" station is reaching full capaciﬁy 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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terns of polar coordinates relative to the base Stati?ﬁ'gﬁa{}tﬁaﬁa posi tion of
the base station fromwhich a beamis to be transmtfte o the UE. Wth
reference to Figure 5A, in operation, the base station receives the

| ocat i f UElL as (01, di) where sirepresents of the UE
froma 9 e;g?g@ reference ray of the -24 29 My 2006%@%@?%8409

PCT/ US02/ 37851 _base station antenna system_and di_  represents the UE s

est i matdacentseelsds ompnared madoisthess i poyntfpeanalowps muwmhesc 829 on. [ 0083]

her e SRR Gn 580 A 9o BB SEOUALN, mpfRalocsibos data for the

UE can e stateé erns o ar coordinates relative to a
known loogiadn Bknotvnaa sRinifiéadlbiagh coicehtrationiof lsersis R sivadl dvka eam
comuni cating. . I n such case, the_ relatjve |ocation data coordinate O

r epr es@l§® betyred Asgp driggenipg evenl cRrederablys @ hasgt fitléﬁoﬂ rféﬂ\“if 1§ %&;r ee
refere eélgﬂsbgftritgggraigg gﬁ?ﬂtﬁ g%ggﬁ?ﬁ%?{ﬂiiﬁar} Q&relﬂggéa R?Z&d&&%h? fagi Stance from

the selec ase ere a ‘phasé nna array systemis

enpl oysidtiohfile beam coverage area Abeamis a function F() of RF phase p

and, for transniri?‘tﬁed beans, transpm ssion power, . P. The specific antenna
d

syst em0@%8l oye Pegotiion precess, alferheinginiiated by adgisgenng Aveiides Mihi ch
provi fjéregér\%mf)g’gﬁgéﬂss éﬂéaﬁﬁm URiocatibi d2 Br H‘I%%%gﬂe "ﬂ’avlgiﬁpg%l o or

exanp eam an arrow beam sel ection nmay for a
gi ve plithehe paximwuthniglsy stdtiongand nedtchifl¢hem wikl a et ofBeatdpatfeons

|73 VDI 1o 8 BREEGUR BESh A Ens OBBBIOT b ORR EARA SORFS (Choan) P,
1 o BT A R e bR RE ompLoa), ~on 1
= F(f | {th@negotPatidd process is completed, the base stations refocus their transmitted
RF signals to provide the beams for the UEs which are determined during the
negotiation process.
[0073] Beam forming selection is preferably determined using UE
geolocation data. Data traffic volume is also an important consideration,
particularly when beam forming is applied for communication with multiple UEs.
[0074] Figure HA 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 e:ichange of appropriately

-designed messages between UE and the Network.
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where P, Mare sel ected such that Abeanl2 extends at 0@ stance of di.
[ 0085] Phased array antennas that have bi-di rectlonal nmay be used.
Typi cal 'y, such antennas direct beanms which are syrmetrl c to an axis. By
def i ni ngolheseapt ennas angul ar 0 degree reference al opgptfighidxi S, the
functional relationship of the beamdirection Oeamto phase cp can be
resent ed mteLms o] Its bsolute vaiyge as: I-f%g where the

rep
pol ar [O8éFki nat & besip dewning rygulagion gtep S’E‘l%ﬁmﬁa‘ﬁél@r@eé rted such

t hat t d ons'

degr eeﬂglr‘fg ?Hé&émgg%%ﬁ%éﬁgﬂ%a °njl§%tgﬁgm§ %ﬁw}i‘%h%b 11%tooes VO 03/ 049409
PCTI USBep BirBhdtwodk 8eferhinesi thie chiafaatdriztics of thel leatn fmgmlingin drdentang

araneters artic P and is.to naintain d signhal to
hoi se EFYR her thertar @W%?tymave@w me@ﬁew@e@t@/ead@raﬁ% Pﬁﬁﬁ pgci ty or
Cover aggubi Tﬁﬂ &Mﬁio?ﬂﬁocés@ %aqpﬁho in'iro}b%%lhi/rec&&haﬂ%ﬁh{h&l&%ﬁﬂ ghest SNR

possible. In interference lImted systens such DVA, the goal is to
neet goweess) in whichShR UB igalsoanvaeedirs tha ééwammpyoo@ﬁ Finpllyt the needs of the

i nk, .but no her ,so .t hat unnecess i nterference,to, other |inks
& ot e pased oa, AEetsigh Broftls B8 PROLIOh o S S 144t ne
(i nt er f BERREERFAIRNGhRh HREVhAUESs pesitioRRs 'reﬁ&féﬁsﬁy its YO&Ib&itiond! S the

desired signal at the receiver, No is the noise, and ZSk is the sum of
si gnaldatat er f erence from ot her communi cations. The nature of the Sk val ues

1y d t t | at i £.h '
?(rafa? i @ﬁiﬂl pyt oggﬁ%ggﬁﬁ%r%rﬁt Vaﬁ?ﬁ%‘é@@%?ﬁ? W\%ﬂgﬁm ?6&‘&3\%{ Zevari ous
scenanynwo SIGbGHeA iAErigut?. THd s shitkors96 14 pickibly &tplapey t that

beam f ormed on each
network components via a set of channel processors 22 that process and format

data. The base stationmetwork interface may be by wireline, wireless or any
other type of connection.
[0078] The channe! processors 32 are coupled 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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from base station antenna array 10 is of benefit. In é%’ﬁrfls%ﬁ%i on, the beam
directed to UE2 is far renoved formthe beam directed“to VES. Thus, neither
provi des significant interference to reduce the respective SNR of the
receive ' | s. [0088] In Figure 5C the beans hav Lanifticant overl ap,

I ndi catﬁ!r?gﬂg}tﬁﬁ)g% respective signals present signifi ca%gfﬁug‘{lgﬂsgrence to each
other. At either UE2 and UEs, the other's transm ssion will appear as a

si gni fyuses gemavinieationsiveften asymmetyin: Fosprample, Jé?éh%Uﬂ/hﬁsuggve&taﬂg and UE3,
are il I i \, 1118 S i de beam
The siélgkli%f“‘{ péﬁggﬁﬁm&%easﬁ%sﬁ %r{:glgﬁfé’gésmll%ﬁ%ar%ﬁ g?é&%%%ﬁ%éﬁ%@ no second

si gnal sigmifichatlp ghaitel fhah haka¥inkdate Aowgo thebasd gtutiondvirdnig sickidne signal to
interference ratio. If the power reaching the UEs is nmaintained constant,

t he scloBHBNBKaBPLg npde parameter M eflecting a wi de beam shape is made to

I mpr oy R ove Ive t | ' - 29 May 2006
V\gp03/|§2§t%09 PC‘T /h ngg%wé&%ﬁl %ﬁaa %&g%ogggﬁoglab{rﬁ%ggngt er vari ;bl es
can cdbPmatthie @dtaythaiieweipled with @iriodam wiit BiheAh appHedtidreprocesspot ent i al

interference sone distance away mght actually require f | ower power
r eac hihycath e pravided thgurnoshEaiiawy Beice pathdateprosgssng papleationdnd an

I ncre ' i Lo 0. could
R e e R i U

st at i eignalscAbBFhgodide 86 hased dsescizted lantenid 3taid mrepupled watkvlie and shape of

the b t itted b dj t I1s. i f |y tak i nt
(1 SR e, Biansil e bl sl pecnt it LSyt ety ke ot
i nvol viggl thdéaﬁ'%rl JBraOQe‘ié&edi[: S sl jr‘fél@!frhx\{smfs%nt. YR GeBbcfRsHTUNI cati on

can be considered since d erent types comuni cations have different
‘dat a mabeesand3® vah bt provfidaktodetermireqUEr gavbehtion Bom exX@RPlsgstedata fil e
transfers. may be per,forrredh&ataa rel.atively,  |.ow rg%e, but can.require a
hi gh dbatistheprransmitted ta the basostation 20, pyefexakly b draquentuptervals,gram il e
nust nor gel byfiedggcorrect in order for the transferred program

[0081} The UE may be provided with a beam former 38 (shown in
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
s 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 54, in operation, the base station receives the location data of UE; as (8,

| d;) where 01represents the angle of the UE from a 0 degree reference ray of the
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file to operate correctly. Voice or video conferencingg,£a (%gve a | ower
quality of service requirenent, but may require a higher~”data rate so that
the voice or video conference can appear to the user as being conducted in

real tiweodbdolpRut interruption. Misic or video strepsffg,sR8Uni cations
can have simlar quality of service and data rate requirenents for down

1ink, but / be ver asymretrical with r ect. to li nk requirenents.
Accor dgﬂﬁﬂ "{;;‘X%%mie&ngé%%%‘éqdi faﬁlfeéeli‘tég’ée "dﬂﬁ}a}tﬁaaﬂa@@ e

requi r gERMR ko ¥teRRR AV EbM 1o6ANI cations between base station 10 and,
respectively, UE2 and UEs]; Figure 5C could represent the selectively

f or med[83h| i nk Whereslynasiiobedie fornifigdsemplaged by the O, ig@olooalifi? and UE3 and
Fi gure,5D coul epresent .the sel ectivel ormed..upl i nk r.eception beam for
bace Hafa BreerE ERn EROL I B s P oRa St pol BUBB R tep FlE B3 at e vs) ng
one bepmws IRatioR 8LH Yalebtell Bass Bideioh wWieh W hiEStheGB Y t&HBMnSoatinly, MY be

necessary to change the nodulation format (rate, bits per synbol, etc.) to
be abl tn suchusaseothe rblagive 1@utionalada gerdinade b irémieyents thegnaldef thhe si gnal

value in the nunerator,. Ac di ngl t he geol ocgtion processor of the base
atat | ofPEAET RS Fp ORI 6 dhiarar Fofbrecid 58 oh 16 ILE COILIRRIES whet her ¢ no
bet t er 1% UBRLdsOithAtBY Al ¥SiceTiSin Yhe sNBctBE BA%: &AHoh e required power for such
-27 29 May 2006 WO 03/049409 PCTI USO2/ 37851 beans. The beam pattern

provi d[09§4} he b&%hersiayphased antehnanaShR systen lie @employdde rthbl heampl enent ed.
It is possible tq extend the l.c l,ons to J pclude t.he otential of

ot at i FYSTaRE ageadeen iomrenctnedy of B AL end s nretibed BEice | he

| ncr eaggfl s HRRANAIJWRR HWH&&E@%%TI%S%%F{E%loyEEn&_ aﬂ@?%{?id{@t or, may be

nore significant in the nunmerator. re SE illustrates the cases
of an vardousamsenmisdestionf mofes, MEdhich pravididifferent Bhapessfdeamsdat cul at i on,
the UES can be.identified according,to theiqr angul ar pol ar, coordi nate such
| hot rEhe SRS (Hass ABCRERRradoneKRERle 8 Yiapaotnbl 4, RBPREdERg by (O 41

di +1) , sdidetionGhity be GORIANY £ B leaQé. A&awh&&ﬁg@éggw ng selection

‘process can then searc or the two greatest v (G - G+1), i.e. A
Apeam = F(o, P, M) (for transmission)
Apean = Flo, M) (for reception).
Since beam direction Bheam is a primarily a function of phase, Oyeam = f():
| Apeam = F({f1(Bbeam), P, M) (for transmission)
Aveam = F(f1(Bbeam), M) (for reception).

Applying this in Figure 5A to provide a transmission beam 12 to cover UE;,
Aveam1z = F({E1(91), P, M)
where P, M are selected such that Aveam12 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 O degree reference along that axis, the functional
relationship of the beam direction Opeam to phase ¢ can be represented in terms of
its absolute value as:
| Bbeam |= £(0)

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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Q,i+i, including AON, 1, to determ ne two groups of 2&5@ %O%h are cl osest
together in angular orientation relative to the base™s ari‘on "ant enna array
10. Figure 5E represents the situation where the angul ar difference

bet wee 410 UEL (A 07,1) and the angular differ en UE3 and
UE4 (An‘gg, Zl{)ﬁg“r;e greatest so UEs, UEl through UE3, gﬁﬁﬁﬁﬁg@tﬁﬁm t hr ough

UE7 are initially selected for gr‘ou%i ng. [0093] Abeam for each of two
pr opos®B88Bleam afi mremaroiastor Hrselecting bpamifonmipgparaneless pariiqyanly sect the end

UEs an f ' ' f t haeire S5E

Sit uatlﬁgh?@égﬁ%géﬂa?ﬂgﬂwfﬁé@%g p%g%d] o%%a(%{tgﬁgegg{aﬂgﬁfoagldﬁagf’pr ef erably
be i nitheakésiedd sign4l0In €apity orTorsthgeamited systéiie, thegoalds psaglpsed beam

al l ocatiqn woul d, preferably be initialized as_ (04 _+ 07) _ 2. [0094] Mis
then sl dteithe highest SNR Rpesblenbuiptenbamee Jimtod svelas sithitr spr ead

bet we : f“?“dﬁ: | r t he signal

pr oj eg?gyﬂ%itgggﬂ%iggﬁghseg IC%%&{%H?(I)\J\%#&% e :Eetsefagsn %rf%?@gcq%sd I n each the
UE' s dostleneeds ofHthadilivdt, butihétmbdichipkapachat anhcegsany intefiatanice & | ons f or

ot her gr oupi ngs can to determ ne jf. SNR ig%rag\ée Qn a systematic

an . b )
basi s & %hnkmnqtamhm%é-t S de WHESR o\isRepued g n¢ { 18 h4yi nati on of
t he FyB?er?Jrgﬂ%?ﬁp%{lﬁralV@fﬂmﬁHig.n being attenpted. Wiere the antenna array
I direttl

provi des a onal” " symmretric beam as di scussed above, the above
cal cul ations can be nodified pased§,on the absolute value of the relative

angul ar 'l ocation 0 of each of—ﬁﬂg—v\hi ch would be converted to the
range -180 < 0 < 180. -28 29 May 2 S‘V\D 03/049409 PCT/ US02/ 37851 [0099]
Dynari g pgam f okitsige 530:al SenbGdflyaplaaggous! y enpl oyed in i mpl ementing
handover of on-gbing comiuni €ations. I'n ortder for a UE conmmunication to be

in progress, the, UE{RaSc8s!t i shed an RF |ink between itself and a base
station antenna $ystem \?\ﬁé’cﬁmrmy be |l ocated on a cell tower. As the UE

moves, (e ohar el fild s Bl iffertekdite SO B bARGRYCd | ol gna

quality at UE a e ce ower uced, causing a handover
: ;ongi A tAPe B 85 SvdlRedSrel deh Bl tbpe BHSNY 6 thd hloliatRheA ReUE CONducting
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.
[0083} In Figure 5C the beams have significant overlap, indicating the
respective signals present significant interference to each other. At either UE2
and UEs3, the other’s transmission will appear as a significant noise factors. In
- Figure 5D, the same two UEs, UEz and UE;, 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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conmmuni cation with a base station BS1 in one cell and gmg ng, Eoward an

adj acent cell which is serviced by a different base s%a ef 8 [ 0096] The
handover consideration process involves the UE and a nunber of candidate
target lohRgoq@dn€ Of which is then selected for the

performne ﬁ? @?95 9 illustrates the negotiation procesgeg’ﬁodr%grlcooperatl ng
base stations to nake smart handover decisions. During th| s handover

consi d{08P] on Bpcickaal applientien. ather Eaﬁablﬁatcen@emesmé%HWn OFEE anong

t hense | of RF
resouriéiég&an ct? er tﬂggégé(g%%@q%eg%%e&g\%g#a 32%(% ppo trllﬂrgrh ¥t he UE under
consi dﬁtahﬂymeq&ma@wmom&m}ﬁﬁg thoUlls dinirg; tadhaasionlfaas thé ations are
bei ng determ.ned for cell reallocation, the power and ﬁhapes f the beans
to be basgritation.candgn ingreasein nowse fremiother sougsesistup tpéle% rqadpae ccount in
et o1 it Gofl) AR O eAliBuRE w Bl MRl O k{16 HBRE gi nvol ved in
t he process he negot’ at1 on process enpl oys eam ng s ectlon based
on UE giatibns até bﬂngaieeemnehbﬁn-rdeﬂadam‘mmmn ﬂ]iwpoweasaﬂd shafpetdfeheegot i ati on

"is a determ nation of a, selected se beans for the involved base
st at | OPRATHY i bt ﬁglseE tted gy adjecent cal tl%lfr BredeTapl takegint\pccomBbdy] Duri ng
. this n pi{hjﬁ t SRR e original
cel | t%\g/\tg%ﬂl%h t a%lélﬂgaesgkjgf?ocuse al%\é@%:/ Vi r?&gag?@ﬁgﬁgntenna
arr ay.prdsessuch, the handover consi der atlon process is not necessarily
{1 m restrictjons. illustrated jn Fjgure 10, in the

L
Ziftjrgﬁf@ é@]set'ggtdél tionallyn bs Pig equnqﬁEHWBF"%GP% lleoc“’&F‘IdFE‘?@e%PF?/ accept the
UE, itg m@yexﬁ%yﬂ&t&mﬁﬁ&matﬁmg E&b@rﬁ&i‘e&% a $8lelandtAGe) ofdelviad ed and

shoul d continue to serve t one by beamTorm ng and tracking
abi | i trequireinenbe Bortexanwlgdatyfileftrandfars meybmpezéqrntmm agtebdtivedy BS1 to

conti uet intain the nicati,ons wth UEl - 9|va 006 WO

03/ 04 TRHB TS i8S AN DRSOl AT THbEHFe eYeey Y PB4 beyond

nor nmal I ure 10, a

h| gh c%%ggntratlon o?%%ogfﬂgnpy)rbgff)#ét& ggfeﬁgyéﬁ%%ﬁ%g%qﬁrgg@g@ul ted in the

" smar tfiletianperate cateeatlyri Vvadel crvideo 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, UEs and UE3, Figure
5C could represent the selectively formed downlink transmission beams from
base station 10 to UE; and UE; 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

E 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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reconfigure an extended beam from base station BSi t°2§‘fm§5j service for
UE3. [0098] Figure 11 is a flow chart of general process for conducting
"smart" handover, which nay actually result in no handover being made. The

~first s{®smheSest © trigger the smart handover process F’f‘ﬁﬁ&%'?ss he occurrence
of atriggering event. The triggering event preferalg y 1 ncludes threshol ds

| at i t E .| ti dat a,,.ch f.l ' dat hat | ndi cat
tr avel DPECTHe heaibepatfaindTovidiag PR, bery WBP deptth onsaYbiang thee ot ati on
| oad apabishaNoRsplementd/ i 189s PRSHHe wextéﬂ&tﬁ&M1ﬁﬂog§goyﬁl\§1r§dgggéf oma lowto

a high data rate during a communication as require erlying
communpetentishofaptingthe bramg fivaddirénbyfotiengtinness thesUEs, sinerthe, t he

serving base,station det.erm ne i ch base statjons._are to be involved and
pr oceeETeASEH S?Wag’é?ﬁd'f ' ?%e%h%@'@Qm%a I‘%‘E td@aoguaﬂte%éa%ﬁe beam
al | ocapjopdsiBaiftc@hPid e MuhefMtof Ne i nvol ved base stations. Once the new

beam al | ocat’i on process is selected it is inplenented to refocus the
r especli098] base Fguei dhillvetuates thi easesaf hnmiovasedi rmmberaf €Bs, UEhe new

' b tati 1L first j t l.ected. b .det I ned
For it oA B e ¥ b ool ShE LER G P Ao oG R aReiber v ng base
stati Ogngyl#PhEIAR Bbsrdinate REYR @%%P@Wﬁggfle?%@g]by%g 4§ LA YEsart handover

and overall network dynam ¢ shaping of coverage are enployed, the
“smart tepnetented by (Bi:erdia), Oag Oner BinanyanuebasN af Ulls) edrdangforméng f or t he

Wi |6 PP RIBRESRS AR e S DA T (6 Fienispt Seeaoh S p8edr [E A par aret er s
o ner, BaLiSARR ML\ Dpoathl i RagE R R RIS S 1ot a0
03/ 04 %4 gads daiBartaEd8 pdlativétd/Ehe/Mee sistiel anteadaiasray 10. Figure 5E
represents the situation where the angular difference between UE7 and UE; (A
87,1) and the angular difference between UE3 and UE4 (A 03 4) are greatest so UEs,
UE: through UE3, and UEs, UE4 through UE7 are initially selected for grouping.
[0093] Obeam for each of two proposed beam allocations can then initially be
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 (81 + 03) ~ 2 and Opeam for the second proposed beam
allocation would preferably be initialized as (04 + 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 absclute value of the relative angular location 9 of each of the UEs which
would be converted to the range -180°<6 < 180°.
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1. A nethod of selectively directing base station RF ¢g yqpation signals
in a wreless tel ecommuni cati on system wherein a base station conducts
wirel ess RF communications with a plurality of user equipnents (UEs), the
et hod @Rhiedjeng: deternining an estimted |ocationpafyg Hlfs51 det erm ni ng
relative Iocatlon data using the estimted UE Iocatlon an& own

| ocat i f@ se St, a%s ntenna systenm cal cul ati ng beam for m ng
criterl0998 sed nanrlt: Ay f émﬁegaaw@mhec%é‘fa@ﬁangﬁla ergplayed i ng a

di reCtﬁﬁipQ‘n@ﬂ%lﬁgrhﬁ'ﬁi&gg‘;}g{gfgﬁgﬁfn@a Fu FB? i o FP 2 @3¢l said base

stati on ‘antenna®system ormng criteria such
t hat saimindnicetibedo ﬂneamr&ngmmafhsd:EEﬂalae eetﬂibhshé&dan)Eéinﬂ{dmtwéersal d UE. 2.

The neth cording.to claiml1 wherein the determnin | ocati on data
of an ¥ qfﬂr&f & bape, sEhtI o ARJPIGR Epstem @ewhe%%be hﬁaﬁeéﬁ%gﬁéﬁjmwt ion system
triangpl ghd @J'ErﬁionE ttl{ead’h%%étéﬁgn&' &%EERF find ‘E' %he rgE)ﬁnﬁ gqucél%c? base

stations. ) he nmet hod accor Ing to clarm int et erm ni ng of
| ocat i signalapmlivy at b/ atdiontkelcdlbivater arayoie redubed,capeiniger hawlosyr t he UE and

t he datalstransmtte romth E to a,base stat] 4. The net hod
accor diomgiderrtign,pracess #e d‘?’éF’?ﬁggqli%‘f %me’mlﬁetwes Pg-hgtcf”bq’rw&‘é‘gé‘ of an
est | MadoetinhRfeatib® With 2 bdlke 's§atlﬂﬁf BQE TR bR cdll %nHEm%id&gto%varﬁ; Apal

Positioning Satellite system 5. The nethod according to claim 1l wherein
t he deadjacenhiceld whiich iscaeavmejhbwlatdafferembaseatatmmwzl ocation of a UE is

Dt orlTBdeIY . TBE Bt versonleralion Brercey BRaIes Lot RV APUBRE o nor o base

of candidate target cells, one of which is then selected for the handover, if

performed. Fig. 9 illustrates the negotiation process among cooperating base
stations to make smart handover decisions, During this handover consideration
- process, each of the candidate cells communicate among themselves and
exchange information regarding the availability of RF resources and any other
congiderations relevant to supporting the UE under consideration. Since the
beams of two or more adjacent base stations are being determined 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. Assuch, 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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stations in conjunction wth the UE using a d obal PO%‘%M&%@%% Satellite
(GPS) systemwhere GPS data is transmtted fromthe a base station.
6. The nethod according to claim 1l wherein: said cal culating beam form ng
criteriwoemdideses cal culating transm ssion beam foppjghaahdst €ria based in
part on the relative |ocation data; and said beam formng conprises formng

a direct ransm ssi,on beam of b station .RF.conmuni | on signals
transnm? _gld“fsf ?Vﬁﬁ%a%hﬂé‘é’ @E%%Vsﬁaiﬁmwﬂ orﬂgﬁlﬁlémmg%eoocfﬁndls d cal cul at ed
U ansnjRSeRfin P8 TubR5Bd % Fi?lé{—jee!l[(h,aa ﬁig%hcdnﬁéﬁtra%@:b %f g%ér@%rr&gnfa'i;@nsm ssion

beam enconpasses the estinma ocation of sal he met hod accordi ng
t o cl abases sfafiionh8S2 c dmsr resiuttgd inatheul'sshartl) haedlepes detebmamaticor tong criteria

based in rt on the lLativ lLocat.i on a; and form.ng.a.directed
ecopt TR SR Ao DeE I o bass FBROuita ap SIMATETUF B9 L o base
stat1 opoaB} enna 5§ e RasHly eRart 3¢ Qexﬁﬁbl:ﬂxlo%és"sdfof EHRRLLRS "srh@m form ng

criteria such that said directed recepti on beam enconpasses the estinated
| ocat i bamddvesavhichEaysactWally resulidd nadeaddierdeing wadenle finsttdtep conpri si ng:

det ] ni ti mated | ti f | | it f WES Wi thi i fied
Geogr AP EAeR et apd St e aten FheaeB e Sesprierte oREREERIIMG r ol ot i ve
| ocat i grepfat hoftrgeeAntlovdat poefeRily $84LARS ehreshOAs trePRIENE UR known

| ocation of the base S%Jat ion antenna system cal cul ati \ri&:t_r ansm ssi on beam
f or mi nigcation dataachargedofilecationidabm thatdndisatasrtraned dinectaon, LHE bignal i on data of

t | east .fii d.. d. of, said, UEs: ,formni dt i t.tipg f i d
base. cquality deleri AR S Ting baS piatp dtpd pPd baredin sohAdh AesrE Bhoe st ati on
RF COMRTTE #¥HiSHmSlyGR3dch fFddh a 36 §b 4 hiphldabEratl Auethg@obBhahicaien | at ed

transm ssion beamformng criteria such that said -32 29 May 2006 WO
03/ 04 capeqraEd bsom gréslying communication application.

[0099] Once the process is triggered, the serving base station determines
which base stations are to be involved and proceeds with the negotiation process
- to selected a preferred beam allocation pattern for all of the involved base
-~ stations. Once the new beam allocation process is selected 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.

. .30-




directed transni ssi on beam enconpasses the esti mated bg)ﬁ&ti 6of said first
UE;, and formng and transmtting fromsaid base station Aritenna system a
directed transm ssion beam of base station RF communi cation signals for
said s based on said cal culated transm ssio mng criteria
such tﬁgta%glg? ? directed transm ssion beam encorrpassggplﬁﬁdé)sgesg{i mat ed

| ocati on of said second UE. 9. The nethod according to claim8 wherein one
directed transnission beam of baS&AIM&tion RF conmunication signals for
bot h sghd. i St .second UEs is fornmed and transmtted such that said
one di%@tté%d?ur%%ggm ssion beam enconpasses the estimated | ocations of said
first UE and saiddmseindnd sefecti®ély diketifgtbase setvber RF rgmnoutication 8 wherein a
first directed transnission beam of base stati gn RF comrunj cati on signals
for safignalsinp wieless teleppmmamigationsyplem vhenein aoase $atioR PRAUHS st direct ed
transnj ssi > QI Sy t y! I i i irst UE and
= coooRfeles i SpbnlIATRAS SAth | BLARLL'RE Bhbr ARALEEROUBA, the L o

si gnal meflvd ®aiptistgeond UE is fornmed and transmitted such that said second
directed transm ssion beam enconpasses the estimted |ocation of said
second UE dletemmising an estupated lo%ﬁt%oé‘c‘{fiaoq_ than said first directed _
transmi ssi o f6AMInerklatlA90aR AHAthtA S IHhD Lot Al U R Beathi ity cl cul ating
transm ssion eamformng criteria Is based In part on: estimating the

si gnal kiigwimntication af 4 bageSRion fanterns sygtemme di rected transm ssi on beam of
base station RF conmuni gati.on sjgnals for both said first nd second UEs
that encompfalaéaiime ey ‘?rlﬁflgcfr’lt%'dﬁtha& pparg o he; e tn@Eloaq.anon sai d second
UE; es&étgaaﬁ&lg the signal to noise ratio (SNR) of formng a first directed
transm ssi on beam of base station RF conmunication signals for said first
UE that erfoanimgssdiscdtétbbest iforsREdomenati¢ationcdigisals betweest sailbEUdhd a second

directed, -33 .29 My, 2006 . .
and said base staytion antenna system based on said calculated beam forming

criteria such that said directed beam encompasses the estimated location of said
UE.

2. The method according to claim 1 wherein the determining of
* 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 8 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

Jocation data of an estimated location of a UE is performed by telecommunication
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WO 03/ 049409 PCTI US02/ 37851 transm ssi on beam of basezgmé,i@%ﬁRF
communi cation signals for said second UE that enconpasse he esti mated

| ocation of said second UE and has a different direction than said first

di rect egotos @35y Ssi on beam and conparing the esti maggdyghiRsssio determ ne
i f the calculated transm ssion beamformng criteria iIs to produce one or
nore directed transm ssi’ﬁﬁrtbearns_. éz.‘ The nmeth accordin o claimé6

“wher ei $¥step rigagulahion i FaRpIItted GRS TRESEE PRROHFWVEC DBSR | on ant enna
syste td 1$SI @b 'E‘%iﬂ?‘@atﬁfﬂt& pgyestimates an
area O’%&g@%ﬂﬂ&@@%@%@g%ﬁgﬁ? g%gﬁdctepoﬁfg?h# phase N a‘ri;% t)ransm' ssion
power d¥stei lwhena GRShdta is pramschitted fosnthesiUBrio povese sPataere sel ect ed so the
relative location data (0, d) of the UE, where O represents the angle of
the UE froma O degree reference of the base station antenna systemand d
represents 4 he g FQMIRG . RBSS BivBbic@l antenna systemlocation, is
Wi thin Abezfm 12‘.1@%%%5}%;%0(1 alc%cgrga?ng to claim12 wherein the antenna

syst em has said @llenlating Yeah forming chivdrizdongnises delcdlatingiteansmatmdgres of beans

for the sage phase, an wer and the cal cul ating.transgi ssion beam form ng
cri tehi’eémé_ TPHBE Etertn %’%@én@ﬁ%%h%@%‘?é@c%@gﬁ?@saﬁ function F of phase
Cp, transmgay lfH&uPBi‘ﬁh co%}ﬂ'isegﬂﬁ'ﬁgtﬁ?a At AR Monlbam/étHag®t hod

according to claim13 erein the antenna systemhas two nodes M which
provi detation ®Benmanicavios isigneds trhnsmithedhirew) ssnd beanstationgnbernd vel y for the

sanme phase and power..an e ,cal cul.at.i ng be formng .cri La estimtes
an ar ¥ Sfﬁm %@%ﬁo%%ﬁﬁgc“i&gﬁfﬁ?n&sﬁl%gﬁ% OHMYIE ‘ﬁfl‘l‘%&? %ﬁ?l%g?fans.m' ssi on
pover &3;@RGeaBY BARBmMIAISEHR AR Efcothpabses the @stiRlabaTlloastion 6fsaii UB. cl ai m 12
wherein the calculating transm ssion beamformng criteria estimtes a

beam directi on Cbeamas a function f of phase, Obeam = f(P) so that: Abeam
= F(T1(6beam . fy o Method agc%r&{%)é t52%m 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
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WO 03/ 049409 PCT/ US02/ 37851 and Ob.. is selected baseg %onggd P and Mare
sel ected base on d. 16. The nethod according to cl ai mi erern: said

cal culating beamformng criteria conprises calculating reception beam
form noweydshflsh® Pased in part on the relative Iocatiejilmg@%éland sai d beam
formng conprises formng a directed reception beam for

communi_cation signals received by said base station antenpna system based on
sai d cHirectpd teamsimission bepm preomAasses thg esiimaged I&C%fe@wfismﬁ%ﬁ ;direct ed
recept‘ing beam enconpasses the estimted | ocation of said UE. 17. The

met hod according to claim 16 further conprising: determ ning an estinated

| ocati on f dormigy atidtrahsmitfing fromwhaidbaze stativacintérndh syetegr agirected ange of the
base station antenna system  determning relativ filooca,t [ oqraqgibg of each UE
usi ng Yapemassiomkaase of hase giation Hhepmmanicabion Stegels B R pe se station

ant enn S . | {4 ' ' | sed in part
on t nobutof Bhid FALEH baRsheRaal botl 16N MR, Cher B CC0 nd bf
sai d Uisectefl eramisigisdond beaateddompaeps thnesidaatdddocdtiorcafrmaithsecand on si gnal s
of said_first UE received by said base station antenna system based on
sai d cH¥eul ated reception beamformng criteria such that said directed
recepti on beam enconpasses the estinmated |ocation of said first UE, and
formng a directed reception beam for RF conmuni cation signals of said
second UE r&cei g hethedaccobding te tlaim Srwlerebrome dizestedtrimmamesion sai d
calcul ated _reception beamformng criteria such that said directed

r ecept beptn 9 hase éi}%’(ﬁ?ﬁ‘p%g§%‘§mﬂﬁ’écaé§¥‘i ?’rﬁ‘?@ﬂ f?‘b@g’?‘iﬁ?h‘i]gfs%‘ﬂseé’% nd UE. 18.

The metads MGRICIPLRs B Dkh HAPSE bR Erdhd PEARSMIBLAPIAN  beam I of

RF conmruni cation signals o irst and second UEs 1s forned such
t hat satdmypaesal theaistichatet pations dfeaid fret Afpasdesid seeomd UiFhat ed | ocati ons
of said first UE and said second UE. -35

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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29 May 2006 WO 03/049409 PCT/US02/ 37851 19. The net hoggﬁfagfojo%ng to claim
17 wherein a first directed reception beam for RF communircation signals of
said first UEis formed such that said first directed beam enconpasses the

esti matwg ohpfesdel On of said first UE and a second dipegt eption beam
for RF comunication signals of said second UE is f%rrreﬁlqgﬁsgﬁ that said

second directed beam enconpass the estimated | pcatiqn of id second UE
and halraasEHSiQl Regm afhaé%%?a&ﬁn awnyarlamrlpgfﬂwﬁé‘g{ wdd F@@@ﬁiﬁm beam  20.
The rr%ﬁm_n@&ﬁgaégegg%é @stgdﬁﬂemla&tmeaf%hm SRbEYUH AOhhEs At RRt Deam

formng criterta is based 1n part on: estimating the signal to noise ratio
(SNR) diredtiomihag santfigitdeeted travaepission beamaamfior RF conmuni cati on signal s

of both said first .and sec s, that .en asses the est.imated | ocations
of said fi r@?ﬂﬁﬁ“’&ﬁ %ﬁ%ﬁ‘%@ @@%&Wﬁ?@@?‘ﬁ%ﬁeéit&ﬁﬁlf%%_oi se ratio
(SNR) Bdarh F5rwhing chitéris i ioPrbBideQhe orensridifRtdaeRahdRicsidh He@f®INI cat i on

signals of said first UE that enconpasses the estimted |ocation of said
first UE and a second directed reception beamfor RF communication signals

f said d WE th the, estimat | ' f_said d
UE and has S ai R Raod RFORRR B0 e SHPare gtneoed Bbtesda Ssalot i on beam
and cofRedmhng Lial eab ! thetiRtke SRR oh Oatehfb Ndydten farldhé Rukullatiegl reception

beam forming criteria is to produce one or nore directed reception beans.
21. Thansmissibndeeoy Brming witetiaieatimatés an awen of berm covarage Anbeds at i Ng

transm ssiqn be mng criteria based in part h relatjve | ocation

dat o TGP Ph A EP bR de pRg rRimisees v Bebvth Hat Bferdd B e

COMUNyGAdrh ARionS w2 IS atd filsctdd tPehel rePiivabhtRASRILS (@ld) BNtIRNUENNA System

based on said calculated transm ssion beamformng criteria such that said

di r ectwleret § aeymeserds dhe baglmof the ik fioas atthdegse refarane lof¢he base of said UE.
station antenna system and d represents the distance from the base station

antenna system location, is within Apeam.

13.  The method according to claim 12 wherein the antenna system hasa
‘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 Aneam 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 Apeam as & function F of phase g,

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 Opeamas a function
~ fof phase, Opeam = f(p) so that:
Abeam = F(E}Bbeam), P, M)
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-36 29 May 2006 WO 03/049409 PCT/ US02/ 37851 22. The rrg%m%%'b%ordi ng to
claim21 further conprising: calculating transm ssion bea ormng criteria
~based in part on the determned relative |ocation data of at |east said

first agweospeaed UEs;, formng and transmtting fro”béﬁhé‘)zﬂ?s’éﬁ station
antenna systema directed transm ssi on beam of base station '

communi cation signals for said first based .qn sai d, cal cul at ed

transnd é"eﬁﬂ’lﬁé%ﬁftﬁéjﬁﬁ?éo’éﬁﬁnérk& Hﬂ'ﬁﬁglﬁc@éi ¢ 8P%ct ed transm ssion
beam enconpasses the estimated | ocation of said first UE; and form ng and
transmtting fromsaid base station antenna systema directed transm ssion

beam of badé. st The arethbd aaording catlaim Iswheiis f or said second UE based on
sai d cal cul ated transm.ssion beam formng criteri abﬁuch that .said directed

transni ssi SAdeHFHIBHEE HSET, Suming calen 4 EPMAriset SRICBIRITE 47 %econd UE. 23,
The Mg aG0ifameRg Gl!ifégibatl?as‘éh% b Ao RidtiveabSticH A41g; hh@NSTi ssion  beam

formng criteria Is based in"part on: estimating the signal to noise ratio
(SNR) of f eaidbegmofoemihg coatprises foraringh divected bemptioh bbas dordd BERFon RF

conmmuni cati on signals, for .bo saj,d first, and second U t hat enconpasses
the e<ORPARMYGaE: %etgpaﬁsres?wgfyﬁa Sﬁdrdl&see tignyantenng sygtesh aﬁ@; Moot i mat ng

the sig al&ﬂafé‘&iré@eﬂtﬁhi%afnc-fd&ixfgcr tefid'slch fl’fhdctis&fcfdigécrtéﬂe%ébti&r{ ansmi ssi on

beam of base station RF communication signals for said first UE that
enconpjesseendoinpasssdsi tha eetimadediocationdf sad ¥H.i r st UE and a second directed
transm ssi on beam of base station RF conmmunication signals for said second
UE that enconpasses the estimated | ocation of said second UE and has a

different 14irephi aRthdiPiectrdifg b E8im d6'rardes corhphisHgssi on beam and
conparing the estinmated SNRs to determne if the cal cul ated transm ssion

beam f or mi dgterminiggian estintatedhooatiorion aplorality o£UEs mithirng specifietni ssi on
beans ‘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 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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24. The method according to claim 16 wherein a phased §M§%6array system
Is used as the base station antenna system and the ca?cu tTng reception
-37 29 May 2006 WO 03/049409 PCT/ US02/ 37551 beam formng criteria estimtes
an ar eawfosh coverage Abeam as a function of RF uch that
phase <p is selected so the relative |ocation data (3??@502%?95?% UE, where

O represents the_angle of the UE from.a Q degrege reference of the base
station ant¥hna Ihpdnethod aacogding bp elarpdld wherein a efted 5¢EREObase station

ant enng Sy AR LOEA:eidn il Ny ANBATUIPS orki dRY8 AGEBRE1 N0 Lo claim

24 whereirn the antenna syst as a plurality provi de
di f f er éimécted bpmn enkolnpassws thy estineated doxapion of saidrinrst UE aal acadeannd ng recept i on

beam formng criteria estj es an ayeg of ,beam _.coverage amas a
funct | Bwested recopiion beamm Jor, Wgw@ﬁvrﬁa@éﬁwf sgid wgnﬂiﬁia% accor di ng

to clapn.eq sﬁg}gfﬁt%fﬂd‘&c@ﬂﬁ &0 PYS BhiRTpads ORI M I Rcflio! OV1 de W de

and narrow s es of reception beans, respectively for the sane phase and
t he cabfmaidsdeonyd UH apd hawa differeritatirdchign than taidifarstdirected Bepiiorar ea of beam
coverage Abeam as a function F of phase Wand antenna system node M 27.
The meP$d% according to claim 26 wherein the calculating reception beam
formng criteria estimtes a beamdirection ebeamas a function f of phase,
ebeam = f((p) so that: Abeam = F(f 1(ebean), M and ebeamis sel ected based
on 0 and M20. seThetmethvdseecading t@éain Wawhemsdtintcatomldtong vesaphien i ng wi r el ess

6l SooMA ERIPETiLGat BB IBPFE G, an RE modul e and an associ ated o
modul 6t o 1 et A S B o Sl el L he ant enna
array lsaasi don RF capabinécatimndsignals of 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

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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a geol ocation processor coupled to said beam forner tQ?Maj szopgnfigured to
process UE geol ocation data relative to data of a |oca i'on ‘of “sai d ant enna
array -38 29 May 2006 WO 03/ 049409 PCT/ US02/ 37851 system and out put

sel ect egohgppapt ers to the beam former such that theP?ﬁ{:} b3 Mer controls
the RF nodule to transmt or receive comunication data for a selected UE

I n a shaped,beam,t hat .enco sses an esti.maied | ocation of the selected UE
wher e geol o%%tiom'rped’ﬁfe@qlakﬂcgﬁ _ F"é"iﬂ&hgiﬁ_l"ah‘%@n&”ﬂqlﬁﬁ:t ed location of the
sel ect ed UEcammﬁﬁge&éﬁﬁnmioﬁabéanngn% LR iy BERASH parton thE Dase
station accordi n? o claim28 wherein the geol ocation "processor is

conf i gdeteamiredrelativealoeatiomdata of ot tansh esidh firot andgegoaddiés;ers by estimating

an area of transm ssion beam goverage Abeam as . a function,.,of RE phase cp
2nd 1 r ansmi CERTE BO Rk P e s SRR PP Reer BTeBher P ar o
sel ect pAngMiddivh bl lof basd afibh BF SatAubibatidh stdndldforsRiERFQYRE. where 0
represents the angle of the UE froma O degree reference of the base

st at i ohaseghersail eglcelabeda hangmisspome beam sforminglictexiac eudhr thattssddbase st ati on
ant enng. em|locatipn, is wthin ea 0,, The bagse. st atjen according
o o aireO8 pieuftiton B eothp ko R s naten tobalion i3k AR “Man ch
provi dgndli fferent shapes of beans for the sane phase and power; and the
geol ocation processor is configured to calculate transm ssion_beam form ng
par anet er s agminganddransmighingiramsaidbase stationiantenna sypiswea divectad ant enna

syste . 0 t I ters to..the.be fornnmer r esenting a
2o ect EARERig el o Hae BT S ol RuoR §ie23H Ror SR TRong P e sy P em
nmode Masedodt k@ld édlaulateds ra@SmbeR b&iEbimihg SiterbhSudbafifitSdadd i ON
according to claim30 wherein the geolocation _ processor is configured to
cal cul éirected teassmissione hean enaompasses thaessimatey loeationmftsaithsesandir ea of
receptq beam coverage as a function of RF phase such that phase is
selected so the relative |ocation data of the selected UEis within the
area of reception beam cover age.

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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32. The base station according to claim31 wherein thgggﬁggﬂﬂ% system has
a plurality of reception nodes which provide different shapes of reception
-39 29 May 2006 WO 03/049409 PCT/ US02/ 37851 beans for the sane phase; and

the geow@Gabied Processor is configured to cal cul at g-§86BRLdspN beam
form ng paraneters as a function of phase and antenna systemreception

node and tqQ output. paraneters to the, beam forner, represent.ing.a sel ected
Conbi 2R fPTHNG A 13,9fimMes AR 4res ok hadm @Bf@ﬁ%&e&pemﬁ?%a FangtieBaf ol

recepty | . 1 ' i m 28

ihor o RP BEACAGLUA! R phflec o'k sclidfod i HIBHICLRAGR IS, dR0AS

t r ansnUEswhere thepresenththietzaigl o che Ulafrcum «sG depredbrdencnse afthabhse of carryi ng

comuni.cation. signals for separate set, of UEs; apd.the beamfornmer is
oper at$3EPY andeanng Rt Rt dyRBEGRefo Eh Gistanop Grm e Base SPAGTS 1 g

transnﬁrﬁéhﬂé‘sﬁ‘%@ﬂ%?ggf&ﬂ,Eh@ithﬁ{‘ﬁ&a&f transm ssi on beans which the antenna

array systemis cap e of producing. 34. The base station according to
cl aim 33 wherein the geol ocation processor is configured to calculate

transm ssi be form . anet er.s estfipating a set of areas of
transmi ssi %3 beiﬁ‘}e %@%&g@é‘%@ cgadmr%y‘ﬁ}ﬂ?r%lt[ﬁg&&ﬁ yﬁfﬁf"g}“’(stﬂ , di) of
each bxaﬁity%fﬁﬂoﬂ%@M &Hicﬁﬁar&ﬁh@&*ffég?ﬁét%ﬁgp%!ﬁfb@ags 65k 825BhRasd Ne angl e of

the UEl froma O degree reference ase station antenna system and
di r epamskiheteldhetiog stcapiden béamHerminig driteria ehidmladesears ixeai affbeamt enna syst em

| ocation, as ,a funct]on of hase cp and transm ssi ower P such that
phase "t?ﬁera&ﬁd\btar'é‘ﬁsar#é'&?l% FSFﬁ;\BE‘PSWﬁB anieRng @6"%% ey el ative | ocation
data (0Oi, 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
st ati on ac@6r di The nmethddacroRUngieclainn 26 kdheasincho antepnheystehelsasa plural ity

of nodes i ch provijde different shapes of bea for the sane phase and
power ;W&nmﬁ% %e%ﬁwhaw%{epw aagrn oW oHAPSE o Feception bEREpe

respectively for the same phase and the calculating reception beam forming

criteria estimates an area of beam coverage Apeam 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 Opeam a8 a function f of phase,
Bbeam = f(¢p) so that: '

Apeam = F(f1(Obean), M)

and Bpeam 15 selected based on & 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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transm ssion beam form ng paraneters as a function of 2?@?3‘5‘%0%6 transm ssi on
power P and antenna system node M and to out put parangter 0 the beam -40
29 May 2006 WO 03/049409 PCT/ US02/ 37851 former representing a set of

sel ect eqoueiygat i on of phase cp, transm ssion power p-PrudRgdapt enna system
node Mto control transm ssion beam formation. 36. Tfl;e base station

according to c)Jaim 33 erein the geolocatio rocessor s, . configured to
cal cul & eﬁn&f@pﬁmtaﬁt SRlEHeR B?Fa%teb%oaﬁhé@éﬁgl lgymbe ych tha Hhe e ca of
recept kR eBMroRURE FdendauR h¥PaidAl oPfecRiveRbATRuSESon d4taifoPRase s

sel ected so the relative location data of the selected UEis within the
ar ea obelected fiK dn abdwaped beamathat edifomphasseb ancestimateddocasivoradithg to cl ai m 36

wh in: th dul e . has. t ity t [,d . ti
bR R Ui BB ebeth B e ORGPt
si gnal §f fif sefectEORi8 pBoce8ledHy $4i8 gedlbGtRRAH0BBRssY St €m has a plurality of

recepti on nodes which provide difrerent shapes of reception beans for the
sanme phase; and the beamfornmer is operatively associated with the RF

nmodul e to form ay,set of desired,eceptiyon a W thin a,rapnge of
reception m ?:'H’ﬁ:l@ﬁey“&gof‘ r?é’corgfﬂgeﬁcﬁﬁlaérp_r%wgf%‘flgrﬁrheﬁo_lofﬁﬁg’ba_se station
accor dbfkﬁ:eééar Giks %bﬁﬁg%ﬁe%@ E:Ql'cﬁlatt@ Eraa8RkaseH b&iin fd%ﬁﬁg%ﬁ@éméﬁer@wf igured to

cal cul ate reception beam form ng paraneters by estinmating an area of
t r ans nestimating eanaree\afr tagesmiseiom keany covenagd dpeaofasRE funstigscofREuch t hat

h i ted.so th tive |ocat i ta (Q,.d) of t | ect ed
DR o BRased 250 Fabgmisston houdrh Biih ot BRREe ¢ Pof Py it et By cnce of
the bagg 8d18itb® koAb eRNAIRY RcsldR At (4 ﬁ_i)r&sﬁﬁt Solbdted AIB wReR 6 om the base

station antenna systemlocation, is wthin Abeam 39. The base station
accor drepgesents thé angle oftthedVB frine caftdegree ofarenm of the base station

‘antenna system and d represents the distance from 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 P and

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.

82. Thebase 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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has a plurality of nodes Mahich provide different shaggz,[as,fzo%arrs for the
sane phase; and the geol ocation processor is configure o cal cul ate
recepti on beam formng paraneters as a function of phase 9 and ant enna
system wpQsoddepd to -41 29 May 2006 WO 03/049409 PCT{,yﬁgﬁ%gygfl out put
paranmeters to the beamformer representing a sel ected conbinati on of phase

9 and antenna system node Mto contro] reception beamfqgrmatjon. 40. The
base s?ﬁ?@ﬁrﬁééﬁ%r% pgﬁs%l%ﬂ%th% FRlon DProfessex Woﬁli’%r@“ﬁﬂis t? he capacity
Lo Pr OVARGIMDIReLBALARE MAEPb A BEAs SHERISIApHASCInd SERAL ON DEAM | &

capabl e of carrying comuni catton signals eparate set of UEs; and
t he besaystémr meceptisnopmdat auél 1o astpei paeameteary toheéh&Fbeansdufoemen f orm a set

of desired reception beang.withi ran of reception beam cagpacity of the
ant ennEeREFreRRg Aseleretcombipasionel phasaniantania aem TP EPRIRIR0 wher of n
the geq) afikd1PBeepbloABRERMforhatiGeNf i gured to calculate reception beam

formng paraneters by estimating a set of areas of reception beam coverage
based on relative |location data (0;, di) of each UEi of a plurality of

sel ected U re O resents the. angle.of the UEi froma O degree
ref erence 03'tm_ eg{az[)qncﬂ{:codxﬂg% dg%%ﬂ*‘%ﬁ’&'di represents the

di stance oftheleF Hiddulld RES tKEcd}AsRy b Profle 2MUre BHan HS tRMsnliS@ | ON, as a
function of RF phase ip such that phase cp is selected so the relative

| ocat | beamswgh (it eagh trayfsmissibn bEkmos capadile o tamryingfcopwhenication)Es, i s

wi t hi n_.one ?Frea of hehe s?p f areas of reception beam coverage. 42. The

"~ base sflﬁ}lfﬂg‘ OL3 AR gsett(? I 'rfﬁl 1 wherein the antenna system has a
plurality afhebes@Soltiby is Bpdrabivbissicit8d #/¢h thh RFSfRodile RFPAE afsef t he sane
phase; and the geol ocation processor is configured to calculate reception
beam ¢fotesined tyrnsanission bearss withimetraoge of trphswissiop heathsavhich ke syst em node

g/glngczgxategﬁt put tpﬁ%'é rggiisecraspa{)f% &frf)%o(s)‘?czlapg.forner representing a set of

34. The base station according 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 (8, d;) of each UE; of a plurality of selected UEs, where 0; 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 (8;, 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 systein

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
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of phase 9 and antenna system node Mto control recepi ? %@formatlon
43. A wirel ess tel ecomruni cation system conprising a plu Al ty of base
stations according to claim28. -42 29 May 2006 WO 03/ 049409 PCT/ US02/ 37851

44. A WybRbgdnet €l econmuni cation system according to ?hﬁéd%ﬁg% further
conprising a plurality of mobile user equi prrents (UEP eac bE I ncl udi ng:

an RF dul e that has an iﬁoc F .antenn and a geo] ocati on processor

that i©OTESRFSRIESIHNES HBEP ©grhinagio Pl’g”é%fpotéﬁ TRRSIBPEAVESi ng a gl obal
posi t | PRnAGRE.E éyfsgefm%\'é)mx%&g&gasaﬁmgoﬁ Hofim SEARERL! { od Trom said LE

ul'e antenna use by sail e stations. w'rel ess
teI ecommnl cation system accordl ng to claim43 further conprising a

lurality qof, nohjile user equipnents (UEs UE| cIu . an RF nodul e
gnd an agsogtﬁ at jfﬁsﬁrf’ﬁaan lag’if’r rﬁEI t?g"a P &05&1%| y
associ lopekept i tdigiRred S WhRulRe reééptﬁncmln& ?&mﬁgaﬁame%@ By ' ange of

beans Which the antenna array systemis capabl produci ng;” and a
geol ocextinating e assoof roeytiadbean s:av&i'ageasmffuncm ohBF phmseenéh gured to

proces E, geol ocat i dat a of estl E | qcat relative to data of
Phe. KRS bAGC IR e brs eGP Rt Bofen T e SEIEF ORI YOPEL od
par amﬁl@aﬁ:e&@f%é&@gh&?ﬁéﬂrﬁ%&@é gsuch that the beamforner controls the RF

nodul e to trans recel ve conmuni cation data for the sel ected base
station in a shaped beamthat enconpasses the known | ocation of the

sel ected b II‘E gégre UE oIo atlg g@tarelatlvetothe known
| ocat i on o the goa g agcariing "’PEJ %W Edl%d by said geol ocation
Pr ocessor . (HERPinbibgl L3S ORIkt U rJv?de £ o2 rébdchlonTeali

communi cations wth base stations having known |ocations in a wreless
t el ecomehithatadchmecepfion bpamwdspapablenf: camlmmmmaumsmabf@m:l at ed

ant enna  gtata et FUEL
the antenna system has a plurality of reception modes which provide
different shapes of reception beams for the same 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 (0, 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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a beam forner operatively associated with the RF rmdubgﬁ%zt@rﬁm a desired
beam wi thin a range of beans which the antenna array systemis capabl e of
produci ng; and a geol ocati on processor coupled to said beamfornmer that is

conf i guiRMhslomeoddr 0CeSs UE geol ocation data of an est ipggps%éa% | ocati on
relative to data of the -43 29 May 2006 WO 03/ 049409 /137851 known

| ocati on of a sel ected base station and out put sel ected paraneters to the

beam f BRI PEEERCIRREO HHRuDEAA (P TR HEP RS RIPS xSl eéﬁﬂlﬁb@@fﬂ@ﬂ@% transmt or

receiv | ' t ' i.n a shaped beam
gh£%§ ggﬁétn%g sggée% de W% §(ﬁlt?cﬁ{rﬁ&p@i%ﬁq)e§hﬁf atioll, p

t hat nco nown [ocation o e selected base station where UE
geol ocation data relative to the known | ocation of the sel ected base

station is rogcessed by said ol ocati on_prqcessor. 47. The UE accordi ng
to claim 464Q2he&[§'ieﬁ93§?1§'¥3§{96‘|% %t"p‘h%’%ﬁé‘f eI configured to cal cul ate
transm ssi @%ﬁﬁb Al ﬁé’@tﬁ% | ' :SPbdfm t ransm ssi on
beam covergdgg ea%ﬁlaesrndggspggé o) o?r%édgﬁfgggmbdma%ld@ﬁﬁﬁgﬁb sé?on power P
such t sath thiatisachGeeapiiontensnissapable phoaeryilg eoremsieieatioedignats forh at | ve

| ocation data go gﬁ) of . the estimated UE | ocation relative to the known
| ocat | ¥PEReHKEOLUESANM base station, where O represents the angle of the

-selected  RA3@eshForntil ib bPPagivelytREdcied FHiItRE REF MbdD §o fek! /Bt ed UE

| ocation and d represents the di stance between the estimted UE | ocation
and t hef desized recepdmm beams witlinserengecd tvasption heamncapasityiof ther Abeam 48.
The UE according to claim46 wherein the antenna systemhas a plurality of
nodes Peﬂaﬁ’f"‘%\ﬁ §%™4i f f er ent ‘shapes of beans for the same phase and
power; and the geol ocation processor is configured to calcul ate

transm ssion beamform ng paraneters as a function of phase 9,

transm ssi aH. polibe Wasarstiatiamaecomdingytot daimulfewhtrain the geolopatiomar aneters to

the beam fonrer, oLSResPll L0R.2.25hE5t00 SUID AL e, ShulliBRthsP
estimating a set of areas of reception beam coverage based on relative location
data (6;, d;) of each UE; of a plurality of selected UEs, where 0; 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 cp 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.  Thebase 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,
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antenna system node Mto control transm ssion beam fo&gﬁégpﬂ)%@. The UE
according to claim47 wherein the geol ocati on processor i configured to
cal cul ate reception beam form ng paraneters by estinmating an area of
recept i g dagpgocoverage as a function of RF phase sug@igbgﬁkﬁgpase i's
selected so the relative |location data of the selecte ase station is
within the area of . recepti on beam coverage. -44 29 May 2006 WO 031049409
PCTI US02/ 37851 FhWirgkesstrlecpmamunicabion 8ystem aecondingtorcdaim 4h@rhet enna system
has a ad it g | awhi FRWA int hapes of
recept ic%ﬂggigﬁsyp@%?ﬁﬁ\ﬁ%ﬂn% ﬁp%ggémwgiﬁél&f ﬁéﬁ&g%%}gg |1§§11%girn cessor is

confi gured &wRFahoditletthat hesaptssoniababantennn) mgl par aneters as a function of

phase and antennlg system receptiaqn noge and tg out put aramjj rs to the
beam f or mer@r &p¢ 1} REocgssar ihat g FoRBAMTEatq JRtTMIRG, SuEren nt enna

syste InOfa {300E . T \ s .« A W reless
t el ecmﬁ@%ﬁ g?\ syst%%ggog%p ?%gtlmr{{éﬁggﬁ%*l&%???gg %S?é[gg‘gﬂéag?%%]lgns for
conduc trangmiftee frees sdiH T Rumiodealeiamtennafor msa bylsaidbadeystationsser equi pnent s
(UEs); each base station having: an RF nodul e and an associ ated ant enna
systemthat is located at a predeterm ned position and a geographic
transm ssio .rawﬁg@wsghaele&%ﬁaaﬂﬁamdﬁsy téfGicbsraR ot Hifiud ARGy Of at | east
one other of said base stations; an asbeam formet operatively associated
wi t h t benpisimgduplaralityfof mmohale uset epiipthests @fEHeeanh UEtihélndingr ange of beans

whi ch the bas tati.on's antenn array system.is capable of producing; a
net wor k intae‘}ﬁgsctﬁo‘ﬁ‘f'}?é\“@cﬂ%%séf"% ds‘"é’itﬁa/rl?a Y S¥F®Bhs and one or nore

associ at ed m&f&ﬂé}%P@fﬂ%E%E&i&@@M&%hgﬁﬂIﬁbdtﬂ@%&féﬁﬁ a\desfg@! ocation
data that corresponds to estimated | ocations of selected UEs relative to

| ocat i bearavithiof a aangs nbibeamaywhighsthenantehnh ageays syrtemris capable of

producing; and

a geolocation processor couﬁled 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 locatioﬁ 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. Auserequipment (U E) 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 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
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havi ng transm ssion ranges that enconpass the estimat §9Ma§9§’ddﬁons of the
sel ected UEs; apportion said selected UEs into groups, each group for
mai ntai ni ng conmuni cations with a sel ected base station of base stations

havi ng Wwoassdsy@si on ranges that enconpass the esti ”Ebﬁﬂsd acayions of the
sel ected UEs; and output selected paraneters to the beam fzorrrers of base

tati having t | S| t.h the estinpted |ocati
such (B Iocatin of £ oelfEd bavestRbAR And e R el AR TR A4S for each Ue
of t heheahw fodthed¥iicE RS %@b@ﬁgpﬁ%ﬁﬁccf’ﬂél%ﬁl@m?&%&ulﬁ% tRsRaidong group of

apportioned UEs in a shaped beam that enconpasses the estinated |ocation
of t hereceiypeempumititionsinta fontihe splestedibsise statinmingeaghapad beamdhaticcording to

claim51 wherein_, cqmuni ¢ati.on d fo ach sel ect.ed ha quality of
cervi caeatiaasasntad JEED TERHPR oHErRe Rleaf bRt FEIRY Tt B anc
associ gloRftatieR! daéa rblative t9 €BS k6w naAb&atidiPoY tHaWeRitddObARRAEEbRAS Sai d
sel ected UEs into groups based in part on the quality of service and data

rate rregegssedrbyissidgeoldeationnmensoati on data to be transmtted to the
selected UE. 53. A wireless tel econmunication systemaccording to claim51
wherein geol ocation data of each selected UE includes estimated relative

vel ocity daf7a OfThe URaddordfgl tSelhiin A6iwkirkin the@ebRefticH $hodssoE iat ed

geol ocation processors are configured to apportion said selected UEs into
gr oup<opfiguared; ta cplenlate trapsmissiancbeage firming pavaraeters hysstimpitngathg to the
esti mat ed Iotcations. and rel ative timte .vel.oci a of the selected

|
O o8 gt ahiraiiioR dreat AtoriEe Ain B & aafPUOE F KE Fhis 4 25 Srire n

conMuni£drhiRBiodHowel P siRBERa SRS (eth I aRamiRidiHfividrYP Se oRictéde and a data
rate requirenent and said network interface and associ ated geol ocation

pr oceseaektivedocationidagutted) efthepgtimatedUEdoaativairelativd tashe known gr oups based
A BB LY o O RS %80 Lo S Bl S b SRR 1

base station from a O 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, 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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transmtted to the selected UE. 55. A wireless teleco ;fﬁddﬁon system
according to claim51 wherein each base station includes “a geol ocation
‘processor coupled to its beamformer that is configured to process UE

geol ocayipaBpsager rel ative to the predetermined posipppis@RfzdsiS antenna
array systemto output selected paraneters to its beam ?orrrer such t hat

its b f | i RF d { it i ti data f
L Selcareu BT T U aSordRe Y oo A5 bt BT nn G SYBOMES 5006 W0 -
03/ 049409-aRGT bt iR tAtRbd &Sk himhifidvide GadeAt Magded of §@de§ﬁbﬁ®e£§s\mer e

geol ocation data which, corresponds to the estinated location is processed
by sai dorgthsl eame ipbase raswle thyogeolomtion mioresdses s catfigvwedntnicelenlade syst em

accordi .0 ¢l aimb55h wherein, co i cation.,data f.or .a UE has a quality of
Servi cabaptitn badpTormind Virndrord A8 i =55 Sad AnurEtegtian ocat t on

pr oces ggdeption Geetel At 65l olitput st t5 R DA TortleP 21BN 407 a beam
directed to a selected UE based in part on the quality of service and data

rate réejacted pembinadion: ofephaserand enfenoa systennreception tmedesto conblt o t he

sel ect . W r.el ess tel econmuni cati on system according to claimb56
wher ei ﬁgceggng%aa?ﬁ%m t of each selected UE includes estimted relative
vel ocity data of the UE and each base station geol ocati on processor is
configured to cal cul ate beamform ng paraneters for a beamdirected to a
sel ected UBbbasdyvinglasa teleepmmypicationsysfes eemmising:dat a corr esponding to

ol et od Uet DRBIER bPPRRGR Bk ohfancihls PRHRS RiCRAbulfiReE 0l i m 5o

wher ei withepplurbigeofaisat QuiipaRatoPAds)on processor is configured to calculate

transm ssion _ beam form ng paraneters by estimating an area of transm ssion

beam covera@éthb%éﬁﬁlﬁ§b@Vmﬁﬁction of RF phase cp and transm ssi on power P

such that phase na ransm ssion. power P are sgl ected . s he rel ative

| ocation dat a (6?&{(5%8 uteﬁe'a Ah axs0ARted Witdnna sysfém fia2 5 156at88at 4
predetermined position and a geographic transmission range which overlaps with

the transmission 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 statien'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 geoclocation 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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selected UE, where O represents the angle of the UE f‘rzgmag,%ogegree
reference of the base station antenna system and d represents the distance
fromthe base station antenna system/location, is within Abeam 59. A

W T el esgnt muni cati on system according to cl ai in each base
| eSqoloshHem y _ g _
stati onﬁrgnt)gnna system has a plurality of nodes M mhn})gﬁm%ﬁr}%\%ﬁge di fferent

shapes of bea for the sane and .po ;a each base ation
geol oc SUTFGROPIEESL SR © @Peﬁ‘iﬁ?‘regﬁiﬁﬂlnt%s@éﬂ\aﬁﬁfﬁﬁ?]&gﬂ %ﬁ‘f??ﬂ@é?%ih‘f)eam form ng

par arreg&;rﬁamlgcgtwﬁcgﬂtﬁgrgg BBASEHECP, transmni ssion power P and antenna
system -47 29 May 2006 WO (5)3/ 049409 PCT/ US02/ 37851 node M and to out put

paraneters to the respective beamforner representing a selected
conbi nati o f ilase
m

C transm.ssi.on power P and. anten stemnode Mto
Control traiem SoVBRISSE EleGemRRiFRHon setemasorBnELLclaeh BLBRAHR cat i on
Syst emagalniafigndat £ iRl RRIPSLINEL gﬂhas%%ﬁlﬂ?%ﬁseﬂ*ﬁé halad88d Agat i on

processor is configured to output selected paraneters to the base
st at i ordgsiiteeremt Aod reid retworkiinterface endassociateslt geolvestitepnocessousaee control s

t he RF le,to transmt.,or, re¢cei,ye comuni,cation data,for el ected UE
in a SHEHEHLGARPREoR g sHleeel DEsinoaTrIRR RATe BERAT R thA 14N el octed UE

wher e geghRs@l hAl dathd rifdl eoARIMERP WTlthd QolbfuaedtidiRidada tacBé i on  of the
selected UE is processed dgéEsal d geol ocation processor. 61. A wireless

t el ecotransmitéed tortheyselasta ording to claim60 wherein each base station
geol ocation processor is configured to calculate reception beam formng
paranmeters by estinmating an area of reception beam coverage as a function

of RF phasesasucmwmres@mniﬁuxﬁ@étﬁﬁs%teﬁpa&bﬁiiﬁ%t@aﬁmsiwﬁaﬁei,i@n data of

the selected UE is within the area_ of reception beam coverage. 62. A
wi r el egevlacation dataef caghiselecied IR inchudes egtimgtedradatavavdacitsndataioh each base

I TS R N S
configured to apportion said selected UEs into groups based in part on 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 datarate
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
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geol ocation processor is configured to calcul ate recephhpn fpam form ng
paraneters as a function of phase and antenna system reception node and to
out put paranmeters to the beamformer representing a sel ected conbinati on of

phase a‘gg@g‘%%na system reception node to control rggﬁB%P%B%speam

formation A wirel ess tel econmuni cation system according to claimb55
wherein each_base station RF nodul e has the capacity to provide nore than

one t9oskimated docghiopofthesselectad HE veharp eeelaecatiandatawhichearrasrengibl e of

5006 v s POLTBABE RSB B gBisBed B sRaYEBEdtifn Biteetlor 21 BN " 00 ot fvel
associated with the RF nodule to forma set of desired transm ssion beans

within a range of transm ssion heanms which the base station's antenna
array systeri sAc‘ﬁlﬁﬁlﬁﬁ%t%oﬁ‘PHHHﬁt%.SY%@m 2CCOF @é‘iaipeﬁq‘{e‘ﬁ%ﬁhi cation

syste ' t | g f lual | & Lid fagf nobile user
equi p%ﬁﬁ%@% %};C%h?dﬁgh?ﬁgl &élé%:quangg@frr%é&g ga%tﬁg;ér ﬂas aﬁ associ at ed
ant enneguiaetheat ganl eael i mse pstatias sgpoldchtibn i mrocensd deircedfigaredeteer i ne

current U eol ogation using a,.gl abal positioning sa ite, (GPS) system
65. A Gl§ a@gﬁam%www??raﬁogr E@Sﬁ&?ﬁﬁa?@eéﬁﬁ%sﬁ&further |
compr ! i %h@hgéﬁ'i# dpbeRlicd PR Afta 3R retAiticRIBRRS Sf thefedmmBAedtiddE | ncl udi ng:
an RF ule afd an associ ated antenna array system a beam forner

oper atdatelty basmoehrtted toihdsdlémedBBrodul e to forma desired beamwithin a

range of beans which the antenna array systemis capable of producing; and
a geol ocation processor coupled to said beamforner that is configured to

process UEgqeol acatbieg, BBl hly Wb dUdifTEwhabin e Lo data of

the known |l ocation of a selec base station and output sel ected
par anegesleation i ofieeelrsélocted Ulsinchudeh astitbtedoelativeorelwitydata bl s t he RF
modul ethte ra% Sgglcil l?arse station geolocation processor is configured to calculate

beam forming parameters for a beam directed to a selected UE based in part on

both the geolocation data corresponding to the estimated locations and relative

~ 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
Avpear a8 a function of RF phase ¢ and transmission power P such that phase ¢
and transmission power P are selected so the relative location data (8, d) of the
selected UE, where 9 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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recei ve communi cation data for the sel ected base stat%gﬂﬂyr%o%shaped beam
that enconpasses the known | ocation of the sel ected base“station where UE
geol ocation data relative to the known | ocation of the sel ected base

st at i onwip9spfligcessed by said geol ocation processor. p6fysiysrggf hod of
selectively directing base station RF communication sSi gnafss In a wrel ess
t el ecommuni_cati on system wherein base stations which have overl appi ng

t r ans mpse 3 and o eutpub RatrreetRr s to|the seqReciivRRAT KAMes KEPIRFHNGA pl ural i ty of
user e%ﬂt‘ﬁ%&&%zﬁhﬂ%ﬁ%ﬁ’oﬁﬁ%e{&?E‘.l%gg?ﬁ%@r;{oﬁs}g?@anﬁ'a @&{nt};%@\%ag esti mat ed

| ocat i eac ural are to ase station RF
coNMMUNPL G dodibrod bahiissior B fodyatdR06 WO 03/ 049409 PCT/ US02/ 37851 b. for
each said UE, identifying each base station that has a transm ssion range

whi ch enconpasses the estinmated UE | ocation; c. for each said UE,

determnin el af Vv I f] ' r ' tified base
station usig%({j s%‘glr%]gg%z%eé%g)l%g?\e g@narﬂﬁ&f# gé(fg#‘-‘ﬁgff él%‘(‘)‘ﬁ%f?g%g ata of the
i dent i fagtd Dads estation | godlocdtioh Oproeessbr i ig ecdnfigueel lias euipudt sedectedal cul ati ng

beam formng criteria based in part on sai g determned relative |ocation
dat a sherpmeiars toghp bege station’s bpamdermer schdhat the hase gtationgbaammyn 1 om whi ch
RF corrﬁ%m'{ ' | r : . )t ; df. formng
a set O 3??%@? @3% ggﬁlﬁsﬁgélﬂgatg%&gsg%%ﬁ{eﬁﬂgggﬁﬁﬁl{ ca %n&a%g i’f%lﬁélal s for said
UEs t r ggled¢ted TR it aashapad dehmsihas eatompassbaandstimated tbcatibn wf thed beam

formng criteria such that for each said UE a directed beam having RF
" comunselegted FEswhers %OM?U‘PIHE%MU@%EWQQ@W%eégﬂaﬁ%ff gaiiR at i on of

that  tfhs3afbelld URAS BHkel HERRIPEOINATRH iboadBhect ed criteria to

dynami y reconfrgu ase Stati ransm ssi on beans.

61. A wireless telecommunication system according to claim 60 wherein
each base station 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.

62. Awireless telecommunicétion 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
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67. The nethod according to claim66 wherein comruni C%%' nd%tea for each
UE has a quality of service and a data rate requirenen and-sai d

cal culating beamformng criteria such that each UE is assigned to a
partic I e station is based in part on the qualy rvice and

dat a rﬁvgoglg‘gg@rerrents of the communi cation data toh’g%MFdr}é%%?ntted to the
UEs. 68. The pethod_ according to claimg6 whereip relatjye | ocation data of
each UE i ncqaghsespedtivehaeayiorgiesis %rwfévez%zaﬁv%&z‘gwﬁtﬁﬁg WEOdHH® sai d

cal cul gt4 ] Lt eri e 3 | S.:aShl dto a
parti cﬁq f&%@a%ﬁ@%?%%ﬁ%@%%ﬁ%ﬁ% @?%nb%lﬁ}rg{%gl lréselﬁlgttB %%ggl ocation

dat a cwhichsthedsagtation'shmtesia anhedystdm iseapililons pestheide rel ative
estimated velocity data of the UEs. 69. The method according to cl aim68
wherein communi cation data for each UE has a quality of service and a data
rate requir Nty 2 | &l - /37851

cal cul ati ng@%n;a% V?lgg%gﬁége%é: P ?]3%@3&{2%%%@? ﬁ%tﬁuggﬁ?%égélﬁgmﬁii(%@gﬁ to a

part i cednaprisibg aeplatadity ofimobilbaseslequipmants @Es) renchUdEiingludingser vi ce and
data rate reqﬁigremants cp;ﬁthe conmmunj cation data to be transmtted to the
UEs. 70. THd REmesle thadhasap assosiptadAenykéndi n steps a-g are repeated to
dynam cal |y, r LT I 145 Sk HATE n a sel ected
type of chfngg&?igarlgpaﬁo\%éﬁ%?g# gﬁgﬁéﬁg%nrt?e%ép%% i ng 1%1%@? gJEe)sti mat ed UE
| ocat i gerdocatidn t ising alghdbial osisionirg edeNied (P3)ysydteoa of the UEs. 71. The

- method according to claim67 wherein steps a-g are repeated to dynamcally
reconfigure base station transm ssion beans based on a selected  type of
change int qual.i | gﬂgﬂ : klSHetfarthbr t he

‘comuni cat idgﬁ dké&tavelglr‘%%siggiet%rsgl\#s%ﬁfté %%Eﬁé%%ﬁg%u The net hgléi accordi ng
to cl acompteingampdirality epmohilg userequmpsattsdURs), eighdME ¢edlhdingeconfi gure base

station transpissi on begm; based qn 2 sel ect ed ta/]pe of base station
failure. an 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 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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73. The method according to claim66 wherein the det ePQMi (r)%)ogf an
estimated location of a UE is perfornmed by tel ecommun 4% ystem
triangul ation of UE transmtted signals received by one or nore base

st at i ongg ¢fthosod N€ Met hod according to claim66 wherej erm ni ng of
an estimated [ocation of a UEis perforned by a G o%‘g'ﬁ’ﬁéég’éﬁﬁ oni ng

Satellite ste at the, 75., A.smart handover nethod of selectively
directing base g‘]%rate?‘@h %FéJEggnﬁﬂ?ﬁféfﬁWﬁ)ﬁa&F_ £sshagiog \‘i@i‘%teL%Sa _
t el ecopmph fRidnMAnsY WA MhGR £Bs8538 esﬁ{l}%{twﬁi“a fopatiorave known |ocations

and overl appl ng transm ssion ranges cond wi rel ess 'RF communi cati ons
with a nobid e ufareaehsapBh] ddteiminindnelatitd0R locadiomrdada bgrelatsdn 29 May 2006

WD 03/ 049409, PCT/.US02/ 37851 a. determining an estinmated | acatipn of a
mobi | etoeR #@Wﬁ‘s’g&@é@i gfafign wgzaﬁmbc&%ﬂnﬁa@m_ predefaedase station
and i sjohoG&d Sgta'di*th@gdér{tﬁiéﬁ'ﬂa%%%%nr ange of a plurality of base stations;

b. identifying eac ase statlon that has a transm ssion range which

enconpassedl.t he festachadedifidd baveatatoon, calcublairgy bdamd foynrieg atiteréa UE | ocat i on
data in rel.ation to eagh identjfied ase st.aiion,usi sai.d.estimated UE

ocat | Bpvedif RarE o dell dpter parprakgiovm oo o dabn ot SiabedR 4R 7 bear

for m ngesdolih ladh R Eia8lr bas® Hatiod Trotd wWhidER B Bl hich §bRbiohsls! gcat i on dat a

such that” said UE is assigned to one of said identified base stations from
whi ch tRiaP Ul arate kealiraosmigiteghaind for that UE are to be transnitted; and f.

form ng a directed.beam of . bas ation,.RF c npcation signals for said
UEs t rgns m:q.t ted @%ﬂgéﬁegof)ﬁgé‘gﬁ&ﬂﬁ? 'Weﬁ% Bﬁ‘ COTTRIUETIQR at ed beam
for m ngegilk kR7ch@ TES brdRalited idnfidi @44 tR686E RIReABRESARSIchRge®St | Mat ed

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; and
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 UEks.

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
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| ocation of that UE, and g. repeating steps a-g basedzigmoﬁgt ed criteria
to dynamcally reconfigure base station transm ssion . 76. The net hod
according to claim75 wherein conmunication data for the UE has a quality
of servy a data rate requirenent and said calc ' eam f or m ng
cri terigsga@ﬁgqghat theUE is assigned to one of said ?é@h%@%ﬁgg base
stations is based in part on the quality of service and data rate

requi resdeatingbeamtformingruitedashenthafteach Vs aspignedite apartienlahe UEs. 77.

The t hod. according, im7 rein rel ati | t] of the UE
el Ut S R hert 8 Tl ity e uloB Rl iR BB, 2 11 g
beam fsfrifik RemedurdiCdtich ddtalto bbafarkattedioitbe 8y gned to one of said
identified base stations is based in part on both the relative | ocation

data corresponding to the estimated UE | ocation and the relative estinmated
velocity d 0 - D21, . : 4 37851 78.
The net hoda;tzg)?:lcoﬁl‘ltlj:'lg %ﬁtﬁg%ﬁéﬁﬁgg%%%gsgh%%%ézﬁ ?%}fﬁ{e%@ﬁ f%)é the UE has
a qual dyinargicae rdodEgarybaseddbtion afmsiession doRme based saiadseledtedil ati ng beam
forming criteria such that. each UE is assigned to one qof saj gj%dentifi ed
base typatafohange iparetafivenloafien data serrgsponding by the estimateth dlat a rate
requir Eﬁg; .Gal | 0 smtted to the UE. 79.
The ma1§ o%c%%l%%lat%o C g %‘%gﬁlﬁ%’elﬁ%ﬁs‘%@ggr‘%ﬁ% are repeated to

dynam cally reconfigure base station transm ssion beans based on a sel ected

type of change in relative | gcatiqn data_corresponding to the estimted UE
| ocation arfd-t hg'hPé}eéb?@%c"@@-Pﬁﬁ%‘3?11’3‘35176‘@9??}“&5&9& a8 a eri‘igp?ﬁf’sﬁ?) The met hod

accor dj : %}jﬁglmﬁ [ : &@@a&:al Iy
recon?‘%j%%rniélg?)lg}égés afion S?a%%%@@%&%“%%%ggbgﬁggﬁgﬁh gﬂsae%gct ed type of
changaybe dftvhagigalint theofuality ifcsereioel il dataatate rrequirementd of ohe t he

comruni cation data to he transmtted tgjﬁhe UE. 81. The nethod according to

"¢l ai mepmmpricatian dptato be tgapsmitied tothe s,

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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dynami cally reconfigure base station transm ssion beag& aasﬁ)%on a selected
type of base station failure. 82. The nethod accordi ng G7cTa’rm 75 wherein
the determning of an estimated |ocation of the UE is perforned by

tel eco RsARkdeON system triangulation of UE transnj Lgnal s received
by onenqu rr/gre base stations. 83. The nethod accordirrhgifté%bzé?%?m 75 wherein

the determning of an ., esti mgted | ocation, of .t E i.s perfornmed by a
G obal Posi#i onidﬁEfrE?a’P’é‘lglainteénn?}S‘i@ﬁ? nqlggn _.ﬁéﬁwhﬁwslr%qeé‘ggg

tel ec R iAo EOMIPA bitld Wlatith BhaisAbldidd A iRARHRiLANS T of
conducting wreless communi cations wth a nobile user equipment (UE);
- 53 29%rdvipy of QGAurAlitY 3f BARADN16MST/ US02/ 37851 each based station having: an
RF nodul e ﬂgd an_associ at ed antenn,aBEgstemthat i s | ocated

t. a
predet er mi ried padgnHpine £agh hagpeighia %“E?%ﬁ'l?ﬁf%@i‘%ﬁ"wnr%%ﬂ&h overl aps
W th %ﬁ%ﬁﬁa@é@.@h@%kﬁﬂlﬂ l%at%n-l east one other of said base stations;

and a beamforner operatively associated with the RF module to forma set
of desired deandetdrmimingxelntivgd/Biochdemdatainablation thaseh weatified' s ant enna

array system. s capabl.e of, pro ing; .a network.interface jnterconnecting
oo o b SrHOR SR SRETAORTE et A e, BB SO0 BB ssor s

confi gidr&Qod-0: process UE geolocation data that corresponds to an estinmated
l ocation of ‘a selected nobile UE relative to |ocation data of antenna array
- systens of dase cskakitmgdbenmforming aiterindasahinmaryes saidaeteemioepass t he

e G R R T
of they3BbRSEER wich RFbommunication signals for that UE are to be transmitted;
and
f. forming a directed beam 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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out put paraneters to the beamfornmer of the selected 9335" sé@ lon such
that the sel ected base station transnits conmunicatiofi° daba tor the
selected UE in a shaped beamthat enconpasses the estimated |ocation of

the sel gptoshsskfs: 85 A wireless tel ecomunication systemad ding to claim
84 wherein conmunication data for the selected UE haEs: lgbq&gﬁgl{ty of service

and a data rate requirenent and said network interface, a?idi;a%soci at ed
ata

geol ocat i on?$r odeegaethod agcordngip glaimd 4 whereeammupation R based in

" (it o N th
P ommun IS PR R Gl b REYitk 66 F0LPB red BHEGRIHI SIPIISRNE D,
t el ecobvamifemiingritsisd suohabhaveathJE ivassighettSdnadfani identifeal lmsat i on dat a of

the selected,UE includes estimated relative velocity data of he UE and
sai d nekAkong 1§ ﬁassaﬂa@érteﬁmtmt&péﬁﬁr@@é%éé@t%ﬁafﬁrree%%ﬁgts e

data PG ResRRBEh BB HeRte R PRI 521 corr esponding to the
estimated | ocation and relative estimate velocity data of the selected HE
cormuni cat | G dgie TOoK Re-osbIigdp SIUbR THASF ARG 1§ 567 BERGALE and & dat a

rate Hﬁ?éﬂafcﬁﬂngc &b s@%‘é‘ﬁfx%r&ﬁ%ﬁ%@i@ﬁ%eﬁﬁﬁ l?asség%aé gde@e@! ocation

processors are” configured to select ase station based in part on the
qual i t gypef ofsehanige enaredatited docatiah alate quincepemntisg 66 thhestiomtedililti on data to
be trapsm.tted.to the . .selected UE, 88.. A w.l,el ess tel ecomunication system
accord oﬁﬁtl?’baﬁﬂéﬁ?ﬁ%ﬁtlﬁ%%?tgpﬂtedevﬁ(]ﬂ?%’é’%a\é\*g’(el@E‘" i ncl udes a geol ocati on
processor coupled to its beamforner that is configured to process UE

geol ocation data relative to the predeterm ned position of its antenna
array syst 8.t o Thetmpethod eteeding tp alaanmiBevierein steps dsgame repeated to

dynamically reconfigure base station transmission beams based on a selected
type of change in the quality of service and data 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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former such that its beamformer controls its RF mdték?%éeorgnsrﬁt

communi cation data for a selected UE in a shaped bea 19 onpasses an
estimated | ocation of the selected UE where geol ocati on data which
correspepdSawmi@ the estimated |ocation is processed WT/%%&Q?& ol ocati on
processor. 3499 A wirel ess tel econmuni cation system according to clai m88
wherein comunication data for a UE has a quality of service and a data
rate requiqaéhé’ﬁlﬁe‘b%t’@&ch@v%e station geol ocation processor is configured
to calculate b H\'lﬁ% {aas[ f %@{Q | : sel ected UE
based in part ?‘)%rftt iglrcqua Ity o é‘gé%dcag{t%l?lndab at ﬁtgﬁgg@%g%?ﬁanents of the
comunpdetermhineipasition el 4 gevgsaphi¢ @dnémiskiva rargewhiel ottrla@vitlA Wi r el ess

t el econmuni cati on system accordi ng {)o &{ﬁai_ r’r1b89 wherein _geol ocation data of
t he URthergppspaission:iange efiat lepefianpothen ¢said bansstaent 88AUE  and each base
station geol ocatj ¥ | : form ng
paraneters for Lgl%%gﬁqfo%ﬁ?ﬁ@@égﬁ?e&?% ﬁ%dc%éggg@ehghlggi%&)ta&%ﬁg%?hathe -55 29
May 206 of\Befidé DBEANS wikhih WSARES dBheh nge whinhaithediase atadionby axdspuadi ng to the
estimted | ocation an&ﬁrgl atjve estimate velocity data of the UE. 91. A

Wi r el eRday SYHEBRAPRACIOORIAEEm according to clai m 90 wherein each base
station gegq| ﬁ&t‘%&drﬂrigwr%‘éﬁﬁfé&wcdnie 'sQMrI?#ets‘Eaﬁ@ﬂs%ﬁ@Bﬁe bf gfbeen ssion  beam
form ng paraneters by estimating an area of transm ssion beam cover age
Abeam @sodatadngdolariatioh pRicepdvas eonfigared to:ansni ssi on power P such that phase
cp and transm ssion r are selected so the relative,location data (O,
d) of the UE, WRKeEs W&&ngm%sdﬁ%t AbcarTgsPands togay eShip i degr ee

ref er eReia] of M°sd18ged Miild O RALADGo Wk Al of heRhASy Lhe distance
fromthe base station antenna systemlocation, 1s wthin Abeam 92. A

Wi r el esystéms exf obamenstasipne rhaysg dnamnoissidnnranges dhat rem@omphsy dhey  each base

stati on antenna syst has a ality of nodes M which provide
estﬁnateﬁ riocat'on o%rﬁle sglecteg ldﬁ; y P

select 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 UK 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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di fferent shapes of beans for the sane phase and powe%'ll\@nd%@ ch base
station geolocation processor is configured to calcu % 5 sm ssi on beam
formng paranmeters as a function of phase cp, transm ssion power P and

ant ennawgshHgge mode Mand to output parameters to the-tRSpPASEsEve beam
former representing a selected conbination of phase cp, transm ssion power
P and antenna _system node Mto control_ transm ssion beamformtion. 93. A
Wi r el eeprresppadiogito heeatimated Jocation and selativg estématesieiacys dapeidhe,  each base
statiosnl%%&ll?@tion processor is configured to output selected paraneters
to the®base stétion's beam former such that the base station's beam forner
controls the RF nodule to transmt or receive communication data for the
UE in a shaped beam t hat enconpasses an esti mated I(fc_ation of ,the UE where

geol ocat | orP/dat 4 WiPleRs kicorapaHeRtiarsyStan aeerding Br'aig8e WORTR the UE is
Pr 0ceSe B dBELLD AL LAK-DE PRERSOR quittliy o HhVIG SiRPa LRI Catl on
systemaccording to clarm ereln edac ase station geol ocatlon

pr oc esgRniretned® Bhd gaid edtvorkindeefacahrd asoeiptddueoleation fbcadSorsmye 2006 WO

03/ 049409 PCT/ US02/ 37851 form pg paranmeters by estimating area of
r ecept foniepEethtossiest a jasesdation basegip parigm tﬁ!F q}‘:‘ﬁﬁgfé’%ﬁwet%ﬁhaﬁ% ase is

sel ectgd, ?'g%ﬁjp&néﬂs%tf kﬂ@co‘%@ﬁﬁkﬁc@ﬁoﬂa&a@a 6 b? tGshiiehd i idledsbe area of

reception am cover age. w reless tel econmuni cation system accordi ng
to cl aJl. 94 wherein each base station antenna systemhas a plurality of
recepti on nodes which provide different shapes of reception beans for the
‘'sane phase; and the geol ocation processor is configured to calculate

recept | on_ bgam Hof LG, roRALANRIELS ARk AGbeR, & BlipeswRbRiANt enna

system reception no 0 output paraneters eam f or ner

r epr eseathibage stasivhdndl adescogdoloeation praebssoptrapdedan disbeamformenthzém r ecepti on
node to control_ receptio eam formatjon. 96, A wi.reless tel.econmunication
syst emsa@@@,gm%tq Freqess Ea] e%&?"é?‘h ata relative to the predetermine

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.

89. Awireless 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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each base station RF nodul e has the capacity to provi ggl\ﬂnr?m%han one
transm ssi on beam such that each transm ssion beamis capzi’b e of carrying
communi cation signals for a separate set of UEs; and each respective beam

former ywo o9pRi@Ati vely associated with the RF nodul e P&ngﬁ[?%@ set of

desired transm ssion beans within a range of transm ssion beans which the
base station's antenna array system.is capable of producing. 97. A wireless
t el ecogenledation;data serzespendingotodthe estimatedlosation apd pplative eshmatei ng a

pl ur al xirélXci dé’i‘ﬁboifltﬁ tj%‘er equi pnents (UEs), each UE including: an RF nodul e
that has an associ at éd ant enna; and a geol ocati on processor that is
configured to determ ne current UE geol ocation using a global positioning
satellite (GPS) system 98. A wireless tel ecomyunicatjo st em accordi ng

to cl ai m 88% ur drEirelespiplecorimunication system gecarding g ql@ﬂh@%%@ﬁm pEent s

UES) , C | h0d:- I | a arra

Syst ersEtcinest! SRR GRR bRssBEI0Y iR o PRSI LEhRIL RN B ey
oper at bagah Yorasiag patidnesterd byedthiratifie andrdacoftmsarission Hesmnrcetbrapeam wi t hin a
range of beans, which the antenna array systemis _cap bhe og pr oduci ng; and
a geol Beat poA Brefiaseidil phaps e anddransmistien pOWer #eﬁ“cﬁﬁ ft pRagedhfi gured to
roces . ti t ' ‘ | bve to data
bt 't neand oS B AR A 47 e Ge1p R4 SRRy beatt SEALAR ARIPE 1T o

par aneU®; whiefe § Rpredeadibeamzts ofthe UE frain 4 hdedrearefermmeecf ihebhsel s t he RF
nodul e to transmt or receive communication data for the sel ected base

st at i ovtatign anfenna aystennsnd gt repesreatfpiesdistance kom e hasaistafiont t he
sel ectg&eggigﬂ&gﬁtlip%%&\pg%&tﬂﬁ{%etgeol ocation data relative to the known
' t d

| ocation o e selecte ase station is processed by said geol ocation
processor.

92. A wireless telecommunication system according to claim 91 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
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 UE 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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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.

95. A wireless telecommunication system according to claitﬁ 94 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 coﬁ:bination of

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

96. A wireless telecommunication system according to claim 88 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

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. A wireless 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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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 is

processed by said geolocation processor.
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