Abstract: The present invention relates to a nethod agﬁjﬂ%stzﬁ usi ng
dynam ¢ beam form ng for w rel ess communi cation signdls ' i rel ess
network. Base stations and/or Ues are provided with antenna systens havi ng

a range“;gos%gﬁp;for m ng sel ections. Relativebase st algcé,lg&g?{g,gﬂUE | ocati ons

are one type of criteria used to make beam form ng de 29 May 2006
WD 03/ 049409 PCT/ US02/ 37551 [0001] SYSTEM AND METHOD UTI LI ZI NG DYNAM C
BEAM FORAANIG SYIREM ANIENE [5G BYOMMEC BIoaM] FERMINGF | NVENTI ON
[ 0003] The present i nvEQR $IRELESSCOMMUNCATION SIGMALS ess

comuni cations. More specifically, the present invention relates to a

met hod [0@@R] system using dyFIBLD (PRENVENTION for w rel ess communi cation
signal _transm ssions and/or receptions in a wireless network. [0004]

BACKGRAPAIBI[ 0005They paesent tinyventismnureletesi da dhet diddarod wareleshown in t he

art. Lanal |y t] ' / I i.reless ni cation
for m%ﬂl@%g%?%érhagﬁel ?ﬁ;‘e %EEE%?E gl}%;tfl)lg%éﬁdst I%I;I%HI%&W% all t§ %gl%gl?n(}?nul tiple
comuniagdt dyaten Wil dyubsid b&eh SHsingr oviRelEs efhintniédinngigasl € of base
station capacity is_ the maxi num nunber of concurrent conmmunications it can
suppor ttragsmissipas and/ppreceptiong Wy spvirelpsspetwerk- t hi ngs as avail abl e power and
bandwi dt h. [0006] Since not all subscribers conmunicate with the base
station at the sanme tine, a base station can provide wireless service to a
great nf@d4d] subscribers beyorBACKGROWHD ty for concurrent conmunications.

I f the maxi mum nunber of concurrent conmmunicatigns for a base station are
bei ng deMWlict ed, Wanelessitelespmmunieadionnsysteme are walk knewrinfbeaton wil |

Mkt do%%;c}x{hgiéf A BRR Rhtiond Hill h{%&gﬂg%%lb@g .(Jﬂ.ntn)(mic%ﬁ%p 8y pl?}aq%fySt em busy

si gnal . Vi Ceé coverage ase s 'on 1S no imted to

| t s capabsciiber haitsh Bk istgiceneilirtypiehlle hamdiy ealtisls Tomduinitaticss o

I nherently limted to a . L
with subscriber systems concurrently. One measure of base station capacity is
the maximum number 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 subseriber
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speci fic geographic area. A base station's geographic ly ge W typically
defined by the |ocation of the base station's ant enn& 33 Y 8M%nd t he power
of the signal broadcast by the base station. [0008] In order to provide

wirel esg el Vi ce over an expansi ve geographic area, a network systemis
convent MOhE¥3#%r ovi ded with nultiple base stations. PEXNYFEk station has
Its antenna system sel ectively physically |ocated to provide coverage over

a specihits wieh éantratelidif of thetangs 006mbase statdon whd dftoithe eanvgyefd by the
system Such systens readily provide wireless service for pohile subscri ber
-1 29 angthepbase shsiommathoyb mtexryption of aEemgyirelefioaNn a2 ho%y o) out of
the ra S | . | . se station
i ¢ hout ioien o B b abhuBiated Bhndd By SHMIE cleioPRARRRORTZE

net wor leferrbfl €0 geDes]baid teleplone comeneadedtionsebdses prrbaide are cosnmamhyon| y
referred to as_a cell and tel ephone comruni cati on services provide are
commmonfiiledgelintar telaphane penvigeéphone servi ces. [0009] Systenms constructed in

acoor dpe W ! 1 SuEde oS BRI b AR it Vonn e dp A B BB { N ST p

Progra P) esi gn rovi de such service. n such systens, a
t ypi caBiiemagdtidd Pagnbmhep Bioghim (BGRPkaro dnsigsedito provide blickesedviae. t ypi cal
subscri_ber unit, rmbile(@ﬁ)r otherwi se, iIs knovxg{las a User Fbgui ment (UE).
[0010] Ipsuelsystempg il Bagsmittinediase pladipBis ke 883 cfodg s gBEAT j ¢

e ?ﬁmé‘?dl %gﬁ%gibte}éﬁnﬂ?ﬂgfﬂ? B G o TB¥n&ien RES Uskl RASHridHt QUR).Pr edef i ned

patte or exanple as illustrated in Figure 1A, hexagonal -shape
cel | s [0040] be déhi desigisingt aateldcomnredibatiom \systenh eoendvier ea gepegifizphi ¢ area in

a honeyconb _ pattern. In such, a system each.cell, can have bgse station
whi ch &epgraphic aﬁ#?%»nﬁée S?Oﬁrﬁﬁﬂ’(?eﬁ‘ﬁeérmay heng éﬁl‘?netdo"gpd?/ipa%d%@@acover age.

ALt hougl 3 B!, PE LrarbOl o5 20GPRLRS: FEAIENA0 hokA A RiGe QIR' | 2pPI NG

areas, I n practice as s I gure he transm ssi on beans, shown in
phant ogan be defirrase thhtitlicomells aoterthasniife gabigaapit aved insa boneyeembap. Thi s
over| agat%érnl?e?rrtn s%gl\l/ear saygs%eg?%grl:hegell can have a base station which has an
antenna 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 géographic 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



"handover" of a conmuni cation being conducted by a rm?l Ugoél om one base
station to another as the nobile UE travels from one gllﬁa{[ émt her .
However, an overl appi ng base station signal contributes to interference of
a signal received by a UE froma different base station when the UE is

| ocated in the overlap area. [0011] For a variety of reasons, cells may be
defined of various non-uniform shapes. D rectional antennas, phased array

antennas, or .ot her types.pf_antenna ste can, be provided so that a beam
from §BR0E lgﬁegéfed’ﬁ%/%%bd%n%‘ef% g mt‘ioéi‘?féfﬁ R4S dﬂerﬁ}Yd’iﬁﬁ PR ECRBEIRIF covers a
par t i GHbdnadf0%E3R8BE 6f RGP n@nSAAGIE 50608 ARG ARG tBh $Eam/S |11 ustrated by

base station BS in Figure 1B, the use of directional antennas or phased
ant enna ar Thtkeewaflees @nhaseicatiod i Yateaitt ahich oaly Berdeogati®dant the edge of
a cell in order to provide a shaped beam covering the cell. This can have
advanfabfesbemups, srstens idepigned ncostmprinkie vamlnmbge daershayp muclpg May 2006
creati noclleic%te é‘xe{lgg%e otgési de the cell, in c}ﬂ]t t with mﬁ%(esllefy pl aci ng a
monopdle° BAPERNASHS PRECEGB G SEVE8I 10 4RO Yoy i fPgme

COMURL&AddRy RERAWasdMlatisg Withel ﬁﬁssy%%mﬁécs?&ihgs}, 8)RkaERaBLEh only serve
stationary subscriber units, systens designed 10 communicate with nobile
user s stedioe muy findntr @pechp begfslgatibatd by msoldlerIdBs sptevingdtd el nobi l e UE
can nqgrmal |y b? provi ded by any base station within the system

Accor Borypirer eellsar t i cul ar base “station may find its capacity being fully

utilized by pohil Es..entering. it el.l fromother gells.. The inventors
have recogbr#lh(ze el?i'lv?rﬁtg ° '?‘F']ig]e braeg%gng%eéit ?}cl)“’ﬁE g}rl]ed bgges (5'%&?0;11 od nﬁaﬁ?sé)ﬁlﬁge systens nmay

be dyaatingal kyste$ednisy HRCAhhANERYDREEA StAefhfighik@NE4HeS StAbnand/ or
reception beans in response to actual use of the wireless system This can
r esul trangmibgranandibt yeceptiom ibagmeverabponseltb sconed negeoftibe mirdess eadi | y neet

servi ce de ds and, thus, better avoid attenpted communi cations being net
Wit h @’%@Pa@pw %gﬁsgitdﬁaﬁxnapﬁwgﬂseaharsa% %@Eﬁ gell; gpveraggrtompgendover to
avoi dréé(aw&e% %Hv?& &%ge[rﬁgaaglld(,){hﬂ? Bk .'gi%i&@%gl%p£Jdocrgm(}rq§ni%§1!iclmst o anot her.

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 in part on

the relative location data; and forming a directed beam for RF communication



To i nmpl enent dynam c beam ng formng, the inventors h%ﬁﬁg r é@ ni zed t hat
data generated by conventional neans which identifies g %raphic

| ocation of a nobile HE, such as using avail able d obal Positioning
Satellite (GPS) systens or a base station triangulation technique, can be
advant ageously used in the dynam c operation of base station antenna
systens. SUWMMARY | n accordance with a first aspect of the present

i nventi on E ere is g apnethod of selectively directing base

stati IR Risgit Pdnand isgidapase; %asowapéqrg@sssism ARG on system
wher eiclicatRas Seth 3R %ﬁ@%%ﬁ% ynart%hﬁﬁ Ehiod QU U6AhbORS, Wd N @
plurality of user eqU| ment s S %o conpristng: determ ning an
est i mes@shateaClatdtion offsaidl WE;, determ ni ng relative | ocation data using the
estimated UE | ocation and a known | ocation of a base station antenna
system calculating beamformng criteria based in part on the relative

| ocation data; and formng a directed beam for RF comrunication .3 29 May
2006 signals between said UE and said base station antenna system based on
said calculated beamformng criteria such that said directed beam
enconpasses the estimated |ocation of said UE. -3a 29 May 2006 The
determ ning of location data of an estimated | ocation of a UE may be
performed by tel ecommunication systemtriangulation of UE transmitted
signals received by one or nore base stations. Alternatively, or in
conbination therewith, the determ ning of |ocation data of an estimated

| 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
includes calculating transm ssion beamformng criteria based in part on
the relative
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transm ssi on beam of base station RF conmunication si smtted from
sai d base station antenna system based on the cal cul ated transm ssi on beam
formng criteria such that the directed transm ssion beam enconpasses the
estimated |l ocation of the HE. Alternatively, or in addition, the

cal cul ating beam formng criteria may include calculating reception beam
formng crijterja based i art on the relative |.ocati dat a and the beam
f or i ng rra)ﬁ’ler‘iff%ﬁﬂ’émflgro -%_aaan g of e ) qcaﬁmbeéﬁﬁ?%my RF
com@bﬁ@fﬂl&{lg@ta@&hﬁnﬁﬁegﬂw&ﬁg’s%&ﬂgnélﬁéﬁon st BE Pih ARHEARREmSYSt em based on
the cal culated reception beamformng criteria such that the directed

r ecepréwivede m eme onrp aswesbadve segidnat/diernetutlyoroin tdoembikiEionPr ef er abl vy,

an estjnmate ocation is termn for a plurality. of .U within a
apec IR Gl R epie 2 ToR Phefiin ol fubraddinatine P oY Rel at i ve

| ocat beRefBimedby eRC TEBubRYs bPeRe D d&heNGRSEH] Pedifithihh ®atlitdat ed UE

| ocation and the known |ocation of the base station anténna system

Tr ans Aysieinpand thend4te intragswittedsirom tha bty chassudtatied based in part on the
determ ned | at i Qcation data of at least first and second UEs. A

di rect ed #gns%lg‘gaglﬁ%begﬁ%‘%lf PTUUNE: PRI PES ' caﬂcg‘h %ignals for

t he ftalstldding basethieivd beas abaningt adietinalnaat S8i @it bRathel R46iveg criteria
may be foarnmed an transmtted fromthe base station antepna system such
e T G R A BES bl dApadet OFHE e &t diezetad | ocat i on of
the ftmasbmidsionbeanft o2 BadbstaBORRF eiviRahRdtibh ANHASB8mREBH base station
RF communi cation signals for the second UE based on the cal cul ated

t r ansfidshash halien petemnageyeian deped apythpealqulatad dranmmissiomdebmt ed from t he
base gL.akh - N i e 1.S§i.0n beam
encorrpasseés)Q’fiftlﬁ'é(}&%s%'El ?hrrast%%%%ﬁ%)idgﬁgge&]i g’#ant%ﬁzsséog{ckﬁ%h %EIOEI%%{Q& @éect ed
t r ansedtgsited lbmaionof thabd. Alarhanvels adnmadditiet, the caegnthsg befmr bot h t he
fi rstfand second UES. TRy, be LPrmsd ang. transmtted s%gh tbhat it

clirde cale

orming critéeria may in ating recepfion beam forming criteria based in

| ocation data. The beam form ng preferably includes f 1.N irected
e efod

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

Preferably, an estimated location is determined for a plurality of UEs
within a specified geographie 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



enconpasses the estimated | ocations of both the first é;ﬂgngoége second UE
Alternatively, a first directed transm ssion beam of base fart on RF
comuni cation signals for the first UE may be fornmed and transmtted and a
second directed transm ssion beam of base station RF conmuni cation signals
for the second UE may be fornmed and transmtted such that the second
directed transm ssion beamhas a different direction than the first
directgd fransm ssion ., bea Pr ef er abl t he cal cul at.ing tyansm ssion beam
{or m gregted B papratonhrdis of FassaPtgn 1 B AT AR so rati o
(SNR) seedndMBEi iRed bRehs icgRtalated GraMRinS&idrAbédin (SiEhe Arith4 MAGbONE di rect ed
trans 'ssiogﬁgean1of base station RF conmunication signals for both first

and s E‘Ef'i‘ﬁil ransmitied fapn thebass istatere antermaessstgh auck dhabitke ratio (SNR)
of f 0rdﬁ@e@&datrﬁhérﬁissﬂhr&%h?gn&fn%"a%géssﬁieoé’stgﬁgﬂ&qgcat%%s@f HeAlde Ay RF

communi cation signals for the first UE and a second directed transm ssion
beam E.Hase diveeteil drarRmisdemhenn af bose stagioal BF tonmsmichtivecinmhl4)E  t hat has

a diff T i | rst .directed transm ssion.,beamis

pr ef off %Lﬁé}hetgf |%%§ 3§& s%@ﬁ ]?Eg ngeggft ﬁ%%{rren d trSP%mi%%%%li”c dt}}ag 1{c?et ermine if
the ecatoupatedthe asthnmhiedi locatheamfflotinthg fiest U had itBe lsecopdOdBCce one or
nore di.yected. trangm ssjon heans. Preferably, hased antenpa array
syst_e%l{e§nﬁt§‘é6&3_”asa_t th c?aattr%??mlaﬁ’%n _ﬁa%‘ys“t?e sthastePaRs fiissi on beam
for m Reme&furi®ition dignfAakeuiiat Bt E 185¢ b&REinl M B 8antftePBAM LOVeEr age
Abeam as a function of RF phase cp and transm ssion power P such that

phase SqeoBfdieetedsHaranisnon opbapeestatipe SFeepmignichdon eigaslsver | ocation of
the Ug,d SedhliniR ﬁggh%@ folABd ra%ldafrhﬂﬁrdt%ﬁagdcﬁnﬁhg@tgﬁe %&ceonggl%n%@ecf an be given

in the form(0, d) ere represents the angle roma 0 degree
r ef er érspemodsiarheedyades stdifferent dieetmatisysthe firandirected pramsevidsson t he UE' s
di sta %e fromthe base station antenna system|location. The antenna -5 29
May 2 B system may have a plurality of nodes Mahich provide different

shapes of Deef@Bably, the calculating transmission beam forming eriteria is
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 Abeam 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 Avecam. The relative location data of
the UE can be given in the form(8, d), where 0 represents the angle of the UE
from a O degree reference of the base station antenna system and d represents

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



for the sane phase and power and transm ssion beamford‘réiﬂg %‘\BQ eria may
then be calculated by estimting an area of beam covérag y mas a
function F of phase cp, transm ssion power P and antenna system node M
Preferably, the antenna system has at |east two nodes Mnahich provide w de
and narrow shapes of transm ssion beans, respectively for the sane phase
and power. The transm ssion beamformng criteria can be cal cul ated by

estimti.ng a_beam diregtign b as a functi.on of phase, ()beam =
e (p) S BeP R A it e AR vt et itireP SEP Gl based on o
and Péndhiviaamegiage had poaseand tthnsMeic Boane fdrivifd 88tdrRCaky @Red S det er mi ned
for a gl u&%t% of UEs, . preferab%é reception beamformng criteriais

t@ § &

cal cuP dYissUpatingtn AR oyBeaER PYIAse dbar 29 @ funclipndhobiata of at

| east phhgesty, dthsHRGRR p&lelUESand atltdifat §terh SRER M2NPREZMMIEOkLRF
communi cation signals of the first UE received by the base station antenna

syst eAnfEpapEstesy hsdatdeas dwe madge /€ sthiahl proeide wide pnd oarfowashapéor mi ng
criter} ]?gq,lﬁ% t dj O C t esti mat ed
| ocat F)foﬁtr?) t lgélt}l?i ?s%ggsgg%ﬁrgl@ic? %ﬁ%%c%p%ggﬁﬂ%gargnﬁgf&%% @gemmni cation

si gnatsingmissivm bexonidriging ex@irisedabbet bdcliated by aktiontiagt #rieam syst em may
be forned.based on the.c ul at ed rec i 0 eam form ng crjpteria such

t hat gg(lﬁnf%é‘*fl@ artlgggtﬂ)%a%o% &% Eﬁ“&:ﬁﬁ%é\é%g?qﬁ’iﬁme_%@é@ie@g k’d@;ti on of

sai d ardOng kecletlad bdiadast @and FeRALI/RR: daiiRd PdseBh dcomuni cation signal s of
both the first and second UEs may be formed such that it enconpasses the
esti mat ed Vohesei Yyhesematek legation” isE datramined Jet analymlitnofeVBat i vel y, a

first j an f F.c nigation signals agf the first UE
may bgr&%%ﬁ%g&gﬁgﬁ?{% %%11?1 02@% Flgger I %Segqglléla e(eaafr’ﬁlseenclgnlgaargsoensaf%e esti mat ed
| ocat Heterminedt tebativieristatidn dutd ofl a6 GeROGrdi 18CiR6nd 6CEPLI Anjikeam f or RF

communi cati on si %Qral s of the second LIE may be fornmed such that the second
di r ectesaPiimmbsany frdhih eaamanicpidon signplstal 4he Besa i recsived e thebasrd UE and has

dif : i 3 fi di i Pr ef bly,
a_di é@h@ﬂtantgh;agg%kegg hd1ABe il faba 4 r&%tcgﬁcugﬁsgga%eﬁﬁBgﬁ}%Qm referably

reception beam Iterra c 1on 1I'S base on
conpafeaming @itgrial stidh nhasaheatirocte®NRcepiSér MRIanDNencSngA&est thenoi se rati o
(SNR) of

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 éncompasses 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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form ng one directed recepti on beam for RF communi cat iSZgMSi %Qﬁés of both
first and second UEs nmay be estimted. Signal to noi ati SNR) of
formng a -6 29 May 2006 first directed reception beamfor RF

conmmuni cation signals of the first UE and a second directed reception beam
for RF comunication signals of the second UE that has a different
direction than the first directed reception beamnay be estinmated. The

estimgted . SNRs.are then co d to determne if e_.cC ul at ed reception
beamn?gﬁﬁ“rhﬁ‘éaﬁ‘? Feeepiign ?T?‘Sﬁﬁ&%@“&ﬁ%‘tﬁpsﬁﬁi@?ﬁﬁ%@ﬁ%ﬁﬁr bt i on beans.
wher e sgedpRantt i@t RBNMPhERY Y RE SPnnfuHIAASALE o BREsbld A | antenna
system reception beamformng criteria s pre?erab y cal cul ated by

esti mahatnpaam diffeserdf dibeaionctheer agefiAhedirecded dedeptith iRamOndgrbphase cp such

that phase cp is selected so the relative |ocation data (0, d) of the UE
i s w ehtimamseathe eptopated h\8NRst erhahspsewnpirgd to pletenmingyifotherndes Mahi ch
provide; different.. shapes.of .bea for the sane phase, recepti pn beam

f or ni ﬁalcgirait?(grr ?Céap‘f’%ﬁ?lrhﬁgm forping ﬁlgge&wbﬁﬁ sP Oﬁﬁf‘? ng &h Iﬁ?rga&’ﬁ‘%t%‘gam cover age
Abeamraseptioh Bghison F of phase cp and antenna system node M Reception
beam formng criteria is preferably calculated by estinmating a beam

di recti on eam asplastdinottemma faredy phass, iOmednas thd dpye SHatidiat Abeam = F
(fl (Cbeam 114) and Ceam.is selected based on 0 and Ms sel ected base on

d. | n2RESRdERt@nreasrion deany fargpag eriberie He pyetesably saldatelohy, there is
. _ e i O HERO! o
RN e T e R SR G T A

plural Tty of “user “equi pren n

conpr psh&dp ifRelRitedod vhe raRtvahc26S0ahat @ dRpt @RNEEAL r\ﬁﬁiﬁﬁgﬁaﬁm a beam
former operatively associated with the RF nodule to forma desired beam

wi t hi Whexe thegetamaboatesn dfis whplobalityeof anddee nl veliichypreyidé diffdrsnicapabl e; and
a geoéocati n progcessor coupled to said beamforner that is configured to
pr oc e §2aPespt Reams Ior ithe sgmeaphasearsogrtien bgamafosming priteats B¥ydre sai d ant enna

array .sushey 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 Gpeam as a function f of phase, Opeam =
f(p) so that Apeam = F (1 (Obeam), M) and Opeam is selected based on 6 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
URE 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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and output selected paraneters to the beam forner suc@éﬁgt 2QH€ beam f or ner
controls the RF nodul e to transnit or receive communi cation<data for a
selected UE in a shaped beamthat enconpasses an estinmated | ocation of the
sel ected UE where geol ocation data which corresponds to the estimated

| ocation of the selected UE is processed by said geol ocation processor. -7
29 May 2006 Preferably, the geolocation processor is configured to
calculate t LRSI b f orm ameters est L mat iin n area of
transm ssi O%ﬁg%ﬁio\%ﬁ ag%%ﬁgglgg %go%%%otf ncti 8?111%%{” E%a%aéc‘%ﬁgeand

t r ansmrasndssipoWdieall sbehihfatpaphaseerep BNdedtimBEAES drONapnvent P are
selected sq the relative location data (0, d) of the selected UEis within
AbeanfranspasEen pbsam evespge nias= 5 20 fmgtionoef R sekamenas apdl urality of
modes ; MadlicloR e HLIGeRRIE BRBPSP B BRATRil6n JieSPTR Phase and
power and then t'he geol ocation processor 1s confi gur d"to “calcul ate

t r ans relsstiedrsolthamefaive locatpar daet ©r d) adtlee fdaatd UE of wpihas ALGR.

transgi ?ﬁel%ﬁ power P and antenna system node Mand to out put paraneters to

t he bednef eradyiPR2nt i ng a sel ect ed conbi nation of phase cp,

transm ssion power Pand antenna system node Mo control transm ssion beam
formation. Alternatively, or in addition, the geol ocation processor nay be
configured to cal cul ate reception beamform ng paraneters by estinmating 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 UEis within the
area of reception beam coverage. Wiere the antenna systemhas a plurality .
of reception nodes which provide different shapes of reception beans for

t he sane phase, the geolocation processor nmay be configured to calcul ate
reception beamformng paraneters as a function of phase and antenna
systemreception node and to

-7a.



out put parameters to the beamformer'representing a sejggl %ggnbi nation of
phase and antenna systemreception node to control reception béam
formation. Preferably, the RF nodule has the capacity to provide nore than
one transm ssion beam such that each transm ssion beamis capabl e of
carrying conmunication signals for a separate set of UEs. In such case,
the beamformer 1is operatively associated wth the RF nodule to forma set

of desiLied nid 2 L $:5d AR Wi o SIF SSI beanms whi ch
t he an%'enna ar E;Zt)ﬂ/‘ﬂa? sl&gnr#lﬁs ca%%li)clﬁl‘eﬂg dﬁr ogurgggsggﬁge(’@&é%%?%cr}g i on

pr ocedboramgyphaee tahdrpowes rindgihea dthe GechbLtidrap fockssan sdtGHipedeam f or m ng
par anet erfaéby estimati set. of areas of transm ssion beam coverage

g a . ;
based 8lf4 ?eﬁf%%ﬂlﬁ%}ela&e@ﬁl dograing gparagyeterss ap fc fungtionogf mhageupal ity of
sel ec pg?as] ; g f, t ol 0 degree
refer téﬁagles 0 ?Pﬁg&%‘%sg %{dgﬂtgﬁgga%}t%é%ﬁgn%s@rﬁﬂgﬁg ng?utlf’rggaﬁjpg%g%\t%s t he
di st anbe bedmthembiErefresmtingen basaed cammbimt@at diptass ws teimshmeddd on, as a

function of RFE phase pp and transm ssion power P such that phase <p and
t r ansMPYEY 6’&%&}9@%%%&%@@@2@%@%% trazsgyissien besemfaraetignt a (6,, d:) of

each UE Nltefi'nQ{;iVéE‘rl, 5y iQf aaﬁitﬁﬁlt, eﬂleuﬁeoldcﬁt'melt g&'&:eggﬁ PGP l?ef the set of

areas of ~ transm ssion beam cover age. eret ntenna system has a

pl ur akonfygwiedmadeslculat: P@epign DOSE fokiniviy phropiicteisdey dififnatimatarshapes of
beanms for the sane phase and power, the | pcation processor is
prefef’ﬁ%@tt’&e&ﬁl?tilﬂhp tCBV‘Jc"&g%ﬁFé‘t@r{cFl%%%ﬁngﬁs%%‘% t%faé P8¢ ar anet ers as
a fungi.and ab fRASERR: Lot HhiSSHOthe PG PRI 1 ARLBAN Fne S¥sS] g Mode Mand
to output paranmeters to the beamtforner representing a set of selected
conbi meveption beamplrageragyp, Whemnthriansirom qyetvat hRs ampdumibity ofweceptsdrem node M o

modul SfeS SR ERt §hatss oprsoris R PRATE e Phigption beam such
that eanb-kR6ohlbaRoPERN be GARAREE toOfalGile tddth GAIBUALCRLLGT ST gNal s for
a separate set of UEs. I'n such ctase, the Dbeamtornmer nmay be operatively
assoc pataamketerst s b HenRfomuoliphaset and entenaa sgttenf 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.

Preferably, the RF module has the capacity to provide more than

one transmission beam such that each transmission beam is capable of carrying

communication signals for a separate set of UEs. In such case, the beam former

is operatively associated with the RF module to form a set of desired

transmission beams within a range of transmission beams which the antenna

array system is capable of producing. The geolocation processor 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 (0;, &)

of each UE: of a plurality of selected UEs, where i represents the angle of the

UE; from a O 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 FPare 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



desired reception beanms wthin a range of reception bqgﬁM%aaggéty of the
antenna array system The geol ocation processor may tHhé bt figured to
cal cul ate reception beam form ng paranmeters by estinmating a set of areas of
recepti on beam coverage based on relative |ocation data (6i, d) of each UR
of a plurality of selected UEs, where6i represents the angle of the UK
froma O degree reference of the base station antenna system and di

represgny -l f the base, station antepnpna system
| ocat i on,lﬁgl}g ngvfl%éngifl?eg%& ég{ap%%fphjg%%é g(%] tshﬁcsﬁnﬁgltlasﬁh%%ée)p%‘ﬁerf gﬂ%el ected so
t he rekalbcation pombdson idairalefDily confinifred aacdalddbiteOfradsipistival hdayn of sel ect ed
UEs, i.s wthin one area_,of the set of areas of reception beam coverage.

Viher e PHREPEAREFRE’CLY 3% @ ATiion of phaseapi FH0BRisHERESVIF NARICIRIBRRYi de |
di ff eefitnShededs 2hd REAPuf Pératnﬂﬁexs.s%ﬂ‘%hé) Bask 1f%1tnk'(§' &ﬁﬂa‘s_@ﬁﬁﬁé Qfley Processor 1s

preferably configured to calculate reception beamformng ~“parameters as a
f unct icbgelettep rambirgsioandd rse mndrasstissiompdeelvithand en@unpuystepar aneters to
t he b%%mf representi.ng, a set of.sel ected conbination of phase cp and
ant enna gy@{tggﬁgn%(ggrﬁ%mﬁ% I?P%afm Y Pon beam formation. I n accordance

with a thi dicaspeotlypbr iNadiRSERhe RIVABHURmal HNE the caps@yy fied a user
equi pnent (UE) for conducting wreless RF communications wth base

st at | @nevidawmarg thapape reseptiombean sueh iat epels seception beamn$ canabdm  system
' em a beam

[ o A nd ' d
For mop! saavuBity i SRR BRBARIo A" BRaRE oER PR T AR s REELET o8 poam

Wi t hi bedmrfange @by beaperasveBhadsb@aa tvaia eha RFadodyls tte Mrnd aGapapl e of -9 29
May 2006 roduci ng; and a geol ocati on processor coupled to said beam

f or mefletiFRgt receptiennidagr dthip prignss of Urcepdiino barnoramdaitsl of thm esti mat ed
ot at | SRt SERRIANER. U BLAoOioh 5:aSBRMD  RE LD R onfleBRICH ©F D

station an ut s paraneters to eam for ‘h that the

beam talculate eesbtioh bebhefomingPdudBeteds by ARG At aREF W@eLHBITUNI cat i on
data for the selected base station in a shaped beamthat enconpasses the
known $cseten fpamfcoverass bpead ey relatiee location data (8;, 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 di represents the
distance of the UE; from the base station antenna system location, as a function
of RF phase @ such that phase ¢ is selected so the relative location data (8, dy) of
each UE: of a plurality of selected UEs, is within one area of the set of areas of
reception beam coverage. Where the antenna system has a plurality of modes M
which provide different shapes of beams for the same phase, the geolocation
processor 1s preferably configured to calculate reception beam forming
parameters as a function of phase ¢ and antenna system mode A 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



station where UE geol ocation data relative to the kno%ﬂdgcgééém of the

sel ected base station is processed by said geol ocati on pr%c or. -9a 29
May 2006 The UE geol ocation processor is preferably configured to

cal cul ate transm ssion beam form ng paranmeters by estinmating an area of
transm ssi on beam coverage Abeam as a function of RF phase cp and

transm ssi on power Psuch that phase <p and transm ssion power P are

sel ec -e i,ve | ' estimted.UE | gcati.on rel ative
to t héﬁg%%&v\%é’l JEl)rgéatai %end(%% ﬁ%’hgﬁg gﬁ%%(grt g%mrl)%i]go K3 fdatbfa%rﬁl fogm\?mr totﬁ’f"% YAbeam

Rel at icuefitwedttb gprocdas AT Eedlbativgtdat@ibe dn Wetihgad Uilocsgbmbéldavd 0 t he known

| ocation of the selected base station can be represented as (0, d), where
0 represkyit ofithe kogmelasptiomof sopelested byas station pod otk selectebgr ee

refer ty ' f S h j.st ance

bet mgﬁi‘?xﬁgﬂ(eréegﬁitﬁ%ﬂgﬁ%@i&é&%@%ﬁﬁﬂgﬁ& htgl %a%ncf)ﬁln%ﬁq‘o(gog}% ?%én tg q{Iﬁe sel ected
base st@til®me trEhemforartene aomysingditivaydhave: thepleldcedd baskeaftatimdes M whi ch
provi de different shapes of beams for the sane phase and power. |In such
case, I t%éhﬂl_ﬁdgg‘?ﬂnbctg?‘i SRCRRAsEs e kuopn deeation| 9f thenseletieddase cal cul ate
trans %ﬁfdn%helgqg@gfegl%gﬂc}% @ﬂﬁqgﬁttﬁr[a %0 %ﬁe En%m E}fc‘aagn %E t}Pehfeﬁgct&P ’

transm ssi on power P an antenna system node M and to output parameters to
t he bbasa ftatioeiis proegrsed by taidgealosai@ch@dessonbi nati on of phase T,

transm ssion power P and antenna system node Mto control transm ssion
beam formati on. The UE geol ocation processor may be configured to cal cul ate
reception beam form ng paraneters by estimating an area of reception beam
coverage as a function of RF phase such that phase is selected 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
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processor is preferably configured to cal cul ate receptd'golpI bggﬁéform’ ng
paraneters as a function of phase and antenna system receﬁ?i node and to
out put parameters to the beamformer representing a sel ected conbinati on of
phase and antenna systemreception node to control reception beam
formation. In accordance with a fourth aspect of the present invention,
there is provided a nethod of selectively directing base station RF
comuni cation signals in a wireless tel ecomruni cati on system wherei n base
stations which have overl apping transm ssion ranges conduct wireless RF
communi cat iIThis Ul tdeolodatdbrlitbéds¥orOfis Useferlly BstEpuSed WS kalctlage Met hod
conprising: a. determning an estimted |ocation of each of a plurality of
UEs t lieamsaigsion beawp dpiraingaparagtetdris diy esREnatorgraniacas iobtragisgmsdis; b. for each

said UE, identifying each hase tjon that has a.transm ssiqQn range which
encon‘Eﬁ%‘?ecgv‘frﬁge égﬂ? ﬁﬁtﬂgfanﬁfﬁ@q St Pbﬁ%ecq? anfl GranguEFIeLP o U SRR er m _ﬁi ng
rel at igyg MGk QFakd %n‘éﬁ%%idmpévﬁé@ a4 écht%@%Q rel'aﬁ%ch%ffaﬁSH d%?pf tS{]St ation

usi ng said UE | ocation ta and predefined l'ocation data e identified

base shabstimated Ulolocetdah réldené itd ithel khasa 18é4idn0sE tHeadddettad bage beam
formng criteria based in part on said determned relative |location data
such tHdionelgc Hithim jAyeas fedgting losatiopalatd ofithe dsaiseated HEolcdtiaom whi ch RF

communi,cati on..signal s, for. th UE, a to be transmtted; a f. formng a
et ofvlafirt BE PR PnRnoogon aCihe JFIeEledPRe Bl P TSP A for sald
UES  tg, afSwhireePrdpriBnSite Qf?g?@ oBlift ée@é&f%ed@%és%%&ﬁbrﬁ Aboh £@ fypbat ed beam

formng criteria such that for each sai E a directed beam having RF
comupéfe@nioof the iegtimlated OF lodagion Undehcpigpeatadhetdiganst batat@dtieocat i on of

that UE;, and _g._ repeati ng steps_a-q based on selected criteria to
dy nanfeanpipd 8k eptign pad phe knows lacpbien of thesslestaddmspetavion. Conmuni cat i on

data for eagh Yg %en %\/gys%%r%u%:{ i tyla%c asg)ﬁﬁllitagﬁ?r aor}.dm%desd %avgé?ct}ie cal cul at ed

requirenent. In's cas€, beamformng Cri ais prefer
such phatdediferddtshapen 66 bgiedfdraha skt jidb ahdiaserSiptidcdased in  -11

he UE geolocation processor is preferably configured to calculate transmission
29 IVB%/ 2006
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-



part on the quality of service and data rate requi ren%ﬁ%gfzob{ge

comuni cation data to be transmtted to the UEs. Preferabty, the relative
| ocation data of each UE includes estinmated relative velocity data of the
UE. In such case, beam formng criteria is preferably calculated such that
each UE is assigned to a particular base station based in part on both the
rel ative | ocation data corresponding to the estimted UE | ocations and the

rel at ;l(}égtigﬁ tc%i%%f" g%evgélg&;l-} %ased g@a%io(r)lfist“b %iglﬁéfe- E;I;'Qg 0 fr%?%ﬁglp%%egégam cal l'y

reconfigure base ation transm ssion IS pr at ed based

on a seleesi dVhyeethefanténnL Banas Had 4 ghahliveof Reab iGN nidabawdiy esponding to
the estinmated UE |ocations and the relative estimated velocity data of the

UEs, brovdradifierént shapesofatecentiof bepams for ehasdinephaat, ahe akelocatipn r enent s of
t he comuni cation data to be transmtted to the UEs, and/or c¢. base station
fai | uPEPCeTHT adt GHRRRY wicPRiarredt 1 £¢, calpdate greqntiony heaghtformight i on, there

S PhRat Ay iShasth bEDREAMRL EALLONySUA KIBLAIPLAHENLA & P Lral tty of

base "stations conducting wreless comuni ons 'w a plurality

of usentpue ParpieRls t¢ YRS bea@Afohmbaseprsiaitingna RalLRE: coatbimdtidipdt! e and an
associ ated antenna systemthat is |located at a predeterm ned position and
a geoBhagshnd anterms sy sterh gpcepbing enadei te komwelrieegrsioni tehnt feembtiams i ssi on range
of at least_ one .other.of said,base statjons; and a beam forner operatively
associ at edhi‘lviatcﬁorfl_ﬁ’éce ﬁl‘—t?‘rrﬁcfg}“gh‘[ FHGY Hf‘ éiil"sé’t‘”e%‘lnt dBETHER J8SH s Wi thin a
rangep i RAAS M of NBlecRONG AN bis AR FH BhniNilfilln S capable of
producing; a network Interface interconnecting Ssai d base stations and one
or nosienalsSiach aveclege tdlewair onicatdd0 GeSeRr Fhefiih ilgis edatisris whakess UE

geol ocation data that corresponds to estinmated |locations of selected UEs
r el at hiee vsriappig tsansarission tanges eprduca wirgless RIS eammunicaarewithat i ons havi ng

Us: BB RO h SR Gl e e B0 RS B g P ST BT s ch G PP e nt a1 g
COMUEtHRAleANScaohbr 2 asiE be & tp2ek P35 6f BIFRULAD 28f tPAREive base station
RF communication signals; b. for cach said UE, identifying each base station
that has a transmission range which encompasses the estimated UE location;c.
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 encompasses 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

-11-



stations having transm ssion ranges that enconpass thg%ﬁéii @gd | ocati ons
of -12 29 May 2006 the selected UEs; and output sel aygg neters to
the beam fornmers of base stations having transm ssion ranges that
enconpass the estimated | ocations such that a sel ected base station
transm ts communi cation data for each UE of the correspondi ng group of
apportioned UEs in a shaped beam that enconpasses the estinmated |ocation

of the respective..UE. 12a 29 2006 Communi catjon data .for each sel ected
UE nay aﬁta?}{e)ﬁga RS S%che%h@%aéﬁge WagHeReply ‘zftﬁh&fﬁ%‘?@ﬁ?t}o’br eferably,

the NEhypidbd HaRELAEE ANGe TBS Fbiketly 08R! RERIABRIACERSOF 2@ © configured
to apportion the selected UEs into groups based in part on the quality of

servi ¢B andudiest estimgtedredptiveenendity dhta vhehe druhi eath easejdfeant 0 be
transpitted to the sel ected HE. _Geol ocation data__ of each sel ected UE nmay

i ncl ufBTHEE ey 1F draferaldy valytated sygh fhab epehe Ul is appigned 4oy, the

net wo k f sochat ed _geol ocafli processqrs. are onfigured to
appor E) ?gﬂ#ﬁ;{%e bgg e%?tcéﬂcg{ia‘:ag’ ec;l nto g ?to dps %Bgn_s ce)cg © ]fle?%té\l% %‘ﬁit]_l?& A2he _ ,
geol oe@irkPandiizaoGRE eSSRARM UE [boutide 23t thAstRevIEAiRGald Asignd rel ative

estimate velocity data of the selected UEs. Preferably, each base station
i ncl udet of thebliscat i on processor coupled to its beamforner that is

configured,to pracess UE geol ocation data relative to the _predeterm ned
posi tion OFLFt’E’egkfﬂdéﬁ?la‘Eféﬁ%a&ﬁs‘ieéﬂ?fg@%u pift starErtiEIRPRIES ers to its
beam : ' fo raol.s its RF nodule to transm t
comm%‘?%:rgtgirlso%%%?%@?%‘?éagg%g?%@toélda[%Eéclt%@%;pgﬁgped beam t hat enconpasses an

estimat ed hocat élehgefin bdlatiselRetiaddid heksoraen RCHhkiimdaiauphi ch _
corresponds to the estimated |ocation may be processed by said geol ocation

pr oc elpsations\inek the relotive nbtdmptashvederity dava obthefliRgs a qual ity of service and
a data ratg requi r ement each base station geol ocation processor is
pr ef er abl yPc onf$ gdnttbe é]éllﬁﬁm SFTRES fnd/or ata rate requirements of

the communication data to be transmitted to the UEs, and/or

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

-12-



form ng paraneters for a beamdirected to a sel ected q&wﬁgsgﬂﬂén part on
the quality of service and data rate requirenents of e ¢ ni cation
data to be transmitted to the selected HE. Where geol ocation data of each
selected UE includes estimated relative velocity data of the HE, each -13
29 May 2006 base station geolocation processor is preferably configured to
cal cul ate beam formng paraneters for a beamdirected to a sel ected UE

based o) t.he ol.ocat i on dat or f espandi n t he estimated
ocat 50 sPRERAING U obelf; IR0 08 HarBrieh® Rl BFSERE A atiatf b

Addi t isedtiddsyha@ag hrdaeeisSba triaQBe 0 801 06/ IYAP tRE @3 B/ atdR YoddBons ONf i gured to
out put selected paraneters.to the base station's beam fornmer such that the

base steh ithat z stlectad bosaretationritansnsitd frenREnivativh eato fdrreans ME obr recei ve
comunj cation data for a_ selecte ﬁtin a shaped beam t hat enconpasses an
est i miPeETTPRRIDE S5puR ﬂ%a@)@r%@%ego‘ﬁ 1A 8hapesihnagt Hhat sReBPassthi ch

cor r esROBUS aleQ 16438108 Tk bR LH tRﬁQ%Epn of the selected UE is processed by
sai d geol ocation processor.” Eac ase station RF nodul e can have the
capacity to provide nore than one transm ssion or reception beam such that
each transm ssion or reception beamis capable of carrying conmunication
signals for a separate set of UEs. In such case, each respective beam
former may be -operatively associated wth the RF nodule to forma set of
desired transm ssion or reception beans wthin a range of beans 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
met hod of selectively directing base station RF comrunication signals in a
wi rel ess tel econmuni cati on system wherein base stations that have known

| ocations and overl appi ng transm ssion ranges conduct wreless RF

communi cations with a nobile user equipnent (UE), the nmethod conprising:

a, determning an estimated | ocation of a nobile UE which is
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receiving RF communication signals froma base station, yi2§ gocated in
the transm ssion range of a plurality of base stations; I 8enti fying
each base station that has a transm ssion range whi ch enconpasses the
estimated UE |ocation;c. determning relative UE |ocation data in rel ation
to each identified base station using said estimted UE | ocation and the
base station's known |ocation; d. calculating beamformng criteria based
in part on i i Laty ty t uch id UE is
st gned 1o na SRRELR ARG, AL SBLieRRP UB el BRlR Ry B
commuskretd andsa glaah sratoredqiisdmdi. Brefetablfjethe hdtwdk Mayer?44@6and r ansm tt ed;
directed beam of base station RF communi cation signals

df. forni
for sartoigd %F@H%O&@acw% Y5 YAl e raertieD tho adeded HVEwi d
cal cubgbed BRambetNbag ﬂﬂh%ﬁ%faﬁﬁ%aﬁ%j@ghné Anth Hek fELALRGRILENCONPASSES

the estimated |ocation of that UE . repeating steps a-g based on
sel ectlel copmungmnitian tdatal yn heritcalshytted cotiid gplected @R Goldcation idagnsni ssi on
data for the UE

beans. ,Co i cati y. have quality of service and a
dat a ngﬁc éalﬁf’tteén@ﬂtmay r}n%]ﬁé?l e@‘_&g’éfeﬁ%lﬂlf’%rvﬁfoﬁgy R of it&estﬁ@h that the UE
IS  apsi@Ratl ! Rkt HRel@NLhAI &%Q%ﬁf LM daPB ﬁl%c&%&fs%?é)' y

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

r equi rerfiewrsd o6 appartioorthereleated diEs dretb growphbased dngmirt tedotlothiche UES.
Rel ative | ocati,on data of .t he UE may i ncl stimated rel ative velocity
dat a BTORHEOPEIRT, REIPORATE t%ghﬁ S&H}ﬁtﬁﬁdﬁlﬂi loctions SOANTAMETE each UE i &
assi gagsnhRe RIRiHHd32b0HA8 Rl 8l Pase stations is preferably calculated
based in part on both the relative |ocation data corresponding to the

estimat ed Deftreblt pavh lasd stdtionrietladésve geddcation echevsmbociupleddtatits of t he UE.
The spart handover .procgss S preferﬂ._tj)%y repeat e toegglnam' cally
reconF?_ 8r%%séla§t1§tci° .‘{I'F%ﬁg LRS! éftfﬁls%g‘ﬂt atgnr e @cﬂ&‘d type of a.
changgrddbtet @i ﬁé@itioﬁ(%ﬁtits%télﬁ{aaa&%‘ LRIAang 'ougodt%efea%d%%&éﬁ@t%f‘sd UE _
|l ocation and the relative estinmated vel ocity data of the Hg, b. change in
t he qtraits byamffoesnduck thatdite beatatfarment entwebits BFembdulefto tivasmit
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 sclected UE based in part on the
quality of service and data rate requirements of the communication data to be

transmitted to the selected UE. Where geolocation data of each selected UE

includes  estimated relative velocity data of the UE, each
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conmmuni cation data to be transmtted to the HE, and/orzg:Ma?,%@ﬁsta_tion
failure. In accordance with a seventh aspect of the present 1 nvention,
there is provided a wireless tel ecomunication system conprising: a _
plurality of base stations for conducting wireless RF comunications wth
a mobile user equipnment (UE); each based station having: an RF nodul e and
an associated antenna systemthat is |ocated at a predeterm ned position

and a 15g0 %R %eolBéa%ﬂ)ﬁg]iiy %érzﬁgx% E%g?%e%%'l)p Qoﬁﬂ@rle&‘&_ﬁ égl%ﬁ‘aéehﬁea ansmi ssi on

range of at |east one e se stations; and a beam forner
oper atformeing mssmeteat dok avbedmtdieectedltns 28elddyd 200 6aseRAnnmdtba Hooh f orm a set

of desjred bea thin a range of heans which the base station's antenna
arr ayscbi’/sgeé)b?ﬂcﬁgg%;%ﬁﬁl ‘"é’r’ffﬁpﬁcgﬂ%ucﬁon&e &SHeglRst kogtees fande relpliver connect i ng

sai d RagR 3¢ M1bARSIADD PREsM 1P, associ at ed geol ocation processors
configured to: process UE geol ocation data that corresponds to an

esti mat ed |Adktiooallpf eachelbesct edtatidi | @dﬁ:d’tﬁirﬁtﬁ;ﬂtﬁeé@ﬂ QERE i pn dat a of
antenna _array systens_of base stations having transm ssion ranges that

enconsaeierrel togaitp watelastedoparemstersito thebase| staties bem &ensesueh base stati on

of th I_ons, ;having transm ssi range hat enconpass the

esti ng{leg %I é%g?alétgﬁo% b fo@éefrec(?fléra S%E‘? ?@n O%'glfgﬁ%raﬂﬁ?%trf&r@ ¥¥% o0 the beam
for neko@imdrhicuteal @ahasr RasRctedl B QNa SHEPed Badm ths slahleehPase station
transmts communi cation data for the selected UE Iin a shaped beam t hat

enconpsigswated loeatast ofitht edlebieddiE ovhené gbdlecatival dath echiticcort&por@s May 2006
Communi cation data for the selected UE may have_a quality of service and a
data Fatae reéBH’iaF%ﬁ%‘ﬁﬁ‘t.mlF ot $he selested, Uints procowsedk bvntaid fagelocatien associ at ed

geolo5AAD: PLAEERRE' Sy SHAUPL SR AR EPHS Pebi, oL
than one transmission or reception beam such that each transmission or
reception beam is capable of carrying communication signals for a separate set
of UEs. In such case, each respective beam former may be operatively associated
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

-14.



communi cation data to be transmtted to the selected UE. Ceol ocation data
of the selected UE may include estimated rel ative vel %M%éggﬁha of the UE
In such case, the network interface and associated g processors
are configured to select a base station based in part on both the

geol ocation data corresponding to the estimated | ocation and rel ative
estimate velocity data of the selected UE. Each base station may include a

I ti ( led to.it b f t is confi dt
o ocoduts BT GRS gHA & e ke 6F S “RNBHBCHHBBIEB08 L1 on of i ts
ant ennge,iid 3y 3¥At BMst &aﬁ%fl't@d %hﬁ%&%gﬁ%%ﬁggt&éﬁon §9:dd $nPEAN fOrmer such

that its beamformer controls its e to transmt communi cati on data

for acakubttédeddn formingshtapad sheathithaid areasPass@Se®Bmpasdek kAt ed | ocation
of the selected UE where geol ocati on data which corresponds to the
est i meeEpatesk cabian|of t;haé%é@'s and sy rspeatingeetepe ot drspd owesdested Wher e
connun} atign dat a %ﬁé a qgéha% a qyg%i&¥ of.serv%ce and a data rate -16
29 May 500%™ PR FERRIEOnREIE Pask salipn H A IRIHRAMSN pr ocessor i s

pref erabl y gobhugitatidnt @ita el ¢Hé VB Iﬂaﬁaﬁhtz@w@]&gﬁga&f%%ieé $nfg0§ a beam
directed to a selected UE based in part on the quality of service and data

rate deguratemennigement. e svomeases. baamdnrmihgtcaitega lsech thatstiietWBdst o t he

| ected HE, , W | i on data.of the UE _j tipated rel ati
vel corESehiy 10 Bre o BSNBhee Dot iRubly i fremaphiGislaRa iRk lR o [0 Ve
pref epall yn €@NELAUY M séﬁd&%@ﬂﬁh@a@@?é%ﬁ&ﬂgn@sgopﬁ{eadﬁﬁhﬁﬁﬁicﬁﬂén a beam

directed to the UE based in part on both the geol ocation data correspondi ng

t o t hdatstd beatredsmistesk toore dH8s. Rellative/locatam dateof vd UE myy dadladof t he HE.

Each base_statihon gegl ocati.on 0 r y also be.configured to

cal cufate’ erda]ﬁ%%wses | eﬁ%“%e‘i 2% %ﬁe ﬁ‘g}i;@r %1”}?51 ErY L S pying %ﬁ&eré% area of
t r ansghasiin chERUITe vesigaed ADGRIBIAgIdAIdEIIGEd BdheQhatitimsAB 3s&ebind

transm ssion power P such that phase cp and transm ssion power Pare

sel ecreiguiséed heseddnaarten boticthd thatet lecaffont Aatalferiespeiding o fbeam  \Wer ei n
o o PR R 0eah 503 RYRE S AR BaREIRY obda S RS MibY o Provi de
The smart handover process is preferably repeated to dynamically

reconfigure base station transmission beams based on a selected type of:

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

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

c. base station failure.

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

-15-



t he sane phase and power, each base station geol ocati 5 i
preferably configured to calculate transm ssion beam ng %araneters as
a function of phase cp, transm ssion power P and antenna system node M and
to output paraneters to the respective beam forner representing a sel ected
conbi nati on of phase cp, transm ssion power P and antenna system node Mto
control transm ssion beamformati on. Each base station geol ocation

Pr ocesgOmdaRk & fPmbE EOBf H(Q:!ﬁreﬁ%éa?ns QUhrh S8LEGE %9 ALAIEA ¢ 10 L he base
station's beam forner such that the base station's ean1 ormer controls

t he Ribappeiglien’s entennesarray evstermderapnbleofinrodidag a)netdwuth ifiterfache UE in a
shape i at C on.o E where

geol og%%%?%?n%&?ﬁ & V\Eﬁfgﬁgg%%%g%%%ngﬁ&t@t ﬁg Iggf %géocﬁteé dca Ofl :)Jtnonof the UE is
pr ocegsadsivys sanfigured| toT atdcoss Uﬁbgecﬂmltmnl datawbht Q&ﬁéspcﬁﬂ@ hoblase station
geoloc ti 0 ocessor is preferapl £°2 ured to c te recepti on beam
forni 9 lﬁﬁpéﬁ%?@?glﬁ aéﬁ??ﬁﬁ ﬁ- c%@@ﬁﬂ?*&%ab AR er age as a
funct Ia@ihy@ysf&'ﬁl@hﬁﬁ@eséﬂﬁﬂhﬁshl@éwﬂ@@ﬁﬁlsmisﬁ(ﬁ{ eaiRd thet Eh@nmRkathye | ocation
data of  the UE is wthin the area of reception beam coverage. Werein each

base §ttimatad logatiamplathesslastadndE: gelpetia hﬁet statipn of tepbassnstabers whi ch

Pr ovi dvile! baheRlshAREzes Hat?SndihR00he BLURGESPIIARRAM ] OF the sane
phase, the geolocation processor Is pre erably configured to cal cul ate

r ecepﬁ?leﬁe@ 3 fnd mungltpmmn@tt@sstoa@eabe‘aun deiingar off thepsrdentedahdseant enna
syste n nd .to out put .paranpt er s

repreg%ﬁ ﬁ%@&%@%éﬁ%@téﬁted 5PhA fgﬁ oImBh ongﬂangﬁﬁghﬁgm, £P£h1 reception
nmode seieaeahtwmlm rsesieqetl dreabe et aicomphans tEa@buhnas@ Bkatisrobf Re nodul e may
have tg_ |ty to provide nore than one transm ssion beam such that
each f ﬁﬁg ion beamis capable of carrying comunication signals for a
separate set of UEs. In such case, each respective beamforner is
preferably operatively associated with the RF nodule to forma set of
desired transm ssion beans within a range of transm ssion
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beans which the base station's antenna array systemi 525919182%86“
producing. In any of the disclosed systens, each UE preferably includes an
RF nodul e that has an associ ated antenna. Each UE nmay have a geol ocati on
processor that is configured to determ ne current UE geol ocation using a

gl obal positioning satellite (GPS) system Optionally, each UE may al so

i nclude a beam forner operatively associated with the UE RF nodule to form

a_desired Rauidaiion 8alA0e AL BAATEIVOEC hd)16A0L ENGRALT gy System i s

capabl e of producing and a geol ocation processor coup to the UE beam
f or mesexrsier and acdatai taie edqticemartode suchEagedhecatwak tatdacef amh esti nat ed

UE |ocation relative to data of the _known |qcation of_ a sel ected base

Stat | GREHIH PR BRI CTparUrEISat CHUEIBEa (SIFhm S86h ¢ hat ¢ he
beam GRHR b0 ik Shs @ cRfualRdbt SriRe hhas s Fat@lreqhiPGREME of QRETUNI Cat 1 ON
data for the selected base station in a shaped beamthat enconpasses the

known coartnicntionf dath do el wenavittrdse Hicatelatedbid. dddbcagenldetatf on dat a

relatiye to.t nown l.ocation of the.sel ected, base station i processed
by ¢ ni et SRS g RaE s ety it LU EAges S [he pr esent
| nventh tNd hbtwiek iARPRAESCAA bk B bidld@tioR Prb@airt b ddtgulad | owi ng
detail ed description. BRI EF DESCRI PTTON OF THE DRAW NG (S) Figures 1A and

1B i | beselecdtacbapestaiianbisedan peed ¢n bethahe gapldcationadrdaicowespondang ern. - 18 29

200 03/ 9409 1 US02/ 378 053 i ill h
o aorotho efttnited fooaioh il colrRE! SRk veles dala FHEE sfetisudipi 21 °° "

concent r at if@Bh Hast $B4ion OB5Mclidddr eobodatibl Sroals8s thpisyrantc use of
shaped transm ssion beans where a base station suffers a failure. [0055]

Fi gur beamifermex fhn ig lvanfisinsd tohroenpa dii geploadtior deisorelafivectd the cover age.

predetermined position of its antenna array system to output selected parameters
to its beam former such that its beam former controls its RF module to transmit
communication data for a selected UE in a shaped beam that encompasses an
estimated location of the selected UE where geolocation data which corresponds
to the estimated location is processed by said geolocation processor. Where

communication data for a UE has a quality of service and a data rate

-16-



[0056] Figures 5A - 5E illustrate a base station usi ”%ﬂ?%g& gsmng to
provide radi o beam coverage to selected User Equi pments S) In a variety
of situations. [0057] Figure 6 is a flow chart for inplenenting

geol ocati on based beam formng. [0058] Figure 7 is a bl ock diagram of base
station and UE conponents for a geol ocation-assisted beam form ng nobile
communi cation systemin accordance wth the teachings of the present

i nvemrécﬁﬁrenﬁé}{ﬁgach':lﬁ&@ s@atfor %éollb%raﬁ@ %@aéa&%ﬁ%i@éra’%ﬁ?%{ﬂgﬁr@é ¢ UE noves

fromone cell to another. Figure 9 depicts t'he negotiation process
anong calhelatfobqwn rimge p@asrsetsnsafm ahsathalireswdrtd ahahd®dcUE Ha886i Fi gure 10

I 1 lustrates,user %g tgment suppaorted via, beamform ng base stations using
srar t PRERTLHRS THakty OF sres A 3ttﬁ Al qIE e MeRGRoidhe CRBMHERRAY | nvent i on.
[ 0062}jafd e16€ thdnshiittad fth Qe GoRkieddBR] GYhAE #Bﬁc%&paa L5f it handover

wi th beam form ng base stations. [0063] DETAI LED DESCRI PTI ON OF THE

PREFERI@@GEWB@IEMENE(I@)VE \[e(b@ﬂér]daltm of t}al UEgé¢dchdave simgienfgeoloeativir el ess
comruni cati on s ca é) 3 { dbl n a conventlonal rTE)nner such as
Ve P By i R Sehniund R e ulafe e torming Resameins RFA ot by der) ned

Cover pgn dedRd t&'f:lﬁaUE%‘a%&i il PMeBh LB tHRERbRYSFHYNRT Erra il 'dﬂ-% of cell
coverage to adapt to actual real tine system usage demands adi o

r esoubcid®, eS‘élmﬂéwhb)eafatvreandamiataw%lm@ewehbcxtadabeofbheﬁ& -19 29 May 2006
00 03 010498 LSRR R RN pAUTRSL ' bR 19, o0
utiliedtulate archsefifdiei deay. ffra068] parametat| Bicdgindeser hptaea b6 primarily
di v eCEr%%sEn?ssPo){l%aeg]mccosvgxafglengbeam as a function of RF phase ¢ and transmission
power P such that phase ¢ and transmission power Pare selected so the relative
location data of the UE is within Aseam. Wherein each base station antenna
system has a plurality of modes A which provide different shapes of beams for
the same phase and power, each base station geolocation processor is preferably
configured to calculate transmission beam forming parameters as a function of
phase ¢, transmission power  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 UK 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 arca 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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of transm ssion beans from base stations. However, tho%eMgf 286¢“ nary skill
inthe art will appreciate the applicability of beam orn'Yng or reception
as well. Since the data requirenents in various types of bidirectional
conmuni cations can be quite different for uplink and downlink portions of
t he same communi cation, independent control of beam shaping for

transm ssion and reception is preferred. Additionally, beamform ng for

tr ansige $84e3RoR b BSEBE kRN sBhe %3&, aﬂi'lfeaéegﬁcg)tﬁon ﬁé@ggoﬁg§ %ﬁtﬁ’ab | oyed.

[0066] Preferably, the base station for each c enpl oys a phased ant enna
ar r ay configiimgil| tar cademtleteneeceytiore eams farming Iparkmetems ias 4 Henetidn ophased

ant en rray t her conventional syste can_enahl e se station to
trans%ﬁﬁseﬁgﬁﬁ E?netggrlga\‘/(e%f 3 se céagﬁ Vel esf“%% O FELR Ra%argete%la@cﬁoe Wi rection.

For abphmasfermentamesentiakraycleded Rimbingtiah opphse sadhahenad]sysieard to direct

the transm ssion beam and sjgnal power can be adjusted to control the size
of t h&S45BERP Mmeds o C%rﬁf‘gﬁﬁ%ept’é’gl éf"ifgﬁnﬁﬁﬁp'si ze can play a role in shape and

size of tNGrdRRAHo FOAHGX MLl pDASER! A1 ADEAD BUEVAR ABLeTNa oystem

with two antenna arrays, one whic produces re narrow beans in a

gi ven thai edk i tbanamndsion behibbud gitCesh trahabisyiohboahlles baamld Bf a gi ven
direction, [0067] Through adjusting such paraneters, two or nore
nei ghB®YHE ewnnynication siayely Bre serprpeededti deUEpelmpech exppepadh by each base

statign_in.a nner that i.s re optinal to.all of th el I.s, taken

* oget REPECBRE Srmek gh PRSP, SHeaPbvelh s R O HSIEGE £ one or
mor € @f fhrn® N4 INPAEFrddNuAHALALERL SIS wathiR a k&5d bf Ylan¥i&sH Ve demand
fromusers in area presently covered by it or as a result of surplus

r esoubemss whidhethe daby stavionsraatdrime arphy sgsterh is edbdibld @produdiie above, there

may be ot hﬁl(rl; con%rit derations that could make a cell injtiate a_ negotiation
process. TH 31geh tha daslosed custems; sarh Wk arefesnbly wsludes amofFy series of

Tes SagRaKe BRN0RSS R WERRiP (RONE! AdAIUIASRS 1AL U Jelibbifhd Nt Er T aces

bet ween thensel ves.” At the en e negotl ati’on proc e group of

cel | sprayssoathatvie catifiguredvo @atdridih® turrgnOUE dveldcatioh vaingaa glowel ed, t her eby

| mpr ngas? 1015ir1]1§ safe%l(i)te (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 UE geolocation data of an estimated URE 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 URE
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 QOF THE DRAWING (S)
Figures 1A and 1B illustrate a conventional cell layout and

transmission pattern.
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29 May 2006 WD 03/049409 PCTI US02/37851 collective Oﬂﬁ(/la Zﬁpﬁ
performance. The new area covered by each base station’s m nated with
RF energy by beam form ng techni ques of the antenna arrays. [0068] Figures

2 and 3 yiepifabeosxanpl es of scenarios. Figure 2 illust oncentration
of users |n the base station BSl1 region and the regio 1Ecal:)ﬂ‘?@\/\[g"e?'llcbase

statl oi and base st’gﬁgon BS3. .Upon, det er ni ni n(f:| t he hi gh concentration
?%5 n theE'@qr@g% tratesdhe dynamis use phshapad tisasmissionkegmsss) and base

st ation, g chﬁcéﬂt@x&?dﬂ &&e{esel ectively shaped and directed beamto
provi de f nee 0 resources to the user concentrations. Figure 3

shows @Qﬁ@] uat i cmgumehﬂubaamssheﬂymmiaa’se bfshapud tremhenhissiondidatiise. Base
station _BS1 and base stagtion_ BS2 are then used to transmt a selectively
shaped “1Ee i %‘%P“é’(ﬂlo@e%‘%%ef%a Fde t he needed radi o resources to the

users sl ﬁar eGfhrRO4 Rl 4 Yacke el fb\f ﬁﬁsﬁ%n%?é !r%{ilo@ac'&on [oQOﬁ@ﬁ] Figure 4

|saflow |ct|ngthetyp|ca sequence of eps 1 nvolved in
dynam cestelrgge.e- al | ocat i ng base station coverage using antenna arrays.

First, ‘ﬁ% meter are r trlg%eébngthe reall ocatign. In order to
track & det er iHysiE § Hetioa Rk beper %‘i“a’tﬂgytokeeps track
of the RHE&? t @ylfg] Sg@g n and the
UEs ang t he %E% F(e)%%tc:ogﬁraﬁg er %Fmaf P@iﬁﬁ}r t %ﬁ?ié gaﬁp%ﬁt (%f(e)d at a
rapi d sﬂua,iom:j nce nobile UE |ocations may be conti nuously changi ng. [0070]
I n addi eIo at i of. the UE thes and direction of the
UE( s) kéd??& e‘gPEﬁﬁrl OBK/CQ%E?‘UE‘D&@%%‘B‘P%E 0‘5\}1 giagealiﬁi s

i nf or Mgy coupl ed with geographic map information, nay be used to
predict the future position(s) of the UE(s). This i nf ormati on can be used
to (1) [OGé&]Jce tilﬁguteéqmebbpk\dmgram%hse stationeatilff caapenduisforo be

transmtt l%%/ E@g to the ﬁ(’ogg determne if .the ngtworkls likely
to reaEﬁeﬁ‘ pfatictsgss W%ﬁ@‘é’i’%mp g fosmupiration systeman acqrdanteen | nt o
accounﬁ,lﬂhqhgt%@a&eﬁég (giqlhggﬂgsegegﬁ @llanpr ocess. [0071] This data enabl es the
network to determne iIf particu base

[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 Heu 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



station is reaching full capacity or is likely to reagﬂ) O&gpa0|ty The
real | ocati on process can then be triggered when a thresho nunber of
concurrent user conmmuni cations with a particul ar base statlon or a

t hr esholgh afgasdpd of data traffic volune is reached E@?Fﬁ%@@%f of on goi ng
connunlcatlons |n -21 29 May 2006 WD 03/049409 PCHIE adj acent
cells is cqonpared and if there is a sufficient|ly | ower nunber,_ the

negot | §ka1sH aﬁ@%@@éﬁﬁ@@l&m@rwg &néﬂeomgensb%%ﬁsonﬁoﬂh@ﬁw@ Since UE

locat i 9fides égg@ stefl P%ftg malt%ntymfﬁ&@p&ptratlon of users in a small

area can Efso b use triggering even Preferably, a base station
fail ur §0068) al so Tlréefbllmmmsanpirmgg;qrrmgr@hﬁméctéd)tcpdynanﬁe shapdnlgi ar y
coverage by adjacent bas statiqns 0072] The eg |at Qn. process, after
bei ng P 1'??%!?@8109 eamts%rfav@éﬁerrga@%mﬁowemesftbp ﬂll‘é]TE’x/fé‘Ieuatl ng all

of thed{%'%{eagte%gﬁgﬁ&a G YofiA i ¥ar ré@e#rﬂoﬁ QQwBﬁrS lar base

stations an a set of beam patterns ava| able to the
parti ctﬁeadaﬂaaseQuﬁémhhm decuis tppavofdddizectinna] emamscatione caﬂlb@t ri bution of

he UE h th L. | SNR).. On h
hogot | AEbALEEL LS Welith AR dOBRIRROTHARE o Fat FoMe OBFDRHER N«
t ransnh{dtegg% AR cohS f%e&fﬁ gha iﬂgqﬁr ﬁ'ﬁﬁsﬁfs‘%ﬁz[%gffgi:&%loﬂ% Wi, ghg ar e

;..
=1}

determ ned during t negot I t|on process eam Yor i ng sel ection
is pr efﬁaidaibdnyall}eﬂaeam fmmmg iforgtrhftsm peivhomrateiceptichnb I Bsadam alsafbki ¢ vol une is
al so an | rrportaniy rati on, particularly when beamformng is applied
for coRNARtAGRINS Itiple UEs. [0074] Figure S5A illustrates an

el enego@b%ase ‘ﬂ?@fe?aﬁlyb&%%a% A0 SHbach QONBERIGhaltebERMARZ 1 2 Singl e

UE, U e base stat beami1s tornme usin I Clt edge of
| ocat i maamdbnmlhmamﬁema&ysﬁem his isawgléﬂmdwnsarthe art) phlasesl amteasaUEL. [ 0075]
FIOUr e, afs SNl O Honvontional cyctoms Gan Srablb 2 Dade station o Smamiit (Or

receive) a selectively sized beam in a selected direction. For a phased antenna

array, an RF signal phase can be adjusted to direct the transmission beam and

signal power can be adjusted to control the size of the beam. Also, antenna

selection and size can play a role in shape and size of the beam. For example, a

base station can have an antenna system with two antenna arrays, one which

produces relatively narrow beams in a given direction and one that produces

relatively wide beam in a given direction.

[0067] Through adjusting such parameters, two or more neighboring cells

can negotiate and redefine the area covered by each base station in a manner

that is more optimal to all of the cells taken together. A base station may initiate

a negotiation process with one or more of its neighbors in adjacent cells as a

result of excessive demand from users in area presently covered by it or as a

result of surplus resources rendered by low traffic volume, In addition to the

above, there may be other considerations that could make a cell iniﬁate a

‘negotiation process. The negotiation process itself preferably entails of a series of

message exchanges between the cooperating base stations using interfaces

- between themselves. At the end of the negotiation process, the group of cells may

arrive at a new partitioning of the total area covered, thereby improving the
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first step consists of determ nation of |ocation and/afgQ¢ahhens of the
targeted UE and/or UEs. This is preferably achieved by using well known
techni ques including: 1) UE based techni ques, such as GPS based nethods;
2) Net Wgydozdeyg§d triangul ation methods, such as net on Tine

D fference 3of Arrival (TDOA), Angle of Arrival (AQA); sﬁ]%%% d net hods

i nvol ving both the UE and the Network. \Wen using a UE based technique, a
second coleehinerperatiangl seefprmangs: The ded apge ¢overdd hyrrackdeswstrtips ivade awar e
of | ocat . . A r i of an
exchangﬁelhgﬂﬁgtp?g%}ol%? ?‘geéﬁ%g&hgtg%%ﬁ%%%%ﬁ&%%@ﬁ%%ﬁ%@%gf@)@% ]E & Net wor k.
-22 29 [98§8J2006 Fitirs32 @49 4R pREEkAIDPIRS SF Stharibd) FiGlre/R MiRdtratayran ng

cal cul ation step then occurs which preferably _includes decision processing
based denfavEatiaeimsers ipthe haspstardon BS) regian 4ngl tharegion befveen bastot wor k
determ ¢ | St h : ' i : serve the
t ar get esggﬁfzj% ?@ 1 %%aab%rgréag#g ?&ddgg?rgjop otanp%ertglgﬁj%{lé Elgéng%%lr &51 g‘%ﬂ&%ﬁl&g?f t he

net wor kusedinsthees teptioiis, Pioseananyrays 30 basy stavien B alid Ieck istitiin
comruni_cati on rocess, .in which the UE is, also involved in_the decision
proces sBSWﬂéWGEFO trapsmiea felpetivedy phaped Reteh beamdn PEPBARERE t 0 produce

a sel ectl ' iLr ' Vers .t . .S position
as ref fi{ee'giigc!ji‘%@b??%%é% tggﬂelllteﬁggﬁ?g%lgég. i@ggfv{%‘&ﬂnﬁ?os?l?&giag%}“g%% rel evant
conponeviiae bhsasthtisr Bz dinis enffefedanidilare. Bas86tatimn B uaid Iatsedtdtion i gure 7.
The base station 2Q is preferably cqupled to et wo conponents via a set
of chafﬁr‘margrﬂef@e%@ tg teenspbp 351@%@3% Sl&#ﬂ?df*’d}dréfe“t%‘gg%ﬂm T

statio | ¥ Widkel Lo ] ot her type
of conﬁégt% %\%(#T%(S]gfgo%eS?E;%Rg?lsp%r]#c%gg gglgnégh ﬁa:l%gﬁi%up de%py\nasfeh a set of

nodem whaticn B8;s. The nobdem units 24 nodul ate signals for transm ssion and

denodul at e received signals. An RF, npdul e 26 has_ ,an associated phased
ant ennd08Hay syBigurs 47154 dlow chart depicting the typical sequence of steps

involved in dynamically re-allocating 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 into account in the beam forming decision process.

[0071] This data enables the network to determine if a particular base
station is reaching full capacify or is likely to reach full capacity. The
reallocation process can then be triggered when a threshold number of concﬁrrent
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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is coupled wth the nodens 24. The RF nodul e 26 translégﬁs ?Qﬁ nmodul at ed
signals received fromthe base station nodemunits 24 10 8y %ct ed carrier
frequency for transm ssion. The RF nodule 26 is operatively associated with
a bea 8 that can selectively adjust power, w and ant enna
sel ect %&ﬁ%ﬁq%‘g%m a desired beam fromthe range of bea ?’@?1‘ t he ant enna
array system 27 is capabl e of producing. A geol ocation processor 29

pr oces adicenie celiEisyeomnpared and db thereoisuspificientledeveer pumbentides to the

N R e T e e e

beans. 1ddacioh ¢akhdvam GesighifitaRilf BidhAdoacatitrd t9BoBars il sl avedi daabl e for
particul ar. angu] ar orientations. _Preferabl é’@ the RF nodule 26 is

conf i galsecbesysechas ai trigesrivgryent direforahly.de hgse whation failwrede alsoansni ssi on
beam Syehnld 3t LA agg‘?%ef%t&%%54@8Oa‘fuxﬁf%rlryyéo@@ra}ggfb%gkhﬁé { BileS! gnal s for

a separate se € eam m ng eptionis
i ndepeggigfnsof beam form ng for transm ssion, since the data flow of -23
29 May 2006 WD 03/049409 PCTI US02/ 37851 user communications is often

asymre{9972] For Eheangotiatiop preresyaiter being dnisiatediby a triggering event.o downl oad a

file, ' Q _t he | # | gnificantly greater
t han ahggﬁp%wéﬁ%gl? g@%ﬁg\%ﬁ ﬂ%g%g?elh% g’ﬁr%rﬁg@urqu%%%s'LE‘?]’LE%%%gmmni cati on.
[ 0080] wittethdipadficulat bastasados@ihahtdhincrRaowithh et of bene paterig and

formatting data that is coupled with a npdemunit 34. An application
pr oces 8¥rilablg te the parpealar hage tsbationspwhichy pravides a\Bpree¥aIYSANICE processi ng

appl i cgtl . [ t ' | 1. §sion and
conoau pispiBtion dfthe TOCTAINL siihe VRl A Lfiha L GRRLE G BRI OF 200, o
and i stleongfoeitiohphodebeis congdetedAhe Dhse ddations tdfecidtheiranaisaiietedt he

nodul at ed .signal received, fromthe _UE npdem 34_to a selected_ carrier

f r equeRE\signRls to Rrevide thebeams fudhe A5 whichpgdeterspingd dugingddepr ovi ded to
deter %Q&tﬁ%&%}lo?&@t ion froma GPS system

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

designed messages between UE and the Network.
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that is then transmtted to the base station 20, prefejahl a‘?ﬁfrequent

intervals for a nobile HE. [0081] The UE nay be pI’OVI t a beam

former 38 (shown in phantom that can selectively adj ust power, RF phase

and ant giy@nefbection to forma desired beam from t hgragseef beanms which

t he antenna array system 37 is capable of producing. In such case, the

geol oc tlog process 9 is pri)w ded to rocess the U ocation data to
c

|
out put [EEiBEct ed % éﬁ’e rpung palglatim stepthan pefyg wh |H¥6P &2 f or mng for
UE tr am&%‘&é&sﬁi&qffr%eséﬁ%%%@& @ﬁ&é(ﬂa%?tax%gfb‘?ifﬂ]g§ DAri gllaé_{eeduct Lon

both at the UE a or t net wor ransmtt Irecte amw 1l in
many i a‘&tpa;heastwmdhﬁe@emﬂnaeathnnharmétermh&rdfehebeand‘on:amgdn obgertthe UE to

ot her s ggt base at@é@gﬂs or UEs outs de the bea Receiving.via a

di rect SFVBLARIARRRIe 2 maongh deemerbapnraprateandornpiimalibytheer f er ence in
the reggiwgg, Sﬂh%‘@éclé?ﬂ Pﬁﬂ:ﬂés‘:ﬁ% %}Eo%h%lvé Q%uﬂ?@éﬁon[ap%uﬁﬂatl%ﬂnvem ence,
the geol ocation data fof each can be stated in terns of polar

coor di peicess, ieiwdticly the UR isealbmivobtedtindhe aetisiomaproossist iRinally, thee base

statio from whic amjs. to be transmtted to.the th.,reference to
Fi gure &Hm lﬁrtoea%(r aﬁt%ﬁontdﬁslswas%wg%sttoow@&&%w%ectwsgt tjeed 2B data of UE,

as (01gjreflbd RIGE:En WHIGPERBAIR RS Oﬁdﬁ%@n & rdffaBtediby it OB oA tidRIr €€
reference ray of the -24 29 May 20 WO 03/ 049409 "PCTTUS02/ 37851 base

st at i odatant enna system and di represents the UE's estimated distance from
t he ba atio nt.e syst.em | ocati on Wiere.d m ¢ beam form ng
i s errpf@éij ?\’]@1 f}E& %‘%d’é&? Bant cgg{pgnp% °§ %’iwl’gﬂﬁ??‘gﬁl y be stated
in ter oy 96 1soﬁitﬁfra?QP{ﬂjF[%r@3? reh@bhitCstafiod 2ok1§q»Mfet9mtcbﬁﬂeeftoa sel ect ed
base station with wh the UE is comuni cating. .In such case, the

rel ati ne!:Womkaompnneiﬁs iz aeetdofichnené prepﬂsemsrﬁi?sthahpr(megé sndforptaé  sel ect ed
ee.refer.ence r of the UE an rggresents t he

UE e olfiPnatibafe ot/ SRhaimi o arones deowireliae, wieless of

other type of connection,
{0078} The channel 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 alsgo 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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[ 0084] Where a phased antenna array systemis enpl oye 9#%2??@71 cover age
area Abeamis a function F() of RF phase q) and, for t¥anéti d beans,
transm ssion power P. The specific antenna system enpl oyed nay al so provide
vari ous sel ection nodes M which provide diff s of beans
for théﬁggﬁd\g&gﬁase and power, for exanple a w de begﬁn@zﬁ%aé%g rrow beam
sel ection may be available for a give phase. Accordingly, in general: Abeam
= F( ( puse copympnisationsisoiticn sspmmetrpeBon exapmle. if the T@ngas requsstadon) . Since

Aboam 2 Eip AL Aok B e, PR toyaftak B8 5 AL B i8R G ey * 1
(for rep@piianly gréR Yhaakpuplihk il tdihebasPstatiodeluding sWeE @ SSi on beam

12 to cover UELl, Abeanl2 = F(f1(01), P, M where P, Mare selected such
t hat AB@amUnIeatiands at | east a distance of di. [0085] Phased array

ant enn at h ix ARl i.onal e Typi.cal L. v, such

ant enng)s%sg:]"rect ai:)eea?BE \%Rilcﬁfugg‘% sfl%"r%@ipg %égg%néﬁag%sprﬁégmgéﬁnﬁi ng the

ant ennéfndiitugdatdtide i emplal withRotoddm ngit IR Akapslication progesdronal _

relationship of the beamdirection Ceamto _phase (p can be represented in

terns 68 capthe pusyisledite syaport vagiovewing and detaproggssing eprligebions. coor di nat e

repres ' I | -1 he angul ar

ot = 0 TaHARHF i sk moBEA PR3 RRAARFLARRom Sk Bkl POD

r ef er egigaals. A@.RF ifddule 36 Kas P assoefatetPaieyna 80@and Wochids1od 94€othe

PCT/ US02/ 37851 [ 0086] A primary factor in selecting beam form ng

par amei@dem 3 Th mdyfe 36 aBslptesithe modulatad signabrecaiyed ferethei gnal to

noi se {4 nfer | ' .Sl gna acity or

Cover ag TRRELEREE S ckRlleR, o) stloohyol iokfibhioh. I 20 eotbufstPac! ¥
processor 39 can be provided to determine UE geolocation from a GPS system

that is then transmitted to the base station 20, preferably at frequent intervals
for a mobile UE.
[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
is capable of producing. In such case, the geolocation processor 39 is provided to
process the UE geolocation data to output selected parameters to the UE's beam
former. Using beam forming for UE transmission and/or reception can provide
benefits in SNR reduction both at the UE and for the network. Transmitting a
directed beam will in many instances reduce the amount of interference created
by the UE to other system base stations or UEs outside the beam. Receiving via
a directed beam will in many instances decrease the amount of interference in
the received signal for sources outside the beam.
[0082] For convenience, the geolocation data for each UE can be stated in
terms of polar coordinates relative to the base station antenna position of the
‘base station from which a beam is to be transmitted to the UE. With reference to
Figure 5A, in operation, the base station receives the location data of UE; as (61,

~ d1) where Orrepresents the angle of the UE from a 0 degree reference ray of the
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to obtain the highest SNR possible. In interference Ildgﬁed ?%@tems such as
CDVA, the goal is to neet sone mninmum SNR to guarant €€ "a factory QoS
for the needs of the |ink, but not rmuch higher so that unnecessary

i nterf epRnGRadm Ot her links is not induced. SNR is Srus %l)p,ggle Sis
desired Signal and I Is the interference. A general forrru als: SSb
I—NO+Y%£ Where: 'S, is the d&ired Si n%lglgé\therec ver, N is the

noi se, PAfgstakopanteinasystess an ah’@pr? & estimataddiptance BAMuni cat i ons.
The nattHégansttaﬁgn%téﬁ;H ng,%t‘gﬁ &Agpgral Iy dependant on the nodul ation in
use, wth an inverse relationship to distance. [0087] Figures 5B through
5D ill L[@Q&&it e vaWhersdpwemabeam. folming igengpléRd bylihe 12Md gedtGcadion

suf ficigent a art th t .a beam forned on each of the UES from base

St at | ofalhiok tha UE B smiarly b etalan bt (e ok bo AR ASGEH gielat h‘@tﬁé‘am di rect ed
to UEZ UrdwhAbed: VSO b8 BRGR HihAFhRe tho IR collittnicfthk Ner

provides significant interference to reduce the respective SN ‘of the

r ecei vdud sush gms®, she fedQ38] lotatidii dataccobrdinitte trepresehts/thesingie Hf dent over| ap,

ndi cat respec e nal esent nterference to each
Iot h:ar Iﬁgg@fit f stat Sg’ él 3 %E@‘%gfeﬁieg%rﬁ%“@tsﬁfgﬂ%m ‘gﬂlrﬁﬂqse‘&iﬁpear as a
signi f 'tﬁ@mE'QQééﬁﬁa{eﬁ(}flﬁraﬁce frBm tHe%dleRtedDask ReEatisy® two UEs, UE2 and UES,

are illustrate he sanme | ocations as covered by a si ngI e W de beam
The si 0R84]t o edbhetdFasplemed mtbess arrayesydenr is enplyedhtheebesmno second

signal to the other UE thereb t he . denom nat f the signal to
i nt er f SPESRAES ALRR Atpoany 1P 8 ECME )%Jgﬂﬂﬂ%?%d&grﬁgsmﬁ?ﬁ%%d const ant,

t he se e 1 eis rradeto
| mpr o e R o PO TR A CAnYp s S bl fndlofd ey SR pr00BR® )° oy 2006

various antenna selection modes M which provide different shapes of beams for

the same phase and power, for example a wide beam and a narrow beam

selection may be available for a give phase. Accordingly, in general:

Abeam = F(o, P, M) (for transmission)
Apeam = Flp, M) (for reception).
Since beam direction Opeam is a primarily a function of phase, Byeam = f{0):
| Apeam = F(#1(Bpeam), P, M) (for transmission)
Ateam = F(£1(Bbeam), M) (for reception).

Applying this in Figure 5A to provide a transmission beam 12 to cover UE;,
Abeamiz = F(£1(01), P, M)
where P, M are selected such that Apeami2 extends at least a distance of d;.
[0085] Phased array antennas that have bi-directional beams may be used.
Typically, such antennas direct beams which are symmetric to an axis. By
defining the antennas angular 0 degree reference along that axis, the functional
relationship of the beam direction Oteam to phase ¢ can be represented in terms of
its absolute value as:
lebeam |= 4 {(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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WO 03/ 049409 PCTI US02/37851 [0089] In actual appli cat%ma %ggr vari abl es
can cone into play. Power limtations in the transm ttTer 3 tenti al
i nterference sone distance away mght actually require a |ower power

reachi ng4 he Js during transm ssion fromthe base Zﬁe(ﬁ[té‘i&éw%ﬁgﬂmd an

I ncrease 1n nol'se fromother sources due to the broa could
occur. In particular, where the beans of two or nore adjacent base
stati o083 e beihprigtarsfasterdn seloetinghaam foxmingparametensiparfewarlyand shape of

ha b : _ ; . ol for :
e count R M8 AARPEH b gt AT I holB8 i Tapti B SRS NBLEL . L' O
i nvol Vel fodeivBe sighaldaCapatidP8PConddpd limialdlsystefte the/Beul &f u@@IuUNi cati on

can be considered since different types of communjcations have different
dat a r i ebtain theiighesto¥NBarogsible. Incigtenfeneaer dimitesh systemp|seichdst a fil e
transf mitﬁaﬂ b r.f t &gl I r . equire a
hi gh qga Ity gfg%sagfs'vﬁoéﬂéé%gﬁ%é “gi\‘/‘é‘%‘ﬁbwﬁ&% ggag%ﬁr%%%igsrmg%gﬁo%?%oggr amfile

must niprihé hyedsofehs gk thit hobitheh higher kb chdthanirbasshptintédareacatof il e to
operate correctly. Vaoice or_video conferencing, can have a |ower quality of
ser vi cethegdiniks anbol indyeed. nBNK isqlii f ewhera §redesivedSignalandy/ isfdee t he voi ce
or Vi dﬁl%erfg%rgcgrggg er%?&gﬂﬂﬂgﬂ to the user as being conducted in real tine
wi t hou I'nterruption. SIc Or video stream ng conmuni cations can have
simlar quality of service agd datg rate requirenents for down |ink, but

may be very asymmetrical w tg?ez{;p'ﬁ—t»o uplink requirenments. Accordingly,
due to asymmetric data rate and qJL "Si"y of service requirenents for two

separ a ommuny, ¢atl 0ns.: wee se station 10 and, respectively, UE2 and
ea e ae BEs B RN e BRCeRRbE01 1 o ed ol | ni

transm ssi on beays,fr rqoiﬂaéﬁdstation 10 to UE2 and UE3 and Figure 5D could
represent the sel®ctively "torned uplink reception beamfor base station 10

for \hose COMMUNGati 008 cum LPORAN ilorkliendihBu ths: dplNGnflBoheam i ot

adequate to sup equiremen e necessary to change
the ogul aLLAR PRI K3k Sre Bhddianl Bbp iliRlon dbadadiBulitifike 0 vse one
with an inverse relationship to distance.
{06087} Figures 5B through 5D illustrate various scenarios. In Figure 5B,
UE:2 and UE3 are sufficiently far apart that a beam formed on each of the UEs
from base station antenna array 10 is of benefit. In transmission, the beam
directed to UE; is far removed form the beam directed to UEs. Thus, neither
provides significant interference to reduce the respective SNR of the received
signals.
[0088] In Figure 5C the beams have significant overlap, indicating the
respective signals present significant interference to each other. At either UE,
and UEs, the other’s transmission will appear as a significant noise factors. In
Figure 5D, the same two UEs, UEz and UE;3, 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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the signal value in the nunerator. Accordingly, the g%@f@iaghgg processor
of the base station preferably nmakes conparative cal e to determ ne
whet her the better situation involves one or two beans and the required
power f -27 29 May 2006 WO 03/049409 PCT/ USQ eans. The
beam paﬁ%@r’#ﬁ%ro%vi di ng the best signals based on SNR %@@?@ﬁsppreferabl y
inplemented. It is possible to extend the calculations to include the

pot ent i[808Yf r ot bx pefgal ppplicsdion, pthen wirkabded ¢arf eune inty nlhgpnPower he UEs,
since the. j.ncr. ration while s what detrjnental tq ihe

denon EG OB BE rRERRE G tieiial reP AR e ST P ap BEhE gur e s

I 1| ust mateslyt equire seiswet pawet AACEREAMe TVEDGriak thétniifdion BokOHgh UE7. For
ease of calculation, the UEs can be identified according to their angular
pol ar bgse shatwneanden inprersd by noise from othep sewnsas due by thedhroadenedand UE +i
repres | +i L+i)a QO < Qi FOor Qany nu r N of t he beam
form ng)%%gﬁoec% ‘lgcon ‘p%%gé%tgeu%%ﬁw Ee%hseelgaraggs ?%F%toﬁ‘em n:for\%(?d&c%g{: gg e val ues of
(0i - Ghations dre beify délermired fbﬂ@é&?@dlﬂ)c&tim,th@,po%rdﬁﬂ%hﬁ}l)@ef two groups of
UEs which are closest together in angular orientation relative to the base
st at i oheamsdahg taan@yltmi.g bypagdiscentseellsyig prefesahly taken intorecpwnt iher e t he

angul ary diff-ef 7 ' . r difference
bet wee r‘% e%“é&%ﬁ?%&ﬂp I((? %&\ﬁg%@%f %)&aor@%g}nleg 5{0% é ﬁb 2 ggq\ggtf%ﬂgéﬁg‘nﬁﬁeﬁgﬁgt E3, and
UEs, Up#odebs.ough UE7 are initially selected for grouping. [0093] Cbeam for

each of tw]:) proposed beam al |l ocations can then injtial I_&ﬁbe selected to
bi sect [9499] end edditipnalisn the tyes ob commusticatigneasy be gensideyredrsdiges. In  the

Fi gure ' ' 1), £ y . Al | i on woul d
or of cr AT hLPE BtopBEARGS A diirhthe BLANGSFRRHAMA ArRERGT 1
pr opos eglydiganental Foreatdmpleyduth dilotrahefeddbmnybhe perfoiinal at 2delasivelyd + 07) - 2.
[0094] Mis then selected to assure a w de enough beamto cover the
angul alovsFteabuteangeginerichighIuabsy of serxicn sy eyernbit pf a sompriatt ed to
assure ' I O ' | | &l e di stant
Cofl ec {lgé?kkfrgﬁiéeg@ #lef' ﬁxé.t% ﬁSMﬁlﬂbééo%Pecc@ ih SrRy iy t%e%?&nstf&'rg&)fﬁeorgrﬁlﬁ

file to operate correctly. Voice or video conferencing, can have a lower quality of

service requirement, but may require a higher data rate so that the voice or video
conference can appear to the user as being conducted in real time without
interruption. Music or video streaming communications can have similar quality
of service and data rate requirements for down link, but may be very
asymmetrical with respect to uplink requirements. Accordingly, due to
asymmetric data rate and quality of service requirements for two separate
communications between base station 10 and, respectively, UE2 and UEs, Figure
5C could represent the selectively formed downlink transmission beams from
base station 10 to UEz and UE3 and Figure 5D could represent the selectively
formed uplink reception beam for base station 10 for those communications.
[0091] If the data rate using one beam is not .adequate to support both UEs
requirements, it may be necessary to change the modulation format (rate, bits
" per symbol, etc.) to be able to use one beam. Such changes are likely to degrade
the signal value in the numerator. Accordingly, the geolocation processor of the
~ base station preferably makes comparative calculations to determine whether the

better situation involves one or two beams and the required power for such
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UE's di stance coordinate d in the respective UE group., &@ﬂg aélons for
other groupings can be made to determne if SNR inproves on-a systematic
basis such that failure to provide inprovenent results in term nation of
the typgy@bs@bQyPi Ng variation being attenpted. \WWer Iggsq) %% nna array
provides a bidirectional symetric beam as di scusse ové e above
cal cul tions?ﬁgﬂj be nodified hase on the absolute value of the relative

d

angul ar*PBSatbg Pegd PaEsEn PEIVIdRG thedbeghsignals,\brged o SNUhaers than to t he
range - 8 /d 51 [0095]
Dynan PESLRY iRplitenid LR PHRAOR St O s A B ot g
handovqxotenftlainfgﬁanggtbmbnams:ﬁbmdm&ctlyfbcnsﬂgrthémrorﬁthUEJEgemmmetat ion to be
in progress, the UE.has esta [ an RF |n tvveen itse and a base

h h bl ' h’ | f d b
st at i onRFRREAH PP RHE SAGH Abaeirynss qderqmingéifemay s the UE

moves, 448 s f%ﬁﬁ@ﬁ{ﬁhltﬁgln%&eq%to&he RF |ink change and the received signal

quality at and/or the cell tower may be reduced, causing a handover
consi d€fetZ]on prBigessSEdlluetrates tgecasds oﬂ:axgmlcmasedhhnﬂieranEsﬁUEiE conducti ng

nc thab e, statij.o S1 ne cell and noving toward an
adj acenpre ﬁ%ﬁhﬁw Rense ofga P@%&nb‘ibegb ?%téleeeﬁ@nﬁﬁgéagqoa Psﬁov'ﬁlszr [0096] The
handov ghgGRRSIoUE dobdfaR AREShat ROV BE, Hifelinsal By o TGN UBY, candi date

target cells, one o en se over,

per f or megtesdritgd by (Bik1, dst)r%xt%&ut fer angnunﬂiewhoﬂiﬁEsahs bamrfgrmm:gper ating
base st at .ons to make smart handover decisions. During this handover
consi d&?la¢HghPrasee e then feprcly Oifl"ibe bup greptedd @ép?ﬂsoﬁ:@mﬁ}ﬂbsd@c & anong

thensebvqsnﬁgfh gm@h éa,edet&f&fn o Hod: 243 swgh*cﬂ%réxﬁgés@b g}e%ﬁéé of RF

resour ¢8s’ an I Cconsi VARt o Su por ng the UE under

consi dét ahgwlar oﬁenmldnhelath@ams&h@haémmbnmmmamyrm Phsee SEati ons are
being determ ned for cell_  reallocation, the gower and sha&e of the beans

to be FePIRESAtE thaisibyatien whern the ameular diffprence paveen WReand By @ccount in
det er rrb?, 15 QHd 8he 2RRLEP Hiﬁ%&'gnc%%tetv%enb@ Bl'%nd UE, (A 03,4) are greatest so UEs,

UEi through UE3;, and UEs, UE4 through UE~ 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 (01 + 63) + 2 and Opeam for the second proposed beam
allocation would preferably be initialized as (84 + 67) + 2.
[0094] M is then selected to assure a wide enough beam to cover the
angular spread between the end UEs of each group and P is selected to assure
the signal projected distance is sufficient to cover the distant reflected in each the
UE’s distance coordinate d in the respective UE group. Calculations for other
groupings can be made to determine if SNR improves on a systematic basis such
that failure to provide improvement results in termination of the type of grouping
variation being attempted. Where the antenna array provides a bidirectional
‘symmetric beam as discussed above, the above calculations can be modified based
on the absclute value of the relative angular location 8 of each of the UEs which

would be converted to the range -180° <9 < 180°.



for the base stations involved in the process. The neg%}]'g%%i %Q process
enpl oys beam form ng sel ecti on based on UE geol ocati o ér’ € descri bed
above. The result of the negotiation is a determ nation of a selected set
of bea i nvol ved base stations providing U with a

rel ati m@&?OS%G%NR [ 0097] During this negotiation pE%(gIZ',YS%@%%%JE conti nues
to be supported by the original cell tower, using tracking and focused
beans Irt ue Idynamic bepre dormingroanyalsonbe adeantageeudis eamlesedcionsi der at i on

process, | - ' bj € l.ght tim resteicli . As

Pl ust 1% geéﬁguiint“‘%eglg’%ggﬁ‘ld{ of b; 02‘9%%%’%‘8%&“1%%%%‘}5% i orde, b%rf‘ﬁ’; cell is
not abkemihtueédticsl &ibd in BEReRds, theUBEhad éstablisied sle RET FhlbBetwdemat the
original cell is best situated and should continue to serve the UE. This

i s dondtsplf apdanbassrstation antennesyrieny whigh mey de loeated engeelliiowesnr ray of |

wth e e gEA5eD U bRkEiak st B RAQE HBLE Buf choReRfER " T2 O
t houghsighay qhalvs 4trUEelmibriady @all thwémby belrbdt@de eagin@h HaBdovdr t he

exanple illustrated in Figure 10, a _high concentration of users proxinate
base stensidaration raagess &g bettaigepred: HEigurnd itlustnates sy BE epndaeiingat i on to

r econf t eage - S tign i ' service for
UES. F%gg& %tg%‘re 1gi12£sgr%ttr‘§)l§vﬁ10 alr‘{;:l g*’ggcleeﬁe?‘glf%évg%gﬁg& }F}oﬁr‘I %(Izlonducti ng

" smar t &djabantdellevhichfis sdrvivey byci diffetentibasektation B8:. handover bei ng nade. The
first ste S t.rigger the smart handover _process_through the occurrence
of a ftfq({?gbri nng%@nﬁﬁewP@CW%YOIﬁ?Se@’@r%WdﬁM%.s t hr eshol ds
rel atl okl LARA baIk, dAbr GHARGS Bon! RIALLP T Al nbRRveL I cales
travel direction, sighal ~ qualilty deterioration, serving base station

| oad aperfeinsotjeFig. 19 Bhistiates theettpotititioh pRoddss \Wnaly todpesitingChaser om a low to
a high data rate_ during a communicatiqQn _as required by an underlying
comunfi@iions ke make seart handqvendesisions ywiee this Bandoves consideyation, t he

Ser Vi g hae SR b0 B XSRS Solieilha G LA Btk b iRal Vol ved and

proceeds W th the negotiation proce
exchange information regarding the availability of RF resources and any other

considerations 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. As such, the handover consideration process is not necessarily subject to
tight timing restrictions. As illustrated in Figure 10, in the extreme case, if a
‘neighboring cell is not able to efficiently accept the UE, it may be determined
that the original cell is best situated and should continue to serve the UE. This
~ is done by beam forming and tracking abilities of the antenna array of , for

example, base station BS; to continue to maintain the communications with UE;
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to selected a preferred beam al |l ocation pattern for aléglg% ttéf) I nvol ved
base stations. Once the new beam al |l ocati on process i VEP8d it is

i npl emented to refocus the respective base station beans. Where a handover
i's to OGGYhsnebdd§ New serving based station will firsf.jinn t the

sel ected beans determned for it and acquire the UE comuni cation, before
the origi serving base station_ inplenents (ts new beampattern. [00100]
Wior o B pgven Haw&@ey Ave orslad bexpadporm Wh?ﬁ"é“ﬁ%’ﬁﬁ%g B cell
covera c t ' | : erve as a
ri ggor e en g PLRkEFsted B 1O 10 RN Son i R TR b B2

i |1 ust rhaisedstation ABSIr had .rep@lfdd i tHHI Ismartte handentri deteimimdgdar tdoed in terns

Co t hod8oaGHFean phtephigd RPA L baFes et POe P Pr O scope of
the i jon. - L ChA VB What |
e 1 NYePsgIon. - Fllrugd %g"?%?aﬂ%cham%%é}gfﬁjjggcegg&%gaﬁ&ﬁ% fm: at s

cl ai ne 1. sel ectiv cting base sta
comunilzaidower, whidnmlay actuadlywesdt ésso hehdoenbunigaabdanThy ftstntepgherei n a

base station conducts ireless RF communications with a plurality of user
equi pné?\f%tr(‘Wth‘? fRart ﬁn%?ﬂfﬂi'ﬁr EHIFpPa &%r ﬁgﬁ‘ gﬁg?cwpﬁgogﬁtéggqr}pﬁ e)d/ | ocati on
of a Uggeflet ‘Hi'HE‘ ﬂ‘i&ébr{rf‘éf égézgepzle?é}%l OfhcHifted Hﬁbﬁ%l&é‘%eﬁﬁhg%b UE location

and a known |l ocatron o ase station antenna systeny cadl culating beam
f or mi ndecationalata, dhasege of locption data thhtinditaies mvebdizedtiom, UFasignaland f or i ng

a directed beam.for.RF conmupi cati gn signal s between sajd UE d sai d base
stati oﬂuaﬂfséﬁ?faﬂgp%tﬂ%ssﬁ%@ B3¢ Lafen %@a}dsaqb@ales%mﬁ%rawm%ds of

the UE which may switch from a low to a high data rate during a communication

as required by an underlying 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 1t 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 illusirated in
Figure 4.

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

and are considered to be within the scope of the invention.
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criteria such that said directed beam enconpasses the i | ocation of
said UE. 2. The nethod according to claim1l wherein t@&@éﬁ%’i ni ng of
| ocation data of an estinated | ocation of a UE is performed by
t el ecomyi on systemtriangulation of UE transm i | s received
by one or ?r%?;eiﬂgase stations. 3. The nethod accordi n%éﬁlgs@%‘%?fn 1 wherein
the determning of |ocation data of an estinmated |ocation of a UE is
performed by the UE and the data ¢kAM8nsnitted fromthe UE to a base
stati oy 4. .. T .hod according to claim3 wherein the determ ning of
| ocat i @‘r[\h%ta]tsé’i]ag’fnggtﬁgesti mated | ocation of a UE is perfornmed by the UE using
a dobal Positifgmdtbodal sélbétiwly Miketihg baseldtatioRROdo@acaiiditivg to claim 1
wherein the determining of |ocation data of an estimated |ocation of a UE
i s per SiEnabgingwirglest taleaommeunication syptemavhgrginombrse spghierseqiaigiso
PCT/ USQ2 S5hpS i Al | . t ] i(lﬁﬁfb syy.ecei ved by
one or Q"r%ri‘oeﬁé gge%%srﬁgﬁcétﬁgﬂ%gwl@%hﬁgﬁ%{l}tgn%fvb{s'?ﬁ%tﬂhg&ﬁ% usi ngb’atH& obal
Posi t i eqdthed oahplibinge (GPS) systemwhere GPS data is transnmitted fromthe
UE to a base station. 6. The pethod agcording to claim1l wherein: said
cal cul at i ngdefeEmining s egtimate@ lacatien ?i@s_ cal cul ating transm ssion beam
form ng cr | gkl aihAsslalife RiblioR Bald\Gsing bRl dstfind QB Mafldhdnaand said beam
form ng conprises rmng a diréected transm ssion beam of base station RF
comunkeaatwndocatioprdlashdse ategior aietednhia epstemi; d base station antenna system
based on said calculated transm ssjion beamformng crjteria such that said
di rect ed tr%ﬁ%@tﬂa%gbﬁa@efammysb%seﬁﬁgm Phibedclbualpoos said UE.
7. The . according to claim6 further conprising: calculating
reception’béam formng criteria based in part on the relative

forming a directed beam for RF communication signals between said UE

and said base station 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 3 wherein the determining of
location data of an estimated location of a UE is performed by the UE using a

Global Positioning Satellite system.

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

location data of an estimated location of a UE is performed by telecommunication
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| ocation data; and formng a directed reception beamf Big

communi cation signals received by said base station art en¥| ?/st em based
on said calculated reception beamfornmng criteria such that said directed
recept i p RRAENCoNpasses the estimated |ocation of,said,bks; 8- The

met hod according to claim®6 further conprising: determining an esti nmated

| ocation for ralit f UEs within a specif geogr aphj c range of the
base sB¥ItEBINt réﬁﬁ%\iﬁ&’ %fﬁraﬂé‘?lé&t?ﬁ{] pigpal Srr@Fﬂf’?‘\argyl%’@aQﬁ BArY81%® of each UE
usi ng |Cgﬁ]{" se station
antenngﬁs@gggﬁn %Pt 1}13}?@%\3&?&1@%%%& on ﬂ? ?ga?%:”rl.&‘?g}@ based in
part ogmydthm xdhémr(ﬁrPS]ddtarﬁlmmmttedcfaﬁmaheiﬂmfaomba&t sta¢ieat first and second

of said UEs; formng and transmtting fromsaid base station antenna
systema directed transm ssion beamof base station RF communication

signals forgsai m@ qlw%q ul ated transm ssion beam
form ng CI’I('[;eI’I grl{sduéﬁil%oﬁgaiccsal toocgaﬁ;g ¢ 006 WD 03/ 049409

PCT/ US02/ 378ad ca]duhﬂﬂgéxdamfammmlwnalnempneemﬂmﬂsﬁmgtmhantmiohnat ed
Iocatiﬁn of, sajd first UE; . . and fortgi nﬁgand trﬁns 'tt_in from sai d base
stat | oReamRHRIRES PrRDPased fparEgn the zelapive Lycghio ase station RF

communi cati gp Eézﬂ{i?drfmﬁgﬁmﬁ FhifbsTHTRRG alﬁrec%%%s‘é‘ﬁ %@hﬂe&:ﬂ £hat ed

transm ssi on eam ormng criteria such that sal | recte transm ssi on
beam estabivpBE esmihmieionnsigeals Itmussmltmdcffom aanl lmaecahaitanEnteanaThe met hod

accordin cl ai m 8, e di rect NnSm SSi n of base
ool ot iembatnd o said Al TR OREn B St hrolh fETPE Critenia SSaL A | UEs i s
f or redg fRdidebpRATrAAdnedsidH BBamtdbophsie BR &t{%&%@&ﬁﬁ%ﬂﬁam beam
enconpasses the estimated | ocations of said first UE and said second UE

7. The method according to claim 6 further comprising:

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

forming a directed reception beam for UE R¥ 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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10. The net hod according to claim8 wherein a first dioie&tﬂego%ransm ssion
beam of base station RF comrunication signals for sai 9f g is forned
and transmtted such that said first directed transm ssion beam

enconpa estimated | ocation of said first UE nﬂ nd directed
transm éﬁ‘??ﬁ‘;&“ @%m of base station RF conmunication si gﬁ%@%/ﬁ@% sai d second

UE is forned and transmtted such that said second directed transm ssion
beam ahivsstastizsesmiskisndeairancenphsseathosstonatedilerasivoofigaidfraiidEnas a
different, direction than said first directed transm ssion beam 11. The
met hod *€cor di ng to claim@8 wherein cal culating transm ssion beam form ng

criteria isfdiafigflahftid@bhithihg QM 5470 bhsstatien 8n1@ABh sye@ diceckal | 0 (SNR) of
form ng one directed transm ssion beam of base station RF communication

si gnal $rénsmissiph bsamef basestatiomBFcempreniction signals fexsnidsesend Ve esti nat ed

| ocati @n f sai.d first and . sai cond -UE; .. mat | .signal to
noi e Pherd ophi caloPlietnGimipfiph beRR Bk +Bekh RebMat sk 7% 00
st at i ofliRctedlofFabisthis8iondtagi Sidntpals@ds thaiedtibddted 1ddation b baidneesmbsses the
estimated |location of said first UE and a second directed -33 29 May 2006

WO 03/ 348409 PCTI US02/ 37851 transmi ssion beam of base station RF
conmuni cation signals for said second UE that enconpasses the estinmated
| ocati on of said second UE and has a different direction than said first

directed trensm Fhé pltlrbatcordivt walaial 8 whefdig ons irertbe trabbiission det er m ne
i f the_calculated transm ssion  beamformng criteria is to produce one or

mor e dbeas ddase sttins Bowmasnisation signalelonboth guddast andgetdidi aim 6
uhere! R RIRRACH ARk Eeftbattbeed buz BhERal® oll® ftefiRd thf ISR HAKON ant enna

System an alculati ransm ssi on eam m ng criterra esti _mat_es an
ar ea oknbmapaey tiagtiniiedlocasiona of suidHirehUBSf adsgilaseond GEd transm ssi on

power P such that phase cp and

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 secend directed
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transm ssion power P are selected so the relative Iocaé%ﬁn %@ég (0, d) of
the UE, where O represents the angle of the UE fromd d& ref erence
of the base station antenna systemand d represents the distance fromthe

base st 4 PRt €NNa system location, is wthin Abeal;ET »a7hhe et hod

according to claim 12 wherein the antenna system has a plurality of nodes
Mnrhi ch provide different shapes_of beans for the sane phase _and power and
the caltERnsmisspign PMB@%%%H%E compyHgataon signals fasadepcerd Y8 area of
beam c : [ . TRt 1, S5i wer Pand
ant enngﬁg%%% %% %ﬁé{;ﬁ%l@r@?ﬁ%gﬁ Sé@@ %?@nglgj ]tﬂoﬂlrl-l(;.’e]]n%|Hé]r751ls ?@\%ﬁ@?ei n the
ant ennalisegtior thinasaidtfivet divelesd bamsimidsiqu badmeand de and narrow shapes of

Ll Cul Bt 1 g BB FA SRt SOG40 e PRIt tha Ll HaBBRIRESY o a0t Ab
cal cul at1 ng et erage Abeam
as a fypeli BPmhPiriRPASE t@grodh@@?ﬁ@b??f?g\gﬁgmﬂ tp%ﬁﬂﬁsfl% BR@sSYst em node

M 15. The nethod according to clarm erein the calculating
transm ssion beamfornmng criteria estimtes a beamdirection Gheanas a

function f_pf , =, 1 that: Abeam = F(fl(Cbean), P, M -34
20 ey 20061240 S Bestrirpoinblbilaln s herin epbarmd @%E&%é‘g : ba_sedMon 0
and P apgehake Lﬁlélief&segh@%%ge %@?ﬁ’on Latertdlf sPELBOdnaCHRy gélBﬁla]tbfhgd aim 1

wherein? said cal culating beamformng criteria conprises calculating
r ecept itcansniission beamifmonivgictitericedsbsaids ian apea of lwan ¢tveragdeditbveaasl ocat i on

R e, e R Ll 0o SRS ESoL S 8,81 L S Lecepy on bea o
based g%nsﬁﬁééi'o& g!r)]&é&lbﬁtﬁg sbRERA L e ?él%ﬂ'v@ HcHtios dgfd[ &8

- i F thb Q. hat said
di rect recepti eam enconpasses the estinate ocajtlon of 'said HE.

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.

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 Apeam as a function F of phase ¢, transmission power Pand

antenna system mode M.

14. The method according to claim 13 wherein the antenna system has
two modes M which provide wide and narrow shapes of transmission beams,
respectively for the same phase and power and the calculating beam forming
criteria estimates an area of beam coverage Apeam a8 a function F of phase ¢,

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 8peam as a function
 fof phase, Bpeam = f(0) s0 that:
Apeam = F(E1(Bbeam), P, M)

-34-



17. The method according to claim 16 further conprisi 23%: dg&grm’ ning an
estimated | ocation for a plurality of UEs within a sp Yy %eographi C
range of the base station antenna system determning relative |ocation
dat a of using said estimated |ocation and the _known | ocation of

t he basg%:'{%&fwlgg“’n antenna system cal cul ating receptiP&?’Ing’aﬁﬁs?}orm ng
criteria based in part on the determned relative |ocation data of at | east
first andfsescomtlatedbistddds) and d? anch§f aredielentedbasecaredt i on beam for RF
comuni cation signals of said first UE received by said base station
antenna system based on said cal cul ated reception beamformng criteria

such that sgd diySabaHILEGRINDR AERN vAeORPasses the estimated |ocation
of said first U, and formng a directed reception beamfor RF

communi cat i seid salpaidtingbeani fdrmggcaitgrigeconeprisegarhltilatag gespbienst at i on
antenna system based .on sajd calculated ..recept.io eam,yformng criteria
such tﬁ%ﬁ‘xE%Wnﬁicfgﬁlflﬁ(ﬁ’aﬁaléﬁﬁ%ﬂﬂﬁgﬁﬁ?qa‘élﬁﬁE%%élgggi???;haéldest i ma'? ed : oca!t i on
of said secoRgibélm f&%amgmfsmmkmrﬁgfgmmemesﬁmmehﬁMUERF one

directed reception beamfor RF conmunicatjion signals of both said first
and secomuuuitation dignatedeceivedibydaad base stasion atiteriea systemdigsed 68 beam

enconpasses, t stinated | ocati.ons . of sahd.f] L[St 4 L.d_second HE.
S 26 SRR eyie T TiseR R D HenB S Rteg Bripe ST gk S8l it aRBC O TE 1
cl ai m fdariBREShPadiet thststitharRaledtioatERhidUE, beam for RF communi cati on
signals of said first UEis fornmed such that said first directed beam

enconpasses the estimted [ocation of said first UE and a second directed
(ecer | on SR e e SATRASALL 0B LTS, S |5,
sai d secondidelrminind@s estilhfddaoRitiondbr £phiralityt fUESRItHin 4 spptifiddr ect ed
recent Iggfyr;raz?l?ig rEclnge 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.



20. The nethod according to claim 17 wherein cal cul ati ot re%@é i on beam
formng criteria is based in part on: estimting the HIgHay noi se ratio
(SNR) of form ng one directed reception beam for RF communi cation signals
of both _said first and second UEs that enconpasses the estjnmated | ocations
of sai dWY9 P and said second UE, estimati ng the schﬁ[éﬁw?"@slnoi se ratio
(SNR) of forming a first directed reception beamfor RF comuni cation
signals of $%i d ThemetHod ackatlirgto clpmskEieghertehea Szst divactad Heerpitonon of sai d

first UE and second .directed.recepti.o amfor, RE lcation signals
of sai e%@&%@@@”ﬁﬁ?“%%%§8§£@@%ﬁ@?ﬁedF%cglaf‘?‘gg%a{gpg %aipl second
UE and glisted Hahid &cBiipadidseRt b@imhiNosaich dfisafd fifht TR hedla se@@dpt i on beam
and conparing the estimated SNRs to determne if the cal culated reception

beam f dietted recentén hedm foo R ovramemdcasionr signals ofi sadd seepndeb8pisi on beans.

21. The net.hod cording to.claiml7 further conprising. | ating

trans ﬁ@&%%h%ﬁ*‘r%?ﬁ#%@n@ﬁ*g‘ﬁ e?)%‘seélﬁo’inﬁaf)sﬁ?g%ﬁb". gted(rig(}ag%flve | ocati on
data; gnghifi QEHNAUP afid hRs B re AN &SIPIhaRQAN ffst dasetediratdpeionRF

comruni catiron signals transmtted fromsaid base station antenna system
based beamsaid cal culated transm ssion beamforming criteria such that said
directed transm ssion beam enconpasses the estimted |ocation of said UE
-36 29 May 2006 WD 03/049409 PCT/ US02/37851 22. The method according to
claim21 fuggherTigomathsd Aetordial Gblcdin U7 twiasein cdéwlating asedptioni ng criteria
based in part on the determ ned relative |ocation data of at |east said
first heamdenning diteriafipbasadgnapagt en:ansmi tting from sai d base station

t t .di t.ed, .t i i tj
ool Te i P ghal 0 PSS AR AT e SR R el
t r ansmyssh oy FER Eb MM Wi BatidH bigRhlsPoBbeh ddidtfirstiafld second UEs that

encompassés 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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directed transm ssi on beam enconpasses the estinmated Izgrrﬁtigg of said first
UE; and formng and transmtting fromsaid base stati heeitha system a
directed transm ssion beam of base station RF communi cation signals for

sai d second UE based on said calculated transm ssion l% mformng criteria
such t hBPW4#4% directed transnissi on beam enconpassées ﬁﬁgﬂ‘gg Ti mat ed

| ocation of said second UE. 23. The nethod according to claim 22 wherein
cal cul at i ng28r anth¢ Bwthed atserding to daing 23 fnrtder gompprisamged in part on:

estimating the signal to noise,rati SNR). -of -fern aon i racted

T anam solotAlEuRR b Su iRl phih B krilid FaRd G i B B ST
first datentifedélatits 1dchtibn dacLoMad6as shitefifstandaieeshd UBa{ i ons of said
first UE and said second UE; estimating the signal to noise ratio (SNR) of

forming a fforsngpndbaaguittingiom sl basassationanisasa syttemaghirered
COMMUN £ <nliBh 0o ke R R Wmpfunibdith SBEANAP AT dr timat ed

| ocati on of sal a ‘secon ansm ssi on beam of base

st at i omakkd efnsaidicaRL1A8d TrHikwhiSsibRbed ragagnditbiia suthtthaneaidpasses the
estimated | ocation of said second UE and has a_different _direction than
sai d f idixecteditransmpigsiop baamienspmpassenbhe eptimatedfenetion of prid 8xs5 Wit ed SNRs to
determ If the calculated transm ssion beamformng criteriais to
produce one or nore directed transm ssion beans. 24. The nethod according

to cl ai m 16formdieand trapniaiteicgdivhesuidbadestyticry sitemma Systemc directdde base
station antenna system and the cal cul atin ,rec,eptign -_(i? 29 2006 WO
03/ 049 #FnsmisgieIshegm phbase siation REcampmyinieqtian signals fonpgidsecand Yles of beam

covera i . S . is sel ected
o tho Vs FR BaitP cAChREd chiheflinsiCE, bBARS frfiing iitelil BB IARE LR B %) ©
angl e diret:ﬂ%d teimdninggioa HRadegidmpaeissthe eetinfatédbchtion of said second

UE.

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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station antenna systemand d represents the distance fr tg 6lgase station
antenna systemlocation, is wthin Abeam 25. The net ﬁggﬂ]% @9 ing to claim
24 wherein the antenna systemhas a plurality of nodes Miich provide

di fferent shanes of beans for the sane phase and the calculating reception

beam f o} %@4 0%&3@5;1

f%teria estimtes an area of beam covéld mas a
function F of phase cp and antenna system node M 26. The nmethod according
t o cl abeardSormhiageritetih estimptasn aps vEbedmsovarage Ance gs Mivmitiom qfr ovi de wi de
and nartow shapes, of recepti.on.beans, , respecti vel r me phase and
t he C&%‘?LH\%@[SP W@“F‘%%&‘iﬁﬁ@ﬁgﬁéﬁ?ﬁl‘?c@?@%ﬁw r@f‘#l"@ P‘?i‘%’gﬁ‘t‘{aﬁ%{éegf%ﬁﬁﬁr ea of beam
cover aga AMRAD Peprdsd i thd SRL1E ohe MNP BBnTR 0 AREreeFBILENI oftiR IR TOdE M 27.
The nmethod according to claim 26 wherein the Calculating reception beam

f or mi ngtationt arteana systent endal bapaesciits dbe idistadzefromatheabdsenstation f of phase,
OCeam = f((p) so that: Abeam.= F(f 1(Cbean), M and Obheamis sel ected based
on 0 aﬂﬂt‘*&ﬁ%é sgéqegbfoéﬁtlﬁ%zéévGMAh?Bz A base station for conducting wrel ess
RF comruni cations with a plurality of user equipnments (UEs) in a wrel ess

t el ecommuni cation system conprising: an RF npbdule and an associ at ed
antenna ar r#y syRtesnethad beandibg toelaingpéwherainithe anfenna siistembias A t he RF

nodul e o f.orm a desired. bea L t.hin ran of bga of l.ch the antenna
array Bb’gi"étrﬁ_ %Q@ﬁ%@’?%ﬂ&vﬂﬁ%@ﬁsl%%%&ﬁgﬁ%&‘é%@ﬁﬂ‘;ec %A@lcﬁsf o sai d beam
former o hefke tAc@ABnbGHESRidnDRMPfoeRIng Eritn] 84ahARE a8airaa bEbédmve to data
of a location of sard antenna array -38 29 May 2006 WO 03/049409

PCT/ USOR/kB#f5Abeans§s 4 Sumciion 1 of phasesedmt an@nparsystenermode 4.t he beam f or ner

such that the beam fornmer controls the RF nbdule to transmt or receive
communi cation data for a

26. The method according to claim 25 wherein the antenna system has
two modes M which provide wide and narrow shapes of reception beams,
respectively for the same phase and the calculating reception beam forming
criteria estimates an area of beam coverage Abeam as a function F of phase ¢ and

antenna system mode M.

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

Abeam = F(f1(Bveam), M)

and Byeam is selected based on 6 and M is selected base on d.

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

an RF module and an associated antenna array system;

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

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

process UE geolocation data relative to data of a location of said antenna array
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selected UE in a shaped beamthat enconpasses an esti r@tlﬁd I@@:qation of the
sel ected UE where geol ocation data which corresponds t e 2 I mat ed
| ocation of the selected UE is processed by said geol ocati on processor.

29. The_hase station according to claim28 whereint tion
processg q@“*’c“égnfigured to cal cul ate transm ssion be}%ﬁ%ﬁwﬁ par anet ers
by estimating an area of transm ssion beam coverage Abeam as a function of
RF phaysteoparhdutpus seleitediramapeters tothakeam frxmesisael tha) thabeamansni ssi on

power R are sel ecte o th el ative |locatio . the sel ected
UE, whd?PTmer Copgrgi%@g%i mt%é’fea{?gﬁr %H%Fﬁtoﬁég‘%lgivef érbg?n'ﬁ gﬁﬁgglgﬁ(ra)eméﬂrbéfa erence of
the bagglepted! UBNn APhGHATHYS tEA) eitdni)akeRl A6 estimatdieloditidaofthe rom t he
base station antenna 'system/location, is within Abeam 30. The base

st at i oselectedrdE mherogenlogationglaimmhichcorrespendsdaihe estamatad lngadion py yrality
f rodes, Mihi i de_diff . sh . for th h d
poer . P RIEReR I e dssad bY BidSRBRERE pRESIRy D (TP BRIP, Phase an

transm ssion beam form ng paraneters as a function of phase cp,
transm ssi-on power P and antenna system node M and to output paranmeters to

the beam f 8PmerThepaes sktiongacsording de clpispaBi watteoh the sprlacdiany,
L1 ans M 2ade00uPRIGLAERRG 1ol GIAR R AIENBREE N BrhBl polanidigiafy oot on beam

at1on according to Im ereln the

geol ocakiifating A€ ass0bf transMdsidl bédn tooverilgs Urad-cad acpttiian ob8&Fm f or m ng
paraneters by estimating an area of reception beam coverage as, a function
of RF phasersndiiransmissiphagwer £ syeh shatahase erand tranymisyion ot ifon data of

the selected UE is within th f ' g 32. Th
base. SPRT BN Bl B e IR HDa 1A L h O thE BeREAT Oy SRt o 00 T
pl ural irél\gregéént%%ﬁ RindgloMICT EMIbANA [ otiree refetdirte @ftths hapestatfon ecept i on

-39 29 y 2006 WO 03/049409 PCTI US02/ 37851 beans for, the sanme phase; and
t he geanbemtd systemondsd seplegents the gistagce Fom the base station antenna

system location, is within Apeam.

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

antenna system mode M to control transmission beam formation.

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

the area of reception beam coverage.

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

has a plurality of reception modes which provide different shapes of reception
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cal cul ate reception beamform ng paraneters as a func:é'sgoD?I of ﬁggse and
antenna systemreception node and to out put paranete gy & beam f or ner
representing a sel ected conbi nati on of phase and antenna system reception

node tﬁ{é@%\%@ reception beamformation. 33. The b%%%ﬂ_ﬁ%@%_flé%n accordi ng

to clai rein: the RF nodule has the capacity nore than
one transm ssion beam such that each transm ssion beamis capabl e of
car ryi rgassnfarntheasame phaisgnand ther gevlepapianaprocessor 3¢ copBgurgddta he beam

former | eratiyely associated wt he, RE I faqr set of
desi r ed ot R B beRRIE S Rearin b gee B PR AL BRI i o < ne
ant ennaystend YresditiciNhédeC af@blte ShtpRt Optanit@ers34o e boame foindén On
according to claim33 wherein thef-éleol ocation processor is configured to

cal cul aeeresentingih selediad perabinpbionpfphase padentenpasystepsiergptioniaede set of
areas Qf tr m.SSik overage based on relative location data (G,
% céﬂ%@%ec%qstlog{‘%q%%?gc}r, A 9 (

di) of "edact ym(I)‘f sel ected UEs, where O represents the
angle of the UEi froma O degree reference of the base station antenna
system and di represents the distance of the UE, fromthe base station
ant enna sys88m Thrbaseoration ageordingitp slaiws28herean'e p and transni ssion

power P suc t . s S84 OMEY, ed so the
relative | o?:%% anmgg‘?g%&he %?gagé#f@a@@%%?o%f a%?%%ﬁ? yksgﬁhsel ected
UEs, i Denid fich thateatteragémifRiprsinianots @pabke dffcariyiagssmasindeativham cover age.

35. The_ base station according to claim34 wherein the antenna system has
a pl ur signas for afspatatempl VB ARdde different shapes of beans for the sane

phase and. pPeBleaPRlnbde SRALRRA! hAIRIAGATR Ble RF nfidfild @thiadla LG, cal culat e

transm ssi on beam Torm ng paraneters as a tunction of phase transm ssi on

pover Bf dadrahirendnissicattRamzocehid @ rchde®! otiirputisgiat bemhewhitlothehe beam -40

29 May 2006 WO 03/049409 PCT/ US02/ 37851
antenna array system is capable of producing.

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 antennd system
and di represents the distance of the UE; from the base station antenna system
location, as a function of RF phase ¢ and transmission power P such that phase ¢
and transmission power P are selected so the relative location data (8;, di) of each
UE; of a plurality of selected UEs, is within one area of the set of areas of

transmission beam coverage.

35. The base station according to claim 34 wherein the antenna system

has a plurality of modes M which provide different shapes of beams for the same
phase and power; and the geolocation processor is configured to calculate
transmission beam forming parameters as a function of phase ¢, transmission

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



former representing a set of selected conbination of %algﬁ % ransmi ssi on
power P and antenna system node Mto control transm y 89\ formation.
36. The base station according to claim 33 wherein the geol ocation

process ' figured to calculate reception beam formn rameters by
esti mat ?‘E\Ogdg@ﬁﬁgépea of reception beam coverage as a ffﬁ!gﬁsgﬁsﬁﬁ RF phase

such that phase is selected so the relative |ocation data of the sel ected
UE i s famkirneprasentanga seffof pelecipd combiredionoépbaseyp tragmmissien pysT st ati on

accordi o claim36 whereipn: th F nodul e has t city to provide
mor e+ kutndRRtenBaastie B RREN] to bl fratenttesion B dPesiABBEin 1 s capabl e of
carrying communi cation signals for a separate set of UEs; the antenna

system has a plurality of reception nodes which provide different shapes
of recepti oBb.bedPe base stasionaansoyshiag éo clmoh Bhavhrrein thy geslogadionper ati vel y

associated with the.RF dule to forma set o S| T tion beans

W t hi npﬁoclegﬁ?ée 151‘00’?%%‘583&8 ncag%‘gﬁ%ecgeﬁ%ﬁl?@%g?mt %5g1?§¢1 %g%ég%ﬁggy system 38.
The baggisbinizGh AEATIaPtioA behdi Cvefagtey £ findiisa (fRY phadd areh processor

is configured to cal cul ate reception beam form ng parameters by estimating

an ar ethatfphasanis aeleeted wo theyrelative lasgiomdatmotidheselogind VBrissritlip  phase cp

such that pha cp,is.selected so the relative |ocation data (0, d) of the
sel ectgﬁeﬂ%,a Qﬁg?ez)t’@nrbgﬁpe%ogﬁfasget he angle of the UE froma 0 degree

reference of the base station antenna system and d represents the distance

fromthe base station antenna system]location, is wthin Abeam 39. The
base st ati o®/-acckhedpasg stdfiant agoprding fhelabmBotwhergitenna system has a

P hase: ! ona e RR ERAMEL AR ANLAR, B d:b 018 Mord IRBRInO T UEAR LR | N0 DA

phase; and on pr 'S configure e reception
beam §eéHihag e REH REBH tRd1Bbeatn & chpsbleioffnrefinghamenaficativh sipidefoa asyst em node

Mand to -41 29 May. 2006
separate set of UEs;
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 (8, 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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WO 03/ 049409 PCT/ US02/ 37851 output paraneters to the f r
representing a sel ected conbination of phase cp and a%e@%]ﬁg%ggtem node
Mo control reception beamformation. 40. The base station according to

claim3 the RF nodul e has the capacity to provi nore than one

rein: e
recepti g%d\@sz{’éﬁnﬂpsuch t hat each reception beamis capa’f)(rong@?’y@a]rryi ng

comuni cation signals for a separate set of UEs; and the beamforner is
oper at iowtpyt parsostersdd thi beamhforRer rentesanting 4 s¢lerigdvombinatieresf r ed

reception beans w.thin a range,of,receptjon beamca ity.of the antenna
i ray. 8pasea: Atten piateR 35 I fodorBrlieroar bFER TR oi n < ho
geol ocation processor is configured to calculate reception beam form ng

paranmeters by estimating a set of areas of reception beam coverage based
on rel ati ve4)ocaFfheobasedation agcording totcladmctB wherept: a plurality of selected

UEs, where Q pr nis he angle of the UEi .froma 0 I ref erence of
the base ot B9 BR TG anha ESeeRPt fabiaridanectap S RearOR 1REE of ( ho Ue
from t RACRARR cabiRbdcEOptiMbENA B GPRbRIBf chid§Rig @hmadsicatidndighaleforef RF phase
i p such that phase cp is selected so the relative |location data (0i, di)

of eaclepsmiatosetni Bk andty of selected UEs, is within one area of the set

O 2125 o A Eeh EURRERAF B TR Rl BToBEUEL 10,

claim4l vvhgf‘eee urar ity of “nodes i ch

provi def dbéit€l estepfibapRamdf wikBATE ke figesiplion Haas @apaity bhehegeol ocati on
processor is configured to calculate reception beam form ng paraneters as

a funcentenigfapanesteln. and ant enna system node Mand to output paraneters
to the beam forner representing a set of selected conbination of phase cp
and antenna system node Mto control reception beamformation. 43. A

wirel ess telpconmhgnbsagt éﬁﬁoﬁyakefﬂiﬁ%m@rcleﬁhﬂgo avidreimathd ¥eslbcdtime stations
according to claim28. -42 29 May 2006 )

processor is configured to calculafe reception beam forming parameters by

estimating a set of areas of reception beam coverage based on relative location

data (0;, d)) of each UE; of a plurality of selected UEs, where 6; represents the

angle of the UE; from a 0 degree reference of the base station antenna system

and d; represents the distance of the UE; from the base station antenna system

location, as a function of RF phase ¢ such that phase ¢ is selected so the relative

location data (0;, di) of each UE; of a plurality of selected UEs, is within one area

of the set of areas of reception beam coverage.

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

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

43. A wireless telecommunication system comprising a plurality of base

~ stations according to claim 28.
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WO 03/ 049409 PCT/ US02/ 37851 44. A wireless tel ecomruni?g%aﬁ/[i og 6 stem
according to claim43 further conprising a plurality AP user
equi pnents (UEs), each UE including: an RF nodule that has an associ at ed

ant enna;, _an eol ocati on processor that is configur erm ne
current W3%§9383gocat I on data using a global positi oniﬁ%@ﬁ?@%ﬁ te (GPS)
system which data is transmtted fromsaid UE RF nodul e antenna for use by
sai d base s#dti oAwirelBss tAleshmelwseation systemracrording émclajs #8 furkbenr di ng to

claim43 further _conprigsing.a plurality of il [ i prents (UEs),
cach ESmREISURE haloahore! matls e raomm S VR ot NI b Bl "o st e
beam f or mer ,QREr alddvfd thaR 139 @haisechiAtel Rintd¥hREnaodul e to forma desired

5 .

beam wi thin a range of beans which the antenna array systemis _capabl e of
produci ng; andeealaatibnqaviessop thatessomfigvapld dd detersaing dwzentt BErer that is

"ol at Vo eR e Hofi e * SN BLRTR e URD TPl RAEh &Fad on and

out put elaeiked PehaUR BESRE hdduife aM@aRh ffer AR bypstGh babaktatidasbeam for mer
controls the RF nodule to transmt or receive conmunication data for the

sel ected base station in a shaped beamthat enconpasses the known | ocation

f the sel d tatjon where UE | ocati.on data relatiye to th

nown | oca fbn of Cesop B B erift st Bafa S yRibly  © 1

geol Oc%in?!i‘isﬁig3§9ﬁﬁﬁﬁty dfmobilé/ e i meRRY Ui eatRUE aittutlingng W rel ess RF
a

communi cations W th base stations having known |ocations in a wreless
t el ecommuni eatRbmodylesamhar engociatechgntennaprrasoeistemand an associ at ed

antenna array S e a heam.f or mer.. operati V- ocCli B the RF
nmodul e to f Bi’ﬁ?é‘sftaggh wgra %%WW?’EFG% v&ltﬁglheggké}omea%;ﬁﬁgg%% e antenna
array shewithin @Rk Of BeamBWhidE ithe ;andéith2afa! e aNcdpablessor coupl ed
to said beamfornmer that is configured to

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.

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

an RF module and an associated antenna array system;

a beam former operatively associated with the RF module to form a desired

" beam within a range of beams which the antenna array system 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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process UE geol ocation data of an estimted UE Iocati\cl)# rel gbb e to data of
the -43 29 May 2006 WO 03/049409 PCT/ US02/ 37851 kno Mg n of a

sel ected base station and output selected paraneters to the beam forner
such th eam former controls the RF nodule to tyransm r receive
conmmuni @a(&&@%%ggata for the selected base station in aha %’sﬁeamthat
enconpasses the known | ocation of the sel ected base station where UE

geol ocknown letatianof paelegtedthase stationand ewput selected perameterstatdg base

statiop is [ oces sai d geol ocatj o r ) 7, . accordi ng
to cl apﬁﬁéo%?‘rﬁcﬁ%gﬁg&bee%a& T %Pt?@ggs@"_g?ﬁ?émﬂc%en Sk file 1tt%§ cal cul ate
tr ansnisivatoRRRMitRLio Bstater B ctedYaRStatiBY ing shapedBedm tHatt r ansm ssi on
beam coverage Abeam as a function of RF phase 9 and  transm ssion power P

such t eacompnsses dhe akiebwn doeations o rthgosrlectpd abases sfagionewheze) VEB| at i ve

| ocatign,data_( d f th timat = t hat. he known

| ocat i 6?101%%3%{0}}9‘9%&1)85%% tggtggﬁﬁoﬁq %’?T?g%ugfgﬁ%geﬁg%%gé’ g%flf \é&ftk’gl %ngl e of the
sel ect gehceftad Hydadd kédlodatdipRosbssmgr ee reference of the estimated UE

| ocation and d represents the di stance between the estimted UE | ocation
and the known |ocation of the selected base station, is wthin Abeam 48.
The UE accofdi NGgml |_aj .0 : plurality of
nodes Mhihi c‘ﬁ?pr gl:/]aleg%ﬁ ?#%%%ﬁwgﬁglp%s&g% %gg}r?r‘%gf%%&?lhg%%%és%hgse and.
pover ; cafipuirb®tdRiulsRitr ik E68 b6 fofmibgParghetas by estihatingta

transm ssion beamformng paraneters as a _function of phase 9,

t r ansniesgi ofntrgosmissioTa heam Moverags Aysi emarbretionofdRY phase gu@ngar aneters to

the beam forner _repregsentin sel ect C -nat.i f ,

tr anerpebrginn Rl SRG Gif ofaS e FEHRRNRU0RbLRE RarBRBRE . | (i o
beam f gf yo thRdloction ddi é@!’ﬂ) BEfHRIcdtiRthtb @ UH RedbicyreMigvetortht kdogaol ocat i on
processor is configured to calcul ate reception beamform ng paraneters by

est i nulocatjomof theselectsil hage efatioonwherad vepreseagethenngld efitheseleclel RF phase
such t a?ste Etg.%%rel from s lOeﬁgg%%e 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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so the relative location data of the sel ected base st%ﬁg iiaé/ithin t he
area of reception beam coverage. -44 29 May 2006 WO 18
PCT/ US02/ 37851 50. The UE according to claim48 wherein the antenna system

has a gjﬁ@@?&@/ of reception nodes which provide di fﬂccﬁhﬁg#/ﬂgjapes of

recepti for the sane phase; and the geol ocat’ ssor is
configured to calculate reception beamform ng paraneters as a function of

phase and affennbhe 5 aerordisedprclaim Hbwberain the aotema systeadesar s to the
beam f (})rlﬂﬁirlit? %P?&Eﬁﬁéﬁ ?t%d%s WSl rﬁ?ti&'-e%tshg o4 R0 sugorﬁﬂ% nt enna

C
syst em'r eception 0 control* receptron beam tornati S A wireless

t el ecorforiphe ahmeplsyei &nd cheTpebbiation Brdebshodlis ieynfifudse a&llailagns for
conducting wireless RF conmunications wth a plurality of user equi pnents
(UEs) ; regapiioneamsfonmingpanamaters afrp funchon of Bhagepnthanienna sxte® ant enna

syst em L 0gliohSmb@S 3he Fo Futfut PLEARIS Vo RE AT Frdibr A RefBRYHAPN! C
i'ch ertaps wth

transm ssiron range e transm ssi On rang of at | east

one ot electd eailinbEse of bhhtenld anbchm H$88em frecaptionopwdatis ¢ettyolassoci at ed
with the RF nmpdul e to forma set of desired beans within a range of beans
whi ch gReePieadeampioryatisnant enna array systemis capable of producing; a
network interface interconnecting said base stations and one or nore
associ at ed geol ocati on processors configured to: process UE geol ocation
data that cdlreshpeviridedstebsbmmirdchtioncsistemnsompfisigl ected UES relative to

| ocation data_of antenna array systens of base stations  having
transmi ssi oA HBGAEY 0? hase ghationp dasconductang P’“Pr’é?ﬁ%?? COPIYHYECHIONShe  sel ect ed

UEs; aRppek Bip%aﬁ@ gfﬁseek%ﬁhﬁﬂuéﬁé (Uﬁitsﬁ groups, each group for naintaining
each base station having:
an RF module and an associated antenna system that islocated 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 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

" gelected base station transmits communication data for each UE of the
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communi cations with a sel ected base station of base st tlg[oni ngi ng
transmission ranges that enconpass the estimated | ocat’i0f% 89% ¢ he sel ect ed
UEs; and out put sel ected paraneters to the beam forners of base stations

havi ng transm ssion ranges that enconpass the estinmated | Lons such that
a sel eé‘f%@%ﬂ%@ & %6‘115%@%?11 UE of the

e station transmts comuni cati on dat
-45 29 May 2006 WO 03/049409 PCT/ US02/ 37851 correspondi ng group of
appor t icorrespavging groapof apeartivaediilsin ashapetbbesse thatieacompassedthed | ocati on

of the rgspectjve,.UE .52. A W g@s t el econmuni cati on.system according to
claim §?Lt199%g?‘§°ﬁam%%ﬂf‘ra}ﬂr@ﬁ??cgl’{g a for each selected UE has a quality of
service and a data rate requirenent and said network interface and
associ at ed geol ocation processors are configured to_apportion said

sel ect ed UEBZi nt4 wirdessdeloaeramunicaian sysipmgceording toclpimgyl wehargince and data
rate T SOl SIEINh, Blio 1 R T 8B: 08126 % 5 AIRTRA S O e

sel ect W' el ess econmuni ¢ eémaccording to claimb51

wher ei Requiestheerinduaidiaét ook it afhicestidestrihtelE geslodatdaprembiormasd rel ative
velocity data _of the UE and said_network interface and assocj ated

geol oc &eniegiuptl be arratienspis selested; Ghis o grpuap basadiigrastanthegrakitied UEs into
groups Pgﬁf‘geé 'Ln%ardtaté’gra%’tﬁagﬁﬂsmeﬂ OLPGaL! g@%@%@?ﬁgﬁrﬁé@?@@'m to the

estimate catrons and relative éestinate at a he sel ect ed
UES. S4ranAnmiticélte she selb&ed@RIni cati on system according to claim53 wherein
comuni cation data for each selected UE has a quality of service and a data

rate requirenent and said network interface and associ ated geol ocati on

processors g4e &G ieledimBARGELE SbeSRlatlecill D BB W ikhgi0r OuPS based
in part on e quality or service an ata rate requirenents of the
conmmuniésibéarivnodiita of eadieseldctalhURiihtlades estirhatedabtivedeldeitydata &f wi r el ess

t el ecommunj cation  system according fo claimb51 wherein
the UE and said network interface and associated geolocation processors are
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 UR.

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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each base station includes a geol ocation processor cog,&llgd gﬁ |ts beam
former that 1is configured to process UE geol ocati on May gP% i ve to the
predeterm ned position of its antenna array systemto output selected
paranmeters to its beam forner such that its beamforner controls its RF
nmodul e ngug/ﬁogﬁgfwmt communi cation data for a sel ect ed’CBEISP%"gSIShaped beam
t hat enconpasses an -46 29 May 2006 WO 03/049409 PCT/ U802/ 37551

est i maestimhteddoé¢adivnaff thérseleabd EiEwhese genbcatioe datacuhichgoxtaspendsi ch

correspopds .to .t estimated | ocation,is.processed by said geol ocation
proces ﬁ’.e afgimate 'qcéﬁggés Pmcg%sgmﬁ%gqoéﬁcagvgtpgﬂqegg ording to claimb55
wherein comunication data for a UE has a quality of service and a data
rate requirement and each base station geol ocation processor is configured
to calcul aie bdawirelmssialecoprmunicstiorssyistam acdoeding de flatm 88 wherednsel ect ed UE

based in part on the quali f seryvi and data rate_r I rements of the
conmunFEAMUSation, aftao??}‘eat %Mt ?e%laﬁ.ﬁ:yt%s%gpcgcggg %E‘faqgfa R wirel ess
tel eCOM&@éﬂtoﬂn&ye%ﬁ:ﬁnbe?éécQ{a@i’oﬁggé&o@tﬁhﬂpﬁﬁemri%i Ponflge@édaat i on data of

each selected UE includes estinmated relative vel ocj té: data of = the UE and
each bealeulstabdasnioypohgpardmetepyforabeun directesiipiagelestedtUE baseddpat e  beam

formn araneters. for a beam,difected to a sel ected ¢ I n part on
bot 1 ¢ RetgEaBaseR bh haePuds B BefbiRes red e e fiBe SE MR el BAREReh 0 201
rel ati 4gta @Y titniteldaeithy stldtRdIEL he sel ected UE. 58. A wirel ess

t el econmuni cati on system according to claimb55 wherein each base station

geol ocation processor is configured to calculate transm ssion beam form ng
par anmet ers estimting.an area of tr m.SsSi Abeam as a
P ATEt o b Rl At SRRl FARST S e RO R GARRRy ADoam 2
t r ans n&ib@BioRA4e4 of2 Rh Qe Reled WE thdl@ddstingitad ralativeeelotiondstated (8, d) of
the selected UE, where 8 represents the angle of the UE froma O degree

r ef er etheeUBF and pactbhase sation @eolepatéemaraspasos i sprfigrred ip sakemlatet he di st ance

fromt ganl:)l ?'gr?ning 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
Apeam as a function of RF phase ¢ and transmission power P such that phase ¢
and transmission power P are selected so the relative location data (9, d) of the
selected UE, where 6 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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station antenna system/location, is within Abeam 59. r?%l@” rﬁbﬁés
t el ecommuni cati on system according to claimb58 wherei at se station
antenna system has a plurality of nodes Mwhich provide different shapes
of bea r e sanme phase and power; and each base i geol ocati on
procesgg'r(;ﬂ%@"%‘ggnf lgured to calculate transm ssion beﬁrﬁtrﬁ}gng?ﬁsgl par aneters
as a function of phase cp, transm ssion power P and antenna system -47 29
May 20GHodeVld (/1049408 FaCameRaR taHiRGespartisie besmufdrmer xepresgntipg@anet ers to
t he respective beam forner representi.ng a sglected conbination of phase
cp, tréﬁ?ﬁ?@P@Slmdg%éﬁ%@éﬁ?W§S B?“E‘?‘ﬁlrsrﬁ’b‘ganq@r’{lﬁ S%%?ﬁlr“ﬂﬁdﬁet ransni ssi on
beam f qyp LA, QP01 t@%nsﬁisﬂoﬁ%eﬁﬁffoi-ﬁ%ﬁﬁﬂmmm cation system according to claim
59 wherein "each base Station geol ocation processor is configured to out put
selected paraneters to the base station's beam former such that the base

station's beam fornmer controls the RF nodule to transm r receive
comuni cat | gﬁ dg‘%é‘“{’@?ss&e egrgpgmgpg@%ggsy ieﬁ@?ﬁm%g@ﬁsﬁﬂ%eémbﬁpasses an
esti ”ate%glél B4Rt 5%@10@‘ E&%catgﬁ'll g@&&%&%@@%&@%&l 86 ahitpht dRleatedhi ch

corresponds to t estl mat e ation of the selected UE is processed by
sai d ggarsmateroto thredmms stationfibeatm Wirmekr esch tleitdbe basmstativn's heapst em

according to claim,6 erein, each base station geol acat, on.processor is
conf i g&?‘gﬂert%n&@hscmeg%éh“?%ﬁ iangyRlL oF PSR W@‘I‘Bgfl&ﬁ@%tﬂg%bgﬁé‘st i mating an
area Ofsefe@%ﬂmiEQH 4 SRAP AN SR IRa tPEnBm. fab‘éb%ta]lcrpﬂst%aﬂa Rbaseh stgHe t hat phase

is selected so the relative location data of the selected UE is within the
ar ea ofseleetzdJE wthebegenlominakgpéa which carsespendsde theegimateddpedionon syst em

accordi to.cl aj 1 wherei eagh se.station antenna system has a
pl ur al iog&%ﬁei%%%%gff’ér?rﬂffﬁé%‘f%ﬁ%ﬁ geg‘?’BW‘H’ep’Eﬂc?sYS@F‘ent shapes of reception
beans for the sane phase; and the geolocation processor is configured to

calcul ate reception beamformng paraneters as a function of phase and
ant enna sys6km rAedriéssitelecuremamitation 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. A wireless telecommunication system according to claim 61 wherein
each base station antenna system has a plurality of reception modes which
provide different shapes of reception beams for the same phase; and the
geolocation processor is configured to calculate reception beam forming
parameters as a function of phase and antenna system reception mode and to
output parameters to the beam former representing a selected combination of

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

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

communication signals for a separate set of UEs; and
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out put paraneters to the beamfornmer representing a se tegoﬁénbi nation of
phase and antenna systemreception node to control re Pd am
formation. 63. A wireless tel econmuni cation system according to claimb55

wherein_ each se station RF nodule has the capacity rovide nore than
one trgrﬁ)so%ﬁ’?s“ﬁggn beam such that each transm ssion be%lﬁqsﬁy%ﬁﬂabl e of
carrying comrunication signals for a segarate set of UEs; and -48 29 My

2006 WD 03¢arhasgection bempIonrats operativelyasewiated witavhetRf medules
ted wth the orm . a set . of, desired

operativegly assogia F module to f .

CF anontS B AT SRR iRl Foa P S B aREs i HheER™ e base
st at | ORlSclRfHehHRa sBdtichs SNtehaMarPaycadRbdth & @paBldsfiftolGein®4. A W rel ess
t el econmuni cati on system according to claim51 further conprising a

plurality of nobile user equipnments (UEs), each UE including: an RF nodul e

cont i gured 05 ack Biefers P FRERnfRto] 9 SRR e L GRETBPRREA  °, 1 i ng
satel | E&xﬁgﬁﬁ?@a ﬁhﬁﬁ]ﬁiﬂsﬂ of@Bebil Wek 8l &ipndrRb CCEE U UH RRhwlisg.em accor di ng
er

to claimbl furt conprising a plurality of pobile user equipnents
(UEs), eachawBF medwedithat hamamessestatedanteananandsoci at ed antenna array

Yo, o, DE e SRl El 8SBUEALA bl TR 0 Torm 2

desired beAm&if € antennha array systemis

capabl gedlbeatibino dsidigA0globdlhoRitdeoh® Satellta (GPSTefiom. coupl ed to said beam
former that is configured to process UE geol ocation data of an estimated

UE |location relative to data of the known |ocation of a sel ected base

LAl on gt b e B P ABBIBLBS, (1L 1

nsm recel ve comruni cati on
dat a f egmpFisingel HatActyrdaobileaidep BquipnientH APESH, bednUEhatludéig:onpasses t he

known | ocation_of the selected base station where UE

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
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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geol ocation data relative to the known | ocation of the sel ected base
station is processed by said geol ocation processor. 66 May sBPfod of
selectively directing base station RF comunication signals in a wireless

tel eco lL.Latlon system wherein base stations which rl appi ng
transm Ssi 8ﬁ?9#(gnges conduct w rel ess RF conmuni cati oﬁgq&\éﬁ%ﬁ&i plurality of

user equipnents (UEs), the nethod conprising: a. determ ning an estinmated
| ocati on of beacHovfeaghppaidaliR, yidentiffng t¢sgh base stetiew bt chdsade station RF

comuni.cation.signal s:y-49 29 May 2006 WD 03/ 409. PCT/ US02/ 37851 b. for

each s:!illQ S ,Slﬁ%lg‘?ﬁ efvpﬁé_eé’ﬁ%rﬁpﬁ%ggaﬁ%ﬁt’[%%tgﬁr@??%c ng’ transm ssi on range

whi ch enconpassefr édvh sa8d URUetbridning ¢alatiod UK lochfion dathingdladiodE,

det er m ni nglhrel ative UE location data in relation to each identified base
£

st at i oo ¥8fhddentifipd base stationnusing Haithd/hleesasionndata pad prpdsfinedt a of the
I denti f ] ti.qn...d . for ddentified base station, calculating
beam ff(l)drc%gﬁg%%?? ﬁfet?llealge%té'@%%&iisﬁ S%%(ri?n’on said determned relative | ocation

data such tdat ecacbaddhdestifiadbagnadtibn, @ladsting beaih foaatngérerian from whi ch
RF conmruni cation signals for, that UE are to be transmtted; and f. formng

a set bpsed MeparPriduletgrmyned relative decation datmsnch dhabpacksDgnis s for sai d
UEs t itied ' .St alians: i d: cal- d b
For m navaphdd s bART Sho8apfil phWicRIRFordBhaRabchatghe | DoA™

comunikat WBrars tgbabsunkaiittethadindJE enconpasses the estimated | ocation of
that UE, and g. repeating steps _a-g based on selected criterja to
dynani cal | yi- r edoiminga eetiod dirested theamstof hasestatios Riheemmungeationrhe et hod

accor dijag,f9,£4.8 B8 GEGL COTTINIGAL LAB 1) Addln safPllodiidlas @ aual ity

of serviTCc€ an rate requirenent an
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 UEs.

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

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

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

each UE has a quality of service and a data rate requirement and said
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cal culating beamformng criteria such that each UE is assi %néﬁg’j to a
particul ar base station is based in part on the qual i434May 280% vi ce and
data rate requirenments of the communication data to be transmitted to the
UEs. 68, Th? rrgt hod according to claim66 wherein relative |ocation data of
each UEWOMYUUMEL estimated relative velocity data of YHEVYRPEAN sai d
calculating beamformng criteria such that each UE is assigned to a

parti cehlrnldsamcbesma faronng cdtdrismuathi thapeadh UR ibassignébta ®@partiondar ocat i on

dat a cQrrespondi, tqQ.the estimte | ocat i and the.rel ative
cat | nmDBEF RO 4 920 F DB OEHLS GRENES SeamHe ARA TR TAESSRBIREEPE o ai m 63
wher ei Bfﬁ%‘&ﬂﬁﬂl&lﬁﬂ{c‘aﬁﬂnﬁﬁgﬂd‘Wtraﬁéﬁ%té!ﬁtd"ﬁé PEguality of service and a data

rate requirenment and sai -50 29 May 2006 WO 03/049409 PCT/ US02/ 37851

cal culating beamformng criteria such that each UE is assigned to a
particul ar ase,statj,on i s hased in t.on.the quality of service and
fata rate 8 rBieAe oo e Ao IR v e B eRS e e ePaERI t e co ¢ he
UES. 7QyndRcalBt eshMame bake GtdtdnClirahsmbRiodsdah N bateén a-@latal repeated to
dynami cal 'y reconfigure base station transmi ssion beans based on a sel ected
type otypzhahgkange irlrelative locadioni datadenrrespondisgponthenestimatadeUdst i mat ed UE
| ocati ons, .and t rel.at.i ve estj mat ed.vel qQci of the UEs. 71. The

et hod?°§398’f‘§|Pﬂg%{‘%re(}?té?’%%’immgvee??’?ltgt gogi}/}bedgﬁfg. repeated to dynamically
reconfigure base station transm ssion beans based on a selected type of

change in the quality of service and data rate requirenments of the
communi cat i 9h dafhke methed acearding torclaim 67 whereussstepy 2-g appaepratedtP accor di ng

to claim 66. in st - ted to_d icall fi b
svat oy by obpd el bt Sulieh HEBSBLRDn By PARAH plelef, | 00 "2
failuregypel’df cildrezenBi IB]Q@'q%ﬁEW Bf Rervi€ ahaidith Garh96@iierhbitsdsf eeni ni ng of an

estimated | ocation of a UE is perforned by tel ecommunication system
communication data to be transmitted to the UEs.

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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triangulation of UE transmtted signals received by o%%tlﬁr gﬁ‘ﬁé base
stations. 74. The nethod according to claim 66 wherei ay rmning of
estimated location of a UE is perforned by a d obal Positioning

ggtel i %@{ﬁhﬁ;ﬂ at the UE. 75. A smart handover mtﬁ%@%’%@% ectively

directing base station RF conmmunication signals in a
t el ecommuni cati on system wherein base stations that have known | ocations
and over | appi ng daterminiegaweestimatpddocation ofa mohijle Bifewhichis respiVing cat i ons

with a bi | ser. equi E h th Li.sik.ng... -8l 29 May 2006
VO 03 SRR e SidB b ke elain RIS fooa TR ERE kM smigtion® 10

nobi | e ridgze\bll £ Plurlityestdia¥é Behtionk; communi cati on signals froma base station
and is located in the transm ssion range of a plurality of base stations;

b. identifybng ddentifyirgeanhhasestatinn thesdas atransmissiongangargichwni ch
enconpa t] 0 lon; c. determning relative UE | ocation
1355t A5L B B 5D

data in Ion ac '8¢ base station usi ng said estinmated UE

| ocation ang t heddaseinsh@idlaivesUR160Mtion d3¢ain Mlatich toadcbudaitifivdd beam
form n% criteria based in part on said determned relative |ocation data
such t Rase statienumsing sgids pefagtedoUdnlocaion and thgdhaserstatiomgI@owat at i ons from
whi ch Iﬂiaﬁg{pmni cation signals for that UE are to be transmtted; and f.
formng a ditected beam of base station RF conmunication signals for said
UEs transm gt ed dalculating Beaon foraeiag chitarid baselas pdrtam shid detemininddat ed  beam
formng criteria such that said_directed beam enconpasses_the esti nmated

| ocat i selative lasationdatasughghat easd Ml spssigapd toene ofsardadgntifed Ba%ed criteria
to dyn Q{gtfb%ls lf%m which RF communication 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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reconfigure base station transm ssion beans. 76. The b\god gcordi ng to
claim75 wherein communi cation data for the UE has an% F‘leé ®f service
and a data rate requirenent and said calculating beamformng criteria

such th is assigned to one of said identifie ations is
based iﬁfop‘%&%gggn the quality of service and data rat %&Z@?ﬁ’?’g nts of the
comuni cation data to be transmitted to the UEs. 77. The nethod according
to cl ai m 7578her Bhevmethat docerding bt dlaim dawherdin commustcating datadorest i mat ed

rel ati cit tasof the UE and said cal cul ati ..beam f.or m ng

i ¢ or Hhe LRRAS 4 dualil B Sendaniladin i ffetepl bad i BRI Dase

st at | OpgamSoRaRRtritBriR 80éh it BAEHUENS abfibrdd t6@nk 6F@Hid idntifiedbasy r espondi ng
to the estimated UE | ocation and the relative estimted velocity data of

t he HEstatimsig bised i2Qe8t onthe gnaliiysd ey ashdats 7o tr repgirementsek hod

accordi to claim77,wherein co ni, cat.l ata for the UE has a quality
of Ser&ﬁ‘%g"%ﬁdmécag] adqtﬁg%%?é’fﬁﬂspgn%ﬁ?o egﬂggi d calculating beamformng
criteria such that each UE is assigned to one of said identified base

stations is based in part on the qualit%/ of service and data rate
requi r enent §9.0f Thémethodrasnording torclaim & wherein stenaarg avegapeated e UE. 79.

The net;hod according.to glaim77 erein steps a- p to

dynami gg???ﬁ%@p’f%?%fﬁ“& g’zﬁ% gtatté&nivﬂﬁn??lésﬁls%e@esaingsng%%%fr%ﬁ gasgg‘%?eon a sel ected
type ofygdeneRangt ithalhtive 1b@ERn @itaddirtespondidgpntiongstifatddeUBst i mat ed UE
| ocation and the relative estinmated velocity data of the UE. 80. The nethod

3 L 2 . y
accor dleegtion agddherelative esimated wglecity datarad thepat ed to dynamically
reconfigure base station transm ssion beans based on a selected type of
change in the quality of service and data rate requirenments of the

comuni cati gm darig metHad dctardsig fotehdn 16 WhercibsteBa a-gldre repddieditoaccor di ng to
claim75 wherein steps a-g are repeated to dynam cally reconfigure base

st at i odynamishiysrecenfigyea base stadiprotransmission kepms 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 fo 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 UR 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);

-53-



type of base station failure. 82. The method according to claim75 wherein-
the deternmining of an estimated |ocation of the UE i%gﬂﬁ?‘?g?%d by

t el econmuni cati on system triangulation of UE transmtted signals received
by one re base stations. 83. The method accordin |l ai.m 75 wherein
t he det &%3 fwﬁ&g of an estinmated |ocation of the UE i's Pﬁg‘%‘ﬂed by a

A obal Positioning Satellite systemat the UE. 84. A wreless

t el ecomuni ezt kased ptatom konipg:i sing: a plurality of base stations for

conducting wrel ess ,RF conmuni cati ons ,w.th a nobil [ l.pment (UE);
-53 29 May 2006 ax\,ﬁ,ﬁ‘wdgﬁ@%ga%ﬁ%ogg%%@%g&asgsg%rﬁtﬁgﬁégﬂcgﬁ‘%t%n havi ng: an
RF nmodyl&ca69nidBd pesa6h 2h&d gastirapIie tiahsieidn gt WhidCaetldpaivith

a

predeterm ned position and geogr aphi ¢ _transm ssion range which overl aps
with thetanamsssiasiangeofat ast ong othenof said base plations; d base stations;

and a beam forner, operati vel ssci at ed, W t. h u forma set
of desired bean@bﬁ%ﬁh{%rf’ﬁ Vo ﬁégﬁtemw@#l%%ﬁa@?%togfﬁ%% s antenna
array smséfeiBsirsd beRakvatIh PFRRHEGI Beams wiRENPibidetafiase antdr@iaconnect i ng
sai d base stations and one or nore associated geol ocati on processors

conf i garmay systenpioepeblel pyeduasngit i on data that corresponds to an estimated
| ocation of '3 g&éﬁ%ﬁ%ﬁé@ﬁ%&ﬁgﬁe{c %g:ﬁla\ﬁfbgs% $i363hL ggggﬁ%aor%ox%m énna array

systems of HAE SSIon T anges enconpass the

est i mahggheladbd kéAbcadlon!f18cdushi8Gbaflghied toel ect a base station of the base
stations having transni ssion ranges that enconpass the estinmated | ocation

of the sel ect ed myBcesandEogrolesatioar datet thes qoprespendse tmanoestiipated t he

sel ect ﬁ%aB%‘E %t 881e2ed mobile UE relative to location data of antenna array

systems of base stations having transmission ranges that encompass the
estimated location of the selected UE;

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 UE has a quality of service and a data rate
requirement and said network interface and associated geolocation processors are
configured to select a base station based in part on the quality of service and data
rate requirements of the communication data to be transmitted to the selected

UE.

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

configured to select a base station based in part on both the geolocation data

54-



such that the selected base station transmts communication 8$ta for the
selected UE in a shaped beamthat enconpasses the estdMred%%dcati on of
the selected UE. 85. A wireless tel econmunication system according to

claim 8@%&2&5 conmmruni cation data for the sel ect e%ﬁﬁ{%@?’gﬁ quality of

service a ata rate requirenent and said networ ce and

associ at ed geol ocation processors are configured to select a base station
based iorrpsponding tolthe gstihateyd lofatmerandoelativg edtitmte velogty dafaioféeent s of the
com‘runiﬁ%lgtigipgata to be transmtted to the selected UE. 86. A wireless

t el ecofififfe on system according to claim84 wherein geolocation data of
the selected UE includes estinated relative velocity data of the UE and
said network interface and associ ated geol ocati on processors are
configured 8B sel witelesslbelseomsmanicatiohsybemiagcqyding to plabo B whezeigeol ocat i on

data -54 29 . May 2006 03/ 04 PCT(US02/ 37551. conrresponding to the
est i mf%nﬁ"tﬁ’éﬁ’tt{%‘d%gﬁéorﬁg?é? & @%ﬁihﬁﬁlaél‘\?&%%eﬁﬁvﬁgﬁlgd&fa@ﬁé esgl ected UE.
87. A Withsentl-2la2a AIB RbA PR KR AR RA6d fédMatation prétesoBSareher ei n

communi cation data for the selected UE has a quality of service and a data
rate rcexfiguredbodelentad hsaé stabionmbased inmast pathe wtﬁggmwa@ and dat@l ocat i on

processors are conpfigured to select ase .statli b i rt on the
qual i tw%fregwgﬁn@ggsaﬁﬂag?rgmﬁgagl% a&@ﬁ’gnvgn%?ﬁgeﬁet%ﬁggﬁsﬁiéf%gt ion data to
be trapgmtted to the selected UE. 88. A wireless tel ecomunication system

according to claim84 wherein each base station includes a geol ocation
processor coupled to its beamfornmer that is configured to process UE

array oyst gt o A= dreeRraSiBan S S PE el LR kB 00k T ha
i ts begfH iR Eatt R ¥ntRIdSs A bSolb¥ativRb@sd? cbiflad B fts beam former that
is configured to process UE geolocation data relative to the predetermined
position of its antenna array system to output selected parameters to its beam
former such that its beam former controls its RF module to transmit
communication data for a selected UE in a shaped beam that encompasses an
estimated location of the selected UE where geolocation data which corresponds

to the estimated location is processed by said geolocation processor.

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

data to be transmitted to the selected UE.

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

* forming parameters for a beam directed to the UE based in part on both the
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communi cation data for a selected UE in a shaped beam_that enconpasses an
estimated | ocation of the sel ected UE where geol ocati &1 3¥§0 i ch
corresponds to the estimated |location is processed by said geol ocation
processgQr. . A W reless tel econmuni cati on system accor.di o claim88
wher ei n%ococ?ﬁ%d?ﬁ cation data for a UE has a quality o%cg‘@%%r}%géland a data
rate requirenment and each base station geol ocation processor is configured
to cakgeslbedtionbdeenchmesporglipataitet estindted lecabionrandi redativedestunatesel ect ed UE
based in part on t;h uality of service and data rate requirenents of the
comunvelgeitpAataefithelFpe transnitted to the selected UE. 90. A wirel ess
t el ecommuni cati on system according to claim89 wherein geol ocation data of
the UE includes estimated relative velocity data of the UE and each base
station geo$hcatA wirepuss talsmmiisication systers dctondingite diaim 80wdwereint or nmi ng
paraneters for a beamdirected to the UE based i rt. on both the -55 29
Breg e el 5

May 2088ch heseosatian 4ejossbion Rg9sss9, o EARYHEBondi ng to

the es Eﬁﬁtfﬁ‘%ir%gﬁ%ﬁ@te"i‘ggy b&iRhtiNE a®SrbaBf BandB]Sionibeadpéovetiget he UE. 91.
A wireless tel ecommuni cation system according to claim90 wherein each
base sHadn@s afimctiondf BE irase gsaxut tragsmissiongeovest B sudntiafindaee ¢r ansni ssi on
beam form ng paraneters hy estjnating,an area,of transm.ssion.beam coverage
Abeam 8B FrEnsRUSTION POV 3K 58 g@ﬁl%&&ef?lﬁ'qgﬁ#@grﬁﬁ%ﬁgﬁeﬁﬁh’%@gh t hat phase
Cp angg | bes B0t UL refirahde\® thobadel On data (0,
d) of g’r%%@?ﬁ%@@“@%%ﬁ%@ﬁﬁ?ﬂe ang?e 8 the UE froma O degree

r ef er epetionf afteanh ayetens hadidreprasanindhe Wistenveafromd the pases efatwnt he di st ance
fromthe base statjon,6 antenna systemlocation, is within Abeam 92. A

Wi 1 el e8BtandRSYSIARY CEHPIP»dﬁwéa"é‘P sccording to claim 91 wherein each base
station antenna systemhas a plurality of nodes M which provide different

shapes of beans for the same phase and power; and each base station
92. Awireless telecommunication system according to claim 91 wherein

eacﬁ 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 parame'ters to the respective beam former representing a
selected combination of phase ¢, transmission power Pand 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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geol ocation processor is configured to calculate transm ssion beam form ng

paraneters as a function of phase 9, transm ssion po Magsi0&nt enna
system node Mand to output paranmeters to the respective beam forner
represent | sel ected conbi nati on of phase <p, tr 1 SS)| power P and
antenna%@%ﬁ’é%wrmde Mto control transm ssion beam fo @?’%ﬁ% 93. A

W rel ess tel econmuni cati on system according to claima88 wherein each base

st at i ofprefifk GR@hineterp HCSARitihg anonfdagefl mdeptior bepmt covetaget #tla par aneters
to the base station's beam forner suc1 at the_.base, stati eam forner

h t '
cont r ofenctien ok Ephnesuch thatpiase ds splege é?}‘}]éeﬁ%%’r’(ﬁp&%??’bﬂgwg?a for the
UE in gﬁs@gﬂggp%ﬁ%y&%a mgﬁﬁiﬁ%ﬁpﬂﬁé drated | ocation of the UE where

geol oc a Wwhich corre timated | ocation of the UE is
processed by said geol ocation processor. 94. A wirel ess tel econmunication
system according to claim88 wherein each base. staty ohgggél gcation

processor i95.cork Wiigtesg tqhme%mem%@@ PRI OLeN 5%’13415 FEY 2006 WO
03/ 049408, REI/ LRk find Q0L 1RRIAAREALf, BY r@ShlidR!hodbsiphabea of

recepti eam cover age as uncti o phase such that phase is
sel ect pgbvide tdifferent ahiapes lob aatéptiond heamsffor tthe dné phasehandtthe area of
recepti on beam coverage., 95. A wirel esi‘ét el eco ni Cﬁ{ I on S

é st em accordi ng
to cl aBaloentighe PEPGESSATaeh cB&@%“"seldatt? offt t&° eMCARs g%ﬂﬂgr ality of

recept hgfhﬁ&gﬁéaé{‘ﬁgﬁﬂ%%og{ Sibiledidd ghtehha shaRaSrRbphiaeaRideamdpars for the

sane pfiase; and ocation processor is configured to calculate
r ecept botputgapaimeters by thbeanHormer rpresehtingtd selected ghmbenatinn eint enna

system receptjon node and to outpu araneters t.o the am f.or mer
r epr esBhesarpdanienaa SERIeRFeHTRTIAG ﬁ‘t""og0 C%‘ﬁré)iéecgﬁ Oaﬁiﬁﬁwﬁﬁr‘&ﬁ PRm reception
node to control reception beamformation. 96. A wireless tel ecommuni cation

system according to claim88 wherein each base station RF nodule has the
capaci ty to9fir o\A dérebass eeledvammuonieation 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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transm ssi on beam such that each transm ssion beamis bl f carrying
communi cation signals for a separate set of UEs; and e@gﬁ%g‘ég‘gcti ve beam
former is operatively associated with the RF nodule to forma set of
desired i ssion beanms within a range of transm ssi whi ch t he
base sté‘ﬁ@ﬂﬁg}ogntenna array systemis capable of pr %ﬂ%%gﬁ A wirel ess
t el ecommuni cation system according to claim@84 further conprising a
plurality of beahifbenersererstipslyasotiatedyFsh thedRE modale todvruda degire$h RF nodul e

that has an associ ated antenna;, .and, a geol ocati on processor..th IS
confi gg’ﬁéﬁl v Wﬁé’?@ﬁ?ﬁn@rﬁm@mﬁé‘gﬁ%?‘r&ﬁyﬂ&?& Y ‘Qﬁp&g’kﬁ 8]i)osi ti oning
satell ip&@%ﬁ&fﬁ)a ystem 98. A wireless tel ecommuni cati on system accordi ng

to claim er conprising a plurality of nobile user equipnents
(UEs), eachalgeolonafiamprogessoncoupledrindanid beard formersibas inconfigareditha array

system -57 May 2006 3/ 049409 RCI/US02/ 37551 a beam mer

oper at iW%‘?eﬁsiﬁ%ﬁ%ﬁ%ﬁag’Hnﬂ#\??og %eﬁﬁmﬁg@uﬁ Iy P&ﬁ?@“&%&f@% of %t[aeam within a
range ohoReARBatMN A delitalb RRNBatdod Md SNHUE BelestedFariinetert to ieoduci ng; and
a geol ocation processor coupled to said beamfornmer that is configured to

pr oces dehib fpemensuth Gratdhe heah farmerscanteoletheURF myednle bntreasmil ¢ to data of

th k | ti f d.b t ati d
bar o PRve G REABBaM P FE b cRcten Revs T SRn IR RHREY e RR O .
modul e gh@orhp2ReE1 theOknowACRLN B0 WTMHY alebtedl Baden statiod eherel B& ed base

station in a shaped beam that enconpasses the known |ocation of the
sel ect gdoloaatiors tlata wehatiee teetheskneyen lesation of theselegiedase statier e known

| ocation of the selected base station is processed by said geol ocation
pr oces PEPCessasdy said geolocation processor.
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