FOR USI NG POSI TI ON LOCATI ON TO DI RECT NARROW BEAM ANTENNAS BACKGROUND OF
THE | NVENW@Dp/o#R682at ed Applications [0001] This applicati orCT/siwmBsTri ori
to U.S. Provisional Application No. 60/249,870, filed on Novenber 16, 2000:
Field of the Invention [0002] The present invention relates to

communi cations systens and net hods. Moire specifically, the present

i nvention relates to systens and net hods “for inproving the performance of
cellular tel ephone systens. Description of the Related Art: [0003] Cellular
t el ephone systens are characterized by a nunber of base stations each of
whi ch is equi METHOD AND AWMFOR%MMH‘ISN LOCXTIONT®Nnal | y
tonnected to an antenna arran&emant which row des a coverage area or

; M _e3eXXXW " ~661 T9>f WD 02/ 0A652 PCT/ US01/-13577 1 METHOD AND APPARATUS @

"cell"™. The conventi onal 'H&%RB&}] % IAyS i ncl udes three
antennas, each of which radiate energy over a 120 arc to provide the 360
‘toverage required for the cell. [0004] Smart antennas are arrays of antenna

el enents, each of which receive a signal to be transmtted with a

pr edet er mi ned phase offs féf Nﬁw y is to direct a
(transmt or receive) bemdagkg}e@aﬁt fﬁtlﬂ'g Ign. The beamis
steered by controlling the phase rel ationships of the signals which excite
the el ements of the array. Thus, snmart antennas direct a beamto each

i ndi vi dual Relsted Agplicatibad pl e users) as opposed to radiating energy to all

t hi det d 2 1 G52
peT) Usor L1085 B Stppeaite RER. ERTBNAP LR e raysionslar tPelilat 90
i ncrease SYHE mpﬁﬁubﬁ Naswember 16, 2000.

Field of the Invention

[0002] The present invention relates to communications systems and methods. More
specifically, the present invention relates to systems and methods for improving the

performance of cellular telephone systems.

Description of the Related Art:

[0003] Cellular telephone systems are characterized by a number of base stations each
of which is equipped with a transceiver. The transceiver is conventionally connected
to an antenna arrangement which provides a coverage area or ‘“cell”. The
conventional antenna arrangement typically includes three antennas, each of which
radiate energy over a 120° arc to provide the 360° coverage required for the cell.

[0004] Smart antennas are arrays of antenna elements, each of which receive a signal
to be transmitted with a predetermined phase offset. The net effect of the array is to
direct a (transmit or receive) beam in a predetermined direction. The beam is steered
by controlling the phase relationships of the signals which excite the elements of the
array. Thus, smart antennas direct a beam to each individual user (or multiple users)

as opposed to radiating energy to all users within a predetermined coverage area (e.g.,
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decreasi ng beam w dth and thereby decreasing interference. Wth a reduction
ininterference, increases in signal-to-interference and signal -to-noise
rati os redbo2/@iéBwi ng for inproved perfornance and/ or capecr/ugo1/Bemer
controll ed systens, this results in a reduction of the transmt power for a
gi ven | evel of performance. [0005] Wiile smart antennas are effective to

i nprove capacity, one problem associated,with the use of snmart antennas is
that of |ocating the user to whom a give% beamis to be directed. In the
reverse |i ot he 3 r.ival . of r transm . is
used to calriégl)a&e p%%&nﬁrg@tﬁo@ﬁ paggeiﬂg?sgnsﬁéll%tag?ég%ggsu@fgla%én%gsrtgét %%?c@a:% abl e

t echni que. deltbayingiBadme | widthC aid eiidretiye abdteBURS int@feréb C UINIH BYedwtgios iaf
arrival information are conputationally intensive, [0006] In addition, this
syst em wor iaesttence, ningigeses oMmsianal-ioniatesfersnse gand signakierndse matgs copltyser

via a strai ] ine. I fe. i s this
‘condi tion 3%@‘2’14?0@? h%#@cgc{sﬁéf%g%en%*dy?é&g? ?éﬁ ?’8¥VP%€<?I(§)&) Hggﬁ%%ﬂﬁﬁ{ﬁgs and
ot her st r ugtsulte in arducinef teskrasndt powdrifged fiveekrmel Jfpeffdimdteace, a need
remains in the art for a system or n%qteptg\gqfor_ i ncreasi ng system capacity

for cel | ul 490053 |¥pilfo fenagly apiRRas Sffecs 19, IIREY% GABAGYnetf PRORIHE art
for a syst gmoafa il the RE 0P SRkt hifeRhdids tHAE oP RRAtideMe Aberdo Wfdm hBivdn

cel lul ar telephone system equi pped wth smart antennas. SUMVARY THE

| NVENTI ON (o083 toTbeedinested. i In théeevarse link, thddmglesedirtival tofi energydtansigigtedf t he

resent inyenfion. -The jnventive systemincludes .a novel nobjle unit which
P ormmt car 8 e Bfkrf e GyRatafS il HeB T pon ol 8 e dbation, ot eltal 1
i ncl udes asyalgRR f AmeRRGHEY] @Akt RQhhigued fohf AIBingN aRRlE 8f tdrakacei ver

for transmtting the position information. In the preferred enbodi nent, the
t r anscei veinfogmaiicORvpcqrapiatianally stensivel t i pl e Access) system and the system

for genera 0Si,t.j.on ,i.nf tion ingl.udes. r nt f.or r iving a
G obal  postQNAIRFALEE AR sRER L e H St ARG HRR ey a5

[ 0009] The fiony et bisée viaas sraptatlined UsformapeBd in ome (e g verbpo)sérvitofiments
information froma renote unit and provide a received position signal in
response t Hp eppdition dopfones| hald, as the signals joften geflgctad ofd hugdmgs wnd jpther

mechani sm f i i m se to the received position signal.
In the illds ?ta elg\?}fef&}eegg(‘)’%lj %ﬁﬁu,t{bﬁ{eﬁmc janismfor directing the beamis a
smart ant efigi073 Heneenai ieed rehains mnthanttdfona systenayr method foemofeasing sgsterat wor k

for driving the array to qutput the directed pbeam BRI EF DESCRI PT] ON OF THE
DRAW NGS %apacity %or ce)(lu}ar tc('iep one systems. Speciﬁcalpy, ?here 1Bs a need in the art for a

system or method for ascertaining the position of a user in a cellular telephone system

equipped with smart antennas.

SUMMARY OF THE INVENTION

[0008] The need in the art is addressed by the teachings of the present invention. The
inventive system includes a novel mobile unit which communicates with a new and
advantageous base station. The mobile unit includes a system for generation of
position information and a transceiver for transmitting the position information. In
the preferred embodiment, the transceiver is a CDMA (Code Division Multiple
Access) system and the system for generating position information includes an

arrangement for receiving a Global Positioning System (GPS) signal.



[0010] Fig. 1 is a block diagram show ng one sector of a basic conventional
cellular system [0011] Fig. 2 is a diagramof a cellular tel ephone system
utili zi ngwo 8newss2ant enna system [0012] Fig. 3 is a di agrecyshawseg t he
propagati on conponents of the electromagnetic field between one subscri ber
unit and the base station. [0013] Fig. 4 is a block diagramof an
illustrative inplenentation of a nobile ynit in accordance with the present
teachings. [0014] Fig. 5 is a block diagramof an illustrative

i mpl ement aty - (PWeI N W E Nt he ' t he
present i i 2Bl dhepadicy Spitjetor R ERERUARIERIE bodEIKGRANLR TR
enbodi ment rérhote wwmitaant peovidedecesiyed positiorcsipipal imtdspenst hieréte ATl mowel biset he
present invention, [0016] Fig. 7 is a fl O\gedi agram of a beanformn

al gor i t hm StHPR AR RITEEr HIBRSEIYHAA SRECRRTIFMABH JEeHING RdcameMRIRATSE Fa¥€d on a
M ni rum Me $ I ! . ELQ. i : i agram
Fllustrati \%b eo Ht ogﬁgg-g{glﬂglr ﬁ%?@% gfsulsgﬁté‘;eonég{ﬂ@géﬁ El'([&l Th?g?a%hgglg%ﬁy rgmf!%ﬂl%g for
di recting war beam heasmanfantenea pyganrihcluding rani anennp Gorh§]anBi gbeatfosniagfl | ow
di agram of an i{5| usiratiye algorithmused to provide beanformng to a user
reporting BFYgskLendryipg 6316@8%%@5%& PP P@Rachi ngs of the . present

i nventi on. WD 02/ O 11GS2 PCT/ USOL/ ~3577 4 DESCRI PTI ON OF THE | NVENTI ON
[0019] Illustrative enbodi nents and exenpl ary applications will now be
descri bed with referen®@RIEF DESCRIFITHOMN O THE BRAWENGS di scl ose the
advant ageous teachings of the present invention. [0020] Wile the present

i nventi on is descri _bed herei n with reference to illustrative epbodi rrpnts.
for parti cgétnro]q:ﬁ)ga.lui@&tmea@diagﬁanﬁﬁwiﬂg Bfie BELERT GFt0Mict dbalventital EslRMri ON 'S
not limted thereto. Those having ordinary skill in the art and access to

t he teachi Ag¥ePr ovi ded herein will recognize additional nodifications,

el d i n oy T RELEERLS obia it MopRRRS PR FlliiNd oRHR iR

[ 0021] Fi gsysterns a bl ock di agram showi ng one sector of a basic conventional
cel lul ar sistem The system 10" includes a base station 20' which transmts

and recei v&012] §ig 3 is & dizaram shewing) @FaP‘ioP%aé‘Pf‘ s"(S’SER‘:’PP‘HérOquFt%IC%tE?' t he
three sect %agrﬂ%'tii}clefgélﬁget%%n ot sutRBshe? Gnit aﬁ@ﬁ{%%%é, M&ion, Fach antenna is

designed to e sector of coverage 2 The area of coverage
provi ded by0Q13¢ Figreie adniockrdizgrameofgn il6stra@ide idglenentatibn of a mabdlesinitded.
Hence, three antenna& I§ets are t]é/,gi cally used to provide 360 coverage
required fafcosdange waththe prgsent feachings. e hase station 20' uses one transmit

(forvard | yeugs) 8,882 bidtk dalstainT 6l iMEdRtivY ihpiRikhtatibn BK) bARILAASH 22
and 24" as'is common in the art. Wile this approach has been used
ef f ect i vel peecadatae avithtthesteaclyngs afyhe presand invieniorheen sonewhat limited. As

Tent 1 o0 RS £ 0885 BERSG LAGSbSn! LSRRG bR Dol L

system uti kysté gncdrsoi@ing the teachiifgsofihe presdiénwyiibem 10" of Fig. 2 is
simlar to_ that shown in Fig. .1 with_ the exception of a smart antenna array

40" in |iel0Yolfie THset flastdpgram ehrindeamformmng algogthrg: ingplemenged fn The
coverage 5?185095211'%5 "wift! cmﬁnt?c%{% ?él%hiﬂgélbas%}ﬁsérﬁ IMERh G ek Sghﬁeﬁj Ergp shown

for conparison. shown 1 n mart antennas are arrays of antenna
el ement s 4Algorghmh of which receive a signal to be transmtted with a

predet e RSl RUEeS 1L A el iseShLE St o2 bl 50eBling resich Sar et 2
by the method for directing narrow beams of the present invention.
[0018] Fig. 9 is a flow diagram of an illustrative algorithm used to provide
beamforming to a user reporting his position in accordance with the teachings of the

present invention.



in a predeterm ned direction. Each beamis controllable by controlling the
phase WO 02/ U~16~2 5 PCT/ USQOL/ - 43577 rel ationshi ps of the signals used to
excite (owoeeneilgead fron) the el ements 42' of the array 40bcT/UShwuss7snart
antennas direct a beamto each individual user as opposed to radiating
energy to (or receiving energy fron) ail users within a predeterm ned
coverage area (e.g., 120) as per conventional antennas. Hence, snart

antennas i ncrease system capacity by d_ecr4easi ng beam w dt h and t hereby

decreasing interference. ?ﬁd}: ﬂbﬁbﬁflﬂﬁmﬁﬁflw”ce’ an increase in
signal -to-interference and signal-to-noise ratio result allow ng for
i nproved performance and/ or capacity. t0023] However, as nentioned above,

while snart nas .are effective to i mprove capacity,. one probl em
Rssoci at ed WP Hiiade Sobodiiens Bre ExeEblmsaniaeor ViLARY (f SeTter to
whom a gi vVepiPRATEAR tBQhé’Ecc@h‘[p%ﬁ&i?g -dré\ﬁingsh&) diSM6dcSthe |at1%{ﬁta%%8€s ﬁﬁtgﬁﬁ‘gsOf

arrival of energy transmtted by e user is used to calculate the ‘user's
posi ti on byoftthe presgot imvensionor ot her suitabl e technique. Unfortunately,

current te i ..far cal cul ati angl e .of, arr. val ornmat i ar.e

Compat at 1 o0 e SEe oBlsafton A Siserfea Bt Fin crBhER b Alifes (o o
urban envi réﬂ%ﬁﬂﬁéﬁs fo?!p?artfé@lbﬂ iabbl%%tidﬁ’é?& dhehilds ﬂld@ﬁst&dﬂQhﬁﬂ 188 fveh@orPist en
reflected of f of buil di na_s and ot her structures and received as a nmultipath

beam Thi s ot ligtpd ghesetoi dhpseghaving polpmey skill gn the arkandd afcessrta thesteashingg t he

propagatio nent.s of ..t h r i I . bet S cri ber
Cni ¢ and ¢ PEORORE "SRR, Oyt FfecShfe | AARARGY ShodBiaions BRRbe s Rk
are caused dmbodidhdnee Wwithin thie Seupet bieteof) ahy adbigioaslv fields e nwhich QB2 plestigance, a
need continues to exjist in the art for a systemor nethod for increasing
syst em capdByenjion youldde ofisigniticang pilif¥e systens. Specifically, there is a
need in th Halg e f L ; L& of a
user in a ggﬁltlj flié) ltéli%lﬁ{:}hg] é yastnqrg%aggé iogf)3?%%$§2%a€%&ggﬁéﬁﬁgg§]1%i s need
i s addr essegstly. t e tystarhil@fdncbdéshe bpseestativin 207y whichdmansifiite and wecdivese
systemincl udes a nqvel nohile unit which c nicafes with a new,gnd
Sdvant ageo B4 B0 A PHBES7T! HOSEHO PO S e dhEE SEvan PR 22

il lustratiwg igplepe 0k, Of i Nidas ot pr esent
t eachi ngs. \m'?heamrm%i [ feyseénc?]? a§'o Fﬁ%‘fﬁ@%ﬁ’%ﬁf éli%sgs%n@gﬁg n%gaggde.lmad%gog?ft o]
recei ve posioverage 28jc dfhiccaressoferaviesagk ipoonidedr ynihit eahisy ahtenmasuely, 26’ ,22h24 Q¢ obal

Posi ti oni ng d:\gte_m Signals fromthe GPS antenna 32 are processed by a GPS

signal  Wind%-d p1hadebcHepegthrogsanfengas, sels ates bypically tpryvisle sor 34
out puts posi.t.i S | i e t] :

mul ti pl exess,éo%‘%{gé]3 pé%}l??%goggatﬁ%{l %/\ne?ltmh%g? g’/iqdé \??% %@Q?éi J#f(’t%grdfn é?éa%§91tf or

t ransm ssi dforivgrddink) anteord 26 arBBtwd diversity (retire linkdardernasli 228 and 2dhas is

hoee’ot " erctiaiynCHR RS R B, i o B e AR o
not limt e@aﬁé@ﬁ?%c@eofm@ bEdEMEwHae Bfifed OA s WhtiBRed Hovk Z@hriMnitdhn@d her

communi cati ons technol ogi es such as TDVA or GSM wi t hout departing fromthe
scope of t rheingréitieed torivereasieribe cdrooitpl aeellylas telephodeore fully below, in the

preferred b S§i. s r Nl S oyed by ich GPS
over head di{i@ﬁﬁisﬁﬁ g:iesl €g§P g%rﬁlt% é %eas éa?gélg{’}g%'g%%w}élnﬁtﬁfﬁ%ér‘?ln}afteﬂ]\{\?néﬁt he
mobi | e uni tsysiém! The Bstéran0AafWHig.i 2 is @imildr B@that shoxddintHi@ T, with ¢helRtéptidd | S

adapted to receive a signal froman airborne platformas well as froma
satel lite WAdemas) sptemsrmAmay A0y d) lieyaf the, Hiuee se5t0T| BBieRRAOA o &t aands26’ of
transmttedg;byt t i , ,.P,@E@O | : i niH.g. 5.
[ 0029] Fi géﬂ% ll's@ebﬁoggéggisggpgggokp%ehﬁ ust rn;?%i% %&?%ﬁé@%ﬁﬁ‘gﬁ%%ﬁ& a
. base st ati chowm faccompkaisor. Wwh4 khdviwe int i (2, sgmrtodntérnes preeseayts ofnamerinaon.  As
shown in Fig. 6 e base station 50 includes a smart. antenna, array 40 of
Spati al Iy 10epts/A, patholonhigh arcsinen 5808 1o bh 4FaaRipd 6th a prosstegmined
. convent i ongjhaRNARed PH Y RO R AR 4851407 is thidirebien RARMEN drsecvRE BNt . the
array 40, is part of a Smart Antenna“system and feeds a smart antenna
pr ocessi ng iviar predeterpgnedrdizegione e Eachn eamn ris gputrajipblenby gdrigollingIthe phasey of
receivers 52, a nunber of beanform ng elenents 54, a spatial processor 60
and a Rake receiver 70. [0030] Returning briefly to Fig. 5, in accordance
with the present teachings, a system processor 100 provi des base station
position data froma GPS signal processor 110 to the Spatial processor 60.
As di scussed nore fully below, the processor is progranmed) in accordance
with the present teachings, to utilize the position data provided by the
user and the base station position data to steer the beans output by the
array 40. [0031] Fig. 6 is a block diagramof an illustrative enbodi nent of
a smart antenna systemincorporating the teachings of the present

A I Y b1 - b - ~ o . o e



WO 02/0.11(S2 7 PCT/USQOL/-43577 In the illustrative enbodi nent, each

recei ver 52 downconverts and denodul ates the signal received by the el enent
42 and perwoozsiiaet ched filtering appropriate for a given pee{so1/43577
Consequently, each receiver accepts a radio frequency (RF) input signal
froman antenna el enent and processes it to output a baseband signal per
each user. [0032] Each receiver 52 is cor%nect ed to all of the beanforners
54 and a spatial processing unit 60. The-beanform ng operation consists of
mul tiplicat]j 1 i ONS:; Feq@ég‘ a aseband
si gnal frorﬁ’a]?ﬁ%r%r 32)?\% Qg%%?ﬁ%e?fn% %ﬁ%ﬁ}ﬁg I catﬁ%ﬁ?ghﬁaﬁﬁrg%gégbgﬁﬁgsi gnal
and then summydbesThid)ismast mienphediséoyadicamHoraeh intindBud) eaer a3ropposed4o
includes a multiplier 56 Wiich nultiplies &Se recei ved baseband si ggal by a
wei ght pr ovrdaipeSNaLER 1@ iTaFeiRE CESEYn oM all Bers Twithim A preslelesnice g
performa c | tipli [ Thi j .S jr h beam
‘There are t@%&%%f(fn?dri?r% %@S baga 2 %@S’eﬁg’g%ﬁgﬁt ﬁlnrfa{ﬁ'l t F—% éég’ usglgarr';gﬁt?‘ﬁgagact ual
beam i s f orifiachsby systefii Ogpatibe Y Nd¥cdssiAll| béaph | witith anml ebereby hdareasitiger 58
in each beanformer 54. [0033] The sumed signals are supplied to the rake
recei ver 70nterfereneegk Withs a dpdiistion dn Artedesence; 4B iBeIeRGHa henal-#RsnbteRsnse ner s,

del ays and Lnes .k : S] | : LAl i 00, i ation

t akes pl acgﬁg%@qﬁk#ggggﬁ?org%ﬁ%‘% ?"F’l@g"sﬁ%}‘e{?@g?%glpgcessérﬁg aﬁ%%é%%af%r each |
and Q sanpl{8023THowayvat,iaalmegntionak shavy, whild srifrt iastenempe sfibéteveftorimgmiver m ni ng
the characteristics of the beans,to be formed. The spati al 8? ocessj ng unit

60 i mpl emerfPRACHY, QAPIAPSFASTRIBeh B RA 1 C4 ST PHAPITS A4 OF IRFARRE WPt h ¢ he
present tegghy tag&oﬁ?a%a%%,ﬁms&r%@d{rwth Bethe Yever Q47K uFeoarn{gPe SMivdrased
system an optimal beanformng solution, froma user capacily perspective,
i s achi evedfbgnergyx inansmitigdt bye the gusett -i$ asébite ecal¢ulate | he endeg’s epesitidRabyo.

Uilizing typical. nmethods su as, the "Optimal Wener Solution" results in
ndded conpl SRR Ptiof o Stk YRR ek aern WAPHYRERy Rrmotnie-Bavsnior 1° rany
cases a "neglcuRfhs fRdle of Aivhi iforfatio&e 36MpeMaEnMtifiteh§ige.pr esent teachi ngs,

requiring far less ( conplexity, cost and tine delay. This is illustrated
with resped®024 Unfergunately, in spaie eRvirpmonany (efg. grban enyirgnmprys) Hisondibiont a

beanf orm n hi i t i i i achi ngs
based on a M nll%r)[rlPr(r)1i *‘gﬁaﬁ@%ﬁgf {egcf) Prrgt}&iﬁ(ﬁg%ffIﬂf‘ﬁﬁld&é&?@fd&fs{%&g@@séﬁi g. 7,
the processgectdd ab Behuldpsh blens Thizds @dpictedi Fg/N16s2 PCT/ USOL/ ~3577 8

acknow edgi ng. user access_of the systemat step 210' and generation of a
pi | ot si gndP033) Fig s} dh s diageane ishowings theppropagation; cogppapents oof the ety eq

si gnal vect i n ' t eag: ion of

t he beanfo rrﬁétgrnhtgcu?%gﬁ éﬂ%&s(?réepa%géﬁsp gﬁﬂgfmrl ct)!r’{§ ?gsr? cs?zlitg{r\l' ?glgbgggﬁgﬂ%t ween

t he pil ot sngtipdth acainpdrentseawhioch mere casedit by Neflectiant @t egat260g , by htheer r or
function is _mnimzed using the Wener-Hopf equation or the Opti num W ener
sol ution. EPHATTYMat step 270", optinized weights are applied to the
beanf or ner .[oé2%] Hechidlah Gle¥d dofifinéeR! UbAL! 8Nt afthRr VWisghés omuRthaSTdrhe

cal cul ation of eigenvalues and other |inear algebra operations which

requi re nuriRgreasingpyysteas sapacspdpncelbiar tejepbasy systemag c Sperifiedlywithete iha
present te { nas, e V] ] i . pasition data
and (Il ocal a}i%gdr Pg.lﬁﬁ %g? (gr)ea Itg gsq et%'rsnr}]gthgd g&e}aés %ﬁ%@lﬁ&&ﬁ?aﬁgggﬁﬁg ‘%é{ F{{o is the
present i neliluoelephonesystan kgsipped ®ith wiralt danednae nThist meelfiig addiesstéd687] Fi g.
8 is a flow di a%{lam il Eust rative of the spatial processing nethod utilized

by the net Hbritepeiings; ofdhe pregeri dnvestion e Ahe INyenk YeesysteRs WRtudesg Bavsl pebilehe
novel et haqd. j b ebl: OBas8 nd, optionally,

| ocal terrgl:aht a('EHa&)t\ﬁ%lﬁ itlaltg%‘raér:‘lﬁlﬁg aH%gJ %‘ggﬁ}l‘%‘?ﬂ?gﬁ) vveisgﬁgtagog'nd i ncl udes the

, step (210) [00273 &g dvisedbckodiagmm efcareidlsstodtive mmpleyentation lof 2 naabilstuajt iR20, t he
user reports hi.s posjtion, then at st 23 th l.gorithm show ip,Fig. 9
s Usea: [ dgeineR gitnghp Bresenteastinek Thn oS AR A 0y drs AL AORE OFim s e
. to provide jJagasd & Btéide HBsifot! kRatibERBAAIE fBmA ferﬂ%'sgdt@iﬂ shéh &ctheiglange W th
the teachings of the present invention. At steps 232 and 234 the user's
posi ti on arResitioning $ystemorSighals frombths GRS antenaa 320re procpised by e (SR osigned
spatial processing unit 60 (Fig. 6) which, at step 236 cal culates the
direction of the user with respect to the base station. Those skilled in
the art will appreciate that the present teachings are not limted to the
manner by which the user's position is determined. O her techniques nay be

used to determ ne user and base station position w thout departing fromthe
scope of the present



teachings. The direction of the user is calculated by converting the GPS
coordi nate data to beanform ng coordi nate data and by using trigononetric

t echni queveer/h41kizown to those skilled in the art. WO 02pO1/L86 3577

PCT/ USOL/ - 13s77 9 [0039] Next, at steps 238 and 240, the nunber and
direction of the beans is cal culated using information supplied by an
optional nultipath database 240. [0040] gge data base could be either based
on anal ysis of the surroundings, or a neasurenent is performed. Measured

daa i's asSRtd: S4DOTINGRS BN 84 ofTRORLRUIPHE D8 Wit Spn@ENOU

t he coveradge area. I'le position an of arrival e energy woul d
be | ogged. wilticls seledtivelyombittiphexesi tedpdsionrdasdt with lpeovided vipat tsed attatms S7

Finally, at step 242, the gain and phase of the aptenna pattern.is
det er mi ned TRSTHIAH A2 3?%?91%3%61 bF pixfered empptiment ¢ ENSIvE48 [ 0041]
Ret urni ng 40, Ebde di@is'&tmﬁftﬁ;ﬁé #285s tlahsdel\Rr U $ofwe YOS hod0bf braRREY siifl $n tfacat i on,

the systemuses an algorithmthat generates a pattern that covers the
entire sectadrwill pPpr]atdehatitheiimgntion iSimpt lifitettlgeretot Jibe pofsentteachimgs magnt enna

processor 50 is input to a transceiver 80 of. design con ction
Ponpat bl e Wiz 1 ciferteriyBm Ao tecigofeiet P (DML SRASM Fish&ier ver
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[0029] Fig. 6 is a block diagram of an illustrative implementation of a base station in
accordance with the teachings of the present invention. As shown in Fig. 6, the base
station 50 includes a smart antenna array 40 of spatially localized radiating elements
42. The array 40 may be of a conventional phased array antenna design. In the
preferred embodiment, the array 40.is part of a Smart Antenna system and feeds a
smart antenna processing circuit 50. The processing circuit 50 includes a plurality of
receivers 52, a number of beamforming elements 54, a spatial processor 60 and a
Rake receiver 70.
[0030] Returning briefly to Fig. 5, in accordance with the present teachings, a system
processor 100 provides base station position data from a GPS signal processor 110 to
the Spatial processor 60. As discussed more fully below, the processor is
programmed, in accordance with the present teachings, to utilize the position data
provided by the user and the base station position data to steer the beams output by
the array 40.
[0031] Fig. 6 is a block diagram of an illustrative embodiment of a smart antenna
system incorporating the teachings of the present invention. As shown in Fig. 6, each

of the n elements 42 of the antenna array 40 feeds an associated one of n receivers 52.
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received baseband signal by a weight provided by the spatial processing unit 60. The

multipliers 56 perform a complex multiplication. This operation is required for each
beam. There are typically multiple beams per user and multiple users. The actual
beam is formed by summing the complex-multiplied samples with an adder 58 in each
beamformer 54.

[0033] The summed signals are supplied to the rake receiver 70. The rake receiver 70
accepts the outputs of the beamformers, delays and combines these signals in an
optimal fashion. This operation takes place under the control of the spatial processing
unit 60 for each I and Q sample. The spatial processing unit 60 is responsible for
determining the characteristics of the beams to be formed. The spatial processing unit
60 implements an advantageous beamforming algorithm in accordance with the
present teachings as discussed more fully below.

[0034] For a CDMA based system, an optimal beamforming solution, from a user
capacity perspective, is achieved by maximizing the Signal-to-Noise-plus-Interference
Ratio. Utilizing typical methods such as the “Optimal Wiener Solution” results in
added complexity, cost and potential time delays within the system. In many cases a
“near optimal” solution can be achieved with the present teachings, requiring far less
complexity, cost and time delay. This is illustrated with respect of Figs. 7 - 9 below.
[0035] Fig. 7 is a flow diagram of a beamforming algorithm implemented in
accordance with conventional teachings based on a Minimum Mean Squared Error

Algorithm.  As illustrated in Fig. 7, the process 200’ includes the steps of
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10%& ()-  algorithm shown in Fig. 9 is used.
[0038] Fig. 9 is a flow diagram of an illustrative algorithm used to provide
beamforming to a user reporting his position in accordance with the teachings of the
present invention. At steps 232 and 234 the user’s position and the position of the
base station 20 are provided to the spatial processing unit 60 (Fig. 6) which, at step
236 calculates the direction of the user with respect to the base station. Those skilled
in the art will appreciate that the present teachings are not limited to the manner by
which the user’s position is determined. Other techniques may be used to determine
user and base station position without departing from the scope of the present
teachings. The direction of the user is calculated by converting the GPS coordinate
data to beamforming coordinate data and by using trigonometric techniques well-

known to those skilled in the art.
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calculated using information supplied by an optional multipath database 240.
[0040] The data base could be either based on analysis of the surroundings, or a
measurement is performed. Measured data is assumed to be more accurate. A mobile
would be driven throughout the coverage area. Mobile position and angle of arrival of
the energy would be logged. This data would be used to create the multipath database.
Finally, at step 242, the gain and phase of the antenna pattern is determined using
antenna array characteristics supplied at step 244.
[0041] Returning to Fig. 8, at step 220, if the user does not report his location, the
system uses an algorithm that generates a pattern that covers the entire sector.
[0042] Returning to Fig. 5, the output of the smart antenna processor 50 is input to a
transceiver 80 of design and construction compatible with the transceiver 38 of the
mobile unit 30. The transceiver 80 communicates with an external network such as a
Public Switched Telephone (PSTN) 140 via a bi-directional switch 130.
[0043] Thus, the present invention has been described herein with reference to a
particular embodiment for a particular application. Those having ordinary skill in the
art and access to the present teachings will recognize additional modifications,
applications and embodiments within the scope thereof.
[0044] It is therefore intended by the appended claims to cover any and all such
applications, modifications and embodiments within the scope of the present
invention.

Accordingly,
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2 a system for generation of position information and

means for transmitting said position information.

2. The invention of Claim 1 wherein said system for generation of position

2 information includes means for receiving a signal from a satellite.

3. The invention of Claim 2 wherein said system for generation of position

2  information includes means for receiving a Global Positioning System signal.

4. The invention of Claim 1 wherein said system for generation of position

2 information includes means for receiving a signal from an airborne platform.

5. The invention of Claim 1 wherein said means for transmitting said position

2 information includes a CDMA transmitter.

6. A base station having:
2 means for receiving position information from a remote unit and providing a
received position signal in response thereto and

4 means for directing a beam in response to said received position signal.

7. The invention of Claim 6 wherein said position information is provided at

2 least in part by a Global Positioning System.

8. The invention of Claim 7 wherein said remote unit is a mobile transceiver.

9. The invention of Claim 8 wherein said mobile transceiver is a CDMA

2  transceiver.
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11. The invention of Claim 6 wherein said means for directing a beam

2  includes a smart antenna.

12. The invention of Claim 11 wherein said means for directing a beam

2 includes an antenna array.

13. The invention of Claim 12 further including means for driving said array

2 to output a directed beam.

14. The invention of Claim 13 wherein said means for driving includes a

2 beamforming network.

15. A cellular communications system comprising:

2 a mobile transceiver having:
a GPS system for generation of position information and

4 means for transmitting said position information and

a base station having:
6 means for receiving said position information and providing a

received position signal in response thereto and

8 means located at said base station for directing a beam in response to

said received position signal.
16. The invention of Claim 15 wherein said GPS system is GPS assisted.

17. The invention of Claim 15 wherein said means for directing a beam

2 includes a smart antenna.
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2 tooutput a directed beam.

20. The invention of Claim 19 wherein said means for driving includes a

2 beamforming network.

21. A method for effecting directional cellular communications including the
2 steps of:

generating position information at a mobile transceiver;
4 transmitting said position information;

means for receiving said position information at a base station and providing a
6 received position signal in response thereto; and

directing a beam from said base station to said mobile transceiver in response

8  to said received position signal.



