[ 0001] METHOD AND APPARATUS FOR PONER CONTRCL IN A
MULTI PLE ANTENNA SYSTEM [ 0002] FI ELD OF | NVENTI ON
WO 0@63249Fhe present invention relates to power PCDUI82006/019008
in wireless communi cati on systens. Mre particularly,
the present invention relates to a nmethod and
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ERRMRESRSA gdgyice to set its initial transnmit power
to a level t at I's suitable for reception by a

receiver. Once a communication link is established

t hat receiver, power control (CLPC)
sc(#ima is used to nai ﬁé@%%ﬁﬁg}nmm cation link at a
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[dd?)%? equ atI%’ co%\rrlgrit?ornall f()ﬁ’é sc %?nrt]ess,e a mobile device transmits a signal
to an intended base station using a predetermined initial transmit power. At the
base station, the quality of the transmitted signal is measured to determine if a
communication link can be established with the mobile device. In this regard,
the quality of the transmitted signal is typically a measure of pathloss,
interference, or signal-to-interference ratio (SIR). If the quality of the
transmitted signal is suitable for establishing a communication link, the base
station transmits a response signal to the mobile device indicating the same. If,
however, the transmitted signal is deemed inadequate, and/or if a response
signal is not received at the mobile device, the mobile device increases its
transmit power, retransmits its signal, and waits for the base station response

signal. Until the mobile device actually receives the response signal, the mobile

device will continue to increase its transmit power by a predetermined amount at
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signal is not received at the nobile device, the
nobi | e device increases its transmt power, .
woedsannits its signal, and waits for the basPCHUSL00€0M9008
response signal. Until the nobile device actually
recei ves the response signal, the nobile device wll
medétenmindddimn diiteacsls Thistdoataitidnad OMHC Bdhethe is illlllstrated in
redet ernm ned anount atpredetermned tinme intervals.
I%ﬁ'flge -onventional OLPC schenme is illustrated in Figure
0007 [ I Quy e, r ical ..
e sent e g Ry it Hh oy e? a3t Rlation of the
con¥entianed Yy echamne Hesenibed dové isusttovat. eThes tihesteat28@cheme

a function.in a single-antenna |
R RS BRI Findieat frinele AoimricBrhi aruaupigation
depizeatoet i shoarnCWARgEEIMALE OPerdthS § UODNEA SEDMRIOOE UMTS
t el ecoqmuni cations system, or any other wreless _
(BBHeERs cé’i“?béﬁ s@&“@%mlﬁ}e@&nsl Y8 Pb esnyalotherh wireless
c@mh%ﬂ%téﬁlnk, the OLPC schene 100 first requires

a nobile device to transmt an initial transm’ SSi on
[90Qfal T1km order tmestablish cedetwricdtiveditlk, dhe OLP@esme 100

I i . Af. deter.mi ned. . tinme interval Dt, if
oAl o e St B Lo
ihitialf prdsterashead tREWRt Powsr i6vel PAS ed iy ,aaltc;lféd%ﬁérnd&ﬁ&f Eime
.incr age E P, and the signal is retransmtted T2at an

o tr

R tesmobilgodeticzs npfereteived: anpsspbesal sfgnabd the
tAfstiSHOM BowbiBid Rkidadba by Qﬁ%%@éo“}%?!{‘ﬁ%eﬁé AR %?/& % signatis

pr edet er m ned power 1 ncrease as | ndi cat
retyansiniytediTirdlapvadj@stad trmsmiObdver®Ryy avhereif BY may be defined

il ar .t.he,fransmt power P, pof sybsequent )
PRty 6‘%%53%#&&8’@““&0@63?%%‘1 ﬁlémrf plefmaned pufes dn@gase
Ay, dimdidacetl By Bgluation Rtbelgw:Pt n-i + Di P, Equation (2)
wherein DOP, i.e., the increase in transmt power, my
be fixed, or variable. [0009P™AsPrndddhted by Hemati®C(l)

SeaNeRp, thdQrafniip Pb\!vgr BEVr g@ns@&&ént%?%mﬁ%sioﬁsﬁq may ke defined

retransmt 1ts transm ssi on Si gnal
genrnaldneedndicated by Equation 2 below:

Prn= Proi+ ZAP, Equation (2)

wherein AiP, i.e., the increase in transmit power, may be fixed, or variable.

[0009] As indicated by the OLPC scheme 100, a mobile device must
continue to retransmit its transmission signal Ts, T4, ...Ty at an increased
transmit power Prs Pry ...Pry, until it receives a response signal, i.e., until a
communication link is established. Once a communication link is established,
the OPLC function 100 terminates and a CLPC function (not shown) takes over
power control of the established communication link. According to this type of
conventional OLPC scheme 100, mobile devices may be required to transmit
communication signals at large average power levels due to, for example,
prolonged moments of fading or increased multi-path. In addition, conventional

OLPC schemes are only applicable to single-antenna mobile communication
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transmt power Pt3Pt4 ...P Tn, until it receives a
response signal, i.e., until a comunication link is
wesiahp49shed. Once a comunication |ink is esteti/ustvee)19008
the OPLC function 100 term nates and a CLPC function
(not shown) takes over power control of the
d&3teab I TEhe o LABLEiSIRAH OLPC Bkherd€ Egildted go bptitditd ah WpRial
of conventional O.PC schene 100, nobile devices may be
tranemitrpower 4o mrulkiple-enteaRmASTIEas-i on signal s at |arge
age I
O nte BRSGiiseR Sote EirhBle fanfS AR Bnd RAd AR for
p@ﬁdi:mhg mpendmpepowmadnt&lﬁﬁ multeaesermaed@me,s that minimizes
i cabl e to,single-antenna nobile ¢
DRI CRBHOR IR LS SN L I0RE: REHeBS st an LPC
schene tailored to optimze an initial transmt power
in multiple-antenna devices. [0010] Accordingly, it is
[083%i rabl e to have a nmet hoSUR aratus for
[0??[5{ or m %eoﬁgghrltqﬁgeﬁ%ﬁe{s g%ﬁtﬁ@& ahfl a?#ﬁ%éth@%ﬁ?éﬁorming
ces that™ mninm zes power consunp In Wretless
o Iob podér @ntmy (iDIaB@) i ﬂuﬁ)]ﬂianﬁ‘éﬂwﬁctémcfe@ ®h2] m¥ikmizes power

presenl i pvention is a nethod and rat u
CPSRRGLIR. BYEIFF ST DBIER B0 U PSF, ORPCY PRI Set of antenna
ngélhtté isaplceiah e hREsticd3tcopieh bfth ZRHsROESN SI8ASIIBRrodUIe a
W rel ess conmuni cati on s stems. An initial set_of

Wammwammgqsm signajeleen ot a@%ﬁxq@ﬁnv e VBjoRByitaRlexing

(ﬁg@}dﬁﬁﬁﬂﬁﬂe‘% %tattﬂﬂr 9%'3‘ ighLR9modulated on a
m ssion signarl. n an oft requency
sdlested iséifbﬂ%ubtchrﬂla)slam@ m%maﬁmmme a&a@hted using the selected

| t | | at ed
anfeheawEie: 5 etieb PRnemEo I i L en d g yppe an
iMBhphéwrEalls tRSsiigise! pevad anteanaiiefagtvrs. sibdal strength

wel ghted transm ssion signal is then transmtted usi_ng
acknowlgdgemherdy és anot treepived sfspmwn apovietended geceiver within a

p};e?tglésj aé&(? anesfn@&%la Sthé %g%rﬂlaa& gﬁﬂwﬁgﬁaﬁg@%kd lafdA®the sub-

r'om an |n recerv
cqfrigietaenioseldctedMenodiil #edalandt weighted raval viee gievvsly aveghted

adJ usted and/ gr. t he subc are r | ecte
TSI SIEI ifetegtt ﬁeamﬂaﬁ%d ity SXPIP ﬁgragﬁex&aém power is

nfa'iﬁ‘if%ﬁﬁ%(féﬂ Dhx&l S8k ab $hd SntehaRWHigHI8 And/ R eR¥RIdMub-carriers
transm ssion power is

are adjusted and is increased only if a satisfactory signal strength

acknowledgment is not received after a predetermined number of weight

adjustments.
[0013] BRIEF DESCRIPTION OF THE DRAWINGS
[0014] A more detailed understanding of the invention may be had from the

following description of a preferred embodiment, given by way of example and to
be understood in conjunction with the accompanying drawings wherein:
[0015] Figure 1 illustrates a graphical representation of a conventional

open loop power control (OLPC) scheme;
-3-



mai ntai ned at a fixed value as the antenna wei ghts
and/ or selected sub-carriers are adjusted and is
wopweaa®ed only if a satisfactory signal strenpthUsS2006/019008
acknow edgnment is not received after a predeterm ned
nunber of weight adjustnents. [0013] BRI EF DESCRI PTI ON
[0OEGITHE DRIgHHGS {IGBtrhdds Anflow dédgraie df uaaledEP@ndihegne in
of the in e&{?iron y.bethaqlfromthefollovving
acg IR PrESe ¥ enbodi ment, gi ven by way of
[00%AP! € Fsh03 PEULHAESsS hORGrdlébsC Bainil/FeBivel fikitt (VPTRU)
acconpanyi ng draw ngs_wher ei n: %0015] Figure 1
configused tet iszplemgniaidtd @BPCrschems ohtha Pisgerf inyention; and

vent i g . . C X
0pgRLGT FE s el ARR RABhichP R Benk Sicias SFORPE sghome
ackofiing to themesentaneentidri.h t he present invention;

[0017] Figure 3 illustrates a wreless
transmt/receive unit (WIRU) configured to inplenent

[ogimg] OHEA I HIS DESERITEON OFeHE PREFERRED EMBOSIVEINT(S)

gure 4 illustrates asgr aphi cal representati on of an

[00RBIC s ché&tazeaftem ravirgessdrameanibreesive upis (WHR rincludes byt is
n Qﬁgé_\lm%c% &%g%@?bg&gm(ﬁiﬁ slt:',) thic fyed ogmel\@m&r@er unit,

a w’rel'ess trafsmt/recerve uni

pd28F RiY)anyuthertspe bfidevice capableiofiofezatihgirea wieless environment.

qui ppent bile station,, .fixed or bile .su ri ber

hirblEptaaso Fopaien, s Biisara i by BUT B oE LR gh bR ode B,
RPEIALINRG, Addeds MihebeSSy OIMEE m@amht ek 485 sl whil
Slhe_reafter, aebalime1 st a??%n i ncl'udes beut is not1 limted o5
evoranopgIde- B, site controller, access point or any

rty f in G i i K

B30T ormae Brytsib EleR bt r A, Ol Al EBuRE Bonral (OLPC)
schegie dooW TRRE uSe it maltifl®aRtnmohiestessarothiddhichidon syséems.

in multiple-antenn jrej ess c ni cati.on stens. .
C%ﬁﬁﬁ%&%@&@%ﬂ%@@% b LA AES desigmed; oz uge 1 single-
algt%ﬁhg-'%?ﬂe 8&FicdiSthd PreSddISLEARE BRMIVes AR tHEN nf@8ly théRasing

present” schene’invol ves nore than nmerely increasing
the transmission power of a signal until that signal is successfully received at a

receiver. As further discussed below, the OLPC scheme of the present invention
involves adjusting various antenna weights of a transmission signal while
maintaining an overall transmit power. If receipt of the transmission signal is
not successfully acknowledged after a predetermined number of weight
adjustments, only then will the overall transmit power be increased. Controlling
the transmit power in this manner minimizes the amount of power consumed in
establishing a communication link and ensures an initially lower average
transmit power once the link is established.

[0022] By way of background, a multiple-antenna system, refers generally
to a wireless communication system wherein at least one transmitter and/or

receiver employ more than one antenna. Examples of these systems include
CDMA, wideband (W)-CDMA, CDMA-one, CDMA-2000, IS95A, IS95B, IS95C,
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the transm ssion power of a signal until that signal

is successfully received at a receiver. As further
wae@ens®ed bel ow, the CLPC schene of the presePtT/US2006/019008

i nvention involves adjusting various antenna wei ghts

of a transm ssion signal while nmaintaining an overall
UMES and btheosveOF DM/ORBMARbasel sytents; suxdbnislohgersh giélution

g SR bl TN S0 B o 1 LY o

mt%‘rf T 18ldntéd R SPEtEmBOYG, dP&hb Qﬁ{lﬁé’ﬁ@&’dva@w%ésoé»f{ Wtigzihf %faulti—

smt power In this mannér mni m zes the anount o
apienea devigsuinethderspasind Biviegsitngnd impravedisystenpthroiighput via
and.ensures.an initially | ower average transmt power
Sl BIRPIERIE'  est abl  shed. [0022] By way of
[0oaskgr oulSgatial diiletdipt eefory wnim isorsased likeflRob8 of successfully
generally to.a wreless co ni cati on system wherein .
trgpsinghiag” grality; st cansedh iy orn rBeEsased HBPYy ofdransmit

anidANa® " SNef Wodds, B IBR nasaHek of RRRENSY P @8Rk MWl nces of
CDMA, wi deband (W - CDMA,” CDVA- one, CDMA- 2000, | S95A,

suc8e5Bylly {39BCNIKING aaqvihliby higns] inCrepipCrEpatia) avdtiplexing refers

syst ens,. such _as.l.ong-term evolution.(LTE) 3GPP, | EEE
oA ip A na iRt ST R sl S GpE by s ot 6 Bame
tife And e thetseniafreysdiRfSspeditan0f ThirenfltipRixing characteristic

advant ages of utj]i zi ngh%ul ti ant enna devi.ces i ncl ude

enables asyatem e jachieyn dighe Brakddatpstalns @RAOREIReSR Fpeptrum
effRRhEA! WHA b Pt MiniuldHén lwifl? tho BLEE vsﬁlgmb Yot tHE Present

0 adn increased Ii ke% of successfu
inventiem;ispatinbdiyersitytandsipghial srudtiplesihgnandre itiizedds sdnimize
nunber of gr anﬁﬂejtbaﬁ%gﬂnas. | n._ ot her words 188 tnhe
PO B B PLR e HHASRY S BAPTOV NS PRLGTR S8PR(ILy; periormance,
aﬁdjejﬁeaFlﬁpthﬂ,y transmtting a quality signal increases.
mul tiplexing refers to transmtti

Spati a ng and,
0028k vi néfeffrrmenore i sTrmaHoM @lﬁg@naﬁ%ﬂﬂ@éra&mgtmethod
ford ﬂérin%iﬁ% Q)FF]IBU L& aaRBinks %HH'E BEY pPERat iRt & shown.
mul 1 pl exi ng characteristic enables a systemto
Opeh l@pagowegltentrpbmkindatad vdtensa signal iscgenasaidd Spepunpases of

ffici.ency. \Wen. used .i nj tign wt he .QLRC
el sommpicaBaR ik G ERE) (el of shicnel png fhen
géabhied|(step OB Rk G AOwitBA Jeeialitd pdraBiel dopReites Ihtthe case of an
OFDM/OFDMA-based system, including single carrier FDMA (S-FDMA), these

signal copies are modulated onto a plurality of selected sub-carriers (step 203a).

-

An initial set of antenna weights is then selected (step 204) for application to the
signal copies and/or the modulated sub-carriers. Next, the signal copies and/or
sub-carriers are multiplied by the selected antenna weights to produce a
weighted signal (step 206). '

[0025] Applying antenna weights or "weighting" refers to the process of
modifying particular transmit parameters, (e.g., phase, amplitude, etc.), of
particular signals and/or sub-carriers before they are transmitted across multiple

transmit antennas. This weighting process results in a combined signal that
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power consunption, thereby further inproving system
capacity, performance, and throughput. [0024]
woredoene498y now t oFi gure 2, a fl ow di agram 200 PCT/US2006/019008
illustrating a nmethod for inplenmenting OLPC in
accordance with the present invention is shown. Open
wheo fraewitted Onetdia)ﬁesii:heihlighésitsa@a{]/rm;mmgthiignﬂie disection of a
gen rated for ur oses. of establishin omuni n
APEAR T s, S5 PRSETGU SR SHA Pt ARERPBILed f0 the
1nﬁ?£le{r§hﬁﬁls@§>heﬁgﬁ£)l3@step3 004 BSeNddrd r@ce’iﬁfohaéf the signal at an
oparallel converter. I'n the case of

inGrRidlareirerhane do so,esn‘@fm aidesived “twglsmlh greeclevel.er FDVA

FDVA l. t
[Oé?%]r al i % )E/; efg (Zlgl O?c ?léeg cgﬁir;e?ler S %@%ﬂ 8 %ﬁ%@,&namay be
adcombplishedsieyt amj' applﬁo@ﬁiaae maglat Puréyﬁ:lyema)seﬂ ce«ahqﬂe,(thb épitial

wisghis Mok he Selateq iorunsorRbepk apeinghe R, Hoisehdedool
mﬁy' Rok ?h@é &b 1&%@116@' b}édéltér%’ﬁngﬂ W t@@% ﬁ&&ﬁﬁa@i‘&h@ BoFigured

StO I‘O uceavvel I ste
fof @b@ﬁ@ﬁm@wWﬁ@%Iénﬁéwmaaumlght@ antenm WV@Fﬁhtﬁ gﬂa:sr b¢ eglected

rocess np | l.ar, tr
acﬁ%’#&ﬂ% ttg N sprilce téme ccﬁ% S% sglgenr,g% %&rglgg ’ i é}t‘tx%i')q’a.ﬁ% tting WTRU
utfildFdsi the éb"rgﬁhﬂﬁﬁkﬁ' ta:leldfadirllg ab-tharvarius hebanes thelgtantine
transmtte acgross multiple.transmt aten Thi s
onkzérp@hw BRp RS- ATERPS Weights B 18 %%?d according to

st g eﬁgﬁfbcéﬁ@&%mahhgp qualdy ﬁihﬁ%t&ﬁe(dngbe%t Sdngﬂ?ér example

h in the direction of desired receiver. In
metiwdwf detenmining aatermauvmmgh’ra m@n@@ mweltgﬂn-mmxtenabmlwatput

itial Jans, n SI 2

OB S irenfh ohenBE | KRG Riml i Rl gt wnlnown
cHag@el \hﬁpulsa NdsponseBiffvnd Isfgnalsj ﬁﬁévli(m&l}ﬁ rédedvrsdt vipotkermultiple
| evel . [0026] Se) i on of the initjal ant nna wei ght s
an{STR 20 5omry VBT BEHDIMEBHRE TR o thege Impulse
ediBRs¥ss. Purely by way of exanple, the |n|t|al wei ght's

may be sel ected froma "code book" stored in the WRU.
[008Ys cod Befmnthyk do figired, oher thenantanne weights are selected

PR 2 B RO Ta R FooRch BE WY oOinenSein el Rker 20, the

traédisfonBign 16 Hrahesited fache ahilgiplOattenpas @tép 268) with an

¢codi ng schene, wherein the transm ttlﬁ% WI'RU
initial overall transmit power. As used herein, "overall transmit power" refers to

the total transmit power consumed in transmitting a transmission signal via
multiple transmit antennas, understanding that the transmit power consumed
by individual antennas may vary.

[0028] If within a predetermined time interval, a response signal is
received, (step 210), a communication link is established (step 216) and the
method 200 terminates. A response signal may include any type of indication, for
example, a CQI, that alerts the WTRU that the weighted signal has been

successfully received.



utilizes the correlation of the fading at the various

antennas to determ ne opti mal antenna wei ghts. Antenna
wowrioght®smay al so be sel ected accordi ng to preRCDUSI006/019008

recei ved channel quality indicators (CQs). Yet

anot her exanpl e nethod of determ ning antenna weights

[0026] udes1flkddpdhss & gﬁﬂl is HBtlrbéddl @t GUPL10)( MdMitiabhhtedna
beam form n Bl i nd beam form ng attenpts, toextract
weightroae a@mﬁ%ﬁ@(stm%m)@@drtbg mggss% figaphisapyveighted (step

205 . Tt hBRREC YR 208, 11 GRRAIRT BLOAS OV ENRed

inﬁﬂéinﬁﬁta&hm, [aOﬂﬂ'é’l}enReéteoff subgcdraieks nmyﬁregw@:ted formoedulating
t

B B Aot e 0P B GHPEL FR o e BP0 p BUp R (R iilal

antbAnS w&g&&t@ rast%psmg TtSShbGRISeThétie@ th ot éverh At tith aldpls€ing the
antennas (step 208) with an initial overall transmt

anfewer . weightss et dfesriai re-selecting snbramaeri (stepowde), ther eyezall
trlag ns?ﬁogv%&%mg{n%m g@’\nﬁ#}hﬁg?e : éaftﬂoﬁé {ps,ttlﬁégﬂteﬁna

Ssi oA signa nsm t~ ant'enna
woighied ahd/oriraigelbdthig sulecdmrimns may mesulbin che bramsohibyower for a

i ndi ant enngs 0028] .1 f. wi thi
DG S RoAEUT FHEST PPGH Y tPRR TS Hun rgrpefhihe overal
trﬁﬁ%itvﬁﬁver(o?tam%h@ HtenrthsGemRd frtdagie. | i nk is

est abli shed (step 216) and the nmethod 200 term nates.

[0ABEk pons é\fsarg:ha weight ddivstmpntaapdioy subsprrierdiecsplecsion (step

21 e RePgndr il antolh Righldelaisd ihd ilapossign of o

whighed lesgmms(etep| m; the Oi[omrmememoomdepermm whesher a
initial, t.enna ted (st 21

resRense; ERd i §?@h‘¥§1vgﬁ o the Tradbiern P??P@&Oé) %585%19 It

tHeea(!Ja&?em drit8n4 %&e@@n@ Q&M/o&%a@a@ul SGb-daitriafl fFD paﬂaee a

I npl’enent ation, a fferent set of sub-carriers ma%/
respbesst @igndlo fchmutﬂrm vigighis Aresrepdisted pdior @ugw)set of sub-

oL T80 o 2 AL o D0 (10 00), oo
thhoveighted sigiadl is fbtﬁﬁijsuﬁtﬂed@sﬁeb g1aen ﬂ&nmaxijmﬂmgﬁltt&etmdémlssmn
c;lrcrfe,rlee Sgtle%c.‘t)_.m %ol?owe gfrslteelgss 26§ t 588 212& 215h con \{r?ues until a
response signal is successfully received.

[0031] If after a predetermined number of weight and/or sub-carrier
adjustment/retransmission cycles, a response signal has not been received, the
overall transmission power allotment is increased (step 214). Based on this
higher power allotment, the antenna weights are readjusted and/or the sub-
carriers are reselected (step 212) and the remainder of the OLPC scheme 200 is
repeated until a communication link is established (step 216), or until the OLPC
scheme 200 is otherwise terminated. It should be noted that the subsequent
power increases (step 214) may be by fixed or by variable amounts.

[0032] Referring now to Figure 3, a WIRU 300 configured to implement
OLPC in accordance with the present invention is shown. Included in the WITRU
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transmt power remains unchanged. That is to say,

al t hough adj usting antenna wei ghts and/ or re-selecting
waeweaa49si ers may result in the transmt powerPEDUSH06/019008

particul ar sub-carrier and/or a particul ar antenna(s)

bei ng i ncreased, the overall transmt power of all the

360LH RN al @ERbASo! BE2 S Eenel AN hn Ahlted] triigsiikiBAtsignal, a
adj ustment s and/ or sub-carrijer re-selection (ste

seried) to maraligll (YR  comverter R04a fore pROYIGIIS KPRIeP s?fegbe initial

L
atiteana neigtss gneludig overell radsmittiiower adjmspmentst amwiltiplier 308

time perigd (.step 210). If.the adj na . ..
opei e iy SR roRies it et T EPEHORHITA Reiehiipe she
mAdiREADBES c&i8] usihBehaahtmha Weichty proaided igatjeistiglting
d/ or a new set of subcarriers i s sel ected

an tep
preeossor BAG ans Rhaalin eftfransanid/ragee %te{lge%él(g é‘)%b’aw&c,---
e A 0
irfcbidedvindhbyjllwttested JOTRUIN), is amcbp2ibdal cwletstonags puoressora312

response sjignal. i s successf ul eceived. [0031], If
R b e PR AR O e oREFGh ES enapdreighs.
[0D8BT car I TRIthadVERUTB0b/ fR! sighsngderatdr 302l ferdtes an initial
response signal has not been received, the oqverall
trapaméssiassignabionestablisbingeh eopmumieationdank wakhe gt sx2mple, 2
Based. - [ i ghey 1 nt : :
b e G sholthp b oS s UER F0LRANIn the S/P
corepelee 804 svhesd mmltZfl2 copingofithe trapsmissthersigial ahegelepged, one
schene 200.. s ,repeat until.. nmunication link is
cRgS PETo-BARHDE LD G5B Eshe Bhirahis 1 R eERb Qs i hogh 3102
316h, 3108 Wis3n ! AninRRd1a8: of dntehay hibidles @b €t Hidtaitddtoy the
subsequent power increases (step 214) may be by fixed
welghbing, arpegsser 306ufars appbemign fef Ehe joqgiesoff ttée Feeparated
3 . U. . T . _
R .
iditial seted anberzewdERUEHY ahy appipgiadé npane;iacmdiddfrofoa code
enerating ap_initial transym ssion sign serial t
SETpEe BYoCRsSo %}%Whe?}h%ﬁgr%@rmf;‘@&n%}nspﬁfg@?fl&f?ﬁ@“éﬁ%ﬁ Eevigpsly
ubiliSed Bhidndk WéigheM ssion signal, a weighting processor
306 for obtaining and adjusting
[0034] To illustrate, and purely by way of example, the initial set of

weights may be selected according to a space-time coding scheme, wherein the
weighting processor 306 is configured to utilize its awareness of the correlation of
the fading of the plurality of transmit/receive antennas 310a, 310b, 310c,... 310n
in determining optimal antenna weights. Alternatively, the weighting processor
306 may be configured to estimate optimal antenna weights based on a MIMO
blind beam forming algorithm. In a preferred embodiment, the weighting
processor 306 selects as the initial antenna weights, weights which have

previously been generated and are stored in the optional code book processor 312.
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antenna wei ghts, including overall transmt power
adjustnents, a nultiplier 308 for weighting the signal
w@oeas19sor in the case of OFDM OFDVA, wei ght i PQT/UR®06/019008
nodul ated sub-carriers, using the antenna weights
provi ded by the wei ghting processor 306, and a
[opiser al i tyOaie t #hn aftdrnae eRigets antec Bolested] Ghe Dikdtiplier 308
310c, ... 310n, for transmpitting, weighted, signals and
mudiipliescibie\selegtadeanisnna veeighia by sighal fopies Hppiaduge aveighated
trah kS SpdIT Rt B00cAe AP ORTMATOREEL A4 F4Rsmitter, an
processor for storing predeterm ned and/ or
optiendl subicgrriky geneeaton (meshawne gt also pe oB3jdddifor generating
RU.3Q00, the_signal .gemerator 30 nerates a
a3 FRLEFHIE: hoROT IO AR RGF CL T ey o [ such an
1S PIRMsRL L0, Re bhkadrh ardmoauigd withdthbaip@abtdiiesand then
(not shown). This transm ssion signal .is then
wetahted dydthe, myltipiep 308§ yepg cthessplectpd (antapmg jvpights. The
. <t1r ,
i e S R e

urality o
bageastativn (mnacbowa) ashoveighted t0ansn3igGibn sired at a predgteymined

An initial, set of. t enna.wei.ght s _ar,e t.hen pbt ai
osrellfEnsis R e EEe Bl ane o Sroaplr st Fantydy Lfk, 3o,
3E001. P09l If WRhEeA pidletsimiinad sith Sipt&vak the altended Baze Station

regard, the wejghting processor 306 _may obtain the,.

(oki ghozm) s@knevlegis% sechiongeit thepyreighfed pansprissipa signal, a
rER AR silgﬂﬁi Wi 80i3dCH & WERBL 9HGURgPE QEBSSMicAdén link is
whi ch st/ores and nai ntai ns predefined and/ or

egoablislods| y utilized antenna weights. [0034] To

) ST R Rl T T b

aSlBRRHedddiE thd HelthtBEfRess0 806 ipbrfbhias Wefigh dfigtment of the
processor 306 is configured to utilize its _awareness |,

ingtial patererepighto-cof Phate, pritgde fandnany, ptheg| pregetgrmined
tlltanrnggé Haﬁf?éi:@fs‘f %.nﬂ%ﬁpg e §&ﬁ§tm§ﬂt@ Bo B4 Qﬁléllgilplier 388Nwhere

rmning optimal antenna wei ghts. Al natively,
thdye anei aipliedgtopthe cdgmal 8@Besrmpdie swntigiered Optionally or

L i mal i ghts based i
ARG iPh GU BB R HAT G0 AR EaY SO FRr e
14 Ahdd BELRhIReRsR. BROhsalyardishiad sidifal idiHenabtranbaivied to

wei ghts, wei ghts which have . .
the base station (not shown) via the plurality of transmit/receive antennas 310a,

310b, 310c,... 310n. It should be noted, that in adjusting the antenna weights

and/or reselected sub-carriers, the overall initial transmit power remains
unchanged.

[0037] If after the first antenna weight and/or sub-carrier adjustment,
receipt of the weighted transmission signal is still not acknowledgment, the
antenna weights are readjusted, reapplied, and the weighted transmission signal
is retransmitted. Optionally or additionally, the sub-carriers set may be
reselected and weighted via the current or adjusted antenna weights. This

adjustment/ retransmission cycle continues until the weighted transmission

9-



previously been generated and are stored in the

opti onal code book processor 312.[0035] Once the
wa@nicenp@sivei ghts are sel ected, the nultiplier BOBUS2006/019008

mul tiplies the selected antenna wei ghts by signal

copies to produce a weighted transm ssion signal. In
CAS - e ot t
T e ey A0l (0t By o, an

ackuswitdgerhent ydlesting ithe samd is ebeitadrig thepVEBE! 800 Aschoted
S e PrisPa b lisdes s i PR ERRIRR B roRegiTin
rhdyeier'Whh ghiagstains theeverdll trahblit pohers ittdnitha, sRldesdretned

antenna wei ghts. The wej ght ed, si gnal copi es and/or
lesiel. I phegmeords,dhe Ruerall aRTMIssion noyes is porranlined, praferably
. : oL L .
S0 BB 85 BBl RS b oy e s,
WCDMA GEM, IEREa8G2il 11, rIdRE 862.46e,ddlE SCPR) &tc.31t0is, only after

310¢........310n. 1§ within a predetermned.tine .
CPRPLH R o M RSB R e R Ep it AT AL it power may
baGkaeub&l ae FudBbegist@ze@beldke Wei ghted transm ssion
signal, a response _signal is received in the WIRU 300

la com¥ift catprefietermineds nagrbay) of neeight ougler |sub-carrier

. ‘. - weiah S .
g B B L ity S5 b mot
ypt ifeen nackaofviledeged a dhel steighting fproéessomniB06 aincerasenthe overall
I ght i.e., ph , | ifude, . and any. ot her
st aphHosit elanamt: Barh ot ghis; emaok AEer lotment, the
adférfl Welphss hadbP ehdnélbéiel isab-caPlersiR1Radfu8bed2kEnal copies
applied to the signal copies and/or sub-carriers.
apgtar sHhicryriens agel-Teighdpd \andithe weighted signet isgetransmifited as
T b ) R o byl (AT e b Anf i fes the
thedshaldsfor foiaote tantdérim waight shdfor aub{caotiers Adjm)menta/seleetions

Lyrality of transmt/r j ve. ant ennas 310a, 310b,
ot @ comrigpientiof finik i eetrlishe 3 gt gubsaiient perall pover
ihd1Ra i FeBR Rk Sry2 TH5R6u1 BE lofsd 1@t BHP s8Rt uBABincreases
the overall initial transmt power remai ns unchanged.

npgokey by pfixgritaanourieanpt tn therditshineroasiegor bya gasiable amount.
[(%‘5@] carri Gﬁceagjcméation link is established, i.e., once receipt of the

transmission signal is acknowledged at the base station (not shown), the
corresponding set of antenna weights and/or the corresponding set of sub-carriers
used in generating the response is preferably stored, perhaps in the optional code
storage processor 312, for use in establishing future communication links. In
smart-antenna-configured WTRUs, these antenna weights/sub-carrier
combinations may be utilized as an initial configuration for use in beam forming
and/or in various other MIMO algorithms.

[0040] Referring now to Figure 4, a graphical representation 400 of OLPC
implemented according to the present invention is shown. The graphical

representation 400 may represent an OLPC function in a multi-antenna WTRU

-10-



recei pt of the weighted transm ssion signal is stil
not acknow edgnent, the antenna wei ghts are o

wo eadjize5ed, reapplied, and the weighted transPCEEBI6/019008
signal is retransmtted. Optionally or additionally,
the sub-carriers set may be reselected and wei ghted
(btestionen) eunfigidled3h opeidis hed CIEAN UDMRRONY, CDONIN-Spe, UMTS,
Cgﬂ)ust ment/ retransm ssion cycle continues until the

%@g‘@Mﬁaﬁsﬁlﬂpw,dEﬁ% $QL.16¢, ELEESNZ 11, L TR EGRRdor any
otBe BEIANS G BieldA0toRlRNL AR AR RC Ko edgenent
refl gth T PRERNr

ectl € Sane 1S recel ve e RU 300. As
[6tldd abolreordendo astablish aveinghtisication gk atWIRAN thot RBown)

sub-carriers,. re-selected in a nmanner that

AL 4D IRUADEPSTYSSiom AP ToWEIEnked peith mnselpdied set of
apt@tiel Weiphds it 8VRlitiall Proddi&iminNel $Panshiie EBYI%{ #vel Py, In an
transm ssion_power is normalized, preferably accor di ng

QiPMnbasgd implerpentationtdemeights avelprlieGbivan 20i6ia] set of selected

B0 O R o B 47y g o

has nueth eecedfedadjnu atkmovledgmbsls cohfiéminge r@dé@ﬁtg bf the ngghted
i scusse

t 1.t be increased, as further i
t?@%%glf% 8‘%8\9?{ gt anieppa a‘@eé}tﬁﬁﬁ%dmaﬁ?ﬁ@@d@r thesgnearriers
aP& OfcRblebtdd- GA hi @Narfdl USHATE 'Horﬁt%liﬁ%g Ayl %‘a?inta{ifl% rgxfee'iﬁﬁial,

of the wei ght ed transm ssion signal has not ye een

predetermniagd depnsmit pawer karistanty 'Beesewly Bh6sted anbasmsweights

) | ot ment . ,Ba on' . .
< P AL L 0 a5 P BOURRa | AT RS yRPemissin
signal Bristrbranehiited Opsishalaor hédisionn Ry, fems S@;toﬁ tﬁlul()j-carrieé's is

ghted, an

Si gnal . copi es /or.syb-carriers are re-weight
r%SﬁEec&%q aﬂﬁ é?&agﬁ Wltlj‘ls#‘reellnﬂ"éﬂsﬁ’il@@a ERightseot wiiidy the newly
adprstdd Hednnd Wesgitgw overal | transmt power all ot ment
beconmes the threshold for future antenna wei ght and/or

(00481 car r ilEpfterithis antenme/weaighiandimssubntarriea adjustment, receipt
' ' I ' bl 1sh ntil a .
of SERINAEL bEemliton S SR R biEno Wiedsithe Rutennauygishts
ahd/os hidue| slelbﬁgd odddcdritiats &lrrys églitiiﬁeﬂtgjﬁﬁte;il neLwagkted ™@iud the
.b [ .an t, to e first increase, or
r%?*ﬂa%e‘ir {rlé‘)ég’éﬂ%ﬁwa m)}uj ﬂﬁlgg% 3‘99]18 GrRtensmEtietuni Ehisi divstment/
rdt$ar@rhidfoh 3PAE contirPues UHREE cb Satfiin 1diSis B%t%g?gﬂﬁf bPdhtil

signal is acknow edged at the base station
aspmdﬁye,rmin@d number n of adjusted signals T, are transmitted and

unsuccessfully acknowledged. As indicated in the graphical representation 400,
although the signal transmissions Ty, Ts,... Ty are each transmitted with different
antenna weight/sub-carrier combinations, they are each transmitted with the
same overall initial transmit power level Pr;.

[0043] After n transmis§ions, if a communication link has not been
established, the initial transmit power level Py is increased by a first power
increase amount A;P. The transmission signal Ty.1is then retransmitted with an
adjusted set of antenna weights and/or with newly selected sub-carriers with the

newly adjusted overall transmit power level Pri, wherein Pr; may be defined as a

-11-



correspondi ng set of antenna wei ghts and/or the
correspondi ng set of sub-carriers used in generating

wo b@oneponse i s preferably stored, perhaps i nP€TES2006/019008
opti onal code storage processor 312, for use in
establishing future comuni cation links. In

s@tﬂ@f {reaRiteN AR ARt boWELH: W&o prelefem@dd®dier increase AiP,
ht s/ sub-carrier conbinations may be utilized as an

ag mdilqaéd:d by Hijugtiontdi ksdowor use in beam form ng and/ or
in various other M MO algorlpﬂns Lg&ﬁO] REferEBE%g%ﬂM3)

to Figure 4, a graphical repr esentatl on 400 of
Subgeyaskintratsateiond Tg.1t. Authewilbrcostnte |tnmwexght|amd/or sub-

D I e e

cdiﬂxﬂﬁhﬂz‘éﬁ%ﬂ I1ﬁk°ﬁ§e re@!?a%lﬂs]?iedal &DM%tﬂCMa&ﬁ@anDMA Hidls are
DVA, '| EEE 802. 16e, | EEE 802. 11n,

unaizc@s&my transmycteﬁ, iaé which pﬁnpt bh%Wﬂ@smt Rvvea|Reg ds increased
comruni cati on s 004 r

bf mERAaPPAE PoTEEe AR Ry P RLARARR fuk i

edtAblidiRd, tlﬁ@ﬂ)iﬂfﬂ@ ﬁhlmﬁloial @mhndfés anélag@L@dl fvrictioa (not shown)

sel ected set of antenna i gh at an initial,
takes e@erewrww&nwg ﬁé\‘het esﬁ%@@?‘ ééelemwmatm 13#2
[ddzig bas qﬁsﬁdmh SHﬁBEeatthgam PrdferiEd 1%51@m@ﬁ€atﬁ9ﬁlofﬁ% présent

aninitia sel ected 'sub-carriers. hin a
inyeptienea rlrhmd(?»t) rtmevem 67r) il smal-homlwmy(m(ﬁN Bhswm may be

{0 JERGRINE S Pl RN RAURRE nGANNCL PO RE hRhnas,

. |on st’gna enna
ai@ iaOVHrset§rof o@l@émﬁﬁ:ﬁﬂs a IIEI kbgultl s hid notudr ihart $o dmplement the

resel ected in a_manner that ormal t
Drosem’ FVERHPT. TpASHLRL o BTt 4@3&@#%@%{@ fier than
W'B%glgw thWTR@Jsa{btﬂ%ﬁTﬁeWe' ghts are then applied to

SSI on signa and the adjusted
[a04&hs i s Sherfegiugnabf thei presesttrinventian mdy begntayperated grto an

187 G eERar e & RS, o BRI B EiheldR {CRELRGhithine

céiforiteitd.y adj usted antenna wei ghts. [0042] If after
t his antenna wei ght and/ or aseg?carrl ust nent,

[QQ46bi pt  SHlthanghsidie fepyres ag Igglilférpefsth pseps ipgentipn are
d@sccm%wu? ﬁgee&eférli]&i &ﬁB@&ﬁfbn‘ﬁ@in%&rﬁcular combinations, each feature

or element can be used alone (without the other features and elements of the
preferred embodiments) or in various combinations with or without other
features and elements of the present invention.
Embodiments
1. A method for open loop power control in a transmitter comprising

multiple antennae.

2. The method of embodiment 1, the method comprising:
adjusting antenna weight in a transmitter in each transmission until a

satisfactory signal strength level is obtained at a receiver.

-12-



and/or the selected sub-carriers are again adjusted,
re-wei ghted and the readjusted transm ssion signal T3

WO g0062498Nsni tted. This adjustnment/ retransm sBCDOS2006/019008
cycle continues until a comunication link is
established, or until a predeterm ned nunber n of
adjusted signals Tn are transmtted and unsuccessfully

ackngw e tedlnthe gr aphi cal
repr sen?gﬁ?ﬁﬁfaﬁgag%ﬁh 9imeht 2 wbergigthe weighidsprasetarmined
flokn B 2o0de bodl) are each transmtted wth different

ant enna wei ght/sub-carrier conbi nations, they are each
transrritted vvith the sane overall initial transmt

powey 0 fier .nptransm ssi ons

cormunl ca ron g:hnE ﬁéghno%imﬁ%’gﬁ e‘gﬁ %ﬁé’dweftgﬂi‘é is “selected
aiccortlirgd totar eparEitime evding lseverhe. Pt i s i ncreased by a

first power increase anount 1P. The transmni ssion

signal Tn+i is then retransmtted with an adjusted set

of agt ennphyveh&ihbd ﬁn%‘%dﬂhéﬂl dephdre i?ltﬁgtﬁgllght is setlected

sub-carriers wwth the newy ad uste over al
agesnding b @ nrlbipleviimpnéimulbiple- naigpdbe(l\ﬁﬁ\ﬂ()h ddings be\amm‘omﬁnng
a%%ﬁﬂhﬁitlal transmt power P and the predeterm ned
I'ncrease D P, as indicated by Equation 3 bel ow
Pti P + DI P. Equation (3) Subsequent transm ssions
continue to be wejght and/or

Tn+
s 3 blcﬁr ri re}Fhe @&Iﬂt@t @&né(rpaeqeﬂ&?%?ﬁﬂb%@eat whegeipgoset abweights
tRNFodlEs8he B Pﬁhsf&@fdl# sira? g%?éﬂ%%ﬁlteb&ris b 'a§1 initial weight.

est ablished, or until an a signal's

unsuccessf ul | y transmtted, at which point the

transmt RO i ncreas econd power

i ncr Zase 'i;hrmmﬁn?tﬁtﬂi prs éne epre?c%‘ﬁ %‘P@%‘ﬁ%ﬁ VhgreR the total
tesisalibdiahpowert leeelGRIntaihtuiatd ana HigedvaRieas the @n@er@i-eﬁ%lghts
function (not shown) takes over power control of the
agst HF‘Qhed comuni cation |ink. [0044] It should be
noted that in preferred inplenentations of the present
invention, a three (3) to seven (7) db signal -to-noise
rati® ( Sl\rlﬁl)e gathodnafienieoddinent A attiezeihen botdl hrgnemission power

le%?ﬁn%creﬁgec{jﬁlt%onsaftlﬁtgi}&ﬁg%?ber f?cttr(ﬂnsmt ant ennas,

nd a vari e oul d al so be
noted that to inplenent the

9. The method of any preceding embodiment wherein the total

transmission power level is increased by a fixed amount.

10. The method of any preceding embodiment for use in a wireless

transmit/receive unit.

11.  The method of any of embodiments 2 through 9 for use in a base

station.

12. A transmitter for open loop power control.

13-



present invention in a WIRU, for exanple, no

addi tional hardware, other than what is typically in
WOVRLL24956 requi red. [0045] The features of thRCPUERNE6019008

i nvention may be incorporated into an I C or be

configured in a circuit conprising a nmultitude of

i nt ed8onnEhé iragsaittpooferhbodih284 6 comphiaugh t he

f eat ur es. iand el erreFOtgsf of the present invention are

descﬁ‘ﬁ%@‘??‘iﬂt@ﬂ@aﬁ fEAEYS¥ABodi ments in particul ar

conbi nati ons, each feature or elenment can be used

al one (wthout the other features and el ements of the

pr ef &#r edTherbwaismitiesyf any ofrembndimestschind Hheompssinigt h

or withouf other features and el e t.s of. fhe present .

i nvent i on‘J.i Hg%gflrrfae%altléémlg.a “hig W(?g‘ﬁ%d}l eﬁﬂéﬁap@ﬁ‘ﬂfsﬁf&/@tﬂa

satisfactiry isignal trangihi istobtaifedrat hsb&gvdrul ti pl e ant ennae.

2. The nethod of enbodi nent 1, the method conpri sing:

adj usting antenna weight in a transmtter in each

tranggi ssj W | siqgn £Le h_ . .

l evel i .391(;18%‘ aﬂiki‘ﬁie}%ﬂlgt@e é%e%%?@%%%ﬁ.t ‘?’%ewr%? %1(%1(]' ncg% weight is

peedsbenpimet fromiacode hoethe wei ght is predeternined from

a code book. 4 The nmethod of enbodi ment 2 wherein the

wei ght is selected according to a space-tine coding

schel@. SThetreansmitt@dofimesthedhiren ivherdiaheiweibReis selected
wei ght is selected according to a multiple-input
aﬁ({ﬂr&n@tg_aomaﬁgntme%q@g}g pghiemee- beam f or mi ng al gorit hm

6. The nethod of any precedi ng enbodi nent wherein a

set of weights that produces the satisfactory signal

st r ehgt h Tha/ghniwitdert offepnbaiiment 14 athensinght welghiTizaelected

o598 8B BSSPAC Sy BPEATEEL ORAG] ubeobh Hrmin

algatitlkmas t he ant enna wei ghts

18.  The transmitter of any of embodiments 12 through 17 wherein a set
of antenna weight that produces satisfactory signal strength level is set for an

initial antenna weight.
19.  The transmitter of any of embodiments 12 though 15 wherein the
total transmission power level is maintained at a fixed value as the antenna

weights are adjusted.

20. The transmitter of any of embodiment 19 wherein a total

transmission power level is increased if the transmission is not detected.

21.  The transmitter of any of embodiments 12 through 20 wherein the

total transmission power level is increased by a fixed amount.
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are adjusted. 8. The nethod of enbodi nent 7 wherein a
total transm ssion power level is increased if the
WO e@aad9sSsi on i s not detected. 9. The net hod oPCEHNE2006/019008
precedi ng enbodi nent wherein the total transm ssion
power |l evel is increased by a fixed anount. 10. The
net pd ofThenYaRisRes dThsdodhhelinehey 12 $Brdugh®1 used in a
wireless transmt/receive unit. 11. The method of any
wirelesprisaismit{terevetibugh 9 for use in a base station.
12. Atransmtter for open | oop power control.13. The
transmtter of enbodinent 12 conprising: nmultiple
ant @dnae Thertrdusanster sfamgmf ethodithentsri2rihnuigh 22 uedd iarabase
og enbodi ments 11 or 12 conprising: a neans for
St8HPBsti ng ant enna wei ght in each transmission until a
satisfactory signal strength is obtained at a
receiver. 15. The transm tter of enbodi nent 14 where

t he 3ei gﬂ%leutgalpﬁn@w@wé apnelebesimento b thyough therh@ the
tr&ﬁ?xﬁ %%&%SE’&% LB Mecdive WG RiTRGNE wei ght is
cted accor to a space-tine codlng schene. 17.
The transmtter of enbodlnent 14 wherein the melght i's

?K‘/: eg ﬁa‘?ﬁﬁg g'% to acﬁg}é,lglts' g ‘If?ll?% ?ﬁ!ége with an? UHhe

p&kgﬂﬁgbhﬁ%ﬂuﬁ&m@ny of enbodi ments 12 through 17
whereln a set of antenna wei ght that produces
satisfactory signal strength level is set for an
initial antennasweight. 19..The transmiiter of any of
enbodi nents 12 though 15 wherein the total
transm ssion power |evel is nmaintained at a fixed
val ue as the antenna
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wei ghts are adjusted. 20. The transmtter of any of

enbodi nent 19 wherein a total transm ssion power |evel
woOohernessased if the transm ssion i s not detecPedus2s6/019008

The transmtter of any of enbodi ments 12 through 20

wherein the total transmﬁ{s_‘hglglspomer | evel is
i ncreased by a fixed anount.2Z.” The transmtter of any

Whatkistsbainreeniss 12 t hrough 21 used in a wirel ess

transmt/ eceéx\aﬁﬁgnit. 23. The transm tter of any of
embodi nents™§ (RS ooR, Bawer RondTelQLRE afor arse indn multi-

abifénrid BAAEILHEY, tBE midioPfonfflipqfibment s 12 through 23
wherein the transmtter 1s a wreless transnmt receive

uni t seApvding 2m inifigl sell fsmtemmwueights;i on system

conf | e . i t-h_any of t.he preceding L
nboHAER e B RBRR Y S5bied bien rsasmpssion
stgwah té poplupe wereighteidrtohndikEicn sig@faluse in a

mul tjantenna transntter, the nethod_ conprising:

sel e{t‘flpﬁﬁ“@’r?g § Ygishded signahns@gnan igitightogerall transmission

powks;iapdyi ng the sel ected antenna wei ghts by copies of

a transm ssion signal to produce a weighted
t r ana®isngnthe gamtennar avesghitst imgthdetrankpisteh Séighal and

']anﬁ LNt overall transm ssion r; and

r%%]%lust i ﬂgét atéa gk %Sﬁﬁlgs\%i sd%reag ?%tl]tsﬁesatt&%?ﬁys%ﬁl strength
agkgvdbd gemleniteil rededved fromGinSiakéhdedarsdivesi on si gnal

until a satisfactory signal strength acknow edgenent

is received froman intended receiver. 2. The nethod

of cd.ai MThe MREKSRI 6F 580 HNVhbAY; ’ baht set.is . .
sel ected from pr edet egrﬁ%1 r%’egh\ég‘%mugfsla g@g;ﬁé\(%%?s%maa ESight set is
selegird from prrsdetermiiodd whluss atared jn wkedebook. he i niti al

antenna wei ght set is
3. The method of claim 1, wherein the initial antenna weight set is

selected according to a space-time coding scheme.

4. The method of claim 1, wherein the initial antenna weight set is
selected according to a multiple-input multiple-output (MIMO) blind beam
forming algorithm.

5. The method of claim 1, wherein the initial antenna weight set is a
set of weights that produced a satisfactory signal strength acknowledgment in a

prior transmission.

6. The method claim 1, wherein the overall transmission power level is

maintained at a fixed value as the antenna weights are adjusted.
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sel ected according to a space-tine coding schene. 4.

The nmethod of claim 1, wherein the initial antenna
wor@ht4set is sel ected according to a nul ti pl e€TrsS2E06/019008

mul ti pl e- output (MM blind beam form ng al gorithm

h |
i gt serur indhadef i, SHFLS: forepiriod ipeipaatns the overal
tBaisnsiksioh Qoywes 16Vl of The eRBIdiaGEA QubRI GrERY séﬂ%facﬁf;& Signal

g@g m ssion. 6. The nethod claim 1, whereint
pelpjostledgemaeninis okaecaivagewithin sebmedatemmined namber of

afn'té&?rgu)ééifgﬂgaéﬁs’éﬂﬁn%m enna wei gh.t s are adj ust ed 7. The

nmet hod of claim®o urther conprising increasing the
overall transm ssion power |evel of the transm ssion

acknb edBhRBR e bbetdate Sl Hepraissionamsetevel

1minmb@'se@ﬂ)ya1nﬁﬁd{rmw@mght adj ustnents. 8. The nethod of
claim?7, wherein the overall transm ssion power |evel

is increased by a fixed anmobunt. 9. The nmethod of claim

|7 ” \r/\g Z; g Id ﬂ@tl%gﬁ)irfg]b F.uelt’7r @ﬂgxrgtuf ﬁ%&@eﬁaﬁy\ﬁ'%?xﬁ%&m&power level

1$Mr%sadbm1%le hmountinsmitter is configuredfor use
in a code division multiple access (CDWVR)
mul ti pl e-antenna system 11. The nethod of claim 10,

wher 80.n SBidmbitddoftlaig", vh ﬁﬂ%ﬁ@&%ﬁ
transnit/receive unit (WRU) y . The neeﬁésdco gufedf%use

iny g coddivision guy ‘apleraa:ﬁ% (fJﬂDé\ﬁA} muétlpl@sfmtsm Eysteml3.
The nmethod of claim7, wherein the transmtter is
configured for use in an orthogonal frequency division
mul t1h] exheCEBi)odoafs ddirmmul, ivieemntf n@aByaitesR isld wireless

t hod of 3, wherein the nmulti-antenna
tr;rngns ef?lg? u]nét Qﬁi‘gp%ogonal frequency division
mul ti pl e access (OFDMA) transmtter.

12. The method of claim 10, wherein said transmitter is a base station.
13.  Themethod of claim 7, wherein the transmitter is configured for use
in an orthogonal frequency division multiplex (OFDM)-based multiple-antenna

system.

14.  The method of claim 13, wherein the multi-antenna transmitter is

an orthogonal frequency division multiple access (OFDMA) transmitter.

15.  Themethod of claim 13, wherein the multi-antenna transmitteris a

single carrier-frequency division multiple access (S-FDMA) transmitter.

-17-



15. The nmethod of claim 13, wherein the nulti-antenna
transmtter is a single carrier-frequency division

waoubdeipkssiaccess (S-FDVA) transmitter. 16. The Rerhs2no6f19008
claim 13, further conprising nodulating a

predeker mped sat -of ~sub-carkiers,wth the .signal .
copi Zé a%ﬂ%e?%ﬁ}oldné)fséﬁanngéuﬁr BT SSHRREFINE o Fodylatine 2
prédetemhizridesht oftstibraryietgWith. the/ sighBE copedadd Gizeighﬁhgl said
16, .further caonprising: selecting an alternate set o
naofilated subrcarrigpsauning Phryselegted antge@mawgb@b- carriers

with the signal copies; and weighting said nodul at ed
alternate sub-carriers using the initial antenna

wei ghfs. TBe niBbleodheft dimith 36, fortiemchfipriahey: ei n t he

initial t of t ights . dj ust ed dth
Iscre”t %?ale%%gg- %’gﬂt?]g[}agg irslgt %@FC@%PE{F?U& JI Iusaes a?insf ac?or y

si gnélodsil 4tefHédid atlenmte adBERMiersSyitB €Bé ¥RHal dodhies! BB
nmet hod, of . cl aim 18, wherein the signal stren

th
acknightine i modulated aliemateaipaiess Uginglthe initial antenna
v&é@?lggator (CQ). 20. The nethod of claim 19 wherein
a transmtter is a wireless transmt/receive unit
(WRU). 21. The nethod of claim19, wherein said

transgitt 1 S,.a .Statign. 2 A multi-antenna

tr andi ¢ ¢ Bhe BRI iR B piierefinedpla setdt Anfena weights
afiel bijustet @il CHENSet DY SH8Bhrridie i$ FRI¥dd @htiCH BRisMENRSy sBnal
si gnal generator configured to generate an initial
S%rﬁaﬁféha%%mﬂe |is recedvadi al t oparal | el (S/P)

converter configured toprovide copies of the initial
transm ssion signal; a weighting processor configured

to s#dectTher muthodl ofetlah alf,enmhereti ghihe aigmhal 0 strength

just .the initial tenna wejghts until a
g iEpdectiphl s e LAl ieidu Baat oqn
received;a nultiplier configured to multiply antenna
wei ghts by copies of the transm ssion signal to

prodéd@®e alhgeimpihed of clodmnild svhaein grid trapsmitter is a wireless
transmit/receive unit (WTRU).

21. Themethod of claim 19, wherein said transmitter is a base station.

- 22. A multi-antenna transmitter configured to perform OLPC in a
multiple-antenna system, the transmitter comprising:
a signal generator configured to generate an initial transmission signal;
a serial to parallel (S/P) éonverter configured to provide copies of the initial
transmission signal,;
a weighting processor configured to select an initial set of antenna weights
and to adjust the initial antenna weights until a satisfactory signal strength

acknowledgement is received;
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a plurality of transmt/receive antennas configured to
transmt the weighted transm ssion signal at an
woOnbdei1iakosoveral | transm ssion power |evel and POT/US2006/019008
receive signal strength acknow edgenents. 23. The
transmtter of claim22, further conprising a code

st orageulrbxpéxeesmﬁg@mdf togmudiiplyoastenne weightmbtcapiesaof the

code .book .of | i e
B R e S T

confa Qﬂﬁﬁﬂlﬂyo ofs Qi‘mfm'dfﬁceﬁﬂ aanteingh Scohﬁgln‘eth (7Y G@ansm1t the

stored in the code storage. @roces

e
wetekiehransmIgtion pigna) s AT REdakaveTa ﬂﬁf%@gﬁ%@ower level and
t@féé@ﬁz%%@g‘ndl%tx%ﬁ@’fﬂ SUERGEpetRinst the antenna weights
according to a Space-tine coding schenme. 25. The
transmtter of claim22, mhereln t he wei ghti ng

pr ocgssor, conf i. s h

e ocEh S OB FF e BB A00R A B iPraee
piideessoi *osfigtitedr toaftor! mdnn%i‘ntaﬁ\dn areide bbak daf\peecgitémgled and

processor .i.s configured, to utilize, %s the initia

PERTE Watigndk apdenna, vielghts; whargt $he nweighiig, peepessor is
cAfidutb@Th Yeleck 'a%@&lnas%fg%ﬂé e kRAYseHIRIEH thd cfMle storage
prior transm ssion he transmtter of claim22,
pwdeess®rn the transmtter is configured to maintain the
initial overall transm ssion power |evel at a fixed
val ue as the antenna wei ghts are adjusted. 28. The

trangi t tBie Gfanematter 8ff clatheaR ivherbiey theawsightingr proessor is
configured to increase the | |t|aI gveral

coriigiupd doi sleqiother antepap Beis ﬁ% agrorgingetn PafRaredime poding
sl if a signal strength acknow edgenent is not
received within a predeterm ned nunber of antenna

wei ght adj ust ments. 29 The transmtter of claim 28,

mher nt ver al.l ower, | eve

mer She ity PAEpRIte! SRR 2 bR e bt rpessor i
colfgfure@ 8o seledt ahe drdtenty ereghtst 4@baithg Toon MIMOr blind beam
forming algorithm.

26. The transmitter of claim 22, wherein said weighting processor is
configured to utilize, as the initial antenna weight set, a set of weights that

produced a satisfactory signal strength acknowledgement in a prior transmission.

27. The transmitter of claim 22, wherein the transmitter is configured
to maintain the initial overall transmission power level at a fixed value as the

antenna weights are adjusted.

28. The transmitter of claim 27, wherein the transmitter is configured

to increase the initial overall transmission power level of the weighted
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| evel is increased by a variable anount. 31. The

transmtter of claim28, wherein said transmtter is
w@obignesed to operate in a COVA-type mnul ti pl eP@NUS290E019008

system 32. The transmitter of claim 31, wherein said

transmtter i.s.,a WIRU, 33. The transmtter of claim .
transmigionaignal 1 arigralRiAneb ACRRO ey ERmentis ppipcoryad within
a prRletdranasd hifibe? bf ﬁh&hﬁh%&igw%igﬁsﬂmé@s.d transmtter

s configured to operate in an DM based wirel ess

comuni cati on system 35. The transmtter of claim 34,

S SRS AR i MG AT B

The Transmt{tér o
levv6l i8 iferEANA By &fised biwunt.37. The transmitter of claim
34, further conprising a sub-carrier generator
configured to generate a predeterm ned set of
SUb-RAr I Tk Srandhftet b BANDS Whehdh thébverall frafBistingfbwer
with the signal copies and wherein the nultiplier is
letelris frecregsdf bypauveriable gmpetibce a wei ghted transmi ssion
signal by multiplying the antenna wei ghts by the
nodul at ed sub-carriers.38. The transmtter of claim
37, 3sher dihe tihensivier ofidlaine 28 gelnarit orid transorittegisrconfigured
sel ect .an al nate set of sub-carriers, wherein said
togneEptgdna @Q@@%ﬁmw@%—ﬁm&%&% th the signal
copi es and wei ghted using the initial antenna weights.
39. The transmtter of claim38, wherein the weighti n%
pr 0c¥s s o Thadjusimsitteref claimisd, whereinsaiddrpgsmitenig asWERU.
sub-carrier generator reselects a set of sub-carriers
until a satisfactory signal strength acknow edgnent is
r ecegsy ed TheOiradfi@ittéroofsethint &, @theediai smid Iranshsitter is a base
said signal strength acknow edgenent is a CQ. 41. The
stefigRsmitter of clai m 40, wherein said transnmitter is a
WI'RU.

34. The transmitter of claim 28, wherein said transmitter is configured

to operate in an OFDM-based wireless communication system.

385. The transmitter of claim 34, wherein said transmitter is an OFDMA

transmitter.

36. The transmitter of claim 34, wherein said transmitter is a S-FDMA

transmitter.

37. The transmitter of claim 34, further comprising a sub-carrier
generator configured to generate a predetermined set of sub-carriers, wherein
said sub-carriers are modulated with the signal copies and wherein the multiplier
is further configured to produce a weighted transmission signal by multiplying

the antenna weights by the modulated sub-carriers.
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42. The transmtter of claim40, wherein said

transmtter is a base station. 43. An integrated
w@2eoe2495(1 C) configured toperform OLPC in a PCT/US2006/019008

mul ti pl eantenna system the I C conprising: a signa

generator configured to generate an initial | .
trard®ni sThertransgmister of clasm 3, whegagthesjubcayrripr generator is
e RS ©lsefRN bh Iellath QB P BEaEABLL S18Eeih3id Mtdindle sub-
ransm ssion srgnal; a wel ghting processor configured
cdrdiesehfcinodnldtad twith thetignial aopies aadweeightesl asidgttbe initial
adjust the initial antenna weights until a
aRteppaMeagySy si gnal strength acknow edgenent is
received; and a nultiplier configured to multiply
antenna wei ghts by copies of the transn ssion signa

to p¥edu El‘éleatl‘mﬁlg}l%tt@d of ichrignP8s FaeTeRgHha weighting, processor
ac%ﬁ.lsf:gl tfib %i%l%l aﬁ%ﬂnﬁ% i%ﬂgﬁgﬁtrn'(()isthg guﬁ-cﬁﬁﬁ]& g%ﬁlgfe?cg?r%felecgsoakset

essor con ure re and maintarn a code b
offubpsag cieteumtilne satisfactpriesignaisdtyertgth iazkuovaletigment is received.
wei ght's; wherein the weighting processor is configured
tosel ect antenna wei ghts from val ues stored in the

codeyst orage tRIREASRP" of 4Paiml IBY, | whefeifi| 84id 4tbnal strength
wherein said ICis configured to maintain an initia
acevdedgementdsndddon power level of a transmitter at a

fixed value as the antenna wei ghts are adjusted. 46.

The 1 C of claim45, wherein said ICis configured to

i ncr4ias e THearamirhitedr of ¢kaiml 40, whensinisasl tranpoiiber isev@TRU.
of the weighted transm ssion signal if a signal

strength acknow edgenent is not received in the

trang t t18fe Whhbhfttér B 888 AN WIRGIAUSHIE trasn@ibte?BA base
wei ght adjustnents. 47. The I C of claim46, wherein

sai d | C istatéemfi gured to operate in a CDVA-type

mul ti pl e-antenna system 48. The | C of cl ai m 46,

wherein said ICis configured to operate in an

OFDM&as edth initeglaesteiranrild) oafigard sy péxdonm OLPC in a multiple-

antenna system, the IC comprising:

a signal generator configured to generate an initial transmission signal;

a serial to parallel (S/P) converter configured to provide copies of the initial
transmission signal;

a weighting processor configured to select an initial set of antenna weights
and to adjust the initial antenna weights until a satisfactory signal strength
acknowledgement is received; and

a multiplier configured to multiply antenna weights by copies of the

transmission signal to produce a weighted transmission signal.

44. The IC of claim 48, further comprising a code storage processor

configured to store and maintain a code book of predetermined and previously
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49. The IC of claim48, further conprising a

sub-carrier generator configured to generate a
w@e@daresm ned set of sub-carriers, wherein saPdI/us2006/019008

subcarriers are nodul ated with the signal copies and

wherein the multiplier is further configured toproduce
utiliged ghteata weightsi whénein Giegreighting prrdcessor js cogfigtued to select

o S A b s T

generator is configured to select an alternate set of
sub-carri wherein said alternate sub-carriers are

moduitat od R ihok Heims i aheseipisaid nds weitigwwred e matgiain an
1ﬁ1ﬂ§1 bedrhil Q{'arﬁﬂhgé'iﬂﬁ‘ Vs mv%1 ol tralBfittbARS Q’gﬁ&e& lrVaﬁrehas the

clai m 50, wherein the wei ghting processor usts
antﬂlmaavela]mﬁseamadm%ts and the sub-carrier generator
resel ects a set of sub-carriers.

46. The IC of claim 45, wherein said IC is configured to increase the
initial overall transmission power level of the weighted transmission signal if a
signal strength acknowledgement is not received in the transmitter within a

predetermined number of antenna weight adjustments.

47.  The IC of claim 46, wherein said IC is configured to operate in a
CDMA-type multiple-antenna system.

48. The IC of claim 46, wherein said IC is configured to operate in an

OFDM-based wireless communication system.

49. The IC of claim 48, further comprising a sub-carrier generator
configured to generate a predetermined set of sub-carriers, wherein said sub-
carriers are modulated with the signal copies and wherein the multiplier is
further configured to produce a weighted transmission signal by multiplying the

initial antenna weights by the modulated sub-carriers.

50. The IC of claim 49, wherein the sub-carrier generator is configured
to select an alternate set of sub-carriers, wherein said alternate sub-carriers are

modulated with the signal copies and weighted using the initial antenna weights.

51. The transmitter of claim 50, wherein the weighting processor
adjusts the initial antenna weights and the sub-carrier generator reselects a set

of sub-carriers.
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