WO 02/ 099999 PCT/ US02/ 14437 COVMUNI CATI ON DEVI CE W TH SMART ANTENNA USI NG
A QUALI TY-1 NDI CATI ON SI GNAL Background The invention relates generally to
conmuni cawioanmI@pe nore particularly to a system and net hedTfuso2/usBng a
gquality-indication signal added to a transmtted signal 5 in a

communi cation system and used by the receiving end, in conjunction with
mul tiple antenna el enents. The receiver can use a separation process known

as spatial fil¢OMMUNIIABION DEVECE VITH SMARTANTENRA USINGEANa.
Br oadband networ ks having nultiple information channels are subject to

certain types of typical pr@HAdH YSINRIGATIONSIGNAknel interference, a

limted 10 bandw dth per information channel, inter-cell interference that
limt the maxi num nunber of serviceable users, and other interference. The
usage of smart antenna techniques é& mﬂ@ ng multiple antenna el enents
for a separation process known as “Spa iltering), at both ends of the

W rel ess comuni cafiiffertidanelgks gerfeddllyab RemminicA6sd indlmérk fpaficenely o
allowing for nore users to be served Si rrultaneousdé over a given 15

frequency bayterrandmetlmdfoopsisg @ﬁlaahtyrgldlcsat@n@tgmlra ed tord igansmitéesisignsl

h
xampl &5 bt P REAaRs L abieBh o PR E oo R, AR R ERRE Y nuous

power - cont kflitisié gidhhdWehontS kY RcéiR@tcanbé h sepacmivmpricest kmdwndsspaes do not
transmt too nmuch or too little power. More 20 specifically, based on the

strength ofﬂt?lh’ég,ﬁ@l@alfe@’é?ﬁtqfﬁ@ﬁﬁ?ﬁgn%ﬁ%‘ﬁﬁliacat| on device and received at

t he basestati on, g‘aﬁg he

nobi | e comuni cat| on device | n [ g&rﬁ % ﬁ@é@m@%?ﬁ%ﬁ?fgg evi ce
fhoul d i nCéIﬁﬁley];ﬁS ?ﬂfy\proabpﬁbltehis Sﬁﬂi?ll{l&ﬂ’ﬁhﬁnnef mtdr&trdm?,msl_rmjmc}ad Si gna:c. The
ransm55| n rates for, eac al ue .o . power-caontr.ol. signals are, for
exanpl 60 1 P3%IVHEI RS IR{grRARE chinge 5“‘9‘5?9%9&6%%?6 ﬁ%@ﬁémﬁté% IR WCDVA,
The known ysgeOlf BRNERD UL %a%m%m&ﬁ&m@%ge bf fhiedn@flay to
adjusting the total power of the signal transmtted fromthe conmunication

devi ce. N@chmgeese&egJngondnphlaomnmnleﬂemscfesa sdpemévepxocwdmuwe agul tiple
ant enna el eg?ﬁ aI sQ,r errefi to h rein as a '".snart a@ enna for

separ ati on @Lﬁggr & oihi° e"élf) hgwige %%’5‘%5@5@“ rigl
filtering. sghusl efficROeH aBywileFol ﬁbreﬁ[ketsrfﬁb@‘é@de&%&hﬁ%e@ﬂﬁlyméﬂwﬁv&hat can

conbi ne the
15 frequency band
Power-control signaling is another technique used to minimize inter-channel
interference and increase network capacity. For example, mobile communication
standards include a high rate, continuous, power-control signaling to ensure that mobile
communication devices do not transmit too much or too little power. More
20  specifically, based on the strength of the signal sent from the communication device
and received at the basestation, the basestation sends a power-control signal to the
mobile communication device indicating whether the communication device should
increase or decrease the total power of its transmitted signal. The transmission rates for
each value of the power-control signals are, for example, 1.25 ms for cdmaOne (IS-
25  95)/CDMA2000, and 0.66 ms for WCDMA.
The known uses of power-control signaling have been limited only to
adjusting the total power of the signal transmitted from the communication device.

Next generation communication devices, however, can use multiple antenna elements

(also referred to herein as a “smart antenna”) for a separation process known as spatial



advant ages of power-control signaling with the advantages of snart
antennas. Summary of the Invention Communication is perforned for a first
comuni cawpDoR/0ge9e ce having a set 5 of antenna el enents. PAT/US02/14437
quality-indication signal is received froma second comunication device
(e.g., a basestation). A conplex weighting is calculated based on the
quality-indication signal. A nodulated pre-transm ssion signal is nodified

based on t{ReHRYTPIRY, MRl RkisRTot £ PR yStefifind PhethBihbi &€ combine the
pre-transm ssion signhals. Each nodified pre-transm ssion signal fromthe

set of nodidvapthger ef romensented isignaling with e asvarfagesof siaps) 2piEBRASi ated with an
antenna el enent fromthe set of antennf ebgrreajf;s. The set of nodified
pre-transm ssion signals is maIg0F the GiXengionnt cnna el enents to

produce a transmm td&ndd 8 is BfARARLEXAPLARNIMGadch RIRRGLALED 4 D

total power of the transm Si g and at st one from a phase
rotati gh acflamerp@wiimentsatA quasg-daiicitiod signthis eaelvedibenmsecehdment from t he

set of antenna e]lenents, 15 Brief Description of the Draw,ngs G ,1 shows
a syst em bfYRRUBICAALIRVEE (& 8e AtAMIAEGR) oh CHEPIRYS ME1S absr%ﬁlwga’f?fg %Rd

enbodi ment OR;hetdﬁ%HQq\g&%ﬁmgIﬁh'GA ﬁocﬁﬂé&ﬁ)ﬁ-@ﬁ%ﬁﬁ@%ﬁ 's%ﬁnﬁl dinpQige of a

transmtter for't ubscriber conmmunication device shown in FIG 1. 20
FI G 3 shobssed osyist empid¢owkighiisgiogmodicea sbacfanodifiebpredruswissioosignels.

conmuni cat on deyice according to a known system. FI.G 4 shows a system
bl ock. a1 agEATh GPEeH aBcCratyDip e ik O Be B PR e lun oo Bev] ce

havi ngi 4 WOsi%ﬁﬁQ %mrﬁc%de_l’bgas@éﬂiﬁém th aA GARNAA S8mbA fedin efExedbM@mdnnaof t he
invention. 25 FIG ilTlustrations a portion of the transmtter systemfor

subscr i ber elegwsnisudihe agtiod modifiddaue-trapgpissiph signds HriehiHeom dhtwl Pheennsf t he

modul at or , Ssiebidf RIS A sTHARTHENE ol FYRORRVRIABNLL T ARAMFLA IS oot

portion of tdthlgoinea bk tiatimitted sicha aadhckaitoae froaraptiuse adtation andQ sheveirce
according to anot her_ enbodi nent of the jnvention, 2 WO 02/ 099999
PCT/ US02/ 1zigassqefated with pashantenpa glsment frerg thiset phintgmagleamaidtr i ber

FG ol Shows a 11 owchar ¢ rarg REGHRALA e DRRREE el ohting by o

FIG. 1 shows a system block diagram of a communication network
according to an embodiment of the invention.

FIG. 2 shows a system block diagram of a transmitter for the subscriber
communication device shown in FIG. 1.

20 FIG. 3 shows a system block diagram of a basestation and subscriber
communication device according to a known system.

FIG. 4 shows a system block diagram of a basestation and a subscriber
communication device having two transmitting antennas, according to an embodiment
of the invention.

25 FIG. 5 illustrations a portion of the transmitter system for subscriber
communication device, according to another embodiment of the invention.

FIG. 6 shows an example of a system block diagram of the vector
modulator, according to an embodiment of the invention.

FIG. 7 shows a portion of the transmitter for the subscriber communication

30  device according to another embodiment of the invention.



adj usting the phase rotation associated with each antenna el enent,
according to one 5 enbodinent. FIG 10 shows a flowchart for cal culating

t he conplw® oedyhd i ng by adjusting the phase rotation as®cTisdBU4di t h each
antenna el enent, according to another enbodinent. FIG 11 shows a
flowmchart for calculating the conplex weighting by 10 adjusting the phase
rotati on associated wth each antenna el enent, according to yet another

enbodi nent. FI G IGSPoNGva frhRWERA forfiGl] ofcAdubiritel BmbRicER I SKcenel ght i ng
by adjusting the power ratio and the phase rotation associated with each

ant enna el agerding togyst enathergmbodiamene abibdiinventiont the invention. 15 FIG 13
shows a fl owchart rocalcul ati the conplex,weighting.hy. adjusting the
power ratio and tfﬁé&pﬂﬁg%wsr%ﬁ%‘ﬁq%ﬁ @E%%%qq%f@h%c?ﬁpgég%lﬁ?gﬁxa el enent

accor di ng id@uaigtthephLobastidRioctied With edhehitdrma eldReigiateadibg sconedt i on A

transmtted si‘gnal sent from a subscri ber comuni cation device to a 20
second TonfrbedmeEnion device (e.g., a basestation) can be weakened by tine

or by propagati ORygeoFEl s SEREAIR R, éa?éﬂle{l?lgﬁ[ﬂgcéﬂﬂélgk %}glgtigég%m her words,

a signal sent froma subscriber comunica devi to station will
under go desadjustivigitiephdsatanti@r 8pmiatetliwith eadhlentdrma elenfeat, atdvedibg enamithdred

si gnal propagat.es along different paths and reaches the basestation as a
conbi nat i oMBPIRBL sj gnal s each having a different 25 phase. Accordingly,

by controlling thq:@@?ﬁhd%s& éh%ﬁrfémagéufrﬁi 'tﬁ@eém@texmghﬁﬁgpﬁgri ber

communi cation device, the conbination of sigfals recelived at t

basest H) i oadjostmgabanphase cothtial assoamtet Wish eachatriemateleament @scardiog itoy péty
interfere, or, alternatively reduce the intensity of the destructive

i nt er f er en@OeFFIDIAURSILof the 30 transnitted signal can be control | ed

through the use ofprouh? sidves ANEMAR f6F &NBIMtT gdhe EdiBpleR WRSHEhDBY _
comuni cation device. If the rate at which the transmtted signal is

cont r ol | edadjugtngdbe poeenratie awt the ghigsa gotatipressspeiatep agharagh pripnngjolemenscei ve

the transmtted 3. VO 02 9999 / 2/ 14437 signal at a relatively
constant r %Cgr‘g?g'ﬁﬁ)oa\‘/\r}ee %(gl%ge%t%g}%ﬁﬁ%glppy optim zed power. Because the

rate ofsfading is PG, a8 sivalya SévakaftdobealcudaingaBe cdplekitveihtngbgoupl e of
hundred Hz) conpared to the rate of power-control signhaling in_certain
known adjusting the power ratio and the phase rotation associated with'each anténna element,

according to another embodiment of the invention.
Detailed Description
A transmitted signal sent from a subscriber communication device to a

20 second communication device (e.g., a basestation) can be weakened by time or by
propagation-geometry-dependent fading and multipath. In other words, a signal sent
from a subscriber communication device to a basestation will undergo destructive
interference due to the fact that the transmitted signal propagates along different paths
and reaches the basestation as a combination of the signals each having a different

25  phase.

Accordingly, by controlling the phase of the transmitted signal at the
subscriber communication device, the combination of signals received at the
basestation can constructively interfere rather than destructively interfere, or
alternatively reduce the intensity of the destructive interference. The phase of the

30 transmitted signal can be controlled through the use of multiple antenna elements at the
subscriber communication device. If the rate at which the transmitted signal is
controlled exceeds the rate of fading, then the basestation will receive the transmitted

3



conmmuni cation protocols (e.g., around 1000s of Hz), power-control signaling
can be 5 used to tune a snmart antenna to substantially optim ze the

transm sswon209998% gnal s froma subscriber comuni cati on @€vTiuSe2/143a
basestation. The tuning of the subscriber conmmunication device is done

t hrough the use of conplex weighting. The signals associated with each
antenna elenent froma set of multiple antenna el enents can be adjusted

based on t b GI0NRk&@¥i e SdtstanBratel BiEpdwRE B 4 ibseafmlyeoptiganpdng. relates to
real and imagi nary conponents of a signal, which can be varied to define

t he magni t Beeavan thephte of faking isaelsfivginblowBe gabsevesadew bz andaeswouplsiofnal s can

be adjusted dif ently, si.gnal is a Jlgwcorrelation version of the
re- 1 ranc e B ERmaie R BiP SPold Prtfl S RlBE bR MR aged. 1
ot her wor dgomhtiRicaSdrdpdtdeoRY8. @S atduad 10005 vfe8) hpAvdreBRRoledi @HERg catte be

adj usted separately fromeach 15 ot her based on the conplex weighting so

t hat t hése usidfaduns ayrarbanieinade substantipbnoptinaize thedragsmissionnf sigpala 9 3 si on
signal. Th j . i . to adjust the total power of
SyBSIRESmA PRhss AL

the transm S phase 1o I'on and/or power ratio
associ ated with eé&rhe taningoh thessubseeiber cddahenithimh deeicais' dpnelthioygh theivsat i on
signal" is ysed herejn to rrﬁan, a signal .20 having i nf(irmati on aboué t he

qual i ty of of ARMBIEHWGIEREAET She PigANs pepaialer vath caehatiAmaR PBPN LSt & &1 &kndi ng
the signal ?gf;]{gda%&naﬁg EANGe RERAEN3e A8 coRDIBRiERlred M e

receiving the For exanple, "the quality-indication signal can be a
power - ¢0nt r‘odmplexywalghtiog bretiitesgotrenl and ovesinkiry cemponentsl dfiagignab odedscah CDVA)

protocol. Such. : ot ocol, can , for. exanpl CDMA- |, S- Al B, CDMVA 25
000" 1/ RTPE VesHO 2651 4R RS £ B 255,76 A RO ARG R r -

gener at i on o{o363 cAiNb/&dj8Réd MpREdnely TQIcR SRIMUS b (A -coR8aRys i@ 8bh WMhe)prand
fourth- generation (4&) UMIS. In fact, although the enbodi nents descri bed

her ei n ar e tighsmeigsion signal fuppe décht the arsmitiepsigral ickased oln aheprvedrds, 8y t ype of

or ot ocol  caléih SRR &n sBETRE ARRER, b0 el i IRBTHRheR

descri bed hefeebisedbe thecongflex @8iphtih@s@thatBeRSigialstie 8 Bswlicogelation
guality-indication signal to a subscriber comuni cation device having
mul ti pl e aNeBiaL! dicdgritagsmission sigaal vdecapplixfesghtingris cylealated feadipssy

exanpl e, 4 gyégggl?é&?&%?%h{%{asﬁ%d ésignﬁat? Z?d g pﬂésfe‘%gia%ﬁ ok LRy s, a

quality-in n signa roma subscri omruni cati on
devi ce t o asdoamtedivdth each haehmgelombnt pl e antenna el enents. Alternatively, a
quality-indicati OrNgtie na%lterrcna‘%ugﬁtyig itcatgornosrign%p’eis %(s)e e?cieig % &%Qﬂ g gi\éila eto
20  having information about the quality of the communication link between a
communication source sending the signal with multiple antenna elements and a
communication device receiving the signal. For example, the quality-indication signal
can be a power-control signal according to a code-division multiple access (CDMA)
protocol. Such a CDMA protocol can be, for example, CDMA-IS-95 A/B, CDMA
25 2000 1X/RTT, CDMA 2000 3X, CDMA EV-DO, wideband CDMA (WCDMA), third-
generation (3G) Universal Mobile Telecommunications System (UMTS) and fourth-
generation (4G) UMTS. In fact, although the embodiments described herein are often
in reference to such a power-control signal, any type of quality-indication signal in
accordance with any type of communication protocol can be appropriate.
30 In addition, although the embodiments described herein are in reference to a

basestation sending a quality-indication signal to a subscriber communication device

having multiple antenna elements, alternative embodiments are possible. For example,
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anot her comuni cation device having nultiple antenna elenents. 5 FIG 1
shows a system bl ock diagram of a w rel ess comruni cati on network according
to an enbwoioeoIof the invention. As shown in FIG 1, neP@@risod0Q3s
coupl ed to basestation 110, which includes antenna 111. Subscri ber

comuni cation device 120 is coupled to basestation 110 by, for exanple, a
Wi rel ess communication |ink 130. Subscriber comrunication device 120

i ncl udes bgsghandiveeRdysihRRs1Z %%%&9 iy adtiohYidnAia6 Meiseht s 8 dusdcapa]

nmodi fier 122, radio subsyst em receive antenna 124, array of transmt
antennas 1 zﬁmnamctaaqnpdqvmto @rbasqsmlpstf@mg mltlplh ARfANtesienents.t h e

/ dat a/ b ) 121 t
mai - por ¢ Ao SRsionS AERS AR el SRR AR B <t o

123 conpri gfsthert doBrABHidhtiPR dbVieO Bavile mﬁ@wmmﬂ;&a@aﬂﬁt@ mul ti - channel
transmtter 128. 15 Baseband subsystem 121, quality-indication based signal

modi fie? 122, the Flgullshowshapysism blogksliaera of 4 wigelegnepmnBmsaian N eiina
array 125 gr @ng aj{‘émrngnﬁ? gy m&ﬁtfo[]efA%gs@w%?a .ﬁhn&mpmt' on

devi ce 120. %%se Ifon o e wreless
comuni cat cosled ®ytzkamtiohdl o) whieh weudes amﬂmieat ldd Subsreibeecbramgniadtiohd 1,
denodul ates it to produyce 20 denpdul ated_recei ved sjignhal 142 and to extract

the qual i tQGYlﬁ?jil%%tS(‘}Pu&l%(hEO hasgitationel 19thyefor expmple i WitRless,gomapuyieationnk  130.
Denmodul at eg, q<36' Fﬁ&cﬁbagalnn%ﬁ&ak@n REQY¥E mlnkmde@fpa@éaa%atsh&gséﬁpmst em 126.

The extracte Ity tndicator 1s fed into the quality- di cat1 on based
si gnal 16rod lqﬁalay—lﬂcﬁaatioha)amdeslig'rtaymoddieu: a22.ondis |sgbsa!stem4]23 Queilve eyteniantBdeat i on

based si gnal ifier 122 nD ies the pre ransm, [ S 45 in such
a 25 way t RH®Y Pﬂgamtearm%’i“ﬁ% %% i@f’aﬁaﬁ SYSUHR iéd’vq(%hbacl%?eﬁééeest ation
110), Ume"v@i&@@ata}’dﬁiil@&'l&?béﬁﬁe&é'@ﬂe whsehaldtsuBSRRESBI 1 donpriRes HasBE t he
conbi ned power |evel “transm tted fromthe subscri ber conmuni cati on devi ce

120. Rat heportipps: namoéulamlﬁg ang héemeﬂ@lmog 18 Theeradigrsnbisstepo et caammsises i er s
t hat feed hel r. ective ant of transmt
Il‘glé[% P IOI}rSu | %r&%%%’fﬁe]%z%ggla 61';[”%8-0%311 65] tr Bﬂ%ﬂa?r

ant ennas 12% HEaYKT &9 e other 30 side of

the wingless |ink Bagbhed Sibsyémas eqlatity-@dichdh) basas signillnaddifier 120, thyr t her
detail below. Said another vvay, application subsystem 126 receives
i nf or mat i ofylécharnehiansmatisr JR 8syulransmitragfenag amy B25 ¥aPartiondrbt voi ce

i nformati O?ranﬁ‘ﬂﬂeiﬁ%ﬁ&@n@er% n?@aﬁﬁ%e@gll 502/ 14437 subsystem 126 sends

an unnodul ated transm ssion signa to nodul ator 140 of baseband
subsystem 121. ModBasaband sii€ystendi? lisebe pmﬁmiuf tht &dreﬂdsan&nhmaicatrilorsi gnal 144
;8a|p|r ? Sul(:ﬁa 4 %pftlg?ﬁ ?gcreY}V%ss 5 g}%dlsliage% receji\A;eSd 31\gl\rl£1 '1 ?41 demgdlgl\e{tleg it to produce
20  demodulated received signal 142 and to extract the quality indicator sent from the other
side of the wireless link 130. Demodulated received signal 142 is provided to
application subsystem 126. The extracted quality indicator is fed into the quality-
indication based signal modifier 122 via quality-indication signal 143. Quality-
indication based signal modifier 122 modifies the pre-transmission signal 145 in such a
25  way that the other side of the wireless link 130 (e.g., basestation 110), undergoes
improved reception without necessarily increasing the combined power level
transmitted from the subscriber communication device 120. Rather, by manipulating
the weights of the various power amplifiers that feed their respective antenna elements
in the array of transmit antennas 125, better multipath behavior is achieved at the other
30  side of the wireless link 130 (e.g., at basestation 110), as explained in further detail

below. Said another way, application subsystem 126 receives information for

transmission such as, for example, data and/or voice information. Application

5



signal nodifier 122. Quality-indication signal nodifier calculates a

conpl ex weighting 5 based on the quality-indication signal 143 and nodifies
t he pre-twengno?®s? on signal to produce a plurality of noe@CTiuSd2/14437
pre-transm ssion signals 146. Each nodified pre- transm ssion signal is

uni quel y associated with an antenna elenent fromthe array of transmt
antennas 145. The nodified pre-transm ssion signal 146 is sent to nulti-

channel tr ansyittmen6sefds avhinglddbatedarasmissidon @bl i4ado picdulat&ngdicgsi on
signals 146 to 10 the array of transmt antennas 125. The array of transmt

ant ennas 158ebataubaystenad 25 Modwatos Ay mogulates napodulaigd diapsiaissipa sigaalon t he
nodi fi ed pn 1SSk ¢ i . K s di agram
of & transmt (GAORTCTE A0 sightdas whicn & IDPNEL D MUBLERURASE 2 & T
The tr ansnsigharmedifitel22 @Ralityeindibatobsiged andlifidrzakulsey atcempkkOyeighting

qual ityzindication based. signal .nodifier 220,.radi o subsystem 230, power
anmpl i fi rsgésf ,Onéﬁ‘aﬂ“az 1n§llfgt1%§ggn 43 3Re agLics R enggissiop gignaligs  ong

254, Basebwcéygﬁﬂﬁitﬁﬁf%%Q'rﬁeﬂP?é-ir&ﬁéhh%&ﬁ%ﬁﬂ@li@%@h eda ;ﬁ@-di fier 220,
radio subsSystem 230, antenna efenents 251, 252, 253 and 254, correspond to

baseband ¢ebsyistiemsigad is epigudly gsspeidied atithom dnéswad cleimgniafiromdll drragr of122,
radi o subsystem 123, a 20 transm.t _aptenna.arr.a shown in FIG 1.
Note that SRPTBLGRCEHE 1900t PR and ety S B Mo SRR & 2 hs
havi ng fou&hﬁﬂbﬁ@mﬁﬁdt&q@&txshiaﬁﬁortvlamtaWrnaaﬂiea@@k-ir%hﬁmﬁmgmmmg power
anplifiers 241 and 244, any nunber of two or nore antenna elenents (and

cor r es fondihierisowet iranspit prternas |1 29.s Thoasaoeldranymitentenpaswi2s|sepds ander st ood
that although. s LAGiEHISELMRAER GANTBOLLA RS ko dSRG01 Bedaherein as
havi ng four "antenna el enents, other enbodi ments can have any n ber of two
or nore antigfina el enents. Baseband subsystem 210 is coupled to
qual ity-indication_based signal npdifier 220 and sends a_pre-transm ssion

n

signal 260 and a qﬂéﬁ 2PoVhas¥siam Block dipgeam oby tyanseyitier; fog the sahserberon based
si gnal modichi,Gf 31%%9015 H&Jiéé_ds%w}{ HEERS. 1@?1}92%%1@& %{',%?12 g{oé)g ﬁucﬁia%fgé Bﬁeb%fag' c

222. Quality-1ndication signa I er I's co to radi o subsystem
230 anth posmhsysieql 210; quatit2ihllicatiorobaghd Rigdal rvbdifies2¢ rafliccabkystem 230,

aual 1y |0 CaLLSDBRo8H o3 8L, 0 190,220, BSL058) mad. e o
PCT/ US02/ 1$43&ban&aMHsyRbm!290] quakigdin@icafibibdstd sighslirtHifi@D2028e® Signal
nodi fi er 220 provides conplex weighting to vector nodul ator 221 and power
anpl i fi er s sybsysteinZ3Qgtntoma elementscddds 2 d 53 bed 3¢ icarr¢spenditsy bagehaad| .
subsystem 121, quality-indication based signal modifier 122, radio subsystem 123, and
20  transmit antenna array 125, shown in FIG. 1.

Note that although the subscriber communication device is shown FIG. 2 as
having four antenna elements 251 through 254 and four corresponding power
amplifiers 241 and 244, any number of two or more antenna elements (and
corresponding power amplifiers) is possible. Thus, it will be understood that although

25 the subscriber communication device is described herein as having four antenna
elements, other embodiments can have any number of two or more antenna elements.

Baseband subsystem 210 is coupled to quality-indication based signal
modifier 220 and sends a pre-transmission signal 260 and a quality-indication signal
270. Quality-indication based signal modifier 220 includes vector modulator 221 and

30  control logic 222. Quality-indication signal modifier 220 is coupled to radio subsystem

230 and power amplifiers 241 through 244. More specifically, quality-indication based

signal modifier 220 provides modified pre—fransmission signals to radio subsystem 230.
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Radi o subsystem 230 receives the nodified pre-transm ssion signal from5
qual ity-indication based signal nodifier 220. The nodified pre-transm ssion
si gnal cawo Re999bor exanpl e either baseband signals, |F sipgmaise?/14387 RF
signals. Radi o subsystem 230 converts the received pre-transm ssion signal
into radio frequency (RF) signals, which are provided to power anplifiers
241 through 244. Power anplifiers 241 through 244 each receive RF nodified

pre 10 tragmssbeR m%aﬁﬁit i 1é’dﬁéh'b5§édtsl‘%h~‘éﬁm§ﬂﬁié@t§0 boWides adrgpIESSi on.
Power anplifiers 241 hriou 244 are cou to antenna el ements 251

t hr ough 25welghelsgétw¢owwod 221 andppioivel @nphfzm%hﬂm@h P gasglesnribgd t he
anplified i@nal I%“r&tkbe %nt nna el enments 251 through 254, each of which sends
its respec Fve di’f d pre-transm ssion signal to produce a
transmtted si gna|Rad1@swsbﬁémVB3f)d§cen%§ﬂfé Asdifedpreak BRBINsioaSignhiieitigh 254 15
sends a_respective signal conmponent all of which forma transmtted signal.
FIG 3 §hmﬂsalgys@cbwmn&am@maégmﬂeﬁ?% Hasswedifief pre-Bas Iy sl gNEbFan

comuni cat 'bgnfofj e%%9@%&%&8@@§?@¥@n§1¥%%m%@lf.okﬁd@% mfg Lmf OF

under st andi ng rior as syst ens f-control
signal to adp U&tvetthﬂle e NRNpre-tpaweissiof s@hﬁ mtk)hsdlblffmqmrccgrtﬁﬁmlgmﬂs on
device. 20 In FIG 3, hasestatio 300 Iudﬁ receiver (Rx) 310 and
transnmit t efVhichare prpyfled e PR ErmBliffrs éé?rodul ator 312, signal -to-

noi se ratio (SNR) wwé?%ltphﬁ% 24$'t9ﬂ6§%h ﬁ!@d&ﬁtr&e \J%qilﬁﬁfoﬁff)edffﬁé' mat or 313 and

power control bit genera . Receéi ver i's coupled to antenna 311.
TransmilOt e ttraﬁﬁﬁ)ishmm bigods and amplaﬁydhosgzgnalmﬁblt tlrzmsmxssron Fawvea nmplpfmm P41

lifi PA T t 320 led t t 4.

Subscri ber BT PO s FErEG e R B 358t E AN BB er 370,

dupl exer/ dipip@Xers zﬂ@%@ﬂ@w%@memm&mh msdbrah@ﬁ@erd&%@m@m conprise a
a

filter separ atl %‘ di fferent nds |ike cellu servi ce versus Personal
Conmuni cat |ﬂ®‘ﬁu$e2 gach C(f dgyh seads ity respastise RE| I@‘?fhfwd PreciEAnyBission siganlk to

Iy, I [ di 3
and ot ner perDoEh ERatb BT HEhy, 3R 1Rty 86 cBR bR NEEb oo BB B

ei t her 1si méﬁ@me@spﬁbyvmg@ﬂ tempatenval yf witel €dred tradhittedipds demodul at or
361. Transmitter 370 includes nodul ator 371 Bower control logic 372,
pover anplifier (B8 33howaadgystemblpckdingim ehp Basestationgndymibersihgn g

PCT/ US02/ 1%6§@ni%\%h|812 E@vig’elzgccaltdiﬁ%'t% a%%%§§§tbﬁn ?scg'hg%gﬂ?f&puddérs&ﬁ&lﬁ ed to

denodul at or is In turh coupled’to SN estimator 313. SNR
or RSSI esthowgiror CTIMAI tmsesrtaﬁmplsgsiem-emera movetrcohtrdlisigngktoexdpisidhe 314, whi ch
's inturn r%géjrgft ggwgro oané gd scri Xe% I;Z)OI%IZH%DICHUOH device.
20 In FIG. 3, basestation 300 includes receiver (Rx) 310 and transmitter (Tx)
320. Receiver 310 includes demodulator 312, signal-to- noise ratio (SNR) or RSSI (RF
Signal Strength Indicator) estimator 313 and power control bit generator 314. Receiver
310 is coupled to antenna 311. Transmitter 320 includes modulator 321, multiplexer
322 and power amplifier (PA) 323. Transmitter 320 is coupled to antenna 324.
25 Subscriber communication unit 350 includes receiver 360, transmitter 370,
duplexer/diplexer 380 and antenna 390. Duplexer/diplexer 380 can comprise a filter
separating different bands like cellular service versus Personal Communication Service
(PCS), and/or separation of receive/transmit; typically, duplexer/diplexer 380 has one
port connected to one antenna, and other port connected to various radio circuitries that
30 operate either simultaneously or alternatively. Receiver 360 includes demodulator 361.

Transmitter 370 includes modulator 371, power control logic 372, power amplifier

(PA) 373 and radio subsystem 374.



Mul tiplexer 322 is al so coupled to nodul ator 321 and power anplifier (PA)
323, which 5 is in turn coupled to antenna 324. Antenna 390 at the

recei ver 80®209993ubscri ber comruni cati on device 350 is ceaplesd2/14a37

dupl exer/ di pl exer 380. Dupl exer/di pl exer 380 relays received signals from
antenna 390 to receiver 360 and relays signals sent fromtransmtter 370 to
antenna 390. Mre specifically, duplexer/diplexer 380 is coupled to

denpdul at or 361, Mhiefifh 319 at B B:R6NMRGA BQIRYBED isC@Rple@ko HORb&uIAEL312TUr ni ng
to the transmtter 370, nodul ator 371 receives the pre-transm ssion signal

for transmhieh isnn b Cqmpéﬁﬁ t@eNR pr RESE %Sdmt@‘@l};é ySN&ﬂ@&SI eptaplor Lbsyst em

1o’ powsP BRSPS ABT SRR AP ich B uf SunkEROpinpBRG 42 T °°

power - contM@lkipleRer 32239 Aso ¥huipldd td medudatdiB aaﬂ\pammﬂplﬁﬁﬁr (ij er3raitien. More
specifically, the received S|3%éal s include a quality-indication signal
such a8, fiph wsGaypled tyaleIdont rol si gnal having one or nore

power -control bit 8, Thess AoEK 8081 eBlor Qi erbAb ERLGi LI ABINEEsd R 2N o1
t he subscriber comruni catlon Sew ce shou cf a ower of the
t ransm t t eduplsd gndiplexétiéipraee3sic oPupleker/diplexat3i8o melaﬁs mcelgedmgﬂays fyemer at ed

at the other of the el ess. co nications |in basest ati on
300), and apgeng%g?e fs&eqeﬂfea%gﬂéni Siga ‘Ef&ﬂ%ﬂf“bsé@l%rré%@rﬁ’tag@ﬁ’@ato obt ai n

i nproved %}9@n®ior9gﬁéciffcmly é%u&&/@ RaYr 39085 o rdléd torei%ﬁféaﬁﬁtcfr%@%ﬂﬂch is.

interference. These power-contr ol Pbits are provided to power " anplifier
373, WAi cWoaplpmsns)deeomtmldeglpa%r for the transmtted si gnal based on the

power - cont rol bi t Povver ifier ed to | exer/ di pl exer

550 whi ch 25 for hPEE & e s adtpred el S8k &f BirshatiRcnna

el ement 3hnhPfor Erﬁﬁdﬁﬁ%&ﬁérﬁibrowﬁ@ R td hdlo duBS}IsH:‘ih knpvRaBo by ithars 74

communi cation device 350, the power control (mgl c 372 provides information

based on toRaVarisdis Rledrapemiseio sienelontoy RE signalandformyasds i iepover3. The onl y
ad] ust ment nfp(i)l g?ﬁ gbr\])%max%] ﬂlgrn?% 15?155;3:1@8%9&%:&)3)%} c&%rc#lrf(gglggs 2 lifier

out put | eve I'agram o a I on and

subsci i bemproviddpomniec-aditn nﬂ’em;ﬁfbna(l\ﬂ@ré dpagfidally pthe eddedad Binkls Gicliidee
i nvention. Basestation 400 includes a receiver (Rx).410 and transmtter
(Tx) 420. Rabiaripgratippeigndbushes fanesmple.g Rmeogweig@@@@alﬂ@mgsn@/mw? 411,

P I R
anplifier s@%ﬁber@ﬁamrdczmnh elaniae dhld modify the total power of the transmitted
signal. The power control indication is originally generated at the other side of the
20  wireless communications link (e.g., basestation 300), and is sent back to the subscriber
communication unit 350 to obtain improved signal quality in such a way that will
produce reduced interference. These power-control bits are provided to power
amplifier 373, which adjusts the total power for the transmitted signal based on the
power-control bits. Power amplifier 373 is coupled to duplexer/diplexer 380, which
25  forwards the amplified pre-transmission signal to antenna element 390 for transmission.
Note that in the known subscriber communication device 350, the power
control logic 372 provides information based on the received power control bit to
power amplifier 373. The only adjustment to the transmit signal is an adjustment to the
power amplifier output level.
30 FIG. 4 shows a system block diagram of a basestation and subscriber

communication device according to an embodiment of the invention. Basestation 400

includes a receiver (Rx) 410 and transmitter (Tx) 420. Receiver 410 includes antenna

8



Subscri ber comuni cation unit 450 includes receiver 460, transmtter (Tx) 5
470, dual dupl exer/di pl exer 480 and antennas 490 and 495. Dual
dupl exer /apDpRe%®r9 480 is, for exanple, a set of two unit®CTABON1MENPri Si ng
a dupl exer/di pl exer. Receiver 460 includes denodul ator 461. Transmtter
470 includes quality-indication based signal nodifier 475, which includes
vector nodul ator 471 and power control logic 472. Transmtter 470 al so
i ncl udes r g Qieﬁkbﬁﬁbéﬁ;r@,@ SNR oARESHdstimAGtdL 1B goﬁ'ﬁpédnfn‘oﬁﬁls géhégatorl O and
474. Antenna 411 at the basestation receiver 410 is coupled to denodul ator
412, whi chl4.sTiansmitten 420 insludds mod@nRr d21.imwtiplexarr22, sNrrompR8st (Pé9t i mat or
413 is cou control bit generator 414, which is in turn

5o bR, | -

coupled to 2. Multiplexer 422 is also coupled to nodul ator

421 and powver anpl giftisibed Sdmmitblicaiion Snit #50 ihblutley ieceivetploOdrdmematdr €T 424.
Subscri ber comuni cation unit 450 includes antennas 490 and 495 that are

used fo? bd7h duebdyplexsrdipharet #8{hand; antgngas 490{}1%11 d1%- &@bﬁl&&e&eydw%ﬁaqef 480

dupl /d

260 and t r Mok FhupleyFec By B, G PR 0 bRAC BpRAP IR E SRED VL
recei ver nmacludee dembyulaoe46r. Tﬂaﬁsmmrm mn]mdmhtg@mdaanbm%cd signad

conbi nation of _t Rece 460 in des  denodul at or chis
coupl ed t o Mg I7g} whyck 1 CBVerP?é‘ﬁatPh‘a’flc%[fqW%&%‘g@%g‘? %ﬂ modi fi er
475. Contr g&adsﬁﬁh'té'r 44’6%15'0%(99&6@ |r§'cﬁo Et?osy?c&hg’ n78RUA AL QRd fofderQnplifiers 473,

qual i ty-indication based signal nodifier 475. Vector nhodul ator 471 is
coupl edOt oanddVe subsystens 476 and 477, which are coupled to power

%0 coupi ed to cahtiets {HgRaR P on e a0 oele i dPE b3 ana
474 are coyMi@fistiPrnait B! SNre Bt AU 1BN G NI 55 RESERAfator &l ¥ is couple@ugh
dual dupl exer/di pl exer 480. Denodul ator 461 receives signals from ant ennas
490 and 49% powertchatroliit gemcqmréuérw@pb lieindrrnagopled tpmytipexepd22

quality-in u i , for
exanpl e, %’5@3@? 04223%%8% f:ourPaefd tﬁél% dr‘%é{%lln@oa% O%r al%&eﬁérgﬁ%’tvyl% lsqFit S

This quali ltmnlcﬁﬁblé@.tdgﬁfﬂermlagam is provided to control | ogic 472. Note that
denodul ator 461 perfornms other functions and produces other. si gﬂa whi ch
are not 9 WO 02/ oBywombepeymupyy Aoy amt 43 mgdpsantengas 494 gid 497 ti'F"pose of

clarity in, E%;b%rrgc FBI%IE(P rLaﬂésﬁ)n4ZT?dB{an €8 to AR 8&}‘)@1 & ng val ues

and forwar ese co ting values t vector 471 and
power anpl 480DeMualldGplaxal/dpdxer FP&Q\Brcoapbﬂncb reerivdi78 0 snddmespitat 400. Note

that for the purpose of this embodiment, the receiver may use only one of the two

20 antennas 490 and 495, or a combination of them. Receiver 460 includes demodulator
461, which is coupled to control logic 472 of quality-indication based signal modifier
475. Control logic 472 is coupled to vector modulator 471 of quality-indication based
signal modifier 475. Vector modulator 471 is coupled to radio subsystems 476 and
477, which are coupled to poWer amplifiers 473 and 474, respectively. Power

25  amplifiers 473 and 474 are also coupled to control logic 472. In addition, power
amplifiers 473 and 474 are coupled to antenna elements 490 and 495, respectively,
through dual duplexer/diplexer 480.

Demodulator 461 receives signals from antennas 490 and 495 via the dual

duplexer/diplexer 480 to produce a quality-indication signal. This quality-indication

30 signal can be, for example, a power-control signal having one or more power-control
bits. This quality-indication signal is provided to control logic 472. Note that

demodulator 461 performs other functions and produces other signals, which are not

9



wi th antenna el ement 490 and power anplifier 474 is associated with antenna
el ement 5 495. Note that the control logic 472 is different fromthe power
control |wgioe/o®d2 of the known subscri ber conmunicati on aeTiuse2/8887 shown
in FIG 3. The power <control logic 372 nerely provided power contr ol
information to power anplifier 373, whereas the control logic 472 shown in
FIG 4 provides conplex weighting to both the 10 vector nodul ator 471 and

the set ofhdgwaviaFI@pldrithepspdseofandityitrihe Tigine. @dnaeblogit472qubducthe t ot al
power of the transm tted signal to be adjusted based on the received
pover - cont9mBpleneighing ViﬂHesa*H@ Topwpds @PW&B@HI%W%‘BB‘%‘&Y ¥esttP SRt d/ or t he

power T at hdauRRsa7] Aottt Fsmta‘ﬁaame*: SUEMm AR 478! iRt

adj ust ed base ecei v ower contro mat | on Accoragl ngly, this
al | ows t hmthraamﬁm ¢1€mdnts49@maﬂ pbwebamplﬁ“leméw isedssauidted witbpetenna deness

recept %%/ basestation 400. Once this optim zed signal is received by
basest tid 400, basestation 400 can then send a power-control signal to

subscr i ber commu 'N(ﬁ@EHai)ﬂlquﬂﬂrGIQOélé Q7b Mlﬁ%hmoﬁlhﬁé pSwhTehirgbgic 372
comuni cation 450 should adjust "the total power of its transmtted signal.

Consequentf the kbwm ptisoriber ﬁgnnlhmwatlr)a devita 3¥showgrinFIGt %eThQJEQiYerpowe r of the
transmtted s an b vVers se of ication
devi ce wi f‘FPt?fll gﬁghcg:f %ﬁEegrnwgvfﬂggpgggr crolnﬁ'gldnf] Pg' 03POV§UCPI1P 1393%’% i mi zati on
benef i ci alyh¥read thewentrd1 96 gi€ ¥ Evn MFIGNS pRASER s icBmbles vaaghiBigto bbfhahé me of
subscri ber communi cation unit 450, an increase in the cellular system

capaclQy secterfaodubaaridii andttheset ﬁéP%W@mP&W@rsaf”@ea@ﬂéﬂée This allews pgli at i on
h dt Th
azar 0 Blgeﬂtl &'t 8\tvext (%}éﬂée E‘y 1[t Fg aﬁ 5 C&Qﬁ%&d Qﬁeg Bh Eheﬁi’lé%lve%S €

conpl ex we i ng row con can be based on the total
power of pbrertdoanshbit, tbadinsddditin, almbmhe phase bathtiorodnd/drehppase ratdd at i on and
the power ratiqQ assocjated with each antenn%gna: enent. 490 and 495. FIG 5

i | | ust r at assogialsd withsachanterna dement 4P aad 493 torheadiusfeddizsedt oy g received
communi Cagg@& ﬁ&bﬁﬁfor@ﬁﬁ@ﬁ Al Bl gﬁogﬁmfovﬁmgbﬁﬁﬁﬁe@&gﬂﬁ?o pdvention.

Qual ity- I cator sed si gna firer 500 1 ncludes control |ogic 502,
anal ot t oepiigaltveith (eApdo) tocirreespttion byMdsestation 400.nOded thisorptip@sedaanghal is

di gital -to-anal D A rte 10, WO 02/ 099999 - P /USO/14437
Chonan sowena RY phoalioto Gatelbobdls e g it R e AT B H O o o A
convert er ouRBPhdr somAtRic@tod Qeviddhsn iR el i sabsoribboédninbaicatidnet s A
converters and radi o subsystens are repeated for a nunber that corresponds

to the nushedd adjustthestotpd pevemefritsdransmitise isignaldransequently, by optimizing the
transmitted signal, the total power of the transmitted signal can be reduced, versus the

20  case of a communication device with a single antenna, as described in FIG. 3. Such an
optimization beneficially allows, for example, an increase in the battery lifetime of
subscriber communication unit 450, an increase in the cellular system capacity of the
communication network, and a decrease in the radiation hazard to the user of the
subscriber communication unit 450.

25 The complex weighting provided by control logic 472 can be based on the
total power of the transmitted signal and one or both of the phase rotation and the
power ratio associated with each antenna element 490 and 495.

FIG. 5 illustrates a portion of the transmitter system for subscriber
communication device, according to another embodiment of the invention. Quality-

30 indicator based signal modifier 500 includes control logic 502, analog-to-digital (A/D)
converter 504, vector modulator 506 and digital-to-analog (D/A) converters 508
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5 subscri ber communi cati on device has N nunber of antenna el enents, then

t he subscri ber conmunication device has N nunber of D/ A converters and
radio swyeywaneeys? Thus, as shown in FIG 5, D/ A converterCPABoand3T adi 0
subsystem 510 are associated with one antenna el enent froma set of
antenna el enents (not shown in FIG 5). D/ A converter 509 and radio
subsystem 512 are associated with a different antenna 10 el enent fromthe
set of ant elmoaglebeeDIS coreiter 308k bouidediotradio dultdysRIi1® dnd @At doaverget of
antenna el enents are each also uni quely associated with a D)A converter and
a radio s 9%?%Wed'l"ﬁéa4€|?léqqsb’§f@mr§3?cat or based signal nodifier 500

recei ves an | P Pr eNold #ASHR 5Pk 0 ahenaatl RIS BORL B Rk The IF

pre-transm ssion signal is 15 receilve nverter Ich converts
t he anal og numbet thahsoriespomly tethgmambepofantehingieteatenfso dmothiehevoAdsDifconver t er

504 forwards,the digital. pre-transm ssion signal to vectaqr dul at or 506.
The power CBATIF Syictlion dsyice hauN gymibshof e glemesra thephec

det er ni nes sGRYERIbEXcOMREINEATIE dRick B N TgbePHPhAX cMbAL hAg rdddo cal cul at ed by
determ ning the appropriate 20 weighting value associated with the

i n-phase sisgbsisteasngdmares skoven iHd Gy 0abf A carvertesiQFraad redinpgubrysiena¥ldaet at ed

w th each e e t.. For.exanple. in the cas wher e the ph

Fotatton i U Gl BB e Rl AT B .o ok Pl R FernstB okt bR EG o
conponent 8l D/A@oflvdrice 56Nind faid subsyswpi §IT aro@ssoaiated Wit a BifRrdhd agteaialr e

si gnal congfnent. In the case where the power ratio is being adjusted, the
wei ght 1Ag wiampent Smong e setpf apignpmelemerip.gARY rBHpinE aRienamhelcmests iy hei ng

val ue for i i 0 i ased or
docr cased forianBhaLlinS o\eich ROTRRRER/ asBicSy th IR G AR B0 00
wher e t he tradialsulmysem. of the transmtted signal is being adjusted, the

wei ghting value for, the_jn:phase_ sighal conpone and the weighting value
for the quadratur e%g? g%ty-eﬂwa%@ﬁﬁe%a%@agm%ffag@%g?lyeﬁ MmcHeated or _
decreased 30ni@fssidhlsigahl ddd§odRE-eOA1 SlofiE NS 1 1'@%05%tr}i§%|ion o 0! 1 ogic 502

provi des the conpl ex wei ghting values to vecto ator 506. Vector
nmodul aflér Fe@iveddwi Ak canverteliS§itt whichicenvartatisnimekiggme-iagsmaissibn signaltd aWO

02/ 099999 PCT/ US02/ 1443 A/'D co rter 504 gnd the conplex weighting

Val ves frofBERTHEL {5guD Euseioltr e dial BEsSSRRIten et b

pre- t r ansmvesio thoBuRRIS06.NTRe fowdHtdRrolfigml B rbécdAMyTdhab] logicH02! Which
correspondi ng to the nunber of antenna el enents. The vector nmodul at or 506

t hen appl i d§tcrmineg sprpplsk WoEShYREIVAYes-0 t he various pre-transni ssion signals

so that each The complex weighting is calculated by determining the appropriate

20  weighting value associated with the in-phase signal component and the quadrature
signal component associated with each antenna element. For example, in the case
where the phase rotation is being adjusted, the weighting value for the in-phase signal
component will be different than the weighting value for the quadrature signal
component. In the case where the power ratio is being adjusted, the weighting value

25  for the in-phase signal component and the weighting value for the quadrature signal
component are simultaneously increased or decreased for a given antenna element in
parallel. Finally, in the case where the total power of the transmitted signal is being
adjusted, the weighting value for the in-phase signal component and the weighting
value for the quadrature signal component are simultaneously increased or decreased

30  for all of the antenna elements in parallel.

Control logic 502 provides the complex weighting values to vector

modulator 506. Vector modulator 506 receives the digital pre-transmission signal from
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5 pre-transm ssion signal, which uniquely corresponds to an antenna

el ement, nodifies the respective pre-transm ssion signal based on the
conpl ex vwo@hdIIge val ues. The nodified pre-transn ssion PCFSBOY1EBE t hen
provided to D/A converters 508 through 509, which convert the

pre-transm ssion signal fromdigital to analog form Those pre-

transm ssion signals are then provided to radi o subsystens 510 through 512,
10 respechjry ebivertdfcuharldnBE cEAPEEL WeighRBg WETubOfoMmQontk&I80piE 902" ¥B&EBE SSi ON
signals into an RF form These signals are then forwarded to power

anpl i fi er modwldtor 88pemdits the pagrirensmissien Bgnalinfo eAgmbshofRretianFNSIon) . FIG 6

shows a system bl ock di agram of , t he vector | at or 0] I 5.

Vect or m)%‘%'iwji LS =1315h l%gdﬁggurppefrtog ?ntg'i?f el?lﬁg%g'aza}ele g?%%aﬁq@%%ﬁq%ﬁoe%r s 620

t hrough  in Gpflies htrsbn@ilen KefphGiddo thelyarsdus pse-GafkniikvionIgBnH50, tharwdclg onbi ner s
660 through 670. The in-phase signal adjuster 620, the quadrature signal

adj ustdr BegraasEisien si iy v @elngQsTesPonds 9 AR antonnaccdeBeni1 AR h an
antenna e i . Of. : i7LFI G 6).

Thi o ot S EkellcI 1ARulioR Liond PRI (5 CHROR wlkinR SR, e

cor r espongiotffietl pré-trensmisdia sighals atthieni pagvided erida\ ednyorers S08 drod t he

subscri ber_conmyni cati on devi ce., Thus, as. shqwn jn FIG .6, i5-phase signal
adj ust er é%w%mna%ra the @P“é‘i‘i&?mléﬁj’%@ﬂ%fﬁ tegam digtfal ©BI0R & 7HORF Bi%a) so
shown for

&ﬂﬁéﬁ&{mg&ﬁ@ﬁ%&'ﬁg@@éa BfradibSuSY B AlsisN8 thEREAINI cat i on devi ce.

: tra .
Filter 610r receives the digital pre-transm Sssion signal from A/D converter

504. R | t esp&li@elyi whith shenh@nvet the JE dorpr ef the aresiranssiissiprsiignadd inforandRF n- phase

and 25 quadratyre conponents.. The in-phase copponent of t.he

P -1 r ano TG TS GHLT a1 dhoTPEATORLo B Pk ARG SN APeCHs AREWHS 620

t hr ough 6@1@meﬂ'ﬁg§n(g@ﬁ@l\g,ﬁtglppﬁ}p5q_rrponent of the pre-transm ssion signal is
provided to quadrature signal adjusters 640 through 650. |In-phase signal

adj usters 620 t hri3Ggh siEaws aswstaay blorladiaggansoigha vedie] medwpter §wWontidr ough 650

receive c I i ght | v es f r.ol . ) < i gnal 30
adj ust er s%gg(?? ﬂ%ﬁ%ﬂ"%@%"%ﬁsﬁ&glﬁ rsgfrﬂtf?gﬂé’ilg' glr,gegg n@s?‘é‘rlsét&ggg@ﬁﬁ?uﬁgh 650
app! y1$ he63@ qumndrere b aijugictsc40hRopgie6 50, ans bbmbiners S0gmalgic@ponent s t o
produce nodified pre- transm ssion signhals. |n-phase signal adj usthers 620

t hrough 630 and drabasesignabrdinsiad2Uche spabaoosipest AdBor ¢¥L P e dj ust er s
A0 L ouR oG YL B S OSSR Aol Sucart rers o6
nmodi fi ed pmtennaelanens @ei shovai GrAGs 6arkhi$ sat whcanpirensdsegpesedwahm t o D/ A
converter 3ec?(9r8mgc?uqatc5)9 ?06 corrree§ oen%grigvtg Itl}/e' number of remaining antenna elements for
20  the subscriber communication device. Thus, as shown in FIG. 6, in-phase signal
adjuster 630, quadrature signal adjuster 650 and combiner 670 are also shown for
another antenna element of the subscriber communication device.
Filter 610 receives the digital pre-transmission signal from A/D converter
504. Filter 610 divides the received pre-transmission signal into in-phase and
25  quadrature components. The in-phase component of the pre-transmission signal is
provided to in-phase signal adjusters 620 through 630. The quadrature component of
the pre-transmission signal is provided to quadrature signal adjusters 640 through 650.
In-phase signal adjusters 620 through 630 and quadrature signal adjusters 640 through
650 receive complex weighting values from control logic 502. In-phase signal
30  adjusters 620 through 630 and quadrature signal adjusters 640 through 650 apply the-

complex weighting to the pre-transmission signal components to produce modified pre-

transmission signals. In-phase signal adjusters 620 through 630 and quadrature signal
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5 FIG 7 shows a portion of the transmtter for the subscriber

communi cation device according to another enbodi nent of the invention. The
transm t twp opoywdon shown in FIG 7 receives anal og baselpemdsst/gnal s
(labeled in FIG 7 as "Baseband | Channel Data Signal (In)" and "Baseband
Q Channel Data Signal (In)") into a quality- indicator signal nodifier 700.
10 Quality-indicator based signal nodifier 700 includes A/D converters 710

and 715, Béy'u&t@fs%ﬁ %Qo@gith ovi¥e Gl fidmstellah&hisASH sigﬁaﬁ@ td @mbiRgh 660740,
combi ners 750 and 755, and D/ A converters 760 and 765. D/ A converters 760

and 765 ohnd6#), irespectivaldi cEowbinsisditll anddd( thearadd 0 gspscidvumpdidied ora-adi o
subsystem 770 .and 780, r ect] I D conv 7 i th
basebana MATEHAGSh SEis e BRI ez R BLA Son bl SRRRRY B8O 0

guadr at ur eesgé@'weryansrri ssion signal. A/D converters 710 and 715 are coupl ed
to filters 720 and 725, respectively, which are in turn coupled to vector

nodul a¥ or 730. C3AEr dhevwyR Bortign of Hiedrapsmitier for Mg BbsE gt FYNMERIGARIN and
f d i ght.i 7 t 730 i
Torvar . GORBL . MO VO A, IR e MGG AR L 1301

and r adi o sisavias insRISNT Tet8iven anpled pasebard sgpbnthbeled an HIG ehasdiBacstaad &1 enent
fromthe set of antenna elenments for t supscriber conuuni cation device
(not showShppPeEPa2 S}gf}a?ﬂlﬁ sa‘?e%Baé?baé‘Qﬁgghé‘H‘FgﬁF@ ﬂ%ﬁn%gﬁﬂuﬂ“y'

cor r esponehi 354 QidnlEmb4iFREToRf antenna el ements for the subscri ber

$
conmmuni cat 1 on d%w ce. Consequently, conbiner 755, D/A converter 765 and
radi 01@5 subsyst eQualigBindictalbasedsdigneh modifiee Ipdindludgs A gomliefttrsi/dAt ant enna

el ement fro ... S of enna el nt Any nunber, of addit]i | sets of
conponent §n&g§%tef§%gélﬂfl%§’ VFF@§BB’%§F%S7P’8’ ‘i"ﬁgoﬁf?ﬁ{?ér‘ﬁo‘f? %1?%%25% enments.
FIG 8 shaug78s,bh@DPAIChAREteROTF0 £ 785, B/AWBRELIRET60AMTERI0E ghdly. devi ce
according to yet another enbodi nent of the invention. Mre specifically,

FI G 8 shéndicat@Gignabmadifiey70hare caveled & Al subdygiern €10 andaA80y wseractivdly baseband

digital signals. Lity-1indihC r S i gnal i fier [ udes
vect or nodul at or %?On&g%ﬁ?ﬁ glr ‘%eg\éﬁsc?e%tga%,e&ﬂgﬁg%%gir%nélr?s%%{nb%%, 840 and
845, amnd gosbiceresthsblsebhsk §edraturkPraMPatiBEISPAGnPCNIVGORYe &S0 dadnbi ner s

850 and 860 of quality-indicator_based signal nodifjer 800 are coupled to
radi o subdy3eerfoupled tafiliers 480 apdy b s3sPeIVGLY. BBIch a6 Iny B ougled 19 ¥ed9ves a

e R0, RS CATRUE LAt o are
complex weighting values to modulator 730. Vector modulator 730 is coupled to
combiners 750 through 755.

20 Combiner 755, D/A converter 760 and radio subsystem 770 uniquely
correspond to a given antenna element from the set of antenna elements for the
subscriber communication device (not shown in FIG. 7). This set of components is also
present corresponding to the number of antenna elements for the subscriber
communication device. Consequently, combiner 755, D/A converter 765 and radio

25  subsystem 780 are also shown corresponding to a different antenna element from the
set of antenna elements. Any number of additional sets of components can be present
corresponding to the number of antenna elements.

FIG. 8 shows a transmitter portion of a subscriber communication device
according to yet another embodiment of the invention. More specifically, FIG. 8 shows

30  a quality-indicator signal modifier that receives baseband digital signals.

Quality-indicator based signal modifier 800 includes vector modulator 810,

control logic 802, D/A converters 830, 835, 840 and 845, and combiners 850 and 860.
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5 also receives a digital baseband in-phase pre-transm ssion signal and a
di gital baseband quadrature pre-transm ssion signal. Vector nodul ator 810
splits thwoirophase and quadrature pre-transm ssion sighacTasoponrgnts into
a nunber of signals that correspond to the nunber of antenna el enents for
t he subscri ber conmmunication device. The conpl ex wei ghting val ues are then
applied to the in-phase and quadrature 10 pre-transm ssion signal

associ at edConthinez@850 ant 60 qahigpandicitoobastd eigadltmadifi@r80onfacoupledtent s f or

t he subscri her conmunication device to produce nodified pre- transm ssion
si gnal s. %@Wﬂ?@?é&g@%@q’ E§B$AtYEYon signals are then provided to DA

converters 830, {Heglal |45 sMLaNe CERNRILeoh1EL Sl il poBiem elmblag modi i ed

pre- transm ssion signal$ into ana rman ese
pr e- t r ans wesgiting valugsavliscl are pfovidadtp rvectsr Bi50ulatod 886 0Veaterspeditlatee8iQ

Combi ngr 850 receives . i n- phase and adr ature conponents, of . the
a1 T iod AREITGERRS raa e ey S SRS E YL e nt g SeE s
respect i vel¥drateRenfhsBnlioddiaalt Noe&ot MBdSh@P 8IS sdint M PRidand he added
signal to radio subsystem 870.” Sim larly, conbiner 860 receives the anal og

i n- phase quadiaigLrapledtansmissiog signalcemponenis stop numbemfdignalsdhair e- t r ansni ssi on

signals fr 20 converters. 840 and 850, .respectively and.adds the
i onal 5. COMPRATCuE IR SR e AR IRt SRE RS S BT s e

si gnal s t deviaeli Dhsedanpiek erlgffs vathés ardtiehepplial bl teahbate &l quaadagitb at i ng
the conpl ex wei ghting by adjusting the phase rotation associated with each
ant enh@ ePETEMSMIsEbY ERA gssopiated forcsash antgam clementeuy Hhespief agtoppg | be

descri bed ol ol 1BF BRCEn vl Gihmnicdiod My [ PhrodRecANAR] pce, the met hod

described 1n reference can be use any configuration of a
subscr i betraaonistion sighalen THese ncelifiddpradicin$missipn aighhile ughthéhprogidad td y -

i ndicatio ignal ca an propyiate type, of signal that _provides

i nf or mat i g?{itcgnywrs g%fﬁ@é?‘igééag’c%ﬁﬁ‘ﬁ{h APRELS %?13'6&% fgeﬁeﬁ?hﬁﬁgécﬁ%%c{ Pey of the
signal , T efnGRRYSHLBALS ifth alISERTR R0 folwWied HAR %Jeycfdn isgi%c{b'l\sl%ﬂaﬁ kgnal is
assunmed be to power-control signal 30 according to the protocol . At
step 990, campowesy 850rmiidB&40j respesiighnl Gosnbgrant8SH reneivesa thesn-phaserand 10 t o

subscri ber _comruni cati on devi ce 0,via wirel ess. connectj 130., At step
310, the. AHHTHIB 0L GRu80s Oplbe s I BEER SeiRFTBr DI e e ent From
t he baseba®nd afdiB3y,3épotthRly. t CoinBmetBs0 Addd thédd ke kBhals BasRAwalggaal nodi fier
122 (al so shown as quality-indicator based signal nodifier 500 in FIG 5).

The power 28dnitsignal & wgdia subesstoru iy Yimilars. oNrngs 860 srseives Hgiavalpedn-one of
E/\Qf ug?s Z:,] %hgse\éﬁh "éﬁ§drtaf?1l}e ﬁgﬁ(al %ﬁﬂﬁ&letn'tsr@ tl?eeﬁ'cﬁﬁiéd %Pe—&élrg;ﬁéls%nus?gn%s f?orlrlld own*
20  D/A converters 840 and 850, respectively and adds the signals. Combiner 860 adds
these two signals and forwards the added signals to radio subsystem 880.
FIG. 9 shows a flowchart for calculating the complex weighting by
adjusting the phase rotation associated with each antenna element, according to an
embodiment. Although FIG. 9 will be described in reference to FIGS. 1, 5 and 6 for
25  convenience, the method described in reference to FIG. 9 can be used with any
configuration of a subscriber communication device. In addition, although the quality-
indication signal can be any appropriate type of signal that provides information to the
subscriber communication device on the quality of the signal, for convenience of
discussion, the quality-indication signal is assumed be to power-control signal
30  according to the CDMA protocol.

At step 900, a power-indication signal is sent from basestation 110 to

subscriber communication device 120 via wireless connection 130. At step 910, the
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5 "up" value represents an indication fromthe basestation to the

subscri ber comuni cation device that the subscriber conmunication device
shoul d | wp@asedhe total power of its transmtted signalPCTASOHOMBT val ue
represents an indication fromthe basestation to the subscriber

comuni cati on device that the subscriber conmunication device should
decrease the total power of its transmtted signal. The particul ar val ue of

10 t he pO\Q@Wef}m&itﬂ’oﬁ)blgﬁalgﬂgént ifi®redhe GadebiR) Subslysten 2T & the gBalithéddichistg a
power -control_ bit whi ch represents either the up or down values in binary

form At é’@éﬁiﬁi S@@i mpﬁ@lebil%%@é@ shewhap guality-findigaies qﬁéwe?lgltaéqu&eré%ﬁm
reaches a @t 3)5%@80&@ %1}'3\?500 10 theSEBNA Po%&oﬁﬁﬁﬁ RonLgpdy state

ina nunber exa nsecutive equence of power-control
signal s oftwupostdﬂmvalpemﬁor dmyvglv&ﬁtmqa-pdnum artChipd valve gpavidowadmiluol Asi gnal

reaches a ste state, the pracess p eeds .to 930. At step 930, the
phase Sot aPPo %‘S@BES%W%EPW %“8?1% H‘rf%‘%ﬁ??ﬁ“ém%rfge? SCHRfTyst ed. Ret ur ni ng
to FIGS. RoaRthnRati6@BEVi&! thaP@b Sullhb& abmhAiGRoRIBRY SRURI A¥eaghdhti Ng sO
that the phase rotation for one antenna elenent is changed. This conplex 20

vei ght i ng totel mﬂ«mpﬂé@ltramsmltted signalalA ‘Gigjpvnd velus répresentsan inditaiondrosh theent
. g., 6 640 t, 630 650
(oS + oo MRk B Sielo DR bk 208 eSSBS0 a8 e

phase r ot aeiiensHduel @&yea@@dieftytan{gowmf $th GBRmitt6PPRAIE Mhe HBATculaf PATh bat
antenna el enent and, conseguent nodi fying the total power of the

t ransiPt t digp qupntrql51gqal @mr@ e o lzzﬁr@p agwludclmaa powereniipbljf.c 502
determ negyp Ex%gerﬁbglthepﬂw Od%quJal %h ﬂgﬂhmjyggnﬁl subsequent tinme period
ecrease, e.g.,

i ndi cates a presente own value. If the

power - control si ghiadtep 920, tﬂ&tlﬁsc@s ieieass thd}ftﬁvbricbﬁtrﬁlcﬂlgiﬁﬂ raates at 0 the
phase rotation for _the one antenna el ement resulted.in the basestation
receiving$ e@%“?t?arr%’ﬁlpf"f"%ﬁc%‘lt%éllgn?ﬂlﬁﬁ’é“@ﬁl? ?ﬁﬁ?‘ﬂ}yswqﬁﬁn BORBOSL RS- because

the basestgRt| E)@oﬁh & %edoﬁgééuﬁ% Qgﬁ%ﬂcre%@ g&%ﬁ ﬁ‘z{ls ot nlh \213 liblg e ggyjpot al

power, the base tation w |on [ equent

power 160 ntupalowsi §hree theTevertdostrol dhgmal machm i stﬂady stategl theiptecescamneaedntd nue to
attenpt to %%/E’{)Jm ze the phase rotation for that antenna el ement and 15 WO
02/ 099999 S S02/ 14437 sinmul taneously reduce the total power of the

transmtted signaAt std}1e30, MephaBOsstionfasdobRted wiaeMe ddi&fhatidiat scan be
reduced because the subscriber communication device is comunicati ng with

t he basestgdivbied RatuaningreFEpt. Sraad oneantiel logit Smaltividtesrranevs campled0, if the
pover - co nR&;e?éhtlﬁé 90 ?ﬂat ﬂl%ep%apeollotétmg fgr%[n% afitenna element is changed. This complex

20  weighting is provided to the signal adjusters for that antenna element (e.g., signal
adjusters 620 and 640, or signal adjusters 630 and 650). Upon receiving the complex
weighting, these signal adjusters adjust the phase rotation thereby modifying the signal
component sent from that antenna element and, consequently, modifying the total
power of the transmitted signal.

25 At conditional step 940, the control logic 502 determines whether the
power-control signal for a subsequent time period indicates a decrease, e.g., represented
by a down value. If the power-control signal indicates a decrease, thén the adjustment
to the phase rotation for the one antenna element resulted in the basestation receiving
the transmitted signal more optimally. In other words, because the basestation received

30  the transmitted signal with increased total power, the basestation will send a down
indication in a subsequent power-control signal. The subscriber communication device

can continue to attempt to optimize the phase rotation for that antenna element and
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5 decrease for the total power of the transmtted signal (e.g., the
power-control signal indicates an up value), then the phase rotation

adj ust nerwwOwa®9ee ef fective and the process proceeds toPSTA09HQ37 At step
950, logic control 502 changes the phase rotation associated with that
antenna elenment to the opposite direction. Then, the process proceeds to
step 920 where steps 920 through 940 are repeated based on the opposite 10
direction tmultaheowslyasduce dictot2d powst ofcthe ctaisntinted sighap THE totali fowtehof the

power - control sjgnal |nd| cates a decrease for _the total power of the

transni tteéFagfi‘BWS‘li sigaal gan bg frau ﬁf&,&&cawﬁbw S%I‘fhjﬁafpnlmﬁaicé%%%wépedém

val ue), th tive and the process
pr oceeds tgamgrﬁ%bogg%%ﬁg?{ e?%a'g%@agtﬂﬂllﬂ? hlgﬁgbgt\'g@?sﬁ%ﬁsn%ﬁel d until the

power - control si gnat condgiohéistep HB, Hitbapywataneol signabtlegs 07 tdidategi ¢ cont r ol

502 chang t he phase rqtation oc W t that antenna elenent to the
oo U Ae s RS il womeg e BE PR R st e e Ao e RS 050
through 946, fEfed MRPAER), bﬁeﬁfe@le gﬂageh@taﬁaﬁrﬁdqumﬁﬁtt WwaNhdteffedtiR dnhARE

rotation. FIG 10 shows a fl art for calculating the conpl ex wei ghting
by 20 adj upraogsp Rrh@eéw@wpr%iOatAtcﬁﬁpﬁQolﬂg&t@mrm 302 cbaugesdhe pisarastionent |

according to enbo 95ess is held
it the poRbRtoRT bR R RR PR e bR TR gl Opa 0 6%

power - cont pedcesdsgb alepOeasinete sepstonadroslad40 ark b@eaﬂ@ﬂ BeRIDNAhOEHRMARe t 0 st ep
1010. At step 1010, the phase rotation associated wth one antenna el enent
i s adj 1@t eélf@%w@cf%ﬁle@h%ﬁé\xp@ﬁm)l ex wei ghting cal cul ated by control 25

| ogic 502. At cond t 0 I

whet her the pOWEI‘AE(::éO% E‘Sﬁ’nm &thég&gﬁbdég{rglen‘%&??nﬁé&g%ﬁ otal% cat ed a
decrease f die ﬁohze pbmxajf thqamnntmefd digreal (¢. @ néhEipbivetcquom signd. 1gd1cate£zpdm1e nt ed
by a down va power- control signal indicates a decrease, then

the adj ust vé f>> lﬂéf’nttFFeP %%atmamsgﬁelftdv%te Ctiigend GhePFoesss RIQSFRISdA L
resul ted '@t&%%o.b%§§t§f 3k0 Qﬁbﬁl%&?s's‘féﬂél gﬁeﬂ thé ép&hﬁgkﬁg&i‘%acﬂ&rae

optimally. nsequent ‘the sel ect ed |rect for the phase rotation is
correcis andteaciﬁstm@ @2/5@9 990 dogECTOHUBI 02413 Ees thstrphla@r romﬂ]ousxssmmt@ with t he

phase rotat, on me direction.nmay. result in a fur imzed

Pr ann ¢t othL Ape TS G e R oG TS oe ProoPi iy EMED s gnal
does not i Reiefadt&s20 UREHARID 418 FefehRd batedl onRRMHMOdirdchiBn Foransphdsé ed si gnal
(e.g., the power-control signal i ndi cates an up value), then the phase

rotation adptedement was not effective and the
FIG. 10 shows a flowchart for calculating the complex weighting by

20  adjusting the phase rotation associated with each antenna element, according to yet
another embodiment. At step 1000, the process is held until the power-control signal
reaches a steady state. Once the power-control signal reaches a steady state, the
process proceeds to step 1010. At step 1010, the phase rotation associated with one
antenna element is adjusted based of a new complex weighting calculated by control

25  logic 502.

At conditional step 1020, the control logic 502 determines whether the
power-control signal for a subsequent time period indicated a decrease for the total
power of the transmitted power, e.g., represented by a down value. If the power-
control signal indicates a decrease, then the adjustment to the phase rotation for the one

30 antenna element resulted in the basestation receiving the transmitted signal more

optimally. Consequently, the selected direction for the phase rotation is correct and
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process proceeds to step 1030. At step 1030, logic control 502 changes the
phase rotation associated with that antenna el enent to the opposite

di recti orwOTR@em99e he process proceeds to step 1000 wher e Psirase2/14200

t hrough 1020 are repeated based on the opposite direction for the phase
rotation. 10 At step 1040, logic control 502 changes the phase rotation
associated wth that antenna elenent in the sane direction. At conditional

step 1050 furtiee agosiniedks thaH shas&datidatie ki saaw diketitiemay Fsulpavnefurtent r ol
signal for a subsequent tinme period indicated a decrease, e.g.,
r epr esent EBtiBYZed tpasmittedisigsal- | f t he power-control signal indicates a

decr ease, then the: aglisisiEnty 1020l APUASE. JRKALIANI WS (o] [iklove and again

process 15 proceeds to St eps e repeated until the
control | dgereass@@r thd edtel puwee sf thh atansrhiztep ciganl @@ntthopovedrepoatrolf signah
subsequent_t.ine period indicates an i.ncrease for the t al r of the

Cr anenpt AR CRATiaN B B bRt O ARG HERToL e AR i e

obt ai ned ByodeddirBeeeif o AYSIEBE Alstch1®30/188R oREAL IR Rafbes iRbratep 1040  and
the process proceeds to step 1060. "At step 1060, the phase rotation for the

ant enna 2@otetiemesociated mathithatedtenoa elhmentrte vhoopposiit dintiophdben, thet at i on

" apeai od Poreeknio RS B fen MRS  RRBRpRIEE JRGE Rt bREER e an v

repeat ed bHbgposi@Gireatidrefdn theglhasbiatibe. obtain an overall optinum for the
multiple antenna elenents. FIG 11 shows a flowchart for calcul ating the

conmpl éR wei ght i ngAbstep 504H lagds ¢angyol B2 ¢irnases the phase sefabesaeodated witht h each
antenna e i t i t.. F ibes a
met hod V\hg?gg% remﬁgﬁ%ps} F%}eesgg%t r)%a?gené e‘?{\%g’g{\}fagﬁgle%ep 40(()%9 @1%8&%0\?\%6@ Cc(Q:o nt r ol
bits are G6edetemites ehatheetht bewara@mabl gbad €or Dfubkeqent tinelperivdrisdigatedt | y,

t he proper conpl ex weighti rég In this_enbodi ment, the subscriber
communi cafidsrreasy t-8e TRRIPSSHteE b 2ol Valits- Jf tegqodier-senftd signaliiglisates? ¢ wo

adj acent REURLs MGk g adlsHaR t§ REGRdse Biahidf Ry ef@&ﬂférand_tag%fl #Jassspwer
associ ate Wltsh oth P are at e sane level P. To si P y this

di scudS§i oprocasdsund Oflar Steps $040rdnd d 0@ ate iepeted Uil shebmotrodegicd0Zmuni cat i on
device has, 17 WO 02/ 099999 PCT/ UUS02/.14437 . t wo tenna el ements, although
any. nunbeReBminG (e ie PRNEERIBOLPERETRs Pabspibieel Bing et odbRERER ot at Lo of

t he secongy@aiserianetRaBRwer 6f t8é tinhifted PSwéid IAithRPoRANAe EHENBAhAR the
first PCGis Phi. The phase rotation of the second antenna el enent relative

to the firptgtiomenndierebtainethisniaking thenayesage of thepd@se wtations dumng step 1®0The phase
rotation qufi ﬁleetpr&egg sforcgeddsttg stg;? IOGBE lA&tép 1(%0( ﬂl%ljp%géje rB%EiWﬂa?or} tltlehz?ntenna
20  element is returned to the previous optimal phase rotation value. Then, the process
proceeds to step 1000 where the process is repeated for another antenna element. In
this manner, the process can be repeated for each antenna element to obtain an overall
optimum for the multiple antenna elements.
FIG. 11 shows a flowchart for calculating the complex weighting by
25  adjusting the phase rotation associated with each antenna element, according to another
embodiment. FIG. 11 describes a method where the two most recently received values
for the power-control bits are used to determine the proper phase rotation, and
consequently, the proper complex weighting.
In this embodiment, the subscriber communication device using the CDMA
30  protocol sends a signal of two adjacent power control groups (PCGs) in such a manner
that the power associated with both PCGs are at the same level P. To simplify this

discussion, assume for this embodiment that the subscriber communication device has
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first and second PCG provides a nechanismto determ ne the direction of the
phase rotation between the two antenna elenents that will inprove the

si gnal quabDioepoecei ved at the basestation. Consequent!|ypPCrhsozonp! ex

wei ghting can be calculated by the following: if the value of the
power-control bit for the nost recent tine period 10 corresponds to the

val ue of the power-control bit for the second nost recent tinme period, the
total powetwehnttiia elerding)ialthetkhsdngmambesofadjltipleaatenna bleneatisiis possibieg t he
phase rotation of the two antenna el enents (i ntaining Phi); if the

val ue of t f8e pearerotaiiemehibe sesopd %ﬁen@arféerﬁﬂgtrelﬁfé@éthtt@'%mﬁ@wa&&%ﬁn% fer s
fromthe valdigscd RepBOTR! -&.??}Jet&honp(ﬁ;t§e {e06nd MfetB R [TRiRE6 iRD, phase

rotation o e two enent I's adjusted 15 I 1'e mai ntaining
the total [fioswentenda dlérentriatendetorsldPCGgnRhi -+ Il foll owing nore fully

di scusses this e dinent. At s 00,,.a phase .rotatjon sociated with
one of the two ag?@‘r‘mg‘gseelioéar?é’ﬁto&g&sé‘? AiEed tﬁlagzéﬁﬁa Aﬂr.lt’éqdélﬁedl%iﬁ?enptﬁ se
rotation offg@hd {RbSPPUES RbVRIEs & theBRAYEn RetdPRineithe UiedtVn@IHGREsd Or two
adj acent PCGs. Based on this introduced phase rotation 20 offset, a

transmi t t edotgligpriztwéan the two Antemna dlemeniber vilkimproraitha sigal analiaesededt o t he
basestation, ,Then,, .he hasest ati on sends_a wer - cont ral | based on
this racer dei DEPRRLA . CRRTN Gl Be REREE P S PL f R 3BT e

det er m nat ifgIbwifig: "l @e: Vdud 6 b pbRercdnhel biver tisbstrecabting peeski ved val ues
for the power-control bit are sane. In other words, the 25 power-control

bit willf haowesporslsrte thaiyadye Qlthe poveircantrehbit forghgweeprhmostgpccai @Ml e, t hi s
o . . : rre 5 |
espentt vors it s Giaf P ind e MBI LARRIRd e Ra e BRBHARY, SeC

power - cont rethtiondftth@twd frgenmmsdemate(ile., naieaipaig Rid); ifche haue af the pboer-t he
power-control hit at the second, nost recent tinme perigd. If the t val ues
for the poReftd SHiPiohe Fast EopptdipmpRIlodidyiers OB}@EEE eﬁ?ﬂ?@@@%ﬁ%ﬁdﬁp 1130.
[T the twopyghues sdBhd fillfe RAVE! s di@lon B hetiWo dimenitdI§ ¢, PhBGEAFuRsLCeedsS
to step 114%. 18 \S/\!% 02}1%55%99 ’FPCT/ USOZ/O?4437e Rt sﬁleep ?féo,gt hazﬁltlot al power
of t helfr ardntemaddaigingthé tatal padjensf thd trahsnhigedraiignalaiTie figllavie g proas Billyot at i on
for the antenna el ene t..CoqtroI | ogi ¢ 502 adjusts the total power of the
transmi t t e SSPERY lsaer'?gmr‘?&f‘?ﬂ ains the phase rotation for the two antenna

el ements by appr op&i sl 100 apRakeabiatigh A8V SOAPI@onSRE el tivdGntehen, the 5
process proceeds to step 1110 so that the process is repeated. At step

1140, the glawatsidinatializads Of stepd 1 1Guphassiretafien effsattaisasrefesregdp gaaveds
Delta) is introduced for two adjacent PCGs. Based on this introduced phase rotation
20  offset, a transmitted signal is sent from the subscriber communication device to the
basestation. Then, the basestation sends a power-control signal based on this received
transmitted signal.
At conditional step 1120, a determination is made as to whether the two
most recently received values for the power-control bit are same. In other words, the
25  power-control bit will have a particular value for each time period. For example, this
time period for the CDMA and the WCDMA pfotocols is 1.25 msec and 666 psec,
respectively. The determination at step 1120 compares the value for the power-control
bit at the most recent time period to the value for the power-control bit at the second
most recent time period. If the two values for the power-control bit correspond, the
30  process proceeds to step 1130. If the two values for the power-control bit differ, the

process proceeds to step 1140.
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while maintaining total power of the transmtted signal. Control |ogic 502
adj usts the phase rotation for the antenna and maintains the total power
of the trwpyiotwed signal by appropriately calcul ati ng nearasepias?

wei ghting. Then, the process proceeds to step 10 1110 so that the process
is repeated. In this manner, the two nost recently received values for the
power-control bits are used to determ ne the proper phase rotation, and
consequent |y, 2 PrAREs, 1 GOMRE BtalfRh@RbE e raflihiteuslinliNE adiakiad whguer of the
transmtted signal 1Is padj ust ed . ccordi ng rtao this Ieélr]rbodi r%ent , the power

rati os of hmtaiemgeld phase rtdtionfar teenmennselament] Conopl ladicdRedjustbribe

enbodi nent s di scuss el ow.in .connection with FIGS 12 and 1 address the
cal cul ati thagfpog’SﬁfJ’igtg‘ﬁ ?%ﬁrﬂﬂf‘é]ﬂéng@n& I’?}ft‘rﬂ?lﬂé_h’te aje rﬂﬁ?é/g? ?%Efqh? ﬁ‘%ot ransnitted
signal, thgnehas@eheitaby Siprepithtdl ale@iBhg AidW tomplex Wa%?aﬂg.emn@a, ghements are
adjusted. FIG 12 shows a flowhart for cal culating the conplex weighting
by adjlst Piegesstpeogsedicto steatlild0 apthat e pseeeseispencatelon associated with each
ant enna el enent, 0.ac i . ' &R ' i In this
enbodi nent, an el e‘%rtesrtlap ﬁ%p&gggp%%dgﬁgg |Og(r?1ﬁ| S caélg%lfl%glr%g{&ﬂgsg%éjg&%j usting

any phase wailaitaiiai@ingpeaesowedlof ¢heft@msmithed stgnal Dent@l RBIgn$e2 adfgssd the t o
sinplify this discussion, assune_for this enbodi nent that thaﬁsubscri ber

comuni cat PRAte deaiienion s anifenaArd MattaneRe Rtal Poier Abig fragpitied siamak biof
mul tiple agﬁﬁ?ﬂ%@ggg@@%ﬁ?%ﬁevpgéﬁ Qk%e@i{lg{;g&&,% LﬁrB@esE ?f}dc@ed&ftotsfé antenna

25 el enment n can provi ack using e power-control
bit of 10 hell Jiosuethatcbe prookssss gpedted.More specifically, based on the threshol d

val ues, the phase rotation can be adjusted tq conyerge on a substantially
opti mal phase rot e{f‘iﬂ?)‘ﬁnl?&{‘?fe&“e%ﬁ}inﬁﬁt eGERLEI PR ‘faﬁ'ﬁ’s g‘lft}g? BAVF AN b pt i mai

phase rot aBﬁQé}e\ﬁ@édJl%,dete%nfa%ﬁmpétﬁtﬁsé/ﬁm%nf A doiqathtBNhoRsRr €l enent s can
be calculated until a substantially optinmal power ratiovalue is converged

upon. The pooples sveightingeAdthpugh the tbtalgrowse of theéransimpitted signalasgdivsta@ t o change
any paraneter, .such,as the. phase rotation the power ratig. 19 WO

027 066009, Mt/ ib By L FapoTabry B PEYE BT &t PRI PP Xme™ 5 ane enna
el ements i gotRASHWIE drheAnboainttintd dFRissedttRbwL Alddnnéctids WehFIGH. 1Dand $3 made as
to whether the power ratio is below a predeterm ned threshold. If the

power rat i addressiibe cleilgioniaf sompledeydightingess thai thesRisl power afdhe Easnpitetess
d ) . J.0el . i ned
proceeds t &gﬁﬁleﬁ]e I??ﬂés(% rol!a[mrtl Qr?d t%gggg’fgf ttlb%{ g% @ge%ngf;lteggn@ ra?éjﬁcgl?sg%ﬁégg S

t hreshol d, eh the process proc 0 S 0 tune t
rotation. At step HEZ202 sidwe pii@schartdoatidlanatirg thhesrgdex tweighting bg maxi num
val ue. At adjusting the power ratio and the phase rotation associated with each antenna element,
20 according to an embodiment of the invention. In this embodiment, an element
threshold detection is considered before adjusting any phase rotation or power ratio for
the antenna elements. Again, to simplify this discussion, assume for this embodiment
that the subscriber communication device has two antenna elements, although any
number of multiple antenna elements is possible. By checking the ratio of the antenna
25  elements, the basestation can provide feedback using the power-control bit of the
power-control signal.

More specifically, based on the threshold values, the phase rotation can be
adjusted to converge on a substantially optimal phase rotation value. Having
determined the substantially optimal phase rotation value, the power ratio value for the

30 antenna elements can be calculated until a substantially optimal power ratio value is

converged upon. The process is iterative and can be interrupted at any time to change

any parameter, such as the phase rotation or the power ratio.
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conditional step 1230, the phase rotation is checked to determ ne whet her
it is a substantially optimal value. |If the phase rotation is not a

subst ant iwblog/oggeve mal val ue, the process proceeds to stepCcIAR02/wisre the
process for finding a substantially optinmal 10 value of the phase rotation
continues. If the phase rotation is a substantially optimal value, then
the process proceeds to step 1240. At step 1240, the power ratio is changed

to find a maxi nuMtsalpUR00Ahe peRadhtio frahe Sicedtdnda@lentidnes ipawasuréRtAD is
checked to determ ne whether it is a substantially optinmal value. If the
power r at fnditionabiter 1 5103 dalgtmiaptiap i pradeas to,yhether thepowey ratiqis d810W2 oceeds

to step 1&:;&%%‘%@5& Eh'i’é‘sPde‘.’ Pt PWE:%%EEFS‘)% 4 bBloSHHRE bR LAh|ndd BRLdN val ue

of the po I'0 contl nues. ower ratio is a substantially opti mal
val ue, tthen the@ogsopresedsnostep d24(. df dteqpwE? Bio inbeloer thépredatenmainéd pr ocess

repeats. In sum the conplex weightin be cal cul ated .by adjusting the
phase S_Sro'th&"ts%ﬁ %@H&ﬁ%{f S RIOCFF %Stgﬁﬁgﬁﬂtg ape Rggsefrf)'iag?’?{ and then .
adj usting the powstégspaﬂm th@?h%%%&ﬁﬂi&ﬁﬁ@hémgteh t6 fi8d AW ANAGLShREEALS. In this

manner, both the phase rotation and the power rati o can be adjusted to
optim ze sulditicaat step 1330, He phaserrstativn édchsckpddb dserminevdiether s subscri ber

comuni cat i, 0 ice. at received at the.basestation. .ElG .13 .shows a

f1 owchart S“fbé{gmggryc %élﬂ%lﬁ uf"n?/tﬁ%ﬂ}fﬂsgﬁo%\'}éqng‘ﬁPP#@S%&%@}M@%V He power
ratio andiehod? cerquaiét_@;m1%@&@%&&,@@@ﬁhin%_rat@mmh? fnal 25
according to another enbodinent of the invention. Simlar to FIG 11, FIG

13 deblr i padse of the phasg roflabere cattiiauesad! e phasedetatiopys @ eubstapialyvoptigesd for t he
power - cong i se ri,Ae the proper phase rotation. In FIG
13, hovvev‘e’grlﬁé’ ﬂ%eg] t}ﬁ%%{eor%eéérpé&etg&atgg%gi1?t4g'd with the two antenna elenents is

adj usted after thg sppalDR0r bk pbwerratia sshanhgddad findtamatiswaeebrd A&nt enna
el ement is adjusted. The process of adjusting the 30 power ratio is simlar
to that dedditioabstemderd: thsrpoas tréiciihehecked ‘i?rf%é"én‘#‘%ﬂ‘éi}t‘qt}éﬁﬂ‘ilﬁa reference to

1 ot ARSI RISEETAOR A3l S syERRR iy e b
power 1 onprootssprawpds toREEsN4D whsteche proneasrfer_r findihgth sp‘tlm(anp@mampthmﬂoci ated
T o SR obbr ShR - SATFeb AT i SoPR s it ca o
et o TR BA R, SO0 ki ol roubepeal, L e oo
the first antenndn sufn, the complex weighting can be calculated by adjusting the phase
rotation associated with the antenna elements first, and then adjusting the power ratio
20  associated with the antenna elements. In this manner, both the phase rotation and the
power ratio can be adjusted to optimize substantially the transmitted signal sent from
the subscriber communication device at received at the basestation.
FIG. 13 shows a flowchart for calculating the complex weighting by
adjusting the power ratio and the phase rotation associated with each antenna element,
25  according to another embodiment of the invention. Similar to FIG. 11, FIG. 13
describes a method where the two most recently received values for the power-control
bit are used to determine the proper phase rotation. In FIG. 13, however, the power
ratio associated with the two antenna elements is adjusted after the phase rotation
associated with the second antenna element is adjusted. The process of adjusting the

30 power ratio is similar to that described above for adjusting the phase rotation in

reference to FIG. 11.
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el ement and the second antenna el enent is Lanbda. The power ratio
associated wth the second PCG between the first antenna el enent and the
second arnwennambenent is 10 Lanbda + Zeta. The power ratipoTafshyet3]i . e.,
Zeta) introduced between the first and second PCG provides a nechanismto
determ ne the direction of changing power ration between the two antenna
elenments that will inprove the signal quality received at the basestation.

Consequent |y, thenckigph®sdineinghilid fikpsaier bemmaheati@t &dideyusindgghd DMV ng: i f
the value of the power-control bit for the npst recen@y re%ei ved tine
period 15 PESPFbspdnasianal eifwondiagent poweheontsheroes GG hsichyagnagise second
nost rece r I oL 1 t of .t . itted
signal i s@%%j}'[lhe tg‘gk \%ﬁ?flgkﬁa%%@t%?gg % eatttg%%el%eqrg%?b %‘%éﬂ{ﬂ;ﬁ%&t §}g1nt enna

el enent s; thif distwssioa) aseurné fdrhies pmbedintennthadthe sitbscfiber cohmmumuadipn dedent | y

received time period differs fromthe value of .the power-control bit for
the se onctﬁ‘a?rﬁ‘é‘lpa“iteé‘(‘f‘é ﬁanFseElg?% apy fpm %rrq%éﬂl,ltlﬂﬁ\ﬁﬁ D elemeRts fhda i s

adj usting pakiihie 20 maintaining the total power of the transmtted signal.
The foll O\Bi ng nmore fully discusses this enbodiment. At step 1300, a phase
rotation and a polterpover rgiceassantated withwhe firsoPeGdfketwdea the {irst amemnana el enent s

isinitialized ste 310 ase r.otatjon Qf fset |so referr to
above as 5@“1‘%‘} arﬁth? ﬁqc§8%6%18@1£%?m?%5 @?g(gae n’?‘%&f’? _ %é)saé 0 ec{ Wﬁg

i nt r oduceghdhastl BEG betwlch et @fsf SRénnadldnich st the 8etontl @ARNNA Sementis f rom t he
subscri ber communi cati on device to the basestation. Then, the basestation

sends 18 pdwerbda dretao| Thei pprvwer rasipselisebti.cn Hict) intedarsddietveanibedirst apd si gnal . At
d' t . ) . . .. t N L t
Cecent |y PerifR e B s ARLAETLA & haRuliRe FRYeRiod & HASLRERo g,  0°

val ues f ometwan teawocinesnng eleineats thattvailldmproys peenddgnal healply oessd prtheeeds to
step 1330. If the two values for the power-control bhits di lf‘efsggﬁ t he process

pr oceeds tbésﬁﬁaéﬁn-@@)@?qu@ily\/@eGQF‘B@@Q’%gm@g{C@B EF?Llﬂ':HlSt?d bl!(tt_ Y¥E30, the
total powef tthvalPQ%f E%B%—E&ﬁ%l%ftQBﬁhe%s%&ﬁwCéﬁWd EmdPitaai ni ng the

phase rotation tor t antenna elenment. Control logic 502" adjusts the
t ot al 1powenrredpondrctotticavedune oft thel pswenedntmhbit it sticosd st péradle receivati on f or

the two antenna ele ts b propriately cal cul ating.new.canpl

wei ght i ng.tl%?eélofih%? %‘ﬂdﬁ’r"ieﬁﬁ? it@ggf”étﬁgtséﬁgldﬁﬂéﬁt?g?’?‘geP@Frﬁ?lﬁg'gteia% ant enna
el ements aoQeftaBi6 offHetivdiaiRena eithRhss; AR WIRCHIRe PiviseRmol Bt Rr@Rk 1310 so
that the process is repeated. At step 1340, the phase rotation for the two

ant enna elmeest racentlysreesdy esktiael pewigel diéfersefiarn dierviahty af dhapopaivaentrelfbit foe
transmtt Efge sselcgr{](fjl Ilnbst cr:f(:)crégl{l? lrecle%h ?imSeOp%rfgg,j puo%& rztttn)eLambda is adjusting while
20  maintaining the total power of the transmitted signal. The following more fully
discusses this embodiment.

At step 1300, a phase rotation and a power ratio associated with one of the
two antenna elements is initialized. At step 1310, phase rotation offset (also referred to
above as Delta) is introduced for two adjacent PCGs. Based on this introduced phase

25  rotation offset, a transmitted signal is sent from the subscriber communication device to
the basestation. Then, the basestation sends a power-control signal based on this
received transmitted signal.

At conditional step 1320, a determination is made as to whether the two
most recently received values for the power-control bit are same. If the two values for

30 the power-control bits correspond, the process proceeds to step 1330. If the two values

for the power-control bits differ, the process proceeds to step 1340.
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phase rotation for the antenna and maintains the total power of the
transmtted signal by 10 appropriately cal cul ati ng new conpl ex wei ghti ng.
Not e t hatwouwriogny9t his step the power ratio for the two amCernisa/el4ement s
are al so mai ntained. Then, the process proceeds to conditional step 1345.
At conditional step 1345, a determnation is nmade as to whether the

adj usted phase rotation produced by step 1340 is optimal. |If the phase
rotation is less tﬂ?ﬁeﬂ-@ﬁ)u@l%ttﬁﬂltp&wérbf%ttfdﬁ&hltteﬂﬂﬁ%ﬂaltﬂé'@dj%t@ﬁ%ﬂeprOceeds
to step 1310. If the phase rotation is substanti al optimal, then the
process pr ovédaisingshs plagse 1@&ion for thetagienn@sigmepio eantio gtqgw m@@{ﬁs(téb SO
referred t bove a i ntroduced for, t adj ace

condi tiona gtpé)ﬁveigggle%%m%f@tﬁg?ﬁ]igﬂglﬁg gtawgéhee ;\)'h%ge (Jta%\%gigﬁ %%e two nost
recently refehyeeMahitbs afgﬁbpﬁehﬁyl@@wﬁratlﬁgiﬂéwfébmblek vaigigiapr ewpoihd: | f the
two nost recently received values for the power-control bit correspond,
the protesduingiéctiep the pewepratig ey the fwe pricangelerpents e alspmpajntagedi ved val ues
for the po step 1370. At
step 1370, 1THs b8 Bideots b Sep IS8 s BUAERBRARI RIS, ° CR Wi 1o

mai nt ai ni ng total Aoues 1340, tﬂa@hhgeanmmbhtf@dhstvgnaitermaalammmmmjusigdt he phase

rotation for _ 25 the . two antenna el enents roI 02 adj.usts the
power rati &’WISF“%IW@“&}&@%HO%W %tlg%qrﬁ{sgptﬁgi st P‘%fFOlé‘Eﬂ%%SOg?‘ﬁ?ﬂ%l‘
transmtt egr ﬂﬁl thd G BHa38d h&hﬁalhgﬁlefteﬁal Ismr%mtﬁrmsﬁht%%@rﬁl By

appropri at atl ng new conplex wei ghting. The process then proceeds
to step0 135ppr9pr1athkytcak1ukmsg 186 Comptex MG ghtange N@pémt éldlugrthlSIstelphbe powerval ues

for the nost cently received val ues for ontrol bit correspond.
30 ALt op HisaY TR BEERS HEDeNE it dbrurintareL R 67 Blokis bR fe

nai nt ai ni ngofdigoRPWRp 1834.1 0 and the phase rotation for t he antenna el enent.
Control |logic 502 adjusts the total power of the transmtted signal and

mai ntai ns the poweft ¢Cmditt§>ﬂ2125tm3(4§l 2 dgoueinEEY isseds asp3vhethgidha 2rEugieth

rotation fop the anten ri n w corrplex
et ght i ng. DapeSiaiPd PRRGrUBERR LR EPGBRL FE e ST FIRRR Y, Thether
the tragk isgbstsially bﬁ timbigtheh a@@rb&s@piocéaﬁtto stepe@B10. metmrme@mtmo@deeds to
step 1350 so that e process of tuning the povver rati o associated with

t he ant enngvstanigly opf@al Hen therpgpeass B&%?dsé? stpd33¢-ansnitted signal are
ppeated L1, ot o0 AP LMpUld 0o PRy gt ssandieangl ot Do
process of imptdunedfongvo hdjagEnaBEGs otAdtomditiamad step éB5Q, heletepoimation stmade s
repeated | ralls tsc;[ \%B Sthér?% g tvtvohrrn(())lsjt ecenﬁy received values for the power-control bit
20  correspond. If the two most recently received values for the power-control bit
correspond, the process proceeds to step 1380. If the two most recently received values
for the power-control bit differ, the process proceeds to step 1370.
At step 1370, the power ratio for the antenna element is adjusted while
maintaining total pow[er of the transmitted signal and maintaining the phase rotation for
25  the two antenna elements. . Control logic 502 adjusts the power ratio for the antenna and
maintains the total power of the transmitted signal and the phase rotation for two
antenna elements by appropriately calculating new complex weighting. The process
then proceeds to step 1350 so that steps 1350 and 1360 are repeated until the two values
for the most recently received values for the power-control bit correspond.
30 At step 1380, the power of the transmitted signal is adjusted while
maintaining the power ratio and the phase rotation for the antenna element. Control

logic 502 adjusts the total poWer of the transmitted signal and maintains the power ratio
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Concl usion 10 While various enbodi nents of the invention have been

descri bed above, it should be understood that they have been presented by
way of exaopkedwnsdy, and not I|imtation. Thus, the breadPoTarsd2/s@spe of
the invention should not be limted by any of the above-described

enbodi nents, but should be defined only in accordance with the follow ng
clains and their equivalents. 15 The previous description of the

enmbodi mentgq R p%@/ﬂo@a%i‘éntf& ﬁ@%ﬁﬂeﬁn@élé’merﬁ%@r gﬁro‘f}klhiel}ﬁéiﬂddl'adn@%@“ to make or
use the invention. Wiile the invention een articularly shown and

descri bed cmmpbxwaﬂghtmgc eﬁttconéjmwlsmriﬁgatar@t@mﬁnauon lwnlade et whether st ood by

t hose skil] ed r.t th changes in for ai l.s my be
mde t her MFOenIsOE BRI ErEBRRRE ARial Rt R Fatvent i on.
For 20 examgpiBeesdbf RAUEThE PEwWBI @b @sssmd@a@mtmhe afitefiha dlb@eBOdieveral s of t en
referred to comuni cation devices using Erotocol ot her types of

pr ot océl s Pawer ¢fghe fransnitied signaaaeispeated Wét%ﬁﬁﬁﬁ?l heaughol3%evi ces simlar to
those descri bed aﬁ&\ﬂgn é&%dfﬂi%ﬁglst‘ffl%go ﬁﬁﬁtiﬂ(zgﬁf]{&%ﬂt Otﬁé gesgccess

(TDVRA) or frequency- |on e -access toc Such a TDVA
prot ocol @adtetdsttb lsda@ 13fl O rwhexeathp |pﬁ)ce§shﬁ ofdinldhg b physiretmioh and ﬁibb tHee

Commruni cat i ons@é protocol. Note that although the tuning of a

comuni catPO¥R! 9|1%‘§’PP§6‘HB%%?RSb1§aOﬂFH‘t‘%‘u]gQﬁ the use conpl ex wei ghting, in

ot her enbodi nents ot her types of CO@MC sighgnal's can tune the

communi cation device. In other words, e tuning of a communi cation device
t hroud® t he use s%inleo/anbmso&mlmdgmentsofwbemmuomba\iemwm debctibed abbwe, it i on

about 30 v magni e.an hase of .1 he signal. .For, ex t he
oot or s Bt B ub s BT M e nAnhRR Ao by Seio® Risiele St Aot

fr equency lﬁﬁltﬂt@ﬁ trhid, Ak Beadth @nd b&?é‘bf the $HRatas Sitbuld Adt b@aﬁllﬂteawy@ap af

el ement. 23 WO 02/ 099999 PCT/ US02/ 14437 What is claimed is: ; t hod

for a firdhe donerdnscribed ombadivients, b sborthbaidelines auly in @cg@@wﬁh the

conmuni cat n dev ce ov nication link, the first conmmunicati on
devi ce %ngcﬁler? Ei N {helrgﬂum]}égtﬁna el ements, the nmethod conpri sing:

recei \/1l5ng a qual i Tye ﬁn’@dioﬁéltld:@ﬂ pSogethe émbmlhieﬁtssepmme@wmmmpl on devi ce;
5 calculating a co ex wei ghting based on the_quality-indication signal;
nodi f yi ng PSISER éklllﬁ%ﬁst#r—‘ 8t make ghuge thasyenting. (While theghsatige hbagheeng to

produce a rﬁﬁs iéhﬁlrl&ts}io% aHZ‘P didchiboh REf vt AR TSR A Bbior, §AGH BERdi T ed

pre-trans ston-si
understood by those skilled in the art that various changes in form and details may be

made therein without departing from the spirit and scope of the invention. For

20 example, although the previous description of the embodiments often referred to
communication devices using a CDMA protocol, other types of protocols are possible.
For example, the communication devices similar to those described above can be used
with time-division multiple access (TDMA) or frequency-division multiple access
(FDMA) protocols. Such a TDMA protocol can include, for example, the Global

25  Systems for Mobile Communications (GSM) protocol.

Note that although the tuning of a communication device is described
through the use complex weighting, in other embodiments other types of control signals
can tune the communication device. In other words, the tuning of a communication
device through the use such control signals need not be limited to information about

30 varying the magnitude and phase of the signal. For example, the control signals can
carry information to vary the magnitude, phase, frequency and/or timing of the signal

associated with each antenna element.
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fromthe plurality nodified pre-transm ssion signals being uniquely
associated with an antenna elenent froma plurality antenna el enents; and
10 sendi myotobeogebural ity of nodified pre-transm ssion sigmarashz/onst he
plurality of antenna elenents to produce an effective conbined transmtted
signal, the conplex weighting being associated with a total power of the
transmtted signal and at |east one froma phase rotation and a power

rati o assochwahed cWihéd gach antenna elenment fromthe plurality of antenna
elements. 15 2. The nmethod of claim11, wherein: the total power of the
transnitted-si gAameihed Sptd ﬁﬁsgwwmﬁaﬁ@s%@p tQ @oranmwaﬁqgwﬂh%%@mht ed with a

Communi cat PR HeRgh bile RATTPRARR AP AL He AREGdRAEER oyice

comuni cat lhamnglarﬁiuraﬁtymaiﬁtiegwa&naagahdnmgxoﬂ@ompnmagst one Code- Di vi si on-

Mul ti pl e- Access (CDVMA) protocol fromt he gr oup of CDVA-I S 95 B, CDVA 2000
1X/ RTT, CDVA 200€reByag opikit Emdm opeisel fras i seqrdcommygHFation device;

Tel econguni cat | li& ek f1. cl ai m 3,

wher ei ggUZS the%gl%u ﬁ%&%@% g’%é’ﬂl\qﬁ?h%&%ao ?n conlpir%g ggb| t according

to the CDMVA pr anmhﬁyin,g 4 fre-tpansvweissioo rsignall based othidre |cng1ptexwed1gimngfto prelucg zero

for each ti lurality. of tine Il t he .power.- contr ol
bi t being @ﬁ‘éﬁg&y n?ﬂfh cﬁleprgé'% FRISSIOB gt ceh Hﬁﬁﬁh@alpé%“aﬂ%n %ﬁ%‘&?aﬁng an
adj ust ment ¢ty teRAWRKtyPhodifisd lsl{eafhﬁaﬁﬁsgi%ﬁ sighhl %ing%hlqueg, dsbécdteCRMAYAT cat i on
device so that a 'predéterm ned threshold requirenment for the second
communi cat iapfendeelementdzom belurality shicada eleﬁlentm@drret hod of claim4, wherein:
24 WO 02/ 099999 P /U02 t ex we SQ ted with

t he to?é power 38? Bt epiué%lg%oif P’eoghféﬁd?ﬁ?gﬁagﬁﬁls?lﬁ%s’lﬁﬂggEo%aﬁﬁ%?ﬁ%%lt%ssom at ed
W th each antepnfsleflfSeiprolinedan difecAbélE@hbihyd Rinsmatiédigalel ement. 6. The
met hod of claimb5, wherein the calculatlng of the conp xvvelghtln 5

i ncl udes: subst b somnIgx WeiEhHiEbeiBe atseciats avithyoipl pewer ofdhe fraivaHited ed

st gnal a”d %ﬁ?ﬂm eastro%%?{dn% ‘}8£aﬁ&?9n g{\v&%:ité ansageaa“ﬁﬂh%qam from

the plurali enna e para mai ntai ning a power
ratio asso&m&tnﬁﬁlelﬁmbh‘tfﬁﬁﬁlfheepitlﬁht}aofein&’mﬁﬁlbleﬁreﬁm t he
15 2. The method of claim 1, wherein:

the total power of the transmitted signal is optimized with respect to a fading
associated with a channel between the first communication device and the second
communication device.
3. The method of claim 1, wherein: )

20 the communication link is configured according to at least one Code-Division-
Multiple-Access (CDMA) protocol from the group of CDMA-IS-95 A/B, CDMA 2000
IX/RTT, CDMA 2000 3X, CDMA EV-DO, WCDMA, 3G Universal Mobile
Telecommunications System (UMTS) and 4G UMTS.

4. The method of claim 3, wherein:

25 the quality-indication signal is a power-control bit according to the CDMA
protocol, the power-control bit having a value of one or zero for each time period from
a plurality of time periods, the power-control bit being generated by the second
communication device and indicating an adjustment to a power of the transmitted
signal at the first communication device so that a predetermined threshold requirement

30 for the second communication device can be satisfied.

5. The method of claim 4, wherein:
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plurality of antenna elenments. 10 7. The nethod of claim5, wherein the

cal culating of the conplex weighting is perforned for each antenna el enent
from t he wouweapdory of antenna el enments and includes: adj rsTiusg2/14387 t ot al
power of the transmtted signal while nmaintaining the phase rotation
associated with antenna elenent fromthe plurality of antenna 15 el enents
until a steady state is obtained at a first tine; adjusting the phase

rotation assochateflplkivbiSRmb iPRkEanad h@Rtotdl poWer 6fBe Rhibhaled y of
antenna el enments while nmaintaining the total power of the transmtted

si gnal t csignaddud thegphasspofatiah agsheisedvothegach anteona deampntdrame hspluraligént ; and
20 adj usti n&thg te%lttal power of the transmtted signal while maintaining
t he opti?ﬂi nﬁ %ot ati on for each antenna el ement until a second st eady

state is ¢.0bt aifegettbd af sREHHOwWhdrea thesaaauaitoftte ¢dagplét weightingre. 8. The
met hod of claim5, wherein: the plurality of antenna el enments includes only
a first amclides el ement and a 25 second antenna el enent. 9. The nethod of

clai m 8, wherejn; A i i . j: j power
cont ol group. (AR ARRTEE R0 R ARG A eIy SER aRENBRARE DOV o
PCG and aropnivarasssiatal witke dachi abtenhdelemenicioond tRGBueliey fidnsmaatieadehty imt a sane

|l evel P, the_ first PCG being associated with its 30 own phase_.rotation
havi ng a R whilganaigiagime W%é?tﬁbasé%‘égﬁfﬁ &tl%&ash @q{eqn@g?%%qt frﬁﬁ’ég‘é

rotation ai’aili?}goff]at}ﬁen\ﬁ%le%néﬁts.?he first PCG plus an offset; and the
cal cul ating of” the complex weighting includes: 25 WO 02/099999

PCT/ US02/ 1443 7Theaniethstliofiglairh 6, Wistrain thoereulating dfehe ecamplen weightisg tsnal whi l e
mai nt ai ni ng.t he phase, rotation associ ate i.th the first PCG and t he phase
rotation %%%E‘Fgg%roeaﬁ’ f‘ﬂte’?rﬁee?e eé]igrr‘?&“ ?‘F\é\f“tyt?éa EPRfeclgnts WbCPpO\Ner -control
bit at thgcrled: recent tine period corresponds to the value for the

power-control bit at a second nost recent tinme period; 5 and adjusting the
phase rotation assoadjasting the torel paser ¢frthe tramsmitietisighed Whila seaintpigingtthen

essoct el ed By oS BRGRA% FREL Bl LAy S g o e
recents ti me pegle@@nts until a steady state is obtained at a first time;
adjusting the phase rotation associated with each antenna element from
the plurality of antenna elements while maintaining the total power of the
transmitted signal to produce an optimal phase rotation for each antenna
element; and
20 adjusting the total power of the transmitted signal while maintaining the
optimal phase rotation for each antenna element until a second steady state is
obtained at a second time subsequent to the first time.
8. The method of claim 5, wherein:
the plurality of antenna elements includes only a first antenna element and a
25  second antenna element.
9. The method of claim 8, wherein:
the transmitted signal includes a first adjacent power control group (PCG) and a
second PCG so that a power associated the first PCG and a power associated with the
second PCG are substantially at a same level P, the first PCG being associated with its
30 own phase rotation having a value, the second PCG being associated with its own

phase rotation having the value of the first PCG plus an offset; and

the calculating of the complex weighting includes:

25



differs fromthe value for the power-control bit at the second nost recent
tinme period. 10 10. The nethod of claim8, wherein the calculating of the
conpl ex vwo@R0PIIge i ncl udes: detecting a steady state in PO#/US02/14437

qual ity-indication signal; adjusting the phase rotation associated with the
second antenna elenent; selecting a first direction for the phase rotation
associated with the second 15 antenna elenent, the first direction being
sel ected to inprove,@uithehy Rl PodBRbf tHY Bhdshvittedlighd) SyIIRGAAMtRAFHEI cation
device; and adjusting the phase'rotation associated with the second antenna
el enent i phasheotation assodatedwiithahe first PCGand dapnphassy ratafiapeaseqaiatel] with theThe

met hod of cl ai ..wherein. the cal cul ati t he. conpl jghting 20

i ncl udes: S?@P%?P&H&% Vsaﬁggf&/t]jsetpa?twgric%n%f%gﬁ (%ggeir?%;_t feﬁn?téglﬁ? ﬁ%iogi ghal at a
first timeorrespOihdésd iidvalleerop iRgRwestadticdbitas s eoal etbsiiccentiting wgodnd
antenna elenment; selecting a first direction for the phase rotation
associate@i th the second antenna el ement, the first direction being

sel ected to inprove { i : | : . Qﬁladp

comuni cati on devi c%; ugtﬁ%e[g%pﬁ%stg ir%g@é%%yﬁ%é%wﬁkﬁrgﬁpggﬁgi at eh Sewi th the
second antemia Bai@ed with thdwecoid PEG whileendintaimingthe ltotal mewontithst eady st ate
is detected in the quality-jndication signal. at second t.inme subsequent
to the fi fi@psmpiftpsiznali fbﬁ_é(alﬁlég eB?W@T@%HPaLPWH P BIORt SRRt OIS BEBADI ex

wei ght i ng 4l 8RSAGhEL Al Wrlih dﬁ(ﬂ_@eri‘c‘%ﬁ%l HOWete REoddBobt Bk ?griod?' gnal

t he phase rotation associated wth each antenna element fromthe plurality
of 260WD102/ 0388 aRtRCTI UBO®D/8] A48Rin thatalowiatied eftbe compkxtwaightioger rati o
associ at edrf)év.i‘& h each antenna elenment fromthe plurality of antenna

el ement s. 1_ : e_fl"he nmet hod of claim 12, wherein the cal culating of the

conpl ex wei ght g&@ctid Wi Stat®inStub ghARY-irtidayioR Righfll; zi ng the total power of
the transmtted signal and the phase Totation associated with each antenna
el ement from t hdupting the phaseaptation axnpeiated withribessacpnd prieria Gmenki | e
maintaining a QU raattrI £ i‘r"‘%%&?'c%t Eed s H)te[ﬁ) s%&aﬁ cP@itﬁ!t}?ené% ndf rom the
plurality of ant enivg e hts, n& SRSt BN A y opt1 mzing e total power
of thestr anehhd dl€deisi G dirstaldcti@orPBM selected to improve a received signal quality

at the second communication device; and
adjusting the phase rotation associated with the second antenna element in the
first direction until a boundary is detected.
11.  The method of claim 8, wherein the calculating of the complex weighting
20  includes:
detecting a steady state in the quality-indication signal at a first time;
adjusting the phase rotation associated with the second antenna element;
selecting a first direction for the phase rotation associated with the second
antenna element, the first direction being selected to improve a received signal quality
25  at the second communication device; and
adjusting the phase rotation associated with the second antenna element in the
first direction until a second steady state is detected in the quality-indication signal at a
second time subsequent to the first time.
12.  The method of claim 4, wherein:
30 the complex weighting is associated with the total power of the transmitted

signal, the phase rotation associated with each antenna element from the plurality of
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10 ratio associated wth each antenna elenent fromthe plurality of antenna
elenments in parallel while nmaintaining the phase rotation associated with
each ant ewpazed®eent fromthe plurality of antenna el ene®C3/USEA144The

met hod of claim 12, wherein the cal culating the conpl ex wei ghting

i ncludes: 15 adjusting the total power of the transmtted signal while

mai nt ai ni ng the phase rotation and the power ratio associated with each

ant enna_el &iiBia ciérfi hiRehelpb8t foli aQlocisAM PN auchlaRERAM Sei thord s eady

state is detected in the quality-indication signal; adjusting the phase
rotati on aplditpokahtennteleswots. ant enna el ement fromthe plurality of

| Extisane bcgreots. ant enn .
S gnal andix potts melip T uRt B P P fed ChdinP i ori G WERRRR o Che

plurality pfludait enna el enents; adjusting a total power of the transmtted
signal while maintaining the phase rotation and the power ratio associated

wi th edth ant ensabssansiplneptimizma the tgsplnoarer pfths frangipiited signdl| aaehn Rhasos
adj usting f ﬁio?lqa\éfc{cia@]f With g%ﬁod\?\l}]e?l}lg eMehi:EAGHe gﬂﬁ{?ﬁﬂn@f a%llté?l'ﬁg Bfenfeh®Tht he
el enent’s [ T al p

plurality of antenna e malintarnin e "t ot ower associ ated
with the paraldwtileathistapig a powertriwgo pd3acieted elithteacinarasmnelaent froit theeach
antenna elenent fromthe plurality of antenna el enents; and adjusting the
total powePlugdlity pbantenpalamentss a¥bwer whi | e mai nt ai ni ng the phase 30

rotation and th I | ’z‘i”;?gstQ' ' : fromthe
plurality of aﬁ{ﬂ%‘r?\%@ag? glrg’rtgﬁlt S. ng%ﬁg)%gg%lggﬁg%%? E%g%? %?2%%%?56 The

met hodl®f rcdtiai assotatedwiith exich anteanpelemahi frgmdiie pintabifynet anleaneplements im fi r st
antenna el enept. gnd a.second,antenna el enent.. 16...Th t hod.of claim 15,
wherei n: t H@aﬁ?léﬂgﬁ‘imﬁlﬂtﬁ“‘é‘}%ﬁﬁth’sﬁcff’@ﬁ% aséo‘flimiﬁétw ltélcﬁagllt gﬁ?m}:?o?}\%“?ergont rol
group (PCGroaile plurdlity 6£ARChnRCleniitd. hat a power associated the first PCG
and a power associated with the second PCG are substantially at a sane

level P, thé fiThe mpthodisérlagm d2swhdraindbe oplewatingsdhe evmplph ssightiogat i on havi ng
a val ue anld%;i td%S_own power ratio having a value, the second PCG being
associ at ed 1% ts own phase rotation having the phase rotation val ue of
the figst PCG pdjusting thd'@%e powtselthanendniiie®vgnd) ouile niAktaminpatie phasehe power
ratio value of 10 the first PCG plus a power ratio offset; anij i
rotation and the power ratio associated with each antenna element from the plurality of
antenna elements until a steady state is detected in the quality-indication signal;
adjusting the phase rotation associated with each antenna element from the
plurality of antenna elements while maintaining the total power of the transmitted
20  signal and a power ratio associated with each antenna element from the plurality of
antenna elements;
adjusting a total power of the transmitted signal while maintaining the phase
rotation and the power ratio associated with each antenna element from the plurality of
antenna elements;
25 adjusting the power ratio associated with each antenna element from the
plurality of antenna elements while maintaining the total power associated with the
transmitted signal and the phase rotation associated with each antenna element from the
plurality of antenna elements; and
adjusting the total power of the transmitted power while maintaining the phase
30 rotation and the power ratio associated with each antenna element from the plurality of

antenna elements.
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the cal culating of the conpl ex weighting includes: adjusting the total
power of the transmtted signal while maintaining the phase rotation
associ at esoweopddhe first PCG and the phase rotation asso@®catusdz/w4sh the
second PCG if the value for the power-control bit at the nost recent tine
period 15 corresponds to the value for the power-control bit at a second
nost recent tinme period; adjusting the phase rotation associated with the

first PCG and t hge BRI of cPhRlIROWhESRAGE Blubdlitybf bntbliR heeasis BEii | e
mai ntai ning the total power of the transmtted signal if the value for the
power - cont prfeni elementtand aseermdraptcend eleinaet. period differs fromthe val ue

for the power-caontrol, bit. at the second nost recent tinme period; 20

adj usting ﬁ\ﬁ'e t %F“’“Hb‘{%?fcgafm‘tlﬁewﬁ?rﬁ’r?sm tted signal while maintaining the
power ratio ass@ ednehitddidierfabcludésd filREkljadest poweroned] gradip PGERadiaat ed
with the second PCGif the value for the Eower-control bit at the nost

recent ¥i nmeecpad PO scibpay R Associgtedrtbe et HEG @d a prwves anseriatediritotbe i ¢ at
t he second J, TR | Qd: i HRg: roFadd O
nssoci at ed Tl FERESHsuidHE P 4 4 the 180 EEho T bRCC Binp BRI AR
second PCGowhiphasevaiatioaihaving atvilmetand &tk opawewenfativhhavingranbei thesecomidgnal i f

the value for the power-control bit at the St recent tine perio differs
from the vEGEDsiRg astsﬁ%latﬁé\%ﬂl-lésd}wnrRhas?)ﬁtat%rﬁ‘?lﬁ@gég%%e Fﬁfétfonrvé’i‘éf’rﬁ% S e

fod 12 ; o c . . |
perio ngstPr(T,gy g@% ggﬂa _offsla@dnﬁllt%%wnw& k&id EifAhe Ybwbi 1o LA8e 601MPI ex

wei ghti ng adjusting the se rotation associated with each

ant enna0 el drelinst PCGrplusepovpdruatad ¢ffsgt;@fidant enna el enent's whi |l e mai nt ai ni ng
the total power of the trangnmtte 28 WD 02/099999 PCT/ US02/ 14437 si gnal
and a power rat iﬂl‘?cﬁi%‘gaéinéto @%W?%%ﬂg}éﬁgelﬂﬁ]ﬁg‘éﬁ'enent fromthe plurality

of antenna el enent s;agﬁsfsﬁ%]tha@litaﬁiowgof {he t@Hﬁﬁi@teﬂ@%ﬂﬁﬂ While B8htasiihgithet he
power ratio associated with each™ antenna el enent fromthe plurality of

ant enna el ghasatretatipn pssopiated tveibrihe first REQ adahe phase vptatieisasseqiziedwithithh t he

transmtted_si t he phase rotati SSQci s ant enna

el enent fr S?ﬁoflﬁg@pﬁ ﬁ?g"r V{]I)lle gofr%léerﬁogr?ﬁ'g&ét@rtr’gtnat%&e %éﬁq%%ggﬁ%l? ﬁ%g&iof cl aim 15,
wher ei n5 t Berréspofds tdtthé1galod fdrlie mongplcxtroidigh aissgpndnndsy etesnt thanl pegtodng t he
total power of the transmtted signal while maintaijning_the phase 10
rotation associated WHiUKtRG e Phissrotpiten asseciatrd “ﬁ‘i’i‘a@%ﬁﬂ‘g? 66 ¥4 BSR¥EF at ed

Wi th the seaoAg associated with the second PCG while maintaining the total power of the
transmitted signal if the value for the power-control bit at the most recent time period
differs from the value for the power-control bit at the second most recent time period;

20 adjusting the total power of the transmitted signal while maintaining the
power ratio associated with the first PCG and the power ratio associated with the
second PCG if the value for the power-control bit at the most recent time period
corresponds to the value for the power-control bit at the second most recent time
period; and

25 adjusting the power ratio associated with the first PCG and the power

' ratio associated with the second PCG while maintaining the total power of the
transmitted signal if the value for the power-control bit at the most recent time period
differs from the value for the power-control bit at the second most recent time period.
17.  The method of claim 15, wherein the calculating the complex weighting

30 includes:

adjusting the phase rotation associated with each antenna element from the

plurality of antenna elements while maintaining the total power of the transmitted
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PCG and whil e maintaining the power ratio associated with the first PCG and
the power ratio associated wwth the second PCG 19. The nethod of claim 3,
wher ei n: wbe2qeebd ty-i ndi cati on signal includes a first frPrarmwSquad4dty

i ndi cator according to 15 the CDVA protocol. 20. The nethod of claim 1,
wherein: the first comunication device is a subscriber comunication
device; and the second conmmunication device is a basestation. 21. The

met hod of ¢l Mdla pdiGiBiidlasseElaleld yithi dashl aft TN HigH: i SR\ ity Bf &
basestation; and t%e second comuni cation device is a subscri ber

communi catdntamndeleingats; 22. The nethod of claim 1, wherein: the

VUl 1 pl o Accas <Ry ot B roBist siie' e PRubfiaRb aPbfinkyFe e 2 00

the conpl extdih GltlieAfrom ths SREAIRY 6faniérind elditentsOWhille PaMeLiniaf tietetal r ansmi tted
signal and the phase rotation associated with each antenna el enent fromthe
pl ural iy Rswer aspoeiated veifheihe transtpiited signaliand thyonfiase Folation aseiRitbVEY with each

ant enna el %gﬁaﬁteﬁf{aoéﬁfbﬁﬁﬁcﬁHﬁaﬂg@%ﬁgﬁﬁ‘?@”%ﬁﬁﬁgmmS' 30 24. The net hod

of claim 22, erein cul e Cco ex weighting includes: 29
WO 02/ 099989 PdHeUR&R6d 48ddim $Sibstieaeini al |y optim zing the total power of

the transmtted signal and the phase rotation associated with each antenna
el ement from t HBe Efﬁﬁ‘ﬁéq“?&?ftb? C%P@ﬁﬁi"ﬁ%i“@&ﬂ}??‘éd%ﬁn paral l el while

sk tcRaG g}g@%ﬁe RehiRhia R he pHAN t he

mai ntaining a PRIRfin ﬁfei t9ta??§\9&j SHURrMs
plurality of antenna elenents. 5 25. The nethod of claim 22, wherein: the

cal cul & i ngtatibn kseciatedpyidxthedirgRGG gnd the pbaseapiation hssocieedhvithribe pasanéd| enent
fromthe ality.of antenna, el enents incl.udi.ng: adj.usti t total power
of the tr Qﬁéﬁapg éféﬂgi“&‘n F‘mWr%a[PEPﬂ’ﬁPtrfﬁi‘? ﬁﬁsﬂﬂaﬁeﬂﬁt%ﬁgilﬁ?&{&gﬂ%ﬁe associ at ed
W th anten{tﬁve@rﬁmgod‘ﬁtmﬁtHQh@é&bﬁd]'J(!.j(ﬁ. of antenna 10 elenments until a
steady state is obtained at a first tine; adjusting the phase rotation

associ at ed1%i t hlkeaoethad pbelaan 8] whesain: f r om

the quality-indication signal includes a first frame quality indicator according to

15  the CDMA protocol.

20. The method of claim 1, wherein:
the first communication device is a subscriber communication device; and
the second communication device is a basestation.
21. The method of claim 1, wherein:
20 the first communication device is a basestation; and
the second communication device is a subscriber communication device.
22. The method of claim 1, wherein:
the communication link is configured according to at least one Time Division
Multiple Access (TDMA) protocol.
25 23, The method of claim 22, wherein:
the complex weighting is associated with the total power of the transmitted
signal and the phase rotation associated with each antenna element from the plurality of
antenna element, but not the power ratio associated with each antenna element from the
plurality of antenna elements.
30 24. The method of claim 22, wherein the calculating of the complex weighting

includes:
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the plurality of antenna el enents while maintaining the total power of the
transmtted signal to produce an optinmal phase rotation for each antenna

el enent ; wod20%9aj usti ng the total power of the transm t®ed/sognaB7 whil e
mai ntai ning the optinml phase rotation for each antenna el ement until a
second steady state is obtained at a second tine subsequent to the first
time. 26. The method of claim1l, wherein: the communication link is
configured accwhﬂtangallybmirmlzmgshemewequaheyansaﬁtteﬂ sigivdl @and thelphbgel e access
(FDVA) protocol. 27. The nethod of ai m 26, wher t he conpl ex wei ghting
i s associ BRItV pagh JpimER e@mephgomrtaﬁglﬁf o a%?fgﬁérp ##fhe phase
rotation ?ﬁ%ﬁgl' \%l%%é[i‘hlﬁﬂlu?%&ﬁo@&tﬁﬂgst%!:ﬁféﬁ'%\;ltlﬂcera ﬁt@ﬁha@l%@rh iilo¥n B

ant enna efenent, but not e power ratio associ at ant enna

el ement fpkmmalttjnefarﬂ&mplelamdnts,y of antenna el ements. 28. The nethod of claim
26, wh th cal e conpl ex weighting includes:

subst g?l y @B 5 gﬂ@%o‘f"gr’ﬁ’omr of the transnitted signal and the
phase rot ati omemaﬁhag Sfﬂthwcb Pmelgmi 118 Ber®dBFATbr dacR Bhichth Qbmeml 1ty of
antenna el enents in parall el whileé mal ntaining a power ratio associ at ed
Wi th eachframtéﬁphlr@iténﬁmteﬂnﬂmmmsmpllldrlm ity of antenna el enents. 29. The
met hod of cl aim 26, 02 999 .US

cal cul ating of the %‘ﬁhrﬁ) “é}ﬂ%’% ?’Vﬁbo€t§ggr8rrl %F%éd aQ%éhélng mnta{nm t(Elleel enent
fromthe plurabhdsy raﬁtlms%mae@h@mt@na Bleieali fagn tiedpluslitng dnbe@nb ot al  power
of the transmitted signal while maintaining the phase rotation associated
with Hhtenna eFlements vpikinsteady ateisbiaipedat adisldipe 5 el ements until a
steady state is obt I j ?&& tion
associated with eac anﬁéﬁfﬁ%&e Sé%@%ué égg?ﬁl&?%%ﬁﬁ ch?n mf{"[%nl% IIII'E fe}ﬁﬁla

el emrents whil etheqilmhﬁﬂynif agtehiveelbmicats mﬂmﬂnamrhmiﬂge:he totar]mmer pettlesi gnal to
produce an opti nal P se rotation for (ih antenna _elenment; and 10

adj usting the {raRsgpitt ffg al &9 prodicy ?‘h‘?@lﬂl 3lphgpedpighan fauspe ARt ai i ng the
opti mal phase pRhRhd.gfy for each antenna el ement until a second steady state
is

15 adjusting the total power of the transmitted signal while maintaining the
optimal phase rotation for each antenna element until a second steady state is
obtained at a second time subsequent to the first time.

26.  The method of claim 1, wherein:
the communication link is configured according to at least one frequency
20  division multiple access (FDMA) protocol.
27. The method of claim 26, wherein:
the complex weighting is associated with the total power of the transmitted
signal and the phase rotation associated with each antenna element from the plurality of
antenna element, but not the power ratio associated with each antenna element from the

25  plurality of antenna elements.

28.  The method of claim 26, wherein the calculating of the complex weighting
includes:

substantially optimizing the total power of the transmitted signal and the phase
rotation associated with each antenna element from the plurality of antenna elements in

30  parallel while maintaining a power ratio associated with each antenna element from the

plurality of antenna elements.

29. The method of claim 26, wherein:
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obtained at a second tine subsequent to the first tine. 30. A nmethod for

i nprovi ng system performance of a communi cation device, conprising: 15
recei vi ngwe ogugdope y- i ndi cati on signal and a pre-transm ssiPOR/GS0YNEBT
dividing the pre-transm ssion signal into a first signal conponent and a
second signal conponent; adjusting at |east one characteristic associated
wth at | east one fromthe group of the first signal conmponent and the

second signal GERReARHL: HAREER e&%i%fﬂﬁ\giiwafo%&ea Ridiea@t Afithdicliiadnt t he at
| east one characteristic being Tromthe group of a power ratio and a phase

rot at i on; framdheplutility oipnidnea tlementssnglndibgconponent and t he second si gnal

conponent to produc transmt si conponent uni | y. i.ated with
an ant enna el enent zfcﬁ'bsi%f‘g QIEQP{?# 8?‘??‘3‘@?6 %ﬁ{ggﬂ egl Sé%%ﬂ%’ﬁ?g“%%‘ﬁ%%ﬁ‘%éﬁésm t
si gnal conmponepiasé fitatRRERsRMHQIWA ehtefRdlerdént ffopimbe peurplityfoflahteynof ant enna

el ements being a |l owcorrelation version of the pre- transm ssion signal.
31. THe net hodelemenrts yniih axteadistateis pbtained afa Arst{iyie; ndi cation signal is a
CDMVA power -control sj. t - S I i increase

i ndi cation, a decr e%ié‘g&fﬁ%g}e a%e‘éﬁ‘f%{ongﬁ%@%a%eﬁfyy@ g{&g a-n%g}{iﬁ ﬁ%{r%gﬂré'r% for each
time period, tine padilitglof agedrtcl@hanewhilé afaimsining thestatdh pawtmestithe el ement from
the plurality of antenna_elenents includes: 31 WO 02/%%9999 PCT/ US02/ 14437
changi ng t he phaisautie signabip predess 3 pimad Phase FRiaYqnI9F cah @RI onponent

until a power-gontrol. signal has the increase indication for a second tine
period subsequent fo a first tinme period. 32. The nethod of claim 31,

wher elh: 5 the adj ustjustigg theetombpewer eftthotrimsmiteaicdigrah vbila magiteimmgt thé r om t he

lurality of antenna elenents, includes:  neasuring, for each, antenna
gl ement 1¥r om t%“ﬁ‘ﬁ&’%ﬁsieirf’g?‘“@? §°5r?f’§h?f§ennélleé%eﬁ?E?mta%gcm‘?a%?éﬁ? Sassoci at ed

Wi th the transgiinsh SNAdecGRIMMAE SiseQRnPRI A BFkt Wideh that ant enna el enent
when the remai ning antenna elenents fromthe plurality of 10 antenna

el enents 30.e dAsagshedifor impiovthgriystamperkermangeiod 2 gemowinieten d¢viee.each ant enna
el ement rce(;rglgriis\llneg:t o]
15 receiving a quality-indication signal and a pre-transmission signal;
dividing the pre-transmission signal into a first signal component and a second
signal component;
adjusting at least one characteristic associated with at least one from the group
of the first signal component and the second signal component based on the quality-
20 indication signal, the at least one characteristic being from the group of a power ratio
and a phase rotation; and
combining the first signal component and the second signal component to
produce a transmit signal component uniquely associated with an antenna element from
a plurality of antenna elements, the transmit signal component for each antenna element
25  from the plurality of antenna elements being a low-correlation version of the pre-
transmission signal.
31. The method of claim 30, wherein:
the quality-indication signal is a CDMA power-control signal, the power-
control signal having an increase indication, a decrease indication or a steady-state
30 indication for each time period;

the adjusting the phase rotation for each antenna element from the plurality of

antenna elements includes:

31



the remai ning antenna elenments fromthe plurality of antenna el enents; and
adj usting the power ratio associated with at | east one fromthe group of

t he firstweiogngdo9zonponent and the second signal conponentPClrarsoraah7 ant enna
element 15 fromthe plurality of antenna el enents so that the power ratio
associ ated with each antenna elenent is substantially maintained. 33. The
nmet hod of claim 32, wherein the adjusting the power is perforned

subsequent to the aéﬂaﬁgih%%ﬂhﬁ%%ﬁ)ﬁ-as%ia&ﬁﬂtﬁﬁ{efﬁﬁ@gﬂ&i@@ﬁ'dﬂantdew ce
having a plurality of antenna elenents, 20 conprising: a control-logic

conponent, t heunddatpoier-tangiot sigoatdn thetingrezssiindieajioa felamsdcoyd timgdiesad i on
signal and producin I urz%l i tﬁ/e[rOf conplex weights; and a plurality of

circuits coupl & S?%%Pﬁ8%égﬁt%? &9

ogl ¢ conponent, each circuit from the

plurality3nf cThHEwethsd bEtngn 81Niwhtedil: associ ated with an antenna el enent
fromthe 25 plurality of antenna el enents, each circuit fromthe plurality

of cirkuits pribaadivsinsthe ppveriateiseach anprg cdanen fromythg PlaEE@ on t he

plurality of c i.ah e plurality of conplex weights being
associated wt allt%)()%%e\al'\?éngsb\{/\%%u%? a transmtted signal and at |east one
from a phase rot at i mrasaridg,dopeackanteaha eemssidoimtieglumalityhofeathnant enna

el ement fromthe plurality of .antenna elenents. 30 35. The agl arat.ttgls of

ol ai m 34, SIGRENE e PRYERTR RespFigte Mdth tha Hapsmt SERal GOBPORGTY APTIACHAEN 32 wo
02/ 099999, RCH;d A 2 4B whe hfe'réﬁ&%rhingtatﬁ?en‘hh bieflenG@Rin Gdrikali drecei ve a

t
pre-transm ssion signal and produce a first pre-transm ssion signal
conpolient arechaglenaendmate disebled;ansni ssi on si gnal  conponent; a first signal

adj uster coupled to the.filter, the first signal adjuster 5 configured to
ecei ve the first preOTHERAEETE rotir BuRSRm At spet iR Her g
from the @kysahibing MfenbPBBinexts WRIngiheplurbig dfah@hnsdlenadts;adidust er confi gured
to send a nodified-pre-transm ssion signal based on the conpl ex wei ght for

the first signal adfiusingihe poveraatineesoerdated withiat leastese Siomedagraw afo t he
filter, the

d, si | jyUst i i d
e S AR B SRR PR e
conpl Bx- weomlthe piugdlRy 6f artdiMa SREMMG i thatahe polyershits assodifitedwithckatlps send a

nodi fi ed-pre-transm ssion signal based on the conplex weight for the second
si gnal antenna element is substantially maintained.
33.  The method of claim 32, wherein the adjusting the power is performed
subsequent to the adjusting the phase.
34. A first communication device having a plurality of antenna elements,
20  comprising:
a control-logic component, the control-logic component receiving a quality-
indication signal and producing a plurality of complex weights; and
a plurality of circuits coupled to the control-logic component, each circuit from
the plurality of circuits being uniquely associated with an antenna element from the
25  plurality of antenna elements, each circuit from the plurality of circuits producing a
modified-pre-transmission signal based on the plurality of complex weights,
the plurality of complex weights being associated with a total power of a
transmitted signal and at least one from a phase rotation and a power ratio associated
with each antenna element from the plurality of antenna elements.
30 35.  The apparatus of claim 34, wherein:

each circuit from the plurality of circuits has:
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adjuster. 36. The apparatus of claim 35, wherein: 15 the first signal
adjuster is configured to nodify at |east one characteristic associated
wi th t he Worog9geee-t ransm ssi on si gnal conponent based onPCRAISODMIBEX

wei ght received by the first signal adjuster, the at |east one
characteristic being fromthe group of a power and a phase rotation; and
the second signal adjuster is configured to nodify at |east one

characteristic 20 a$%eChR!MMk WbifbkdPioSEESNa PlerdnsBRSITh Sfhn@landll gnal
conponent based on the conplex weight received by the second signal

adj ust er , prodeceaa fitse prsttrammissioasignabednepaneniymidragseeengipre-tigpsmission sighala power
and a phase rot aéi on. 37. The apparatus of claim36, further conprising: a
pl ural i tyc%?p%ﬂ‘?f’ nna el enents coupled to the plurality of circuits, the

plurality 25 of anhe@lgigahleRidte coeiledtcbefiligy trditiaigrnddiiher plurality of
nodi fi ed-pre-transm ssion signals to produce a transmtted signal, the
transmd t t eenfigugip recsiVeghe Brst Digciradmissianssianal epmpppentanseccosmlest Welghh

Cved . . o . | ai m 34,
wherei n THupS BERA CELORALE REIAR, U MheniPagdter RRRGERN oachl o) 1
opti m zedmodiffedrprem@asmissiOn signal basddi othassmpleatvedighafdrithaficshsignal bet ween

the first commnication device and a second comuni cation device. 33 WO
02/ 0999992¢estPI8M%/ 14437 39. The apparatus of claim 32, wherein: the

transmtted signal 5%@&3@%}?&&%&%%@2@2&%%ﬁ;tgéﬁﬂe%@c&flﬁvs‘;i%lgl §a6 on at

| east one code-division tip protocol . 40. The apparatus
of cl #) m 8dhfignkeltoirecei® tbasdtond sigualtcofponert lhad pcamplektweiglft signakclipms f urt her

i ncludes: _.an_anal og-to-diqgital conyverter caoupled to . the filter: and a
digital -t Bl.ea%%ﬁg &wa%ge{?e@miﬁ“é > 6 SpH S?%D&Ea‘ﬁﬁ‘sé‘?{aﬂonéaﬁ“ﬁi t engﬁ‘d_ the
second si gRalficadird $taBmisibe sikhdl Pas®l GNAE c6RAPRRVRISht BirQHy sRdndyighdle filter
is an in-phase pre-transm ssion 10 signal; and the second signal conponent

produced bdjustee filter is a quadrature pre- transm ssion signal. 41. The
apparat us 38.f Cll’ﬁé: %;?’a?dtué'\g? crlaeiﬁln_’;S, wherein:

15 the first signal adjuster is configured to modify at least one characteristic
associated with the first pre-transmission signal component based on the complex
weight received by the first signal adjuster, the at least one characteristic being from the
group of a power and a phase rotation; and

the second signal adjuster is configured to modify at least one characteristic

20  associated with the second pre-transmission signal component based on the complex
weight received by the second signal adjuster, the at least one characteristic being from
the group of a power and a phase rotation.

37.  The apparatus of claim 36, further comprising:
a plurality of antenna elements coupled to the plurality of circuits, the plurality

25  of antenna elements being configured t$) send the plurality of modified-pre-transmission
signals to produce a transmitted signal, the trénsmitted signal being configured to have
an optimized power when received by a second communication device.

38.  The apparatus of claim 34, wherein:
the total power of the transmitted signal is substantially optimized with respect
30 to afading associated with a channel between the first communication device and a

second communication device.
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the transmtted signal is sent by the first communication device based on
at least 15 one tinme-division nultiple access (TDVA) protocol. 42. The
appar at uswofo2obdepm 37, wherein: the transmtted signal isPseniSoyyu4sshe first
conmmruni cation device based on at |east one frequency-division multiple
access (FDVA) protocol. 43. A first communi cation device, conprising: 20 a
baseband system the baseband system configured to send a pre-transm ssion
si gnal ; aggual I’_[Eh)éaltp fliaGRbE ARk 9 ehaéignal modi fier coupled to the baseband
system the quali g-i ndi cation based signal nodifier configured to nodify
a charact eri st ithe trhnsniitied igal isrsenshi ©sifivst comgmuicabigs deviembaged on at least

quality-indicatiqn.signal.to pro lural]ity of 25 nodified-
pre-transrﬁn§§f)‘gﬁi8§’ilsé?fg ,ultlgi‘f’oac esﬁﬁ{éﬁiﬁ[ﬁgmg 01’;’1ntenna el ements coupled to the
qual i ty-i ngi catTiepbasad oftlAB7, wRdkihi er, each nodified-pre-transm ssion
signal fromthe plurality nodified-pre- transm ssjon signals being uniquely
associ at ed wi t Ifaghhciseniicisons the Riwiakty efcierithButhey igelydest y ant enna el enent s,
each nodified-pre-tr i SSI on-Si %QR' Qi{r‘} N of 30

nodi f i ed- pr e-transmaglghﬁlgiﬁgzé)g%@ el nlé[él{a fﬁag%@regptg%’ia%ﬁ version of the
pre- transm ssion sigdigital-t34nMek 0210 pRATH s IsAghAY adjdster abldghé i r St
communi cation device of claim43, wherein the quality-indication based

si gnal nodi fi erseFoRd g 24U¥et or nodul ator, the vector nodul ator including
a filter, a fi LSRR cotbhs: SroRBch By BREARH isHindRBhadPirtlehRimissibe filter
configured to sdﬁ??{&'ts%e ﬁrog{-ii%)r ang)n? SSi oﬁy si gnal ISi rrllt fc?)%aaf ﬁirlst Si gna{I
conporiént sigmdl;andecond signal 5 conponent, the first signal adjuster

configured to adjust the first signal, conpope based,on a _conpl ex wei ght
associ ated Wit htg% ﬁr@oa{l,ggpﬁlfpmawﬂﬂ%ﬂc ‘F@%Q‘F?}“Fﬁ@ as%’@%ﬁm BI%nal adj uster
confi gur ed emddidasigalle second signal conponent based on a conplex weight
associated with the quality-indication signal. 45. The first comunication
devi ce of 4l ai nThEAppatatrsef alaimG7t Wherpinur al i ty of antenna el ements are
configured to send the. pluralit ified-pre-: 1 8RS ' | to
produce a transi ?rﬁgsdmg%ﬁgﬁh %“QPH taltlr? rﬁStt(iOéI :mgilgartlléﬁagilg% ?\%ge@g}l\% |{ %gged to

have an ORidefﬁrﬁ@divm&hﬁﬁlumw‘acb@@QT}DMAbﬁymmcsbcOnd communi cati on devi ce.

46. The first communi cation device of claim43, wherein:
4 The apparatus of claim 37, wherein:

the transmitted signal is sent by the first communication device based on at least

one frequency-division multiple access (FDMA) protocol.
43, A first communication device, comprising:

20 a baseband system, the baseband system configured to send a pre-transmission
signal; ‘

a quality-indication based signal modifier coupled to the baseband system, the
quality-indication based signal modifier configured to modify a characteristic of the
pre-transmission signal based on a quality-indication signal to produce a plurality of

25  modified- pre-transmission signal; and

a plurality of antenna elements coupled to the quality-indication based signal
modifier, each modified-pre-transmission signal from the plurality modified-pre-
transmission signals being uniquely associated with an antenna element from the
plurality antenna elements, each modified-pre-transmission signal from the plurality of

30  modified-pre-transmission signal being a low-correlation version of the pre-

- transmission signal.
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15 the power of the transmtted signal is optimzed with respect to a
fading associated wth a channel between the first comruni cation device
and a secwod2/0gomruni cati on device. 35 PCT/US02/14437

44.  The first communication device of claim 43, wherein the quality-indication
based signal modifier includes a vector modulator, the vector modulator including a
filter, a first signal adjuster and a second signal adjuster, the filter configured to split
the pre-transmission signal into a first signal component and a second signal

5  component, the first signal adjuster configured to adjust the first signal component
based on a complex weight associated with the quality-indication signal, the second
signal adjuster configured to adjust the second signal component based on a complex
weight associated with the quality-indication signal.
45, The first communication device of claim 43, wherein:

10 the plurality of antenna elements are configured to send the plurality of
modified-pre-transmission signal to produce a transmitted signal, the transmitted signal
being configured to have an optimized power when received by a second
communication device.

46. The first communication device of claim 43, wherein:

15 the power of the transmitted signal is optimized with respect to a fading

associated with a channel between the first communication device and a second

communication device.
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