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SMART ANTENNA USI NG A QUALI TY-1 NDI CATI ON SI GNAL Background The invention
rel ates generally to conmini cations and nore particularly to a system and
met hod for using a quality-indication signal added to a transnitted signal
5 in a comunication system and used by the receiving end, in conjunction
wth nmultiple antenna el enents. The receiver can use a separation process
known as sP&%81*%filtering, or also referred to herei nPEEUSIUA4T ant enna.
Broadband networ ks having nmultiple information channels are subject to
certain types of typical problens such as inter channel interference, a

limted 10 band erference that
~limt the maxi ﬁ@%@@%@%@gwg@&%&g@ﬁh@\%bﬁﬂﬁﬁrference The
usage of smart antenna tecDUAHIES-INDICATIONSDOENANL! tiple antenna el enents
for a separation process known as spatial filtering), at both ends of the
wirel ess communi cations channels, can enhance spectral effici ency,
allowing for nmore users to be servgg.sipikjzaneously over a give" 15
frequency band Power-control signaling s another technique used to

m ni m ze i nt er - chabhelrverntot eldasrengdlydn domnericames andtwoe kardapatyitoy. For
exanpl e, mohile conmin cat i Lake contl nuous,
power - cont ronl sfngnal I ng to}lse)srq]gu?;g%ﬂﬁﬂ{dgcsm}fnsfl%ﬂ%gdggn?r%m catl on"’l d%’\‘n ces do not
transmt3 t o cenehinintiongysteint twidasatywehe repdivieg 80, specuhdtoalwith, based on the
strength of . f éagl n_devi n ceived at
t he basestati fﬁlﬁ%&ﬂ%é«i@ﬁtsatlfhgggcégﬁ gggggua it 3 0%% k%lgvdlﬁ?ﬁ S%F %a?t he

nmobi | e connﬁlﬁnft?amrahodﬁwn@emihﬂdmaabnmgmaher t he conmmuni cati on device
shoul'd increase Oﬁ¥ @Mﬂﬁ?{é@o% aJ:f?%r?”:l{lﬁ@%m?aftw}ltt:tlefl}m]aé}ggab etcfl% signal . The
transm ssion rates each va ower-con nal s are, for
exanpl e, 1. %aiﬁrﬁ@eﬁéﬂwmﬁmm@cms I%f)tﬂ@mm&;enamdlﬂnﬁ@ ms for W CDMA. .
The knowy USRSwRK b Exthnct EHRALNG HAUE BRIk W hSGRGR! Y (O

adjusting the total power o Ignal” transmtt e comuni cati on
devi ce. Wm@éﬂ@ea@%ﬁeéﬁmrﬁ%MFWfW¢%SUS%QWMMW use nultiple

antenna el egBifiged @l gsqlsrugtﬁﬁ&ﬁéimkéapyé&ﬁé&s 5 a SopatiliBY bro8L BRAA A TOr a
separation process known as
spatial filtering), at both ends of the wireless communications channels, can enhance

spectral efficiency, allowing for more users to be servedl simultaneously over a given
15  frequency band - )
Power-control signaling is another technigque 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
commaunication devices do not transmit too much or too little power. More
20 specifically, based on the sirength of the signal sent from the com_mﬁnication device
and received at the basestation, the basestation sends a power-control signal to the
mobile communication device indicating whether the conumunication device should
increase or decrease the total power of its transmitted signal. The transmission rates for
each value of the power—céntrol 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 transmitied from the commupication device.
Next generation communication devices, however, can nse multiple antenna elements

{also referred to herein as a “smart antenna™) for a separation pracess known as spatial
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| 18 Novenber 2005 filtering. Thus, a need exists for agNNBHhYEEH5SYStem
and net hod that can conbi ne the advantages of power-control signaling with
t he advantages of smart antennas. Summary of the Invention In accordance
with a first aspect of the invention there is provided a nethod 'for a
first co ni cation devjce t te wth a secqond conmu I on
tevt ce. ov el Al Pest PRI for 2R PPRUSE PRI ot HoE dbA o GBUPES i ng a
plurality walame@whmvelr@mtmnahﬂghethrﬁwtad@@twﬁpfémmiennﬁcei ving a

qual ity-indication signal fromthe second comunicati on device;

cal cul ating a conpl ex wei ghting based on uality-indication signal;
modi fying a pre-transm ssion gf"@ﬁ’éfy‘lfé‘é‘é "'?ﬂf%('he conpl ex weighting to
produce a plur alhiab«;ordnhcemnﬁéﬁsret(iqumte‘tmdnamﬂtanems siogited smetbadcfor artrdi f i ed
pre- tr ansr@oﬁlﬁﬁlm&ai%ng Bé\]ic %r‘i'lmﬁrél&itéjrvﬂ‘gh' ByséEBr‘}’d fcbﬁq\untpgtgnt e@i'a§ r%v%?'ao n

signal s belng uniq X assocl at e ant enna oma plurality
ant enna el %’W@“%HB 1% fish §o P REISSHRTY %ﬁvrcwawfrg ﬁﬂ&!@'%@f ﬁ‘é‘ﬁeé'"? ERACASssi on
si gnal s f riagmich@d cphpisitigl teyeidiig aQt|inAadiedtionenhs fom the Sautcaim@iidatat | ve

combi ned {4-a08 T oL Al {05l PILES: HE'HOR AGcAE) WndoRghRLST v th 2

total power ansm
rotation aferransyuseon sigel *E?Sa%%@eaft@ﬂ% Wﬁ'ﬂf‘é@a:h’ eiagusA rraplepyreh modifiesin t he

plurality @étranheapa @dnameéaoﬁ mddT:edCb?@fré?}%ﬂﬁéeloM\ﬂstghaI&ro‘ﬁeﬁ@rﬁlhréiﬁ;pﬁ‘lﬁﬂlfaf t he
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si gnal fr cmteans eteoedisc arheandioa theopiurdy iof enodifier! aregrapsrissiorssigsts foom shegnal ;

di vi di ng tﬂlﬁwallw Bf taht%ﬂ:%l%ﬁmb@t@ té'p%’kﬁl:e 'afr\t SeRtivie! Eo?ﬁblr%l:igt%gmﬁ;@m%ﬂ§imtheand a
second si gnal ust| n east one characteristic Z%%OCI at ed

with at | &8Py H"&%V@rﬁeﬂq W' fa ‘P PeYer ot the tapsptedo Bt t he
second si gmalfromonpease nitativasadla om&rhﬁnocpsad:a:&tgdwntmn abtez gdengamafrom tiiee at

| east one k hsd di&m ng fromthe group of a power ratio and a phase
rotation; %ﬁ%tﬁﬁtﬁg{em ng %ﬁgfl rst signal conponent and the second signal

conponent to pf 68‘?5’6‘@“%? WF*h?@‘?ﬁ"f‘d §$R§ﬁ‘aﬂf theoirpsaien theffis prrvidgd grefeaddeed wi t h
an ant ennamaioen@rsystém grarfarmapbel 6B ki firgt @mnduicatiohad@fice mesth Jisinkh Reckiviag m t

Signal  conpaehlichin SASNT) SRR, ELENGRLLY Slle B8 oRLLL AL XoRkoAg! onna

el enent s I On Version o re- transm SsSIon gnal .
| n accor dalinanhenrrg-trepgmigsions pignel ine 2 First |sm0@rmmnnertt Iagf @ jsecopd cmgnaled a

first corcgmpéreat Iae,nstmg\ét RastvaY chgadlerRlid stbtibtyd @ith BNERNBR: LOR FRNrSuUp

conpri si n%’f t!‘:fle ?“rsp S|gnal con%)onent and the second signal component based on the quality-
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 from
the plurality of antenna elements being a low-correlation version of the pre-transmission
signal.

In accordance with a third aspect of the invention, there is provided a first
communication device having a plurality of antenna elements, comprising; a control-logic
component, the control-logic component receiving a quality indication signal from a second
communication device and producing a plurality of complex weights; and a plurality of circuits
coupled to the control-fogic component, each circuit from the plurality of circuits being
uniquely associated with an antenna element from the plurality of antenna elements, each



conponent, the control-logic conponent receiving a qualgtNovértstr @@dsi on
signal froma second comunication device and producing a plurality of
conpl ex weights; and a plurality of circuits coupled to the control-logic
conponent, each circuit fron1the plurality of circuits being uniquely

associ at ed . WILP fna e %*rren fromt plura - of. an%}en a el enments,
cach 2 16 S5kt e BBENGT syt Pdusire ke TRy ot iRl b gp Btici g
nodi f i ed- prleality afheompéexi veaightsi theadlurblils eldcooplaxhvesightsl beiral assyciaiéd widimpltetrl

wei ghts, thgePbtih alahdnitdf s@%”ﬁh@)ét Yé%!stg%tesfrtﬁ‘? 'an[gwaé’é fsioR 86 AVpdvr daticOt al

power of a transmtted si g nd at | east one from awghase rotation and a
power r at i FSOURHUIN, éﬁa@ﬂa%ﬁ'ﬂ”ﬁ e@ﬁ'@ﬂt f??ﬁ"ttg?lﬂ'ﬁ’aléty&mﬁ"“? P8MEMPe plurality of
ant enna el enentls. acbdsrda(ceamﬂhaacfwm tabpeat bt Mversipe ctheef ist previdew entirston,

there is ply ‘Hu%guoﬁ {nEétco é"b&@ogr%”sgg{’e}ﬁ' fh% babéHARg E;%Eé}gcorﬁglﬁééﬁba”d

system the ase s St e ure pre-transm ssion signal;
a quality- ﬁeﬁﬁllac&’ﬁt@ﬁmﬁ%‘@ds'@abr?aﬂ”%d“‘*"faé?” Eﬁfﬁl%@‘a't Bofifis coyplediaif® system
the qual i thasebedd cabtemn thagedlitysih@gambn askd isehalCABdifig Udoatura o Giddyy a

characterighi.c 89srtlc%p(ﬁe§ Et‘rak S Sa siﬁiuupo” 4&”&‘&@?@%%?@?&% ggrn‘ﬂﬁ%ée&e\é Tofpdi cati on

signal recerve a plurality
of nodi fi etlsgsped @qnmy\!ﬁatm dﬂwcg |t<gnraﬂly>e a plw@lity op ngditddrare-trayfsmigsioa figa2I8] enent s

coupl ed t aanbihepigrdmy ot é(méﬁfhdle@’ﬁeln@rbobéﬁ@tiw b g;nalty-:ﬁmﬁauf)m Bfsed sR@Nmodifier,
nodi fi ed- pretr on .si. from

modi {1 ed- egh iSRRI RE R dee RE tns RRp N, Boyhskeus spnmiseiom: Yol
ant enna eltsingnnigfelpasspéigedivitr &l antgnnaplemenidrog] berplotatity astawta elements, each

nodi fi ed- ph&uirleh ARSFARSSIsE6h §§;r%nf?rlm fh'é%mréhﬂﬁ'of monFé’d brbYra@dmission signal being a
nodi fi ed- ﬁ?e transm ssion Si bei n | ow-correl ation version of the

pre-t r ansnPEEPEHRIEY \ﬁeﬁ%{‘i’“c’flﬂ?‘?pg E@SH‘&%%E’ SW‘i‘h a fifth aspect of the
i nvention, t herlea¢csrd|an@\w|tﬂedlftaammidwefrmnenmnf theretis prammlmeimd fona fitetvi ce to
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the first comuni cation device ant enna el enents, the
met hod cor‘PBP’F’é'T“ﬁi}‘O”r’@'@éh‘i\/f'rﬁfgcoﬁ‘"d{ﬁ‘é’ﬁi'qnydei"ﬁﬁ|h€‘él't‘9 ar»'usqhgr%aﬂtepw'@wsmé econd
conmuni catthe)methd@wr@;msmg hecair®l 4 GyaiityAtticaasdn ﬁ@waa;frgﬁa{e ROOA ¢oBrinMahication

power - Contt{ ﬁce QI'n; q@& (? ¢aton s;g{lé’j} c;om%ﬁélnga véa we nNEH M Q%C% darﬁefgo\sg C,(OSPNA)

pr ot ocol power - For €ac errod froma
plurality Qj\f’SlQﬂ M@thi%ﬁqm%(cm Fareneld ﬂ@cnwebd;onb@ltbltﬂs'éwmga g@weioa@@qﬂ ¢ t he
second Cwmr&ﬁhlpmﬁah@&y |t|ﬁn% p%ﬂ@hsl ﬂx@lpféﬂbﬂ Mtr@rbxt%@ing%blﬁ'@ﬂéd b?th% feeymr of a
transmtted_ s 6}| ; I3 i on dev h}g 3 at ¢

br edet er e e AByit P fiblinit SPI Rl SBetshdl B Wevi ce
can be satfirst feomaunicaiibie kvt s that e grgadetsxmined ¢ineshnld rbadredefor the sgoeddi ty-

i ndi cati OQoﬁhgﬁE@éuon bB\Goel bR BS BadsfiRH et BHRAY a cORHINEGhtRg bhsed on RRWRGIEONT T Ol
group (P rzdlcatlon signal, the transmitted signal including a first power control group {PCG} and a
second PCG, the first PCG being associated with its own phase rotation having a value and
its own power ratio having a value, the second PCG being associated with its own phase
rotation having the phase rotation value of the first PCG plus a phaée offset and its own
power ratio having the power ratio value of the first PCG plus a power ratio offset, the
calculating of the complex weighting comprising; adjusting a total power of the transmitted
signal based on the received power control bit; adjusting the phase rotation associated with
the first PCG and the phase rofation associated with the second PCG if the value for the
power-control bit at the most recent time period differs from the value for the power-controt bit
at the second most recent time period; and 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-contro! bit at the second most recent time period;
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second PCG the first PCG being associated with its owngpaassoer 868t 1 on
having a value and its own power ratio having a value, the second PCG

bei ng associated with its own phase rotation having the phase rotation
value of the first PCG pI us a phase offset and its own power ratio havi ng
t he power 0 val ue t.he t PCG rat| off

cal oLl at | nGOUHRE BTSSP P SEARAATE PRSP RUIS PR DO hower of
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associated with the second or ower-control bit at
the nost rR¢aHy apteppe PEPEBY %Ffsﬁéﬁ"gg ff}ed?W’?'ﬁ% 0(/QP%edf E)%’tiaH%'"'Ex%%e?'g'@&nt r ol
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second PCG nal if
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associ at edy 6hh}ai¥t3l7'6f ;Sr@ir%snﬁ&\f%rsuﬁals :H%o&oﬂ&ﬂé&h&ﬁ ﬁ{é &h&ﬂeﬁ' e@gﬁﬂng’ﬂa pré east one
froma pha}se rotati.on acgIfe LE wer ratio associated wth each ant enna
>pl zfz!ltyaﬁft

el enent f rGHPMEHY HOO Q1 | BT ANENESIR HLals | a5soqalesh Wihak alieq™? a sixth
aspect of ddment u’vtbmblumrw ahieemaeelerserps ahe sibdetaf prettiaosmitoon sugr@lmmmﬂumm ng a

si gnal , Qﬁ%ﬁiuﬁlnﬂgt leb& % + Yo tf% fé%tJré 6153 n%&&%%&gﬁah&ﬁeﬁﬁ?éh Sind gty MoOr e

quallty indication sig conmuni cati on i ces,
the first i ecswqu Wsﬂ‘ﬁpﬁé'%@ﬁﬁﬁoﬁsihﬁg"%ﬁ‘"ﬁﬁ o antering |lemedity onyield @| enents;
cal cul ati. n:gmamemtrmsemtedwnglhlhengmmwaibhn@ botifted MR af foptiMizgtion of the

qual i ty-i rlghﬁﬁ’i&d Q%S%mg@?‘ S nodul ating at |east a subset of a plurality of
pre-trans m ssion Si gﬁ“ €"n accordance with the conpl ex wei ghting, a pre-

transm ssi on silgyrasoresmee math R gevntht gsnebt ¢y be tinvgniion disireis gfoyded @ fistsoci at ed

with an anrb@mdaicatieh QIFRD f&fcomnlélaﬁﬂgaé |sTgMaial96n€1ﬁ||liﬂg CLRAIBINbLSic dp@r%b!ﬁ upset of
pre-transni ssion signals ing at | east one np uI ation

ot ur oo TR e S e S TR R ool sa o e 0 e SRR g Tt ol | ty

of pr e-tr aleyedss sndealaiamalcsmple weightngpicoardihg toytheonant ereaqueliteireivetiont o yi el d
a signals; and one or more circuits coupled to the control logic and operable to modulate at

least a subset of a plurality of pre-transmission signals in accordance with the complex

weighting, the subset of pre-fransmission signals modulated by adjusting at least one

modulation feature of a plurality of modulation features; and a plurality of antenna elements

coupled to the one or more circuits and operable to transmit the plurality of pre-transmission

signals to yield a combined fransmitted signal, a pre-transmission signal of the plurality of pre-

transmission signals associated with an antenna element of the plurality antenna elemenits,

~the complex weighting associated with an optimization of the combined transmitted signal.

In accordance with an eighth aspect of the invention, there is provided a system for
communicating a signal, comprising; means for receiving at a first communication device one
or more quality-indication signals from one or more second communication devices, the first
communication device comprising a plurality of antenna elements; means for calculating a
complex weighting according to the one or more quality-indication signals; means for
modulating at least a subset of a plurality of pre-transmission signals in accordance with the
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conbined transmtted signal, the conplex wei ghting assogdvedbamzbds an
optinization of the conbined transmtted signal. In accordance with a
sevent h aspect of the invention, there is provided a first conmmunication
devi ce for connunicating a signal, conprising, control logic operable t o;
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nmeans or

| east a subset of Iur [ | re-transm ssion
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subset of pre- transm'ssion Si | at ed ustin east one
nodul at i orfPEAthir &“%PO‘%G";?PEFF%IW 'Vd'ﬁﬁt*"g r?oEﬁQP%t‘it?‘bﬁdif’%!FﬂFr @sa POWE" RE&Is for
sendi ng t heanghitedbibial agoclated- withaths Hirss Sbranusitagioaldevidd, e firstecomphunicaliont y of

antenna e'&%@&&eréb‘?e %:' c%lnqwﬁm&@m rheedon%ro?ﬂ]%m %ecﬁﬁjd §dn91%|cauc}nh{%vfé<9ﬂ?é'rfgfe d

wei ghti ng "associ at i'mzat ned transm
signal. | rPnacEaofaetemyiigatiomlinks ﬁﬂmfrgargﬁ)@eqormg torat Ieast ent pfoR Code blivisians

provi ded annlePecckd r(comyrrﬂsmdéatal TﬂiﬁleaDﬁlbﬁﬁaNﬂu!tuikD 'N@édsgl(mQMAI BFRicyl g at a
first co ni cati evl e gne or.Jpre Ou} @(tlcnlcatltlon s\,l% Ia]fromone
or " or o ST R R Wi A2Gs el Srpf et BEmiiaehe s Rt e
conpri si n@na oplmaralsetopd shmamniestion delieaseare sat dgzest afr of, the trslagesmiunication
device comprises a subscriber communication devbe, and the one or more second
communication devices comprise one or more base stations; the first communication device
comprises a base station, and the one or more second communication devices comprise one
. or more subscriber communication devices; the first communication device comprises a first
hase station, and the one or more second communication devices comprise one or more
second base stations; and the first communication device comprises a first subscriber
communication device, and the one or more second communication devices comprise one or
more second subscriber communication devices; calcutating a complex weighting according
to the one or more quality-indication signals, the one or more gquality-indication signals
comprising a plurality. of power control groups, the complex weighting calculated by
performing at least one of; adjusting at least a subset of the plurality of modulation features;
substantially optimizing a first modulation feature of the plurality of modulation features, and
maintaining a second modulation feature of the plurality of modulation features; substantially
minimizing a total power of the transmitted signal, and maintaining a modulation feature of the
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transmtted signal, the plurality of antenna el ements ag3RGiricedoos th a
plurality of nodulation features conprising; a total power of the
transmtted signal, a phase rotation associated with an antenna elenent, a
power ratio associ ated with an antenna eI enment, an anpli tude associ at ed

wi th an ant en 1em&*nt
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”Pd:“ at It Onrnéd?:l%rtlé'ﬁ ?e%iturésh%uﬁ’é?ﬁmélfy Sshng AUBlal bwdrngH & ttlaRdifddo 5 a? &RIMPri sing
a east one

I_ndi cat nd a con t he
ower - contPINIBNG 4 RaraEn At bl Sl A ool Teir Bidre & fithe
transm t t edodsiatjoralfeahss aifi the eptbralityt bf todulbiions featuasmuhiiec ainimingea i sseondt he
first comuypieabd YhwrdeH H€ ARSHAY EmdRuHOTTRMY,E&t End""'a&;bsth&ethé”k%cﬂ{d nor e

second comuni catjon devi ces usl ‘g one of nore communicatl on
conf i gur ed"EEPHieAY e Whilg maniairing 1he drshnodulatien fratyrs: AURPIEE @ fidiMadpgeiPiaccess
(CDVR) pr deaigrelof the pliratiey ddinvidsieiion fdAtlires phie Asicembg @Hebdhd nvdolatarofeatud

Frequency i siofky M ddlfor ESERS PVl RIBLOCRle (!l SN cat i on

devi ce an re secon I cat1on evi t one
of, the f|S'egqnddmﬁ%ﬂ%&@wmwwh'@ewr@@ma@Hmfrrgtégodafa%rb@éﬁwebéad adwstinaiteat i on

devi ce, aristhdgulgna fEitureWhit: HERSINHg trﬁ@emmﬂ infoatibn fghmte Rba e&ﬁma tst&@dyone or
nore base 2
8

rs n devi ce
Ctati on. 4 priges g €l BN YATH AP o ¥, s GRIRLORTRREEC 1 o0
more subs cﬁdjuymg a:ehﬁmnptémnl angocihRied w@s an tehienfig element onthenplerality oh actewiace

conpri ses gerfdntsStseleBRgea Sitstldir@ion @@dth& NPa& fot&ion rasg@c.é&mnd tﬁéOHP’\THﬁHacat i on

devi ces co ri secon at | ons
o oo o et adehad i Rae RERpT oy hs (L Aaries ol e S SEy i ce.
and the onlee ome opmerespelinthdcativmsivnelatis detected; i adpistingatheg fi nsis&tcnﬁe\aﬂnlatuqmor e

second SUt?éﬁurb?%uleCR]'gMu{éa&\é %&&e\ebpeﬁmo&@étﬁmf@éww |faa ﬁ&mL@aium ghting

according to one or nore quality-indication sig € one or nore
qual ity-i r?EIY"%ra“tOT‘E?i bglabﬁéﬂsé“m%?ﬁ?fd ic8irefRpoRds P @rsﬁquldW'tdﬁ'Uﬁ&K@rp%Sﬁ?‘?“HP groups,
t he conpl &kt aneisgdohd Iﬂge(padldduhraidﬂjiish)g th@@écfoﬁd Betdhil@naingatiy teafrsiodet if &) ust i ng

at | east %rs%umae Bfert RomMldYBliddoh Blue g&%‘%@%ﬁi&% b b Qe Bi he FHRHAAL T al 1Y

Optllﬂ zin t1on ur a
f eat ures, Swﬁél whilgi FRipiANG §ne 05 BEENT CFHIRIOD é&«’#uﬁ?ﬁ pfcthe tﬂltl@f'tyfoftméfeqom*rafl ity of
modul at i O@rcfugatfurfm bit samh)esfoa@bdwadricantronbmatrﬁ fﬁétﬁﬁaeq@eﬁﬁ @drre NG toQf sebdHy

transm tt%g ,ugr}g and ! r%g{ﬁpl n% ana?gd aijto on eﬁt ur e %foteher 28"318
Novenber i ur%up ?’?/ i A T8 WHE APUS: A0diPatg 0t P
modul at i omddelatianrfeateres pitee plhinalita bfi madutation mfdwlsamue)maiﬁemmg theestotabregver of
mai ntai ni fg RansRRERA LighRdtiha L Buil RRleUWifer®froth e Bdddrd@bit UiudTmodulating at
least a subset of a plurality of pre-transmission signals in accordance with the complex
weighting, a pre-transmission signal of the plurality of pre-transmission signals associated
with an antenna element of the plurality antenna elements, the subset of pre-transmission
signals modulated by adjusting at least one modulation feature of the plurality of modulation
features, at least the subset of the plurality of pre-transmission signals modulated in
accordance with the complex weighting by: dividing a pre-transmission signal into a first
signal component and a second signal component; adjusting the first signal component and
the second signal component in accordance with the complex weighting; and combining the
first signal component and the second signal component; and sending the plurality of pre-
transmission signals from the plurality of antenna elements to yield the combined transmitted
signal, the complex weighting associated with an optimization of the combined transmitied
signal, the optimization of the combined transmitted signal further comprising at least one of;
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nodul ation features; substantially adjusting a total powR§evehndrP805
transmtted signal, and maintaining a nodulation feature of the plurality
of nodul ation features; adjusting a first nodulation feature of the
plurality of nodul ation feat ures while maintaining a second nodul ation

feature of the. Iur dul ati ures, .and. adjusting .t he second
rodul a1 onmin@ith 8" Gal baveret Mear e frnS e SR e b AR pates
adj usti ng !eetvfléelnslue firgdorhmtucation degia¢ emdcthe bnd drengnd secertd doynmahicatipdledtdson

features while ('ﬁhrﬂ&rﬁdaﬁéﬂgp&fo?rﬁ%ﬂa fﬁ@%h@&dne&:ofa%@&w r%wngfa stehﬁ aRehfal i1y of
nmodul ation features unti|l a first stead xrstate I s obtal ned %ustlng t he

second nodiifBNHA Ry risatin soral iRrerrived Homs RN GOMERNIGRIRN I8YIPONS F-Sat ur e,
and adj ustbasgstatha) A congtlexnwelghitiag iio naléeatd basedhin e rgaalitg-atinatiog sigmet. gecond

odul 8L} O BRI o HBhosn SEAANImSAEANLo LTS ohinBPLakNRT 1, ASkReE 0 @

first ste stat’e nor e

adj usting 5& B%'ﬂ%‘&feﬂc?t’ea‘ﬁr@ﬁ'sﬁg%é'ei‘a&% G?GCW“Pﬁ'f'%%Waﬁ?Wm@ISéﬂﬁ‘é’rff"”b\‘hetsﬁte
plurality afmoamb@maranﬁh@mm@maxsSeednﬁmtelylragsomafddrusth afliahtesia é)é?nefrﬂ)froﬁxh‘;tﬁ phase
rotati on t n nt., .an 11 se
rotation ?%?? ?ei[‘nﬁg elemérms -I}P] Isgtngfﬁ.'nt | Fd §re§i%§%rﬁlés [o:}&sgggggj ?ent Pgm ?he? efaone or
mor e qual i AWennh eEgets @hprgqil{jﬁalt@nmlﬁ%%i@'@! dhe c@m@l%\wi@i‘gﬁn@ Iseaspoqiated witht  of
nodul at i onotal ﬁaafeuéfeﬁe Mﬁﬂn@te@&bﬁﬁl ahdhtNébst G FRACH Bﬁbss edtatieh aR®d pbadri ratd
features if a ??r o] bit at a first tine

period corPE ‘ﬁ“teg‘q’}ba'ﬁeé"%ﬁﬁmﬁlﬁtﬁo\'}'atﬁﬁ\é\g%?"?nt"ﬁS\‘f(E‘F"tﬁontroI bit at a

second tine period, and adjusting the second set while naintaining the

first set if the first bit gﬁékygsdﬁ;pi,j,@{,ﬁthgm,)‘,&p second bit val ue; and
adjusting a total power of the transmtted nal whil e maintaining one or

more modul ati orl I@égpgwse%sygtpmtql@kmagqagq ‘?fta)?O’BF‘“EJ ?“@WW!‘FB‘FOM“@%GBS if a
first bit endodierefiof tha ippentien- control bit at a first tine period corresponds
to a second bit value for a power-control bit at a second tine peri od, and
adjusting the one or nore nodul ation features of the Iurallt

nmodul ati on featfiP&s ss| @ Fested aPlAtkn Jiaorme 1t al rpsmiier Pf tf‘%e“%?%‘ﬁ%fm tted
signal if dofenuhicsteh dbude shavnim RIGff ers from the second bit val ue; nodul ating
at least a subset of a plurality of pre-transm ssion signals in accordance
with the conplex weighting, a pre-transm ssion signal of the plurality of
pre-trans m ssifdR-3shewrad sysiggshiedkatiagthm ofi 2 hesegtation eethsibserbeheammunicatidne
plurality @ﬁb@éﬁ&&dﬁb%@ﬁﬂo&n shdiemsubset of pre-transm ssion signals

nodul at ed by adjusting at | east one nodul ation feature of the plurality of
nodul.ation features, at |east the subset of the plurality of

pre-transm ssi diG4i ghmlss ameyhltenat Bdcki miageot af danikasestetion e T csvpbaeier

vl gt | NG BiimuFibHioR UBocPhalig s ALY Pbrithd BBlordi 1 of chibbdiinentSr 4l
conmponent and a second signal conponent; adjusting the first signal
conponent IYRR{ONt he second si gnal conponent in accordance with the conplex
wei ghting; and conbining the first signal conponent and the second signal

conponent ; and F?@.quugt%tig&ea BLMBI‘?H {hg tl%tlsnmt&'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 device

according to another embodiment of the invention.
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transm ssion signals fromthe plurality of antenna el engiNesehisery¥dosl d t he
conbined transmtted signal, the conplex weighting_ associated with an
“optimzation of the conbi-ned transmitted signal, the optimzation of the
conbined transmitted signal further conprising at |east one of; 2d 18
Novenber 2005 mnimzing a total power of the conmbined transmtted signal,
and managing interference between the first commucati on device and the
one or nor ¥OREYM? conmuni cati on devi ces. Conmuni cat i on rczaserfigrymed for a
first conmunication device having a set of antenna elenents. A
quality-indication signal is received froma second comruni cati on device
(e.g., a basestatjon). A conplex weighting is cal cul ated based on the
qual i ty-i ndi cat i ont %t §iiapws péranspidted aeden ofacnbicaherroswhnisatiingieaice i s nodi fi ed
based on t hacco@plteyet WRbtBéHenibeditnentr @kYUSRnAon, Set of nodified

pre-transm ssi on s%ggﬁkaﬁgEach nodi fied pre-transm ssion signal fromthe

set -of nodified-p i Loyt o gpsylating she gomples) Weightisaby at ed with an

ant enna el emjinting the Fhisb eotaiflastiaR Wi RachAUnRERNGISmenl NMBcot8ihe Rf o0 di f i ed

pre-tran§m'éssé n signals is sent fromthe set of antenna elenents to
produce a tran Hed si gnal . The conplex weighting is associated with

total power of theriy aosuovistadibwehgh@l cadthial HeedsplefRRidhtifyd2 phase

rotation angd.a.power,ratio. assaqciated with each antenna_el ement fromthe
set of ant e%ﬁ%“gq 'ﬁeﬁgh’i‘sg FO%Fci“é"‘FSOBE@@thF?CBﬁn@F‘n% Ene-Aarordjas o aapthershows a

syst em bl ocknighdagmam of a commruni cati on network according to an enbodi nent
of the invention. sho a st em bl ack diagramof a transmtter for

t he subscri ber coﬁkﬁ?}lfﬁ “is\éﬁbggwgr%ngH‘eﬁP%pﬁiWCng@@%hom a system
bl ock ditgraijnsthg e base sitationassodiadd svith sehiah€hnodemanicairdionto ydevi ce
according tg @ }(gng\bv(\)na. system FI G 4 shows a system bl ock di agram of a
basestation and a SUBSEri ber communi cation device havi ng two transmtting

antennas, accor di NG 62 sioveaifiodiimentor eiculaieg tHeruplek Righfihg®yd i | | ustrations
a portion . ransmiter stem for subscriber comunicati on device,
accor di ng gngasﬁlgg[th%E mé“nﬁ%%)lar?gn cpﬁé?set'?l%mfwseoﬁﬁtcgﬁ’fwﬁﬂ BIMBHHSTSH exanpl e of
a syst em blasekdidi tapramiboflindacoflecihemtiomdul at or, according to an enbodi ment
of the jqowvention. HHEG, &10?5\9}}?%3&13&%}éa%ﬂia%g E]Q%OIEI{)I%JQ %/g}gkér?grbj; or the

subscriber comuni cation
adjusting the power ratioc and the phase rotation associated with each antenna 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-geomelry-dependent fading aod 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 transmitied signa! propagates along different paths
and reaches the basestation as a combination of the signals each having a different

25 phase. 7 )

Acvordingly, by controlliug the phase of the rauspitied signad 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 transitted signal can be controlled through the use of multiple antenna elements at the
subscriber cornmmmication device. If the rate al which the transiited signal is
controlled exceeds the rate of fading, then the basestation will receive the transmilted
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according to anot her enbodi nent of the invention. 2e 18gNev&hieross005 WO
021099, 199 PCT/ USC2/ 14437 FIG 8 shows a transmitted portion of a
subscri ber. conmuni cation device according to yet “another enbodi ment of
the invention. FIG 9.shows a flowchart for calculating the conpl ex
wei ghting by adjusting the phase rotation. associated with each antenna
el ement, according to one 5 enbodinent. FIG 10 shows a flowchart for
cal cul at i n¥ABRE*V¥pl ex wei ghting by adjusting the phaseTmtatinn
associated wth each antenna el enent, according to another enbodi nent.
FIG 11 shows a flowhart for calculating the conplex weighting by 10
adjusting the phase rotation associated with each antenna el enent,

accordi ng t &'&&t 2 relE constasb Bt R B werrt Tsubstantdiywetimized pewdnart f or

cal cul at i ng Bebis€ QBN ta@hg RtrbIngveRYslow ! Teivten tEEEP ANE! co'ﬁ@& b and the
phase rotation,a csm ated wth each antenna clement, according to an
enmbodi ment &ffnq‘?fgﬁ? FORRRED P, the epteraf owerssortselsignaling ip wertidn koowsr cal cul at i ng

the conpl ex comimgtitatog pRyocobth ¢S biobs 1006s mm,rdpc%%&u%ﬂﬁ%aﬁlﬁg fhage rotation
Che. i nventi R IDBPSH PR BUGPDEbGAAlY PHAGHY I Gan gl Sams KD &
. subscri ber scsmincaadiiatide deie: b a bkestdfbosecond comuni cati on devi ce
br opagat | on- geonet 13 HBHBGADIRAaR GoBHRRITIOE Fpueais o toRdbGBeds, a
signal sent of éonplexavcgthingr IThesipiasimisea Wit Radtiiteas Eiomant Bamaskadd on wil |
S gnat . pr op Ao QbR A ftEs ke ed otne Eimec tinbi o TSP | on as
conbi natldon “einpdrereaityingt slasab rdapand igaginddy Ednggonnits 35 phREenReeqr di ngly, by
contr o1 1954 UagleaSgl B3 bS5l iaty e ol B RER Do
signals can be adjusted differently, each signal is a low-correlation version of the pre-
transmission signal upon which the transmitted signal is based. Tn other words, the
signals associated with each antenna element can be adjusted separately from each
15 other based on the complex weighting so that these signals are a low-correlation
version of the pre-transmission signal. The complex weighting is calculated to adjust
the total power of the transmitted sjghal and the phase rotation andfor power ratio
associated with each antenna ejement.
Note that term “quality-indication signal” is used herein to mean a signal
20 ° having information about the quality of the communication link between a
comrnunication 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-conirol signal according te a code-division multiple access (CDMA)
. protocol. Such a CDMA protocol can be, for exaniple, CDMA-IS-95 A/B, CDMA
25 2000 {X/RTT, CDMA 2000 3X, CDMA EV-DO, wideband CDMA. (WCDMA), third-
generation (3G) Universal Mobile Telecomnunications 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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basestatlon can constructively interfere rather than de,%t,\rou&ﬁgeygd,@g
interfere, or alternatively reduce the intensity of the destructive
interference. The phase of the 30 transmitted si gnal can be controll ed.

t hrough the use of nmultiple antenna el ements at the subscriber c
oxmut . uni cation device. If the rate at which the transmtted signal is
control |l ed exceeds the rate of fading, then the basestation wll receive
t he transnWPoeo®218 Novenber 2005 WO (c) 21099} 99 PCT/ | pEDBERA437 signal at
a relatively constant rate of power at a substantially optim zes] power.
Because the rate of fading is relatively slow (e.g., between few Hz and a
couple of hundred Hz) conpared to the rate of power-control signaling in
certai n knoliPiterghyaamhedimenats. pawlitycistiisation signal can apett oD@ suhedribey ) |

power - cont r ebmsiGiBaioh ﬂ&l&@@aggséaﬁtﬁﬁﬁvﬁgnmﬁgﬁa a%ieﬁﬂ@él&m% enna to
substantially optimze the transm ssion of nals froma subscriber
communi cat | SHCRENY N 2 aeplity-indicaliansignghonn bpgent fi?FP 98¢ efmmypicasiom devidelie r

communi cat i @ibtite YoreRuhisatid B8vidIHatig Rl #%Rna AbmERIP! €Xx Wei ghting, The
Si gnal s associated_wi th each antenna clenent froma set of nultiple

ant enna 2l enent s cgﬁ}l}é %%WP@@W?W%FW%WH@MW’W% term

0" c?)rrpll\ﬁxmr?etdg@ttb Age lscﬁlizﬂéxﬁaf &§1¢@&i0n3$ shd¥Wdh Bﬁg M, QQWESS ?f t ﬁ
si gnal ; whic o definpe the ude and phase o e
signal . Be c‘é‘ﬂ’?@gé%g Illg(g@’thl“éllﬁ‘ﬂ ﬂ%tawaggg a%ﬂtbﬁféf{bé'&’o&im‘m&a%‘?ﬂ ly, each

signal is addviw1Q0ky@hpitd Bbasesixtdd N0 y, fod Sxapipls; a WiBRGToidlalkaddngnal upon

whi ch the tgan d nal is based. |n _.other words, the signals
associ at ed ﬁgge§8ﬁs Eéﬁrg?fﬁﬁ‘ ugication devies FRO0dacludss basehagd subsustem &35 from each

15 ot heto ba@mmdkmumk@mwmumm §u|8®%tciﬂm,em§51m%§n@fﬁ a

| ow- correl at i on ¢ vers re- trans SSI on The corrpl’ex
wei ghting | 87041 éﬁ?sgii aléjlgﬁg appligatiqn gy vbeg "gY‘Chtl}?é diesthasm t t ed

si gnal anfl tdiee/qrnddigplayieglidac) eﬁnd‘hebasﬁm&ub’sﬁtdnmﬂ&ﬁﬁ@ﬁks%ttﬁé i h Saﬁh ‘
antenna e erre t Not a erm . It cat on, si IS use erein
to mean a st gRal™ aﬂf’% nga{g/’f %‘béaﬁqfaéllp lﬁtﬂyggo% {aﬁgsahgrtg?a 23 porpppeos
conmuni cat i v rhainkolietsnwaaaeiver mmramﬂmmnammmaam ng the signal with
mul ti pl g ant enna el nt o] ni.cati.on de e r g the signal.
For exa%pl e, the quali dssuﬁaﬁs%g't]izgh‘?"gﬁgﬁﬁ cangm “%8%&% EL%I si gnal
accor di ng toug-dedel dingingico i28ratd rpismitaceasnbC D re portions of a

transmitter for subscriber communication device 120.

Baseband subsystem 121 is the portion of the wireless communications

systein that receives a modulated received signal 141, demodulates it to produce

20 demodulated received signal 142 and 1o extract the quality indicator sent from the other
stde 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 modifter 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
transwitied from the subscriber communication device 120. Rather, by manipulating
the weights of the various power amplifiess that feed their respective antcnna clements
in the array of transmit antennas 125 , better multipath behavior s achieved at the other

30 - side of the wireless link 130 (e.g., at basestation 1 10), 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
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protocol. Such a CDVA protocol can be, for exanple, CDOMANoe@5rdgds CDVA 25
2000 | X/ RTT, CDWVA 2000 3X, CDVA EV-DO, wi debandd CDVA (WCDMVA), third-
generation (3G Universal -Mbile Tel ecomuni cations System (UMIS) and
fourth- generation (4G UMIS. In fact, although the ‘enbodi nents descri bed
herein are often in reference to such a power"-control signal, any typo of
quality-indication signal in accordance with any type of comrunication
prot ocol cwW®Weappropriate. 30 In addition, although theresRagisaents
described herein are in reference to a basestation sending a quality

i ndi cation signal to a subscriber communication device having nmultiple

antenna el enents; alqtﬁgiygati ve enbodi nents are possible. For exanple, 4. 18
Novenber 208%SYRE®57 §9 uprdulpsediapsnissipn pignal 1 44te modplatos dMbefdi nent s, a

qual i ty- i ndibasabinaBuisiygaaii2 K aodiearsenb rdaamied u SRR bl MhsmiSGERLC At i on
device to a basestation haan? multiple antenna el ements. Alternatively, a
qual i ty-i ndi ¢ ariPEET HRGPRsEusT %é‘%’é‘rﬂteﬁf?"ﬁﬁ'ﬁ‘ Breevidstinmprbttindentigavi ce to

aﬂot her connigﬂdlglaﬂlﬁzﬂlnemmyh?uémg sﬂg{ﬂinmdmem@;m a_"cbﬁzﬁ]%ﬁ'%%ighﬁn{' G | i
fo an crpodriEnen BF il PGSl Rl I SeR BiAlen or e rebs R 00 5
coupl ed to padestagihirality dl@odifbd srb-tianehisslessi gl e96) Each mbdifdgpRCr | ber

wrel ess commmi S SER T e S Po R i Bar e Bt tn S sl e 120 |
i ncl udes bayabmumysi.ermejradujﬁe%rqua@shﬁsﬁdnmhaané BRedtas S| gnal _
ant ennas 120mmbd G e R TSt S ot s
voi ce/ d&@ al the sphiagll teestivanchnael?S. Theerdyasdedadd: 1649028 nkizdn CONPri ses two
123" compr i saeiy s B n bR B ool e it et
transnitter 1428 15 Baseband subsystem 121, quality-indication based signal

nodi fi er 122, she F@hgﬁ-chan&%el 128,. ransnit antenna

i ransmtter and
x-ray 125 are portions of a.> Hrlgiloscrgngi“t’ré‘fn c")‘Fmgsﬁ%gﬂé":}?r § Sub i cation

devi ce 120. coBymwiation dayivs yletvarin FIGE. 1. Slhelengairiés spstern 20U inalnidds hadeb sl
conmmuni gat i Q8 em.f:hat 1 ecei ; dul.at received si.gpal 141,
: @Stﬂﬁy%g)btﬁ?_a%lggﬁ«aba?@g ir%s%% Iﬂgt‘ago el % ¢ aall)qsa? cigl 42%5'

denodul ates it" to [ recel véd si and to
extract thePQyisa PPN HilcH2o?439md 244, rodraitbrea elcents 251, 252, 253 and 254.

Baseband subsystem 210, quality-indication based signal modifier 220, radio

subsystem 230, antenna elements 251, 252, 253 and 254, correspond (0 baseband

subsystem 121, quality-indication based signal hwdifier 122, radio subsystem 123, and
20 transmit antenna array 123, 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 ihe subscriber commuunication device is described herein as having four anfenna
elements, other emhodiments can have any numhber of twa or mare 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-indjcation based signal modifier 220 includes vector modulator 221 and
30  controi logic 222, Quality-indication signal modifier 220 is coupled  radio subsystem
230 and power amplifiers 241 through 244. More specifically, gquality-indication hased

signal modifier 220 provides modified pre—fransmission signals to radio subsystem 230,
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side of the wireless link 130. Denodul ated received si g{@lovefiBerioBogor ovi ded
to application subsystem 126. The extracted quality indicator is fed into
the quality- indication based signal nodifier 122 via quality-indication.
signal 143. Quality- indication based signal nodifier 122 nodifies the
pre-transm ssion signal 145 in such a 25 way that the other side of the
wireless link 130 (e.g., basestation 110), undergoes inproved reception
Wi t hout ne¥&sB&P%999% i ncreasing the conbi ned power |evel pagBesHLft ed from
t he subscriber communication device 120. Rather, by manipulating the

wei ghts of the various power anplifiers that feed their respective antenna
elements in the array of transmt antennas 125, better nultipath behavi or
i s achi eved rteliegio e qualiydidication bastreviguat epdiSer 220 proviB carapley. ,  at

basest at i on whkidhling @SrePhainifg: 37 hhdhie Em?l.:?%%i #413@1109&1 2430 QRRLNET Way,

applicati onbsub%?tﬁm 126 receives inform 0 ansim ssi on such as,
for exanple, Iy % ugthey 891k o ce i nf or mat i on. Application 5 18 Novenber 2005

WO 02/ 099999 PCT/ URQaHobdKe3dtes 2BO Ve bigdd ieRGoif ¥ : ransm ssion
signal 144 to m)dg_{ at or 1%5_of , bas‘eband gub(?c%ta_em 12%%%@%?%?& 140

modul at es uBHGRAIcaEeT bag bingiilien B afhe madfedprpimamsionsintlcansni ssi on
signal 145, befforcRamplepiiaibdREaddoigin] Fhignd 0 &k RBLI QRN RagBdhosiiag fier 122

Qual i ty-indi,eation signal. difier cal cul ates a conplex weighting 5 based
on the qual P?@cmv?ﬂsgh‘% %D%ﬁ'gﬁnsﬂ%mﬁﬁ’@“%ﬁ? fadisfreqyency (BEYSimmalsni ssi on

-1 n
signal to mhatucgravipddus pbividandliifisledif hecpper t ransm ssion signals 146.

Each nodified pre- transnissi ignal . js uniquely associated with an
antenna el enent fr BW?IWE@%PIQ?EB&'&FE&%W? reame é‘?dﬁ@gl’m‘rh_e nodi fi ed
pre-tranidni gsisomssohgigails kkBaryslits €oko @R ritmsrBRAG) Povler ANRMHLLA] 128,
whi ch f orwaEhggu ngﬁm%f i.ed pre- taé?nsm %SI n si gn‘?ail S 146 to_10 the array of
transnit antGnfas 198 Ui QAPEpRasienints 43 hitrough Cadniespec el Bowes an
effective conplifited4titnsgt 244quoBigheimiane digtis haiiRMiEhek 251
pre-transm on,si anal 146, FlG. 2 shaws system bl ock, di agram of a
transmitter fof ﬁié%‘%ﬁg 6‘%’%’@ “d%‘c? rﬁ’?ﬁ?ﬁ‘ﬁ%‘f‘?ﬁ’ﬁ’%%ég pregrasmiiFion ¥eelie. 1 The
transm t t er Pogretma@Oditediginaieh diss ebaldadbarseins ysinemn 231 Girough 254
qual i tyykndigatd fp % i | %f' I 2%0 radi Q subsystem 230, power
anplifiers 24?‘% 050 Pl P oY S of e i R ERHEL , 252. 253 and
254. Baseband subEYE:BehewslOsysgoetilockylidgndi cfatti:antbasad ssbgisk nodi fier 220,
radio communication device according to a known system. This is helpful for understanding
how prior CDMA basestation systems employ a powcr-control signal to adjust the
transmit power of the subscriber communication device. ..
20 In FIG. 3, basestation 300 includes i'eceiver (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 1s coupled to antenna 311. Transmitter 320 includes modulator 32 1, multiplexer
- 322 and power amplifier (PA) 323. Transmitter 320 is coupled to antenna 324.
5 . Swbscriber communication unit 350 includes receiver 360, transmitter 370,
duplexer/diplexer 380 and antenna 390. Duplexer/diplexer 380 can comptise a filter
separating different bands like cellular service versus Personal Compmunication Service
{PCS), and/or scparation of receive/transmit; typically, dupiexer/diplexer 380 has onc
, port connected (o one antenna, and other port connected to various radio circuitries that
30 operate either simultaneousty or alternatively. Receiver 360 includes demodulator 361,
- Transmitter 370 includes modulator 371, power control logic 372, power amplifier
(PA) 373 and radio subsysiem 374.



"“subsystem 230, antenna el ements 25 1, 252, 253 and 254, 1£Qé/858%005 0

baseband subsystem 121, quality-indication based signal nodifier 122,

radi o subsystem 123, and®“20 transmt antenna array 125, shown in FIG | _
Not e that al though the subscriber communi cation device is shown FIG 2 as
havi ng four antenna el enents 251 through 254 and four correspondi ng power
anplifiers 241 and 244, any nunber of two or nore antenna elenents (and
corr espondMip2{¥eater anplifiers) is possible. Thus, it wpcldagupder st ood

t hat al though 25 the subscri ber communi cation device, is described herein
as -having four antenna elenents, other enbodi nents can have any nunber of
two or nore antenna el enents- Baseband subsystem 210 is coupled to

qual i ty-i ndi cati o H¥ad! trighabasessdion reseive 300 sndugehiddemodulasrt3nansni ssi on
si gnal 260 -wiitch B iftua] dobted AOSGRE RESISkERM: 3127 $ite¥adadi [3td on based
signal nodifier. 220 includes vect%?b%kodu.l artjcl)g %%%ﬁ%l%%ﬁ%gﬂn ol logic
222. Qual i t3P P AL PP FLRREP b Eeneraiar 314ewhish i ip Borenypled th multiplardir 823 ubsy st em
230 and poviuitiplpdri3RR Brafso 24iplédth QiR Ad21 dggg&wé%@ghéﬁﬁhg#r which

qual i ty-g ndi catti on ha i provi des no

] ed  signal nodifier
pre-transm S8 O CHYHEPLUER 3 0 subsystem 230. 6 18 Novenber 2005 WO

02 109|99990I .PfC.T' US6 24ntdé 350 L0l ediver 980 61 s&?sﬁrti&t ccﬁi?&ﬁ{uﬂi&m?h Bélhéég%{) an ba; gg |
si gnal nodi r rovi des e ] in o vector nodul ator an
power anpl if #@?ds%%?@l%f#@geg‘ﬁr%%%@e“&é@ﬁ?%é relys wegives sianels frem det ai | .
Radi 0 subs)stesm 2BGo reecieirden aﬁdlehgpﬁ'%dais%gntwoﬁﬂ}aﬁlﬁﬂﬁmWt@ﬁuéjngnal from3
qual ity indipsatii on based signal difier 220. The nodified pre-transm ssion
si gnal ran%bg‘eﬁofeospecgécﬁﬂf?l A@%E?,Xi‘frﬁg&cﬁég%awpy frdgmpdulpor 36l Whickis or RF

si gnal 90 Radumedstulpsyatoentol288c gnverts the recei ved pre-transmi ssion signal

into radio freque ( signals, _which arc provided to power anplifiers
‘241 through 244. gg'}é‘é'fﬁg)ﬁ‘bﬁ‘fzg‘m“&l iR medHlasRrgH | el vesdbpredesmisioRE modi fi ed

pro 10 tr anigmldeianssisgorears povdded b iddjo suhsEm STANRSo flkyskchadi@n ssi on,

Power anplifiers.241 . through .244 are _coupled o antenna ‘el ements 251
t hr ough ZSEMVr%gi%%gfcit\r/aélfmﬁw \s/{é'?ﬁuﬁ%ﬂgf‘ig@% ﬂlgi;ffr\ffmlqiﬁmowm4 provi de the

anpl i fied singlifidr$738.oParr emplifie3ehiulss caipled tb Bovau@bnid bogieHohwrits Whi ch sends
its regpcehiyfieRiodRAbidf thebhduls AT SPECITCaIly, Im%r}gcleh;[eg signals include a
quality-indication signal such as, for example, a power-control signal having one or
more power-control bits. These power-control bits indicate the manner in which the
subscriber communication device should modify the fotal 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 intesference. 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 460

includes a receiver (Rx) 410 and transmitter {Tx) 420. Receiver 410 includes antenna
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produce a transmitted signal. In other words, each antepy\mehedrenss 251
t hrough 254 15 sends a respective signal conponent all of which forma
transmitted signal. PIG.3 shows a system bl ock di-agram of a basestation
and subscri ber conmunication device according to a known system This is
hel pful for understanding how prior CDVA basestation systens enploy a
power -control signal to adjust the transmt power of the subscriber
comuni cat Meh2@eadte. 20 In FIG 3, basestation 300 inchusi@sziggei ver (Rx)
310 and transmtter (Tx) 320. Receiver 310 includes denodul ator 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 dempdpiatp; 426N opR$Heptrmeer H5 dud pivor c@Be] bingeheratpt exer 322

and power anphi Ti8emittRAN0 2R desThGRSAdLHE maeletes 450 . nna 324. 25
Subscri ber ¢ gm_lni cation unit 350 I ncludes ﬁ@%gfvef&%%?m%@é%@rﬁﬁtter 370,
dupl exer/ di ﬁ% ulontmga 2204 ant enna 390. Dupl exer/ di pl exer 380 can conprise a

filter separating sibéckiBéBlumbmosin hid 85ERbiuis eoH &40 GRaMRHSLE P Sonal
Communi C%tl 39 %gr.\gﬁlc]% &Z@ and/ or separation of receive/transmt,
typical Iy, difNESplsres T B89, auempyS0iud 495. dymhdpieaer/digiesné8int enna,
and ot her pas, foreesle,laae df Owd/diids Qidsh EREHBING i G plbdet/i8Rxdr Rhcepllr ORETr At €
ei ther si rrul.tE\Q‘eo&%!ﬁ%1 ﬁ‘? ?%}Ejgé_nati_vel¥ . Recei ver 360 i ncludes denodul at or
361. TransMT1et UIAE AR ATinclades aulisyudicatinnibagsd sigadli ¢ 372,
power anpl i fuiceltficr { PAWwhit Inckides Veadi SoSwRsY SN pdter cdntbBioblRuesber 2005 WO
t he basestation receiver 310.is

02/ 099999 PCT/ USD2111437 .Ant enng, 311 at €

coupl ed to ?&?ﬁ'ﬂ%ﬁ%ﬁwéﬁ%dﬁ %ﬁ’péﬁl}ﬁygtc%ﬁqﬁnﬁ 426 apl rayver anEMRSA73RSS|
estimatdf 3a48NR or RSSI estimator 313 is coupled to power control bit
generator 314, whigh is | rn coupled to nultiplexer 322. Miltiplexer
322 is al so coupl e%“f%"%@ﬁ%%?g?”ﬁméﬁﬁwﬁb%m%ﬁ?ﬂfﬁ@ﬁ“’é‘ﬂﬂ?@?& which 5
is in turn whislied o canenn SNR24imAGt FBNSNRIP RSSI dslifatbeBiiy &upRB0 of

subscri ber om‘runi?%’g%i @g¥cd§rvgofglég?v8%h§%i?coupI ed to dup] exer/dipl exer 380.

Dupl exer / di pl'exer - GHArEPHSMUITREHA42-390 to recei ver

360 and r el ¥Muitipléxgné22sis slemtoupledm thodRSH4RY afid Rofdr irfpldRat £3NFhicBRQAn More
speci fi gal | ¥ Q%Bieﬁ%g&{t&inghf Ker 380 is coupled to denodul ator 361, which is
Subscriber communication uait 450 includes antennas 490 and 495 that are
used for both reception and transmission, and are coupled to dual duplexer/diplexer
480. Dual duplexer/diplexer 480 is coupled to reeciver 460 and transmittcr 470. Note
that for the purpose of this embodiment, the réceiver may use only ote 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. Coatrol logic 472 is coupled to vector modulator 471 of quality-indication based
- signal modifier 475. Vector modulator 471 is coupled to radio subsystcms 476 and
477, which are coupled to po{ver amplifiers 473 and 474, respectively. Power
25  amplifiers 473 and 474 are also coupled to control logic 472. Tn addition, power
amplifiers 473 and 474 are coupled to antenna elements 490 and 495, respectively,
through dual dnplexer/diplexer 430.
Demodeulator 461 recoives signals from antennas 490 and 495 via the dual
duplexerfdiplexer 480 to produce a quality-indication signal. This quality-indication
30  signal can be, for examnple, a power-conirol signal having one or more power-control
bits. This quality-indication signal is provided to control logic 472. Note that
.demodu_l’ator 461 performs other fanctions and produces other signals, which are not -
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10 coupled to power control logic 372. Taming to the trgngiktdeebood?0,

modul ator 371 receives the pre-transm ssion signal for transm ssion and
provides it to radio subsystem 374. Radi o subsystem 374 converts the
pre-transm ssion signal into a RF signals, and forwards it to power
anplifier 373. Power anplifier 373 is also coupled to power-control |ogic
372, which 15 provides power control information. Mire specifically, the
recei ved sigh¥%”?hcl ude a quality-indication signal sechuseiifsor exanpl e,
a power control signal having one or nore power-control bits. These
power-control bits indicate the manner in which the subscri ber

conmuni cat i ul d nodi.f he t qt al ovve he transmtted '
si gnal . Thé"’g%‘ggmﬁﬁ(ggtnfs @‘Fp“fﬁa?e@&%\é& l?gmgrg'i‘r& QY 1 CRFWHCEst the ot her
si de of th@omelewmehtagsrammrfbmmsmmh@x(xmgnng bassss akiwn 300), and is
sent back t SHBS.G" cat uni t obt ai.n | nproved

si gnal qual%@lﬂl{%ﬁ su%ﬁpb&grrmi’ﬁﬁ@rtﬁ\?mé ﬂ%hgn%%ufégmﬁgoﬁézﬁﬁ afff’%‘?tfzberence These
power - cont rvgth apicnma mnb’}ﬁﬂ\md eawercurplifier 474 @plotihice il ddcnoaflenttntad) ust s the
total pawergfor the transmtted signal based on the power-control bits.
Power anplifier 373 is coupl ed to dupl exer/dipl exer 380, which 25 forwards
the anplified preNeiedhs tesontor legigilis differamtfenniae phwerenirdBRicf302

Lransm ssi e Fbibor SIS RRGHARED FQTIURLGALLON devi ce 350,

the power control logic prov es 1n ma 'he received
power cont retoblogic33? Hﬁmmaﬁﬂpi Weeﬁonaﬁﬁnfomoum povadpuplifieAT3,t 0 t he

Lransm t Siiods hocoRRoRBE I I SRR proBOUELonBIR il e BUlRL, | CVel - 30

FIG 4 shovvs a systemb di agr am of bases ri ber

communil@at {VefoTdesiniaier é?:‘c@lddh?fg* elposar wwlifidis ﬁ%@nddlfmt fbis isRererTior on-

-Basest at i oA 1otk - ' (Tx) 420.
Recei ver 4136| nct?u es gﬁ?gﬁtﬁ%ﬁ%ﬂ%@ z\(;?(r% k%%@@%%@%%&%Q
PCTI US02/ J £9%er<aatiol bigph tnadditien. afews theNRsoyotaigsmddertthapwsr raid 3 and power

control bi tesggned @idPéach ﬂﬂténna-gfe%{éﬁmgﬁtagc‘f 496%913& %&s‘l&%sﬁ%ﬂ%e@g&gwé 21,
mul tipl exer 422, u?)?wer anplifier (PA) and ant enna 424. Subscrl ber

comuni cat PBRETGARO! piEpymaticn. u%f@@de%bFWIOﬂB@eWah%ﬁﬁsﬂﬁné?me) S 470, dual
dupI exdas/ dbpirﬁéﬂﬂﬁ'ﬂlﬁpcoafmm%mcﬁ lﬂ%@taﬁ&fhﬁg%c&l%loﬁiﬂmgl a!lgl pl exer 480

is, for exa of unlts each conprising a du exer/dl | exer.
Recei ver 4&5 nEwed by%asestatmn 400 basestauon 400 can then sgl% apowelg-control s.egnal to P

subscriber communication device 450 indicating that subscriber communication 450
should adjust the total power of its transmitted signal. Consequently, by optimizing the
transmitted signal, the total power of the transmitted signal can be reduced, versus the

20 cascof a communication device with a single antenna, as described in FIG. 3. Suchan
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 conmmunication unit 450,

25 Tt_m complex weighting provided by control logic 472 can be bascd 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  portion of the transmitter systern for subécriber
cominunication 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 é.ud digital-to-analog (D/A) converters 508
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"includes denodul ator 461. Transmitter 470 includes qualginoyerbedbmat i on
based signal nodifier 475, which includes vector nodul ator 471 and power
control logic 472. Transmtter 470 al so includes radi o subsystens 476 and
477, and power anmplifiers 473 10 and 474. Antenna 411 at the basestation
receiver 410 is coupled to denodul ator 412, which is in turn coupled to
SNR estimator 413. SNR or RSSJ estimator 413 is coupled to power contro
bit gener aW®024%49% which is in turn coupled to multipl ererush2243Ml ti pl exer
422 is al so coupled to nodul ator 421 and power anplifier 423, which is in
15 turn coupled to antenna 424, Subscriber conmmunication unit 450 includes
ant ennas 49 ng 5. that are sed for both reception and transm ssion,
and are coup %ﬂ&%}%dﬁgﬁCB%VSFEQQ?rsﬁwlé{gfadl%%‘éﬁysmeﬁmaﬂbeé&gqrwm| exer 480
i s coupl ed t3®%iswepieero rddhio sibeghidt fnsm tter 470. Note that for the purpose
of this enbodi nment,th cgiyver use only one of the two 20 antennas
490 and 495, or a con ﬁﬁé ?@%*%w“%ﬁéﬁ?gﬁ@&@?é%?waéaﬂﬁﬁﬁﬁ ®&82denodul at or
461, whi ch immbetpitedmrespomis it thohurhleg bfandrnza Gémaptia Th bfied weligat | on based

si gnal modi fjgr 47 ntrol, l.ogic 472 is.coupled to vector nodul ator 471
of quality-in |Gg%%i°§rrﬁlm§§§£enﬁgdg\i%%aaf Nﬁlﬁﬁﬁb?rioé?mﬂg‘gf’cvﬁ'&tﬁﬁg“}fgﬁul ator 471 is
coupl ed t o rsaericobe gbwnsieation 47GeedaelN ndfiber oV A borateremidahéid t 0 power

amplifiers 443 4}&1 iyelsy 2 lifiers 473 .and 474 are
al so coupl ed t())’_ﬁglg;t_roS’*glgl}q‘%qh%5r%’£§0§i€{%f§?%\ﬁ@“@ﬁ%m?@?ﬁe 473 and
474 are couFsesiaes vihtoan miciok damartt SrodO0cbafcnié DB, elanespdadtisk@lyin Fig.hr ough
dual dupl exes/ g PLeXEker4d . recejves signal s from antennas
490 and 495 ?/i a tte srllijeél &)adﬁip exgﬁﬁ}ﬁgeg{sééggeaﬁ%a{%wwgd%@%e antenna

qual i t y-Tondickarerioms et of antbring clymaits.t Any woinigiaotnna3@rsingrfaim than be, for
exanpl e, a RAWRLAERA [ ' e r-control bits.
This quality-indicat fe(i)ﬁ%{egtﬁaﬁ%?é% @%#%?lggﬁoﬁ%eﬁ%?@mﬁwg‘%r % Note that
denodul at or TBAsUEYsKE-ms ot her functions and produces other signals, which

are not 9 18 Noverg (2BR5I0.0209999 BRI I9RMIAA3] shgun (0 FIG 4 for

the purpose of clarity in the figure. ntro ogi C pProduces conpl ex
wei ght i ng v&REEYssiEigngl and pergertonaisal sigoatp eI Fpei-yinsinisgiou aiguadss t o vect or

modul at o154 fdocRBELPANS LR bdd, HhRn 4dcRNe éltz:lﬂ)'g p?&%srr@ﬁ& isifgimzﬁ W f73 1
associ at.ed digital form. The A/D converter 504 forwards the digital pre-transmission signal to
vector moditlator 506. The power control signal is received by control logic 502, which
determines complex weighting values. |
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 anienna 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 weighﬁng value for the quadrature signal
-component. In the casc where the power ratic is being adjusted, the weighting value
25 | for the in-phase signal component and the weighting value for the quadratuge sigaal
component are simultaneously increased or decreased for a given antenna element in
parallel. Finaily, 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 quadraturs signal component are simultaneonsly increased or decreased
30 for all of the antenna clements 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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wi th antenna el ement 490 and power anpllfler 474 is assqgmﬁgﬁg@mmgﬁ ant enna
element 5 495. Note that .the control logic 472 is different fromthe power
control logic 372 of the brown subscriber conmmunication device 350 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 pro % =) conpl ex weighting to both the 10 vector nodul ator 471 and

t he set of‘% W@P%Q%pllflers 473 and 474. This all ows noffCIgis14die t ot al
power of the transmitted signal to be adjusted based on the received
power-control bit, but in addition, allows the phase rotation and/or the

power ratio atenn ment 4 495 to be

adj ust ed base %g%%e%ﬁggﬁwe}}e\%]ﬂ& “‘3\/\%?““50 'ﬁ) Tﬁ‘?'ﬁ’i"ﬁ@g éﬁz ¥er dingl y,

this all omanqutqrﬁ%mimth@mw@mﬂohmghﬂ 1it6 a apinberak pisttahsoiigs@ect to its

reception this d Si nal ceived by
Q‘;an@l@é&‘ﬁ%@h t | the 9{6%9% antetnﬁa ecﬁgmenrg Z'§1 Wébg

basest ati on 400 en send signal to
subscri ber thwrmeplies @y;top@p!cu evgigbangA6 the ivadous ptd- imagnsmina:bn &gi%molﬂbw Each

comuni oAt | P AR iSRG ower of its tra tted S|gnal
Consequent IPQ%] by opt i mgz?n‘gﬂ%}ﬁahu&pansnbﬁd&g’ S GHAT SR ﬁifm power of the
transmi t t ed!SFEHReve Prerirasempssigug gl bagatautbe tdmag@()wmgﬂmg@ﬁlua @bemuni cati on

device wit hn@afﬁd@&lfﬁan%ms%ﬁlﬁgm é%%pérbggQ$%fﬁl %veﬁérg%!ﬂm% optim zation.

beneficially allows. for exanple, ncreaseé in ery ifetime of
subscri ber ki comecrighe Erﬁﬂltﬂm%@mnamnﬂrfwe@s@l ﬁqlaaa}mg forel. I'Iibbsaarpr@y stem

capacity 0fua£§ﬁﬁssncﬁz%mh!@h&fiﬁd vitle the radiation
hazar d to t he user of ggjg%crgl‘g}e}?&osmgxm ca u%%la’AfSO. 25 The

conpl ex %l“@sﬁwlﬁﬂy’ﬁ’r‘%‘?ﬂ TH%‘bF"B\F@Wf@lIm ?ﬁ@?nremsrmmmnbhmamm:t he total
power of t g me&mg&lﬁleﬁreswﬁ%aﬁ@@'to%%ep nﬁ%ﬁ Qf ¢ F&ZSME\ otation and

the power {atl 0_associ ated with each antenna el enen 495, PTG 5
i || ustrat eSCHeHSF0F B9waan Fie Sdr ansni tter system for subscri ber

conmmuni cat i on devn;@,ssaaﬁpagkt@ﬁbtdakaﬂ%%ﬂ&rﬁeeéékHi@&hm&?xfsh&bx? | nventi on.
Qual ity- 3 |‘}:at gaised si_gnal modi fi er 500 includes control | ogi c 502,

anal og-t o- ARG dpcfudes iHtsn 610, drphsse sienplrdinsers G9ahangh

di gi t allst Oﬁm]@hiﬁﬁaﬂﬂr@éx@&al a@ﬂn&em(ﬁﬁﬁuép&olshdj&nm%%%mm&%%ﬂ@ 02/ 099999
PCTI US02/ 14437 th h,509, A converter SO& is coupledto radl 0 subsystem
510 and DI A conve %‘?"Phase sign adJ“St""‘@O the quadrature signal ad3115f0f5403nd |

combiner 660 are all uniquely associated with an antenna element from the set of
antenna clements (not shown in FIG. 6). This sct of components is repeated within
vector modulator 506 corresponding to the number of remaining antenna elements for
20 the subscriber communication device. Thus, as shown in .FIG. 0, 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 coponent 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 adjnsters 640 throagh 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 signat
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 signai adjusters 620 through 630 and quadrature signal
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509 is coupled to radi o subsystem 512. Note that the 1]4shgvenvepbey s and
radi o subsystens are repeated for a nunber that corresponds to the nunber
of antenna el enents. In aother words, if 5 subscriber comrunication device
has N nunmber of antenna el enents, then the subscriber comunicati on device
has N nunmber of DI A converters and radio subsystens. Thus, as shown in
FIG 5, DIA converter 508 and radi o subsystem 510 are associated with one
antenna el ERIHPTPdm a set of antenna el enents (not ShoWMCWUsIFI@G? 5). D/ A
converter 509 and radi o subsystem 512 are associated with a different
antenna 10 element fromthe set of antenna el enents. Any remai ni ng antenna

el enments fr h et of _.antenna el eqents are _each al so uni quely
associ at ed z%ﬂs{?rsgllgﬁn’&ou g @@P'P © 0 ‘f’éggF”&Hi“ﬁ“’§%‘H§W@ﬁ? copfiners 660
qual i ty- i ndind&7Qrespasiedy.s CymaineiyBE0 bhd670500 20€ 0 irdkp&ctind miokiied Bre-

B
transm ssi o ' | .an r-contrql. sigpal. . The | Fpre-tr m ssi on signal
15 T ocel taaii B sRE R U ferth By A PO
pr of - t ransnesps¢tonlysi gnal to a digital form The AID converter 504 forwards
the digidal pre tr LSSl Lgn o vector nodul.ator 506. The power
control signal is r;ﬁ%?;‘;:n\ﬁ/%%? (;’/rﬁglg?\ I#_l%fr 891 5%05815,3-“@% l@%w’é‘g‘f"@f’?ﬁuﬂes conpl ex
wei ght i ng vigvigeaccorfibng tcowpicesmbodingdt ofide invegimhc Thatedmier gatier m ni ng t he

appropri at ggop qubgp%i!: I.s LA t p n-phase signal
conponent an?i %ﬁle qua r%ﬁ%@@%ﬁ%ﬁ&%@ﬁn@&%%&l%@égﬁ?d‘sevs'ﬁa?ii each antenna
el ement . FdrbapachPptr Signpl{In)hendd Bescbanwh@ iCharine LD Siganl (Ind 3 tinto a qirlitppei ng

adj usted, the i I.0g: for the in-phase signal conponent will be

di fferent tlha(r:lée%ﬁ%t}%e@g}ﬁé?k%&val ue for the quadrature signal conponent. hi
the cast where t h&upimindioagr bascil sighalinmyifzed Polsineludes Wil comicghrts7og val ue 25
for the in-phasearbgoa anﬁqgfeq'@&&tmg&]ﬂaft J‘ﬁo%hr?@tl+£c974\ﬁa'co“ e 7dohe

quadrature magsal conponent are sinultaneous creased of decreased for
a gi ven ant®hh: arddydronyestersgaf and €95, DFAmaitesters 760 aid66 @6 qualitier e t he t ot al

pover of thesildR Bl loafics @Al ﬁzcﬁ% Rlio sAtkh4SH G50 add P\Ar%—ép%gtg\;c{(}.g val ue for

the in-phase signal conponent and"the weightrng value tTor ‘the quadrature

si gnal conponent MCgflvﬁﬁ‘ffﬁé%@a@?%/ﬁl@h@F@aééﬂ?fmeSim@temnﬁﬁtefor all of

the antenng;st@aealse datbRR! @abidlore Iﬂﬁ%‘-.:Aig&;&%@é%&&@éﬁ&%ﬁ%g& conpl ex
Vect or no r

wei ghti ng V(il| ues to vector__nodul ator:506 ] ) ul at or ecei ves
the digit al’ ﬁ?fé??‘rpgﬁﬁ‘é?r#'é%rf &0 2 JR A resppesiveRy, which are in turn conpled to vector

modulator 730. Control logic 740 reccives the power-control signal and forwards

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 subsystern 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 correspanding to the number of antenna clements for the subseriber
cominunication 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 nomber of antenna elements.

[IG. 8 shows a transmitter portion of a subscriber communication device
according 10 yet another embodiment of the invention. More specifically, FIG. 8 shows

30 aquality-indicator signal modifier that receives baseband digital signals.

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

- control fogic 802, D/A converters 830, 835, 840 and 8§45, and combiners 850 and 860.
13



18 Novenber 2005 WO 02/ 699999 PCTI US02/ 14437 A/ D conver{govafferabss t he
conpl ex wei ghting values fromcontrol |ogic 502. Vector nodul ator 506
splits the pre-transm ssi'on signal into a number of pre-transni ssion
.signals correspondl ng to the nunber of antenna el enents. The vector
rmdul ator 506 then applies the conplex weighting to the various

pre- transm‘éébz%g%gnal s so that each 5 pre-transm ssion signal, which
uni quel y corresg nds to an antenna elenment, nodifies tRCIESHEGET ve
pre-transm ssion signal based on the conpl ex weighting val ues. The

nodi fied pre-transm ssion signals are then provided to DA converters 508

through  508emMhdré B5(CRHRAEEH bt ﬂdﬁﬁwﬁﬁcﬁcﬁt&r%ga%@s%ﬁél%d ar%{/cﬁnkzg tqql tal to

anal og form ,Those pra- transm Ssion Ssi are o radio
subsyst ems 848 sty HerEHE Wend 38Q) rspegyady.i veI y, which then convert the IF form

of the pre- { ransm aeit@niosicanakSellfhodle Rl il sl BIE-SIGABLR 2re Lhen

forwarded to iers and respective antenn enments (not shown

in FIG 5)."psms 6’*"&%&@”& A PEVRARe Yector anodelptenB ¥k Menier medtlaor $#8dul at or
shown i s FldBo cbceivdes BigitalBaskbhatiniphQ Grel ik MAGSH fiklad Sfa aGdJigual {é%aﬁgﬁse si gnal

adj usters 620 uadrature signal adjuste rough 650,

t
and conbi ne‘f“gd%@rou%frﬁ’ffgﬁssé’f'@‘g“%he Vs giogulatos B Yhmlits shej inpbese a8D0, t he

quadrature w@wafemdmﬁmmoﬁéfgnmd ?S&ntsfiﬂﬂbhﬂﬁﬁer@%igﬁisemﬁ” uni quel y
associ ated w epent fromthe set of antenna el enents (not

shown in FIG Esé’f"%ﬂ? “‘?3191'8 aniBRhITRTSLor e pibsaieeemtaitaion vect or

modul at or %@woﬂmmtwdlw@htmgtdh&sﬁttmr ﬁ?lﬁedrtﬂﬁéluf]lbmﬁeﬁdﬁcfél o ementﬁ for
as_shown in i n- phase

20 t he b nmuni.cati.o evi
si gnal ﬁ):':ldj u%?%g&ﬁgg’“ s&ugﬁsﬁfﬁg‘ég @"??é’i“toé’éﬁ Df g besrfaBitEiher 670 are
al so' shown eﬂamentsﬁmhehmbsmbmnmuaioaﬁamsvmé td et RS AP Ble- CONMTUNI cat i on

device. Fil sth ita re-transm ssion signal fromA/ D
convert er t&n%nl JI@%% *Gi g%g%feﬁtéanf @%‘P’Q/@%“ab‘raée @?‘éﬂ“‘s”?ﬁdgds'ioon si gnal

into in- phéyécamnzssquamma#ﬁvmmmmmmmad@mfdr&q@hﬁs&omgﬂaent of the

pre-transmi oyl ded hase signal adjusters 620

t hr ough 6301%5&':1%&10?1' sg%?jgt%tﬁgnagg %gﬁﬁfg “?Ehﬁ pﬁ?@"“ﬁ%ﬁ“ﬁ’?f’rﬁ@%‘ﬂ%‘}? signal is

provi déd t Gonbiaers §§an£§1 Wmaicctad]wstﬂmlsmﬁz&ﬁo tehdslwgﬂib ﬁEPQasc atd M phase si gnal

adj usters Si ad 640 t hrough 650
@%&hréd%%lﬁ orﬁ:ﬁg oﬁghguesﬁgdg}e%ﬁs 1;1861? §lf§f:

receive con‘gl ex wei ghting m con %e signal 30
adj usters & @ﬂtdrﬁ3éugwe6®@banaorqm;a@rsaom [M@MSI@IHISBE(IE)E‘@MMG'[ hr ough 650

appl y the, added signal to radio subsystem 870. Similarly, combiner 860 recejves the analog in-

phase and quadrature signal components of the modified pre-trapsimission signals from
26 D/A converters 840 and 850, respectively and adds the si ignals. Combiner 860 adds
these two signals and forwards the added signats tb 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 convcnpience, the method described in reforence to FIG. © 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-conirol signal

30 according to the CDMA protocol.

At step 900, a power-indication signal is sent from basestation 110 to
subsciiber communication device 120 via wireless connection 130. At step 910, the

14



conpl ex weighting to the pr e-transmi ssi on si-gnal corrpdnf%rmo's,e,hsbr@m@,duce

nodi fi ed pre- transm ssion signals. In-phase signal adjusters 620 through
630 and quadrature signal 12 18 Novenber 2005 WD 021099999 PCT/ US02/ 14437
adj usters 640 t hrough 650 provide nodified pre-transm ssion signals to
conbi ners 660 and 670, respectively. Conbiners 660 and 670 then add the
respective‘Qﬂﬁ}&;gd pre transm ssion signals and forward the added signals
to DI A converrers 508 and 509, respectively. 5 FIG 7 Zoomsoa446rti on of
the transmtter for the subscriber communication device according to

anot her enbodi rent of the invention. The transmtter portion shown in FIG

7 receives I eGab i ( in Fl 7 as, "Baseband |

Channel Datlgﬁgi nal P??ﬁ)?{gqgﬁgg Hu%geZ%a%%ﬁP&? %%%%tgﬂln]@ll%w‘?éi“éftﬁwgimﬂ n)") into a
qual i ty- i ndfeaEan eediia22tdonheyn goalistthdatak bisyd sipail eatiter 98ssd si gnal
modi fi er 708Gl1 HC THEBSAlBhGARNES ; a(%%ig filters 720 _and 725,
vect or rmdutlyator. g:3g§wcontrol_iéﬁét5§dé%?ﬂéeo mé’?‘%‘%ﬂ‘ mﬁ%ﬂm’ﬁ%, and D/ A
converters WBBOSIRE vAtes foppny sivsivispe erigd: 780 ephvhlR6% adtlowpiavaley Aai ndi cat or

si gnal rfbdi‘tperaludQEpravosis 6 tlcBEha ot AdbReSURS 719 and 780,
respectivel AlD converter 710 nr eceives the ﬁghgl%bﬁgr%eﬁ-phase signal. AlD-

converter TS8O0 deyissthaifae phsabersammynisationtderiec goeldinamsatissi on si gnal .

Al D conver tteigovdotardransfdibeEighal o ' 2,
' = B0 8500 R Yt ie%':eg%n& %D%gﬁ}%gﬁ%%&g% Cont r ol

respecti VelbY;ge, tv@ g:g are in turn coupled to ve _

| ogi ¢ 740 rec&rirade thesubssitbsr compmpnisttion deyies that e sbscriberdsmmeningioex wei ght | ng

val ues to nipded sholdl dd3éhise M@ el poRR b i@l Hemidd slod 9%958‘33&1&%13%3@ ners_750
7’661 and“radi 0 subsystem 770

t hrough 4755, 20 . i.ner. 755, DI A converter 7/

uni querhy ghoc ‘e”?ﬁ%’%g{)%g“gj-’éF‘l?%f?@ﬁ’f’é?#%"é?@ﬁ@h@mgﬁBﬁﬂv@rh@ﬂts&éﬂ?izof ant enna
el ement s f evhichingpressatbsidict e up 6OMWNIVARES inPhAPNhEe (not shown in PIG 7).
This set of corrpofr,@r}ts 'Os al so present. corresponding to the nunber of
antenna el enents for-¥ - SGHEEPTBEheld wiihive R werrsopwolgiarpiceach@ans equent |y,

combi ner 758adyBlak. (thepewterontASig@adas Rdia Qe‘i.d? htbt%yﬁ ﬁﬁ&gétgf@%ﬁ. alt so shown
rom e sSset or antenna

corres pondkg&xgﬁ%% Jitier ent _ant enna el ement | )
el enents.. Any nunber OF S SEFENEOf Bay-carie! sighiimeimpsdoawmpnse dpwes ent
cor r espgéndihdown @dve thu,pd@.&t—c@fhnﬂﬁéxﬁfhﬁﬁth&&_@ﬁ%& State, the process proceeds to

step 930.

At step 930, the phase rotation associated with one antenna element is
adjusted. Returning to FIGS. 5 and 6, control logic 502 calculates é new complex
weighting so that the phasc rotation for one antenna element is changed. This complex

_ 20 weighting is provided to the signal adjusters for that antenpna 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 (hereb y modifying the signal
component sent from that antenna element and, consequently, modifying the total
-power of the fransmitted signal.

25 ' At conditional step 940, the control logic 502 determines whether the
pqwcr-contml signal for a subsequent time period indicates 2 decrease, e.g., represented
by a down value. If the power-control signal indicates a decrease, then the adjustment

‘fo the phase rotation for the one antennpa element resulted in the basestation receiving
| the trapsmitted signal more optimalty. In other words, because the basestation received

30 the transmitted signal with incroased total power, the hasestation will send a down

indication in a subsequent power-control signal. The subscriber communicafion device

can continue £o attempt 10 optimize the phase rotation for that antenna elerment and
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|

"PIG 8 shows a transmitter portion of a Subscriber commgmovahtcppogdevice

according to yet another enbodi ment of the invention. Mre specifically,
FIG 8 shows 30 a quality-indicator signal nodifier - that receives baseband
digital signals. Quality-indicator based signal nodifier- 800 includes

vect or nodul ator 810, <control logic 802, D/A converters 830, 835, 840 and
845, and conbi ners 850 and 860. 13 18 Novenber 2005 W) 02/ 09999

"PCT/ US02/ 1¥857088%bi ners 850 and 860 of quality-indi cat ecTivasadsi gnal

nodi fier 800 are coupled to radio subsystens 870 and 880, respectively.
Control |logic 820 receives a power-control signal and produces conpl ex

wei ghting valha i r vided.to vector. nodul ator 810. Vector

nodul at or 8%0 ??ﬁg%%?g%él%tgéa?%o%ﬁraf 3lﬁa‘bsz§§rgﬂéie§fﬁ‘§]i' ﬁﬁﬁﬁ@é"’ﬂ?‘éﬁ nsni ssi on
si gnal and aregingieddigusbese baredugd ddcantarhe sybs@ibbr @nsimingaii@indesicgmal . Vect or
modul at or  81Q9n8RbickE 08 ddt nd gquadrature pre-transm ssion signal
conponents into acnuﬁbé['tﬂ&%ag%ggaﬁg?snatlﬁggo&éorrnéaéuﬁ%nd to the nunber of
antenna el ements f @Y cemdiogglistep b df the pommerrriontad! isignat ddewicciadicdiha conpl ex

wei ght i ng v abiiesie B Gelii@hodRPl 18 o ROASE. g0 quadrat une 10
DM transni ssion si gnal a?gocigtﬁgréngﬁnﬁ%gé %K%?%htﬁcé %Weé%%atf‘ﬂfﬂf”c’% the sot of

antenna el &FGR{cs 2B vp valysy thamshephiaberottionndinitoent ivannateffoative tud ghe oduce

modi fi ed prero tagg,ﬂﬁ@@gj Bhoag 1 JEE:‘JA fche 1 1ssion signals

are then pr?vi':ol‘eS to D/S%I%converte giggjg%} ré%ﬁ%ﬁ%ﬁgﬂ;ﬁﬁg%&%ﬁ%ﬂert t he

di gi tal for AFSF2EhEthias anfeapa Pement e ta oposiis dirpoitng Rk theyroceanal og f or m and

forward the mm@ﬁg@@%g&g@ SRS ojagi j ..860,

respecti yel 3, C;on})i r]q%r 850 r_ecléi ves thgeﬁ?lln-p %@gﬁggﬁﬁgﬁr@%ﬁ‘g conponent s

of the nodi Pirediop el PHRE FRtaIon si gnal s from D/ A converters 830 and 835,

respectivel y. Conbm@ﬁnd&ﬁﬁkﬂmﬁﬁm,ﬁ‘ﬁﬁ@pcfw—cﬁﬁtgﬁﬁﬁalﬁglgcgfe%‘ﬁ@tfrgﬁefo?e added
y, conpb he

signal to rﬂ%i 0 subsystem 870_ Sim |l ar I ner receil ves anal og
in- phase aftf ‘YadEFat s wnyaEed Ham dhe ribe porer chiiroksighd irslicaiss e dowansni ssi on

signal s fromi2d), Béhe SHAVEEEES s FAOmBR -8 SRecil ESRARS pUELY R adds t he
si gnal s. Conbi g@r 360 g%gl'?ne t hese two signals and torwards the added

signals to rsrE- <HBSY desesspf bgld gotd war-eqngrpksignel readhes eal cul ati ng
the comp$ exstemiyghted Rg sty 97Retjzusdoh gl 300 ShRRESE: HIALAtBPN 2SSQaLANRY W th each
antenna el efBNM ren@CS orgll g} to an, etrbo%rrent . Although FIG 9 wll be
described in refarence ™ Pge djrection, Fhery thegyrocess proceeds to step 920
where steps 920 through 940 are repeated based on the same direction for the phase
rofation.
FIG. 10 shows a flowchart for calculating the complex weighting by
20 adjusting the phase rotation associated with cach antenna clement, according to yet
another embodiment. At step 1000, the process is held uutil the power-control signal
reaches a steady state. Onoe the power-control signal reaches a steady state, the
process proceeds to step 1010. At step 1010, the phase rotation associated with one
ante:;na element is adjusted based of a new complex weighting calculated by control
25 logic 502. ' '
| At conditional step 1020, the control logie 502 determines whether the
power-coniro] sigaal for a subsequent time period indicated a decrease for the tota!
power of the transmitted power, e.g., represented by a down value, If the power-
conérol signal indicates a decrease, then the adjusiment 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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25 conveni ence, the nethod described in reference to Fl{nNnRekBé 2065 USed
with any configuration of a subscriber comunication device. In addition,
al t hough the quality- indication signal can be any appropriate type of .
signal that provides information to the subscriber comunication device on
the quality of the signal, for convenience of discussion, the quality

i ndi cati ong ng%w is assuned be to power-control signal 30 according to

t he CDVA pr t At step 900, a power indication sign&TU8R2&eHf from
basestation 110 to subscriber conmunication device 120 via wreless
connection 130. At step 910, the 14 . 18 Novenber 2005 WO 02109999, 9

PCT/ US02/ 14‘4@? REUR t subsyst em 121
to the quali teg: i ndi %g'?%ra tﬁ"’t}g}ge g@lﬁ%nnilgl%essgg&fi |I£ecﬁ)ml&2§fe§@§[ ch&h

qual i ty-i ndF 769 irppsEdtedsisgMlal nodifier 500 in FIG 5). The povver contr ol
signal accor ding U chitfidebhMioPiont, 86k pdil6Rl SRR 8ol hiliRaRgSST I € val ues
n p

for any given tinpe period: an " ue or val ue

repr esent s 95H°#H 8}%‘}&‘?'6@%% t@"n nsRiter signd fe-g-othe W@ﬁ‘—bm sigesl

comuni Gat iielicaele v Gﬁvélﬁl@tthérh@c PRERS ok 4B hlj & HBH £ Adtle ﬁ@ctﬂ@‘éﬁ cShoul d
increase the total power of its transm tted signal. down" vaI ue

repr esent s PHIF*$R futten HEh phiter 1058 degia pontm! @ctime%thsgw ber

conmuni cat iramrickewiocaict hath thdﬂ@nt&mb%réhiebﬁb RUFPOLIE GRECHON TilhEe Shoul d

decr ease th%c&%ta ower h $ transmobt ed si nal The, particul ar val ue
of 10 the power?s Eﬂ“@ QR Mherg steps i é‘f’%‘f&hé 2Q ge prapethbased 9nibe udi ng a

power - cont DmbOSiMdlreﬁﬁd)rCihrﬂle@hﬁsmﬁmel ther the up or down values in binary
unti | the, power-control signal

form At step 920, tthe ess S Q&)ﬁiﬂ

reaches a steady SP%’ 5‘06 pess theiplrgirotatinn aswstirdai®t eady state

i n a nunbethabfntenay elemeﬁmi ihe xangpdiectich. Qﬁ&ﬁﬁﬁﬁ&;iﬂ@cﬁ@ﬂ@&ﬁ%mﬁ&l iggwer - cont r ol
t he power-control signal

Fosches & Yok yf*ﬁi"iea?%g‘ﬁ%fﬂ@e peetBolPbL s st Bis0Thesedy 930, 1he
phase rot a# plmeaags:@mratr@dnwd E}mctmn&l ahice BNhe glveesiirol SenaAdidusieed. Returning
hat the phatee el Rm e lioTiRatsl Sinhledg S SRERCoThI < conpl ox 20
wei ght ithg Prvcqsriatel iddel $tgpst II%O gidgi0aD amdiust- nsil fiercohtilognsenna el enent
(e. 9., siOgB&kmines that the power-control signal for a subsequent time period indicates an
increase for the total power of the transmitted power. At thig point, the optimum phase
rotation can be obtained by taking the average of the phase rotations during step 1040
and the process proceeds to step 1060. At step 1060, the phasc rotation for the antenna
20 clement 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 cach 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 desoribes a method where the two most recently received values
for the power-control bits are nsed to determine the proper phase rotation, and
consequently. the proper complex weighting.
1n this embodiment, the subscriber communication device using the CDMA
30 protocol sends a signal of two adjacent power coatrol 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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adj usters 620 and 640, or signal adjusters 630 and 650)8 Ndeebdredosi vi ng the
conpl ex- weighting, these signal adjusters adjust Elie, phase rotation

t hereby nodi fying the signal conponent sent from that antenna el enent and,
consequently, nodifying the total power of the transnitted signal. 25 At
conditional step 940, the, control |og 502 determ nes whether the
power-control signal for a subsequent tine period indicates a decrease,
e.g., repr&s@eeyd? by a down value. |f the power-controlpEh@hatusndi cates a
decrease, then the adjustnent to the phase rotation for the one antenaa

el ement resulted in the basestation receiving the transmtted signal nore
optimally. In other use the basestation received 30 the

transnitted tgcoaﬂtarrua W“Fﬂ%&@ Y PgRBar obrgyikiple apiranaeleraanisis peiblew | | send a
down i ndi cafliephask rotaion wp SR GE®MH aﬁl@ﬂiﬁrd-eﬁﬁﬂtrélgtkveib @A rst ahRBnSRG( ihoer

comruni cat i a tinue. . to attenp to optimze the phase
rotation fo?tﬂ?ﬁa%/El ’tspﬁl ;l“h gﬁﬁﬁ‘fta‘ﬁ’ﬂ(?f Bsefg’“ gemsggslayys toheoor 99

PCT/ US02/ 1448 agfernalcleareaoinghe/seeaa RHS 1s PRI £ DElaL povver of the transnmitted
signal - The total we reduced because

t he subscfi:l ber cormunf)ﬁasfb foct)?\uo&eo\gtlts%zm?%mé d’ﬁﬁ‘ﬁﬁ’ig”c ’t"it‘r “ﬁﬁ?gﬁwﬁ‘ﬁ‘em%asest ation
in a nore opirtred sependrREG prdvideonohiethiating ko detePidR4R: dlteﬁ:txrbdlﬁ tmnﬁge control.

si gnal does C he tot

transnitted r[shl%onal Q;&éé@{h% t‘%? @tﬂ&g\ﬁg‘eﬁ%ﬁ rﬁ‘%f“‘?‘é”l“t lﬂpﬁ(ﬁ'glthe %1$H¥€‘5P8§66§He%p val ue),
then t ge phess éﬂe b@emuogn Cadqeqmnﬂe,rtbe mlmmezmxﬁg FinSB(Sag:aa:nﬂ;eng thepr gc es f]
proceeds to . tro changes the phase
rotation asfg%m 595%11 é%lhé{)lﬁg? gtgvgﬁrecﬁﬁghglfgo {TPShIE t‘ ﬁ(’:"fe direction.
Then, t ¥ presewspends pribe eddsoftthe Bivep-cOR01 bihfer ehe ssdoeﬂmc@ﬁacdnhﬁmugh 940 ar e
repeat ed ba ctio for se rot

condi ti onal %glg%%ﬁ‘é%ﬂ pg?&oﬁltﬁee%av?/e%%t%%% aﬁ 54 uﬁ%lwthfqﬁﬂfag'g?@g ‘§ g‘@a@? ease f or
the total pdWefonef theleo @mtalnslrﬁlmueea (. gnmltaltlmg@m), if the valowef the powerol . si gnal
indi cates a @it ¥R Sost LAER t&n@ &ﬁﬁ%rg ﬂgﬁ%eg\g:&)&dc{flﬁ?tp%%g}-cmsl effective

and the process proceeds to step 960 rocess is held
until the poRdortcsaeang|timengriad. phasgcviativn oamtwwbmmsgmtmo 1seadmted>p 970,

| ogic comtr thlé%xlﬁhﬁ‘i%§ t&ﬂ%@@bﬁtﬁﬁlé t&“ﬁﬂﬂt%t%rﬁaﬁofﬁc%ﬁgv Qrc At _antenna
el ement to the same direction en he proc pr oceedsot( téb 920
discusses this embodiment.
At step 1100, a phase rotation associated with one of the two antenna
elements is initialized. At step 11 10,. phase rotation offset {also referred to above as
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 protocols is 1.25 msec and 666 Jisee,
respectively. The determination at step 1120 compares the value for the power-control
bit at the most rocent Hime period to the value for the powcr-control bit at the second

most recent time period. I the two values for the power-control bit correspond, the

30 process proceeds 1o step 1130. I the two values for the power-control bit differ, the
Pprocess proceeds to step 1140,
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~ where steps 920 through 940 are r epeat ed based on the ém@hsa@b@mn for
~the phase rotation. FIG.. 10 shows a flowhart for calculating the. conplex

wei ghting by 20 adjusting. the phase rotation associated with each antenna
el enent, according to yet another enbodinent. At step 1000, the process is
hol d until t he power control signal reaches a -steady state. Once the
power - cont 1 ol %al reaches a steady state, the process proceeds to step
1010. At st@f? % t he phase rotation associated wi th &6&Us&mu8nna el enent
i s adjusted based of a new conpl ex wei ghting cal cul ated by control 25

| ogic 502. At conditional step 1020. the control 1 ogic 502 determ nes

whet her the power¢ant for subsequent tine peri od i ndi cated a
decrease, for the t %‘%ﬁ{ghbﬁ%‘rg"mif’o‘f’ﬁé’f é‘i‘}gﬁﬁ“’? thvepbinedivstet while ¢ epr esent ed
by a down vmbinginidg the blms@mMn f(ﬁﬂhﬁdn(ﬂnnﬁﬂ&ﬂ@dt Coatiol RigRS508 affaqs @a@se, then

t he adj ust ase tat for 30 antenna el enent
resulted i EB%hg&gcéé}gﬁlt at F%’Ht L?“Hdmi"ﬁ%‘ &gﬂgﬁ}ﬁfqﬁ@(ﬁnﬁr Jiionor e
optimally. @mﬁmeq@mnmtlsyyapplmmelﬁm(ﬁﬂnﬁlgﬁe@seédnmexf\%gmdﬂg Phas@erotation is
correct and,l B 05, 02/ 099999 PCT1US02114437 further

adj ust rrentgpt%g%]-ﬁ é&ﬁ%@g& S|°§lrllati F RHESIE R ection may result in a
further optim zedAtﬂtfanTsMB,ttb@phasé@Mbufoﬁthe@@ndhtbﬁ:@l&mmestse@adjﬂ%ﬁ if the

Pho tr anar §hichaRRmos dofe LI GRGRIR 58 PRI Idbie S5l B, B0"5h U
val ue), t hwhaﬁdrrem{swa@eﬁ»e@nmnmdmmmmmotwm ttefhfaesrmttm:gmbb}t he
Phase. r ot ebperial ALaRik bl ol el el fof popieat BaiBe 1o |
di recti bh. *ﬁH@ﬁOthP%CPﬁ?M&@wepte@ceeds to step 1000 where steps 1000

t hrough 1020 are rg Ry n for the phase
rotation. 10 At st egﬁ%%]?i%‘ eplq%eg?vgq%g’%\ (rgenlﬂg)’gggﬁ)eé}gﬁ‘geéggﬁhe& “ﬁgg%ntrrogt ation
associ at ed W@ usediigudelgrmiae he petpenpiase HOtatIDMQn@waeqdﬂmtb/ca poper At condi ti onal
Step 1050, donpic e Rfde 0% ALREMARSMASHIT el NS, RRYRY- cont o
signal for a subsequ time perio cate ease

r epr esent e FRFdiEe Hg"\libﬁ efppdimeny theppeernaiasiof d@n@spmhvs algcraia elemdnts ages a .
decreasgs treRyisha. ask enbiBRbat BiskRRaRBBRGn ERinBldoR Witdtcs! Leghiye and again

process

address the calculation of complex weighting so that the total power of the transmitted
signal, the phase rotation and the power ratio of the antenna elements are adjusted.
FIG. 12 shows a flowchart for calculating the complex weighting by

adjusting the power ratio and the phase rotation associated with each an_tenna. ¢lement,

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. Ifaving
detemwincd the substantially optimal phase rotation value, the power ratio value for the

30  antenna elements can be calculated il 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 tbe phase rotation or the power ratio.
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15 proceeds to 1040. Stops 1040 and 1.050 arc repeated until the contro

| ogic 502 determ nes that the power control signal for é%ﬁ’lﬁ’é’@ﬂ\?@ﬁ't 20,
period indicates an increase for the total power of.the transmtted power-
At this point, the optinumphase rotation can be obtained by taking the
average of the phase rotations during step 1040 and the process proceeds
to step 1060. At step 1060, the phase rotation for the antenna 20 el enent

i s returnedwooxdagopr evi ous opti nmal phase rotation val uePCTEgﬁg 44%1 e process
proceeds to step 1000 where the process is repeated for an } nt enna
element. -In this manner, the process can be repeated for each antenna

el enment to obtain an overall optimumfor the multiple antenna el enents.
FIG 11 shows a f| dehal200f tbe pevedr catib dtrithgtwb hetemnrgnexts Wah@htrb Gady 25

adj usting t kendatasedpabad, i ] Wi ch, ant enna el epent,
according to _anot herp emogﬁﬁ%ﬁ?ﬁgﬁﬁéﬁq‘i%tﬂ@?@?‘ﬂ%@“’f%i’ﬁ&&%re the two
nost recent IXFIFETERSAbreshpldh diile paster tatie isnwhkgiow tipredbtedniitiest taeoldsed t o

det erm ne t lden i § 998, L.y, the proper conpl ex
CHTESsaase k) b0 1 BnERSENNAI bkl

wei ghti ng. Ln Elips enbodi nent, conmruni ce using
t he CDVA 36“%’&1 JEB e phtres Brogedfiarten] 220 vadiha ghat rgsiser  cont rol  gr oups

(POGs) n such a mAnwes 12208 pikdioRRYES RESOGH BhEL milbli-Rok RECS are al
the sane leyel . P. To | ify this discussSion, assune Tor FhfS enbodi ment
that the subSSRsCR el e slise Bietie A ecindis deiprise Mostksbira 2005 VIO

02/ 09" 99 Pmummiemlwm.@ih@@&ﬁe%tm@@aalbgéaﬂéﬁ?o@:waz ypper of
|

mul tiple an{t}gnna el ements is PossSible- The phase rota nof the second
ant enna el eWERIPFEPLFTGRIOSERPIRE Wharasthe arpress fra fiofiogre substantially hptithilr st PCG i s

Phi - Th&0 pheshe af cieahhs® Rotifonl DRISES APile SRS RIRRLE |ENE -aif,ao L-)ﬁﬁl to the
first antennailee%gq Qt in the second Pe IS Phi0 ¥ De t%l.h hé phase rotation
e

% Bocesparoeeedy tojsiplétficed bet ween the. fast and second

of fset (refe
PCG provi des a nechalfdp&am,(ﬂldiﬁﬁ@{ﬂﬁii@ﬁcﬁz{}llg?@ﬂo&ﬁgginggjuﬁ]fm‘;éﬂ@ ase rotation

bet ween thew}1 Hogagttengb[% el ements that w I mprove the signal” quality
received at tn&hAFEPT PoROverHte dfratker {p detanming gipthenit inei ght i ng can be
cal cul at ed soystantielly offtidal @AMeD Gt thé fovidR Paribdd 1 2 & bsﬁah%ll OPhal 608l Pit for
the nosfs Sde tinme riod 10 corresponds to the va geis\%tP t%{elé’[%@émer-control
bit for Eg’ L&D, ﬁ%pc%gg? SIER, 48r1|\§mrtcitlgfemoccss for finding a substantially optimal

value of the power ratio continues. I the power ratio is a substantially optimal value,

then the process proceeds to step 1200, where the overall process repeats.

In sum, the complex weighting can be calculated by adjusting the phase

tofation associated with the antenna elements first, and then adjusting the powcr 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
23 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.

20



mai ntai ni ng the, phase rotation of the two antenna.elenments (1.

mai ntaning Phi),, if the value of the power- contral- bit for the nost
recent tinme period differs fromthe value of the power-control bit for the
second tinme, period, phase rotation of the two elenents (Le- Phi) is
adjusted. 15 while nmaintaining the total power of the transimtted signal.
The fol | oM@ 2488 ful |y di scusses this enbodi nent. Atpstepiidf®d, a phase
rotation associated with one of the two antenna elenents is filitialized,
At step 1110, phase rotation offset (also referred to above as Delta) is

i ntroduced for t djacent P . Based on this introduced phase rotation
20 offset, a tramﬁﬁﬁegﬁsogwﬁgﬁi%g@EW cprRPpRTatian dyvirsarmgdre WMuni cat i on
devi ce to tpnetocobmsasd AgriaDoX twb hdiacent fieved BHOBI @bips P (SBY) s sudh R Rker cONt 1 Ol

si gnal bas nthis receive r mtted sigpal. At conditiognal step
1120, a de?ﬁgart%wr?gwfzroaﬁscf wﬁﬁ"d@”’&@’%‘é?‘ﬁ@r“ % Vehto AgHTs o SRR | y recei ved
val ues for thisdisposier, asomt falhibembaliners thal e sibbcibthemmiicdton dehiee 25

powcr - cant 1y it.wll haye rticular valuye for each time period. For
exanpl e, tﬁ%t\ﬁfqﬁa&ﬁgn%aeﬁ%ﬁ %lrgmp glhea“élﬂl\'/fn "%’?ﬁ&“‘ﬁ%’&a‘?{ﬁtﬂ ‘%"Rﬁ“ﬁ Brotocols is

1- 25 m ~ec paspbl666 | nee, respectively. The determ nation at step 1120
conpar es the val ugy. f Q) - i e st recent tine
period to the val uecForert&ﬂg)ag%%ﬁeggg{#ﬁeﬁmbﬂé%et%?chgt,wé%cagﬁam nost recent
time peri odlement anf getsoppnd atteraw clegrent ih Baplodee The pavar odtiobisdocieed métBpond, t he 30
process progaedsarecie I e lues  fqr e power-control bit
differ, the process pﬁgegéé%gir§tgnt§@pele%ﬁb%ﬁgtﬁ%s§®n§aJétteR%"v 8%33{182005 WO
021099999 pPambéisoZeta NS porer witio pffict §6,, Zelapintroduetd powen tef fithad t r ansni tt ed

signal is ' Ed.E. i.0f.aiRni A ratation for the antenna
ol nont . Ogeond PR glfid: € BBl QPR AR 8 Rl it ca
si gnal and bawicer e Fre ankranptiements baawill Gmprows the bignal welitart@vadat ékenent s by

appr opr i at @hisedtinG WoRleh MR G GOPRLEKei MRLG R Y ocess
proceeds to s?epnlllo go %g’at th ﬁr oc ssg?%nﬂrgg%[gg{&ggpﬂg?% 3’8{31140, t he
phase r ot atf Bhvalusrof fhiepowgpcaairohinier G awstreesnihyresadyeddimeperiohi | e mai nt ai ni ng
total peweko@spdnd®idlih NIl ditiRtbowcBBdtkrol GPRE 10 kechRBLS 20 LU§kLS. the
phase rotat,| onpf,uor tﬁe ant enna  and mai nt ai ns {fe tota pt(l)]\'%‘lrc of the
transmtt e&n?ipﬁ?\%i'l- th5>tptal power of the transmitted signal is adjusted while maintaining the

power ratio of the two antenna elements; if the value of the power-control bit for the

period, the total power of the transnitted signal is adjgisdhesoddbhe
e.,

most recently received time period differs from the value of the power-control bit for
the second most recently received time period, power ratio Lambda is adjusting while

20 maintaining the total power of the transmiited signal, The following more fuliy
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 valyes for the power-contro! 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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. appropriately cal cul ati ng new conpl ex wei ghting. Then, idGowRhe&S86§ Proceeds
i to step 10 1110 so that the process is repeated. In this manner, the two
_.nmost recently received values for the power-control: 'bits are used to
determ ne the proper phase rotation, and consequently, a proper conplex
wei ghting. Al though the total power of the transmtted signal is adjusted
according to this enbodi nent, the power ratios of the respective antenna

el enents ar®@ ¥R adj ust ed. The enbodi nents di scussed powiusa 437 connect i on
with FIGS. 12 and t3 address the cal cul ation of conpl ex weighting so that
the total power of the transmitted signal, the phase rotation and the

power ratio of the gnte | enents are adjusted. FIG 12 shows a fl owchart
for cal cul ating théﬁégﬁg%ﬁ\?é?q‘g%?ﬁfd’fwmaﬁ‘ﬁg‘wﬁ&]‘FH@“H&“@/\E@? atio and the
phase r ot at imzintaising tieghed rothtida faabaddine SoReR] EBRAN Jogic22a8fR8E BNy to an
detect on i ozt BEEk S ed Senel it PR e B VBB ATT BHOGr power rat | 0
Iﬁ‘r Hr]rg g_ntaehnlaﬁ fé&mﬁﬁﬁpprégﬁt@cﬂ@kﬁihm@éw z_ﬁqm%h_bd ﬁei%ﬁtﬁag.uﬂ‘éiﬁ%tt assumte for
is e i cgiber conmuni cation device has two antenna

el e?rents,% alr@ﬂ%%%ﬂ%hy; ep%&%n{u)lgﬁo fé))f le?ﬁT’?l I@aﬁﬁf“gﬂﬁﬁmé‘ﬁgﬁﬁgﬁt@‘qsds possi bl e. By
checki ng t h&temtheprofess receadstt@sieml AP settanbapscest Reegeas@st at i on can provi de
f eedback using the A _ i.t.of th ower control. sjgnal. Mre
specifically, .bas?ﬁgﬁﬁ?%@?@hﬁgﬁ%m&m&g r&@ygﬁvg“%ﬁ%%npdfﬁiﬂ‘g@ﬂ can be

gdi ust eddt' 0 védn v@g@f;@mmw By bhtht radsijticd pignata thopﬂﬂtﬂsk@tid fﬂ:}aﬁju@m ltheal ue.

aying de . .Y, QDL ase. rotation, val ue e
power rati o%\%"ﬂ‘g for &ttﬁggjg%ﬁgﬁdgiﬁéﬁéga@?%@g Q%gﬁ%glgq?gf%@tf%ﬁl@&‘]%ti | a
subst ant!Pal PyPrepiataiatalqyiaies sevaeinplaabdghting. Notorthaedging thipetp thipewgr ocess | sh
iterative apg ; t nge _an raneter, suc

RioGahDRd G RAGH L n@{Waihd:flEs et R008 e 8 P2

as the phase rotation or the power ratio. er WD 02/ 0999- 99
PCTI US02/ 1449itignalsiegd 34200, the power ratio for the two antenna el enents

is nmeasured, At capdiddt lsteS O i | RAkigni s, made to

whet her the lll)ower ratio @gﬁggﬁga&é%a%re ett'gﬁre%i naghﬂ'f'ﬁr g‘é’h"é"f%‘? a%?“‘?‘ﬁe power
ratio is nof %éf‘ﬁﬁoﬂlﬁ@d{é‘?ﬁé@&ﬁ@? ¥ 4egontimabskdlehascrtation inéspthacess  Pr oceeds
to stepi3248ubsahidRRpHaNCHed AL pcdss ploedeaoLRE 1BIGIeHE E)M?&aﬁon is

substantially optimal, then the process proceeds to step 1350.

At step.1350, power ratio offset (also referred to above as Zeta) is
introduced for two adjacent PCGs. At conditional step 1350, a determination is made
as to whether the two most recently received values for the power-control bit

20 correspond. If the two most recently. received values for the power-contro! 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 13?0, the power ratio for the antenna clement is adjusted while

maintaining total power 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
maintaios 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 arc repeated until the two values
for the most recently received values for the power-control bit cérrespond.

30 At step 1380, the power of the transraitted signal is adjusted while
maintaining the power ratio and the phase rotafion for the antenna element. Control

logic 502 adjus_,ts the total power of the transmitted signal and maintains the power ratio
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5 threshold, then the process proceeds to stop 1220 to ism&eibs 2ptmse
rotation. At step 1220, the phase rotation is changed to find a nmaxi num
value- At conditional step 1230, the phase rotation is checked to
determ ne whether it Is a substantially optinmal value. If the phase
rotation is not a substantially optinmal value, the process proceeds to
step 1220 where the proemfor finding a substantially optinmal 10 val ue of
t he phase '@ 8¥9?¥H2 conti nués. |If the phase rotation is acymsstamri al ly
optimal value. then the process proceeds to step 1240, At stop 1240, the
power rati o is changed to find a maxi mumvalue. At conditional step 1250,
t he power ? is checked to determ ne whether it is a substantially
opti mal vaI thy phapqatafamer thegptepns demypitbypreropdstelsichlaslifnemevi mal val ue, the

15 process pcrm}ﬂ&ﬁdeﬁgﬂtﬁg Shﬁﬁbn&ﬁéﬂal\éﬂaﬁE@Otzi&té?ﬁlﬁﬁﬁéﬁxsfn%e i@ q}hlélﬂera

substantlalé% ‘ﬁ {T& % power ratio continues. |If the power

ratio is a SHB&dn os‘éllf‘x‘ cUp Iﬁﬁ‘i’”ﬂ’ﬁélt'l?éd‘epf‘l’i’éﬁH“I’f@%r‘%&‘é@éﬁﬁ%@%ds to step

1200, whereﬂ.bl;»e;c@vefta}uhgmoqmmraﬁ@&@@ta&dmh tha/fterlnl SfcfRAihEMe WRAIONt i Ng can

be cal cuISat Ew{en Tﬁ% ustl ng the qrr)hase rotati n associ ated with the antenna
a

el enent s fi TR I § Shek A PRt TR 1L :?Oa‘thf%‘g $¥0%associated with the
ant enna el enents. Rﬂmhhg&oafaﬂ{t&halsiaptlﬂmotalhﬂ;emﬂa@ﬁ165@,&@5:1&@@;;@&5& t he power
ratio can b t d ze su anti.al t he trans ted signal sent
from The sglggeg!rlsiutéﬁp m {EFP’E?ﬁ"SﬁI PEE“%‘W*%B’@’F‘\"/E’@“&F n‘]n‘é“cfg*’éestatlon.
FI G 13 shopsvearatib @svepratetl it siepscidk@itoagt 8901 he conpl ex wei ghti ng by

adj usting the power ratio and the zﬂg e.rotation associated with each

antenna el enment, 25 according to enbodi ment of the invention.
Similar 1o FIG 11Whildﬁs&ioui&n1ﬁmmmbﬁﬂmmvmmidmﬁw\mﬁﬂcstchscdtamcmst recently

received v roI it e used t ter ne t he proper
phase rot a?%hgﬁﬁ b% Qﬁ%%%%d?%%ﬁ vveve F’ en Wﬁ%ﬂtﬁ%a‘b?'ay ?szf‘f"Bﬁﬁg’g%‘cﬁ“ ¥d with IOt hg
two ant ennalimitatiomnThs) the batpdis Bmﬁscqiatoé the ihventiinasheuld abiteilinilted Bpgnaifat ed Wit h
the second @95&0@@«:&2&&'&%:&0%%?:1%1 bu§ %d BIQ«%% 2 chﬁnsggf {tiigt?olcﬁvz Iﬂﬂg the 30

power ratio 1s simlar ‘escr e phase
rotation |ufollcmftmlémem@dzeﬁle@mﬂénts 20 18 Novenber 2005 WO 02/ 099999

PETI US02% 14437 | n i §e Hﬁ%’oﬂh@%ﬁc‘iﬂ?ﬁ%&é ge |aglggl on device

using the CDVA prot sen s a sli powe‘?y control
groups ( PCG&JsoR W%ﬁﬂﬁmﬁﬁmke or use the invention. W!nle tha mventtonhas been

particularly shown and described with reference to embodiments thereof, it will be

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 bf the invention. For

20  example, although the previous description of the embodiments often. referred to
communication devices using 2 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) protacols. Such a TDMA protocol can include, for example, the Global

25 Systems for Mobile Communications (GSM) protocol.

Note that although the tuning of 2 communication device is described
through the use complex weighting, in other embodiments other types of control signals
can tuse the comumunication device. In other words, the tuning of a communication
device through the use such control signals need not be Iimited to information about

30 varying the magnitude and phase of the signal. For example, the eontrol 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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the pdneraplgraityP

that the power associated with both PCGs are at the sangno@er BhosAgain, to

sinplify this discussion, assune for ibis enbodi nent that the subscriber
comuni cation device 5 has two antenna el enents, although any nunber of
mul ti pl e antenna clenents is possible. The powet ratio associated with the
first PCG between the first antenna elenent and the second antenna el enent
I s Lanhda. The power ratio associated with the second PCG between the

- first antenna el enent and the second antenna el enent is 10 Lanbda i- Zeta.

The power ratio offset (i.e., Zeta) introduced between the first and
second PCG provides a mechani smto det@rine the direction of changing
power ration between the two antenna elenents that will inprove the signal

gual i-ty received_at _the ..basestation. Consequently, the conplex weighting
can be CM@L&MMM llowing: if the value of the power control hit
for the nost recently received tine period 15 COt e seadmnde of
the power -conty ol bAgnétﬁUdfohaﬁmndnm%ﬁmp e ecel ved time, period,
the total power of the transmtted. SW%@M%MW@MW ¥i#%g t he
power ratémbmmdmc‘éw%%" ;71T the value of the power-.control
bit for the - npst t MAsthbd cemprsingd d|ffer$ fromthe val ue of

fffﬁﬁn@ell%}g %eﬁiseecond r%@n Jbmir@gatatied devies; peri od,
power ratio Lapgggamg&@ﬂjhmmwgﬂ%ﬁﬁ%ﬂ ﬂ]‘al nt.al- n| ng the rotal .power of ‘
the transnitted signal. el%g}em%ﬁﬂroﬁtﬁﬂlﬂ%mﬂi!@ﬁ@%? s enbodi nent .
At step 1300, aﬂpﬁ&%@?S‘f ower . rat Oﬁ%ﬁ‘mﬁ gelingi tipratuge of t he
two antenna el %%50 erttﬁnbﬁlmmaalgn.ﬂ&b%i@ gn 11 ase rot at i on géézet
(al so refereed o?/e as De] ta%SW%ﬁWmuM

Based on lon offset, . a tr gnghtginad i S
sent fromthe S bscrlﬁg Wﬁbnetgndb\hcm% quefy, gs2g estvgtittﬂl?on Then,
t he bd@estthQ p‘%\%er cont rol nal based on th| s received _
transmttegd e@w@ma@;urmmwﬁmgﬁ 320, a deter t|o ‘Zl e ofls tO
whet her the two nost g‘ti yofr ruaianmnmﬂicﬁ ontrol” bit
are same. |f thsending the 30 thg pox\Pﬁ tﬁg;m,rtlnspﬁmﬂexthe

process prog e or the pomer C
bits. diff&F m&he&%}%ggeg,s 5@8 &dét&ﬁw&wmﬂad atzo%%%

02/ 099999 weighting being ssoct snna coment fom
{5 fiom a phase rotation and »

plurality of antenna elements.

pawer ratio assocmtad with each

d of Claim 1 Wherem :
2.  Theémetho s e sigual i optimiz od with respect to a fading

smi
the total POWET of the 11'an e e
inted with & channel between the first communication device
20  as3oCi

‘_/\' communpication device.

3 The method of Claim 1, wherein:

the communication lnk is

tocol
ulfiple-Access (CDMA) pro
M P X, COMA

(UMTS) and 4G UMTS.

pfigored according to of Jeast one Code-Division
. 2000
from the group of COMA- 18-95 A/B, CDMA

G Universal Mobile.

25 EV-DO, WCDMA, 3G

Telecommunications System

The method of Claim 3, wherein: rol bit according w0 the CDMA

power-cott o M
having a value of one of. zero for each fime period 110 '
ntrol bit being generated by the sec.:lnat
power of the transmitted sign

4.

30 the qualny-mdxcauon signal s a

protocol, -
plurslity of time penods the power '
communication device and mdlcaung an adjustment

- . i masrX



PCT/ US02/ 14437 At step 1330, the total power of the trapsuthesdshpnal is
adjusted while naintaining the phase rotation for the antenna el enent.
Control logic 5[122 adjusts the total power of the transmtted signal and
mai ntai ns the phase rotation for the two antenna elenents by appropriately
cal cul ati ng new conpl ex weighting. Note that 5 during this step the power
ratio for the two antenna elenents are also maintained. Then, the process
proceeds to step 1310 so that the process is repeated. At step 1340, the
phase rotation for the two antenna elenments is adjusted while maintaining
total power of the transm tted signaks.Control |ogic 502 adjusts the phase
rotation for the antenna and maintains the total power of the ;t\rﬂ;an&gﬁtted
signal by 10 appropriately .cal | {ipechoRl edvuinemeniNgeretiehat
duri ng theiﬁtsstcéﬁﬂ%‘#é’%%&%“wggil%gﬁ glri tEe two antenna el enents are al so

mai nt ai ned. | PAdRERTanpeeatisfisd. to conditional step 1345 At

condi ti B?fgfldg&g%% ., a determnation-is nade, as to whet.her -t he adjusted
phase rotation produced by step 1340 is optimal. If the phase rotation_is

| ess than 15 _substanti al |y «eRki®lwhérki@h the process proceeds to step 1310.
If the phasesr ot a@S?ﬁBﬂlﬁis(’dosgSEstan’t.i'al |y o&iég@ t%edhﬁ?ﬁ-aﬁérﬂ'ﬁﬁa%i pceeds
to s;ep 135411143@0@51@%@6351&)%@901#@#%% RAYE S8 e'rre.d@téo-.'a ove as

Zeta) is introduced,for t aﬁ| CERY afiEhEn cléinetioiottthophirality @f antsnws 5
det erm mﬂi%Ph@eﬁﬁé@nﬁ?% & %rp'ﬁth'e two nost recently received val ues
for the %o rr.-control bit 20 correspond. If the two nost recently received
val ues fOF e power-control bit correspond, the process proceeds t-0 step
1380. If the two npst recently received values for the power-contr.ol bit

SopFRIe, BRRERPY

differ, the p Oceﬁ@%xh@ﬁg&gﬁgﬂﬂznﬁ aphdkanQhe Ailosindng oRtES, tio

for the antentia e I's a juste’_d whil e mai ntai ning total power of the
trangmt d:gnal and .mai ntai ning the phase rotation for 25 the 'fwo
ant eﬁjrra E&%‘gggnts, . mnt rol. n%?ihﬁ 307 padktiof the fengarivted signal end dhe Pf%”ée
antenna and #esRIERYSORYRAE AT 0ower of the tran g{tfw cfadnt he
phase ro%é%%naswww@mrﬁammmmeﬁ Wﬂhgﬁrﬂﬂ‘?’g g “Calculati ngpnew
conpl ex Wel'g |£lge. The process tt?ﬁ@ﬂ?{" :th @adil @ftelidd olestent fem Seeps
1350 andpa@afiel whide mapdainiag ARy wo val ues for the nobst recently

recei ved yal.ue @39% r-control bit correspond. 30- At step 1.380, the
power. of W%?’g%\@rgnmﬁe signal is adjusted while maintaining the power
rati gsand the phase rotation for the antenna elenment. Control . - _

1 The method of Claim 5, wherein the calculating of the

weighting is performed for each antenna elerent from the plurality of antenna

complex

tg and includes: o
e transmitted signal while mantaining the phase

adjusting the total power of the ! ' -
2G rotation associated with an antenna element from the platality of antenna elements unl

i i time;
gteady state is obfained at.a first :
adjusting the phase rotation associated with each anterma element from the
" ini | ansmitted signat to
plorality of antenna elements while maintaining the total poweni of the transmy ena!
al phase rotation for each antenna element; and

produce an optimal ‘ e e : e
adjusting the total powet of the transmitted signal while maintaining P

25 - — »
Jhase rotation for each antenna clement until a second steady state 18 obtained at a seco
? onna eler A
time subsequent to the first time.
_ . herein: |
8. The method of Claim 3, whercin. | ..
3§ the plurality of anfenna elements includes only a first antenna e}cmen; an

gacond antenna element.



| ogi ¢ 502 adjusts the total power of the transmtted si{fd\vedbs 200 Nt ai ns
the power ratio 22 18 Novenber 2005 WO 02/09"99 PCT/ 1JS02/ 14437 and t he
phase rotation for the antenna el ement by appropriately cal cul ati ng new
conpl ex wei ghting. At conditional step 1390, a determnation is nmade as to
whether the track is lost. If the track is not |ost, then the process
proceegds to step 1350 so that the process of tuning the power ratio
associated wth the antenna el ement and the total* 5 power of. the
transmtted signal are .repeated in steps 13:50 through 1390. Returning to
condi tional step 1390, if the track i.gglost, then the process proceeds to
step 1314 where the process of optimzing the phase rotation and then the
power ratio is repgated.ins ough 1390. Conelusian 10 Wile
vari ous errbod?rrentfﬁ% tf??%ﬁf@ e#g{l/e been desc“tr@f! abogﬁ }Emd ghoul d
be under st ood Wﬁg&ﬁ Mﬁesmﬁm&ﬁdﬁaﬂlﬁy%"% &3 and not
limtation. Thus, the breadth and s eﬁgﬁé&%%ﬁ@ﬁ@\ﬁe w&na@mwedwiﬁtﬂise
linited Isgcoadm sotthd HBBYE- PRSQTR nts, but shou tgeIsI ned
only in accor 3,@% gfgwhm apihmwetPathcsﬁuhBCﬂwbﬁmgéﬁ%ﬂW‘gm 15 The
iption o

previ ous ﬁcé’ t he "'enbodi nent s ,i fls oW phag son
skill gd igwnt pleas emtaumnhmh&aé’ﬂl“ﬂs@et rﬁgﬁ %&M Ei | nvent ion has

been parti cuI dﬁ‘get;faﬁdence to enbodi nments
t her eof , m%ahmﬁw%%ﬁ“ \r%@%aog%“ lg Ey tﬁose sk| |'ed in the art that vaious
changes in fortﬁém@ﬂtﬁem]bnw inedadeEn wi t hout departing fromthe:

spirit and scope of the i nvent| on. lgﬁﬂﬂmea hﬂﬁmnhinm:ﬁng\thﬂ)us
descri pti on of theﬂémiﬂﬂg e‘ﬁgrre to

comruni cat j &F %ége
usi ng mg %sz%ﬁ tﬁ tpcm afd ti phsacéomgmaﬁwm BB 8%l e,
the co % vices sim I ar to thosggltrd%ﬁ dnﬂﬁp\f&ﬁ@mr@@wﬁw )
reque

vmthit{jnegedmﬂmxfmh&lvmh@mc ncy- dIVISIOﬂ&aﬁ%fle
he a opssonespasfs e fiE Vel %@Péwmmmm“ﬁ??‘é?f’“m“ et 92 ahe eI ot
al t hough the 'tuning ﬁgﬁa;gcﬁhmphasﬂ:mm %Fé%‘ |v€’£bd(§§ ggge,gﬁ??ﬁroug the use

conpl ex weighting, in oﬁ'ggr eancﬁﬁ e imdiNaRsng fthe dotal cpIOWGi' }  can
tune the Mnﬂ%,ﬂat“l ot her vvords t he tun| ng of ?txme penod

conmuni cat, | ON tad signal if the value for the power-control bit at the mos

i5 dlﬁ'm from the value for the power-control bit at the second most recent time' penod.
10 The method of Claim 8, wherein the calculating of the comple:x weighting
includes:
detecting a steady state in the quahty—mdlcahon gignal;
20 adjusting the phase rotation associated with the gecond antenna element;

selecting & first direction for the phase rotation associated with the second anten::la

element, the first direction being gelected to improve a received gignal quality at the
L]

gecond communication device; and ‘ |
adjusting the phase rotation associated with the second antenna element 1o the fixst

‘25 direction until a boundary is detected.

11.  The method of Claim 8, wherein the caleniating of the complex weighting

includes:
detecting a steady state inthe q ty-mdmat10n gignal at a first time;
tation associated with the gecond antenna element;

| 30 adjusting the pbase fo
| first direction for the phase rotation agsociated with the second antenna

tin
selecting a ved mgnal quahty at the

" element, the first dircction being gelected to improve a rec

sccond communication device; and
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devi ce through the use such control signals need not beqddvd6d 2b6s

I nformati on about 30 varying the nagnitude and phase of the signal. For
exanple, the control signals can carry information to vary the magnitude,
phase, frequency and/or timng of the signal associated with each antenna
el ement. 23 18 Novenber 2005 VAI&T IS CAD i S A nethod for a first
communi cation device to communicate with a second conmunication device
over a conmunication linl, the first conmunication device having 5 a
plurality of antenna el enments, the-nmethod conprising: receiving a quality

I ndi cation signal fromthe second conmmi cation device; calculating a
conpl ex wei ghting based on the quality-indication signals; nodifying a
pre-transm ssion signal based on the ¢ ' drffGhnk QldRieatt € thodfirst
plurality of @W&g“’d}l@g? %P?Hﬁ@.“‘é‘ﬁ"%rs@ié‘ﬁa e‘éﬁ?bcg{gtch rmdiQf,i ed N
pre-transgi.ss 00 HABb §tb4 sl faiateptediin e quatityiridication signal,of Jer g on
signals being uniquely associated with an antenna elenent-froma.plurality
ant enna’ aimesrbirequenhte the Ses§8M%g the plurality of nodified pre-transmssion
signals fromthe plurality of antenna elements to produce an effective:
conbined transnitted signal, the conplex weightjng being associated with a
total spower ofyg,he transmit tBub méthodof Glaim 4 WPEEH one 15 from a phase

rotation and a_power rati.o associa i+ &¥Tané hanamitted signal; he.
plurality of aﬁ?éﬁml%‘l‘ﬁ?%wmfswd\%ﬁ%g% aim 1, wherein the total
pover OI Q%l#%@ idd ﬁssﬁl s %Q?Iwmg?mmf eleinicht ﬁ'__esip@tpl}:gha’f’ dntgea rﬁo
associ at e a chi\anne etween the fjirst cqom . e ..
second celeiments @atlithe power xago WH@% SEF%OW??E%PA%]&%&&%Q er ??lénﬁﬁfﬁgg >
communi cation |ink is configured according to at |east one Code-divi.sion

25 Ml ti piteniaslean ) protocol fromthe group of CDVA-1S-95 A/B, CDVA
2000 {g¢ RTT, CDWA 2000 3X, CDWA E' V-DO, WCDVA, 3G Universal Mobile :

Tecomuni cat’i ong Sysr_ﬁlgg]q humloi)&@%ﬂmg@h thetalchhtingef hedonipldl aeighting

wherei n: 30 thd3qual i'gnal s a power-control bit according

to the COMQudes:

substantially optimizing the total povv;em of the transmitted sigﬂz_tl and 'éhg _phasg:: .
totation associated with each antenna element from th_c plurg.li'W' of an_tenna.elen;ant.s in.
1 5 parallel whiie-maiﬁtaining a power ratio assoclated with ‘cach aritenna ?Igme:}t, from' the
pluraiify of antenna elements; and ) : o
substantially opi:imiziﬁg the total power of the trangmitted signal and a power ratio
associated with each entenna element from the plurality of antenna elements in parallel
while maintaining the phase rotation associated with each antenna element from the

30  plurality of antenna elements.

14 The method of Claim 12, wherein the calculating of the

complex weighting includes: | | o .
adjusting the total power of the transmitted signal while maintaining the phase

55  potation and the power ratio associated with each antenna element from the pharality of

anterma elements until a steady state is detected in the quglity-indication gignal;
adjusting the phase fotation asgoeiated with each antenna element from the

| .plurality of antenna clements while maintaining the total power of the transmitted signal

ad a power ratio associated with each antenna eloment from the plurality of antenna
30 eclements, . o _
adjusting a total power of the trarigmitted signal while maintaining the phase

sotation and the power ratio associated with each antenna ¢lement from the plurality of

antenna elements;
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protocol, the power-control bit having a val ue of one O NeG&Rbd 9805€ach tinme
period froma plurality of tinme periods, the power-control bit being
generated by the second conmunication drvice an adjustnment to a power. of
the transmtted signal at 18 Novenber 2005 -25- the first communication
device so that a predeterm ned threshold requirenment for the - second
comuni cation device can be satisfied. 5. The nmethod of Caim4, wherein, 5
t he conpl ex weighting is associated with the total power of the transniited
signal. and the phase rotation associated with each antenna el enent from
the plurality of antenna elenent. 6._qghe nethod of Claimb5, wherein-the
cal cul ating of the conplex weighting 0 includes: substantially optim zi

ng
the total power of the -transnitted sj | § plaaRat fopt theiplurality -
associ at ed wi tadjusting theRoyyes 120 mﬁﬂﬁm?ﬁg%%l ity of %rétenna. l.emmt’s
in from tenggr@é,hfﬂtg%ﬂewaﬁﬂﬁé thentptal pooves rassagiatest 3, .a?wn\}\t}f_ h each
antenna € ee plurality of antenna,el.enents la;%-mﬂﬁ' firaliit off 5,
wher ei n tdi@atahd;theaphasgr@ﬂmmiﬁm‘@%l“@&%ﬁ&ﬁ%ﬂs p‘ér-formeqlﬂ afte

~for~each
antenna el ement fromthe plurality of antenna elenents and includes:. the -
hose " adj Lﬁl‘?ﬂ?@“ﬁq‘i‘é"%?ﬁf p

ower of the transnitted si'e#ﬁnal T a@iw ni ng
P 20 rgot a][ i on gRsam a'.lhedom ngh@mme’:g’ FHMQEI Jsalulf;hty O;,
antenna elenent$ until a steady. | 8o Hinfinif SleRient ffons thet plumlity o
adj ust i norotationpdsiae POMET 0 a@fgé%%&gt&g% ev%\ﬁih each antenna el ement fromthe
plurality, M%&ﬁ%_el enments while maintaining the total -power of. the,
transmtt St gha el ement. produce an optinmal phase rotation for each
antenna t,; and the-Optimal adjusting the total power -of the ,tgr-ansrr-'h}tted o
sign while- _mai.[ﬂ.’ai n..‘l‘ﬁgnfﬁﬁiodofClaim 12, wherein the phucality of antenna elements is a 18

10 antenni:e;emen’_c and a second antenna element.

4. . Themethodof Claim 15, Wwhereim: © ¥ . 0 i
o the transmltted signal includes a ﬁrst"adjac;é:ft po ercontrol grovp (PCG)and 8

" seoond PCG 80 that a power associsted with the first PCG anda powerassoclated w1th ﬂ'l.e |
"5 sécomd POG are substantially ot a same level P, the fifst PCG betng associsted with its

. ‘own phase fotation having a value and its own power ratio having 8 vz'nlt_le, the g@ P;Gst
‘being -associated with its own phase rotation having the phase ,;otauo? value of the o
PCG plﬁs a bhase offset and its own power ratio having the power ratio value of the

: B PCG plus a power ratio offset; and )

‘ ' ] i & complex weighting includes:

” " calc::ljuu::n(:zc _to:lp power i:the transmitted signal while mamtmmng the
phase rotstion associated with the first PCG and the phase rotation assocmc.:d with thz
gecond PCGl if the value for the power-control bit at the muost rece.nt tn_m-z :jsno .
correspc;nds to the value for the power-comml bit at 2 second most recent time petr;o ,h e

25 adjusting the phase rotation associated with the first PCG and the pf at: -
cotation associated with the second PCG while muaintaining the total pov‘ver o .
transmitted signal if the value for the power-control bit at the most re(:,ent hme I?m

 differs from the value for the power-conirol bit at the sccond most recctft time .penqoc'i, .
adjusting the total power of thé transmitted sigpal while ma:lntammg ¢

“PCG and the power ratio agsociated with the second

, ratio associated with the first ' .
P e the most recent time petiod cotresponds 0

PCG if the value for the power-control bit at {thme e
the value for the power-control bit at the second most recent time period; and

AMENDED- SHEET
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phase rotation for each antenna el enment until a second fGRYbSLEdL | S
obtai ned at a second tine subsequent to the first fane. g, The nethod of
Claimb5, wherein:. first antenna elenent and a 30- the plurality of antes
el ements includes only a . second antenna el ement. 18 Novenber 2005 26; 9.
The nethod of Claim8, wherein: the transmtted signal includes a first

adj acent power control group (PCG and a second PCG so that a power
associ‘ated the first PCG and a power . associated with.the second PCG are’
substantially at a sane level P, the first PCG being associated with its 5
own phase rotation having_a value, thggsecond PCG being associated with its
own. phase rotation having the value of the first PCG pléjagara&;;fo;; and
the cal culating of the c : ' 1 Rathutie Stst DG sn ROTET |
power of the tr ansﬁ@@ﬁ%ﬁoﬁ%%wﬁggwg?ﬁ%i ni ng t'gg . hgﬁﬁrf a0

associ at Ll Wille e sexbnPECG wdileHmaipkiaias g P ORCREsBciated with the

10 second . I f the value for tge §R‘ﬁ?ﬁfe‘iﬂ E&bntmlhegbﬁﬁd]éiﬁemﬁoméb%nt
time per sigoalibtheseiefoste PoPRE ) , Tor the power-control bit at a second
nost recent t.i L Qe er8Bkt atdfe stebhdgostiTecephtmie PRBRAL i on associated with
the fi rsF&P@%?rgﬁ%BﬁégQ%ﬁase_ trot ation associated with the second PCG while
mai ntgining the tatal power of the transmitted gigue if the val uequ?}rg t he
power” control bit at the ms@imlbfmﬂsprM@ﬁﬁd@Wﬁrﬁt val ue
for the powerddontrol bit at the second nbst recent tine period: 10. The
met hod of I tifpgheludest he cal cul ating of the conplex weighting
i ncl udes:mgg?dgcrgf’?%% a steady state in ther Qu@l bdch enwhnatelanerdi o) the(
adj usting the a}dMB&ﬂ’é@é&Pﬁ%‘%@@%i %be(? W th the sec%&%a&%&e@h nt;
sel ect n?m&qﬁg&( | 1.6 Gldoud @hilé bainthiaing the totel paVer 2SBE FAYEA W (1T t he
second arR't efenent, the fl'rSt@‘.gllnr%%“Oeq {"Gord e Gladlityoof aptenze a
receiyged Qidgg@bwwedﬁotgssmm@ﬁéﬂﬂké YRR Cat | on devi ce; -and adj usting
t he p1ha5e lroté%hit on associated with the second antenna elenment in the first
25 direct¢lome¥bti| a boundary is detected. 11. The : N0k fatdd FitheBch '
wherein. the cghdguldpisting i phidse rototion, SRURERGH |Wﬂr§gﬁ&. _ é&- =
| ity of antenna elements W ile maintaining the total power

son associated with each antenna

antenna element frcm} the pl
associated with the transmitted signal and the phage ro
15" element from the plurality of Zntenna elerents.

18 The method of Claim 16, wherein:

j ' iohting includes:
the calculating of the complex weighting mo ' o -
adjusting the total power of the transmitted signal while mamtammg the p -
iated with the first PCG snd the phase rotation associated with the seco

e ated with the first PCG and the power

" PCG and while maintaining. the power ratio assocl
eatio associated with the second PCG.

19.  The method of Claim 3, wherein: _
25 the quality-indication signal inchuies a first frame quality mdche
the CDMA protocol.

ator according to

| i herein:
20. The method of Claim 1, w! | o o
the first communication device is a subscriber compmnication device; an

30 " the second communication device is a basestation.

| _WDE@ SHEET



i ncl udes: detecting a steady state in the quality-indi cRiNREm9fl at a
first tinme; 30 adjusting the phase rotation associated with the second
antes elenment; selecting a first direction for the phase rotation
associated with the second antenna el ement, the first direction being
selected to inprove a received signal quality at the second comruni on
device; and 18 Novenber 2005 , 27 adjusting t he 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 tine
subsequent to the first tinme.- 12. Th@omethod of-Cl aim 4, wherein: the
conpl ex wei ghti ng i s associated wth the total power of the transmtted

si gnal , the ase ot a 1.q¢ 25:3C1, Rebinyi t h each antenna el ement from the
plurality of ten ements and the poyer ratio associated with each
ant enna el enembﬁrétcdﬁhhﬂﬁncdtmnalm shasetpUn A o] enent s. le 13. The -net hod -
of Claim 12, wherein the cal cul epngrnivatighndéies. i ncl udes:
subst anti al I yﬂnriﬁmﬂdz‘?Q‘iﬁn adtgrﬁgtl)sv(\;jegr'ﬂ)%%?he transmtted signal and the’
phase. .rotation associated with each antenna el ement fromthe plurali ty of
antenna el enents in. -15 paraI lel while .maintaining a power ratio.

associat ed wi ph; eadheanithodof ]é%llrew el omthe plurality of antenna -
el ements; and  substantially. o tdeeordirigato pbivsst one (ime Y ¢t ed
si gnal and ' a tif REMRIINGE g assomate wi th ,each antenna el enent fromthe:
pluralit M) pratoead. par al I el while maintaini ng the phase
rotation assgm ated with each antenna elenent fromthe 20 plurality of
antenna el ements. 14. The method of Claim 12, wherein the cal cul ati ng of

the conpl ex ghting incl upmnethdglu%ﬁanfglﬂh\!h?f&t“al power of the

transmtted signal while maintainin -0 b theorammmittadrmgmabwe r
rati omassocl atthe mipkem@lﬂh%ﬁﬁ@rﬁ%o %M rg,mtal gpl urallurai/tty Offantenna

and the phase rotation associated with each antenna glement fro A
" elements, but not the power ratio asmciated with each antenna elentent from e P

& of antenna elements. ' .' |
13 24, The method of Claim: 22, whierein the calculating of the.complex weighting
mcludes

subsiantially optimizing the total power of the transmitted signal and the phase’

ity lements in
tatx n associated with each antenna element from the plurality of snienna ¢
ol ted with each antenna element from the

parallel while mgintaining a power ratio associa
20  plurality of antenna clements.

iS The method of Claim 22 wherein: 1 t
. e
the calculating of the complex weighting is performed for each antenna elem

' lements including: _
from the plurality of antenna € . . | N
adjusting the total power of the {ransmitted signal WhﬂB naintaining

: element from the plurality of antenna ¢lements

phase rotation associated with an antenna

ed at a first time;
wntil a steady safe is ODIEIn ted with each antenna element from the

adjusting the phase rotation associa
J t while maintaining the total powet of the transmitted signal to

ent; and
duce an optimal ' o
®o adjusting the total power of the transmitted sigoal while maintaining the

til a second steady state is obtained at &

plurality of antenna elemen
phase rotation for each antenna elem

optimat phase rotation for each antenna element un

Second time subsequent to the first time.

‘ul:klhl:n Ly .



e

antenna elenents until a steady state is detected in thgngihdet ¥oosndi cation
signal; adjusting the phase rotation associated wth each antenna el enent
fromthe plurality of antenna elenents while maintaining the total power
of the transmtted signal and a power ratio associated with each antenna
element fromthe plurality of antenna 30 elenents; adjusting a total power
of the transmtted signal while maintaining the phase rotation and,the
power Tatio associated with each antenna el ement fromthe plarality “of
antenna el enents; 18 Novenber 2005 -28- adjusting the power ratio
associated with -each antenna el ement -Biem t he plurality of antenna elenents
whil e maintaining the total power associated with the transnmitted signa

and the phase q@lﬁheﬁ wickdineach antenna eI enent fromthe
plurality of %étt efﬁ{%‘? eneﬁ’ts -and adkgstl n the t I hertly divigion. -
transmtted peWomAbuﬂxeatrmlhlﬂcaBﬁO Bto |on d t he power-

rati o associ ated w E ﬁg h- nt nna el enent fromthe pl urallty of- antenna’

el enent smultaﬂ.lews im12, wherein the plurality of antenna
clceetits is a first 10 antenna el emrent and a geeond antenna el enent’.

The nethod of C aim 15, wberci neﬁtg%(egtli(?l %%%Y&é contirol. GCs) and a
Cp.. gai td SI271 ncI udes a fiIThe#y WV\% so‘f1 hat a power a@aocgn%te
with the fi rst %W asnagieatwith thiettbtal pewetf the . the'
first PSG bun %1 te Bt s I5 scon%gp%@& tﬁéj? ket ioRlahtensean
phase ratagg ﬁaytmmmbmeteérvd‘h‘tafr IO I.ng a valﬂgﬁ t he

seed | ei ng ,associated w waﬁaa@mwmm\&q@
.rot atlomlmWnP%@efW?vﬁtﬁgéé&fuga phase offset and its own povver

rat|o ha !%EHS {sratlo value of the first pCG plus a -power ratio
offset ?ﬁ}g nc es the calculating of the conplex weighting '

28. The method of Claim 26, wherein the cglculating-of the complex Wei_ghtmg _
includes:

substannally optimizing

rotation associated with each antenna element from the plurahty o e
15  patallel while maintsining & power ratio assoc.lated with each anwnna elcmen |

plu_rahty of antenna elements.

the total powet of the transmltted gignal and the phase
f- autenna elements in

The method of Claim 26, wherein:

29,
f the complex weighting is performed for

the calculating ©
20 - fromthe plurahty of antenna elements including:
adjusting the total power of the tr
phase rotation asgociated with an antenna element
until a steady state is obtained at & first time;
adjustmg the phase rotation assocl

25  plurality of antenna clements while maintaining the total powetd
roduce an optimal phase sotation for each antenna elem.ent an N

’ adjusting the total power of the transmitted signal W .

, element until a second steady state is obtain a

each antenna elerent

ansmitted signal while maintaining the
from the plurality of antenna elements

iated with each antenna element from the
of the transmiited gignat to

optimal phase rotation for each antenna
second ttme subsequent to the first time.

- performance of a first

30 A method for jmproving system

communication device, comprising:
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adj usting the total power of the trai em'tted Si gnal V\A‘H8|hﬁ)vg;ﬁ.ﬂ,é}lt2@j5nl ng the

pie rotation associated with the first PCG and the phase rotation
associated with the second PCGif the value for the power-antral bit at
the nost recent tinme peri corresponds to the value for the power-control
bit at a second nost recent tinme prod; 25 adjusting the phase rotation
associated with the first PCG and the' phase the total power of the
rotation associated with the second PCO while maintaining transnitted
signal if the value for the power-control bit at the nbst.rec "t tine .
period p ad; Mfromthe value for th@2power-control bit at t he second nost
rent tinme the diff adjusting the total power of the trans ted si,gnal

whi | e mant aurwg .30 powe %@@aﬂi@ﬁl wiskdont] henfriunies "'Xi‘ﬁ? a0f ‘power
rati o associ JREAVIREHY ‘f":‘i‘gg{ed%%ng PCGif the value for the . .

power - ¢ o%kg_ﬁhsﬂghoatmgnhg nmost recent time period o:urresponds the val ue

for the power-control bit at the S Ifrftogaal mpanmbramddtﬂﬁﬁ%dw
Novenber 2005dividing e Py gggmgﬁn{rsg% 0 associated with the first PCG
and the owner mgh &ftassom at ed WI th the second PCG whil e maintaining- the

t ot al e

tansni t-t ed sn(ma |f t A Ror e proup of r ol
bit a§ the moadjustingeattieast pae pRATAT 'Rﬂ%ﬁlnté 1Jagﬂ\’/?il ue for the

power - cont ¢ I b|t t the gﬁg] satecéﬂeighnlt bompquent daswl on e @A 1o g of

Cl ai m 15 h‘g’n&pa ng of the  conple HaGiad
el enent 3‘5‘95% mm&waﬂeecmsﬁﬁ ? éﬁﬁé“‘gmf&%ﬂeﬁﬁeach gntenn_a
a

. plurali nt'enhna. el ements while naintaining the total power of the
transmt espmn,anﬂo and a power ratio associate th e ;&5&5@
el ement from @W@E{éwﬁ mbﬁmonentethé W\If I'ng* t he phase -
rotation, adj Ing-the power r%teiyoasgggaqedghﬁ%%{eﬁnféﬁﬁlwt ﬁ:omaplurahty
10 a transmit signal component wuq the
of antenna elements, the transmit signal component for each autenna element from
_correlation version of the prevtransmlsswﬂ

plurality of antenna clements being a low
signal.

15 '31 The method of Claim 30, wherei:

| the quahty—mdmatlon 3131131 isa CDMA power—control

.

mgﬁal the poWer-control

- each time penod, o
the 'acijusting of the phase rotation for each antenna element from the pluraltty

io antenria elements includes:

changmg ‘the :
a power-control signal has the increase {ndication for 2 second tim

first time period.

signal component until

i i W first
hage rotation associated with the '
- period subsequent to 3

The method of Claim 31, wherein:

: 32
25 for each antenna element from

the adjusting of the power ratio
gntenna elements, includes:
meaguring, for
transmi co
elements, the power ratio associated w:th the it signal > lummy -
0  that antenna element when the remaining antenna elements from the p
30 an

disabled;
clomena e rding & power ratio agsociated with each antenna element relative to the
1eco
ity of snterma elements; and

the plurality of

each antenna eclement from the pluxallty of sntenna

mponent associated with

remaining antenna elements from the plural

e aan e : AMENDCR 05 imva



the total power antenna elenent fromthe plurality of HW&BRGSh&ENtS
whi | e mai ntai ni ng each antenna associated with the transmtted signal and
t he phase rotation associated 15 ' elenment fromthe plurality of antenna
el ements. 1 The nmethod of C aim 16, wherein: the calculating of the
conpl ex wei ghting includes: signal while maintaining the phase adjusting
the total power of the transmtted 20 rotation associated with the first
PCG and the phase rotation associated with the second PCG and while :
mai ntai ning. the power ratio associated with the first PCG and the power .
rati o associated with the second PCG_,39: The nethod of C aim 3, wherein-
25 the quality-indication signal inclides -a first frame quality indicator
according to the CDVA protocol. 2Q. The fasthad fods thegeoupiof tha he
first conmunicati ,oﬁjnﬁingdbepgwﬂ@ﬁﬁwlﬁg%@gpﬁﬁm ca‘t%lgg device. and 30
the second comuni cation gmgs%goﬂ@s@apa@g@mmmmmwgwtm €30 21.
The net hiest HEORCAMRPIFEFRAS eI R: the first comuni %@%«Qﬂ%@ﬂﬁh&?ﬁaié&m
basest at | apatit@ Bl aritbhaseternants sofhatiliemamien FAHIAFF LY stubscriber = - .
communi cat1on deyi ce.,  22.. The nethod of Claim1, wherein: the :
conmmuni cammwmﬁnw?ﬁr gured according to at |least 'one Tine D vision
Mul t igl e ACceSs (TDWVA) protocol. 23. The nmethod of Caim 22, wherein:
conpltx weighting is associated wi,th,t . afijubthey theapowdrtised
sill.” 10 the3af antenna an ?M%QEWa??’oﬁm\gggnociJat ed with each

antenna el enent, f omthﬁ liils@hd iné phbgeNt s, but not the power ratio
associ at drfamesd SREFAUEH 8‘%& el'enent fromthe plurality of antenna -

el enments. . The nethod of O ai.m 22, wherein the calculating of the.co
rriplex wei ght:"|4ng A first communication device having a plurality of entenna

’ elmnem:’ :ﬁ:ﬁc component, ihG control-logic component ref:eivin.g_ a qj.lalit}; :
jhdication signal from a gecond communication deﬁce and producing a plurslity o
comple}; ;ﬁt:y :; cirouits coupled to the control-logic eompo:’;enf, cach circ::lit ﬁ;)::;ltz: _
15 pimality of circuits bgi'ng uniquely associated with an ar'ktem.:a elemepf;- from 0; ;&d_ v
of antenna elements, each circuit from the piurality of circuits producing _at m p1
Mssion signal based on the plurality of complex weights, the plurality of co;n:me::
weights being associated with a total power of a transmitted signal and at least one In

phase rotation and a power ratio associated with each antenna element from the pl@w
20 of‘ ahtenna elements.
35 The first communication device of Claim 34, wherein:

each circuit from the plurality of circuits has: ‘ N ' o
a filter, the filter configured to receive a pre-transmission sighal

. - . 1
25 produce a first pre transmission signal component and & second pre-transmission signa
produ - |

o a first signal adjuster coupled to the filtet, the first signael adju.ster
cive the first pre-transmission signal component and a complex weight
. firgt signal adjuster configured to send a
complex weight for the first signal adjuster;

configured to rec
from the plurality of complex weights, the
30 modified-pre-transmission signal based on the

and
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2415 includes: substanfidly optimzing the total power®fioveR8eddoghnsm
signal and the Ilurality of antenna elenents in rotation associated with
each =t== elenment fromthe p elenent fromthe parallel while nmaintai~g a
power ratio associated with each antenna 20 plurality of antenna el enents.
25. The nethod of C aim 22, wherein. the calculating of the conpl ex

wei ghting is performed for each antenna element fromthe plurality of
antenna el ements including* while maintaining the adjusting the total
power of the transmitted signal 25 of antenna el enents phase rotation’
associated with an antenna el enent fr-Gh-the plurality until a steady state

Is obtained at a first tinme; the . adjusting the phase rqta as%gm at ed
with each antenna ge IHd £ ggeﬂou d ab thmtﬁmnethemmﬂt% _
mai ntaining the to

powe he transm tt q,;i#gp tﬁ@tl mal
phase rotgif w:&ﬁe@m@iﬁlﬂéﬁ@ﬁi"mﬂ“ | ‘3&1“’."3’8‘*‘@& tiatlaﬂpog\er of :
the transmtied sign I i padjmérmuf@rqdo toa 87831 or
each ant phuelity| ma{?ﬁwagli 5 cor‘ighgt gg’(}{(} g

state I S cond

time. subﬁ%ﬁ%{ %Qumésidﬁﬁlghﬂmwﬂmﬁlercﬂmpex ‘i% {'? r{ﬁ%%ﬂ%& ﬁ? V- - 31

. 26. The Claim 1, wherein: the comunication link is configured
accor di ngdjustent | east one frequency division. nultiple access AVA)
protocol. 5 .27. The nethod of C aim 26, wherein: the conpl ex Wei ghting is

associated with the total power of the tra.ns it a&dint he phase
rotation associ@ted with eacPhedirsteaoaumunicatio eﬂpggfg?‘qﬁpl urality of, ant enna

the first signal adjuster is configured to modify at least one €

t
iated with the first pre-transmission signal component based on, the complex Welgh

oot one chamctensﬁc bemg from the groug of |

10 received by the first signal adjuster, the at least
apower and a phase rotation; and
the second signal adjuster
associated with the second pre-transmission
| welght received by the second signal adjustcr,
15 group ofa power and a phase rotation.

is configured to modify at least one characterlstm
signal component based on. the. complex
the at least one charaztensuo being from the ' o

37 The first commumcamon device of Claun 36, further

- comprising: S .
a plurality of antenna clements coupled to the plurality of circuits, the plurality of
antenna -pre-trangmission
20 elements being configured to send the plurality of modified-pre- hasm
| gignals to produce a , transmitted signal, the transmitted signal being confi_gured to have an
opﬁﬁliZed powet vt*han mcéive;d. by the second cosmnunication device.
The first communication device of Claim 34, wherein:

. stantially optimized with respectto a

" the total power of he transmitted signal is sub

* ] and the second
fading aseociated with a channel between the first communication device ,
_communication device.

39 The first commuuication device of Claim 34 wherein: 1
‘ ast
0 the transmitted signal is sent by the first commaunication device pased on at le |
3

" ofie code-division multiple access (CDMA) protocol.
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el ements, but not the power ratio associated with each gg&sRRBaSoEsENt from
the plurality . of antenna elenents. 10 28. The nethod of C aim 26,

wherein the cal culating of the conplex weighting includes: substantially
Optim zing total power of the transmtted sib and the phase the of antenna
etents in rotation associated with each antenna el enent fromthe Pluraly
15 parallel while nmaintaining a power ratio associated with each antenna

el enment. fromthe plurality of antenna elenents . 29. The nethod of C aim.
26, wherein: the calculating of the conplex weighting is perforned for- each
antenna elenment 20 fromthe pluralifysof. antenna el ements including: while
mai ntai ning the adjusting the total power of the transmitted signal .
associated with an anted el—;@% &ﬁogugﬁaéowlmsambm el ement s
phase rotati df-until a ste ate 1s obtained a f'rst tinme; adjusbng .
the phase rot%&,gggcﬁsﬁg@mpldmhfﬂmﬂsmh peMdPSent fromthe: 25 m of
the, transmt Si gnal to Qf antennac&*p mrlgjmaj nt ai ni ng t he tot al-
Power produce an opt-$l or eac antenna el .ene‘ar

mai ntaining adj usy@@a@t@;ﬂﬁm 2 oiverer colpledieo fae Srsgrmigoal,Atiug h 204 1%, o1 on
for each antenna e until” a second steady state is obtained at a :
optingl  pes3g6 eipdlaliddfmtesubsequent to the first time. 30 30. A Trethqd for

i Mprovi ng system perfarsnanc f th Gl fid mm-pmevmnm@ﬁﬂs i sing:
18 November  2ig5fimst signal com: St prdabec By

gignal; and _ o
-thc gecond signal component produced by the ﬁl_fer is a quadrature pre-

transmission signal.
N “The first communication device of Claim 37, wherem.

o firat commumcauon demce based on at least

thé wransmitted signal is sent by the
© one fime-division multiple access (TDMA) pmtocol

The first commumcahon devme ofClaini 37, wherein: .
commumcatmn davwe basad on at least . -

protocol.

5 42 N
: - the transmitted signal is sent by the_ ﬁmt
one frequency-division maultiple-access (FDMA)

A first communication device, comprising:

43, on
the baseband system configured to send a pre-transmi

20 a baseband system,

| ; the
Al quahty-mdmatmn based signal modifier coupled to the bascband systent,

eristic of the pre-
quality-indication based signal modifier configured to mﬁ a chai:;t -
transmi recel
ed on a quahty-mdlcanon st
gsion signal bas O
‘ ion device {o produce a phurality of modified pre-transmis .
i jed to the quahty—mdwauon based st

nts cou
a plurality of antenna eleme p ity oo

_ _ore-transmigsion  signal from
modifier, cach modified-pre- with an antenna element from the plurality

jated
{ransmyission signals being uniquely assocl -
- h mod:ﬁed»pre—t:ansmsswn signal from the pturahty of mo
" {ransmission signal.

enna elements
= i ’ w-correlation version of the pre-

| 30 pre-transmlsmon signal being a lo

s A AR



receiving a quality-indication signal froma second comgyph&atd: 9ghsdevi ce
and a pre-transm ssion signal; dividing the p transtaission signal into a
first signal conponent and a second signal oonent; 5 adjusting at |east
one characteristic associated with at |east one fromthe group of the Ent
si gnal conponent and the second signal conponent based on the quality-
indicagion signal, the at |east one characteristic being fromthe group of
a power ratio and a -phase rotation; and conponent to produce conbining the
first signal conponent and the second signal pin 10 a tr=snit signal -
conponent uni quely associ-ated with an3gntenna element froma plurality of
antenna el enents, the transmt signal conponent for each antenna. el enent
fromthe pIuraIity of antenna el enents being a | ow correl ation version of

the pre-traussion signal 1 S _ 31. The rret hod ai.m %"mfbﬁl datioh he
.~cantrol th qua*l‘héﬁrstaehmmmcahomdgfmm eﬁ%éﬁé% ) %’ngﬁa'
powcr- at gnd haV| ng an-inc ase | C E4bCMsAuland dadinga

st eady- shased signal md!ﬁ@hmp g 3 YROPY @aﬁgﬁ otge

el ement s Iﬁ&%%ﬁi@fﬁ@%ﬁ%&wsw g,grmmﬁgtmghe Iural ]é'-FB‘% gﬁ?ﬁﬁ%%m at ed .

wi th t he®f as the |ncrease i ati ?g”{ &ﬁﬁﬁﬁéhtth&ﬁrﬁerl od
subse uewxﬁlsﬁoﬂsigﬂmnucmﬁmt@ "Inﬁ ﬁg“ﬁl od. 25 32. ,The :

met hod og’ d ai m 31&?\ﬁger%gpu?gpﬁttﬁ9mﬁfsi ﬂ@hﬁdﬂgmslonatopm %W@

ant enna v of

b saoone SR Ry PO

ant enna W%&%%mecmwmht d or eacht 5|
conponent associated w,th el enents PR P |gm1gﬁsmmcte@ wikh fibe ¢ he
transni ddjwshtthmmeponﬂ ﬁ&‘!"érﬁ?&‘"@?@%e%ﬁ en the remaini ng ant ena.-el enent s

from the ({)%H&g |;t¥g$§dgﬁalel ements are di.sable relative to the recording a

power rat th each antenna el errent

‘0_ The first oommumcatmn dmw of Clatm 43, wherem

the plurahty of antenna clements are configured to. send the plurality of mad:ﬁed-

- e
bré-tranmamon sxgnal to produce a tmnsnuttzd signal, the transmltted s;gnmcan oi
cénﬁgu.ted to have an optxmized power when received by the seccsnd comr

dmoe

45

46 | The first commumcahon devme of Claun 43, wherein:

20  device.

A method for a first communication device to communicate with &

ommunication link, the first communication device

the method comprising:

enna ents,
havog 2 DL o o ignal from the gecond comm mmunication device, the
rding to a Code-Division

receiving a quahty—mdlcauon si e
a power-control bl
quahty-mdlcmon SR trol bit having a value for each time

the power-con
Multiple-Access (COMA) protocol, the po e ing gencrted by 0

eriods, the power-con
fom Py OO g an adjustment to & power of a transmaitted

thata predetarmi_ned threshold requuement for

47.
second communication device overa ¢

25 .

period
second communication device and indicatin

30  signat at the first communication device s0

the second commumication device can be satisfied;

AMENDED SHEET
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fromthe plurality of antenna elenents; and r..udni anigQR0&nmEkSEBNt S
AMoNnrn 18 Novenber 2005 -33. - of the adjusting the power ratio associ ated
with at | east one fromthe group first signal conponent and the second

si gnal conponent for each antenna element fromthe plurality of antenna

el ements so that the power ratio associated wth each antenna el enent is
substantial ly maintained. 5 The rne~hod of O aim 32, wherein adjusting the
power 1s 33. perforned subsequent to. adjusting the phase. A fil~t

conmmruni cation device having a plurality of antenna 34. 10 elenents, -
conprising: a control-1ogic conponent.37t-he control -1 ogi c conponent
receiving a quality indication signal froma second conmunication, devi.ce

and produci ng | ur al j ( -8X WBbdhdns theanpiakitysindication igel ey t s
coupled to th i %%lp%xcog{)é 6K : '

oneht, each eircuit fr Em '
pl ural it yaQénifkd ﬁ@ﬁnﬁﬁﬁgaﬁwwmﬁm%%dgh% enng’ tg%gﬁrrr_setnt -
Romthe plurality a, of tenna e : | v4lté tnd itoown powepraiioa| j ty
of ci rcumméﬁ"ﬁ’&tﬂd{?ﬁ‘ﬁﬁﬁf}“ rhgé%%ogﬁwtﬁr‘gaqnst rzi 8sxon,.si E%ﬁll P&ased
on the plur.ali t%m%ﬁ@g%ﬁ&%ﬁﬁh@asmmwﬁhﬂfﬂ%ﬁ”ﬁwm s roma -
wei ght s 3 580¢'ated with a t tfl 4)§hwer %%e‘a?{dr Sth pofdr dtlrisivingnd
lural i tapioatvaie offthe frp e Plusd BREE 5EFaT'e vmttg ;&%QB%%?%
clement fromthe p, t 2 apover Bfio affiet,fthe ‘ i on
devi ce -ofthePawek @21,0 ‘éﬂ'é? gfﬁ{e ﬁ{e}ggﬁﬂgﬂﬂgui t fromthe plurality.oef circuits

has. a fidghﬁ,ﬁgxmghﬁﬁééﬁﬁpmii gured to receive a pre-=traasrnr.nissiaa

otgnalan . adjusting a total power of the transmitted signal based -on the received power
- control bit; o o
10 .. adjusting the phase rotation associated with the first PCG and the phase rotation

. | _ :
associated with the second PCG if the value for the power—cqn&ol bit at the_x.ngst_ recen /
time pétiod d1ffers from the value for the power-control bit at the-second most recent Ume

crodiond - S o
’ " adjusting the power ratio associated with the first PCG and the power 1::::1
| . ' intaini transnil
15 associated with the second PCG while maintsining the total pgwer_.qf ﬂ'.le A
signal 1f tﬁe value for the power—contol' it at the most recent ime petiod differs ﬁ‘om'
- ' bi recent time period; '
' wer-control bit at the second most ; ‘ _
e ; the complex weighting {0 produce a

-modifying transmission signal based on . _
o e : sion signal from

pluratity of modified pre-transmission signals, each modified prs s
20 the pluratity modified pre-transmission signals being uniquely associated with an
| i te; and _
element of the plurality antenna elemm s . | _
o sending the plurality of modified pro-transmission signals from the 1;»1u1:f’.111:3,'1::x
elements to pi-oducc the effective combined transmitted signal, the compie
ot with the total power of the transmitted signal and at least one

weighting being agsociated ‘ poier ‘ e o
a5  from a phase rotation and a power ratio agsociated with each antcona elem 7
ﬁluraﬁty of antenna elements. - "
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ice a first pre-transam ssion signal conponent and a segOQdlember 200
pre-transm ssion signal 25 1 enponent; ai adjuster a first signa

adj uster coupled to the filter, the first configured to receive the first
pre-transnfssian signal conmponent and a conpl ex weight fromthe plurality
of conplex weights, the first signal adjuster configured to send a 30

nodi fi ed- pre-transanfssian signal baseg on the conpl ex weight for the first
signal adjuster; and AMENDED SHFFr 18 Novenber 2005 -34- a second signal
adjuster-coupled to the filter, the second signal adjuster configured to

receive the sgeond signgal n conpl ex-wei ght signal fromthe
adj uster configured to @%@ﬂdﬁjﬁgﬁﬁé‘&ﬁqﬁ“?cﬁﬁ% ag XLt signals, the

second. si gnatcaividg bt #6rg combnmnstibs db@kk 8h&PAore PSRRIk abE l6&%n

wei ght for the Second signal, 5 ada~. e t 10t b(ggdeggon_c?ile g%ﬂrr%ipex

wei ght  °8R&K MYESIEPt eQrumppicAtion, deipess the fitst cameminication dsivigaecoompriping a

recei vee¥ite afichss 18 adj uster, the at |east one characteristic
bei ng f?om t%,e grgup %lﬁngg@bomr and a phase rotation, and the second

signal adj usteeleulating acomhplgureeightingratédriing! tol #RSEncLBE nford GualiflinGication
associated wth the second pre-transm ssion signal conponent based on.
t he- conﬁgg?(ls’ wei ght received by the second signal adjuster, the at | east

one char act eidchulinB %k Mhsf 5 WIS a]pﬁungiﬁpgf 12 g—lgafng%‘(% Io&asg%a?% ﬁi?%ctscgrdance

rotation, ' 37. The first communication devi _
conpr i sPiy: the|complléx weighting pipre-trhuishyissién aighenopiie! EERILS of prlrAdliQidde
pl urali Eﬁnﬁg acsi r{:ag%lts t he %onfi ured to send the plurality of
modi i edopxe- T O Ak antenna rloment nfi the Phuglity anfripa clgments, the subset of
~ pre-transmission signals modulated by adjusting at least one modulation feature of 2 plurali%y
of modulation features; and
sending the plurality of pre-transmission signals from the plurality of antenna
elements to yield a combined transmitted signal, the complex weighﬁng associated with an

‘optimization of the combined transmitted signal.

49, The method of Claim 48, wherein the optimization of the combined
transmitted signal further comprises minimizing a total power of the combined transmitied

signal.

50. The method of Claim 48, wherein the optimization of the combined
transmitted signal further comprises managing interference between the first connnunicaﬁon

device and the one or more second communication devices.

51. | The method of Claim 48, wherein the plurality of modulation features
comprise a total power of the transmitted signal, a phase rotation associated with an antenna
clement, a power ratio associated with an antenna element, an amplitude associated with an
antenna element, a time delay associated with an antenna element, and a frequency shift

associated with an antenna element,



signals to produce a transmtted signal, the transm ttegdngidnits 56af -
optinlized. power when received by the second comut ucati on device. 38. The
first cown,vication device of Claim34, wherein: is substantially

optim zed vvith respect to a. 25 the total power of the transmtted signal
fadi ng associated with a channel between the first conmunication device.
and the second communication device.3¢9. The first communication device of
Claim 34, wherein: is sent by the first nnunication device based on at

| east 30 the transm tted si gnal i Orie codedi Vi si on rrul tiple access
(CDVA) protocpl . 36. The bon. deyi ce.of Cl aim35, wherein
first signal “adjuster | & con guftg(gfm ’S?ma‘('\i?‘gﬁ%qg theerompler Welghtingt i c

h 18 Nowieeyding20@ke eBSor Mbre Eﬁhﬁt -inidSdatie IPURk FakhR RodfY y
wher ei n: EP{]%‘FP t fromthe };)I urali tsiggf SC| r cui fgﬁ)f |Sgsfﬁcg§8tﬁ§%llt g@ggtsa_. an

aual ogt GURf° ¥of grodulation denteres.t he. filter: and .a digital-to-anal og
converter coupled to the fi rst sigl adjuster and the second signal
adjuster; ~issiou the first signal conponent produced by the filter is an

i npbage | ant 5§i gnal ; arthesmetid ofiQaiah 46 OWRGBRNalRH AICHE cQ)h‘i &%ﬁm Is

a qua Pre %hgln Si gnal 10 one tune-division nmulti pl e acc
pr ot ocolaccoﬁ‘lmg C{ope f%%%l%ﬂql‘%ﬂﬁloﬁéwﬂébf@ﬁ Tlcqmprisds: V\/nerel n t he

transmtter ghipgl 11 f Vi b n. at
| east: 42. device %f al m g é\%etrlglﬁzrllmg& ‘{'fo%nﬁwﬁqﬁﬁh 35 ation

features; and

maintaining a second modulation feature of the plurality of modulation features.

54. The method of Claim 48, wherein calculating the complex weighting
according to the one or more quality-indication signals further comprises:
substantially minimizing a total power of the transmitted signai; and

maintaining a modulation feature of the plurality of modulation features.

55, The method of Claim 48, wherein calculating the complex weighting
according to the one or more quality-indication signals further comprises:
adjusting a first modulation feature of the plurality of modulation features; and

maintaining a second modulation feature of the plurality of modulation features.

56. The method of Claim 48, wherein calculating the complex welghtmg
according to the one or more quality-indication signals further comprises:
substantially adjusting a total power of the transmitted signal; and

maintaining a modulation feature of the plurality of modulation features.



device transmtted signal is sent by the it comwicatigNy&hodaged on at

| east one frequency-division multiple-access (FDVA) Protocol. 43. A first
comnuni cati an devi ce, conprising: baseband system configured to send a
pre-vimm ssion d system the 20 a baseban signal; to the baseband system
the a gxv ity indicalion based signal nodifier Coupled eristic of the pre-
-indication basal signal nodifier confpgured to nodify a char, q gity
received froma second tansm ssion signal based on a quaiity~ication signal
and on device to produce a plurality of nodified pre-tra m ssion signals,

25 commeati nyi eafion bageq BdNA Clai j : | enrent.s, coupl ed
tothe q. lur ity nodifi edeproe. m%%ll ??’3‘5’?&8%%%&%“%%%6?‘33“0% 2%?%‘15%@?%
si gnal Reedlingéo the aseomemtre fuaity-findication sgnialsyfurtha@rosgirkss: si gnal s bei ng

uni quel y assqci ated wi.th an antes ssiori. JWal fromthe plurality of

modi f i ed- antag’ﬁ‘%%“%a\é\ﬁ’éﬂg}“é‘iﬂéwnn%aﬁ“ﬁ 8f tib‘? ®lyralitysph modulption| fgpfures sghide

si gnal  belimgingg O AL F4RESh urh 6 oY ion fBath ngwg' ssion 18
Novenber 2005 ;g|3(_j The first lcoﬁﬁmn?cgt{ﬂ?gﬁlm e iogé%oc?ﬁj Ogﬁf%%?” erein the
qual i ty-i ndi édiubting thetsecdnds ewdsiagom| featoct fubile madituidig- tie Yiett@bdulation
nmodul at or ghe vector nodul ator including a filter's he filt a first

si gnal a&fulfs‘ter and a second signal adjuster, ter! configured to split the
pre- ' 5 transm sgion signal into -a fast signal conponent and a seed

signal conponent, the first eal to adjust the first signal canmpont based
on a conpl ex>%ei ght  f iHe methpd of €aigoss,i whgreintraldwiatingcha dosiplmakeightinst er

conf i guE&Ardifle to the one or more quality-indication signals further comprises:
adjusting a first modulation feature of the plurality of modulation features while
maintaining a second modulation feature of the plurality of modulation features until a first
steady state is obtained;
adjusting the second modulation feature while maintaining the first modulation

feature; and

adjusting the first modulation feature while maintaining the second modulation

feature until a second steady state is obtained.

- 59. The method of Claim 48, wherein calculating the complex weighting

according to the one or more quality-indication signals further comprises:

detecting a first steady state of the one or more quality-indication signals;

adjusting a phase rotation associated with an antenna element of the plurality of
antenna elements;

selecting a first direction for the phase rotation associated with the antenna element;
and '

‘adjusting the phase rotation in the first direction until a second steady state of the one

or more quality-indication signals is detected.



asoei ated with the quality-indication si 1j t the secpqg_Ngj,@,%h@grrponernt

based on a conpl ex weight associated with the q Ity indica#on Signal. . 10
The first comruni cation device of Claim43, wherein. 45. fied~ the

plurality ofantcnna elenments are configured to.. send alb plurality of

inodi tted signal, tlxe txan t signal being pre-4avnssian signal to

produce a gored to have an optuni zed power when rer~rived by the second con

catlo . :1% device. - . 46. The first conmunication device of Caim43,

wherein: with respect to a Wng associ ated the power of the transmtted

signal is ~~ggnd the Seﬂﬁ%ﬁﬁmgﬁ?%iﬁ?gh?ﬁéﬁh a channel between the first

comuni cation 20 device. 47A ir'st conmacation device to
comuni cat e ‘thet bee tor auomeutaliteindiativi sighals' SHdHREM pHRIRALIFORbwWE ConBYEN @
Cot | UniGat~An .link, having a plu Ity of antenna el enents, the nethod conp
g dev FEEPSy lity-indiaation signal fromthe second communi cati on 25
receiving a : Lodlgat i i | comprising.a..
bover - cont rof o ¢HAg o SnpleriViB@l baBHER IR T pRRERLREY Hehion e

| Vi le- Agedls fdnwpnpriseo edjbstidghihe moe-or. moenasdilegbhbfatutes ofitel fluta@6abi t Y

of time . the Power-control bit being g period. froma p adjustnent to
3 3tio KRR oo

a power second commruni cati on devi se and indicating ed
threshold requirenent for 30 signal at the first conmunication device sa
that a predetermii the second comuni cati on device canbe satisfied; .
AVENDED SHEETL. The method of Claim 48, wherein:

the one or more quality-indication signals comprises a plurality of power confrol
groups;

the one or more modulation features comprises a first set of modulation features and a
second set of modulation features; and

calculating the complex weighting according to the one or more quality-indication
signals further comprises:

adjusting the first set while maintaining the second set if a first bit value for a

power-control bit at a first time period corresponds to a second bit value for a power-control

bit at a second time period; and

adjusting the second set while maintaining the first set if the first bit value
differs from the second bit value.



18 Novenber 2005 -37- calculating a conplex weighting bg3gfefberibss
quality-indication signal, the transmtted signal including a first power
control group (PCG and a second PCG the first PCG being-associated with
its own phase rotation having a value and its own Power ratio having a
val ue, the second PCG being associated with its own phase rotation having
the phase rotation value of the firs#2PCG plus a phase offset and its own
power ratio having the power ratio value of the first PCG plus a power
rati o o#i bet, the calculating of the conplex woightiYtg conprising:
adjusting a total power of the transmtted signal based -on the received
power - control bit; - 10 adjusting the phase rotation associated with

the first PC@and the ﬁ[t‘l?egﬁet 84 8t &R %s%jﬂ%hgd with the second PCGif the

val ue for the power-co it at the hoSt récent tine period differs fi;

om t he val ue theoone e powequatipnindidatibh tsigitals bempeesnd IRslity! ST ert EdiBrol
peri od; §?@uds‘ad' usting the power ratio associated w tﬁ the first PCG-and the
power r 10> e tot al power. of the traxnit#~d 15 associated with the

second PCG WahlcglafBj; M bohp@x ArdibRi bR | gpal, if the val ue. for the
power -control_ bi tﬂg% t he. rrg%t re enrfg%‘lsrrgdl% ??&%é\gg?ﬁ’g oid ‘ﬁ'ﬁ%l%' indicaion
power - c 8ighpls further camptibes: second nost recent tinme p iodo el tix~ to produce

a -nong a pre-trapsm.ssi si gnal sed on the conplex g pre-tra m
plurality of nodi F?Jé‘gh‘b% %?‘fq?lé??-%‘é‘*ﬁi% ?%ﬁ%ﬂ# signglankile,maintaigingstle ene of gnal
from 2thoird egdulitiohi feyurmdsfi ot 11564 j ' i Ly
associated with alrJ ant gn_nafﬂéfghngéll?yoéﬁ?ﬁgmgﬁ?ﬁ?gﬁaptﬁéggﬁ%@nﬁ@%ﬂq}élrégﬁ’ﬁgi;%r and
sendi ngCeMHEel granps if 2 firsébit value foraipew er-comtrohbis at o firss tigradesiotitootrelpnps toral i ty

of ant produce, t.he effecti.ve canhined transmtted signal,

the conp g@d it\/\glgfé%??rn%ﬁ)% ?rﬁcéméglslb% P %%Oﬂé bﬂ‘etﬂ‘?gg&&“gl power of the

transmtted signahdjastthgathe one ®% tm&eanddul it Tedtupl 6?&19&)%11%1 @inx?.oﬁulgﬁ’cwfr
ral ity o

rati o agsoci at w th, each antes elenent fromthe plu antenna
el enent Katufes & pdptaympg, the total power of the transmitted signal if the first bit value

differs from the second bit value.

63. The method of Claim 48, wherein the first communication device is
operable to communicate with the one or more second communication devices using one or

more communication links configured according to a Code Division Multiple Access
(CDMA)) protocol.

64. The method of Claim 48, wherein the first communication device is
operable to communicate with the one or more second communication devices using one or

more communication links configured according to a Time Division Multiple Access
(TDMA) protocol.

65. The method of Claim 48, wherein the first communication device is
operable to communicate with the one or more second communication devices using one or

more communication links configured -according to a Frequency Division Multiple Access
(FDMA) protocol. '



38 48. A nethod for communicating a signal, conprising:(ghge&hid:Bghsat a
first conmuni cation device one or nore quality-indication signals from one
or nore second comuni cation devices, the first conmmunication device
conprising a plurality of antenna el enents; cal culating a conpl ex

wei ghting according to the one or nore quality-indication signals;

nmodul ating at | east a subset of a plugality of pre-transm ssion signals in
accordance wth the conplex weighting, a pre-transm ssion signal of the
plurality. of pre-transm ssion signals associated with an antenna el enent
of the pluraljty anten el e t t.he subset of pre-transm ssion signals
modul at ed by dzgttlj usting emgﬁgogﬁéa”ﬁbﬁﬂ”éﬁeﬁh feature of a plurality of
nodul ati on f k¢ BF€8s ; | [ . e-t r.ansm ssi on signal s
fromthe plurality O@Eﬁﬁcﬁﬁﬁg“&gfiﬁnﬁﬁﬁ g%l%sé?ggrac% ({:r %nn%rl[l %agltﬁmt g’r?gh"‘i‘nﬁt ed
signal , the dbppnes mereghtindgoasswdcationdevictcoanpri @i B atdrk Baseafatiohe
conbined transmtted signal. 49. The nethod of C aim48, wherein the
optim zation of the conbined transmtted signal further conprises
mnimzing agyotal powerheGhethb® ihned mtted signal. 50. The

met hod of Cl aim 48, wherein theoggtr%m?é%%%&gf the conbined transmtted
si gnal f urt héke fishemmimssicatiorediving domperistes base ataieny@en t he first

conmuni cati o Vi nd _the one or.npre second conmuni cati on devices. 51.
The met hod o?ﬂ ecglg? Pnlci%)% evﬁ%‘é’?@ HO‘PWém’pﬂgﬁ?%ldPWjeSoFo%’a‘Eﬂ B¢ §h mergtsybacsiber
conpr i seomninaicatiop@vetesof the transmtted signal, a phase rotation
.associated with an antenna elenent, a power ratio associated with an
antenna el ement, an anplitude associated with an antenna elenent, a tine

del ay associgged with e t,,and a frequency shift associated
e RN G5B

with an antenna el enent. BY052. The method of O ai m 48,
wher ei n cal cthiedirsirmgninnenicoiopl dexicebiptisait: ARESRAE Hafgnl shd he one or nore
qual ity-indigation signals further conprises adjusting at |east a subset
of the pl uralft{PeHr MeiguicsPd romanmination dsgcesTémmpristchart of mat@savodd base
wher ei nsig@dgul ati ng t he conpl ex wei ghting

69. The method of Claim 48, wherein:
the first communication device comprises a first subscriber communication device;

and

the one or more second communication devices comprise one or more second

subscriber communication devices.

70. ' The method of Claim 48, wherein the one or more quality-indication
signals comprise a power-control bit, the power-control bit indicating a requested adjustment

to a power of the transmitted signal associated with the first communication device.

71. The method of Claim 48, wherein the one or more quality-indication

signals comprise a frame quality indicator.



according to the one or nore quality-indication signal sidndgvkRsd: 2665TPpr i Ses:
substantially optimzing a first nodul ation feature of the plurality of
nodul ation features; and nmaintaining a second nodul ati on feature of the
plurality of nodul ation features. 54. The method of C aim 48, wherein

cal cul'ating the conpl ex weighting according to the one or nore quality

i ndi cation signals further conprises:4gubstantially mnimzing a total
power of the transmitted signal; and nmaintaining a nodul ation feature of
the plurality of nodul ation features. 55. The nethod of C aim48, wherein

cal cul ati ng e conpl ex wei ghti.n according.to the one or nore

qual i ty-i ndi ::éti on si g)riglilesmg{fpfiﬁgpl%@r% i‘@ég"fmﬁﬂidﬂgaﬁpﬁét leastithe subsefnfithe i on
feature alifyCoP lnié-ahi QBQM atd res; i - Bl ond
nodul at ing f_;ﬂygt urpe o?h%nﬁgﬁ%ﬁlur al iisti/d g&Jrrm&‘%ltﬁPa‘?lﬁ%nﬁg%gpﬁ%{;%@{.tﬂ%hgmaﬁ%fhod
of C ai #PB@riseherein cal cul ating the conpl ex weighting according to the
one or nore iVa%linty-in ication ngﬂiLs furt her conpri ses: substantiaIIY
adj usting a £o0ds B folisrrrmission: SERL e aetirst signal) comppmentyandt spq9nd gigna
modul at icompbgatur e of the plurality.of nodul ation features. 18 Novemnber

2005 40 57. The nethod of C aim 48, wherein calculating the conpl ex ,
wei ghting aédigsng thet first signdmemponensraad dbabédond isipiat adrnpmment gnadesrdatics her
conpri sess i i |.rst dul ation feature of the plurality of
nDduIat?@%lﬁgg#%%%ng%g%g%’Wﬁpﬁtaining a second nodul ation feature of the
plurality of combinigs fheirkt esmpcRel A tHS 5ddofd bRaengRfefrodul ation
feature while nmaintaining the first nodul ation feature. "'58. The nethod of
Cl aim 48, wherein calculating the conplex weighting according to the one
or nore quality-indication signals further conprises: adjusting a first
nodul ation feature of the plurality of nodul ation features while

mai nt ai ni ng a second nodul ation feature of the plurality of nodul ation
features until a first steady state is obtained; adjusting the second
nodul ati on feature while maintaining the first nodulation feature; and

adjusting the first nodul ati on feature while maintaining the second
nodul ati on



i

feature until a second steady state is obtained. 59. Thg Nwihed26ds C ai m
48, wherein cal culating the conplex weighting according to the one or nore
gquality-indication signals further conprises: detecting a first steady.
state of the one or nore quality-indication signals; adjusting a phase
rotation associated wth an antenna el enent of the plurality of antenna

el ements; selecting a first directioy4 or the phase rotation associated
with the antenna el ement; and adjusting the phase rotation in the first
direction until a second steady state of the one or nore

qual ity-indication signgls,,i tect.ed.. 18 venber .2005 41 60. The et hod
of d ai m 48, 7\?,her ein: t‘%gﬁ Sotr?émgnﬁmﬁ%&lgn&ﬁgf)? E‘S;-CPW(E‘?‘H‘&%%% aé}%lﬁngmEBﬂﬁgi ses
a plurality ebnpoMegicepetablito: groups; and cal cul ating the conpl ex weighting
according to the one or nore quality-indication signals further conprises
adj usting the one TBf°LYfoPBE s ML Mualitidedication signalhefrphuomsl bt yn@k second

nmodul at icgRnhiRAdK6E Jevilds: fl;[&]e met hod of Cl aim 48, wherein: the one or nore
guality-indication signals conprises a plurality of power control groups;

the one or nore nwdlchiatd Doorhgiek Wedthti®@MREMERS 18 thd (‘Srﬁatoﬁﬁ(grleuaHB{diﬂhﬁﬁta&{‘
features, and a , second set of nodul ation features; and cal culating the
conpl exs‘%%hﬂdng according to the one or nore quality-indication signals
further conpphses; LdssSitii i || e, maintainin BBe cond set
if afirst bit vaﬁogg?g‘?&‘?%é‘gi\%gr@é%ﬁ?o o1 gt i FBerah@, 8 pmtnlalS o S
cor r espofgst oHa phualityrud pretransthissioh efgnals{if\WeEord@WeWith (iR donffleR wRBARIAG, L1 e
peri od; ,and a'%j klstig&; he second set while maintaining the first set It the
first biE SR &L PHFispussonignalemodulaied by adiusiing at leag aueveoddationoosureo

of a plurality of modulation features; and

a plurality of antenna elements coupled to the one or more circuits and operable to
transmit the. plurality of pre-.transmission signals to yield a combined transmitted signal, a
pre-transmission signal of the plurality of pre-transmission signals associated with an antenna
element of the plurality antenna elements, the complex weighting associated with an

optimization of the combined transmitted signal.

74. The first communication device of Claim 73, wherein the optimization
of the combined transmitted signal further comprises minimizing a total power of the

combined transmitted signal.

75. The first communication device of Claim 73, wherein the optimization
of the combined transmitted signal further comprises managing interference between the ﬁfst

communication device and the one or more second communication devices. ,

76. The first communication device of Claim 73, wherein the plurality of
modulation features comprise a total power of the fransmitfed signal, a phase rotation
associated with an antenna element, a power ratio associated with an antenna element, an
amplitude assooiated with an antenna element, a time delay associated with an antenna

element, and a frequency shift associated with an antenna element.



62. The nmethod of Cl aim 48, wherein: the one or nore quglNdmbdigbgation
signals conprises a plurality of power control groups; and cal culating the
conpl ex wei ghting according to the one or nore quality indication signals
further conprises: adjusting a total power of the transmitted signal while
mai ntai ning the one or nore nodul ation features of the plurality of

nodul ation features of the plurality #44 power control groups if a first
bit value for a power-control bit at a first tinme period corresponds to a
second bit value for a power-control bit at a second tine period; and
adjusting th ne or | at 1 on features .t | urali of

nodul ati on 1?7 e7:Qit ures m lfeeﬁpgrrg#bn ;%Fﬂlf?ﬁtbor‘t#?é”‘ie@f glauﬁ’oh&e&eo‘?onﬁﬁ’y‘ﬁ%%ﬁﬁl?_ed
si gnal ith caloelafel the tohplex waigiing Abédréing th HRBAS nSRE QLML i he
met hod of,. q.ai m 48, wher ei ngj?lhg first %com*runi cati onaggbt?c%dl}égﬁd{g%%?dgsb?g to
conmuni CAMSHHE plersh @ suhnst of thaphualys o6 medsletinu fiabmes. on devi ces using one or
nmore communi cation |inks configured according to a Code Division Miultiple
Access (CDVA) protocol. 64. The nethod of C aim 48, wherein the first
communi cat i off8devi ce i ﬁhcdh@lf@hhﬁuﬂi@atmm&%b%@C@aix\ﬁ{iﬁ?;btﬁefh%n%ﬂo%{c cﬂﬁfa%le
second &omﬁun]%ca%})on devi ces_using one or nore conmuni cation 'l nKs

conf i gure VSRt Ye fgmplxaveightingrcqosding tavithe pid er more guality-TnkiBytioar sgmdol .

. 65. Theymet hod of O aim 48, wherein the first comunication device is
operable to comunicate with the one or nore second comuni cati on devi ces
using one or substanéialiy roptiniiziag i 0 firdti Msulens ifgiire brageopidtgy 0 BodiQEeENCy
Di vi si O?GHIMI st_i | e Access (FDMA) protocol. 18 Novenber 2005 43 66. The

met hod of "C"&i"nmm 48, wherein: the first communi cation device conprises a
subscri ber cqmmm'hﬁgég o= D . nd conmuni cati on
devi ces conprise one og&rorg(?igbgg!sagag?%t'?%%sf%g)}&ra%&%%%ﬁug%m&ﬁ%ﬁuﬁﬁsm 48,

wherein: the first conmunication device conprises a base station; and the

one or nore sgcond co ni.cati on devi.ces co ise one or nore subscri ber
, §& T S communication dewcggg (lllalem 73, the control logic operable

to calculate the complex weighting according to the one or more quality-indication signals
by

substantially minimizing a total power of the transmitted signal; and

maintaining a modulation feature of the plurality of modulation features.

80. - The first communication device of Claim 73, the control logic operable
_to calculate the complex weighting according to the one or more quality-indication signals
by:

adjusting a first modulation feature of the plurality of modulation features; and

maintaining a second modulation feature of the plurality of modulation features.

81. The first communication device of Claim 73, the control Iogic operable
to calculate the complex weighting according to the one or more quality-indication signals
by:

substantially adjusting a total power of the transmitted signal; and

maintaining a modulation feature of the plurality of modulation features.



conmmuni cation devices. 68. The nethod of C aim 48, wher ¢ GovelnB& 2bbg St

communi cati on device conprises a first base station; and the one or nore
second ' communi cati on devices conprise one or nore second base  .stations.
69. The nethod of Cl aim 48, wherein: the first commrunication device
conprises a first subscriber comunication device; and the one or nore
second commruni cati on devi ces conpri.sejgone or nore second subscri ber
conmmuni cation devices. 70. The nethod of C aim 48, wherein the one or nore
quality-indication signals conprise a power-control bit, the power-contro
bit indicati a requeseds ad nt. tp a r. of,the transm.tted signal
associ at ed V\,iQ?h t heqfi f’f;ﬁre con#?ﬁn{g%ﬁ%oﬁ ‘%@{?F%@ﬁa}ﬁl Fhﬂji]ée ?@ﬁ?gg)géﬁoiﬁrﬁl?ng48,

wher ei n te leelcolhi e coatpdexqweldhtifg iabehirdiakitdthe 5hdBALrE q&ﬂﬁﬂéﬁﬁd@aﬁc{ als .
quality.indicator. 18 Novenber 2005 44 72. The nethod of al m 48, erein

nodul at ibﬁfg at |least the subset of the plurality of pre-transm ssion signals
i n accordanc 7 h - ey in urther. c rises: dividing a
pre-transni s?fijgrslﬁlgg tsngﬁs?;ﬁ%g‘fﬁgmﬁﬁeg{ﬁ}% Pg r%%‘? pilg%tgn%ﬁgﬂ’élﬁgl% nstg?:laﬁ'ﬂ ¥fghal
conponemaintaisingst secgnd e dfdatiss. fahgaaf the pIRMG I natRIddda 8RR8I gnal
conmponent in cordance w th the conplex weighting; and conbining the
first signal Wﬁ%gﬂ‘f sgerRd; modulation deafiem avhileompinening 8 Fotombdula@Os 45
73. A fifgasirecomruni cati on device for comunicating a signal, conprising:
control logic operable to: receive one or nore quagity-indication signal s
fromone or nore second comunication devices; and cal cul ate a conpl ex

wei ghti ng acgordi ng to.the. one or nore quality-indication
9 g 2 %9 9 ’Ithe?irst commumcatlon%ex?ice o%( Claim 73, the control logic operable

to calculate the complex weighting according to the one or more quality-indication signals
by:

adjusting a first modulation feature of the plurality of modulation features while
maintaining a second modulation feature of the plurality of modulation features until a first

steady state is obtained;

adjusting the second modulation feature while maintaining the first modulation
feature; and

adjusting the first modulation feature while maintaining the second modulation
feature uniil a second steady state is obtained. |



to nodul ate at least a subset of a plurality of pre-transm ssion signals
in accordance with the conpl ex weighting, the subset of pre-transni ssion
signal s nodul ated by adjusting at | east one nodul ation feature of a
plurality of nodul ation features; and a plurality of antenna el enments
coupled to the one or nore circuits agg operable to transmt the.
plurality of pre-transm ssion signals to yield a conbined transmtted
signal, a pre-transm ssion signal of the plurality of pre-transm ssion
signal s assogjated with an antenna el enent of the J?I urality antenna

el enents, thé&dconpl ex wBiefist sngumyaisation davicgiafiClaim 7hphé edntral lagic opersbie

conbi ne j ' A e first.comunication.device.of C aim
79 wher 2 CERARM eidam Bl Reientfy o Mlnk 51 hE AT SRRt CORUOSHRRISH epier
conpriséy:mnimzing a total power of the conbined transmtted signal. 75.
The first cogguni,cati on device of Claim 73, wherein the optimzation of
the conbi ned 9FesHRHR first gteadyiate of the ensroraners quality-indicationigials;er f er ence

communt cat i on isrs SCPHE SRb eI GE wl i AARE SonR' G H8l e of

wher ei nanlgengpelemantsi y of nodul ation features conprise a total power of the

transmtted Si@g@%’ gggﬁse.ro atjon associated with an antenna el enent, a
power ratio § &t PHioghiog thephase apatiom pssogigtedaith itha esennasdomente d

W th anggptenna elenment, a tinme delay associated with an antenna el enent,

and a frequency shift associated with an antenna el enent. 18 Novenber 2005

46 77. The f pdigstingimphassabiation de tecfirsodirddtion iniiBa sédoad ¢RadY Satd TIhE one
oper abl 0 cal.cul ate .the, c | ex wej ghting according to the one or nore
qual i ty-grl%léfecual{a’:h ﬁmgiwﬁﬁﬁﬁl?gﬁglg%a‘gﬁt%ﬁ-ng at |east a subset of the plurality
of nodul ation features. 78. The first communi cati on device of Caim73, the
control |ogi¢c_operable to calculate the conplex weighting according to the
one or nore H¥ality-indihedEsteamsiupication doyice ofl Ctimit3, sdhkseimpt i mi zi ng a

first nodul agl.on. f fothe. plurality of nodulation. feagtures; and
nai nt ai ni ngag{esﬂéeoﬁggﬁﬁ%gtﬁ%%l 0 djgg%?% F'@I%IF PR PaP ALY ©F ROSRE fonEAl
f eat ur egroups; and _

the control logic is operable to calculate the coniplex weighting according to the one

or more quality-indication signals by adjusting the one or more modulation features of the

plurality of modulation features.

86. '7 The first c;ommunication device of Claim 73, wherein:
the one or more quality-indication signals comprises a plurality of power control
. Broups, '

the one or more modulation features comprises a first set of modulation features aﬁd a
second set of modulation features; and

the control logic is operable to calculate the complex'weighting according to the one
or more quality-indication signals by:

adjusting the first set while maintaining the second set if a first bit value for a
power-control bit at a first time period corresponds to a second bit value for a power-control
. bit at a second time period; and

_ adjusting the second set while maintaining the first set if the first bit value
differs from the second bit value.



79. The first conmunication device of Caim73, the comMgmvehpgiztosper abl e
to cal cul ate the conpl ex weighting according to the one or nore
quality-indication signals by. substantially mnimzing a total power . of
the transmitted signal; and nmaintaining a nodulation feature of the
plurality of nodul ation features. 80. The first comuni cation device of
Claim73, the control |ogic operable 4§00 calculate the conplex weighting
according to the one or nore quality-indication signals by. adjusting a
first nodulation feature of the plurality of nodul ation features; and

mai nt ai ni ng 387second the plurality of nodul ation

| ation feature of )
features. 81.°'The fi r%‘%ﬁﬁbﬁ‘?@%ﬁu%&%@@ lapp mwisreinhe control | ogic
oper abl e to thalogbl @t Qoth ﬁ%(ﬁ&tmi j ;0 d] t one. or re
qgual i ty-indi cation signal gu by: subst a% |d§%]|g§’/‘%§‘§%ﬁs‘i ilaﬁ“lgrhgtyt%fg?wﬁrow%gf
the trafBo§nst @& signal; and maintaining a nodul ation feature of the

plurality of l.ati,on features. 1 vepber 2005 47 82. The first
communi cati o gﬂ% g(\ylllltf:oé Iggic &5 %ﬁ%@% to Pﬂ%ﬁg@r{gg spmplsyiveigpmeascerdingotocthe oue at e
the conmpk exorvgigliti-inticala@idialithy: 0 the one or nmore quality-indication
signals by: adjusting a first rodul ation feature of the plurality of

modul ati on f eat ur @diughng e totabpower ofi the tansmitted dignmicwhidé hainidieniohe ofk ot he

plurali f t e res; d adjysti.ng the second nodul ation

Peat ur o ke SRRt Gt e oo fiodRiatAT feabies, i hegelufi of pover
comuni centraligreleisiit & fiedt bEhalu® f88a pbRer-estdl ' ﬁﬁféeé | ul ate
t he con‘gl ex \ge%fgg accordi ng ?8 thiéa one g#tahg?gﬁqual %dﬁ:ﬁg&%’%@lﬂ%ﬁoé

si gnal s o994 b gRine fohg pawer-¢antrokbil ot asecond tismneriedodndt he plural ity of
nodul ati on feat urgs;,whi i nt.ainin econd nodul ati on .feature of the
plurality of rmdulggltuig\%ﬁré @ga%r%sﬁa{r%t?lgd@a 'k getag“ggt %ﬁ'&'ﬁ plyrality ¢ mBE‘ﬂléﬁ%d;
adj ust i frgturbe véhileaneintabdug ghé aotaf pater 6f WY Lend@ed AghhNer taerfst bit value

nodul at i eature; and,
differs %rom'tﬂe second glt value.

88. The first communication device of Claim 73, operable to communicate
with the one or more second communication devices using oné or more communication links

configured according to a Code Division Multiple Access (CDMA) protocol.

89. The first communication device of Claim 73, operable to communicate
- with the one or more second communication devices using one or more communication links

configured according to a Time Division Multiple Access (TDMA) protocol.

90. The first communication device of Claim 73, operable to communicate
with the one or more second communication devices using one or more communication links

configured according to a Frequency Division Multiple Access (FDMA) protocol.

91. The first communication device of Claim 73, wherein:
the first communication device comprises a subscriber communication device; and

the one or more second communication devices comprise one or more base stations.



adjusting the first nodul ation feature while maintaini ng NfEmSSso6uEd

nodul ation feature until a second steady state is obtained. 18 Novenber
-2005 48 84. The first comruni cation device of Claim73, the control l|ogic
operable to calculate the conplex weighting according to the one or nore
quality-indication signals by: detecting a first steady state of the one
or nore quality-indication signals; agjusting a phase rotation associ ated
with an antenna el enent of the plurality of antenna elenents; selecting a
first direction for the phase rotation associated with the antenna el enent;
and adj usti ngst he phaseyr tion in the first directjion until a second

st eady st at eg(%’f t he on?heo gtrﬁﬂngnwgﬁ _emaioggfgarn@n J "SI i s det ect ed.
85. The fir sthcfgneomhaahicaford@ideotlprisbad Psé3ratihel R n: the one or nore
quality-indication signals conprises a plurality of power control groups;
and the cont H§ OR%gF @qre sspendporamupicetivrc dbvites Coreprisephesr weorg Hubdtgiber
accor di B&nﬁﬁmlcgﬁ Ip@gvice%r nore quality-indication signals by adjusting the
one or nore nodul ation features of the plurality of nodul ation features.
86. The first communication device of Claim73, wherein: the one or nore
qual i ty-i ndingslti on signals conprises a plurality of power control groups;
the one or e nodul atlhsgirstegmpmutcasionsievise of Glafinr /St wheteinf modul ati on

features and%m%ﬂmglﬁ . Of lati.on features. .and the control logic is
operable to calculate g@%r%ﬁ%%%ﬁ%%ﬁﬁ%@%@fﬁ@?ﬂ& g the one or nore
qual i ty-i ndi tetdnerorsigreadesoly comfliunidation dbViBed édripriseCdn by ba%ré@écﬁﬁc?bﬁﬁeng
t he secq[ntg set if afirst bit value for a power-control bit at a first
time pe?fl (H:"Scorresponds to a second bit value for a power-control bit at a
second time period; and adj.usting the second set while maintaining the
first set if the first bit value differs fromthe second bit val ue.

9 The first communication device of Claim 73, wherein:

the first communication device comprises a first subscriber communication device;

and

the one or more second communication devices comprise one or more second

subscriber communication devices.

9s. - - The first communication device of Claim 73, wherein the one or more
quality-indication signals comprise a power-control bit, the power-control bit indicating a
requested adjustment to a power of the transrﬁitted signal associated with the first
communication device.

6. - The first communication device of Claim 73, wherein the one or more

7 quality-indication signals comprise a frame quality indicator.



18 Novenber 2005 49 87. The first communication device &fyfhRbdhodss
wherein: the one or nore quality-indication signals conprises a plurality
of power control groups; and the control logic is operable to calculate
t he conpl ex wei ghting according. to the one or nore quality-indication
signals by: adjusting a total power of the transmtted signal while

mai ntai ning the one or nore nodul atign features of the plurality of

modul ati on features of the plurality of power control groups if a first
bit value for a power-control bit at a first tine period corresponds to a

second bit vajjue for a 3 r i . a ond tine period, and.
adj usting thé one or m?@g\ﬁn%égﬁ%u%lncaﬁ%%fi g\%l%%o’i&faflﬁgﬂplﬂlﬁ S Qrymeje circuits

modul at ioparableetit micelulathiak deadithé 3ubNed Gitihe flatality POYRE-tRhstRGod rﬂ@ﬁg@ h}red
signal if the firgt bit value_ differs fromthe 'second bit value:  88. The
first cERIATCAM somplexgyeightmghyr3, operabl e to communicate with the

one or nore 12008y i on.. . GEeS HSLN ne or _nore conmunication
links confi ﬁ‘ﬁgﬁgaacc or di ﬁlgﬁgs%)?% I%ée %alvillilrs"’ﬂ'lk 8]%11%11?%1%“811%%% §ec(°@f)l§1!$“a?

pr ot ocolcom@@nenthe first communication device of Claim73, operable to
communi cate w th t&en%le .0r _nore second conmuni cati on devices using one or
more conmuni 8&6’?‘6%’ erfist sigealicomppnent #d dhelsergnd signalrperapaient @i ancotdahcé pl e
Access HMc&ﬁﬁfeﬂQ@ightﬁ% e first commnication device of Caim73,
operabl e to conmuni cate ’%1}1 the one or nore second communi cati on devi ces
usi ng one or combmingtmfinstaignabeorhponkst andahé s@uné digagicdhPonantt 0 a Frequency
Division Multiple Access (FDVA) protocol. 91. The first comrunication
device of Caim73, wherein: the first communication device conprises a
subscri ber conmuni cati on device; and the one or nore second communi cation
devi ces conprise one or nore base stations. 18 Novenber 2005 50 92. The
first conmunication device of Claim73, wherein: the first comunication
devi ce conprises a base station; and the one or nore second conmuni cation
devi ces conprise one or nore subscriber conmunication devices.




93. The first communication device of Caim73, wherei Nig ndvBRndriob&d :
comuni cation device conprises a first base station; f t he one or nore
second communi cation devices conprise one or nore second base stations.

94. The first conmmunication. device of Claim73, wherein: the first

comuni cation device conprises a first subscriber comruni cation device; and
the one or nore second communi cation gtevi ces conpri se one or nore second
subscri ber conmuni cation devices. 95. The first comuni cati on devi ce of
Claim 73, wherein the one or nore -quality- indication signals conprise a

power - controlggbi t, the tro i ndi.catin request ed adj ust nent
to a power of fihe trans‘ﬁ’l %‘\‘% ?c?rncmu "mlg%tgl(%aastl@i’& WS first

conmmuni cat i omahey ifeerec8ifingThe ﬁist %bmﬁﬁﬁﬁﬂaﬂbﬁ deliel oﬁ@‘b‘r GBorRf uglg‘.-i{ﬂlﬁ §ﬁon
wherein the 211£1e or nore quali ty i ndi cation signals corrprl%

qual ity sighals d1emg rone 195 MgvreAsend Zopmsticadipn devises,i the tﬁrstommmunmamcnnddm/e ce
of O ai gbehy s operable to nodulate at |east the
?zﬁsexh% q gﬂﬁﬁh@{/ of gﬁ{eﬁlr;éé Elte Gidhis

subset of ansii ssion signals in accordance with the
conpl ex wei gmdang fduycalmlwtm.y B Gompize wielghfin gl a%@cb:ﬁﬂlgsiogﬂx%'oﬂe”ézonﬁré F

si gnal c%g%%gent algd a second signal conponent; adjusting the first 5| gnal
corrpone econd signal conponent in accordance wth the conpl ex

wei ghting; apacOMH Bh t nt. an he second i gnal
conponent. 18 I\Ioverrber&ga%x%e%“eg‘@ %\isysb %?% o‘?ﬁﬂfﬁ

conpri saqtrgrdamleamethf the comqﬂemmmmlﬁihgaafpré&hnﬁﬁimﬂls?m en ﬂ%ﬁﬁhﬁﬁﬂ?%@ p%_ mor e
qual i ty %Ipsdl .catian nal s .frogqmone or nore second conmuni cati on dévi ces,

the firs %Wﬁf‘%ﬁl ogfatef pdth anppienng %n@tﬁfthﬁalﬁﬂabwwfwehmntﬂ, greent s;
means  f aibseadfpid-ahhddtisdot SERASYo0E 1Y 1P AGH AR &8 ARIANE QLTS

qual i ty-
plurality of modulation features; and

means for sending the plurality of pre-transmission signals from the plurality of
antenna elements to yield a combined transmitted signal, the complex weighting associated

with an optimization of the combined transmitted signal. )



indication signals; nmeans for nodulating at |east a subgfloehnd Bhdirality
of pre-transm ssion signals in accordance with the conplex welghting, a
pre-transm ssion signal of the plurality of pre- transm ssion signals
associated with an antenna el enent of the plurality antenna el ements, the
subset of pre-transm ssion signals nodul ated by adjusting at |east one
nodul ation feature of a plurality ofsyodul ati on features; and neans for
sending the plurality of pre-transmi ssion signals fromthe plurality of
antenna elenments to yield a conbined transmtted signal, the conpl ex

wei ghting assgciated wth an optim zation of the conbined transmtted
signal . A 18 Rovenber 2bostEsl f9g commusicating & signdoenmeprisiag:i ng a si gnal ,

conprising: r : i 0 nication device one.or. nore

qual i ty- i met CCERtE B Al BonplleaBRETER ¢ Bhe Snt o Boftieliaf Porvlaomees.
the firsneaomurei wedridsom@MbRetieO Tt M Arst Rbihitinida¥ioR (e fRb LORBrEIgNENT S
operable to.transmt a transmtted signal, the plurality of anténna

el ement P19l ppignng elementsy apeaabletookransodtikatransmittehsignel thorpunkifyngf a
total p | . gnal . a se rotation associated with an
ant enn aggﬁgnrraé ﬂt‘gm%g& ;g%)s\r/(\)/e@%%rnaﬁﬁ;g pﬁg%%giog%oﬁ%%gﬂ f%f’%'“ﬁ?\ PURRESRE-GhiohY PORRT :
anpl i t ugé tessashmteisipgidha phasanbRAGR a8loeHRRAL witlR al bARINS EleA¥NAISRIIRLAMD W th
an ant enna ekegbn‘%gl%, and a frequency shift associated with an antenna

el enent *PRE 4 pyEnnaelemeas an awmplifude gssogiatad with e antsinarelgmient; 2 dime

f eat ur egefd SR g atd [ .t he one.qr..nore
qual i ty:=i ng?g%tciﬁdon S| gr?gfisﬂt%%ﬁprl sP?ngng'?a Frgciiseﬁ cﬁ?\%lﬁ %sgo%&ﬁim T

i ndi cat elemgnt the podelation fitatwries bompritihg apfiraeset 00 fodalatibh tfedtidk Gal iaNGcéhd
requestgq o%dg&)u nt.to a power of the.transmtted si ﬂnal associated with
the fir&¢ fop fp4tHRes 86 ore or moge ayality-indigaign istemelssempsigingat desstres! e t o

conmuni 6Rkefrihb Nyl mafcat&raﬂmaepﬁ%ﬂug?ggug{g@&%% Ro) BR°iiRlafife QNC ©F

nore conmuni cation |I'inks configured accor . one of.
Di vi si offaNested mdiusipendsto (aCPher pafo thee dtapsmitibi neigndd wisstciatedMwith phe fAscess

(TDVA) . - eque Divisi.on. Multiple ess (FDMA) protocol, the
first cg%&%ﬁ%g??%%ﬁoc&ﬁ?ﬁ%?WEmBﬂ@ VWBPB‘*@@@&H&Oé'H?HWt%th@W FBvi ces
are at beaste sendtorhbrinidatich deABEMNIRALAOBr ABYd ESntRIREGE finks SHISGTddPer
comruni cati gn deV|§g and the one or nore second comruni catl on devi ces

conpr i s¥BHESI Ab étb%éeeog taapdn Divisiea ¥ultiple donoss (ICERMAY protevolce Time
conpr i spi/idoR fABtipiE @E(:'CQQ’(’I@MAB Bleotg&:?, aoﬁreagén%y Division Multiple Access (FDMA)

protocol, the first communication device and the one or more second communication devices

are at least one of:

the first communication device comprises a subscriber comnmunication device,
and the one or more second communication devices cémprise one or more base stations;

the first communication device comprises a base station, and the one or more
second communication devices comprise one or more subscribef cofrununication devices;

the first communication device comprises a first base station, and the one or
more second communication devices comprise one or more second base stations; and

the first communication device comprises a first subscriber communication
device, and the one or more second communication devices comprise one or more second
subscriber communication devices;

calculating a complex weighting according to the one or more quality-indication

signals, the one or more quality-indication signals comprising a plurality of power control
groups, the complex weighting calculated by performing at least one of:

adjusting at least a subset of the plurality of modulation features;



second comuni cation devices conprise one or nore subschiR§emEQHoHNI Cation
devices; the first comrunication device conprises a first base station, and
the one or nore second comruni cation devices conprise one or nore second
base stations; and the first conmunication device conprises a first
subscri ber communicati on device, and the one or nore second comuni cation
devi ces conprise one or nore second §jbscriber comrunication devices;

cal cul ating a conpl ex weighting according to the one or nore
quality-indication signals, the one or nore quality-indication signals
conprising a pluraljty of power control groups, the conplex weighting

cal cul ated by per SBPsiHiglixt oplémizing e fost  augpdidationg fettulceat tha plubdlzy of t he

pl ural i tyodRiatgpd Lon f.eat L8 November 2005 54 substantially
optini zing & o rgétld %Eésﬁghél& I %&%ﬁ aft uFE° r’f“?ﬂs‘ﬁ?ﬂ% Z‘F‘Wrﬁ Bé ?hwgliﬂ&ﬁ’ i oh
f eat ur esgpodatutionditaniras;ni ng a second nodul ation feature of the plurality of

nodul ation features; substantially mnimzing a total power of the
transmitted signafubsigallyammigiizingga tetalodower iain thee dtansmittfl sipaalpl afdal i ty

of nod L '- ' ' fifst .o tiaqn feature of the
pl ur al Fﬁ%?ﬂ%ﬁg&ﬁﬁﬂ%ﬁ?@gﬁ% létgt,gc ?H’&éht?s?gf m"gﬁ‘rﬁgﬂ"ﬁﬁt‘g&%ﬁd nodul at i on

feature of the pl adjabitgya fifst rodulatibh Muﬁs@rufeqﬁmaﬁ%béﬁxﬁmmméyﬁe&ﬁ}éé%dﬁg a
total power, .of the trqalggg%tted signal, and maintaining a nodulation

f eat ur e THFIRIREE S SGPoR pLiopfpatuge olthe phualily £ moguation ifvatures;f i r st

nodul ation featur ; : ' Lon features ile ..

mai ntai ning a _sec%ﬁ%ﬁaﬁggﬁ g@%tﬁléf&eé%agkg o?g{%é trﬁf‘ff’ﬁ%fltsignﬁ}’ %W

f eat ur ed moghldtion agt ofithetpleraligoafmodubaivhabataresf eat ure whil e mai ntai ni ng
the first nodul atign featg.]rr{e; aghusting a first nodul ation feature of the
plurality of nodufdb§tis § dupt madulation, ieaturgenfnthsi plrradity of sewhnrtivndishtardson

< obt o poc e, bidtod m SRR 0] S AR, b B SR RSN G The

i s obtained, adjusting the- secon at'ure g the
first nidvstagitehserend modulation featljre sthilla gnaitieinfrig the fnsrdndduldtion fbaatur e Whil e
mai nt ai ni ng the | atign.feature il a second steady state is
obt ai ned; det ect i%‘g&%&% ?3‘?95{3‘?8‘3@9“‘31 g‘?%“Bfotf?ﬁif@ R;W@flgf ofygpqdulation features

qual i t ywhilelinaaitiining 3i @oeddmod@eiiss Fahe 8f RARErali @ﬁh@&m@?&?&bﬁ}& gh an
ant enn eé egint of the plurality of antenna elerrents, selecting a tirst

di r ect i YA* F1EAAY fiRfe 3h gblemed; adivsingabe setoad anodulationt feetuan twhila maintaining the

first modulation feature, and adjusting the first modulation feature while maintaining the

second modulation feature until a second steady state is obtained;

detecting a first steady state of the one or more quality-indication signals,
adjusting a phase rotation associated with an antenna element of the plurality of antenna
elements, selecting a first direction for the phase rotation agsociated with the antenna
| “element, and adjusting the phase rotation in the first direction until a second steady state of
the one or more quality-indication signals is detected;
adjusting the first set of modulation features while maintaining the second set
of modulation features if a first bit value for a power-control bit at a first time period
| corresponds to a second bit value for a power-control bit at a second time period, and
adjusting the second set while maintaining the first set if the first bit value differs from the
second bit value; and
adjusting a total power of the transmitted signal while maintaining one or
more modulation features of the plurality of modulation features of the plarality of power
control groups if a first bit value for a power-control bit at a first time period corresponds to a

- second bit value for a power-control bit at a second time period, and adjusting the one or



st

el enent, and adjusting the phase rotation in the first diN.SGhiPBodsntil a
second steady state of the one or nore quality-indication signals is
detected; adjusting the first set of nodul ation features while maintaining
the second set of nodulation features if a first bit value for a
power-control bit at a first tinme period corresponds to a second bit val ue
for a power-control bit at a second-tk4e period, and adjusting the second
set while maintaining the first set if the first bit value differs fromthe
second bit value; and adjusting a total power of the transmtted signal

whi | e Mgt 3hdtud; -atl tures of ,the plurali of
modul ati on %ﬁ%@r@?ﬂﬁeﬁeﬁﬁﬁﬁ%%b %p&fﬁ%ﬁsﬂ Lf%%%? 8‘1h115r‘% @inipg h%éftf"ia%t

bi.t val peweosf the tomenitiedsignal if et firat biavilué gifferd FBMARE tREnE B VERRONDS to a
second bit value. for a Eovver-:ontrol bit at a second tine period, and

adj usting t héM WL afdoagh geubret of gaursbitnef prerfornsmissiosnsigds iy ewondanche

pIuraIiwtlp{hr@ﬁl,m@,g' tures. whil.e .nai i N} the .t ot al ower. of the
transmitted si gnal | :‘W%%ﬁetﬁ?’l %Jg}?ég%‘ﬁn{]}g?g% S%&‘?ir 8{; g%f?lwlﬁjﬁg?%%ﬁﬁ?ﬁ‘ﬂ?ﬁmn

val ue; mgdalsastovipted withamt amtermabdatentf ofathp lpliralifyt AhtéHna @ &ta BT sHISePBF
signal s_in,_accardance iNI e conpl ex weighting, a pre-transm ssion

th. th
si gnal BFCYREIHPN, Signglsomogplated  bin adiusting ot lsasy ranesmedulotiomtleetuwi of then

ant ennapRir&%RF nffdul [ . .0f .

o1 anemra omulfign Beatirth L ol hE B CORRE Bhtgtey B o BiEMmifhan sienas

f eat ur emotulatagl ingeenrdariceywitlf theodmpkexivosighitagtbye es, at | east the subset of

the plurality of H{)e&.t ransm ssi on .Si %nal . .hodul ated _in accordance with the

conpl ex wei ght i ng "hy“ 8 AR EIRGSEISHPR Stgngh ke adirehsignal samppren and faj segend

si gnal signylepgiponéitd a second signal conponent; adjusting the first signal

conponent and the second signal conponent in accordance with the conpl ex

wei ghting; and coa@iifing thendirst jsigial siogpehentompb tientecand difren] songvdes nal

conponeggcbrcgﬂgewﬁﬁqgé &q%é%gfwglgﬁﬁgl ity of pre-transm ssion signals fromthe
nt's 405

plurality of antenna € | d the conbined transmtted signal,
the conplex wei ghmmlginagaﬁeme@mmlﬂe@mm&@@cbﬁ@sig%cbm?oﬁ bj ed
transmtted signal, .the optim zation of the conbined transmtted signal
furt here r‘?}giﬂilgalaﬁy Phpriramsaissionnsignals fiony the plorality pbwetenod etenentsotobi ned
transm+ib } 13RGn; | i nce.-between the first., . .
comuni %a?ﬁgﬁé%lggiﬁ%g anchlﬁg%gggir&%g{ frl%r‘ggl e %Sgﬂff‘}ﬁﬁgﬁ& St A Pofimiration.

of the combined transmitted signal, the optimization of the combined transmitted signal

further comprising at least one of: minimizing a total power of the combined transmitied

signal, and managing interference between the first communication device and the one or

more second communication devices.



