BEAVSPACE- TI ME CODI NG BASED ON CHANNEL QUALI TY FEEDBACK C ai m of
Priority under 35 U S.C. 119 [0001] The present Application for

Pat ent cl avasoopoimsa ty to Provisional Application No. 60f&3thohdsboss
entitled "BEAMSPACE- TI ME CODI NG BASED ON CHANNEL QUALI TY FEEDBACK"
filed Decenber 19, 2006, and assigned to the assignee hereof and
her eby expressly incorporated by reference herein. BACKGROUND [ 0002]

Wreless co i L i j d i ety
of oper at i ng ILbANSPATSEahEVOp 6 aDTNGS 8BS EEFeon IXNINEY, Brfal TunCs
devi ce can experience drastic chan PrnB jgnal quality based on its
| ocation relative to the transmtti %E g‘ﬁ source. The vari ations
in signal qpals.t . i by changes in the wrel ess
channel 1|i nKi r%gl (%fk?e}%t}lrtgﬁgsrint Sgt(rfsfe(é' ﬁ?igel wi rel ess receiver. [0003]
There are nii1f aFhepssdnhApplixation foo Bhient odaiink erivdity éd BRsisanaliugilicatiaor

exanpl e, recgei ignal.  st.r t r e di en
tho T ansm RBeHt e P St b B A BAC B VAGGP EPSHATASED Gr ¢ BARBH | n
the terrai nQuydlIrVeFEETISR0KE fifd [MRehbetab] D01%, afichséigiddas tHe\agsigise haess
contributes to multipath. The signals_traversing the nultiple signal
pat hs from P%hetr?hé’r?é‘ﬁ’ieﬁ%héFlc?l@o@te%é’é’éi’ﬁ?’é’lm‘cléﬁﬁeléonst ructively or
destructively conbi ne. Destructive signal conbination due to, for
exanpl e, a phase rotation in a multi-path signal conponent can result
in substantially reduced signal q I e receiver. A reduced
signal quality is often referred ?%kg&s(%;lﬁss[ing{r}al fade, or sinply, a
fade. [0004J00M2) eWésdess ormminniCaion@avisyssire omnigard tppcare it a wriérdfet y

of techniques to conpensate for the probabiljt f operating in a
deep fade. SPHIEICELTET: Rl APEATESTVEYLT I MO PERER oG Ao
diversity texfebicGe4tae bisakss ihlzn ety bicd@hSistocati&f RlSivarngsal Iy to
i npl ement i ng sone type of redundancy to provide or resolve

8

i ndependent T3nsgHting senfsouroobimvanationsis fighal palin panherhpetedraddysi t y
by i ntroducj dinst r i . i ver has
an increas e%g%ﬁgglﬁﬂ?%&gfc E%%E%?@#%ﬁ%ﬁ%%%%%@ﬁén% egﬁeg‘gg\%m tted

ts Ir gﬂglm ¢ The [éﬂroﬁf’s lﬂmtzr% Gre rﬁe%r)]( flac%rrs ?Iga'fl 8§ntrqlljuvc§ {osthé Xzirgl%.lssnc%aﬁ%legl ﬁlgrael)(ééxgle,()f

received signal strength decreases as the distance between the transmitter and receiver
increases. Additionally, variations in the terrain and the presence of obstructions and
reflective surfaces contributes to multipath. The signals traversing the multiple signal
paths from the transmitter to a receiver can constructively or destructively combine.
Destructive signal combination due to, for example, a phase rotation in a multi-path
signal component can result in substantially reduced signal quality at the receiver. A

reduced signal quality is often referred to as a signal fade, or simply, a fade.

[0004] Wircless communication systems can implement a variety of techniques to
compensate for the probability of operating in a deep fade. A wireless communication
system can rmplement signal diversity to help compensate for fades. Diversity refers
generally to implementing some type of redundancy to provide or resolve independent

signal paths.

[0005] A transmitter can provide diversity by introducing a distinct resolvable signal,
such that a receiver has an increased probability of receiving and resolving the

transmitted signal. The transmitter can introduce diversity using a plurality of transmit
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time coded over a plurality of space-time antenna groups, with each space-time antenna
group associated with a specific space-time code. The signal at each space-time antenna
group is beamformed over the plurality of antenna in the space-time antenna group.
Each of the plurality of antenna in a space-time antenna group is weighted with a
distinct weight, relative to the other antenna in the space-time group. The beamforming
weights can vary based on a channel quality feedback indication from a receiver. The
amplitude, phase, or a combination of amplitude and phase of each weight or of a vector

of multiple weights can vary as a function of the channel quality indication in order to

improve the quality of the received signal.

[0009] Aspects of the disclosure include a method for providing transmit diversity.
The method includes generating a plurality of space-time encode signals from a transmit
signal, receiving a channel quality indication, generating at least one weight vector

based on the channel quality indication, and beamforming at least one of the plurality of
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[0013] Aspects of the disclosure include an apparatus for providing transmit diversity
that includes a receiver configured to receive a plurality of space-time encoded transmit
signals in a plurality of beams, wherein cach space-time encoded transmit signal is
carried within a distinct beam, a pilot extraction module coupled to the receiver and
configured to extract at least one pilot signal from each beam, a channel estimation
module coupled to the pilot extraction module and configured to determine a channel

estimate for each of the plurality of beams based on the at least one pilot signal, a



BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] The features, objects, and
advant ages of enbodi nents of the disclosure will becone nore apparent
fromthe depasketrogescription set forth bel ow when t akegriuezo07/088083
conjunction with the drawi ngs, in which4like elenents bear |ike
reference nunerals. [0015] Figure 1 is a sinplified functional block

di agr am of an e wi rel es 0 ication, sys [ 0016]
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comuni cati gn systen1 [0017] Figure 3 is_a_si functi ona

bl ock di agr &gk s SRR O hogna] e mrswit%rna\merfgedback
peant of e ARAGE: to/BuRLA 1 shIRNAY dnoSlHRafidd sigh018] Figure 4.1 a

sinplified func |onaI agram of an enbodi fent of a transmtter
syst em havi ng beanf orned space-tinme coding transmt diversity. [0019]
Figure 5 is an exanple of a beanform ng wei ght constellation diagram
[0020] Figure 6 sinplifi &RIEBDESCRIRTION o¢krHiE baravNgs an enmbodi ment

of a receiv onfjgured tao nerate a channe ual ity indication
based on beﬁﬁpg}n&hggﬁggﬁﬁﬁﬂgﬁ‘éﬁﬁﬁng€$§i éﬂé? ﬁ%ﬁ%ogﬁeéQ@PﬂFF§ﬁ4e 7
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transmt diversity using bcanfornmed transmt diversity/space-tine
codi ng. [ 00g@yurctipymith ghe dsavgings, impvhich dile tlemprtn bear lik¢ referernetvodicrant  of
a nethod of generating feedback information from beanforned transmt
di versi ty/ spHdsl} t Freereehs @deubldied fialcsional block diagram of an embodiment of a

wireless communication system,

[0016] Figure 2 is a simplified functional block diagram of an embodiment of a

transmitter and receiver in a multiple access wireless communication system.

[0017] Figure 3 is a simplified functional block diagram of an embodiment of a

transmitter system having beamformed space-time coding transmit diversity.

[0018] Tigure 4 is a simplified functional block diagram of an embodiment of a

transmitter system having beamformed space-time coding transmit diversity.
[0019] Figure 5 is an example of a beamforming weight constellation diagram.

[0020] Figure 6 simplified functional block diagram of an embodiment of a receiver
configured to generate a channel quality indication based on beamformed space-time

coded receive signals.

[0021] Figure 7 is a simplified flowchart of an embodiment of a method of providing

transmit diversity using beamformed transmit diversity/space-time coding.

[0022] Figure 8 is a simplified flowchart of an embodiment of a method of generating

feedback information from beamformed transmit diversity/space-time encoded signals.

[0023] Figure 9 is a simplified functional block diagram of an embodiment of a

transmitter system having beamformed space-time coding transmit diversity.



[0023] Figure 9 is a sinplified functional block diagram of an
enbodi nrent of a transmtter system having beanforned space-tine

codi ng tr amenuds/odiover sity. WO 2008/ 077090PCT/ US2007/ 0@80832d07/)$30534 ]
Figure 10 is a sinplified functional bléck di agram of an enbodi ment
of a receiver configured to generate a channel quality indication
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appar at us ar&ciesenfipadd togengrres dbihity qadity IntdRASHH Babdd\th Wamdrees
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antennas. The N transmt antennas are then divided into G groups of
antennas where G N. In each group of antennas, the antennas are
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Each of the suhstreans.is anfoonned and transnitted usi.ng one group
of antennas .Slg‘i*ﬁéthlﬂF ?@W‘Ttpﬁge‘@gﬁ Ogﬁ'iaﬁﬁuﬁ@"?rﬁ’@’/%f’ﬁﬁ@g Ca‘ﬂiﬁgﬁ‘éﬁ by the
wei ght vect geanbfeafitlg OR tFRQHRRELK Bhip¥éeRh MiragsthieaebMRS.- TRO9&4dsnfihe
recei ver can process the i?i[e&:;nal s recei ved fromthe beanforntd

&

subst reans &REnasArcgbeed mtacH aFves oCrrdstines whete i aN .ol qecigepuwal ue
based on the roceﬁsed SUbStreaé,Lzﬁdi The r.ecei ver can i ndependently ]

generate a CHEMHS PGIAFTES 2 NG W BB R ¥ ST dhal Wer om eoho
beanf or ntd iug’str am or based on a conposite signal quality. The
recei ver caf’ fCate the one or more CQ values in a feedback
nmessage or via sone other comunication link to the transmtter. The
recei ver cahV¥&herlae exforutionpirsag) thelneedsdp be amprided ib ipdealydrnamisi | ot
signal trangetshieRpdy¥-tiients RASHEh (J &hbstreams. Each of the substreams is beamformed

and transmitted using one group of antennas. The transmitter can optimize the weights

applied by the weight vector based on feedback provided by a receiver,

[0027] The receiver can process the signals received from the beamformed substreams
and can generate a Channel Quality Indication (CQI) value based on the processed
substreams. The receiver can independently generate a channel quality indication based
on a signal from each beamformed substrcam or based on a composite signal quality.
The receiver can communicate the one or more CQI values in a feedback message or via
some other communication link to the transmitter. The receiver can generate the CQI

values, for cxample, based on a pilot signal transmitted by the transmitter.,

[0028] The transmitter, or more particularly a receiver in communication with the
transmitter, can receive the CQI values from the receiver. The transmitter can adjust the
beamforming weights applied to one or more of the substreams based on the CQI
values. The transmitter may also receive one or more metrics that is indicative of the
downlink interference that is attributable to a signal corresponding to a particular access
terminal. The downlink interference metric can be determined, for example by one or
more receivers in access terminals for which the transmitter signal is not optimized or
by one or more receivers positioned at other access points. The transmitter
independently adjusts the weights in each of the substreams to maximize the signal

quality at the receiver, adjusts the weights of multiple substreams to maximize the



[0028] The transmitter, or nore particularly a receiver in

comuni cation with the transmtter, can receive the CQ values from
t he recei wep 2008zodor ansmi tter can adj ust the beanf or m pgTAE100H683083
applied to one or nore of the substreang based on the CQ values. The
transmtter may al so receive one or nore netrics that is indicative

of the downl.ink interference that is attrihutable to si gnal .
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adj usts themviqlge;{lééeﬁf%gligﬁg‘each of the substreans to inprove signal
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A nultiple getesmdemdlipleseadt@smuni cati on system 100 i ncludes multiple
cells, e.g. cells 102, 104, and 106. In the enbodi nent of Figure 1,
each cel |l 1(@30[104he aatiplORctoRyard foehediey ?fﬂu@»ﬁﬁ%ﬁ&nmie@éh k§fdntiBRtfor

includes nultiple sectaors. [0030] The nultiple sectors are forned by
groups of affTERHESIEF T ac6rs HFEPBIAE 8 POTiRREAICCEY | BrrelilfP agtarss
termnals i Ero%psppﬁt, it 0] afd 1 10\Gck Bdrkespdild t6 §ldirrtOF sttt EBPEBHHRUBSL dobds
114, and 116 each correspond to a different sector. For exanple, cell
102 is divi difledmnte thren ssetorse £3Qsr K2c.1 20 ustpORENa N Xdervss a Arst sovter 1922 2
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cell is confifgumeskctod, support or otherw se serve several access

term nals yvhich are in _com‘runi cation with one or nore sectors of the
cor respondi gsRECEaS RAIAL secilof XAMRcBnfACEES SubBHIE: BiHefyiloRrand 132
are in comunication with access point 142, access termnals 134 and
136 are in svueralptcestitronnald whichetsas sopwipicationsyithaers csowessectory ofithal s

138 and 140 .. CO ni [ | oi nt. ,146 t hough each
of the acceg(gﬁ%g‘li)ﬂr%]f% %s pﬁ%ﬂﬁ%ﬁ)‘éﬂﬁ}ﬂ@%@%i%ﬁﬁ ¢ Sc% 3%%“‘% 1naél aretn

communi cat i oommirhibationovidcaess ptiat M) adcess teadirlacesd 1p6kartin 142, 144,

and 146 is not limted to comunicating with two es rm.nal s and
Ty Suppor t COFHGHISE BT ICERE UGt { B FRAEaees (GO Ren (4] Fothat  may
be a physi cabmiuficitiona¥itiPackésdpbint MO SEtholyh Sach @FTAAL&SE poaRs 184,andar d.

[0032] As used herein, an access point may be a fixed station used
for conmmuni &2t 149ds Wi te e it erpmwEsaion Mdthiiwg aggesepringlafeash wgess poias

and i ncl ude ) 59184 Qhqahé isltllfa@u&uap{oiceﬂa{dgiaéﬁpg witR AR ReR ki ard HRJE

B, or some other term nology. An acces .
support any number of access terminals up to some limit that may be a physical limit, or

a limit imposed by a communications standard.

[0032] As used herein, an access point may be a fixed station used for communicating
with the terminals and may also be referred to as, and include some or all the

functionality of, a base station, a Node B, or some other terminology. An access
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to as, and include sonme or all the functionality of, a user equi pnment
(UE), a useo:2somomal , a wirel ess comuni cati on devi cepCcwussnnigseds, a
mobile terminal, a nobile station, a suBscriber station, or sone

ot her term nology. [0033] It can be seen fromFigure 1 that each
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charact eri sthamufibange BVIESS hés@Bactdislplodidé sBRiohd LCLRANARS0 biviRRRRRE!
term nal |ocation. [0035] The access points 142, 144, and 146 can

i mpl ement s pedether cepdidprsadithegretly tasawse diffiirens channgl qopditippstoibgpeeseine of
the effects j ' i i Ln the
channel - cond v orgn fhs B e hkph rob o RRlborhiheEAIRRL

confi gured tamgeheithtvich inmkcommpleicaingdi stinct space-tinme encoded
substreans. The access points 142, 144, and 146 can al so be
configured {030pamhel e timbtiat tfbnKhmpRAGE; thhiod yesxpOstndeSitdfile cBate]
Thus, each substream at each of the access points 142, 144, and 146
can be beanfRAREdIsHes 1Y SxpergnacH by ey peiFrecess famHgbbocaig of Bigvattinge
encoded and :haanf BhiRgnsS URsthERRRE AR SRE PR REAI HEheAvel ife ARGRSS
termnals 130, 132, 134, 136, 138, and 140 after traversing

subst ant i al Hye igrebanges irsaceess cdanaklocatomdi ti ons. This inproves the
ability of the access termnals 130, 132, 134, 136, 138, and 140 to
recei ve si gfl3s] ufitlenaccadsl poapei4d, i4vy and il dandmplearat sphde-time asotling

probability_ that. t.he access .t ernina 130, 134, 136,.138,. and
Do wi 11 exparrinesBCPghE e smng Sorar trintardt Sl b ek et o
inabi ity tehdi@bdihahdcHeRMEIda deidink OMBe MictR gbﬁ@ B! V44D gh PERERSSE bPOI Nt .
[ 0036] The access points 142, 144, and 146 can beanf orm t he
subst reans BYRFEBIHe peyraiae mugivls ofcligingppree-Emapiceded wbstrams. The
correspondi ReLeBUlidtPI AL i1 5Y, 208 186 LUNRDRY ﬁ%rd{‘&itg%% fanhk &P@&ﬁ'@é -
encoded subst reggaﬁm is split “0r ‘ot herwi se di vided into milti ple cV\tgqFe
2008/ 077090 PoF/cusRQd 74e8E@8 3Thus, each substream at each of the access points 142, 144,
and 146 can be beamformed using a multiplicity of antennas. The space-time encoded
and beamformed substreams can cach be received at the access terminals 130, 132, 134,
136, 138, and 140 after traversing substantially uncorrelated channel conditions. This
improves the ability of the access terminals 130, 132, 134, 136, 138, and 140 to receive
signals under all operating conditions and minimizes the probability that the access
terminals 130, 132, 134, 136, 138, and 140 will experience a signal fading condition

that results in the inability to maintain communications with the serving access point.

[0036] The access points 142, 144, and 146 can beamform the substreams by
weighting each of the signals coupled to the corresponding multiplicity of antennas by a

weight. Each space-time encoded substream is split or otherwise divided into multiple



8 copies, and the nmultiple copies are weighted using a wei ght vector
of the sanme dinmension as the nunber of nultiple copies. [0037] The
access poiwa sodid2090144, and 146 can use feedback from penbsmbrisbmss
access terninals, for exanple 130, to optim ze the weights applied to
one or nore of the substreans. The access points 142, 144, and 146

can transmt |Iot that are t beam‘or d or that are
boant or mod YR iR EMEP I OP 55 EEOTeAes Fan 1Y A eg B aare ysi's
by t he acce&ﬁlchﬁﬁmmbﬁmillﬁ&,of{l;;ﬁﬁlpl@.%;esl% 138, and 140. The pil ot
signal s can be one or nore known signals that can be transmtted

peri odi cal | ?ﬁOBﬂ i acc srsg:giﬁ?snﬁé 140 afl ﬁﬁ%”g&h D& febal fibih BB Yhe access

frequency. I'n other e rments, the pilot signals are not periodic,
but are trawsninelsedr a(am}mlfdlth@tlmlmthdwmghm&ppltbdad) gog drtrhore ofthe

exanpl e, the, pil ot nal s ca eudo-r don1 and th
Sncens.ter iR Tné 3R SR P, AN A LR IBNER RRNATRN pRRtkc'nd
ability to waaﬁomiedtohehapmlbtsarﬂfanaﬂﬂw@nkwwmaghmecfoﬁao }ﬁddﬂﬁ&te shagmall S.

| th nmbodi t th t 146
schedul e pi FEDSE Bl o0 (CROATRe st o1 it 189, e 40 0okl Sigmals can
term nals, $OfnerimRé Eno%ﬁ%lgﬂa‘fﬁqgﬁ]caﬁﬁ@ﬁ‘arﬁﬁuﬁéa%eﬁg&i@aﬁﬁz ih Gbid R@fuencyl BF

exanpl e 130 can receive the pilot signals fromits Servi ng access
poi nt 142 amecrekinatosof fmeant Fequsnan nalotles pmbg@me@iﬁ, thipilat sigaple Agent

substreans. ,l, od§chglbtaa?c?1§a§r§m?r&'d%kcol?&ﬁ$t dété}ﬁn onﬁHpSP% = r#l lﬁnélgg

access ternPnaI can conpensate m ned
wei ght s apppliltﬂdzgnais v&rdaqmch@hu@qjssldnemm and'ltge acmassptnmumslsl}ﬁ, 132, 134,

estimating cess rrm nal. 130, generates_.a .
Ghannel Qual T gt s PO R SR G sk U RtieR ant EATRI: ST pilos
esti mat es $ipnadd) €in @eed S BRtnentt, e @C68 PBintse147] Nl arlBOIcaen edhrtels pAotCA
val ue represe Hatlve of a channel estimate,for_each of the
subst r eans. SERISHATEAUEHRISUF RENPTE ACHSS IEREES, PEFRMPA 13030 gener at es
a CQ value based on a conbination of nultiple channel estimates.

[ 0040] The Hl@é&]ssEa@lrQﬁthraaccqss@rmmi%ﬁm exame H3000In xeedivethe piot signals

representat ky@ ;Ql er‘vﬂ% a%@e%ﬂﬁ&ht ﬁi%tahﬁﬁﬁfesﬁﬁma%f} Q%%%reeaﬁ]:cgi% val ue

that is indicativ nge in anne r exanple
t he access indepondait sdB80Gexan Igmnecmepmntﬂi@mmmetﬁﬂat sulveireeing, the access

alative t oS BH bGP nANRGTbe i oAl SR B oS Ta SPPLHE e

access ter nplmlsuﬂsa@arﬂ@mrx@tt%plﬁ&s yedstiestingd cteagd). channel estimate,
and the CQ value represents a magni tude of the channel estinmate. WO

2008/ 077090 Wé]US?QQJJc%Q%a? 1 ﬁ(p %ilatepﬁ%}ﬁﬁﬁ:& aﬂt?rfﬁﬂlﬁlﬂﬂon g@g value

generates one or nore sages havi ng he one or
val ues and b@ndmmﬂmavherslek mn@@ Ixmrla@slbbémwnt,dletdheesaml E&gﬂ;tleratesd

correspondi eo1 LRl Ir%%l’egéljltg veded @ggmnel e(%mge RELALE s&b@?eam it aaflloLEher

embodiment, the access terminal 130 generates a CQI value based on a combination of

multiple channel estimates.

[0048] The access terminal 130 can gencrate a CQI value that is representative of the
channel estimate or can generate a CQI value that is indicative of a change in the
channel estimate. For example, the access terminal 130 can generate a CQI value that
merely indicates whether a compasite signal quality improved or degraded, relative to a
prior channel estimate. In another embodiment, the access terminal 130 generates CQI
values for each channel estimate, and the CQI value represents a magnitude of the

channel estimate,



[ 0042] The access point, for exanple 142, nmay al so receive one or
nore estimates of downlink interference. For exanple, an access

term nal fwopssnobder sector, e.g. 132, or an access teCcmusz7/H38a3
another cell, e.g. 140, may estimate th& |evel of downlink
interference generated by the beanforntd signals from sone ot her
sector 120c_gr,.ce 102. Al ter ively, a receiver_at an access

poi nt, for Lﬂ%éhlm Thq H ARG | ShEEeTAS o AR incor b T aire baving the
gener at ed abn@fQhde CACARESariVWomuntoats tHACQI Valles Badl B8 codss bbigt
downlink interference can be transmtted to the access point 142 that
i s assuned £YTHRORARS Mkt Henilhised fepwats the 643 uThe access poi nt,
for exanple 142, receives the CQ values and downlink interference
esti mat es atif4adj Tbe sccedspomri fghtxemple 142embe alnd trceiive gnavsinght estettasros

o oy ue; LE ORGSR, ol o BRBL P 8RR SIS BE5ERE: LI R
i1 th erferencer medssirs] esirglmil fromaibber 8l éﬁg. 1@]5), m@c&&iﬁﬁteftﬁaﬁvagﬁawnm gt
can optim ze the beanfor | ts r. each of_ the be or
subst r eans. infg e g%%ﬂf@ﬁ%f W%Egﬁﬁ_@ﬁg%wa&f@%% %P%Sﬁﬁ%&% At eell
according topa magﬁiv@[yr,m Eb%@igé‘ﬂ A9 bR RN, ﬁﬁ&aﬁp@él%ﬂ@étﬁm&ﬁé’ﬁ&%y the
N e

wei ghts conti nuously, predeterm ned increnents, or vary t
wei ght's by develakipigriarenes gpnerated ehanathsr eetessaoiritimegl 142t Tiot estippigint he

The access ' : V, Jgg-ﬁ 1@ ' j i of
anpl i tude aﬁ%ﬁ%@é@g@%ﬁcc@?éﬁh %ﬁdﬁow‘ﬂec%%%\%?g%%%tﬁ?mggr%{f@@%{gg&be
i mpl emrent edthetsphiice phigtetficemnseri t ( TX) processor 220 or 260, processor
230 or 270, and nenory 232 or 272, as shown in Figure 2. The
processes MpO4BE [T8E bQESBBIOToRERANPIOTRS B0EIvesABOC QDY 41845, and HoRh e

processi ng device and may be stored as cogtjgut er readabl e | nstructions
in a conput SHCFEHWEBIENtesHnd aiiasts deuragiteldac bep)fewting waight yeetors to

ot herwi se. [QO4R thEis@HAIQuAlify SxFershdmlat fe@bcdiRhinONRb, Hlaokk, Miromam
of an enbodi nent of a transimtter and receiver in a nultiple access

Wi rel ess cofeighisdaconsurresiiy deareagChe dewnlinkngfpifereroe esparienendin Othet ecdif oi ¢
d i ; ' ' , 12
data for 2 SBeroRl 8GR0 1A oyylidld LA 48R R0 5,2

stream i s t beavsfiormhd¢destibareemsaThespesipoing 142 cansaist thabéamrfoaning Xeightsa

processor 214 formpts, codes, .and .nter]leaves the traffic data for
ach data streairoReat§RE b ARCEIL LGN Rrote By hwadhS

2008/ 077090 BéakinkiS200 T HR38A&HIAN inabasms. 2elastiRiwéishts bjllediat a weigheam
to provide glgded data. .In sone enbodi nents, TX data processor 214

appl i es spad®M 3 predessimdredisgt o veeigtankhseRtsag PRl Yhcan oy thsengyfifisist s of

the data st LeaEERESEHMRPSE diifinkeahd h@as%f&@ei he synbols are Dbeing
transmtted and the antenna fromwhich the synbol is being

transmtted S I ts he beant or m ng._wei.ght s. Fﬁﬁ be
gener at ed bgtﬂsdé1 | ugg%ac%g%ﬁ{gfq%% é%f c();Eﬁré E”lmnt? %r?l%?cﬁug%z%nﬁ&%n?n%ﬁ AAICAETY
of the condi2d om2@f piobasdir?a0 s 3 kadmpabhys2 ek BER RS tivevisia Fegse PoThs

and the access ter m%lﬁ%%ﬁrgurt er, in those caégeg of schedulﬁ.ed .
transm ssi oRE CCPREPOURTRTBrOULEY GO RRT LTS PIRBORIIRE e Yies mat
based upon gadinay bé SbREBRE B etreddable hdRaBidnt &ta Edr@itidrREdHISIE ned BPAS]
The coded data for each data stream may be nmultiplexed with pil ot

data usi ng €Mt sadenviagtiensic. opipdhesiiset data is typically a known data
pattern that is processed in a known manner and nmay be used at the
recei ver sy$@df] t Figuse 2 iset semplifeeddiwantined] bieek piorgsan offdneenxhotliniqk efe d
pilot and c d data.for. each dat.a stream.i;s then nodul ated (€.
Yol “mappldi Bae snei s P e iR PO aE R OB (e S Lompigk
QPSK, MPSK, tafisnbittédMtemeli eataffic d:04 for Aatmbat o detarseadimd ie pforviietd @@m a data
modul at i on s%gbo@. The datg]aga e, codi ng and nmodul ation for each
data streamSTHHE bl 1HALBAHA 4 REPINE i Hnl BregredEgnh sk tesdisgn

i transmitted over a respective transmit antenna. TX data processor 214 formats,

codes, and interleaves the traffic data for each data stream based on a particular coding



[0048] Each transmitter 222a through 222t receives and processes a
respective synbol streamto provide one or nore anal og signals, and
further cowmoidosormene.g., anplifies, filters, and upcopgefka)7iRess
anal og signals to provide a nodul ated si%nal suitable for

transm ssion over the M MO channel. NT nodul ated signals from

transmtters 222a thr 2t are then. transptted from NT_ant ennas
224a througﬁchﬁaﬁe*ﬂ%ﬁ%g@w 5%% §rreamigpey /C@#%@maévﬁwgge@wfb@s@g@il

[0049] The HmEmgs&eﬂ4%§ﬁ@%p&$%n%a&caélﬁgamcﬁ%£mﬂ¥@@lgﬁtQtchﬁee' ve

signals fromt one or nore antennas 224a throu

cor r espondi Pbgnl?cébc‘éf thedatpsimams fpsd gRopiguser é@é’h@béheaﬁﬁfalbph@@é@g@s t he
receive si 9;}% &R AERRNE ool 1 Qo1 3 nf il @b dOM L ed to

anplify, frequency convert s corre |ng recel ved
signals to ambfaiamblaﬂdh‘slvegnwmmmlghts mgrmbgdndrﬂedabﬂednmhml (mmrrcl ﬁbélﬁhnse
[ 0050] The dennd he recei.ved

recover the'r %r(r:neli%c;laélg ﬁﬁe Ptﬂtg%fz?rﬁétﬁnoqf he]‘F?émBﬁfIB'ﬁPatgﬁ' t'ﬁ%ent ¢
denodul at Or a&é@s po&t@@dlmbeﬁbe&ﬁeﬁmﬁﬁi d;aftﬁerpﬁlQﬁ@’é%@Jes 8fisthedling thXsietians,
processor n be confi :ggﬁr f’ﬁﬁ& eI;@ t t he various information

el ement s th datd BropesPTed 4icAn aiRst the das éﬁ’r@?'dﬁéqu’-‘pogéﬁ% igformaiion

i nf or mat i onGAR thAgsMed H6adnd pr mation that is used by the
transmtter system 210, while other information can be user data that

can D2, P1 OCREAEF, A s B %, WO sl AL m SRR SN B
i ncl ude CQ OFdMieshiitpets. dhepidmnietaat erdwh)lyyahm)wmm pfmn&ysthgmo%@edaﬂd
transrn'tted O the transmtter s sé m 210. The RX data processor 242
coupl es. t he® S PSS 5 me, 6 1gd 3L BE K oRAH W e coas e G870 ¢ he

processor Z&onn-gb eT]iinﬁ@lﬁﬁl%@éd RRP ahdcodoM HAtH €dric@éh ditd dhrcBXeS bRl BuIeREE
stored in é32 operates to determ ne, based on the received CQ

val ues, the 1é’hé}ﬁf§ ol mapperd) bassdoniEartinelap gwanlaon srheme (e BP o SiRSkd Mo
the vari ouspgkgsalr- A'lbﬁ §d1SR8Btok fﬁaﬁdatti.'ﬁfeaﬁtm g%‘%’ld-g%ldjﬁ}aﬁoﬁ) %ﬁlﬁ§§ Ofpe214

or the TX M MO processor 220. [O receiver system
transmi t t edd#dii. sodine.ong mldglamrefor e@élda‘@diﬁbgm NRy &n tdetamsise2a

th h 252
P ouh 2521 e GRS S SL3h, HEMERDBRREIR B5R S

condi ti ons ¢{petig. s,tre:ftmi ey bg vaivdlacdordisg tcathel rad@\imfommtien tis) isarah@siped fome
received signal, digitizes the conditioned signal to provide sanples,
and further&‘ﬁt%%esses the sanples to provide a correspondi ng

"received" H}/rrbol stream [0053] An RX data processor 260 then
recei ves an 067bc$§%@§d1{1ﬁé’nmnﬁb@@é@f\ﬂéldia§%ﬁ%@ms e thearpsoidagrip NEX MIMO

receivers 254,:03528000hith RAL FLidl ?{88&9ﬁ%:%&[mﬁ%ﬁﬁﬁﬁédlygﬂe&%&gleq%‘? to

provi de the rank nunber of “detec streans céssing
by RX data PFodesdJet MIBQ prgcaﬁw@r’lﬂ Bed pravides rlvembal strednhs tbé!rcbmmsrﬁaeﬂs

detected sy i c | s that St.i ma es. of

nodul ati on %%?%iﬁﬁgﬁ%%% EdT ¥ ori@ﬁgrOCS%SP%z%%af?af Oéméntgr‘%eé S Rx
dat a procesgworsyRbéls bhtha date snehimsaiass!, upde irteed t© axhich, th@é}ﬁh%ﬁ&@d'@ﬁn@ ac h
det ect ed sypnbol étre to recqver tthe traffi¢c data for the data
stream Thelransmitte d and the antenna from which the symbol is being transmitted from that users

channel response information.

[0048] Each transmitter 222a through 222t receives and processes a respective symbol
stream to provide one or more analog signals, and further conditions (e.g., amplifies,
filters, and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. Ny modulated signals from transmitters 222a

through 222t are then transmitted from Ny antennas 224a through 224t, respectively.



WO 2008/ 077090PCT/ US2007/ 088083 12 processi ng by RX data processor
260 is conplenmentary to that performed by TX M MO processor 220 and
TX data prwoesmsorzfld at transmtter system 210. [ 0054pcThe20heszns!
response estimate generated by RX proceklsor 260 may be used to
perform space, space/tinme processing at the receiver, adjust power

I l's, ch | ati rates qr_sch s, or other actiogns. RX
p?\(;ge: s 0:’: g .%ﬁg;%ﬁﬁﬁg%ggﬁeégﬁt%?@ {:a!]pea S0 econﬁgure o rece(l;vels?gnals from the
si gnal - t 0- Ngh& &G nhithutl Do LMERgh 204102 doBlhdRE ridafcAein el 8asytbol
streans, and possibly other channel characteristics, and provides

t hese quant FeCRi¥8s #1¢ E0GspssE theSeneive pumall. 0 Bad reqetieet g2 drcilrpyieh 223t @an by

conbi nat i on i %5 Gl eR/ 0 | - -g%pg

t he one or Fmregla }&% gvapgig’sﬁ%%’seg fo&trtiﬁ%rﬁg Cgﬂrgﬁgﬁgﬁe{ﬂgﬁ)gﬁ%ﬁl@%{ae e bk is%o
processor 23baschmdxigel thetoessipbmldo adempdigatet 40ed CQ  val ues
corresponding to earlier channel estimtes that are stored in nmenory

270 when geqsef i NHe acrbetul26it240Qhn ¥ehdilatelfhe rRERNe@ SRl & febovOURE €S
rocessor 278, [0056] The TX

the one or nore values to a _TX data )
data proces %F‘VE"IIC%? 6‘%41‘&?%“1?‘}*@ ddye oytputieisthe demadulater A8 & omplsd éaa RE
the transm yhghrot¥@bem2 e REGutd KobAL& 5 QEEESYnfigdiBd %ﬁa&ﬁﬁe vcaa'ous

exanpl e, generate one or nore feedback nessages containing the

val ues. Themfxmision clsmerie Subere 2o8aipediinl therertized Benibra Somewd dwges to a
nodul at or 2 hg 2SS I c i |

pr edet er m ne O%(rﬁ?rlgf é dﬁ%&%ﬁﬁ%@ﬁ%@%ﬁg gése%%y gﬁ"ctg%ng’i“@% r %}%’tcgi}\‘%l OOr

nmor e t r ansnisthile pthe2ibfoam2G&r canfve meertdate thay dart bt wdedseddhanitpurassagesr ar e

upconverted and. transm.tt.ed back to the fransmtter system 210.
[0657) *at °t AR dxchRPBR ot S toafS s e 5 VR ques ey be used to
process the NR received signals to detect the NI transmtted synbol

streans. Thé¥el} eberihesd pRomatden g ncdidedi Quiskientipt He sgresuiphly that o two
primary cat eQeftesstkin)250RA4 rdlsnid 1S RACEmEm AR fﬁf‘eﬁ{ YR TRERGEEa4 N9

techni ques (which’are also referred to as equal’i zati on techni ques);
and (ii) "sowsessiiid caupled thyCeYvaluivatthomessages hatieg fhrerGicalues to the

cancel | ati on! VLYol i .techni gue (which.is al,;sq referred
to as "succ rsosc %s\gée;ﬁl%ﬁt eT P ? gfr%g%%@l ic%g ﬁ% 8?1}3%1 c|%81r11 W(ltglfréxacél BaLcD (F?ecg g? ggreg mn
cancel | at i onfermoec2I2@rraprsac éasintiae, beseh ph dhiearkceif<dAEB] vafeb thi inhgnRnebe

formed by the NI transmt .and NR receive antennas be deconposed
it N | nddBEn kT CORURIE Wl BHORE Y AepRFOUS T SIOpiRgH Gt RS
i ndependent w088k frod@i¥ord 19Qr BR TeVAMEHob&s@228. spati al subchannel
(or a transm ssion channel) of the M MO channel and corresponds to a

di mensi on. [0052] Atreceiver system 250, the transmitted modulated signals are received by Nz

antennas 252a through 252r and the received signal from each antenna 252 is provided
to a respective receiver (RCVR) 254. Each receiver 254 conditions (e.g., filters,
amplifies, and downconverts) a respective received signal, digitizes the conditioned
signal to provide samples, and further processes the samples to provide a corresponding

“received” symbol stream.

[0053] An RX data processor 260 then receives and processes the Ng received symbol
streams from Np receivers 254 based on a particular receiver processing technique to
provide the rank number of “detected” symbol streams. The processing by RX data
processor 260 is described in further detail below. Each detected symbol stream
includes symbols that are estimates of the modulation symbols transmitted for the
corresponding data stream. RX data processor 260 then demodulates, deinterleaves, and

decodes each detected symbol stream to recover the traffic data for the data stream. The



WD 2008/ 077090PCT/ US2007/ 088083 13 [0059] Figure 3 is a sinplified
functional block diagram of an enbodinent of a transmtter system 300
i npl emrent iwg2dograrvbar m ng of space tinme encoded si gnal spcwietoerdshess
beanf ormi ng weights are optim zed using2CQ feedback from a receiver.
The sinplified functional block di agram of Figure 3 is limted to the
portion of thetrar[‘n) éﬂr Sy ste hat relatedto bcanf orm.n
space-ti ne BREGHEY §g§$1 t%PTOEiSng é Ftary fpcthptngHemmedbyr 1% MO,

are onitt edpfoetssGUNDARE TXQatadPrBdkdoy 2 dnsk t&hﬁﬁit&ysysfgﬂ@ﬁﬂr ansm tter
system 300 can be integrated in, for exanple, an access point of the

conmmuni cat i t t
commn cat | s> HAL% At AHESe by B SRS HIRRLLI I e 1 o

i ncl udes a pefrﬁnmrspacteespaaﬂﬁrneptqobﬁnhgtat)tha réoedves miljustiower kivtly/chpee-ti me
encoder 320, g‘ﬂet.trapsmt di vers ace nme enc r 320 coupl es a
lural 1ty oPeRlRaRS PrihPads gah SPe SRS AR i Bt e
3300- 330 Tie stg@anfb%mbmgdaﬂa@aaros raa{’o@@smg &Me&cieh@yma@fr@armdnd
signals to a plurali té of antennas 34000-340G. Atinng a

synchr oni zaPeslnsbgilC a@ﬁbchaéac@ﬁﬁmse@dtpép‘ad%ﬁféﬁﬂu’%lﬁflﬁﬁ Q ag’éﬁ’féﬁsaf 370
360 that is coupled to the plurality of beanform ng encoders
3300- 330u. [0968]1] T1T¢1@r0's€rsaqr§ﬁﬂ,t1t1epm@n@tmrswrtbcﬁep@tabled0de@tq:rcd)mesanqrme

sanples to e

Cransm t or 2 B1 o e B e el P S SRR S TR R ool e
of an Ot hogebakorf276 guesisyadokssicsit onmbiel starpd €QI (':ﬂE@M)rrSs)pﬁbdlhg fo caflicn
plurality of informtio blts %[he trans tter 310 can be c%ggljc]%&r%ed

to map the Fm?fﬁﬁt%?ﬁ phage figreq fumgRpTy, Mﬁﬁ@a?w@s@ cyfret

synbol , andTH@ﬂHEs’%b& 27D Qo fMsAhdBie R Mndié THT QMLEs th RENS YL Blobd 88 78.
accor d| ng to a predeterm ned nodul ation format. The transmtter 310

can freque ”@05@]0 NYfL TXtd? & Mo S VORI m LS tl‘%lo | SR £ rahglﬂl'g B back fo .

frequency. The oufput o e transmtter n such an e od| men
a serial si glnaﬂansnmt@amt@m 21he Thaifyl dats bcesve 200, 8y wiohplatgendrate one

desired transm t uenc 00621, T u the tr ans er
30 1 5 coupPelPESEbHHIEAR ral e e Tt IS RSB B b RERH e
di versity/ saarp&:s&hermedbadoﬁaisageg@o i ﬁmdﬁlm‘ot gw ®hert theGhasbaies 4B enddupral

streamfromthe. transmifter, 3 into_a G of si naI
streans, al tEPIURS t\?élllﬂ‘?ecfﬂ ég‘}r{”@t akhe ?éfaT‘%“éagPﬁéretcP% d'to one or

di versity/ S%peetrgnlsﬁﬁtemg%sﬁz&r@@@ mﬁdﬁateqrfeédhascmhag@geg b @bortbangl
streans to pr oduce nodi fi ed versions of the si gna streans. For

exanpl e, t hand rapsmifiod bpek oylstiymeniticr pesteanédder 320 can be confi gured
to pass one WO 2008/ 077090PCT/ US2007/ 088083 14
[0057] At the receiver, various processing techniques may be used to process the N

received signals to detect the Ny transmitted symbol streams. These receiver processing
techniques may be grouped into two primary categories (i) spatial and space-time
receiver processing techniques (which are also referred to as equalization techniques);
and (ii) “successive nulling/equalization and interference cancellation” receiver
processing technique (which is also referred to as “successive interference cancellation”

or “successive cancellation” receiver processing technique).

[0058] A MIMO channel formed by the Ny transmit and Ny receive antennas may be
decomposed into Ny independent channels, with Ny < min {¥N;, N,}. Each of the Ns

independent channels may also be referred to as a spatial subchannel (or a transmission

channel) of the MIMO channel and corresponds to a dimension.



substantially unnodi fied signal stream and can be configured to
nodi fy each of the remaining G 1 signal streans. Cenerally, one
si gnal st vampoog/arvodde consi dered to be unnodi fied, becawsgusioh/ssgnal
streans can be normalized to a particulld signal stream [0063] The
time diversity/space-tinme encoder 320 can be configured to, for

exanpl e, de negate,. conj te, r.ot ,.and the like, or so
conbi nat i onlot%ﬁgr eg ,reégﬁs@pqgﬁg%@cgog?éﬁgkgw% .ne?ﬁgd'ﬂeﬁb‘) 2
di versi ty/ spaganftdr¥Pst@h 00 BfiplSRéhtha BedmfoFRAY G8 skt adic bRccRePRELAISU! ar
signal streamusing a variable delay, a delay line, tari%ggl del ay
é

line, digit#&hergdhepamigimingucighty arc opfimizsausiad PR deedbesk Egogiyer.

el ements. Theg, §ii:n§Fﬁ9d %ﬁé@nﬁ%l&&?ﬁ%&zﬁ%f ﬁ%%fé‘%efs liRfdd $Re BEGR '8?1119” ed

to negate a sign st ream usi ng, r example, an inverting anplifier.
The time di trenssiitter/spyten hat ismelaed tcpbilem{@2Gng spachme omdodgdisignhls. ADther
conjugate the.a si | stream using, for. exanple rofatqr, .an

nver ter ot el ST YRBHER TR R amite SRt Dot ph it nd lae B ethe

| i ke, or sotrensemtidrispaérh 600 tdneredntegratdd dh, fbrogxamble, ard diceds ipfat of the

di versity/ space-t.ine encoder._320 can, 6 be configured to rotate, a si gnal
st r eam usi ngPBREUGFIORSY CTRA Figprs lepad %@F&Pieﬁgo@ﬁmﬂ‘fﬁfﬁ (SRS Rftr sysiem
gquadrature sfg aconponents, one or nore nultipliers weighting the
phase conponent, delay elenments, and the like, or some conbi nation
thereof. [0 TyRI L hpe: i ver si i .320
perforns a ﬁ?ﬁq nggurir%lgl 'liega |cor}rllhg6;mgg§ﬁsr%¢£¥ g%g?‘gﬁn%‘i“g%td ?@g%n}ggngﬁch
t hat tr ansnilivedity/epase-tiynccacodoe3 e Mhevedsdny diveaitg/ppatt-timg chéualepbir al ity
of G signal streans over .a plurali f distinct .antennas n a
Cypi cal t; nESIM drneyy opiBicd Seelsth afbutliy ot Bt muTRrTPaL 1v0r G
antennas cap3Re TepairafotsingRatddets 330,-3305tdaeple RO ARRhe Ofighlgidrae 3,
each of the G ?j stinct tine diversity/space tinme encoded sSi gnal
streans i s BUHSte I Basatior149nnl A simies e sypchroertine modulineP igpoupled
provi di ng digV g 8ikdinak BelatbiB0RE & 68Plcl o MY phRdIRdof BaRiing

beanf orm ng where substantially the sane information synbol iIs

t ransm t t edefooders g3Pot338be ant ennas. The signals from each of the

nmul ti pl e antennas can be weighted differently such that the total
signal to nfilse r ah¢ oaainitdrd 10 soehfignred @rprivesathx sampedo gdiirge a

different si I 1 ghting can be o | i shed i ng, di fferent

ant enna gai H@H@tcﬁlga&Sla‘ﬁ%q?-ng%%émgﬁd“i%gﬁmm%33&&? beIFEWE % each
of the ant epairfate ApRADUOSE WRLE T RO0ARodoRS FrbfhoAdySDivEidnl Mtigipleat ed as
occurring just I%l or to the antennas, the beanform weighting can al so
be per f or mefOEAM) FERbql fropheplbrasiceh infoamation, biten dbe snsmitics a9 einked by
operating OB iff}Grcditd Hﬁta R R RANR MR D fhk VRri SRR Al $thd BEDRA symbol,
frequency donmain weighting of the signals. WO

2008/ 077090 REMuSAge TeiaRosdionDits 00®3he Juhcartiers epdootingrorm predetdinggde 3,
each of the I bstr 1 [ |y beant in

oraral ity ofosne R Lut A TRk BB PRH RtRelonar CHEEEA % g
the tinme didedisd R¥/ispanie fitqueace nCledetpud 30the sracemipdred Oiwswehanof a

plurality of beanfor.m ng. encoders, 3300-3300 e er of .
Deantor m ngBREDHETd® 8 BT BETS o Ao ST R HINsemonk e thegesima
diversity shgnalit BF regihcgenerated by the tine diversity/space-tine
encoder 320. [0066] Each beanform ng encoder, e.g. 3300, is
configured n L i i .Sl -each
of whi ch is@ggfi Thebeedt %Eﬁ%ﬁ%ﬁﬁ?ﬁb@h%ﬁ?%éiaﬂc%h&%%%#?%%* t#fg@
encoder, e. guco88UI0. The bing dsvermty/spdcettines quicoteaBRQ is cofifimirgitaldsvidd theans
fromthe transmit diversity/s et encoder -320.. The beanf orm.n
encoder 3300 i F s BHSRRRE L0 IR FREGHRL 7 SRsienyt Su R GF Oy
si gnal str essfaraind ay@ibgindasnse I tiole diveesilg/sgateltintedneoder §0EbpesdtEsaaithe

W th an associ at ed. beanf orm n ht. .JThe beanf qrm encoder_ 3300
plurality of s?gnarsftreams togpro uc% modified vers?onso the spg%al streams. For

example, the time diversity/space-time encoder 320 can be configured to pass one



[0068] A weight matrix generator 360 is configured to generate the
wei ght vectors used by each of the beanform ng encoders 3300- 330G
Each vect avowsoshrmoct he wei ght matri x can correspond t OPONVES2007/088083
beanf onni ng encoder, e.g. 3300. Typi cal l4y, each of the weight vectors
is distinct, but there isS no reqwrerrent that the weight vectors be

distinct. [O 69 ch of e, ht s - in a i ght vector c have

an associ at Ty t”(?H’é’dléﬁgs ﬁ%&lén‘rl i ﬂ%ﬂgggfnoﬁl%hé@ W‘at rix
gener at or 3%@@}@& S0l g@md Geﬁelm@;n%ﬁ@glgn@stfré@ﬁe@nvu%lcgmcw&itblbé or

can be configured to generate a vari abl e wei ght matrix. In sone

enbodi ment s PPefigle befuserl vignel Henes stube monalized e pesplignebsticam.
generate a conbi nation of fixed weight vectors and vari abl e wei ght
vectors. ThE)8] gihe it diversitWepRe0i81e0n7aR0 PLT: ¢dd$2(¢6ﬁﬁ@8¢8ﬂ83foi&<ampie
generator 3 confl ured tao vary the weights based

canpl et e B0t sogeE KRBT bR e i g0 BRRe Seeb e
estimates of-1 Signat baguns| The dmetdderdityApsditim@dicedur a0 tah iBr6RLEHMEY todd ©
avai l able at th tranfmtter t he \Ffﬁ aigt mat{alx generator 360 can

det er mi ne t AA1E Yeriasing grvag Py Rsiay ingdetpehdslgniing digital
that maxim 3gaf ! Iﬂﬁd @egﬂkélorts&ng@brﬁﬁnﬁ%'d? d1NEemRfits SPHEHAL Hﬁr'érsﬂg/gﬁdo@-
related to received signal quality. The transmtter system 300 need

not have kn&wge @m}éleb?%tqa@ bg eenfipuradtianerale esighasireen using fomayenperat e
on some ot hﬁfvcﬁﬁlggﬂléh r'I'hg tﬁl@ c'rﬁﬁfgﬁéc%qlr%] n%E)dc?tﬁ@ E%%ff&ﬁ%}%é@ 9) to

the receive sign or t nel
wei ght mat r conjgmiethat eugnﬂaﬁeamummg]ffm@xamglet orofpeme sainectdneounidd opl e

wei ght vector ased on. i orrratl s supplie e

transmtt er TPE4WHPERS Stapale OP’@%?I&E‘HQ%E%*? o SORGER™ @até(??tg%%%fss
termnal. | Adam@nﬁn@mlnmlv@h@mmenmﬂ @u:b@cr%QO chebd doafigied terotasySt em
300 is configured to receive the fee?back information froma w rel ess

link. [0072}ETHareqmypsing preay moye palipliss ppgradngon Bgwnssand quadimaresapal

that is C0nf:érﬁwn%ﬁitstd?tero?ﬁf%ké/ﬁuﬁpﬁérg%ighﬁﬁ@ﬂ% Phist @0mPncan délﬁ @l%ﬁents
term nal (not shown hough a distinct receive antenna 370

depi cted i nammféeéh\b@éﬁqmwmhlmowlmmﬁ tter system 300 can uti I | ze
mul tiple receive antennas or can both transmt and receive signals
usi ng the siid64pnTepinalyotheainteatinasty/spherhoerodér326 parorahatiitaent s,

there i d t ed t 370, Rath f th
ant ennas. 54500 EC GGt G PLHGH GO ST ENn " (O0TST IR G PE ST eHing

370 coupl esby Rensheiak v&qﬂﬁwmlfs i aastfeeﬁag bv&ra ph@Rlity! G231 distinet antennas.
confi gured to amplify, filter, uencg_fy_;onvert t he received

signal to alis?gRKel g dli"@?ﬁ‘ﬁlf{ﬁ?ac‘b'i“@éé prysystepp theaplurplity oh © angsapisap be
380 oper at ege U Rt Faxmé %B%Bﬂnéhm%ﬁhéy' d6h sﬂﬁe GRE&IYEHne

information of interes whi ch 1 ncl udes val ues generated at
one or nor eda@@éﬁgpe{cgﬁmemaﬂgl_ed signal streams 1s subjected to additional processing.

Another manner of providing diversity gain at the receiver is by using transmit
beamforming where substantially the same information symbol is transmitted from
multiple antennas. The signals from each of the multiple antennas can be weighted
differently such that the total signal to noise ratio at the receiver can be maximized.
This different signal weighting can be accomplished using different antenna gains or by
weighting the individual signals coupled to each of the antennas. Although weighting
of the signals is illustrated as occurring just prior to the antennas, the beamform
weighting can also be performed earlier in the transmit chain, and can be performed by
operating on the signal streams using time domain weighting or frequency domain

weighting of the signals.



[0074] The receiver 380 couples the output signal to a CQ processor
390. The CQ processor 390 operates on the baseband signal fromthe
recei ver 380:ztmnrwoover CQ values that are transm tte@gchustneessss
terminals. The CQ processor 390 can, fbr exanple, extract the CQ
val ues from parti cul ar over head messages or from particul ar dedi cated
nmessages. The ue exanpl uI ate predeterm ned
fields in n{a@égq hedn H&B’émi Qf%h%‘}r? é&‘ﬂh%ﬁtﬁ élﬁbﬂg?t&aﬁﬁgh%ﬁ?’ﬁéfﬁb’er

prefix, or gthebrhdaRtdsd ﬁﬁrahty\é@agt@ﬂﬁls 0%2&%&1&%9@&&@%@@&&@0m
100751 The CQ  processor 390 coupl es quéva ues and 1dentity of
G

t he corr esp8idimpylisgeibdgasestime ﬁ@ﬂOdP@?@hﬁéC i@ onrefrai plurglétiief at or  360.
The wei ght B@z&ﬁf’oﬁ?ﬁg RELRLAS 3%693&a”rﬁg%gh1fb¥ dﬁr Qlﬁfb%ﬂ%%n 8&0 -330q

beanf orm ng wel ghts~or weig t vec ase ues
reported by cohesporaisde thlemgmhcmﬁmnmt davaait)sszg{lﬂ@ﬁ@}z]slganaamebgﬁtc ’m:nc

vector, for ,exa = , wg, N1G , each weight - can

|ncI ude an gh‘ﬁfbr[?)ﬁ%dé;em%ﬁpegh\é@p%ﬂd a phase conponent, for exanple, wo
= 4 The wei ?ht mat ri x generator 360 can _be configured to introduce

i nt ent i onal 1408fhoEagh YeamTeRERICHIET G 338w iSconfigiretiogzenerats aplyality obf

vays. The wWgjefledERinhi ﬁre%@%ﬁﬁ%ﬁwlﬁé&sﬁﬁﬂleg% & BOHdsBAH atn‘Re M@rﬁ%chhe

anpl i tude conponent’s, phase conponents, a conbi hat | ereo
Addi ti onal | Peamfnénmeﬁwemgrﬁ%,gmpm Ofibc)pl@mht}bfe? S@nnifsmgcnn@cfmrm

vary the m&l&h{aﬁsrﬁ{t Esigrlgﬁ tgﬂyacrg tl%‘ﬁ)% %‘fdcg 0. Vﬁ{:t mfo ? yﬂo sﬁlgtg

vary the wei as a runctron o

[0077] As a[hC&l@thlnfB a filvelive Kgbf duptitate snglgﬂ B@&’amb(md %Lghfs&aclbﬁthe K
configured to nmajntain substantiall I nent s
Snd vary e ndCp e s e b Suatived B TOGHTY Melsh hatie e G Bk
to the transmdodees3of EUPBMACGRRE] Higkdlkiains td RELWRigNK, oHEﬁtéﬂﬂés 33000-
generator 360 can |ndependentl vary the phase con;oonents of the

i ndi vi dual wetegRsscigied @ath thepayieula betmbenmgependent ot a second phase
conponent based on a first phase conponent. [0078] As anot her
exanpl e, t h¢00ké] g ﬁbem’élrer, ithe tgehmmalteo of 86Mneais ebml totht ingmbedﬁltime

mai nt ai n subst . Gonst hase one a
anpl i tude conﬁ%k A ace Tt he’ d’\ig T oug N n%é 'ﬂlﬁpﬁed\;;b rtt{e B‘ﬁneber of
i nformation bézmﬁfohﬁlﬁg sﬁgﬁaltshea,rﬁsr Kngtﬁﬂehitﬁ fof éanmum deesESBphitithd\@codddor

exanpl e, t h%ro‘ﬁ'g.i glht%c g{%%ééi%(negteor}%g%trg 5, t g'g al%%r%otié g Q(gxlgggtenpﬁas The
transmitter system 300 embodiment of Figure 3 illustrates an equal number of
beamforming signal streams for each of the time diversity/space-time signals. However,
other embodiments can have different beamforming dimensions for different time

diversity/space-time signals.

[0068] A weight matrix generator 360 is configured to generate the weight vectors
used by each of the beamforming encoders 3300-330g. Each vector within the weight
matrix can correspond to one beamforming encoder, e.g. 330,. Typically, each of the

weight vectors is distinct, but there is no requirement that the weight vectors be distinct.

[0069] Each of the weights, w, in a2 weight vector can have an associated amplitude, 4,
and phase rotation, ¢. The weight matrix generator 360 can be configured to generate a
fixed weight matrix or can be configured to generate a variable weight matrix. In some
embodiments, the weight matrix generator 360 can be configured to generate a

combination of fixed weight vectors and variable weight vectors. The weight matrix



constant and can vary first and second anplitude conponents. The

wei ght matri x generator 360 can independently vary the anplitude
conponent sy@boobbeesindi vi dual wei ghts, or can vary the agpukicudessoss
conponent of a second anplitude conpone]r& based on a first phase
conponent. | n another enbodi nent, the weight matrix generator 360 can

be configured to bot h the arrpl |t de and ha e orrponents of at
| east sone SFFHY 338:9?1‘?%‘??1% guaﬁé.ﬁgm “G‘G)Q@i th QTEXAPPIGHITER t he

wei ght natrb%nge&egaﬁlgﬁnﬁﬁgoyﬁﬁlbgﬁd thedesi red wei ght conponents can
be fixed or can vary. The weight matri x generator 360 can be

R L S B T R

occurrence aﬁiatlekﬁe |t the tronsnatterotito iweaghit matrbdmnemtfor 3athﬁm\mteghine niwtdpitimal

generator 36 e confl use ependen r. e

Var ed: compUHER PRREN VY R TR RIS ot BT G DG GRG0 Noise R
Alternativ etSNIo)rorasﬂb bihenmkiiy relblae m@b@{?dd sigidal fualige rmlreaﬁa@gnua&%y@tam be
configured to use the same rate or independent rates for each of the

vectors in PHEIGHENGHREYRERITIRIEY of thfcarBlabrhanpe) &stifad e PUt Rt PRI et Or
360 can be ggifd él%’ré i SidtrfcQnHad L’/as&ch&l 6%&%@9%1&3@{&% r&&@ﬁ@@ﬁ%iﬁ@&
the rate at which the individual weight conponents are varied usin
conpl et el y thedbpowbestimateancti ons for each conponent or rate. [0080]

I n one enbodi nent, the access termnals transmt the CQ values at a
rate that i §000akedhowerht fkibkgsysritot 3606t eonfigaredex aemalage the heultiple weight

transmtter s 00.can rec e es framan ac t er m nal
and the wei &?f%/ Frg?ste an‘gﬁ%?"é%ﬁwé’éé%ﬁg%&ﬁ A pEuties %ﬁ?@%%§%¥

wei ght nat r igeeifhp@icpiRl, shépdiinkasdsS ierMReT n ehel dnfidBinkeht SHOWRAR eiguasf_v, Fhe

predet er mi ned nunber of OFDM Ségpbol S. The weight matrix generator 360
can vary t hE2psnEHsyveaosP & pbarrediodrgivedhe focsibagh Infergnagien fam aipdat e

the wei ght vegtorg,based on a predetermned multiple of CQ values.
[0081] The tim ng and synchroni zati on nodul e 350 is configured to

synchroni ze t of t he WEI t mat ri X ner 60

7t no. used Y2 1™ Dot g aeTR ookt ARARAEHE ol enbhdled B°

synchr oni zatdcoive m@uhleraa&ﬁltteany bl &dcosheternind] (6ot shdvad). Mthsqgmwmmm ed

to systemtine used by tahe transmtter 310 when neratl (g)a‘{afl
on

transnit strEEF a’iltﬁmb”r?g dhdrpefteenthe o diongnl ﬁbﬂfé mé‘{Pﬁélfﬁf

nodul e can Qﬁhz?eyrﬂﬂﬂﬁl@@éc%ﬁr@ ah@niA3@r CAWus yaelit - &H%c@ﬁxe@fgnﬁlbﬁmﬁé &@%E&&
stream such that the weight matrix generator 360 can generate t

varyi ng wei gheanaidsgategapsy ThereBygrivoiomsomhedinass, thepogny dedieated receive
beant or m ng,&RcO04LHS RIF gP gﬁ lb‘%g&é%fﬁi% aﬁféﬂﬂds%% at d}sed W& e dniinas.

vari ous space-tl me enco treans In a onmal n oper atron or a

frequency d erat.ion, . .which the. acces .
termnal s aflieh. ABEkeey aretier of 6%%%1;%%“{4" SRl portsBo e tatis
configured tenfilgeidaabepyDitayafidtauiyRanidiatt Atciaetamml foad sigmantes,
it may be cqnvenient to apply the wejghting vectors to the substreans

inthe tine %ﬁﬁpwceSﬂaaemwaHYn’fheﬁ%@&?hﬁﬂ@efaﬁﬁsmwﬁm@é@ﬁeb@fb%@nbo|

i ncludes i “%%H?ih'e%befv@ﬂi FohntatiBh 6f REEAS Whi@r 1%19@&&?1:1&@@%%@!1&&{3&5}
distinct CQ values, it may be convenient to apply thé weighting in

t he frequen@?cmﬁccegﬁj@hnmhiat the different subcarriers nay be

wei ghted to correspond to the channel conditions experienced at the
recei ving a({:{lﬁ?sl]s Tae mcniabisi80Theplehthe oetphicigumebn atCQEprdar®mir 39¢.eTisUSQI
frequency do

processor 390 operates on the baseband signal from the receiver 380 to recover CQI
values that are transmitted by access terminals, The CQI processor 390 can, for
example, extract the CQI values from particular overhead messages or from particular
dedicated messages. The CQI values can, for example, populate predetermined fields in

messages or can be identified using a predetermined header, prefix, or other identifier.



WO 2008/ 077090PCT/ US2007/ 088083 19 application of the weight vectors
is not alimtation on the use of CQ to optimze beanform ng

wei ghts. Reob®@ep7hde choice of one domai n over anot her pcs/ukynT/eBddsy
det ermi ned based on the processing powe’ required to inplement the
respective enbodi nents. [0083] Figure 4 is a sinplified functional

bl ock di agr f odiment, of a transmtter system 300 configured
for beanf or ﬁﬂfﬁg' ﬁlﬁe ﬁﬁgp@"ﬁé‘aﬁ 3}?@&’“@?3 tﬁ? g@ galyes "F%‘ééetnlngfn%fﬁ%‘? ter
system 300 k&rdapotditgbicBes Wrinthal @Uhc WekR mank AtafodW. IThe GRbht kiR

to generate transmt diversity/space tine coding over two distinct
groups. TheSeupHder 398 sen wpdify g geacuateine bepmfaradnsaveights priigight vectors

enbodi nent { ) . i : din
Figure 3. [g%fggj}p}fn tethgég%g%f’%{ang o# tbl&?%eulr%gail,ﬁg‘%égg#l?%@ﬁtter 310
is configured to generate a transmt stre t hat can be, Eor exanpl e,
a stream of [7p] uFa? weightrecton bR SymBls & 17 |dtueMey t'r alsh-al @Ch yeight
transmt RF frequency. The transmtter 310 couples the transmt _
stream to t b ingladesan amplitydsroomppnenparde phasecamrnsgry fos emlO085] AFHE .
transmt di vgrsi,t /sEace-tirre encoder 3’%0 is configured to generate a
group of twePeREBAERTx SRAGTHPT 40@n he coigmadiie Meptke PieRtR! Tmeptaeam

The transm aghed Sithd{RRAGRIdhITR 2 RNEBEEIT wid8 TRNweibRImANR B eRutorSIBbI t
the input transmt streaminto two substantial duplicates. The

transmt di o¥ybs eopfisyad o varyrie enpbide campnerts. hatqrempandnits; 8t 2 of t he
two substant.i af: l4 . I i an
further pro%éé@ém% e tggg%fﬁ%‘dgﬁ 10'? ﬁ@%@:)w@%}gg%% %%]]@ﬂ USF? géar{]gezﬂggg%?(g
out put ti ng itd vaggtheheighecwititn eng gatedwtighitexior islepadentlyThrevary ta sveights

di versity/sgac -tinme e coger 20 ¢ gr.o%ess the second of the two
subst ant | al SHSAPT-CAReE (o of OR A1t BEZHS) Ay ng. conj ugat i ng,
negating, rotating, and the like, or sone conbjnation thereqof, the.
si gnal st remﬂwl 06847 e#%’épl%rt%?]‘é’ﬁ%htt‘é?“%%‘%eé@’f?@@@ cpix B ighred AL mapfain

the group of,dstaARAMN dondtiMebDIiFNE SRAEGhisTRd 645 %égﬁzaﬁ nSHOSLELATS -
A first group of antennas includes antennas 34000 and 34001, while a

second gr oupatt pe infiefewtiomfadhaels to3hotramsater Sooma actse tarminak m hetvegight

syst em 300 g i i V. i -4 . ed
ol anal subsa ey 35 birheskh APk e Rl dokisdRARES hERATRERE
and beanf or meightser sec oarg therphasmompdiane pBa tegpdisiEieee tanpeneribegd dn sifgstal
substream usLn? t he second group of antennas 34010 and 34011. [0087]
The transni PPEFI8PRYTY space-ti me encoder 320 couples the first

encoded transmt streamto a first beanform ng encoder 3300, The
first beanf #WBhgAsieebercxamppicobe geight matircrriigendil @edogenfigured to

maintain substantially constant phase components and vary the amplitude components
of the various weights based i part on information fed back to the transmitter from an

access terminal. For example, the weight matrix generator 360 can keep ¢, and ¢,

constant and can vary first and second amplitude components. The weight matrix
generator 360 can independently vary the amplitude components of the individual
weights, or can vary the amplitude component of a second amplitude component based
on a first phase component. In another embodiment, the weight matrix generator 360
can be configured to vary both the amplitude and phase components of at least some of

the beamforming weights,

[0079] The rate at which the weight matrix generator 360 varies the desired weight
components can be fixed or can vary. The weight matrix generator 360 can be

configured to vary the components based on a rate of the CQI feedback, passage of



20 3300 includes a signal splitter 4100 that is configured to split
the first encoded transmt streaminto two substantial duplicates.
The first viasasmwkormeong encoder 330 couples a first out petTfosmnrisaess
splitter 4100 to the first antenna 34000 associated with the transmit
diversity group. The first beanform ng encoder 3300 couples a second
output fromthe splitter 4100 to a nultiplier 4200, that is

confi gured flﬁemﬁgﬁ?ﬁc? Hée‘?ﬂﬁn%ﬂa W&’éﬂ?‘%ﬁ*ﬁﬁo Esnpriel %é‘i”gﬁ‘%ne?&féﬁ%d
from the wepghdc Bl @aRE IRILRNISRQatesRE cdoh VaticD@MPoREN WHRS v@rg}ﬁlgder _
3300 couples the werghted transmit streamto the second antenna 3400i
associ at ed wiuitiple Weightrampapantsj Asaradtivoly g aditionaipgieg waight matgy generater

system 300 BeAt QLB ecﬁt%%gé‘@lf%.&ﬁé’%‘?@ortiﬁ@egéﬂﬁegte @Fe%%%&tf‘oﬁhﬂ&}}og@

fashion. The transmt diversity/space-tinme enco couples t
second encoietic emhsmatrixs {n pawral .chawsigbtonadrib ganfaomitigae he oodigu3d 04 .
The second bheand ormi ng encoder 3301 includes i gnal. litter 4101
Chat °F o conraarcnd B e Bt e sheadeln Pl Fouh ittt n o
two subst antémporndig hiccaties usidhengtaolydndepaik ey iThA@ne e estdrcodipOdent or
couples a first output fromthe splitter 4101 to the first antenna
34010 The sE#®nd beanform ng encoder 330i coupl es a second out put
fromthe splitter 4101 to a nmultiplier 4201 that is configured to
wei ght t he $10§Ak| Iseresarhodimednt, shecasagss trminal sgransmis de Gldvalyes i 4 tate that

wei ght matr i [ r.at S a ] ]
coupl es the is)ﬁﬁ?éllgcgjﬂot%e% ﬁ%ﬁg%mtbggﬁeé %P%H{%ﬁeé E%ce%%g%\rg&g n{}%%%lgjog } 812 %.ccwc

[ 0089] A ti mQigalandfireynachcm@ey zatindnnddadulragtB bGitibsganonfar §6d ech taoy the
synchroni ze W .the systemtinme used by the transmtter 310 en
Goner ati o PREIR S ek FakfT i T OGSy ORF BHeTRPRaT fodul e
350 can al sgrdaecenéd Qe of OFDRNino1sP TR lctifina ek YRS 360 cantvaiyes
of the transmtter 310. The tim nfgﬁnd synchroni zati on nodul e 350

coupl es t hetle¥RigHY vagiers speniccapialil iahish Aagan ndate thereight vemers hased px
gener at or 3@?&%@9&%&1&3& Wf%l%&i X generator 360 is illustrated
i Rer at or,

as a 2x2 wei ght matrix ge because each transmt diversity

group i s be ver t distinet anten .. Ih.the general .case,
Phe ol ont PR He RiFle SRS, BRATESH s i BSPRIRmATee
t he two tr ansifgofdhe/eeight iatgr enesator O With thgtimmgaus@kid tvetrghatittmte .x.

However, because i hi s .exanpl e .t he beanf orm encoders 3300 and
3301 wel ght T BHPYTBIRe M TH R R E O A B D6 HEAh¢ SRR Bhe
wei ght mat r gy caRAREAIysRRAIMEadd 89 hhe teaneef mw&n;g@ﬁah 86 tradmif or
each transmt diversity group. WD 2008/ 077090PCT/ US2007/088083 21

[0091] The Wesaghtineae pinkotimaely the Sminpodaypduenizaspy modnecar bs a 182
vector for éﬂﬁprghgz@&'%& gﬁb‘ﬁﬁ%ﬁhﬁé{ B th e MAh i bukhlf shd rtﬁ&t RN Eidnt S

pr edet er m ne e unit Thus, there Is only one vailable conplFex
wei ght for ewbix gananemid60 dingensiateytingrcuypng WhightsehayMory opapmbel hosydarided
as normalized to a first weight.

[0082] The beamforming encoders 330¢-330G can be configured to weight the various

space-time encoded substreams in a time domain operation or a frequency domain
operation. In an embodiment in which the access terminals are co-located or where the
transmitter system 300 is configured to dedicate OFDM symbols to particular access
terminals, it may be convenient to apply the weighting vectors to the substreams in the
time domain. However, in embodiments in which each OFDM symbol includes
information for multiple access terminals corresponding to distinct CQI values, it may
be convenient to apply the weighting in the frequency domain, such that the different
subcarriers may be weighted to correspond to the channel conditions experienced at the

receiving access terminals. The choice between time domain versus frequency domain



[ 0092] The weight matrix generator 360 can nodify or generate the

antenna wei ghts using feedback froman access termnal receiving the
beanf or nedveb@ratrmoo An access term nal can receive theptwosheaskesned
signals and can generate one or nore CQ9 val ues based on the signals.
The access terminal can generate the CQ values based in part on the
channel seen at the receiver fromthe two beans The .channe

seen at t he®HUicaen af dieysight veeiersiiy/aet 4lipitatign pp thtuswgﬁaﬂ@ognm by go

= ho + wo 18&mfomﬁ el %a’éhfé{@ tlfé”t%{b@ lof b OdBried dveP bn AR & BicAAO00 to
the recei ver and is the channel fromthe second antenna 34001 of

the sane beéﬁﬁlﬁl@nﬁtdrt@smxeﬁl%ﬁopessmﬁmp‘aﬁﬂ Tpquireddo ghplpment thegespeglivet he
receiver in.the.sec gnd beamis given by = + wt. ho , where hi is the
channel fron1a I rst ant enna 34010 of the second bean1to t he

receiver, t he chann fron1a ante 1 of

Cecond bean i8Sk hBisE RISy SRS SEER delRiirtaR iibotdedl o *can
estimate t h&aﬁsﬁ’rﬂﬁé}%&st&ﬂsemc&iﬁg&reﬂlfbﬂieaﬁlﬁﬁﬂlﬁig tih afsem ot BEbnbYT F1Fﬂ
transmtter system 300. In one enbodinent, the access termna

i nforms t hethert@Agmiter ysteg 300dsneongigurcy vithi ey tetakantcpars adas eavdiguref to
processor g&er&@ﬁ%mmﬁﬁxsggﬁe%@m@ EF QRYE %nch}suﬁgeqﬂ@t matrix

gener at or 0 can adjust the hts of the wei ght vectors
accor di ngl ysmpatinsit qfﬁlgaln@l ém¢mﬁmmﬂﬂﬁ @mshefihgmﬂ afdha gexcrgbredr at or

360 is conf V hasg of the weight OF correspondi ng
{r%kﬁé?cr sPst&h ?ﬂgg%tft.@% HRG3S.

to the weaker annel “accor
[0084] In the embodiment of Figure 4, the transmitter 310 is configured to generate a
transmit stream that can be, for example, a stream of a plurality of OFDM symbols
frequency translated to a transmit RF frequency. The transmitter 310 couples the

transmit stream to the transmit diversity/space-time encoder 320.

[0085] The transmit diversity/space-time encoder 320 is configured to generate a
group of two encoded transmit streams from the input transmit stream. The transmit
diversity/space-time encoder 320 can, for example, split the input transmit stream into
two substantial duplicates. The transmit diversity/space-time encoder 320 can output a
first of the two substantial duplicates as a first encoded transmit stream and can further
process the second of the two substantial duplicates before outputting it as the second
encoded transmit stream. The transmit diversity/space-time encoder 320 can process
the second of the two substantial duplicates by, for example, delaying, conjugating,

negating, rotating, and the like, or some combination thereof, the signal stream.

[0086] The transmitter system 300 beamforms each of the group of transmit
diversity/space-time encoded signal substreams. A first group of antennas includes
antennas 340q and 3400, while a second group includes antennas 340, and 340,;. The
transmitter system 300 beamforms the first transmit diversity/space-time encoded signal
substream using the first group of antennas 340y and 340q;, and beamforms the second
transmit diversity/space-time encoded signal substream using the second group of

antennas 3401 and 34044.

10087} The transmit diversity/space-time encoder 320 couples the first encoded

transmit stream to a first beamforming encoder 330p. The first beamforming encoder



predeterm ned algorithm For exanple, the weight matrix generator 360
can increnment the phase by a predeterm ned increnent size. [0096] The
access terppnelsiocmsy update the CQ val ues based on thepeenssegidiesns.
The updated CQ values informthe trans#itter system 300 whet her the
correspondi ng channel gain has inproved or not. If the channel gain
| nproves, the weight matrix _generator, 360, can continue to change the
phase in t hé?@dﬁﬁ%“#ﬁﬁﬁ@nﬁlﬂﬁi 7 “dlichaich B HA SR theyffré sgeag§g ansmit
| nprovement sirdhnt AR RANPRANtEPIPlicdtEs. 1R FEhaRaRfkRinpREcHIBASR), daglades
WO 2008/ 077090PCT/ US2007/ 088083 22 the channel gain, then the weight
mat ri x geneii&st gpirBiEOTE Hgrgbidertih@ tpAlzesiarsi gntenpa 3Hppesseciascd vsih B trapgyaif n,
until no fu ' 0 | L0 '
[0007] " Cnce ep R RREC XRERIL biaebiling A0 128Rolplsds Sbf ARk Srom e
360 can t hesplagy 65l taadutplicnd e, thites cafigesp aneeight thaphknd siendwitiNet e
t hat the phase and anpplit.ude. need not, be continuouys.functi ons, .but
Lhe can be COTBIET 8 HTISHT S Bt OF LK PAE: RS ks TS Hamde g
shown in Fi ghfode5330) &RAPERE thEReei G@dd tvalsthi@streae e hotecofd iiR&mandoh o a
si ngl e channel estimte, but can correspond to a val ue based on a
conbi nat i on 2BPCIRREHABItheE s mEdBETsIty#EURei ght natrix generator 360 can
be configured to optim ze the weights based on a netric derived from
a combi nati 68T dhehaemigytsystemn 880 beandotes thpsecankerspded tRosmis xarmml @,
the weight mafpiX QgNGT 3O fraz%g'gt cﬁ\%?sig?spgc%r-]tfiﬂqg W 5er3%0 %gl!lpli'c?stthé H%nd
wei ghts to maxim ze go r +la

encoded transmit stream to a second beamforming encoder 330,. The second

beamforming encoder 330, includes a signal splitter 410, that is configured to split the
second encoded transmit stream into two substantial duplicates. The second
beamforming encoder 330, couples a first output from the splitter 410, to the first
antenna 340;. The second beamforming encoder 330, couples a second output from the
splitter 410, to a multiplier 420, that is configured to weight the signal stream with a
complex weight received from the weight matrix generator 360. The second
beamforming encoder 330, couples the weighted transmit stream to the second antenna
340,;.

[0089] A timing and synchronization module 350 is configured to synchronize with
the system time used by the transmitter 310 when generating the transmit stream. The
timing and synchronization module 350 can also be configured to monitor
predetermined events or states of the transmitter 310, The timing and synchronization
medule 350 couples the timing and event status information to the weight matrix

generator 360,

[0090] The weight matrix generator 360 is illustrated as a 2x2 weight matrix
generator, because each transmit diversity group is beamformed over two distinct
antennas. In the general case, the weight matrix generator 360 generates a 1x2 vector
for each of the two transmit diversity groups, resulting in a 2x2 weight matrix.
However, because in this example the beamforming encoders 330, and 330, weight only
one of the two signals routed to the antennas, the weight matrix generator 360 need only

generate one complex weight for each transmit diversity group.



[ 0099] The access term nal can be configured to generate and feedback
a CQ value that corresponds to a difference between Igo 12 1gi1l2 at
t he currenriotdognsmoessi on and the previous val ue. The wecglbk200B6s808%
generator 360 uses this CQ value in arfladaptive manner to update the
wei ghts such that this difference is mnimzed. [00100] Figure 5is
an enbodi ment of constellation diagram 500 that illusfrates a set
of weights {%3(%)1 cihe b’élgf;ferrl@efigaﬂw%%@ #ﬁeaﬁh@#ﬁ %@sﬁateﬁarlxggect?rrf%each

vei ght vect ghnsmi\@v&aRsseh) AtviReh @b #6 PR Prddeehieesodst g STRIE
wei ghts. M nim zing the nunber of possibl'e weights in a constellation
m ni m zes t Herde grl¥ese srigbletormaxarrdgly focass irmymatal vres it esenpwi Ehis

varyi ng t he aeaiicar g g, el a e kA0 E-TWElp vei ghts, for exanpl e

wei ght 512a, dre positironed substantially unormy about a circle of

a first radi nd, t wel yve ights, f example 510 and,512b, are

o osi 11 onea. LHHB2E Ak HEtel e SrteRon B0 A BRI o el thE Ao st

| ar ger radi using TBEbpR &SBSanGlccdsh RrvBI2DRESVIAR tHeRathfoimbd Ghfiad ACicBRI de
wi th the phases of the wejghts on _the secaond circle.

Thi's
conf i gur at i SATHP] GRgetehe e arrdirrnfesmed sizgals gnd 498 SarpMte PR Tre £
wel ght Wi t NoMhosRA dnl APsiBiiis. YRE b@lklsAimlifal B «RIARENE CUIRELMCLAN in

The transmtter y SO vary phase of a Wwei ght w thout varying

t he anpl it udert of thelgharwel sghn at thoEegP3r fror thesrearptasms. a transnmitter may
determ ne that a weight presently corresponding to weight 512a shoul d
be i ncreasef098] aifpt chanded sechhe tHeraaasaricringal wwegiva e tebirst dbarh veziven by
anplitude variation by@%eel ecting wei q% 512b to repl ace wei ght 512a.
WO 20081077 @ GPCT MuSR00TFseaRES ongnagl yqnyg figst agtepnai3ti dgihe receivengnd

i ntrod tati b t tellati i nt
e o b B L el PR R A P
f ti I dj f i i t 600
cont i gur ed EaE e L P AR e T o B o en S PR O i
mul ti pl e beas.h The A ocery gris ty shanebbdn e ditst betepar 340afof tHearcord doph &

a receiver systemof Figure 2 or an access termnal of Figure 1.
the receiver, and /, is the channel from a second antenna 340,; of the second beam to

the receiver.

[0094] The access terminal receiver can estimate the channel based on a pilot signal
transmitted by the transmitter system 300. In one embodiment, the access terminal
informs the transmitter system 300, via the receiver 380 and CQI processor 390, which

channel g, or g, is stronger. The weight matrix generator 360 can adjust the weights

of the weight vectors accordingly.

[0095] In one embodiment, the weight matrix generator 360 is configured to change

the phase of the weight 6, corresponding to the weaker channel according to a

predetermined algorithm. For example, the weight matrix generator 360 can increment

the phase by a predetermined increment size.

[0096] The access terminal can update the CQI values based on the revised beams.
The updated CQI values inform the transmitter system 300 whether the corresponding
channel gain has improved or not. If the channel gain improves, the weight matrix
generator 360 can continue to change the phase in the same manner until such change

does not yield any improvement in the channel gain, If the change in the phase degrades



[ 00104] The receiver system 600 is configured to generate channel
estimates for each of nultiple beans based on pilot signals in one or
nor e OFDMvey shebsomarried within each beam The recei vecraysbemsa30
utilizes the channel estimates to deterd ne one O nore CQ val ues
that are transmtted across a wireless |ink back to the transmtter.

[ 00105] The receiver system 600, i ncludes an antenna 6§02 configured.to
recei ve beaHresh#g! %"ﬁi“bﬁ%ﬂ%{,ﬂ’ WEEht Rtk ﬁ%“et@t%%@i a%ﬁ%&%’#?%?lﬂéﬂ‘g@@l’?%“ﬁe

encoded beagfapfid¥Bami Gans HkRihevaEGesSthohathel @hinfb StHi@ble. OF the
transmtter systens of Figures 3 or 4. The antenna 602 coupl es the

beanf or med gi I [ fi : .
processi ng Ejnl)%'?fr ?&E‘gﬁg;‘?h%%gh%‘?a"? i é%n&%ﬁéh%%éﬁtﬁﬁn%%&e@%ﬁ? e cn then
configured udjugiraod eptanizbecrceteipsednpaapiitodered Sotgriak thetphadasanéd bapidude
signals. [00106] The receiver 610 couples the beanforned signals to a
Di scret e Foueddaot e eonsifrarunioEg)s, heidhd eandeGeleded frocestofigscratq t he

cont ext of an ﬁﬁ@ga%gpn%:e%%st%swgﬁg%%%e 620 is configured to

receive timd donarn s synbol and perform a Fouri er
transformt odyce the correspondi ng frequen domai n.i nfqQrmati on
i each of - S0BRE RE cBSuiR 1eET Pt Orerhonb Ak SEab ST Enetotel BT
nodul e 620 gaiespSid 18aMahubBafc@Whla®bmblnS O dMabtfel Bdimat@ TEX #eRhEmatdix
Fast Fourier Transform engine. [00107] The subcarrier output fromthe
DFT nodul e 6gBrater 368 ¢t belcandicaregite entingige g steishis roeilares Bginic dytiecd from

transmtter aggﬁf)ﬁgﬂiéﬂwcﬂgﬁ%h%ﬂﬁla%g &g%kxﬁ S;%%i)ngﬁtte@.i Eékin%l@ the weight matrix

predeterm ned positions wthin an ¢ e rec |\/ey system
600 is awar gecfatdB02bBE bdnfipured @sladjst ma%mytotrﬁ@dﬂzleigorsg [? fal s in

t he OFDM synbols. The pilot extraction nodule 630 extracts ose
subcarriers correi‘ﬁgndi ng to the Ei | ot. signals based on_ the know edge
of the pil of"09PhcdhAtcess garnal sy qwnéggliegrfﬂ gengiafegmnd decdbaskef¢ QL value

algorithm th il ot signal.s occu eviend aced subcarricrs in.each
OFOV Synbol i GETeSBS (P et DRStF Qe bEas S0 POTG B SHS g fie
extraction dul 30 | the extr i .ot ~siagnal. infor ion
e e PRatts wae 158 YRS phiE, SELARE HECLRL W ol B inlaBLBLRE | ©

pi | ot si gnahsnh@ telepduarhaecphthacdnghbt testdiffméres i{ @R, The DFT nodul e
620, pilot extraction nodule 630, and channel estimator 640 operate

to produce r0eNFRureS sl dBhBolidentofbteldiBn AiagRdd 5AVBIGHUsIERS a set

transmt diversity/space-tine encodi ng and beanform ng perforned at
t he transmi of Beighipshas gan Bpielegter Py dipsttanamitisaior asch acragin apctprs The

substanti al | i .

channel est ic%/rlxlaigt%Ialci')lg1 H%‘%Ll%%ﬁ%logﬂsﬂ %%Q%?%S?ﬁfee&ggggnelm{é%?l %ggﬁt?%. 0tf he
CQ gener at posséBOweighie OQkomyeH el nmibBizes thedegres of frortemomdmoraessGQ
val ues based on %Qe .t?lhannelt egti tes. Inh ne enbodi nent, the CQ
gener at or 650°P8ed S VG E BeRRNYRE Bei val ue that is
representative of each channel estimate. For exanple, the CQ val ue
can cor r espdHH Mb Tsbreirsnts dersxamprlepeiaht a hife rre@stifiprpdaubstantialiot her

enbodi nent , \hfIgHLELRERAL 8F 2 BROrAAR aﬁ@ﬂ@@&&?ﬁt?,%é KRB 8lfd 81562
val ue based on a conbination of nultiple channel estimtes. For

exanpl e, t hareqmsitigaeretulistentiafs onidermlyyahraf acisclahome &/spcomd, larger radius. The
representati f e (] %%‘ nnel

cori mates. PhisPar i S on e IPAR AR AL E pilcd 051 ERERAE on e
configured teconddirdat Ehianonfigoraee ribews the trgnsgrigdr toualy itheanglitarf a

i ndi cate which.of .t he beans experiences a,nore favor.ab hannel . In

of her _enboa PR it hOH R e ERSRLY GR 168 PLAR s e The EURBI eI

of CQ genenpbivary thephis: alescioht widivat eirfias HeQ@mpiaie bathearighechni que.
[00102] For example, a transmitter may determine that a weight presently

corresponding to weight 512a should be increased in amplitude. The transmitter may

accomplish the amplitude variation by selecting weight 512b to replace weight 512a.



[00111] The CQ generator 650 couples the CQ values to a transmtter
660. The transmtter 660 formats the CQ value or val ues for

t ransm sswamzdasiekodoo the transmtter system The transpitiuetooGsosgan
generate an over head nessage having th&3CQ val ues and can process
the overhead nmessage to an RE signal. The transnmitter 660 couples the
RE signal h VI[;?I the CQ .values tg the antenna 602 for transnm ssion
to the tran3h @rthé‘?%‘%%ﬁﬁter[c%ﬂ? uge;of YT aPhpss TgalPHPY pHGCERE £1 owchart

of a net hodccz&@u&tonq:ro%ré%mggéﬂﬁ%aﬂﬁe@werSI ty using beanforned
transmt diversity/space-tinme coding. The nethod 700 can be

performed, fgyo X }e% is %tsnﬁrfﬂ@eé‘%%ﬁé Bfo@ azag{?nﬁ&fgki eﬁl&gic}lg‘[?npé/f the
transmtter sys shown I gures ) ho
descri bed afecéleerrsgstam 600 cordigubed ta gérneans and feedbasly s CQinviloe bashe op mgmﬂs es

of di scussi on. e.vari rocessi tions.described wi thin the
et hod 700 BeIBEE AR BRSO BT o 7B 86 S ARGt = e
signals or kntdht GUEREY of @MBdcBssREGRS 5F Pigukfl.t he signals. WO

2008/ 077090PCT/ US2007/ 088083 25 [00113] The met hod 700 begi ns at

bl ock 710 fi§at B &Eé@é&fg%ﬁ%oé Ys%ﬁﬁ%u%@d‘ﬁrg%h@r%%h&{néﬂésﬁlnﬁte§ e

The transm stream I'ncludes one or |0t signals. For exanple,
the transm of Ieultishﬁshem basnd gepidotaigpala it erene miore @FD%smnifolﬂéDMdswﬂbml S
t hat have bee q v = .
ooy, RSSO R L eRuRS R R BRI one o
si gnal s. [Oﬁxbﬂe4¢QIFMuetgﬁmsmttahamtts&s&remapm@ﬂ@e(mak backizb ﬂ(ﬁﬁaﬁ?xﬁmaﬂd
separates the transmt streaminto G groups, where G represents an

i nteger greafogs)t MROLECer sHSte@ B0 KRITALSan dliink LENSIALLRN 1$Mediem can
be confi gured to divide the transmt streaminto G substreans using a

splitter. [bomigimepsicopkaiishi the franymit dinsrpbuereeriime enisided keapdormedd
time divers i rorqor e
of The G s SRAl BT Al SO aD T o e AR e Far
diversity i ﬁh@aﬂtmaﬁﬂ&n@]ﬂeﬁq thedt remaformien signas tmbmdmmrﬁﬂ() cotfegured to

transmtter st can be co ur e ss 0 naI
Stream by GRFLIIIY PABHRIBA REhagarriBors BT ok iR sPufed
processi ng tdwossgihakseBid bewinfordl signaRad bas;ebetnhezghﬁlansm tter syst em
can inplement a conmbination of a plurality of processing techniques

when provi d{(ﬁﬂ(}&]r @H@f@c&w&' M16cSld1% thé BQMKGIm AR b 3018 Bidchd FoiyRt em

can, e.g. at bl ock di vi de 'each encoded transmt signal fromthe

G encoded sifgmaﬂorrsi%’é}mom o2fogpiwagssiog. K the gendgd of Ihe@FDMasyamiol e
system can BerGonf, ﬁgcon eﬁ)f@{@!:ﬁe tntng d%‘n%{ﬁlci 16’1%?95 %[915]9191 Shegped

transmt strearnslnto sum
Therefore, fml Ibanfmng Rohaerdrans&mm pzbdmcﬂre Menﬂmdﬁgfnegmlcy ﬂbmaams t he

The mot hod 700 TCOHEGEEr BetieLer BV CEar B PHEr & ol GBI woad

substreans DS €ndpedoO! the Foukeratgrats uling, foh&ampleSa Pist Bb@idr tlyansfemease
of description. However, the nethod 700 is not limted to having an
equal nunmbefFR&HC. antennas in each group. Thus, in an alternative
enbodi ment, the transmtter system may divide each of a first subset
of the sign&0d0%t Thasmbcimienouypus dipm be DET rstbcgﬂmﬂi?é) ie\mupéeddbaipdbtng each

ot equal t §ofen0d LB AL R it SRR Bl B B B b RERN,
di vi de eachpaflettintinéd isgioas withinea@FDNM sambolf fTae extivanybemn @0 isiwveaaad
for beant or mer;lgg'orithm used to position the pilot signals in the OFDM symbols. The pilot
extraction module 630 extracts those subcarriers corresponding to the pilot signals
based on the knowledge of the pilot placement algorithm. In a simple pilot placement

algorithm, the pilot signals occupy evenly spaced subcarriers in cach OFDM symbol.



[00118] The transmitter systemcan, e.g. block 750, process one or
nore received CQ values corresponding to at | east one access

term nal . wihhveoo&¥70aal ues can indicate to the transm tt ecraysoeigsidie
quality of the received signals. In par#dcular, the transmtter WO
2008/ 077090PCT/ US2007/ 088083 26 system can conpare the nost recent

CQ values to e_or nore prior val ues to determ ne an adjust ment
to the beaniWﬁﬁnag%‘#ﬁﬁﬁﬁ%QEE mﬂgﬁgeﬁé@iq esptyy exbRelRgh pidot sigral information
transmi tt er 5y &iafivl eAnAS ROMTRE chRAAdi sitBaBPE40 fr6&S8RE tHeABOEml® thhe
wei ght vector resulted in inproved signal quality at the receiver,
based on cofgariiBpnchsnndeptingf.ues. The transmitter system can

determ ne that the weight vector should be adjusted in the sane

di recti on afiipf®virbeiBFY nadiulesi2@0pilod exteatiommbéulabd@ ahd alianae rtirodthef40
aspect or dinension of the weight yector oul d he adjusted. [00120]
Cnee the. tr BERFIT BPOiserEmel Grmel BLeiar HENETe Br Ghal PSEPERs | nt o
a group of gLBsity/emRE-tiaREnSReLaRSRah emQ peifambidisat tHehRnihiaRssisiehe
system proceeds_to bl ock 760 and generates a wei %ht vector for each

of the G grbielly prourafbatsapibeliopps) is substarsiaty pagprichtedathy angaehes channelh e
transmtter system generates G wei ght vectors of length K The
transnm tter [d0]eidhe elringe weliraater @ilsoiples thomiudfitle dheond estifiaies te duhCQF

the G group i or. fo urality o

o eups 2arBerliofi30, RSO G Rop BBl L Py e
beanf or m t hehagneleptinite Riogaambsdimenirte JAQERLtol 65008 eordighaditogeicrate
the transmtt systemis confi,gured to initiall el ect a default
wei ght vect 8 PR W@Hei?&ﬁg?w %fh gnpst coEni Feerap, i h vaiue
transm tter caysrRpdnentheRslichit@® of iR MRARhEstMRGL Of aRAREEnPBditda:, B
val ues received fromthe access termnals. The transmtter system can

vary the wef§esngr#ontiNeenhe condieuend te gensraint LRI vylue bised pue aenlingioncdn
vary the wei,gihtse LidnRl Gsthatb® o; ShagE R QL &f
enbodi nment , hglhgﬁ% ransmi %tt eart sys{erﬁ%@;ﬁ %eé(?o%eﬁglg{t}ﬁgao {:%1 %g%%t %QI

wei ght f r onvaluprepaserdativiernéd s 0 thelrhapnitete sqharekditht shanhg@idRtesTHe
transmtter system.can be.c I gure vany the weights in a

pr edet er m né neﬁr?ﬁmg%m}—egt?theexa él?rafoﬁggq aéln%rﬁo ﬁ%}redstgsutl(?ei?ﬁt%gh be
confi gured tmprondrhdnald sigrapijiatitze dah éndidagesehioh ofthpbtadiitexpsenkd a more

mai nt ai ni ng .a substantially constant anplitude. The transmtter
Cystem can tEROBRmE ol SRBPE TS Bt CRESirer GrisUAR BPPITHEH Bhase
i's optim zedomiin&ido AT deh @htiINEHAMuEAET LSRRI EQ QethrdiRhAdthSique.
ptim zation of phase and anpli tud}@[qo continually optimze the

0

beanf or m ng [Mﬁil g]h e @@ rgee: S&&%S@onﬁﬂ@\g@g bg ggﬂ!ﬁ tiO%rIﬁdnSI‘[‘ll(gtglj'%@. tT-fElge K

transmtter systempro to bl oc wel ghts ea
si gnal st r e aessmitieré®f Horofatst the CQI guloe psvabas éa tonsihhgombabdo thicacinwaittgiht

. Th ' ds t | ack 780 d '
'he o gnal SSVar R ittt BT RERR Sy e B R n e Lo e o
a beanf or nednd epresesd tht baith@ll ridigige & AEBPOIRAUINTHS trgidatitter 660 couples the

RF signal having the CQI values to the antenna 602 for transmission to the transmitter

system.

[00112] Figure 7 is a simplified flowchart of a2 method 700 of providing transmit
diversity using beamformed transmit diversity/space-time coding. The method 700 can
be performed, for example, at the access points of Figure 1 or by the transmitter systems
shown in Figures 3 or 4. The method 700 is described as being performed by a
transmitter system for the purposes of discussion. The various processing operations
described within the method 700 can be implemented in time domain processing of the

signals or in frequency domain processing of the signals.



WD 2008/ 077090PCT/ US2007/ 088083 27 streamfromthe group of Gtine
di versity/space-tine encoded signal streans. The transmtter system
can cont i me2dos/orresol orm t he met hod 700 for all transm pteds2007/088083
information or can be configured to sel%ctively activate and
deactivate beanform ng. [00124] Figure 8 is a sinplified flowhart of

an enbodi mept met ho 00 of erating feedback information from
beanf or med ﬂ!ﬂéﬂ@n& pe @F@@g %&E %@&a’g Blogk ﬁiad @ﬁ%&@dl‘agﬁlaﬁfalf ystemReneraichad
800 can be peishOr iR, TOE XA Ram BYc @RS @ﬁ&&%ﬁo&ﬁﬂ&'s%&'alspﬁof &A1
or a receiver systemof Figure 6. [00125; The net hod 0 begi ns at

bl ock 810 wHErBLYRECT YsleMm AR SeResite pfrppsenl siegmiof YFEM symbols that have been

diversity/ S8R é&v&%qg%efﬂea@ad Sﬁgﬁgﬁ%ehkﬁ'& 1@%2%?55@%&11(3

recei ver system proceeds to block 8 racts t ot signals
from the reOEDMeymianiatisde piDE263lsI n one enbodi ment, the pil ot
signal s occupy a subset of subcarriers of OFDM synbol s received by

the recei ve[oisy4t gne trddienitgirls@tert b@REdS tCBBCOB (X ka6 the @Mstde OFDM
synbol by transfornming the tine domain synbol sanples to
cor r espondi PREFERYBIUE BEDH SYRETS U SEPERSEMP 8 Mtcephercdiiyagn 91ce A an example,

correspondi 4 tfafRsrhiR8r RhdeRicad b8 B FZuRAN BR IS RGLEE sLEQMHDE ShldeL B

set of frequency domai'n subcarriers. [00127] The receiver system can
conpensat e PRg & pitier.ansnit di versity/ space-time encoding as part of
the pilot extraction process or as part of the channel estimation
process. Af {(#18x Thatsisngitdresten balcesis gnblbek 730had tieeealivesitydysicaime
proceeds to bl ﬁCKt 8 O.anld esti es the c n%el. ffr a artictll ar
beam cor r eSHEATH g CrsiEngls SHrFamse (Hugor pposseiihe Cfigra %ﬁbﬁt{fggﬁéﬁ‘é-?i e
code. |f thgroc@gei teehitrdiiss @A ity hd \hOwdsiit GRS NHaine dmbedintehe
transmt diversity/space-tinme code corresponding to a particul ar

beam the cBEdRBHHIBESYSEESER DR QOB PIRGeSIPRRREILY & signalairtasmby The
oA g e . "
now edge Oﬁelﬁﬁﬁg,Qbﬁjﬁ%itﬁgﬁ&gkﬁl@{dﬁ% &Meﬁ%%ﬁ Y&Essﬁé?%f%&a% shelhmate

t he channel co_r_resg;z)n ng to the beanforne spac encoded
si gnal st r eAdditipody28 tahsnettcroystemeai frgplethentalvambelationt dfe Fleebiywdr

system proc i S].Q | ock..840 and, det erm nes whet her the
channel est?%g%glsgft%fﬁ&gﬁs“(sepltpﬁoew%uﬁ%\%%rfsml trrééweerfﬂl1 oded beans has been

erfornmed. se. each space-tine encoded heam.i.§ substantially
5ncor rel at eﬁﬁlﬁgaaﬁge BBy suEn F‘i‘rhﬁ'geﬁg’gﬂgg 4@2&\1‘@3 FA8 CReced Frapomit
system can geh8rivhi@e & dhcSdddRfha LMD IntES EloTRbEK [s@halgathe SRRGS T ME

encoded stream [00129] If the receiver systemdeterm nes that not
al | of the ehen besonfigires orprampledn diedecrnh AEls crdeded Basmitstreams

system procgedR sfdnafudifg 2 SL0Bighli QK4 Pndask, ksloWiRlKe division at each of

the G signal streams the transmitter system is configured to support N=GxK signals.

[00117] The method 700 is described as dividing each of the G signal substreams into a
group of K signals for the sake of clarity and ease of description. However, the method
700 is not limited to having an equal number of antennas in each group. Thus, in an
alternative embodiment, the transmitter system may divide each of a first subset of the
signals streams into groups of K1 signals while dividing each of a second subset of
signals into groups of K2 signals, where K1 is not equal to K2. In another embodiment,
the transmitter system may divide each of the G signal streams to a different number of

streams for beamforming.

[00118] The transmitter system can, e.g. block 750, process one or more received CQI
values corresponding to at least one access terminal. The CQI values can indicate to the

transmitter system the quality of the received signals. In particular, the transmitter



WD 2008/ 077090PCT/ US2007/ 088083 28 820 to extract the pilot signals
correspondi ng to anot her space-tinme encoded beam In situations where
the transmwot@gosysit em i ntroduces del ay as part of thepepasmot/iossess
encodi ng process, the pilot extraction ¥ ocess may need to perform an
FFT on del ayed OFDM synbol sanples to extract the pilot signals.

[00130] If, at decision block 840, recei ver system determ nes
that the chSfFHE} CRALOMREICALS PESt regept ‘E‘S]:W%S AR ‘?P’i“?’rg&gln‘@g‘]&ég"
si gnal s havecibeghe i R5es568M to thb BedBRahMe fweihs t@mrRr oceeds to bl ock
850. At bl ock 850 the receiver system generates one or nore CQ
val ues base t e ' : |

ﬁﬂﬂ?;?gl ?gﬁ ShAp {he%%hén%’&ép stetnQ AdtbrmiREHmbES ln\sgtf r{e%}e@&ﬁﬁée

can gener at ues that are r esentative of each o
channel est intht esight etz senttat invepoivedisigrad dedlity atitheadcowerbbased ¢ron  of

mul ti pl e channel. est} es, represent.ative of changes .in.channel

oot | it o, ST bR fucsi Bt FRRRSHR e BROGR hd AR ector
eﬁt [ malt es, l@ﬁmﬂd eadhisted in ﬂnﬁ Sglﬁlﬂ'&ir@iﬁbﬁﬁs pepioas gadjasted)or ein detegingle tigut
channel quality. In one enbodinment, the receiver system generates a
CQ  corr esp8HRE AGeRasPest prdjreRsienofdhe ‘é’él@hﬁ@ﬁ@f»ﬁépuléiéﬁﬁ #8d- I n anot her
enbodi ment, the receiver systemgenerates a CQ that is the sum of

t he magni t ut13¢u Snecithe travswineiciysipmealividestcaptneidhe Griigaalottigems into a group
enbodi nment , i e . j Lfd t he
ctrongost baAP AR F ki BENSHALE Btk Bhieh R 1S
a CQ that fé&hisl geherateeb aicighe vatordmgiabh of tha Guredpet & tie eetlodioeber  of

beans. [001 After ner.at i the .one or nore val.ues, th
Cecerver ydnbrit BubASvHEH P ceuBR T r TS o st & lsnet o
the transm Kt eTheSségiter sho@ml A8 @bnéfite BEAR MelANvIcRIrsIfod edch dFhRAK gdlfs,
to process additional received si%nals. For exanple, the receiver

system can E%&diHSe theamprsicisabvasi 19 nipakiy of erupadiach & theyveaght NeaterHm

synmbol , eack. i LsaeRf e‘%@ﬂ%@@eét anSORELO LRGP of RGEARMeamb 00133]

Figure 9 is ssi npl i £l ed funct? orzllal bl oc%bd?ggr aﬁof a?nmenbodi ment of
a transmtt em>9 nf i, qur f bheanf orm png. The t.ransmiter
Syst em 900 TIPYRLEON hoRRR I Fihstnlfr SEAT, Kb iued o RORIRA ] ¢
configured tiefagleneigat e:caor fivansfitdd cohgtebution dheeciphioeewssorihs yracamttergur ed

to transmt 910 cgan include, far exanple, a. sigpal, source, dyl at or,
[ requency. oSV (R maafir Hravei it P RsHLorEie ST et et diged 51 the
processor ( S )cdetbinidilg dThOtrdnsAite kst Sanl et @b hicintaf a bRigetgkat e a
transmt stream of OFDM synbol s frequency converted to a transmt

frequency. sylptaptigly ©PTOSYRT P §Roay the genshts in one or more discrete increments.
In another embodiment, the transmitter system can be configured to select a weight

from a predetermined constellation of weights.

[00122] The transmitter system can be configured to vary the weightsin a
predetermined manner. For example, the transmitter system can be configured to
initially optimize the phase of a weight, while maintaining a substantially constant
amplitude. The transmitter system can then optimize the amplitude of the weight after
the phase is optimized. The transmitter system can continue to alternate optimization of
phase and amplitude to continually optimize the beamforming weights over changing

channel conditions.

[00123] The transmitter system proceeds to block 770 and weights each of the K signal
streams in each of the G groups based on the associated weight vector. The transmitter
system proceeds to block 780 and transmits the signals over N= GxK antennas. Each

group of K antennas transmits a beamformed representation of the corresponding signal



29 [00134] The processor(s) configured to transmt 910 couples the
transmt streamto a processor(s) configured to transmt

di versi t yhvapaogetnave encodi ng 920. The ﬁr ocessor (s) cortr/gsretiossess
transmt diversity/space-tinme encoding 920 is configured to generate
a plurality, G of transmt diversity/space-tinme encoded signal

streans fro the i ngut tra tre The. proce ) . confi.gured

Lo transn ¢ SREUCRER DRt s SohEde - 5o Qe aed g thear ¢y
of signal strmaﬁ%rfsym&&iﬁcdnﬂ@wmtp&mmm nﬁﬂo@maﬁ%&&mﬁ%d each of

t he G signal streams to_ introduce transmt diversity. [00135] The

pr ocessor ( sTTBRHPHeH 28 be sonfigurlip selertyely srtiyate s dsagtivire be Rg 920
can include, for exanple, one or nore elenents configured to del ay,
conj ugat e, Hkﬂg%ﬁ JeFignet&is e singplifistl rﬁl@mh@’eofpmméinams@fgnaﬁhsd $eofi

[ 00136] The I Nnf | ured to transmt d er si ce-tinme
bncodi ng 928 ERRE KRtk G o hm SR Peort HEh S o BB

streans to mo@&édﬁgmﬁndlhﬁmqﬂ{ddmbIchﬁb@ﬁer&&ﬁé@f@@kéﬁblep@ﬁﬂ {@ues ebrintnal
beanform 9300-930G The transmtter system 900 separately beanforns
each of the® SUaécPrtaF%%"’ﬁHySEem 18I Bnd thus, inplements a
processor(s% conflg;red t o beanf onn, 930, for each encoded

transmt st 932 [oomethpd E@Ekbﬁg}ﬂ‘rs@ébk)gbﬁ?()s‘)/h‘tr@ﬁfeirgfiﬁ‘@dsﬁtﬁnb@aﬁf@r m

e.g. 9300, 0)

oi U al 1y of SRk sl beRoR SRR Seh R R ARSHL) T B B
beanf orm eplgmeﬁﬁ%ﬁﬂblouleﬁ?@hmé ekmm{h@pmﬁmgnaﬁs figmsthb sceieadsmgmid h a

wei ght from a correspondi ng beanform ng wei ght vector provided by a

processor ( s)00a26}f Imﬂe%bb@mﬁﬂﬂ%qmoﬂgg@lmww a §kétiof s BrietsQR BIBIM
The processor(s) confi 3 Sted t o beanfor 9300, couples the K

wei ght ed be&PRRYSHeREY he EegpRgeTsystemp &h? aakrttsggnelﬁ canbs edigeiadfiag the
antennas, eo@pNPHHR1 8¢ RkSrorifs Bic iR cgﬁféﬁf %’%Bpsaﬁ‘lg%% éor?ersgondmg

transmtted to one or nore receivers. A pr essor
confi gured freqlwn@wdqi@am pubicanyicesnd hswi:whmm cpatamndtgsen ho nipdtesenalssan be

[ nf or Mt on.EkALG h2.EYENLS AL FYIRILEN 2t Lo to the

processor(s contigure enera r| x 960. A receive

antenna 970 o ured to couple a receive SI

ot ocessor ( oJI0TR i Tt iroYReBgry eomptarinar GdomoTha sRUReRSE )
configured EolRgRk yat 8 15 PildlexirSction Pldceddlords Rt SRRESEMEnD RRinHtioDr €
f eedback nessages from each access term nal supported by the

transmi tt er PRgIeditcnhidrarinedbapilotfigaaladbaresaitien SM@PTB@@C@% t@biOﬁJs B0 cq
nccoas ter nia el e B gL D s Rl Pty Bingy 08 poRR Rl blmi
diversity/space-time code. If the receiver system has not previously compensated for
the transmit diversity/space-time code corresponding to a particular beam, the code can
be accounted for during channel estimation. The knowledge of the pilot signals allows
the receiver system to estirnate the channel corresponding to the beamformed and space-

time encoded signal stream.

[00128] After estimating the channel, the receiver system proceeds to decision block
840 and determines whether the channel estimates for all of the space-time encoded
beams has been performed. Because each space-time encoded beam is substantially
uncorrelated to any other space-time encoded beam, the receiver system can determing a

distinct channel estimate for each space-time encoded stream.

[00129] If the receiver system determines that not all of the channel estimates have

been determined, the receiver system proceeds from decision block 840 back to block



[ 00140] The processor(s) configured to receive 980 processes the
received signal into a baseband signal and coupl es the baseband

si gnal toweoprgeEsmor (s) configured tosgr ocess channel rquakiehyossoss

i ndication (CQ) values 990. The proces®or(s) configured to process
CQ val ues 990 operates on the baseband signals to extract the one or

nore nessag that include .th val.ues and extract the val ues
from t he. moE2ulgdataet i o5 il forspeRuiie Ty MRtT SRt sbedi beite

val ues al sosifitighsshdrdiic GefismhERRAPSIENGRArIIREWRR Ay AS A5 6f thekpichdhe and
CQ values, where CQ values corresponding to nore {han Qne access

] € g
term nal ar 8AGAEEPIRSESSathe PHR! SXHAFHOMPIQCSSS BYstesiopsiomegp T Tjonfigyed

processor (S HpeAnkirabti Sonbies B1eRE&S thelghBt Glaival ues 990 may al so
perform some processing on the received val ues, dependi ng on the

format of t I .. r | . [ nf,i ed to
processi ng Bﬁé%y%a# ﬁglgn E%f,:k g%ﬁplﬁ%r%ﬁ?%egg%sgésr?agtg%grﬁ%ﬁ%%%v%la %%ejeg W th
one or nor ecpinedsdoisdlybeaeteingd dpaClltimeainteid s@naeharerieaeprotessed, the

adjustnents to. the wei ght vector sult, i.n jnproved signal at the
Access t or nSaIE B rsetsds bRel s SEoh fiatir iy Thorehs i sudcin metiegs one
val ues 990 gPMBlEQILRRIEBhscY 8h URSchatReciREgssed CQ val ues, or
results from processing the CQ values to the processor(s) configured

to generate@¥f gﬁé re@@i%ﬂsﬁstgrg%an g&@fla‘ffgdlqirbﬁué%ﬁ? %&%%&&%taﬁ%‘&&ﬂlﬁﬁnd
to generate a wei ght matri génerates a wei ght vettor for each of
t he pr ocesstr(cBinnebestingies.adpreenhaandor pred @80Mred30Bblagedofi mulpplet on

h [ - : he. fi d
gonerate o wErgHe R oroBs GRS R GRT ST bE AR P anc

t hus gener apedetarnvifed @mbaiatidh BEERNAN ellirhaés, &acthe fkQoOesEey ¢thgr

configured to beanform . 9300-9300. The processor(s) configured to
generate a y@r?@mta%qﬁssgn%w CE%GIQ%E%E%O%F faxﬂquvﬂ%es hereghverseesy

for each of gtfaeatddr-0C@B&ERFeb SRS b eabRiElde Qf BRATHANR sBRAR: I3 HBtheT
can supply the same wei ght vector to two or nore processor(s).

confi gured e@bgEmatothareyonWaerrEegenates 2 ¢ Qldhas issherpin pf bd mfaghidideonal
bl ock di agr j ; i : 000 i gur ed
to generate #gdfoggg%ﬁgﬂgp%@m\%féllﬁgﬁ(ﬁg%g é%lﬁ}sélﬁ%ﬁ%]l% |nr§r‘%g tnjil pl e
beans. The gecesitsser CQlSniadetiedtheatrongestimam. &f gnotter cmkedipkst, tha receiver

recei ver system of Fiqur or._an access termnal of, Fiqure 1. 1n.the
erbodi ment SHOTETE LR e SR SRR LR B IR e nRobM e abiher §hr o
to receive aggihgpr ocess OFDM synbol s. However, the particul ar

nodul ation or nultiplex technique used to conmunicate the signals is

not a |im tajo19m Aﬁ\é‘%&@%%gﬁ)&%@B%M%@Wa!l&&&ﬂ@?ec&ﬁm{sg%rﬁﬁoé&% fo

recei ver system 1000 rncl udes an antenna 1002 coupl e )
processor ( sploghRéq gurteasmiss the &l welusotpCheamsmifiar systane Flecigpareer system
mul tipl e be $%68% | 1:St i . i .
ver si on of gﬁg‘ie%‘ﬁlgﬁ’m e p? gﬁ*é’g‘g%?i@lg‘%%%% %1(2:17%&3%%%1 % Pr&ég e%ggi%f ‘5T
configured swtqu cnesscutdithe nedeidBéd tsughal tke €QI basetxacld OFDiyhainshod redch
coupl e the lftwascb?nd bsi nal s tcg a.rEroce sor(s) configured to transform
1020 si gnal T€RFSF Sn00H, o sms L NG ont i gured to transform 1020

can be configured to transformthe tinme domain sanples of the
baseband si gﬁﬂﬁ%l FreuEgdise siplyisd Augetignitdiask dgrneeiyarambotigent of a

processor (S, A &%r?;ﬁét@:ﬂ ob@ c%ﬂf%ﬂ%d%%é ) fHMa‘ﬁ&Iﬁﬁ%rs ﬁsQE@o@r FFT

engi ne to per e transform [00145] The processor configured
t o transf or mchoi9a proapherss) configuraido dnoymitidibethat 1§ edrdigmet itogenemica

) e X . o
B oo easor bl LEC It BP0l Bl 51808050 1030 i, HE RHETEY
subst ant i al hyigasltshogemadduiidrc frequensysconddrer,pnd cediker (15 ynecamttiod puemnedhd o
extract pilot si | s 1030, extrac, he subcarriers and informati qQn
on he shbereriPedcarraes R gt S Fottaral hieEncyas Taup e o

OFDM symbols frequency converted to a transmit frequency.




[ 00147] The processor(s) configured to extract pilot signals 1030
coupl es the channel estimates to a processor(s) configured to
gener at e G@ 2008bes 1050. The processor(s) configured poTwsney/adsessCQ
val ues 1050 generates one or nore CQ V& ues based on the channel
estimtes. The CQ values are indicative of the channel quality or

o cbaaor o 0Tl 1 PRAATE ) SnEArD Toa il S0icobpo e MRS TR (B e

or nore CQ pioatdyess)iconfipupddrs easakit S)ves@yrijageltind chedidg?eNiThe 1060 t hat
is configured to proce s the CQ values into .one or_nore signals from

transm ssi oAFOBEER(Y SoRRIrEda fEaspt diy ity Ensae impkBcqding il dnyqnaigured to
confi gured %&eﬁ‘e&@é‘ﬁm&tﬁ-%gf ﬁﬁﬁn@ﬁh{;&ﬁfy‘/@%@@né &ct)liécf Cénal AP fm @Rd
upconvcert t val ues or nmessages containin val ues to an
RF WO 20081@??@@@%%@ o[l maﬁss(sis Qortf@nttdft@transmir@mrssn’&pnce-frm@
processor (s fi e. 1.9 t he
ant enna 100 nc&,ﬁ& QQP ﬁgﬂg%t% th% ﬁﬂ?a r(())fz]as(?%(?il aft%%%ﬁ?%i? tt?an?(ﬁ% ahd
appar at us destericbdd cher @i th]e @m@nhle;naam)mmmmnaé iranmityEtesitgt o benef it
fromboth transmt diversity/space-tinme encoding and beanform ng. A
transm tter M3S|EMhE %c&@@{s?k@nﬁgar@qs%ﬁﬁnﬁ{ &iv&@@?ilﬁEé ﬁme@ﬁ&dﬁlfg 920 can
group of transmt_diversity/space-tinme encoded signals.

transmitt er n§lpgdedar awmplea PSW anéors slertents ﬁplh‘@gurr%irto dalen @mls@twf:g@tg,nm
stream fromdhe GoMPyRE plbobAREHohaldb¥sh ST LY/ space-time encoded

signals. The transmtter systen1can vary the beanformng for each

signal stre S on chan ual Jj .t |nf i vi ded fr t he
ecer ver  of HTa0h k5§ PeSHaC FoplEifa @ hmu PP ER by B eFocine Y10
bcanf or mi ng cé@leﬁ&htﬁﬁbf&ﬁe lbib&ht‘yl @Matodgd athdnit @feainbd 4 @eREpRLing [pPRARAHObf
As used herein, 25 te n1cou Ied or conngcted is used to nean an

i ndi rect colPIFHY gaIHfOFlgC?30@8 st i g TEPsRgRnERMo0 Waer e

two or nore QR beMGthERch SO%E E&%de@t’i‘ar@ﬂﬁ%fr@érﬁks aftl @uf %’lﬂeﬁ@mts khere
may be one or nore intervening blocks between the two coupl ed bl ocks.
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The steps of a nethod, process, or algorithmdescribed in one or nore

exenpl ary eﬁ%a?lnémrgceswa@ pranfighist énprayisd timinganddvrgheonizagpr 33 eouples
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functions may be store r transmtt over as one
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medi a i ncl ugc?usplebg 1t'ege1%g srfgnatl ®a Ertogésggr?s) corgr'{gure%% reeive 8 Qfg%&?ltdSB.n The
processor(s) configured to receive a signal is configured to receive one or more
feedback messages from each access terminal supported by the transmitter system. The
feedback messages can include one or more CQI messages that are indicative of channel

quality at the receiving access terminal.
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34 CLAIMS PRCCHONBRBIEEF S toserRiiar MFight BRYHS 360gi ver sity, the method
conprising: generating a plurality of space-tinme encoded signals from
a transmt $00JA2 ;The processor(s) configured to generate a weight matrix 960 generates a

weight vector for cach of the processor(s) configured to beamform, 930,-930g based in
part on the received CQI values. In general, the processor(s) configured to generate a
weight matrix 960 generates a weight for each antenna and thus generates a vector of
dimension K for each processor(s) configured to beamform, 9300-9305. The
processor(s) configured to gencrate a weight matrix 960 can generate a distinct weight
vector for each of the processor(s) configured to beamform, 9300-930, or can supply

the same weight vector to two or more processor(s) configured to beamform.

[00143] Figure 10 is a simplified functional block diagram of an embodiment of a
receiver system 1000 configured to generate and feedback a CQI value based on signals
in multiple beams. The receiver system 1000 can be part of, for example, a receiver
system of Figure 2 or an access terminal of Figure 1. In the embodiment shown in
Figure 10, the receiver system 1000 is configured to receive and process OFDM
symbols. However, the particular modulation or multiplex technique used to

communicate the signals is not a limitation.



di vi di ng each space-tinme encoded signal into nultiple duplicate
signal streans; receiving a channel quality indication; generating at
| east one WeRYRBIO7WeLt or based on the channel quality i mrdraationossosnd
beanform ng the plurality of space-ti me>encoded si ghal s, wherein
beanform ng a particul ar space-time encoded signal conprises

separately | | th Lt pl uplicate.sign streans and
provi di ng t\li;@l\(";!vhejit gﬁ?é“" el?f:rgs zsit%:mgltorﬁgglr%gl d o nd%rﬁ‘t?nélgéﬁtiz Cé’HPgﬁﬁoa%Processor(S)
2. The net hoohfgfura taieteile 1 0eceiiguige nevcadivawgulipe: Hehms, @bt Beadihaving a
space-tine nal s

ncoded si rises: separating a transpit signal

stream i nt o%Hﬁ’b?tiSBaé‘F'é‘ ereé‘ﬁ%‘f?g%’j??(’& [* S leélﬁ’ﬁ;ljr‘%ﬁ’dor(s) Congngmed_sto recetve
provi di ng onelmi confilfkdo pfRealthORceib@INidHRID BibebHd stMIRIAGENDR the
thereof to one_of the duplicate transmt_ signal streans.

baseband signals to a processor(s) configured to transform 1020 signal samples. The

processor(s) configured to transform 1020 can be configured to transform the time

domain samples of the baseband signals to their frequency domain counterpart, The

processor(s) configured to transform 1020 can implement a DFT or FFT engine to

perform the transform.

[00145] The processor(s) configured to transform 1020 couples the frequency domain
information to a processor(s) configured to extract pilot signals 1030. The frequency
domain information of an OFDM symbol corresponds to the individual substantiaily
orthogonal subcarriers. The processor(s) configured to extract pilot signals 1030
extracts the subcarriers and information on the subcarriers corresponding to pilot

signals.

[00146] The processor(s) configured to exiract pilot signals 1030 couples the pilot
signals to a processor(s) configured to estimatie a channel 1040. Because the pilot
signals represent known transmit information, the channel can be estimated from the
received signal. The processor(s) configured to estimate a channel 1040 uses the known
pilot signals to recover a channel estimate. The processor(s) configured to estimate a

channel 1040 can estimate a channel for each distinct space-time encoded beam.

[00147] The processor(s) configured to extract pilot signals 1030 couples the channel
estimates to a processor(s) configured to generate CQI values 1050. The processor(s)
configured to generate CQI values 1050 generates one or more CQI values based on the
channel estimates. The CQI values are indicative of the channel quality or are

indicative of a change in channel quality.

[00148] The processor(s) configured to generate CQI values 1050 couples the one or
more CQI values to a processor(s) configured to transmit 1060 that is configured to
process the CQI values into one or more signals from transmission back to the source of
the beams. The processor(s) configured to transmit 1060 can be configured to filter,

amplify, and upconvert the CQI values or messages containing the CQI values to an RF



3. The method of claiml1, wherein receiving the channel quality

I ndi cation conprises receiving a feedback nessage from a receiver of
a beanf ol W@A008PHOY-t | me encoded si gnal 4. The PGEIURZ7/048083
claim1l1, wherein receiving the channel :ifual ity indication conprises
receiving a signal representative of a channel estimate froma
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conpri ses r egeilvo thg aatesraghil whepertbs @ptdtd iweadehsta conbi nati on of

channel estinmates froma receiver of a beanforned space-tine encoded

signal .  35[00149] Th®methldgs iR IpREtaRE d6dcAbdd HerciMBRILE dedn@fEHidkkiBE sfshen
channel quality indication conprises receiving a signal indicating a

change in siqbrRefifrem pet) tapsnait diversity/spacerfimg epeasi garsioaEEst fme
encoded sig - ¢ ot Jo! =Y H\ﬁ@; bih, gEh&EALT ng
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wherein generating at .l east one weight vector co
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recelver,

[00150] As used herein, the term coupled or connected is used to mean an indirect
coupling as well as a direct coupling or connection. Where two or more blocks,
modules, devices, or apparatus are coupled, there may be one or more intervening

blocks between the two coupled blocks.

[00151] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), a Reduced
Instruction Set Computer (RISC) processor, an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general purpose
processor may be a microprocessor, but in the alternative, the processor may be any
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, for example, a combination of a
DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors

in conjunction with a DSP core, or any other such configuration.

[00152] The steps of a method, process, or algorithm described in one or more
exemplary embodiments, may be implemented in hardware, software, firmware, or any
combination thereof. If implemented in software, the functions may be stored on or
transmitted over as one or more instructions or code on a computer-readable medium.

Computer-readable media includes both computer storage media and communication



receiving a dowlink interference estinmate; and wherein
generating at |east one weight vector conprises generating at |east
one wei ghtWQa¥s@rtHased on t he channel Sf%'l;al ity indi cat POR/USIE7/048683
downlink interference estimate. 11. A-+rethod of optim zing transmt
diversity, the nmethod conprising: receivi ng a plurality of si gnal S,
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that can be accessed by a computer. Also, any connection is properly termed a

computer-readable medium. For example, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber optic cable, twisted pair,
digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-

readable media.

[00153] The above description of the disclosed embodiments is provided to enable any
person of ordinary skill in the art to make or use the disclosure. Various modifications
to these embodiments will be readily apparent to those of ordinary skill in the art, and
the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the disclosure. Thus, the disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



13. The method of claim 11, wherein determning the channel quality
i ndi cation conprises determ ning a changel quality val ue
representative of each channel estinmate. 14. The net hod of
claim11l, wherein determining the channel quality indication

conpri ses determ ning the channel quaCLAIMSdi cation based on a
conbi nati on of channel estimates. 15. The method of claim 11,

wherein determi ning the channel quality indi.cation conprises . .
det er mi ni ng t henlc han Plem ﬁg’f Qrogﬁﬁ?%ﬁ%/risgﬂt gy ’6]i’1‘°j @g@ﬁgﬁ@@ppﬂng:
channel estimates.  generatidfa pfﬂi‘al?e?B@E}?&E%rﬁeoéncgﬂéavéigiaﬁgﬁ&ﬁ%gﬁitﬂgﬁﬁt

diversity, the apparatus conprising: a transmtter configure
generate a %gmhsmt signal stream a transmt diversity

encoder configured to.receive the transmt signal strea nd. .
configured to generatd’ g e&&é?ﬁatcﬁ'}m&en(??éet Séﬁ?ﬁin[to mufitple guﬁlcate signal
di versity/ spegeas;ti ne encoded transnmit streans fromthe transmt
signal stream a weight matrix generator configured to

recei ve a channel qudFaiyingaghene evplisnindiseierat e at | east one wei ght
t f t of i . t [ it.
vecto " Tom xS anLali gk bR e TR LI .,

i ndi cation; and ormng e

of the pl urnadicdtionofndeant orm ng encoders configured to receive one of
the plurality of trar]%m' di.versi Hy/space-ti nme encoded transmt .
streanms and generate a%‘&?ﬁ%!lg thy plyalityrol jpacsrimagiensoded siseale s on

a wei ght veghoforfdifim g%ﬁf@% ﬁ%ﬁ:e-%e%%déﬂ%%ﬁ%ﬁcin%%%%?p%zﬂél& &?etiémﬁg?ﬁe

the plurality of tran sity/ space-tine tran
streans.  multiplednpliFie sigpyatradas awf providing the weightadnsbgnat et ssto méfferent
a receiver cgenfi ured to receive the channel quality indication in at
| east one fEEYB¥ck message; and

2. The method of claim 1, wherein generating the plurality of space-time

encoded signals comprises:
separating a transmit signal stream into duplicate transmit signal streams;

and

providing one of a delay, rotation, conjugation, or combination thereof to

one of the duplicate transmit signal streams.

3. The method of claim 1, wherein receiving the channel quality indication
comprises receiving a feedback message from a receiver of a beamformed space-time

encoded signal.

4, The method of claim 1, wherein receiving the channel quality indication
comprises receiving a signal representative of a channel estimate from a receiver of a

beamformed space-time encoded signal.

5. The method of claim 1, wherein receiving the channel quality indication
comprises receiving a signal representative of a combination of channel estimates from

a receiver of a beamformed space-time encoded signal.



a processor configured to extract the channel quality indication from
the at | east one feedback nessage and ca@dnuni cate the channel quality

I ndication to the weight matri x generator. 18. The apparat us
of claim 16, wherein the channel quality indication is representative
of a channel estimate. 37 19. The apparatus of claim 16,

wherein the charfnel dihemethod nfi¢leiat | omhérsinregiasgticahamel qhaliy indication
conbi nation_of channel. estinmates. . 20. The apparatus of claim
To, whor ei noRESERERT LR RiaT JRicating aehuein  Rep ARRaN e  ropervst ofp
change in aRamfeined$had¥etias encoded signdl. The apparatus of claim 16,
wherein the weight matri x generator is configured to select weights
froma predeterm ned set of wei glh_ts. ) 22. The apparatus of

clai m 16, wherei’ thelhfenghed abelpink | geharinmererpinggneasyonceueight Xesioy a
phase of at : Ae el 06, I ly i | ndi cat i on.
D3 The apsarafee SPRUNE s Rt h AR QR ARe: BB o bl S s ity
confi gured ibdicatamy an anplitude of at |east one weight based on the
channel quality indication. 24. An apparatus for optim zing

' i [ apparajuys. c rising: . i
transmt diversi 8I Y, t'ltl'lee mgcﬁoé o% éialm ?,rwherem ggneratlng at least one weight vector
comprises adjusting an amplitude of a weight in a weight vector based on the channel

quality indication.

9. The method of claim 1, wherein generating at least one weight vector
comprises selecting weights for a weight vector from a predetermined constellation of

weights.

10.  The method of claim 1, further comprising:
receiving a downlink interference estimate; and
wherein generating at least one weight vector comprises generating at
least one weight vector based on the channel quality indication and the downlink

interference estimate.

11. A method of optimizing transmit diversity, the method comprising;

receiving a plurality of signals, each of the plurality of signals received in
a corresponding signal beam;

determining a channel estimate for each signal beam, wherein the
channel estimate for a particular signal beam depends on channels from multiple
antennas to a receiver;

determining a channel quality indication based on the channel estimates;
and

transmitting the channel quality indication as feedback information to a

transmit source of the signal beams.

12, The method of claim 11, wherein determining the channel estimate

comprises determining a channel estimate based on a pilot signal in the signal beam.



a receiver configured to receive a plurality of space-tine encoded
transmt signals in a plurality of beangg wherein each space-tine
encoded transmt signal is carded within a distinct beam

a pilot extraction nodule coupled to the receiver and configured to
extract at | east one pilot signal fromeach beam a
channel esti matildn nothd reethod pf ddint d)l,tvtfiﬁsrcfihkl@ttenﬁhﬁr:}gam?icmh nﬁD@ll uilie;lr and
configured .to determ ne a ,channel estinmate for each of the pluralijty
of begms bd&@l&at&%l GORPrises felgEpinigge %F‘ qualtin ¥plue rressenistiyp el each shainel
estimate fqLimaparti cul ar beam depends on channels frommultiple
antennas to the receiver; a channel quality indication
generator configured to determne a channel quality indication based
on the channel el i matlesmethod of claim 11, vghergindsteimingrg thochirge! @hlito

generate a .f e ck ssa i ncludi ng the channel. qual.ity indication
and tr ansm’lpg]t%%go 8t m%ggsk Bﬁgqfﬁeog’ﬁ“gegﬂptﬁﬁtyd‘?&f%@nsbﬁﬁ%@r{ # fgmbmation
encoded t r ajfehhrines eginadiss. 25. The apparatus of claim 24,
further conprising a transform nodul e configured to transformtine
domai n sanpl es of_ the_ space-tine encoded transmt signals to a_
frequency domai n'Sr epr8¥enethed shelaimy I vvdicssin detseminingohe skanngbauadity

ol e 1 ARCER A 18,k athe Uiy Sha SO g il o,
cl ai m 24, whenml astitechannel quality indication generator is
configured to generate a distinct channel quality indication based on
each channel est1i6r.m t An apparatus for providing transmit diversity, the apparatus comprising:

a transmitter configured to generate a transmit signal stream;

a transmit diversity encoder configured to receive the transmit signal
stream and configured to generate a plurality, G, of transmit diversity/space-time
encoded transmit streams from the transmit signal stream;

a weight matrix generator configured to receive a channel quality
indication and generate at least one weight vector from a set of weight vectors based on
the channel quality indication; and

a plurality of beamforming encoders, each of the plurality of
beamforming encoders configured to receive one of the plurality of transmit
diversity/space-time encoded transmit streams and generate a plurality, K, of weighted
substreams based on a weight vector from the set of weight vectors to beamform the one

of the plurality of transmit diversity/space-time encoded transmit streams.

17.  The apparatus of claim 16, further comprising:
a receiver configured to receive the channel quality indication in at least
one feedback message; and
& processor coﬁﬁ gured to extract the channel quality indication from the
at least one feedback message and communicate the channel quality indication to the

weight matrix generator.

18.  The apparatus of claim 16, wherein the channel quality indication is

representative of a channel estimate.



27. The apparatus of claim 24, wherein the channel quality indication
generator is configured to generate the3ghannel quality indication
based on a conbi nati on of channel estimtes. 28. An apparatus for
providing transmt diversity, the apparatus conprising: means for
generating a plurality of space-tine encoded signals froma transmt

signal ;- 19. r?ﬁwreeppﬁmmscbtfwzlaﬂhrig whahinghaclenhelmatitciadedtiai gnal
into nmultiple duplicate signal. s ams1 means for receiving a channel
qual ity i ndp@gfqngaﬁweo & comBination vorieistrati ng at | east one

wei ght vector based on the channel quality indication; and

nmeans for beanf goni norichgpRiatiisdifclaym b, SRaeR-thé BRnaBl Qfﬁﬁ% I%Hﬁﬂt%rﬁ»s
wherein the neans for beanform ng a partlcul ar space-tine encoded

si gnal conpFPseRtaivans acbngsdpahanel sptimafeght i ng the nuitiple
duplicate signal streanms and neans for providing the weighted signal

streams to diff q ent {ﬂ'[é%l?ggl%ﬁls Of%glm%@ @H&g{nqhg@e%i P‘l?l EX enelat n% a

transmt diversity, aratu cerv
plurality abnfgpgedksselaaohights ﬂrdstﬁ agiretteaémﬁr)edcsfet off weights. _re_cel ved in a
correspondi ng signal beam means for determ n: ng a
channel estimate for gach s naI ere| t he channel estinmate
for a particul a$2 Zig “@B éﬁb‘gq]én ﬂﬁ#’i‘ﬁ werghb Aty gqngragor 1s

ant ennas t QoafifReey/fdry a%ﬁ%ﬁa@ [eaﬁe&n%rvi}gléﬁt 'Egseﬂ SNAE BRI nnBHfal ity

i ndi cati on based on the channel estimates:
indication.

23.  The apparatus of claim 16, wherein the weight matrix generator is
configured to vary an amplitude of at least one weight based on the channel quality

indication.

24.  An apparatus for optimizing transmit diversity, the apparatus comprising:

a receiver configured to receive a plurality of space-time encoded
transmit signals in a plurality of beams, wherein each space-time encoded transmit
signal is carried within a distinct beam;

a pilot extraction module coupled to the receiver and configured to
extract at least one pilot signal from each beam;

a channe] estimation module coupled to the pilot extraction module and
configured to determine a channel estimate for each of the plurality of beams based on
the at least one pilot signal, wherein the channel estimate for a particular beam depends
on channels from multiple antennas to the receiver;

a channel quality indication generator configured to determine a channel
quality indication based on the channel estimates;

a transmitter configured to generate a feedback message including the
channel quality indication and transmit the feedback message to a source of the space-

time encoded transmit signals.

25.  The apparatus of claim 24, further comprising a transform module
configured to transform time domain samples of the space-time encoded transmit

signals to a frequency domain representation and wherein the pilot extraction module is



means for transmtting the channel quality indication as feedback
information to a transmt source of thesgignal beans. 39 30.
A conput er readable nedia including instructions thereon configured
to cause a transmtter to provide transmt diversity, the

i nstructi onenfi@ued tSétgict the at least one pilbﬂ]ﬁ%ﬂaﬂﬁ‘bhﬁﬁ@ fle@lier@9ABHAII NY a
plurality of space-tinme encoded signals froma transmt signal;

i nst ruct i oASPIEHNIEIOR| di ng each space-tine encoded signal into

mul ti pl e duplicate signal streans; instructions for receiving a

channel qual ity -igndi cati.on, : i NSt r ' . i ng
at | east qone weijg6 ht VTZHCEta%P arlgtélss é)g dghmtz ﬁ’ew%%glﬁllg}é&%aﬁg@i L{ugfl%yﬁgﬁlg%ﬁnon;
and generator issdonfigtiiedns gémerath e distioctinohagned healjtl tiditdtion baged on each
space-tine ncoged. signals, wherein the instructions for beanform ng
a particul &MEKAEERA e encoded signal conprise instructions for
separately weighting the nultiple duplicate signal streans and

instructions forz7gr1 OViligpParbiR ofelaB D8 wBirGindhe ¢ aﬁlﬁa:jailaﬁ& idaichggent

ant ennas. A conput er readabl e media including instructions

t her eon corgehgfaiosd Ciocljﬁgumdéo genpeatt the chennsp girgtity éndicading aseddineer sity,
the instr UGS WP LA %sstimates.

28.  Anapparatus for providing transmit diversity, the apparatus comprising:

means for generating a plurality of space-time encoded signals from a
transmit signal;

means for dividing each space-time encoded signal into multiple
duplicate signal streams;

means for receiving a channel quality indication;

means for generating at least one weight vector based on the channel
quality indication; and

means for beamforming the plurality of space-time encoded signals,
wherein the means for beamforming a particular space-time encoded signal comprises
means for separately weighting the multiple duplicate signal streams and means for

providing the weighted signal streams to different antennas.

29.  Anapparatus for optimizing transmit diversity, the apparatus comprising:

means for receiving a plurality of signals, each of the plurality of signals
received in a corresponding signal beam;

means for determining a channel estimate for each signal beam, wherein
the channel estimate for a particular signal beam depends on channels from multiple
antennas to a receiver;

means for determining a channel quality indication based on the channel
estimates; and

means for transmitting the channel quality indication as feedback

information to a transmit source of the signal beams.



instructions for receiving a plurality of signals, each of the
plurality of signals received in a corréspondi ng signal beam

I nstructions for determning a channel estimte for each signal beam
wherein the channel estinmate for a particul ar signal beam depends on
channel s from mA% i pl4 campetenzxaddbde medivdailuding instructions thereon configured to

instructions for determ.ning.a channel. quality. indication based on
t he channel“®&¥td ng,era{ﬂé?r‘g“& transmit le&ﬂ% F}E%‘PFtBWQOP%?Or?PT%% tting

the channel quality ijpgh&abhOfdr %@né‘r@;ﬁ%ba?ﬁﬁraﬁﬂr S patd-Gfe bRcqlel @%ﬁ@fﬁom

source of the signal beans. 32." The nethod of claim1 erein
gener at i ng atrnsat sigabt one wei ght vector conprises adjusting a first

component of a weight. without.adjusting,a second co nent. .o tﬁg‘
vt Gt unt i1 the 1 br orteishBEn R AbIThE B eSO RS A e PG ene
second conmiupHtdte Signdlveedvds;ght w t hout adjusting the first conponent
of the weight until the second conponent of the wei g.ht _is optim zed.
instructions for recerving a channel quality indication;
instructions for generating at least one weight vector based on the
channel quality indication; and
instructions for beamforming the plurality of space-time encoded signals,
wherein the instructions for beamforming a particular space-time encoded signal

comprise instructions for separately weighting the multiple duplicate signal streams and

instructions for providing the weighted signal streams to different antennas.

31. A computer readable media including instructions thereon configured to

cause a device to optimize transmit diversity, the instructions comprising:

instructions for receiving a plurality of signals, each of the plurality of
signals received in a corresponding signal beam;

instructions for determining a channel estimate for each signal beam,
wherein the channel estimate for a particular signal beam depends on channels from
multiple antennas to a receiver;

instructions for determining a channel quality indication based on the
channel estimates; and

instructions for transmitting the channel quality indication as feedback

information to a transmit source of the signal beams,

32. The method of claim I, wherein generating the at least one weight vector
comprises adjusting a first component of a weight without adjusting a second
component of the weight until the first component is optimized, and then adjusting the
second component of the weight without adjusting the first component of the weight

until the second component of the weight is optimized.



