1 BEAM SPACE Tl ME CODI NG AND TRANSM T DI VERSITY C aimof Priorit
under 35 WP 0739 [ 0001] The present Application for PE?QH&O@WQ%%O
priority to Provisional Application No. ,60/870,653 entitled "BEAM
SPACE TI ME CODI NG AND TRANSM T DIVERSIT%" filed Decenber 19, 2006,
and assigned to the assignee hereof and hereby expressly incorporated
by reference herein. BACKGROUND OF THE DI SCLOSURE [ 0002] Wrel ess
comuni cati onpgexv SPACE TIMECTIIING ARDARANSMIFDFVERSITY
operating conditions and operating environments. A nobile wreless
devi ce can experience drastic changes in signal quality based on its
| ocation relative to the transmtting signal source. The variations
in signal quality can be characterized by changes in the wrel ess

channel | i pkj. . i t wi rel ess receiver. [0003] There
are many fgﬁéél(%?gftf\ﬁ%{lﬁﬁ'ﬁ@ﬁ%ﬁ‘?-é-@ﬁﬁﬁe wirel ess channel . For

exanmpl e, r@meived Hie@iédenﬁhppﬁ@&ibn(ﬂ@@a@@ﬁ@&itﬂ§piibh@tlydb Pravisiendl {ppiestion
the transmtter and receiver increases. Additional variations in

the terrai Noan®/BHEOD edided OBESDSt BEALEonEMIndC IN&:tW@ sDRADSAAIT
contri but emﬁz@ﬂw ﬁ%ﬁ%&@%ﬂ@;%bﬁ AlaANEERLYY tb@gss[gﬁleé p@ﬂesf SNLoy
rans 0 vely or

pat hs fromthe mitter a recerver can construc

destructi vekptessbnincorgorabdeltiy re€irénce heiegmnal conbi nati on due to, for
exanpl e, a phase rotation in a multi-path signal conponent can result
in substantially reduced signal quality at the receiver. A reduced

signal quality is often refSrkeRIONBPORTHENN ﬂ@ﬁREor sinply, a
fade. [0004] Wrel ess commrflﬁ?:atg?{on systens can(%rrp enent a variety of

t echni ques [M82]c onp¥irskse communivetipn dbebéd ireycoofigmpd rtatdpamptd in a vdeety of

fade. A wreless co ni cat i on s%st em can i nBI engnt slelgnal di versit

to help cofPEALLE ORYHOML4RY ORSTAEBs FIYTONBIBEs JefBRRIle yitegsss device Can

i mpl enent i BgpegRAR: dYREc WhahSEU DA IPHN] hﬁalﬂ?obfésg& A it§ SI9B4OR relative to the
i ndependent signal paths. [D005]Atransmiiter can provide diversity

by i nt r odueRgitting gnal crources ol healykr@ations in signal quality can be characterized by
changes in the wireless channel linking the transmitter to the wireless receiver.
[0003] There are many factors that contribute to the wireless channel. For example,
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] Wireless communication systems can implement a variety of techniques to
compensate for the probability of operating in a deep fade. A wireless communication
system can implement 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



signal, such that a receiver has an increased probability of
recei vi ngV@RAYS10¢Y8¢ vi ng the transmtted signal. The traﬁé?ﬁjﬁ%"@m%?%’

I ntroduce diversity using a plurality of, transmt 2 antennas, a
plurality of transmit frequencies, a pldrality of transmt tinmes, or
sonme conbi nation thereof. 10006] For exanple, transmt diversity can
achi eved bynieR0di A% IRRA1IET bHkRARImi HRuARELOR ﬁ?l)ﬂfﬂl‘i%} of tARLAN SR, R Bme
and sendi ng a nodi fied version of that synbol froma second antenna.
The nodi f i eembigntsérothesbf.t he ori gi nal synbol can refer to a version of

the origin ynbol that i.s del ayed,. conj ugated,. negated, rotated, .
and Che’l  ROS Fosorgimeies SR gHe CHvashr "R ShiertEh B cSendt Al frjeina
signal ref affsrifion §RHBI BénT ShhtOihalind fAdHsGNRodFtaSRIdiS BF kh4e syabal
reference. The receiver process the total received slgnal over one or
nore synbofropesiseenndt antenmgovBle mediftadayessipr 1ofdhe prigigpl symbol can refer to a
[0007] Sim Larly, recejver r-ovide li.m a t di v i
{hrough 1 nedsiologfad GidRimBATnR R G:ATed, chlMel EE RRRYE sofleg pFE1AY
di verse. Poehesmbindtiod fsomd déri 4l the BBGRIL Ve ratie@ 8ipasl refees ohaewiblat ratation
di stance that enabl es each antenna to eerri ence channel i )
char act er i 8f thesignabphase eclitingdp aneierncef Tapeeceanproress dsciptab rreetyedyignal
t he ot her ' Q_Hﬁﬁ LIMVAR URE

[ 0008] Met hég%%g\ég)rg{&ggra uos}pf%?%d:s::tﬁc?r easi ﬁagg{lé\gé{rﬁg% ggl)isn at a

recei ver byooapp! yiSighildand e¢ceiveg cio ptovidesaiitnitdil \vetonnt yf divasty tthrvagh the
coded signals. .Transmt diversity can be pro ig_ed at a signal source
by space- t PffeOF SultiRfC trReeTe @Wavnasgﬁetr HRPHALST GHATSC sPig s hgmulfiple
coded over r@eRbUliibiny 24 sHRAAC! 4 MstHth SRR AULMP Sach hrkibhrfSHeN cxperfonce
space-tine antenna group aSsociated with a specific space-tine code.
The si gnal channehcharapercstics ithet aan tisdependgnb up thes clizaaelf eompeadnaddry theeother
plurality of antenna in the space-tine antenna group. Each of the
plurality OF°HAPBRHES n a space-time antenna group is weighted with a
di stinct weight, relative to the other antenna in the space-tine

group. Each wei ght can have a distinct a]%\’rg‘l | tude, phase, or
conbi nati on of anplitude BRHEFFHMMARKORSEFPE YBEst atic or

dynamic. T ' | gh i tude. o :
conoi nat | ol tFY AoV e A e RRlBLioRIRRk i BES 4 Bisiftr by appiving
[ 0009] As pebtgmiminpetodiansmitQiveesitygabélema dotedsighdls.e Traymitedivdrkiat can be

i ncl udes a
provided at a signal source by space-time coding the signal. A transmit signal is space-

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. Each weight can
have a distinct amplitude, phase, or combination of amplitude and phase. The weights
can be static or dynamic. The dynamic weights can vary amplitude, phase, or a
combination of amplitude and phase of each weight over time.

[0009] Aspects of the disclosure include a transmitter system that includes 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, 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



transmitter configured to generate a transmt signal stream

transm t VP $¥BE7IN6 encoder configured to receive the tr%ﬂﬂﬁ%"“yﬂfijﬂ'&
stream and configured to generate a pl utrsallty G of transmt

di versity/space-tinme encoded transnmit streans fromthe transmt
signal stream and a plurality of beanform ng encoders, each of the

plurality gfcAegntAEmtne-AREONGT ?eﬁé}%i Q#ﬂ‘;ﬁq ity K6 'VVé?%lﬁE‘cf sibstidifs to

plurality of transmt diversity/sSpace-ti 3°éncoded tTansmt

streans antegefoenahe cac p:lfuhalpluryhtykof rhnsvet ghicesity Sphettirearacdded transmit
beanformthe one of the plurality of transmt diversity/space-tine
encoded tr&H&@W% streans. [0010] Aspects of the disclosure include a

et hod of 800U CAfck bR ARHikel kel o TR0 fiREdkGEY LER divorsity.

generatl ng a transmt stream di vi di ng the transmt streaminto a
plurality dhe @Eﬂ:lncghmbluslesr genesatingraaansntit straaey, shivigingghe angoe seepo dita g

the G signal stre beant orm ng_each of the G si naI st,rea v

antennas. BHEALY ailo 8k flo A G HBBSRY of NEt M ATEr R POt FRALRedt S oBt)
the discl O Steldatng, B@éﬂcﬂfé@mﬁlgt ¢a3h Dthd 6F sigikd s@Barhdaver N ahitHes, ARAREndPkting
generating a transmt stream neans for transnit diversity/space-tine

encodi ng tﬂ@(ﬁbamfﬁrrme@mge@lmto generate G encoded transmt streans,

means for H@?gm o Ct&r Cf*’{h% dlsgféaurg p‘?‘uge atnga sté "EARchules means

generate G oup ura {ERNas 1 Gf

transmtti fig gedneratnd @arihemimdcamhoHiesns f(ﬁ%ﬁ&fﬁﬁ mesﬁetrﬁtws‘paédnﬁrndleaeédaﬁg: e
I ncl ude conput er -readabl e medi um encoded wth a conmputer programto

per f or m t h&aRy@hsredmto peneraie &l prroded frapsmait ﬁvweags fQ{ah?F rgHagPach
di ty/ |
i versity g?@% %h EREAGHHA gtréatﬁﬁs {5 g?h&@% G%Eéﬁﬁygﬁg% %{ﬁ%g Y &gpl gé]uti&%hty of

each of th st gnal streans or respondi
vector to beaniarfon eashitihg theeG Geanfpmmbd gtoupans. BRI EF DESCRI PTI ON OF

THE DRAW NGS [0013] The f ur.e obj e and advagnt ages. of
enbodi ment &0 61[2 eg&sw@m% Jpqure w@ﬁl&ﬁéowsv@r-%ggwlé edjyp ppgoded with a
det ai | ed d%él‘ﬁf)ﬁt@f &g&gﬁt tdf @6 pmbqhevg%emaf @ RectRMAC QMM shBam,

the draw ngs, "I n ment s | i ke reference nunerals.
transmit d1vers1ty/space-t1me encoding the G signal streams, and weighting each of the

G signal streams with a corresponding complex weight vector to beamform each of the

G signal streams.

BRIEF DESCRIPTION OF THE DRAWINGS
(0013] The features, objects, and advantages of embodiments of the disclosure will
become more apparent from the detailed description set forth below when taken in
conjunction with the drawings, in which like elements bear like reference numerals.
[0014] Figure 1 is a simplified functional block diagram of an embodiment of a
wireless communication system.
[0015] Figure 2 is a simplified functional block diagram of an embodiment of a
transmitter and receiver in a multiple access wireless communication system
[0016] Figure 3 is a simplified functional block diagram of an embodiment of a
transmitter system having beamformed space-time coding transmit diversity.
[0017] Figure 4 is a simplified functional block diagram of an embodiment of a
transmitter system having beamformed space-time coding transmit diversity.
[0018] Figure 5 is a simplified flowchart of an embodiment of a method of

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



[0014] Figure 1 is sinplified functional block diagram of an

enbodi me 08?035’77/95?& ess conmuni cation system [0015] Fi BGF&SP07/487870
sinplified functional block diagramof gn enbodi nent of a transmtter
and receiver in a nmultiple access w rel ess conmuni cati on system
[0016] Figure 3 is a sinplified functional block diagramof an

embodi ment |9 t @RS 4 §ER i gﬁﬁ‘éﬂ Hﬁh\éﬁ&%%‘?@dﬂ&lﬁ@ﬁ& §Pa% ribodBnent of a
codi ng transmt diversity. [0017]Figure 4 is a sinplified functional
bl ock di ag namrmﬁeasysenbhﬂjmn@lmanﬂonmdtapammtcedmgya@nmmt Heveisiy.

beanf orned space-tinme coding transmt diversity. [0018]Figure 5 is a
simplified flowhart of an enbodi nent of a nethod of providing
transmt diversity usipgrREFD PERRIPTEOROR THEVBISTUIOYSRBCE- ti Me

coding. 4 [0019]Figure 6 is a sinplified functional block diagram of
an enbodi miHR0of 3Methods and apparatus are described for generating and transmitting

wireless signals that combine the benefits of transmit diversity/space-time coding and
beamforming. A transmitter is equipped with N transmit antennas. The N transmit

antennas are then divided into G groups of antennas where G <N . In each group of

antennas, the antennas are weighted by a weight vector w, = [wgl Wa W, v ,G]
to form a beam.
[0021] The information stream that needs to be transmitted is initially transmit

diversity/space-time encoded into G substreams. Each of the substreams is beamformed
and transmitted using one group of antennas.

[6022] Figure 1 is a simplified functional block diagram of an embodiment of a
multiple access wireless communication system 100. A multiple access wireless
communication system 100 includes multiple cells, e.g. cells 102, 104, and 106. In the
embodiment of Figure 1, each cell 102, 104, and 106 may include an access point 150
that includes multiple sectors.

[0023) The multiple sectors are formed by groups of antennas each responsible for
communication with access terminals in a portion of the cell. In cell 102, antenna
groups 112, 114, and 116 each correspond to a different sector. For example, cell 102 is
divided into three sectors, 120a-102¢. A first antenna 112 serves a first sector 102a, a
second antenna 114 serves a second sector 102b, and a third antenna 116 serves a third
sector 102c. In cell 104, antenna groups 118, 120, and 122 each correspond to a
different sector. In cell 106, antenna groups 124, 126, and 128 each correspond to a
different sector.

[0024] Each cell is configured to support or otherwise serve several access terminals
which are in communication with one or more sectors of the corresponding access point.
For example, access terminals 130 and 132 are in communication with access point 142,
access terminals 134 and 136 are in comrmunication with access point 144, and access
terminals 138 and 140 are in communication with access point 146. Although each of
the access points 142, 144, and 146 is shown to be in communication with two access

terminals, each access point 142, 144, and 146 is not limited to communicating with two



transmtter system having beanfornmed space-tine coding transmt

di ver si t YYO 2008/077056 DETAI LED DESCRI PTI ON OF THE DI SCEEHEUf§B07/087970
[ 0020] Met hods and apparatus are descri b%d for generating and
transmtting wirel ess signals that conbi‘ne the benefits of transmt
di versity/space-tinme coding and beanformng. A transmtter is

equi pped intdisNehh ARk i RPBR an] Aemblf 6ARSHs terRhAD AT Sife 1k ¥hat

divided into G groups of aritennas ereln each group of antennas,

ant ennas amnayheiagihtyeidaldymia, oxeiliphit ingesed by wgomnimdsatiog2dandaids to form
a beam [Oﬁ)(ﬁ%hThe Anf or?rlraFi on streamt hat. needs 150 be. t ransmi tteddi %
initially it YT s P pdit P TS Te PRIE 098Y Pt EedusteiPRatiied Tor
Each of th@o@ﬁ%a@ﬁlﬁg@im&h@&@ﬂﬁmwﬁ B alsh BRTBTekb @G0 U 208 iRMEIOdcRMPor
of antennas. [0022] 9ure 1is a sinplified functional block diagram
of an enbodlltmfunefionalifiof pbhase Bativas 8 Node 8, o8 sorpe athgntesminolngys st agpess

mul 11 pl e ol FRTF Ay oG RnE TTU RN KRR s ARy of o
Figure 1, esghequfinheni 0OF), kldser aichidd)fa REdeldsh cbimdRindatias desise, oichhinkhQ

that includes multiple sectors. [0023] The nultiple sectors are forned
by groups &fobiatamina, amebile watmayispme othyyr terminology.

[0026} It can be seen from Figure 1 that each access terminal 130, 132, 134, 136,
138, and 140 is located in a different portion of it respective cell than each other access
terminal in the same cell. Purther, each access terminal may be a different distance
from the antenna groups corresponding to the access point with which it is
communicating. Both of these factors provide situations, in addition to environmental
and other conditions in the cell, to cause different channel conditions to be present
between each access terminal and the antenna group corresponding to the access point
with which it is communicating.

[0027] Each access terminal, for example 130, typically experiences unique channel
characteristics not experienced by any other access terminal because of the varying
channel conditions. Furthermore, the channel characteristics change over time and vary
due to changes in location. The access points, ¢.g. 142, 144, and 146, can be configured
to implement dynamically varying antenna weighting of the antennas in each antenna
group in order to improve the signal diversity experienced at the access terminals, 130,
132, 134, 136, 138, and 140.

[0028] The above embodiments can be implemented utilizing transmit (TX)
processor 220 or 260, processor 230 or 270, and memory 232 or 272, as shown in
Figure 2. The processes may be performed on any processor, controller, or other
processing device and may be stored as computer readable instructions in a computer
readable medium as source code, object code, or otherwise.

[0029] Figure 2 is a simplified functional block diagram of an embodiment of a
transmitter and receiver in a multiple access wireless communication system 200. At
transmitter system 210, traffic data for a number of data streams is provided from a data
source 212 to a transmit (TX) data processor 214, In an embodiment, each data stream

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



comuni cation with access termnals in a portion of the cell. In cell
102, ant SKAZ'GAOGIEE 112, 114, and 116 each correspond tBCHUS?007/8%787
sector. For exanple, cell 102 is divi de% into three sectors,
120a-102c. A first antenna 112 serves a first sector 102a, a second
antenna 114 serves a second sector 102b, and a third antenna 116

serves a thbhdd, SRCMRI1ARARGhe rBfikSdata 96@43&0}?‘5%'{5 @ﬁ‘@aln? bl Shrtididbh cRRh

122 each correspond to a different sector. In ce 106, antenna
groups 124 sclkp®, sehactbdfdBthetdata stveane dpproctideccodedi ddth e i soms embodiments, TX

[ 0024] Each cel |l is confiqured.to support or, ofherw s er several
focess 1 or AFRETOUTHT o e e DEBAIAT Bht E ROt e GHETBR fofg Gl egrauns
of the corpegAQRdhRHe 85Q6 SvhgH the- syfr®blseard MRing, trASmARd dndlthe Adleina 88m
and 132 are in comrunication with access point 142, access termnals

134 and 136vhighe thensysbetuisi being drpnginittedac de ssomgormbodingntsa e Hevafyming

A though eareily Dk 62 gRiiced pERATILO) 0tk tbonls ATGERROB A 5 MRy of

in comuni i@ dopditivhtof tHenRansRERid patisBefiided the@RBssaRuRt 28d PR dttest 4etminal.
144, and 146 is not limted to conmunicating with two 5 access

ternmi nal s &Heherain thassrsses effghedutaddransmissioasdhe T drtnprosesspr 214 epprpelect
limt that i hmL .

comuni cat it%?ﬁ%acgﬁm%léﬁéeﬁg@ghir%&%og@a %4 {ehlmnlfs H&%@é@%@ﬁ# erfnay be
a fixed stangzon usEgk tededcdmanion eachi duga wirtdin trhey be mndltiplescdandthnsijot data
also be referred_to as, and include sonme or all the functionality of,
a base st a¥88, OEDNp deshpiques. ﬁwep@t 2 % IYRIFAAD o KIOKR date datfern’ that s

term nal ( ?%rc)ce ¥ iRlaSho% MehRr 64 n?%zl?éuseﬂrﬁi thd RdcBd8r SREN & e@lrhatt AR

functionality of, a user equl pnent a user termndal, a wreless
communi cat ichanndbwdspensea Ther miltiplexed poloband codedndatmfor cacimdbial séreginais ithen

cach accesS e sgboismsrpediiised 38 « Huf et modliyon S Gucicai oRK:

di fferent g ON-PSK] or "ASPRA)! Yetet&d ol BAP RACBrOINEH REERIESmodulation
termnal inthe sane cell. Further, each access term nal" may be a

di fferent dymbelace Theodata Hatcarmodmga agdomoduletion dopmadh rdpta sircsre may be

access point, wth ich it.is conmnmuni.cating. B f these factor

o ovi de i deisrstd B iR o STRRL R bisRenr 20 arth S5ie FmbBiihRo e
in the cel humber sPpealidishdtrl ethdantaNNBE vadsidicebdits foahdnRli#BERktion that
bet ween each access term nal and the antenna group corresponding to

t he access ip@nsmitigd fiomihewsert i s communi cating. [0027] Each access

termnal, f xa 1yl V. i I C

characteri éﬁ%ﬁ ngﬁeggg)oe%gllagh%ggﬁ%bisa%gﬁgfEéetfg%g%%%‘%sls%{]gfe% ﬂgpﬂ%géguasgx

of the var WiNMOghatessir 220nwhich any. fuffhrtpierespthe mddutatiohapmbbls (for example,

characteristics chjamge over time and Xﬁéhdue t o, changes_ in |ocation,
€. ,

The access 'Potit¥)-e " {X MO 1pracessqiq 24 ghen arpvidescnfyglhpegregns to Nr
i mpl ement  gypamieal | rWEE 'ﬂ@aaﬂ{rﬁg@ﬁ m%.ghtTﬁgl\/lflM@hgr&_@%sgfm@ﬁ) | dhplies

each antenna group in order to inprove the signal diversi
exper i encedecanfarimingwcigbts tb ehaviymalbads ofl 8@, dat:3&reat8 bascti3ontB8 psartd which

éL fgn S£n0t0 2? Thgyrfafgcﬁ\s/earee ei%git%g}nftte%agndb ﬁlei a{}Rclan%ge (grreldwfi%%flltflciz is;%%bol is being
transmitted from that users channel response information.
[0032] Each tremsmitter 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

224, respectively.



processor_220 or 260, processor 230 or 270, and nmenory 232 or 272, as
shown i n VEP?GMBO7H56 The processes may be performed on anJCHUSHEREEEP70
controller, or other processing device gnd nmay be stored as conputer
readabl e instructions in a conputer readabl e nmedi um as source code,
obj ect code, or otherwi se. [0029]Figure 2 is a sinplified functional
bl ock di agi@asof aRt REQOLH §8Bk B0, MheltFaABRfcH eI dubMch HGCE 8 edelved by Ny
mul tiple access wirel ess conmuni cati on system 200. At transmtter

syst em 210 antenedsfiSea davagh 252randdhbrceived dignal fsomeaehs antennardH2i id@dovided
froma data source 212 to a it (TX) .dat a. pr ssor,.214. 1In
enod ment © datioera fer e NEVRT 28t Fret ot Tcapuifts dore Bllers
transmt agk@Nfigs, ahd dRfRoAVRERTSSREpetlide tBEWdSsigndl, anateRs tA®donditioned
interleaves the traffic data for each data stream based on a )
par ti cul ar sigogli tagredédesamples, aed Buthepprocesses dgsamples enprovisiersr wyieggonding
coded data._|ln samnme i.ments, TX data processor 214 applies

beanf orm ngre\ﬁglivg‘%tsﬁ%%??tﬁeeamsynbol s of the data streans based upon the
user to whigna4t he & IHI0! dutheode@on @60 B Feddivd @iddplobessentiRniVg rbécvad
whi ch the synbol is being transnmitted. In sonme enbodinments, the .
beanf or ni n§YMBelgiresmsafioge Npertseineisd2 b dasedupbna dIHEITHET Teeaipenprocessing
informatio LS. 1 nch i ‘ | L r ] SSd

pat he bet s e \EploRidl U ooty e SRREleh: SRl ol LR RloBol R by
those case®>Didatachredsh@d260 ndescabedins furthee deMildbélewpr Beds detectdd 4yedol

sel ect the packet format_ based upon rank information that is )
ransni t ¢ edFTh QDS FEwbols YospestiRaicy gh &y madulation sumkals grapgmitted for
stream nay i j i i ig

oo ey TSP R e, Skl 1 M AL T
known nmannend dembdemgacheletested sgmbbhdreapcteirvenvesibsttmiffi¢ date $ori thedetatstream.

O T e
modul at i on MIGHE PeodeSsod 220 BREIK (B focdbdiN4 atraldnA) sysRherloed for

that data streamto provide nodul ation synbols. The data rate,
codi ng, and03ddul atheehahogl responsaiestiznast geangratedal)y B pretesser 2dldmby be used

number of _RAPRTE SEfia FaRCRERSBRkoRl wells SRR RER GRS g7 hanes

rank i nf or medduliioh haéts bSsdhembs orloties atfie@i® tHIE pusREsor 280 3ddy Hather estimate
nodul ation synbols for all data streans are then provided to a TX

M MO pr oceéwig@@-nmﬁﬁ@ﬁdﬂﬁ@fwemer@m%E%%%@@ftth@%ﬂ@atad aymbel dtpame) and
f . T ces . .OVi
Synbor o ¢ Egssitty ek BMme i chalo Mo O iE LIS Rl MY A FholTsgron

process o[) Zimgﬁ]appl Aethe bemixfeo,rwariogs mﬁb@sﬁmg técmntql‘mes magibelusedio frbeessldicavy
streans based,. upon the user to ich t S ols are_being . i
transm tteaecéW&QtSP%lagﬁ‘P gﬁ*ﬁ%“ ?&%@\W e& Hﬁ%&f‘m?-ﬁ EF AgFCeLVer Processing
transmtte npe ??m i i a1l X
transm tte?ec%glgb % hr ugi%%lft% H?Eelf:bem% and Scra})%te)gggggl{) a@rgtéagpge@f%%éwne
synbol st r ezsngivep pprcessimetecmeqars (which amalsogreingdabss canalifation hehniques);
condi tions . g.., anmplifies, filters, .and upcopverts) the anal Qg .
o gnal 5t o olDiucSRrasirst Sbuirelaietdh: b  BRYGreuEs aerrBeen toeier
the M MO chastR@ing MehiRehali@fissl@neletrel tO M tduababiv iftEiFerddcdaahRHER

222t are then transmitted from NT antennas 224a through 224t,
r espect i veloy ‘sucgessive cancellation” receiver processing technique).

[0037] A MIMO channel formed by the Ny transmit and Ng receive antennas may be

decomposed into Ny independent channels, with Ny < min {¥,, N,}. Each of the Ny

independent channels may also be referred to as a spatial subchannel (or a transmission
channel) of the MIMO channel and corresponds to a dimension.
[0038] Figure 3 is a simplified functional block diagram of an embodiment of a

transmitter system 300 implementing beamforming of space time encoded signals. The



[ 0033] At _receiver system 250, the transmtted nodul ated signals are
recei ved 9 24803 1%%nnas 252a through 252r and the recei@%5%§?ﬁﬁﬁpgm
fromeach antenna 252 is provided to a %espective recei ver (RCVR)

254. Each receiver 254 conditions (e.g., filters, anplifies, and
downconverts) a respective received signal, digitizes the conditioned
signal to popvifde SANRMIMAS blehd dfagfafn’ﬂ‘%ff ngﬁ&egsgs 1ihim@dsmmee§g<r&ien of the
provi de a correspondi ng "recei ved" synbol” stream 10034] An dat a
processor Ragnitensysteeithagss witted to beystosmingespuBe-tise¢ngededs sighals. Other

streans from.NB regeivers.?254 hased on.a particul ar r.ecejver .

ot 0cessi ngPReRnP e e mIGT udep e PRIB BB oo St clugipp e
streanms. Thenphigeesytdid 100 b BatidtcRfAEE 318 0for 28Qmipte, dAS CHas®QehtioA of the
further detail below Each detected synbol streamincl udes synbols

that are eSemmanEstiorn sysian oiligigt ], end symbroasembadigpntafdhe fransmitier system
correspond%pﬁigﬂpet? stream RX data processor 260 then denodul at es,

dei nterl eaves  and decodes each detected synbol streamto recover the
traffic datms3dor tTie teabmitsd ceam 300apbeeesfigurgd Ryintleroait deph e eSsos!
260 is conplenmentary to that performed by TX M MO processor 220 and
TX data pr 8Ras8dime gicaded signals, ofialk sceessyieimipgls imits coresageTaven. c Adamatively,
response egt. . y r 6 e :Iﬁ&g e
per form spg{ceegglgsgfgggl?ﬁ ﬁxﬁ%@@@};ﬁg&é@@?ﬁ%é [r%egnl vefrn,p[ F ] us%l&ggaéi}StlnCt
| evel s, chaemyeformihgl af ispater titne Sereodsi bipnels, when otdreraract phundity R access
processor 260,mi1%_furt her estimate the )

si gnal - t o- FOMERIS HHIT FOXFHEET @ifde Falt FEREPRISNRS) Mty ysteatPRQ cay mpaly
strearns, aﬁﬂﬁﬂ&%%i%{tytd)ﬂlg ShteARATEELacRRREARS Il if s cARMgB A% 48 Snother
these quantities to a processor 270. [0036] At the receiver, various
pr ocessi ngembodiniegt)dke transnitiesystent 30bcar eydy distindiBreighisity éleb sitgpmab for
to detect the NT.transm tIe]céi.synbol streans.. These recei vg}r ¢ of th
processi ng SMPRAT AFEE TREDIBIS 1 18 SRYRPE TS (TS O aCheEr QIR SR Ry o Subset of yhe
spatial angn$RB ST thé AR eELERUE iPROPERRFIZRArdsechni ques (which are al so
referred to as equalization techniques); and (ii) "successive )
nul | i ng/ eqU¥HMzat i B¢ @mmlmreswemeﬂtﬂem@hdw trapsngiffer 3 Hbequplad to a transmit
processing d}v%%k&?sg%q%-@%@' ol B0 TR SLugHid QivEtbityRpdcesiind coder 320
i nterference canc At on" or  "SUCcesst Ve gancel Fat? ont recei ver

pr ocessi ng ch@séni pugplity] SO0ehtbdedvhihule harnplurdlioy W€ bebifdrimendNEndod e S3IB0E-
and NB receive antennas_ may be deco[gnosed into Ns_ independent

channel s, w9k NBhenpepmfiumingsgncoders h339p-38he cRuple he damdormednsigns Jo a
may also b I a tial. s : | S 1
channel ) o? h{rﬁietgl\.#%%e]glﬁagﬁﬁg 0 %ﬁgk'c%rﬁrnzlg g%ﬁ%gﬁﬁ gr (gn%c?li lrarne?\l{soi%g%.rgﬁ% Belipled
[ 0038] Fi gute® a3weeizht nsdtripl gehemtbr f 160c thaonalcobplod ko dhagramlitf ofibecamforming
enbodi ment of a transmtter system 300 inplenmenting beanform ng of
space time® W@@éﬁ%g‘sg%l s. The

[0041] The transmitter 310 is configured to process the samples to generate a
modulated signal stream. For example, the transmitter 310 can be configured to
generate a plurality of samples of an Orthogonal Frequency Division Multiplex
(OFDM) symbol from a plurality of information bits. The transmitter 310 can be
configured to map the information bits to the various subcarriers of the OFDM symbol,
and modulate the information bits onto the subcarriers according to a predetermined
modulation format. The transmitter 310 can frequency convert the OFDM symbol to a
desired RF transmit frequency. The output of the transmutter 310 in such an
embodiment is a serial signal stream of the samples of the OFDM symbol at the desired
transmit RF frequency.



8 sinplified functional block diagramof Figure 3 is |limted to the
portion OYOEMEY0dhsnitter systemthat is related to beBRFUPHOHEE70
space-tine encoded signals. Qther porti @ns of the transmtter system
are omtted for purposes of brevity and”clarity. The transmtter
system 300 can be integrated in, for exanple, the base station of the
comuni cat {@a2SY SUER &ltpltl GULE trhnsAREr S8 id Sorlec PP Ghi¥ediVerdty/iRe-time
transmtter systemof Figure 2. [0039] The transmtter system 300 can
be confi gueewdden 32Gp|Tdednne dewndityrspaceting copadse 320ne cen%@u:redi teidgridé the

for all acces ermpals ip its coyerage area. ternati.vel t .
{ranem t o e Emagon duh Bt YRS PSR U ek OB Shcne dfe gime
di stinct beagfaERpae the SRRFEr 320@&%96@%&&&%@0%9&1@&@&% & froduce
plurality of access termnals in its coverage area. For exanple, the

transmi t t emosifindevargons ebtheagipna} sitiesms.ndior wapghles thetimgedisgsiy spasetigie

Cransn £t oPePet aay cobe T To0RE: BRE PR Lo uREe ol Rheenn 4

groups of 3gCBssoiffufdd ! Bodify édch oFaNereaginiag €A1 sivhel areamsh Grnetafly Caie
be a subset of the entirety of the access termnals in its coverage
area. [0046RTHestreamnean be epnsidesecoin boonmadifigdebocausy alh signak sFeagmpecan be
coupled to ] b i -tinme encoder 320. The transmt
di versity/ 2@5’%@?‘?%%%@%@%‘%@%%%&% es a plurality of encoded

signal s tojew4pl ur dllig tingd dbeasitydypatagmenenades 32800am33@g conffigired to, for
beanf or m ng encoders 3300-3300Q coupl e the beapnfornmed signals to
plurality EramplEediian TSAHB0CINE TR T =§§r§8ﬁ’recﬁ?F‘§’éW18H thereof ,

modul e 350,] |1t ' i e 0: .
T o e ook, SELEE il Bulyvpiall T, nden R ol 70 o

transm tt eint®0cé deleptef & pantiedlat sigpatstress using aseanpbkesiclay, gaakydine, tapped
nodul at ed signal st.r. For anple, the transmtter 310 can b .
Cont i qur ed 3¢5V SRR cglax; TEPF Theal SO ROmaon At d5lFh elgBiRa. The time
Frequency BivélstiyRBaddititht Rh&ict S3oMn S 8hi@lgutddam@gdtt dlsddnal dr&fn using, for
information bitS. The transmitter 310 can be confrgured to map the

i nfor mat i ogxdrnple, ew inveeting pmplifers uBbeartime diversityispececimm cagodss 32009t be

nodul ate t i nf on_bi 0 ub riers ordi t

or edet or mi A0 Sh5gt R b BRe b e Sl Mol 5t fof S BBk oL Byere
convert t heok}iedvVks Yirduatirangc phdaskicesl ddmpohamts ahd the GReledrcsomel Bémbination
out put of the transmtter 310 in such an enbodi nent is a seri

|
si gnal str &St Aditienaity) B tone diversiipsnresyiime cnender Be0 qaspe égnﬁgur?d to
transm t REotE{eE%gﬁglff% " stre [r{/ %Qﬂé] J&e oPUhpit Hglfétrﬁlggsotoﬁ%ﬁgﬂ% ;[c;rrrgrin-}?ﬂ][%e' and

coupled to a ersi Spdce-tine enco

di ver si ty/ gpadretuid signa googenends One sr aond ingitipbidrstweightwigdihe hasesdogpahent,
streamfromithe transmitter 310 into a _plurality, G of signal
streams. T elaviekglear%?iﬁtwwsp%r@@mca@b 8B&ICII0 operates on the

plurality qfoassy gna’tyﬁ&dflﬁgrfﬁe Q&@H%%/s?@@-t&&@%n‘é@déi ﬂ@?ﬁ%lffoﬁﬁ@ea distinct
signal streans. For 'exanple, the tinme diversity/space-ti encoder
320 can be nowiifi¢agioned cach phihs signel grasstsasuchahdtyrapsmibdiverey eidgralchieved

stream and,can be. configured t dify each of the remaining.G 1
i nal ot r S dEneHEra ey gy @ g P atnp Baa B EEnGr BRI ggenes
unmodi fi ed i ReFEALE finRl diverkigfIfacs HhRMBodAytEmNBE PRlrh B G (Parfennas can be
particul ar signal stream
separated spatially. In the embodiment of Figure 3, each of the G distinct time
diversity/space time encoded signal streams is subjected to additional processing.
[0045] 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



[0043] The tinme diversity/space-tine encoder 320 can be configured to,
for examPY@20W&FAG¢ negate, conjugate, rotate, and the W’R’Q,Sg’@?m%"a%
conbi nation thereof, each of the G1 sigpal streans. The tine

di versity/ space-tinme encoder 320 can inttoduce delay to a particul ar
signal streamusing a variable delay, a delay line, tapped del ay

line, digihpkikigbdy, Tﬁ@ddirf%/n{ iskRial QbeiSANB EHBE NRLHRPLIMcdIRdiRY different

el ements. The tinme diversity/space-tine encoder 320 can be configured
t 0 negate antsimpgdinssiribyameiglgingghe fngdividvahmighels camplediverach nthemptenhiser .

The tine d sity/space-~tine _en er 320 can. be configured to

coni uoat e 1865 < ariBF SEbpeind of $te dr Cahoihie & StaPifiins' i separately
inverter CpghRemtPudngdPNirality T aBRARS. SEARIS tROHRERR RlgnaPdittailSrom the
| i ke, or sone conbination thefeof Additionally, the tinme

di ver si t y/ §pwcliverpifigdspanetitnerengeder Gaf ipeowed fqyenceef & pluralitnioé bearsiogmig

stream usin n r.e [ tiphiers,o in N, i N an

b ot ur cCkalfi, SfosT0E. Tt duineP bEn AR AN A SRR MBetesnonds to
phase conpérenimbei@ifasanehi MBSty sipshltshearhs F@ner&éd $OItRe €GpRdinatitwspace-
t hereof [0044] Typically, the tinme diversity/space-tine encoder 320

per for ms atiicsnreder 388di fi cati on on each of the signal streams, such
that transgjt,di v it o lh eV t: 114 |

of G si gnamogsq]r eaﬁésa%g\})é?ﬁa p }%1%??§f S’_% ﬁ(??’ 15?%%%& %%e}el%%f'fg% ﬁpﬁdlhy o
typi cal ti meightedesigndl \shispas,ecach o valiclo deapdigd tte m cdriespridinigahntennaof Efgh
antennas can be separated spatially. In the_enbodi nent _of Figure 3
each of t hBeamigramencodsye-8qper s5oeiyes pag of fhenpluralitn gt sigaslypgpams from
streans i s i eq: . Al i Q%ﬁ,’l‘- :
of providi Fl% %@g@g%&&g@@ﬁéc&t tagnc%rgglglg%%r 'T:,Eg blg%/ usin te I&%ﬁél}ngt?@nﬂns
beanf or m nthewsigna istobs phmtlita) Ky of kepBeate signélostreats amdswyerplots gash of the K
transn‘itteﬂ frommnul tiple antennas. Thag(?dzh nals from.each gf t he .
mul tipl e afbRIHAsSIEaTH FeamsivgHt &g asoct OHTUE YHER ¢ e OgFgforming
signal to BRicHer 530, (Q)u?fes &ﬁ?wé%g@dvﬁgnﬁ Sean® toldpuBityTi IZE6F anldhngs 3300-
different signal weighting can be acconplished usi ng di tferent

ant enna gaPhGk@ssdsiatedewijh thiomgriidwéaribaarnforoing cnspderai38o.coupl ed to each

of the ant . [8046] 1 n .t he embodinent of Figure 3, .each of . the

ol gnat ot r DR o DRREERI b S B RAGPREGE oBienips M, Foyl i 27 gffmol81 Fime
antennas. Baehitgfsphdeetide Inedddd Sloapal Gs hr@tg(n&df bPAhd RemberBf beamforming
di versity/space-tine encoder 320 is coupled to one of a plurality of
beanf or m né§igaplcwwems, Kageoragbior epple imgnduersiby/spasentimsy sicadeeioype A the
3300- 3300 it di Si '

ctroams el afaRapHrpiedrd SinBIRE (b St ROBTIC arkbohBl Sthe Byt system
[ 00|47] Eiach SD@fanﬂbodimhemggﬁthgomeT illuetrges @BE&{hal hmn?ﬁvr\d;]fibg?]m&drm ?;gmﬁ s@aéans
a plurality o i ghted signal streans, each o ich is applied to a
cor r espond Pigeashrerig. s A oBuTPBIErt R SEREBdCHOWEYE: 0@_@0&@%@@&%@%

one of the h%éﬂiﬁe{eﬁi’b&fmi%i'rﬂﬂgld%n%s%gﬁg%r diFRfont ﬁﬁetdf\ﬁ:&?t?é ace-time signals.

di versity/space-tinme encoder “320. beant orm ng enco 3300 splits
the signal [00dP0 a Alwwight mstrixigenahtod BP0 iic atrdigsirghtal gentrataiins vemght vectors

wei ghts each of th uplicate.signal, streaps. Wwih,an assaogi.ated .
beant or m nGHLPLFE SHES DRI heatEsdaPr S EGUTeelr G drgHEieht
signal streamsx teh BoPespbid td ¥ne KeanttbrAfb @ABSRr 330080, 0K pRaAPCadh ¥ the
with the particul ar beanform ng encoder 3300.

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

[0050] Each of the weights, w, in a weight vector can have an associated amplitude,
A, 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



[0048] Therefore, the total nunber of antennas is equal to the nunber
of time AV9ISOPFEpace-time encoded groups, G multi pl PEHUSPOTPRIO70
nunber of beanform ng signal streans, K{ generated for each tine

di versity/ space-time encoded group. In ]he enbodi ment of Figure 3,
there are a total of N=&K antennas. The transmtter system 300
embodi ment nQkriFb@idFRor3 60! daH Bk cBARSUraD toPFHR theWETBIRS b@dedR@aid k4P, time,
signal streans Tor each of the tine diversity/space-tinme signals.
However, otvats, enboodinbmatien eftiméavbedinfst er ent beanf or mi ng di mensi ons

for differ ti di versit ace-ti signals. .[0049] A weight
i x gendPEtor 36051 SeR 4 BB rEte) T dFa duimi iRy R doiegryer e
used by eagtaiRbletHehdeAENDHE AE VHSRORRSIx32E0BIBB0 dad doteviBfileQhic optimal
within the weight matrix can correspond to one beanform ng encoder,

e.g. 3300. valyps &ulthy weighthinogach vecighti ygistor vkas trogmizs e Signat to Neige Ratio

Each of -t nEVRgHISoral. teai I MEb{Hliiel S74eh B0 bl TG bl b

anpl i t ude, fg&lerﬁﬁﬂ?;maﬁﬁnb Qhawicdpe of astinfdies vfethgBhariel. r inkorgenerakoe tB4G
can be configured to generate a fixed weight matrix or can be

conf i gur edT¢8ivgenel setirmoydy ised b alivessityhbengit the weight gwiix serssdpnah ean
t he wei ght } 6 onf I gur, :
conbi nat i orl%ggbﬁffié" fg(g%emé%%% tl\:f}:'lec'f3 %?@ 6;‘%5?1\5}%&11%Itggv%‘lgaﬁ?&vgﬁg?%l ml'ﬁaéCh
wei ght  11bemhid dsgenapmizavedvie, odrrdihe effbftivguhahd dnchadey tliehetuad tighnsl
based on, for exanple, tine, events, .or a conpination of tinme and.
events. [08549URPIngiiqn yith ghe qffect tﬁ%&ﬁﬁ&ﬁf&f@%ﬁ?ﬁf@m@gn%tvaaﬁtﬂ%ﬁ%@e
to a recei ygrogr i aby e HERRE TdthiE" gerehfor8kNuBBide Yaryi
gener at or \é‘,‘%og caﬁecg}effgeﬂrrran@%%dt E% ogt‘f"ﬁ%ﬁ vaZPuesge or (t)helsgehl?nghtsei narylng
each wei ghbeareioromgtthattsinelatenitlmecfidetoSagifadingo Noi se Rati o (SNR).
However, typically, the transmtter system 300, and thus the weight
matri x gendiRor 3JO@ wWeight YestarnencsIaRicoV, edtnattes of Mhesoch&rehewcight
In order to ensure that a receiver will continuously see a diversity
benefit, t kan inelughtn maiptitude gempoadnd and®s Phasaotmporanf foyexapple,owchange® .
the wei ghts over tinme such that the effective channel in each beamis
al so changiThg vesighttmaeix generatort36d eshf keceanfigurddaioniatrodurel int¢ationdh demporal
actual channel,.in.conbi nation.with the effects the . tinme.varyi

eant or m ndeaifs® 5 FEaeREh a2t fnce DUIRROr SRS o be pAGRIt By h Bl 360
wei ght mat chx igerefifideed I60vimt BRduaplivaey tagpdirant qihabd Gohlpdhents, or a
simul ates the effect of fast tading. [0052]In a welght vector, for
exanpl e, PPELipten thagef. Adpgtioualty, e creighéingrix gergiatondf@gen hp configured
anpl i tude a. . =

verght ot {§ YROME AR QBT GOUERRERL vecd pguRcy, Uity Ao whilfs
i nt ent i onalbagedrppocds afnttidn afhend of thhiereighat or wei ghts in a nunber of

ways. The weight matrix geneir ator 360 can .be configured tqQ vary. the
anpl i t ude ¢WiPbnents anprEEPlBOHSONEINE MATX BREHIATNR] 671 theftiigured to
Addi ti onal | y,: L oy ' j

Vary e e O ot MRl mpbents
vary the wes ghtsctivasddinon, Farexaspie, thenwtighimefirix gemeragir I0Beanenghfist and
[ 0053] As an ex l e, the weight_matrix _generato 60 can )
conf i gur ed SEONAAHIATAPIMRANGE S At TBgHaps ey %ng A6 ﬁ:cgﬁbon“ébﬁ yeight
and vary the phase co ents as a, function of tinme. For ex l.e,. the
wei ght mmat PR3 @ﬁ%qrgtpgaggéan&% pgléc}esl} VA ﬂgn@ase components PR mﬂmc{flal

[
weights, or can vary the phase component of a second phase component based on a first

U

phase component, for example, ¢ () =¢,(z+A).

[0054] As another example, the weight matrix generator 360 can be configured to
maintain substantially constant phase components and vary the amplitude components
of the various weights as a function of time. For example, the weight matrix generator

360 can keep ¢, and ¢ constant and can vary first and second amplitude components as



second phase conponents as functions of time, =4(t) and sbt =4 ;
The wei giYORMBO75¢ener at or 360 can independently vary PREUSHAZE™
conponents of the individual weights, { can vary the phase conponent
of a second phase conmponent based on a %rst phase conponent, for
exanpl e, 01(t)=4(t+ A). [0054] As anot her exanple, the weight matrix

gener at o 3RuBANGPEREON]1ONPAahe I B NTRLOMERLALLeHOARKAMD can

phase conmponents and var € anp onponent e varil ous

wei ghts as 11ﬁ1ef)éﬁ%ﬁﬂ§99ar9fthé msm&@ Eor® {seoftﬁ@ﬁdm@dﬁmve@w bXcan vary the
generator 360 can Keep 4 01 constant and can vary first and

second anpkinplitide cormproment swf as seqendf amptitudascayhpaniente based= Oﬂ,(%)ﬁlah@hAS:B
anpl it utle EGBONERE ST ARd Al fxmpéﬁé‘@%r”%ﬁ GleThe Vhgh mafx
Sgglsgt ggrerpgg% %[(r)]re ?%q, ca&gen%% ond ?(%T%‘I{XB)OE{{ thg gﬁ%ﬂf&g gﬁ gﬁgs%rc%?np%neﬁts 8t at
enbodi nent leagﬂ'@m@ajfgﬁgbmwnga@glﬁg or 360 can be configured to vary

both the anplitude and phase conponents of at |east sone of the
beanf or ni ng}) 038li ghtEhe 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 time, events, or a combination thereof.
The weight matrix generator 360 can be configured to use independent rates for each
varied component when varying multiple weight components. Alternatively or
additionally, the weight matrix generator 360 can be configured to use the same rate or
independent rates for each of the vectors in the weight matrix. In general, the weight
matrix generator 360 can be configured to vary the individual weight components and
the rate at which the individual weight components are varied using completely
independent functions for each component or rate.

[0056] The weight matrix generator 360 can implement a temporal variation that
updates at a rate that is based on an OFDM symbol rate. For example, the weight
matrix generator 360 can vary the weights in the weight matrix every frame of a
predetermined number of OFDM symbols. In other embodiments, the weight matrix
generator 360 can update the weights every symbol period, or can update the weights at
the start of each super frame, where a super frame includes a plurality of frames.

[0057] For example, the weight matrix generator 360 can be configured to select a
temporal variation rate for both the amplitude and phase of each of the weights to match
a channel code used. Thus, the weight matrix generator 360 wvaries the weight
components temporally, and the rate at which the weights are varied is dependent on an
event, selection of the channel code. In another embodiment, the weight matrix
generator 360 can be configured to select a rate of temporal variation used for both the
amplitude and phase according to two different sets of predetermined functions

corresponding to two different weights, wyand w,. In yet another embodiment, the

weight matrix generator 360 can be configured to select a function or changing rate

based on a feedback from the receiver.



[0055] The rate at which the weight matrix generator 360 varies the
desired WEPSMBEWiDonents can be fixed or can vary. ThePQEUSHOTAPTS x
generator 360 can be configured to vary,fhe conponents based on tine,
events, or a conbination thereof. The w% ght matrix generator 360 can
be configured to use independent rates for each varied conponent when
varyi ng mujospl e vrﬁi&hﬁngcm@ Snizatloh MdMRld YR ¥ cORfIAAE {0 AdrbYize the
the weight matrix generator 360 can be configured to use thé sane
rate or i ntepemobrie waglianitox geaerhtonfwithhide visungused in théerapgigibet 310. For
matrix. In_genera .ne wei ght trix.generato 60 can be confj qured
T vary t neoiiaPy s, ot Bap Ve pbitifts Porale Re? F4p dndndiug SRok HaRCT
i ndi vi dual syyihethizcdAEROSSRMHtEM@ 1SdVFY iRGranSiniittr GOORVIRh ScMeraife RRNESR it
functions for each conmponent or rate. [0056] The wei ght” matriXx

gener at or 8@t an I nphe mshodimendnpbe alimingr jaad i enchromizatipe amedulgt can be
rate that i 1sed .qn .an S . £ at For _ex Le. the Laht .
i x genenistnigad8 0o BBl & ik MenGi TR g e signt
frame of anfhedeicaertoredomusipe pedratoFDives yalyiles wdightOtthel vary on symbol
enbodi ments, the weight matrix generator 360 can update the weights
every symb8PUBFESd, or can update the weights at the start of each
super fra er rfir. i i : .
[0057] For USRI BH S agl Ok R0 £33 Bl e Al A Sanemiter
to sel ect alo érph¢ adcuvientedi @i or aticee Beentdhibbhcdn/te o hs b uikeabd thiphasight

of each of the weights tch a. channel code used. Thus, the weight
matrix gen8PHHres, l@tqraég%?%gawg e d"ff'r‘r%ﬁent@rt@??‘ﬁt?hj%l My, timpe ¢ el

rate at whi ' ri ' :

el ecti on SF Rt aRAIZIR LhER R el byl B Eite: 310 and
mat ri x geneamgorerd66n gulicaie o ondssagerfodtheovaghtavdtria gemdratonB6Q endatiag the
variation used for both the anplit.ude. and phase according to two

di ff erent §%‘ﬁ§g S ‘faélflﬁiar?ggngelm@f’ih&ﬁ?tg'orrespondi ng to two

di fferent yaeght s, Fiplreanss Wisimplifiste fundiGHd) HloRBagHHEBE an hdoWRh@ilof a
matri x generator 360 can be confi é;ur ed to select a function or

changi ng r feesmhifisesystmm 300 seuhaukd forobranfermiageilndhe embedifrzosef Figare 4,

the © 1 m g B CeRG e g Ahadt R pagiRa ot Al Sl Bedis EIEA Mg 0

transm ttegeslile Wafisngkadiptity/bfiRet tifien@oding 8YHIC WO NHiEALdtORroEUl EThe
350 can include a clock that 1s synchraonized to systemtinme used by

t he transnfmbedingnoffigyred ibysitafasp pHbCHnembediment efxthe epperaliged system
enbodi nent ; i: M d synchroni zati on nodul e can be synchroni zed
to the OFDM‘ISS%QSH?&T. eﬁg of the transmt stream such that the weight
mat ri X gengotatjor 3@Ghe ambgdinentdeFiglreed, iy tramyenittei 3] 0tis cofadurathioyeenerate

synbol boundaries. [0059] The timing and synchronj zajiqn 350
can al so MBSt HE BT e 01‘3@%@#%13 R el P@ﬁaﬁgy of %_r@ﬂo%ymbols
nore event %e%ﬂ?fgy%sﬁf‘ed“ﬁﬁg Bhshhitl RFIGETuchYy. ! %e"‘ﬁh&@ttéﬁﬁm )éo%%s the

generator 36 varyi ng the wei ghts. For exa e, the timng
synchr oni z &ianomt siochol ® (86 Gagsmit donrisitpisparedonké enpodertB0used by t he

transmtter 0 a can genperate an indicator, or a for ,the
werant s G20 o BisSED S Rt Bbrie i Snctsf a0 rS cotighd s Biaaratag
a change i gr@@dbievd &cBded 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.



[0060] Figure 4 is a sinplified functional block diagramof an

enbodi neYO &40847108@nsnitter system 300 configured for bRGHISIRTARTI70 n
t he enbodi nent of Figure 4, the transn‘ii er system 300 is configured
with four total antennas and is configured to generate transmt

di versity/space tinme coding over two distinct groups. The enbodi nent
of Figure fy) UStF GSndniReY KiG4ha50EHRAAMIRRL cRh BP%Q%?&E?'OTZ@&smﬁ
systemillustrated in Figure 37 [0061]In the enbodi nent ©O igure 4,

t he tr ansniliveesity3fp&ceitene cnfodpdr eignslosipemes: atA frst reamgniof sttermam intlades
can be, for example, a.streamof a plurality of OFDM s ol s
Frequency EEHErarGn 6 3400 Wl focBp pRu i Bges a1 M0 e
coupl es t Ne 4 AReMykicat SRPEBabFoinhethE FiRdt S dm A dKRESHyIpA&PREE chid¥Rd signal
encoder 320. 100621The transmt diversity/space-time encoder 320 is
conf i gur edstreanyasiog dbe fisst @royp ob kntepmas sH@adadl 340nsanidt besmferanpsthe rseeand

t he i nput transm,t str)aam tThe trﬁn%njt 1di versi t /tﬁgace-{%i e encoder

320 can, fOPRRRLHIFEYSEIGTPREOTRT PPl TSATUS TR Ba ROt SR P! anterinas
substanti 384@1?%&9@01?3- The transmt diversity/space-time encoder 320
can output a first of the two substantial duplicates as a first

encoded tr HW6#li t sFheetrrmt divasifylspeerctimpr ensedsy 3Hk coendon theofirst Hacodgsl
substantial_duplicates b re. o tLi i t e
Cransmit ofFaft SGRLERe RELY FeaRitbRMhe odsh 336 | B BRI BRAPRIGRH theoder

process t hgigeiaondesd sighsl spliRers4ills ttieddtis ednfibupdd toabisthR\irst @icododatigistit
del ayi ng, conjugating, hegating,.rotating, and the |ike, or sone
conbi nat i ofTeFie R WO sHestatigh dPpligefesa rhhe Titat beoHoyTRg enpedss 31 Pq eyuples a

system 300 gheatf of BRnEAE @Hg%eéﬂ%ﬁgcf R arﬁézﬁ@\%ﬁb&o associated with the transmit

di versity/ space-t1 e enco I'g streans. first group o
ant ennas i dlersitgzrauyt. eTimafrsBBeGtfoanthg3h00der 3304 dompkes sscoomd grtputdrom the

i | ud t 34010 and. 34Q11.. The t jtter, t 300 .
boant or s SHF10 (0 # FRORIET Al it PAHEREEY forucighi BOStERE) g with a
stream usl @ﬁn&bf&ﬁ wdigittre G QdRrdth t%ﬁ@ﬂ@tﬁa@ﬂ%ﬁe@w 38408k 8t beamforming

beanforns t second transmt diversity/space-time encoded signal
st ream usi ngeadae 338¢ enuples dhp wiightnd dremamit3 40Emn dadthg4gtond [apG6a: T30

transmt diversity/space-ti encoder. 320 couples the first encoded
transnit sfi0§ ﬁd)é”li%ﬁ?@?s nﬁgﬁi‘e{ﬁl%gﬂlpencoder 3300. The first

beanf or mi ngoeasIC 0deThe3@AniiNG $ydRE F0bamabrsPibetstedndicROddd@inshibt stream
configured to split the first encoded transmt streaminto two

subst ant i alin @gpnilas faghéon. Thee frinsaiit dizemityppAcadimsader 32900uplss heesscend
first out f spli 1 7 { 400
(LSt PG ETARRE Rl 0 hOR bR ATRAr 38500 e sggona

encoder 330CartfauliSer@osa 30 imlidepta signahsgliver & pd,i thhteis cddDfurtd tasplit the
mul tiplier 4200, that is configured . to weight the signal streap W th
a conpl ex WeGO§AL cnedad vBapsmph nfieRE P gAYo neitbstantigle dBPURAtES. 36bNhe Tiggond

to the secoadiunpill ERERE J90 AR, €T Wi e pRRSTH 0,0kl 8
group. [ O00Ghiciine340:anEind decend beemiformid@@ndeiand il veuploea seonddutpuicioatedhe
transmit Stslraﬁ}t?erptllol to a multiplier 420, that is configured to weight the signal stream with a
compiex weight received from the weight matrix generator 360. The second
beamforming encoder 330, couples the weighted transmit stream to the second antenna
3401;.
[0066] 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



inasimlar fashion. The transmt diversity/space-tine _encoder 320
coupl es tYH@2U8037&% encoded transnit streamto a second BEXNPHLHPHGT0
encoder 3301. The second beanform ng enﬁ)der 3301 includes a signal

splitter 4101 that is configured to spl t he second encoded transmt
streaminto two substantial duplicates. The second beanform ng

encoder 33%dﬁl%“95(?%o%}1§§ fiied tiﬁﬁﬁ%léhdfe{v@ﬁ@_ §tafis SiRfdrinkB6n 44 Qe theifiiematrix

first antenna 34010. e second beanf orm ng encoder 3301 coupl és a
second out generdtoodd® he splitter 4101 to a nultiplier 4201 that is

configured wei ght the.signal streamwth a.c l.ex weight received

From the velGAk et Yetpeh abiifs, EcssBiti bl ds JuidRcy o aehg i omep

3301 coupl générm;-,V\@cgﬁHeeéhchr st dSler@gpioap tih ebeapFomtkdabi@nido distinct

34011. [O066] A tim n]glg and synchroni zati on nodul e 350 is configured to
&

synchr oni zentghnas. tindhe genessh cesarshaweighbinatrivesenceaterniqh ganei® aheh vector
gerer at i NG s Eachr 8RS b £6RMY RGN SHREN] D23 Lo TS

350 can al soO igur noni tor ermn events or

of the tranpmMevtebectifs thEbearthforinhg ardday 38y i 333t Weipht bblyrie Wf ¢hedmkd
couples the timng and event status information to the weight matrix
gener at or Sigpals roBed jorthe apinpes theaveicht pakia, geperataai§linged oplysgengratgione
as a 2x2 | - [4] . ach transmt diversity
group is \QE{%{%P%?‘% Hoté%rgeea?ﬁo |sﬁiﬁ7§tt%ﬂg%foeuﬁhas. In the general case,
the wei ght [0068) i X DlenetighOmaBiz(zegeratr 360 ciiactively yartaes 4 0x2 eedtbr fof each

the two transmt diversity qroyps, resulting.in 2x2 weight matrix.
However , béfé%%‘é_d%‘ﬁé“%’e%'ﬁ% r‘%"#@cslb@@o‘g@'? ED@GEFOPI'Q‘E?}@@@Q%\E\%B@WP}%N us,
one of theo ;s IOgH}aB]Fe VRN bRl wRIEhE 782 8acht REhsWBE BlVerd] t%ﬂoﬁ . The
generator 360 need only generate one conplex weight for eac ransm t
di versity greights cdnd@683dTthal asgiogalizedtto axirgioveegldt or 360 ef fectively

gener at es vector for each.transmit diversi roup. i n which the
Prrat et r USST o et himaoBitsel HRmEgect ohasrebid S0 E mfyifih guisit
vari abl e capRtey RioHthmitrncAasdhsinitaisdFtity/§la¥@fiflelds B0 Uhe niétBod 500 can
wei ghts can be regarded as normalized to a first weight. [0069]Fi gure

5 is a si mpkiptifedndd, fwskamplept the hescstiosoof Bigursr bot by the tensmiter systems
shown in Figures 3 or 4. The method 500 is described as being performed by a

transmitter system for the purposes of discussion.

[0070] The method 500 begins at block 510 where the transmitter system generates
a transmit stream. For example, the transmitter system can generate a transmit stream
of OFDM symbols that have been frequency converted to a desired RF operating
frequency. The transmitter system proceeds to block 520 and separates the transmit
stream into G groups, where G represents an integer greater than one. As an example,
the transmitter system can be configured to divide the transmit stream into G groups
using a splitter.

[0071] The transmitter system proceeds to block 530 and time diversity/space time
encodes the G signals streams. One or more of the G signal streams can be processed to
introduce transmit diversity into the transmit stream. In one embodiment, the
transmitter system can be configured to process or modify a signal stream by delaying,
conjugating, negating, rotating, or otherwise processing the signals stream.
Additionally, the transmitter system can implement a combination of a plurality of

processing techniques when introducing transmit diversity.



di versity usi n% beanforned transmt diversity/space-tine codi ng. The
met hod 5000 e UBWSPerforned, for exanple, at the base sPQF/USHE7B§7970
Figure 1 or by the transmtter systens own in Figures 3 or 4. The
met hod 500 is described as being perforned by a transnmitter system

for the purposes of discussion. [0070] The net hod 500 begi ns at bl ock

510 where {gagz)t I anSMih@Ed R U ERBANBTRLIBS 1R thdrRREr lsy S §RGBeedb block
exarrpl e, the transmtter syst em can gener ate a transnit stream of

OFDM synbob40 eidtlividey eadieenvofleegumnolsigo yom td G eneoddd signeldstREms into a

operating frequ y. The transm tter system.,proceeds .t@ bl ock 520 .an

cbpar at oo EHEBALASiATA S THEaT PR Sy B O ey viec B BEhlcs Taghide

i nteger greahebs thaRn@RRd Mensailt axeHR Gntol ResiphaSi¥idel 87 1:RY S1z88 SHlftter.
a

be configured to divide the transmt streaminto G groups using
splitter. [beefyraHellowmgshe divésionsgtsraehop thsce signak sreping dhe BIGMUNY Sybient

diversity/ space i encodes_ ignals streans. One or nore of
the G si gnéﬁoco 1g%rgﬁgo %%RO&?&?%@&]%L?& to introduce transmt diversity
into the tymnsm t BidBetibd 500 @Ndeserbcas i idingt dagh bf 8RSBistgnel steufils@ito a
can be configured to process or nodify a signal stream by del ayi ng,

conj ugat i ngroupey &t signals fasithe sakg of slariet ped ¢hse ef deserpten. ngowaeersthg mgthod
stream Addhpd i: RRYA e Ik 1 r i.npl .

conb nat | oa0b ¢ Bt Hitred RGBT Sl calibes SEMB TR BloWB, T, inon
transmt deMahstiteyemboddmEROThR] tAinkitter Ry st usdyndivideasasiof a dirstetubselt vf the

the transm tter system proceeds, to bl ock 540 and di vi degs each encoded
transmt sSigRAS SEEYRY IR LPERIIRY signg Wﬁ’i? doadigg isaely of agieeRnst sbsgt of

signals. Thgnbl 5B b RYSEMCARCRC £ ok G4t KDO'In SXARB Raboiinenr,

di vi de eac smt streans | K signals using a

1: K si gnal tleprdnsiétter sf$temehgyr dividechtloof thg G kignai steane v atlifieagtt nombthet
G signal streans the transmtter systemis configured to support

NEGKK si gnaV&TeI®73] The met hod 500 i s described as dividing each of

the G si gngjo7af r eaiBee tHeOtrshseHi@tPsyRferKdpi@iadaah AT thb NG $&e s@Eams into a
clarity and ease of dESCI’IEtI on. However, the nmethod 500 is not
t

limited tosgteup ofgsebstreaquml thedrebemitier sustemanprascads te ddecky s aipnd Beoerates e

| ; di : D b of
2 et cabsih SPHBRRTER ol 2 ¢ ERIRT 1 5 cYSEaE et BRI eRr
di vi di ng egghtrafsmittragsoth subels @ivesihgRatisrsi oftlengh ®UPThfradsddtter system

signals, where K1 is not equal to K2. In another enbodi nent, the
transm tt e€am BeRSHE rdistingt Weaght egeterofort ¢aeh @fcthg {algraipseamrgan ys the same

di fferent aher t t r ] S

di vi des ea((:]‘ﬁ3 E%? %eﬁgféﬂﬁ?gé%ﬁﬁ%@ P {é%g%?“ﬂ“‘%&é‘ gfg%pag%ﬂghggéﬁseaﬁe?a%éhe
transm t t emwespled esed ps beefdantie froogs kf ESpmbstrganer at es a wei ght

vector for each of _the G groups. | he egbodinment illustrated in the

n
f1 owchart, [9%él ¢ r aﬁ@#?@%ﬁ@ﬁ’%@% ‘-‘@%&?@FQ f@i (ReggATats Atiowsight vectors or
llength K E?ﬁa&fc%@é&éﬁ%?ﬁ%&r{%&fﬂr&a& gepshghsidt of B WRI aPhanfiBChekA:

for each of "the can use the sane weight vector for a
plurality ofctgrsoUfis. tragamkttcofsysttre oaribglrbnfigotdtesvary phebantform keight vector

wei ghts used too beanformthe group.of. K nal streans.
g %ased on ?nne, events, or & conibination o? ¢ and cvents. The temporal rate of

variation can be based, for example, on an OFDM symbol rate, frame rate, super frame
rate, or some other temporally varying rate.

[0076] The transmitter system can vary the one or more dynamic beamform weight
vectors in an open-loop fashion, without feedback from a receiver, or in 2 closed loop
fashion based on direct or indirect feedback from one or more receivers. The
transmitter system can vary the beamform weight vectors, for example, based on a

channel rate, coding type, or some other parameter that can be directly or indirectly



[0075] The transmitter systemcan be configured to generate static

wei ght ve¥P 3¥0808105¢ynami ¢, varying wei ght vectors, or aPEHNBINHPE8H
of static and dynam c wei ght vectors. T transmtter system can be
configured to vary the beanform wei ght Vector based on tinme, events,
or a conbination of time and events. The tenporal rate of variation
can be basgffiuch@d W@"f@ée@verochﬁrbxgﬁBM Wé“ﬁ@dsﬁﬁéresysfehﬁﬂﬁl ﬁﬁﬁr%neséiﬂﬁbre
frame rate, or sone other tenporally varyi n? rate.” [0076] T

t ransmi tteweg}ktveqwrsbnsedanpamhe agnkscied charmel ehdeani ¢ beanf or m wei ght

vectors in opensl o hi on, W t hou recei,ve 0
e ch osoltHop 1 e REnT RS s biokeets SroPRRsPocheMuiSaRty Shmk
one or nDr §ighfACRIMBESn chble o‘f&l@@@’g&mﬁé bayedlt &mﬂ‘eaﬁbstdcﬂﬁt)édtv#@g]ﬁ&%ﬂfo@r rTIhe
wei ght vectors, for exanple, based on a channel rate, coding ﬁe
sone ot her At éystqrhazrowdsm Wodke 870 wndrtransamtﬁetbmsygnakwover GrK
nfl uenced re e n

vary one oty vER By o HRaG wsh ] b IR AEH SURASIUER of the

code. [ 007¢édrFppordiapsignul eticapy Siopintlpy gRR@dst Gotitat QE%rﬁ@@spaminmel egiabéed
each of the K signal streanms jn each of the G g(m(gu ps based on_ th

associ at ed S@%Wa%c {THe tramgaitier gyeiem cib pondipge %rrf%éﬁ@@@tbocbﬁ% for all
570 and tr t:

amtennas. ¢ Faied RRRLERELE A He Rt SR e ST A dlacthare
si gnal str beamformingt he group of G tine diversity/space- t| me encoded

signal streans. The trapnsmtter can.continue to.perf t he
Tethod 500 MR al WSS M P uaPHKD PRETHH WokdABEE SoRR ¥ ot of a
sel ectivel yy, ﬁ&ﬁ1‘tt¥1afs§ﬁt@zﬁd6ﬂ)9%8ﬁﬁg’&é@ fﬁﬁ%@iﬁfdﬁ [ﬂ{yﬁhﬂfgnga&e sfstéf €00

sinplified functional block diagram of an embodi ment of a transmtter
syst em 600 incbries gue axt hore fpreessbans fion gencFiang 6lih$lmtt1$ eonfegsece n g&erate a

i ncl udes one_ or. re processors for eneratl 610 i.s confiqgured
o gener at BABTET NG 0F S TR ADUST oo PPOELEESTY" Pt mene, Sor
gener at i ngeffplean §iprdlUskircd, Oho@naoR| ﬁeq@nﬁ%%ﬁ{/erﬁ&uﬁﬁ@ ,th&0Ekel atrar ene
frequency converter, and the l'ike. In one enbodiment, the one or nore
pr ocessor s embpdignb the PrROBMOrE Rroe’sHATS Gorr @emteta@ng éhe ﬂ&i@@f@ﬁd&tﬂ generate a
st ream of cy.
100791 he SaRa “HRRLSrOEBRL TR BRHERLE Culire b BR AR hERRHE
transmt s{oogem t OTlgNeneOsr MBfeLpIPESHS For gerdetitink610S0Buples the transmit stream
dlverS|ty/space ti me encodi ng 620. The one or nore processors for
transnit diQ/8RSPY OSHBIOECHPTEOR Heviih §ivepsiyispacsoims gufosing 0 ehis areor
a pluralit r d

atFeam 11O e MREah TEhcBRAR B 3L Wffigurd o
for transmgtnaate ar;ﬁmmyﬂys fiaottransmet dineroity/meact2ihgeredat seglaﬂ btecams from the
plurality of signal.streans_fromthe input transmt stream and

encodes eadtPUbfTapHRit STEIYN al 1% PRe QHENTTS PF?ﬁe?st?Ei‘iJ frgnsRdn v ergity/ spasprtipne

encoding 620 generates the plurality of signal streams from the input transmit stream

and encodes each of the G signal streams to introduce transmit diversity.

(0080] The one or more processors for transmit diversity/space-time encoding 620
can include, for example, one or more elements configured to delay, conjugate, negate,
rotate, or otherwise process a signal stream.

[0081) The one or more processors for transmit diversity/space-time encoding 620
couples each of the plurality of encoded transmit streams to a corresponding plurality of
one or more processors for beamforming, 6304-630g. The transmitter system 600
separately beamforms each of the encoded transmit streams, and thus, implements a one

or more processors for beamforming, e.g. 630y, for each encoded transmit stream.



[ 0080] The one or nore processors for transmt diversity/s

encodi ng V628P084A %l ude, for exanple, one or nore el en%(;ffgszoowoswm
configured to delay, conjugate, negate,,gotate, or ot herw se process
a signal stream [0081] The one or nore processors for transmt
diversity/space-tinme encoding 620 couples each of the plurality of _
encoded tr s t HAcBaP®d Pl | kdppradds QB oBesiHRdR
processorsm:‘noirp beanf o?ﬁnfiﬁngsgmgg&ogb%a%g%ﬁﬂ% e tra?]ysoﬁ ftpér system GOF;m ¢
separ at el ycinoded transmig streamfintohe pbwelisef K rhgamforming sebstrsamsind hetns, or

i npl enments_a_one or essors f beant 6300

eaen oo qwird Pt hof tBARFTRIE, 2ub S 0eaRieRb dhe R pferfronfitd duibkPbams
beanf or m ngsthes FeighBBGm §@&&és§bﬁ&ng BB IR ABIEhN Yect@Nididdd by anmBhds
streaminto a plurality of K beanform ng substreans. The one or nore
pr ocessor sidrgen¢raing %)nghgma@lxg%%%o wei ghts the K beanform ng
substreans h a [ r | ea
vector pr o{/dﬂg}é]d byﬂge %ear?];s @e%@%&é% a?%p%e%ﬁ [é ¥ ’n’B'.%T)I’I X o%@%@és the K

100831The oMizhesd Hﬁaﬁﬁ’omﬁg eslsoesms @ a bﬁﬁﬂft? loffico@espending GaRanase oigp b4,-
t he K wei ght ed beanform ng substreans to a Efl urality of corresponding
ant ennas, 84k, BhesdBdpeRIoRs signakicare apsebehip anegh srare gegivers.

transmtt eﬂ)fohr?j onerf Iféotfremf)%éﬁ‘b%e%gosrs g&ogeﬁglégﬂg a9 ﬁ{rmﬁ'ﬁ)&%m g%e%lerates a

processors genera I'ng a enerates a wel
vect or f or weighh vodtot foe eacteobthemmee)rpnm@smssmrsf for beemfdrorimg, @00-630(; In

6300- 630G I n general, the one or rmreoé)rocessors {gﬁr ene ﬁ@, g
vei ght et BF3ETHoShegRRa PR IR RIQREGRT T o#oEHRERE At Eighh crates a

generates g, %ﬁ ¢ o ea% a%'téﬁ%ﬂ%hﬂ Nhis fQferRACH veOSr B dIRWRioR" R I8S SfhSorfcdér
beanf or m ng, ©300-6 The one or " nore processors for generating a

wei ght nat miote aﬁocasams gfené:mtnéoxmmlg Sﬁ30h€fl30®E,‘I ghie o= topr mbrgr pecwessors for

th for heant 6300:.630 h
voctor to et el et POLRR HepPirien GisipRBuYieht %edd Br (GuP o the
processor s nfe@hs GRNRaAITHMIng @WOQSBD(;,W EdnXsupPl thdnsalR weight vector to two or

more means for beamforming.

—

[0085] The one or more processors for generating a weight matrix 660 can be
configured to generate fixed weight vectors or variable weight vectors. The one or
more processors for generating a weight matrix 660 can vary each weight in a variable
weight vector, or can vary a subset of the weights in a variable weight vector.

[0086] The one or more processors for generating a weight matrix 660 can vary a
weight vector temporally, based on events, or based on a combination of events and
time. A one or more processors for timing and synchronization 650 can be configured
to monitor the one or more processors for generating 610 for the occurrence or lack of
occurrence of events, and can be configured to synchronize a time with a time reference
used by the one or more processors for generating 610. For example, the one or more
processors for timing and synchronization 650 can be configured to synchronize with a
system time or a symbol time.

[0087] The one or more processors for timing and synchronization 650 couples the
information relating to events and timing synchronization to the means for generating
the weight matrix 660. The one or more processors for generating the weight matrix
660 can be configured to vary one or more weight vectors, for example, using a

predetermined function, table, or combination of functions and tables that are related to



configured to generate fixed weight vectors or variable wei ght
vectors. Wé‘m@ﬁ@m&? nore processors for generating a wePgGHUSHETP§7R0
660 can vary each weight in a variable i ght vector, or can vary a
subset of the weights in a variable weight vector. 100861The one or
nore processors for generating a weight matrix 660 can vary a wei ght
vect or t empRriafdriatifPsRdided bYUREbie oLhoRASHBELse6ts FoC@RIgNALI s9Rctbnization
events and tinme. A one or noie processors for timng and

synchr oni z&%d.on 650 can be configured to nonitor the one or nore

processors,_f gener.at j,ng 610.for, the occurren or. |ack of —
occurr enpe[{]&gﬁleven Yng @ﬁg‘n@ %d%aéldcaé’ﬁ?’iaﬁﬁrdéw 38339%1?1 F%%F?ea Gy g cation
W th a tingyddeh es 88sdit Urit bbih frRnaNEiversitiBpReRIAE 85®AIE 41 beamforming.
generating 610. For exanple, the one or nbre processors for timng

and synchr énirazpniitier HB5ONLTean pperetorie isgparadlyt ksamforen coMi oloa wraup of transmit

i Mg. Qr. | timg,. 100871 : :
ST ng. anctbghiRBi e bR SRS ThE eRORi i TRER Bh RET bRy Rmine
event s and fdri gatln encored kAl strddih Efori thet drouBitgnsindy digasiey/spacognichaicoded

wei ght matrjx 660. The one or nore processors faqr generating the
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transmtter systemcan vary the beanform ng in an open | oop manner
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are coupled, there nay be one or nore intervening bl ocks between the
two coupl edABI®eRdield prosanreblg gricqiEy (FPGYraaties nregyrmmabls legiedevice,

modul es, ara%cf;eité ngetér ggns.s(fsrt&bﬁ%é, Miscrete 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.

[0091] The methods, 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
media including any medium that facilitates transfer of a computer program from one

place to another. A storage media may be any available media that can be accessed by



connection with the enbodi nents di sclosed herein may be i n}%l enment ed
or perf orHBAR 754 general purpose processor, a digit aPCHU§HAF/087970
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programuabl e gate array (FPGA) or other programmbl e | ogic device,
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[ 0092] The AFRPFEORBLER With B pnciplss agf geve deafuishBiseiossdicsins provi ded
to enabl e any person of ordinary skill in the art to nmake or use the
di scl osure. Various nodifications to these enbodinents wll be
readily apparent to those of ordinary skill in the art, and the
generic principles defined herein may be applied to other enbodi nents
w t hout departing fromthe spirit or scope of the disclosure. Thus,
the disclosure is not intended to be limted to the enbodi nrents shown
herein but is to be accorded the w dest scope consistent with the
princi pl es and novel features disclosed herein. 21 CLAIMS 1. A
transmtter conprising: a generator configured to generate a transmt
signal stream




a transmt diversity encoder configured to receive the transmt
signal stream and generate a plurali ty,zb of transmt
diversity/space-tine encoded transmt streans fromthe transmt

signal stream and a plurality of beanform ng encoders, wherein
each beanform ng encoder of the plur aé]:‘éwf beanf orm ng encoders is
configured to receive one of the Gtr di versity/ space-tine
encoded transm A gids8ANE RARHrieganf orm the one of the G transmt

di versity/space-tine encoded transmt streans by ?enerati ng a
plurality, K, of geherpionconfigiresbiogenerdteqibumsmitnignal siteansi n each

substream of the K_sjin,lar .and ighted substrea i.S._coupl e 0 _one

oo prara ty Bl e SO RIS e iR Riefift i 2a g
i s confi gugetkrite alpl@aldgast of hignselibEtésiaipade-tiftteent s @aStAnk i@l str@dm§€ Fraimm
1, wherein L=GxK antennas. 3. The transmtter of claim1, further

conpri si ng th HRISEESigAst $rsamyaadr at or configured to generate a

plurality of wei i . I

beanf or m ng enC(IﬁSl errgl\( @E@%@Pg‘gﬁ%én&ogﬁ% %&elgﬁ%@éﬁﬁ%@xég (""sotdé3 lé%frrt%e
by wei ght i pinralitg of heanaformiing eBeddeanstonhfigiired tesietsivs pacef the Tetrananded
transmt streans, by a.correspondi ng. wei ght vector. 4. The L
transmtt o NGRS W0 GRRABH HAPHRL ek _ anﬂi)@fmﬁor@eth% Pag 8f the O transmit
confi gur ed gt \RrGENBLAL EmBEnd RRE traRBRit YREHING g’éﬁbﬂﬂh%g?ﬁr%m K?%f slifar

transmtter of Claim4, wherein the at l'east” one varying weight
vect or conpnd seighéedisubsiraaarsy whercinedagh subsgearn of thedl sifiitar indmerghtader  of

claim4, wherein the at, l.east opne \varying i.ght vectar conprise ‘
vei ght  vect BrUaRPE ol {8 8hsOlchpality 1< of i Ehnag iy herein g gne of the L
transm tt ean@indliatdfBursdienbiichdiehobahdanirat ri X generator is
configured to generate at |east one conplex weight vector. 22 8.
The transmtter of claim3, wherein the weight matrix generator is
configuredito g Lst:lnc onpl ex Wei ght vector for each of a
plurality (%f ac?@gé&bgnrl&heﬁgféalm L/.‘%hﬁgée)m?“r ad/ﬁ\ésﬁn‘ig[}q?rénrag‘of claim1,
wherein at | east one of the plurality of beanform ng encoders is
configured to weight at |least one of the K simlar and wei ghted

subst reans by arf h8lgRERtF phstnim bdwhecomprighg apgighfymatrix genarpier

e LB R B A N SOy o

converted tbheamfonopeyr aicodgs feregatenity X similar and weighted substreams by weighting

the one of the G transmit diversity/space-time encoded transmit streams by a

corresponding weight vector.

4. The transmitter of claim 3, wherein the weight matrix generator is configured to

generate at least one varying weight vector.

5. The transmitter of claim 4, wherein the at least one varying weight vector

comprises a time varying weight vector.

6. The transmitter of claim 4, wherein the at least one varying weight vector

comprises a weight vector determined based on a transmitter event.

7. The transmitter of claim 3, wherein the weight matrix generator is configured to

gencrate at least one complex weight vector.



11. The transmitter of claim1l1l, wherein ihe transmt diversity
encoder is configured to delay a versi oh?of the transnit stream as at
| east part of the process of generating a transm't

di versity/space-tinme encoded transmt stream 12. The transmitter of

claim1, erein.the transmt, diyersity encod is. configured t.o

con] ugat e & ver SBABIMTREO Tl vt aet e fiedrog i Gt o
process of ggedigkatdifiticBcdnhBBg Melghthsed bt é’a(cﬁféﬁlﬁ%idrhﬁ@ FREQES frminals.
transmt stream 13. The transmtter of claim1l, wherein the

transmt diversity encoder is configured to rotate a version of the

transmt sftyream ' .al i .
transm t diver o5 AapuniRF b R LR AEIL5ERS of e RELE B rqnmine
of i ntroduehagletyiansmidurel wewdphtyat Idabisona®if tadk cmiptriagld Reighteheibatdang
a transmt stre?m dividing the transmt streaminto a plurality of G
signal st r &¥F8 claabbPraR sHaplex iaghhred? eans to i ntroduce transmit
diversity; beanform ng each of the G signal streans over K

ant ennas, wherein beanform ng each of the G signal streans conprises:
separ at i ng l8ach Tt ttahemiBes ofjclaim 1 wisaemn thatranstit #resmbetmpeaesOrtaogbnal

at | east one of: i ghti each e suhstreans by an el enent .
froma cor %é%%%ﬁ‘&‘:,ﬁ w&ﬁt‘t@%@é}?ﬁfﬁ S&ge?l@ffﬁeﬂaewwﬁ%wﬂ t3 AR GRfiating
gains to amfg@sRg. Wthin a group of antennas of a plurality of groups

of space-tine antennas; and 23 transmtting the G beanforned
signal streans over L antenna groups, wherein each of the L antenna

groups transmts,one of.the.K substrea nd rein each of t L
antenna or daps. duFPERREeEst G i aREThe SRRmITELFA iy SR00eS: cpfred
15. The nethadaph velstinBike triiglitdtfeainl B3RS Mabt pdit\oFHisd prist &P J€ Serlck g a
encodi ng the G signal streans conprises tinme delaying at | east one of

the G si gnalansmit dieesityépage-time eacasled rangmibppireaie G si gnal st reans.

12. The transmitter of claim 1, wherein the transmit diversity encoder is configured
to conjugate a version of the transmit stream as at least part of the process of generating

a transmit diversity/space-time encoded transmit stream.

13. The transmitter of claim 1, wherein the transmit diversity encoder is configured
to rotate a version of the transmit stream as at least part of the process of generating a

transmit diversity/space-time encoded transmit stream.,

14. A method of introducing transmit diversity, the method comprising:
generating a transmit stream;
dividing the transmit stream into a plurality of G signal streams;
encoding the G signal streams to infroduce transmit diversity;
beamforming each of the G signal streams over K antennas, wherein
beamforming each of the G signal streams comprises:
separating each ofthe G signal streams into to K substreams; and
at least one of: weighting each of the K substreams by an element from a
corresponding weight vector or assigning different antenna gains to antennas within a

group of antennas of a plurality of groups of space-time antennas; and



16. The nethod of claim 14, wherein transmt diversity/space-tine
encodi ng the G signal streans conprises2&onjugating at | east one of
the G signal streans relative to a first of the G signal streans.

17. The method of claim 14, wherein transmt diversity/space-tine
encodi ng the G si ises rotatin | east one of the

nal _.stre conpri a
G signal str eanﬁra_ﬁ%m’gt“?g/@et %0t n%‘fds%gm_tl ﬁ‘éeﬁss‘?g"ﬁﬁ;rl angng gFRUPS, Wieroin
The met hod ¢gfn 6 Bt M ahfbnnMBESBE RaRERR SHerrick @%ﬁ&t&&n&%d@@?ﬁ ga%l of the

streans over K antennas conprises weighting at |east one o

si gnal st r dasrdenmiatghoups\earrgspogdhwanditicrenhsgctoe of en accedDpoifhe net hod of
claim 18, wherein the varying beanform ng vector conprises a
predeterm ned tine varying beanform ng vector. 20. The nethod of

claim 14, wiser eimheWedtldt dNPaifArd) vHerdif BalsnStBiStIsRMIBaceATE E%@8ing the G
mul tiplying a substream by a conpl ex weight fromthe corresponding

wei ght vectstgnal steams Th@ppsastbae delaxing pinfeast onewblthe Chsigral ghedmypretasioh tod
the K SUbStffrﬁfolﬁ’hegg%Rialsseﬁseta%}Ei ghting at | east one substreamw th a

varying weig systeni conprising: neans for generating a
transmt stream means for transmt diversity/space-tine
encoding the transmt streamto generate a plurality, G of encoded
transmit stlfeansihe rrzﬁzthoc} of claipp ith svhessin H@&%ﬂlgﬁiwmgyféwe-tane enfeding the G

encoded trapsyj &reﬁ%%gﬁ?ﬁg& é%gjehgéﬁﬁ atf c#%?@l{g QTHEE Gy éan%r}glapve toa

means for transmttin groups over- antennas of a

plurality dirstafitlenGaigmabstrpamswher ei n each G beanforned group is

associ ated with antennas of one of the plurality of antenna groups.
17.  The method of claim 14, wherein transmit diversity/space-time encoding the G

signal streams comprises rotating at least one of the G signal streams relative to a first

of the G signal streams.

18.  The method of claim 14, wherein beamforming each of the G signal streams
over K antennas comprises weighting at least one of the G signal streams with a varying

beamforming vector.

19.  The method of claim 18, wherein the varying beamforming vector comprises a

predetermined time varying beamforming vector.

20.  The method of claim 14, wherein weighting each of the K substreams comprises

multiplying a substream by a complex weight from the corresponding weight vector.

21. The method of claim 14, wherein weighting each of the K substreams comprises

weighting at least one substream with a varying weight.

22. A system comprising:
means for generating a transmit stream;
means for transmit diversity/space-time encoding the transmit stream to

gencrate a plurality, G, of encoded transmit streams;



23. The systemof claim 22, wherein the_neans for transmt

di versity/space-tine encoding the transAft stream conprises an

el ement configured to generate at | east one of a delayed, conjugated,
rotated, or negated signal streamfromthe transmt stream 24. The

f claim22 h i Si f ti '
Thirix havi ng ateEsEY PERBIGESA T AL SO B ARSI A EENGRS O

means for beaffemel Behpacdhdof the G encoded transmt streams
conprises neans for nultiplying at |east one of the G encoded .
transmt streansndgys & tragsmsittingdiehbsamigrmgst grups/exst entenna@®f a plusality

¢ . ' A ¢ g —and
Sy nchroni 2ot ThEderpll, WGt S SIRG BLBofndF R kb il dBiemnts e
means for gasef tkiphgakiyef\waicghd givaps.i X to vary the at |east one

varyi ng wei ght vector. 26. ‘A conputer readabl e nmedia including
instructions thereon configured to cause a device to provide transmt

diversity, jghe iﬂ%}sgéstﬁlio%ﬁairﬁ%p&héﬂeﬂﬂhe hﬁ?ﬁ%ﬁ?’tﬂaﬁﬁi{/ ﬁg%g,ﬁctgf_%pi%%ﬁrhé ng

G signal streans; uctions for transm vers _
encodi ng t kecddisd o alanghite@emn camprises an elenient candiguesdsio fgeneruteiag kdastroge
each of the_G sjgnal streans with a correspondi ng conpl ex wei ght
vector to BEASEEVEH caRHERFITABIE. O rswaied signabsiream frp dis ransgit siream.
correspondi ng conpl ex wei ght vector is at | east based on a user to
which the G signal streamis being transmtted and the antenna from
whi ch the @4si gridik sgstereaninclasm@2| hgther ecomsprisintgedeansddr gReidhiag mprdigid of
clai m 14, wher.ein.the wei %hti ng.is distinct bdet en Each of .the K
subst r eans mairix naving at least vne v g WeEig t vector and wherein the means for
beamforming each of the G encoded transmit streams comprises means for
multiplying at least one of the G encoded transmit streams by at least one varying

weight vector.

25.  The system of claim 24, further comprising a means for timing and
synchronization configured to generate a timing reference used by the means for

generating the weight matrix to vary the at least one varying weight vector.

26. A computer readable media including instructions thereon configured to cause
a device to provide transmit diversity, the instructions comprising:

instructions for transmitting G signal streams;

instructions for transmit diversity/space-time encoding the G signal streams;
and

instructions for weighting each of the G signal streams with a corresponding
complex weight vector to beamform each of the G signal streams, wherein the
corresponding complex weight vector is at least based on a user to which the G signal
stream is being transmitted and the antenna from which the G signal stream is being

transmitted.

27.  The computer-readable media of claim 26, further comprising instructions for

generating at least one varying weight vector.
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28.  The method of claim 14, wherein the weighting is distinct between each of the K

substreams.



