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BACKGROUND
I. Field
[0003] The present document relates generally to wireless communication and amongst

other things to beamforming for wireless communication systems.

1I. Background
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each subcarrier in each hop period. By using orthogonal FH sequences, the multiple
data fransmissions generally do not interfere with one another while enjoying the
benefits of frequency diversity.

10007} A problem that must be dealt with in all communication systems is that the
receiver 1s located in a specific portion of an area served by the access point. In such
cases, where a iransmitier has muliiple transmit antennas, the signals provided from
each antenna need not be combined to provide maximum power at the receiver. In these
cases, there may be problems with decoding of the signals received at the receiver. One

way to deal with these problems is by utilizing beamforming.
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transmission paths from transmission antennas of the at least two antennas to a wireless
communication device.

[0012] In a further embodiment, a method for forming beamforming weights comprises
reading channel information corresponding to a mumber of transmission paths less than
a number of fransmission paths between a wireless transmitter and a wireless receiver
andgenerating beamforming weights based upon the channel information for
transmission from the transmit antennas of the wireless transmitter.

[0013] In an additional embodiment, a wireless communication apparatus comprises at
least two antemnas and a processor configured to generate beamforming weights, for
transmission of symbols to a wireless communication device, based upon channel
information corresponding to a number of receive antennas of the wireless
communication device, wherein the number of receive antennas is less than a total

number of antennas utilized for reception at the wireless communication device.
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different embodiments and aspects, aod its several details are capable of modifications

in various respects, all without departing from the scope of the disclosure.

[0018]
[0019] BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The features, nature, and advantages of the present embodiments may become

more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly

throughout and wherein:

[0021] Fig. 1 illustrates a multiple access wireless communication system according to
one embodiment;
[0022] Fig. 2 illustrates a spectrum allocation scheme for a multiple access wireless

communication system according to one embodiment;

[0023] Fig. 3 illustrates a block diagram of a time frequency allocation for a multiple
access wireless connmunication system according to one embodiment;

[0024] Fig. 4 illustrates a transmitter and receiver in a multiple access wireless
communication system according to one embodiment;

[0025] Fig. 5a illustrates a block diagram of a forward link in a multiple access wireless
communication system according to one embodiment;

[0026] Fig. 5b illustrates a block diagram of a reverse link in a multiple access wireless

communication system according to one embodiment;



one enbodi ment; [0022]Fig. 2 illustrates a spectrum allocation schene
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enbodi nent; [0023]Fig. 3 illustrates a block diagramof a tine
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comuni cati on system according to one enbodi nent;
one embodiment;

[0039] Fig. 9 illustrates a flow chart of generating beamforming weights according to
another embodiment; and

[0031] Fig. 10 illustrates a flow chart of generating beamforming weights according to
a further embodiment.

DETAILED DESCRIPTION

[0032] Referring to Fig. 1, a multiple access wireless communication system according
to one embodiment is illustrated. A multiple access wireless comumunication system
100 includes multiple cells, e.g. cells 102, 104, and 106. In the embodiment of Fig. 1,
each cell 102, 104, and 106 may include an access point 150 that includes multiple
sectors. 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. 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 fo a different sector.

[0033] Each cell includes several access terminals which are in communication with
one or more sectors of each access point. For example, access terminals 130 and 132
are in communication base 142, access terminals 134 and 136 are in communication
with access point 144, and access terminals 138 and 140 are in communication with
access point 146.

[0034] It can be seen from Fig. 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. Further, each access terminal may be a different distance from the
corresponding antenna groups with which it is communicating, Both of these factors ,
along with environmental conditions in the cell, cause different channel conditions to be
present between each access terminal and its corresponding antenna group with which it

is communicating,
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[0038] Each hop region 202 includes symbols 204 that ate assigned to, for transmission.

=

to on the forward link and receipt from on the reverse link, the one or more access
terminals that are in communication with the sector of the access point. During each
hop period, or frame, the location of hop region 202 within the T symbol periods and S
subcarriers varies according to a hopping sequence. In addition, the assignment of
symibols 204 for the individual access terminals within hop region 202 may vary for
each hop period.
[0039] The hop sequence may pseudo-randomly, randomly, or according to a
predetermined sequence, select the location of the hop region 202 for each hop period.
The hop sequences for different sectors of the same access point are designed to be
orthogonal to one another to avoid “intra-cell” interference among the access terminal
communicating with the same access point. Further, hop sequences for each access
point may be pseudo-random with respect to the hop sequences for nearby access
points. This may help randomize “infer-cell” interference among the access terminals in
communication with different access points.
[0040] In the case of a reverse link communication, some of the symbols 204 of a hop

region 202 are assigned to pilot symbols that are transmitted from the access terminals
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[o044] The broadband pilot symbols 310 and dedicated pilot symbols 322 may be
utilized by the access terminals to generate channel quality information (CQI) regarding
the channels between the access terminal and the access point for the channel between
each transmit antenna that transmits symbols and receive antenna that receives these
symbols. In an embodiment, the channel estimate may constitute noise, signal-to-noise
ratios, pilot signal power, fading, delays, path-loss, shadowing, correlation, or any other
measurable characteristic of a wireless communication channel. )

[0045] In an embodiment, the CQI, which may be the effective signal-to-noise ratios
(SNR), can be generated and provided to the access point separately for broadband pilot
symbols 310 (referred to as the broadband CQI) . The CQI may also be the effective
signal-to-noise ratios (SNR) that are generated and provided to the access point

separately for dedicated pilot symbols 322 (referred to as the dedicated-CQI or the
beamformed CQI). This way, the access point can know the CQI for the entire
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of pil ot WQAHIEIN89HMY t he synbol s 204 shoul d preferably sappaISLois/esses
division nultiple access (SDMA), where signals of different access

termnal s overl apping on the sane hop rBegi on can be separated due to

mul tiple receive an nas. at_a secior_ Qr .access poin rovide

enough di PrATEHE AN SaR R BBl sl L Beretle b BEFE Pugpave
access tebgiiaded. fof QRdshlibdions kpihethcbés nabithl { Tid COliftodn bol. brdadbapd plist
hop regi on 200 having_ a_ |l ength of seven synbol_ perjods, the | ength of

hop regi ofiymbels Y Bad dieficated pikef aiehalt 32fajndeaendephy.s ey Hevideemore

hop perio . y@cg] [ i LEOLORS 1 | ' :
period. | gﬂ?hgghou Ogggﬁg%%gﬁk%%%&vfﬁ?fél t‘1eu8cr11’bf§1(’j?ar n%é |8W1g1
i s descri basiomwi hhppiagpeegterces wnidl canisistpnb |lopkrelgmpp bssignmdnés forc agdhonsenf

t he bl ock_need, not .be alter et onsecutive ho riods

[ 0043] Rer &eeealst b pg? b of Utk P Hrsogte eptzadiRbh S, Bgpand-car
al | ocat i oRidf roviedUibihPig REE[SBrinbRPIE IR SQREIUPIRRLLHISHE &1 may be
according to one enbodinent is illustrated. The tine frequéncy

al | ocat i ontiliresd fodepowenellqretipmey @OErithere fbrvoird dink wheewpda suclppd Goward
synbol s 310 trﬁsl \tted froman access point to all access termnals
in comuni-CatPon %%, The tine frequency allocation also includes
time [p@fe] 0ods 3@rthérain 1166 diphatiON R herle tPiceRaAPNifgiiONs: SR RRhr rward
whi ch includes one or npre dedicated pilot synbols 322, which are
transni t t dakiBugpission opisrieegaarly sehedeledds. theraspass Fesmingh és el arhedpled for
pilot sy ' . t he. b Ok N | t

applied to't 5‘? at a élflgrl{%%%@gﬁlrl ansm tgg%l ?@Tq%felg%’cglg\ggbtggé%dn@g&ﬁ%e
[ 0044] The peovidedbanitie pickat povrthbl she3ddkt dvadé dink atanemissiontors y msehss 122

may be utilized by the access rmnals to generate ch A
nfol o at EOE%ﬁleg:e&h S haiF G eI R L fhter o S o
and the agees$oPRhdhdd VeahBnfANAGs H8LORN bEAADald PNSHshmBEI EHITR are

that transmts synbols and receive antenna that receives these
synbol s. IgmneaalenddeamEmedt he channel estimate may constitute noise,

et n IR, "ohadeRrngoeaRicah by Be Rt deHEr i saRPaBils weights based
char act er iypbh Gts thafndMckBheRS vERERMEALhD frafdiaigsiehs fDROB]dcBesaNerminal.
enbodi nent, the CQ, which nmay be the effective signal-to-nojse

rati os (SNiE,acessn PEE gesyedeaive shanme! srovsiecbroed Upor Swakals #nchiiing the CQI

separ at el . ' - éﬂ% . :

br oad band%ﬂt{é{i%?ﬂfﬁ@rﬁ%&g o) gjv?rh% ilig?éz{et% ?f\slaréﬁgf éfr?l%lfést %Q r%glalén ot
rati os ( SNBhtrélvhbnget dediened &refdedback fivmthe ectetsatetdiaain Ctheschapol eStimates
separately faqr dedi cated pil ot synpols 322 (referr t s the

dedi cat ed gy begitt Zﬁé?ﬁg’émn@éeﬁg& Ffperat WSt‘iapré’%g&(ggg poi nt can
know hig1 CQA T G ahBfief Rhibb&imdBt, the access-point can derive the beamforming weights

based upon channel estimates determined at the access terminal and provided over a

reverse link transmissions to the access point.. If the access terminal also has a reverse
link assignment in each frame or hop period, whether in a separate or same hop period
or frame as the forward link transmission, the chaomel estimate information may
provided in the scheduled reverse link transmissions to the access point. The
fransmitted channel estimates may be utilized for beamforming weight generation.
[0049} In another embodiment, the access-point can receive the beamforming weights
from the access terminal over a reverse link transmission. If the access terminal also
has a reverse link assignment in each frame or hop period, whether in a separate or same
hop period or frame as the forward link transmission, the beamforming weights may be

provided in the scheduled reverse link transmissions to the access point.



bandw dt h avail abl e for communication, as well as for the specific
hop regi OW® WirAYIREVe been used for transm ssion to the PETOSIGG/008986
termnal. The CQ from both broadband pil ot synbols 310 and dedi cated
pil ot synbols 322, independently, may prdovi de nore accurate rate

predi Gt for the next,K packet to transmtted, for |arge

assi gﬁ%‘ﬂﬁs wi t B a‘ﬁ&%n‘?‘%@ﬂ"pi h?f s%(sﬁeﬁ]?%‘e]arﬁﬁﬁ%ﬁi stgspbeHB p feedbackn or
assi gnment gofBinaBasdHesRE | 4 | :

f ed- back, iﬁ S(;lr“rle embodi mrann sgit%%leg %ﬁﬁf&%ﬁ%&ﬁ%ﬁ%\%&%%c%eﬁ%ﬁ??h%o
access t er genabtetbeamfrsming wsighisoi nt peri odically and may be utilized
for a allo ion_aqn @ne or nore.forward l.i nk, channel s, such as
for Waﬁgdﬁ:l nk CO%&%}“&?}%@& & [t tg—eﬁragﬁeﬁﬁ?mi"‘ﬁ Wh%é@%?@u%?ﬁ?%nmmless

where the aog@famidabo syatem ﬁcd@ﬁiin%&b%@' @fbd@hekiOfs \BRuStrdtbdIK At transmitter
transm ssion or is i rre%ul arly schedul ed, i.e. the access term nafnl S

not scheduSedem 3 05 iatiia data fonk nipberafidstsi sbrams isquevided Gawre dedpsource 412
period, th r w oyjded. to th ccess int, for the
next forvva?c()j ?ﬁgg@?a S %%?gjﬁg%ﬁpdg 2rme£\9/er e ieﬁﬁ’(@ﬁﬁ?{ﬁ’ef’%ﬁsa?{[ﬁ Sg'?mtnhb-g

reverse |i mensnigadlovada esspetive tonsaiankeha. TR Gatbprekond4CRdnaA06s5es,

not include_ beanform [ ns since the broadband pilot synbols 310
are gener alapé/)mﬁ?}" caﬁ‘égatg‘g 5‘%%‘(13&'[? 605291 datepecaanbreed ge @part coding scheme

access- poi iGN fotefhhd Bath Q?regﬁata‘;ﬁi?f)nﬂh@ dod @RLS 1has

: 'airhén%s TX data

i
channel estinmates using reverse transm ssi ons fromthe access
term nal . Thasessor 644 appliest beamfomieng weightatintie syabolvadicthe Magedrenine hased

nbol s i ngl udj th t jtted fr. t he . t i nal )
dodi cat ed. ERAREEet foiineh S STBhelh fir P SAE Lnrar Eua e agaiion Bich
for feedbagie dynmol idieiae &aSEmited. Ni@me S ERBMEGhe %?FHIM‘% WaYNE Sray

utilized for beanfonning wei ght generation instead of the :
[0048] I n ahegssratedbesr hippe o rgsroass informetion Himt irainiligatived the condition

beantf ' i : I | d 1 ned
acenss Ler o RO POy S Mo S Pl A E e P Rt e

access poi ndsponskfinfoneathaceny tegertmttl wilizghRGl Mis@\ELS Or Chitlte] estimates
assi gnnent in.(%ﬁggbframe or, hop period, whether_ in a separate or_ sane
hop ‘peri odPEM th Jiset, gl dhpserfases efnshedidedb RansiesiansatiedlX data
estimate | BfRERXBL 1100 BRY sPEQVhged.d v I r rs i :
transm ssi gns to the accgss pgﬁn?? ]d%htef&t%}aznﬁ;argngt?t@gnc ann%?or}:élsaﬁ‘lgﬁrré aé[sls
may be uti benssattedfrotnetheissrm ng wei ght generation. [0049] In anot her

SheCouRL ¢ L o TRERSISLIN M SRR o ok i bR L iae Tt Riioh gle GEnE
term nal apgp a@hmqheyemﬁ@Filémt@ﬁ%lﬁW kL &RR phkEA B s }%}ﬁngessed in

period, whether in a separate or sane hop period or frame as
forward |i AKDOWENBWB| @1 mayebhasad ot tHentgcoiwby hysterndy dsgmpteothiedeininne]

the schedulgd rev I NSITLSSI o-t he .acces oL nt .

006 00034 mRaey 358 SaliBabi AR o8 %‘%ﬁd&%ﬁs o i 44t Sited “ééi? moGulated
channel es(ieyaymbol mapgssd) dased ediatbulathodsivnRhéme .5 NBPSRI QRBK, M-
termed as E nne}%i nf o n%ti on utilized by an access point to generate
beantf or ni né 23] -&%@ eotee e th@héat@ §ieamg to provide medyletion symbglg The
receiver ipgqgq fé}é,téo%'% agGe | e [ %qfetajno e :
accordi ng t% one”enbo T ment ﬁ%dql{tﬁhstﬁj?a%egh%? ranan%:@%/g?t3 ‘géﬁr{nénngd by
410, tr af f instraetions frerfoamad mre proyidedaltya psdceesmrsid0s [t evindeembadmess, the
data source 412 to a.transmt (TX) data prqcessqr 444. |In_ an )
enbod nent 2napt ataltel SRR et i vlled %60ing 1 il fffarmation that
transmt apienBlitelfdatine epcessor 444 formats, codes, and
interleaves the traffic data for each data stream based on a

parti (053 codi Bbe swalabos syabelsdor df dathatreatns areshereprovidedgo @ViXI MO

coded data iLents, TX dat rocessor 444 applie

bear nf or mi R%’t’%es?‘g%%%%% ﬁ%n%s of gxog?ssfmg %%?Pi? Prsé'ﬁlﬁ?ﬁﬁb(gﬁeo%ﬁ S5PM).
TX MIMO processor 446 then provides NT symbol streams to NT transmitters (TMTR)
422a through 422t. In certain embodiments, TX MIMO processor 420 applies
beamforming weights to the symbols of the data streams based upon the user to which




[ 0052] The coded data for each data streamnay be nultiplexed with

pi | ot datWougPeYI@BDM t echni ques. The pilot data is typiP€IIUSRIME/ORIISHN
data pattern that is processed in a known manner and may be used at
the receiver systemto estinmate the chabhel response. The nulti pl exed

pil ot and ded ta for. each d streamis then modul ated (i.e., .
synbol rrap%%d ”’B@”@%&fﬁo elﬁgg?ﬂl?‘?lﬁ{?gaarnd Lﬁn&‘tni“%gi'% (e ymbadpsbeing
QSPK, MPS| Gangnitthl @8N theelsefstcendePreshbit itkBtRatRinl €am t o provi de

nmodul éi on synbols. The data rate, coding, and nodul ation for each

dat a $9458hm nay Feeh denanitend2pieceive pud presssseper fespeside osyniobsindad to

by process 0, od] nu [0 aral.l.el ati al
streans nagfobwg&v%ﬂl'eil (gfd‘;E gfg%nﬁgqﬁnsgé@g@t %ﬁsr'@%ﬁ cPﬁﬁ?W‘a 1Zr P es; )gﬁers, and
transm t t edpdonvents)tthe usalog sieRois 3 Phevideod uhotluiated &y ehiatl Forakdnstidn
streans are tt}gntl\ﬁ}tel\ﬂ%inéed tlo(;ﬁrTX MO processor 446, which may

further pr8¥&sge haragh ted gigngjs fromy pramyppiiiprs 428 Kudvmsh 422t

processor i itters
(TMIR) 422 géf%hékﬂ;ﬁ%ﬁﬁﬁgézq El@rlﬁ rl:&?:- ael?tf&g&ﬁ h%ﬁ%%]g%rﬁz gt’ %REWp rocessor

420 apfiStks beadt aearivey sysiem 26, the trammitjedbabduletkd tshpalatra rakived 55 NR
based upon_t.he Q i 006/.099348PCT/ US20061008986 .10 t he
synbol s ar‘é‘“ué*i?ﬁg‘%??%g‘\#%}{‘?%&aﬁ\ﬁ&g%ﬁémé{ SR e AR .Wﬁé‘zé?mded
i s being tfodfEhéctiod rédehidt (K@Y’R?ﬁsdasthﬁﬁﬁﬂﬂi@hr.rm%%&@%@%%ﬁ%}%g[,

[ 0054] Each _transmitter 422 receives and processes a respective sy
stream to PREV dEmiHiesorndodevaaearet) sk greapestivangesived rsignat odigitizes nthe

.g., i.f4 fd t h I ' |s to .
br ovi de a Eofiaed bR prodfi, HBHRRY Bl i reBEReh PsveRbinde mveite o
channel . NdormsgotdiheGesdigalssmbbDdtichinansm tters 422a t hrough 422t are

t hen mtted frgm NT antennas 424a through 424t, respectively.
[ 0055@?% ecei vg‘P @é@@rﬁfﬁ%?orﬁ@ thenareseives & nroeRsrestthel NR. rpaeived gymebol

recei ved bR 4 relale)] i S| .

from each ant Qﬁf\%ﬂrﬁ?}@ ?egé%rg %ﬁsﬁ%?&gggﬁ%s pecté@%p%gg%gegm?%ssmg

454a t hr outghbuigug to Eavide teceil anmbé&b i dedettd dmnantod sgeamd | THeeprScessing by

anplifies, downconvert.s respective recejved signal, digitizes

t he condi t}‘@&&a FFOFTETOLt %éopfﬁoﬂ?ﬁsalgb%a}?pb’é‘gﬁer gﬁ@ﬂf Phrer Bﬁho%%g@ssml

sanpl es t OstRAAVindRIdSs GRLHEIS @l@d%%@@sﬁiﬁﬁ@ﬁbﬂﬁ@'}n&ﬂﬂﬁ&h @h{lg%%adsﬂﬁé@ 3
. recelve

RX data processor 460 then receives and processes the N
synbol st r B8FEIEIRORIRR deticiiesny RN Gata proneswy H6A Ben domsdulates, deinterleaves,

parti cul ar LYer | hnique to provide.t r.a unmber

b dot cor i EbUBcoRA RERERN b B TR o o B ¥ 2Pt s S b dEB 5T

i s descri beHichnisf praviced tetdaial sinkl 464 fHachraet est/ad f&ﬂ!éﬁﬁ%o%sﬁiﬁ@.m The

i ncl udes synbol s hphaé%%re estimates of the nodul ati on synbol s

transm t t eFOFEFIEINY PEIBRAFETY GO0 i oy pragiery X b per fmsd by JoF MIBITO

t hen deno Aeiat %cﬁaﬁin : ted synbol

stream to%g%sgir’rtltheatl?g?%?gﬁg}gfsgp Aélg t eglggt%gg tt%g%?n&v\hi chis

provi B887k o dat Ehes thrandlotsionse sstimag @emsated by fRIX tphasessor d60 S&iyig: usthao

processin 'b}( RX data progcessor 460 is %)errgl enent%gy to tha

per f or _msdg%%f PR RIND FrSEeelo Praseig 4t S pr B BYsepvaslevelp, change

transni t t efmogafieRaAkbr LAGBIH b t@m@h@&f&ﬁé. RESHRBERCH0 TRY SnBRP eEALAY
o

by RX processor 460 may be used
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and

possibly other channel characteristics, and provides these quantities to a processor 470.
RX data processor 460 or processor 470 may further derive an estimate of the
“effective” SNR for the system. Processor 470 then provides estimated channel
information (CSI), which may comprise various types of information regarding the
communication link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. The CSI is then processed by a TX data processor

478, which also receives traffic data for a number of data streams from a data source



perform space, space/tinme processing at the receiver, adjust power

| evel s, cWanes/em9ausl ati on rates or schenes, or other actREIMBS2068%008986
processor 460 may further estimate the

signal -to-noi se-and-interference rati osi1{SNRs) of the detected synbol
streans, angd_ possib ot her ,chan char.acteristics, and provides
hese quanti/e) odigel trapec bt A%t comblimadburesasis ArbOsigh 434r, and
processor Ad@siBedidbt RetardghidtQyaBmeibi mate of the "effective” SNR
for the system Processor 470 théen provi des estinmated channel

i nfor r{ﬁ'ﬁ%n ( CSH tragismatierrragtemottd); itkremodulited signglsefsom fredeiven spsit @IS0 are

regar di ng : ' ' | i nk..and/.or the r iyed tream _For
ot e RECRRTY DGR 954, i8R B rehiFel 307, e Bt Sgoqiohn
processed BPOAaiIK petiegseprnC s FSOIdath? SrocdBbrC AR S Bach9Geins eSSt Fepbité by the
data for a nupber of data streans froma data source WO

2006/ 09934 8BETTUSIEEE! 308906 PIOyide7 datamgd datat wek P4a farostarage oandAgofurther
diti - i , t i tted back
Lo tr anan trarsaheTThd falofiof Xigh ki HRHIBomid o W I B het? & )

nodul at ed sletpmalns the datar etei anglr crljrsg & dbOulatien sel2gek e behised F6eh8 ARt
424, conditjoned ba/@ecei vers 422, denggéjl at}fd by a denodul at or 490,
and process8F By ¥ SFICLRLS, Vs eantatyofor d X dalguapeassy 444 ande BErMEMO
by the rec?}mgsoygg.em and to provide data to data sink 494 for '
storage and/or further processing. The reported CSI is then provided
to prof@®93or 430t dwyldirmptedihat thedenenitiendl @ hansdrtsanuliplestoans of ogintgls

d modul atj b d.for. the data st d.(2)
generato viy PISAETRERSHE 8 A58 bty S B Siar il ibRifid sigle ca

processor 4téam [t0QHSinkle sthawind, b, AAtRGesk (R¥int! Must 5ABTM B thd Qiffering
transmts nultiple steans of sysnbols to nul tolgﬁl e receivers, e.g.
access t er kSqalesand, franswit chags\depicerly Heowereni hash anayi bagMIMI: transsniftera rthus

to a singl : AR poi nt, thus accounting for the
differing ?é%%{%&g%gwf%gggmt cﬁ%ﬁﬁéﬁl‘depi cted. However, both may be
M MO {0G603 i t t er's théuseivakivagioud pracestigviectanigues ramns Be isddIRNPro6al the NR
[ 0060] At the recei.ver, \various pr ssing,techni ques may be used to
process t hE*RIEEF eTERRIR O Agfich gﬁ’c gﬂcﬁé}‘fa@é@n@s}e sYprbelr slieams: t edhesy nisegiver

strears. T?ﬁﬁ;@ssﬁ@t@bl%ﬁﬁud@W%Egpéﬁﬁﬂm%ﬁxmgg%r?{sgggggiﬁ Qﬁ@sﬁa‘é‘@—

primary categories (i) spatial d” space-tinme cel essi ng
t echni ques Ufghiresieiver epratessingefeshrigdest Gwhbish egpaahise atefared échosi quediyation

and (ii) " ShV ding/equal i zatipon and.interference o
cancel | ati géégﬁlﬁe%%j \%7%‘? U(lﬁﬁ o@g%cg%r%e Pgﬁitﬁﬁ}i)eﬁ Zeke éﬂdilgt%]l%geé‘c‘? &fRgsllation
to as "sucemsivey @racebing eschiliRe C@IED 1sahlb@RefeBbd 16 URCARSINSVe interference
cancel | ati on" receiver processing technique). [0061] A M MO channel

formed by fHseNation’ onsHccesig cRIEallstien ecairrr eroressingiechidqerRdc onposed
into kndepen eM}Dﬁf‘ﬂ , i WH ! Each of, the NS
indepyﬁgggt (F:)ha%ne S rrgy aeggo%‘fgﬁ?; X]I‘}g? 1r\]@dﬁ] %n%@smgag%f?eﬁe ?ﬂ%ﬁﬁm’%’lbe
or a transm ssjon, cha 1), of the M channgl 0 sponds to a
fji nensi on. ai‘ﬁ&&?f%ﬁ%%ﬁ%%@@%ﬁ@%@@ﬁ%%eﬁ %}g?g\r . pE—%h'PféhQ NS
NR an i ndepgBp@identiiatnalt hRFHIITE0E Reoriel 30 58h khAMT EHRRLERE ford %&fgﬁﬂé{ﬁn

transmt antennas. The transmtted data streans may experienc

di fferent eraplPl BeddYCotenpe agd congspprisdni dmeisep.and nul ti pat h
effects) and may achi eve di fferent signal-to;noise-and-interference
rati of0062NRs) f Bor a Gllvienk vl chdnnbr,a:vlsairétN pover .Sa]{(lqr e®\Bdepehdtnt data
t hose cases, _t hat sg’%%ﬁ%%si ve .i.nt erfgr&nc ancel ] ation processing is

used at t h&TFELERY STiLted RO B4 iepegt gatepnas: ldgrizansmiigd data
then, di ffegeninsSHRY MRYerBcaCliRiad dhafnd NeomifiRsStd £2MHrdehe MHiRY and

multipath effects) and may achieve different signal-to-noise-and-interference ratios

(SNRs) for a given amount of transmit power. Moreover, in those cases that successive
interference cancellation processing is used at the receiver to recover the transmitted

data streams, and then different SNRs may be achieved for the data streams depending
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dat a str e@®Ps2086/¢99848cover ed. Consequently, different dat @Qraiesicongssbe
supported by different data streans, depending on their achieved

SNRs. Since the channel conditions typilgally vary with tine, the data

rate supported by .each,data,strea | so varies with tine. [0063].The
VD denr o iR ofted Sl BRSPSt ke B aiste i enmeA, tiient
and nul ti phRa eaee ARk tddpbited by dEWeRPdSa dhREmb S dpenliihn SRt AARIEE
the data transm tted on each spatial |ayer independently, possibly

with diffePdRs. Parcethe chranel serdifiens tupiptlbywra withdives dhe/daty Fte purePERE BY
cancel | ati on g%a%}r %bg%r i&@gg%ﬁ@&e\/\or ks as follows: decode the first
atﬁe SUBTTACE Y i

| ayer, and S con bution fromthe received signal
after [ﬂOSS}SnC(ﬁdi 'D]g:] H,’ﬂlsﬂ([g‘:jllasti%Irpi'tmiyr]lJ@fo1 o ﬂmdeni@ltbl perdtioh, daiﬁgie lcoilé Wblr:]ch(SCW)
"estimated chanpel ," then de t con yer and so on. This

" oni on- peetidrgultipistasiactoy %h%%@éﬁﬁwgecﬁg JTAETYIcHETD R IP Mredata
sees incr . J i

absence of TaFpaetby 1A WAEH 167, RAGRANN, ROSIII SUER diidel it The
syst em t r arseiversingioysapaccesgiveasterferepancanbalatiba (SI€]) atgomithm vdneh watke as

di sadvant f thi [ i t he bur.d f 5 ing" th
ot os. of cabAvEparep ey e Byay nd dRELelieet FRRBHERS Lot ecPgr
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or negative acknow edq%;rren (NACK) nessaging (one for each |ayer);

(c) conpl i denhedisthien depodd theascon asfl reecreadihiy A9mipn-DaFINgE rapPHErle

at different transm.ssi : e R t
channel - esbr it AT RisBES{ebf decBib BETIREsERnE S dhHonlh Gttonory
(e) increakigher, r€2COH g hakancyf erotpropapuibs, MOWedaiphwiitliCRIES stiveves
| ayer cannot be decoded unti| prior | ayers_ are decoded. [0064]In a
SCW node dBEFgHIM (aer, FARTRUSTiR capreiycRased dnga: e shenaeh eyl edbn

spatial | aygieothiaRe of (8R! A ARAGA!ES urddiCof %éﬁ%ﬁgc&e 18158 FYealh
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The forward |ink channel, HFL, may be defined as the collection of
the WO 20b8rm9uadepdead- US2006/ 008986 13 transni ssion paths from each
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link in a spitial plyer suithe§dentical data rates.” The receiver can employ a low complexity

linear receiver such as a Minimum Mean Square Sofution (MMSE) or Zero Frequency
(ZF) receiver, or non-linear receivers such as QRM, for each tone. This allows
reporting of the CQI by the receiver to be for only the “best” rank and hence results in
reduced transmission overhead for providing this information.

[0065] Referring to Fig. 5A a block diagram of a forward link in a multiple access
wireless communication system according to one embodiment is illustrated. A forward
link channel may be modeled as a transmission from multiple transmit antennas 500a to
500t at an access point (AP) to multiple receipt antennas 502a to 502r at an access
terminal (AT). The forward link channel, HFL, may be defined as the collection of the
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responsive to the )
information for all of the eigenbeams of the forward link channel matrix may be

mefficient or nearly impossible due to limited reverse link resources. Hence, the
forward link channel for all of the receive antennas at the access terminal is difficult to
obtain.

[0070] In an embodiment, the channel feedback is provided from the access terminal to
the access point, for a subset of possible transmission paths between the transmit
antennas access point and the receive antennas of the access terminal.

[0071] In an embodiment, the feedback may comprise of the CQI generated by the
access point based upon one or more symbols transmitted from the access terminal to
the access point, e.g. over a pilot or control channel. In these embodiments, the channel
estimates for the number of transmission paths equal to the nummber of transmit antennas
utilized at the access terminal for each receive anterma of the access point, may be

derived from the CQI, by treating it like a pilot. This allows the beamforming weights
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is a function of the differences %&rﬁqﬁeen(?ﬁ%&%&}%@gﬁ%ﬁ?%%%ﬁ
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communi cat ifght drebife AHERSR PP M Yocess terminal, depicted as being r in Fig. 5A. The

channel matrix hFTL.(k) is obtained by calibrating hRTL(k) by utilizing matrix A, which is
a function of the differences between the reverse link chanmel and the calculated
forward link information received from the access terminal. In one embodiment, the

matrix A may defined as shown below, where & are the calibration errors for each

channel,
A4 0
0 A4, .
A=l 0
[0072) 0 o 0 Ay
[0073] In order to calculate the calibration errors, both the forward link and reverse link

channel information may be utilized. In some embodiments, the coefficients %

may be
determined based upon overall channel conditions at regnlar intervals and are not

specific to any particular access terminal that is in communication with the access point.

In other embodiments, the coefficients 4 may be determined by utilizing an average
from each of the access terminals in communication with the access point.

[00674] In another embodiment, the feedback may comprise of the eigenbeams
caloulated at the access terminal based upon pilot symbols transmitted from the access
peint. The eigenbeams may be averaged over several forward link frames or relate to a

single frame. Further, in some embodiments, the eigenbeams may be averaged over
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[0075] In another embodiment, the feedback may comprise of the quantized channel

estimates calculated at the access terminal based upon pilot symbols transmitted from
the access point. The channel estimates may be averaged over several forward link
frames or relate to a single frame. Further, in some embodiments, the channel estimates
may be averaged over muitiple tones in the frequency domain. . An example beam-

construction matrix generated at the access point when 2 rows of the FL-MIMO channel

BE#)=(H™) (B%) b .. byl

matrix are provided is given as: ,where

(H N >" is the i-th row of the FL-MIMO channel matrix.

[6076) In another embodiment, the feedback may comprise second order statistics of the
channel, namely the transmit correlation matrix, calculated at the access terminal based
upon pilot symbols transmitted from the access point. The second order statistics may
be averaged over several forward link frames or relate to a single frame. In some
embodiments, the channel statistics may be averaged over multiple tones in the
frequency domain. In such a case, the eigenbeams can be derived from the transmit

correlation matrix at the AP, and a beam-construction mafrix can be created as:
B(k)=[91(k) q,(k) g5(k) ... QM(k)] where g,(k) are the eigenbeams
[0077] In another embodiment, the feedback may comprise the eigenbeams of the

second order statistics of the channel, namely the transmit correlation matrix, calculated
at the access terminal based upon pilot symbols transmitted from the access point. The
eigenbeams may be averaged over several forward link frames or relate to a single

frame. Further, in some embodiments, the eigenbeams may be averaged over multiple
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[0081] In other embodiments, the feedback may comprise of the CQI and estimated
eigenbeams, channel estimates, transmit correlation matrix, eigenbeams of the transmit
correlation matrix or any combination thereof.

[0082] A beam-construction matrix may be generated at the Access Point using channel
estimates obtained from the CQI, estimated eigenbeams, channel estimates, transmit
correlation mairix, eigenbeams of the fransmit correlation matrix or any combination
thereof.

[0083]

[0084] In order to form the beamforming vectors for each transmission, a QR
decomposition of the beam-construction matrix B is performed to form pseudo-eigen
vectors that each corresponds to a group of transmission symbols transmitted from the
MT antennas to a particular access terminal.

V=0R (B)
! V=[v1 Vo e VM] arepseudo- eigen vecbrs.

[0085] Eq. 6

[0086] The individnal scalars of the beamform vectors represent the beamforming
weights that are applied to the symbols transmitted from the MT antennas to each access

terminal. These vectors then are formed by the following:
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acts as a broadband pilot for the reverse link. By using this channel, the beamforming
weights may be compuied as shown above. The CQI computed also provides
information for the rate prediction algorithm at the transmitter.

[0090] Alternatively, if the access terminal is scheduled to receive data on the forward
link, the CQI, e.g. the CQI including optimal rank and the CQI for that rank, may be
computed based on beamformed pilot symbols, e.g. pilot symbols 322 from Fig. 3, and
fedback over the reverse link control or signaling channel. In these cases, the channel
estimate includes eigenbeamforming gains and provides more accurate rate and rank
prediction for the next packet. Also, in some embodiments, the beamforming- CQI may
be punctured periodically with the broadband CQI, and hence may not always be
available, in such embodiments.

[0091] If the access terminal is scheduled to receive data on the forward link and the
reverse link, the CQI, e.g. CQI, may be based on beamformed pilot symbols and can
also be reported in-band, i.e. during the reverse link fransmission to the access point.

[0092] In another embodiment, the access terminal can calculate the broadband pilot
based CQI and hop-based pilot channel CQI for all ranks. Afier this, it can compute the
beamforming gain which is provided due to beamforming at the access point. The
beamforming gain may be calculated by the difference between the CQI of the
broadband pilots and the hop-based pilots. After the beamforming gain is calculated, it
may be factored into the CQI calculations of the broadband pilots to form a more
accurate channel estimate of the broadband pilots for all ranks. Finally, the CQI, which
includes the optimal rank and channel estimate for that rank, is obtamned from this
effective broadband pilot channel estimate and fed back to the access point, via a control

or signaling channel.
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[0094] Bits are turbo-encoded by encoder block 606 and mapped to modulation

symbols by mapping block 608 depending on the packet format (PF) 624, specified by a

rate prediction block 602. The coded symbols are then de-multiplexed by a

demultiplexer 610 to M

614.
[0095] Beamforming module 614 generates beamforming weights used to alter a
M

T layers 612, which are provided to a beamforming module

transmission power of each of the symbols of the **r layers 612 depending on the
access terminals to which they are to be transmitted. The eigenbeam weights may be
generated from the control or signaling channel information transmitted by the access
terminal to the access point. The beamforming weights may be generated according to

any of the embodiments as described above with respect to Figs. SA and 5B.

[0096] The Mr layers 612 after beamforming are provided to OFDM modulators 618a
to 618t that interleave the output symbol streams with pilot symbols. The OFDM
processing for each transmit antenna proceeds 620a to 620t then in an identical fashion,
after which the signals are transmitted via a MIMO scheme.

[0097] In SISO encoder 604, tutbo encoder 606 encodes the data stream, and in an
embodiment uses 1/5 encoding rate. It should be noted that other types of encoders and
encoding rates may be utilized. Symbol encoder 608 maps the encoded data into the
constellation symbols for transmission. In one embodiment, the constellations may be
Quadrafire-Amplitude constellations. While a SISO encoder is described herein, other
encoder types including MIMO encoders may be utilized.

[0098] Rate prediction block 602 processes the CQI information, including rank
information, which is received at the access point for each access terminal. The rank
information may be provided based upon broadband pilot symbols, hop based pilot
symbols, or both. The rank information is utilized to determine the number of spatial
layers to be transmitted by rate prediction block 602. In an embodiment, the rate
prediction algorithm may use a 5-bitCQI feedback 622 approximately every 5
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channel ety 8 odsBboiAbariAbhde | 8o QREAHRRGLABriftbshE oCt | Ve

broadband pil ot chan estimate and fed back t e access point,
vi a a [66HilJol orRefemyinglto dye.chanflew chart\of 20G64t0QIA8AGTHiILS2GIBH08808kNg

18 [0093] Referring to Fig. . a hl di.,agram of a transmtter system
o it g engobfg dr aunlish JFL RRHRE & A8 RO SE AR
enbodi ment Hiecki Bb0IS h adddtion] 18 SO neirmBal6a rbagss@l reflEdCRBANRE cigenbeam
information, utilizes rate prediction block 602 which controls a

si ngl e-i npueedbrrlgproveledfinm (5 sopssdpapndy Tho miopnajionanait ke sared in a buffer
i nf ti LIS - Dy :
and mapped o oA St on el SO R e N ERA B0 B B St

t he packet o cliamat! {dafrjx 624 thesfrewndd Bak,ylock 1882.e PhiceBeahiconsthkeiek may be

602. The coded synhols are then de-nmultiplexed by a_de tiplexer 610
to MT | ayerdngqsted,p éﬁcaﬁseg pr8y rereertts Hebe @ﬁnﬁﬁg"ﬁ%ﬁb%ﬁﬂwmmn

matrix is then decomposed, block 804. The decomposition may be a QR

-]

decomposition. The eigenvectors representing the beamforming weights can then be
generated for the symbols of the next hop region to be transmitted to the access
terminal, block 806.

[00102] Referring to Fig. 9, a flow chart of generating beamforming weights according
to another embodiment is illustrated. Channel estimate information provided from the
access terminal is read from a memory or buffer, block 900. The channel estimate
information may be stored in a buffer or may be processed in real time. The channel

estimate information is utilized to construct a beam-construction matrix for the forward



[ 0095] Beanf ormi ng nodul e 614 generates beanfonning wei ghts used to
alter a tWaA/e9B4Bn power of each of the synmbols of thePQUTU$284w0108986
612 dependi ng on the access termnals to which they are to be
transmtted. The ei genbeam wei ghts nay B8 generated fromthe control

o, 29"l B! AU SRR B L1 805 LIS i

i
to the access’polnt.  The

accordi ng trespaoiytoQfigs. 56\ enhDoB] MR8 bBadTod@ARELR §thtd QY $hefl dedlomBSRAChIock
to Figs. 59 %r;%{%SB [ 0096] The MI Iagf&rs 612 after beanfonning are '
provi ded t @ GrCieRsOmRPEHEN SayDe OB Grcompasitipnt dht sigeavediers oerpashting

synbol str | Il Ok recessing f ea )
t?/ansm't aﬁ?ﬁ%ﬁﬁ%%}ggﬂge‘g%g%é%%? ltﬂ%né%gbt% H%@?]{Ifﬁﬁ gﬁyﬁnhgﬁtqug‘? n‘?‘é@ﬂ? oreion
aft er whi cHobhéasingitad $o the@ctasatesmirial, ®tbckiosdéa M MO schene. [0097]In
SI SO r 604, .turbg encqder 606 encodes the data stream and in
an e nﬁggﬁﬂi nt ug@iel'f}lg ?‘é ﬁ% ggnﬁ flpg; chart |02 SEnaRing bramiernags treightoadeerding
types of engeodefitera Frerel b1 r
yp ter afhoBMERE iU ustRk &5 Elngéht é’??%%#lﬁcﬁqsy Pﬁ{gf{&?@#@%@‘g&m

608 maps the encoded data into the co
transm ssi ¢eripa ipreed drenodimmamry of heffarphlstiell 0¢0. | nnslditiy, Hennel information

Quadr at ur e~ [ €..60ns at{,ons, Wile a Sl SO encoder ,is
descri bed ﬁ@%on%éég’t r}fgorclﬁe%@@derhﬂey %as}mfa SHaERAPIVERY 0CURREFe FQLnaharmel
utilized. [cSRB8ERand/qrecimet hder bhask SR%HRS, SRS dell&rafcR) originally. The

i nformation, including rank information, which is received at

access poi fFisepofa iprmaioasad; chapnel dnformpiéony mak bersteredin iadriffenyr by be
provi ded b %Eb ' . ha ased .pi | ot.. synbal.s,
or both. T%g&rgsaérélgqﬁ?ﬁ%gr mat ?g% @géng)t%lmﬁ%ﬁ{l?%m e eC?lm %"‘F’t?’ém?'lt ru%b;ed
spati al | ayersustuche beammwensttitctidn bystiiatfer the doiveid takblock 1602. The badu-

enbodi ment, the rate prediction algorjthmmmy use a 5-bitCQ feedback
622 appr oxicﬂ%ﬁu@f’{'/‘)‘é%g@" ?ay% %@%&%@%@4@?‘@??@92@@ 67008984180 SA and 5B.
m |11 secondsge bERG-daskedichOMIRE: isOhén dERMIRL i '

usi ng several techniques. [_Q099]1I5ef erring to ﬁﬁigéé@?@og'b?g?ﬁfg‘é%%ﬁg%
of a recei vy heyasQBndsoempositioni Flhe eigeoestorniremrtestng therheaint@briing weights
system acc | to_one odj nment. i.s Lllustrated. .In Fjg. 7, each
ant enna 703?%%’5&?@%@5%‘? \S/-‘EE*’?}%%H}“%F&F °E§%%‘?§°L’%F@ﬂ%§e@(§?the
t he recei vetcedd@rmithAE badtkanpas 702a t hrough 702t are each coupled to
OFDM ﬁlgrmdul ators 704a to 704t, each of which is coupled to hop

buf f ed0CG8l  The TermRetRPRoGeSeR BAE by parfomesdrgilizingTK mtoensehl 4deort478, TX

OFDM r ecei i ' st reans. ffer 70
stores t he%@%@%@%} #{@)%%skﬁ gfc'e%/slﬁ'o'gs og(;[% % %’i BRCEs o :ébé)ﬁ H helpeihgnets2 or
transni t t ed72,[ 00 100)bihaicstthertod f Fintirr hubdesdes, 7@ ritiond) Md £0ArdsOd@Bribed

encoder 70%’ithvrmesip%gt %gge&ﬁ 5B, and 6-10 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.

[00105] The techniques described herein may be implemented by various means, For
example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units within a access point or a
access terminal may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof.

[00106] For a software implementation, the techniques described herein may be

implemented with modules (e.g., procedures, functions, and so on) that perform the



decoder that independently processes each carrier frequency of the
OFDM bandWOBPH0%49348 buffer 706 and t he decoder 708 are cR{I/€320060)08986
hop based channel estimator 710 that uses the estimates of the
forward link channel, with the eigenbeapfei ghts to denodul ate the
informatio streans(g% & denod ate i nformation streans provi ded by
denodul at of n%rdés &th BTy aE?ggq_qeﬁéﬁl?}Yn%étoF@t HolEmeRy u’é‘ltsoéméi
714 and de t

match the. chcader R oReR, %*gﬁ%ﬂ@z e Rl Olte i GERRAEo! O
dat a st r earexfeonal ﬁpdbegsocmgsor{ QOMc}IReaserlt icAy HeocdamgumiBatively lcoupleddw tthe

of generatln eanfq;nlng ts accorqh?gﬁto one enbodi nent is
i |lustrated” TV GHTEY 6 FE%HW? nmenory or buffer, block

800. I[oojadyli ti OrThetpheiéid debﬂiﬁfdﬁ&if&l&fﬁl%ﬂ@%ﬂib@&ﬁ@e@lﬁs?ﬁdﬁédhs enable any
ei genbeam 1 eedback provi ded fromthe access term nal he i nformation

may be st ometopnskalleahiin dhe git fuynake pr gseJhe destires.e Snctiphg . opprdiong) and

i nformati o | o C

t he forvvar i %&% glgﬁizﬁe e Eféagﬁu}sc%ﬁ ruc@s%g%ﬁ%ﬂé”%%b%@t?%&
as discuss eehd«ﬁytabpmeﬁneahoste@kﬂegsn tHeArtaad thB gerldriz ﬁwmrpl@:scﬂtﬁhédlhérbmﬂnay
matrix is hen de o osed lock 804. The decqnpo i on, may be R
deconposi t i BﬁPP grents wihed P“Ffﬁagt%ﬁ@@@éﬁ%#ﬁr ﬁﬁ)paﬁaﬂsbéhe
can then b r&%ﬁ‘@dl%l@éﬁré Rndt 'i&?cm%iéﬁt%é? b8 mtemg {REhL SR eAS Sh&n ﬁ&eaeout is
transmtted to the access termnal, block 806. [00102] Referring t

Fig. 9, a fibdw mmrdedoﬂleg‘efr@stasmpg dvasistent withgtheepuirisles cod rmbively ff:tamres
anot her en?%ﬁ4 @h is illustrated. Channel estimate information

provi ded f PRa1YEess terminal is read froma menory or buffer

bl ock 900. The channel estinmate information nmay be stored in a buffer
or may be processed in real tine. The channel estimate information is
utilized to construct a beamconstruction matrix for the forward WO
2006/ 099348PCT/ US2006/ 008986 20 |i nk, block 902. The

beam construction matri x may be constructed as di scussed with respect
to Figs. 5A and 5)3. The beam construction matrix is then deconposed,
bl ock 904. The deconposition my be a QR deconposition. The

ei genvectors representing the beanform ng wei ghts can then be
generated for the synbols of the next hop region to be transmtted to
the access termnal, block 906. [00103] Referring to Fig. 10, a flow
chart of generating beanform ng weights according to a further

enbodi ment is illustrated. Ei genbeam information provided fromthe
access termnal is read froma nmenory or buffer, block 1000. In
addition, channel information is also read, block 1002. The channel
informati on may conprise CQ, channel estimates, and/or second order
channel statistics, wherever generated originally. The ei genbeam
information and channel information may be stored in a buffer or may
be processed in real tine. The ei genbeam informati on and channel
information is utilized to construct a beamconstruction matrix for
the forward |ink, block 1004. The beam construction matrix may be
constructed as discussed with respect to Figs. 5A and 5B. The

beam construction matrix is then deconposed, bl ock 1006. The
deconposition may be a QR deconposition. The ei genvectors
representing the beanform ng weights can then be generated for the
synbol s of the next hop region to be transmtted to the access

term nal, block 1008. [00104] The above processes may be perforned
utilizing TX processor 444 or 478, TX M MO processor 446, RX
processors 460 or 492, processor 430 or 470, nenory 432 or 472, and
conbi nati ons thereof. Further processes, operations, and features
described with respect to Figs. 5A, 5B, and 6-10 may be perforned on
any processor, controller, or other processing device and nay be




[ 00106] For a software inplenentation, the techniques described herein
may be inplenented with nodules (e.g., procedures, functions, and so
on) that performthe WD 2006/ 099348PCT/ US2006/ 008986 21 functions
descri bed herein. The software codes me} be stored in menory units
and e ed by_.pr, ssors. The nmenory unit nmay be inplenmented within
t he pfrbﬁi@sor o@é@gnal to the processor, in which case it can be
comuni catively coupled to the processor via various neans as is
known in the art. [00107] The previous description of the disclosed
enbodi ments is provided to enable any person skilled in the art to
make or use theyf C1 sl , ' :--and enbodi nent s

di scl osed herei 1n ar ieggicgnﬁ'%%agﬁ%%%ﬂ)ﬁgsgm nmbodi ments may be
readi | y appar enit lest thwameses)dngdd in the art, and the generic

principles defined herein applied to _other enhodi ts wt.hout
departing from %Wé‘?qessé’ﬁiqopgag%fsgg?:(% e_:ra‘e?ﬂtgfg{nf?rﬁtgn%pgg ¥ %Fg?’r"ggﬁ?lgni%
not int end%ﬁlﬁ]o@s he Li Wilehds t QnidieniBsHRdiderbe, S bahaWipHe  Gafind Uinfbsndton

be accorde e W dest scope consistent with the principles and novel
features diesspysingtr einmbeof frgGI0Sja Pathis wherein the nyxkgrref| teggmission

comuni cat | appar.at us ' LSl ng....at . S , ot
processor Bagﬂﬁ F@%ﬁ %’“%@E@m;’f% %O%%aélﬁ#%érsﬁgl%r% ﬂ%/\S/evﬁi)odﬁ t%se?\gﬁgirgss Aunicatiof
transni ssi gihaffusihOreless onnngicgtim deofoeLni cation device, based
upon channel information corresponding to a nunber of transm ssion
pat hs, wherein the nunber of transm ssion paths is |ess than a total
nunber of 1 aNSHT SO0 BRLNSordub @Rkl Wk EIESSr QAR RIP the number of
apparatus to the wireless conmunicati on devi ce. 2. The wirel ess
comruni cat frawsnd e pathsisefuadltaibe riymbeh of thieat lehs thaablennast

transm ssion paths is equal to the nunber of the at |east two

ant ennas.

3. The wireless communication apparatus of claim 1, wherein the channel
information corresponds to one transmission path from each of the at least two antennas

used for transmission.

4, The wireless communication apparatus of claim 1, wherein the chanmmel
information corresponds to one trapsmission path for each of the at least two antennas

- used for reception.

5. The wireless communication apparatus of claim 1, wherein the processor
generates a channel matrix based upon the channel information and then generates

beamforming weights utilizing the channel mafrix.

6. The wireless communication apparatus of claim 5, wherein the processor
decomposes the channel matrix by performing QR decomposition to generate the

beamforming weights .

7. The wireless communication apparatus of claim 1, wherein the processor
generates the channel information utilizing feedback received from the wireless

communication device,



3. The wirel ess conmuni cation apparatus of claim1, wherein the
channel information corresponds to one transm ssion path from each of
the at | east two antennas used for transm ssion. 4. The

wirel ess communi cation apparatus of cla3m1, wherein the channel

i nformation corresponds fo one transm ssi or]mgg%h for. each of thp%ogssor

| east two ant enPasiiGsBHCIST CHEPURICAYoR appara clag 1y Yhrrgthe
conmuni cat lfréﬂérﬂgsoﬂfeaéﬂéﬁnélfinfdrﬁiaﬂbﬁ utiBGE ikt ERBLEE GEQREEr fgRNBEaledes
channel matrix based upon the channel information and then generates
beanf or mi ngommbgietigondavid¢ezi ng t he channel matri x. 6. The

W rel ess communi cati on apparatus of claim5, wherein the processor
deconposes the channel matrix by perform ng QR deconposition to
generate the begnfi{emviigicd® c@itifinication apparatihof widigl Eswheeimnihei matdssor
apparatus of claim1l, wherein the progcessor generates the cha

nel .
i nf or mat i ogengrates tha pheared pidrmagien; Vg dpidbaek ipseYess drom the' wiretess
communi cat El?l{]l’ﬂl%ﬁl\éhﬁ(%l defite and pi]ﬁ% syrhDEls Wl eRiS BomOMBURIG8s &nmunication
apparatus of claim I, erel n‘the processor generates the channel
i nformati odedtd.l i zing pil ot synbols received fromthe wrel ess
communi cati on devi ce. 9. The wirel ess conmuni cati on appar at us
of claim1, wherein the processor generates the channel information
utilizing feedbagk TheCai¥Res fdoithinheatioh’ ehRefus UIMUnRIEAY | orhdlemi Ciannel
and pilot synbols received fromthe wreless comunication device. _
10. The wi iebesaioncemprisenestionated phanaelisfosmatom genetatedyhased upoB Fanwality
i nformation_.comrise stijmt ed channel information generated based
upon a pl ngﬁT%%ﬁpﬁPﬁ%ﬁﬁ pil ot synbol s. 11. The wirel ess
comuni cati on apparatus of claim 1, wherein channel information
conprises estimated channel informtion generated bi':lsed upog & channel
plurality of hoplbdbedwieless coppppmeation apparatys off, gl ) gxlheren channe
conmuni cat i.on_anpar . ' ' j j ]
compri soe. CAPTRBRBLAEHRE pSisRHER brohbbhEialiR BRI RRoRS pluceliy
plurality efhbppasedpiidt pintatds.synbols and plurality of broadband pil ot
synbol s. 13. The wi rel ess comruni cati on apparatus of claiml1,
wherein the processor further generates channel quality information,
the channel —qualjht yl“h] NHQICIRE | QnRehiBstiRASHehrataoNoidf Iy Whbsin channel
transmtted fromat |east one transmt antenna of a w reless .
comuni cat iimforrdetikircenraprikes estiisted channehinfeamation genereisd Hased e apiyrality

wherein th h l, i ' | st lit
i or mat i orptob bases pion gty ARLEERELN SblankiEpSRRBIIIL Y o)

13, wherein the channel quality information conprises signal to noise
i nformati on.

13. The wireless communication apparatus of claim 1, wherein the processor
further generates channel quality information, the channel quality information being
based upon pilot symbols transmitted from at least one transmit antenna of a wireless
communication device and received at the at least two antennas and wherein the channel

information consists of the channel quality information.

14, The wireless communication apparatus of claim 13, wherein the channel

quality information comprises signal to noise information.



24 15. The wirel ess comuni cati on apparatus of claim1, wherein
the processor is further configured to generate beanform ng weights,
for transm ssion of synbols to a wireless conmuni cati on devi ce, based
upon bot h channel information and ei genl@dam i nformation. 16. A

Wi rel ess commruni t,htofn appar at us cor%risi ng; at. |east two_ antennas;

and ~ means Tor geRerat iy BEAROMAPR i A mpla SEeTeiD 1F RIReATHET is
| nf or mat | onfuehié @AFEAEANG defeodid buiREsmahg Wﬁ@ﬁé}‘fﬁﬂr%nﬂ@i&?# %ﬁgbog{‘?ona

a nunber of fransm ssion paths fromtranSm sSion antennas o

| east two aVEeATLoMIBURICHiqefevice, basefupion diotho chatmel dormation and Rigehheam
wirel ess cogpipbGati on apparatus of claim16, wherein the nunber of
transm ssion paths is equal to the nunber of the at |east two

ant ennas. 18. The wi rel ess comuni cation apparatus of claim 16,
wherein the chagl%el informati on corresponds to one transm ssion path
from each of thetat® Passlass PBIERICRIMAPPALEN OBISIEhs i sSi on.

19. The Wi rel ess;; GRBIMRY £8dnQd ,apparatus of claim 16, wherein the
channel information corresponds to one transmi ssion path for each of
the at |east twoneansechngsnestug beamfoening weights based On cHagneM infirBSton

conmmuni cati on ratus of c¢laim16, .wherei hannpel information
conpri ses e‘%ﬁe% ERath HBP%FW@%FWW%B?@% iqsg PFad @qugﬁlbﬁf fransmission
plurality gfather GRdbanssidstin WARRASS of the at Adast THE UntShESSo. a wireless

communi cati on apparatus of claim 16, wherein channel 1 nfornation
conpri ses ESTMHNEGHOBHEHAR| | nf or mati on generat ed based upon a
plurality of hop based pilot synbols. 25 22. The wirel ess
comuni cati on apparatus of claim 16, wherein channel infornmation

conprises esti ndtedhetwintleds donfratriition ApBaHIRE af eRid ASSAhHRAIHhE number of
plurality (%I hop based pil ot sypbols and plurality of broadband pil ot
synbol 5. ransmgsiofpathgis equalic theawmbar o4 theo leashiafoantennas. cl ai m 16,
wherein the channel information conprises channel quality

i nformation. 24. The wirel ess comuni cati on apparatus of claim
23, wherein the l8hdhmevirejass caymimtatiomspparatenop clair sl 6s iviieadin tihe BRirEe]

i nformation, . 25. Th i rel ess comunicati on apparatus of claim
16, f ur t her BRI Pg &0 PR CEmERIAn R GomyERahal Heat jsox BRdtpnnas
upon the chgah®k thid@iksiesi on and wherein the neans for generating the
beanf orm ng weights utilizes the channel matrix to generate the

beanf orm ng wei ghts.

19. The wireless communication apparatus of claim 16, wherein the channel
mformation corresponds to one transmission path for each of the at least two antennas

used for reception.

20. The wireless communication apparatus of claim 16, wherein channel
information comprises estimated channel information generated based upon a plurality

of broadband pilot symbols.

21. The wireless communication apparatus of claim 16, wherein chamnel

information comprises estimated channel information generated based upon a plurality

of hop based pilot symbols.



26. The wirel ess comuni cati on apparatus of claim 25, wherein the
circuit deconposes the channel matrix conprises neans for performng
R deconposition. 27. The wirel ess conmuni cati on apparatus of
claim 16, further conprising nmeans for @énerating a channel nmatrix

based upon feedback.receiyved fromt.he. wirel ess comuni cation device
and wherein theb%e:lwg Wyeﬁﬁn%’ﬁlg{lmﬁa Fe WPREFHS G Fl’@l%i‘%;h’t’@eﬁﬁﬂ |chgnngl]

t he channelinfS@hition ¢En@eRe katiated hASRNTI6 MG %ﬁ%ﬁ@%& based uponZPpluldify

wi rel ess conmuni cati on apparatus of claim16, f conpri'si ng

means for @éhap hesedgilat emabmierndplivality efiveaibapdpilgisymbolsy nbol s
received fromthe wrel ess conmuni cati on devi ce and wherein the neans
for generating the beanform ng weights utilizes the channel matrix to
generate the beasf d}hﬂiwiyelf\m' gimml _ miié:ati?cn aﬁ%ratﬂ'd’lef wlakR| 8% Swherein t‘]pe channel
conmmuni cat i.on _appar at us, of cl aim further conprising neans for
generating ]%t%ﬁlﬂgt OIRISFS @%&%Iéﬂlah@dﬁ%@?ﬂl?&i ng feedback received
fromthe wirel ess conmuni cati on device and pilot synbols received
fromthe wirel ess comuni cati on device, and wherein the nmeans for
generating the Béarmherwirelgssweirghtisicelidd apmsattshef chanrs, wiske¢ih Xhé @hannel

generate t amd orm ng_ wei ght s. 6. . . 30.. The wirel ess
communi cat %ﬁlggﬁ%fgﬁ?tf@gwrfﬁﬁf W@%"Wé?&f?maﬁgn'neans for generating
conprises neans for generating the beanform ng wei ghts based upon

both channel information and ei genbeam i nformation. 31. A
met hod for forni2Ag Theavrreless aemmmsnipation cpppeatusiafgelaim 16, rfedhbérnepmprising

=t hod f Ag Theat . ; ;o _
Chat s | ool ch EnlRhbEseamic Beb Balt IGL Rl EER G oBF biirin

transm t t etheantbans for gkessting died beamnmforming weher atiling theacHandl Adirix to
wei ghts based upaon the channel .information for transm ssion fromthe
transnmit afteh &%‘reapﬁww%%%&t ransmitter. 32. The net hod

of claim 31, wherein the nunber of transm ssion paths is |less than a
nunber of transmt antennas of the wireless transmtter. 33.
The met hod of cR&i hewirglhgsr edmmmhieatidra apriratiin fof rodaii 85, ehereis en dgcuit
to one transmssion.path for each transmt t enpa of e Wreless
transmitt erﬁ‘.ﬂ”c(’mpOSBS %‘E CB%PW& o UTSES %PF?HS%% p‘?ﬂf?@ﬁ”é‘?%& CUHBRfHAD.

i nformation corresponds to one transm ssion path. 35. The

met hod of claim31, wherein channel information conprises estinated
channel i nf or ma2¥ oRhgeHeelatse ommEsitation apparpns raf| ¢leimn 6, Hindbeatbeomprising

pilot synb . .m31 erein .channel .
i nf or mat i o&r)lde%%srr{)o 3 iggré%rgg%% %-Irarg?{e]%i %%gflrﬁa}sgﬁh ﬁ?%nr fréﬁﬁﬂfa\c%ﬁ r%ceeh‘gerdat? ¢ %B%E’EBESS
upon a pl ucahirmyicafiod devibasediwhededt the ek for generating the beamforming weights

utilizes the channel matrix to generate the beamforming weights.

{¢]

28. The wireless communication apparatus of claim 16, further comprising
means for generating a channel matrix based upon pilot symbols received from the
wireless communication device and wherein the means for generating the beamforming

weights utilizes the channel matrix to generate the beamforming weights.

29. The wireless communication apparatus of claim 16, firther comprising
means for generating a channel mafrix based upon utilizing feedback received from the
wireless communication device and pilot symbols received from the wireless
communication device, and wherein the means for generating the beamforming weights

utilizes the channel matrix to generate the beamforming weights,



37. The nethod of claim 31, wherein channel information conprises
estimated channel information generated based upon a plurality of hop
based pilot synbols and plurality of broadband pilot synbols. 27

38. The nethod of claim 31, wherein the2ghannel information conprises
channel quality .information. .39. The wireless conmunication
appar atus of cl aPmIBg wiighess spRuyicatipn apRaratys af pleymi1ss sibeusin Big means for
conpri ses : . :

comun; cat Eoraind SrAHEE pidtho K ehOting the helthtofeil WR1ERE based upon both
processor cbhamehmfedation ged eigatteatnaafimaimdomg wei ghts, for

transm ssion of synbols to a wreless comuni cati on device, based
upon channel information corresponding to a nunber of receive
antennas of thezsy @ﬁn@&%d@@%ﬁiﬂ?%&ﬁfbrﬁ%ﬁ&gbﬁé’@@ﬁa@ﬁﬁn&he nunber of
receive antennas is less than a total nunber of antennas utilized for
reception at theeagingethasselciofrmation comerpaeding & a numbey pf trengigfien pads,

ant annas. 1 G846 ARSURLE afhote 8 GhkhisdICH ] nelBal RS rlffiflet Bt o

appar at us &fireldsaidted8r; Wherein the processor generates a channel

matri x based upon the channel informatiaon and then generates .
beanf or mi ng wei GRRBAUAY [epAgMing: HEHR drasermhtypPR . the” chanpgl mfggmation for
wi rel ess coifiGah it ABRANGLH SnRhnkloR B WikkledithEntird N Processor
deconposes the channel matrix conprises neans for performng QR
deconposi tion. 44. The wirel ess comuni cation apparatus of claim

42, wherein the_progess eper at the channel .informati.on utili zi
feedback recel val TOGHPRIR TETRaL VBARMREACUR Qb prug o bl f
The Wi r el egSnGORHREH: 68 trhfinid Rtk s tRfwifdek Madduitieher ei n the
processor generates the channel information utilizing pilot synbols

received fromthe wrel ess communi cati on devi ce. 28

33. The method of claim 31, wherein the channel information corresponds to

one transmission path for each transmit antenna of the wireless transmitter.

34. The method of claim 31, wherein the channel information corresponds to

one transmission path.

35. The method of claim 31, wherein channel information comprises estimated

channel information generated based upon a plurality of broadband pilot symbols.

36. The method of claim 31, wherein channel information comprises estimated

channel information generated based upon a plurality of hop based pilot symbols.

37. The method of claim 31, wherein channel information comprises estimated
channel information generated based upon a plurality of hop based pilot symbols and
plurality of broadband pilot symbols.



46. The wirel ess conmuni cati on apparatus of claim42, wherein the
processor generates the channel information utilizing feedback
received fromthe wireless comuni cation device and pil ot synbol s
received fromthe wrel ess communi cati opydevi ce. 47. The

Wi rel ess conmuni cati on a&par atus of claim46, wherein the processor

further generat 88 dhanmethodyel iclajmi A}.oriereitoithe tohanngh dnfremation| comprises
informatio i pil ot synbols transmtted fromat | east
one transm%ggfr? guna%?%?o#%gi&\}\i rel ess conmuni cati on devi ce and
received at the at | east two antennas and wherein the channel

i nfornmation consi.s of, the channel gquality informtiaon. . 48. The
wirel ess comnééa&%ﬁﬁ”ﬁﬂﬁ%r%@?a%a?%% 18 %@P@F r’?’gp Féhersim e phannel
quality inkesifpideRnSRRRniRSeSligNAke Aflsd Akl or mati on. 49.
The wirel ess comruni cati on apparatus of claim42, wherein the

processor is further configured to generate beanfonning weights, for
transm ssion of synbols to a wireless communi cati on devi ce, based

upon bot h channel information and ei genbeam i nfornmation. 50. A
wirel ess communidgat witclRppahahuiscaRNRbh&bME coRpritiggst two ant ennas;
and means for generating beanfortning weights based upon channel

i nf or mati on cor AEERBAEP ABteReasaaRtinber of channel s | ess than a nunber
of receive ante ' g{gﬂp' ion. L: . Th
Wi rel ess com‘runlg::};al_t6 ?%%012%‘334? a e??’%’o?&c al ‘r%&g%itoplﬂ i ?ee&%l%ﬁﬁshgorn%%%lr}s S}oog 5
recei ve antpmbels tqualwitglessneommunicati&?. devive, Vidasel apsncoimmel dafoiroation

apparatus of claim50, wherein_the, channel ipfornation conprises .
Channel | quaPTEPORSE faviigber Of receivg steres of 116 QS ATRITSAOS fevice,

appar at Us Qfhefdi iy mnbeMder&lefet ARnalaRNgds tBed tdtd dubfyef BRkAO has utilized
29 54. The wrel ess

conprises signal to noise information.
communi cat ifenreegppian at ihs vafeless spmmBdication déwge. conpri si ng nmeans for
generating a channel matrix based upon the channel infornmation and
wherein the nmeans for generating the beanform ng weights utilizes the
channel matrix %o, gasesAtlescbamiedution apReamebOblktin 40, where@Sthe hi@ber of
Wi rel ess communi cati on apparatus of claim54, wherein the circuit
deconposes IR eERGIR is BEEAIX O8dBNnpri ses means for perforning QR
deconposi tion. 56. The wirel ess comuni cati on apparat us of
claim54, further conprising neans for generating a channel matrix

based upon feeddackhe ededilase dofrmamidation \whparhins &f et B8, edickadn tikeprocessor

and wherein the neans faor generating the beanformnng weights utilizes
the channeBSHERFT 2 %Hsm@ e Dfs ‘g’@én“?‘Br“ﬁﬁ’f&? ogfpéon dnd $hen generaies
beamforming weights utilizing the channel matrix.

43. The wireless communication apparatus of claim 42, wherein the processor

decomposes the channel matrix comprises means for performing QR decomposition.

44. The wireless communication apparatus of claim 42, wherein the processor
generates the channel information utilizing feedback received from the wireless

communication device.

45. The wireless communication apparatus of claim 42, wherein the processor
generates the channel information utilizing pilot symbols received from the wireless

communication device.



57. The wirel ess comruni cati on apparatus of claim54, further
conprising means for generating a channel matrix based upon pil ot
synbol s received fromthe wireless comuni cati on devi ce and wherein

t he means for generating the beanform ng8wei ghts utilizes the channel
matrix to genera he beanf orm ng wei ghts. 58. The wirel ess

communi cat i on apParStugIEesTy gaton gRpREuscRfnglrips faghersiasthe grocessor
generating @nehaRNgle BRirneK i%%ﬁ%&?%ﬁli&ﬁ%ﬁ%%ﬁ&cke%kmg 1%51?1"&%62%&61&53
I 0 romthe

wi rel ess communi cation device and pilot s S recelve

Wi rel ess cownumitdeatioondeyics aw pistdsymieleiaceivhe fromanise frdrelage remaivnigtion
t he beanf or 'ﬂ;g wei ghts utilizes the channel matrix to generate the
beanf onni ng werghts. 59. The wirel ess communi cati on appar at us

of claim50, wherein the neans for generating conprises neans for
generating the beanform ng wei ghts based upon both channel

i nformati on and & g”l;gﬁ:b‘ggﬁ],eq;ansngamﬁmp@imn apparatus of claim 46, wherein the processor

further generates channel quality information, the channel quality information being
based upon pilot symbols transmitted from at least one transmit antenna of the wireless
communication device and received at the at least two antennas and wherein the channel

information consists of the channel quality information.

48. The wireless communication apparatus of claim 47, wherein the channel

quality information comprises signal to noise information.,

49. The wireless communication apparatus of claim 42, wherein the processor is
further configured to generate beamforming weights, for transmission of symbols to a
wireless communication device, based upon both channel information and eigenbeam

information.

50. A wireless communication apparatus comprising:

at least two antennas; and

means for generating beamforming weights based upon channel information
corresponding to a number of channels less than a number of receive antennas at a

wireless communication device,

51. The wireless communication apparatus of claim 50, wherein the number of

receive antenmas equal to one.

52. The wireless communication apparatus of claim 50, wherein the channel

information comprises channel quality information.

53. The wireless communication apparatus of claim 52, wherein the channel

quality information comprises signal to noise information.
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54. The wireless communication apparatus of claim 50, further comprising
means for generating a channel matrix based upon the channel information and wherein
the means for generating the beamforming weights utilizes the channel mairix to

generate the beamforming weights.

55. The wireless communication apparatus of claim 54, wherein the circuit

decomposes the channel matrix comprises means for performing QR decomposition,

56. The wireless communication apparatus of claim 54, further comprising
means for generating a channel matrix based upon feedback received from the wireless
communication device and wherein the means for generating the beamforming weights

utilizes the channel matrix to generate the beamforming weights.

57. The wireless communication apparatus of claim 54, further comprising
means for generating a channel matrix based upon pilot symbols received from the
wireless communication device and wherein the means for generating the beamforming

weights utilizes the channel matrix to generate the beamforming weights.

58, The wireless commumnication apparatus of claim 54, further comprising
means for generating a channel matrix based upon feedback received from the wireless
communication device and pilot symbols received from the wireless communication
device, and wherein the means for generating the beamforming weights utilizes the

channel matrix to generate the beamforming weights.

59. The wireless communication apparatus of claim 50, wherein the means for
generating comprises means for generating the beamforming weights based upon both

channel information and eigenbeam information.



