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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 systerns.

H. Background
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each subcarrier in each hop period. By using orthogonal FH sequences, the multiple
data fransmissions generally do mnot interfere with one another while enjoying the
benefits of frequency diversity.

[0007] A problem that must be dealf with in all communication systems is that the
receiver is located in a specific portion of an area served by the access point. Tn such
cases, where a fransmitter has multiple fransmit antermas, 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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information corresponding to a number of transmission paths less than a number of

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 chanmel information for
fransmission from the fransmit antennas of the wireless transmitter.

[0013] In an additional embodiment, a wireless communication apparatus comprises at
least two antermas and a processor configured fo generate beamforming weights, for
transmission of symbols o a wireless communication device, based upon channel
information cormresponding 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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illustration. As will be realized, the embodiments disclosed are capable of other and
different embodiments and aspects, and its several details are capable of modifications

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

[0018]
{00197 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 ernbodiment;

[0022] Fig. 2 illustrates a spectraum allocation scheme for a multiple access wireless
conununication system according to one embodiment;

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

[6024) Fig. 4 illustrates a tramsmitter 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;

J0026] Fig. 5b illustrates a block diagram of a reverse link in a multiple access wireless

communication system according to one embodiment;
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[0030) 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 communication system
100 mcludes 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 fo 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 comrespond to a different sector.

[0033] Bach 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 i communijcation 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 1s located in a different portion of it respective cell than each other access terminal
in the same cell. Further, each access texminal 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 commumnicating,
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provide frequency diversity against deleterious path effects.

{0038] Each hop region 202 includes symbols 204 that are 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 M
subcarriers varies according to a hopping sequence. In addition, the assignment of
symbals 204 for the individual access terminals within hop region 202 may vary for
each hop period.
00391 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~cel?” interference among the access terminal
commumicating 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 “inter-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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2006/10644348PCT 14208848898 Rt symbols 310 and dedicated pilot symbols 322 may be
utilized by the access ferminals to generate channel quality information (CQI) regarding

the channels between the access terminal and the access point for the channel between
each fransmit antenna that transmits symbols and receive antenna that receives these
symbols. In an embodiment, the channel estimate may constitate noise, signal-to-noise
rafios, 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 fo 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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sector or access point, provided enough difference of spati al

si gnat ur ebamdwidtbspaitabiafpr comuiviicaitientas actles $oit the spasiHicchop 108413 thit have

Tengt h of bEBVERT S BB RsRahe AREEST T crer St o G Setrbd piet
any desi r 8o WY, afB)eNidatéd | fllcki FentRRE BERNid naeﬁ%%ay Hrohlé WESR
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point to access termnals I'n comunication Wt
f r equencylink baraf cbannalsso i ncl udes tine periods 302 that include one

o1 1 oREghon) < e, ithese et s fretporss SRETRL RS TS OBl A forar
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sane beanf orm n%nével ghts that are applied to the data s
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synbol s 310 i cated pil nbo 322 e uti.lized by the.
ctcess t oPI AR OE® SRIET aPiot dhm TR T afs, TR forigh SR ot ik
regar di ngchidd@el; Racias shdasverenidkhdgatRess doakdl Sanneld dThReHr84MAKE CQI
poi nt for the channe|l between each transmt antenna that transnits

b
synbol s afiepsr Beleifedidenberntorime spine evivees thenbedbgpgnaiial symbals 310 are
enbodi nenbene&ﬂ@&'@@@ﬁﬁforﬁ% imate may constitute noise,

signal -to®norse ratiros, pilot signal power, fading, delays,

pat h{t0a§s, shaftommengnbabinesl, did moessqroimmyn dediner thabasnfoalnire weights based
characteristic O%ﬁ% i rel ess c.onumﬁ.calféélon channel . %045] In an .,
enbodi mentPoR He ceel GRHTEHCHET OB YR W1t BERTHE ISR o 2heps frminal
ratios (ShR ac&dpHat a?aweﬁfre@haﬁm Qe?’t&\’éﬂ%sé@uﬁd?ﬁsﬁﬂﬁ?&sﬁw%glfegme 01

separately for broadband pilot synmbols 310 (referred to as the
br oadband ir@@nyitted Tiom @@ acrass wimmabevartredestidatast ¢haonei syl ast dsigodleg or

cepar at el §oHEH UL Gy G F R B R ris e (haepL e imaes
dedi cat ednfadbeattilizEEfdd Sash ﬁ@gﬁt gehBlafioN\@¥tead BEhRTIESS poi nt can
know the CQ for the entire 8 bandw dth avail able for conmunication,

as wéf48hs f or In peothpreembedimissh the grespspeinbeamdgriverbe beamarming weights

transm ss t a j E@ln:-l% 1 ? Qﬁf

pi | ot syn%g‘{ég‘ @fhh%ﬁgﬁeggeglﬁ%fg e(rjaepl 0 e-gs%;/r%ggﬁcs&% ;| ngg%g%gtgﬁ y?veﬁély
provi de nmpgversadmltiememisions po ddi adckmpoimr. If the anesct igpmined talsbchabe reverse
t itted, f I j ith hoppi d
consi st entinh G U 5601 BHFEAE EOP BPrih HieCiSEin & REERE PE S RomAGIod
type of - dsnd 89-R8CKrwid ] f ioH
provi dedcgr o&n%%% hegagcesgwt erm %ﬁ%?ﬁiéé@ﬁﬁgﬁﬁﬁggﬁ I cgﬁ ?/nay
and may berawdddi zedhé crchepdedrewirbodiaki tansorissions tr toragedsorpuantd | Thek
channel s, SHEMaS of 2Pl nddh ¥ 808 Lol RS Bstming weighs goneration

[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 fransmissions to the access point.
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schedul edy§9pocfi9sgr d 1ink transmssion or is irregul alr Fﬁ{ﬁﬁ?ﬂ%f%ﬁ%&

i.e. the access termnal is not scheduled for forward

transm ssion in during each hop period, 9t he br oadband-CQ can be
provided to the access point for the next forward link transm ssion
on a {eAd]se |iMs alsehnhdreinsutte QN hehannslerss@mbhichK eSdedB@k Nbe®ack, or
control channel . .This brgadband-CGQ does not include beanform ng

gai ns si ncéozpﬁ’é‘aﬁ? PreRtimgy (temed g sBrnebndomagion atiéiped by amatcess point to
beant or ned gedPQ4 LddRrp ;ment, the access-point can derive the
beanf orm ug wei ghts %ase upon its channel estimates using reverse
link (98$ni ssi Befrfingiv thig Ace dmashitieniandlrecsTite ACE QRALFIO| dabesB¥ireless
derive channel estimtes based on synbol.s | ncluding the C% '
transmitted PrOMERE 53%@3“5’8?#‘?5\5? 08¢ sMmbedgeent dgtiHastERtn 1t tranguitter
as a si gnakjsian 210,aR45E Bhia FhaDRRhbLE LS EEL Ok lplhf‘xﬁ@%gﬁze {ﬁg‘;ar&%@stoﬁ%e 412

access term nal . ‘Izh_e channel estimates may be u
beanf onni n§ Relrgmiy dAE) adate proasstosatidof Inhm ebodifdnySdch dmoishesm is

enbodi ment s-point. can derive th e ormn i ghts based
upon chan ngﬁ‘ﬁ%gF?&né?%sa %g?%i]?{? ﬁrgﬁsn%q a tﬁ%ﬂaag'@gégt @Pﬁ?sﬁ‘gﬁ %%ﬁ%\ﬁoééﬁ
over a revendatdieatestth@aafficsBitORS eidh dREstREAASSPO BPartichlfar E&bﬁnﬁ&ﬁ@ﬁ@
t erm nal al@éﬁ%éqt]da Oﬁa reverse link assignnment in each frane or

period, wh thatsdatm slaean de pEawide eastsdslata. ot somé erbediamntsh&X data
forward |i I sS04, stigpate i-nfaqr i,on, ma
provi ded i E}B{: %1%&2% e%@%ﬁ breé}\l}gorxg%@?% h&r%n@%ﬁ?&?’%lﬁs&ttggﬁﬁé sggad%%gased
poi nt . Theuparaths misert tedwihieh tinedynsiatis amtbemhenmahshetied ddd #e&nfedha fom which
beanf or nai wel ght .generation., [[0049] | pot her_ enbodi nent, the
access- poi ﬁ’g S@E‘hgrﬁé%%w?ﬁ@%@anﬁcﬁ’ e@%ﬁgil‘ﬁ?ﬂt% th¢ beamfpeniang Feights may
terninal Oyepemdrdi@VBiss@ upsdéhahhANSHoiS i%rﬁafaﬁéﬂ‘ﬁla%‘i&cﬁéat@%rog\}]ﬂélt | @hﬁﬁ

has a reverse |ink assignhnent in each frame or hop period,
a separ at eoiihe ansningipn paths betwsen theawessapoinhend e wegeds tekmiaal. The channel

t i i i i ght . b ovi ded i t.h .
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esti mates, ei genbeam feedback, or conbinations thereof may terne
channel i nPIoFePaen B4 iam poledd the paskeic fumet Pesat upon genlerinfoemation that is
beanf or m ng,wekehf SomliRORLL Referring to Fig. 4, a transmtter and
receiver in a multi pIPe access wireless comunication system

accor Hi062] t o onEheodriedi duenfori each bt streah @flay Bé ntul@1&8dt %Bh pBYSIRI hsing

410, traffj f.or a punber of data streams is provided froma
data sour c@ﬁ ]Rgg%ef’ g% aﬂ%erﬁl ot GetRyis Bpically adwermglatamptern thabis processed in

enbodi nent, @ash HakRr Shealy it E§e§n;§4ni%§ ]Ergfr,jei%f‘egysﬁén{ % %glgﬂq%tg She channel

transmt antenna. TX data processor mat's,” codes
i nt er | eaverssnonge.t The Mudtinlened ifilot andichiedante for emdndadrasteanois then modulated

Coded dat A1 SEEHIATABUP e oL & PR AP BEE SO g IGAISPR, M-
bear nf or ni PRR W& RO MPsdibeed Yorahisded stdden €bvild S8FBRAS SHBRO The

t he user }f? whi ch the 'synbols are being transmtted and the “antenna
from whi cHlaihaasy $eéMg fngemeguiction st taaekl. dats stieas maobl rdeterminet hiy

beanf onni ks ed channel re nse

Pt or at | CAHEKEAL SelTOE AMBLALE by RRSGHP IR0 (B Hihe | A G he
pat hs bet wemib : et hépmﬂmagajj snicmaslﬂ}[agzgﬁ \?_ﬁleqeagéco’tcﬁﬁé%‘td\_ﬂie%raﬂ@ﬁtf&ﬁﬁﬁ&?{hat
response i.nfoi \/\/a.§|{gg8$%€ e generated utilizing i nformati on or

channel est : © _ @58y the user. Further, in those cases of

packer o mat boe aatort SRpidls 42, BB CERRMar? S iBRvRR oD TR B0

t he user. OGBS, stdehdmantfartharprosst titainadsltieasyibyls feg., for OFDM).
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




OFDM t echni ques. The pilot data is typically a known data pattern

that is RyeERFAGFEN @ known manner and may be used at '
systemto estimate the channel response. The nulti pl exeiée?)mﬁgot%g/g%ggﬁ

coded data for each data streamis the dul ated (i.e., synbol
mapped) based on a particul ar nodul ati on schenme (e.g., BPSK, QSPK,

MPSI C, or TreQumbodehrecheing fransmittad addtthe shieapdniion phivh the svebdl & bemg
synbol s. The da@a %at codi nﬁ, a.Pd nodu] gtion for each data stream
may be det SFHTACE BO™ et Cimel Toe9nss IEFsHoBr ovi ded by processor

430. [ovsspne enBedi wemdnitted B2 NUOHRSE Ad El%%@gshéslta 1%@?6{&1% sﬁnﬁﬁggﬁ?aﬂ?%

be varied according to the rank information t rans rom
the user. POUBS|opRET TRYal2atlossigpisheardiiber adrdititats {e.gt, namiifios il and

provi ded t r,446. .whi ch further. ogcess the .
Todul at i on PRIy CHBiSE BRRAt sbvit R ue stimel St Blecht famsmisson
provi des Nives i IMIO rohaite].t INTGIHRRENG §ria® Srof TMERNithkes 4004 THeqt@hoot
422t . In certain enbodi nents ¢ MEMO processor 420 applies

beanf or m nﬁemt@dtmm¢@aﬁ)ﬁz afbroygh 4245 respectividased upon the
user JosEPich  XOZ0061 0Rd AP 1RR0RRA SR RREL bl HIRELS A0S 1w

being transmtted an antenna from
transm t t eshtémmessZathraphrase hab el recateq@oise] inhosdtantina k8D AEaeEd
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modul at ed signal Suitable for transm ssion over t

nodul at ed fipned sigsah tor proside tsemples A@dafurtheroprgbesd@2the amm@pleb e provide a
transmtte : as._424a. t hrough 424t, respectively.

[ 0055] At r%élfg%@deadw ggéeeﬁ]eﬁzé?m%ﬁéﬁf’ﬁnsm tted nodul ated signals are
recei j0686Joy NR ARBIESdaaprédeesor B0 Bkiedddvds MAGrédd8ses %%Nﬁqgcew@nbol

fromeach antenna 452 is provided to a respective receiver (

454a t hr outyisams fiom Niereopizersidyde thaouphcdpdabesedron o particylafretaiesrprocessing

anmplifies, tely ceived signal, digitize
The. cond: 1 anal P RO e ISR EE Bl R s Ty ety
sanpl es t dR¥rdard geocassop A6 sipatesdritgd "ihefuethsre detais Walow), Habk Adtecl-A0SGIHAN
RX data processor ﬁgo then receives and processes the NR receiveéd
synbol st rsgféﬁ%‘ pelydrnpymis ek et eptimetesiidhe moggletiop szeiolsriraasmitied for

part1 cul arcé eeeBhding A5ESELAN E%gdri% BHEedsr @%d;ﬁﬁgg(ﬁ%rgp&ﬂgxt@? Gl ee

of "detected" synbol Streans. The essli ng a praoces
i s descri rad depcdegreattedetagedsymiyd|soeam Eacdrodat the trefficsiamb i 54 428 8keam

i nclud [ . i f dul ati nbol
transr £t SHED S RaPast B kARG Bdt i Pk, AndbraBition tetstes 4B
t hen denoditbedsesg bﬂ@)ﬂ&ﬁ&?ﬁﬁ:\éﬁ%x‘ 46003 c@ﬁ?&!ﬁ%‘cﬁ?%@@ﬁ& dd By TROlmMO

streamto recover the traffic data for the data streamwhich’is
provi ded tR3ORFAEN 44 ard J&qdatpprosessprdfd atmanenitiersystesr 4k ocessi ng.  The

; b I t t t
pert aPel ny” TKr o g PERARE kit e RRE R b BiokeebC et By e ocd 0
R eyt oo, e o ot
p?/oc esg i nd'“%%ﬁ?tﬁ’éi 1plgg (—9¥ @lél}qmegd?mgtﬁerp@ﬂ@p jars. | me'§933®¥ angpEuther essimate
rates or sgh @i@ﬁv-togfoié&ta*ﬁ%ﬁnt%%teg@é ratiRy (BRREFSAHIE d%@egte%b)%f %$‘§a§%eand

estimate the sSignal-to-noise-and-Interference ratios

det ect ed Dpatibly eheradimenel shatagiogstics) andatrreidecihasenalantitiey el goéstdras).
and provi gxg}g éagese uanthé(tes to a $~r3g&ssor 470. RX data processor
460--or provesSH? AFGTERHY <P E HEPCHET GV dRaE Sinthest derile gmeestimate of the
" of f ect i veleriBich ONRN R SHte! entr OBRESAS: 476 hilP B S8mn A8 ' MBLES
channel information (CSlI), which may conprise various types o

i nf or mat i hfoFEaE (fﬁél); Wtchoma rooarise rvakionk typed/ofrinfoimatiec eégnedingl aia

communication link and/or the received data stream. For example, the CSI may

comprise only the operating SNR. The CS3I is then processed by a TX data processor

478, which also receives traffic data for a number of data streams from a data source
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conditio 5 smtters 454a through 454r, and tran

to transﬁ??tg¥m%g%?en14lo. [ O0O58] At transmtter systen1§§3ﬁkﬁﬂ%Ba§§;
nodul at ed signals fromreceiver system 450 are received by antennas
424, conditioned by receivers 422, denodul ated by a denodul at or 490,

and pr oces 426, thyduateXbylatmdulaeessipcodidbred b @eAN R et NS 468 roh 8P4 eha
by the recgl ver, sh?%&m and to provide data to data sink 494 for

storage antPoIfE to fragsaiisr figtemrikd.r eported CSI is then provi ded
to proespsgpor 43Q:anRdsHaRA st d ' t nd. codi

and' mocul at i on schenes tos%em{‘ﬁ?e%g’ ?‘%?ﬁ%%% a@%’%ﬂ&gg{@calnga?yﬂem B0
gener at e vEcRiyeé by enterntssA o coriditiatmtl dyre@tess 422, 4érhoduldted %yM ddRodulator

processor 400591 1 t, shou noted th the transmtter 410

transmits %g(?’t#% 05‘%58%@3’0% hg@g%ﬁdﬁr%"eﬁ%’r r‘f@ tioleeoves ds (X gepasteg by the

access ter raceides sysbrhl end @6 Shreeide 4dida ith aRSMslik 3981 09! Ko %n@%f ?‘?@er
or )

to a single structure, e.g. an access point, thus accountTng
di fferi ng PECESHE andeticppsed CEhaithen geplidadeth priwassoer430baich usedytobel)

M MO transgi I the. receive d transmt |dentjcal
[0060] At t ég‘iﬂgdé%it%%@agg’!r‘% JHd "g?‘é‘ ud nigoiilion, scheaes %Pabe beed &2 dhq gate
process t herddRisr acie(2) egnabgnedrivut @ofied]e Ghr TREINT ptdcBaeriall gdds 0
streans. These retgcieé ver processing techniques nmay be grouped into two .
primary caP@geFPes*%i) spatial and space-time receiver processing

t echnj (whi r | i t echni ques) :
and (1 sliooeh oot b8 mpfedlfiuihe it SR b Bihas SEethe O SBhior
cancel | at i nthultipereceivess; ogessieny tanmirialy gidle Cudvivh 426 talngits af Sigl€data
to as "suc essige i nt elrf rgg}ge cancel l ati on! or "successive

cancel | ati oh=} K &i 88 % hE TRAMTFYHEERt 1y aepornoirsdor fmn differing

formed by tdetvBlEnd LanGH: Chi C e Anags
into NS inde gndent channlel‘?ﬂg,gd\%\%ﬁfﬁgNg%&N%V@NE}%. Eagﬁgéﬁtdﬁ\?ﬁ)gﬁﬁ%méﬁﬂms

i ndepender2king frrgesciiagndiransnibidenioat.r ed to as a spatial subchannel

(or a sm ssj C the MEMD .channel and corresponds to

di mengugﬁ] [006}3‘? Elgrfég&?‘%]r ?"‘“?Ié APTLOTTRS LY ?na&ﬂ%"r@eﬁéo oragpss do R
. an indepeneient siaiais 36 r&acotmy NG thaasmkd t 86l 0@Aeh OfnetdSedFer
transmt antennas. The transnpitted data streans may experience

di fferent BREFFHES RSRIBUES BIRY bearepiped dnte fwp primanaentegpriand) spatie] quitshace-
effects) afdsBYeiaghi Wi fene [ -t.0-ngi se-and~interferenc
ratios (SNRs)e 'fo?l a %%ﬁ%%o%%ﬂ%%eﬁt anééhm' ep%%/\%%?ﬁﬁg?ie v 8F | C4ugizanon
t hose casetschitigiesy uonk§is) Venccessivef mulingequmiindih aid GifteFE@E®S ShRlldtRn”
used at the receiver to {?g aqver tgﬁht'r ansmtted data streans, and

then di f f FEAY TSRIRESSTHP ghs &yaighsis ralsoneefermrdatos f & aipsessBiseintfvgence

cancellation” or “successive cancellation” receiver processing technique).

[0061] A MIMO channel formed by the NT fransmit and NR receive antennas may be

decomposed into NS independent channels, with Ns < min {N,, NR}. Each of the NS
independent chanmels may also be referred to as a spatial subchannel (or a transmission

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

[0062] For a fullrank MIMO channel, where Ny=Ny < NR, an independent data
stream may be fransmitted from each of the NT transmit antennas. The transmitted data
streams may experience different chamnel conditions (e.g., different fading and
multipath effecis) and may achieve different signal-fo-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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and mul ti p] e-code word .. ln , the transnj.tter can enco
The dat o (G EHL PED o6 HERe R AIPoR-gR shrvdeparaanss on sGET eEREvec
with diffenetd gidtede ciiifel 8GRRE tﬁm&u?)bﬁrﬁwﬁlli GRS Ble\dtd f&%@éﬁ&%&ﬁaﬁ?t
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after ~encodi | tiplyi t.he encoded first Layer with
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) Sacvant SoRTa iy ARGk D ARERL RSN AR GIERIE) o0 kA w0 us
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at di ffere%?ﬁ%e?’az%%pgg%%ﬁﬁs@e( d) per orann;dngg%gengﬁsi Vi tyIl ?éﬁlsl Cay%ﬁ%ﬁa
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| ow conpl eSisadyantpgreaf i depiga rarise dpradhe biwdsn mimmasraing uhe eateh oftepeh

(M/1SE) of. ZanQ Fr 4 1 ' :
Such s PRt E EERad ot KoffiflcBle cOf ol lf6ilect EfHaiS e
receiver t@) b'ﬂlcfe@f]edo ?%dﬁedﬁdn@ " (A@Iﬁ}( @ﬂdlfegahx:ae atlasow]édgeirrnt s(mmcem)
transm ssi on over hea or _providij this .information. 5] Referring
om0, AREbeReaE Rorh T8 SasH 9o ten Romp iostipRicH TV ARG ARG sach
Wi reless ¢ i i S ‘@), Is I i sed

' Gstr at R R AU AP Sttt (O RapaiRaLaSalsi iy of SIC to
from mul t i qiaendl reatisation entemwids imddGasd Doppler, aat/oadow CDESsangoleh tnogeddyd .-
to multipl rgceilgt ant ennas ?02a to ,502r at :im accesi t&rm’ nqgll t_gA‘Ir'l)
The “f or war FPTHR LEFRE TETHTSEISHES Sk Bel HEPFSHIA 13yt PHRCLRY fiecofeg i priof
the WO 20Q6440323%8Rel US2006/ 008986 13 transni ssion paths from each
of the transmt antennas 500a to 500t to each of the receive antennas

502a [086402r . [osEREmBed Aepigno the anspuiieraensodescthei datp Grmpitted on each
reverse |1 srf)létiﬁlnlaﬁerrmhﬁ"‘?&e%ﬁ@ﬁccgﬁas rates.” The receiver can employ a low complexity

linear receiver such as a Minimum Mean Square Solution (MMSE) or Zero Frequency

(ZF) receiver, or non-linear receivers such as QRM, for each tone. This allows
reporting of the CQL 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 commmunication system according to one embodiment is illustrated. A forward
link channel may be modeled as a fransmission from multiple {fransmit 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



Wi rel ess communi cati on system according to one enbodi nent is

Il lustra verse |ink channel may be nodeled as a_f{ransm ssion

from onet"ggmr)r@foé%t“gansmt antennas, e.g. antenna 512t aFEE SZealagse

term nal (AT), user station, access terg’snal, or the like to multiple
recei pt antennas 510a to 510r at an access point (Al'), access point,

node b, or trtiniEiee pafieefreB VLR &f the kra68aR NetennRs00dT8Y 5BE: Setidesr As

the collection of the transm ssion paths fromthe transmt antenna
512t to eaFifeilye apisanaser’@p iR St ennas 510a to 510r. [0067] As can be

seen | ygs. 5 C C rm nal (AT have e, or

nor e gﬂrgsgjnnas. ﬁﬁggnré%e;r%dﬁg ng‘n@??tdaa%r%r%g@r gegﬁgsﬁﬁ%n]ﬁlag %‘ﬁglﬂelﬁ?@@s
for transnivislesncommiuaiatisthaystdn ecooudiBg to 6fc anb@IMes: WIBGLHRE. A reverse
reception Eglfzfa‘] to 502r, at the access termnal (AT). Further, in many

enbodi ment thiBey bomogdelsd et fransissiorEomons of mosobemsmit ademas, e.g.
access poi gt ' et Ahe r h er  of .
raneni | or It IRARTEs CORMEUATC bl o ol RSTREL o e ke v
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recei ve antennas at the access termnal is difficult to o
[0069] I n fmei}@éncy di vi si on dupl exed communi cation, feeding back

chann ate i ' £ o Al e _ei genbeanas 0 he forward

l'i nk r?gﬁ el ma{g‘% ?é(ﬁ’rrgr%l)s/é%e&i r%%?fs &%@néﬁgﬁa?}g%ﬁvem@s@jblt@aﬁ Srqge or

l'imted remereenieinis. r emounmesSembieiieents! e hefmper Gfl ddtknkbasel 18" for
t to

all of the receive antenpas _at the access termnal is difficul

obt ai n. [ OBHSPHFFIONISdef5hhibsmumbes of prfpines usakionaeoepiien pR2nioddar atrtbm
t he access ) t h ' [ f ~possi.pl
tranom o Seosaeanl (T B ERER R Rl et SUIRRbel of BT enmae
recei ve ant®anasSMt at teaclnecess poiat KARpis gleter Hahreither enbogi MRNMumBep&f
f eedback cotn(]:)rri se of tt he C&h generat ed by the access point based
upon one 0 aﬁ%’?e VDb T ETaRENTE HEF FPWEhe access terminal to the
accesyopsl nt, € gim@ﬁﬁrﬁsli@:l @lhﬂl&ﬁed%nﬁﬁﬂﬁf 'éa%n,cﬂlﬁr&ﬂﬁlne% fe?1 088 R0es not exist

enbodi ments, the channel estinates for the nunber o ansri ssi o
pat hs equall thegripher ofi priernasfused tonisanismitznt theravasss tériting éxllead thizh ¢hernpstns

termnal f ' . en of the, access..poi nt, . derived
from the (et BN EeBPh G BAng kedelStoRARERP SrlRer e {pfard fink dhanme
beantf or r ni fogailef thetrecei WRr2E064 HOAS 4HRE:TicBARAE 408986 obtain.

14 to recon‘g@t d on a regul ar, basis and therefore be nore

accur ]y r esp9nEEqueney digision duplexed communication, feeding back channel state
information for all of the eigenbeams of the forward link chamme] matrix may be

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

[0076] 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 number of transmit antennas
utilized at the access terminal for each receive antenna of the access point, may be

derived from the CQI, by treating it like a pilot. This allows the beamforming weights



conditions of the channel between the access term nal and the access

poi nt. Thyg ,8RRpeAEH reduces the conplexity of the procgsshiSes/cossss
required at the access termnal, since there is no processing re? ?ed

to generating beanfoming wei ghts at thg access termnal. A
beam construction matri x may be generated at the Access Poi nt using

channel esté bﬁi‘&ﬁn@bteﬂl credivdptilafbhdieakdIhefeidrs be2hére aCMRSERr responsive to the
1,2,b3,..., aéalare random vectors and is LPL (7\ " VC is the channel

derived by coRditiens: Ak thsorhangel, befegn thehacqeny éqnmalcﬁﬁdffbp apeFss (10Nt Fhis
obtained b t P

bRL(K) is %ﬁ%%‘%ﬁ%ﬁg@%@%ﬁé‘?&ﬁf thﬁg“:'?gsg feﬁ“%@t&geﬁngéﬁmmaé‘m
transm tt ethete mmotmecassmgseiaibdm\gmmmg)aeahfctdmm@wagﬁts at ’éiermcmk terAinal.

on the reverse link. should be noted tha is, only provided for
a nunber o F%?ﬂscﬁfl’itmé’h%ﬁﬂ% a4y e §EEE %‘% aq‘ﬁ n%ceSSdBEJPEtUé@ga%hamel
being one in Fig. 5B, which is less than t g(@ Tﬁﬁr( jzof ecei gSL

ant ennas agstimatesc obizinedr rkomal | ﬂl@epiCQIed R 5 g 2F| 0. . Where
channel ma hFL( obt ai ne gl j.brating hRL(k) by utilizing
matrix A, \A#w%n %‘?‘i?ﬂé?‘?é’ﬁ“%‘rs ztﬂdasgﬁ lékglsetheeﬁalﬁﬁl mmatﬂyalsﬁ@me 33)}
| i nk channel cal.cul d I| |nfornat|on receiv
fromthe a@%és@ﬂ’?e?ﬁ%enlgfoma ?{%r m tal??ﬂa bydetersuning gl ﬂg} rhig

h b
?8 0? B(iV\ﬂ(;' ha‘glr:]ée%‘léé pHAYE_iﬁ CﬁP)g‘r %g)?e ?ﬂ&? 8Rﬁg{2§§ hd ORREr &'ﬁﬁlatégrofecﬁg IPBS&)QIQSZ% pilot

symbols transmitted fiom the transmit antenna(s) of the access terminal (AT) on the

reverse link. It should be noted that hRY, is only provided for a number of transmit

antennas at the access terminal, depicted as being one in Fig. 5B, which is less than the
number of receive antenmas at the access texminal, depicted as being r in Fig. 5A. The
channel matrix hFL(K) is obtained by calibrating hRL(k} by utilizing matrix A, which is
a fimetion of the differences between the reverse link channel and the calculated
forward Iink information received from the access terminal. In one embodiment, the

mafrix A may defined as shown below, where % are the calibration errors for each

channel,
A O 0
0 4, .
A= O ¢
100721 0 . 0 A
[0073] In oxder to calculate the calibration errors, both the forward link and reverse link

A may be

chamnel information may be utilized. In some embodiments, the coefficients
determined based upon overall channel conditions at regular intervals and are not

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

In other embodiments, the coefficients 2 may be determined by utilizing an average
from each of the access terminals in communication with the access point.

[0674] In another embodiment, the feedback may comprise of the eigenbeams
calculated at the access terminal based upon pilot symbols transmitted from the access
point. The eigenbearns may be averaged over several forward link frames or relate to a

single frame, Further, in some embodiments, the eigenbeams may be averaged over



..0 00234 to calculate the calibration errors, both the forward |ink

and revenrgg zhagifsozsghannel information may be utilized. b
enbodi nents, the coefficients A nmay be determ ned based Egﬁﬁ’a@\?’é’?%”f

channel conditions at regular interval s;and are not specific to any
particul ar access termnal that is in conmunication with the access

poi nt. I n atlignle eoirsdinméntiequehey daedihi clreoihsr AmbBfimatsdehBr thendaniaym:
utilizing an average fr§§%§§jp 0 the access termnpals in
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term nal based upon pilot synbols transmtted tromthe access poilnt’.
The ei genbewysenanerdged aver aydiblo vmes sedier hbqiencyvdomaini MRhi§ meaydse done to

late t ingle f ._Furth ' nbodi ment h :
e genbeans S B8 5 SUBRUGUTE RPN HoBsagies IEraEehand dhe seauizsd
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t he dom nant_ ei genbeans of the forward |ink channel matrix are
provi ded. pwnbt,g@rexgmhjbmpggsmn’@on mafrix generated at the access point, when 2

quantized eigenbeams are provided is given as: B(k):[%(k) 08 by - by ],

where ¥ (%) are the quantized eigenbeams that are provided and b3 ... bM are dummy
vectors or otherwise generated by the access terminal.

[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 chaunel 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 multiple tones in the frequency domain. . An example beam-

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

BE@)=|(E") (E™) b . byl

matrix are provided is given as: ;where
)
iis the i-th row of the FL-MIMO channel matrix.
[0076] In another embodiment, the feedback may comprise second order statistics of the

channel, namely the transmiit 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 mafrix at the AP, and a beam-construction matrix can be created as:

B(k)= [QI &) @& ¢k .. gy (k)] where 7i (&) are the eigenbeams

[0077] In another embodiment, the feedback may comprise the eigenbeams of the
second order statistics of the channel, namely the fransmit 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



dom nant ei genbearns may be averaged for two or nore franes in the
ti me- domgy,R, )y be averaged over nultiple tones in the frequenc
donmai n. %ﬁsze%%?%é done to reduce both the conput ation%‘lCT ’@9(%%%//
at the access termnal and the requi red]tﬁteransm' ssion resources to
provi de the ei genbeans fromthe access rmnal to the access point.
An exanpl eiReait #RRguEAdy @maRL th bHEEBRbakatAL ohiema @ |

when 2 quanti zed ei enbeaymg are provided is glnvér? Q?h g?]k = g%ﬁ%bems
q3(k) b3bnf Weetransgiif kRyrrelaigon ety ave pwetiedi gBi dominanh algenlreams may be

Dcess 1 er priaed oygpusei TRt Bl Eimeteietiee 1 # SoBafit vl i Some
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term nal based upon pilot synbols transmtted fromthe access point.
The channeffe@¥nFYeioERitmy ABe cxafuna eamepapirusips r mpirixo evgavdien i 5 lquantized

frames or relate to a single frane. Fur r,rin.so enbodi nengs, the

channel estigentteems nay fhedtavkriaggderouer %’ﬂﬁtﬁbl@)t(?g&@ {gg t'he MS, where

frequency d?@?i n. . An exanple beamconstruction matrix generated at

the access9 %tﬂ@@imﬁzécpéﬂgeﬁeaﬁ@?eﬂeﬁ\ﬂ% shaniedorRidionlddix 1 (HRL)
e

2 b3b34. matrix_are provided is given as:,where (HE/) [0076]In
anot hE078hbodi nBnfurthen embediatrmty thmeawapnsirsetioenshik oxydre gnanteatbhrs

of the cha . g V1. Ccar, -0 ki cal.cul t
the access dar % chebllf cLEARS LG AR POMaRy Molpinaby o Priin iR
access poi Ah.exdhpledeanndnetationshaiik & dies 44ny be averaged over
several forward link frames or, relate tq a single frame. In sone
enbodi nents, the channel sﬁafﬁpst iXgs ..ndy; jbe averaged over nultiple

t ones d B ihe frequency domain. In such a case t?e ei genbeans can be
derivgé)? omthe transmt correlation matrix g(fl' he AP, and a

e L1 172 (10

beam ructiopn matrj x can be ¢reated_as: B(Kk)
13(k) Wﬁt) ] m‘@?‘%‘:"’d"‘rl @@gchingagqfég %gcg cular 1s based on the
CQlL.
[0081] In other embodiments, the feedback may comprise of the CQI and estimated

eigenbeams, channel estimates, transmit correlation matrix, eigenbeams of the fransmit
correlation matrix or any combination thereof.

[0082] A beamn-construction matrix may be generated at the Access Point using chamnel
estimates obtained from the CQI, estimated eigenbeams, channel estimates, transmit
correlation matrix, eigenbeams of the transmit correlation matiix or any comabination
thereof.

[0083]

[0084] In order fo form the beamforming vectors for each transmission, a QR
decomposition of the beam-construction matiix 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 Vy, vM] arepseudo- eigen vecbrs.

[0085] Eq. 6

10086} The individual scalars of the beamform vectors represent the beamforming
weights that are applied to the symbols transmitted from the MT aptennas to each access
terminal. These vectors then are formed by the following:



[0077] In another enbodi nent, the feedback may conprise the

ei genbea econd order statistics of the channel
transmtmgg%%?og?“gn matrix, calculated at the access t@Fﬁﬁ‘ﬁ&?ﬂﬁ%%’%
upon pilot synmbols transmtted fromthe,access point. The ei genbeans
may be averaged over several forward link frames or relate to a
single frame. Further, in sone epbodi nents, the eigenbeans nmay be
aver aged _over Wﬂqtzf:w;&ﬁ WD 20084 D99348PCT/ U52006/ 008986 16 tones in
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(k) b3where qi G are the quantized el genbeans per-h
transmt c@gr,eﬂ afhlt)dlwmb‘lr estlmqt@(ﬂi‘aﬁ]mat}n nfcludehienk enfmmiatnmntcsay bhe:omputed

beam const Qn ..na erat ac f ch

esti mate o ?né}jﬁfe %Fﬂ“@%j%ﬁﬂﬁ&a n]a?ﬁ? e‘ﬂﬁﬁbtbﬁzcggﬁk G‘m
exanpl e begg BhalRieehbbied] iBmh@ioni tankSitek G ﬁfé ackesh %@%ﬁiaﬁ%ﬁeﬁhemg decoded
[ 0080] wher e xI I's a dom nant ei genbeam for_a particular hFL and iiFelL

i s based offls hea @tgadbﬁr@bwiqtlfnr Bereyeremiiddi B nsing thisshamsl Bh@heamdyrmmg
comr =2 Okl G, S0 BRI B BRI pryies
matrix or ﬁmmmibhifdaahe pate blediotioh algorithm at the tlansmltter.

[0090] Alternatively, if the access terminal is scheduled to receive data on the forward
link, the CQJ, 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 conirol or signaling channel. In these cases, the channel
estimate mcludes eigenbeamforming gains and provides more accurate rate and rank
prediction for the next packet. Also, in some embodiments, the beamforming- CQIL may
be punctured periodically with the broadband CQI, and hence may not always be
available, in such embodimenis.

[0091] If the access terminal is scheduled fo receive data on the forward link and the
reverse link, the CQL, e.g. CQI, may be based on beamformed pilot symbols and can
also be reported in-band, i.e. during the reverse link transmission 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 fo 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 apd chaunel estimate for that rank, is obtained from this
effective broadband pilot channel estimate and fed back to the access point, via a conirol

or signaling channel.



[0082] A beam construction matrix nay be generated at the Access Point
using ch tes obtained fromthe CQ, estimte |

channel 32??1]06?@% g:[ar ansmt conflation matrix, ei genbea%g‘?}o‘gg@%@6’5%‘3
transmt correlation matrix or any co nation thereof. [0083]

[0084] In order to formthe bearnform ng vectors for each

transj0sesyi on. R&Rrogeo TG, bibdrrkafiagriva diearneaiiit sytdrh dma mtltipl abbess
per f or med to f orm pseudo-ei gen vectors fhat each corr onds tﬂ a
group of tWaEesH §§W§‘§f’ﬁ’8&l VRPN GRPUEBE 1 o RRE ETIAGEIEENRad heeled

parti cul ar PSS j
vecO s. ’%la ﬁhg @? 0086 g{ni_cr}\1 ?f %ﬁ-‘ Jﬂf gctlﬁﬁsigec?f mttt‘"ﬁgi%bea go;ll?lﬁd o5
vectors reph.leheczmmbhe abemgfe(—mpw mglglmemtglmts(ﬁlﬁ@b ecedeapplé e gondrhie an

synbol s tr.a smﬁte fromthe MI antennas to each access term nal.
These vect’fﬂ%é "fornmed by the follow ng: WD 2006/ 099348P

CTI US3064/ 008988515l érel tlboldd0S&Ih18{ 2dp@odef 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

dernultiplexer 610 to M, layers 612, which are provided to a beamforming module
614.
[0095] Beamforming module 614 generates beamforming weights used to alter a

transmission power of each of the symbols of the M

r layers 612 depending on the
access terminals to which they are to be transmitied. 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 M 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 transmitied via 2 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
Quadrature-Amplitude consteilations. 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
infoxmation 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 fransmitted 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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esti mat e ofat theactsse adivh ribatprdvidsa fienoded Hata atndesn fdeippadebsing.t he CQ

whi ch j udes apt i . rank.and, chapnel estimate faqr that rank, ..
e ol T o e &F Pl AT G ah ST D CREERRS SETaHS @osiine
fed back t Qo8 eAftoBETerR el Mustriicd aztgpﬁ%g{aﬁeﬁ itk % HBRABALL: buffl
2006/ 099348PCT/ | | S2006/ 008986 18 [0093] Referring to Flig. 6, a block

di agr am of boakr &4{k niln tagditiops ¢ infoyoiatiomp meayabe eedacsdreltie dhe sigenbeam

T anem ¢t eroQEBeC BRTRE IR kst Rt P oiBp ot §e %  buter

predi cti on dphegkbeGRdcesksdcin re minied| BherC QT Mdhrenating i utfize@ hea BISMRY onstruct
(SI SO encoder 604 to generate an information stream [0094]Bits are

t ur bo- encodetfyelemaBEefonitsciorsnd bty HapptZt olhoberracrevugioroaay be
by mappi ng c?h%ﬁf&te@ogs BROGRE: Yt Peshllf BASEE 54 UnBén ( PRle 828n-construction

specified b
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] Referzing 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 2 beam-construction matrix for the forward



rate prediction block 602. The coded synbols are then de-nultipl exed

by a den%bh&kgggwmo to MI |ayers 612, which are provhgf&?&bﬁ&s%ﬁ
ur'e

beanf onni'ng no 614. [0095] Beanf orm ng nodul e 614 ge
beanf onni ng wei ghts used to alter a tra%?s]m' ssi on power of each of the
synbols of the MI | ayers 612 dependi ng the access termnals to

whi ch t hey liak,eblbek B2.t Theeiricetkirutiion 8iat@NBEAM YBHBRLSIRY tRBussed with
generated fromt hg_ control or signaling channél 1 nformation

transm tt ef*BFHH 185c R LA - m-AabeacenTEueiaemstrigointhen Eheomposed, block
kit S AN N —.

enmbodi nents as descr_l ed
[ 0096] The HE Heapdorsing Feightecandbeanbeopeficged fe@ the Spibtas of BeRMop region

nodul ators,618a to. t that interleave the output synbol streans
with pilot to??/%ﬁ%sgl.lg%@%@ ﬂté‘éacﬁreﬁgﬁ@%m gbLPBIFS’%Ch transmt antenna

roce 08P0a t Refeddt a | | [ cafk j ch the.
g i gnalmsma?% t rané3 m tt%ﬁlﬁ;% %Y%@?% g%%&%%?&g@}%g%ﬁégéoﬁmg
604, t ur bolehBeler esbwlimeniod dustihied d Bigenbane nfpration ippovadedeidn dhd Wb ks
uses 1/5 e ' lt. shoul d .be.nqte t _other. types of .
encoder s a{né %ﬁg%ﬁ %igﬁlmgt LY %reb'ﬁfei‘ ’Pqﬁ‘iq(i‘df.&@y %3&‘%@%63@“% trdorghion

the encodeid diat aead)t blotlhel(0aNStRk! Hab@¥l Z¥sRRkSH TRhy tdopdsidd SS¢
one enbodi ment, the constellations may be Qjadr'atursé-,g |t%ﬂn‘ﬁm}llgel

const el | at PORRetesyAR/ar geoopdordeschgunel jstatigliese Whiseaveh gereiraied otipimally. The

encoder ty Gl Adi . [ tilized [0098] Rate
predicti ona ﬁ?ce %ﬁ%@&%ﬁ;&g%éﬁ(@%@%ﬁ%&?@%ﬁﬁ& ﬁ%ﬁ\%orefdﬁa %Eﬂlﬁ% %ra?ilﬁy be
i nf or mat i oprocesed n jesl ﬁmeeﬂ\hecbi@hbédftehﬁ‘&@:ﬁﬁiﬁnm% I@ha%d@[ irﬂ’@rﬁ%ﬁéﬁg%ﬁtﬂazcd
termnal. The rank information,may be provi ded based upon broadban

bi 1 ot ey bt s &Rk ar et tor e S e bldaRl00A; GHapeéeon

is utilizegbrkBudRhehBi-Remh}8e %H:%teﬁfas%?lés"éh Wifty nﬁa{%%?c%go ?,f‘gs,[ A and 5B.

transnmitted by rate prediction block 602. Th an e n e rat
predi cti onThg émtchmmyomsmtax 5s iienGicofmpestda block 20ap pTiox demigloyition

5 1 Q99348PCT11JS20061008986, 19 mil | i . The. packet
Format e a7 B8 g QR O IR e it b e 0e e biging W gkt
[ 0099] Ref etani then be geherated. fof i Hekbolll 0BRSS héb FRIR] bHe SHUSHAMRI & Re

mul tiple access
access terminal, block 1008.

[00104] The above processes may be performed utilizing TX processor 444 or 478, TX
MIMO processor 446, RX processors 460 or 492, processor 430 or 470, memory 432 or
472, and combinations thereof. Further processes, operations, and features described
with respect to Figs. 5A, 5B, and 6-10 may be performed on any processor, cotitroller,
or other processing device and may be stored as computer readable instructions in a
computer readable medium as source code, object code, or otherwise.

[001.05] The techniques described herein may be implemented by various means, For
example, these techniques may be implemented in hardware, software, or 2 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 fo perform the functions described herein, or a combination thereof

[001.06] For a sofiware implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the



Wi rel ess communi cati on system according to one enbodi nent is
illustrat , each antenna 702a through 702t ves one
or nore s@%8¢&9§§4?ended for the receiver 700. The ant e%ﬁi@%@ﬁ"gg”%

t hrough 702t are each coupled to OFDM denodul ators 704a to 704t, each
of which is coupled to hop buffer 706. e OFDM denodul ators 704a to
704t each dgimeid atRrbie el TRE SbHRgeSHARS AC! ViRe!
streans. Hop buffer 706 stores the recglved §§ﬁgﬂ%gD€Br fﬁgﬂﬁ§p and
region in whicstedtyeproorssers.t rThngmmqrgumt p&@lﬁdﬂn‘pkm&mt&dpmﬁlﬁuﬂhmpxpcessor or

buffer 706 ed . to an enc 708 na be a decod r

i ndependen?’f%rr% g%égsg?cggsgﬁ Carr ETC?W é‘hﬁ@h% 5& fapipd

hop buf f er piR6ssandiatifogienestrad Slorfe iaqupied to a hop based channe
esti nat or 310 that uses the estimtes of the forward |ink channel,

with {0E0E genbE‘aﬁﬁﬁwéwﬁfélpé}eﬁﬁﬁmeah@mﬁ%emhqa@matsnwowedémnabmy

brovi ded ¢ £otpol TR 8 o BEOHE AR 0n ik e BAEREL” RhBlonls SuBelold

whi ch may bmbad:tnmtsodﬂﬂomdehexem oVinious decdiflestiohe torahah caitedineedety be
o soess noreaa RonpRar ehgEh R S5, B s G P Sols e rsipmes
beanf oni i nge Wehigatts oﬁﬁ%?‘éﬁﬂbﬁﬁldh% %ﬁ%ﬁ@g{@ eik O%ﬂi%fﬁ:%gg s, the

information i's read froma nmenory or b di t7oh,
the CO i nprﬁsﬁatdm&psnwsmt méqndadémibmlnmd heﬂelegﬁ:mkieamté Eiﬁdhla]mfkem but is

Ui Tor or HageuR BREREHOPH T 0B PRECRTHIE Cop TG ERpAOrG Toafind

utilized agisalopéd IdreihO0 construct a channel natrlx for the forward

i nk, block 802. The beam construction nmay be constructed as

di scussed with respect to Figs. 5A and 5)3. The beam construction
matrix i s then deconposed, block 804. The deconposition may be a R
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 806. [00102] Referring to
Fig. 9, a flow chart of generating beanform ng weights according to
anot her enbodi ment is illustrated. Channel estimate information
provided fromthe access termnal is read froma nenory or buffer,

bl ock 900. The channel estimate 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/ 099348PC=32006/ 008986 20 |ink, block 902. The beam construction
matri x may be constructed as discussed with respect to Figs. SA and
5)3. The beamconstruction matrix i s then deconposed, block 904. The
deconposition nay be a QR deconposition. The eigenvectors
representing the beanfonning weights can then be generated for the
synbol s of the next hop region to be transmtted to the access
termnal, block 906. [001031Referring to Fig. 10, a flow chart of
generating beanform ng weights according to a further enbodinent is
illustrated. Ei genbeaminformation provided fromthe access term nal
is read froma nmenory or buffer, block 1000. In addition, channel
information is also read, block 1002. The channel information may
conprise CQL, channel estimtes, and/or second order channel
statistics, wherever generated originally. The eigenbeaminformation
and channel information may be stored in a buffer or nmay be processed
inreal tine. The ei genbeaminformati on and channel information is
utilized to construct a beara-construction matrix for the forward

| i nk, block 1004. The beam construction matrix nmay be constructed as
di scussed with respect to Figs. SA and 5B. The beam construction
matrix i s then deconposed, block 1006. The deconposition may be a R



[ 00105] The techni ques described herein may be inplenmented by various
means. For exanple, these techni ques may be inplenented in hardware,
software, or a conbination thereof. Bdr a hardware inplenentation

t he processing units Wi thin a access point or a access term nal may
be i npl ement in e_or nore lication specific integrated

ci rcui FEE@MI@)DE%N%Q Qﬂ%ﬁ‘\jﬁ’&ﬂ%’gg@%@@ s), digital signal
processi ng devices (DSPDs), progranmable |ogic devices (PLDs), field
programabl e gate arrays (FPGAs), processors, controllers,

M cr o- ont r BIMIEHSS comunspcaRsBYSncletitger el ectronic units desi gned
to perform fhesfehehibRas apiescri bed herein, or a conbination thereof.
[00106] For a software i npl enent ation, the techni ques described herein
may be i npl &RwersEd confighresiindaanesae beamjormingyvesighthy fos gansmissior PEYSbOISIE S0
on) th@tre@s%rc&ﬂﬁmlw%n d%@e%@@/lﬁ}%@aﬁ&?@’ﬁé&mﬂﬂ%%g%ﬁa 4d a hiHE bPNS
descri bed herein. The software codes may be stored In nenDr units
and exE@ﬁméaobymb$Bb@@é6W§Ummﬁ@fﬁﬁﬁﬁﬁV0®ﬁWﬁIﬁh%tb@aﬂmﬂhwwéﬁﬁéd wi t hin
the pr RERARGGn egmserﬁf@{hg%eﬂeg CBJaﬁmmEé?fsﬁﬁép%ms 't&h%ﬁr&@ss%gﬁﬁuhntﬂt%ﬁ'ac'}?c%
comuni cat i vely coupl e processor via various neans I's

known M whsesighannef m@nw]wn@hﬁﬁwnwsd ehesnet infarmasipn generdied tmes*cap@rsed
enbodi pRAlis dfgoﬁagé@ﬂggs L@oenabl e any person skilled in the art to
make or useé the f eatures functions, operations, and enbodi nments

di scl osed herein. Various nndlflcatlons to these enbodi nents nay be
readi |y, appen&ields? cdnllRffcati zlplgﬁglué o cﬁznﬁ laxgllierelﬁ{lllg n{nﬁ% g?@ﬁlgﬁﬁsmn aths
principles defined herein may be applied to other odi nrents w t hout
depar t iSrs§ual Faghe pumekicr ofdhs 4t jemst o @iep®: Thus, the present disclosure is
not intended to be limted to the enbodi ments shown herein but is to
be accorded_the w dest scope consistent with the principles and novel
feat uréds di $tg wiseless prprannicatiorpgpparpiEs ¢fi lainyes oDBFYhreNGhT RN eNMENTREN ARE
AS Fqk{ﬂéﬁ)ondslto ofe Mngrﬁgﬁérﬁpa@l'pm Qalcﬁ ak thE't I@a@ﬂ%%ﬁtgxﬁ'\ag E's%!i wltrg&magfon

| east two ant ennas

4. The wireless communication apparatus of claim | or 2, wherein the channel information

corresponds to one transmission path for each of the at least two antennas used for reception,

5. The wireless communication apparatus according to any one of claims | to 4, wherein the
processor generates a channel matrix based upon the channel information and then generates

beamforming weights utilizing the channel matrix.

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 according to any one of claims 1 to 6, wherein the
processor generates the channel information utilizing feedback received from the wireless

communication device.

8. The wireless communication apparatus according to any one of claims 1 to 6, wherein the
processor generates the channel information utilizing pilot symbols received from the wireless

communication device,



a processor configured to generate beanform ng weights, for

transm ssion of synbols to a wreless comuni cati on device, based
upon channel information correspondi 2§ to a nunber of transm ssion
pat hs, wherein the nunber of transm ssion paths is |ess than a total
nunber of transm ssion paths fromthe w rel ess comunication

appar abus t 6"t WiEelGH FamBYNCaH o APRAPIEBIGCHHINE AN 61 efitdrih BIod WheRia el

i nf or NBiok@brigheldud % RSinkIMRbELIEH BANGIy bRk IRENVA FAR e WkRE based
upon a pIuraFLty of hop based pilot synmbols. 2. The wireless
conmunFPERTEHTHiahryica eRspilsr syatbals ﬁqcF',"efb\%RS? B vinelges cammyaicatipp device.

transm ssion paths is equal to the nunber of the at |east two
antennas. 3. The wirel ess comunication apparatus of claiml or 2,
wher ei h0-t he Tehwiigiess commayiertier apnarews rasedvs dsany onoefelaimahtorf, wherein chamnt
f rom eﬁ'l%}mglfiont f{}ﬁheﬁnc!u@é%gtirﬁm @Eﬁn%?ﬂﬁfméﬁ%ﬁ erIe 'Eegtbﬁs\%ﬁ %ggnsaﬁjlﬁﬁlity of The
wi rel ess conmuni cation apparatus of claimFP or 2, efeln the” channel
i nf or mhtopdpAnE ROt eepPeltds t o one transmi ssion path for each of the at

| east two antennas used for reception. 5. The wireless comunication
apparatus according to any one of clains | to 4, wherein the
processbr gePreYEtiess canByEisHel anpereiub sceprdingde apone efrdainh hiorld) wherein the

i nfor "F&:l:éaghrmeF %%E}at%&%ﬁrﬂ SRINSATTLE, g cﬁﬂngl"t%ﬁmyﬁdr&h%ﬁ efng.%aseg
channel matri x. . The w reless communi cation appafatus of claims5,
wher ei HPanpdotsymbels sasmitieed Grpas least pirgranmain sra¢nnaraf a Wixeldsy coremdracatipmdevioR
deconpasi kded hAnO/MGEEHE arttgﬁa@ﬁﬂmhwemtﬁ%gchmegi?]&o atioh consiAf o\e@%%ha{%ﬁa
conmmuni cati on apparatus according to any one of clalns TS ,

wher ei AUdilydniorBRi®Bsor generates the channel information utilizing

f eedback received fromthe wrel ess conmuni cati on device. 8. The

W rel ess communij cation apparatus according to any one of clainms | to
6, whel®in Thevieless ewnounigieesmptrews ofwainHanvierein thé drane nedityib fokhationg
pi l ot s¥RAlsHnhIRE RbivSHothATLt he wirel ess communi cation device. 23
9. The wirel ess conmuni cati on apparatus according to any one of
claims 1 to 6, wherein the processor generates the channel

i nformat i onpild ddrd) i I L t I J: .
communt sat | ot s e e HAE o R e RIER P32 vigrdn e
comun P&t s fekar eenfigured to gehesatobeaatfersingowrighim fos srisovissiap pesyatbols to a

accor diigledsQoRMinieRn Abvik! B [ haBORARA G A nrm;gi
further iﬁclﬁdesmestpnﬁ?eﬂ éﬂgﬁ%gﬁmﬁﬁ¥%€ﬁgﬁ#ﬁﬁﬁgenggg?g%Lﬁgse aﬁ%bn a
plurality of broadband pilot synbols. 11. The wirel ess conmmrunication

appar ajyis agGAFlsSninfinfaorGarths GlighifE 1 to 10, wherein the
processor further generates channel quality information, the channel

quality infﬁﬂﬁﬁ&$@ﬁ?%@wﬁqﬂ%ased upon pilot symbols transmtted from
at | east ONgelds Q&%@h&mﬁ?%%ﬂmﬁg Weigled tﬁg%ﬁ.@ﬁﬁ; mmnﬁ%!alﬁdﬂ cgg%/sbgr%m%qg
e channe

received at the at | east two ant'ennas and wherein t
i nf or mAPYBYET COFREFBIsgonrathsirss hammpeshbeg ofttansyission rhwioindransmigsn afitvenas

Wi r el egfhe AMEHNVG ahikiias @Q%Fs%%ﬁﬁlfunﬁ:k@dn@egige, i%fn%h%nglhﬁfoﬁ@ggﬁnhlgdes

quality information includes si to nol se rmati on.

wirel e%%‘"@i?%‘iﬁﬂ‘?ﬁ@a‘%fpwﬂﬁbw?*’a@@gasa@w@iphigﬂlitt)oofé!nyb@n@pimt syoit@isns 1 to
12, wherein the processor is further configured to generate

beanf orm ng_wei ghts, for transm ssion of synbols to a wireless
conmuni tat i bR HEese eommu@songnorratys efrlaimd Arvdierdimtho nyralter oftramsalission paths

ei genbaaiud Bf € ABMYePSF the at least two antennas.

16. The wireless communication apparatus of claim 14 or 15, wherein the channel information

corresponds to one transmission path from each of the at least two antennas used for transmission.

17. The wireless communication apparatus of claim 14 or 15, wherein the channel information

corresponds to one transmission path for each of the at least two antennas used for reception.



14. A wirel ess comuni cation apparatus including: at |east two

ant ennas; and means for generating beanform ng wei ghts based
upon channel information correspondi B to a nunber of transmission
paths | ess than a nunber of transm ssion paths fromtransm ssion

ant enn of _the at least two antennas to a wireless_ conmmunjcation

devi ce; S wheF ¥ HICHEF TN UAHSY AT PUHRCFATEInG sy 883 fiviiratl ddh A hriderein

i nf or Mgfah@NinGRAGT AlBthep RSB HesRMhGE RidAEBhfofYatioh cbeRtelB38RE ufthl ajﬁurality
synbol s %éS. The wirel ess communi cati on apparagus of claim1l
wher ei o 97@5390 PHISYBPOl-r ansni ssi on paths is equal to the nunber of
the at |l east two antennas. 16. The w rel ess conmuni cati on apparat us
of claim14 or 15, wherein_ the channel jnformation corresponds to one
transnissi oNepEEalest s WiRHOAPPITAES 2ecorfipg i any Rie Hsledpniddo (8 exhereny the

t r ansntasedMformation flfRr Weki8ds@BMnEIQUIHN inénb&yn. appar at us of claim 14
or 15, wherein the channel information corresponds to one

transm ssion path for each of the at | east two antennas used for
recept 2@n. TiRAwirddds cofifuntdali®] HPH GOSN At HRRIARPSHa At §uaRRGAOH RGN T O
any one of clainms 14 to 17, wherein channel information further

i ncl ud@sudss sieRdl P ICHHAMANOR-nf or mati on gener at ed based upon a
plurality of broadband pilot synbols. 19. The wi rel ess conmunication
apparaéus according to any one of clains 14 to 18, wherein the

channet! i nf DFIRISISHCIRITYHREHON IPEPAUBECHARE tRANY qhePfclamy Hrte 2Pmltithsn

20. Thﬁ:cMﬁih%h@aﬁﬁ _f&%@'r‘i&‘ﬁiﬂﬁ alchRel ARBA RIS h€ LRNAB FPormMAST Bl WhEBA the
channel quality information includes signal to noise information.
21. ThEedip fggeteatiog fsbenearishvapparttizesheshepetmay: toeeaspiedke of

cl ai mepehthfdrimgQveidheyl t her including means for generating a channel
matri x based upon the channel information and wherein the neans for
generating the beanform ng weights utilizes the channel matrix to

gener abe t heh ORI OEIH Mehi MBI Hratus S2airt DG, Wiefef S SiraR IFRRLERE inen
apparatus of claim 21, wherein the circuit deconposes the channe

mat r i xS3aTsh At ApEE Metns fuprdermingRRdecameesiti®dsi tion.  23. The wirel ess
conmuni cati on apparatus according to any one of clains 14 to 20,

further includigganeans for generating a channel matrix based upon
feedbatk ret¥ idess FURMYTREtON PRPraESacCRIRiTg i BACNOAf s titodRdumliter ei n

the MeaBRdhe meSRM& Rhdrftg hREnRA A BB A ¥R leBih S fdlelVel 65 thd\Girdhignnel
matrix to generate, the beanform ng WE|gth. 24. The wirel ess

. ear . - . A >,
commun YRRV e Ica PR RtEdD e Mgty eaprrattys ghegrarefoaning waights utilizes the
fur t heghahftd dflixng gdBaRShd RamBPRAREMeiR. @ channel matrix based upon
pil ot synbols received fromthe wreless comuni cati on device and

wherein the neans for generating the beanforrning weights utilizes

the channel TR kdigs EnAGRGIA SHphbRs RRFATHRRIINBnIEE SHHHS 14 10 20, further
including 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.

25. The wireless communication apparatus according to any one of claims 14 to 20, further
including means for generating a channel matrix 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.

26. The wireless communication apparatus according to any one of claims 14 to 25, wherein the
means for generating beamforming weights includes means for generating the beamforming weights

based upon both channe! information and eigenbeam information.



25. The wirel ess comruni cati on apparatus according to any one of
clainms 14 to 20, further including nmeans for generating a channel
matri x based upon utilizing feedback 26eceived fromthe wrel ess
comuni cation device and pilot synbols received fromthe wrel ess
conmmruni cati on device, and wherein the nmeans for generating the

beanf oRfi ngAvestipdtier faming beanfarhmgedsmhisédcludingri x to generate the
beanf or m ng : L

accor di ng. {5 ng st Lo ERS0 & AP L FBh R ARRE Tt s
gener aginwgbdebirnomistiergpaltisibgtieen 4 wtlerd sansmisenandfaoyirerenecataing t he

beant or M NG oty GhaRR e WA HALED yENAREhnde AR om tansféﬁshom%eam

i nformation rmn ormn

i ncl udimgransmltantennaspéadmgleashanmtten wlﬂeommt phmndarrfompmdﬂu@;s toinated
nunber .of, g,r@m{q t nunber of
transmcsspon pat aﬁk @ura {}20&2& akeﬁingtnsyﬁtgg? and a wirel ess
recei ver; generatl ng beantf or m ng wei ght s based upon the
ChannebS' nf ?ﬁ%gthmt‘ ffm ﬁf &ﬂémtﬁﬁé J;'rﬁss Qlﬁmstles?manepn ng
the wirel ess transmtter ereint ne orrratlon | het

est i matrarsmitaienies of the wireias itersnhiesed upon a plurality of hop based
pilot symbols. 28. The nmethod of claim 27, wherein the number of
transm ssion paths is |less than a nunber of transmit antennas of the
wirel eg® tr Ahesmithedaf clainp @7 ori3ewhemtitthd clnnd lifpimaldn arre@Bpdswhereei n t he

Channe raﬁsﬂl S?irogﬁéll’l ?(? cgcﬁ Jaﬁs?rgp#g:%né%'tl?er\%retletsglnansmﬁ%l on pat h for each

transmt anten e Wreless transm D. The method of
claim 27 or 28, wherein the channel |nformat| on corresponds to one

t r ansrn3§8| O?h&ﬁ&tﬁOd of%ljalm I gf ﬁe{vpqun rn%iflilql ! Oaﬂan Ol'i'gg]?)il f Cl al s 27

o 30, “wherein channel | nforfration f&¥ channel
| nformnsmsgen@hat ed based upon a pI uraI ity of broadband pi | ot
synbols. 32. The nethod according to any one of clainms 27 to 31,
wherein the channel information includes channel quality information.
33. Thélwir @h@@@h@tﬁmﬁhgmmfmnaﬁpamaﬂ%ﬁﬁ “Chl:tainrm%c! infoaiation furdher

channek, Gual o VbR, o] 9
ne e ted th
34. A W reless Comtuni cato?rﬁar%mg%e"aefaaet% base nP:(frbacﬁ 'ﬁr@ﬂy SFbrPaed §"td¢'[‘81\ﬂbsymb°'s'
ant ennas; and
32. The method according to any one of claims 27 to 31, wherein the channel information

includes channel quality information.

33. The wireless communication apparatus of claim 32, wherein the channel quality information

includes signal to noise information.

34, A wireless communication apparatus including:

at least two antennas; 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, and wherein the

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

35, The wireless communication apparatus of claim 34, wherein the number of receive antennas is

equal to one.



a processor configured to generate beanform ng weights, for

transm ssion of synbols to a wreless comuni cati on device, based
upon channel information correspondi 8§ to a nunber of receive
antennas of the wrel ess conmmuni cati on device, wherein the nunber of
receive antennas is less than a total nunber_ of antennas utilized for
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based upon a plurality of hop based pilot synbols he wirel ess
commun{fé 48487 "@Bar at us of clai m 34, wherein the nunber of receive
antennas is equal to one. 26 36. The wireless comunication
apparatus of claim34 or 35, wherein the processor generates a
channeP” mat Fhe A EePPECtiteRPEHAHHS ciai"ﬁﬁgrwrﬁremhe BIREFSIOR B4FOFBPMET it e
beant ognEhig maRixGhg mekrs IFdr m&mnrrg Ehanedsirt ri x.  37. The wirel ess
communi cation apparatus of claim 36, wherein the processor deconposes
the channel matrix using neans for perform ng QR deconposition. 38.
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39. TheohiBdaB8&Sd&RaMUNI cati on apparatus according to any one of
claims 34 to 37, wherein the processor generates the channel
information utilizing pilot synbols received fromthe wreless

comunigat i Re Jigardse @ommrﬂﬁ@caua—%p%ﬁjgac%&‘amgm%hé:@f{c\a%s B AlidRin the

according to any one of clains 34 whefein th processor

gener aPesesid generpaas telchamielopfaaedtion mu‘tzi Figlpz mmb@wawd frostibe wiselessr om
the W r@hBSSca6oIRECat i on device and pilot synbols received fromthe
W rel ess communi cation device. 41. The wirel ess communi cation
apparatus of clains 34 to 37, wherein the processor further generates
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t he channel quality information. . The wireless conmuni cation
apparatus of claim 41, wherein the channel quality information
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and information.

42, The wireless communication apparatus of claim 41, wherein the channel quality information

includes signal to noise information.

43, The wireless communication apparatus according to any one of claims 34 to 42, wherein the
processor is further configured to generate beamforming weights, for transmission of symbols to a

wircless communication device, based upon both channel information and eigenbeam information.

44, A wireless communication apparatus including:
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,



means for generating beanform ng wei ghts based upon channel
information corresponding to a nunber of channels |ess than a nunber
of receive antennas at a w rel ess coiituni cati on device, 27 wherein

t he channel information includes estimated channel information

gener ated based upon a plurality of hop based pilot synbols. 45. The
wi r el eygereis trrhanagkiniormaiipp lickidessstipated chpnpelaforygiiop e¢ngrated bassd ppra of
receiv i one. 46. The wirel ess conmuni cation
appar aFiagﬂgﬁ?@lgi?dr‘sﬁj 4 gﬁh%%@ wherein the channel information includes
channel quality information. 47. The wi rel ess comunication
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appar at¥8! taeedrding to any one of claims 44 to 47, further including
means for generating a channel matrix based upon the channel

informati on and wherein the neans for generating the beanform ng
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vei ght g1y déShankBEuit feGai&omuni cation apparatus of claim 48,
wherein the circult deconposes the channel matrix using nmeans for
perform ng QR deconposition. 50. The wi rel ess conmmunication
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means for generating a channel’ " 'matrix based upon FE8abAd ecelved

f r om t heludgsisignelde ngjeprimfiormatiati on devi ce and wherein the neans for
generating the beanform ng weights utilizes the channel matrix to
generate the beanform ng weights. 51. The w rel ess comruni cati on
appar at¥is attowidlesy coaromamisptionapabtug hapndng 4odany @nd 6 cldims 44rer 7 finaendi Ng
means tel j a n_pil.ot nbol )
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gener ap& b6y ey mng weights. 52. The wirel ess comunication
apparatus accordihg to any one of clains 44 to 49, further including
means for generating a channel matrix based upon feedback received
fromt Wi J: i i . ilot.synbols receiyved
from thg w 1o SeeEommmhathl Sa gt bEGiRaR lerdh uPHRER e RE: IEr
gener athangel maeixbeaehoansiforgedemyig @R dédompasitont he channel matrix to
generate the beanform ng weights. 28 53. The wirel ess conmuni cation
apparatus according to any one of clains 44 to 52, wherein the neans
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communication device and wherein the means for generating the beamforming weights utilizes the

channel matrix to generate the beamforming weights.

51. The wireless communication apparatus according to any one of claims 44 to 49, further
including 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.

52. The wireless communication apparatus according to any one of claims 44 to 49, further
including 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,



54. A conputer-program product for form ng beanform ng weights, the
conput er - program product including a non-transitory conputer-readabl e
medi um havi ng i nstructions thereon, #he instructions including:

code for reading channel information corresponding to a nunber of
transnyssio aths that is.less than a nunber of transmn ssjon paths
bet weets a wiMeGT EEESS SCITHSIFAYOnespPARFI AdcqiiPe o8k optcRl SRS A4 12y YEETRE eor
gener agkdag fop QarEFa0ih £InbRdebRicg for dta&@thg WRMRarhREGH ABiRRk bised GFor@bhon for
transm ssi on fron1the,transnjgﬁ%ntennas of the wireless transnmitter,
wher ei fl2Ren&raniteIand HRGLMRT PG udes estimated channel

i nformati on based upon a plurality of hop based pil ot synbols.

54. A computer-program product for forming beamforming weights, the computer-program
product including a non-transitory computer-readable medium having instructions thereon, the
instructions including;

code for reading channel information corresponding to a number of transmission paths that is
less than a number of transmission paths between a wireless transmitter and a wireless receiver; and
code for generating beamforming weights based upon the channel information for transmission from
the transmit antennas of the wireless transmitter, wherein the channel information includes estimated

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



