WD 2006/ 102639 PCT/ US2006/ 010962 1 SYSTEMS AND

METHODS FOR BEAMFORM NG FEEDBACK |IN MULTI  ANTENNA

COVMUNI CATI ON SYSTEMS BACKGROUND |. Field [0001] The

present docunent relates generally to wirel ess
woQuIunieeat i on and anongst ot her things to eAQRUS2HBAMI62

formng for wirel ess communilcati on systens. |1.

Background [001] An orthogonal frequency di vi sion

ti Ie access éﬁ) sten1ut|I|zes or t hogonal
fSr I?.%F R¥ENG FEEBHA €K Iy MULTI
nultl-carr|er R4 R@gtltlons
an W gtﬁ b 6%1;";“ p

the overall systen1 Into e (N
ort hogonal frequency subcarriers. These subcarriers

may al so be called ton frequency
channel s. Each subcarrﬁé%jagﬁégggglated with a
I' esPefid ve sub carrier that may be nodul ated with

data. Up to N nodul ation synbols nmay be sent on the N

[0 hThe prgbrnadoduarent ralatesagsme@i i Wn%&ﬁ cqanijcatioN and @mongst
ation Sypha are onverte domai n

o PR R BB SR Skt bR (T ey

to generate a transformed synbol that contains N

ti me-domai n chips or sanples. [002] In a frequency

ThoppBagkarewnini cati on system data is transmitted on

5 oo RHEIEY TSRS (O SE
o'n"thegmalf fraqqet&:tycﬂj/vis'uh) eaultiplexitg (QRPNE QIFIOM idl @dndiy-carrier
OB S B L0 e o

oetABgohbhIUEdgBencWstibcal i @6 UBIRGY sdb@ﬂﬂbﬁgnaytfﬂ@ wkdadled tones, bins, and
transm ssion hops from subcarrier to subcarrier in a

frsqeardnchanneld i erdrivbearriants assoripipd Wh prespealie’s sb eauierded) may
b@ ¥ %ﬁl%{etdﬁv gﬂﬁta b VR n&cﬁﬁﬁfi@# @ﬂﬁoﬁ%ﬁcﬁééeﬂ{‘oﬁ Qe REGEE"

fstan et eri ous pat ects 's as narrow
sblmadqernheacflﬂbﬁlﬁbhsymmnrp&mg Theseti mgiulatiod sgrobais are[c00 @ tedto

robl em t.hat conmu ti.on syste t hat the
R Re-JOP S B e B R R GTFETD G fnerdey
tﬁﬁ§ﬁﬁ%d@¥mb&]&hﬁ“e@ﬁt§ﬁls PO ié-doflin THPE of iles. Wher e a
transmt has nmultiple transmt antennas,

[0023 Haladregpengy Hepping epmearpatioR B¢, deéeid trﬁ@&nuﬁed on different
frequency subcarriers during different time intervals, which may be referred to as “hop

periods.” These frequency subcarriers may be provided by orthogonal frequency
division multiplexing, other multi-carrier modulation techniques, or some other
constructs. With frequency hopping, the data transmission hops from subcarrier to
subcarrier in a pseudo-random manner. This hopping provides frequency diversity and
allows the data transmission to better withstand deleterious path effects such as narrow-
band interference, jamming, fading, and so on.

[003] A problem that in most communication systems is that the receiver is located in a
specific portion of an area served by the access point. In such cases, where a transmitter
has multiple 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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Further, in sone enbodinents this information is

transmtted over the ai&gﬁgpﬁgﬁ'nstruction. [008] In

certai n err‘podi ments, a tion whether to
[0073 5 Rbie 8MBEHREAN available reverse link transmission resources allocated for

transmission of beamforming information are determined based upon the determination
of the available reverse link transmission resources. In some embodiments, this may be
performed by a processor or other means. Further, in some embodiments this
information is transmitted over the air as an instruction.

[008] In certain embodiments, a determination whether to transmit eigenbeam
information from the at least one antenna is based upon channel information. In some
embodiments, the channel information may be channel statistics or second order channel
statistics. In other embodiments, the channel information may be instantaneous channel
information.

[009] It is understood that other aspects of the present disclosure will become readily
apparent to those skilled in the art from the following detailed description, wherein is

shown and described only exemplary embodiments of the disclosure, simply by way of
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wireless communication system according to an embodiment;

[0017] Fig. 7 illustrates a flow chart of determining resources to be allocated for
providing eigenbeam feedback according to an embodiment;

[0018] Fig. 8 illustrates a flow chart of determining whether to provide eigenbeam
feedback according to another embodiment;

[0019] Fig. 9 illustrates a flow chart of generating eigenbeam vectors according to a
further embodiment; and

[0020] Fig. 10 illustrates a flow chart of generating eigenbeam feedback according an

embodiment.



[0017] Fig. 7 illustrates a flow chart of determ ning
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different channel conditions to be present between each access terminal and its

corresponding antenna group with which it is communicating.

[0024] As used herein, an access point may be a fixed station used for communicating
with the terminals and may also be referred to as, and include some or all the
functionality of, a base station, a Node B, or some other terminology. An access
terminal may also be referred to as, and include some or all the functionality of, a user
equipment (UE), a wireless communication device, terminal, a mobile station or some
other terminology.

[0025] Referring to Fig. 2, a spectrum allocation scheme for a multiple access wireless
communication system is illustrated. A plurality of OFDM symbols 200 is allocated

over T symbol periods and S frequency subcarriers. Each OFDM symbol 200 comprises
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communication with different access points.

[0029] In the case of a reverse link communication in an FDD communication system,
the frequency subbands 1 to S do not overlap with any of the subbands of 1 to S of the
forward link. In the reverse link, some of the symbols 204 of a hop region 202 may be
assigned to pilot symbols that may be transmitted from the access terminals to the access
point. The assignment of pilot symbols to the symbols 204 should, in an embodiment,
support space division multiple access (SDMA), where signals of different access
terminals overlaﬁping on the same hop region can be separated due to multiple receive
antennas at a sector or access point, provided enough difference of spatial signatures

corresponding to different access terminals.
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ch&indl 8@1' calcg’laaﬂﬁl correlation matrix. Then, the receiver 304 performs eigenvalue

decomposition of the correlation matrix and provides information regarding the
eigenvectors to the transmitter 300. In some embodiments, the receiver 304 determines
which of the eigenvector beam patterns would yield the highest signal-to-noise ratio
(SNR) or other desired signal characteristics and transmits this information to the base
station which may use this eigenvector information for beam shaping for data signal
transmission to this mobile station on later transmissions.

[0034] As depicted in Fig. 3, the eigenbeams may have several (local) maxima 308,,
308y, and 308¢ pointing in different directions. Other eigenbeams may have portions
310,, and 310, that point in other directions but have a lower magnitude, as received at

receiver 304, than eigenbeams having maxima 308;, 308, and 308c. Further, the
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transmission.

[0039] In order to form the set of eigenbeamforming vectors that provide the best
available transmission characteristics, a QR decomposition of the beamforming matrix is

performed to form the complete set of eigenvectors, as follows:
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raHabi Rl Rrhin@NS Mot SERBued 3haClBhieatn fe8dbaRk . a 7-bit or other
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sitegl feedbark meaycionjuide tranks mforofatien, geaw be compyted dasesl drofeom the

/ / / .= . =
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[0041] Referring to Fig. 4, a transmitter and receiver in a multiple access wireless
communication system one embodiment is illustrated. At transmitter system 410, traffic
data for a number of data streams is provided from a data source 412 to a transmit (TX)
data processor 414. In an embodiment, each data stream is transmitted over a respective
transmit antenna. TX data processor 414 formats, codes, and interleaves the traffic data
for each data stream based on a particular coding scheme selected for that data stream to
provide coded data. In some embodiments, TX data processor 414 applies beamforming
weights to the symbols of the data streams based upon the user to which the symbols are
being transmitted. In some embodiments, the beamforming weights may be generated
based upon eigenbeam vectors generated at the receiver 402 and provided as feedback to

the transmitter 400. Further, in those cases of scheduled transmissions, the TX data
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data, for .each data tre
PlsaR T i nY, F TR Pk Bt raRol0PT SRabolade & for QERM:
TXOM]MOVpxdeeswdago daba. prbﬂdé:some ﬁiasbﬁxdmdsrﬁrsyﬁaboﬂ XtrédhA to Ny
processor 414 applies beanform ng ights to the

transsers (BYITRhé2enathepugh dédtngn B%Téaéféi elﬂb‘éﬁﬁmﬁlﬁé ¢S M@ processor
4&6%@@& ﬂkﬁnﬁyrm?%e@gﬁﬁ o BEls zlgb% Iéf‘ﬁ@dhfa %Heaéﬁs”oﬁ&f%on the user

I ment orm ts may be generate
tdawhied tlnepmnbeilsgz&n besug tre@enoted aged ti&ramteexda dtont Waicheb®syelol is

b and row d f eedback to tfhe ransmtter 400.
S0k AR B R G St PR am osi one.
[0028) BciflabaM@2005 k308639 PGHLSR006:A1R962 syfibol stream to

processor 414 can sel ect the packet formt based upon
proyifie gqnafop mese peaiog pigpals.gand further conditions (e.g., amplifies, filters, and

upconverts) the analog signals to provide a modulated signal suitable for transmission

over the MIMO channel. Ny modulated signals from transmitters 422a through 422t are
then transmitted from Nr antennas 424a through 424t, respectively.

[0045] At receiver system 450, the transmitted modulated signals are received by Ng
antennas 452a through 452r and the received signal from each antenna 452 is provided
to a respective receiver (RCVR) 454. Each receiver 454 conditions (e.g., filters,
amplifies, and downconverts) a respective received signal, digitizes the conditioned
signal to provide samples, and further processes the samples to provide a corresponding
“received” symbol stream.

[0046] An RX data processor 460 then receives and processes the Ny received symbol

streams from Ng receivers 454 based on a particular receiver processing technique to
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[00d8D In afiditibgr FocesrpI70f ey cal&ﬂﬁiedﬁM@fg@ﬁbeaﬁisSe)xp&lenced by the
respective received si gg@l | tizes the conditioned

repiyRaf0% o Thy sigPrpsams may ca}ﬁtﬂ&ﬁ st HarusioH gwids sspeof [ Fig. 3.
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stream
be provided for them. Processor 470 can quantize the dominant eigenbeams according

to a codebook that is known are transmitter 400. In some embodiments, as described
with respect to Fig. 3 five-bit codes may be utilized allowing a wide range of feedback.
The codebook size can vary depending on the reverse link resources available for such
feedback.

[0049] In order to determine when to feedback the dominant eigenbeams, processor 470
may calculate channel statistics and determine what the change was in the channel
statistics between two or more consecutive transmissions to the receiver 402.

Depending on the degree of change, a decision may be made as to whether to provide



[0046] An RX data processor 460 then receives and
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processor 47 data processor 460 or processor 470
stmgnsfamdt(ﬁ)a gerttea’cﬁ wen@m watrplador TES dath grocesspe At mnd TXSMRMO
gﬁg;ga pSystem Processor 470 then provides estimated

ann state information (CSI), which may conprise
[005[] A shd ypeivevatiafsopromisdinmn tecgquadi mgy bb@sed to process the Ng
connunlcatlon | ink and/or the received data stream
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g deine oy buRTaRor L, SRR Zatiafiay rceive
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cal culate the elgenbeans experlenced by the receiver
Oy (FYCCEINYE GNEIRHER nECE YR PRRCCSHIEeANAIISE) as di scussed

0(?5?1" A BERRS LR gel’:fogmec?’by thENe; lﬁ’éfn@ﬁlﬁsa%‘arNRA'FeQelV@)ﬁntEﬂ%@ may be
term ne the dom nant ‘ei genbeans and feedbac

demvimposddeinfar By iirdiegerfdent cthlammls Rrithc &3 SominNQ, Ngh dﬁaeinbf the Ng
t he dom nant ei genbeans according to a codebook that
indgpgodenirehanmslstmainalph b eferwd@o ay fspavaksubalippdeirtena gansayssion

cﬁia%ﬁgl'} blbt%g MIMO channel and corresponds to a dimension.
[0053] For a full-rank MIMO channel, where N, = N, < N, an independent data

stream may be transmitted from each of the Ny transmit antennas. The transmitted data
streams may experience different channel conditions (e.g., different fading 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
on the specific order in which the data streams are recovered. Consequently, different

data rates may be supported by different data streams, depending on their achieved
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%ﬁs§| techni que). [0052] A M MO channel forned by
la%rg tcr(%rq'sm't and NR receive antennas may be

[0055] In a SCW mode design, the transmitter encodes the data transmitted on each
spatial layer with “identical data 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 channel estimates by the receiver to be for only the “best” layer and
reduced transmission overhead for providing this information.

[0056] While Fig. 4 and the associated discussion refers to a MIMO system, other
systems multi-input single-input (MISO) and single-output multi-input (SIMO) may
also utilize the structures of Fig. 4 and the structures, methods and systems discussed
with respect to Fig. 3.

[0057] Referring to Fig. 5, a block diagram of a transmitter system in a multiple access

wireless communication system according to one embodiment is illustrated. Transmitter



deconposed into NS i ndependent channels, with N. <_

mn {NT, NR] . Each of the NS independent channels

may al so be referred to as a spatial subchannel (or a

transm ssion channel) of the M MO channel and
W@g@m@@@nds to a dinmension. [0053] For a fulplcTnmndos/010962

M MO channel, where N5 = NITi3< NR, an independent data

st ream may be transmitted from each of the NT transnit

antennas. The transmtted data streans nmay experience
5@f), bised vpan chawieh siformmtion t utdiaes rpte peedictipnfbl ok Whaeh gogtrols a

T D T S N

[0058/eBitasmitt tubo-ticddedby eﬂww IblocMSO@ avEmapped tb h’rQﬁ]&latlon
cases that successive interference cancellatio

yhoteyapsRpineshloket Salepentine s paske em%é%ﬁ)ei% ﬁ@mfled bya
ra%é‘;ﬁ &ntb@%k fhat tdggt@t{:@gx%b%ﬁdaré frenqd hfuﬁtgmé{eg r@lﬁz may

eve for t reans dependi
dcsmdnplfzxem 560 the ilayemstfilg hwhiklke and@m/l@drteaﬂvsalafoeming module 514.

Rt e BRI B
e o B P oS AR P o Siop ey

intvblve prdcessegidtlayetr edrel gen@per NV egrebys. Bedigeabens tveightmay be
also varies with tinme. [0054] The M MO desi gn may have

SRR GBS tl@felge;pbcram fegdback Phyiee- awrmEzeorigenyektyys, trapgapitted by

thgghéeéﬁco oar ? esg y@%nlzsdr#l £t &d %gg%gc ggep%]tg ?%%B%Cg(ﬁ%y

camghisp enkyem diqtmnpms:%ebilqptm tipederfcb@nteh¢ accassasrmiiidle

[Qr{)gﬁﬁl ver enpl oys a suyccessive interference

eiheal'i otirei8s G)2 Algb PPAHTTAE GFF ROMIKEdds OFIIM mpdulators
598%%?‘3?%t tFa% mée{l?a‘gren 5 Glpur 30 bélg?r”axﬁ% Pibe §é/[1-rﬁ)ols The OFDM

contr ution Ive S|gna

plroeesmgddr' egcharghsiit! dntepiny 1500 tdh620enkandimdarf ideaticdl dyshion, after
w th an estl mated channel.," then decode the second

whichdhe signglsge Bapsmitigdevia g ) ¥86MFng" approach means

[d{)ﬁ%} TSR0 HG6EE 364 UBIDY AQKBIRM hBdRS ReRE étr@&rheﬁﬁ’l' if'gn
SNR and hence can support higher rates. In

emb@bmw uefs K5 emmodipgapagitshord bavinwgdithet @thewimda OSIe@oders and
encogln% es mrm%(e lwlrgeg ygt egglteﬁc%%#(%y Oplg t ra??)(légéd oafmfcﬂl'l%

nne con

ccﬁi&&lllgﬂibnwyhﬁ)elsffﬁﬂfﬁnkiﬂEsbur ﬂ%he@fmboﬂ‘&ibag lt}m:onttbﬂatroat ARy be
of each Eatl al ter %% | ncreased f eedback (one

Qeejrat‘uger@a fyde g@;@ ﬁtécggs hilegeSt Q(ggq:qﬂig{ﬁs descpg)ad herein, other
eﬁ&géﬁm Gt s fAGKS ufilzefegat i ve

ackno dgenent ( NACK)

[0062] Rate predlctlon block 502 processes the CQI and/or channel estimate
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 a modulation rate by rate prediction block 502. In an embodiment, the rate
prediction algorithm may use a 5-bit CQI feedback 522 approximately every 5
milliseconds and/or channel estimates. The actual number of bits of CQI feedback 22
may vary based upon design choices or parameters.

[0063] The packet format, e.g. modulation rate, is determined using several techniques.

Exemplary techniques are depicted and disclosed in co-pending U.S. Patent Application
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[(ﬁ]%%] The gdem%léalg%ed {Aforma oenms/tlee%}'n%rasré tltlernaBrSC)rJ}deé %j Lbélg-Likelihood-
Ratio block 612 and decoder 614, which may be a turbo decoder or other decoder to
match the encoder used at the access point, that provide a decoded data stream for
processing.

[0067] Referring to Fig. 7, a flow chart of determining resources to be allocated for
providing eigenbeam feedback according to an embodiment is illustrated. A
determination is made as to the available reverse link resources, block 700. The
resources may be the number of symbols that may be transmitted over a reverse link
signaling or control channel, the available bandwidth, or other information. This

determination may be made at an access point and provided to the access terminal or at



the access termnal to the access point. Further, as

descri bed above the feedback may conprise only the

dom nant ei genvectors experienced at the access

term nal. [0060] The NT streans 512 after beanform ng

ded to OFDM nodul ators 518a to 518Tiusados/010962

We%@é@fzg?ve t he out put syrrboﬂ5 streans with pil ot

synbols. The OFDM processing for each transmt

antenna 520a to 520t then in an identical fashion,
thafatess tewhinehbasheé uporgfisddspasmeetdrs andath tratedfor itkee @exhfdvi@ard link

schene. [0061] In SISO encoder 504, turbo encoder 506
CUNEBHED t he data stream and in an enbodi ment uses

[0D68)] Andeastnighationti€ theh tma2B Qb 6l tHeCantne df talfgaﬁbe@ﬁlh@édﬂamp gt is
of encoders and encoding rates may be utilized

awilaple (at Hiscasgess toEnatableck Ke2. eﬁb@a@eu@avay btk fofd number of
eﬁgr.jg;%%rﬁé | @k 'n%?qu%y TR, ﬁu{aﬁ{ efeb LS Séﬂbgr}anlh{ﬂg QP &he eigenbeams.

ment cons ati’fons n®
Faxtedr dit uanseulinprhayt indde omarsd eifd)m’taltlomsnr QQI Iilﬁoanﬁioﬁcso that the
encoder i s descrihed herein %c{b ﬁ{ es ol
SRV St Y S o e 8&8}%“1%:&@?% at Weﬂ% CCRg fegmunal.

[0690iAGt it atdr OfKioOhe RERERS SARCcAEOE f&Qfev@fs@/ Ak eBandgion is
estimate information, including rank information,

geuteratesl ibtocktdi vahe ndicates rerycles Sensetedt af eithes dbh accaesceajet or
aéc@gsr@e l’lal d%l riaH shptfte%rtmﬁ QQe%QXrngﬁalpg@é@bﬁr%gs Bikeverse
pi I'ot

upon synbo ase
lislyalbdbem, allocatd:rbﬁoh traﬂ'shassrcmrﬂasadnfpon tlatmahnatbls bleck/0Ged t o

58 R o nt e cPbor B TFe SHErELle SRy Semea

fde?ﬂb’acldsaﬁ:c&dﬁrgbtd af&ther! @fBHIRGt 52 Al1aRK<aX | HaBhal iQReMMtich is
mlliseconds and/ or channel estimates. The actual

gengraiesk  bipclni§08. of Thegphameeld indenmagion max/ bzramst@aaslé@muslaﬁmel

ir?&%ia%n SR eh LGS sg&rsH@sf aﬁ%‘oﬁ{e%mﬁo%%%% %formanon may
ormat, e.g. nodulation ra érmne usin

reav &r tk padeheroues, fadﬁggmgdahstyengelc hlmnqell&ata rréomkmpon: bpecther

nd di scl gsed i di pl.i cati on WO
1 05 9655 ST LS B0 FOGEERON £ e i Fithaig 0r  both the
f@ﬁﬂe’nw 8 't E@r dRIRRGS Bagatedamlrtiirei §9nhdBmbodimhtecond
Desigh,” and U.S. Patent Application No. 11/022, 347,

owler Fhanael statisperciteyitiBeesde dinrRaliek eprbedimentso irst order OF kigher order
cr e?élgﬁatlsu@? taﬁ: @ hz@{f r? Qd@ﬁlgn ltcp r:R qfeﬁtc?fd t}nae C%blpd Bf%b @ﬁnnel

erence as the Ir entlre I es.
stRadtes.r Irf@)ntecenfboglmeﬁ)xs thelehamk! idfongaton why Be cdadaty@based upon

pﬁ Sstyr% ols or gotgllellgtl s@' %oﬁs g ?lata symbols.

[0071] The change in channel information is determined, block 802. The change may
be between consecutive transmissions, between the current transmission and a
transmission N transmissions prior to the current transmission, time averaged changes,
averages over M transmissions, or other approaches. In one embodiment, the changes
may be calculated as the absolute value of the difference of the squares of the channel
information for the current transmission and a transmission that is N transmissions prior
to the current transmission.

[0072] A determination is made whether a channel between an access terminal and
access point is stationary or variable, block 804. In an embodiment, this determination

may be made based upon if the change in channel statistics is above or below a



wi rel ess communi cati on system according to one
enbodinent is illustrated. In Fig. 6, each antenna
602a t hrough 602t receives one or nore synbols
i ntended for the receiver 600. The antennas 602a

wb BéogHeg3002t are each coupl ed to OFDM denodRICAUSL2®6/010962
604a to 604t, each of whicls is coupled to hop buffer
606. The OFDM denodul ators 704a to 604t each

denodul ate the OFDM recei ved synbols jnto received
thessheldl 1n pthemmmbodipisnts il felprigngiodaekke pared 0B delalrerf change
0 r : i ' ' t :
et B B o e T e e anRpmgion, | Other
approvhateniay alse teattzad ©08terwimiec hethgr e ehandedcie deationary or
thgf i ndependently processes each carrier frequency of
V&' °OFDM band. Bot h hop buffer 606 and the decoder
[0008) BY eCoidpvadrd eheacaimINgldehink® th B8 NARHASS it dSABant
that also fornms the ei genbeammei ghts that can be )
eigprdprrge dere o detpraningdan Sleck ¢ &0. f oinfpimRatios regextingn Hei derginant
_ oy hA coc . 61 ' ‘
cigEpaet 1L Moo, ERARIRG 30 b Bleel pBECRESL 980 dhe dnfopmetion
regb@ingghe daminamsignbansonsy ehmaneed aofootingtd Dendebrok. Also, it
signal - tp-nojse ratios for nmulti.ple transm ssi.ons.
sipll SeapirEIMaCb ek 806 o8, eiraldmn g st 4 ogR 3% e may be
indepeandt N thB efrbedks @Bpi@E Sin LY €8 OCThU EHeeasaNdihdrb@le channel is
transmt the ei genbeam feed In addition,

k.
dotErERRaidp DEUEriTHE nadrapakitPoREeh Pk dhbe T ever se | i nk

D e e e

fuather dmbodimentoisd jllushiatedh e bigerbepmr indordwtion grroddedofomr the

decoder .to _match the e der ed at. the .access. .
teHBV’ﬁf,% {q?aqccﬁsrso?ﬁ“&[elsare%%gbg%z(dg(gét gssé‘f“’élé%%df |ggviously, in some
elbodiMssh Nethe [BABdanRehRmhbiG theayFibg. quantided | 9\ €leadfére the

of determ ning resources to be allocate

d f
ApORFIaH HEOTEIAE B e EaeA fTEuR B torehaok dPH g att 'alog}% 900. Further, the

| [, S ] ' i s made as
R TR Dpirk b0 Sy i S PEREL PSR RR. X 700,
[0P78] The sxgenbesn nforinetidrhés nitilitealr tofcosstroblag tigetbeamforming

be. transmtt aver. a reverse lin si,gnal in r
e PR Ry S Salpii Fiaowin A ned UeRRonrd, fagk 004. The
dédobPbsTabn Ghay DBi 5 QRIEdRbMbHRIINON THRY cildenVEB@es apréenting the
access point and provided to the access term nal or at
besmfonsg voizb BFaptirnbszowsited o g symbols 1pé theameskhop region to be

%ﬁmﬁmhz %#%ﬁﬁé@ﬁﬂ*@amnmsordMarMesfm

e next or
[0076] Referring to Fig. 10, a flow chart of generating eigenbeam feedback according

an embodiment is illustrated. The forward link channel is estimated based upon
received symbols, such as pilot symbols, block 1000. The dominant eigenbeams are
then determined and calculated based upon the forward link channel estimate, block
1002. A determination is made as the amount of available forward link resources, block
1004. The resources may be the number of symbols that may be transmitted over a
reverse link signaling or control channel, the available bandwidth, or other information.
This determination may be made at an access point and provided to the access terminal
or at the access terminal based upon fixed parameters or data rates for the next forward

link transmission.



transm ssion. [0068] A determ nation is then nade as
to the anount of ei genbeam feedback that is available
at the access termnal, block 702. The anobunt may be
the total nunmber of eigenbeans, the nunber of

Q%&ngg ei genbeans, or a ranking of the ei genaZans010962
urther, the anount may incjude rank information or

information so that the anpunt takes into account
aII or nost of the feedback required fromthe access
[ODéT]nimEhIe casq @DEO]the\reviersd i linkt resouzees tage témsiderssloleme @sfrequency

allo d for revers Link tr sms on i enerat e
a\ﬁreggk g’f chHJéla eams are (ﬁp %o b% gt Rrow ed as

febtRCRES BB cRs Pding fblocRCl(OeSS Iﬁ the th’badvhéiél ¢hd ﬂeeﬁse link resources
transmtted to the access ternminal. Resources on the
arp gQRsidsaed gt ghedamingnt igenbesamieear reanres) ERguea Y, are provided

asbl%écg;qCIUfBQHe 5&% gggllt AR 10 pg)l ock 706. [0070] Referring

chart of determning whether to
[Qﬂﬂ&}/ir_tie abm\@eprbwsns heg db gekfomuabntlizing & arwtshelr 420 or 460,

enbodi illustrate Ch el. information i
DGR TOr 570 AR dM O 2 a o) FPRes s tse pigatious, and
folattSdsadbs RO UBItH Reaputeho Figdf SABB] &1d 6110 GhaNb&lperformed on any
statistics. I n some enbodi nents, the channel

Iiomse@rnﬁtmtmlalewydfor other @racessitgedgyicekad mAY B stasecas computer
rea?ﬂﬂl@ grrstrﬁ t%ﬂ? n & tc'bﬁlBgttep Tﬁﬁmg %ﬁeléhugrL §§ o rE‘J 9§J£%b1?& ccUde, or

or mat 1 on. " Furt anne of MeEt | on
othentvgsel. at ed in either, or both, the frequency and ti me

(3TE nEe RotnigFesclessieR ereit oy e dmalRaaee, h gouy eass. For
exXnt} s, 1R RFhiRIYs nayfHelifiplealedRE iPharthv 8 Lol @28k or a combination

channel statistics are utilized in addition to, or in
theresf; Bor a hardwaye sBplamentaaon, dieperessing ytsi veithin & acqess BT 2

SGEROUARA oy S RARAAY v i BFOTBL R, BHc Sy SALE AkBflca

ols or
cidaiita (SyiBo) dlglt{ﬂOﬁZﬂfil pTh@smnsanlg&Ps)ndxghalnmghahprbcmsmag idevices

ORI PR etR s o e WELEDE T Pl rapnle ERR" armays

(RHGUS " 2Sésadts asthtrdllerk, r@!b%rb&ﬁfdllers M’xﬁd‘r@ﬂ%ﬂés‘é&h OfterPledonic
to the current transm ssion, tine aver aged ch anges,

upi{sedesigaed towerom the Awnstiprsdeseribed eremy pie? Capirearbareof] n
0, PP ke BRI oo UL i e
implemnerebd withf odradsi @rg. fpmcetdu&aspﬂmmms hmchscs foh b shad ipedordh the
o TR S SR BEMBE o v s e
eX¥eaich 85 pRocetBRN Ethe BRIV G Ainid thad B $Hiplein@hted MthirARE processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.
[0081] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the features, functions, operations, and
embodiments disclosed herein. Various modifications to these embodiments may be
readily apparent to those skilled in the art, and the generic principles defined herein may
be applied to other embodiments without departing from their spirit or scope. Thus, the

present disclosure is not intended to be limited to the embodiments shown herein but is



access point is stationary or variable, block 804. In
an enbodi nent, this determ nation nmy be nade based
upon if the change in channel statistics is above or
bel ow a WO 2006/ 102639 PCT/ US2006/ 010962 16
\Ngg&gﬁ@gkﬂ. I n other enbodi ments, the deter mMpPCaUSRIVCENYG2
e based on a rate of changg between severa
deternmi nations of the change of the channe
information. Qther approaches may also be utilized to
tqaléc ecedrdel Wirewidest sdope chasisient Wih shaipriosialey apd novel features
& %%6611[0073] In the case where the channel is
5%Pern1ﬁéd to be stationary, the dom nant ei genbeans
are determ ned, block 806. Information regarding the
dom nant eigenbeans Is then transmtted to the access
poi nt, block 808. The information regarding the
dom nant ei genbeans nmay be quantized according to a
codebook. Also, it should be noted that bl ock 806 nay
occur at any tinme prior to block 804 and may be
i ndependent of the process depicted in Fig. 8. In the
case where the channel is determ ned to be variabl e,
no feedback is provided, block 810. [0074] Referring
to Fig. 9, a flow chart of generating ei genbeam
vectors according to a further enbodinent is
illustrated. The ei genbeam i nformation provided from
the termnal to the access point is read, block 900.
As di scussed previously, in sone enbodinents, the
ei genbeam i nformati on nmay be quantized and therefore
the appropriate information is read from a codebook
for use at block 900. Further, the eigenbeam
information may apply to only the dom nant ei genbeans.
[ 0075] The eigenbeaminformation is utilized to
construct an ei genbeanform ng matrix, block 902. The
ei genbeanform ng matrix is then deconposed, bl ock 904.
The deconposition my be a QR deconposition. The
ei genvectors representing the beanform ng weights can
then be generated for the synbols of the next hop
region to be transmtted to the access termnal,
bl ock 906. [0076] Referring to Fig. 10, a flow chart
of generating ei genbeam f eedback according an
enmbodi nent is illustrated. The forward |ink channel is
esti mated based upon received synbols, such as pil ot
synbol s, bl ock 1000. The dom nant ei genbeans are



then determ ned and cal cul ated based upon the forward
link channel estimate, block 1002. A determnation is
made as the anmount of available forward Iink
resources, block 1004. The resources nmay be the
nunber of synbols that may be transmitted over a
reverse link signaling or cgntrol channel, the
avai | abl e bandwi dth, or other information. This
determ nati on nay be nade at an access point and
provided to the access t&IAIMS or at the access
term nal based upon fixed paraneters or data rates for
the next forward 1link transm ssion. WO 20061102639
1. PCT{A%%/CQ%Q%?C%M a;{ﬂ%pazjs]coh{sbr&mg 19%§%bm95@ the
reverse |link resources are con low, a frequency
aveadgeHO@OQMGﬂuanmdant ei genbeans are determn ned,
prior to the acc
o1 AProcBisaeiarTobe! dr g exu B fnErse i FRoBREER Frepurecs
and S@)Qléirrf—‘geﬁ in@icRoEONGE ALERE lihk Bhnsnlifeordesdura@i tallocated for
| genbeans for each required frequency are provided
tra%ﬂlﬁ%@dﬁd@km{@mlh@lnﬁumégen brsehuponghe dierimo® on[qfoirggvailable
v e ay be perforned utilizing TX
rm@n%lg?gaﬁyﬁi§&1%§&%6 processor 430 or 470, and
menory 432 or 472. Further processes, operations and
features described with respect to Figs. 5A 5B, and
2. 6- 10herirelsss s un AN GAPHAYS ohilaires Wre“&ﬁ\’?tﬁ*%qeﬁ@rf is
caf¥B Ao RHE AR EEIRbRIC AR (AR T8I REo S BecAion a
nput er nstructions 1 n a conputer readable
numbduﬁhmasﬂsmmmamgoademIohﬁemhnsedes or otherw se.
[0079] The techni ques descri bed herein may be
I mpl emented by various neans. For exanple, these
3. t eCITRE QhiBRsd '@)Ymﬁ@ml:d’ﬂbh%ﬁ?d?&tﬁgof Jlanhwa?f %Fe‘?m tRPrE MBI is
or a conmbination thereo For a hardware
capabs diveri g 4 mrssagheclod ogalssindgateniot s twansinitred dioae the sis least
( go%nt or a access termnal nmay be inplenented within
VRAECY S or e application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital
si gnal processing devices (DSPDs), progranmable |ogic
4. dev|Tbesvlr@\ﬁﬁmmwme&t@n@p@@at&mﬁﬂa@ bawh@rm fhgypsocessor Is
ca;gabF%sd)etgérR@(i)n%?tﬁ va{llabl%(%g\ferrs%llinﬁ trahsmnssn recégurc lalse(:e]cf pron a
forpard mfmatdaeng‘smnab amra‘eledesmmbmdathﬂrdeme. or a
conbi nation thereof. [0080] For a software
i npl ementati on, the techni ques described herein nmay be

5. The wireless communication apparatus of claim 1, wherein the processor
determines available reverse link transmission resources in a MIMO-OFDM FDD
(frequency division duplexed) system, and is capable of causing a message including the
beamforming information to be transmitted based upon the reverse link resources of the

indicator.

6. The wireless communication apparatus of claim I, wherein the reverse link

resources comprise data channels and control channels.



i npl emented with nodul es (e.g., procedures, functions,

and so on) that performthe functions described

herein. The software codes may be stored in nenory

units and executed by processors. The nmenory unit nay

be inmplemented within the processor or external to

the processor, in which casg it can be communicatively

coupled to the processor via various neans as is

known in the art. [0081] The previous description of
7. t heTH¢ $akesesbnaniaetivrapgaratss OF OMhdgdvHeeei€@h@Ecat@yirther

person skilled in the art to make or use the features,.
compiiies IEAENtigp s i 3 Baber ahei cerbepBalinisiedbask xeigieEpverse link

-ed: ' j fications to these enbodi nents may

tragsg{'%r@%ﬁ%/ )Eéeg%gg‘%g%‘f to those skilled in the art, and

the generic principles defined herein may be applied
to her enbodi nents. wi thout departjng fromtheir
8 spi The W ESCHIUNURFAION apprEatupp alft | ey e paiorfther
corhErtiﬁ_@qirﬁgrxﬁé?ioﬁ%édbgektt%%c%f?o“ﬁ%g@émgq{/ém i a8 186 afon.

but 1s WD 2006/ 102639 PCT/ US2006/ 01096 18 to be

accorded the w dest scope consistent with the

pringci ples and novel. features i.sc] osed.herei.n. 19
9. BL AT R s B kb SRR Sh TE RISt g ikles
colb RRIChSd N dppaiatlisCOMBIi Batah @Bcess Rkming@St two ant ennas;

and a processor capable of determ ning avail abl e

reverse link transm ssion resources and providing an

10511 GRap B P R 3Bk BT PRI AT o

coasRidatigrodpphfacisdemriggsnatateds pdint he avail able reverse
link transm ssion resources. 2. The wirel ess
comuni cati on apparatus of claim1, wherein the

11Pr O?ﬁé@v‘%leg cmrﬁﬁ‘ﬁﬁ@t%n%&%ﬂﬁhﬁimlﬁwg \I/IQ?%@M@ i}]dﬁmtgr further

reverse link transm ssi resour ces based upon a

coimprides infofmaime feedbackisned djonger kaypevased ¢igerbeam information.
transm ssions. 3. The wirel ess comrmuni cati on appar at us
of claim2, wherein the processor is capable of

12.0anT'hQQiéle@&ﬁrﬂﬁﬁqiw%l&g%ﬁ&ﬁ Bec1hindi GAHeRin TR iR@icator further
transmtted fromthe at least two antennas.

 comprises information feedback based upon restricted frequency averaged eigenbeam

information.

13.  Anelectronic device comprising, in combination:

a memory; and
a processor, coupled with the memory,

capable of determining whether to transmit eigenbeam information from
the at least one antenna of a MIMO-OFDM FDD (frequency division duplexed)
system based upon channel information, including available reverse link
resources,

capable of determining an amount of resources required for beamforming
feedback and

capable of causing a message including beamforming information to be

transmitted based upon reverse link resources available.



4. The wi rel ess communi cation apparatus of claiml1,
wherein the processor is capable of determ ning the
avai |l abl e reverse |ink transm ssion resources based
upon a forward link transm ssion to a wreless
comuni cation device. 5. The wi rel ess conmuni cation
apparatus of claiml, wherejin the processor
deternines avail able reverse |ink transm ssion
resources in a M MO COFDM FDD (frequency division
dupl exed) system and is capable of causi ng a nmessage

i ncl ng the a mng nformation to
144 raﬁﬁ ‘F?té‘d"%%%yé“c? qrffﬁ iy Rewhegiaasehanp 'refe%%}w@é@mflses
chidhgl stét@FIbscﬁltd%herén tl%rtﬁoé%sro‘?hseé Al O BTANM A 1h§r&/hether the

apparatus of claim 1, wherein the reverse ITnk
charrmsbalasesommyrpharmel Qialt\arnelbianmnsl tanet! tqmntthe)¢haomarstaetst$cs and
RO E R e Tt S
thd dhfaﬁh{eﬂf%tth@&aﬁ&\awctﬁmﬁ\&@ﬂ{e @Fnalﬂégm%‘l&”ﬁ to be fedback
over the reverse link transm ssion resources

al | ocated. 8. The Wi rel ess comruni cation appar atus of

cla t cator. further
157t o baee BT bt dac b ¥ e BRI Sagories

ch@ingEesthiR69 ariafmaﬁah k¥ proceSsor Tshcepwlé ef @e?eemﬁmﬁgmlethat ihen
apparatus of claim1, wherein the wrel

cheBfTis AisHPIaH chippak ataugriablmshanseibased La@@ég*set'teent'}ﬁ Ghannel
Sta&%m[nﬁ %'uu?§ﬁ|n%§W' cation apparatus of claiml,

ereinthe e communi cation appar at us
conprises an access point. 11. The wireless

ni cati on ara claiml1, re n the
6; n%%?'@?“‘?‘h? ??Yé‘?e Ofc,cjﬂﬁ‘ﬁ lgswherr«'ﬁft%er ?Péﬂ'i“‘ﬁ PHBYIPAGRMPrises
chQﬁ‘é EatRLM R PAR R E6G s Sy FENBEATLE aﬁta{mhg Whethtlthe

he w rel ess communi cation apparatus of clarm1,
clwdmelrlelarstaltlhean ¥ abarmat @ra vapiablhehanneldrped s whetlor mhartga in the

e gL BGR © NAl ar oA P50 <t eI BT ont ¢ devi oo

conprising, in conbination: a nenory; and a
processor, coupled with the nmenory, capable of
17det dhaelsbinpindetitsa! claomtiBanwberein thé ghanbel anformatmnrammipoises

channer@tatlstlcs and wherein the processor is capable of determining a number of
eigenbeams for which to transmit eigenbeam information based upon the channel

statistics.

18.  The electronic device of claim 17, wherein the processor is capable of
determining the number of eigenbeams for which to transmit eigenbeam information to
be less than all of the eigenbeams utilized for transmission to the wireless communication

apparatus.

19.  The electronic device of claim 13, wherein the channel information comprises
channel statistics and wherein the processor is capable of determining whether to transmi

frequency averaged eigenbeam information based upon the channel statistics.



the at | east one antenna of a M MO OFDM FDD (frequency
di vi si on dupl exed) system based upon channe
i nformation, including avail able reverse link
resources, capable of determ ning an anount of
resources required for beanform ng feedback and
capabl e of causing a nessage includi ng beanform ng
information to be transmtted based upon reverse link
resources available. 21 14. The el ectronic device of
20. cI arna dl&trontaleeica of blaint hamwiekeih te@hnmiel mﬁomnpn kS®@prises

nnel statéitlcs and wherein %) rocessor
Chaea abfigisrnd sheren e REPCRITet WERP Hreof delesRRBNE the Channe!
staffiied étﬁﬁ@lfe}'enﬁlnﬁﬂrﬂ%e iflerdivari abl e channel based upon
t he annel statistics and capable of determ ning
mhether to transmt ei genbeam i nformtion based upon

her. the chann he stati onar anne
Ly e T st T O lairk ol VGBS Msnenith Griaappn papises
chalaﬁel svah@tr &iafd therefAB RRcedsOf RICARHLIOST deRMRIises channel
statistics and wherein the processor is capable of
lengétod ke piedetermined Hisne infeeval chaserhenoniag isstriiciaer wagivgd at the at
kaaonem%h”%r a vari abl e channel based upon whet her the
channel” "Statistics change within a tinme period. 16.
The el ectronic device of claim 13, wherein the channe
i nformati on conprises channel statistics and wherein

22t he Tl dedwaisrderice ohplalM &3,07heeFdt Bierfi gfnRgprnidemtiop Reamprises
mf@%ﬂgﬁtoﬁre%p% @fo RB3f ﬁné)&hégé?\%:ctgrrs o"flsnﬁﬁﬁlk Ps]%%e& Qﬁﬂ@ Glneless

ased upon er a change annel stati
conmmbiiicatioa appaetuper i od exceeds a threshold. 17. The

el ectronic device of claim 13, wherein the channe

i nformati on conprises channel statistics and wherein
231 heTlEH&@&n%%R!de‘v&e%@@l%m 62 Qfhetlgh &5 Ak BF g ofte DHABRY ei@dnvectors

ei genbeans for which to transmt el genbeam i nfornation
arepagregedpenmutiplchigratelecei wadat ithet wice¢ss 8Tt ag b e e racisc

device of claim 17, wherein the processor is capable

of determ ning the nunber of eigenbeans for which to

24 .1 1 angdi ket @InGeRIRBY LRIPLMBIRBAN tR onB & hRSSeibbiMRc®lsl coftfprise
t he ei genbeans utilized for transmi ssion to the
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25.  The electronic device of claim 22, wherein terms of the one or more eigenvectors
are averaged over multiple subcarriers of the signals received at the wireless

communication apparatus.

26. The electronic device of claim 22, wherein the one or more eigenvectors comprise

one or more subcarriers averaged eigenvectors.

27.  The electronic device of claim 13, wherein the eigenbeam information comprises
information corresponding to one or more eigenvectors of signals received at the wireless

communication apparatus and an eigenvalue of each of the one or more eigenvectors.



19. The el ectronic device of claim 13, wherein the
channel information conprises channel statistics and
wherein the processor is capable of determn ning
whether to transmt frequency averaged ei genbeam
i nformati on based upon the channel statistics. 22 20.
The el ectronic device of claim 13, wherein the channe
informati on conprises chamsel statistics and wherein
the processor is capable of determ ning the channe
statistics at predetermned tine intervals. 21. The

28.el ethe dritondeddvee oftlagh 4B rwiR0sin weerigdnbearh é31fglmaa1|iq>elcomprises

. Anfarmation hannel statistjcs an
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cohM@niRiAedgaiRed time intervals based upon an
instruction received at the at |east one antenna. 22.
The el ectronic device of claim13, wherein the
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correspon one el genvectors o

thereegmbmdirﬁéuﬁahen Wtdroedne@@ a @@Blmd)m cation apparatus. 23.
The el ectronic device of claim 22, wherein terns of
the one or nore eigenvectors are averaged over

30. mul ) |1@EI@ct§dn9@@év$ce o‘?%ﬁ'lﬁ{qg \Qﬁerérlﬁ ‘?heg?r{)@és?ogrsis cap 8ble.of 8uanftizing
conmuni cat 1 on appar at us. ectronic device o
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conprise one or nore time averaged ei genvectors. 25.
The el ectronic device of claim22, wherein terns of
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multiple subcarriers of the signal's received at
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ﬂce of claim 22, wherein the one or nore

Cm&ﬁ%@ﬂ@bctors conpri se one or nore subcarriers
aver aged ei genvectors. 27. The el ectronic device of
claim 13, wherein the ei genbeam information conprises

32§ nf 6h¢|ﬂﬁ¢tml<cdﬁw@§é@hidh dg Veereinghaoprogaspas ivfapeble ot Aerndizing
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elgenvectors 23 28 The el ectronic device of claim

13, wherein _ the eigenbeaminfornation conprises
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34.  The electronic device of claim 13, wherein the channel information comprises
channel statistics and wherein the processor determines whether to transmit eigenbeam

information based upon the channel statistics and received instructions.

35.  The electronic device of claim 13, wherein the channel information comprises

instantaneous channel information.

36. A method of resource allocation in a wireless communication system comprising,
in combination, the steps of:
determining reverse link resources available at a wireless communication

apparatus;



comuni cation apparatus. 29. The el ectronic device of
claim 13, wherein the processor is capabl e of
quanti zing the eigenbeaminformati on according to a
codebook. 30. The el ectronic device of claiml13,
wherei n the processor is capable of quantizing each
conpl ex el enment of the eigempeaminformation using a
desi red nunber of bits. 31. The el ectronic device of
claim13, wherein the processor is capable of
quaséte@iingg aashbusTpéyrced eqeindd fof béahefoemggmmamk and
i nformati on according to a predetermn
condE i hea oramne feadback b an tH%{ﬁVE'ée ok &psgr wpqgreverse
hn 5g£&; B, ocessor is capable of quantizing sone
e el enents of the eigenbeaminformation. 33. The
electronlc deV|ce of claim 13, wherein the channe
informatio ofp second orde
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traH\ﬂﬁEs%mreEch@c&Q@@Eﬂkes'd@feﬂﬁ aid 3B COIBRAMA R@sber 6N@RAGlansmitting
statistics and erein the processor determ nes
revigrsetlink transmisyianssi t ei genbeam i nformati on based upon
the channel statistics and received instructions. 35.
The el ectronic device of claim 13, wherein the channe

381 nf OhéBletRE of ORI B SfBirthdrSin ?nﬁla@&@nmlﬁh@@nﬁéssage including an
information. 36. A method of resource allocation in a

indjgafqs|od & aseamAdricemfaravingsipedbagk esapEsssi ng, in
conbi nation, the steps of: determ ning reverse |ink
resources available at a wirel ess conmuni cati on

39appdhatnggiod 24 clathe Berwhanéingetarmiamgueneref|inkesur@s available
requi red for beanform ng feedback; and assig
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pon reverse |link resources available. 37. The

tmﬁgﬁﬁgﬂyof clai m 36, wherein determ ning the avail abl e
reverse link transm ssion resources conprises

det [nlnln nber of users transmg4|ng
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ch§%eb%H£E&ﬁRﬂ6@ﬂﬁEkSlng transnmtting a nmessage
i ncl udi ng an

41.  The method of claim 36, wherein assigning comprises assigning a number of

eigenbeams to be feedback over the reverse link resources allocated.

42.  The method of claim 36, wherein assigning comprises assigning feedback

comprising frequency averaged eigenbeam information.

43.  The method of claim 36, wherein the wireless communication apparatus

comprises an access terminal.

44.  The method of claim 36, wherein the wireless communication apparatus

comprises an access point.



i ndi cator of the assigned beanform ng feedback
resources. 39. The nmethod of claim 36, wherein
determining reverse link resources avail abl e
conprises determ ning reverse link resources avail abl e
based upon a forward link transm ssion. 40. The
met hod of claim 36, whereim4ghe reverse Iink resources
conprise data channels and control channels. 41. The
nmet hod of claim 36, wherein assigning conprises
45aSsnghetRed &f isuub&s alldtationiif @ AIRARS cdrombeicAtRRdhashk ukising,
~the reverse link resources allocated. 42. The net hod
in gFmbinaiom e stephel ei n assi gni ng conpri ses assi gni ng
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duplexed)) esent amuineleatdoomuappaoatiersce, oohingsegersmnlidcesssces
termnal . 44. The method of claim 36, wherein the
avﬂpgg}ess communi cation apparatus conprises an access
POI Blnerddmg chaneinfRAAGH RbakiBRAUWnfn @HidPeRThAMel WitRrespect
Wi r el ess communi cation syStemconprising, In
to theivbieleas conmubihagietdepsepf generating ei genbeam
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changphnfar@atiorvandéhannel with respect to the wirel ess
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up6tethe réverse Mgk \Wsdtiites avialableansm t the ei genbeam
i nformati on based upon the channel information; and
causi ng a nessage including the beanform ng feedback

to i . . . i
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47.  The method of claim 45, wherein the channel information comprises channel
statistics and wherein determining whether the channel is the stationary channel or the
variable channel comprises determining based upon whether the channel statistics change

within a time period.

48.  The method of claim 45, wherein the channel information comprises channel
statistics and wherein determining whether the channel is the stationary channel or the
variable channel comprises determining based upon whether a change in the channel

statistics within a time period exceeds a threshold.

49.  The method of claim 45, wherein the channel information comprises channel
statistics and wherein determining whether to transmit comprises determining a number
of eigenbeams for which to transmit eigenbeam information based upon the channel

statistics.



the channel is a stationary channel or a variable
channel based upon the channel statistics. 47. The
nmet hod of claim 45, wherein the channel information
conpri ses channel statistics and wherein determ ning
whet her the channel is the stationary channel or the
vari abl e channel conprises ggeterm ni ng based upon
whet her the channel statistics change wthin a tine
period. 48. The nethod of claim45, wherein the
channel i nformati on conprises channel statistics and

eterm nin et.her the. channel is_the
Ost a{F ﬁ%m& pd eﬁa‘ﬁh’éf‘g’o‘w SR SelgpID g TeF bR aF CigBMsFMS es
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atistics wthin a tine period exceeds a threshol d.
utidged fTiheansmidsod tofheotiadless 46nmuhisaednmapphatushannel
i nformati on conprises channel statistics and wherein
determ ning whether to transmt conprises deternining
512 nuAbRIetho@fof ClaBenbeMBeih e dBh el infniakidR 8hbrises channel
ei genbeam i nf or mati on based upon the channe
staggtees iagd the gnetix! fugber cpmeriniag Heldrmohing| veliethed o) tratsexitelirggquency
r ej rises
av%gc{egr b&% ntP(g mlr_li_ggpggslgg Pon tgg@f%%%glsstat%pgq)ess than al |
of the elgenbeans ut|I|zed for transm ssion to the

Wi rel ess conmmuni cati on apparatus. 51. The method of
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stagaﬁc@ gﬁ& whec'lreﬁ'nv\%?%te aﬁ§g aﬂqnéﬂﬁtlgﬁést&?ﬁilgﬁlwst flradh ahﬁ’él Ridtistics
eterm ni herto transm t uency averaged
atme@ﬁmhe&munM(MHWWaon based upon the channel

statistics. 52. The nethod of claim45, wherein the

channel information conprises channel statistics and

53Wherrgé %e%ﬂ%"f@ltahﬂ% GhRRERkheSd @nbsdnh o HRABA 'c§1%§1 ises
generating channel statistics at predetermned tine

infpmpagion &b gespsading freoneetr hade egenieatiorn A5ignaklseeceived ahdie wireless

8l%enbeamlnf rnatlon conprises information
CopBFP A UNERPAS 0 one or nore ei genvectors of signals

received at the wireless comunication apparatus. 54.
The nmethod of claimb53, further conprising averagi ng
54t he Top@ethod ghelaim éngGHW@DmPQSID&’/éYeWﬁJDE theloge petery ed

elg% \geQ%rs 0ve§%u|§]§re@&/h¥g%r%fls claim 53, further

S ng av onie or nore

55. The method of claim 53, further comprising averaging the one or more

eigenvectors over multiple subcarriers of signals received.

56.  The method of claim 45, wherein the eigenbeam information comprises
information corresponding to one or more eigenvectors and an eigenvalue of each of the

one or more eigenvectors.

57.  The method of claim 45, wherein the eigenbeam information comprises

information corresponding to dominant eigenvectors of signals received.



ei genvectors over nmultiple subcarriers of signals
recei ved. 56. The nethod of claim45, wherein the
ei genbeam i nformati on conprises infornmation
corresponding to one or nore eigenvectors and an
ei genval ue of each of the one or nore eigenvectors.
57. The nethod of clai m45,,wherein the ei genbeam
i nformati on conprises information corresponding to
dom nant ei genvectors of signals received. 27 58, The
58.met ipgmethog loatin 435, idkdrempasIAR GidiinBgAadbédeng t he
ei genbeam i nf or mati on according to a codebook. 59.
infaeatiop eprondiBg tc eadePa®. f urt her conprising quanti zi ng
t he ei genbeam information for the ei genbeam havi ng
the m ni nrum nean squared error. 60. The nethod of
59c|aWheﬁﬁﬁmdMébbhm4ﬁhhnmhanmehgh@ﬁmmmamgmm:a@ﬂnmhmes
second orﬂ chan statistics. 61. The net hod of
infgymation 4oyt aFgR A ﬁé'”8Iﬁ*é’11’ﬁl£‘l”“i“ﬁf”@ﬁaﬁéﬂ‘1'36?fi Hifpri ses
channel statistics and wherein determ ning whether to
transmt eigenbeaminformation determ ning whether to
601raﬁhﬂhﬁﬁbd©édhhpéﬁ eleagindie cheiatel stforomtiamdompigsis sewnd order
| sfr% |ons 62. The nethod of claim45, wherein the
C”%WS SU%Sf or mat i on comprises i nstantaneous channe
i nformati on. 63. An apparatus conprising, in
conbi nation: neans for determ ning reverse |ink
61y esdbe pethodwarlaim ke, Wirsein shefdhanigbtrdenmiaion gomprisers batnel
seflich BRPUREER oA R L AheRE RIS L h 85 GRATK o "0
defeR@inm@wWetesier kd thinshasRded wHoa rclhdirﬁl‘éEJta%tlbs K re@swdria@euctions.
avai | abl e. 64. The apparatus of claim63, wherein the
means for determning the available reverse |ink
621 faﬁg@l&%ﬁ%f%ﬁﬁﬂ%cﬁﬁ fr&ﬂWdhﬁﬁ?e] BARSbRE oﬁlg i§gsM N ng
based upon a nber of users transmtting reverse
instantdnedusahsimes sifanmtio®5. The apparatus of claim 63,
wherein determ ning reverse |link resources avail able
conprises determning reverse link resources avail able

c3basag a%BQQtu@c&gEMQHQ if EdHibination:

means for determining reverse link resources available;

means for determining an amount of resources required for beamforming
feedback; and

means for assigning beamforming feedback resources on the reverse link based

upon reverse link resources available.

64.  The apparatus of claim 63, wherein the means for determining the available
reverse link transmission resources comprises means for determining based upon a

number of users transmitting reverse link transmissions.

65.  The apparatus of claim 63, wherein determining reverse link resources available
comprises determining reverse link resources available based upon a forward link

transmission to the apparatus.



transm ssion to the apparatus. 28 66. The apparatus
of claim®63, wherein the neans for assigning conprises
nmeans for assigning a nunber of eigenbeans to be
fedback over the reverse link resources allocated.
67. The apparatus of claim®63, wherein the neans for
assigning conprises neans fg assigning feedback
conprising frequency averaged ei genbeam i nformati on.
68. An apparatus conprising, in conbination: nmeans for
66 genghahppacates gfeieas whEeinhd medhsadoMshigh Bk LymbBE2s means for
(frequency 9|V|s|on dupl exed) system |nclud|n
assrz’éveras'e“rtr%r@ plgeisrme o Bp/fasihpask ioner theesyerse gpk geé%r%& i ng
al&hagnel information regarding a conmunication channel
wth respect to the apparatus; neans for determ ning
an anount of resources requi red for beanform ng
ack; means ernr er to tran
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based upon the reverse link resources available. 69.
Aappar at us of %5 erein the channe

|nfoPﬁ@P?3W58'ﬂﬁ?'%%sng%ﬁﬁﬂ%ﬁm statistics and wherein

t he nfee@for é@ferzfﬂﬂ%%rgl%lﬁﬁaﬁgmwﬂhma MOMO-@FSM FDD (frequency
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change within a time period. 71. The apparatus of
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sti,cs and wherein the neans for

hannel t
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means for transmitting a message including the beamforming feedback to be

transmitted based upon the reverse link resources available.

69.  The apparatus of claim 68, wherein the channel information comprises channel
statistics and wherein the means for determining whether to transmit comprises means for
determining whether the channel is a stationary channel or a variable channel based upon

the channel statistics.

70.  The apparatus of claim 69, wherein the channel information comprises channel
statistics and wherein the means for determining whether the channel is the stationary
channel or the variable channel comprises means for determining based upon whether the

channel statistics change within a time period.

71.  The apparatus of claim 69, wherein the channel information comprises channel

statistics and wherein the means for determining whether the channel is the stationary



channel or the variable channel conprises neans for
determ ni ng based upon whether a change in the
channel statistics within a tinme period exceeds a
threshold. 72. The apparatus of claim68, wherein the
channel information conprises channel statistics and
wherein the neans for deteryg ning whether to transmt
conprises neans for determ ning a nunber of
ei genbeans for which to transmt ei genbeam information
ch@msmﬂtMupmmbhhmamhaanahhsiammsﬁbc$ﬂmﬁﬁﬂnghﬁmapparahaSwa
o claim in the nunber. of eigen eans is |ess
changs it | Fh%‘f“e' VHiisties yehpadive Rit o8 €380 DINTEPaKsmi ssi on
to the wirel ess communi cati on apparatus. 74. The
apparatus of claim 68, wherein the channel information
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rmni et her t ransmt fre
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channel information conprises channel “statistics and
upgihéie ehannehgatistiehs f or generating channel statistics
conpri ses nmeans for generating channel statistics at
predetermned tine intervals. 76. The apparatus of
73¢l airtie Gfharashes aim veyiehRan e nunbbios MEden behntsoiRiesh a8 all of
channel statistics and further conprising neans for
thegjggnhgansgtt ifed B drapimisperetodng e Bes MM BUEAtion 3pParatEs-e
received signals. 77. The apparatus of cl ai m 68,
wherein the channel information conprises channe
74st atfhe;hppamtmmf claimtd8e whereimzhé shalngelrrmhnsatfamrcompeusaglhagwel
or re elgenvecégrs over
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conprises information corresponding to dom nant
ei genvectors of signals received. 30 79, The
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conpri sing nmeans for quantizing each conplex el enent

gensratingehaingb ppésains pirfredotimingd tigkecsiesNaliy to a
pre-determ ned constellation. 81. The electronic
device of claim®68, further conprising nmeans for

76quamhé ZppacatsOite:laivfc s, Waereinahe titadndfinfohRat@ing@Rpeiass channel
i.nformation.
statistics and further comprising means for averaging the one or more eigenvectors over

multiple received signals.

71. The apparatus of claim 68, wherein the channel information comprises channel
statistics and further comprising means for averaging the one or more eigenvectors over

multiple subcarriers of signals received.

78.  The apparatus of claim 68, w wherein the eigenbeam information comprises

information corresponding to dominant eigenvectors of signals received.



82. The apparatus of claim®68, wherein the channe

i nformati on conpri ses second order channe

statistics. 83. The apparatus of claim68, wherein the

channel information conprises channel statistics and

wherein the nmeans for determ ning whether to transmt

ei genbeam information comgi ses nmeans for determ ning

whether to transmt based upon channel statistics and

received instructions. 84. The apparatus of claim 68,
79.WheTigd apphiaciseiianne s | foftadriBinpekin g ei¥pid BHEGuantizing the

I nst ant aneous channel information. 85. The nethod of
eigerbsyn infaradtion e B & 2 69dsbAR36 wherein the st ep of

determining reverse link resources avail able is nade

for conmmunication in a M M>OFDM FDD (frequency
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82.  The apparatus of claim 68, wherein the channel information comprises second

order channel statistics.

83.  The apparatus of claim 68, wherein the channel information comprises channel
statistics and wherein the means for determining whether to transmit eigenbeam
information comprises means for determining whether to transmit based upon channel

statistics and received instructions.

84.  The apparatus of claim 68, wherein the channel information comprises

instantaneous channel information.

85.  The method of resource allocation of claim 36 wherein the step of determining
reverse link resources available is made for communication in a MIMO-OFDM FDD
(frequency division duplexed) system, and further comprising the step of:

causing a message including the beamforming feedback to be transmitted based

upon the reverse link resources available.

86.  The apparatus of claim 63 wherein the means for determining generating
eigenbeam information is made in a MIMO-OFDM FDD (frequency division duplexed)

system.



