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[002] In a frequency hopping communication system, data is transmitted 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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[Obﬂlsf $AIRE GRE bodiments, 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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[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.
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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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channel and calculate its 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 308c¢ 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;, 308y, and 308c. Further, the
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from the receiver to the transmitter. Due to limited reverse link resources, this
preliminary beamforming matrix may not comprise of all the eigenvectors necessary for
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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may act as a broadband pilot for the reverse link.

[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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[0043]Ushe Bloglatid} sHrhBAIS Thi S1BHas XELEM éﬁkgggﬁ Pﬁ)fvgcie‘a tgg%ﬁx MIMO

for a number of data streams is provi roma
Preessse et which may rfariber pro¢eEX)thel atcalufation egmbolsdEs., fon OFDM).

TETVARPIER r SR S SR St o v,
traheiniTets(TM ORP822:Atheonight 420t eBVEStatienbé@inbhe, FRIMIMO processor
420 applies beamforming weights to the symbols of the data streams based upon the user
to which the symbols are being transmitted and the antenna from which the symbol is
being transmitted from that users channel response information.

[0044] Each transmitter 422 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. N7 modulated signals from transmitters 422a through 422t are
then transmitted from Ny antennas 424a through 424t, respectively.

[0045] At receiver system 450, the transmitted modulated signals are received by Ny
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 Npg received symbol

streams from Ny receivers 454 based on a particular receiver processing technique to
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respective synbol streamto provi e or ana
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ThE 'pk(gc%gs%r 438 gnay then determine the dominant eigenbeams and feedback may only
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 ei genbeams, 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
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channel) of the MIMO channel and corresponds to a dimension.

[0053] For a full-rank MIMO channel, where Ny = 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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controls for TX data processor 4
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
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[0062] Rate prediction 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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Referring to Fig. 5, a block diagramof a transmitter
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[0066]| The sematielatpd eidfortiation Bireaks 262 thehi prlovicledtto ol.se-Bikelihood-
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
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eedback 524, e.g. quantiz el genvectors,
Fystherhtheagmews mey rinclade rankt hléomwlessomﬁjQIt infdruratiberso that the

above. the fe rise only the
w50 Lo e R SRl o B0 e i
[0069]MARaindida@i68] td Be Msotfdks aiiBcadd fof t8ferle ‘ﬁﬁf(%dﬂsﬂ)@ssmn is
are provided to OFDM nodul ators 518a to 518t that

SPRTALS PiRk 10 dibe podicalpnisuly b g@mewat leithéd @ access point or
ace ¥ Sinall: %Waﬂgrﬁﬁtgé $4 0% ic%gﬁs t? a %ﬁﬁgs;aut{ g?%ﬁg feverse

520a to 52 en in an identica
lintkhage liegradliosated forttraasmizsibh dakediupor tHHEN@cSt@hQﬂ&:k 10%061]

d h
(O REIERER S Bl B ol QRO CresimiSE S hERSe &b petfdeceienbeam
feé@a€k dckordiuis aﬂ@thepteﬁfﬂ)oﬂllﬂ%t qt hgﬁstgﬁﬁs EanfBC AL Fation is

and encoding rates may be utilize encoder
gengateds Hdodnc¥ed Baa ahpmted IlrlfanatlmStmhy abé dnstaiytadxobs channel

mfo%a%&fpis ?]]ilaglﬁllgf)sﬁ%tlslug%o egcgrpnfgg Fsi E@Fd@annel information may

relagnstthe badkeoaiSor IWH FRlir, SgDid s@lréﬁglﬂeéhdn%eﬁﬁﬁe ﬁﬁfgﬁgatlon or other
erein, other encoder tYpes i ncl udi ng MBVI O encoder s
%ﬁ?a%@l ut FPliﬂFéd thg sbezie! Rafosmpiienicelaubatedlin c¢¢tth.)20r both, the

ne st | mat e | nf
frﬁeﬁl ng r anck %? %l%é?l 8?1%\?\1“ ic:: L Pt &R 8fhnleﬁf§ second
Oréﬁrcmaan:} siatistiésoare egitinedac iestheit ahhd)diﬁlentsTﬂﬁst loade or hlyfher order

t ..be provided based upon br oadband
Ch@VI-FE&F% Il‘(f)?g%reb dizgd Smaéfht@weo PE in dieu st e sagend @ﬁi@r channel

statidfiey MatsbR8 ehﬁ)onrhén'tsZ 8t a8 AL Ao ﬁg?%ﬂ:aﬁ{:ﬁl&?% 'ie)gs ed upon

by rate prediction block 502. In an e
pilpggyanbols or both pilot symbols and data 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



prediction algorithmmy use a 5-bit CQ feedback 522
approximately every 5 mlliseconds and/or channel
webicnaras. The actual nunber of bits of CQ feedhaedos/010962
22 may vary based upon desi gib choi ces or paraneters.
[0063] The packet format, e.g. nodulation rate, is
det erm ned using several techniques. Exenplary
thf%?%ﬂlﬂi dﬁé%dh%reén gt dhe deteanisalion Bwyibe kasedendimig of change

R t 4AeRhil .0 1,791, ifl :
be"l'égc;.%nf gﬁ&r?gﬂcg Baslcy[a1 Fﬁiasn%eeéll}%:r%%o%f ﬁ-g)e r C%e{)élgfg)ﬂﬂ?tmn’ Other
appnehchesSmapaalen the Apylized abi deteridine 1hie@i22 ,tBd Thakid iit Is@fionary or
v" Cg%gci ty Based Rank Prediction for M MO Design," both
B¥°Whi ch are i ncorporated herein by reference as if
[00%3] fDkHNCcasB WHEETthE thhhiRd 116 YetchBRA] oR6S SlalibAy! fie dominant
JFig. 6, a block diagramof a receiver systemin’a
elﬁ?ﬂ%ﬁﬁfm eaige detesmitiede| Week c¥lfmunilufatmatiors yisparding the dominant

. ' dj t is illustrated Fig. 6, .
CGEBRLTE 8 TR ol LSO Tt
regardingltBe dnhmagesdgédeahh %aﬁ%@uﬂﬁize@ggeora%% t8ACBHIRRBL. Also, it

coupled to OF

Ggﬁgﬁjhro ﬂg 602t are eac ] (
shg nofed it binck 80§ may pccus £¢ lanp timehpradr tosbloduPd4and may be
i Qi f 0 e ukators, 704a to 604t .
1ng%ﬁ§ﬁ denﬁgﬁga&gcgfede%% ?Igcrfg 'vg'd gny eo?%sei WSSE the channel is
deteaminioddd bs yatiaile storfeedbmck tsqrotidéd, &lock@A 0st or es t he

ej,ved. s |s,for the hop region in which they were
["{’f‘gngﬁfém'h%‘gqﬁéo%é]ﬁ% éh%?&ﬁ“e@rﬂnﬁ S1eeBheae Veqos apeording to a
fufh@V bdBeditena il en&%fedﬁO&hemtgéa{bemyir?mtggcege@e{l haln the
i ndependent |y processes each Carrier frequency o he
ternppp)| 19athg. acBeIshPeioh ishtrafle blogh @08n d Als hdisaesald prevEASlyaie some

. | i Sti i ng 610 that
cr PR, el TRLEPRER o BEah: B0 BE  dariied ol thore e

appmptibe infa@nmtbh i€ reddofromUs Wb&bbbRASITuSS hiOBRck I900. Further, the
, Cchannel statistics processing 610 determ nes

.additio i
el%ﬁ‘?g‘?ﬁ‘i’éfnr%%?%tﬁo§tm%’séppbé@dwéb’ Bedleminivanigenbestmst i st cs,

ob7x3t L nf.or ely r signalto- nois .
o, T ROt AR Abl o Elael o Shal B RiechiehForming
mattinthletk 202. pFlvce gsibeambdrhinpmanixsio ket @icoinpesedh BI0BED04. The
ge&han §S have gccurégd and then transmt the eigenbeam
e‘f"é’é%‘% R M8y 38d? (XBndecompasifien. gdbe neigenyseoritemesenang the
be@Mirmaty WeibRidQhS thenitR '
edenpdul at Zlg i nformat i ?ﬁﬁgtﬁegg&n?ﬁea?%&tgﬁghf@rggl\%%% Tpgion to be
trag@glt@d kthiegeerss terminal, block 906.

[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.



Rati o bl ock 612 and decoder 614, which may be a turbo

decoder or other decoder to match the encoder used at
woOhercaozss poi nt, that provide a decoded dat aPeT/usa0ms6/010962

for processing. [0067] Referting to Fig. 7, a flow

chart of determining resources to be allocated for

vi di ng ei genbeam f eedback according to an
m@k@okﬂ fRsnease Whers the 1exersa link gaeusessi aratcossidered dawe adeequency

h [ r [ ; s.. hlpock 700, .
alefugenBf e dofflihe [ GUHRAML B JFAMHNGE ! B BeihDpropiged as
feedbznk 1o theeatcessqroim, blevier1666. mkhesdagh alherghe e veddd il resources

channel he avai | abl e pbandw dth, or ot her .
orf (P OPAEE bR R QST PRFREEETS OhsAh BEIHHEddTeaengy ace provided
asTeEBB8k RAhBhecRBIpRAOBIHRRI0D9 the access term nal or

atthe access term nal based upon fixed paraneters or
[0878]a Thetabgvef processes meyt bé erfarmed utikzing A6 preissot. 420 or 460,

] term nation i s then de as to the anount,
pr[age%g(?rg‘én glgﬁ(?,eaené@gggmlr% é‘l’o’&i ¥ %@. %HHF‘@ BOces§es: fpeeatigns, and
featared deslribed! wigk rosPest tbIEio@MMNSB A B 0t 8y 1Rt Rrformed on any

nunber of ejgenbeans, the nunmber of dom nant
PrafeseRih saEolleprang/qr gikerprogessingedeyiagearisemas  bersipted eas, computer

: [ [ r ion _or .
reb APICRH R n o rfifer” @A TR P B0 Gos S qbisgt coce, or
othgrwissst of the feedback required fromthe access
inal . [.0069 1 indicator as to the resources
(0B FTKAS eghnighes ‘Lﬁ?é‘!‘?‘%eéfq‘l“?fﬁ% % e Amplsitedsby, ¥préoust imepns. For
exBn@ LK théSdteclhlGuds i ﬁ’ﬁpl@iﬁé(ntg@ irgﬁ#&\ﬁlﬁfg{,egcﬁ%ar@,' dr&ombination
the access point or access termnal and then
thereefn Srdrtat wage ihplesotagiont the provasingReEBUWitiEs acecéssoint or a
e i ar. hen . all ocated for transm ssion based
ook XSl ol bS50 LSS Gopok ABRCH e s
citeuigs (8SIGx)f tignalc highdl SloceiRbRN (DIPsNIABIAL fighalt f o@és@i\ﬁ%d@evices
%I enbeam f eedback according to another enbodi nment I's
(DSPPisht PHESETEANI0SIC | denisenaELaN); Jielb rpgtesunati ogite  arrays
<) ' r j.0 be i nstant aneou .

B e R bl o TB G T AR08 S e cloctronic

unggsrdesigmenio perfornethe famiohs devcabetbhdroin, 6y cdshiaitod Belche

0@@2 t errqr rate, fading, signal strength, channel

(00301 B0r; At STHEATY GIRMFPIGLAERN. | e oferhitinbes, draaribRer hereinemay be

imGRARARIL With GhémildOR. £ abfodb@l&d fiflctfinkh " :
?r.equency' and ti r?e&ag(:)ngi n nagsqbﬂéﬂcl}{%h%’l %gdd?& B?t Ae?:rp,&élaﬁn the

funchions datsobiedrberen. JbeeobBware codes may be stored in memory units and

executed by processors. The memory unit may be implemented within the 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



order channel statistics are utilized. In other
enbodi nents, first order or higher order channe
webkeaici192d3gs are utilized in addition to, or inPCTAIS206/010962
the second order channel stat§stics. In sone
enbodi nents, the channel information may be cal cul at ed
sed upon pil ot synbols or both pilot synmbols and
t°d§F CEGEd| the Wldesrlqcoméoeﬁaﬁ@tewm«% bR aprinstiplenfod maveb fieatures
disSlo8&t - &h ned, block 802. The change may be between
onsecutlve transm ssi ons, between the current
transm ssion and a transn1ssion N transm ssions prior
to the current transm ssion, tinme averaged changes,
averages over Mtransm ssions, or other approaches. In
one enbodi nent, the changes may be cal cul ated as the
absol ute value of the difference of the squares of the
channel information for the current transm ssion and a
transm ssion that is N transm ssions prior to the
current transm ssion. [0072] A determ nation is nade
whet her a channel between an access term nal and
access point is stationary or variable, block 804. In
an enbodi nent, this determ nation may be nmade based
upon if the change in channel statistics is above or
bel ow at hreshol d. In other enbodi nents, the
deternminati on nmay be based on a rate of change between
several determ nations of the change of the channe
informati on. O her approaches may al so be utilized to
determ ne whet her the channel is stationary or
variable. [0073] In the case where the channel is
determined to be stationary, the dom nant ei genbeans
are determ ned, block 806. Information regarding the
dom nant ei genbeans 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 block 806 may
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 determned to be variable,
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 information provided from
t he



termnal to the access point is read, block 900. As

di scussed previously, in sonme enbodi nents, the
weizgeniosam | nf or mati on may be quanti zed and t heCefuse®e/010962

the appropriate information i% read from a codebook

for use at block 900. Further, the eigenbeam

informati on may apply to onIK t he dom nant ei genbeans.

[ 0075] The ei genbeaminfo is utilized to

construct an ei genbeanform ng matri x, block 902. The

ei genbeanform ng matrix is then deconposed, bl ock 904.

The dec osition may be a deconposition. The

ej geg'\/ élg%?ezes§ 8%8%??%33%t%e%rﬁqs% ng wei ghts

can sthest beo geBeiaied for the synbols of the next hop
region to be transmtted to the access term nal, block

906. 2 PSPEPr reabler of igtarmining availableaer¢remlinkh transmifsion resources

! ej e cording.an _enbodi nent
o BRA LS e LIRARENE, 48 HPAS K IARCRRE G (SB0REh dBtpeed for
triggsestiapoibaaadeiniag irfymirnion, basadCliporsth® dbeEmiaXidPbSthe available
bl ocﬁﬂ‘%ooo. The dom nant ei genbeans are then
TEYET AT HATSYSHOR HS8UFSt ed based upon the forward |ink
channel estinate, block 1002. A determ nation is made
as the anount of available forward |ink resources,
bl ock Ihesvirdtpss qosguunication mpparows tdfelaitnhevheodin sherpicsssor is

t.ransm tt over a.reverse link signalin
cdplit ST BENE Depfle Ty ETE EiTaron Fesobeabaed upon a
ninibed ofradre ranshhitth gdedcpéaTinkatdRmid¥hsbe made at an
access point and provided to the access term nal or at
the access term nal based upon fixed paraneters or

datagr : t £ or ik, . . .

tr a?s' mqglg ﬁ%lﬁafséo%% l rlléattl 12 aﬁggsrgtu\?\ﬁ g CEIPHRs VTP dhe proggssor is
capeidouf cassing & nessage defeting the,indichitoe eBh e¥nsaMesRE8mOthe at least
‘ thetdorri nant ei genbeans are determ ned, prior to being
YOrNAYBAY as feedback to the access point, block 1006.

In the case where the reverse link resources are

consi dered hi gh, the dom nant ei genbeans for each

r equt-r ddie frieaiese woynmaunécatipo wpplerstua of tiaird bla eketedn tieprocessor is

i nt. bl.ock 8. [0078], The above processes
coERT BRI leDF etk il Eu BB ombocercered upon o
fopward ¢iak @fanddfdsioh tdtd VireRBIcBMBA  attorddRficed 72.  Furt her
processes, operations, and features described with

respect to Figs. 5A, 5B, and 6-10 may be perfornmed on

any 5. The wireless communication apparatus of claim 1, wherein the processor 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 1, wherein the reverse link

resources comprise data channels and control channels.

7. The wireless communication apparatus of claim 1, wherein the indicator
further comprises information as to a number of eigenbeams to be fedback over the

reverse link transmission resources allocated.



processor, controller, and/or other processing device
and nmay be stored as conputer readable instructions in
wea 2emnpea3er readabl e medi um as source code, 0bpeTUS2006/010962
code, or otherwi se. [0079] Thg techni ques descri bed
herein may be inplenmented by vari ous nmeans. For
exanpl e, these techni ques may be inplenented in
har dbarlée WHelessacemmumnicatien mpparatus of ¢lhier dofwheFgn the indicator

r i ntati pn, t [ ocessi units wthin a
e BBl PO Bh  RBaoAoR o EIERE, Ao, Rttt fieBrbeam
inforintationone or nore application specific integrated

circuits (ASICs), digital signal processors (DSPs),
di gital signal processing devices (DSPDs),
pr 0gp anrfRbl, G iE%gl 8511%%50%5& (a%)ﬁau’s (];:[J ce,ll pf,o\gflé}%ameewireless
gate arrays ? GAs , processors, controllers,
corhimnmicationt apphtatrsscomprseonr acesdemsnalot her el ectronic
units designed to performthe functions described
herein, or a conbination thereof. [0080] For a

SOf t Y@rehd WpteRIFE HoRirh@icatioll Cagpaftiy Qﬁgﬁirﬂeﬁcﬁlh‘g@ﬂ the wireless
herein may be inplenmented with nodules (e.g.,
CppuRdatansappAftstdompsisesandacsess@ointt hat perform t he
functions descri bed herein. The software codes may be
stored in nmenory units and executed by processors. The
menoly, T wikkys Remnili@tent pamwiishéMclbie 10WAReSSE Ahe Mdicator
external to the processor, in which case it can be
fehgmmpomepsises, dniprpglion etpedlpck nbasseo8Bers gpery hap vbgsed ueigenbeam
inf&asioRs 1S known in the art. [0081] The previous
description of the disclosed enbodi nents is provided

to enable any person skilled in the art to nake or use
t he ures,  functions, .operations, and enbadi nents,
i sl Dbl Rbeless ComamaGSR GapREEa; foem g cxssan the indicator
fueiiBO AbABALS MRYrRRidne adiubykaBRRH Mo PestiRASE edﬁﬁhlnéll;czﬂ ﬁveraged
i

in the art, and the generic principles defin
eigenpep@ igfopnitéan.t o ot her embodi nents wi t hout departing
fromtheir spirit or scope. Thus, the present
di sclosure is not intended to be limted to the
enbodi mnents shown herein but isto be accorded the
wi dest scope consistent with the principles and novel
f eat L eAn glesEpnic daVipR FUNPHRAI M5 1. A wirel ess

connygkﬁﬁg§gﬁdapparatus conprising: at |least two
ant ennas; ‘an
a processor, coupled with the memory, capable of determining whether to

transmit eigenbeam information from the at least one antenna based upon channel

information.

14. The electronic device of claim 13, wherein the channel information
comprises channel statistics and wherein the processor is capable of determining
whether the channel is a stationary channel or a variable channel based upon the channel
statistics and capable of determining whether to transmit eigenbeam information based

upon whether the channel is the stationary channel or the variable channel.



a processor capable of determ ning avail able reverse

link transm ssion resources and providing an indicator
wohodshezasever se | ink transm ssion resources al PoTaseme6/010962

for transm ssion of beanfornting i nformation based upon

the determ nation of the available reverse |ink

transm ssion resources. 2. The w rel ess comruni cati on

appatat te @fecgiopicndgvicevhedr slaimt A8, prhseeinsibe thanpabafoemation
erm N n i reverse link transmssion . .

ool Shl Waytie 32" LS, VY B Erck 1 SHGRIE {017 Gefnining
whether the chimie] iy aBgtibsay whanned .or Bheariableedh@tsel based upon whether

co ni cati on apparatus aof claim2, wherein the
‘hﬁFgg§§g8?“$§s9%@&6W@mﬁf385@§ﬁﬁ6da nmessage i ncl udi ng

the indicator to be transmtted fromthe at |east two

antennas. 4. The wi rel ess conmuni cati on apparatus of

cl ai M. 1Thentedaceionict Hevipe odfeskom i3, odesadih ethef channel information

determ ning,the. avail able reverse |ink transm ssion .
QLTS DB ATFOS VBRI (19 PHECTOR S HEBaTerOf Getgrmining

whéth&l 188 ShARBII4N &AldnaFy SRYh&Cr DvarikBR Wahil %ﬁied upon whether a
conmuni cation apparatus of claim1, wherein the

chengr st changelsp b Fewshinoaiime poried eresedsgethiasbolddi ng
the beanformng information to be transmtted based
upon the reverse link resources of the indicator. 6.

The 1.rEicestecoonoubdevdied | ¢fn cRppaldt whefin Cthal dAahnel information
wherein the reverse |jink resources conprise data
comppish CRangigh s HiGSotnd: WSS dhe processer \ip capable; of determining a
[ e .
T b ing B Blel o Nl S i EUMaliBE based wpon the
chafindistptisticsans t o be fedback over the reverse link
transm ssion resources allocated.8. The wirel ess
communi cati on apparatus of claim1, wherein the

i ndi AtHe EEAGRE RORRT dSESinh O R NKE fp‘f&’o@%‘iﬁ_@%@%le of

upon frequency averaged el genbeam i nformation
defgrmathing thecomnben iof atgeobeaapplar sthich tof trankaitraigenbedie fiefofmation to

the wireless ¢co ni cati on apparatus conpr.i ses an ]
beag%s‘gséhalnela i r?gl ; elﬁl.ge‘aflﬁe@% PE‘EI@%@ I%’Brﬁ‘fﬁfﬁ%%?ﬁ‘?%ﬁ" the wireless
confR@tiedtion agf,alﬁﬂug_i m 1, wherein the wreless

19. The electronic device of claim 13, wherein the channel information
comprises channel statistics and wherein the processor is capable of determining
whether to transmit frequency averaged eigenbeam information based upon the channel

statistics.

20. The electronic device of claim 13, wherein the channel information
comprises channel statistics and wherein the processor is capable of determining the

channel statistics at predetermined time intervals.

21. The electronic device of claim 20, wherein the channel information

comprises channel statistics and wherein the processor is capable of determining a



communi cati on apparatus conprises an access point. 11.

The wi rel ess comruni cati on apparatus of claim1,
woheresaiozs3d he i ndi cator further conprises infor PaTIUSE006/010962

f eedback based upon per hop Xhsed ei genbeam

information. 12. The w rel ess communi cati on appar at us

of clajm1, wherein the indicator further conprises
lepgih ¥ Hie PEdeeaamsd dimgmseyaly hased: wonrancinsenction qecsiney at the at
leAM@had8dnsd genbeam i nformati on. 13. An electronic

device conprising: a nenory; and a processor, coupled

with the nenory, capable of determ ning whether to

transm {, ei &enbeami nf or Ii,on fromthe at |east one .

ant e b SEGUONE ey an e IClaims &3.nihetsi thes cigypkeam information
c b6 HIbEnARY | ingi ' chay ~

[ nl?gsr mat i on coﬁ%ﬁ??@g&? %;ﬁ‘ﬁé'@’ ors%li%t%fr %?ﬁ%pgﬁsd%g 5 ceived at
the wearelass cemawhicadorcagpatsites. of det er mi ni ng whet her t he

channel is a stationary channel or a variable channe

based upon the channel statistics and capabl e of

det e237i Thenglevhieiibedevice & aR$dl 22 elHSRRE &Mk SOHBLIL D more
.based upon whether the channel is the stationary
CIEHARTETS ¢ ayHasafvenBIdinin sighals rasivettas thel wirtlesriommunication
appeMbse of claim 13, wherein the channel information
conprises channel statistics and wherein the processor
i s capabl e of determ ning whether the channel is a
i abl e channel based upon

st at/ ry .channel, or a_var
whetia ?ﬂl%‘éeﬁllwgﬁzn devics of FlimeR. SHiRYR thE PRE AT NQre igenvectors
copiis®Bne dOmortn@hweideaRigenddh e Of claim 13, wherein

the channel information conprises channel statistics
and wherein the processor is capable of determ ning

whetfermt h nnel is tatignary channel r a

var ijasglgl]tec 8‘%@‘@6‘8&‘88 Cﬁp%ﬁlr{}\h&j he er%‘nc'i?gﬁﬁé’%i thei¢ne or more
cigehaemeds &t adviesdold Sovel thillipR §UHMBRE 0P IhEXERRHAS rReived

threshold. 17. The el ect rgni c device of cl gf’ﬁlm 1%, etved at the

WITRIRSS SPRMUNECaEi AR APRATAIN or mat i on conpri ses channel
statistics and wherein the processor is capable of

determ ning a
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.

28. The electronic device of claim 13, wherein the eigenbeam information
comprises information corresponding to dominant eigenvectors of signals received at

the wireless communication apparatus.



nunber of eigenbeans for which to transmt ei genbeam

i nformati on based upon the channel statistics. 18. The
wehewiwzizpc devi ce of claim 17, wherein the precesss06/010962

i s capabl e of determ ning thz nunber of eigenbeans for

which to transmt eigenbeaminformation.to be |ess

than_al | of the eigenbeans utilized for transm ssion

to the Wh§ &lestgnie i efaclagn B pahereinsthe IgroceRer is capable of

; | C [ - Al ' erein, the channel

q@%@%@%ﬁ@%%ﬁgg%hﬁﬁPgégﬁ% a%%é %%@h%%¥$%%ﬂ%nd wher ei n

the processor is capable of determ ning whether to

transm t, frequency averaged, ei genbeam i nformation

base 'uttﬂﬁﬂ efeﬂgo‘&‘ﬁaﬁlﬁ‘(@e Qk gheina ¢ 3 svhegin the epregassary isngapable of

WRKEae e ' kR lonf g
o Aok PR B e B o ROt o B, ARl purmber
ofikitscapabl e of determi ning the channel statistics at

predeterm ned tine intervals. 21. The el ectronic

devi ce of claim 20, wherein the channel information

conpi.SHe eheneat vk &t tiatn and whesigi ﬂﬁetﬂ}sce%&cﬁ,séaggble of

I s capabl e of determ ning alength of the predetermn
qQuanH#Eng pagh \?Qmi’l%a@é@eﬂltp@& theneigendrepmcinfematien sicoadingt to a pre-

ddid¥enifda e antenna. 22. The el ectronic device of
gﬁan]fgﬁﬁéﬂmﬂﬂL

ereln the ei genbeaminfornmation conprises
i nformati on corresponding to one or nore ei genvectors
of sj naé,% received at the wireless conmunication
appat-at us ¢ FECUPRIC dqvacet dlosipian déy vheredt the Biogesser is capable of
quahesif Borh@ biMtheQferhdifhs SR BleolRf BEARANGE! OF S are

averaged over nultiple signals recelved at the
Wi rel ess comruni cati on apparatus. 24. The el ectronic

devi f claim.22.. wherein the one or. nore ) .
ei ge%\?e’@}eo r iseC%SWﬁr fedcs, gl.al%}ﬁ Pibftst \}é? agwanel information

comipgieey el SrdePéhandéltAlsg&t r oni ¢ device of clai m 22,
wherein terns of the one or nore eigenvectors are

averaged over nultiple subcarriers of the signals
recejyy eﬁlea&lirgﬁgs communication apparatus of claim 11, 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 11, wherein the channel information

comprises instantaneous channel information.

36. A method of resource allocation in a wireless communication system
comprising:

determining reverse link resources available at a wireless communication
apparatus;

determining an amount of resources required for beamforming feedback;

assigning beamforming feedback resources on the reverse link based upon
reverse link resources available.



wi rel ess comruni cati on apparatus. 26. The el ectronic
device of claim?22, wherein the one or nore
WenRgsNeEsh or s conpri se one or nore subcarri er spavasayed10962
ei genvectors. 27. The el ectronic device of claim1l3,
wherein the ei genbeam i nformati on conprises
i nformati on corresponding to one or nore eigenvectors
of signals received at the wirel ess conmunicati on
appadatTise atethcanof cREAVIY, Uehedéin eRtdim@iing RBe AREA1MDIe FVeRe link
enyectors. 28. The el ectronic deV| ce of claim13
tr?rﬁg'lflﬁ(?? trﬁ@ué‘ieﬁeﬁﬁ@ﬁﬁﬁffsnfd@ﬁmﬂl% baspghr PR a number’ of users
traﬁggﬁggtré@pseqﬁﬁg esRpidijg to dom nant eigenvectors of
signal S recei ve at the w rel ess comuni cation
apparatus. 29. The el ect roni c device of claiml13,

wher gi n.t he 0cesso a e of quantizing. the
ei ge n]::l}f‘ﬁ ”Pé%ﬁ?m HBC é?y g‘l‘rﬁ&r t PUAPIEHFe PESHRIMItEDE  arBessage
inglue@ferANhdicABVbilie Afsi gk@%%ﬂﬁﬁéé&&% tﬂ@soﬁfo@? es S O r

I's capabl e of quantizing each conplex el enment of the
ei genbeam i nf ormati on u3|ng a deS|red nunber of blts.

31. I oni eV| rein the
pr océle-i]solfe ?Igetﬂg:%pa | &% C%’u a\a{?‘?r?in g]etg%]l’?"tgo i eEse Mk resources
aveilebie Rbmefisdshizte ngein B eevBrdeink A Uresy Aafiawldibagdlhod a forward
re determ ned constellation. 32. . The electronic
HReANS®ISSHoNe | ai m 13, wherein the processor is capabl e
of quantizing sone of the elenments of the ei genbeam
information. 33. The el ectronic device of claim11,
wher4l. n ltermeld:lhdruﬁ elaimn3@rwher¢innhe oavprse dink wsanced oneise data
hchagnel % @%I C 34. The wirel ess comruni cation
¢ 35?5 ?%‘}%%0 P 11, wherei n the channel information
conpri ses channel statistics and wherein the processor
determ nes whether to transmt ei genbeam infornmation
basetl- urmethed @Iﬁ&iﬂh@l 36s tvelteirein |assaglangl compssasea&mgmng a number
of v#ée%é%%ﬁ%tﬁ%% f ci':i)%ck pver | tslofeg/t {rsgilﬂﬁ resources al?(])tca%:eldaI m 11,

anne

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.

45. A method of resource allocation in a wireless communication system
comprising:

generating eigenbeam information at wireless communication device;

generating channel information regarding a communication channel with respect

to the wireless communication device; and



conpri ses instantaneous channel information. 36. A

nmet hod of resource allocation in a wireless
woaosunzaat i on system conpri sing: determ ni ng PEYARISS®6/010962

l'ink resources available at 25w rel ess comuni cati on

apparatus; determ ning an anount of resources required

for beanform ng feedback; assigning beanform ng

feedé@@%ﬂﬂ@gowg@é@ &h trapamit cihe raigenbpaik ipfsmdtiopdnased upon the
dg%ﬁanﬁggﬁﬁg resources available.37. The nethod of

drarm ; erein determning the avail able reverse

link transm ssion resources conprises determ ning

baseg ugon a Eurrber of users transmitting reverse |ink

Ori 48

transPi 485 gAghos Rl FigEn Y nyhersm dheaichmip! infprmaden comprises
r . » . . .
AP0, LANARH LRI S008e] QLA Mbriscs dermining

I ndi cator of the assign
whethothe eBanngbis aBhetiometyhuheniod] oc b abmat36chanhelrteked upon the channel
tQQRernining reverse link resources avail abl e conpri ses
S P i ni ng reverse link resources avail abl e based
upon a forward link transm ssion. 40. The nethod of
claim 36, wherein the reverse |link resources conprise
dat a¥'6hEithenetheth of celaim of5, ciwhemisl she ghannehenfesnhibech @bmprises

. r .as in rises, ass ng a
TR Aa: 98 S8 1% SRR S8 3058 8Ty chamne
ot tha karisid®chianaes] @n@eBiad ésdernfiding Hased®ioAGtheder heddHiNBE  statistics

wher ei.n. assi gni ng_ conpri ses assi gni ng feedback
C}@B%th}“r?gum 8fiethcy aver aged ei genbeam i nf or mati on. .
43. The nethod of claim 36, wherein the wrel ess

comuni cati on apparatus conprises an access terninal.
44. Ahellee nhptitbdfof célainm 4%, widreineilre thannel rigfoeastion comprises

co L.catio arat us conprises an access point. 45.
SRS MM, TN R T -
o1C RTRHHABRL ¢AAnEYSdnSMises 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.

50. The method of claim 49, wherein determining the number of eigenbeams
comprises determining a number of eigenbeams to be less than all of the eigenbeams

utilized for transmission to the wireless communication apparatus.

51. The method of claim 45, wherein the channel information comprises
channel statistics and the method further comprising determining whether to transmit

frequency averaged eigenbeam information based upon the channel statistics.



conprising: generating ei genbeam i nformati on at

W rel ess communi cati on devi ce; generating channel
wonb@roesp on regardi ng a commruni cati on channel PEIIS2006/010962

respect to the wirel ess conmaéi cati on devi ce;

anddet erm ni ng whether to transmt the ei genbeam

i nformati on based upon the channel information. 46.

The et Hesd tagthed afnelaizn 4ahevberaine He chanmeblinformation comprises

' r gat:| I iLstics.and wherein .
cHgihd WLRE EATRIASAD REREY, PhALE R EolPR Reporatine
chahed] lseatisti¢reat phaidteehined tiaesihg@ivaloary channel or a

vari abl e channel based upon the channel statistics.

47. The net hod of cl ai m45, wherein the channel

| T O83TBfhD o HRYAP K §ﬁﬁﬁ%§?'\ﬂ%‘reifnt @k FLdnbeaR NHMREES) Romprises

determ ni ng whet her the channel 1s the star onary
infhmnatien aorrespomdingr tcabhe wwhanrekigenvqotdrs es dgtiady nedrived at the
Wl%nlsed lﬂﬁgn '%Et her the channel statistics change

WrEh AP PHEOBSPPYEMS48. The method of cl ai m 45,

wherein the channel information conprises channel

statistics and wherein determ ning whether the channel
i s t¥e Ereamethodr of elaind8 fuithar eompaisingbheeragingnied one or more

: Eﬁ,ggg ' 1 i upon whet her a change in
elg e %tﬁ%ﬁg?ﬁ&lﬁ%%{;%gg \%%?%IS'IW a tinme period exceeds a
t hreshol d. 49. The nethod of claim45, wherein the

chan%el i nformation _cogtpri ses channel statistics and
wher 'nTl?:?eP’é’F nPingfaimh Phd¥rihes Qmpising: 2teating dass one or more
ei SRNVEEBTS UVRENAIU IR B arPibr S rERARRAEE f T Which to
ransmit ei genbeam i nformation based upon the channel
statistics. 50. The nmethod of claim49, wherein

det i n h er aof ei genbeans c ri.ses . )
Fpede e BT W g B ——
infoimbiién SorBRPOREAS toltire! dr @cte EREn e MBS OBed Rl cach of the
Wi rel ess. comruni cati on apparatus. 51. The t hod of
ONg [0/ IMArY SISCNFFEFAES-n t he channel information conprises
channel statistics and the nethod further conprising

determ ning whether to transmt
57. The method of claim 45, wherein the eigenbeam information comprises

information corresponding to dominant eigenvectors of signals received.

58. The method of claim 45, further comprising quantizing the eigenbeam

information according to a codebook.

59. The method of claim 45, further comprising quantizing the eigenbeam

information for the eigenbeam having the minimum mean squared error.

60. The method of claim 45, wherein the channel information comprises second

order channel statistics.



frequency averaged ei genbeam i nformati on based upon

the channel statistics.52. The nmethod of claim 45,
wohersaiozs3p he channel i nformation conprises chaRa&iUS2006/010962

statistics and wherein generzting channel statistics

conprises generating channel statistics at

predetermned tine intervals. 53. The nethod of claim

45, GQhefls inethed epfgelaaatd.i wheteinathcohemeprinfemation comprises

' r ks L.NG: or re_ei genvectar :
oI FRIHEC 68 WHERAP URefitole P uEco TBRR BB Fofbrmation
detpipaningvehettied to Tamsnmie bived updn eHanhéD stadistibLdridBEeived instructions.

conpri sing averagi ng the one or nore ei genvectors over

mul tiple received signals. 55. The nethod of claim 53,

furt ger TROMREthSd Nét @\‘éﬁﬁ ,”&h%ﬂaﬁl M Rhn riﬁformration comprises
~eigenvectors over nultiple subcarriers of signals
ins@s@nemy cha@el Fifermationod of cl ai m 45, wherein the

ei genbeam i nformati on conprises information

corresponding to one or nore eigenvectors and an

eige@yaAﬁgp%ﬁmgaeamPﬁghge one or nore eigenvectors.

57. The nmethod of claim45, wherein the ei genbeam

i nf omaeRsi fondetempningas varse litkngsduweeseuril@d@ondi ng to

dom pa ] r | ghal s received. . _The .

ot ha ‘r‘l{é'ffg%:%%&%’% a?*ua%{%ét gf?c%%‘%‘f%i%‘&‘“&?ﬁ&ﬂ‘?‘?%&“@ﬁ%
feedlmpehpeam i nf ormati on according to a codebook. 59. The

met hod of_  clajm45, further conprising quantizing the

ei geMBUSHPT HPEnmE besmiemnng fredbackapiouases 198 vhawgvetse link based
upsnreyarsa msaresswoey adilable.or. 60. The met hod of claim

45, wherein the channel information conprises second

order channel statistics.61l. The nmet hod of cl aim 45,

wher @ nThehappetedumed cliainf 6, mdterom theomparnisfes dethaminilg the available

[ ics and.wherein determ ning whether to transnt
e s i i F o B 6 L P AR Ao loh e B P 8% upon a
nunstse df UReNtreaifRlg Svaid Il emsmdiongcel ved

instructions. 62. The nethod of claim45, wherein the

channel information conprises instantaneous channe

i nf Oéfafﬂeogppﬁgtus 5 ﬁ%ﬁ?%@} l(!x;fle?e%‘rpcfei[esrrin?rgr:1g reverse link resources

available comprises determining reverse link resources available based upon a forward

o

link transmission to the apparatus.

66. The apparatus of claim 63, wherein the means for assigning comprises
means for assigning a number of eigenbeams to be fedback over the reverse link

resources allocated.

67. The apparatus of claim 63, wherein the means for assigning comprises

means for assigning feedback comprising frequency averaged eigenbeam information.

68. An apparatus comprising:

means for generating eigenbeam information;



means for determning reverse |ink resources
avai | abl e; neans for determ ning an anount of
woeswmuoss required for beanform ng feedback; Peans26061010962
assi gni ng beanform ng feedbagk resources on the
reverse |ink based upon reverse |ink resources
avai |l abl e, 64. The apparatus of claim 63, wherein the
meanBeisy 108 SERETR{IAg ﬁgaltﬂ?b indQrnatiop| regardingr & eomiminication channel
- 1SS I conpri ses nmeans for determ ning
ngggﬁgﬁggﬁﬁgﬁﬁgﬁﬁg?gﬁf users transmitting reverse |link
t r answiusssfoyndeteribning hehalxpao atratsmof thel aFéﬁlﬁQm IS EIiBn based
deternm ni ever.se |ink resources avail able conprises
uﬂ%Vﬁ?ﬁ??W‘ nﬁ%V@PQ% link resources avail abl e based
upon a forward link transm ssion to the apparatus. 66.
The apparatus of claim63, wherein the neans for
assi ¢hi Hee eppartus e dletm 8 ovheasisi thai abgneel ninfdraratioh comprises
[ to be fedback over the reverse, link ) )
o8 TREREE P e G ey e dpBEpintaicnBrined gt compries
meharfer @etéﬂﬁﬁnﬂ%&ﬂﬁetlﬁ&ﬁh@@lﬁnﬁﬂ' 199 sEA0RIY BEIE BPS vh@4ble channel
assi gni ng feedback conprising frequenCy averaged
based wpethpchamst sialistish. 68. An apparat us conpri si ng
means for generating ei genbeam i nformation; means for
generati ng channel information regarding a

comifhi Bet bpparatharoiedlaio 169, MeRpede tthe Chblie:] ApfRMALIGS comprises

and ans for determ ning whether tQ transnit the ]
CRIRL THERAE AP PHEETB DD ASEE (oI BN BB JHfRSher the channel is the
sthtitn@Fy@Hahf) -or @i va{i®]SHRANA CBmpPkes ééﬂpfﬁﬁdet&?ﬁﬁﬁg%ased upon

the channel information conprises channel statistfcs
whgtberiheehainpelt stasi stienetmngowithiat stime pemol. whet her to

transmt conprises neans for determ ning whether the

channel is a stationary channel or a variabl e channel

base. Upenappieateh I NGhinB 68} indleted:S the/ ChantR® iARPREASH Somprises

of %Iain169, wherein the channel information conprises
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 a change in the channel statistics within a time period exceeds a threshold.

72. 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 a number of eigenbeams for which to transmit eigenbeam

information based upon the channel statistics.

73. The apparatus o claim 72, wherein the number of eigenbeams is less than all

of the eigenbeams utilized for transmission to the wireless communication apparatus.

74. The apparatus of claim 68, wherein the channel information comprises
channel statistics and further comprising means for determining whether to transmit

frequency averaged eigenbeam information based upon the channel statistics.



channel statistics and wherein the neans for

determ ning whether the channel is the stationary
woheosnee3ar the vari abl e channel conprises nmeaReTUSL2006/010962

determ ni ng based upon wheth2g the channel statistics

change within a tine period. 71. The apparatus of

claim69, wherein the channel information conprises

chanfiel The appasetiug ofaplainptfss e¥herein ethprecharnd] pinformation comprises

(@ al 1 [ he at ionary. .
cHFRer TR0 RIShRin, 8 FORRGH eeer ELPRCRE e comprise
meaeiscforpeiengingabechel patistidiet petetarnsinad gmeliftetvass. channel

statistics within a tinme period exceeds a threshol d.

72. The apparatus of claim 68, wherein the channe

info ' I g€ n ath st | 2] .

the reanie PRFREE el N GHT 8 i HBRGSh Tomprises
cheonglr setsgioveamb fiusherd edomprising ngeasnforbeaveradingi thenbEAE more
e]._for ich tggﬁ{ﬁnsnit gigfnpean1infornation based upon

EHE CERENNET TRLUR'E LOPL§Y SB82SThe apparatus o claim 72,

wherei n the nunber of eigenbeans is |ess than all of

the eigenbeans utilized for transm ssion to the
wi r el esEhe gppasaiue aifi daimafdarvdtenain tha chhel dpframatios cofnprises

i . [ e _channel inforpation conprises
oAt P b SRR Bl R HRGeiBA e G o more
eigatvectorsveg muttgild ebchaidry ahsgrals ee@ugency aver aged

ei genbeam i nformati on based upon the channe

statistics.75. The apparatus of claim68, wherein the
champe! Ty [ : [ | 8l : .
pher PR TR, o GReNANRE kbl HpaRDY Comprise
infymatips eerrespamding tir dayeinentst gamyeattua i @ignsls atdebleldcs at
predetermned tine intervals. 76. The apparatus of

cl aim 68, wherein the channel information conprises

chanme! T apasdths of @Al 68, RigtheC OHRPHiShS IndBaTST hgfntizing the
.averaging the one or nore eigenvectors over nultiple
cig@berdefosnginm agcording hecodpbeokat us of cl ai m 68,

wherein the channel information conprises channe
statistics and further conprising neans for averaging

t he MeTler apparsusebf elaie B60 FsrtiRy @bmptkink théans UBE 4Lk B each

of .signals received. 78. The apparatus of claim68, w
CORMRIGHe | Fleme ef JBR begrhearo IHREMETC Aeptings to a  pre-determined
conSEnsgt i on correspondi ng to dom nant eigenvectors of

signal s received.

81. . The electronic device of claim 68, further comprising means for

quantizing some of the elements of the eigenbeam information.

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

second order channel statistics.



79. The apparatus of claim 68, further conprising
nmeans for quantizing the ei genbeam i nformation
weacewridzadg t o a codebook. 80. The apparat us of PCIAISB006/010962
66, further conprising nmeans30f or quantizi ng each
conpl ex el ement of the ei genbeam i nformation according

to a pre-determ ned constellation. 81. . The
el ec%f-oﬁh% agpafpiae off clainyiofh ederdinrthpeharesipinfosingion comprises
: | Z1: ts of the . .
ot St e UGS U A B TP o fpigiecnbeam
infdreracibn comprisdsanesls fonfeaenmhingnwhah@f toSemsHacsueed apeieEhannel
channel statistics.83. The apparatus of claim 68,
StasErS ARl forel Veh SHWRFUONRF or mat i on conpri ses channe
statistics and wherein the neans for determ ning
whether to transmt ei genbeaminformation conprises
meandt.f Bire dpparatos rif ngjaiwh 68 hevhetein ttha kel Hatkeshatigdo Romprises
inqh nnel shatiiticszgnd received instructions. 84. The
APPSR S gL {niPnaE8n. wherein the channel i nformation

conpri ses instantaneous channel infornmation.



