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BACKGROUND
| Field
[0002] The present document relates generally to wireless communication and amongst

other things to beamforming for wireless communication systems.
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[0006] A problem that must be dealt with in all 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
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[0011] In another embodiment, a method comprises determining whether a wireless
communication device is scheduled to receive symbols. If the wireless communication
device is scheduled to receive symbols, then generating beamformed channel
information and if the wireless communication device is not scheduled to receive
symbols, then generating broadband channel information.

[0012] Additionally, the determination as to the type of channel information to be
generated may be informed based upon a distance between a current hop region and a
prior hop region. Further, the determination as to the type of channel information to be

generated may be informed based upon a number of hop periods since a certain type of
feedback.

BRIEF DESCRIPTION OF THE DRAWINGS



[0013] The features, nature, and advantages of the
present enbodi nents may becone nore apparent fromthe
detail ed description set forth bel ow when taken in
conjunction wth the drawings in which |ike reference
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enbodi nent; [0015] Fig. 2 illustrates a spectrum
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wireless communication system according to one embodiment;

[0022] Fig. 8 illustrates a flow chart of generating beamforming weights according to
one embodiment; ‘

[0023] Fig. 9 illustrates a flow chart of generating beamforming weights according to
another embodiment;

[0024] Fig. 10 illustrates a flow chart of generating beamforming weights according to
a further embodiment;

[0025] Fig. 11 illustrates a flow chart of determining a type of CQI and rank to
feedback according to an embodiment; and

[0026] Fig. 12 illustrates a flow chart of determining a type of CQI and rank to

feedback according to another embodiment.

DETAILED DESCRIPTION
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terminal may also be referred to as, and include some or all the functionality of, a user

equipment (UE), a wireless communication device, a terminal, 2 mobile station or some
other terminology.

[0031] 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 one symbol period of the T symbol periods and a tone or frequency

subcarrier of the S subcarriers.
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access terminals overlapping on the same hop region can be separated due to multiple
receive antenmas at a sector or access point, provided enough difference of spatial
signatures corresponding to different access terminals.

[0036]) It should be noted that while Fig. 2 depicts hop region 200 having a length of
seven symbol periods, the length of hop region 200 can be any desired amount, may
vary in size between hop periods, or between different hopping regions in a given hop
period.
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access point can know the CQI for the entire bandwidth available for communication, as
well as for the specific hop regions that have been used for transmission to the access
terminal. The CQI from both broadband pilot symbols 310 and dedicated pilot symbois
322, independently, may provide more accurate rate prediction for the next packet to be
transmitted, for large assignments with random hopping sequences and cousistent hop

region assignments for each user. Regardless of what type of CQI is fed-back, in some
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regi on assignments for each user. Regardl ess of what

type of CQ is fed-back, in sonme WO 2006/ 099349

PCT/ US2006/ 008987 8 enbodi nents t he broadband- CQ
provided fromthe access termnal to the access point

e 2Hdi03¥d y and nmay be utilized for a power HATALSAGCEHIRIET
on one or nore forward |link _channels, such as forward
link control channels. [0041]8 Further, in those

situation where the access termnal is not schedul ed
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fperiodiéadiyveanddmay bk utitized Sfoi 8 power alipcdiion om oreoh miesp forward link
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s%‘gnal ing or control channel. .This broadband-CQ go%iqd
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310, are . defepak t . : .
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SPE 5 I = IR b PR SRR DR ne
eiké Bt GACHARS BenBAing S3EIRObificd %) bebatigntihgild®Qymbols 310 are

transmtted fromthe access ternm nal over a dedi cated
IsB¢rAlY notdgpfogedy sj gnal i ng or control channel

gedi Cah ednd OfmiRARAGAC lgbat %taﬁs aCHESfocetLidtN@hn dbfve the

hannel estimates nmay b I zéd for beanformng o
veamformirgnesights based ip@ey channed welirhates wimgody reniink( tEDEmissions

stens), the access-paint _can _derive the .beanf.orn
P R tep it 10k 2Rt POR{ Tl et hGesheRdd] BRegd veon
ayadsE influbdingahe GO tridistiiitele ol e &ctRVRNBAal bWt a dedicated
transm ssions to the access, point.. If the access

{ShARRCh Arch pss sigaaling oF gqriral ehanngldedicated fafeedhask &opmthe access
f 0 [ i d

(AR oOPBaRE LSt ) BeSl B SE08E RS WU SR
channédh aneghter nelodimént r D osystemry), pthovaatess-pointt ban derive the

GRS BAEA S SRR By BS80S i

Uinid| praeided @véros rbaadl DRlTinAGsmivioBhio Greneeessi goint.. [10QH Jaccess
I n anat her, enbodi nent (FDD systens), the access-point

dgmup o kes RHevericlil SFIENMEIt B egth Fame srrhemaeriads adigther in a
| Rh4T A AR OB oA 0P Srdke s o HORMrS ok Nrankihishidf, the chaunel

C .ess _t erm na al so has a revers assi gnnent
ecstimaterinfesmationhivgy previded in wheescheduled reverss diplatatsmissions to the

h iQd or. f he f d_Li .
SR 18P b L AR SR W o frtmine
i weiplitgenahtedul ed reverse link transmssions to the

acces oi Nt . . . .
%npano{her embodiment (FDD systems), the access-point can receive the

beamforming weights from the access terminal over a reverse link transmission. If the
access terminal also has a reverse link assignment in each frame or hop period, whether
in a separate or same hop period or frame as the forward link transmission, the
beamforming weights may be provided in the scheduled reverse link transmissions to
the access point.

As used herein, the CQI (TDD), channel estimates (FDD), eigenbeam (FDD)
feedback, or combinations thereof may termed as channel information utilized by an

access point to generate beamforming weights.



[0046]

[0045] As used herein, the CQ (TDD), channel estimates
(FDD), eigenbeam (FDD) feedback, or conbinations

thereof may terned as channel information utilized by

an access point to generate beanform ng weights. WO
APHHRIPEO PCT/ US2006/ 008987 9 [ 0046] Ref er pCTrys2006/008987
Fig. 4, atransmtter and receiver in a nultiple access
wirel ess commrunication systé&m according to one
enbodinent is illustrated. At transmtter system 410,
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[0 ddd ThtheGREEAREReR if Bios® 5sBs BRERedlléPRINSTNKIORS, the TX data
nmul ti pl exed with pil ot data_ usin OFDM t echni ques. The
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I RSERSE Frohdhe AsdtNOWn manner and may be used at the
recelver systemto estimte the channel response. The
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e i e
of kb \Mantiedl St 8y RN udeBadt tHA b ebefler @3¢k Qo Wsﬁfghﬁethe channel

nmodul ati on synbols. The data rate, coding

rreshonss: i e melfiplenedpileh aad eaded dafe ferycaple date slaeom isdberppodulated
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rfﬂ%ﬂr%{%’ls t nfl%f (%H Elgan} ftﬂggﬁ S%[ﬂfae;owfs}n@-l}-f? ﬁgr{letermined by
Pihstiictlerh éi'f(ﬁm_g% oMl Mowvi eﬂ@x@@é’sscﬂ"l@ﬁ W GBmBBmBddichdied, the

process_t he nodul atlon s g., for OF
number of parallel spatial streams may be vaned according to the r. information that

is transmitted from the user.

The modulation symbols for all data streams are then provided to a TX MIMO
processor 446, which may further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 446 then provides NT symbol streams to NT transmitters (TMTR)
422a through 422t. In certain embodiments, TX MIMO processor 420 applies
beamforming weights to the symbols of the data streams based upon the user to which
the symbols are being transmitted and the antenna from which the symbol is being

transmitted from that users channel response information.



TX M MO processor 446 then provi des NT synbol streans
to NT transmtters (TMIR) 422a through 422t. In
certain enbodi nents, TX M MO processor 420 applies
beanf orm ng weights to the synbols of the data streans
MesEde/0q9d? t he user to which the synbol s ar e POEBUSZ06/008987
transmtted and the antenna from which the synbol is
being transmtted fromthat ¢sers channel response
i nfornmation. WO 2006/099349 PCT/ US2006/ 008987 10
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FeRtldptseaad-inierderpnes atins d SNR ek taa geierted 8wmbe) siyeams, and
PHRGERMer 4Shnel characteristics, and provides these quantities to a processor 470.

RX data processor 460 or processor 470 may further derive an estimate of the

“effective” SNR for the system. Processor 470 then provides estimated channel
information (CSI), which may comprise various types of information regarding the
communication link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. In some embodiments, the channel information may
comprises signal interference noise ratio (SINR). The CSI is then processed by a TX

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



RX data processor 460 or processor 470 may further
derive an estimate of the "effective”" SNR for the
system Processor 470 then provi des estinmated channel
information (CSI), which may conprise various types of
information regarding the comunication |ink and/or
woe2on@wedwed data stream For exanpl e, the CSPCHE§2006/008987
conprise only the operating SNR In sone enbodi nents,
t he channel information may onpri ses signal
interference noise ratio (SINK). The CSI is then
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independent channels may also be referred to as a spatial subchannel (or a transmission

channel) of the MIMQ channel and corresponds to a dimension.

{0057] For a full-rank MIMO channel, where Ny =Nr < NR, an independent data
stream may be transmitted from each of the NT 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



i ndependent channels may also be referred to as a
spatial subchannel (or a transm ssion channel) of the
M MO channel and corresponds to a di nmension. [0057] For
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i ncreased ecodi atency requirenents since
sipeiiad dayev evllha‘yéantlcdrﬁam rafes. ”d ethedeckitentca epiplogr a ldvagemplexity
algn%ardr%gé%\ger%uch 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 CQI by the receiver to be for only the “best” rank and hence results in
reduced transmission overhead for providing this information.
[0060] Referring to Fig. 5A a block diagram of a forward link in a multiple access
wireless communication system according to one embodiment is illustrated. A forward
link channel may be modeled as a transmission from multiple transmit antennas 500a to

500t at an access point (AP) to multiple receipt antennas 502a to 502r at an access



[0059] In a SCWnode design, the transmtter encodes

the data transmtted on each spatial layer with
"identical data rates." The receiver can enploy a | ow
conplexity |inear receiver such as a M nimum Mean
S@20e0B349ut i on (MVBE) or Zero Frequency (ZFPCT/US2006/008987
receiver, or non-linear receivers such as QRM for each
tone. This allows reporti ngl%f the CQ by the receiver
to be for only the "best” rank and hence results in
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for all of the receive antennas at the access term nal
i ferwgird fipk ghannelfor il gf the receive antennas at the access terminal is difficult to

obtain.

[0065} In an embodiment, the channel feedback is provided from the access terminal to
the access point, for a subset of possible transmission paths between the transmit
antennas at the access point and the receive antennas of the access terminal.

[0066] In an embodiment, the feedback may comprise of the CQI generated by the
access point based upon one or more symbols transmitted from the access terminal to
the access point, e.g. over a pilot or control charmel. In these embodiments, the channel

estimates for the number of transmission paths equal to the number of transmit antennas



[0064] In frequency division dupl exed conmuni cati on,

feedi ng back channel state information for all of the

ei genbeans of the forward |ink channel matrix may be
inefficient or nearly inpossible due to limted reverse
Wodoos/eesr ces. Hence, the forward |ink chanpet/u8mos/008987
all of the receive antennas at the access termnal is
difficult to obtain. [0065] l#n an enbodi nent, the

channel feedback is provided fromthe access term nal
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ameBiFndsmay definsdaschown thelow diere (e precthe galibratien prgors der each
[ .g. 5B, which is less than the nunber of receive
antennas at the access termnal, depicted as being r in
Fig. BA e 0 chanmgel] matrix hFL(k) i s obtained by
calibratir‘t? RL(k) by utilizing matrix A, which is a
functi gn:|o e“di ffgrences between the reverse link
channel gnd t-he.calkcdl ated forward link information
recei ved (fgrom tlpe acgess terminal. In one embodi nent,

[0067 he natrix A may défined as shown bel ow, where ' are

(0068} he CaliRdctitd 0slcdhte MeScalibrati®Péitbors, both the forward link and reverse link

channel information may be utilized. In some embodiments, the coefficients 4 may be
determined based upon overall channel conditions at regular intervals and are not

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

In other embodiments, the coefficients 4 may be determined by utilizing an average
from each of the access terminals in communication with the access point.
[0069] In another embodiment, the feedback may comprise of the eigenbeams

calculated at the access terminal based upon pilot symbols transmitted from the access



channel, A O Az 0 [0067] O .. O AMI [0068] In order to
calculate the calibration errors, both the forward |ink
and reverse |ink channel information nmay be utilized.

In some enbodi nents, the coefficients ' may be

&ves moeone® based upon overal l channel conditi 8GE/U&006/008987
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oS aDR Pilrix gherafed o Pieiecceny BameY %P?%wapéﬁr?lgﬁ@ﬁ%h@md
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fre?uency domain. . An exanpl e beam construction
enerated_at the _access point when 2 rows of the

FL- M’ etherzh e of g FLMIMPchapnsl malg. i s gi ven as:
[007113( K) =Mhlfzhother clfrﬁ)lo)igfnéﬁ the feeMk may comprise second order statistics of the

channel, namely the transmit correlation matrix, calculated at the access terminal based

upon pilot symbols transmitted from the access point. The second order statistics may
be averaged over several forward link frames or relate to a single frame. In some
embodiments, the channel statistics may be averaged over multiple tones in the
frequency domain. In such a case, the eigenbeams can be derived from the transmit

correlation matrix at the AP, and a beam-construction matrix can be created as:

[0072] In another embodiment, the feedback may comprise the eigenbeams of the
second order statistics of the channel, namely the transmit correlation matrix, calculated

at the access terminal based upon pilot symbols transmitted from the access point. The
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channel matrix. [00711 In another enbodi nent, the
feedback may conprise second order statistics of the
channel, nanmely the transmit correlation matrix,
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ols transmtted fromthe access point. The second
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0074127 € when 2 quantized ei genbearrs eedback is given
[ ] : B(k)=[q, (k) gq2(k) b3 ... WE§§ gl (k) are the

o2t AP bReh ?m%ﬁwﬁaerﬂ%io%n? ds Dpsgg on the

lgIm construction matrix may be generated by a
conmbi pati on of channel estjnmate obtained fromCQ and

[0076] dom ndhCtheT gERpERRE e Haedback may emppsceof the CQI and estimated

S i
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[0077) goqrrp , %21976 LcoPF:kgP ﬁ'gcblggjlf FE n Sr&ted a?the Accesscfl(olrga uy sing channel

estimates obtained from the CQI, estimated eigenbeams, channel estimates, transmit

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

[0078] In order to form the beamforming vectors for each transmission a QR
decomposition of the beam-construction matrix B is performed to form psendo-eigen
vectors that each corresponds to a group of transmission symbols transmitted from the

MT antennas to a particular access terminal.

V=0R (B)
V= [v1 v, .. v,]arepseudo- eigen vecbrs.
[0079] Eq.6



ei genbeans, channel estimates, transmt correl ation

matri x, eigenbeans of the transmt correlation matrix

or any conbi nation thereof. . [0077] A

beam construction matrix may be generated at the Access
Woi086/09634019 channel estimates obtai ned fromrdwUS20U6/008987
esti mat ed ei genbeans, channgqsesti mates, transmt
correlation matrix, eigenbe of the transmt
correlation matrix or any conbination thereof. [0078]
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t ‘ém@@m ST R‘m%ﬁa%%a“ B & 955 SEFHrYH rate and rank
Eﬁ&‘ﬁ@ﬂéﬁ&‘@ﬂh@ h&@padTOOLS in Sorfle edtbdddherty, TRObeRmIGihd-T0I may
be puncfured periodically with the broadband CQI, and hence may not always be

available, in such embodiments.

[0085] If the access terminal is scheduled to receive data on the forward link and the
reverse link, the CQI, e.g. CQl, may be based on beamformed pilot symbols and can
also be reported in-band, i.e. during the reverse link transmission to the access point.

[0086] In another embodiment, the access terminal can calculate the broadband pilot
based CQI and hop-based pilot channel CQI for all ranks. After this, it can compute the
beamforming gain which is provided due to beamforming at the access point. The
beamforming gain may be calculated by the difference between the CQI of the
broadband pilots and the hop-based pilots. After the beamforming gain is calculated, it
may be factored into the CQI calculations of the broadband pilots to form a more
accurate channel estimate of the broadband pilots for all ranks. Finally, the CQIL, which



fedback over the reverse link control or signaling
channel . In these cases, the channel estimate includes
ei genbeanf orm ng gai ns and provi des nore accurate rate
and rank prediction for the next packet. Also, in sone
KEPR6H eALS, the beanforming- CQ may be punedrosmos/oo8ss?
periodically with the broadband CQ, and hence may not

al ways be available, in such® enbodi nent s. [0085] If

the access termnal is scheduled to receive data on the

f. [ .
RN Yy Bl Popk 100 HENET SRiE for P chl i Goined R i
kbéfectﬁ/fed:maﬁﬁaxidpihﬁ olnnél. eetimate andigd bhek tloéheacsess [poink, via a control
transq] r?{h o the access point. [0086] In another

Ehea? e access termnal can calculate the

[OOST]E:rqoad R Redridnt {OOFIE @%&k@%ﬁﬂ df h aRnd@sedcsydiehdh a‘-‘zﬂﬂﬂﬁl@'access
s

all ran After t it can conpute t

b@mﬁ%nmm@ug@awwﬁ}@m SoNENE & oRFe qr@)qéeamoﬁn iffgstrated.

chrplef dC0E bafl Siom, ohafe) SROFRPOR, 161448 ey P plock 602

bwldeld rantlolpi 4 ofisglaimput Ringleoquiim sEISQ) |eoteder Aldeto tdaperate an
be nformn ainis calculated, it my be factored
i 06'1’?tFPé‘S€%chal cul ati ons of the broadband pilots to

[00881f orm EBl{EDﬁI% RSB B aaxe@der Elﬁbék”%t)@ ald fnlﬁﬁpéar RARANRtion
ilots for all ranks. Finally, the

zayu@pb%mpmghlmm@@ﬁmé%m ﬂl@ﬁ"lﬁ@lf@i@@é (RR&26;s0peified by 2
t
(AR, %ﬁﬁg&? a:p§kﬂéc Ak mﬁn@ %d dtsgﬁfaolsazﬁ thbr Rl ﬁlgﬁ’ed by 2

tirve broa annel esti

t
S0 e 1 PO BAERTS AU e O RgRLELR thtrfog ot
dmagram of atransmtter systemi n a rrultl pl e access
10089}, 0t EHBFROTAN [RGHale, B ponerie per B g Do et tapdler @
channel, i nf or mati on, él lizes rate eﬂl cti n BI ock 602
WFATETRISEIGR tROYIEE OF caghnef @.swabfelsgf N e-b %smﬁ f%slepepding on the
ened ki {OwBiRh t @Mve it Rl'itf@?it "ﬁE: S8R weff %%ay be

Bits are turbo-enco y enco 6 and

t genemattd | feoh dre cangmobot sgwnmmmndqnﬁirmakorﬁmw@mw thg access

on_t.h cket formt . P 4.. specified

P PR Shoeibor, T4 hemigind Bl SR e Bl doorting o
Cetry 9 tHel epib@u BAbriRyasalescEiBd dtol @ Ivetk @4spct @ Figs WA hridysB. S

612, which are provided to a beanform ng nodule 614.
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wei ghts used to alter a transm ssion power of each
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after which the signals are transnutted via a MIMO scheme.

[0091] In SISO encoder 604, turbo encoder 606 encodes the data stream, and in an

embodiment uses 1/5 encoding rate. It should be noted that other types of encoders and

encoding rates may be utilized. Symbol encoder 608 maps the encoded data into the
constellation symbols for transmission. In one embodiment, the constellations may be
Quadrature-Amplitude constellations. While a SISO encoder is described herein, other
encoder types including MIMO encoders may be utilized.

[0092] Rate prediction block 602 processes the CQI information, including rank
information, which is received at the access point for each access terminal. The rank

information may be provided based upon broadband pilot symbols, hop based pilot



generated fromthe control or signaling channel
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[0095] €Cel eGerSNgTRAFigS B £80W - chElPBf generating beamforming weights according

to one embodiment is illustrated. CQI information is read from a memory or buffer,
block 800. In addition, the CQI information may be replaced with the eigenbeam
feedback provided from the access terminal. The information may be stored in a buffer

or may be processed in real time. The CQI information is utilized as a pilot to construct
a channel matrix for the forward link, block 802. The beam-construction may be
constructed as discussed with respect to Figs. 5A and 5B. The beam-construction
matrix is then decomposed, block 804. The decomposition may be a QR



buffer 706 stores the received synbols for the hop

region in which they were transmtted. [0094] The
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the beamforming weights can then be generated for the symbols of the next hop region

to be transmitted to the access terminal, block 1008.

[0098) Referring to Fig. 11, flow chart of determining a type of CQI and rank to
feedback according to one embodiment is illustrated. A determination is made as to
whether the access terminal, is scheduled to receive a transmission or transmissions,
block 1100. In an embodiment, this may be based upon whether the access terminal is
scheduled to receive symbols in a next hop period. In other embodiments, it may be
based upon whether the access terminal is scheduled to receive symbols in one or more

of the next N hop periods, where N is based upon system parameters.



[0097] Referring to Fig. 10, a flow chart of generating
beanform ng wei ghts according to a further enbodi nent

is illustrated. Ei genbeam infornmation provided fromthe
access termnal is read froma nenory or buffer, block
MHOEY6{0R34Ydi ti on, channel information is al FETAERH6/008987
bl ock 1002. The channel infogirati on may conprise CQ,
channel estimtes, SINK, SNR, and/or second order

channel statistics, wherever generated originally. The
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based upon whether the access terminal is scheduled to receive symbols in one or more

of the next N hop periods, where N is based upon system parameters.

[00103] If the access terminal is not scheduled, channel information, e.g. CQI, and
optimal rank are determined based upon the broadband pilot symbols, block 1202, If
the access terminal is scheduled, then another determination is made as to whether the
distance between the location of the current hop region and a prior hop region is greater

than threshold, block 1204. The prior hop region may be the hop region for the



be provided in alternative signals or based upon a
predeterm ned pattern. [00101] If the nunber is greater
than N, then either beanformed channel information

along with the optinmal rank based upon that channel
i‘ﬁ?@g%@??%% is provided, block 1110, or hybr iRETEHEMGEPSIET
informati on along with the timal rank based upon that
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or other processing device and may be stored as computer readable instructions in a
computer readable medium as source code, object code, or otherwise.

[00108] The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, sofiware, or a combination
thereof. For a hardware implementation, the processing units within a access point or a
access terminal may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays



[00105] If the nunmber is less than the threshold, then

ei ther beanforned channel information along with the

opti mal rank based upon that channel information is

provi ded, block 1210, or hybrid channel information
aWQr?&O‘Wg?%gthe opti mal rank based upon that CRCEAGRED06/008987
information is provided, blo 1208. Wiet her the

beanf ormed channel informatTon or hybrid channe
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|nfornaF|on and hybrid channel  information may be
prissdegiened to parfprn e fimaions desenibed derehp sed cerplinatipn thereof.
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kﬂkﬁﬂ&ﬂkﬁﬁn circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
programabl e | ogi ¢ devices (PLDs), field programrmabl e
gate arrays WO 2006/ 099349 PCT/ US2006/ 008987 23
(FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic wunits designed to
performthe functions described herein, or a

conbi nation thereof. 1001091 For a software

i npl enentation, the techni ques described herein may be
i npl emented with nodules (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 nmay
be inplenmented within the processor or external to the
processor, in which case it can be communi catively
coupled to the processor via various neans as i s known
in the art.



[ 001101 The previous description of the disclosed
enbodi nents is provided to enable any person skilled
in the art to nake or use the features, functions,
operations, and enbodi nents disclosed herein. Various
nodi fications to these enbodi nents may be readily
apparent to those skilled ipythe art, and the generic
principles defined herein may be applied to other
enbodi nents wi thout departing fromtheir spirit or
scope. Thus, the presentcCIcABM$osure is not intended to
be limted to the enbodi nents shown herein but is to
be accorded the wi dest scope consistent with the
pri di scl osed herein. 24
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ter il ah fhitned REAHY Sifforntation WEHPARBAA bR WhefdiRkHR dptimal rank
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infol ot 14 (AR SRR BFha e gL BT R b ebppialed, PRkd TBon only

ddﬁnﬁmﬁajenﬁéyﬁk based upon whet her the apparatus is
scheduled and a nunber of hop periods. 3. The apparatus
of dpegdippn whether He epresplereiaslds pehieduledir t her operable to
process the hybrid channel information as nodified
br oadband channel information based upon a difference

2. bet welegnagpaeatiby sfaddimnd whbimghk protkaorat fuetheradp@rdbieto determine
beanf or med channel . . i i

which of the hybrid channel information with optimal rank, the broadband channel

information with optimal rank, and the beamformed channel information with optimal

rank based upon whether the apparatus is scheduled and a number of hop periods.

3. The apparatus of claim 1 wherein the processor is further operable to process the
hybrid channel information as modified broadband channel information based upon a
difference between the broadband channel information and the beamformed channel

information.

4. The apparatus of claim | wherein the hybrid channel information with optimal

rank, the broadband channel information with optimal rank, and the beamformed channel



information. 4. The apparatus of claim| wherein the
hybrid channel information with optinmal rank, the
br oadband channel information with optinmal rank, and
t he beanformed channel 25 information with optina
rank each consists of 7 bits. 5. The apparatus of claim
I wherein the optinmal rank consists of 2 bits. 6. The
apparatus of claiml wherei#sthe channel information
conprises CQL. 7. The apparatus of claim6 wherein the
CQ incorporates thermal noise, interference
infoBMATdnAiEiCo frRh Al irdnkQdack Behsisttdrftekence vari ance per
recei ve antenna. 8. An apparatus conprising, in
conmbi nation: means for determ ning whether a wreless
co [ el nbol s;
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schedul ed to receive synbols, processing received
channpel information as a.beanforned. channe
6.i nf JMFRPPBRYS Qhtpia) h»haEin Beshang PRy Romprises CQL.
information is generated based upon only dom nant
ei genbeans, and if the wrel ess comunication device
7.i s Mt appdretsibbdaitob mberintbe Qﬁ’r‘mrmosporatpartdjem inpige, interference
recei ved changgl formation as broad §nd channe
oV ARV BOT mﬁeﬁ rASp A R"GE POt V§| B % wherei n means
for determ ning whether the wrel ess comuni cat i on
device is schedul ed conprises nmeans for determning if
g.the AW £8LR%S coffpPimBi indbmBMhatlei ce is scheduled to
receive synbols in at |east one of N next hop periods.
10 ks &ppleteamningng ihesther mwBglessuonmemiedion de e svpegyded to
for de%p& (ing a nunber of hop periods; and neans for,
PPV RE RGBS of hop periods is greater than a
pr edgémk rned nunber, processing the received channe
i nformation as one of a hybrid channel information and
t he IbEEIYiErehs goO@ARAITation ﬁiﬁvaqeﬁaﬁqf@ﬁu &hEp, repsive panbrisdpeecessing
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channel information. It. The apparatus of claim 8,
anfyr t her conpri si ng

if the wireless communication device is not scheduled to receive symbols,

processing received channel information as broadband channel information.

9. The apparatus of ciaim 8, wherein means for determining whether the wireless
communication device is scheduled comprises means for determining if the wireless
communication device is scheduled to receive symbols in at least one of N next hop

periods.

10.  The apparatus of claim 8, further comprising

means for determining a number of hop periods; and

means for, if the number of hop periods is greater than a predetermined
number, processing the received channel information as one of a hybrid channel
information and the beamformed channel information and, if the number of hop

periods is less than the predetermined number, processing the received channel



nmeans for determ ni ng whether a distance between a
prior hop region and a current hop regi on exceeds a
threshold for the wireless comuni cati on device; and
nmeans for, if the distance is greater than the

t hreshol d, processing the received channel information
as one of the hybrid channelygi nformati on and the

beanf ornmed channel information and, if the distance is
| ess than the threshold, processing the received
intdrantien ak wherofahé droadbandnehadiel tikfdriitamdiandeclydeidedhanne!
.information and the hybrid channel information. 12.
infp{@12lPdar at us of claim 8, wherein each of the broadband
channel and beanforned channel information consists of
5 bits. 13. The apparatus of claim8, wherein the

1 thanfled apipafatrsrdiclaom 8¢ funthen @epricig.

means for determining whether a distance between a prior hop region and a

current hop region exceeds a threshold for the wireless communication device; and

means for, if the distance is greater than the threshold, processing the received

channel information as one of the hybrid channel information and the beamformed

channel information and, if the distance is less than the threshold, processing the received

channel information as one of the broadband channel information and the hybrid channel

information.

12, The apparatus of claim 8, wherein each of the broadband channel and

beamformed channel information consists of 5 bits.

13.  The apparatus of claim 8, wherein the channel information comprises CQL.



