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BACKGROUND
I. Field

[0003] The present document relates generally to wireless communication and amongst

other things to beamforming for wireless communication systems.

II. Background
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one another so that only one traffic channel, and thus only one data transmission, uses
each subcarrier in each hop period. By using orthogonal FH sequences, the multiple
data transmissions generally do not interfere with one another while enjoying the
benefits of frequency diversity.

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

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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[0012] In a further embodiment, a method for forming beamforming weights comprises

reading channel information corresponding to a number of transmission paths less than
a number of transmission paths between a wireless transmitter and a wireless receiver
andgenerating beamforming weights based upon the channel information for
transmission from the transmit antennas of the wireless transmitter.

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

number of antennas utilized for reception at the wireless communication device.
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[0018] capabl e of nodifications in various respects, all

w t hout deﬁarti ng fromthe scope of the disclosure.
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[0022] Fig. 2 illustrates a spectrum allocation scheme for a multiple access wireless
communication system according to one embodiment;

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

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

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

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

communication system according to one embodiment;
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0 33}5 Each cell includes several access termnals )
[0033] whi chEaghecalhinelbwdns peveral iageesaterminals which are in communication with

one or more sectors of each access point. For example, access terminals 130 and 132
are in communication base 142, access terminals 134 and 136 are in communication
with access point 144, and access terminals 138 and 140 are in communication with
access point 146.

[0034] It can be seen from Fig. 1 that each access terminal 130, 132, 134, 136, 138, and
140 is located in a different portion of it respective cell than each other access terminal
in the same cell. Further, each access terminal may be a different distance from the
corresponding antenna groups with which it is communicating. Both of these factors ,
along with environmental conditions in the cell, cause different channel conditions to be
present between each access terminal and its corresponding antenna group with which it

is communicating.
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[0039] The hop sequence may pseudo-randomly, randomly, or according to a
predetermined sequence, select the location of the hop region 202 for each hop period.
The hop sequences for different sectors of the same access point are designed to be
orthogonal to one another to avoid “intra-cell” interference among the access terminal
communicating with the same access point. Further, hop sequences for each access
point may be pseudo-random with respect to the hop sequences for nearby access
points. This may help randomize “inter-cell” interference among the access terminals in
communication with different access points.

[0040] In the case of a reverse link communication, some of the symbols 204 of a hop

region 202 are assigned to pilot symbols that are transmitted from the access terminals
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A N e —
the orfi@aBtbepidentthe access terminal and the access point for the channel between
each transmit antenna that transmits symbols and receive antenna that receives these
symbols. In an embodiment, the channel estimate may constitute noise, signal-to-noise
ratios, pilot signal power, fading, delays, path-loss, shadowing, correlation, or any other
measurable characteristic of a wireless communication channel.

[0045] In an embodiment, the CQI, which may be the effective signal-to-noise ratios
(SNR), can be generated and provided to the access point separately for broadband pilot
symbols 310 (referred to as the broadband CQI) . The CQI may also be the effective
signal-to-noise ratios (SNR) that are generated and provided to the access point
separately for dedicated pilot symbols 322 (referred to as the dedicated-CQI or the
beamformed CQI). This way, the access point can know the CQI for the entire



synbol s 310 transmtted froman access point to al
access termnals in communication with it. The tine
w0 e@guoeasay) al | ocation al so includes tinme peri OPIST/BE06/008986
that include one or nore hop regions 320 each of which
i ncl udes one or nore dedicat &d pilot synmbol s 322,

ch_ are, smtted.tp one oy desi r cces
DT LI T GBS LG DS SeEsY P et have
bidreus3@15r RARMIRAIIH RAnYRE@ES ferhlidl. BleCC@P Bjohﬂ%th ®rdddBand pilot
data synbols transmtted to the access term nals.

smmla]mh endy dedidiiad dpilet | ymbelsnB a2, sindependerilst capy: srede more

b i R 8 R4 SRl B B ymens i

rdn@&dn) hé llqﬁﬁg GefigentHe afid &fbﬁﬁbtﬁnﬂ)hbp\aeglohh&s@ﬁﬁﬁﬁ& for each user.
term nal and the access paint for the channel betwee

Regaralesy ahwhatttypmebGRA it fdtback.dnspme enapdppents i cproadband-CQI
e Vs 0
nl e A 1R oL Rl B i D e R ptodl LR nd Jmay be
utiligadafor tapewen Albcatidn os onpiot adors ifgmald fiokvehannielsg sy, as forward
delg‘%/ gath | oss, shadowi ng, correlation, or any
ligk entrolehamelshl e characteristic of a wirel ess
[0046] g%mmﬁhﬁéft inCiHos(érbﬁﬁﬂﬁin whQ0 el ackéss 3B RN ah JTRBheduledFor forward

, h may be the effective signal-to-noise ratios
liplsMRpsmission mlsge%ﬂamesthaqhdecb i gvihd @ecespterminahisgws scheduled for

PR, PG TG heion 1 o bRELERA Wl pBliodt BB chpaiie.co an be

piétaudelaetoethé %@édsy Poflt goiathet ext Grsard Hhk mnﬁﬂsﬁbn Tohad reévesse link
generate and provided to the access_ point seg};r ately
Bmel suele as élaa FvEse lnknsigaling oy qongpk chasgek o This rpdband-CQI
d S
B N e bR B QTR U bload TR pHRY il 10 e
g&m&ﬂh&hhaeﬁﬁﬁnmmdnunlcatlon as well as for the

specific ,e t hat have been used fo . .
[0047) 7 P PO ROd G B COS PO R e T Geporngygights based

EBIEE% Ranghep 'ebtﬁ‘h oY [mﬁé §e€b}§ R AesisAb RGN BE access terminal.

I's 322, epen dently, may provide nore accurate
Tlhataecqss pdmt ma@rdehac chimmehestimaeschased umm@mmmlﬁt@dhe CQl
for |ar nments with ran p ences.
B foof 3 A5 el out & SraE e S Re fignating or
chegaclh@s dedicaéiior tEaBadk fréidthd &céﬁde@ﬂﬁiﬂ The chaitR] estimates
enbodi nents the broadband-CQ nis provided fromthe

mapychesilized firhapmiosmingev eighleassersipminsised Pbie el y and
onis) 2, 38 bl ST RRBLALUSRELLORIAD, ARRLBRETER woah

anne cont
b@M’lﬁlﬁinSchabﬁ)él%ilmEtes tdeemiried dt s eccesd teamirah and @ravidddeover a

access .termnal is not scheduled.for forward Lipk
TeYeRfs ks Eqnspissions 4o %@gﬁsm 3% the Jeress teqml@ Spdas a reverse

1% GRS Snrh&t Th B&dh £8mE 8k hSf PESY, SFheltRF in a separate or same hop period

or frame as the forward link transmission, the channe]l estimate information may

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

provided in the scheduled reverse link transmissions to the access point.
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instructions performed on provided by processor 430. In some embodiments, the
number of parallel spatial streams may be varied according to the rank 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
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[0057] bei ngTher ammltrtaqﬁnier edtinidia periesRES b IR gﬁicegsaﬁ POMERY be used to

nformation. [0054] Each transmtter 422 receives and
RS BB SWEC,aSHEYBRICt PPECSsipgha thet Fesaivek cadjust power levels, change

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

478, which also receives traffic data for a number of data streams from a data source
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channel) of the MIMO channel and corresponds to a dimension.

[0062] For a full-rank MIMO channel, where N =N < 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

data streams, and then different SNRs may be achieved for the data streams depending
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(ZF) receiver, or non-linear receivers such as QRM, for each tone. This allows

reporting of the CQI by the receiver to be for only the “best” rank and hence results in
reduced transmission overhead for providing this information.

[0065] Referring to Fig. 5A a block diagram of a forward link in a multiple access
wireless communication system according to one embodiment is illustrated. A forward
link channel may be modeled as a transmission from multiple transmit antennas 500a to
500t at an access point (AP) to multiple receipt antennas 502a to 502r at an access

terminal (AT). The forward link channel, HFL, may be defined as the collection of the
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the access point, for a subset of possible transmission paths between the transmit

antennas access point and the receive antennas of the access terminal.

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

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



(ZF) receiver, or non-linear receivers such as QRM

for each tone. This allows reporting of the CQ by the
wo eweioysiusto be for only the "best" rank and hee/ES2006/008986

results in reduced transm ssion overhead for providing

this information. [0065] Refemring to Fig. 5A a bl ock

diagramof a forward Jink in a pultiple access

{9 beeresegpeistan i regt rbbasisyddheraore bemege aesugidy responsive to the
E&Hﬁ?@d SH th'eScH éislse“c\%éidtheAac{c%sV\@eEﬂ al d @'&H@EISS nt. This

ed as Fransm ssi on from mnu ransm
appreﬂuharsdtﬁﬁﬁ)ﬂletoonﬂnwmtyaxf tlerpracassiag r@mumﬂ a( tAPncteds terminal, since
[ tiple recel ennas 502 to.502r at. an cess ]
{iereio RaiPricRiSe T BrSRaFHILRE AR CREAMGI SIgiE of i pogses terminal.

AebinedoRtrubfiéh T GhhPDeOfenbhld ansid %%b@eﬁ ]P’(ﬁh{‘%smg channel

fromeach of the transmt antennas 500a to

SO, ORGSO ) (0561

di agram of a reverse |'i'n

i3),8,.m8], tlafg@n@ﬁlge&ﬁof@n | eg& @onmuni cati on system
aécdrdifig to one errbodlaﬁg B (%?)Fltb%ﬁbaé‘il%]odenﬂe by aising the CQI

a B
L DAL R TR, B e SO OO .
a@e&pombfﬁsﬁ’)n alNoteAljt, thIs@cD i$ tlwt ¢honpel astmates tod rtha mponsive pilot

Sl gobtCickS A eSB! B R Bt Bt on e

&évts@e hﬂze F QU618 Del notkd ARRARE) is dﬂlistrdmedb@r qq{unmfé@ offSransmit
the collection of the transm ssion paths fromthe

entennosiat therdcesse dergrimal, depicidcds bsing one indipi B, velmlewda@ than the

e et AR by R SR KRB E R B e 54 The

ditinasinastrix WFLEOTe owained bireitgatitd TR U s rutidizingth&rir a\s; which is
512t used for transmssion is |less than the nunber

rﬁlaﬁms ofidley dfirencee dtven Bo2wvese Juky cwmﬁlhén%&egg&lculated
ik P matfod eb8Ved £Bm E%ﬁg%&‘p QI RRAT SntdAE e%ﬁgaﬁﬁent the

ransmt antennas 500a t t at each access poin
S f
W% il AR b o %*ﬁ‘lﬁgvg kP he S L UTRRioR rjors for cach
ERee8] In tinme division dupl exed conmmuni cation, full
channel reciprocity does not exist if the nunber of
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[0072] dupl exed™ communi cation, feeding back channel state
[0073] i nf or Ipérdentof catcuiitd thefcahllﬁﬁti@i gredth davtis theffotwad liak wad ebverse link
link channel matrix may be 1

channel information may be utilized. In some embodiments, the coefficients 1 may be

m

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 % may be determined by utilizing an average

from each of the access terminals in communication with the access point.

[0074] In another embodiment, the feedback may comprise of the eigenbeams
calculated at the access terminal based upon pilot symbols transmitted from the access
point. The eigenbeams may be averaged over several forward link frames or relate to a

single frame. Further, in some embodiments, the eigenbeams may be averaged over
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[0075]
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[0077]

termnal is difficult to obtain. [0070] In an
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embodiments, the channel statistics may be averaged over multiple tones in the
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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:
BB =la,(®) ®) ¢® - @] gy 4® gre the cigenbeams

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

frame. Further, in some embodiments, the eigenbeams may be averaged over multiple
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[0082] ]?S“ NREESm RYsthRtidN ﬁ{aﬁgﬁﬂla%@][geﬁe%%& al the Aot Ring channel

rames or relate to a sing rame. Further, in sone
estitnatis nabtaisgd fivm BleabQE| estistatadntigenbramsbehaanelr esfistites, transmit
over nultiple tones in e freqguenc omai n. . An ..
TP hHine SRR 6 e SR PR e e p @Ry combination
@ekess point when 2 rows of the FL-M MO channel matri x
are provided is given as: ,where (HFL \'" 'is the i-th
[0083] row of the FL-M MO channel matrix. [0076] In another

[0084] ©MDOGH, MR o#oh?%lér? SHO G TG Wicksis BECRH Fhilffission a QR

stati'stics
decomposition of the beam-construction matrix B is performed to form pseudo-eigen

vectors that each corresponds to a group of transmission symbols transmitted from the
MT antennas to a particular access terminal.
7=0R (B)
V=[v1 Vy, e vM] arepseudo- eigen vecbrs.
[0085] Eq. 6
[0086] The individual scalars of the beamform vectors represent the beamforming
weights that are applied to the symbols transmitted from the MT antennas to each access

terminal. These vectors then are formed by the following:



channel, nanely the transmt correlation matrix,
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order statistics may be averaged over several forward
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[0091] NBL I i 3f.th&hEREPRAMTaPs ddR6dll6@ RS Flckive data on the forward link and the
reverse link, the CQIL e.g. CQI, may be based on beamformed pilot symbols and can

also be reported in-band, i.e. during the reverse link transmission to the access point.
[0092] In another embodiment, the access terminal can calculate the broadband pilot
based CQI and hop-based pilot channel CQI for all ranks. 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 CQI, which
includes the optimal rank and channel estimate for that rank, is obtained from this
effective broadband pilot channel estimate and fed back to the access point, via a control

or signaling channel.



correlation matrix or any conbination thereof. [0082]
A beam construction matrix may be generated at the
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[0097] 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.

[0098] Rate prediction block 602 processes the CQI information, including rank
information, which is received at the access point for each access terminal. The rank
information may be provided based upon broadband pilot symbols, hop based pilot
symbols, or both. The rank information is utilized to determine the number of spatial
layers to be transmitted by rate prediction block 602. In an embodiment, the rate
prediction algorithm may use a 5-bitCQI feedback 622 approximately every 5
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constructed as discussed with respect to Figs. SA and 5B. The beam-construction
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matrix is then decomposed, block 804. The decomposition may be a QR
decomposition. The eigenvectors representing the beamforming weights can then be
generated for the symbols of the next hop region to be transmitted to the access
terminal, block 806.

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

estimate information is utilized to construct a beam-construction matrix for the forward
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may be mQRJ Idad:ompbsrtﬂine TheSelghi'IvecEtmsl’iepi‘eS@Itlﬁg tﬁeﬂi&hﬁbnmng weights

tec ues 0 Referring to Fi a bl ock
AT aPneéLtP@%éJ thesyapals th%n@ctﬁamrp@pe ta dedeansmitted to the
WL k@ TS WK ®iRt | on system according to one
enbodiment is illustrated. In Fig. 7, each antenna
[00104] 702a Theraheyt p@Rsses maelbcqzerﬁmaedautlhnng TSy piwoéssor 444 or 478, TX

ded f he ante 702a
YT iR st ey BB 000 495 BropRsaA b AdDo Fagmory 432 or
4R4and ombBhtioahbreof. Whies 7ﬂr§céé@éép bg aﬁéhshgﬁ’d lBask{r8¢ described
706. The OFDM denpdul ators 704a to 4t each

"H’éthf?émcétt‘éthﬁeSWA angcell § sty derpesfosmed po ang peicessdr, controller,
T RN e

conputaridadelle njedho 8y solife code ibjeco tode9pr Stbfxase. 706 i s

an e er 708, which may be a
[00105] Pr OVI’Iqmedtect:h%lques d?:scn ed here?n may be 1mp1gmented by various means. For

example, these techniques may be implemented in hardware, software, or a combination

thereof. For a hardware implementation, the processing units within a access point or a
access terminal may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof,
[00106] For a software implementation, the techniques described herein may be

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



decoder that independently processes each carrier
frequency of the OFDM band. Both hop buffer 706 and

wa b@otiesasier 708 are coupled to a hop based chaP@EUS2006/008986
estimator 710 that uses the estimates of the forward
link channel, with the eigerijeamwei ghts to denodul ate
the information streans. The denodul ated information
Bnetionssdeserihaddecaeiny Hnepfiivase spdepimapbe staredh i mp@ays dmits and

i Il T e

erat¢mahl tohéheeprooehsor, Us exhielt chiteitacahebs comntunicatibely coupled to the
provi de .a decoded data_ streamfor processing. [00101]
PROFESEPY igy Vi usiepang as is knpwi i gt of generat i ng

00107} AT PROMBGINELLHRSiSH AFSORHLREIOL SRS ARABRNISTRSVidLPto cnab]

[ ]iIIustrﬂ%edF)(IJ iﬁ?ornation Ps rea d ron1§qﬁe&0ry05?a e any
par§dne skilledl cokth8 0@t tb nmaldlior i wse, thehfeald@s, i fihcdiomst bperations, and

PR e 2RSS SRR oA YAt may v
%&a&%ﬂa&n@t&m&e@mﬁlﬁd e 2€ aRA AEESRESAC ?ﬂncﬁ?@é défin¥8 herein may
e a pi 0

information is utilized as ot

ewvinplied to otexembprimenta vitheut daparting fram feeiicspititr scepeo cRavs, the
G B0EGRGT AIEBE GO R SOOI o it

SCuSS 0
focbenaceotded died wddesiBtdpex coristdne nvitte chepaiacigles kdndckovel features
804. The deconposition my be a QR deconposition. The
diseJessddtdis representing the beanform ng weights can
then be generated for the synbols of the next hop
region to be transnitted to the access term nal, block
806. [00102] Referring to Fig. 9, a flow chart of
generating beanform ng wei ghts accordi ng to anot her
enbodi nent is illustrated. Channel estimate

i nformati on provided fromthe access termnal is read
froma nmenory or buffer, block 900. The channe
estimate information may be stored in a buffer or may
be processed in real tinme. The channel estimte
information is utilized to construct a

beam construction matrix for the forwardlink, block
902. The beam construction matrix may be constructed
as discussed with respect to Figs. 5A and 5B. The
beam construction matrix is then deconposed, bl ock
904. The deconposition my be a QR deconposition. The
ei genvectors representing the beanform ng wei ghts can
then be generated for the synbols of the next hop
region to be transnitted to the access term nal, block
906. [00103] Referring to Fig. 10, a flow chart of
generating beanform ng wei ghts according to a further
enbodinment is illustrated. Ei genbeam i nformation

provi ded fromthe access




termnal is read froma nenory or buffer, block 1000.
I n addi tion, channel information is also read, bl ock
wQa®a/099Be channel information may conprise CQPCT/US2006/008986

channel estimtes, and/or second order channe

statistics, wherever generatZd originally. The

ei genpbeam | nformati on and channel information nay be

““nos]storéaiﬂﬂh% buffer or may be processed in real tine.

The ei genbeam i nformati on and channel information is
utilized to construct a beamconstruction matrix for

the forward |ink, block 1004. The beantonstruction

mat r i, x e constructed e with respect to
Fi gst- &H‘%’f?gesgéf’m%c "Ié%nn%@%ﬁagl%srcl?c pl%gglghat rix is then

decogprasttwo bhieskasl&¥6. The deconposition may be a QR

deconposition. The ei genvectors represent

ing the _
beanfdraseseprveangiaed dareengate b%angfeﬂ@pgt‘@%}ggféf %thrféansmlssmn of

PR, 3 eSSl U YL Ll ntrmain

cprrespendiag toraynubtbep of fransmmidsion phthe,i wigerdiX the ouvmbeof Hapsmission

or 478, TX M M) rciz(iﬁ(resior 446, RX ﬁr ces{ﬁors 1460 or cati

pads is ¥§§so géqtalgggxl Oj ANSIHEHIN B,at s3igo1g,the wirelesg communication
' | ] : iq ocesses, operations,

ag%g@q’lgg{%?gér%%gg%g}ggﬁe\ﬁmh&é%ﬁect to Figs. 5A 5B,

and 6-10 may be performed on any processor,

controller, .or other progessing .device.and .

Stor o B¢ wifflst srmruBieaivs Sndie ot SRR yRY ing pumber of
R SERE0LE g id¥fuabto IR HGbe @f the 20 jaSiCtivoc@tBNA

ot herwi se. [00105] The techni ques descri bed herein nay

be i npl emented by various neans. For exanple, these

techni g e.l ed | ‘2, 1S

or o ot MR R EFRBLC AR (RN 1SR e channel
ihfophenandoatdsponds thengirasessionpaiiniivm each bf theat feastes® antennas
poi nt or a access termnal may be inplenmented wthin

userb o5 irapgpissiaRp| i cati on specific integrated circuits

(ASI Cs), digital signal processors (DSPs), digita

si gnal processing devices (DSPDs), progranmmable |ogic

devi clesThelvbsdlessf cemiupraipnaapratdtes ghtcdaimyr A ayderein the channel

.(FPGAs) , , troll : i |
ihlocribedESanEs bone FoaraRrpam e fhErd GaBb gRLaS o antennas
6l fRr8chhen.f unctions described herein, or a

conbi nation thereof. [00106] For a software
i npl enentation, the techni ques described herein may be

i npl ed W . o) , i
! ST TRPHR S el oSBT, SR oo
goheraknf 4 whdrmer ad@sx asedbepai treechannelniafirmpatiomiand therd generates
executed by, processors. The nmenory unit may be
hoaprieipg @velg%ﬁwlm e phapReldeyFXor external to the
processor, in which case it can be communi catively
coupled to the

6. The wireless communication apparatus of claim 5, wherein the processor

decomposes the channel matrix by performing QR decomposition to generate the

beamforming weights .

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

communication device.



processor via various neans as is known in the art.

The previous description of the disclosed enbodi nents

w0 go0poesiegled t o enabl e any person skilled in tPEr/E§1006/@08986
make or use the features, functions, operations, and

enmbodi nent s di scl osed herei n23 Vari ous nodi fications to

t hese enbodi nents may be .readil pparent .t 0.t has

ski | 1BedThe, wing S%nrcf’mn{ﬂl?bc a1 apR &r%pﬁl?lﬁ’cﬁ’pl”é‘m Fhegoessor

ggﬁ‘e(rgﬂey HERY¥ a{?ﬁelaﬁﬂé)ﬁl?a@ﬁoh QiR p 1%!’%9{4%8%%86:1%& ot the wireless
epartlng romtheir spirit or scope. Thus, the

cpmesmidatidn deviosure is not intended to be linmted to

t he enbodi nents shown herein but is to be accorded the

wi dest scope consistent with the principles and novel

f eat Wy, esnélivifd s @Onhefidatioh Q@ﬁﬁaﬂus QfAlA 1, whemin dleepmcessor
conmmuni cati on appar at us co rising; at |east two

ganereisnathe elvamel prioweaiion: vilrng gﬁ?ﬁ@@ck oregRiNed dfm the wireless

beant orm.n npﬁlesw%kss Sfinfnication

Rﬂqqﬁﬁg?goggﬁﬁﬁﬁ%%%IPﬂ&: ev?%g% ase upon channec

deRfcer mati on corresponding to a nunber of transm ssion

pat hs, wherein the nunber of transm ssion paths is

| ess than a total nunber of transm ssion paths from

the wy eps %&%@“&ﬁﬁhﬁ@&@p RppALMS b0 ddi Wi rRh@sm channel

communi cation devi ce. 2. The wirel ess comunication

iafopmption soroprises @timdted \mhamel mformation goreratedl based upon a plurality

transm ssi.on pa is equal to the nunber of the at

?éﬁﬁﬁﬂ%mipﬁﬁFQWhgé: 3. The wirel ess conmmuni cation

apparatus of claiml1l, wherein the channel infor rmti on

corresponds to one transm ssion path from each of

at | eblstThewovisaless neersmysisatiqro rapparahs nPE Slam 14 hﬂ@m channel
rel ess comuuni f ba¥delsn s pluralit

PR SERPTHE o b3 RRBRY BlrtiTndfion Felrilcd babRPHRP plusalit

S RPDIbEISHivD spdbdlsf or each of the at | east two

antennas used for reception. 5. The wirel ess

comuni cati on apparatus of claim1, wherein the

proce e Iﬁnﬁﬂﬁ:ﬁi'&{ bfates BRSQSinHPONwhBRIn channel

channgs gﬁ%&%o% an en dggelraat es beanf orm ng

inbrghation labmbnzasmgtlmlatedaﬁnm hnfmanauon gegeratiidebaggd Bpassa plurality

G ecRec P Smpe a6 bREon SHRBR AL PR SYRSLY  or mi ng

R deconposition to generate the

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

information consists of the channel quality information.

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

quality information comprises signal to noise information.



beanf orm ng weights . 7. The wi rel ess conmuni cati on
apparatus of claim1l, wherein the processor generates

wo b@sodmsmhel i nformation utilizing feedback reRP€i/usIH06/008986
fromthe wirel ess communi cati on device.8. The wi rel ess
comuni cati on apparatus of clzZdm 1, wherein the

b1 | ot 12y FHE QIR EPpEISIcR T ERETaii 6 QS COMMRIF Lot PoRessor i

dettiet onfSurdd'® Yérefh& bSansRIIMRI wa ht@,nfo?@l&?}irﬂfséi n OF symbols to a

cl.aim 1, wherein the processor geherates the c annet

WirelssraemBMnicetion deviee, fhasatbupdn beth ehemt! finformativa and eigenbeam

WrsSifSs communi cation device and pilot synbols

received fromthe wrel ess comunicati on device. 10.

The wirel ess comruni cati on apparatus of claim1,

wher eig quel i nforpation conprises_estimted

channe?: T8 e CPBRGEREPH ARRATBES eaMpIidRE:a plural ity

of br gadhare RitkdlasSyabol s. 11. The wirel ess

communi cat i on apparatus of claim 1, wherein channel

i nf or megmisofor cgampratisg sheemformine dveigtan basedi M BRdnneiNinformation

ener at ed l%ased on lurality of hg‘rﬁ based pil ot o

Bitidiing 553 ARG of (rabumISH A RAIE eSS o g palien of Gransmission

FatBd Nirdm  WhenEkdos NafdRhs | G Bk i RBstC rérﬁ%ﬁqas to a wireless

estimated channel information generated based upon a

eAmynERIcetongieviegep based pil ot synbols and plurality of

br oadband pilot synbols. 13. The wi rel ess

communi cati on apparatus of claim1, wherein the

pr ocesAdThe wirthey cenemiditish HPanRnRl of Wkl 16/ wherein the number of
i nformation, the channel quality information being

WapsEusSIRgRths iF 6quad {oihe mymperefdhé etlesst twomtenmaseast one
transmt antenna of a wireless comruni cation device
and received at the at |east two antennas and wherein
t he charifte wineless naminmnicatiors appasatos of efniehd6)Nherein the channel
% a |é¥ i nformation. 14. The W rel ess comunication

g"ﬂa T EOIEIP RIS, thORS Irafirupsiompath drogh sachalt thfailleasttwo antennas
hsefl BriEnk@RsfoaPr i ses signal to noise informtion. 15.
The wirel ess comruni cati on apparatus of claim1,
wherein the processor is further configured to

gener eanformng weights, for transm ssjon of,
syrrbofgs' e{.}% gllr % P%rg?% PR3 E%: Ogéiﬂ.“@efé’ b‘&léeé@ndbﬁ (ghannel
ibfirimatiérd oovedspomdsor ronk itRsaRsioR ipd@Me 3BH &f Bk T ida® two antennas

used for reception.

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

of broadband pilot symbols.

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

of hop based pilot symbols.



16. A wireless comuni cation apparatus conprising: at
| east two antennas; and neans for generating
whe@aboses ng wei ght s based upon channel i nf or MeECT/082006/008986
corresponding to a nunber of transm ssion paths |ess
than a nunber of transm ssioypaths fromtransm ssion

ant enpas ﬁf t.heg at | east. two antennas to_a wrel ess
commufrr-c it SHIGessi cammypication, apparaiussel clamudfcatherin channel

HIGRTAbH ToRbrisdsddsiinhd WheiS 'iﬁfoﬁ?ﬁidﬁtﬁ%@fatéﬂfbas%d upon a plurality
transm ssion paths is equal to the n er of the Bt
pidaoptbaseibpidat spmhels and pluratiiy ofibroedtesd pilohsymtiodsat i on

apparatus of claim 16, wherein the channel information
corresponds to one transm ssion path fromeach of the

at | e2&t TheWwiRl¥se Ro@snunsRboh Apparhi@ds VT isihO N6, Whereile channel
W rel ess communi cati on apparatus of claim 16, wherein

infermatign semprises shanme] ereliboinfamstians to one

transm ssion path for each of the at |east two

antennas used for reception. 20. The w rel ess

conmud.cEid orekaep @omirtimicafion lapparath of Widiedd whasemethe channel
i nf.ormati on conpri.ses. esti mated channel infornation
@&%&ﬁ?@&iﬂﬂ%é P3RS signgl tamglse apfognatiioadband pi | ot
synbols. 21. The wirel ess comuni cati on appar at us of

claim 16, wherein channel information conprises

est i nft-ebhe arelest donfngunicrtionnapperatusadb £ dldas b6l fupiber @omprising

Lurality of. hop.based pi.l ot nbol.s. 22. The. wirel ess )
ettt esherme afroan s Besed o & e FioEhatimnana wherein
ihef Qedmt i Ngenerlnk SBS tﬁ:‘éﬁllfé‘iﬁﬁﬁ% v@é?gn@ Qhtiliz& K BhARABl matrix to
gener at ed based upon a plurality of hop based pil ot

@eéﬁ@n@m@mwmﬁh@f br oadband pil ot synbols. 23.

The wirel ess comruni cati on apparatus of claim 16,

wherein the channel information conprises channel

qual 26/ Thef oninehiss @omnArhicalibe apbiaheSSH €IS, Glek@R the circuit
%%oar atus of claim23, wherein the channel quality

PRIPASES {thichaphg) mmaties camprses megnn B performing AR desamposition.

The wi rel ess comruni cati on apparatus of claim 16,

further conprising neans for generating a channel

mat r i X/. bEsewitgjren cotmemoiicatioe | appafaorsnaf chimalts] fid@ereicomprising

h f [ N i f ' I gh
rtwa?qs :Pé‘]gggn(e {ng har ae :{%&mc Q%eg%%gh fgerclg]a&gre\cls\glvgd %rgm the wireless

communication device and wherein the means for generating the beamforming weights

utilizes the channel matrix to generate the beamforming weights.

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

weights utilizes the channel matrix to generate the beamforming weights.

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

utilizes the channel matrix to generate the beamforming weights.



generate the beanform ng weights. 26. The wrel ess
comruni cati on apparatus of claim25, wherein the
W@ ooclope34gleconposes the channel matrix conpri SBCT/IBANG 008986
for perform ng QR deconposition. 27. The wreless
comuni cati on apparatus of cRkaim 16, further

conprising neans for generatin channel t.ri x hased
upon F0 é@lﬁa‘ﬁﬁafiﬁc@‘%‘g‘“?aﬁﬁﬁw e\pﬁ%r aahs rog I céaé@_ FFRSFRIR gﬁ gfans for
%glgfa fi @Gﬁgﬂ&% _rlﬁtaﬁs e dmRamRe R baRNBERIn\GeikME based upon both

ormng weights utilizes the channel "matrix to

dpeme] anfermatmnzed eigenbéanyinfeioghivs. 28. The wirel ess
comuni cati on apparatus of claim 16, further
conprising nmeans for generating a channel nmatrix based
upon P, | RimethodNet fori@itdedlorntifgnveBisdongirREt:
communi cati on devi ce and wherein the neans for o
genertgading chanmeh infoantion rgrigeoging tatd nymbey qfffgansmission paths,
tggtaﬂfllggs B 5 dinfdr 88 @r%fls%f‘:s‘?&tﬂ ﬁatlﬁg %@We{eﬁ] an&]ir\gﬁ%ssgﬁarﬁirgtter and a

. e Wrel'ess comruni catron apparatus of clalm 16,
Witeledyaecebearpr i si ng neans for generating a channel

matri x based upon, ut.ilizing feedhack receiyed fromthe
wi r el F8ETAHBEMRATITEQRTIB tigiefecbas _bvqnptth%f:ﬁwei information for
EAERINAA 40 Wd B Aldhhia GBI dRRnMRY co. and
ereln the neans for generating the beantorm ng
wei ghts utilizes the channel matrix to generate the

beanf 1..N i ght.s. 30.,.The wi.rel ess .co ni cati.on .
D T8 R e et S TSR pas i e
SN & hiddnbBio A AMR{t S8RNARATIhS Wirel @S eimBiited. t he

beanf ormi ng wei ghts based upon bot h channel

informati on and ei geri beaminformtion. 31. A nethod
for fg. rﬂ"ﬁ]efgm%ﬁl% .oqxéﬂiﬂlg?dl\e\klﬂé} i hE R e rrﬁﬁ?og' QFresponds to
channel” T’'nformati on corrésponding to a nunber o
dricRBsingsionbafhafon sachtthdbmitanteAns of tha wirlels trvesimitir.

transm ssion paths between a wireless transmtter and

a W reless receiver; generating beanform ng wei ghts
based34t1ipﬂlib H@&oﬁ%ﬁh Bﬂf@ﬁéfgﬁl' #e cilﬁ{qei §¥0Mton! Qfresponds to
fromthe transmt antennas of the wreless

érnetrswinisson.pa@?2. The net hod of claim 31, wherein the

nunber of transm ssion paths is |less than a nunber of
transmt antennas of the wireless transmtter. 33. The

net hogk ofheEmaintl JF clahiey1e Whetdi€ cledhaBniatoriiafion b8hpades estimated
corresponds to one transm ssion path for each transmt

chanaeliafoohatidnegeniratdddsed ynongrlunality, ofdgoadbed pitatisparbels.
claim 31, wherein the channel information corresponds
to

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

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

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



one transm ssion path. 35. The nmethod of claim 31,

wherei n channel information conprises estimted

W@ b@aed348 nf or mat i on generated based upon a plPCHUB1096/008986
of broadband pil ot synbols. 36. The nethod of claim

31, wherein channel informati2dn conprises estinmated

channel jnfornatjo enerated based upon a pluraljty .
of ho}?-b‘élseeawg?qdop?sfaﬁﬁuﬁz Teifhihe nghonael HorTRatiop, comprises
ﬁﬁmn%@@ﬁﬂ&%ﬂ%ﬂﬁﬁﬂﬁi information conprises estimated

channel 1 nhformation generated based upon a plurality

of hop based pilot synbols and plurality of broadband

pi |l ot,sypbol s.38. The nethod of cl ai 1 erein the
Chanrt T BRAET SAMCURGET L RRaR R it Ty harsin e channe
dualisf iBrin@flon S8mprides sithilab @sfke abmMtopat i on appar at us

of claim 38, wherein the channel quality information
conprises signal to noise information. 40. A wireless
communi cation apparatus conprising: at |east two

antennas; and a processor configured to generate

bearrfm.mmgre\misgdsthmunfcaﬁoﬁd@amm?ﬁsﬁfgzsyrrbol s to a
wi rel ess communi cati on devi ce, based upon channel

i nf or Heg LW LBHFWaHESAEi ng to a nunber of receive

ant e . . . oo, L eiL
the e gt CruliaEl &5 RoklE iR ik BRHES o R Bifion of
symbods tof a awirelessascontniriicationf device cbped onpat chhenel information
Wi rel ess communi cation device. 41.. The.wreless . . .
AR ©oh B B CAHRSTIR AP ghe Wleas FOpRgnication device
WHEBRIthO hurnB&ed MBcad ABARS iS1cBAhah altOtaPREnbA %f ahfd8nas utilized
W rel ess conmuni cation apparatus of claim38, wherein
foneccpptingeat $lay wiyelassr eomuunicatioandseice.mat ri x based upon

t he channel information and then generates beanform ng

wei ghts utilizing the channel matrix. 43. The wirel ess
conmu4il. CEid witelagpenahiisictfonClp il Df i@l 40, ivtefegn the number of
pracessor deconposes the channel matrix conprises

TRESINS 2HiEap & §9RHOMRC QR deconposi tion. 44. The

W rel ess communi cati on apparatus of claim42, wherein

t he processor generates the channel infornmation

ut i | i44. ibthef wrdlosscéommumicatenh dpperatishel claineB&ssherein the processor

co ni cation device. 45. The w rel ess .comuni cat]on
SRORHISH & Chagmek PRI posecRofe HBNS BEUEEPD and then generaes

beamforming weights utilizing the channel matrix.

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

decomposes the channel matrix comprises means for performing QR decomposition.

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

commuuication device.

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

communication device.



generates the channel information utilizing pil ot
synbol s received fromthe wreless comuni cation

wa@lewc029346. The wirel ess communi cati on appar at BGT/082006/008986

clai m42, wherein the processor generates the channel
information utilizing feedbaclg received fromthe
W rel gés ﬁommni cation device and pilot synbols .

r ecei ¢8d TPe Sifelsse CompRiInicaton: apRAGHIE af Flaim dey pbereinithe processor
S8Rrkd %@S&aﬁ{é‘?“ﬂ?drﬁﬁ;ib@ r\ﬁﬂ&ﬂ? LB Q ClRl ?rgm the wireless
Wwherein the processor turther generates channe

quraunicaiiorf deviee iand piloh eyrubaels medeivgdafromythe ieslesat dommunication
?e‘i,.n?q based upon pilot synmbols transmtted from at

@4%¥ one transnit antenna of the wirel ess

conmuni cati on device and received at the at |east two
antennas _and wherein the channel information consists

of t h&7.chhnmetelegs spmmypnicatien apnarans ofglainTHE, whersirethe processor

' ' . | ai 7, . Wh in.th . .
SR BLAAUE0 T GFRR I b Lot Dpgpaton b
basedupei pilot syhfholsTiansititicd] feGA a€ WaBLtHeGRinkAR ARRAL 8F the wircless
of clajm 42, wherein t he@gr ocessor is further

EHRTUBIGRERN deyicsAnd reqeryed ahthe ot Iastdwantgnnas andgyherein the channel
SRSoS ShiRs 0lS A, W conmuni cat i on

%jngvi ce, ﬁ%g@%k&@é%%%@ ot h1 %%gﬁ'nlgr&ﬁiﬁﬁ?ﬁnat ion and

ei geri beaminformation. 50. A wireless comruni cation

appar ag us, co i sing: at l.east two antennas; apd peans

for g e'f]é i‘”ﬁ%ﬁeﬁég WHGRHORSPRHELS Bgsfiﬁ%ganwéﬁﬁ%@e channel

M1y FHbinMiof @bMBARARINADIOIRIR iffefRSiof channels |ess

than a nunber of receive antennas at a wrel ess

conmuni cati on device. 51. The wirel ess conmuni cati on

appar of:claimb50. .wherein the nber,,of, recej ve .
ant e nﬁ%g’? }é%‘&g?le?é oégc%r émég} _on.mgar\ﬂﬁl; 8 F Lé@gn ¢ %’rﬁﬁﬁ‘ﬁ?@%ﬁf gifcessor 18
Aphar adrfipuedd 1| @inBrabdbedntteting wdights,oP AehsrhiBit BREJEBLIs to a
conpri ses channel quality information. 53. The )
WEEP%WW% deviesn bagsdainen kot chauns] mfernatigheandi eigenbeam
& neRapnel quality information conprises signal to

nol se 1 nformation.54. The w rel ess comruni cati on

apparatus of claim50, further conprising neans for

gener gt i .a.channel matrix based upon.the channel

i nfor %tg&ﬁfﬁ‘#& BRI AT AP IR CONg ISy ,her at i ng t he

beant gnadspevoVBitahls, aaki | | zes the channel matrix to

means for generating beamforming weights based upon channel information

corresponding to a number of channels less than a number of receive antennas at a

wireless communication device.

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

receive antennas equal {0 one.

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

information comprises channel quality information.

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

quality information comprises signal to noise information.



generate the beanform ng weights. 55. The wreless
comruni cati on apparatus of claimb54, wherein the
W@ ooclope34gleconposes the channel matrix conpri SBCT/IBANG 008986
for perform ng QR deconposition. 56. The w rel ess
comuni cati on apparatus of clz m 54, further
conpri sSi means for generating a channel matrix based
upon 5éea‘ggdklr¢1@s@e¢mmﬁ@mm hmaamtuamoéséalﬁbﬁﬁuﬁir&mmmpnsmg

L i

genateanse f(blh geﬂmmfgom b@mlﬂetr@hgswelgﬁts dillzewvthe lchasnel matrix to
comTunl C apparat us of claimb54, further

Eehfpate & éthﬁ%§H§n$8@1 Bnerating a channel matrix based

upon pilot synbols received fromthe wrel ess

communi cation device and wherein the nmeans for

gener &bi mge Wﬁmltmmtﬁmnmii@imeh@atﬁuwa Iclazms54, neherein the circuit

SMRee T Eh sl B P Ber et S e e Ok Brtarappsition

further conprising neans for generating a channel
matri x based upon feedback received fromthe w rel ess
conmuApcdbe orirdessi @%manmcviqnoapm lof dlaigeSte @n‘theo rpomprising
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bblﬁnmhﬁtﬁﬁl@i dewdd and Wl@ergmrtﬁé ateand he gopanfingy fie@amforming weights
ghts. 59. The wi reless conmunication a parat us of

erlhi%t%%cham@mhﬂx theenseimthe PErMEEMEIEY FiBBSconpr i ses

nmeans for generating the beanform ng wei ghts based

upon bot h channel information and ei genbeam

i nf or 6%t Tbe.wireless communication apparatus of claim 54, further comprising

means for generating a channel matrix based upon pilot symbols received from the
wireless communication device and wherein the means for generating the beamforming

weights utilizes the channel matrix to generate the beamforming weights.

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

channel matrix to generate the beamforming weights.

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

channel information and eigenbeam information.



