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Background

[DOOS] Wireless communication systems are widely deployed to provide various types
of communication such as voice, data, and so on. These systems may be multiple-
access'systems capable of supporting communication with multiple access terminals by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems -include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequéncy aivision multiple
access (FDMA) systems, and orthogonal frequency division multiple access (OFDMA)
systems. Typically, a wireless communication system comprises several base stations,
wherein each base station communicates with the mobile station using a forward link
and each mobile station (or access terminal) communicates with base station using a
reverse link.

[0004] A problem in many communication systems is the receiver is located in a
spécific 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 precoding.



[ 0005] Precoding is a spatial processing technique that inproves the
'signal-to-noise ratio (SNR) of a wireless link with multiple antennas.
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of a segnent of subcarriers, which is one of one or nore segnents of
SUMMARY
- '[0008] The following presents a simplified overview or summary of one or more
- aspects in order to provide a basic understanding of such aspects. This summary is not
intended to be an extensive overview of all contemplated aspects, and it is not intended
to identify key or critical elements of all aspects nor is it intended to delineate the scope
‘of any or all aspects. Its sole purpose is to present sorie concepts of one or more
aspects in a simplified form as a prelude to the more detailed description that is
presented later.
[0009] In an aspect, a wireless communication apparatus COmMPpIiSes a pProcessor
configured to decode signals that are received over two or more subcarriers of a
segment of subcarriers, which is one of a plurality of segments of subcarriers available
for communication, and to provide precoding information for at least one segment. In
addition the apparatus comprises a transmitter configured to transmit the precoding
information.
[0010] In another aspect, a method comprises receiVing signals over two or more

subcarriers of a segment of subcarriers, which is one of one or more segments of



WO 2007/ 050924 PCT/ US2006/ 042058 3 subcarriers. The method further
‘conprises generating precoding information for at |east one segnent and
transmtt| recoding information. [0011] In a further aspect, an
appar at uswggzr?%?‘?sg;e}‘s‘ means for receiving signals over tV\ST/U&”"‘?‘r&Z@S
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subcarrier segnments. [0019] Fig. 6 illustrates aspects of a transmtter
and receiver in a nultiple access wreless comuni cati on system DETAILED
DESCRI PTI ON [ 0020] Var i BREEROFESTRIPATON OV THAS DRAWEN@GISt h reference to the
drawi ngs, wherein like reference nunerals are used to refer to like

el ements t Hp%bﬁ@ﬁtﬁ;atqrﬁs,trqq@rq, @pflé&@yqﬁ@ages of the present aspects may become more

apparent from the detailed description set forth below when taken in conjunction with

the drawings in which like reference characters identify correspondingly throughout and
wherein:

[0014] Fig. 1 illustrates aspects of a multiple access wireless communication system
according to an aspect; |

[0015] Fig. 2 illustrates aspects of a spectrum allocation; 5

[0016] Fig. 3 illustrates aspects of another spectrum allocation.

[0017] Fig. 4 illustrates a methodology for performing ‘fvéedbac’k of precoding
information for subcarrier segments. ‘

[0018] Fig. 5 illustrates an apparatus for reporting precoding information for suBcam'er
segments.

[0019] Fig. 6 illustrates aspects of a transmitter and receiver in a multiple access

wireless communication system.

DETAILED DESCRIPTION
[0020] Various aspects are now described with reference to the drawings, wherein like
reference numerals are used to refer to like elements throughout. In the following

description, for purposes of explanation, numerous specific details are set forth in order



description,:for purposes of explanation, numerous specific details are
'set forth in order WD 2007/ 050924 PCT/ US2006/ 042058 4 to provide a

t hor ough ing of one or nore aspects. It may i dent -
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i s not |Imt6@ﬂ:lﬁt&e Cﬂgﬁg%iﬁgfm&‘%oagﬁ&&ess runni ng on a processor, an
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to enconpass a conput er pr ogra accesm%ﬂ romany conputer-rea
devi ce, cardevige., A user device can also be called a system, a subscriber unit, subscriber station,

mobile station, mobile device, remote station, access point, base station, terminal,
remote terminal, access terminal, user terminal, user agent, or user equipment. A user
device can be a cellular telephone, a cordless telephone, a Session Initiation Protocol
(SIP) phone, a wireless local loop (WLL) station, a PDA, a handheld device having
wireless connection capability, or other processing device connected to a wireless
- modem.
[0023] Moreover, various aspects or features described herein may be implemented as a
method, apparatus, or article of manufacture using standard programming and/or
engineering techniques. The term "article of manufacture” as used herein is intended to
encompass a computer program accessible from any computer-readable device, carrier,
or media. For example, computer readable media can include but are not limited to
magnetic storage devices (e.g., hard disk, floppy disk, magnetic strips...), optical disks
~ (e.g., compact disk (CD), digital versatile disk (DVD)...), smart cards, and flash

memory devices (e.g., card, stick, key drive...).



or nedi a. For exanple, conputer readable nedia can include but are not
limted to nagnetic storage devices (e.g., hard disk, floppy disk,
magnetic strips.'..), optical disks (e.g., conpact disk (CD), digital
versatile WOSROT(OBR} . ..), smart cards, and flash nenorgcoesoess2iGe. g. ,
card, stick, key drive...). WO 2007/ 050924 PCTI US2006/ 042058 5 [ 0024]
Referring to Fig. 1, a multiple access wireless conmmunication system
accordi ng  teu20NReASMECH HiS. 1,lal histipiathedss WirtledstdoRlRuACEies Syinf 84c@sEng
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poi nt. For %%&1?9'1@8 BC 886 122 LAdnN@kSspbaf 1@ Adiffddm RE@r. M QM) iaaRhhLN
base station 1 access termnals 134 and 136 are in conmunication wth
access poi ntZroups 124 A6 #ngd28 ercdrcprawosd wIglifpgnieoioare in  communi cati on
w th access [ L e ; Fi at.gagh;access
term nal (SWE]SZE = %ﬁu 1@8%@%133%&812%8 1 l:ihslg F&glgggt}él Y |b% 12 If gftgtﬁ?fp
portion of Mlthr@spvecmqrveecm@s lof padharictage point. ofdreaxamplre sscesseemiingb 139 and he
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t he corresplgél Fhdt SR ﬁ’é‘%% 5 Sta{ph %2 C)éests fedmipgintidi it ?%63 Bt h of
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conditions in the cell i ch cauag di fferent channel conditions to be
present betmuéﬁétho%‘@’éléé‘?efsé?"mt - and the correspondi ng antenna group
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preceding is a technique used to take advantage of [he hi i gh specfral

efficiency éﬂ%mla@a@eddy ardliffeiepl Rariigioeftit sepnectiya eellgatepve to Whev@pcessigspians or
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over frequency selective c y using requency di Vi sion
dupl exi ng (FDBpomirg ententtangofipsr witly whizhdt sespemsenitatings Butle ohtieser facfopr ocal .

Therefore, E)?o%ﬁjc{%as(ft%at%ns, due to environmental and other conditions in the cell, which cause

different channel conditions to be present between each access terminal and the
corresponding antenna group with which it is communicating.

[0027] Spatial multiplexing with linear precoding is a technique used to take advantage
of the high spectral efficiency provided by multiple-input multiple-output (MIMO)
systems or other multiple transmission antenna techniques. This can be implemented
over frequency selective channels by using OFDM. In frequency division duplexing
(FDD) systems the forward and reverse links are not reciprocal. Therefore, feedback of
channel state information (CSI) at the transmitter in the form of precoding matrices is
required. In MIMO-OFDM with precoding, a broadband channel is converted into
multiple narrowband channels corresponding to OFDM subcartiers. The MIMO-
OFDM transmitter requires feedback in the form of precoding matrices for the
subcarriers. A general technique of precoding where the selection of an index that
identifies the matrix(ces) or vector(s) comes from a defined codebook known to both

the transmitter and receiver may be used. In some aspects the selection of the codebook



channel state information (CSI) at the transmtter in the form of
precoding matrices is required. Iln MMO>OFDMw th precedi ng, a broadband
channel is converted into nultiple narrowband channels corresponding to
OFDM subcaVPi2t79509%he M MO- OFDM transmitter requires fREABROM/GWSEhe form
of preceding matrices for the subcarrie?s. A general technique of

precodi ng where the selection of an index that identifies the matrix(ces)
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and receiver _ma)/ be .used. sone %spec,t_s t he s§:_ , (
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some cases, denEncAnnaether #Rgctbe thiedekt menbedsedale detaraving vikbd maris(cedwirce or
system desi . h 0 er m. ne
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is determ ned jn order, select mat.ri.x(.ces r. .vector I.n addi.tion
ot her channe‘fec@rr(is)f eIPiagdlﬁPn 8%&?‘?&?‘?1%? Bt %‘ﬂjﬁqlpﬁioéls 8ﬁ§‘$‘fﬁ@e e F%na ray be
utilized to sgBeitilded® kic( LRGN xWesMBGEAS(S) - [0028] As used herein, an
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access ternminal may also be referred to as, and i1 nclude some or
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with differeft™™¥8%%es. In a SCWnode design, the transnitter encodes the
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[0030] Referring to Fig. 2, in an OFDM system, for a given bandwidth, for example a
SMHz bandwidth, an access terminal will decode a signal or signals which may be
transmitted on two or more subcarriers 306 of a subcarrier segment 302;. The group of
subcarriers used for a given transmission to an access terminal, is generally less than aﬂ
of the subcarriers 308 of segment 302;. Thus, a subcarrier set 308 of a given segment
302y allows users to be scheduled on a portion of the entire SMHz bandwidth that has
better channel quality for the terminal, less traffic, a combination of these, or some other
criteria.
[0031] In frequency hopping communication, a terminal may be scheduled to hop, in
order to provide frequency diversity, over the subcarriers 308 of a segment 302y The
frequency hopping may vary on a frame by frame, superframe by superframe, or some
other basis. The frequency hopping may include assignment of blocks of contiguous

subcarriers, block hopping, or distributed subcartiers, symbol hopping,



of the subcarriers 308 of segment 3027. Thus, a subcarrier set 308 of a
gi ven segnent 302N all ows users to be scheduled on a portion of the
entire 5MHz bandwi dth that has better channel quality for the term nal

| ess traf fWO20/06W&bi nati on of these, or sonme ot her CcriQEVS2006/4BEB1] | n
frequency hoppi ng comuni cation, a termhal may he scheduled to hop, in
order to provide frequency diversity, over the subcarriers 308 of a
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D 0T Sonp LATEE. Wbn vt BB Bk SRR e R Ok Bl a8y t o 4
subbands,  pRE c&AES | Rthoush biRBGIEs OF HRH]eTaBSSidB andSahent) andviybhiusapdy
segnents, e.g. subbands, na be utilized. An access termnal operating

provi des f eé&ﬂg@r@ed nhB RFREES Fmipgl ongraiag peyides ﬁ@&g‘b%ueiwaw@nafoqemmw
metric, e. g.mANBiculfidh 8M‘th'y the ri%sé%t SNR, ﬁat%&ﬁ@f’a‘sﬂgl cr %anqlée

better frequency coherence rovi des a better potgentl ally
i ncreased tth rt@tlghmﬂuemydccshﬁgmed, thpigirptiges § DER4Jsighal ﬁlcgpot@;\uaﬂllwencafeaecé 4

subbands 30 IVHz depl oynment. However, the nunber of
subbands na%hﬂmg%%%mkﬁﬂgﬁléu§é@d not be the sane size. Further, the

subbands ned03dptin [Fay e, thive asafreubbandse3020f 36 bfoan 5iMHS deplnszlmét&edidmtver,
conpri se adjacent. s bc rriers 0035], In furthe pects, e nts
et ha RS B per it SRS Tt Vot st nOEbe, BROGR St oFortlgnaBe and
thus the useibmys ﬁ&ﬂﬁhb{ hadvB ehe¥agie AElnBer of isBaFr¥Rd, bnde@moPEi¥prisB &djacent
subcarriers where it is scheduled. In further aspects the segnents may

change over SUP§aHE'hased upon assignments or other instructions generated

at the acceggoBPiRfuRH asREQVihE&lorhhid RSy bEME A of an assignment to the user,

e.g. a block of tones and thus the user may report the precoding information for only the
subcarriers where it is scheduled. In further aspects, the segments may change over
time based upon assignments or other instructions generatéd at the access point and
provided to the terminal.

[0036] Referring to Fig. 3, a feedback channel sometimes called a channel quality
indication (CQI) channel 406 may be used to provide feedback: of precoding, e.g. an
index(ces), vector(s), or matrix(ces) along with other CQI typé feedback. An access
terminal which could use a wider frequency bandwidth, for example, a bandwidth 404,
may have at least one CQI transmission channel for each segment. In one aspect, one or
more precoding index(ces), vector(s), or matrix(ces) may be reported for multiple
segments for a single user, even those on which the user is not scheduled, depending on
the structure. That is, if each segment, has its own feedback channel a user may provide
feedback, e.g. precoding index(ces), vector(s), or matrix(ces), for each of the segments
on its or another segments feedback channel.

[0037] The CQI, index(ces) vector(s), or matrix(ces) may be transmitted on a CDM

channel in order to multiplex multiple users over the same time-frequency resources and



[ 0036] Referring to Fig. 3, a feedback channel sonetines called a channel
quality indi cati on (CQ) channel 406 may be used to provide feedback of
precoding, e.g. an index(ces), vector(s), or matrix(ces) along with other
CQ type f‘@@d%?(?ﬁ"”%n access term nal Whl ch coul d use REWMILI/ RS uency
bandwi dth, for exanple, a bandwidth 404,83 may have at |east one CQ
transm ssi on channel for each segnent. In one aspect, one or nore

precodi ng i ride*xz(seéasﬁdwniéxcavmk(b&‘)ﬁor data mradgiids{anes As maysuliehd ol eﬂfefed’dfack

mul tiple nments. for a sin ven .t hose on ich. the i s not

schedul ed, %B‘I?HHFI%S ofich ﬁ@%‘f rsﬂ’itrﬁaryege %ﬁ’éth y the fnu\é’g%‘%@%@ Coﬂ%t% its

own feedbackrigh a\mmﬁﬂ a aystbﬁefs pEEalIp 1SNk dl 8herb @RAMABKavaHalle tPPLERAIRG CQI,

i ndex(ces), vector , matri x(ces), for each of the segnments on its or

anot her seg r?é‘ﬁt“@f’fl 8le I@ ig firllrieaded fipommpy mao ceges aynlgblebasin hevsedng s) |

or matrix(c pl ex
R S e A e e e S R S Y
PCT/ US2006/ G42088vab® hybeiegsblebamehaitdichdtaviiin atlltepld @Qldamaﬁetsrﬁmsmlsme ons.

f f

be 1im ted By EReChongerepe R EU Ayt R Rh Be E p  BFiRE T ™
partial ly | cadiéed; ashbeyecanel codes caVai koadrbesubpaddecetback a&nﬁel@@tspcmng when
Lsed ao —a aeyodiesTRBGEHurHiguEHE BebRs PR/t e Bh AniaHe i Iy erBhded
system a pr Qgg@ﬂnag gain is achievable by being able to report feedback in

multiple CQ channels for multiple carriers or other segnents into which
the reverse P38k Rebardve dow Fafidheh i viatagdology foariBestietes o5 paeghodolegg ofat r ol

channel ~cal lefofeHe ée%béékb&ﬁé/}QmE%Q%%atm%PE&bb(aﬁ%as%% a1 A Spdpped

Thi s channel coul be used the access term nal cate
preferred sasangmifdd088jivaRed dranimigsiorovn taosdgn@nt 4, Thas mmyhbd@lr@ggedf oy

i ormat i on ‘PEPEIRREkEEObo b BERGEEL S P E05T s B RIEE o anasg

recei ves a tsegnsmi Mueﬂmuva‘ly,ahessaagmﬁﬁmayﬂbu <$ef1miad/bjae pRstendadedofaybeggdiedrl i ng
only portions of a chapn channe] Séree that solely, correspond

to a segneﬁf’me,&lﬂfeérrﬁﬁ‘g?f/el gQ“hé’resc@ R PATFREFCR P TEIREY 2By defersmiasce Py ed
set of subcagkiigfed. OThe §aémn@etuhﬁrmaryebm%ed@poﬁ%seléafe%@@ Pl %ﬁ(a&%é) or

vector(s) are determined or calculated. The determnatio e based
upon a sel ectleyaten fimme @olpokypniablei ¢ sead etheatdperatipn. onFlaTheooﬂnaJplab'albﬂ e or

some ot her oQpeh@th: oﬁ%x%ﬁlﬁé seghfth opﬁéﬂyt?ﬁe segment that the terminal is scheduled.
This may be determined by the terminal, or part of the aésignment or overhead
information provide by the access point to the terminal.
[0039] At 506, the selected precoding matrix(ces) or vector(s) are feedback to the
access point via one or more feedback channels. As discussed- above, the feedback
channels used may telate to the subband, or subbands, to which the precoding
information relate or some other channels.
[0040] Referring now to Fig. 5, an apparatus for reporting precoding information for a
subband is illustrated. Means 702 for receiving, at an access terminal, a transmission in
a segment is provided. This may be provided by scheduling only portions of a channel
tree, or a channel tree that solely, correspond to a segment. The means 702 may be in
communication with means 704 for determining, or calculating, precoding matrix(ces)
or vector(s). The determination may be based upon a selected CQI-precoding matrix
calculation from a look-up table or some other operation. Further, this may be

calculated for one or more segments, or only the segment that the terminal is scheduled.



cal cul ated for one or nore segnent, or only the segnment that the term nal
is scheduled. This may be determ ned by the termnal, or part of the
assi gnment or overhead information provide by the access point to the
term nal . YVOO8U[0S®4 506, the sel ected precodi ng natri x(REBYS2006/042058 or ( S)
are feedback to the access point via ore or nore feedback channels, As
di scussed above, the feedback channels used may relate to the subband, or
subbands, tormblnﬁiy bd QleRiefRdi g thel t@f@x&xmatdrogshrf of ah€ 18 H® Rt HREhead
channel s. [0040] Referr. ng now to Fig an appar at us % reporting
precodi ng i iMGFREIGCYiEe \étthe@ﬁ‘ffﬁ%ll?ﬂntlt%thelt@%{l%lat ed. NEans 702 for

recei ving, t {Tﬂ{)ﬁ

provi ded. Tﬁ?%ﬁ?ramgggé? ﬁlﬂaeﬂg%be @(?E fgﬁg&oﬁ]?}h Ibet(})]rlﬁ?aégg@% dajoghrerllﬁ%el
tree, or a dr@ﬁnlélthet &Eé@tetdhmcogmlgemtm(cwb OB 3ebors) tag fadbmyrterthe. acTtse poBans

702 may be i tlon 704 f.or det 1 nj ng, ., or

cal cul ati ng, ‘npfngcodl NG ma baCk n§')epﬁg$ Gadesdabpye. ﬁ%%ggfi’aégﬁpngte}so%e%y be
based upon ansefebtd &dth@@egméﬁp oﬂsdggleﬂ@,t fol whicle aliecptleedduog"linffd;rﬁm]i&x k@K oup

tabl e or sone other o eratl on. Further, this may be calculated for one or
nore segnment§MeSt eBﬁli“{;n?ﬁe segnent that the terninal is schedul ed. WO

2007/ 050924 [b¥4b] WSERHRE 64 2808 asBecldbS a MY sR@eAGhE "ré&ﬂ'@fjnp)( rﬁthhglE ekfdspal

or part of the _assignment or overhead _information provid he access
poi nt to t heVirdespicABMUNiQBg Pystasarg0 GDBusHRHPd h Adianpeitien sacs@m@h@ caatfion
Wi th both nmeapsy, /0 gut’ﬁ?& 0%%13& sugdms | i %deﬁtfrowg dgtgls&?rggglt,lptr %Ctpa%!stﬂg (TX)
matri x(ces) or vector as he access poln one “or

f eedback chahhepscesiar Zlﬁ%c[xsamdsmbm\mqh ddie sﬁmmu’mma@mew amaspbctmay

relate to t ment ment s ich the for |on
relate or qFll'harmgfl His A, 3%?%‘%%3”"[5%?6%%% fség?%‘? PR &BFIE?@ 6’5‘5 %‘? a
transnitter fangch éaeisiteim based oulphitiphier @@ﬁ@fsﬁheﬂm geﬁc&aﬁ&m&ﬁﬁnmm stiedrh @)
system 200 is illustrated. At transm system 210, traffic,  data for a

nunber of ddreVids sadsddatas Insms HEEcts %a ar&f:%%%%ﬂﬂca@%szpr@@ AR t

(TX) data pbeeassdblsdEhe dda @tﬁ’eaﬁﬁ%%,upﬁﬁ‘% et & whER P dybblaRSHiRd ed
over a respect| ve transmt antenna. TX data processor X f or mat S, codes,

and i nt er | edreynitpe tq grglfthe entepprdront whick thelsyabela a@tbeen%rﬁa@émé@d(ﬁwnabased
particul ar cbﬂdth@gzérz@@m%%?se&ﬁﬁﬂé?qesf Qfise d?ﬁ)ﬁ%@ﬁn ﬁHo%?e”A éé)cts RAD pregodu%é) ded

data. In sone as data pro cess i es precodin
t he synbol s vfighthenagaba gshere@mdsbalals epbruponinddxe tmaecodebocv]dﬁlga’mrzitdste asy]ﬁﬁt)ol s

are being

to

transceiver 254 and provided as feedback to the transceiver 222 which has knowledge
of the codebook and its indices. Further, in those cases of scheduled transmissions, the
TX data processor 214 can select the packet format based upon rank information that is
transmitted from the user. ,

[0043] The coded data for each data stream may be multiplexed with pilot data using
OFDM techniques. The pilot data is typically a known data pattern that is processed in
a known manner and may be used at the receiver system to estimate the channel
response. The multiplexed pilot and coded data for each data stream is then modulated
(i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK, QSPK, M-
PSK, or M-QAM) selected for that data stream to provide modulation symbols. The
data rate, coding, and modulation for each data stream may be determined by
instructions performed by processor 230. As discussed above, in some aspects, the
packet format for one or more streams may be varied according to the rank information

that is transmitted from the user.



transmtted to and the antenna from which the synbols are being
transmtted frombased on the particular users channel response
information. In sone aspects, the precoding weights nay be generated
based uponVa'’H§¥24t 0 a codebook generated at the tr dH{SEes2005/04258 and
provided as feedback to the transceiver 1822 which has know edge of the
codebook and its indices. Further, in those cases of schedul ed

t ransmi ssi onen44f Mae mbduBaba sphbsiessall dkdueans sel ®ed pidirlepas katx avmt
based upon rank information that is transmtied fromthe user. [0043] The

coded data fRECCEE R2GalC ey ithetyProareshihe 11 198 SXIPRIs fe12otio@FRMisi ng

OFDM t echni cgesymviBe pRickQbr 33batHes ﬁrMﬂhé‘saNTYHﬁ)dﬁﬁ%‘ﬁ‘ s@rfshtb,%l Rakdfd Ro Llpat 18
processed in a known nanner and nmay be used at the réceiver systemto

esti mat e t hdrapsraivaesl (TYERRAYR) 2PAe thisugh pi28kedImpickain aastectod8d NEME f or

par t cul ar - ioaarg 2 AFRECREL MG Beiciysagine ZERBS of PRRRECYrRTS Bl Yo et e
for that datthe dianedesponspinfeiraionnd tHeaistran whyahizbé symbdieare daing traadngitted

codi ng, and nodul ation for each data stream nmay be term ned by ‘
i nstructiond® #‘BPWE’H‘WIBWZ‘E&I %%—y“%’?&s%ﬁ@gaﬁa %ﬁ‘é‘%&g“’%’bove, in sone

aspects, theqoosBpeke! thedcBREr DOS 1068 eO andTr6ccBick @A RS pEMYe R MBI k®&hm to
according to the rank information that is transm tFed fromthe user. WO

2007/ 050924 PEOTHUSEOUER0L 20882 sipnals rd APrthes SondiHemsa(ei2o ringyfitiss | ftepsp pndy| |

data strea j : : : I
fur ther  pr ocBoufey] W B HERuL & thofide WMol DGR A for B o1
processor 220eitthe MIM®@uiiagesl. N medildtet signalsdyomb trhnsseivera 2824 thirdygh 222t are

transcei ver TI\/[I'R/Q%‘X 222 hr 22t~ 0 certain aspects, TX M MO
processor 2 ]E)e(n atf)aﬁflfnés ;@Oénc%&grﬁ%nnﬁg?%ﬁt@%ﬁ%h %jﬁé rgs ﬁ%%‘fegy‘of the data streans
based upon [0036] dhasmeeler kes@orese, thaftandmmitted modilatedesigiaBr art @ecshied by the

synbol s are being transmtt to and the antenna from whi t he synbol is
Do o &1 aneATEPEE 2P ooy doaar 2RLR e hAS SER R st B 002 ko BB oss bs
a respectiveo syrfRbiw raatRive (RUNIVINET)US40r Bl @cahd! 23 &ndfidhs (e.@nd

further conditions é,e_. g., an&y\i, fies, filters, and upconverts) the anal og
signal s to pPREW dapifiepdandt Vnspeieap) Quiasaistize f gecivedarsigniak sfigizeovks t he

then ©ranen P T Lo R R enae 3t T R g e SRl LR ¥ 0046)
At recei ver coyspermizbUecdived” symbanrireared nodul at ed signal s are received by
NR | [0047] An RX data processor 260 then receives and processes the Ng received symbol
streams from Ny receivers 254 based on a particular receiver processing technique to
provide Nt “detected” symbol streams. The processing by RX data processor 260 is
described in further detail below. Each detected symbol stream includes symbols that
are estimates of the modulation symbols transmitted for the corresponding data stream.
RX data processor 260 then demodulates, deinterleaves, and decodes each detected
symbol stream to recover the data for the data stream. The processing by RX data
processor 260 is complementary to that performed by TX MIMO processor 220 and TX
data processor 214 at transmitter system 210. ‘
[0048] The channel response estimate generated by. RX processor 260 may be used to
perform space, space/time processing at the receiver, adjust power levels, change
modulation rates or schemes, or other actions. RX processor 260 may further estimate
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and
possibly other channel characteristics, and provide these quantities to a processor 270.

RX data processor 260 or processor 270 may further derive an estimate of the



antennas 252a through 252r and the received signal fromeach antenna 252
is provided to a respective transceiver (RCVR TMIR) 254. Each receiver
‘254 conditions (e.g., filters, anplifies, and downconverts) a respective

recei ved §igdnsosh0i tizes the conditioned signal to ' |l es, and
further processes t4he sanples to providg a correspond?(?\g%kir%gﬁé%?@gd"

synbol stream [0047] An RX data processor 260 then receives and processes
the NR recejved Séng)lg# sé,rgeams fromNR receivers 254 based on a
particul ar rBERHRE SHFJebeisiRePe Mivncsge 2¢Q thep msvvidss atmaigd chanmebistatey nbol
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data for a nunber of data streans froma data source 276, nodul ated by a

modul at or XFIUECa PR Ffﬁ‘ﬁéﬂcﬂ PR S, ddatensn thelikeo ugh 254r, and
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270 may select the index(ces) or entry(ies) that correspon
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recei ver. Processor
by the receiver system. The reported CSI is then provided to processor 230 and used to

(1) determine the data rates and coding and modulation schemes to be used for the data
streams and (2) to generate various controls for TX data processor 214 and TX MIMO
processor 220.

[0051] Further, processor 270 may perform all or some of thé functions discussed with
respect to FIGS. 1-5 with respect to the access terminal.

{00521 The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, software, or é combination
thereof. For a hardware implementation, the processing units (e.g., processors 230 and
270, TX and RX processors 214, 242, 260 and 278, and so on) for these techniques may
be implemented within one or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing devices (DSPDs),
prograﬁnnable 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.



can.quantize the index or entry according to a codebook that is known at
‘transceiver 222. In sone aspects, as described with respect to Fig. 2,
five-bit be utilized allowing a w de range of feedback. The
codebookc@%@@@%“entri es can vary per, device, per sEctBP20040Eel |, or
per system and may be updated over ti mébased upon conmmuni cation channel
condi tions stem updates, or the like. [0050] At transmtter system 210,
t he nodul at@@sy i gnBers afsoberecieniveentaiont dm REbnigues deserstmidvemteihymanbennas

224, condi tj t ed dula or 240,
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and used tof éqﬁ) cflet er.m theé[(li_lata rat.es and  codi ng. .and nodul ati on
schemes t o BAHLE Epaiey hrei A1eSPrBEHENAAY (05 S0 JRBPENY Wi Bl
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Furt her, processor 270 may performall or sone of the functions discussed

with r espedt °n® 9 @are PI@GW%Sh(%%sﬁ@&O"W 2HY. ddeemempnt wnk@) mfy0b62] The
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processors QFP})G g_gl t al %nal rocessi ng.devi ces (DSPDs),

pr ogr ammabl B g " FEFE at(a?” Bgyna ?eff\éqr’d’rﬁt?egl&?eammbl e gate arrays (FPGAs),
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el ectronic unlts desi gned to performthe functions described herein, or a
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may be storr}legdmigleé &EJHbteE'%th &B&&k@ﬁ%&' nory 272 in FIG 6, on a renovable
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does not require or utilize fixed or predetermined blocks of subcarriers, time periods, or

other resources dedicated to such transmissions.

f0056] The previous description of the disclosed aspects is providéd to enable any
person skilled in the art to make or use the present invention. Various modlﬁcatlons to
these aspects will be readily apparent to those skilled in the art, and the genenc
pnn01ples defined herein may be applied to other aspects without departing from the
spirit or scope of the invention. Thus, the present invention is not intended to be limited
to the aspects shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



comuni catively coupled to the processor via various nmeans as i s known in
the art. The nenory may al so be inplenented within the processor or
external to the processor, stored in an external nmenory, in a conputer
program product, e.g. a cd-romor other nedia, be in a nenory at an
external server, or the like. [0054] Wile Fig. 6 discusses a M MO system
the sanme system maybe applied to a nmulti-input single-output system where
multiple transmt antennas, e.g. those on a base station, transnmt one or
more synbol streans to a single ant€hAdMfevice, e.g. a nobile station.

Al so, i single input antenna systemmy be utilized in

t he saﬁgﬁ%ggkﬁ%?gggﬂgéggribed wWth respect to Fig. 6. [0055] It should be
noted tihat #heirdesscopimuaicatibigaspatsu@rBink Shebmbiibmf or mation or

transm ssion types that may be transmtted by the access point or access
termnal . | fPrOBer sRpfigpisg e fecode signals thakare rsceited pvprteder eran sibdabkbsaks of
subcar i i 1O r urces .dedicated to such

tr anon oyt oF R BRIk TR ers e 3t IRy S SRSHTER 1850 RE® BletPubtremepe's i s
pr ovi deebchwicenaviileblanfpr cpmnamicasin, drddiol probiie Bedodiny WRlStOfor U QedsDSne
present invention. Various nodjfications to these aspects will be readily

appar eRTEMegh PHtsEen g?ﬁ PreeRfling, Weights ¢ appisd te Releggmaeisgmbpk ofivailpdse onalddta ned
her ei nsiH@Yn BRe PRI a@qgag&ngg#ﬁﬁqgg%?@ggegin\ﬁgr&gﬁ& oHheparting fromthe spirit

or scope of the invention. resent I nventron is not intended to
be Iimted atrensphigeraspigired Shtcamsmhtelieepracddidg weighto. be accorded the wi dest
scope consistent with the principles and novel features disclosed herein.
|13 CLAIMS WHAT IS CLAIMED IS 1. A wireless comuni cati on appar at us

conpr i 8 ng, ThiGoRY afirh@eanRhAEERS BF (GANNT AHEEH hY HRGORE, &1 gRBLS.{ hat

are received over two or nore subcarriers of a segnen ubc

wher ei i tranemi depwacodofe weipltaon adeesdback chmeebissecigbdinathithy/atafassa@neathsnt Of
subcarriers available for comrunication, and to provi de precodi ng weights
for at | east one segnent, wherein the precoding weights are applied to at

| relés édm i i is|
east ®dne SPiRHreRs &mhBMStiRNSHpIALA ofscgl% gnam PASEN nﬁ)&??&s&tls c]?)gfé%ﬁrg(g?o[ o

channel response information of ‘a user; a trans er con

t r ansnPEVidpéregrecodiigrpishes et precqlingTindexwi r el ess communi cati on appar at us of
claim1l, wherein the transmtter is configured to transmt the precoding
wei ghts on a feedback channel associated with the at | east one segnent.

4, The wireless communication apparatus of claim 3, wherein the processor is configured to

determine a signal to noise ratio and select, to provide, a precoding index as a function of the

signal to noise ratio.

5. The wireless communication apparatus of claim 1, wherein the processor is configured to

provide precoding weights for at least one other segment of subcarriers in addition to the segment

including the one or more subcarriers.

6. The wireless communication apparatus of claim 1, wherein the segment comprises a
subband.

7. A method of using a wireless communication apparatus comprising, in combination, the
steps of’

recetving signals over two or more subcarriers of a segment of subcarriers, wherein the

segment of subcarriers is one of one or more segments of subcarriers;



3. The wirel ess comuni cation apparatus of claim1l, wherein processor is
configured to provide the precoding weights as a precoding index. 4. The
Wi rel ess conmuni cati on apparatus of claim 3, wherein the processor is
configured to determne a signal to noise ratio and select, to provide, a
precodi ng index as a function of the jgignal to noise ratio. 5. The

W rel ess communi cation apparatus of claim1l, wherein the processor is
configured to provide precoding weights for at |east one other segnent of
subcar ri er s g¢neraugi nreepdingoweighis Segatelaist one ségnkinngbaséd upitethe iredddved signal,
subcarr,i Jhe.wrel ess co ication apparatus of claim1l, wherein

t he seg‘,@gﬂe?“ Eh%n%re?"sfi% ‘é’e‘gg b%aﬁa'%%. tOA@t&E%SHBE‘P&mB@i Hptdeast pag datg stream
comunibatiupon af1RRAE Sl hafNBishSAsBInfoiteAWPL Nkl S the steps of

recei ving signals over two or nore subcarriers of a segnent of

subcarri er sraRFHEEE fhe precodinggmeights.of subcarriers is one of one or nore
segnents of subcarriers; 14 generating precoding weights for at |east one
segnent, based upon the received signal, wherein the preceding weights are

appl i ed. t o @he heisdd onelagi Mhokhedéinahe lsRBSET BARNARNE ShiFRM t@@s?rﬁﬂingftﬁé‘ at
e

| east one channel response information of a user; and transmtting

pr ecodPIF§OHRS YRights og a fredbagkeehnpnel @ssosiatedwith theahdeast nn¢ vgmehep of
transmtting conprises transmtting the precoding weights on a feedback
channel associated with the at | east one segnent. 9. The nethod of claim?7

wher ei A. t heThd mpthodl ofjelniat Atwhee:ic M8 Rleh SE Ser@eARE abinddsds @ifodl | ght's
as a precodi ng i ndex. ,10. The nethodbofgclain?9, 3her2?ﬁﬂ?he s% %Cg¥ﬁé
genera??ﬁgwééaﬁFFQ 82 idsXermining a signal to noise ratio and sel ecting a
precodi ng index as a function of the signal to noise ratio. 11. The met hod
of claim?7, wherein the step of generating conprises generating precoding
wei ght $0.f or Tiat métbad of daien Dtvtereis egresptof @éncsatheabhipgks in addition to the
segnent incégdin the one or nmore subcarriers. 15. The nethod of claim?7,
wher ei n the‘aﬁﬁM@ﬂﬁaéﬁ? P 8gise KligdBband. 13. A wirel ess communi cation

devi ce compdelesii a,gaxﬁggghgggg RimctiiRAdE cei.ving signals over two or
nore subcarri erlggo? a segnent o gﬁtﬁar r%tll‘:'](caér?é}a'i fidise' dfo.
11. The method of claim 7, wherein the step of generating comprises generating precoding

weights for at least one other segment of subcarriers in addition to the segment including the one

or more subcarriers.

12 The method of claim 7, wherein the segment comprises a subband.

13. A wireless communication device comprising, in combination:

means for receiving signals over two or more subcarriers of a segment of subcarriers,
wherein the segment of subcarriers is one of one or more segments of subcarriers;

means for generating precoding weights for at least one segment, based upon the received
signal, wherein the precoding weights are applied to at least one symbol of at least one data

stream based upon at least one channel response information of a user; and

means for transmitting the precoding weights,



wherein the segnent of subcarriers is one of one or nore segnments of
subcarriers; neans for generating precoding weights for at |east one
segnent, based upon the received signal, wherein the precodi ng weights
are applied to at | east one synbol of at |east one data stream based upon
at | east one channel response informtkon of a user; and neans for
transmtting the precoding weights. 15 14. The wi rel ess conmuni cati on
apparatus of claim 13, wherein neans for transmtting conprises

t r ansnilttt i ndhe HErgess cooeimenicasion Hpparahis aoff daitbd 8k whiessim eheaas oC iraisadiink t h

the at : 15 The.wirel i catio ar at
e £ es LSRG preciing Naenlt 58 B de huief Sat piog MHAGIBAGIEH ng

wei ght snasegaept.ecodi ng i ndex. 16. The wi rel ess conmmuni cati on apparat us of
cl aim 15, wherein means for generating conprises determning a signal to
noi se ratio and selecting a precoding index as a function of the signal to

noi se nati ogp 7, i . communi cat .on.apparat us, of claim 13, wherein
neans #gT ggﬁéfg¥%%§ &%%ﬁ%§§§5% 8%?8?%&PhdﬂBWeEgd§%§mﬁemﬁﬁpsﬂFogmﬁﬁnméast

one ot hemprﬁs&ggmmatmfgtlﬁ@@ﬁdﬁﬂﬁéght@aﬁﬂ?ﬂe&é&%@ iniéx.t he segment including the
one or nore subcarriers. 18. A conputer-readable nmedium storing a conputer

program wherein execution of the conputer programis for receiving

si gnal ggovefpd Wardpdss "y ri f e t of subcarriers, wherein
t he segment of sﬁbggrr?g?éﬂggﬁgH%géﬁugn%@8gnﬁgﬁg‘ggﬁﬂﬁnp§mﬁfﬁguﬁﬁﬁﬁpp%rs;
gener at¢mprises ecodi ng wei ghts for at |east one segnent, based upon the
recei ved signal, wherein the precoding weights are applied to at |east one

synbol of_a.a?@%@fgﬁﬁ@nmdapamgﬁﬁ@éﬁﬂbased upon at |east one channe
response i ndQIcRS b Bfécé’ciingirfd%)? bs a fftiod SRS %ﬁatl Itonlgoigehr%tig.r ecoding wei ghts.

7. The wireless communication apparatus of claim 13, wherein means for generating

comprises generating precoding weights for at least one other segment of subcarriers in addition

to the segment including the one or more subcarriers.

18. A computer-readable medium storing a computer program, wherein execution of the
computer program is for
receiving signals over two or more subcarriers of a segment of subcarriers,
wherein the segment of subcarriers is one of one or more segments of subcarriers;
generating precoding weights for at least one segment, based upon the received
signal, wherein the precoding weights are applied to at least one symbol of at least one
data stream based upon at least one channel response informatién of a user; and

transmitting the precoding weights.



