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BACKGROUND
I. Field

[0002] The present document relates generally to wireless comraunication and amongst

other things to beamforming for wireless communication systems.



[ 0003] An orthogonal frequency division nultiple access (OFDVA) system
utilizes orthogonal frequency division nultiplexing (OFDM. OFDMis a

mul ti-carrier nodulation technique that partitions the overall system
bandw dt h wotzeosmadud pl e (N) orthogonal frequency subcagdi/essos/odsHese
subcarriers may al so be called tones, bins, and frequency channels. Each
subcarrier is associated with a respective sub carrier that may be

nodul ated with data. Up to N nodul ation synbols nay be sent on the N total
subcarrierng in eacﬁgw% @gynbol period. These nodul ation synbols are
converted to the time-domain with an N-point inverse fast Fourier

t ransfl8003l (1 FFTAnt wthgeerl dteguencyt divisioh anwltiple sacotrs | (OFDMAY @ptérh NSilidbs

ti me-domai i | @s. . 1000 ln a enc oppI Ng conmuni cati on
system datIa %ﬁl og?lr grrﬁ%"?ﬁ%fr;? etg"lS’t‘imd 1e&HE @é@%enc@l} ]JéMb&;Salal‘ pwitcarien ng

di fferent tiodelation exclaiyse thwhipahitiony tecovepilesysReh bedadathhiar mﬁﬁfgieo 2

These frequfeﬁ{l]c %ﬁcarrl ers may be.. provided by orthoagonal frequercy

di vi si on nd ?%F S H ‘fanﬁ‘%g?'trfheé%l?ﬂh"@ﬂeﬁﬂ’éﬂ)’l 19 brealled tamiey bins, andr * sone
other congequeatPchadhdldl FABMUBAEHerRORRMled Jvﬂﬁag%ggctfv%glﬁ%%%gﬁ% gﬁgps from

subcarrier_ to subcarrier in a pseudo-random nann rovi des
frequency Bf Wadylaied witly datgy | Bingtotih anadutation syembots ssiyobe sant lat the N witilhst and

del eteriou : f.eqt 0 and.i,nt erf erence, janm ng,
fading, | anaoRaHh ofH OFBNE Nt AB D e FIoR s e Ol B
termnal s #iertih¢-doregusyith akd¥-poiat foversg it Foutizp piangfokdr PIVARTS Y6 leBRBratd adat a
transm ssi Qr iV ccess rm nal . be sent on a "traffic"
channel th%?n ST @gﬁgl?oj@éagc%%?lﬁsg%@?“@%%%%%ﬁféﬁ@lﬁshoppi ng (FH)
sequerjendd] Thi s Tnhh SeqieatERoppih CodufnidaiBn SREGHfdats SUPRRNIHE'R differlsi® fOT

t he data ransm ssion in each hop period.” Mil'tiple data transm ssions for
mul tipl e atBSRCY SURPSHIRN durigg (iffsgent Eime intervalst whish wedyybeonefemet to pd Gopr af f i c

channel s thaoadre TROG:Rh&Hy W#ﬂ%@ T B0 orb b By A8 Bona] HSericy y one

sequences nay be defined'to be or one an
traffic chéififon muipleding ofhky mowt-caaien rhodubsions sichiquessas s@AE Mother

subcarrier jgeach i 0d. . USk N rt hogonal FH sequences, the

mul tiple ((:jderllt at f_ar?glﬁlpsﬁgﬁ%éﬁggghgﬁép%ﬂ 9%8%)1 “%?g]ilﬁsﬂoé‘r#@lseﬁ‘?mtsﬁb‘@ﬁ@réﬁot her
whi | e enj ogpbeagrierhie a ﬂsembf-liahéomfmajim&qmpﬁng@fﬁa%.ﬁgqgggg]ﬁv%r@@%hem t hat
must be deaHgt tﬁ? |§ all. co ni cat.i on sgster_ns is that the reCelver is

| ocated in® Wg\é\féec 43 ansprsio Settel withstand deletoronspth effectscodsss moiont . | n

such caselsand WiefRerite] jamiing, thdhg BAGsoBH, t i pl e transmit antennas, the
Si gnﬁ@o&govi ded from each antenna need not be conbined to provide

maxi wer &t PRPM4 sustes can pypper eydtiple access terminals simultaneously. For
a frequency hopping OFDMA system, a data transmission for a given access terminal

may be sent on a “traffic” channel that is associated with a specific frequency hopping
(FH) sequence. This FH sequence indicates the specific subcarriers to use for the data
transmission in each hop period. Multiple data transmissions for multiple access
terminals may be sent simultaneously on multiple traffic channels that are associated
with different FH sequences. These FH sequences may be defined to be orthogonal to
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.

[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



WO 2006/ 099349 PCT/ US2006/ 008987 3 cases, there may be problens with
decodi ng of the signals received at the receiver. One way to deal with
these problens is by utilizing beanform ng. [0007] Beanformng is a
spatial prYO8NEP echni que that inproves the signal - tRETOSW&/008%RTI 0 Of a
wireless link with nultiple antennas. Typically, beanform ng may be used
at either the transmitter and/or the Peceiver in a multi pl e ant enna
system Beanform ng provides nany advant ages i n inproving signal-to-noise
ratios whi gdked, @&E@M@?bgﬁ%gﬁhﬂgmﬂp&ecéaﬁ‘g f 90§ aIQYecélk}gd hGESTKELer, [HR08] A
problemw th beanf or m ng for OFDM transm ssi On systens is to o%ta I'n
proper i nf Byt deghwite Heseirablenn é haiasigbsymboningen a transmitter and

recel ele ni tlon

yst eS0T} 0| DRty ALY SRl oo M RBRY C BTMBLERAGRS) exi (y
requir ed t mtioalf euwirdess hiﬂewithmmilﬁpla‘aﬂgnnawt[‘g@balyabehmfoﬂnmg(m‘hytbé ugédoati de
sufficient i nf rmat i on H’% recei ver tthe transm tter SUMVARY
[0009] Met ﬁgbeé a?j ?15#638@]‘” J oL EPIBFBQ?P%EVS{%t Byaplorpinge a

type of Chﬁmvﬁ]lesnhﬁﬁﬁvﬁﬂhg&ﬁnhﬁpﬁoeﬁg@%ﬁﬂ—tb&o% 108 $hi OISV s Bbdo@AgSY St em
are prOV|deg L 010 | n _one enbodi nent, a processor is operable to
gener at e of th sigmale hypthe deceVshnel i nf or mat | on with optinmal rank, a

br oadlipggeg) channgl prbmgﬁrwﬁlgg%n\gd &Oﬁi}'@ﬁb %)S% P sved O{Orrglgalﬁhannel
information with optinmal ran ased upon ﬁer ea}f) aratus TIs

schedul ed. pioper] kiforinatiom gegreding itho ¢hanmal(s) last\mhadrwamjter smd detiernbni ng

whet her |ondV|ce|s schedu dtore eiv nbols
Tt he w r BB S m GATIL A By R et iR s dnhe Lnbd)
t hen gener systeng. Thrif mpmﬂancmm’mehe confplexitpBéquersd eéhldulaté e b‘é&zﬁi%hﬁi‘ﬁg
conmmuni cati on %ew C sche %gl e}d;l 1o receive synbols, then generating
br oadband ¥f&h e"tmdl oﬁrOVE ificiggty ?%Plllyﬂomﬁéedé?e&%tﬁaﬂlﬁon as
to the typga@fm@éisannel |nformat| on to be generated may be inforned based
upon a di stance between a current hop region and a prior hop region.
Further, the determ nation as to the type of channel information to be
gener at ed may be inforned based s@mgrunber of hop periods since a
certain type of feedback.

[0009] Methods, apparatuses, and systems are provided that determine a type of channel

information to feedback in wireless communication system are provided.

[0010] In one embodiment, a processor is operable to generate one of a hybrid channel
information with optimal rank, a broadband channel information with optimal rank, or a
beamformed qhannel information with optimal rank based upon whether the apparatus is
scheduled.

[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
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[ 0013] The features, nature, and advantages of the present enbodi nents may
become nore apparent fromthe detail ed description set forth bel ow when
taken in co®meapan with the drawings in which |ike refpusinegosdsar act ers
identify correspondingly throughout and wherein: [0014] Fig. 1
illustrates a nmultiple access wrel ess 4comuni cat i on system according to
one enbodi nent; [0015] Fig. 2 illustrates a spectrum allocation schene for
a mul to@i3g. accans e A8Gre, GRNHININGBL | e
enbodi[rrer??; [0016] Fig. 3 il [’pst r at egd%gg mg&%?%{]g@gﬁa{) nggrtn%irgg 0rmeequency
al | ocat i on ™95¢ 2ppaFgwt fiop the defeidessdesqiintion sstsfodtbroriom whti kersinstopjunetieor di ng
to one enbggj ; 7 i Fi st 41:d. | ates a transmtter and receiver in
a nul tipl qu{g(qglgi d\f\ni‘%g ess bvglglﬁ‘rﬁir{l% crgfe%%lﬁe s%/s?faéﬁﬁf%éa%’@ n@qegnogﬁ@gfey

embodi ment thrpehosi andiwhereéim i | | ustrates a bl ock diagramof a forward |ink

in a th pl e agcess, W rel ess..conmuni cation system according to one
enmbodi nelrﬂ; [oo%@] Filptrates, a mtinle Access wizrelgys soRMpnicatign SYsteny ascatdings o | i nk

in a multi pheembeidsntiVi r el ess conmmuni cation system according to one
enbodi 5; [00?,0 Fig. 6 illustrates a block diagramof a transmtter
syste a mul figplellstates 2 sneptran adlecationrsohanes faronmultiple ascasscwireliessg t 0
one enbodi H&ﬁﬁzhnﬂcﬁ’t%lskstgﬁl%co?dih%{dﬁfereﬁfbﬁﬁin?enpl ock diagram of a receiver
systemin a nultiple access wrteless communi’cation system according to
one el ment ; Figodiliystmies a thock] diagsem aif edtime fibquencyalldcatién genenakiblg
beanform n J j t one enpbodi nent ;. [.0023] Fig. 9

i |lustrat egcc\ggdf‘?lg%bésg%gr 0 thoennsg’?tg iaﬁ%org%gﬁq %I?erﬁnwé’%%‘?n&ht s according to
anot hé#01&hbodi nBigt ;4 [l0BRdPs Ri Ganshittérl hnds trécaives id 4 awimbadchedf wlERE! ati ng
beanf orm ngo wefP%htts accor ding..to a further enbodi nent; [0025] Fig. 11
i 11 ust rat e SOROPPRSHORRE ™ srooplipgiomnsieRyodmephe of CQ and rank to

f eedbg@iSpccor dFiggsd Duate Byt ERim 8P4 fdrReAlnh A mddplt hbdisd FRlgs a flow
chart of determnipng a type of CQ and rank to
communication systetn according to one embodiment;

[0019] Fig. 5b illustrates a block diagram of a reverse link in a multiple access wireless

communication system according to one embodiment;

[0020] Fig. 6 illustrates a block diagram of a transmitter system in a multiple access
wireless communication system according to one embodiment;

[0021] Fig. 7 illustrates a block diagram of a receiver system in a multiple access
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



f eedback accordi ng to anot her enbodi nent. DETAI LED DESCRI PTI ON WD

2006/ 099349 PCT/ 11S2006/ 008987 5 [0027] Referring to Fig. 1, a multiple
access W reless comuni cation system according to one enbodinent is

i | 1ustrat eO20061@9P¥Ppl e access wirel ess conmuni cati on syst/esoodd8eszncl udes
multiple cells, e.g. cells 102, 104, apd 106. In the enbodi ment of Fig. 1,
each cell 102, 104, and 106 may i ncl ud® an access poi nt 150 that -i ncl udes
multiple sectors. The nmultiple sectors are formed by groups of antennas
each nsi bl @i 4N} ' | i LAl Sl i on of
R e R b R LR e PR
to a diff efoepne geadgnent|ip ilusirpted.04 maHind peeessgvielpss dob8pui@ion apsterd22 each
correspond | f ent tor .0 1h,C apt enna roups. 124, 126,
and 128 ealc(LOOi(l:lglF1 ?éess%gl?llﬁﬁtcgﬁg%(ﬁ(? f ?nesrl@%t f\dszl!éc %?@6‘[%0§§]emeg‘gﬂlege?flﬂig' 1CI udes
several aceebseld08) h@d,andhlio6hmayr mchde anraotess paint A50 whit inclode multiper e

sectors of each cess,. point. For,.ex | e, access termnals 130 and 132
are in conifi FSCaﬁ;‘%Hl“tsB B 5% §ag§c@gg€3?>é.gmuaap§ antgnnag fachy mespoisiply for

comuni cat éedimushédtionanite SeceldicRthindi4n APshias @838 AL MHNALSE 1538.A0H, 140 are
I n conmuni cation with access point 146. [Q0029] It can be seen fromFig. 1

t hat each ZEWRssklZ dif gnd)11pach eaypespammito a digferengsectagndn cel (0 santemat ed i n
a differen riq f ot | I ot e rm nal
0t e s OB 1180120 ankd 12000 Edrkkforilo o BIRAE Bt M P Ser

di st ance f grovpst12d, 1260 pndE38osadh ereaprndrima diffeperpseatert h which it is

i nVREH | O, N ot kPR s Ris s RiPEP o S0 ORREE o Btthoen

each accesenet@rmoreabctanchficach £06559HRON o gronip€ A0SesY tdMaly 130 anhilgh it is
communi cat i ng. LOOSO As Esed herein, an access point nmay be a fixed
station us®8 R SPORPRICARTE BIe g2 F6oess tergunale d3d and 436 96 WagprameEcation

referred tgimRaccedd Point ¢h4i08d $00®s RKimfals 138€and LICLE G %L)Iin}l%nﬁgtioﬁ}vﬂﬁs €

station, a Node B, or sone other term nology. An access termn may al so
be referretfcessPadt 14hd i ncl ude some or all the functionality of, a user

equi p o (UB), ] _griu‘ﬂ' ' ﬁgeé’[. G t ) agg bil e
stati ([;Gr?ao]r somaIt @aélmereér%l??@%ﬁ ] og%&g{kj%gi ‘Re ea"r] rllg(r)fgl%?’gi#—‘r .6’2,3£D§mgpectrum
al | ocat i onl4)ak drvetefl gn a alififarértt ippitien af daspestivieadeB $isan 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,

[0030] As used herein, an access point may be a fixed station used for communicating
with the terminals and may also be referred to as, and include some or all the
functionality of, a base station, a Node B, or some other terminology. An access
terminal may also be referred to as, and include some or all the functionality of, a user
equipment (UE), a wireless communication device, a terminal, a 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.



conmmuni cation systemis illustrated. A plurality of OFDM synbols 200 is
allocated over T synbol periods and S frequency subcarriers. Each OFDM
synbol 200 conprises one synbol period of the T synbol periods and a tone
or frequen®P 208a/963#Pri er of the S subcarriers. WO 2006/ PERBHD06/008987

PCTI US2006/ 008987 6 [0032] In an OFDM frequency hoppi ng system one or
nore synbols 200 may be assigned to a69i ven access termnal. In one
enbodi mrent of an allocation schene as shown in Fig. 2, one or nore hop

[ egi orie0sR. g. NGpa ayiN £Bhendyf SOk iR, ouRSH BBRM:yrhi 26 BB (Of
access termnals for conmunication over a reverse |1 nk. %I n-each hop
regi on, as §§%§ﬁ? acgHvel\ s etssteripalp dnromg conhiodianent of 12 dilloeatipa tselinieads

i nterferengiw & FiL0V RO i yersity agajnst. deleterious path
effects. [0033] ﬂgéghﬂﬁggsﬁélgu on %%oghg'guodé’sl\égly?ﬁ%k}?’s()ffﬁb&ﬁéfe Bresssi gned
to the onel®? Zionp of accesscisrnings firratimunivatioroer kieR@BTHk ORithiaRad fidp t he

sector of | n assigned to.the hop region. During each
hop peri od?&gorn?? %%%eﬂfgpe%é’ gstlf’%ynﬁeo%nﬁ%’blz‘?de@l rgfucengieniink interferenes andsy ol
peri ods angroSidefleqaency diversityrapsiast deleRFishd 1@t &aishoppi Ng  sequence. I n

addi ti&Pj ]the aﬁs' nment. of gy ol s 204 for the individual access

termi nodB] wi t hi TEHI9PTegjP A0S isludes syprbols 304 that sehassigpedtor thodne 0054] The
hop sequene&esminpmeldfat A84R oy, o, to. a .

predet erm ned sequence, sel ecﬁm&lﬁgcati ot% t§§ s?ﬁgepéggﬁr%cﬁf’sgrp%zmﬁor each
hop peri od®sigrabioHbphansigaionc Baring eachitbp perindt ostahetse lotatiohef BegTReRACESS

point are dgsigmed O nal, &o _one.another to avoid "infra-cell"
i nt erferenc?amngﬁehg%ggggg‘?%gm&gﬁ S“@"&H%Fﬁ%i"&%?% RO 19 RNOPBEME access

poi nt. Fur sdgeencehofn sdditiemcths issipneathoBentisss 2001 RF HRYnAGdRCHIqs andom
wi th respeg; es for n points. This may help

he. sequ earby access

randoni ze " rﬁng]rsf“ge rfé%l%?@??@f@ﬁ?%“ﬁ%ﬁ&d% RfEiedss terminals in
comuif@@3d} i on WTlieh hdp f feueive amGepseuldi-Al |0 th f a
reverse Iinkdcomm igat?on, sorrg gf ut_ he s&nn‘%)yg)?%ﬁ%cﬂllybf&agﬁcggﬁﬁgg i 8n 202
are assi gnBdiHTPIIdTeaERnn SPlsck thadocaian afithmben tegia Z020fr edvh hap pess.

term nal s ThOhdS0d&RS KB ' t._ of pilot synbols to the
synbol s 204 sholhul d pre?%rf(ggfglt;ng%-%%gf‘?ﬂshggcgzglgcﬁcﬁsgip8W?r?fﬁ ?Sﬂﬁnégé%é%ss
(SDMVR) , whethogend mpre arfotlfir fté evad tinracels mitdrirdtic atndn VRS 4060 i&ERM t he
sane hop rggifh S ted due 1 ltiple receive antennas at a

‘%H$ %t,h e ot eaa"eéﬁB&‘&ﬂ ?F"’Ft\g%r E%é

sector or access po provi eqyenaep oy edch access
~ pomt 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.

[0035] 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
to the access point. The assignment of pilot symbols to the symbols 204 should
preferably support space division multiple access (SDMA), where signals of different
access terminals overlapping on the same hop region can be separated due to multiple

recelve antennas 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.



signatures corresponding to different access termnals. [0036] It should
be noted that while Fig. 2 depicts hop region 200 having a | ength of
seven synbol periods, the length of hop region 200 can be any desired
amount , malOWYP934A size bet ween hop periods, or bet weReT/H$Fb@0esY
hoppi ng regions in a given hop peri od.7 WO 2006/ 099349 PCT/ US2006/ 008987
7 [0037] It should be noted that while ‘the enbodinent of Fig. 2 is
described with respect to utilizing block hopping, the location of the

gl ?ck lﬁm@t notF _ beshadld e aﬁtebﬁﬁanmﬂd_ etmmf ﬁlgénvef?@pz Esedéséi%%filv&iﬁﬂgﬁiectf
eferring to Fi.g. (o]} agram of a time frequency allocation for a
miltiple & d’é‘i‘%ﬂaﬁﬁ“%ieg@l’%%?%t“% AT $9es blogk reed et by altsregnbetwednodi ment
is illustrab@deutivBBop pédasf requency all ocation includes time periods 300
that include broadcast pilot synbols 310 transmtted from an access point
to al I10&38tess t Beferringte Fig 3cobleth tieatamne a tine frequencyilecatiomdof 4 mgliphcy

al location,gl ' | | 302 that include an or re hop
regi ons 326‘_ eegc r%l% gs\%ﬁ@h&qc@?ﬁ ée'{éegg%éoréurngr’tr% Pe° %ﬁ?@&?‘g S ﬁ*uﬁ%qte‘g‘;%ol s
322, whi ch tizee fiequnsyriallb@dion cincindeso timeDpeiode TV thapia@ede bRB8RA PRt The

I ncl ude the sanme beanform ng wei ghts that

dedi cat ed pij | ot |

a(raeI ;gpfi egsqul ol %ﬁﬁbﬁgﬁﬁ%mﬁé APGESTHRAL P @Y apesss teeminalsdn sompwpicafions .

[0039] The whithdadDentmpiffegensy Aldedatios 480 ﬁ{éﬁd@@qflng%ﬁgdspidz%aﬁ?{&?@é Sne322 may
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[0040] 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). The CQI can incorporate thermal noise and/or interference
covaraince matrix or jnterference levels per receive antenna. The interference may be
estimated from broadband pilots 310 or dedicated pilot symbols 322.This way, the
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 symbols
322, independently, may provide more accurate rate prediction for the next packet to be
transmitted, for large assignments with random hopping sequences and consistent hop

region assignments for each user. Regardless of what type of CQI is fed-back, in some
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and provided over a reverse link transmissions to the access point.. 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 channel
estimate information may provided in the scheduled reverse link transmissions to the
access point. The transmitted channel estimates may be utilized to for beamforming
weight generation.

[0044] In another 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.

[0045] 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.
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OFDM techniques. The pilot data is typically a known data pattern that is processed in

a known manner and may be used at the recejver 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 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.

[0v48] 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.
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and decodes each detected symbol stream to recover the traffic data for the data stream

which is provided to data sink 464 for storage and/or further processing. The
processing by RX data processor 460 is complementary to that performed by TX MIMO
processor 446 and TX data processor 444 at transmitter system 410.

[0052] The channel response estimate generated by RX processor 460 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 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 chanmel
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 intetference 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



the correspondi ng data stream RX data processor 460 then denodul at es,
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for the di pfoeessing techniques may be grouped into two primary categories (i) spatial and space- :
time receiver processing techniques (which are also referred to as equalization
techniques); and (ii) “successive nulling/equalization and interference cancellation”
receiver processing technique (which is also referred to as “successive interference

cancellation” or “successive cancellation” receiver processing technique).

[0056] A MIMO channel formed by the NT transmit and NR receive antennas may be

decomposed into NS independent channels, with Vs < Wi {Np, Np} Each of the NS

independent channels may also be referred to as a spatial subchannel (or a transmission

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

[0057] For a full-rank MIMO channel, where Ny =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



receive and transmt chains depicted. However, both may be M MO
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messaging (one for each layer); (c) complications in Hybrid ARQ (HARQ) since each

layer can terminate at different transmissions; (d) performance sensitivity of SIC to

channel estimation errors with increased Doppler, and/or low SNR; and (e) increased

decoding latency requirements since each successive layer cannot be decoded until prior

layers are decoded.

[0059] In a2 SCW mode design, the transmitter encodes the data transmitted on each

spatial layer with “identical data rates.” The receiver can employ a low complexity

linear receiver such as a Minimum Mean Square Solution (MMSE) or Zero Frequency

(ZF) receiver, or non-linear receivers such as QRM, for each tone. This allows

reporting of the 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 5002 to

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



channel ," then decode the second | ayer and so on. This "onion-peeling"
approach neans that each successively decoded | ayer sees increasing SNR
and hence can support higher rates. In the absence of error-propagation,
MCW desi gnWill 2006/@P3@9 achi eves maxi mum system transni ssi por/ossoesiosys7 based
upon the channel conditions. The disadvantage of this design arise from
t he burden of managi ng" the rates of 18ach spatial layer: (a) increased
CQ feedback (one CQ for each |ayer needs to be provided); (b) increased

acknow edgg [ aTeTalet one
for each IgayerEil j sg (I:Igr%)) |ca{u|mcl)ﬁls I nrmq‘ﬁrlg %% F&ﬁ%%ﬁ%gﬂ\fééciﬁﬁggg (

can ter m nbansmagsion pafﬂm &nm tmhmfrthcs@nmt afitginap Y00 rtoefifoe tes eacdi of thiet y of
SICto chl%&gl% gr'ltnl io[ 5&;rors with increased Doppler, and/or |ow SNR;
and (e) increase dedodi i atency requi rements since each successive

| ayer [@@bhot beRefecindad Eigt 5B apblock diakmyeos aaceersielinded a MOMBR] adcssa SCW
node desi gn the transmtter nggo%?ls’ the data transmtted on each spati al

| ayer with Wirplgss fomEayieRtion sysigra tor uecsimbofmpsnh isgiliysteneds A geyerse

conpl exi t yiin} dHagad n{ In\{&releatagbu«aﬁsnﬁssh\dﬂdﬂi ShdEaoredkiabRit %ﬁﬁak %M
or Zero Fr eguencsﬁm 'V\gl recei ver, Oor non- | i near receivers such f or
@ a

each tone. @@Eﬁoﬁeiélmﬁgl @)t peer clafiomyaccese termundly er thedikisetof or

O o ey bl 20 ARICNR  SEh o bl HHIAD) LABSTLRE 1R3; B "o
di agr am of tha liker wlhel révierde link ehanmelf HB[Le naayCls defivddr & e Scotlectionnof ki on
oy be. modBr Bl S PGB ABRTHLA 1 1 b 0L B S K008 (0
may be no ato
500t at antea1eess point (AP) to nultiple recei pt antennas 502a to 502r at

an access WO 2006/ 099349 PCT/ US2006/ 008987 13 term nal (ATZp The forward
link ¢¥%%hel , Hit cankgssen geFighed a theadviccesiterarinad (AThmay heemensicssi on

paths fro he 14 r a h
receive a;?[ngﬁﬁgg@%%%a tﬂg %%%?E&F U%IWQR er&?‘%%r E’go“ﬁ{e"}‘ E% B%gctd?dl agram

of a rever g@smlaswm ip ms thah tthepthuanbee oéysemw n@ldéslsreccpmnrﬁ%atq 02r sytheem

accordi ng |IIustr ever s i nk hannel may be
nodel ed as‘Il e %gr ans M& BAeg remr’rB @?@ath %fnqjj agteanas

ant enna 51300aatb 500t ac ewﬁSacb@E ipoin@l(APAK) greateiethas tethérodt, bk Ql%ﬁu:rh&frrﬁf nal, or
the like to nul tlgl e recelggrtatllntennas 510a to 510r at an access point

(AP), acceTPSH; g5 feceyg datepn e access terminal.

[0063] In time division duplexed communication, full channel reciprocity does not exist

)m

if the number of antennas used to transmit at the access terminal is less than the number
of antennas used for reception at the aécess terminal. Hence, the forward link channel
for all of the receive antennas at the access terminal is difficult to obtain.

[0064] In frequency division duplexed communication, feeding back channel state
information for all of the eigenbeams of the forward link channel matrix may be
inefficient or nearly impossible due to limited reverse link resources. Hence, the
forward link channel for all of 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 channel. In these embodiments, the channel

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



the like. The reverse link channel, HRL, nmay be defined as the collection
of the transm ssion paths fromthe transmt antenna 512t to each of the
recei pt antennas 510a to 510r. [0062] As can be seen in Figs. 5A and 513,
each accesWOZ899f9%%4P (AT) may have one or nore ant ennaRCT/USROGMIEIST

enbodi nents, the nunber of antennas 51@% used for transmssion is |less
than the nunber of antennas used for reteption 502a to 502r at the access
termnal (AT). Further, in many enbodi ments the nunber of transmt
antennas  offzedtf thOQtcess tepmidal AGCHEE r@RivelantedR) of Ihd)hERELHoibt dhyehd her or
bot h the nynher, of tgﬁ&grﬁt or, receive_antennas at the access térm nal.

[0063] In tFmeddion &ednQbbyitseting & Skerapiletat Thanallaws the bpranfouning evsightsoci t y
does not exd Bd rechbhnlitb® of : i . ccess
termnal is | e_%eé’ t%z;n ? hgr}gﬁfrlr%gmgg%@glﬁﬁgoﬁﬁgg%oggéécwaﬁ%ggﬁsﬁ%ﬁga t he

access t er gpuhtions Hnibe  changel fhstwesn dh¢ iaedess traminel and dhe atdesopoinhe Thiscei ve

antennas a 1 i ifficult to obtain. [0064] In

f requency é?@?%ﬁggﬁggiﬁeﬁ% é%b%gm%hgg{c’lcé)sﬁl,ngfreé@éﬁeﬁﬁ{ %Séﬁcegwﬁﬂ’f‘é?l’ i e

i nf or mat i othefwmis nalpkocessinguelatddye pherating dbarhfoemfngrwiaghls hii thk aceb@nalindiat ri X
may be inefficient or.nearly i r?i’ossi ble due to limted reverse |ink
resour ces. JHERELcoRsfractiqn, matrly) may ke gpnerated at dhe ArcpessPoineusing ehangel
antennas at the access ternminal is diffi cgé(%)t_ikn Eaibn. [ 0?5] I n an
enbodi ment stivaesc h fhtaEieds e&gmacithd s GRlpvi ded’ From'Yhe “acecesy It efliersal t o

t he access int, f f possihle transm ssion paths between the
transmt a%?%ﬁ'ﬁg’% g{e r&hdéﬂg‘zegggés?arpﬁib @bﬁnﬁ thdrehaneelalevieediby asingthe QI he

G0 goner ated 1yt AL rda®h EFRPEUTENY obiifed RE BRemp Rl AE O 1

transni t t ededessopointh@PYC ¥ats thee RLG) is i cHahfc] 266@66s BOtH resgdnive PUSY @
pil ot or cont rogl chann I n.these enbodi nents, the channel” estinates for

the number SYFP %Hﬁ%ﬁl@g‘i iRy the HEanspit apteppa(D e theiaeress tsrminah (AH) en #het ennas

WO 2006/ 099348e Rialt/ WSRd BOF3RE that hRyt i.sld.nﬁggro%dchgﬁr 9915131%% 5@&%&%' for
each receive antenna of the access point, ray be erive romithe CQ, by
treating i enteineeakthpapesss temhingl, detieiodas heinghamnin FigyriSBg whizhghiess thim tHee

reconput ed r | ef ore .be re,accurately,r onsi ve
to the condi ?‘?Sﬁg&givgtaﬁ%ﬁ%ﬁzaﬁ%{éﬁcgeg?\{ﬁél9ﬁ'afﬁgpl‘étgg%%gelfl@?H 8i g/‘f’ém he
access poi phanndiatrix hFbkd sodbtaigdibyealitirain HRIFK L by uptligihe bAGTHOIA OFRESSisNY

required at the. access t.erm nal si nc
q a ﬁmc on ofe ﬁw cth(tatrerences between tene reverse link channel and the calculated

forward link information received from the access terminal. In one embodiment, the

matrix A may defined as shown below, where 4 are the calibration errors for each

channel,
A 0 0
s P
[0067] 0" .. 0 4,
[0068] In order to calculate the calibration errors, 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 A 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



there is no processing related to generating beanform ng weights at the

access termnal. A beamconstruction matrix may be generated at the
Access Point using channel estinmates obtained fromthe CQ, B(k)=[hFL(k)
b2 bM WhBi020044@934B3, ..., bM are random vectors. and iBCcTiE200dosdss t he

channel derived by using the CQ as a ﬁi | ot. The information for hFL(k)
may obt ai ned by determ ning hRL(k) at { e access point (AP). Note that
hRL(k) is the channel estinmates of the responsive pilot synbols

transmi tt egofnt.0Thd digenbe@nshiny baav@iRa 0%9r Berkl TBree B8R faflelbPRltd AR ©On
the reverse Jﬁi k. It should be noted that hRL is only provi decffor a
nunber of fi°§ s‘i[‘gq“?e- Hpathsmninssagie epbodiments dhe eigpbeams marypbe testhgsd ovei ng one
in Fig. 5Bumuldlié fordes i unhe | a ' at the
access ter njdrflgpl , haoclﬂe&§ ilﬂéi‘ze;ﬁrg@?éggi ﬁgmﬁﬁi @F?%af ?ﬁs&ﬁlﬁéﬁs’c%ﬁﬁ%ﬁ%ﬁ% e
hFL(k) is &igenheamg obihedenwapt hnk elgnheRin(alkix 4y provideil z im gthemdmbodiAentsjtiech i s

a function . gl {he rever | i nk .channel and the

cal cul at edd })rIraHV\t/Ze}lgénfolgagﬁse]{ﬁ%f%? lr?%g‘%r}‘g%ﬁr}?re &) TP %ametsﬂjé D Rgdonan®hal . | n
one embodi meytbe avhmgedratarimulfipkryned df iteefleqasnd domuibe T mWI8E Qofdlicar e t he
calibration derr%rf;l or each . cgannel , AA % .. 0 A= 0 [0067] 00 .2Mr
[0068] |n OFHE: °P | oTRRatioppl complexily o3t B asegss termipy #nd; fhe teawivadr d | i nk
and 1 ever s ahdniliciori QAR td Hod B BEnBEBnsfifork! el doZ R0 torfihaP e access

enbodi ments, the coefficients '1 nmay be determ ned based upon overal l
channel coR8i i 4fh §XHEDPle dgamaponstcten, alagix penerates atothe apessifoimt, tvhem 2y
particul ar access termnal that is in conmunj ?t_i 0 vm'tR]thg accg;T poi nt .
| n ot her enbantizereeigenbetihe acopdlided éngiser ast %@' Bed1f: eafbh by 8wilizing
an aver age fron@ach of the access termnals in conmunication with the

access poi whefe0BBYard the anaitived eipeitedingeiat arctphevilGEMIASK BV £0 ARhise of

the ci genbeans calculated at Lhe access term nal based upon pilot "synbols

transm t t ed*FYERT YT VAL ST HiseeersDHOnleT/ US2006/ 008987 15 poi nt .
The ei[gEmbeans Reahobfer AiBbAARE! NS FeedRAR TRy dHRE S;ﬁ'thé‘ﬁu{n"t%%@%hsﬁ%%fe' ate

to a single frame. Further, in sonme enbodrnents, e elgen y be
aver aged ofdjmates calculated at the access terminal based upon pilot symbols transmitted from

the access point. The channel estimates may be averaged over several forward link
frames or relate to a single frame. Further, in some embodiments, the channel estimates
may be averaged over multiple tones in the frequency domain. . An example beam-

construction matrix generated at the access point when 2 rows of the FL-MIMO channel

matrix are provided is given as: B() =l<HFL> 1 <HFL> 2 by .. by J,where

FL
<H ) /s the i-th row of the FL-MIMO channel matrix.

[0071] In another embodiment, the feedback 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:
BO=[0® 0. 0. .. 0,®)] 4. 0 '

[0072] In another embodiment, the feedback may comprise the eigenbeams of the

are the eigenbeams

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



multiple tones in the frequency domain. In other enbodi nents, only the
dom nant eigenbeans of the forward |link channel matrix are provided. In
ot her enbodi nents, the dom nant ei genbeans nmay be averaged for two or
nore frameWo2904/498340i ne- donai n, or nmy be averaged ovepcrrusiodgudogsst ones in
t he frequency domain. This may be done é}o reduce both the conputational
conplexity at the access term nal and % e required transm ssion resources
to provide the eigenbeans fromthe access termnal to the access point.
An exanpl e cigenhrames meayr be bvaragadedvier xegendbaied lak fhesaGCRRE% RPL @;Hg%ev\hen 2
guanti zed ej.gen are provided is given as: B(k) _ [qgl (k) q7 “(k) b3
... bM mg‘lﬁg‘%q Wra}”es"ﬂ‘%ee“&j’gm‘?‘%a‘%e‘?%lhmay L&@vw&edmvewmubmlmnd b3
... bM ar e tahasninythe\irgu@icy domaii NRrothd @niBMlecatedndind A5 I nal .
[0070] In a{aﬂ%?ger enbodi ment, the feedback may’ co?r_prél se o%&t %ené%gﬁr%i zed
channel  e8f Mfar@sMiLeqriplation gnafiix 3% Pevideds Ther demimbntheigedeamo mai beot
synbol s tr anssgelitoRst fevQM fohied 3mk ' eqghannel. estimates may be
aver aged overigs,everal for\{ovard I nk eggfnfe}&sat%irgharselﬁg?szng‘ gzsughﬁg}nes‘jfnreane.
Further, i AnBedimerifhibeidesvinat eighebesimamme beesteramet eser FRALE ta¥eiRERD Over

mul tiple t ' . fre main. .. An exanpl e beam construction
matrix gengrg tg& éi{OHltgné é%gggéx%lg??}%ﬁ?ma?%v%m% RV REgmentzednnel

matri x are_prqvided i jven, as. B(Kk) pahERL)YA ( )7z b3 where HFL X
is the i -tﬁlg? | af%zeegiz@ NEFhAfel %355[?’35) [Jg’g%)l] 83I n"anét hewhere
enbodi ment g, (khe f.eedback nay conprise second order statistics of the
channel , nanel §Fe hifelugpntized gisenkesims @pmhaped theettansmit combletivrametixat t he access
term pgz3pased mURARerPinidig apsitted framthe access point. The
second order st a;ist?rcs Ry .%Qiéié/géagrggg!ohv&éenron %?‘éﬁ‘aw&erﬁ%‘re@t?qowafrarres
or r §| ate @qm'an%ion@fehann?@tiuna? obtaired ﬁsatnb@dh Iﬁmmf @ninérﬂ@i(féﬁ@dﬁﬂﬁfe?cﬁ)taa&i > tics
may be ave yY e topes.in the frequency domain. In such a
case, the ‘Ee\?ggﬂ%ﬁeagﬁé caélnsjg'gcnggﬁ?%‘é’ﬂlsfgmaf'he transnit correlation matrix
at the AP, and a beam congt plct ixon ngt Tx can be created as: B(k) =[ql
(k) qé’rﬂ%l) g3 (k) ... gni. (K)T where Y1 (k) are the eigenbeams [0072] In
anot h nbodi ment, the feedback nay conpri &g. fhe ei genbeans of the
second order statistics of the channel, nanely the trangmt correlation
mat r i 007Fal cul avheee xhis a draninat efesnbearnonalpatiesiedhEpD oRy Pl gtba@argﬁo%%

8987

transm tte@le romthe access point. The WO 2006/ 099349 PCT/ US2006/
16 '

[0076] In other embodiments, the feedback may comprise of the CQI and estimated

eigenbeams, channel estimates, transmit correlation matrix, eigenbeams of the transmit

correlation matrix or any combination thereof. .

[0077] A beam-construction matrix may be generated at the Access Point using 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 pseudo-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,]arepsendo- eigen vecbrs.

[0079] Eq. 6



[ nms may be averaged over several forward link franes or relate to a
g: gglngeaframe?/ Further,gi n some enbodi nents, the eigenbeans nay be
averaged over nultiple tones in the frequency domain. In other _
enbodi ment ¥,0 200d/ap934he dom nant ei genbeams of the transpit/usong@bayi on I
matrix are provided. The dom nant ei gegfeams may be averaged over severa
forward link frames or relate to a single frane. Further, in sone
enbodi ments, the dom nant ei genbeans may be averaged over nultiple tones
i n t hg0osoj equentrye dadividaal s%alaﬁxafrﬂieeb&ﬁﬁmwe&bfs% FeR&ht "RE rﬂeén?u%ir en 2
gquanti zed e&geams are feedback is given as: =[ q, (k) g2(k) .

bul \here W&+ at areanplied o heemshols teangeitied Aivm tbe ferss toeach acoassNi t
correl at i OferfBial.| Knds®Oeotrs tHan bid'tbhgda 15/ Hhe %ﬁl?%ﬂ{%s the beam construction

| estinate obtained

matri x may be generat ed by a comnbination chranne :
enbe feedback. An exanpl e beam construction

b Bt [- 9 %m] g] [0074] Eq. 5 [0075] where xI is a

mat r i i ven éfs MB=Eh
dom ng?lqtsq}e?genbeamfor a partlcul aqr hFL and hFL is based on the CQ.

[ 0076][0083] ot heermMISrtbﬁmsnbarhélayeredbMHfma'yancmmbnse of the CQ and

b n est i mat t corelatlon matri x,
i genielil of TR BB Ry pRy SRR P G vs B g or cof
[0077] Awhaamrmmmionumdecmmatbenmedrﬁ)yomﬂngl%ﬁmh eﬁBe&ﬂ}@nﬁﬁ%%&lﬁs Poi nt
usi ng channel estla[rrﬁtes optained fromthe CQ, estinmated elge

hannel estq ial BPToqches Ry be utilized. oif fhq aspessiarminal isgiofeohsduleds ap fstinhae,
transmit c okl & Abitodhah®d] ldsthm#b tﬁdi%n&)pfﬁalda@trhﬁpmf&ﬂﬁ'h&?fm %QZF%}%’H%SOM?r

tion
to formthe beanforning vectors for "each transm ssion Si
of the beaPdsed w8t thgcereadbandipilpts mdi repertads @lpngcwluntﬁeocml psEhirl ceretio &5

n.s nbql s
{ranam tt oQC¥Ear PREE! RRARAD el 3B, B pidslrmiEa e BlRaraReLy = R
(B) V = Cvacts/as a broadtdnl piloefps éudevers 1ghn BieaiHisthis ¢S] thEBearbioMBng

2006/ 09934\91 Fg’ﬁiT/ USqu /cgrggl%gg as shown above. The CQI computed also provides

information for the rate prediction algorithm at the transmitter.

[0084] Alternatively, if the access terminal is scheduled to receive data on the forward
link, the CQL e.g. the CQI including optimal rank and the CQI for that rank, may be
computed based on beamformed pilot symbols, e.g. pilot symbols 322 from Fig. 3, and
fedback over the reverse link control or signaling channel. In these cases, the channel
estimate includes eigenbeamforming gains and provides more accurate rate and rank
prediction for the next packet. Also, in some embodiments, the beamforming- CQI may
be punctured periodically with the broadband CQL 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. Afier 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



17 [0080] The individual scalars of the beanformvectors represent the
beanform ng weights that are applied to the synbols transmtted fromthe
MI antennas to each access termnal. These vectors then are forned by the
fol | owi ng: WO2WGAR342 ... VvV } [0081] Egq. 7 [0082] wher eP®A/US200dM88980Nnber of
layers utilized for transm ssion. [0083} In order to decide how many

ei genbeans shoul d be used (rank prediction), and what transm ssion node
shoul d be used to obtain maxi num ei genbeanf orm ng gains, -several

appr oaches inriydel ghaypptitnaledink lahd tchennal etismté dormhaptanks isnebtaiseh @d g an
estimate, . It .channel esti mat a y include rank

i nf or mat | or??fe%av)g bgbga%%x%@égmnﬁﬂggana&%aqdﬁ%é B?%égﬁ}frﬁiceﬁﬁ P Vigraicontiplr t ed
al ong wi t h ot kigndlik charimel. control or signali ng channel information
transg’hﬁ%ﬁd froE:F%he access termnal, after being decoded, acts as a

br oad pi | ot “FGFIREHE Hignfe pdlock dingranpyf 3 gansmittiérisysteam a ayltigl eccess

beanf or m ngyire¥ed 9kYnSm t h b . ..The Lomputed al so
provi des informati on{ﬁfﬁg?&?hce@ér{g#eg%rogﬁ?%%%ngl %}é]%f)fhﬁrfﬁngﬁgt Hlius%te&.

t ransni t t el FROFDEER 100 baset appw shannel inforhmetion cedized eateripraiction tssdreshzl ed t o

recei ve datg:@n rward . | ink. .the CO g. the I ncl udi ng opti mal
rank and tﬁ@l Céﬁrﬂ %h\gﬁlgirjealﬁ ut %@eﬁ’gpmbcgm)ean‘i?ggreg%nmbé%%‘? m8d pi | ot
synbol s, eigfornpiibostreaymbol s 322 from Fig. 3, and fedback over the reverse
i nk ol orysignali channel . In these cases, the channel estimte

i ncl u g@is i genb%i;?’rf%ﬁ? Wﬁﬁ'ﬁ&&%ée%anﬁ?ﬂ%mé% *RSr andyarapped do rmodulation r ank
predi cti onsymbsold byemagihg PREKE0OS dePeiiPag drdhe gga?ﬁegm&mﬁ?%@?ﬂgeﬁbsﬁ&%% by 2

beanform ng- CQ . nay _be punctured periodi roa

and hence ﬁaé‘i/ Preskctignhlpek 1202, ay e agsided dymbsisc hree tisoddermnitiplexp®Q85h | f t he
access terﬁi nﬁl, i s scheduped to receive data on the forward link and the
reverse | i ARUipExe§l0 to .7 lagprs Gidywhish bas provisied he anbamfathips hokuky nbol s
and can akpp be reported in-band, i.e. during the reverse |ink

transm ssion to the access point. [0086] In another enbodi ment, the access
term d@8%an caBewifowmeing heodio &b agederpick Geamifnanth GRighandsdiors hased pil ot

channel CQ for all ranks. After this, it can conpute the beanform ng
gai n whi chirinsmissioni pacr dfeatto ob tendymboisng 8é ¥ hdapse 655 dglggn%? o]'lh%a
he of

beanf or m n%cgsgitgnm}fq be abﬁfél at eg g% the di fference between
the broadband pilots and tHEHEH b Eepritek sThogigabern avdighirooy e ng gai n
I s cal cul ageadratedtfrom the control or signaling channel information transmitted by the access

terminal to the access point. The beamforming weights may be generated according to

any of the embodiments as described above with respect to Figs. 5A and 5B.

[0090] The Mz layers 612 after beamforming are provided to OFDM modulators 618a
to 618t that interleave the output symbol streams with pilot symbols. The OFDM
processing for each transmit antenna proceeds 620a to 620t then in an identical fashion,
after which the signals are transmitted 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



may be factored into the CQ cal cul ations of the broadband pilots to form
a nore accurate channel estimate of the broadband pilots for all ranks.
Finally, the CQ, which WO 2006/ 099349 PCT/ US2006/ 008987 18 i ncludes the
opti mal ramo ApeeRannel estimate for that rank, is obtegreskobs@edsthi s
effective broadband pil ot channel estinmate and fed back to the access
point, via a control or signaling chainel . [0087] Referring to Fig. 6, a
bl ock diagramof a transmtter systemin a nmultiple access wreless

conmuni cat 5RRhely oF BHMACHHRIHHIO thibha06E iCBRel W@éteﬂrﬁne% e YrbdiRt Efspatial,

Transmtter 600, based upon channel information, utilizes rate prediction
bl ock 602 laxpisdh beotmnsmitiedabys rae IpsediqtiontbledknglZe- dutapuami@iB@), tacatder 604

to generat . ] i St leank . 8 i e furpo-encoded Dy
encoder bl grggﬁg%r%%é rrap%gﬁ %’ %B{tgﬁﬁoj}ﬁeﬁgﬂt’/@bo sBy" Sgﬁﬁl%gev%ﬁyo?k 608
dependi ng onillisdvendsac k¢ phckeirdibr(aBF).g.GAdJulajpaciate, éd dbigrmined akifg Bewgiict i on
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channel | nf Sniedh RTINS Dcbfen, SAEL At WedBorfEa ORIl oy for R 102
poi nt . Thesddatif iotiireptivatiessht s nay be generated according to any of the
enbodi s as scrihed.abpove wi,th respect ta Figs. 5A and,5B. [0090] The
MT IaJer sj 612 a}g%af%?mﬁgg%f‘%r maﬁbdo% ‘iia%?lg\ﬁ%cc?e]ifc‘f%ﬂémﬁuP’éﬂ%’?esa‘%iséa to
618t that iwikREd @avsurditkiondyNeth asaoiding tebieca@iodivhéh iPilluetratsd, "Bk 7, The

OFDM processing for each transmt, antenna proceeds, 620a_to 620t .then in
an identi c5°'FHSHD ,za@‘]?PF%tf %7% FORIVEhRNeQT gpere §yBbels intensdifariharegsivera M MO

scheme. [ 09§3] THI knRni2 26 AEBHOAL ark WEDBPEARSOFDRP d&ﬁ&d?ﬁjzﬁérf %bﬁa gat a

stream and in an enbodiment uses 1/5 encoding rate. It should be noted
t hat ot her 784tpeash of véirbold spuplethép hemewdir 7§6.r dhe OFRM drmadulatary 2ofta t8y ol

encoder 60 C P%II i } tﬂ? iQn,svnmbol s, f or
transm ssi g(r)lmﬁﬁl %e@dﬁ%gef}gigﬁe nt, ?Pfcﬁ{e%(gs ns éﬁ ﬁgﬁ‘%é%gé%%g St ﬁOP
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herein, other .
’ ansmitted.

[0094] The output of hop buffer 706 is provided to an encoder 708, which may be a

P

decoder that independently processes each carrier frequency of the OFDM band. Both
hop buffer 706 and the decoder708 are coupled to a hop based channel estimator 710
that uses the estimates of the forward link channel, with the eigenbeamweights to
demodulate the information streams. The demodulated information provided by
demodulator 712 streams are then provided to Log-Likelihood-Ratio (LLR)_ block 714

' and decoder 716, which may be a turbo decoder or other decoder to match the encoder
used at the access point, that provide a decoded data stream for processing.

[0095] Referring to Fig. 8, a flow chart of 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



encoder types including M MO encoders may be utilized. [0092] Rate

predi ction bl ock 602 processes the CQ information, including rank

i nformati on, which is received at the access point for each access

term nal . WQR00&9R349i nf or mat i on nmay be provi ded based uponutwoaakmsnd pil ot
synbol s, hop based pil ot WO 2006/ 099348 PCT/ US20061008987 19 synbol s, or
both. The rank information is utilized ?o determ ne the nunber of spati al

| ayers to be transmtted by rate prediction block 602. In an enbodi nent,

the rate p’ﬁ@dnmsxtmn éll‘l'gcmgdnlwentqsrayep:senﬁr@thbIﬂeﬁﬁfoxﬁﬁ%d{%)afgkts%%ﬁ then be
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depi ct ed amdmﬂmfﬁddlmﬁ:@jsj n co-pending U S. Patent Application No.

11/ 02][g3996i entitled "Performance Based Rank Prediction for MMO Design,"”
and U at ent &RtHigr> Rotlow ehasbof gapratipg beanhformingaysaghits yocBalined Rank
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estimates, SINR, SNR, and/or second order channel statistics, wherever generated
originally. The eigenbeam information and channel information may be stored in a
buffer or may be processed in real time. The eigenbeam information and channel
information is utilized to construct a beam-construction matrix for the forward link,
block 1004. The beam-construction matrix may be constructed as discussed with
respect to Figs. SA and 5B. The beam-construction matrix is then decomposed, block
1006. 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 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 temﬁnal,’ 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.



to one enbodinent is illustrated. CQ information is read froma nmenory or
buffer, block 800. In addition, the CQ information may be replaced with
t he ei genbeam feedback provided fromthe access termnal. The information
may be stored in a buffer or may be processed in real tine. The CQ

i nformati oW AQ0PIPzed as a pilot to construct a chanP@l/Usaapaao9stor t he
forward |ink, block 802. The beam consjfruction nay be constructed as

di scussed with respect to Figs. 5A and'5B. The beam construction matrix
i's then deconposed, bl ock 804. The deconposition my be a QR WO

2006/ QEOSHO vafuxia&gfﬁds@@am 1i£aﬁdeﬂmame@ihéﬂamgbl ik foemer Ge ey ]gct(gr, Saﬁd
representing. the heanformn ights can then be generated for the
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beanf orm ng wei ghts according to another enbodinment is i1llustrated.
Channel esBymRer eof] hgropaedsois geae thed N rlom periods sbunsskeamdomiedathansel r ead
froma ne . f ) e channel estinmate infornmation nmay
be stor ednflﬂ%&gggﬁl?gesrb%%}p@&@%ﬁ%&&é@%sed in real time. The channel
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beam const hybeidi ctinfelt mifotmiatiort ARAg 0IEP 1RO $HmabkR&Kbas8P Apod NBatIQGEERROSI ti ON
may be a QR_decqnpositign. The el genvectors representin t he beanf orm ng
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‘ design.  Alternatively, the beamformed channel information and hybrid channel

information may be provided in alternative signals or based upon a predetermined
pattern.

[00102] Referring to Fig. 12, a flow chart of determining a type of CQI and rank to
feedback according to another embodiment is illustrated. A determination is made as to
whether the access terminal, is scheduled to receive a transmission or transmissions,
‘block 1200. 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.

[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



1006. The deconposition nmay be a QR deconposition. The eigenvectors
representing the beanform ng wei ghts can then be generated for the
synbol s of the next hop region to be transmtted to the access term nal,
bl ock 1008Wq W08 P34Referring to Fig. 11, flow chart of Pet/eswhaiorg7a type
of CQ and rank to feedback according,to one enbodinent is illustrated. A
determ nation is nade as to whether e access termnal, is scheduled to
receive a transm ssion or transm ssions, block 1100. In an enbodi nent,
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receive synbols i'n a next hop period. I'n other enbodinents, it may be
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par antPPL® o BCH B BRRAORBEO sBORE O PRBSTO R PUREC,

t er m nal |1m°onnat1oschienlgllvaﬂ1 tich aptired! rankdraﬁmi rupon thatgchaﬁl@l mﬁmhatmnpﬁs mal

rank are dete adb | Iot bl.ock 1102. If
t he accesé’r?é eﬁ:ﬁlﬁdk ?Z&g(‘?ﬁg@lﬂ%%‘ %’rst a] Ob e as to
whet her t Agon tHanéElRhndl finfoaRatidalis Mdsided bg;rceanes Wh%ﬂheNhBbeaﬂ'@[nﬁQﬁml nce

beanf ormed channel _information has been provided, block 1104. [00100] If
t he nunberinformatioaoriyhrd channgligf qgmetiony is Preyidnda may e dased) vnoRfth: MEiEbN al ong
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bl ock 1106, hyb r| annel 1 nformation alon t he” optimal rank
based upo rinformatioshaay dle providled im@ltanative perals d:egasedlup@n g pedetemtivecher t he
br oadband ¢ annel i nformation or hybrid channel information is provided,
-may be ba &d" upon the systemdesign. Alternatively, the broadband channel
i nf or (p105)n andf kb hivbeh &nteed thanfmbnmtdshxﬂdrrﬁ;en dithep hearmfbered rchaddebr nat i ve

signal s or, ased upon a predeterm ned, pa 0101 he nunbher is
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optimal r 3vidas 8lck P21, ob &§brid @A idfrn@iioR hicaR with BE eptidAdaniobsek 1110,
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pattern.

[00106] It should be noted that block 1104 or block 1204 may be skipped and if the
access terminal is scheduled and the beamformed channel information or hybrid channel
information may be provided according to the system design or predetermined pattern.

[00107] The above processes may be performed utilizing TX processor 444 or 478, TX
MIMO processor 446, RX processors 460 or 492, processor 430 or 470, memory 432 or
472, and combinations thereof. Further processes, operations, and features described
with respect to Figs. 5A, 5B, and 6-10 may be performed on any processor, controller,
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, 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



[00102] Referring to Fig. 12, a flow chart of determning a type of CQ
and rank to feedback according to another enbodinent is illustrated. A
determnation is made as to whether the access termnal, is scheduled to
recei ve a WMBX8MI98BPon or transm ssions, block 1200. |pceosS@®Ib@EIsTEN ,
this may be based upon whether the ac%ess termnal is scheduled to
receive synbols in a next hop period. Pn other enmbodiments, it may be
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[00106] It should be noted that block 1104 or block 1204 may be ski pped
and if the access termnal is scheduled and the beanforned channel
information or hybrid channel inforngtion may be provided according to
the system design or predeterm ned pattern. [00107] The above processes
may be perfornmed utilizing TX processor 444 or 478, TX M MO processor
446, RX processors 460 or 492, proqgsamis430 or 470, nenory 432 or 472,
and conbi nations thereof. Further processes, operations, and features
described wth respect to Figs. 5A, 5B, and 6-10 nmaybe perfornmed on any
pr ocessor e C 55|ng devi ce and nmay be stored as
corrputZr readgﬁ %ﬁl‘;stcroucénsg%@ f‘r?%g%'i ter readabl e nedi um as source
code, obj ect memhery;aindot herwi se. [00108] The techni ques described herein
may be inplenented by varlous means. For exanple, these techni ques may be
i mpl ement ed 3iMEOSRTSAREPEPlegoNEtiemestony, hermippassasroperabiedofgenBmtea

har dwapgeigipl ement ation, the processing units within a access point or a
access ternlnal may be inplenmented within one or nore application specific
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si gnal $r ocessl btg devices (DSPDs), programa | ogi ¢ devi ces LDs),
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(FPGAs}ﬁformémﬁ]ssors controllers, mcro-controllers, mcroprocessors,
other electronic units designed to performthe functl ons descri bed

herein, or abroadbarat clemrshinferhatior] WA Qlindad Fark, %ﬂfér&ﬁfﬁe‘dﬁ?ﬂn’?‘él?&ﬁl@“ on,
t he technl uesﬁgescrl bed herein may be inmplenmented wth nodul es

pr ocedfPIEeSPANGs P iRwesh angmissign PYRINERd fercproviding theubroaidbasd ¢hannelbed
her ei ninfdiifatdpf bM@re codes may be stored in nemory units and executed by
processors. The nenory unit may be inplenmented within the processor or

ext er nal toablaanrﬁorm@ctsbannelnnfdnnaho@m dptintditahe \ﬁﬁ@i‘@mﬁ‘@é%}fﬁéb’
coupled SOf via various neans as is known in the art.
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consistent with the principles and novel features
2. The apparatus of claim 1, wherein the processor is further operable to

determine whether the apparatus is scheduled if the apparatus has received an

instruction that it will receive symbols in a next hop period.

3. The apparatus of claim 1, wherein the processor is further operabie to
generate one of the hybrid channe! 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.

4, The apparatus of claim 1, wherein the processor is further operable to
generate one 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 distance



di scl osed herein. 24 CLAIMS 1. An apparatus conprising, in conbination:
a nenory; and a processor coupled with the nenory, the processor operable
to generate one of a hybrid channel ipformation with optinal rank,
wherein the optimal rank corresponds to a |owest transm ssion overhead
for providing the hybrid channel information, a broadband channel

i nf or mbetvagema tphiop Bbp rehichadid a \WhiReRt Ro P@gi@ﬁ.ti mal rank corresponds to a
| owest transm ssion overhead for providing the broadband channel

i nformation, and a beanformed channel information with optimal rank,
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appar ahop regioachedul ed; wherein the processor is further operable to
determ ne whether the apparatus is scheduled if the apparatus has
received an instruction that it will receive synbols in at |east one of N

next hgp pef foclaiml, wherein the processor is
furt here' ope:rggl%?pta (?)a tug?{? gfaﬁrlﬂﬂg%mﬁ? ﬁetlh(étmgc%ﬁﬁér'saf@q@p?@@@ P £8UPE t he
appar atrassmissioresfetheesigreal usingsan bﬁhbgﬁnélhiﬁqUetn\cxxﬂd'i\}isibﬁQﬁbl‘ﬁ lexgeol s in a
next hf(s) @[IO . 3. The apparatus of claim1l, erein the procéessor is

furthe '(:)Q )SGN8ME generate one of the hybrid channel information with
opti mal rank, the broadband channel information with optinal rank, and
t he beanformed channel information wth optiml rank based upon whet her

the appar at Ube iappardiesiof eirani] whensintthe ppdcdipr PRI Spefabld i§ appar at us
of claim1, erein the processor _is further ogerabl e to generate one of

the hy8Fiéelats brid-¢ indarmpgtion Ry moskfyinghr broadbandabaemel  channel
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25 and the beamformed channel information.

8. The apparatus of claim 1, wherein each of the hybrid channel information with
optimal rank, broadband channel information with optimal rank, and beamformed
channel information with optimal rank consists of 7 bits.

9. The apparatus of claim 1, wherein the optimal rank consists of 2 bits.

10.  The apparatus of claim 1, wherein the processor is further operable to
quantize the hybrid channel information with optimal rank, the broadband channel

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

11. The apparatus of claim 1, wherein the processor is further operable to
generate the hybrid channel information and the beamformed channel information
based upon only dominant eigenbeams.

12. The apparatus of claim 1, wherein the channel information comprises CQl,
and the CQI has a signal to noise ratio estimation for the received symbols.

13.  The apparatus of claim 12, wherein the CQlI incorporates thermal noise,



between a prior hop region and a current hop region. 5. The apparatus of
claim1, wherein the prior hop region is the imediately prior hop
region. 6. The apparatus of claim1, wherein the processor is further
operable to cause transm ssion of the signal using an orthogonal
frequency division nultiplexing (OFDM schene. 7. The apparatus of claim

1, wherrerietdneeiovafSAes mdirik oF themtaRaeabl QafihcdBBIR/d Ayl | d
channel information by nodifying the broadband channel 1 nformtion based

upon a difference between the broadband channel information and the
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optimal rank consists of 7 bits. 9. The apparatus of claim1, wherein the
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appar a wherein the CQ incorporates thermal nolse,
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16.  The method of claim 15 wherein determining whether the wireless

communication device is scheduled comprises determining if the wireless

communication device has received an instruction that it will receive symbols in a
next hop period.

17.  The method of claim 15 further comprising determining a number of hop
periods; if the number of hop periods is greater than a predetermined number,
generating one of a hybrid channel information and the beamformed channel
information; and if the number of hop periods is less than the predetermined number,

generating one of the broadband channe! information and the hybrid channel
information.

18.  The method of claim 15 further comprising determining whether a distance
between a prior hop region and a current hop region exceeds a threshold: if the
distance is greater than the threshold, generating one of a hybrid channel
information and the beamformed channel information; and if the distance is less than

the threshold, generating the broadband channel information and the hybrid channel



synbol s conprising determning if the wireless communi cati on devi ce has
received an instruction that it will receive synbols in at | east one of N
next hop periods; if the wireless co ni cation device is scheduled to
receive synbols, then the wreless conmunication device generates

beanf ormed channel information; and if the wreless conmmunication device
IS not Ferpaidred to receive synbols, then the wi rel ess comunication

devi ce generates broadband channel information. 16. The nmethod of claim
15 wherein determ ning whether the wireless conmunication device is

schedul,gd ¢ ri determning if. the wireless . co nj cati on devi ce has
recei vgg' an%s’b%ﬁ?ﬁic’gﬁ%' {% M’?‘e\ﬁ?'[’lt ¢ epel 68p §WBI'§W@1'”§“§QWGIH@ﬁ'Oberi od.
17. Theopeégied. of claim 15 further conprising determ ning a nunber of hop

periods; if the nunber of hop periods is greater than a predeterm ned
nunber, generating one of a hybrid channel information and the beanforned

channe in j : i f-the nunbe f. h riods is |less than the
pr edet gpm ngﬁé%%ga ,°f323ﬂ"é’r 1[3 Wﬁsr%ﬂga&ﬁ Oﬁlt\'ée BFQ%%’@QHCF ﬁL@?OrmﬁttS’t”nat i on
and t handyte bdagf@nid chafieinfBkrhation éSnsididfmebiod of claim 15 further
conpri sing deternining whether a distance between a prior hop region and

a current hop region exceeds a threshold; if the distance is greater than
t he theegsho [ 0, of, a hybrid channel. i nformati on and the
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channel 27 information. 19. The nethod of claim 15 wherein t prior hop
region is the inmmediately prior hop region. 20. The nethod of claim15

wher ei s, eac hannel i nfornmati and.t he beanf or ned
channe?z'i nf?p%%@ﬁd %gggaﬂgibd\gﬁe%'%ﬁf%be%forﬂ?@paﬁq{@g”’89”’6?%‘?%315 further
conpr i gemeratpehivds et onr&bnlyQﬂﬁﬁingﬁﬁei@fenbéémsgenerat ed broadband channel
informati on and t he beanfornmed channel information. 22. The net hod of

cl aim 15 wherein the beanfornmed channel information is generated based
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- 24.  An apparatus comprising, in combnation:

means for determining whether a wireless communication device is scheduled
to receive symbols; and

means for generating one of

a hybrid channel information with optimal rank, wherein the optimal rank
corresponds to a lowest transmission overhead for providing the hybrid channel
information,

a broadband channel information with optimal rank, wherein the optimal rank
corresponds to a lowest transmission overhead for providing the broadband channel
information, and

a beamformed channel information with optimal rank, wherein the optimal
rank corresponds to a lowest transmission overhead for providing the beamformed
channel information, based upon whether the apparatus is scheduled;

wherein the means for determining whether the wireless communication
device is scheduled comprises means for determining if the wireless communication

device has received an instruction that it will receive symbols in at least one of N
next hop periods.



24. An apparatus conprising, in conbnation: neans for determ ning whet her
a wireless comunication device is scheduled to receive synbols; and
means for generating one of a hybrid ghannel information wth optimal
rank, wherein the optinmal rank corresponds to a |owest transm ssion

overhead for providing the hybrid channel information, a broadband
channeR5i nf Therigparatustdl o ZYPWhE?éIMheWﬂﬁia@\'srf?F Béte%firﬁigg'wr{eﬂ% the
corresponds to a | owest transm ssion overhead for providrng the broadband
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whet hesymbelsapranettump gericzthedul ed; wherein the neans for deternining

whet her the wirel ess communication device is schedul ed conprises neans
for determining if the wireless conmunication device has received an
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conpri ses%rglﬁans for deﬁﬂerm ning if the wreless conmunication device has

) _the wre .
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conpr i spimakrank Hased upemenhiihes tenappdratiteis kel dicaanle hithBEMBAGN Wi th
optimal rank, the broadband channel information with optinmal rank, "and

t he beBff d channel information with optiml rank based upon whet her

t he apparatus is schedul ed and the nunber of hop periods. 27. The
apparatus of claim 24, further conprising whether a distance between a

prior Abp rEg apparatusiotcaire24, othereshmphistiewBdthet o MsHee! shraadn wher ei n
the neans f oIre'gg%eneré:\t ing conprises neans for generating one of the hybrid
channe"°liMIPEFRN BAC fi SrespbioRerioaiXCepre adhiradisdhand ivhetein thaf or mat i on
with Qﬂbbﬁ@'forrﬁﬂérating comprises means for generating one 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 whether the distance between the prior hop region the

current hop region exceeds the threshold.

28.  The apparatus of claim 27 wherein the prior hop region is the immediately
prior hop region.

29.  The apparatus of claim 24, wherein the channel information comprises CQl.

30. A method comprising in combination, the steps of:

determining whether a wireless communication device is scheduled to receive
symbols;

if the wireless communication device is scheduled to receive symbols, then
processing received channel information as beamformed channel information; and

if the wireless communication device is not scheduled to receive

symbols, then processing received channel information as broadband
channel information;



and the beanfornmed channel information with optinmal rank based upon

whet her the apparatus is schedul ed and whether the distance between the
prior hop region the current hop regipn exceeds the threshold. 28. The
apparatus of claim27 wherein the prior hop region is the imediately
prior hop region. 29. The apparatus of claim 24, wherein the channel
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steps of . determ ning whether a w rel ess conmmunication device I's schedul ed
to rec&PYWrIsesAstargining it the wirelese semsminicatiaradéice teschesluled tcleedivieed t 0

recei vg}@g%qhsat I(%eﬁkﬁ’bpepéf%ﬁéﬂ- 0 négﬁﬁis\/ed channel infornation as

beant or channe nt or mat i on; ‘the wirel ess communi cati on device
is not scheduled to receive synbols, then processing received channel

i nformtion_as br agb nd channel information; 29 wherein determning
whet her 't he THEBPBRY Ol Gl fiss caeArising detesmiting achurober ofsewp
deternEghggng the w rel ess comunication device is scheduled to receive
synbol s in dt |east one of N next hop periods. 31. The nmethod of claim 30

further coripthesiurgbeietfeiop péredsisryrebes ttdn BRed @SR nirhbéhe nunber of
hop periods is ﬂreat er than a predeterm ned nunber, processing the
r ecei vBIPCERSRALNE raseiveRchanpneldnigraation asioperef@ bykrichehannelf or mati on and

the beppdaidiRe &Wﬂ%%eérﬂfo‘?mt.He)a\;ﬁhe?@?orirﬁatfgrﬁﬁananber of hop periods is

| ess than the predeterm ned nu , rocessi he recei ved channel

i nf or mat i orif the rameberfofthop permdtbisnescihanrtab prédéteffRiddoiurAper t he hybrid
channel infar i The net hod of claim 30, further conprising the
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st eps B@:Cesﬁaﬁﬁéﬁ??ﬁ%e%%w' infognatiemas opetaidee bsogghand ¢hannetgi on and a
cur renmfd}%ﬁbﬁggmh@%@scr%ﬁn@ febbdidor the wireless comunication

device; if the distance 1s greater than the threshold, processing the
recei ved channel information as one of the hybrid channel information and

the b e?f.f or heCI mCerEﬁlgcT %l’ clailnrnlfB%r, ?l?rgtrgeornc;on%]r(ijsing the steps of:
determining whether a distance between a prior hop region and a
current hop region exceeds a threshold for the wireless communication device;
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.

33.  The method of claim 30, wherein each of the broadband channel and
beamformed channel information consists of 5 bits.

34. The method of claim 30, wherein the beamformed channel information is

generated based upon only dominant eigenbeams.

35.  The method of claim 30, wherein the channel information comprises CQlI.

36. A processor readable medium comprising functions thereon that may be
executed by one or more processors, the functions comprising, in combination:

at least one function for determining whether an access terminal is scheduled;



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. 33. The thod of claim 30, wherein each of
t he broadband channel and beanforned channel information consists of 5
bits. 34. The nethod of claim 30, wherein the beanfornmed channel

i nformahgon is generated based upon only dom nant eigenbeans. 35. The
nmet hod of claim 30, wherein the channel information conprises CQ. 36. A
processor r ahlggst @nﬁélinl@no‘on’prooesalggfredeWed chahhelrinfomidtiah a’s&yhé)@f
execut ed by [ sors., the f ons co ri sing,
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recei ved channel information as one of a anne orrra ion with
opt i mainfermationsherei n the optimal rank corresponds to a Iowest

transm ssi o vidin brid ha nel . i nformtion,
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has received an instruction that it will recelv éast one
of N nehannedfesnatinns based upon whether the access termlnal is scheduled

wherein the processor is further operable to determine whether the apparatus
is scheduled if the apparatus has received an instruction that it will receive symbols
in at least one of N next hop periods.



