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BACKGROUND
I Field _'
[0003] The present document relates generally fo wireless communication and amongst

other things to beamforming for wircless communication systems.

If. Background
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{FH) sequence. This FH sequence indicates the specific subcarriers to use for the data

.

transmission in each bop period. Multiple data transmissions for multiple access
terminals may be sent simultaneously on multiple fraffic 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 fransmission, uses

each subcarrier in each hop period. By using orthogonal FH sequences, the multiple

data transmissions generally do mot interfere with one another while enjoying the

_ benefits of frequency diversity. | _

10007] 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 transmitier has mul’;iple transmit antennas, the signals provided from

each antenna need not be combined to provide maximuwm power at the receiver. In these

cases, there may be problems with decoding of the signals received at the receiver. One

way to deal with these problems is by utilizing beamforming.
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i-{'n?}or mation corresponding to a f, transm ssion paths less than a
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comuni capaths thavisc degss btheeda uptah mindrenedf trhmdnaission i fathsc dirone she neiireigpst 0 a
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two antennas and means for generating beamforming weights based upon -chamnel

information corresponding to a number of {ransmission paths less than 2 pumber of _
transmission. paths from transmission antennas of the at least two antennas to a wireless
communication device, |
) [0012] In a further embodiment, a method for forming beamforming weights comprises
| reading channel information corresponding to a number of transmission paths iess than
a yumber of transmission paths between a wireless transmitter and a wireless receiver
andgenerating beamforming weights based upon the channel information for
transmission from the transmit antennas of the wireless transmitter.

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

number of antennas utilized for reception at the wirgless communication device.: -
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OF ?Ir(-)lgthAW N&%F%S%g%% e nfstégﬁur ggﬁér%gt%?neﬁlag%&%%evén a%eséﬁgﬂ‘l@t‘: € bresent
enbodi menng/oreladnetestimatedpr e apparent fromthe detail ed description set
fortedbg%ﬁl ow when taken in conjunction wth the drawi ngs_in which |ike

r ef e charthisadsrsionpd hat giherpspessofide msrsynt disslowsmuiil basmawsadisi n:
accor di ng PPETTLISGHSi BARRLR, Y e B0 (P BRGA RouTRe aCRARUGL SRRy o

- al | ocat i cihownhadwlefwibed oniyl ¢depiptarpeadedinwntedihs invention iakyinway sf em .
aecording. to ane epbodi nent; [0023] Fig. 3 illystrates a_block diagram of a
time fr ed&&ﬁ@_&% i e T?%’rz_gfg tﬁ%l‘f{f{bﬁg@enéﬁc@éégse\%@ B PR Sh AT | on
system achRtdhl\enbeifibfts AR ANIRN ki 1tORIA1 Rblils drd Aol AN ifodibASM L er
and receiver in a miltiple acces§ Wreless conmmunication system according

t 0 one enbodriomsTespepBOAbvithow. depating frost the sepeaf teatisclabvagr am of a forward
link. in a multiple access wireless comrunication system according to one
enbowp nt; [00261 Fig. S5b illustrates a block diagramof a revetse link in
a Mijggigy © acosREMHESCRHSTICN OITIE BN AW IRESt em according to one

enbodi nment ;
[0020] The features, nature, and advantages of the present embodiments may become

‘\n—'-_

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: _

jo021] Fig. 1 illustrates a multiple access wireless communication system according to

~ one embodiment;
j} [0022] Fig. 2 illustrates a spectrum allocation scheme for a multiple access wireless

communication system according to one embodiment; _

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

[0024] Fig. 4 illusirates a {ransmitter and receiver in a multiple access wireless
communication gystem according to one embodiment;

[0025] Fig. 5a illustrates a block diagram of a forward link in a multiple access wireless

~ communication system according to one embodiment;
[0626] Fig,. 5b illustrates a block diagram of a revetse link in a multiple access wireless |

communication system according to one embodiment;
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diragram of a transmtter systemin a g(l.)ﬂ tiple access wireless comunication
system according to one enbodiment; [0028] Fig. 7 illustrates a block .
di agpagmof a g eé‘ﬂ%ftrﬁﬁéﬂaeﬁlbélf‘dﬁ?f&ﬁ bf@'tf'ang_;ﬁ&ﬁe?% t fﬁ'ﬁﬁm@m&g&at'on
systqgm according to c?ne enbodi nmen [ 0029] Fig i ulstrate a flow chart
of generafrlrei@sbemmlmmmmgsy@angla@cmnhngmmemgauodmmnp enbodi ment ; [0030] Fig.

9 il rates eratln beanf or mi ng wei ght ccor di ng to
anotfﬂﬁﬁerrbodlpg%nlt' lﬁl‘éﬁﬁ %iﬁ %Fﬁ?@graxfoo PGSRVt g@teg'x i Mﬁ’é’? aggess

gener at i RgrdQIRHA! rrr[ﬂnﬂﬂnwﬁb Iﬁa%%ﬁgtd&etéﬁmboﬁuﬁéﬁtt her enbodi ment. DETAILED
DESCRI PTI ON [ 0032 Referrl(r;i? Fig. 1, a multiple access wireless
commi@B?Yat i on RKg.sd dimskeles adiovg ChaI‘OOf)gglem‘timngelamf@nnmg ivteighdt acpatiog o mul tipl e

access w reI ess com{runl cation system 100 includes nmultiple cells, e.g.
cel I's 102" FEROUMERE106 I n the enbodiment of Fig. 1, each cell 102, 104,

and [bogojray i %é@ﬁlﬁﬂa@@@ﬁﬁcﬁv RRADbE géférétﬁ'@tbéaﬁﬁ&ﬂﬂﬁg v&F&’éHté MBrdigeed ors. The
mul tiple sectors are forned groups of antennas each responsible for

communi caﬂnp‘@nrvmbfbdlmen‘fes@iterm nals in a portion of the cell. In cell 102,

ant grou d 116 each corr to a differen ctor
cel ﬁa@%’z! ant gﬁ%gjoz%]lu%%? ﬁ%@wé’fﬁ % ST weé%gﬁdwgé%%%lﬁﬂa?cgré %?Cfferent
sector. | feRéd entMimaitt enna  groups 124, 126, and 128 each correspond to a
different sector. [0033] Each cell includes several access term nals which
are in communication with one or nore sectors of each access point. For
exanpl e, access termnals : .. conmuni cati on base 142, - access
termnals 134 and 136 are #)ﬁ%@mﬁ@(l;@ﬁ‘m&th access point 144, and
agaemsz]er M naRFekag e Pk, 140 n@tﬂﬁplb'&c&déé%k@le@@édrﬁﬁuﬂlchﬁon AfeteRb bRl 146.

I't can be seen from Fi that each access term nal 130, 132,134,

136 138 togmg embdiment|ip dhyshia gfidn A mvltipler mcsswmhesmcmmmuca@p@@tmw cel

orminal ARRAGRPL B GPehaeb e RRELE bt v bR ARFIREor oups

W t h whi cdach leell SOQOmmlrun@aIOGWﬂ}ayﬁﬁélﬁd@ﬁn hbase Bﬂﬁtlg{)sthat m@lu@élﬂni&lti
environnental conditions in the cell, cause dlfferent channel con tlons to

be preseXetopet Hedmuiin seeessye fermadriy guongs of @n@@ﬁﬂﬂe%%ﬁbﬁ'@ipﬁgﬂblﬁtf@ﬁna group
W th whi C&rﬁnﬁm&ﬁoﬁw rﬁ'c&e%& tél'gﬁmals in a portion of the cell. In cell 102, antenna ‘

groups 112, 114, and 116 each correspond to a different sector. In cell 104, antenna

groups 118, 120, and 122 each correspond to a different sector. In cell 106, antenna

groups 124, 126, and 128 each correspond to a different sector.
[0033] Each cell includes several access terminals which are in communication with
one or more sectors of each access point. For example, access terminals 130 and 132
3 are in communication base 142, access terminals 134 and 136 are in communication
- with access point 144, and access terminals 138 and 140 are in communication with

access point 146. |

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

is communicating,
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may be a fixed station used for communicating wth the termnals and may

also be referred to as, and include sgne or all the functionality of, a
base station, a Node B, or sone other term nology. An access termnal may
al s{0\38] r ef er Asdistdhasin, amdcdencpaitiemapive adixed|stativhersédi fimtdoomalri¢ayingf , a user
equi pnent ,(UE), a wreless co | catj on,device, g termnal, a iIle
station Wé‘s@ﬁeteﬂﬁknﬁ r 4% IPAYN 8 SBQ%P. refprmetsio Rer ard iGN Seimg. O@Pﬁgﬂb“%pect rum
al | ocati 0 ihR! £ MRRBESS oM OTHRGat | temis

i |l ust ratﬁgﬁa&%ﬁﬁ t?f;’a% |b?§/§1§#ahé§Dﬁl synbe%1 g]‘.""ﬁ{)}gé i%z&glt%ocat g’}gﬁ o%geipac Eysgyrrbol

peri ods twnding]l firagqlserinyrefumeddo mkemd. indaddhsdaiddd diy tiedim@0Maliyafps uses one
synbol peri.od of the T synbol per,iods and a tone or frequency subcarrier of
the S suBEHPRER{EIE)N DUFPIST (ORISR (¥ iiG e epnigh 3 REPLS SHHM or6A8Cor nor e
symbol s 200, irB‘fogHaSSi gned to a given access termnal. In one enbodi nent
of an allocation s¢hene as shown in Fig. 2, one or nore hop regions, e.g.
hop [#03¢] on 20Refenfingstoiigl 3, Aspecmal afioediontsohan® fop wpmokipbesess wiesdlessnal s f or
conmruni cation over a reverse link. Wthin each _ho regi on, ,assi gnnent of

fsynbol s PRpIpRicALN Sy o ds iIBIS‘vrléfe@rcéX ab&r@lﬁywoﬁf f 200 imallocaiedvi de
. ; . . ' o .
205 1 mel Sids Yo Spbat BB ind'S, Ml RS BRHSR. | LT QRN HymBRF B00°0 PR "

forward komprigesdoneespiibél Hertsnd of thdel rsomBoE etibdik and he t@RteoP fraaBERyaccess
termnals that are in communication with the sector of the access point.
During e&sarries gl herS slcatsiersi rame, the | ocation of hop region 202 within the

P T e e e e e

t'etm nal sssidnelito dgivel @oiean 1@ MiEnalaYn e eriimaAT doglqetiédechel®A39] The
hop sequence may pseudo-randomy, randonliy, or according to a predeterm ned

‘sequence shoyd kgt heoness 2qre hop regions, psphonigrion 20820f prmboivarenspeysdr i od.

The hop se f ' 7 sector .- ess i e

desi gned%(f %ggog@ebc?r cgégagér@ﬁﬁ%f&%ﬁ%mg% ‘%%? ?%é}gav%?%?q ﬁﬁ\]ﬁr ?ﬁg@gfe&t}ﬁ}% erference
anmong t hesgh@s; @sdghifénTiofalmbee aibecahifgizad tdradhie: potomiAdRedsrefid 4kl

Further, hop_ sequences for each access point nmay be pseudo-randomwith

respect PEVideiomsneed T asut deleterioys patle efects. poi nts. This may hel p
randeste - NEeLy ﬁ%#ﬁdﬂﬁ%&h&&cﬁu@gﬁ@gtﬂ@ RS R RRed 8, Tof Phiirdidbion

-

ation W er'ent acces
to on the forward link and receipt from on the reverse link, the one or more access

terminals that are in communication with the secior of the access point. During each
hop period, or frame, the location of hop region 202 within the T symbol periods and S
subcarriers varies according to a hdpping-sequence. In addition, the assignment of
synthols 204 for the individual access terminals within hop region 202 may vary for
:) gach hop period.

{00391 The hop sequence may psendo-randomly, randomly, or according to a
predetermined sequence, select the location of the hop region 202 for each hop period.
The hop sequences for different sectors of the same access point are designed to be
orthogonal to one another to avoid “intra-cell” interference among the access terminal
communicating with the same access point. Pﬁther, hop segunences for each acsess
point may be pseudo-random with respect to the hop seqﬁences for néarby access
points. This may help randomize “inter-cell” interference among the access terminals in
communication with different access points. ¥

[0040} In the case of a reverse link communication, some of the symbols 204 of 2 hop

~ region 202 are assigned to pilot symbols that are.fransmitted from the access terminals 2 Ao
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[0040] In the case of a reverse |link comunication, sofre oq (t)qhe synbol s 204

of a hop region 202 are assigned to p'zl ot synbols that are; transmtted
fromthe access term nals WO 2006/ 099348 PCT/ US2006/ 008986 7 to the access

poi nt. Theéo dlgskgrsepbindl Dhd atsigyndo!cs ﬁimwbﬁmmomé Sboinouk dhoppef er ably
support space division nultiple access (S , Where signals of different

access t ePFRlprably sypeent spasethvisionupetiplaascess (SO b hesh sigeals epdifired due to

multiple j.ve. ant : cess .poi nt rovi.ded ough

G 11 of encab G (ol SRBRARER of (B R bl iR B P reidlie muBar

ter m nal s reckR@4ibfennbs shaubatidreomaicest point, phbiilied Bhéhigh2d@RRIneE SrNPRtigegi on
200 having, a length of seven synbol periods, the length of hop iegion 200

can be anyl2HeETes SerTeEPOUHLS todiffctaph pepepyicyninglshbet ween hop periods, or between

di ff h ' ' j i .period. [0 |t shoul ted
that Tl ot ho tanbErhERRel ot Bl le o BensB oB e 0P bakbers BogBt 11 21 ng
bl ock hoppéweg.syiihel baedls tHe Bheth E Hibaskon 28l daRthelBiyaddsREL dmbRAVERY
consecutive hop periods. [0043] Referring to Fig. 3, "a block diagramof a

time freql@iydy sigelhsbugdandiops pariods.raxlbetygea differeriskoppingsiegions dompinendapi on
system acggﬁ ing to one enbodinment is illustrated, The tinme frequency
all ocation includes tine periods 300 that include broadcast pilot synbols

310 fo@nsni tt et sho@d RMoAGTRSSWRINS ehﬁboaidlen@l@f:ﬁgs 258 H88cABEPwItR respect

comunication with it. The tinme frequency allocation also includes tinme
peri ods 302 vifiengi Hetluderpng ther losgiian abphe dlsicknesed 200t e bltetd itgtwedeni ncl udes
one or nore de@i%cgltged ﬁ%xﬁlim synbols 322, which are transmtted to one or
more desi Fed accessPPEMRfhal s. The dedi cat ed pil ot synbols 322 may include

t he') yoqus] beant Qefdrmggs WERGS, S BIbaK didéBmann ties ibQuehb@ aledafion S BRRLIS]
tr‘“a%gm' tt]ed to the accesg termnals. [0044] The@trg%_dband _I?)i | ot sylrjrgol s 310
and dedi c&eesss pirklsss copmbaicalBRsysign dgeording tbione ¢mbydinent ddedstaderThienal s t o

h | ity inf ' i ng. h I's..b
The  accos RO RN iotend FhIRA Bk rreias “HRL Yl cnsbS JEPakaR Bidon """
transnmit gr%ﬁgsa@am idhsrhitt@d Font fn B00FRA IR0 QI REQL YEnAMIE B nihaticdtRmel ves

these synbols. In an enbodinent, the channel estinate may constitute noise,
si gnal - t o e The fimeoSequentidelicragem hisp dvedudes gt payiods 802 yleat include dngss,

o oCon 10 GO 8l £ BB NGE FRRRLRATEoFREBRL AL B el oy
be the ef BegtiMeh ateGRMbmitRd0ions of MotPdesirbEMNkss 1©ARInER. TDBAEARE pst
‘provided to the access point separately for broadband pil ot
symbols 322 may include the same beamforming weights that are applied to the data
symbols transmitted o the access terminals,
[0044] The broadband pilot symbols 310 and dedicated pilot symbols 322 may be
utilized by the access terminals to generate channel quality information (CQI) regarding
) | the channels between the access terminal and the access pofnt for the channel between
each transmit antenua that transmits symbols and receive antenna that receives these
symbols. In an embodiment, the channel estimate may constitute noise, signal-to-noise
ratios, pilot signal power, fading, delays, path-loss, shadowing, correlation, or any other
measurable characteristic of a wireless communication channel.
[o045] In 2o embodiment, the CQL, which may be the effective signal-to-noise ratios
(SNR), can be generated and pfovided to the access point separately for broadband pilot
symbols 310 (referred to as the broadband CQY) . The CQI may also be the effective
' signal-to-noise ratios (SNR) that are genérated and provided to the access point
separately for dedicated pilot symbols 322 (referred to as the dedicated-CQI or the
«.. beamformed CQI)..... This way, the access point-can know the-CQI for. the ‘entire: - ...



0
synbol s %’?02 ?Grl%g 3é4r8r ed to as the broadband CQ) . The C&CT%S&oogfogsgs%e t he
effective signal-to-noise ratios (SNj that are generated and provided to
the access point separately for dedicated pilot synmbols 322 (referred to as
t he dedi dahéeidBQhvaiiablelfer cdnemntioationd adGRt]) as fHhile spesific hbe rafusilsat hoiat . can
know the CQ sfor the "entire WO 2006/ 099348 PCT/ US2006/ Q08986 bandw dt h
avai | abl &eFbusehfmbisnemissign fo e pepss tganny]y The, 6l Jeum opth Wopdhaadpdas ¢ hat

have be dafor, hir L Ssi c Loal.. T f rom bot h
br oadbanggpl ?g"t 3i§yar?go@sa§%%§gﬂ§t g@ﬂ?@gt%‘g’ gl?(?egftaﬁse?l ’o#ﬂsay3§§@ nglg%ée)ndent ly,
may proviademwrrate prediciicl for tatrexppeiiecibibenrahanitieticfon taxte paidhetentsavitie
transmtted, faor |arge assignnents with _ random hoppi ng sequences and

consi st erfENRSR HoPGIEn SHRERGANEKL SORTHTE NG (RN AsTETERSTS 8% eath WRlt type of

CQ is fegl: | %M'gqgg_ = | i from
t he acce?geégg@%ségﬁv@g%ﬁe actess pg?%wﬁbgﬁ%%?ggﬁpﬁgr%gkéﬁ%%& utilized
for apowatis ghdvidat from e gueressoterminab i dievacadsd poiat poAodiesld; asdiefmyale f or war d
link contrg| channels. 5004_6] Further, in_those_ situation where the access
term nal WHizaddorsenou pBacatigR anopRgaPrgmore; farpvard dinknghesnds, el jas fHrweedul ar | y
schedul edy;, 4 ess termnal is not scheduled for forward |ink
transm sg%%ncﬁﬁog%%lﬁ%&each hop period, the broadband-CQ can be provided
to tje4éiccess Thethef, if tosé bienatien twhefy the bebebd takmink BB 16t sSchie@iledfordorfvauer se | i nk
channel , such as the reverse link signaling or control channel, This

br oadbandiggransabsion s irsgrlady s egr - ep apapsederaninalds palscheddtddand pi | ot
synbol s e N Not 4 7 inent . the
ag cess- pgi?)%?ﬁgalﬁmg 2{’1‘?1\5/@8% ]}}"Sllel ]gle g '%ﬁ%gﬁ]ﬁagi %e}%[gé’ ]tg%els epb a@é&ﬁg@cﬁ@ﬁf sgggh%% nel

est b mat esprosided to dwencesd poikt forahs messfopnad flindmritimiatwess atrevasnhk The
access point nay gerive chann estijmtes based_ upon synbols jncluding the

|
CQ  trandipRgles r%?rﬁh{aﬁéveéﬁf‘cggg siemaking a1 coninl chapnsli cHue freadh Qlsuch as
a signali ' f Ss
Fermnal | s el SRRKEbealitRRREY AR SRLE N Mol R Al ol 1B
gener at i ogenersdlyewtbeinfoleedCQ . [ 0048] I n anot her enbodi nent, the
access-point can derive, the beanformn q\;\\_llgtig,hts based upon chanpnel

esti REds det elrmnssabodimen. the aeisss-PRINhFHCTINR dheh i ppng eigtis basgder se

i nk tranﬁ'ﬁm[s | oSl Pestil L Pt : ' RSP has a
reverse N ﬁgaSS| g%ln%#ﬁaﬁlré%q%g%ﬁréfer&asfgréu%r&alt%%ﬁp}ﬁglgrﬁlgog, %egé({w%%adlen a 1gepar ate
or same hDpe aessosbintonay datvee cenhélesfimatembasetiiupln tsymbelzi insluding theh@QE hannel
estimate information may provided in the schedul ed reverse | ink -
transm ssiawaiiiel fipm the Aeesss dernal opgea dedicated channel, such as a signaling or

control channel dedicated for feedback from the access terminal. The channel estimates

may be utilized for beamforming weight generation instead of the CQL

[0048] In another embodiment, the access-point can derive the beamforming weights

:} based upon channel estimates determined at the access terminal 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 transmiission, the chanmel estimate information may
provided ‘in the scheduled reverse link transmissions to the access point. The
transmitted channel estimates may be utilized for beamforming weight generation,

{00491 In another embodiment, the access-point can receive the beamforming weights
from the access terminal over a reverse link transmission. If the access terminal also
has a reverse link assignment in each frame or hop period, whether in a separate br same
hop period or frame as the forward link transmissjon, the beamforming weights may be

. providéd in the }sche;iﬁle,gi;xeverse;.ﬁnk transmissions to the access. point.., .o s o



transmWQ 8WoP%Ahel estimates may be utilized for beatf BFHAY Rt
generation. [0049] In another enbodi nent, the access-point can receive the
beanform ng wei ghts fromthe access Perninal over a reverse |ink

tra In$Si on. | f : S eHN o__ha r | 4 signment in
eacﬂﬁ‘ﬁ“ me orAﬁoﬁgép}gr}?eg%%’ \?\%ét EQL ﬂ%@%eﬁ%%%@goPﬁéﬁr%& hfc?g&bﬁagg’i od or frame
as the fesmbingtiddstiertboBmsiaiedns chdiRePRETHANGH RELYE] Iﬂ;hﬁﬁad&%q%ntﬁb ovided in
t he schedul ed reverse link transm ssions to the access, point. 2006/ 099348
PCT/ US20685e088besnfoomingosaghias used herein, the CQ, channel estimates,

ei g m f ee . copDbj i r eofk t
I nf ggénl"g I on ug?felﬁﬁ%%?%)f Ié‘ngg%g%éséﬁ%% n trgceuéegﬁ.éraa?réﬂ%@g %G%E\%ﬁg&%%i ghts.
[0051] Reb@fimubiegiido shiten decodling &9k tehejodanehirie Gllusteded. N A& MaHshiitidre access

Wi rel ess conmuni catl on system accordi ng to one enbodinent is illustrated.
At transfysieeA10,diadtiedeta for 2 pynaberiof defasiedray isareiideseiromfa defa wumerdans i s

provi ded f oM Anflet s e Sydthicor UA? TS Mook CBIA PLOSRRRRT (444, 11

an enbodi nent, €ea a streamis transmt ares ]tsransm't

ant enna. thXndietb@ oPEroCRSpEtive ddndnalt Biena, CONaa mdbeksbiRY foeavescddag traffic
data for each data stream based on a particular coding schene selected for

that dat &nsintestpavesdhe fraificodaia oy eachodntastraam kasad or pipedictisn eeding schgmea

444 i . i na.wei ght h nbal s. of ta st
Proea updited, BRHoat aurd SRR 0 Rt hiloCaaf . ) ot et ¢ 8%, P *°™
ant enna nIpm@@.M 18 aphpine tenfiieimihs wWRBihAOLd thangibblsest. tht HahMiRangBagianent s,

the beanform ng weights may be generated based upon channel response
i nf or mat upen thedtser tp whishdbe Fymbals arerieing Wensmiied angd therpatenna fiom $dichn pat hs

bet ween e ' h cess, t ' T channel. ,.response
ot or mat ARG REDAS: hndfificd, 'y ARSI b IR Al BRROTD T o
provi ded bl geidigted bed ubbh theihe] fefhonbOmEoRASes tiak isielealiNas the esiionsi ons,
the TX data processor 444 can sel ect the packet format based upon rank

i nf or mat 06 the-trappraissiog paths eayacp fleporess poith @nd Seraceess dmpginath dhe elpsacldat a f or

each dat . 4.0 ' ~dat a. usi chni ques.
The i 1 oreRet TR oY e R libtheoPlusdiRlhol S S STRMAAST) 7

known neppefidedrsy fieyushe Batbrain thbe deectiehediled athdntisheis, fRUEXtdag channel
response. The nultiplexed pilot and coded data for each data streamis then

p A
nodul at edrocessor 444s garh Gplcata Bise a3cksh Jaiamas nbaged arponcramnky iInfraation i B #chene
(e.qg., B%%gsqn%&)ﬁoﬁ% lﬁg%g or MQAM selected for that data streamto
ol's.

. 5] . .
provi de nodulati on synb The data rate, coding, and nodul ation for each
dat g0632] eam maye kedetetisth fonesthhlata stream may be multiplexed with pilot data using

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

et

a known manner and may be used at the receiver system to estimate the chamnnel
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
mnstructions 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 nser.
[6053] The modulation symbols for all data streams are then provided fo 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 ttansnﬁtters (TMTR)
422a through 422t, Tn certain embodiments, TX MIMO processor 420 applies
beamforming. weights to the symbols of the data»sireams;fbasedsﬁpons-'themuser.ﬂ--to--Which



i nst r ucVPHRG9&HBor med on provi ded by processor 430. FRTESHYEHBEYI nent s,

the nunber of parallel spatial streanms nmay be varied according to the rank
information that is transmitted from®he user. [ 0053] The nodul ation

synbol s WK ' T or 446,
i ch meyt oPielf B nBRE TR I H0CRe R el Syl I DA R Wk
pr ocessoltrafditict gnpihayvasdaschiiing yaxbolse stfogarmics. to NT transmtters (TMIR)

422a through 422t. In certain enbodi nents, TX M MO processor 420 applies
 bearl®®Hh ng wdizghtiEmegition 423y ipEeives ard ERCoHEE & sIspedive HERWY SIBHR he user

E ?a\rl:g imp P tp g@%ﬁ% ﬁ’g&%%?%g‘@ %‘@% %Q%lg gﬁ:%?e}? & m’s}(gﬁ% 0 e(e;‘s%’ﬂ%g#lﬁ%&,r ﬁzft%(ﬁ’ls%ﬁt ted from

t hat usengcaiverisicthe rnaslpgrigalsntd grewds @mmoduld&idigid chithivla fomirdrisaissha?2
recei ves and_processes a resgective synbgol streamto provide one or nore

anal og siyAathse MIME shanneler NEgnewlaterd sigpals giom Fapimifpesd22e;thioagls 422nd

upconver ANa ﬁm %%ﬁl , HQY | I gnal suitable for
transm s??%%gggver %t%g @ﬁ%%‘%&ﬁﬁ?{nﬁlﬁlﬁ“@u@ggg‘%&gﬁys fromtransmtters
42240038]ough 4%kceivarasybiamnd20, alns itishded mothbitdanieinas récthadity Rgh 424t ,
respectively. [0055] At receiver system 420, the transmtted nodul ated

si gnal s &RtehpascEiZzedaropgh fidr andtibe ressived signelrom gach stenna b2 is drovadad ved

signal fr . 3 ' . ded, 4.0 j e ej ver  (RCVR)
359n 1t hr do e A SRR (REaR) 35 BEbEB e sl BRRTE 4o BB Rl T
and downdilteyer frfplifies| egide dbivieonivet®i ietespodivel recdivgiit siges, tdigtiz@omd ti oned
signal to provide sanples, .and further processes the sanples to provide a
cor r esporf@rdigongdeanal do previdd samples, aad Pegcenges fhe srpRleh IRBEESE 460 t hen
r-egei ves SSES: . i.yved symbol streams from NR receivers
4-§§a thro@%ﬁsﬁéﬁgbg%% %ﬁsgﬁ)p(grg‘?%l ar receiver processing technique to

pr oviipdss]t he r ankRXUdE broobssoriéb®ihies décebiesnad paicewamthe NReeivedassboly by RX
data processor 460 is described in further detail below Each detected
synbol  Ste@BnfipRcNBJeec wnfietathrayigh 4dfebissd PRAMSSIUATIRESTYRE FEACESSEN synbol s

transm ¢ el to bR EAE SARIRMING o8 3R SRR Bl TR B5RBRAIE BP0, en

ot

denodul ates, dein eaves, ‘and decodes eac € eamto

recover tRIX databidcessdnidao fiordetditbed dh aumhdredutail bhlooh Baclprietetwéd dyimbolat a si nk
464 for storage and/or further prqcessin The Pirocessi ng by RX data
5

pr gc essgrStf&% neludesnyimheintbat gret estimates °§g}tl‘? Y SYIRORIS NA3SBHISE 48K or 446
X ' 4 h |
an ahe &’i&@gﬁcgg% 43 %1r8hm | R%‘{?agér %&%Ess@%k%%ng%ﬁt@@ gi@[%&ﬁ%véé, anne

response estimate erat ed by cessor use
and decodes each detected symbol stream to recover the fraffic data for the data siream

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. _

) [0057] _ 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
“sffective” SNR for the sysiem. Processor 470 then provides estimated charmel
information (CSI), which may comprise various types of information regarding the
commumication link and/or the received data stream. For example, the CSI may
comprise only the operating SNR. The CSI is then processed by a TX data processor

o 478, ;Which-;aalsa'-‘receives traffic data for a number-of zda;’fa;e:s-tn{eams:fmm.{a data source - -.iv- ol



per f or MVOFALMIMESace/ ti me processing at the receiver, "5d[2P%HEREE | evel s,

change nodul ation rates or schenes, or ot her actions. RX processor 460 nmay

further estimate the signal-to-noise 1Bnd-interference ratios (SNRs) of the

det ect ed h and

o7 ovi dos ‘/ RuRCy REA E9 Einadlior BOP St} AERREL L SAURRIRIOR BEE 7
pr ocessorrad@iitizd batlato thmsmiteirisysterad 1@st i mat e of the "effective” SNR for the.

system Processor 47Q then prow es estimted channel _information (CSI),

whi dEP%8ly conphi iEgnsipgisr sygte ‘iﬁl%tn&ﬁ%&ﬂé]ﬁ froay 5<81%eE syshen 488 ##ini cat i on
| i nk and/

onl'y t he "asi A E %ﬂé?g%ﬂé‘)@%ﬁm R A S L S o
478, whi c90aksd prc&:emeﬂé:gr o R fdatn plat@sdrod92ainwatbesr the CRI mpstiedeaysld rom
data source WD 2006/ 099348 PCJ/ US2006/ Q08986 11 476, nodul ated by a

modul at orSYBTFr TEE EP8nod PIRYIder dMantor Salp ssials 494 Firosigrees sand/ora figter

transm ttg Aa@@ﬁé‘e Phd Eﬁ%ﬂéﬂtéﬁ 1s3¥h% 61%19& t{ag;%? r.JgE)tﬁ’t 43¢ %Hénﬂséﬁ % @/’St em

410, the ‘nodu d"signal's fromrece er Sys recerved

ant ennas d2smireoihei dat:oreeet dnd coibe m&i moéﬁl%tloﬂemdwsa‘b&ﬁ ied Fodtheothtd at or

490, and processed by a RX data processor 492 to recover the CSI reported by
the receii@ns §94 t(?-)ngewaat@ TP FaFolaton T datatrroasspie %&4&%?&@4&& and/ or
further p? &g%ﬁ 4Bg. The reported CSlI is then provided to processor 430 and
used to ( ? etermne the data rates and codi ng and nodul ati on schenes to
be ugesdif or t esktaldbe sdted dums thrrchnfmjiteg ¢ DE tratienitsantitipk Landsdilsgsdiinls TX dat a
processor 444 and TX M MO processor 446 [0059] It should be noted that the
transmi t tierrRlEple 1eae Esrpit & 8- rﬂﬂc@ﬁs Jrianiag eaw%ﬂwecsv%ﬂ%@ Gransngitsgy sigls data

regei ver n | S gl e data
st eam tgm grsl?tr?g?gsggru &H}e %&S an\,\%cg%c@ggg tﬁ&r at?t%gnlit%ﬁﬁ@acé%udﬁ?feﬁﬁ for the
di f f eri ngrecaiec epd/ tamndt bhmdﬂpﬁcteﬂlaHnWedﬁpbcm&ﬂay blo WERD  trahediittenstrudbe M MO
transmtters thus - naki t he, r cel ve and transmt identical. [0060] At the
recei ver ,TO3ERE Bigde ch@gg* Hues may be used to process the NR

r ecejg sign C N I T receiver
procregg‘?ing te%ﬁ?hteggg&&neg %ﬁ&ﬁgﬁ}ﬂ ceg%ﬁ% to tEIV\AE)lS ﬁﬁ?’%@ uS%%g(? gggresl_setgg?ﬁ spati al
and spacerecdivete srgmhl txerdetncbdhssNﬁgixﬂmhﬁedqmbanﬁeﬂnare’[élbmo recefverred to
as equalizatian chni ques and ’rn{‘) succeSS| ve nul equal i zati on and

i nteer f er SHEEFSEAA e b gtup R BLBATY £ A SECR Ll FPRE" al so
referred &Qe %celwg,mgs\r DS et § hmhqgige%&éd LR8I 1B as SHEEESAbYE

cancel l ati on" receiver processin
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).
[0061] A MIMO channe! formed by the NT transmit and NR receive antennas may be

m_> " decomposed into NS iﬁdependent channels, with Ng < min {Np, Ny} Each of the NS
independent chammels may also be referred to as a spatial subchannel (or a transmission
charmel) of the MIMO channel and corresponds fe a dimension,

Ng=Np <Ny o independent data

[0062] For a fullrank MIMO channel, where
stream may be transmitted from each of the NT transmit antennas. The transmitted data
streams may experience different chaupel conditions {e.g., different fading and
multipath effects) and may achieve different signal-fo-noise-and-interference ratios
(SNRs) for a givep amount of transmit power. Moreover, in those cases fhat successive
interference cancellation processing is used at the receiver to recover the transmitted

’ _ data streams, ajnd then different SNRS may. be acheved for the data streams depending

r gt



[0061] AQAH4hnel fornmed by the NT transmit and NRSEERNE%H6ennas may
be deconposed into NS independent chgnnels, with Ns 5 mn {NI, NR} Each of
the NS independent channels may al so“be referred to as a spatial subchannel
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di fferenga@mﬁ&&ggwegmlﬂ}g@rference ratios (SNRs) for a given ampunt
of transmt power. Moreover, in those cases that successive interference
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may be supported by different "data strears, .depénding on their achieved
SNRs. Si meivehemplwysnelhicaessivk interfesency pmma]ldtt;onv(SI(y) algodithti wich thoeksckst a r at e

my” hawe IR ORERObooRet Hehrinds s ek ats S ey SO, e FT 6. code.
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each. spatla l'ayer i ndepéndently, p033| bly wth erent rates. The
recei ver coaplehydhen demdedhe wecandt leyérearsinge onan’EmBI‘kJmWe(eEng’;) apgirgashi t hm

whi ch works a folows d 38 dtgg first. eﬂ@g ansubtract Its

cont ri buttGH® r?BC?ea%w co at SeﬁFF@F af"élg ik gﬁf&ﬁ&%‘m@ Bl ying the
engoded friget rﬁt@é/ €MnWhé RbShee Qﬁtérf&-ﬁa%ba KRN NeCW d%élgﬂ v@iﬁ?gi@ defgv&econd
l'ayer and So on. This "onion-peel i ng' approach means that each successively

decoded Imamimuse eysténn drasapissipnShiRacityl bagsdc spanthe lﬁbm cohdifjhes. riees. In
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yst om ¢ reTREGeC (EhABED “HEE STt fin RHE oha MISREOEAAN FORRof Y

di sadvantg ?Qt?al?efyef f(h)sm@k%earc@rfa@&oaﬁ%gﬁetd@ fRHEAANapdr neBBNBBeRPoviddag, rates of

each spatial l'ayer: (a) increased feedback (one CQ for “each [ayer

needs to (bk ipesssedeayimowledeeient dACHT) ark negative gaciemowlqdgerpnior(NAEJaY | ve
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transm sqa%a%an(t@!&mg@cef&rdiﬁ&%ﬁt &mﬁémst zcg%%erﬁr@ah@b SERARRS |ofe§l'0 ttion
errors with increased Doppl er, and/or % [ ncreased decodi ng

| at ency robeuriel esténgiionsémue %&thcme&ﬁe@gppl@n rad/er IQYa ; 49 (@psworagedunt | |
pri or decoding latency requirements since each successive Iayer cannot be decoded until prior

. layers are decoded. 4
{0064] In a SCW mode design, the transmitier 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 resuits in
reduced transmission overhead for providing this information.

[0065] Referving to Fig. 5A a block diagram of a forward link in a multiple access
wireless communication system according to one embodiment is illustrated. A forward
link channel may be modeled as a transmission from_ multiple transmit antennas 500a fo

. 500t at an access point (AP) to multiple receipt antennas 502a to 502r at an access
terminal (AT). The forward link channel, HFL, may be defined as the collection of the
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system accordi.ng to one enbodinent is illustrated. A reverse |ink channel
maybe o dEREiSHOTEPAthe. e tBe MBHPTE S i toreach ot gseeipt anfeaitiadOae. g.
antenna 5)2fjpat an access ternmnal (AT), user station, access termnal, or
the like to multiple receipt antennas 510a to 510r at an access point (AP),
accefB06fpi nt, Asden be seen inffgs. bidked SH)eacteaeesdetniinkl @ @rmel havididne oray be
defined as the collectjon of the ‘transgﬁs]sion paths fromthe trant%m't

ant enna 59t 2BCEERS, e r arkodinenis, then Jumben T ugennns 312 oifed) I08s can be

séen in Fi@Smi ' by ' T "iheTOT €
antennas, I SRPless Hafd hAHEESEal il Bk of Hccloh T e f he
t ransni ssaarass tsroimsis{ATarFurther, iomzay eofbodimantnthe mmsdstr H6 transnoié pitemmas 502a t o

of t ans (0% Siitas SebeRee bEbiALY < aEHen ac e Lo hY U &t ar ¢ han
ei ther oryhothy §h8cdNERRENRE atﬂlé%b%é‘gt:én%aﬂ eceive antennas at the access

termnal. [0068] In tinme division duplexed communication, full channel
reci pis8] ty dobstimetlivasits tiuplefed doenmmmdation ofullaheereh axipreaty das noberssti t at

Lhe, access ferminal s sos, LOTD LG TlTbel. . ol antennas, eed, !l goeptor
recei ve agf&ioiansAked 18 r&GHASS of HE BLARS trPirhl.| Heftt, thd Rr@B@itk channel
for all of the receive antennas at the access terminal is difficult to obtain.

J0069] In frequency division duplexed communication, feeding back channel state
information for all 'of the eigenbeams of the forward link channel mafrix 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. _

[0070] Tn 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
anfennas access point and the receive antennas of the access terminal,

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

. . derived from the CQL by treating it like a pilot.. This allows the beamforming weights + .
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fromthe L8 termnal. In one enbodinent, the matrix A may defined as
shown bel ow, ere '1s are the calibration errors for each channel,
A 0 .. O
0 4
A=t .0
. 04
[0072] 0 MT_ 7
) [0073] Tn order to calculate the calibration errors, both the forward link and reverse link
charmel information may be utilized. In some embodiments, the coefficients & may be

determined based upon overall channel conditions at regnlar intervals and are not
specific to any particular access terminal that is in communication with the access point.

% may be determined by utilizing an average

In other embodiments, the coefficients
from each of the access terminals in communication with the access point.

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

single frame. Further, in some embodiments, the eigenbeams may beﬂ _aye_:_xaggd over
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b I
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over mul t inplyebd W@g&dmﬁeh@ﬁlﬁﬁmumymdﬁm@uencyﬁdbMﬁnpAﬁ dxaapic beanst ructi on
matri x gener at ed at the access p0| nt when rows of t&; FL- M ND channel \

matrix ar EOPEGHLRAE gﬁ“@’@ﬁ"‘da'% SEeRss ROt FV\hFF@)rPWE of e FDMING channghyy  wher e
BER=\E") (H%) b, .. by

matrix are provided is given as:

,where
()
iis the i-th row of the FL-MIMO channel matrix.
[0076] 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 symbels transmitted from the access point. The second order stafistics may

L

be averaged over several forward link frames or relate to a single frame. In some
embodiments, the channel statistics may be averaged over multiple tfones in the
frequency domain, In such a case, the eigenbeams can be derived from the transmit

correlation. mairix at the AP, and a beam-construction mattix can be created as:
BR=la®) ©® &® - 6u®] gpe0 4@ gre the cigenbeams
[0077] In another embodiment, the feedback may comprise the eigenbeams of the

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

frame. Further, in some embodiments, the eigenbeams may be averaged over multiple
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single frane. Fuither, in sope enbodinments, the dom nant ei genbeans may be
aver aged OPexampleheamaconsedion malpis s giy@afency domai n. An exanpl e

beam construction matrix ,ar¢swhen 2 %l;ﬂnti zed eigenbeans are feedback is
given as. B(k) _[q, (k) g2t(k) f3 MM 1wher e gr (lr) are the quantized

e;’gygmﬂgps per-hop of the transmt correlatigg smatrix [0078] In further
enbodi nents, the beamconstruction matrix nmay be generated by a conbination

of CE@% | estj ]if@{ t Ak e adt 2086, 309, gﬁm gr‘,ﬂ? i aenpe k. An
exa e Eeam cons e(ra}f}g iagt?'l na?étieg‘é%ns glven as: ‘B: *195_‘,9({3” %%afsﬁ%?g:% Eq. 5
[0080] whé@@i x| is a dom nant eigenbeamfor a particular hFL and hPL is

based on.the CQ . [0081],1n other, e di nrents, the feedhack may conprise of
the &981hnd esin ﬁﬂ%eé@mb@ﬂ@%éa% ,feeéigb y esmprigs of the <dt esHBied| at i on

matri x,  eLgenbaan® o nthQihlafRS FitmiC et fdhi A Bk iibeRhs A hePRRat i on

t her eof .

correlation matrix or any combination thereof.

[0082] 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 transmif correlation mairix or any combination
thereof.

~ [o0s3)]

\,} [0084] In order to form the beamforming vectors for each fransmission a QR
decomposition of the beam-construction matrix B is performed to form pseudo-eigen
vectors that each coﬁesponds to a group of transmission symbols transmitted from the
MT antennas to a particular access terminal.

V=0R (B)

! V-»:[vl vy, e VM] arepseudc- eigen vecbrs. |
[0085] Eq.6
0086} The individual scalars of the beamform vectors represent the beamforming

‘weights that are applied to the symbols transmitted from the MT antennas to each’ access

terminal. These vectors then are formed by the following:
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[ 0082] A beam construction matrix may be generated at the Access Point using

channel estimates obtained fromthe ©Q, estimted ei genbeans, channel
estimates, transmt correlation matrix, eigenbeans of the transmt
correlation tr|x1 r any conbLnation thereof. [0083] [0084] In order to
formgg e bea Tt Ag1 véct or sVM :nge ch transm ssion a QR deconposition of

t he constru lon matrix B i ’gerformed to form pseudo-ei gen vectors

t hat h cor nbols transmtted from
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estimate, 7-bit channel estimate that may | ncl ude rank i nf’ormatlon
may be C@crtpas ebroaldh&nidmm foméletrcmﬂaﬂcd By using tias ¢haeel thebeaaifomyngi t h t he

. Th trol h | nf ' t t df th
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reverse kﬂfaﬂmauﬁﬁf&%@gatéﬁfeamﬁaﬁa@%hﬂnﬁmhé&aﬁ@‘nﬂft@@.ng wei ghts may be

,c nput ed as shown above. CQ "conputed al so provides information for the
§t 0096k di ct i a&temagmly,tﬂﬁrﬂnmccassdemmaaismscheduled[tamsxa}veﬁdatcaeomﬁleu foovard if the

a00es S BBl o3 SO S e G S8k ek CRu ALY S kRS pebe OO
conput ed chasmed Bikel PR HeahTichddifilt sybHe) Sy, pﬂoﬂsyzﬂbdl@BZEﬂ“Bﬁ(Fig B2adf rom Fig.

3, and fedback over the reverse |ink control si gnal i ng channel . In these
cases, t fslbetkaevesithe myeisading contblatesgnalige nb«wﬁf o BF CPEE ﬁleadmnmlow des

nmore accurate rate, and
Sstimate mchides elgen%eamformmg 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 CQI, and hence may not always be
available, in such embodiments. | _

[0091] If the access terminal is scheduled to receive data on the forward link and the
reverse link, the CQIL, e.g. CQI, may be based on beamformed pilot symbols and can

also be reported in-band, i.e. during the reverse link transmission to the access point.

{3 t0092] In another embodiment, the access terminal can calculate the broadband pilot
* based CQI and hop-based pilot charmel CQI for all ranks. After this, it can compute the
beamforming gain which is provided due to beamforming at the access point. The
beamforming gain may be calculated by the difference between the CQI of the

broadbé.nd pilots and the hop-based pilots. Afier the beamforming gain is calculated, it

may be factored into the CQI caloulations of the broadband pilots to form a meore

accurate channel estimate of the broadband pilots for all ranks. Finally, the CQL, Wluch

includes the optimal rank and chamnel estimate for that rank, is obtained from this

effe¢tive broadband piiot channel estimate and fed back to the access point, via a control

or signaling channel.
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transmitter systemin a multiple access ess conmuni
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stream [0094] Bits areﬁgur 0- encoded by encogler bl ock 606 and mapped to
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624, specifi Byirdl iGL 602 e then
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symbol s ofTRHE! i thegpesss peh 4 ﬁ@f&ﬁ?&n&g Yeights paydepermRdeeYding hich -
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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. |

[0097] In SISO encoder 604, turbo encoder 606 encodes the data stream, and in an
embodiment uses 1/5 encoding rate. It should be noted that other types of encoders and

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

[0098] Rate prediction block 602 processes the CQi information, including rank
information, which is received at the access point for each access terminal. The rank
information may be provided based upon broadband pilot symbols, hop based pilot
gymbols, or both. The rank information is utilized to determine the number of gpatial
layers to be transmitted by rate prédiction block 602. In an embodhneﬁt, the rate
prediction algorithm may use a 5-bitCQI feedback 622 approximately every 5
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comuni cation system according to one enbodinent is illustrated. In Fig. 7,
each ant edaepdeninat indeprggpnthoprocessesesaph sawise fisguansy of symBBPM badenBets for t he
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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
L a channel matrix for the forward link, block 802. The beam-construction may be
constructed as discussed with respect to Figs. SA and 5B. The beaxﬁ-construction
ﬁlatrix is then decomposed, block 804. The decomposition may be a OR
decomposition. The eigenvectors representing the beamforming weights can then be
generated for the symbols of the nexi hop region to be transmitted to the access
terminal, block 806.
[00102] Referring to Fig. 9, a flow chart of generating beamforming weights according
| to another embodiment is illustrated. Channel estimate information provided from the
access terminal is read from a memory or buffer, block 900. The chinnel estimate
information may be stored in a buffer or may be processed in real time. The channel

estimate information is utilized to construct a beam-construction matrix for the forward : « .« ..



decoder“ﬂ%},‘m‘%?f’@h may be a turbo decoder or other de-cPC)Cé[é[%SZ?Oc?"Or(%Sagtggh t he
encoder used at the access point, thaé provi de a decoded data stream for
processing. [00101] Referring to Fig.“8, a flow chart of generating
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beam construction matrix for the forward |ink, block 1004. The beam
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and 5B.

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 céde, object code, or otherwise.

[00105] 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
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic

\ units designed to perform the functions described herein, or a combination thereof.
[00106] For a software implementation, the techniques described herein may be

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



The beanVOAYYPB¥Bi on matrix is then deconposed, bl ock PEGAE20061@8986
deconposition may be a QR deconposition. The eigenvectors representing the
beanf orm ng wei ghts can then be gener2ited for the synbols of the next hop
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be |nplenented by varlous means. For exanple, these techniques may be
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si gnal procesSsi devi ces , progra l ogrc devices (PL ), field
pr ogr ammalbk epglmddoauthea)embodﬁmvathcpn depming fpmdbeir spnt er s;:ope Thus, th
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i npl emented with nodules (p.& procedures, functions, and so on) that

per f or m t hilgsclaBe®@B@6IN099348 PCT/ US2006/ 008986 21 functions described herein.
Th@gsoftmare codes may be stored in nenory units and executed by
processors. The nenory unit maybe inplenented within the processor or
external to the processor, in which case it can be comunicatively coupl ed
to the processor via various nmeans as is known in the art. 1001071 The
previ ous description of the disclosed enbodinments is provided to enabl e any
person skilled in the art to nake or use the features, functions,
operations, and enbodi nents disclosed herein. Various nodifications to

t hese enbodi nents may be readily apparent to those skilled in the art, and
t he generic principles defined herein nmay be applied to other enbodi nments
W thout departing fromtheir spirit or scope. Thus, the present disclosure
is not intended to be [imted to the enbodi nents shown herein but is to be
accorded the w dest scope consistent with the principles and novel features
di scl osed herein. :



22 CLAIMS 1. Atransmtter for transmtting a signal to a subscriber
station through at least two transmt antennas, the transmtter conprising:
means for transmtting a first pilot signal through a first transmt
antenna; mnmeans for transmtting a second pilot signal through a second
transmt antenna; neans for receiving channel estimate information
corresponding to said first and seco 4 pil ot signals; nmeans for generating
del ays and weights based on said channel estimate information, the del ays

corresponding to a plurality of sj rpaths to the subscriber station, the
wei ghts corresponding to the firsté:ER = econd antennas and to the plurality

of signal paths; neans.for applying said delays apd ights.to data to
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substantially the sane ti he wei ghts caysi ng the. ant s to forma
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paths  sued; dihabthéer Rhmkdml obe of one beam pattern is placed nearly w thin
a null between two 23 | obes of another beam pattern; and transmtting the

sumed, del ayed and wei ghted data through the first and second transmt
antennas. 3. A conputer readable nmedia enbodying a method for transmtting a
signal to a

2. A method for transmitting a signal to a subscriber station through at least two

transmit antennas, the method comprising: transmitting a first pilot signal through a first
transmit antenna; transmitting a second pilot signal through a second transmit antenna;
receiving channel estimate information corresponding to said first and second pilot
signals; generating delays and weights based on said channel estimate information, the
delays corresponding to a plurality of signal paths to the subscriber station, the weighis
- corresponding to the first and second antennas and to the plurality of signal paths;
applying said delays and weights to data to produce delayed, weighted data; summing the
delayved, weighted data for the first and second antennas to transmit to the subscriber
station, the delays causing the data transmitted on the plurality of signal paths to artive at
the subscriber station at substantially the same time, the weights causing the antennas to
form a plurality of beam patterns with primary lobes along the plurality of signal paths

such that a primary lobe of one beam pattern is placed nearly within a null between two
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subscri ber station through at |least two transmt antennas, the nethod
conprising: - transmtting a first pilot signal through a first transmt
antenna; transmitting a second pilot signal through a second transmt
antenna; receiving channel estimate information corresponding to said first
and second pilot signals; generating.delays and weights based on said
channel estimate information, the deldys corresponding to a plurality of
signal paths to the subscriber station, the weights corresponding to the
first an n t 40 1 pl yi ng
sai d delg&%@gﬁﬂﬂ&g?%@ﬂg?%%g:a%gt%g&ﬂﬁuﬁ%g%%hg&?ay%ﬂah%QﬁgH?%%R%%?%? sunm ng
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t he subscriber station, the delays causing the data transmtted on the
plurality of signal paths to arrive at the subscriber station at
substantially the same time, the weights causing the antennas to forma
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for transmt |I"aye ata roug said transm t
antennas. 5. A renote station apparatus for receiving signals transmtted
fromat |east two

4. A base station apparatus comprising: at least first and second transmit antennas; a

first mixer corresponding to a first transmit antenna, for applying a first cover cbde toa

pilot signal to be transmitted through the first transmit antenna; a second mixer
corresponding to a second transmit antenna, for applying a second cover code to the pilot

signal to be transmitted through the second transmit antenna; receiver for receiving

channel estimate information corresponding to said first and second pilot signals for at

least two transmit paths per transmit antenna; a processor for generating delays and

weights based on said channel estimate information, the delays corresponding to a
plurality of signal paths to the subscriber station, the weights corresponding to the first

and second antennas and to the plurality of signal paths; means for applying said delays



transmt antennas and through at |least two transmt paths, the apparatus
conprising: neans for determning a plurality of paths of pilot signals
transmtted by the at least two transmt antennas; at |east four channel
estimtors, wherein each channel estimator mneasures channel information
corresponding to a signal received through a different conbination of one
of the at least two transmt antennas and one of the at least two transmt
pat hs wherein the signal transmtted through each of said at |east two

transm énd anighrnasdasoashotsdeedt Has edeighies Aiath; BrantGed: rBE th@bingel Als and
wei ght s; ch%nnel eshjna%e processor for %enerating channel estjmte
i nf or maf§BdpasEhicdriath iy thedstiraed ssrudmaennan fobarmib heewheoribey

transm {iki ' i d EOBL Q0 1y a. .Signals
tr anam {1 a0 TR o e an g ag B R RY of o e e o 2 by of
pat hs; tharsdbsrebersstdftion ad erhsthutisitsi thg sarthetimecii wedghdatasmipghabgefaom t he

| urali of pat.hs substantjally a sjingle sjgnal received through a
Ei ngl e f%]fnha plﬁrathty ofigeam patterns w1jth pr11¥1ary lol)esgalong th% p?uraflty ofl s\llgnal paths g
such that a primary lobe of one beam pattern is placed nearly within a null between two
lobes of another beam pattern; and a transmitter for transmitting the summed, delayed,

weighted data through said transmit antennas.

5. A remote station apparatus for receiving signals transmitted from at least two
transmit antennas and through at least two transmit paths, the apparatus comprising:
means for determining a plurality of paths of pilot signals transmitted by the at least two
fransmit antennas; at least four channel estimators, wherein each channel estimator
measures channel information corresponding to a signal received through a different
combination of one of the at least two transmit antennas and one of the at least two
transmit paths wherein the signal transmitted through each of said at least two transmit
antennas is adjusted based on said pre-correction delays and weights; channel estimate
processor for generating channel estimate information based on said measured channel
Jinformation; means for transmitting said channel information; means for receiving dafa
signals transmitted from the at least two transmit antennas through the plurality of paths;
and means for demodulating the received data signals from the plurality of paths as

substantially a single signal received through a single path.



