BEAMFORM NG OF CONTROL | NFORMATI ON I N A W RELESS
COVMUNI CATI ON SYSTEM [ 0001] The present application

W@ b@boe38ps i ority to provisional U S. Applicatipor/Bs200&073394
No. 60/956, 106, entitled "BEAMFORM NG FOR TDD I N LTE,"
filed August 15, 2007, assigned to the assignee hereof
and i ncorporated herein by reference. BACKGROUND I
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[0004] In a wireless communication system, a Node B may send traffic data and/or
control information on the downlink to a user equipment (UE). The control information
sent on the downlink may convey a downlink assignment, an uplink assignment, and/or
other information for the UE. The UE may also send traffic data and/or control
information on the uplink to the Node B. The control information sent on the uplink
may convey channel quality indicator (CQI) information, acknowledgement (ACK)
information for the traffic data sent on the downlink, and/or other information. The
control information sent on each link may be useful but represents overhead. It is
desirable to efficiently and reliably send control information in order to achieve good

performance.



comuni cati on system are described herein. In an

aspect, a transmtter (e.g., a Node B or a UE) may
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sending traffic data and control information. [0013]
FIG 7 shows an apparatus for sending traffic data and
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[0011] FIG. 5 shows a control channel structure with frequency division
multiplexing of beamformed and non-beamformed control information.

[0012] FIG. 6 shows a process for sending traffic data and control information.
[0013] FIG. 7 shows an apparatus for sending traffic data and control information.
[0014] FIG. 8 shows a process for receiving traffic data and control information.
[0015] FIG. 9 shows an apparatus for receiving traffic data and control information.

[0016] FIG. 10 shows a block diagram of a Node B and a UE.

DETAILED DESCRIPTION
[0017] The techniques described herein may be used for various wireless

communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and



CDMA system may i nplenent a radi o technol ogy such as
Uni versal Terrestrial Radio Access (UTRA), cdna2000,
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and/or a Node B subsystem servmg this coverage arca. In 3GPP2, the term “sector” can

refer to the smallest coverage area of a base station and/or a base station subsystem
serving this coverage arca. For clarity, 3GPP concept of cell is used in the description
below.

[0019] UEs 120 may be dispersed throughout the system, and each UE may be
stationary or mobile. A UE may also be referred to as a mobile station, a terminal, an
access terminal, a subscriber unit, a station, etc. A UE may be a cellular phone, a
personal digital assistant (PDA), a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, etc. A UE may communicate

with a Node B via the downlink and uplink. The downlink (or forward link) refers to
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control information (e.g., a scheduling assignment) on the PDCCH to the UE. The UE
may process the PDCCH to receive the scheduling assignment. The UE may then
process the PDSCH in accordance with the scheduling assignment to recover the traffic
data sent to the UE. The UE may generate ACK information based on decoding results
for the traffic data and may send the ACK information on an ACK channel. The ACK
and CQI channels may be part of the PUCCH. The Node B may resend the traffic data



for sending control information on the downlink.
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of data symbol streams (M) to send and to select the particular precoding matrix to use
for beamforming. Rank seclection may be performed based on (i) an estimate of the
wireless channel from the Node B to the UE and (ii) an estimate of the noise and
interference observed at the UE. The precoding matrix W may include M columns for
the M data symbol streams to be sent simultancously. If M =1, then the precoding
matrix includes one column and may be referred to as a precoding vector. The UE may
also determine CQI information indicative of the received signal quality of the M layers
based on the selected precoding matrix, the channel estimate, and the noise and
interference estimate. The UE may send the selected precoding matrix as well as the

CQI information for the M layers to the Node B. The Node B may process (e.g., encode
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performed as described in commopriy assigned U.S.
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[0028] In one design, the Node B may send one symbol stream of control
information (or one control symbol stream) regardless of the number of data symbol
streams being sent. The Node B may send this one control symbol stream using one
column of the precoding matrix W used for traffic data. The Node B may perform

beamforming for this control symbol stream, as follows:
y(k) =we(k) , Eq (2)

where c¢(k) is a control symbol to send on subcarrier £,
wis a T x1 precoding vector for control information, and

y(k)is a T x1 vector of output symbols for subcarrier .
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fﬂélérig%aq)%fbgm{ SFPik s%@cﬁ“@@uon. Beamforming for control information may

also be selectively performed based on other factors.

[0033] In yet another aspect, a control channel such as the PDCCH may be
partitioned to support both beamforming and no beamforming for control information.
The control channel may be partitioned in various manners to obtain a beamformed
section and a non-beamformed section. Control information may be sent with
beamforming in the beamformed section and without beamforming in the non-
beamformed section. Control information for a given UE may be sent in either the

beamformed or non-beamformed section depending on any of the factors described



downl i nk and single-carrier frequency division
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perinds A thsowgh 6.ourd thet Iegiﬁaséot iMpledes $ayen symbol Beﬂqﬁs 7 through 13.

FIG. 4 shows four resource blocks, with each resource block including 12 subcarriers in

7 symbol periods. The two top resource blocks include subcarriers Ay through 43, and
the two bottom resource blocks include subcarriers &, through 3. Each resource block
includes 84 resource elements. Each resource element corresponds to one subcarrier in
one symbol period and may be used to send one modulation symbol.

[0038] Some resource elements in symbol periods 0, 1 and 4 of the left slot and in
symbol periods 7, 8 and 11 of the right slot may be used to send pilot symbols. FIG. 4
shows a case in which the Node B transmits on four antennas. The pilot symbols for

antennas 0, 1, 2 and 3 are labeled as “Ant0”, “Ant1”, “Ant2” and “Ant3”, respectively.



antennas 0, 1, 2 and 3 are |abeled as "AntO', "Antl",

"Ant 2" and "Ant 3", respectively.As shown in FIG 4,
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ove for t he exa owmn In FIG 5,
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and the PD es .t

t he .l ef | ot
MU i FICE S S0t dBURD Gl SR SUGHCL A GHUE 0 it frequency
aneidd anlitifibahs (FDMY BE Db 4eRHERd SR8 WbnLtbaffemdd: sections for

t he non-beanforned section of the PDCCH covers 15
eutihrinfosmetion t Rrouepioutcg, clementk guseit\ for rilet symbofsagnd partition

%@grn{a%%h aIeh Shown in FIG. 5 and are described above for FIG. 4. In the example
shown in FIG. 5, the PDCCH occupies the first three symbol periods 0, 1 and 2 of the
left slot, and the PDSCH occupies the remaining 11 symbol periods 3 through 13 of the
left and right slots. In the FDM design shown in FIG. 5, the non-beamformed section of
the PDCCH covers 15 subcarriers ko through ks, ks, ko, k11, k12, k13, k15, k1 and kjo. The
beamformed section of the PDCCH covers 9 subcarriers k7, kio, k14, k16, k17 and kno
through k3. In general, for the FDM design, the beamformed and non-beamformed
sections cover different subcarriers, and each section may cover any number of

subcarriers.



beanf orned section of the PDCCH covers 9 subcarriers
fa, fao, ku, fa, fa h and fao through 23 In general,
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fe@é?éﬂirt%eas?ﬂ%{r%éa?nblg ht{san[r\ﬂﬁg QigRalTRY: PRI QLB I, s%ﬁ& Ghe reference
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Es%fn?artl{(e)rq,c &hannel quality estimation, signal strength measurement, etc. The Node B
may send traffic data in a resource block to a UE and may send a UE-specific reference
signal in the resource block. The Node B may send the UE-specific reference signal
with or without beamforming. The UE may use the UE-specific reference signal for
demodulation of the traffic data.

[0046] The system may utilize frequency division duplexing (FDD) or time division
duplexing (TDD). For FDD, the downlink and uplink may be allocated separate
frequency channels, and the channel response for the downlink may be uncorrelated

with the channel response for the uplink. For TDD, the downlink and uplink may share



signal in the resource block. The Node B may send the
UE-specific reference signal with or wthout
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signal for denodul ation of the tltaffic data. [0046]
The system may utilize frequency di vi si on dupl exi ng

r tinme division du in For FDD, the :
(RS e FREY iRk %ﬁla;ﬂwo Hithkabeee” g%%ya?%?traay be correlated with
{Heqﬂﬂﬁlggyanggg@%n% and the channel response for the

downl i nk may be uncorrelated with the channel response

fa9d 7} he fumrerqmldmgl:matrmmedtﬂoe bdawfdrinmmig enasl hﬁpdfrtﬂlminay in various

shar et he_sa chan el wnl i nk

BT PR BRR o TS T SRR ape AR  SHRHG] Fifponse and the
O ndi @SANERrfelcdOdFsedoR heeRdpagfidTRifEeccUs@fhl 5@ by a Node
beanform ng nay be determ ned in various manners. For

PDDThe W mireyy p&sgarmyr gk $l¢@tl%md|d¢r@r@m@n§hélnm@§pmf§tﬁta symbol
%gei%msl‘@/le)dt%mh& %5 he 'dgﬁnﬁﬂgaﬁd’]fh%r a‘%%rg%ggg @Qtn% to use based

I'c reference si

bl tidoweliflo cianhaln kstﬁnaite @hcﬂ G)llib aaﬂnkﬂlﬁi aoidt nad tlﬂterfeﬂm&e éstlrnate
of data synbol streams (M .to send on the downlink

The Warey senstirtcopraeqsting grafit indicates () paieEmatisn mﬁ@aﬂve of the
Qé'i’&‘i‘éd 15% &f@ﬁﬁ{nxeaﬁd' tﬁ@'fﬁ]k%d THeUE ldl%e‘ﬂ@fa%eeCQﬁ] ¢hformation

interference estinate UE may geneérat e’ precoding
mdiaqatixe ohtlik catcored (k) quahfyoforasdhoot thant¥l dad swrebcdfstt’edtms The UE

B S e L L Oy TR AR heiadars, dhe N e may encode and

hRaglaiet %lhﬁns%lm‘tﬁﬂ' Ahrehhs fb‘éﬁedeéﬁ AhOfre Gﬁdﬂ@d “@Qﬁtu@foﬁﬂm and may
streans. The UE may send t i nformati on

pofarhe bm%)rlegTﬁlr tod¥l Batmagynémk csmr@alahdaaﬁ@u ohathe mported PMI
qlﬁtaag’énbol streans based on the reported CQ
ti on and may perform beanformng for the M data

pl  Fot OB, DB yOFenkhie PRRAMY @QIRMorﬂnBﬁ&{ jfeche @4e manner
[ 0048] For TDD, a UE nayaﬁgener ate PM and
%@éfb& prshmpy, serdethe RIYH and rfelr infpgmpen rDDd\Iaﬁ@Brravt%@wely, the

e
LBl Sl LT SRSy gy o v O
mifgm@ltionn THBENUCM: |B1h1a§tm§t1ﬂﬁ§e ‘QlleSQ)hSE I’tﬂhaﬁ@l response and the uplink
' e the uplink

infornatio The e B may
BAisH AR l?té‘gﬁs b%ﬁg e @ﬁ}m Rg ﬁ%ﬁteéeé‘c%\ﬁ@nﬁweélF P¥r8pdEE. The

N%é@‘ia %ytdi‘s% S OMniig Je?sfl IR @ﬁlﬂﬂ@l:ha%ﬁ?lt eé%nafté‘%s laJEdownhnk
The Node"B may use a calibrate ersion of the up

dtaalnmled:stle@ta h}ataesuasng chlowm! ravkpradignweh E3D| rfﬁteerglfe B may also

ssum hann I eci ci.ty with TDD., Th

BT O LA me R R Tt o o [t pbging and erference
Qs%ﬁ‘n@a@e OBtale8 WPt Mo OBSAdARAhE @I fn@68NE8n @8EdivERL Bom the UE.
obt ai ned by the Node B and/or the CQ information
The Node B fmaynpethiermyUenk selection and determine the number of data symbol
streams (M) to send on the downlink and the particular precoding matrix to use based
on the downlink channel estimate and the downlink noise and interference estimate.
The Node B may also determine a modulation and coding scheme for each data symbol
stream based on the selected precoding matrix, the downlink channel estimate, and the
downlink noise and interference estimate. The Node B may encode and modulate M
data symbol streams based on the selected modulation and coding schemes and may

perform beamforming for the M data symbol streams based on the selected precoding

matrix.



The Node B may performrank sel ection and determ ne
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beamformed control information in a second segment of the resource block, e.g., as

shown in FIGS. 4 and 5. The first segment may be allocated to the first physical
channel, and the second segment may be allocated to the second physical channel. For
downlink transmission, the first physical channel may comprise the PDSCH, and the
second physical channel may comprise the PDCCH. For uplink transmission, the first
physical channel may comprise the PUSCH, and the second physical channel may
comprise the PUCCH.

[0053] In one design, the transmitter may send non-beamformed control information
in a first section of a resource block and may send the beamformed control information

in a second section of the resource block. The first and second sections may be time



a second physical channel (block 618). In one design,
the transmtter may send the beanforned traffic data

WO p009/023863t segnment of a resource bl ock and nmaRCEHESN08/073394
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In one design, the transmtter may send non- beanf or ned

wderagion inpgyogareitrise s Scheduling mssignyaentifonthsfiirgt YBs die Node B may

FJO%SS%S@% dn%%Xde ? djn{ola laFeﬁ aa'ﬁfdosreﬂg Qh {Dr%{f{c {1<até %%t{})@&a{r&%g with the

section o e resource

sohddsl@pomndighachi. 0Mac MeydchB rhayrpeliforins beannifmhmgpfoem;ﬂﬁc data and
and cover dlfferent synbol periods, e,
mrt'zo inforppation; fpe serond ddz Brgd oec sesord PF@&}OdéF%BlaHb} The Node B

g%gﬁ({]ﬁﬁé ﬂ@aﬁff&h{éﬁ ik 'dQ‘JaeP(S? qle?s%%)tﬁpwﬁro@fh%{fﬁ'ﬁ__ﬁnyswal channel

carrilers, .g., as shown in 005
aiui/\niay rskend nlzmbdfunsfsrmﬂfd corfiml tinfansatidnt & thayedvad dJBadethB second

t hat nds tr t infornmation to a .
PR aT SRRl 105 ERD &5 bOPh S uedh 8 Tk Ne Rt pfodine ratix from
iHRf AKBE a0 A8 r@&;m?:rﬂhé %e&)rﬁcﬁl%éﬁﬂ1ﬁg1&aﬁ§§ ﬁ%ﬁf‘ﬁ@tseé&fd UE. For
the first UE. The Node B may process encode and

DduIthe &odark nwenderiviaethe rpaﬁfCdegdaatam bas ovradfirst ecfene signal

ey PRt i By U AR Ry o AR Bt PRéeRRRE i pased on a

§Rbn@ réfeeandsikimlraseedofom € 6Eided AVEC qUk T stidr de¥ond reference
The Node B may send the beanfornmed traffic data for

pigeals ey by SOmdaRE teheHGesignalsiy spag ptheh Eierencoaignakay

RSl ¢ RS SR EH SR &l TR 780 s BRER Hara and
dadel Bnﬁmyiamgpm vemtehesspcromﬁduagloﬁ&ty@tem f rAgpipatang 700 &icludes a

and. ma elve e second p |ng matrix from
FIRGE S otante RIEOrcpea TBET pi ONG AR IR Hypaerer o 8 Rrpgoding matrix, a

H{o@ﬁl%d71qgto%fdr1¥l ﬁ@ﬁﬁgmg U%Q‘mf l:(grﬁfol rlﬁfo%ﬁﬁﬁlehésb@ Rl the precoding

received fromthe first derive the second
pm&ondmdgbmﬁmnn&ﬁbéa@ﬂimnddﬁéﬁéandmnbmememnﬁnsmqmaﬁﬁcdMaona

e ved fromthe secq The st nd
FEF EhiioL ShRhe e EPIE Wsunarighe b P fbingorgpation on
§9¢®ndb laﬂ@ﬁ@ﬁ@pce signals. [0055] FIG. 7 shoms a

desi gn of an apparatus 700 for sending traffic data

HW§6 L ontil6l. 8ishpws aelcbign of a peoogky Hl0efos raservingntraféic idata and control
m¥ormat1on'°i9 aa\)51?elelzjsss cggl%ulmqgalnlcjnq es?stern Process 800 may be performed by a

receiver, which may be a UE for downlink transmission or a Node B for uplink
transmission.

[0057] The receiver may receive beamformed traffic data sent on a first physical
channel based on a precoding matrix (block 812). The receiver may also receive
beamformed control information sent on a second physical channel based on the
precoding matrix used for traffic data (block 814). The receiver may receive the
beamformed traffic data sent on M layers based on M columns of the precoding matrix,

where M may be one or greater. The receiver may receive the beamformed control



nodul e 712 to perform beanform ng for traffic data

based on a precoding matrix, a nodule 714 to perform
whe@sbzassd ng for control information based on PEEUS2008/073394

precoding matri x used for the td4ffic data, a nodule

716 to send the beanforned traffic data on a first

si cal channel l e 718 to send t
E&éﬁ‘f%ﬁéﬂn (,%lnlm'%’l ﬁ?eé? E&eﬁ(ﬂq Whtogl i”(ﬂ*i%? ‘Hﬂﬁ% pregpding matrix.
¢hapnelver bA936deit @e RatifIWRdar 488 18R iRfa BrsPEQHRSE 0BAQesource

for receiving traffic data and control information in
blogk red ewy reamuthe dbatintmmsy soemol iPoonetsen B0Osavayd begment of the

gegé\‘;%?ig EE)d bihg ﬁfsg g?e%%e%% Pla%%l 89%&% g) th% gﬁltz'ﬁhyswal channel, and the

§dcons Rb&hé Mayl 002lbcaldietd Beeickedd P’Hysm‘a@%ﬁar\/@l The beamformed
beanforned traffic data sent on a st physica

eqidiohenfasaigien aneya apeebodimgy direision xmplsipérard gar2frequrmey  division
ﬁl%?tgﬂex% wqﬁyno%l e%n{fgﬁﬁédvc%nggﬁqﬁo%ggg 2 }esgurfe lock.

i'on sent on a secon sica anne ased on
(0S8 pr eclidi rogeivertnidyXpaufoeth (fGCEfctlblli &rfthe bébaﬁi@rlﬁbd osKrol information
814). The receiver may receive the beanfornmed traffjc

iacsovsE e eomtryl indgratadiop Sklaek §HOMIhsITarRheeT hayeesform detection for
feaRafirdieh ARt datdNiE ﬁC(MefTﬁﬁé Pere gtacqg)l&[(%qgfr Thd P&eiver may

recei ver may receive t beanf or ne trolinfornmation
pefdrmonicteptionn Bdsécayoer snibamsed moarupquacMcol (NMSBY, tdie-forcing

B GlKRe A S Gt ST PTG GG HsR B seqne other detction
RBAHAE € TR Qkei AR InfPYisd BELMEof ﬂﬁoﬁﬁﬁﬁl%r@é@erﬁﬁﬁg iRl resources

information in a second segnent of the resource bl ock.
Tyed thiserd thedpfban tatrapdioe tapiogent(ed., tdemoHelafe ansltdecode) the traffic
g sical channel, and the second segnent may be

‘ocated to the second physical channel. The

[owanf or G, SoBidW a idedigh itan CippRYusdOfRa-cédiiBy traffic data and
di vi si.on multiplexed or frequency division nmultiplexed

gonitiel ARRIIBEEAT BY AU 9%t GOFIMMHER ORISR | A\PRATES0PQL encludes a
?}ﬁ)ﬁﬁl‘é 91%?(9 ?e%]algy%%m%{so Ieéf ?I]r@fff@g tP ?ernft ?ﬁ g‘fﬂﬁt %gr&c?rbhfaﬁ)t{el based on

orned con OrnH (0] reC
& prdcoding inmdftox neadniodule G4 O@ keoSiki@)beafiiﬁ&nfeé eehtvelrinfa@ation sent on a

per f detection. for th beanforned tra data to
?e@%«f QE;SE Cb%lﬁpb%se@ &pé Bresesding papfrix ?ﬁ@{ é@?ﬁ/@ fatggg module
9% {o%gé?foﬁjﬁtd%&tcheﬂ f&qﬁsgeﬁﬂfom@d E%{{Hd%rrﬁﬁﬂﬁrts r&INEF the control
zero-f orci ng equa I zatl on,
mﬁmnmlsn,valdl ntedilerddide pednoe Idletatm@nfor dilne b@nnefonné"detrafﬁc data to

detectlon@ﬁech i que. The receiver may use the contro
TP i FiCd8%det er mi ne the resources used to send

10080} r affieGnatall® iaMIGSr 7 hid 9%%?8%&3)&@@ roceﬂ@fgogl@bt%tﬁcs devices,

and decode) the traffic data 1 G 9 shows a
bardivgre d¢viegs, afgstPaicssCogONEWs, fagical \ainggits, ragmpgesdaata, or any

conquatlon thereof.

[0061] FIG. 10 shows a block diagram of a design of a Node B 110 and a UE 120,
which may be one of the Node Bs and one of the UEs in FIG. 1. Node B 110 is
equipped with T antennas 1034a through 1034t, and UE 120 is equipped with R
antennas 1052a through 1052r, where T>1 and R>1.

[0062] At Node B 110, a transmit processor 1020 may receive traffic data for one or
more UEs from a data source 1012, process (e.g., encode and modulate) the traffic data
for each UE based on one or more modulation and coding schemes, and provide data

symbols for all UEs. Transmit processor 1020 may also generate control symbols for



control information in a wreless conmunication
system Apparatus 900 includes a nodule 912 to receive

whemahzasned traffic data sent on a first physiBei/US2008/073394

channel based on a precodi ng matlfi x, a nodule 914 to
recei ve beanforned control information sent on a

R PP ary o Tl o TABMF SreSe80t Q0FB RS her gencrate pilr
Arbiss! FQode0br Tpee RearhQr gBshigang Qlcellr!;‘i)chlﬂ@trbi@fbnEQ 51gnal UE-

recover the control inforndtion, and a nodul e
mff@r mfdenex sigonlsf ofc. t Hratesnfroocessbrt FOX0f maydamlilptl@c the data

SRS St eh B he B0 Bt BRI IS G ey PRes, A Mivio

fi@ké@é@{ ﬂ)%&ﬁdt}ﬁﬁéﬁforﬁﬂ RGOS & IRPOIL B rfibolb @&d €adlcontrol symbols
circuits, nenories, etc., or any conbi nati on t hereof.

faeeal] UE @scd on sHweeodingomaiei sqlcaige £en tit HEJQYIYP prpcegsor 1030

@%9 jorgwé% g" (g%qgl%tﬁsggﬁgi‘%&%ar# ECJP fﬂ&ﬁ%%éﬁ?@’i?@f) ilg)g'fa mgfgh 1032t.

Egeh ppédator 1032mantpesueasitslOdfa dyhtbolighcahD@4d., foan)FDM) to obtain
120 i s equipped with R antennas 10524 through 1052
herigutrsanpiC glignr Each mpdglgor 1832 rggedupher gndigon (c. &), convert to

Eﬂa%ks rﬁlt%r ﬁﬂ)‘ﬁ? Sd? &r]pcgqugﬁ?ﬁfs S&RAE s\éﬁlfier ﬁfefahlcanngteﬂetfa%ra downlink

one Or nore U ata source 12, proc
sieng. ,T dowoldiek sigolalsrdichd etodlatdre 1032af thraugtiat082f oy dedhansmitted
UE based Q e or ﬂg{e nndulaﬁlon and codlng schenes,

¥AG B ]cpg“?i’i Uy H3hLoPSF el UEs. Transmit

Pfﬂ@g}assqﬁ(t @EZQOWaIﬁ!ﬂ%ﬁs g@@@i &Hr6u I_:@pmfﬂlmeﬁy FROIVE the T downlink
orcontrol information for the UES. Transmit processor

gigeds rh‘t@;n Node Be]rl()g@né ﬁacthearpemxat l%g}mm profigie aorpeciyed signal to an

FBH 8RS ENGRT BRELmL o PR EkBPERL R ronciion .

ﬁ[t@{n shiblifyp de®esH R ert, LA n%l'ﬁ)ie)m&' I%bdﬂf@%lgﬂh@ tlglta@in samples and may
nbols the control and the ot synbol s,

élrtjler paacege dhy |Sb@ﬁle&t(6@e for, Q/FW)pf%@ g’é‘b spagbols.  Each

B&h cﬂfl{ﬂ)p W@%&?lde %(ﬁ:ﬁ\%@ a‘g Eba(?lld%eéaen\%gtclaﬁtrol symbols to a

control syrbo eac n a preco
N’HSOVMIMG] deteetdr 1060 tandt mbi-. prMﬂ@rm’e@\&dSpﬂm s’ly(ﬂﬁﬁ)lsrr&y a channel

rovide T output synbol streams to T ors
E ©52530% PGt g1 henndi progesser h%%urn&t/oqst%@zﬁw?a@o 5@2&311%1 from
Nbde BUt1BYS Iﬁﬁyf@)%aséd 5@%@1&&1\%&1 ifoP Sy rfbdtMind Qaf Pur t aﬂ&bwnhnk

out put sanple stream Each noddl at or 1032 may
clomdelt esm4te.tg. detmvé@@ td)@crad)rog%ﬂ |metyep¢rfannpldefejztlon on the

ORRFY AR ROk o R o CaTigt e s B o Ra rink channc
4037 bkt FrogicLORBb SRYnaRS, (WhRRS} E§t§ﬁ’até’§ &F A LeRMESed s Fgfrnbols
1034a throu h 1034t, respectively. [0063] At UE 120

énte@nwasprmwgq {07 hugty PO (regy, Aewedwleictdngd decode) the symbol
es%rnates, Erowde decoded traffic data to a data sink 1072, and provide decoded control

information to a controller/processor 1090.

[0064] UE 120 may estimate the downlink channel quality and generate control
information, which may comprise PMI information, CQI information, etc. The control
information, traffic data from a data source 1078, and one or more reference signals
(c.g., a sounding reference signal, a demodulation reference signal, etc.) may be
processed (e.g., encoded and modulated) by a transmit processor 1080, beamformed by
a MIMO processor 1082 (if applicable), and further processed by modulators 1054a

through 1054r to generate R uplink signals, which may be transmitted via antennas



signals from Node B 110, and each antenna 1052 may
provide a received signal to an associ ated denodul at or

W@ DEMIEB631054. Each denodul at or 1054 may condi BCEHS2008/073394

(e.g., filter, anplify, downconVert, and digitize) its
recei ved si gnal to obtain sanples and may further

@%@6@1 gg FrleAetEgéﬁ %e%@u&ﬁ%%@%%&%g{? %&thijﬁelzo may be

f&&%&/% Qﬁ%ﬁlaéymlasth h' €60 ViRd HRRELO bsjyaaﬁé&mters 1032a
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hirough b(%r%bol/’s chamnal pioaensed 1Qtomes mmmmghe uphelnnkdnnel from UE

Kép" 3535k R 3T 55k Bt i Ko SISh prTae Lo Selenput
R-sud ﬁﬂ%SIMOEEMQMI(ﬁ etdctdO NI 6. NP ERBRNBB6 @8ty paF&NL Bctection
det ect or tector 1060 may perform detection on

bared r @t dhe, aigrlinla t Aasyakiestimagn and Heoyide eiyud! cshimpisp. A receive
élbr()g%s%éfé rFﬁ%f 19 c%srs] h dsgr\é\f’%o\lkﬁ%{tgﬁﬂ gFovuf S&ec gde%%ﬁ? ﬁaéta to a data

tinRnHED] m&d p&Wrdmki&odéd roeﬁ&blvmfmmleﬁstora tomebl@yprocessor 1040.
Erocess . 0., .denodul at e and decode) the synbol

gl@tir%ar/a,@gocebﬁ%\l/?‘b%maé coRiEd derarniaisaian o LE W0daped @1 tk control

kqg&atéﬁ‘ijeo@[x%&'fﬂ)%l@%c ed control information to a
contro]] [ processor 90. [0064] UE 120 may estinmate

{9651 ow(tonﬂxiolleﬂsﬁmmlssaqy 31041(1 yndini 9@ eragr diteet dendpendtion at Node B

1T SHR 0 et CoB e RGD PrasESP DD § P e B perform
galiRedt TR0 B0 & FRUT € Forl Gt traRBHisQBE Iﬁ‘(’)cé@ 1880 for data reception,
reference signals (e.g., a sounding reference signal,

anddemetter processey ©F élnee‘ﬁ:@bmgueg;mscrﬂ@[dche)rema)l\/[@@ones 1042 and 1092

B BCIEEafhes Gud po@lr SRR 300 N REN NS L 0 088 ety A

§dhbd@ppl 0e@hA) sel@d dUE urdohedd/ e @ﬁl@ﬁm Ry dwps whaab@isSion on the
1054a through 1054r to generate R uplink signals,

dowelinknayd/pe uphinkdised €8 W aconfrpk iMaEIUEPa IeRivst giom the UEs.
e e T T

puhodeisé &dsby denodul ators 1032a through 1032t. A

channel roce saor .1044 may estimate the u I i nk channel
gl U SNt i Ui a1 5 ouR Iy D daTosaLig pifksignals may

t i NG | t Rt
SIS £ 5,00 o ST g o

chetngde,i duta, baﬁanttlolms tchmmapds, nikfamanos | sigsds, etk esyamls, and chips
i mat A receive processor

d t
B cube of HErSonisn) hEvERik D T EBrRLUbdU OF depieacated by
Oattet, Quirehtal @leectfdﬁlfa ﬁ@t@wa@é@dnﬁgﬁ’éﬂcdﬁelﬁiﬁgpﬁa?ﬁclgﬁ Rptiedl fields or

information to a cont roll er/processor 1040
p};’ﬁt:llealqr@ny p@r@b@sts@rthm@ﬁ may control dat a

tdb%Zf et O léllHV\élaug @Iatﬁ%gap%g%:tla € n[fle various illustrative logical
blocks, modules, 01rcu1ts, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and

design constraints imposed on the overall system. Skilled artisans may implement the

described functionality in varying ways for each particular application, but such



[ 0065] Controllers/processors 1040 and 1090 may direct
the operation at Node B 110 and UE 120, respectively.

wW@0wdsber s/ processors 1040 and 1090 may eachP@BEUS908$073394

or direct process 600 in FIG 61for data transm ssion
process 800 for data reception, and/or other processes

for the techni.ques described .herein. Menories 1042 an

ORI ORI IQl 3?%38%& shoid ng} 3@ TR TGRS de (T from the
e UEhLAeschEefiRgGhikyel y. A schedul er 1046 may sel ect

UE 120 and/or other UEs for data transmi ssion on the
H96B8) i nklendiroms ulbhdtrakive degehl dodkse modnles.oénd circuits described in
i nf or mat i received fromthe UEs, Schedul er.1046 may
LR R SN S e T S A i <R QP e general-
pihBseiob&Rort, @ dibial sehRd Bt REssHESDSPPARGIpTTERRA Phcific integrated
skill 1n the art would understand that information and

sirgifal/SIya eldr rperaswrabial suisiangy ARYGOD oa ofher insegrammable logic
géxfiée?r gigér %ee %Ft%ohro gt'ra%%isﬁ)'i]dl ! ?c? .hﬁlil Jues Enatlfi%raree.xc%ﬂg):oﬁents, or any
ata, | ns?r u 1 ONs, corrmané)§, | nfsor mati1 on, signals,

borhSinatsonthetedf dasignahtppertdrat thdafunbionsedeseivdeltbrein. A general-
t hroughout the above description may be represented by
DYPPSSGUecesERIRBHPS2 MiFTERIOF el Rt INdhqakcaaativigglhs Processor may be
d , . 0

S oA Pk ErBE RPN GBI RS SPRfe i iiac;Ph prosessor
fnay talsebe appleewhttias hrambitaion af couputidg destaeatd.g/ga combination of
| o b%al | ocks, nodul es, circuﬂts,fand aI?orithn1steps
8eDSFi BBE Pn TESHORERETER i tHURHE fifs NEORFECHOFei ANfrayf more
Bcrbpiol &IBR R Borfn Glbf WHfONDSP RBFA¥RLIE: otEQTMER Ednfiguration.
software, or combinations of both. To clearly ' '
[A068kt r alihe sthps of e enathedh ge addpdrithin deschibediviar eonapgiion with the

of t war various illustrative conponents, Rl ocks
ARHRHEE Rerelfon BE bRl b inARRERR h 3 el Bt Radug gxccuted
BeRgiratdsyorl Br i€ b MBNninatiBeidf the!medi onAl doftwardMRthIRMmay reside in
such functignality is inplenmented as hardware or

RoM wpgreorsie fariuiciopn RAM pamors uiRikOdbpicmosy.i BRPRAY memory,
%@%‘tﬁgg él%gd;?ilglg 3 ﬂahl%véﬂ’[? 8H%Fga rrglr?fﬁ?ﬁ[é %\é gﬁ?#)éhﬁfé%)%edpstorage medium

sans na est
knoved inothalairtt yAh exstaplyiyngoragy sacddarm eacduppartbitieip@icessor such that
appl i cation, but. suchi npl ementation decisions should i
HStProResIocan Fradiilprmatihiiemy g wikinfermagon fQythe sigrage medium.

REQRSGBnati e RS 9[61%%5 nfHdREh PSR inEeggaQ %}é %h o o¥&EdrOUfhe processor

I1lTustrative logic bl ocks, “nodul Ircuits
arek tha erhgt Mmebumemty oesidd tith ah &SI s dlhosABE. meayeienidesiy a user

e i nplenented or perforned wth ener al pur pose .
BroEEsdp s Hiegieskr. Gegrarepotel B Spps) el may reside as
ARBkicCRhi AP AL fdct tdrmiRYrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other

B30t anfabpes |@gimorelesxicowlaryli desiamse thaatfengrons r dessiibedormay be
{n%%ier%emg(ii S 'a:lredwra]l?er,d\s/\(’)%{v(vearg,o rrcr)lr\}veapet,SOr oaquaggmbination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can comprises RAM, ROM, EEPROM, CD-ROM or other optical disk storage,

magnetic disk storage or other magnetic storage devices, or any other medium that can



conbi nation thereof designed to performthe functions

descri bed herein. A general purpose processor may be a
worR@omsetessor, but in the alternative, the pPOLESH08/073394

may be any conventional processdB, controller,

m crocontroller, or state machi ne. A processor may

h SR8 oD o T G ner ot ot o o b huctions or dat

SHRRS AEEERPLan Be REAERUIHyYa EndMIHuPRIse TR IFQ A pulitRe omputer,
NDre M Croprocessors in conjtnction wth a DSP core,

or a geycral-pepoguchsiponi-pgpost pureesspO0Gd§o, Hng @nagsionfis groperly

t hod or al gori.t.hm descriped in co ction with the
ey e Thea TR SR cRicar BuRar Bep G anh s toriited fiom o
hapgas@ver Br 8thsOfchnyié Sourbsidife @%86xhieshbRY fider optic cable, twisted
processor, or in a conbination of the two. A software

et itk BeTdine] (D SRATE ey teslingbteiaseiveh 9 IGRAC, radio, and
) : P ' : :
AR, iV RIS, . BT il 5S4 i Piidgpintess

sthicgdcsmactihuay ke, ralid, edamicroviveeareipdladed Bit Oeagéinition of

medi um is coupled to the processor such that the . .
preeEs dyrk arthdsears UsAd BFTTHY iRmMuGe SRMPAH N (G1Y), laser disc, optical
o . I _ . .
SRR Ol o SRS TREAT e BR-F e aphesy dpf, vl
pposiess odata Thhegymtioelds s ehilandisthereptodne elatee diptialigpywith lasers.

eside.in a SIC. The | C may.reside in a, user
CERMmAPTS Ph theboe douls £ b, 5 i pied 6B thi ngoRsel computer-
shas9seardi um may reside as discrete conponents in a
user termnal. [0070] In one or nore exenplary
H9Si hns, ThehweYiguc désonptiaiesicihi skestlasase b erovigddeipesnablg dny person

AR e o % R Rt TR B PO RER B R s gpetonure

kel st eeRulyQipperent (RS bitiBEd @V e &8 MAEhOgeA@iEprinciples defined
i nstructions or code on a conputer-readabl e nedi um

ypiuney be appliag te ot variptinsumisous deppriegiomethe $pisit o scope of
PRA GNP PARL B ALUBRELS ASUE IR BNCTRE M hamples and
oereppl deseritied lagroinhiarn . is Ao Heodcagelcdrabt avidey sbepeacynsistent with the
avai l abl e nedia that, can accessed by a genera
B‘iﬁ’?%%‘%%a@rn%VﬁLgﬁ‘é‘Fe wz%%‘g%%rﬁaut er. By way of

exanpl e, and not limtation, such conputer-readabl e

medi a can conpri se RAM ROM EEPROV] CD- ROM or ot her

f9TREal WilsXT 3% 62 M ERd$net i ¢ di sk st orage or ot her
magneti c storage devices, or any other nedi umthat

canbe used to carry or store desired program code

means in the formof instructions or data structures

and that can be accessed by a general - purpose or
speci al - pur pose conputer, or a general -purpose or
speci al - pur pose processor. Al so, any connection is

properly termed a conputer-readabl e nmedium For

exanple, if the software is transmtted froma



website, server, or other renote source using a

coaxi al cable, fiber optic cable, twi sted pair,
wale@ovadsesubscri ber line (DSL), or wireless  PCT/US2008/073394

t echnol ogi es such as infrared, d&di o, and m crowave,

then the coaxial cable, fiber optic cable, tw sted

pair, DSL, or wreless tecgﬂﬁgﬁg'es such as infrared,

radi o, and m crowave are i in the definition of

medi um Di sk and disc, as used herein, includes

conpact disc (CD), laser disc, optical disc, digital

versalil e dimcthpdwb)sendihgpraffidilatk aaddobtrol- mbyrndiige in a wircless

where di sks usual |y reproduce data magnetically, while

O R Y GUPRTIRET cal Ty wi th | asers.

Conbi p@taraingy Bdantfbeniabvaraodh badeineplobsditdedirix;

wi thin the scope of conputerreadable nedia. [0071] The

pr evi Baréoraergbiaptfpaping ffor deatrel inEqrawtipr bassd opdhg preepdieg matrix;

enabl ' in,.the . i

the dr SaIRFaRRRILd s ity AShahRicTFfuR: HRP

di scl esudirg the beandfermedebntiyyl Bfpaiatioh oha scb@siephskichll dbannel.

in the art, and the generic principles defined herein

may be applied to other variations wthout departing

fromshe spiLi f discl e T

i sol Sour o 1S "ieufd SE SR LEe, R rREYFine TRdohlf for the

exfinpdags canpriste pedosnide deamfogohitpebasied obutl doduries dfethe precoding

accorded%ihe vvifﬁe t scggf consistent with the

PrirRcesrrb s daiiodal op Ml tayFiesWars i sl Berei®: [ 0072]

WHAT IS CLAIMED | S: CLAIMS 1. A nethod of sending

traffic data and control infornmation in a wreless

conmudi cat The nwylsadend cloonph,ivhaten themkedorming beamforming for the

be ormng.for traffic data hased on a.precaodin

R PR forh b abr S hn R GToBURE PRI G sPrsplugy of the

pRsedn® hatriietope R Qi ogtraEih formatiseadbmnglat-ére beant or med

traffic data on a first physical channel; and sending

t he beanforned control information on a second

physi gal c t of . ¢l aj . in.

Phopart or Mg s ifin 2 MR b o5} Blding MEhRhing for the

canfl iisfeemgainf @niprisgs padorimngrbeanfoaatg @Redvbe abuo™s cofumns of

the precoding matrix to send the traffic data on M

theypascodingrpatEx i peddhgcqpirol mdgrnation on upia MyRd of

claim2, wherein the perforning beanform ng for the

control information conprises performng beanform ng

based5on ofke pwethedwf ofairn Hefypthec canmrgsimat ri x to send

th trol i ti I . .4. Th th f
cl i B BB PR BE P PTG Jf i G FORIOpRY & resource
block, and

wherein the sending the beamformed control information comprises sending the

beamformed control information in a second section of the resource block.

6. The method of claim 5, wherein the first and second sections of the

resource block are time division multiplexed and cover different symbol periods.

7. The method of claim 5, wherein the first and second sections of the

resource block are frequency division multiplexed and cover different subcarriers.



control information conprises performng beanform ng

based on up to M colums of the precoding matrix to
w@200d/0238e3 control information on up to M| ayerBCT/BS20081€73394

met hod of claim 1, further conmpifsing: sending

non- beanf ornmed control information in a first section

of a esou e bl ock,

ei.n the ng the
beant br red T ESREHSN of aémnlat“ﬁl?FF“% Hiepren gt d%f‘eﬁf‘oﬁrfﬁ@ﬂ?%trafﬁc data

D&GapH RS REi£P ﬂferl%lanif&frﬂérdr@éfﬁ@ RlataNind RS SR Tria0Rs@lrce block,
the resource block. 6. The nethod of claimb5, wherein

thiedfirkf segmeahbblsg elbordtedleottho Asst phyti¢ed Chmu rand viticogik the sending

e ti di is ti exed and cov
Blse BT onB01 THokRud SaniiSer Stlind i hShiforysd contro
foiféredation dinseﬁ GO SREHIAN ST Ghe 1 &lBUFBSHIBEIC eth@' se€dndal&ment being
frequency division nultiplexed and cover different

aligreted o Bresegondmwsisgltdheanadf claim 1, wherein the

sending the beanforned traffic data conprises sendi ng

the beanforned traffic data in a first segnent of a
resoupce bTh¢netiddeficldimt 1, segaEnthdweaffig datal ﬂ&aioﬁdol @formation,
the first physical channel and wherein the_sendi

#1k thse aFRcRdiRG dM&lEt #1681 TOF rif GFshertseD RIEBRSPE SEE).sA oﬁﬂﬁ@od further

EQﬁ]ﬁﬁﬂ?for”Ed control information in a second segnent
0 ? esource bl ock, the second segnent being

al | ocptréuinting bben Hemorgdiop Hyastic dhtacfoarangicon® UETbased on a second
methaod of claim1l, wherein the traffic data, the
RSAOYBE MfP%r mat i on, and the precoding matrix are for

afir ﬁérf&ﬁﬁﬁ BN BARRE (6 ¥Bhirof MeorRliBR forfthE §8Ad UE based on the
conprisin peHormngkmaMormngfortraﬁlchta

fagondiprse n@ﬂ@&vbased on a second precoding matri x;

e X, RESYRIONRD L0BThB T geAEL A0 b

siemdeingnd he beanforned traffic data for t he second UE
on the fijrst physi cal channel; and sendi ng the
beant ﬁﬁnﬁm hehermformed sppsel Bformeton fier beserrRdUEEgm the second
@%% gg phyS|caI channel . 10. The nethod of claim
1Gr er conpr|S|ng receiving the precoding nmatrix

fron1the first UE; and receiving the second precoding

ix f h
matri )1(0. ' OIHKt: m%th%?ic%glcgur}lj 9, further comprising:

receiving the precoding matrix from the first UE; and

receiving the second precoding matrix from the second UE.

11. The method of claim 9, further comprising:

deriving the precoding matrix based on a first reference signal received from the
first UE; and

deriving the second precoding matrix based on a second reference signal

received from the second UE.

12. The method of claim 1, wherein the control information comprises a
scheduling assignment for a user equipment (UE), and wherein the traffic data is sent in

accordance with the scheduling assignment.



11. The nmethod of claim9, further conprising:
deriving the precoding matri x based on a first

WO 2G08/02386E si gnal received fromthe first UE, REEUS2008/073394
deriving the second precoding médiri x based on a second
reference signal received fromthe second UE 12. The
met ho a|n1 rein e co | infor
conpr ?%es Xhe etviini &E 754 gﬂ Hﬁeot?mapl@éﬂé%%nsmpﬂses
MEloal 3 nihRT Glaktdt BﬁantnElaf(lf’IDSCﬁ?t(ﬁf h SpisRIRhI 'uBhnk shared channel
accordance wth the scheduling assignnent. 13
I $0d), oindcihéminl thewiveorl physhel fohamtel whmns%l a cpthlamail downlink

PR SRy e R fie ERATAl R AR BOBKITPUERED

wherei n the second physical channel conprises a
physi cal downlink control channel (PDCCH) or a
physi ¢4l uﬁﬁluamar@tblﬁf@rdw@lhﬁmmmmmw COMAISINgH

appar gtt 145t 085 %ce?so? §(§n orrg%eglglr%mbréngﬁ%afﬁé data based

| east one essor COﬂ gure o0 per

bon ﬁréc&fdﬁﬂngd&IXa td psEon® Heam for@aedion gonmdlr infornfation based on the
erforn1beanforn1nﬁ for control informtion based
&%

PW@OCB%&@&%@O wdring beamformetiraife dBwarblireph st ¢lia@nel, and to
iy OBcan b cAf¥PinfdnaBBABR ElscciPhl S @%ﬂgn&ebe
contr

or me ornatlon on a physi cal
channel . 15. The apparatus of claim 14, wherein the at

| east ocessor is.con r to perfaor .
boant bom noMOAEHIBR B COGIL. SYIee B efoligoRRpPsEsor s
EhRgRd fohgerfdirafl Bdatnfohite Vasdd bRWEBluniesethMpr&ofMg matrix to
or greater and to perform beanform ng based on one

soiduthe aﬁfﬂChéatprelcd\dl tﬁgelrsatwhexe tM sende tdregusatet,r and to perform

mati on on one | a aratus. of clajm
e Pl St P e 1 o BrsBBARE Aol GRLARe contro
hﬂmﬁﬁmdnﬁﬁ@néﬁgﬁforned control information in a first
section of a resource block, and to send the

beanf or med contr ol |nfornat|on in a second section of

the r $60UN ¥fic b?{pgg]{éwgt BF cfleJtuﬁlStMa%e?e%? Qtﬂg tGFeta]E OBﬁe (Hrocessor is

the resource b di vi'sion nu
Eorgpuesacty send nsm-bmmﬁmk@ecp textad 1nﬂﬂmat'lame1naapﬁﬁt @dctlSn Of a resource
claim 14, wherein the at | east on processor is

blodki gt by send denbrande ROk ERIOMARGY i datcsonc, sgetion of the
fés{)l?é:e SRINEML Mt zﬂldrs%fi&iﬂ' &%tl@ﬁso&ﬂ(théqgsoh&estﬁg& bd1k, % tlrne division

ormed’ cont r ol ormation In a second segnen
théinlesdwr treqidnog Kjvisibe muitrd¢xedegment  bei ng aIIocated
to the first physical channel, and the second

17. The apparatus of claim 14, wherein the at least one processor is
configured to send the beamformed traffic data in a first segment of a resource block
and to send the beamformed control information in a second segment of the resource

block, the first segment being allocated to the first physical channel, and the second

segment being allocated to the second physical channel.

18.  An apparatus for wireless communication, comprising:

means for performing beamforming for traffic data based on a precoding matrix;

means for performing beamforming for control information based on the
precoding matrix;

means for sending the beamformed traffic data on a first physical channel; and



segnent being allocated to the second physica
channel . 18. An apparatus for w rel ess comruni cati on,

W@ 9posshg: nmeans for perform ng beanform ng POF/US2008/073394
traffic data based on a precodi @g matri x; neans for
perform ng beanform ng for control information based

on the precodi ng matri x; ans for sending the .
beant BRI SSINE (ba Al EOS iCPgﬁrolpw?@rf@ P Ofathgqond physical
angipgans for sending the beanformed control

I nformati on on a second physical channel. 19. The

apparatus of claim 18, wherein the neans for

for pi nf orm ng_for .th fi. | .
reans For 6% 1OFANG Blakkbnify GRS Rt WPESRIvG Trormine

b&en BF BB o eheBd it XataOc@tthed RRzahy ﬁfrgje@foﬁﬁﬁ% AM¥brming based
| ayers, where Mis one or greater, and wherein the

fie vh solns 9é thicarpsasiin omarxdemerd thedraffip date ent¥dpyers, where M is
| nf t.ion ri n r [ ' ofm

DAL B TGO THELIP Sy FRIR, SR L I AFTLZE 9 convo
infi@nedioh lcomptipdsaneamk ifomnp@forang baygormidQ badddeon one column of the
apparatus of claim 18, further conprisjing: neans for
RSRRAIAY MIBH 1954 BrerpeBtrRld A BRtOTHEHPRERYEN in a first
section of a resource block, and wherein the neans for
sendi ng the beanformed control information conprises
neans2f.or $haarmptthel deants fuddr camprighg:i nf or mat i on

in a seconggsec.ion of the re ourcg»block the f

: %rst :
and sBEHNIE SERYIBh OB R MES SOPER! Bf@ERtipRIHg Hrifeection of a

syl BN WA BXR Gh OmeilsaBH &M@ eGhY b8drfdrmed control information
mul ti pl exed. 21. The apparatus of claim 18, wherein

torepirsa msafpior sensdigidrc bhamfoemad cpnteal nforrhdtion idatsacond section of

onpri ses ns far  sendin he beanf.ormed traffic . .
R BRORES ofRRE I Bl “ssihd PEdis @ b ki ur e, blofk bjng time
gegn@mniuliplared of fregahed divisish@uftipleakd physi cal  channel ,
and wherein the neans for sending the beanforned

control information conprises neans for sending the

beant gy ned n {.nf or | Ofg i cand .
t he rggourgggb%%gtfstﬁg gg%%n ’SEG%g%f1%giH%§ailo%§%éﬁng the
banifoanakaafiid dabysom@ises heamefor s@dlinAthedrsanif@meadrtegfiaduta in a

roduct, cqnpri sing: conput er - r eadabl e._nedi um i
E&%ﬁ?gr%qnﬁ Q?aémrqeg%b@%a%q G5t sqenpegh being ﬁ@oeaé@ﬁ;tﬂ the firgy physical

H%E&f MR eRRE R nfcQhs tf&agéﬂd?ngd A LPARRIMON Bntrol information
precoding matrix,

comprises means for sending the beamformed control information in a second segment
of the resource block, the second segment being allocated to the second physical

channel.

22. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to perform beamforming for
traffic data based on a precoding matrix,
code for causing the at least one computer to perform beamforming for
control information based on the precoding matrix,
code for causing the at least one computer to send the beamformed traffic

data on a first physical channel, and



code for causing the at |east one conputer to perform
beanform ng for control information based on the
w@e@eoehisny matri x, code for causing the at | eaBCT/UR08/073394
conputer to send the beanforned28raffic data on a
first physical channel, andcode for causing the at
| east one cqu ter to sEnd t.he beanforned contro
n

i nf or mat i ofP PO& QURIBR DY dPASLIONE HegRHufer to3send fﬁettr?aalfomed

Sdntfof FEbMh D tohdf debsnddHyRicaNdhaf@dt rol information in a
Wi rel ess communi cation sSystem conprising: receiving

beanforned traffic data sent on a first physica

chann based on,a.precodi i X;, receivin . }

oot e moaranrfpa e R fan, el fid {RReL tyption in a wircless

Bt sRAL Rel, chapasn@n the precoding matrix;

perform ng detection for the beanfornmed contro

i nf or regeivie basmfemesdetrafifigedagopant oin 3 RFSmissicdrchagpg] based on a
I ' .detection for the beanforned traffic data

&%Cégégvegl’he traffic data. 24. The method of claim

23, whetieing bhaenfore®i vomel tihlringwor ednted 4 sedoht phgaical channel
conprises receiving the beanfornmed traffic data sent

@ﬁeﬁpnﬂéd@faﬁﬁ%%mgy@ﬁ based on at |east one colum of

the p%&‘?@ﬂ"iﬁ% dBRLHd f?ta@lg WRGHFEIL ! B&htfof GRfo¥h o tt‘t?r?]covelr the
beanformed control I nformation conprises recelving the
bewrl orfomchtioondrdol | nf ormati on sent on one | ayer based

on one colum of th ecodi trix., 25. The t ho
of ol BATANE (HiestoR orR DEUBI B T gHf3 girocover the 198fic data

information is sent in a first section of a resource

bl ock, and wherein the beanformed control information
i s sedt i nThe sethmddofsdeint 83, wherehethe aseuvive tisl besiknforred traffic

first and second sections being.ti di.vi si on

fhi P RPHScedGsTVIPg His mfotamediodPtin A4t port g &l it opg lavp fased on

HEEA0 dnOtolahal NtESprevbiEfieatri)and @Geicw thg rkdteving the beamformed

beanfornmed traffic data conprises receiving the )

predrel onfeEmatiqnasgmprisgarecciving thq bepmfoupes genteyl ipformation sent on
' (ng allocated to

?ﬁiﬁyéﬁg?&£ﬁ§§Fﬁgﬁﬁgégﬁ%%@%ggﬁﬁg&ﬁﬁﬁgin t he receiving

t he beanformed control information conprises receiving

the b anforggd coaﬁro|.infor tion in a_second seg

t . .
of thé>resdl? BEMOIGEKIaiIM e WREEHH WehsitEme s Gegirol information is
&k agal st Qedibg §f|e GORGLIRPLY BisR! phaRR&kin e bénformed control

appar atus for wreless communi cat on, conpri sing:
information is sent in a second section of the resource block, the first and second

sections being time division multiplexed or frequency division multiplexed.

26. The method of claim 23, wherein the receiving the beamformed traffic
data comprises receiving the beamformed traffic data in a first segment of a resource
block, the first segment being allocated to the first physical channel, and wherein the
receiving the beamformed control information comprises receiving the beamformed
control information in a second segment of the resource block, the second segment

being allocated to the second physical channel.

27.  An apparatus for wireless communication, comprising:
at least one processor configured to receive beamformed traffic data sent on a

first physical channel based on a precoding matrix, to receive beamformed control



at | east one processor configured to receive
beanforned traffic data sent on a first physica
w@ebannzdsehased on a precoding matrix, to recei RE/US2008/073394

beanf or med controlinformation séht on a second

physi cal channel based on the precoding matrix, to

rformdetection for, the. beanforped contr ol . .

[nfersatiah AL 08 # SEeRAdr PRASALSHERSH BasKo PRettr decosing g, o
9&?&9{ At SEHOMd BEarhREmPE aThRbMEtolhaldn fo d8lRet Qhe control
recover the traffic data. 28. The apparatus of claim
formiieneamd tchperéarm detstticonr pho bewsliormed traffnf dlgartedecover the
ﬁqgr%ﬁg%ve the beanforned traffic data sent on at

g25t“%hne | ayer based on at |east one colum of the
precoding matrix, and to receive the beanforned

control information sent on one | ayer based on one

col und8.of The appaebai Al chamr 2%, wigreimHae afplepst gae grocessor is
&knfﬂ r{'l]ret%?tb rg\é]e? [ Eihl bggrﬂfo%%g‘ftrgrﬁgs (ﬁjatg g&ltt roglat %%‘;to(&{g%' eg%ased on at
FS &Nt Phoa Yirst section of a fesourcé blrock, an

Ihaar @i colnmmberifco preeddiagnhiteik, bnd as magdian thes bedimfortnéd control
a second section of the resource blaock, the first, and
HEHHHOB 834tiog 8C IsichBaserl R o8F olemaPTiRg prepRdinematsix.
frequency division nultiplexed. 30. The apparatus of

claim 27, wherein the at | east one processor is

conf i gur edThoappacaiyvel déien Bk avtfeorimedn-beahformed edrdaradl mfarmation

first .segpent of a resource ock and.to.receive the
et O eIt SREHOBI OF AFGIHEALS bloeknad! SOEBHY T hinpriard contro
IR&mT89R U5 GBnt |10 § Ksecdri sdckib LofSBE MBurRe b ROk Ahk0fat @8d second
to the first physical channel, and the second segment

prstiags dingdar division thiéidewdred fighyericy alivigpamudiiplexed.

30. The apparatus of claim 27, wherein the at least one processor is
configured to receive the beamformed traffic data in a first segment of a resource block
and to receive the beamformed control information in a second segment of the resource
block, the first segment being allocated to the first physical channel, and the second

segment being allocated to the second physical channel.



