BEAMFORM NG OF CONTROL | NFORVATION IN A W RELESS COVMUNI CATI ON SYSTEM
[ 0001] The present application clainms priority to provisional U S.
Application Serial No. 60/956,106, entitled "BEAMFORM NG FOR TDD I N
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i ncorporated herein by reference. BACK DI. Field [0002] The
present disclosure relates generally to conmmuni cation, and nore
specifically to techniques for sending control information in a
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may send traffic data and/or contrgl j fon on the downlink to a
user equi pnent (UE). The control iﬁ#&%&@gbgﬁhéent on the downlink may
convey a dowynli nigaagsi gnment, an uplink assignnent, and/or ot her

information for the UE. The UE may also send traffic data and/or
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dat a sent omydttre. downl i nk, and/or other information. The control
informati on sent on each |link may be useful but represents overhead.
It is desirable to efficiently and reliably send control information

in order toygchi gyedig@sy performance.

10003] Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carriecr FDMA (SC-
FDMA) systems.

[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.
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beamformed traffic data and the beamformed control information using time division

multiplexing (TDM) or frequency division multiplexing (FDM).
[06006] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[06007] FIG. | shows a wireless communication system.
[0008] FIG. 2 shows example transmissions on the downlink and uplink.
[0009] FIG. 3 shows an example transmission structure.
[06010] FIG. 4 shows a control channel structure with time division multiplexing of
beamformed and non-beamformed control information.
[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.
10015] 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
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[0018] FIG. 1 shows a wireless communication system 100, which may be an LTE
system. System 100 may include a number of Node Bs 110 and other network entities.
A Node B may be a fixed station that communicates with the UEs and may also be
referred to as an evolved Node B (eNB), a base station, an access point, etc. Each Node
B 110 provides communication coverage for a particular geographic area. To improve
system capacity, the overall coverage area of a Node B may be partitioned into multiple
(e.g., three) smaller arcas. Each smaller area may be served by a respective Node B
subsystem. In 3GPP, the term “cell” can refer to the smallest coverage arca of a Node B
and/or a Node B subsystem serving this coverage area. 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 area. 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 cecllular 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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PUSCH Physical uplink
shared channel

Carry traffic data sent by UEs on the uplink,

[0021] FIG. 2 shows example downlink transmissions by a Node B and example
uplink transmissions by a UE. The transmission timeline may be partitioned into units
of subframes. Each subframe may have a predetermined time duration, e.g., one
millisecond (ms). The UE may periodically estimate the downlink channel quality for
the Node B and may send CQI information on a CQI channel to the Node B. The Node
B may use the CQI information and/or other information to select the UE for downlink
data transmission and to select one or more modulation and coding schemes (MCSs) for
the UE. The Node B may process traffic data in accordance with the sclected MCS(s)
and may send the traffic data on the PDSCH to the UE. The Node B may also send
conirol 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



Channel Nanme Description PDCCH Physi cal Downlink Control Channel
Carry schedul i ng assignnents and other control information on the

downl i nk
traffic d

a

f PDSCH Physi cal downlink shared channel
Pl e’

Carr
& downl i nk for UEs. PUCCH Physi cal uﬁFFﬁi@z@éﬁpﬁ%‘l

channel Carry control information (e.g., ACK, CQ, PM, and rank
I nformation) sent by UEs on the uplink.

if a negative acknowledgement (NAK) is received from the UE and may send new
traffic data if an ACK is received.

[0022] In general, a Node B may send traffic data and/or control information on the
downlink to a UE. The UE may also send traffic data and/or control information on the
uplink to the Node B. The techniques described herein may be used to send control
information on the downlink or the uplink. For clarity, much of the description below is
for sending control information on the downlink.

[0023] A Node B may be equipped with multiple (T) antennas that may be used for
data transmission and reception. The Node B may send a multiple-input single-output
(MISO) transmission to a UE equipped with a single antenna. The Node B may send a
multiple-input multiplc-output (MIMO) transmission to a UE equipped with multiple
antennas. The Node B may send the MISQO and/or MIMO transmission with
beamforming in order to improve performance. The Node B may perform beamforming

for the traffic data, as follows:
x(k)=Wd(k) , Eq (1)

where d(/) is an M x1 vector of data symbols to send on subcarrier k,
Wisa TxM precoding matrix, and

x(k)is a T x1 vector of output symbols for subcarrier £.

[0024] The Node B may send M data symbol streams on M layers to a UE equipped

with R antennas, where in general R>1 and 1<M <min{T, R}. The Node B may

perform beamforming to achieve higher throughput and/or better coverage for the UE.
The UE (or possibly the Node B) may perform rank selection to determine the number
of data symbol streams (M) to send and to select the particular precoding matrix to use
for beamforming. Rank sclection 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 (¢.g., encode



PUSCH Physi cal uplink shared channel Carry traffic data sent by UEs
on the uplink. [0021]FIG 2 shows exanple downlink transm ssions by
a Node B and exanple uplink transm ssions by a UE. The transm ssion
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acknow edgenggd (NAK) is received fromthe UE and may send new
traffic data it an ACK is received. [0022]1n general, a Node B may
send traffi 0038t a a“riidﬂmwnconﬂ%ﬂ|ﬂhﬁdﬁ¢mthna)O|acrtdheommowinfanatiDo @ UE.
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ant ennas t hafrordpay md8ulbs&tarfdOdoding scheme for the control information and/or may repeat
the control information one or more times in order to improve reliability. However,
more radio resources may be used to send the control information with a stronger
modulation and coding scheme and/or repetition.
[0027] In an aspect, the Node B may send control information with beamforming in
the same or similar manner as traffic data. The precoding matrix W may be selected to
provide good performance for traffic data. The same precoding matrix W may be used
for beamforming of control information. Beamforming may improve coverage for
control information and/or provide other advantages.
[0028] In one design, the Node B may send one symbol stream of control
information (or one control symbol stream) regardiess of the number of data symbol
streams being sent. The Node B may send this one control symbol stream using one
column of the precading matrix W used for traffic data. The Node B may perform

beamnforming for this control symbol stream, as follows:
yk)=wc(k) , Eq (2)

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

y(k) is a T x1 vector of output symbols for subcarrier £.
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other types of traffic data. In yet another design, beamforming may be performed for

M

control information for UEs supporting this feature and not for UEs not supporting this
feature. For example, a later version of LTE specification may support beamforming
for control information, and beamforming may be avoided for legacy UEs supporting
the original version of LTE specification. 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
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coverage for control i1nformation an provi de ot

[ 0028] | n onsuldgessicn whicheirflalde cBmmeylysefidred e as yorbs| bisy, egantah sobatmiaol
i nformati on tr ss of th nmber
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control synboehais twiga ORIV ragdanahe:akmuﬂnmﬂin twhe $Caodi Pmengiahbm Béﬁ;l;@ﬁ?
for traffic data, he Node B erform beanform n or this contro
synmbol st r eAMpceRt sy F"I“GWsma){/ anfyxeﬁ Cgllé’)tomté’i“m@?‘) ercariers ik may be

control symbgendcht 8k @@teﬁﬂ@&ﬁ&ﬁdtﬁ?r Fby eMiniple, & tha¥ bl eﬂﬁﬁCthQ@gZ%e?!I?r
for control information, and y(k) is a Tx vect of of ‘output synbols

for subcani &P24er 204 sprm bagERBef LBSCHB/5% 7B MH[ZOGEE@]OMY
precodi ng Vﬁg}gglr Wgfey 3 Qﬁ’ovf?{'e@ dé’s@%%lum 19"Ins Siol rsﬁﬁ%ﬁlﬂe%O % rr%%(' btehuggt? gor

for traffic For exa e precodi ng vector w
col um of Whieotowtnhigk lmeslpllhiayé"ﬂlea;rmsrgismbxe tiMeliag/mas Mspmmi(ﬂmdtintaflfdits of
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synbol str emnd/bightczs*bt. Each slot may include a fixed or configurable number of symbol
periods, e.g., six symbol periods for an extended cyclic prefix or seven symbol periods
for a normal cyclic prefix.
[0036] The K total subcarriers may be grouped into resource blocks. Each resource
block may include N subcarriers (e.g., N =12 subcarriers) in one slot. The available
resource blocks may be assigned to UEs for transmission of traffic data and control
information.
[0037] F1G. 4 shows a design of a control channel structure 400 with time division
multiplexing (TDM) of the beamformed and non-beamformed sections for control
information. For the normal cyclic prefix in LTE, the left slot includes seven symbol
periods 0 through 6, and the right slot includes seven symbol periods 7 through 13.
FI1G. 4 shows four resource blocks, with each resource block including 12 subcarriers in
7 symbol periods. The two top resource blocks include subcarriers &y through %, and
the two bottom resource blocks include subcarriers 4» through k23 Each resource block
includes 84 resource elements. Each resource element corresponds to one subcarrier in
one symbol period and may be used to send onc 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 casc in which the Node B transmits on four antcnnas. The pilot symbols for

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



mat ches the nunber of data synmbol streans. The Node B may send the M
control synbol streans using all Mcolums of the precoding matrix W

The Node H%}ﬁ %%%R(/)rm beanform ng for the Mcontrol S¥)§2@L§6@§/§)ﬁw’

as foll ows: c(k) ,Eq (3) where c(k) is an M 1

control synbols to send on subcarrier k. [0031]In general, the Node B
may send any nunber of control synbol streans with beanform ng using
any nunber @k sc@ktuimEBIGOH, pile spmdacle dingnirfrbmi axteiasseshd Din the &fdtiagd fifth

data. Control jnfornati.on have hi gher reliahility requirepents
Chan traffi BRRCHSHE! REUESH AT BTtETes 2gHban™ Thrfrard Sbahperiod of
codi ng scheg®h S6tgIFeF cdch ARGAR, pROVMSIboB LG sent On Ac@iriBrstihe J8ejab&Dapart

reliability for control information. [0032]1n another aspect, )
beanf or mi ngb¥ 6% YRS i IAfaehambm DsEgd e Whisherilof wenioly aref $pindly pilot

based on vagl ks forGh BiE nuhBerOD St &S i inteAEAT ﬁf%@?éfl%@g&g gc?raﬁ%%@d

for control 1 nformation when beanformng 1s al‘so pe
traffic dat aumbarcdaritiner desi gn, beanforming may be perforned for
certain typ traffic data,and. not for other,type f. traffic
Gata 1 yorugdl, | oBhsufelRt AN OR oL & WEBF el PR bt
i nf or mat i onsdmdr a Whysisal pPertial riprinki $ndi@adruCkanasid(RTRICHDr whikh M®f convey
supporting thi.s feature. Far, exanpl a later version of LT

b

e, E .
speci fi cat i BHUHEY "WHIHBPE: bEEnPBE I BRI AP GO R BenRisinga i the
beanf or m NgrdiBcdBIRUOIASE iRl stRARE Yol IS EHEMR rdnli NG sdeBd Q¥rSHnPFr the
version of LTE sEem fication. Beanform ng for control information may

al so be sel 8 | ¥ 958 despgtdlp pratitin iBlorpitinsrmeyaeonseswhitha3af on 3 DM
anot her aspesihibol@ afeCfNeh Gy %apﬁgpiﬁuﬁ“ﬁe %%rt%]'aﬁ Oi %}g@rﬁdﬂ%a? glsPocronvey the

partitioned to support both beanform ng-an orm™n

cont rol i nf paiticiing of Theesecamt segineahonnled PRECHoEtpabeimfoomed séction and a

vari ous nang&_g?émo iall;a beanfornmed section and a non-beanf or med
n

section. Co I'Af OF &t 1.0n may be sent with beanforming in the

beanf or med §¥d0] on Iard exhipieshode anfi@. A thg Pmamgcdnpiab&ﬁrﬁr@tnmﬁ symbol

section. Control information for a given U y be sent in _either the

beant or med BFAS: BeRirotiiiy Sodes 8 el nG By Grame: § horpra
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ma

of the control channe y be dependent on the type of resources
avai | abl e f 8pn-Beamfpreedoseianat! tha PBRICHEL pesupies BoIuPtve symbpl pesigds 0 and 1

orthogonal {f GAUEH K, A i BnFHutddREINE hEOPBMCEPBocliPfs the third symbol

period 2 of the left slot. In general, for the TDM design, the beamformed and non-
beamformed sections may cover different symbol periods, and each section may cover
any number of symbol periods.

[0041] FIG. 5 shows a design of a control channel structure 500 with frequency
division multiplexing (FDM) of the beamformed and non-beamformed sections for
control information. The resource elements used for pilot symbols and partition
information are 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 &y through ks, ks, ko, k11, k12, k13, k1s, ks and ke, The
beamformed section of the PDCCH covers 9 subcarriers kv, ko, k4, k16, k17 and &z
through 43. In general, for the FDM design, the beamformed and non-beamformed
sections cover different subcarriers, and each section may cover any number of

subcarriers.



downl i nk and single-carrier frequency division nultiplexing (SC FDV
on the uplink. OFDM and SC-FDM partition the system bandwi dth into
mul tiple ( nal subcarriers, which are also co nly referred
to as tone‘g%)zq’gh)gg%e)tc. Each subcarrier ngy be nodul at & TWS%;WSIBQP%‘.
In general, nodul ation synbols are sent in the frequency domain with
OFDM and in the tine domain with SC-FDM The spaci ng between adj acent

subcarri er s [#B2] be Ifiianeter denign tthe rdsoirad elommaine forahe BUDCH hbebs piddionaay
be dependent on the st em bandw dt h. For. exanpl K.may be equal to

128, 256, 5180 M¥1 SECBHEFY ¥y St enPHLERYH &Pﬁgé‘ff ofy sylizarriers; (c.g, fayy

or 20 Mz, ggsReRk) Vel YartibOA3IRhtef Frdbo¥Siods E&E%I e fmBbl periods). Each
transm ssion structure 300 that nmay be used for the downlink or

upl i nk. The SEiPdrayiessebier Ppamiormias pago beamfaiming.i oned into units of
subfranes. Ry sulf, r AN, MY Rtk i H%ﬂe. t slol S~ a
first/left E{Imgt] and aﬁsegéndy?ﬁ%ﬁ@%;r%tsg achﬂglo%at w%gyt]oi%agﬁ‘tboélea a‘foerI
fi xed or conhinggliatyl ebsaformredotctoprndla nperticanfyrmed gectiosi Kosgxatple, each

peri ods for extended cygcld c, prefi r _seven s ol ,petiods for
normal cycl Pgﬁlﬁrmé B e%ﬁﬁé%]#%tggﬁoqtﬁoﬁﬁﬁangﬁlbr&%?ﬁ? %E’E“%g’ %%85"9"3[85%‘Hiaor
i nt o resour aen-btaefisemedEaction. eSoty aniiicoek pamiyiohing bode dnssl@anid € the
(e.g., N =12 subcaryie srzg in ope sCLot.,The avai |l abl e resource bl ocks
may be assi gﬁaélbfof%e gad 1 P‘bf"?%%ﬁ? SPSINSMaY, 8 fGOBVYAE avilth dnqse artiion
i nformati oninthi@QdéhFl G 4 shows a design of a control channel

structure 400 with tinme division nultiplexing (TL of the beanforned
and non- beaf®fthed Soeet ¢xawlor designs ey stndingf ennirgt irdprmation witheansomithput

i f b XarkBrokihE ' | i ods .0
hrough 6| LBy 0 Sunlchodt PtigbEfdIEeh ARUARAIKINO 1n REEN BBt
13. FIG 4 simbwssduoeer blpes ouy de dkdtk sendwednbrok addrnraeew witloee voikto ok without

including 12 subcarriers in 7 synbol periods..The .two top resource

bl ocks i ncl ﬁe e“ﬁgu Car ?lrugrdgmﬁ%p?rﬁ% Gpfring pfPerpiorpd apdpqrppgemformed
resource bl oaks! iinfoimutien atithe asobe Sidck eviehr PG I&2D ofFRENTITRSOYAE Son-
bl ock incl udes f84 resource_ el enents. Each resource el enent

cor r esponds fAgHRedqB Ll nfospatigy IBWeaI%Ca?PdQ?FfOH%‘?q B@thshEamRgs-be used to

send one nMOEY48f i ONA YHROB .m{ &%&]asmﬁae%@%ﬁf‘en@é IR S/hich ﬁ%ﬁ‘@gb be
periods O, 1 and 4 of the left slot and in synbol périods 7, and 11
of the rightefarasitomnay cpmmes @iot endentEppeafic srbrtesignils Grhish shpwisode
Costel il NeRyds a0 ekl 0 008 08 Lkt
"Ant 2" and kigwB% privesipebeth aetransmitidOa2d 6 3L @AR8 6 2PETrbis2 GRMADT3E Ao De
referred to as pilot, preamble, training signal, etc. The Node B may send the reference
signals in resource elements labeled “Ant0” through “Ant3” in FIGS. 4 and 5 and/or in
other resource elements. The Node B may periodically send the cell-specific reference
signal across the entire system bandwidth without beamforming, e.g., in one symbol
period of each slot. The UEs may use the cell-specific reference signal for channel
estimation, channel 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



As shown in FIG 4, pilot synbols are sent fromantennas 0 and 1 in
the first and fifth synbol periods of each slot and from antennas 2
and 3 int synbol period of each slot. For ea t enna

pi | ot synb‘g szﬁog}rbgﬁgsent on subcarriers that;are spaced %ELJ&EZ%%?P%
subcarriers. In each synbol period in which pilot synbols are sent,
the pilot synbols for an odd-nunbered antenna are interlaced with the
pi | ot synbolls saok fequene chanah eidctic dotrimkachahf) 33pSBEBaK &8 QUfrEl8ted with
el enents in s(%/lg;?(r)‘k IEerilod 0 of the left slot my be used to send a
Physi cal CoffGHMEEH Nt FRAMCat or Channel (PCFICH), which may convey
partition i pdoayat i Ohrecdflifs Rt fub@Nfdr He@h R MR be CRRVAM S BE various
partitioning of the_ resource blocks into a first segnent for the
PDSCH and al¥88ohd S&gheR: of BE e o the rﬂ%ﬁ’é‘nﬁéglﬁ@‘rﬁf,l regpense and the

partition i QEQRIBLARR MBYNEPIURY bmﬂton%rceilesgﬁciﬁcr re?er%gwgﬁéf @pﬂlb?/ﬁ(gﬁ(?de

used for the PDCCH. The partition informati my a onvey
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section and ned. secti.on. 0401l n, t he exampl e. shown .i n
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shown in FI G'XE PHE SR Q5P dingeptds ddigter JPMIL infpmeten gricapve st thee

first two sysbedd pecddatsmrianfd theGhnit e TIRILE §laPliso %@ﬁkrﬁt@@q}‘?ﬁm&ﬁﬁd
section of the PDCCH occupies the third synbol period 2 of the left
slot. In gefishicgtive pighc faqeivabnpesd gpaity for sechyedig Mrdetscsymbal streams. The UE
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right slots., In the FDM design shown in FIG 5, the non-beantorne
section of UhemPboen dovawdingyefugyearsianal on e tuthidughd maysalsk sendc €QI
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PDCCH covers 9 subcarriers |c7, rough
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sections coyern. dy fferent suhcarriers d eac ection. cover an
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anot her destlgmpelt ds@mpesouissemzk eheintes rdcirodityewiTOD. Ma)e BRde B may also

partitioned into sﬁtrigsl.. Each str_ig magF ;}over a particular nunber of
pli 1)ferf3 e

subcarri er s S the AgRIink pise qnd dnt asedeqny e pplinkqiptisend Srterésyerss|

periods (e. estimakdbB€insY BHAhe BRHE PASId/orBRE T @t ihiRmIBOh REIVEE HomOhe UE.
beanf ormi ng_or no beanform ng. [0043]1n general, any nultiplexing

scheme may bbe d%da B aayarerform gankasalestier grd datgrmise theynemberbefadato symlebl
section andg@,RRNnasTERS SEfcSGhI: g il
resource el enent gw?o_r trE{a Coﬁt ro 1@{1%#;%% pnggﬂlgléﬁglcﬁggc%{ngglxttjéqltsﬁgased
beanf or med o throdevwd il dhened estéuate and tivbdewid okpidicadredineafetentd estinnge.
of the cont nel Lo the beanforned and non-beanf ar ne ction
may be convggéeﬁsgmeag r??a%aﬁsé) C%)eéer i %n° Lﬁ*ﬁg’ﬁ?& icgﬁpg ORITE 96%h 888 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.



[ 0044] Sore exanpl e designs for sending control information with and
w t hout beanform ng in the same resource bl ock have been descri bed
above. In sign, each resource block may be u

control i ‘?Q?%@??ﬁ% ther with or wi thout,beanform ng%%%lrfsg%g@??an
perfolins multiplexing of beanformed and non-beanfornmed control
information at the resource block |level. Miltiplexing of beanforned
and nonbeanfi@ddied dontboihl FDDfaad ERD,.cnNoty Bahsp ptorpebdaaifomdng for dbhes!
manners. [00 A No B nd a cell-specific referepce signal
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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



[ 0048] For TDD, a TIE may generate PM and CQ information in the sane
manner as for FDD and may send the PM and CQ information to a Node
B. Alternatjyel he UE nmay send a sounding reference_sj I t he
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transm ssion or a for uplink transm ssion. [0051] The transmtter
may per f or m(MB¥&ht orﬂiﬁﬂj fhowsta desigicotianr appragios] 76h f@f spndiwgdiraie daierdnd
bl ock 612 t Wl I
 nf or mat i on “Baked SRR L wEEFLaRmARLIGh SYREAT SRfis /O 1RHRKLS
(bl ock 614) modole ﬁDdokpcﬁﬁl)ﬁn behefctmmgsﬁmr ttfaﬁ’rc dm@/qued foarapiseadifio nairixg a

based M col ft t fi
on W1 1 ayer s Har 04N A BR CEHBH gy Bh P! OGRS o Peg iR e

614, the transid tide rfoﬁmytr@ﬁrcfd@.fm Beafeor 61 th gerldah e BedifoMne! €aafitiiata 0h a
t he precodl trix to send the control information on one |ayer. In

general , g‘lr%tp thaarelanyg ageeduly H%@é%hﬁb%&fm&%ﬁﬁom@foww on

col uims of Tah@coﬁﬂgﬁﬁfg‘i’da[‘&aﬁﬁéi.“ X to send the control information on up
to Mlayers. [0052]The transmtter may send the beanfornmed traffic

data on a fi#66] phydGe 8ishenundrsigndiagercess1 B, fomgeciving g fict daga andeppntrol
send t he be a L,
(bl ock 618 TPt if S0Ets b ALY, A ® PSR b Bt R RN
traffic dat aecerveq vf/h:cistmaseanEoffor aloma ok teestikoak oaradNoey Bs déorduptlimé
beanf or ned (Eontrol information in a second segnent of the resource
bl ock, e.g., 4B in FIGS. 4 and 5. The first segment may be

al located t goushp fiThetreqines ingd recdian b&Imfomnd friTéc Sie@ Q0! @elrfesttpmyal
be al | ocat ed to the second physical .channel . For_ downlin

transni ssi of12Rleb3SEY on spwscpéag %%riahmw?-}:omhﬁ.reenteﬁén%dwrecgﬁ@

t he second BQMﬁfoﬁﬁéd %&ﬁﬂﬁ%fo&%%ﬂcﬁp@ﬁ'cﬁleatééﬁorﬁDﬁgﬁ‘icaF%anHQU bi¥d on the
transm ssion, the first physical channel %/ rise the PUSCH, and
precodmg matrix used for traffic data (block §14) he 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



in afirst section of a resource block and may send the beanf or ned
control information in a second section of the resource bl ock. The

first and ctions may be time WO

200010236 LB/ 073304 13 i vi i o qyl tipl exed ahd Cover’ 34

di fferent synbol periods, e.g., as shown in FIG 4. The first and

second sections may al so be frequency division nultiplexed and cover

di fferent sulfearativesat og.vg.to Malhysidasedion vl to.M SolufrBO o8 the e cd ding Inhandx .

transm ssioq, the transmtter nﬁé{nt%e a Noagﬁe E that sends traffic data

and cont rol PAFSFVEL MAR 1461 ths R VG KL 53 AP OF FECSORS

control inf @rmhh@mdmeﬁ@mb&&fma hested]iinBmAa R IR ABBdonll QEgrh € of the

first UE. The Node B may process gtwélﬂencode and nodul ate) and send
Wt

the trafficraawse Pleclkactr ‘i‘ﬁ?ém\?éittmﬁ semetta tihngrsbbypig phprnel, Tnd the
Node B may Rpeih@kaphesQr sy Qg)cgtgﬁ & R §elebnd ﬁrc@ﬂ%aﬁﬁat e beamfo

d
information for a Ssecond”UE based on a secongﬁ precodi ng matri Xx. rlqne
Node B may senxidltihioriyetamf oagedsy baf tfihe d;hamnfroultlplheectseccfwaueuéyochvmm

first phy5|cal ne| ormed contr
|t or mat T on R ORREh ARG BReAE] St Sl BRI SRttt For Fop
or TDD, the[MN3dE BTﬂiﬂyede%Emﬂﬁpéﬂﬁ&npdmdm g tsirawamfoxiﬂedmbﬁrhﬂ ififofrRdtionE

and nay receive the seco recodl ix.fromthe sec E. For
700, "the. No Mo YeR B dn OB LB ook L e oL Dy B et gaction for

reference sh@nphmf@aRH \QHid d2Md Reovet figt trifhic and (PBYk I8 VIR tBRi e ot d
precodi ng matri x based on a second reference signal received fromt

second UE. PHEOT (dstectimy bas ol REfayaneears isgwir sC%y(l\ﬂMSEbumiPﬁ@mmg
reference s 'e%ﬂnh"f’&eﬁm(ﬂr W%Qﬁéc&5&§ E%Fengé @élﬁat oh Q)Q%g%;g b{er Zet?&f?)\ﬁs

a design of appar at us or sen Ing t at'a and contro
i nf or mat i ontdchniguasi Tt esrsiven maynise dlid mtmygﬁematiﬁpp@ﬁeteumna(ﬂ& resources

i ncl udes a I e ormba orm I ¢ .dat ase
on . pr ecodihg har o ARG BEATE PSS @3, oheblif rhf 45 AeReHe
control infdawati on based on the precoding matri x used for the
traffic dat nodule 716 to send the beanforped. traffic daja on a
first physi Z%ﬂsgl:haﬂﬁgl 9 shaws 2 drstet o apapragts ff’ﬁéecﬁlé’%i‘rﬁ?f%‘r’ra%h%(ﬁlata and
control i nf gemRd ieRr@itiod i5ef andlephYsth@ahicaRangskm. [ APRAIE Goo &cﬂaem

a design of a process 800 for receiving traffic data and control

i nf or mat i onmModulg Mg tereseize b@mfame@ét%f%daé@mm a firsh plegicaBgpnng passd on
per f or med b¥ cBgiﬁg %Jix a"f‘ﬂ&ﬁlﬂi @ﬁytoqg egrgg%aé? rmg&)\é\&ltilo'i] ﬁlf&ﬁr?aﬂﬁﬁnséﬁ LAY

or a Node B f t'ransm ssi on. e recelver nay receive
beanf or ned Bfrcaﬁdl physa;tat ehagetitbagyl en ﬂlﬁrpsetcoeihgsmatlart ugd donedffibalseda owdale

precodi ng n'? é} r ei%) OCléte%té n)fgr?t-l o%nv on'I%Y d&% fglf)%gﬁe\éﬁfgﬁﬂ‘iglcmtrol

beant or ned n se S¥ESh

based on t hmfpmemod,l ang armbdule<9Lt’se;cbeﬁbhntdeaéﬁomfodaie&e(axbfamkd 8afhk. datde
receiver receé f}. ﬁ beanfonned traffic data sent on M| ayers
based on M SPUTHIL BHIE A2 pr ecodi ng matri x, where M may be one or

greater. Thepgeafrei Vigk mBidick BCEIORS 7taﬁ@QQ%rgoﬁfpﬂgéjp@@é%Edr&'eiectmnics devices,
hardware devices, electronics components, logical circuits, memories, ctc., or any
combination thereof.
[0061] F1G. 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>1and 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



WO 2009/ 023863PCT/ US2008/ 073394 14 information sent on up to M| ayers
based on up to M colums of the precoding matri x. The receiver

receive t dtraffic data in a first segnent
bl ock andqﬁ%g&r@@%gﬁ/rg t he beanformed contrnel informati Sﬁrnuﬁzoggfg@g

segnent of the resource block. The first segnment nay be all ocated to
the first physical channel, and the second segnent may be all ocated
t o t he seconshiphysbeadtion tfamtmeIUEsTh"Erammﬂrcmdr o0t ey furthbo pemtdtopilot

may al so be ti vi sion nul t Iexed r frequenc
o e T xS iR IR e gn SIEBH o o G i o Birsnge el UE-

bl ock. [O0058ctiR rashasesighmy REr f pammietredelep foon hhe nmﬁ;néprtﬁeethd
control information to recover the control information (block 816

The recei vePYTRESs: psr FBH o aekst 3ndrihg pilots1ab Y &1 o degribesove AHPo0
recover the gfcfc@gs&' @3@%%%&9 Bea%ilfgt)mm h$ (hEefR I\/%\’%%o@%dwg Af-o1 sHmbo

detection b on mni m nean square error Z€er o-
equal i zat i ofor ewNBEEWiasdd @u&p@s@im&mm}cm@fee&eérf@eth@tdﬁi‘éeMIM@ pmcessor Is(?dﬁe

ot her detect] Xe) hni ceiv t 0 ol

i nf or mati on "t %(lj%t %er %o%ﬁmtt ﬁ%m Oelssgrﬁ ?O 4d %d#ﬁorgégg) @hgh?? Hrprgh YL

Fmd/ o]r to pg@ﬂﬁmedt(iaogl{mdﬁm&ubcaﬁ aés amﬁmd@mdlegtrehﬂﬁe(e kel a?(ﬁrf(bﬁl)ﬂaftcaol%t?m
0059] FI G shows a desi for receiving traffic

ata and coRt PP RIS s8N o Poubbar d00 BHRIHICE SoTdionds Sp spert o

Appar at us 9@ gl 8s: ﬁ@mm;ﬁo&:!e&) It@oﬁtﬁ@t%'ax\ﬁﬁiet&ﬁ@m @ﬁ@g&eia'f@et fdvenlink

data sent on a first b&m cal channel based on a precoding matrix, a

modul e 914 ign¢ledefqun!piangrslsrizem cmdulasns | B3 orhansoA0Xs maydr wenseitsdd
physi cal channgl..has@dsp gglggéﬁq?gi ng\higatrl x used for traffic data,

a nodul e 916 to perfor m ctiron beanf orned contr ol
i nf or mat i onl@063} ec AMeWE tlﬁ@, Rontenods 10320 thmatghoH)52andy acsepauhe Tod@vitlimk

perform det ect ant.or d traffi.c data t.o recover, th
traffic data %% %gggﬁﬁogﬁ‘ieehﬁm)l ﬁ’l g Gt SRR I'Plsgﬁ%f‘yg’r?r‘ﬁ © & SFshEd élgm% to an
processors, agbeietd danﬁcﬁildaVGDE\ﬂODhaOﬂMlaEﬁ;hd&ﬁiod&iStor e BCinkp bbrkition (e.g.,
conponents, go i callf circuits, (g@rl es) etc. ]2% onbi na i on

t hereof [ O0BXFFFEPIQIQHISRRVEL: phbURIF d&rfa?ﬁ“@fi sgena %Wnbéran@ RN3ae m3y
110 and a Hﬁm,ll%p grd@@kschle”%ﬂpﬁ efr bhemMyore oBiginaRdeioe s%bélpe LR
in FIG 1. Node 110 is equi pped Wi th T antennas 1034a through

1034t, and PEnadatersl 054 giaypeeyidi repeirddataonmasls 2o mecived eyl HOBREs to 2
where T> 1 andoRaiviol 9&2&%&0&0% ﬁia%é)?gvi%i;sr&?%m[ﬁlo S 9 a 19@%&%

may receive traffl c dat one or rom-a a sour ce
process (e. grocessorc 60R. aftiarmel plaatsdr 166 mapfdsiimatdaha downlmk channel from

Node B 110 to UE 120 based on the received pilot symbols and may provide a downlink
channel estimate to detector 1060. Detector 1060 may perform detection on the
received data symbols and the received control symbols based on the downlink channel
estimate and provide symbol estimates, which are estimates of the transmitted symbols.
A receive processor 1070 may process (e.g., demodulate and decode) the symbol
estimates, provide 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
(e.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



for each UE based on one or nore nodul ati on and codi ng schenes, and
provi de data synmbols for all UEs. Transmt processor 1020 may al so

generate ol s for WO 2009/ 023863PCT/ 1382008/ %73 J
control i ﬁ?@%ﬁg{o?%%ﬁ?or the UEs. Transnit ;processor 105%61& (ﬁ?é%?%er
generate pilot synbols for one or nore reference signals, e.g., a

cell-specific reference signal, UEspecific reference signals, etc.

Transmit pr aos&stroutR 2A052my AnNdde b X0t fhe Rlaphnks yighas Ssond TE TZNHa be
ove.

synbol s, and the pilot synmbh , .e.g., descri bed a A M MO

o7 ocessor 106 AP BIFO Bk g 0ROt 8y ETreusi | pe
control symgbssif (i328aahcHiNItQLsON 104PHEEF RGHAMe TR Ak SBhSR! 8dnf OE
that UE. M MO processor 1030 nay provide out put synbol streans to T

nmodul at ors (ROMy No2R { H eudyimayoRmvide By Hpkindd ghannel estiosse e pinglcoapys
its output ) o f t i

stream Eac ﬁ%ﬁ%?ﬁ’%ﬁﬁl mﬁlal\glofaﬁﬁetc ﬁgerlw%:%n ieﬁpggﬁ i?%@%a?%%%e?i@@?%ﬁ
anal og, fil beswed empld fiplinkambanmplc estireate Jand t podd¢ pumbslanpinmist r danvand
generate a downlin ignal. T downlink signals from | at o 1032
Through 10390 s P benects B8 OrbetruiiSutrids AR R Bl Yin ok
respecti vel yink[ W36 33 pideidt2coRdagin@Bn aforhihida tb v engblididhadessvay 040.
receive the T dow i nk si n§I s from Node B 110, and_each antenna 1052
may provi de CRNFRIEPIRSESsEy 3}4 ImayFoRolfeldrangmission Bl I FAbard ppEherspptrol
1054. Each degppdsbatQbivi®@pdmney 1g@ndition (e.g., filter, anplify,
downconvert, and digitize) its received signal to obtain sanples and

may further [H68LesLanfellergipyscessorsel040 and dP9ormNK)dincet BbtonriatipreeeNoddB

synbol s. Ea g]FH@g t i _ i

recei ved cogiil (r)o sylrigg’lrggpte %tR%ﬁIM%ﬁl%p g?%gﬁgpxqg%gﬂ%gﬁ %Iagéalpﬁ%\%’?%e
recei ved pi botirsof phaless 609 @ [datnfel dpr oeessiesior] GBdcesChEhfve ldafar oopsienr
1094 may estimate the downld n%’ﬁ%h nnel g‘iro. de.B 110 to Y 20d 1092
based on t h&™Y g Yl OprT 6t PRI T e AR IRE o 50 B e VS RS T ™

g hannel est ingt gork Odadaf:ﬁx&g E)glfgralﬁ) @Garis;ﬂ?t e¢ddgrB EIJQGOanEIBIyE D?Of %sﬁ&ctilveiy. A
etection on the r ve ta ol s and the received contro
symbol s baséfbegweft ﬁéf%m| whk" LR AAb s pihat Uit RgvIEmEsiop o the
estimates, wbiaihikaagd/ESLpIEL 68sc@fod AR EdA0s Mbiediod YRRl &L £6m' BREUES
processor 1070 may &gcess (e.g., denodul ate and decode) the synbol

estimates, pPekpdulse 1¢Hcpaetse puiehiresodresior drafficdiatasandicaktral grfRrmaiiog to the
provi de decga%gulg@ﬂ]%gol information to a controller/processor 1090.
[ 0064] UE 120 nay estimate the downlink channel quality and generate
control inf @kt6eat i omhowhofcdkilivaythe ertprausduiRistindfthat nefbiroation@@H signals may

information, etc. T control 4 nformati traffic data from.a dat

Sour oo 10760 Shtiesshisd oS o bR ot Bt Hchuigh® Bnd kMG For
ref erence sicgiale, dutd)emnshduticis) afhulhafcsr BifSrhatidg NadnalsE bils, JsyfByls,bénd chips
Dt or med A DB T8 Grecs SProugisst (hd aboss, AEPE maRd GRRREHeT DY
processed byonmdylROAS, el&%_ﬁla%ﬁyti@ %beé—%ﬁﬂetfc%ﬂ\%s\%ﬁrﬁﬁﬁlﬁ SRlchinkelds or

signals, which may be transnmtted via anténnas

2009/ 023863 PaTiFluSZ00-Y CorEsmdiongher@82a t hr ough 1052r. At Node B 110,

the R uplin gnal . el : )34 &

through: 108500 P” pneh BEuaF el MR Sk B AL VS Y ARl e MNETu R Hoften
channel probbsknrmb@dds, nascuest indatbzotithen wEps ndesoftednal cémeotiddE wiB0theo
Node B 110 and na rovide,an uplink channel estimate to single-input
mul L1 pl e- oubBRET Lo MM dEPIaai 7o S paE detdiire s9BmRisy “yErron
det ecti on bas@binations e biph.i rfo clhamnélusest ithdtigteamangaabitiyder BydRade and

esti mat es. A%‘Lrecei Ve pr_?cess_or 1038 may process the synbol estimtes,
provi de decSHASUEIErEFPITHiaLVE ePmPaRLs ReGkR Merides, cieith2ad sigies e bered

control inf %ﬁﬁbé&ibob@g&e%mtiﬁ@édn%/fﬂfeﬁ%ﬁi%ﬁalﬂswmemer such functionality is

Control |l er/processor 1040 may control data transm ssion to UE 120
mmplemented 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



110 and UE 120, respectively. Controllers/processors 1040 and 1090
may each performor direct process 600 in FIG 6 for data

transm ssi ss 800 for data reception, and/or o ses
for the tevgﬁ%?o%%g&descri bed herein. Menories 1042 anda)?g@?go:?&&%g tor e
data and program codes for Node B 110 and UE 120, respectively. A
schedul er 1046 may sel ect UE 120 and/or other UEs for data

t ransm ssi oimplamedtetichoddeisions showld atot bplihtekprétad ad camsitghe depattui®from the
information receiyed fromthe UEs. Schedul er 1046 may al so assign
resources f&PFP ipﬁcs‘aﬁglb?c AdCcontrol information to the schedul ed
UEs. [0066] finese ofrhekialibud Mubieivarbgivdwistkyngiedftandd tthddits described in
information and signals may be represented using any of a variety of
di fferent tEUHRSIBGYiESths dicloasp herginasay hwdmpé@mﬁr%d@,r perferaed with a general-

| nstruct | OngurpGQRRLS: L Bf L0 BrocibBNADSR). Bh bisplicaSPYes:

chi ps that ?rgr;l/j e ref err’enceggéfﬁ%%u hout: tﬁﬂ(?a%boveﬁpollecsc(gzlp te?lgﬁa}nrr%%ragg
r epr esent edchguivi@d ey esiicld prageammable lgete tameydpii@d) or vtheresrograagrble logic
fields or particles, optical fields or.particle or any conbi nation
ther eof 1 00BTuhoBE PR T b Baih el B Hmioits "' &9
various il | vehbiaitionethbeof dalgnbll o€ losfomD ehitl RActiohk destribsd hawvih, ahg@nbiahm
steps described in connection with the disclosure herein may be

i npl ement ed PEEOE RIBFSSINR MY 1bg A TNSTOBIOCES A GH P tRGAliETRaFYS, thyyprocessor may be
conbi nat i ongnpEoddediibnallfosds@R tohtrblidrt slidrédRtrbiMrSor Mt@hcahﬁage@bﬁrtlz&ésyor

of hardware and software, various illustrative components, bl ocks,
modul es, ci Pewialse be dnpcmeripdatmcamieation 96 sempusivg daviessec-gencembingtianrof
terms of thgi T)SE'UQQH' Qnﬂ'li&rggro?éé\g}ﬁt hf&plﬁr‘éﬁ fdfn?rﬁ(':rf}ﬁ%l:ésg& ) %nrfz or more
i npl enent ed as hardware or softwafe depends upon the par§|cu ar

appl i cat i onna¢rdprdessqsincenpnetainnvish @ Pf8sedt, arany héhconehabhfigystoam

Skilled arti i npl enent_the.descri bhed functionality in varyjng
ways for ea!:@%ggr {T?%'ﬁls psa(ggfai %'8&?%% %?ragﬁcﬂe“%d 1" connetion. Wit 1he
2009/ 023863 Biedlotise 883 3¥erdbbdicdpliresnhdhidird &ch sofonse sboulk dxdated
be inter preLed as causing a departure fromthe sgﬁope of the present,
di scl osur e. P GOBSOFHRE alfli ©ERMPIPGLLL: ¢E4NF $EO| ogh SHItWHE Jeadle may gsl, in

and circui t RAAeSEIhdR@drdsh BARAGCROMN midhiddy, LEYR GISHERSH! BEPROBT helRYs,
be inplenmented or performed with a general-purpose processor, a

digital si gregistgssdeeste a (pgppbleditkappPri@M. onansprbirtiomn pintesaecanedium
circuit ( Ask@wn th lfhla %hd A Q%Fr@(%?ﬂgﬁaégﬁegiﬂ fsa%uéllgg) %eﬁ)g%c?%a?guch that

programmmabl e Togi ¢ devi ce, ate or transistor
di scr et e hatldvaresso nporeh indormatioa fipme ambivriat infonmé tiver te pthe desigg mediwno

performthe,functions described herein. .A.general-purpose processor
mey be & m o kil BRslra i e ERRL RO L PRE e
any convent kxhale go@gessdium eept reoitit e ,an MASICOC Oht IABICehay afsidet i@t £ user
machi ne. A processQqr y. al so be inplenented as a conbi nati on of,
conputing d mial. %B.fgg,al’“amétb‘f%iﬂﬁf‘ai’ PSR afaf BSpstaiage N dpAvores o,

a pluralityiRbretf GHPBEQEES SQES tef@}a]OF NMOre m croprocessors in
conjunction with a DSP core, or any other such configuration.

[0069] The s8] of Ia st RbdMeE exgILatY hinsdms.c theb denctipnse daseaibed onasinibeh
the discl Osgﬁuﬁeﬁa{t% Tn g@&‘re?@ﬂ%&d fihbaE, | & LRy NALHNAKS, thheB  IF

sof tware nodul e executed by a processor, or in a conbination 0
two. A sof t ieplemenselli nesoftswpre;, dwi fdections RAWIbesstwed/on b1t @atymimedo g, asREM or

menory, EPROM nenory., EEP nenor reqi rs, .hard disk, a :
erovabl o ainoe PaPeorEpl Bal RS Rt nub Rt feultl) SoBbibiratnis e
in the art. irdtudexedsthbamyutst soragemetigl it ongn@itHplbe thetia ihdigdifg HBOR&Nm
such t hat tr]_l% Prqcessor an read informati?n from and wite
" or mat § on'Meb Ao ECS F1SERg O ORAMBHET PFEFHR T erklese/, moHE" stpiagee
medi um My  BRdlahSWBdnylQail A& BEQLE BRSO belRBeBELGLS 8era Pepb&Eor special
storage nmediummay reside in an ASIC. The ASIC nay reside in a user
purpose computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,

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



i npl emented in hardware, software, firmmvare, or any conbi nation
thereof. If inplenented in software, the functions may be stored on
or transm r.as one or nore instructions or cod

conput er - r\gggﬁhoﬁ)e fedi um Conput er - r eadabl;¢ nedi a incl %&35}3%99?@73394
conmput er storage nedia and communi cati on nedi a including any nmedi um
that facilitates transfer of a conputer programfromone place to
anot her. A $tasaige cﬂiﬁﬂbﬁstdf&)deﬁ&d@ﬁ}g—raﬂ abdeatbéa&ls e thie dorhaft inG ARt or data
accessed by a enerwhhg se or speci al rpose conput er. By way of

exanpl e, andTHOYet b At M&?@fﬁ FRYSRPSH PESHFSE|-BUrRGYS computer,
conpri se RAWt aR(NVeraERERSM or@ecﬁ@l\ﬂuﬂfm@tphﬁésbgpt 'AQ@' afl bRl Sroperly
magneti c di sk storage or other magnetic storag_ devices, or any otheér
nmedi um t hat 'EHEd 2 pgmpwenrcedebasEimUBouoempiEa g spéwsee @sre@lsmiﬁectﬁ@mw
or store degjehf RE-PG HBthGIEMIRABS cE ﬂmh@% CBQPEIHI Qbie] k!ﬁ& LS tQfsted
data structures and that can be accessed by a genera pose dr
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| S CLAI MED bSncipltQardnaiviiSeatires Aischotekdddresf. sending traffic data and
control information in a w reless comruni cati on system conpri sing:
perform ng beanformng for traffic data by nultiplying a precoding
matri x w th[E72pct oVHAT CBASYIHIDIS to be sent on at |east one of a
plurality of subcarriers; perform ng beanform ng for control
information by nmultiplying the precoding matrix with a vector of
control synbols to be sent on at |east one of the plurality of
subcarriers;



sending the beanfornmed traffic data on a first physical channel;
sendi ng the beanforned control information on a second physi cal
channel ; and sendi ng non-beanfornmed control information in a
first section of a resource bl ock, wherein the sendi ng the beanforned
control information conprises sending the beanformed contro
information in a second section of the resource block. 2. A nethod
of sending traffic data and controlcgfggmation in a wirel ess

comuni cati on system conpri sing: perform ng beanform ng for
traffic data by nultiplying a precoding matrix with a vector of data
symbol s 't 1° be Asentth ¢hr & dmga[lrakf z?rfd B (l)l n olrrlntt 0n01£1 as‘.vl'{p arr ers;
perfornlng beant or ﬁ1ﬁ For=con I'nformtio % multp ylng the
precodlngommﬁmhxnuninﬁan%a@pﬂmn@f control synbols to be sent on at

| east one of the pluralit riers; n i.ng eanf or e
traffic data GRTYTHG ‘Ea"ftfy?%‘P% il Y%IH p Ymgap’seé Rhgarevith a
beant or med Pt -0l syhﬂﬂcol%rt%'é Lé&Hi off @t Rast %ﬁ@é‘ﬂa Iﬂbbéﬁhccﬁ* subd@irgl . wherein
the performng beanformng for the traffic data conprises perfornlng
beanf or mi ng bavse“@mung Maodtbuming fofcontied 1pﬂoee@mnrw mudtiplyingttoe preemdlinghe
traffic t hod
of “cl ai miB AR 15AFEPenpEh el G o8 R Bh aPERELRE ot piulity P

i nf or mat isobcatderyr i ses perfornlng beanfornlng based on one col um of

the precoding matrix to s nd he ntrol one | ayer.

20 4. The rret‘sﬁftﬁctﬂ%trheii’ QFBFTHOPH ri} s ﬁam Beanf oi ni ng f or
the control '@&Qﬁﬁ@ﬂubﬁ@arﬁf‘éﬂﬁéd &REoPREIRAEAbNEh PEREALHINsRE Dased £ up
to M colums of the precoding nmatrix to send the control i nf ormati on

on up to M | aperding n@-beprdonmedisontrddfinfermatipnin a fije sedtian phe rdspprse  and
second 5%‘%%;!' \?rﬁergfn tﬁé‘?e %ﬁe%g@&%ﬁégﬁ%%tlﬁﬁﬁnﬂlo 'cﬁéaner'E‘éLﬁdfPé fxed

and cover peri

wherein ﬂhanﬁumeﬂc@ﬂdﬂsﬁemmdoﬁecammn&in&u@hﬁ%he&mmncebmtbck are
frequency division nmultiplexed and cover different ones of the
subcarriers.

2. A method of sending traffic data and control information in a wireless
communication system, comprising:

performing beamforming for traffic data by multiplying a precoding matrix with a
vector of data symbols to be sent on at least one of a plurality of subcarriers;

performing beamforming for control information by multiplying the precoding
matrix with a vector of control symbols to be sent on at least one of the plurality of
subcarriers;

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

sending the beamformed control information on a second physical channel,
wherein the performing beamforming for the traffic data comprises performing
beamforming based on M columns of the precoding matrix to send the traffic data on M

layers, where M is one or greater.

3. The method of claim 2, wherein the performing beamforming for the control
information comprises performing beamforming based on one column of the precoding

matrix to send the control information on one layer.



7. A method of sending traffic data and control information in a

Wi rel ess conmuni cati on system conpri sing: perform ng

beanform ng for traffic data by multiplying a precoding matrix with a
vector of data synbols to be sent Onnﬁ} | east one of a plurality of
subcarriers; perform ng beanforning for control information by
mul tiplying the precoding matrix with a vector of control synbols to
be sent on at |east one of the plurality of subcarriers; sending the
beanforned traffic data on a first physical channel; and

sendi ng tthe bdaafsthed@! ebimaowh¢rniﬁc§hmm*f0@nin@rbeamﬁﬁemmxof0pﬂwsbmaﬂ
channel , n the send nfor d traff| ta.& rises
cend! ng' (HATBRSeBPRES S PR BeP oML SR S Woay A s o ce
bl ock, tfpﬁcbdmgtma&egmeﬁd heicogradlidfoaadiad chaptiti®1 fayéls.t physi cal
channel, and wherein the sending the beanformed control information
conprises sending the beanformed control information in a second
segment af thepk @RAHCE cRIREKwhirBE BesQnshdSeasRRERAL Pomakdsegat ed to
t he second physical channel. 8. A nethod of sending traffic data and
control i ramamm@ﬁwlsrfpnanv&tlp@?i@ds@dc@ﬁmdﬁf@ramS(Ymbglymleﬂrs conpri si ng:
perform ng beanforming for traffic data by nmultiplying a precodi ng
matrix with a vector of data synbols to be sent on at | east one of a
pl urality. of Subearrhoderslaim Z;Lwherein therst ardsenndiedivho vfitha gesbaice

cont 0 LGRS, DXL B KT8, 1S BESRELER L L3, vect

subcarriers; sending the beanforned traffic data on a f| rst physi cal
channel ; and sendi ng the beanformed control information on a
second pHysi cdl methahnpbsendipgdediodataandioonteliiefosrnatipn in Bevicedass r ol

i nf or mat 'Cg&m'ﬁ%ﬁ@i‘v ﬁ:?ne%&ﬂ 1“5911 tr| x are for a first user equipnent
od Turt

(UE), the net er co perform ng beanform ng for
traffic data fpeufomisgh&mmfmhiﬁn@&s&dffﬁnﬂe@a semohiplynges petatngmbtrixxyith a
per form control i nfor nPtI on.for. the second UE

based on Q%‘f-fgr gfg%imgg ﬁaﬂ i lleﬁat one of a plurality of subcarriers;

performing beamforming for control information by multiplying the precoding
matrix with a vector of control symbols to be sent on at least one of the plurality of
subcarriers;

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

sending the beamformed control information on a second physical channel,
wherein the sending the beamformed traffic data comprises sending 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 sending the beamformed control information
comprises sending the beamformed control information in a second segment of the

resource block, the second segment being allocated to the second physical channel.

8. A method of sending traffic data and control information in a wireless
communication system, comprising:
performing beamforming for traffic data by multiplying a precoding matrix with a

vector of data symbols 1o be sent on at least one of a plurality of subcarriers;



sending the beanfornmed traffic data for the second UE on the first
physi cal channel; and sendi ng the beanfornmed control
information for the second UE on the second physical channel. 9. The
met hod of claim8, further conprlsmg2 receiving the precoding nmatrix
fromthe first UE, and receiving the second precoding matrix fromthe
second UE. 10. The nethod of claim@8, further conprising:

deriving the peacRdhHBediBbihiKg Qﬁ@:@ﬁtr&@ni%n‘fmétfo%tbyrlﬁﬁlﬁﬁi?ﬁﬁ%élbr%@ll
received fromthe first UE, and deriving'the second precoog I ng

matrix basadx githa veelepptrontpksyabels tebgseult on etleisy ene ¢fthepluraiitsefc ond

UE. 11. A d of sending traffic data and control information in
a wreless conmjni cation system conpri sing: perform ng

beanf or m ng fermdimgﬂhé beamﬂfatraed)tyafﬁuﬂﬁth phwifing phy:*,idfeecbzd]ina[gaﬂtht rix with a

vector of data to. be sent on . east one a plurality of
subcarriers; mgt : ﬁﬁ%@?"é‘?ﬁﬁ%ﬂﬁ'@%ﬁ??ﬁ 2 ?eGPncg Bnticalc ll!’?‘?ﬁ‘eér mat i on
by mul ti Rl NS @ERA U \GBriBE lhfaf«mml&h afd th%?&éébdlﬁé fa@0 418 orSyirRol s
to be sent on at |east one of the plurality of subcaniers; sending

t he beanfusersdirireat (B, tliamftfmd farthercempE#iy&i cal channel ; and sendi ng
the beant or med,.GOALL ObednfHh TRt UAANI R H2E DR DL EA oﬂ‘é‘e’l&% ’

precoding matrix;

performing beamforming for control information for the second UE based on the
second precoding matrix;

sending the beamformed traffic data for the second UE on the first physical
channel; and

sending the beamformed control information for the second UE on the second

physical channel.

9. The method of claim 8, further comprising:
receiving the precoding matrix from the first UE; and

receiving the second precoding matrix from the second UE.

10.  The method of claim 8§, 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.

11. A method of sending traffic data and control information in a wireless
communication system, comprising:
performing beamforming for traffic data by multiplying a precoding matrix with a

vector of data symbols to be sent on at least one of a plurality of subcarriers;



wherein the control information conprises a scheduling assignnent for
a user equipnent (UE), and wherein the traffic data is sent in
accordance with the scheduling assignnent. 12. The nethod of claim
1, wherein the first physical channel,gonprises a physical downlink
shared channel (PDSCH) or a physical uplink shared channel (PUSCH),
and wherein the second physical channel conprises a physical downlink

control channgkrfRPECantbriing ForEba@d] Iﬁmhhﬂ&n%ﬁlﬁbiyﬁig&mcddﬁ’w

13. An apparatus for wreless comuni cation, conprising
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data by rg%gahpgrg/l ng a precoding matrix with a vector of data synbols
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information in a second segnent of the resource bl ock, the first
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pr ocessorwiendih kigleshdtpbysied bhinieheaipiessd sy sicalr dotindihk tentebtiganby]
rmltiplylng recoding matrix with a vector of data synbols to be
sent on df p&igtorarpéymal éplﬁrkl.ﬁo&}'ri)lt@a%‘fei RieatYiers, to perform
beanform ng for control information by nmultiplying the precoding
matrix with a vector of control synbols to be sent on at |east one of
t he pl ural3i ty of appaowriei wirgesstcomgumitatiore chwanfiog:med traffic dat a on
a first physi ca hanne d t he beanf
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precodi NghoBlekdding &a@ﬁnﬁtﬁ D kR EQtroll BB RL B b0k ?‘ea!st%lﬁ@ bf thtd. AN
apparatus for w reless conmuni cation, conprising | east one
pr ocessorplerehiyi o gnlsdrriess, peyend the H@é@ﬁr@lﬁﬁrﬁﬁicf@t& st lﬁlyam]eﬁhblwﬂi

mul tiplyi N 18's {1%;60[9 or%ﬁ or)l(trc\i’inuﬁfhngz}nog%éoarsegond %S/S eﬁ%ﬁg{%%l lswthgreg'le
sent on at |eaSt oOnhe o can-1ers; fo per Form

beanf or mthgatfledst mwlirb@dssdrm‘ m:rnlﬁgnnecbm seyid mhe Hebpiforived thffe dateaaadirstg

matrix with a vector of  co S olst be sent . o | east one. of
the plur aFERGHISE 2 STORLEF PfOé? nd to(f%fg%a %wrﬁé@?qm&fl?wao%%don
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i nfformati on on a second phyS|ca channel erein the at | east one

pr ocessorchprnel gnd fhp peerndisezrsemi deine allpratadfto tirsacardmhygralchdngehat i on i n
a first section of a resource block, and to send the beanf or ned
control information in a second section of the resource bl ock, the
first and14secomda@emmiscfnswmﬂessrwnm&mmaﬁme cbinpnkmgei ng tinme division

ul 1 pl exed o rcquency. v sion ! (LBl (et 10X, ARRZUELYS 1O
multiplying a precoding matrix with a vector of data symbols to be sent on at least one of
a plurality of subcarriers, to perform beamforming for control information by multiplying
the precoding matrix with a vector of control symbols to be sent on at least one of the

plurality of subcarriers, to send the beamformed traffic data on a first physical channel,



means for performng beanform ng for traffic data by nmultiplying a
precoding matrix with a vector of data synbols to be sent on at | east
one of a plurality of subcarriers; nmeans for performng
beanform ng for control information by, nultiplying the precoding
matrix with a vector of control synbols to be sent on at |east one of
the plurality of subcarriers; means for sending the beanforned

traffic dalld endadbdasloried 0] 1eBARISh onandeond physiéi eRdnbOwheerdi ng
t he beanformed control information on a second physical channel,

wher ei n ttheatlesshenerrspceson i sogligwed treraviosn beemiormi hasedanMeahimris 96s
f fi f
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physi cal tcpenfore] heasnfckmingbasid ot hee eodans of the pseoding gatrhetoserahthe cors]
control i.n 1fﬂor mat i on cgn)prl ses neans for sending the beanformed 24
control iAPEPHEY B AtE " second segnent of the resource bl ock, the
second segnent being allocated to the second physi cal channel. 17. An
apparatus, for wireless communi cation, conprising: nmeans for

per formi n‘é bedtf BRI f@o‘f’“@?%ﬁf’!“@’"é&?ﬁﬁmb3?01?1‘*9%111%)I ying a precodi ng

matrix wth a yeehoh. g;ocgs@&acoﬁﬁgaghﬁ) ]Sé?foprﬁ b%?rﬂfbnﬂ r%% ﬂrﬁﬁgha@ 'E Of a

plurality of subcarri neans for perform ntorm g
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of contraol ent .on
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physi cal tehpieb@ling @Bgix with a vatRa ™S cérdfol SENIHING Hehentipantasiad ofast r ol
informatigon on a second physical channel, wherein the nmeans for

per f or mi AYUBBLPE SEREARIETS Sqlﬁéhetheaqurﬁleeaﬁ%ﬁ%d&m wlurst prygieal ghapnel,
per f or mi “&d*@@é’éﬁﬁ%é‘ﬂé&&f&%ﬁ%ﬁﬁbl %fsﬁﬁ%ﬂ%anse&dha pRYEER Ah DG TRhHE, ezﬁ to

send the traffic data on M1l ayers, where Mis one or greater, and
wher ei n ttheatrfesshenefpopcasenr fiogomiiggr eb éasend nnm—hgmm”orqur@nnghmfcomanon ina

i nfornati es_ nean or.m. ased on one
col um offonthcg,\:ctﬁ1 ecd f:sr?bmr?é) OrJ(xantdq %nn&ﬂ%ﬁ f:rd ocloggllér}%g%?nogﬁngn one
layer. 1&ecohd safoarodtiesredcirceiiildok mﬁrﬂ@ﬁmrbmbﬁca‘sdcﬁans af elmgriebcEirdedilock

nmeans for performng be m‘or for traffic d mul tiplying a
pr ecodi ngeHg PSSt U@l&f%i]r Tdreaeies < s‘w%mgﬁpgexs sent on at |east

one of a plurality of subcarriers;

16. An apparatus for wireless communication, comprising:

means for performing beamforming for traffic data by multiplying a precoding
matrix with a vector of data symbols to be sent on at least one of a plurality of
subcarriers;

means for performing beamforming for control information by multiplying the
precoding matrix with a vector of control symbols to be sent on at least one of the
plurality of subcarriers;

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

means for sending the beamformed control information on a second physical
channel, wherein the means for sending the beamformed traffic data comprises means for
sending 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 means for sending

the beamformed control information comprises means for sending the beamformed



means for perform ng beanforrning for control information by

mul tiplying the precoding matrix with a vector of control synbols to
be sent on at |east one of the plurality of subcarriers; nmeans for
sending the beanforned traffic data og, a first physical channel; and
means for sending the beanformed contfol information on a second
physi cal channel, neans for sendi ng non-beanfonned control

i nf or mat ic@AtrdINnBrihatiohlin § 86don@Beddhentof BE Mib&8e B0 the RBShdMREMBAtDbelE
means for sending the beanformed control information conprises neans
for sendisHgcateretopesserordmasiedshpmicli nf ormation in a second section of
25 the resource block, the first and second sections of the resource
bl ock being tinme division nmultiplexed or frequency division

mul ti pl exXéd. AkBappirassipuyierlescogramicptioduanpridogrpri si ng: a
non-transitory conputer.-readabl e nedi um c i Sing:,. . . code,.f or
Causing at | RPN PESIFBULEEORERS B HODEAHDPIT RGP P 3 PRFHRE dat a
by mul ti phatiReid apeeePef dia &RiboltoWe kéht d3n UEREAbNOSS HttAalisysbol s to be
sent on at |east one of a plurality of subcarriers, code for
causi ng tsHecagierfieast one conputer to perform beanform ng for control
information b J i 0 f: | i :
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subcar r i grsoding matrix vtk afvectocafimintrgl sytmboktto be ssit onatdeasbopudfehe t o send
t he beanfﬁrn?d %rquic_data on a first physical channel, code
for causiMYHET S °PEREY one conputer to send the beanformed contro

i nformation Onnensfg e didds beafoshantdtic data on a f€Q@PRyJi@! cieausl agl t he
at | east one conputer to send the beanformed traffic data in a first

segment of a rRREBUIEEediingciRe begmformed conppifalonmaticnRrsy srgordidvaicall east
one COmPUGinel QuRAM e AR RTLOITIRA, £ OOTOmih S R UBLIMAE bR BmpiE&eNd

segnent of the resource block, the first seg being allocated to

the firstmghy$irpatfotiapbeinfoanidg bhed vedbrduseynbihe pirepdige alatroctatsed! t o
the s ecor{flie Q‘EE%E Idgt?llonq\? ?arj]yrelsresl, where M is one or greater, and wherein the means for

performing beamforming for the control information comprises means for performing
beamforming based on one column of the precoding matrix to send the control

information on one layer.

18. An apparatus for wireless communication, comprising:

means for performing beamforming for traffic data by multiplying a precoding
matrix with a vector of data symbols to be sent on at least one of a plurality of
subcarriers;

means for performing beamforming for control information by multiplying the
precoding matrix with a vector of control symbols to be sent on at least one of the
plurality of subcarriers;

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

means for sending the beamformed control information on a second physical
channel, means for sending non-beamformed control information in a first section of a
resource block, and wherein the means for sending the beamformed control information

comprises means for sending the beamformed control information in a second section of



20. A nethod of receiving traffic data and control information in a
Wi rel ess conmuni cati on system conpri sing: recei vi ng beanf or ned
traffic data sent on a first physical channel in accordance with a
mul tiplication of a precoding matrix 4dth a vector of data synbols
sent on at |least one of a plurality of subcarriers; receiving
beanf ormed control information sent on a second physical channel in
accor dangg: pbdukcedh 60k, the@irétGad k@Bndectibe: JTHRCIREHUAG BBk ekngihdldi@ision
vector of control synbols sent on at |east one of the plurality of
subcar neftiploygd or frequraey divisiqignagpkEed-on for the beanforned control
information to recover the control information; and per form ng
detection for the beanforned traffic data to recover the traffic
data, whéPei n A ¢venpuésr @iograng ptodectbeamfromeed traffic data conpri ses
receiving the _beanf or.{red traffic ddglta in afirst segnent of a

resour ce bl oc? MOPHENFIOPS FOMMIGrERIABIS U FERBTE t 0 the first

physi cal changede foshsinBar Bhd ohd oty badorthigcahEanding foe thafferdatady

i nformation conprises receiving the beanformed control information in
a second "EBURERE agreceding mpddy ER appgeke! dekevawelsie be sphemet It ags of

al | ocat eq fiQafil)ersqrand Physical channel. 21. A method of receiving
traffic data and control information in a wreless comuni cation
system conpr ksdafgr causing theent ddagt ang comanteoierpsdorm htdmformiag forgentrolon a
first physioal: shonnsl,in,3o0cdanee. Ml ha bl BRLEAL] S0l @ be
precodi ng RELTIX Wi th B VECTor cof tata Sy o1 S Sent “On car Teast Sne
of f a pl ukaltiohyt E:flstfbubﬁﬁﬂhh@hgaiit}rf]ofsubb:lﬁﬁeﬂﬁ,\/i ngI beanf or meg contr ol )

i nformation sen n a second physical channel in _accordance with a
mul tiplicati oRods o Praising Suci 1997 ARGIePIRURF orsend (e eemiome BRite geta on
synbol s sepk: Mlsiedl chg@ef one of the plurality of subcarriers;
perform ng detection for the beanformed control information to
recover the ceomdafol cquaingtimeatilesat ongregmputer togend thebesrgiosmedemtioh f or
t he bearrfir%{lﬁgﬁtnro%faféegon %th si‘% LEsquer the traffic data, wherein the
recei ving thé beanfolfied ‘tra i‘’¢dat a conprises receiving the

beanf or ned tr abdd for chakimg sledt last @le comaster @nend dydeahfvsmed naffiatdataémast
one colu of the precodin i X, and wherein the receiving the

! gslt(.r
beanf or néd T GHEPHI OEfﬁFﬁP'rlﬂ‘égP “Aftpri ses receiving the beanf or ned

control inforrpdd i@ﬂcﬁﬁﬁ% 1Rt 08t drRYE MRS RGN HRbBak MM cfirol he
precoding matrix. 22. met hod of receiving traffic data and control
i nf or mat ieHrmaiona inga sedoad 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.

20. A method of receiving traffic data and control information in a wireless
communication system, comprising:

receiving beamformed traffic data sent on a first physical channel in accordance
with a multiplication of a precoding matrix with a vector of data symbols sent on at least
one of a plurality of subcarriers;

receiving beamformed control information sent on a second physical channel in
accordance with a multiplication of the precoding matrix with a vector of control symbols

sent on at least one of the plurality of subcarriers;



comuni cati on system conpri sing: receiving beanformed traffic
data sent on a first physical channel in accordance with a
multiplication of a precoding matrix with a vector of data synbols
sent on at |east one of a plurality ofs subcarriers; 27

recei ving beanformed control information sent on a second physi cal
channel in accordance with a nultiplication of the precoding matrix

with a vector peffoa0fd d@tctDd) FHOhS b&@Tbrned @hirbldARIMANS ©fecdoh the
plurality of subcarriers; perform ng detection for the

beanf or nEanEJArfosnations ¥kt i on to recover the control information:
and erf ] i j
recover t hg t gng%gﬂ%gi&gi’%ﬁ)%%?g% géarﬁ%fﬁl?%égg 5‘??%{%@ %gﬁ{% {&Q tl?ﬁ?ﬁa%%t ion

i s sent iwhegeifi thegtcesang fhe hemhfoanedisdiic datalghmpiises agvdiviiathe berntthemed

beanforned.control informatiqQn is se {n,a.second Cli of .th
Ceaour ce GO Priclif Barensh S aesBuia Dok G RS Faktiegt Fine efre e

mul ti pl exee pBksitdl BARBG YndhviérSinQhe RGdiving kiexedmicthed Abntafd Pabdidsionf or

Wi rel ess communi cation, conprising: _ at | east one processor

conf i gur §8MPEsEdessTiRe Heartploraer ¢anart inforpation Beiccgd ssemepief the
physi cal cana@lockNhacCBhdsaRnVbdill AloTkkd tdht Qécroh@ﬁhy%fcaﬁc}ﬁﬁﬁé}.om ng
matrix with a vector of data synbols sent on at | east” one of a
plurality of subcaniers, to receive beanformed control infornmation
sent on second physical. chanpel ,in accordance with a multiplication
of the peduodrngie iy Pt Rl AR LRSI RS e TR on et

| east oneoffminkatiph sifseedni, kympffisisgibcarriers, to perform detection for

t he beanformed control informatjon to recoyer the ntr ol

i nformation, AFFERE %W%W&@%tlécc‘i]ﬁtaoﬁ?nf?ﬂa it PSR SRR 8 fegPIdAR°Cdat a
to recovefiy PenldpREdiod of@ihfocodle btk 1R a 3bcthEFHataQYR1bBIS AR DA AF lehst
configured to receive the beanforned traffic data in a first segment
of a resouroéablupaity ahapbearieiscei ve t he beanforned control infornmation
in a second se ] f r I , filst i.ng
all ocated to tl%g{s V?]itlgrlgs)etamt;g%;?}}seflggﬁ&gﬁ\%ﬁﬁ%ﬁfbﬁasﬁcfh)?l ﬁeseéozlgéﬁlggé%ggf}raen%? f ei ng
al | ocat edict@diriee vstacanaltiplyssion af the peseodihg ni2dix With appasm@adfusnitasymbols

W rel ess comunicati onB@%mfis' at | east one processor

i ng: .

conf i gur €AMW 4 LR PE© Flﬁl‘éﬁ?gibé?‘ﬁf’@; data sent on a first
physi cal channglfoinfin@8&esATsEthWbédnBridd donRbl iaffrmeiforPb récoRbagedi Ng
matrix with a vector of data synbols sent on at |east one of a

pl ur al i t yonfroldpieemptiangprd to recei ve beanforned control information
sent on a sec ' GanAshed . | 1 ultbi-pl kcation
of the pr ecodﬁ)%gognﬁéﬁ ?3%%&10% h a gé% n??%ﬁon??%fl%s?n%%f gﬂég}gﬁ% é(l)aﬁ?lf;}at

| east onewladeit He re@ivipg thedkarhioratd safic @pmicomprisdsaeqearidgpthmbeatfoctedon

for the be rmed, control information to recover the contral

0 or a1 GHLL AT D aHFOY B BETgh b ot e GEARPOT HETEP e ¢ dat a
t o recovefathiR@nti et dif thd 3 RivindBE 8bdnfoRBedontB RS forARGERGREEPT 1S
configured to receive the beantorned traffic data sent on at | east

one | ayerrc¢sageglthgheamioragd congiobinégmatpn st ok anplazEe darselPrraRe cplmngid
to receiy e##god? gimed control information sent on one |ayer based
on one colum o e precoding natri x.

22, A method of receiving traffic data and control information in a wireless
communication system, comprising:

receiving beamformed traffic data sent on a first physical channel in accordance
with a multiplication of a precoding matrix with a vector of data symbols sent on at least

one of a plurality of subcarriers;



25. An apparatus for wirel ess comunication, conprising: at

| east one processor configured to receive beanforned traffic data
sent on a first physical channel in accordance with a nmultiplication
of a precoding matrix with a vector of; data synbols sent on at |east
one of a plurality of subcarriers, to receive beanformed control

I nformati on sent on a second physical channel in accordance with a
mul ti plicati ofecefvidgteapli@medicagrarbifomyatioh kéht anueetont phfsicadblianat! in
synbol s sent on at_ | east one of the plurality of subcarriers, to
perform HEBET RIS B bt e I it Heftar cth el svgheds

t he cont @l ohnif ggg{%ggﬁhe?ma;ﬁ?opﬁgbwﬁggsget ection for the beanforned
traffic data to recover the traffic data, wherein non-beanforned

control i nfor peteranng detepsinn forfhabdanfemmedaenirginigfmationde eeserer tht ock,

and wher ej 0 d control information is sent in a second

section %?Q{ﬂgﬁpgg%@t%ﬁﬁl ock, the first and second sections being

time division pefibrivipd éxtedionforftheberarfcynedi traif e dna touketdvel te edffic data,
wherein non-beamformed control information is sent in a first section of a resource block,
and wherein the beamformed control information is sent in a second section of the

resource block, the first and second sections being time division multiplexed or frequency

division multiplexed.

23. An apparatus for wireless communication, comprising:

at least one processor configured to receive beamformed traffic data sent on a first
physical channel in accordance with a multiplication of a precoding matrix with a vector
of data symbols sent on at least one of a plurality of subcarriers, to receive beamformed
control information sent on a second physical channel in accordance with a multiplication
of the precoding matrix with a vector of control symbols sent on at least one of the
plurality of subcarriers, to perform detection for the beamformed control information to
recover the control information, and to perform detection for the beamformed traffic data
to recover the traffic data, 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.

24.  An apparatus for wireless communication, comprising:

at least one processor configured to receive beamformed traffic data sent on a first
physical channel in accordance with a multiplication of a precoding matrix with a vector
of data symbols sent on at least one of a plurality of subcarriers, to receive beamformed
control information sent on a second physical channel in accordance with a multiplication

of the precoding matrix with a vector of control symbols sent on at least one of the
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plurality of subcarriers, to perform detection for the beamformed control information to
recover the control information, and to perform detection for the beamformed traffic data
to recover the traffic data, wherein the at least one processor is configured to receive the
beamformed traffic data sent on at least one layer based on at least one column of the
precoding matrix, and to receive the beamformed control information sent on one layer

based on one column of the precoding matrix.

25. An apparatus for wireless communication, comprising:

at least one processor configured to receive beamformed traffic data sent on a first
physical channel in accordance with a multiplication of a precoding matrix with a vector
of data symbols sent on at least one of a plurality of subcarriers, to receive beamformed
control information sent on a second physical channel in accordance with a multiplication
of the precoding matrix with a vector of control symbols sent on at least one of the
plurality of subcarriers, to perform detection for the beamformed control information to
recover the control information, and to perform detection for the beamformed traffic data
to recover the traffic data, wherein non-beamformed control information is sent in a first
section of a resource block, and wherein the beamformed control information is sent in a
second section of the resource block, the first and second sections being time division

multiplexed or frequency division multiplexed.



