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UEs in a MMO System ™ filed March 24, 2006, both
assigned to the assignee hereof and incorporated
herein by reference. BACKGROUND | . Field [0002] The
pr GROURING OF USERS FOR MIMO FRANS MISSION
and no p t
i rel obS SOSRIRELESS GOMMUNTEATIRIN S YsamM
Wrel ess communi cati on systens are w dely depl oyed to
provi de various conmuni cati on services such as voi ce,

pmok]et dﬁte'cpred@ﬁﬁ@@haaton dIEES pPiorigy togirevisibhel e Ssypplésamion Serial
i pl e-access systens capabl e of supportln

Neméﬁﬁ%&%ﬁn%?d i ™Mhed 9§ poupipgs neesshgl ¢rrenals it a MIMO
§ s%rhabﬁl%dsMﬁltcﬁ ef(fb'ér GRS Seﬁag 0. %@%W@ﬁheﬁlﬁ?ed “A Method of

ansii t power . arrp es of suc mul ti pf e- access
é}y(atpa@UEmui uEMD Sgstmy1 fSlicd Madvth 24,131066 Ascle ssignCDidhe assignee

st Time Diyisio It| | e Access (TDMA) systens,
é&gﬁ‘f}gﬁdﬁ}cq}?‘?fﬁ?f%ﬁref%& P%’rgn ccess (FDMA) systems, and
Ot hogonal FDVA (OFDMA) systens. [0004] A wirel ess
mul ti pl e-access systemincludes Node Bs (or base
stations) that can comBACISGR@WNIDuser equi pnents
UEs). Each UE may communi cate with one or nore Node

vi Bield ansni ssi ons on the downlink and upl i nk. The
rd link) . refers conmuni cat i on

BRI £ 1 el e R BBl ot eerhfty ' O sSRRTI G, S more

§IR¢ETCERY td ) trhi@h@EsSort @ o WRcICQrdMith@Atdtidn shitek. from
the UEs to the Node Bs. [0005] A wireless

mul ti pl e-access system may support nultiple-input
ﬁ:'“ﬁ' (MM transm ssion on the downlink
d/ o éﬁﬂrf’ R4 On the downlink, a Node

[0003] Wireless communication systems are widely deployed to provide various
communication services such as voice, packet data, broadcast, messaging, etc. These
systems may be multiple-access systems capable of supporting communication for
multiple users by sharing the available system resources, ¢.g., bandwidth and transmit
power. 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, and Orthogonal FDMA (OFDMA)
Systems.

[0004] A wireless multiple-access system includes Node Bs (or base stations) that
can communicate with user equipments (UEs). Each UE may communicate with one or
more Node Bs via transmissions on the downlink and uplink. The downlink (or forward
link) refers to the communication link from the Node Bs to the UEs, and the uplink (or
reverse link) refers to the communication link from the UEs to the Node Bs.

[0005] A wireless multiple-access system may support multiple-input multiple-
output (MIMO) transmission on the downlink and/or uplink. On the downlink, a Node

B may send a MIMO transmission from multiple (T) transmit antennas at the Node B to



B may send a MMO transm ssion fromnultiple (T)
transmt antennas at the Node B tonmultiple (R) receive
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the T transmt and R receive antennas may be

deconposed into C spatial chaBnels, where C < nin {T,

R }. Each of the C spatial channels corresponds to a

di mensi on. I nproved performance (e.g., higher

t hroughput and/or greater reliability) may be achieved
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the UE(s). [0008] In another aspect, channel qualit
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transmission, ¢.g., on a given frequency resource. Multiple UEs may be selected at a
time from the second group for MIMO transmission, ¢.g., on the given frequency
resource. A MIMO transmission may be sent to a single UE in the first group or
multiple UEs in the second group, ¢.g., on the given frequency resource using one or
more columns of a precoding matrix selected by the UE(s) or reconstructed by the Node
B based on matrices and/or columns selected by the UE(s).

[0008] In another aspect, channel quality indicator (CQI) information is interpreted
based upon the UE classification. CQI information received from the UEs in the first
group may be interpreted in accordance with a first interpretation, e.g., with the total
transmit power at the Node B being distributed across a selected number of data streams
and/or with successive interference cancellation (SIC) being used by the UEs. CQI

information received from the UEs in the second group may be interpreted in



group may be interpreted in accordance with a first
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area nay be served by a respective base transceiver
H0d8) st &G 1 shows a wireless multiple-access communication system 100 with

multiple Node Bs 110. A Node B is generally a fixed station that communicates with
the UEs and may also be referred to as a base station, an access point, an enhanced
Node B (eNode B), etc. Each Node B 110 provides communication coverage for a
particular geographic area. The term “cell” can refer to a Node B and/or its coverage
arca depending on the context in which the term is used. To improve system capacity, a
Node B coverage area may be partitioned into multiple smaller areas, e.g., three smaller
arcas. FEach smaller area may be served by a respective base transceiver subsystem
(BTS). The term “sector” can refer to a BTS and/or its coverage area depending on the
context in which the term is used. For a sectorized cell, the BTSs for all sectors of that
cell are typically co-located within the Node B for the cell.

[0019] UEs 120 may be dispersed throughout the system. A UE may be stationary
or mobile and may also be referred to as a mobile station (MS), a mobile equipment

(ME), a terminal, an access terminal (AT), a station (STA), etc. A UE may be a cellular



(BTS). The term "sector" can refer to a BTS and/or its
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fromone antenna for direct M MO

mapping or from multiple antennas for precoding and beamforming. Processor 230
provides T output symbol streams to T transmitters (TMTRs) 232a through 232t. Each
transmitter 232 may perform modulation (e.g., for OFDM, CDMA, etc.) on the output
symbols to obtain output chips. Each transmitter 232 further processes (e.g., converts to
analog, filters, amplifies, and upconverts) its output chips and generates a downlink
signal. T downlink signals from transmitters 232a through 232t are transmitted from T
antennas 234a through 234t, respectively.

[0024] At each UE 120, one or multiple antennas 252 receive the downlink signals

from Node B 110. Each antenna 252 provides a received signal to a respective receiver

(RCVR) 254. Each receiver 254 processes (e.g., filters, amplifies, downconverts, and



mappi ng or fromnultiple antennas for precodi ng and
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Each transmitter 232 may perform nodul ation (e.g., for
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dah & 2udeame72and decodes) the data synbol estimates
and provi des decoded data to a data sink 272x. For
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feredlce&kslﬁ&nmb&ordﬁtag ynbolefasid maiseshaane spatovifd@sation (CSI), link
decoded data to a data sink 272y, [0026] UEs 120Ox and
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transmt data to the UEs. eedbac rmat1 on may
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processor "284 recei ves feedback information froma

e%ht gl Nedd Br bidegbo ruplzﬂo smn@lls droeddées2@hend dadharkreceived by
Igf mafjfl ghwg@@% Cprg?edﬁ hz] dg?ei\?elrse 55529 tl?rlogéllaEggg and further
processed by an RX signaling processor 236 to recover the feedback information sent
by the UEs. A scheduler 244 schedules UEs for transmission, ¢.g., based upon the
received feedback information. A controller/processor 240 controls data transmission to
the scheduled UEs based upon the received feedback information.
[0027] Controllers/processors 240, 280x and 280y may also control the operation of
various processing units at Node B 110 and UEs 120x and 120y, respectively.
Memories 242, 282x and 282y store data and program codes for Node B 110 and UEs
120x and 120y, respectively.
[0028] A Node B may support single-input single-output (SISO), single-input
multiple-output (SIMO), multiple-input single-output (MISO), and/or multiple-input

multiple-output (MIMO) transmissions. Single-input refers to one transmit antenna and



conditioned by one or nore transmtters 254 and
transmtted via one or nore antennas 252. At Node B
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recei ved by antennas 234a through 234t, processed by

recei vers 232a through 232t, &nd further processed by

an RX signaling processor 236 to recover the feedback
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P tddPloasd @ltpalﬁr 1 B ikbR MR iPAEcSMABMAY 2@ al B shay transmit

Single-input refers to one transmit antenna
datdl mtng pleMIMgltonr gines simeo andil frdqueecyt raanswes (agt ennasie time
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liredl5 e AR TSRl B i M SR S RER S iR fng fsauency
FRE@CYLcNiBRBMS otiRE tidRtitehREH PO MNodEW mhiialsd QWhpdrikpace-time
the nmultiple receive antennas may be for one or nore

wEsmitTdivensie(S3 TRY sarcsdirenyeper tragsmigldevasssr (FINY), and/or other
&%“Mh@“ﬁf |ti-user MMO (MJMM)). SU-M MO

ers transm ssion to a single UE on a given

pB9pf tTheeNadd Bf maguendy MESQ iaasnisdbh M Nﬂerc&flﬁm UBs using
M MO transm ssion to multiple UES on_the sane se
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streams are multiplied with a beamforming matrix and steered toward specific UE(s).
For clarity, the following description assumes the use of precoding for both SU-MIMO
and MU-MIMO.

[0030] The Node B may perform precoding for a MIMO transmission to one or

more UEs, as follows:

x=Ps, Eq (1)

where s is an Sx1 vector of data symbols for one or more UEs being served,
P isa T xS precoding matrix, and

x is a T x1 vector of output symbols to be sent by the Node B.
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KOeMhah&, a8 nt¥ESsend the selected column(s) to the Node B. The set of selected
column(s) is also referred to as an antenna subset. For SU-MIMO, a UE may select S
columns of a precoding matrix. For MU-MIMO, a UE may select L columns of a

precoding matrix, where 1< L <S. For both SU-MIMO and MU-MIMO, P contains S

columns that may be ecither selected by the one or more UEs being served or
reconstructed by the Node B based on the matrices and/or columns selected by the
UE(s). The Node B may send one or more data streams to each UE using the one or
more columns of the precoding matrix.

[0033] For SU-MIMO, the MIMO transmission is sent to a single UE. The received

symbols for this UE may be expressed as:

y=HPs+n, Eq(2)

where H is an R xT channel response matrix for the UE,
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P contains S columms that nay be either selected by

the oge=d, MrenUEsandei ng served or reconstructed by Eq(3)
t he Node B based on the matrices and/or col ums

selected by the UE(s). The Node B nay send one or nore

data trcqpry g eagh UE using the one or nore colums Eq(4)
of the precmdi’ng matrix. [0033] For SU-M MO, the M MO
transm ssion is sent to a single UE. The received

synbols for this UE may be expressed as: y = HP s + n
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for the UE,y is an R x | vector of received synbols
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expressed as: y = H .sn, and Eq (3.,.n HP s + n ,

Eq (4): ¥ a/hxelr‘éecg)ri% r%?ﬁwl?dﬁyrfg\)/lég?roaﬁé’fan&at a synbols

for UEi, Pis a. T x L sub-matrix of precoding matrix
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HI:'Bg] L is the number of data streams being sent to UE i. The same or different

numbers of data streams may be sent to the multiple UEs being served simultaneously

with MU-MIMO. P, may contain L columns of the precoding matrix selected by UE i
and is a sub-matrix of P. The Node B may send data to multiple UEs that select

different columns of the same precoding matrix P . Alternatively, the Node B may send
data to multiple UEs using a reconstructed precoding matrix (such as a zero-forcing
matrix) based on the matrices and/or columns selected by the UEs. The noise observed

by UE i includes background noise n as well as interference from the data streams sent

to other UEs, as shown in equation (4).

[0036] For both SU-MIMO and MU-MIMO, a UE may recover its data streams
using various MIMO detection techniques such as linear minimum mean square error
(MMSE), zero-forcing (ZF), successive interference cancellation (SIC), etc., which are
known in the art. SIC entails recovering one data stream at a time, estimating the
interference due to each recovered data stream, and canceling the interference prior to
recovering the next stream. SIC may improve the received signal qualities of data
streams that are recovered later. For SU-MIMO, a UE may be able to perform SIC for
all S data streams sent in the MIMO transmission. For MU-MIMO, a UE may be able
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[0039] The feedback information allows the Node B to adapt the MIMO
transmission to varying channel conditions on the downlink. The feedback information
for SU-MIMO may be the same as, or different from, the feedback information for MU-
MIMO. For example, if precoding is not performed for SU-MIMO, then there is no
need to send back a selected precoding matrix or one or more selected columns. As
another example, a single precoding matrix may be used for SU-MIMO whereas a set of
precoding matrices may be used for MU-MIMO. In this case, there is no need to send
back the selected precoding matrix for SU-MIMO. In yet another example, the number
of available precoding matrices for SU-MIMO may be smaller than the number of
available precoding matrices for MU-MIMO. In yet another example, a single
precoding vector may be used for MU-MIMO whereas multiple column vectors of a

precoding matrix may be used for SU-MIMO. In this case, the uplink CQI overhead for
MU-MIMO may be less than the uplink CQI overhead for SU-MIMO. In general, the
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[0042] SU-MIMO and MU-MIMO have some different characteristics in terms of
data transmission and reception. Table 2 lists some of the differences between SU-
MIMO and MU-MIMO. In Table 2, T is the number of transmit antennas at the Node
B, R is the number of receive antennas at one UE, and M is the maximum number of

data streams for all UEs.

Table 2

Attribute SU-MIMO MU-MIMO

Streams per UE 1<S<min{T, R} I<L<min{T, R}
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sector capacity for MU-MIMO represents an upper bound on the sector capacity for SU-
MIMO. A main goal of MU-MIMO may be to increase sector capacity.

[0045] For SU-MIMO, a UE may estimate the MIMO channel response, evaluate
different precoding matrices that can be used, determine the channel rank or number of
data streams (S) to send to the UE, and send feedback information to the Node B. The
feedback information may convey the selected precoding matrix, S specific columns of
the selected precoding matrix, the SNR or rate for cach data stream, and/or other
information. The Node B may send S data streams to the UE using the S selected
columns of the selected precoding matrix and at S rates indicated by the feedback
information.

[0046] For MU-MIMO, a UE may estimate its MIMO or MISO channel response,
evaluate different precoding matrices that can be used, and send feedback information
to the Node B. The feedback information may convey the selected precoding matrix,

one or more specific columns of the selected precoding matrix, the SNR or rate for each
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all.

[0048] In general, a SU-MIMO UE may generate CQI information with an
assumption that data is sent only to that UE on a given set of time and frequency
resources. In generating the CQI information, the SU-MIMO UE may employ rank
selection, SIC, and/or other techniques that rely on transmission to a single UE. A MU-
MIMO UE may generate CQI information with an assumption that data will be sent to
that UE as well as other UEs on the same set of time and frequency resources. In
generating the CQI information, the MU-MIMO UE may avoid techniques (e.g., rank

selection, SIC, etc.) that rely on transmission to a single UE.
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The UEs may be classified based upon the number of transmit antennas (T) and the

number of receive antennas (R). For example, if the Node B has four transmit antennas,
then UEs with four (or two) receive antennas may be placed in the SU-MIMO group,
and UEs with one (or two) receive antennas may be placed in the MU-MIMO group. A
UE with fewer than T antennas may be placed in the MU-MIMO group so that the Node
B can transmit up to R data streams to this UE and T —R data streams to other UE(s).
[0052] The UEs may also be classified based upon their data requirements. UEs
requiring high peak rates or having large amounts of bursty data may be placed in the
SU-MIMO group. UEs with low continuous data (e.g., voice) or delay-tolerant data
(e.g., background download) may be placed in the MU-MIMO group.
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fogp be timpreyil foyavmcmgmsre Yhem ﬂbEMWMIMﬂogmum oHowwme)r in order to

b weleGPt FERe (08D RRefeRatee b@“ o Barira@in i BES e placed in
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antennas may be placed in the group so that
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| ar ge am)unts of bursty data may be placed in the

SE- MRS GrBess. n tEsSeiofh | ow conti nuous data (e.g.,

voi ce) or delay-tolerant data (e.g., background

downl oad) may be placed in hg. M+ M MO group. [0053]

The UEs may al so be cl assified based upon t he nunber

of UEb .i M the—sector and/or Sector L oadl llg For

exSTHREON when only a small nunbelsgficatian s present,

M I\/O
gﬂ@%e%v e?g%c%g@ ngglﬁﬁg)y %ﬁ%@aﬁu ngg LM{)M%%
pr%%t || PdaceitHEpywith favhenteiEss IIIHM[E}MM@@EHIPI n the

MU MBND grou ac%/q&clf o\%{”ﬁ? g%ﬁ%a%e jae or ursty r&a‘gaqg SWgroup.

gr oup?@hen t
requirements | place UEs with low rate or delay-tolerant data in MU-MIMO group.

Number Place UEs in SU-MIMO group when few UEs are present.
of UEs Place UEs in MU-MIMO group when more UEs are present.

Place UEs in SU-MIMO group to achieve higher peak rate per UE.
Sector/UE goal

Place UEs in MU-MIMO group to achieve higher sector capacity.

[0056] In one specific design, the UEs are classified based solely on transmit/
receive (Tx/Rx) configuration, which refers to the number of transmit antennas at the
Node B and the number of receive antennas at a UE. Table 4 shows a specific

classification based solely on Tx/Rx configuration.

Table 4




| oaded. Conversely, nore UEs nmay be placed in the

MJ M MO group when the sector is nore heavily | oaded.
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sector goals. Sector capacity may be inproved by

placing nore UEs in the MJMMND group. However, in

order to neet quality of service (QS) requirenents of

the UEs, certain UEs nay be placed in the MJ)M MO

group and certain other UEs may be placed in the

SU-M MD group. [Q055]REapl e 3 shoms so0ne |exanpl=es
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tinme, due to changes in the sector. Table 3
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ant ennas at the Node B and the number of receive

ANtENBAL o Hei rd ldgas Tah E%Sgﬂri Elg;‘rﬁj%rrté(} SRALAd fata stream er UE,

classification Rx configurati

Tabl e24] 0sfiguraionx Iane O is guipriricdwitk ans ddia tsfr@dmmﬁot thlS UE,
antennas and R receive antennas for a given UE. The
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foll f -
ot B8 Lo PR AR B2 sipisiBa e PiSaE PG SGe
UE J S450 00810 eF0nWthb UE@odréj Qlpotd SAMBwatd meﬁnfsj’-f_aer UE and

2x4 configuration - one UE I s supported, wth two
st recad®d Ea@tfigukition Ubone UAkik sogpiirieg uwal ifaim datafsauambies tlas dﬂ E.
supported, wth one data stream per UE, 4x2

RIO'SE] gurpdel PRsifichiidh M@Eﬁﬁlﬁy b PORI- ek andl rhﬁly &Mgé’ difiequently, if
streans per UE, and 4x4 confi guratl on - one UE iIs

sl oftléid mayi betelassifieddathe ut ehmsall.omontiaadayer fipgossyther Node
Eh Q& cl aI%%I {JEC%E}I]?[{%)/%M? ?P’?l%/ei Qreo/&ifﬁl w% ft J[h%cﬁﬁdb S through

change i nf reque assi

agndling, shivhtmaf basaahtia hllghélﬂlafiﬁﬂd@&/dﬁdcﬁsﬁ @Harﬁfet;teﬁerAlternatlvely,
Node B, etc. The UE may be notified of the group t
{heisemistEc erouahangimERASads comumaTaty beineehthad{E 6@ the Node

Ee\?% 2 )éh?sup% Igg;ﬁ/fAé PAfF indftalrOHE %thsmﬁgﬁﬁﬂ%ay ﬁfaﬁge in a semi-static
way depending on UE preference, UE requirements, channel conditions or long-term
channel statistics for the UEs, UE population, sector loading, overall sector conditions,
etc. For example, if more UEs are present and/or the sector loading increases, then
some or all UEs may be moved from the SU-MIMO group to the MU-MIMO group.
As another example, if performance degrades over time for a given UE, then this UE
may be switched from the MU-MIMO group to the SU-MIMO group. The UEs may be
notified of changes in the groups to which they belong.

[0059] The Node B may evaluate operating conditions periodically and may make
any necessary adjustments to the groups. Alternatively or additionally, the Node B may
evaluate the groups when appropriate, e.g., when new UEs are added, when existing

UEs leave, when data requirements and/or conditions change, etc. The change from one

group to another group is typically not on a frame-by-frame basis but, rather, is



the sem -static group change may al so be communi cat ed
bet ween the UE and the Node B via a physical or MAC
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sem -static way depending on UE preference, UE
requi rements, channel conditilhs or |ong-term channel
statistics for the UEs, UE popul ation, sector | oading,
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UEs are present and/or the sector |oading increases,
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acC

may receive feedl information fromthe UEs and may
EdHEePEs. S fegpireraoRib.i saktor foadigi efsi SaMgad dlebse pastors Keg., sector

[ f ack i.nfo ' : i
Ay Gy BREROehThb B o R T FSRE GRS quy; Honce
Bid-sbhddling dediibhsern eyt arg atturdiag iydsediipddise finder MikgMhdoxs.
The schedul er may.determ ne the throughputs achi evabl e

H901L; 1 flercerissiBeatian WESniherops ay BRI dcorfpratd gRgees. First,

eI B B S RS g RS MR, B ol & 5 e, the

sihediler Weuldi rict nSté M ddleite SUFMIlIOe UBESn wotnbingtiodwNAD other UEs.
ased upon various fact such as sector capacity

et RRg UL TR0 ngag%wavﬁﬂﬁ&daﬁﬁ@t Tiiods B may

Rpfcavrs Ry MidRlatiodafR dBRUE SERCSrdafd@Swith interpretation rules

requi renents, sector |oading, etc. Sone of these

ippdicabls foe the grompoinowhichabié Ay balepes hdiegexample, thardlode B may
PR DR I LoeoRed by VarF el af g VD dGp s being
bRt & itnEek IsylcB@or aed 8IS The Node B may interpret CQI information
received from a UE in the MU-MIMO group as being generated without rank selection
or SIC. The classification of UEs into SU-MIMO and MU-MIMO groups may allow
for independent design and operation of precoding for SU-MIMO and MU-MIMO to
improve performance. A SU-MIMO UE may select a precoding matrix and column
vector(s) out of one set whereas a MU-MIMO UE may select a precoding matrix and
column vector(s) out of another set. The number of available precoding matrices or
columns may be independently optimized for the SU-MIMO and MU-MIMO groups.

[0062] Ambiguity in interpreting CQI information may also be avoided in other
manners. For example, a UE may send CQI information as well as one or more

signaling bits to indicate which mode (e.g., SU-MIMO or MU-MIMO) was used in



[0061] The classification of UEs into groups may
provi de various advantages. First, scheduling may be
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fé‘ng N:l\/&ﬁtgﬁoﬂr%ﬁl}ﬁe Ng%idga%hgr;@ﬂt R e%igttp%plgf: tpﬁ élggughput for that

ESRBYESh Kabd LPSOMBRNFOBstintht @O AN aNG 8trWirhd) TIEURBAS) sclect the
i ndi cated by the signaling bit In any case, proper
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pethisohsfrikan kinsiklr eeihhen B TP Inha@vaalu?i’(&ablliomy sﬁMﬁthédtp@ecodlng
each of the precoding matri ces supported by the Node

patrices.  Ege pachriveedinggmatitss the, UEHBaUEVahgaje et Rpapibleeeaipbination
of cails s ﬁ@ﬂé&h?'ﬁ GRITR] g.ﬁ#o% BinafiBhd M ih'e‘sluﬁﬁgg. ?gor each

used ansm Sssi on. |nat|on correspon
ebrﬁlmﬁﬂ:tllcfn thesEE rody @Gnelisributotle toall transnit potvheagoscbdolngins/data

g%arg}éﬁ](b)ggﬁtdmglgeg Hﬂeggllﬂgin(ﬂfaﬁcérfg% Etzeea%Ef o8 ol?lg))ndt%e MIMO detection
technique (e.g., MMSE) used by the UE, and (¢) determine the throughput for that
combination based upon the SNR estimates for all data streams. The UE may select the
combination and precoding matrix that provide the highest throughput.

[0065] The selection of the precoding matrix and its columns may also be
performed in other manners.

[0066] Referring to FIG. 2, controllers/processors 280x and 280y may determine
which precoding matrix and which L or S columns to use for transmission. Controllers/
processors 280x and 280y may also determine the CQI information (e.g., SNRs or rates)
for the data streams to be sent with the selected columns of the precoding matrix.
Controllers/processors 280x and 280y may generate an uplink message containing

feedback information, which may comprise an index for the selected precoding matrix,



di stribute the total transmt power across all
columms/data streans for that conbination, (b)
W@gao7iret680 t he SNR of each data stream based upRCIT/UR07/064329

M MO detection technique (e.g., MVBE or SIC) used by

the UE, and (c) determ ne thel% hroughput for that

conbi nati on based upon the SNR estimates for all data
streans. The UE may sel ect the conbination and

precoding matri x that provide the highest throughput.
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[9igs] or Thatedsyification eblokek B 2Shke dePeifornize if @atiow bnners. Each

the sel ected col unms of the precoding matrix.

Bbntpy e graged g dbe disrtstroworr sirgsesses Zruyp Rrsed upet thgnnumber of
. A : ! : . '
UBLAD AR08 308 0L 81 LREARRRK LR OBl s i
smagleiaxtennd oragdeipbated mdtheatconel @bu, AEEd wioh aSege | Teattethas may be

col ums, the i nf tion, and/or _other informatjon .
CBogl e s ciahganien SrE S Wd Bor gt i oues Grdoroplac in the
§R6EA ¥Rwp! Recrk e AR Kuh PEUMREdnAR £RINLAE BUESADES may also be
det erni nes whi ch precoding natrix and colums (or nore
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0B P R B P S 0 SR Y RO
b¢ a&si-§thesd Uhh%e@ il dpeating YeoRlitiohO HRY KeOdREdtEd (Wg.periodically),
2.1!1({ %Esg rn?al;lpbg nreclgssiﬁed based upon the detected changes in the operating
conditions. Signaling may be sent to the UEs to convey the groups to which they
belong.

[0069] For blocks 314 and 316, feedback information may be received from the
UEs in the first and second groups. The feedback information from each UE may
comprise a selected precoding matrix, one or more selected columns of the selected
precoding matrix, CQI information, and/or other information. UEs may be scheduled
for MIMO transmission based upon the feedback information. For example, multiple

UEs selecting different columns of a common precoding matrix may be scheduled

together. A MIMO transmission may be sent to a single UE in the first group or



second group (block 312). The first group may include
UEs to be scheduled individually for M MO
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dFmulThic pﬂr@t iuespretatioh may sotadnigrioeing e §.QI infirmgtion &owrthe UEs
FRIE SRLMER s hERTALE TOH R Sahe M G Noce
Béh@ disdributed across a selected number of data streams, (b) with SIC, (c) with an
assumption of data transmission being sent to a single UE, and/or (d) with some other
assumptions. The second interpretation may entail interpreting the CQI information
from the UEs in the second group as being generated (a) with the total transmit power
being distributed across the maximum number of data streams sent by the Node B
and/or (b) without SIC.

[0072] A single UE in the first group or multiple UEs in the second group may be
selected for MIMO transmission (block 518). The rates for the MIMO transmission to
the UE(s) may be selected based upon the interpretation of the CQI information
received from the UE(s) (block 520).



mul tiple UEs using a reconstructed precoding matriXx

(such as a zero-forcing matri x) obtained based on the
WOoredori1eswso and/ or col utms sel ected by the UEs [BOI70$2007/064329

FIG 4 shows an apparatus 400 for classifying UEs and

transnitting data to the UEs.20apparatus 400 incl udes

nmeans for classifying the UEs into a plurality of

groups conprising a first group and a second group
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sone ot her ass e secon
pretedipg etaatidosnndiy celntaislis diffeempretwary thdér®@roup and the second

informatiaon fromthe UEs in. the second group .as bein
BOHBr A1 ea PSR EREL RBTPORA] FrURsIECURRZRY b fgde T the set
Qér%sﬁbtmfﬁ%C{O a@léoél%uf)ht% FRIIhTHR ’ﬂ}ET%%[on%& dgha @Ergﬁfg&tes CQI

sent” by the Node B and/or (b) w thout SIC [0072
gifergagiown p mirstmeanir Etplaged uptherfirstigroump(bdoddES] 8).n Thi&E generates

SRS R B8 S T M PRy 20 or
example, if placed in the first group, the UE may generate the CQI information by
distributing the total transmit power at the Node B across a selected number of data
streams and/or with SIC. If placed in the second group, the UE may generate the CQI
information by distributing the total transmit power across the maximum number of data
streams and without SIC. CQI may also be determined by considering precoding. For
example, CQI may be determined for each candidate precoding matrix and column
vectors. The UE sends feedback information comprising the selected precoding matrix,
the at least one selected column of the selected precoding matrix, and the CQI
information (block 722). The UE may receive a MIMO transmission (a) sent solely to
the UE if placed in the first group or (b) sent to the UE and at least one other UE if
placed in the second group (block 724).



the UE(s) may be sel ected based upon the
interpretation of the CQ information received from

Wa b@7/0863) (bl ock 520).[0073] FIG 6 shows an BEPHSHOUG64329
600 for interpreting CQ information. Apparatus 600
i ncl udes means for classifyimg UEs into a plurality of
groups conprising a first group and a second group
(rmodul e 612), neans for interpreting CQ infornmation
received fromthe UEs in the first group in accordance

N07Al a fHIGs B shawe ppeprattuy R0Q fayddle. @malratuﬁeg&ﬁsnﬂ@ée_s means for
PR TR S LB et BE G T8 LRT HRE o b second

bidupr(plodtt 8 10y, ﬁleméuﬂoe s@l&@t)ng pasesding rmsieik efedrh mgsea of precoding
single UE in the first &% or nultiple UEs in the
g@a’t?ﬁa @oduls B&P), Nnegos t foanssifcEag i (cAddomne celugin offhe selected

ﬁ%@&ﬁn HatrnE Iﬁ&&dlﬂglfﬂg‘? Iﬁtfgts %%%fatﬂlg%(zﬂ &(Brmatlon in a first manner

ransntssion to t bas
ifntlasedriettat ifiost godurt (’rﬁodi‘@ 8il Y aicrat if@nganereny €D indsnmation in a

the #J Eé%?nﬁé o g’ﬁal'fgﬁi 31210%1'? %3&%@@%@@?@% Aramagns for sending

ﬁ%&%&ﬁ%mfo%ﬁ%ﬂ MR P QNEAL S prebOALE fﬁatr%i rtl?e“alttl&zst one selected
menories, etc., or any conblnatlon t her eof . 74]

ﬁlannbfsh@wecaecp pocedisg mrlp,emdoﬂlﬁéi‘:{)bylﬁa'ntaﬁon ‘lfmeduJE 822), and

PR reR P bu MR el Bty s e fcipe ATt i and a
RaltesicS oteP AT QRlbAgle NN | XMbEGIEY 813ab 4 Ma@C@MBe processors,
matrices (block 714) and selects at |east one colum

dﬁctfqmcss éj;e§t9p%d hp]id@@fﬂﬂ @'Fg’ 1G98t rqlggtrpmcgc Romn(@)entSL f logﬁlél circuits,
%S%P%ES a"%Q'gog%ﬁﬁgg Q@trlces and/ or colums is

eré Pet we | St group and the second

gmoﬂp thenedhngups éeseebaphardinmay wnichpl@témed Byelatius @itans. For
be made in the set corresponding to the group tq

e RS RAS gy HhEnplemgriae iahesiven: frarer reeftyre, or a
%(%Ié?ngﬁrcﬁiﬁldggp NS 4 harl qglp'le?nérﬁﬁlofn' {h%tprgée%iﬁ (()19 é@gtka Node B

gener at es rmation in a se
omn bé&rmay b imelenhented whthirs econdngreapplidtioo slecif0ntedrated circuits

e, if placed in th rou the UE
ERR L et PesBf Bloseop oty ogje B iRieh tteag By PSPDS).
b{o%ﬂﬁml&blé’olﬁ%{c %!evfcé§ (NQ%?]BF%RF PeSerdmiRbRC Al VAHH?@ "(FPGAs),
data streans and/or wt If placed in th
B@G@SﬁdrSQ icoutpollerh emigio-gentrajsne ratceontroes s, ¢ln¢tmnmatdmnes other
ross the

kst oriehnaerest BaeoBp bR nte B Rbal FGRES obgcombination
fRycol SO be determ ned by considering precoding. For

[0077] For a firmware and/or software implementation, the techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The firmware and/or software codes may be stored in a
memory (e.g., memory 242, 282x or 282y in FIG. 2) and executed by a processor (e.g.,
processor 240, 280x or 280y). The memory may be implemented within the processor
or external to the processor.

[0078] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined

herein may be applied to other variations without departing from the spirit or scope of



exanple, CQ may be determ ned for each candi date
precoding matri x and col umm vectors. The UE sends

wo e@dhesesBo | nf or mati on conpri sing the sel ect ed PCEUSWOTIQN4329

matrix, the at |east one selected colum of the

sel ected precoding matrix, am® the CQ information
(block 722). The UE may receive a M MO transm ssion
(a) sent solely to the UE if placed in the first group
or (b) sent to the UE and at |east one other UE if

icalsssipsire. t Husstbe disdlogeisupnetunisadedrpdy, ljrongsp the cangles shown
ﬁer}(e)%b 31 aPRaLaL lflgedgt%(e) v&i%st ascoU Ee' RN ALY .tﬁg Orinciples and novel
facl udes® means“foor receiving sighaling in |caplng
phaeirbedisdibred Uerdis  Plidiggthotd) t@thk dxint gHaothe tefm din§REeYTds used in
group (nodule 812), neans for selecting a precoding

pieher ithe dotaifgdadasesiptym ofrthe sHiimeg syak terees iptepdes © w1imylusive in a

I ' . t 1- O
TS, LS LREL IO ok 77 PR St g wicn oy

gengaaitiongl €Qtd innfadaimati on in a first manner if placed
in the first group (nodule 818), neans for generating
CQ information in a second manner if placed in the
fReond overer (SedidpmBpds). means for sending feedback
I nformati on conprising the selected precoding matri x,
the at | east one selected columm of the sel ected
precoding matrix, and the CQ information (nodul e
822), and neans for receiving a M MO transm ssi on sent
solely to the UE or to the UE and at | east one other
UE (nodul e 824). Modules 812 to 824 nmay conprise
processors, electronics devices, hardware devices,

el ectroni cs conponents, logical circuits, nenories,
etc., or any conbination thereof. [0076] The

t echni ques descri bed herein may be inpl enented by

vari ous neans. For exanple, these techni ques nmay be

i mpl emented in hardware, firmmvare, software, or a
conbi nation thereof. For a hardware inplenentation,
the processing units at a Node B or a UE nay be

i mpl enmented within one or nore application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
progranmabl e | ogi ¢ devices (PLDs), field programmuabl e
gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, electronic

devi ces, other electronic units designed to perform
the functions described herein, or a conbination

t her eof .



[0077] For a firmmare and/ or software inplenentation,

the techni ques may be i nplenented with nodules (e.g.,
wW@e@caeeses, functions, and so on) that perforPCT/H82007/064329

functions described herein. The firnmware and/ or

software codes may be stored 3h a nenory (e.g., nmenory

242, 282x or 282y in FIG 2) and executed by a

processor (e.g., processor 240, 280x or 280Qy). The

menory may be inplenmented within the processor or

external to the processor. [0078] The previous

description of the disclosure is provided to enable

any person skilled in the @IAIMSake or use the

di scl osure. Various nodifications to the disclosure

will be readily apparent to those skilled in the art,

and the genericlg®jn%%BLes defined herein may be

appl i &d t o 8RB WS FPEPIIAS wi t hout departing from t he

SPi rih RoccSRPRNALERE ] Q&sHSUs8r eddipments f(I@Béy $tb O PhRality of

Is not intended to be limted to the exanpl es shown ,

peovups sopptising 2 dirple gpipotnted tosendriggeuy, teciwgrepret channel quality

consi st i - L NG feature -

RS E T it Pl 08 VA, YRS P M ERorcpnoe witn

fis matcipRghticthe and it® ints@eet iITQleinfdarativhec@ddtedi k@ UEs in the second

description or the clains, such termis intended to be

IREP i ASFETJaRCHWHA Fri8FoNgi IRfCTptatien: @Ad t er m " conpri si ng"

as "c [ -S4 pA L B d when enpl oyed as a

transt oIS @%}%ﬁﬁoﬁﬂéﬁ@i@gﬁf [0079] WHAT 1S CLAI MED

| S: CLAIMS 1. An apparatus conprising: a processor

configured to classif ser_ equi pnents. (UES) i.nto.a
plurafity EEF@ GPRATHYS OB s %ﬁa%ﬁ ﬁhgtﬁrétrs papgfudes UEs to be

SCONEd I AVRuallP M ERII&inpah 3L Budduk {XIMIY &84 @fission, and
(CQA) informati'on received from UEs in the first group

whergo dredsasord wiredp smchides tUENthat srettet sahaduleh dogether for MIMO
ﬁnten ret CQ information received fromUEs in the

EOHE ' Yroup in accordance with a second

interpretation; and a nenory coupled to the processor.

2. The apparatus of claim1l, wherein the fLrst1gro%P '
i ncl udles Ukbe arpapdusefidainl bavhiernin theduasdsyorfip gonfigured to interpret

| &Pl e l.Npk t Lol tr ] SS -
TR R ot L UL 508 M 5o LR o i o
saiadup@dertgeNdirB being Midibitednatssss saddtted number of data streams,
and to interpret the CQI information from the UEs in the second group as being
generated with the total transmit power being distributed across a maximum number of

data streams sent by the Node B.

4. The apparatus of claim 1, wherein the processor is configured to interpret
the CQI information from the UEs in the first group as being generated with successive
interference cancellation (SIC), and to interpret the CQI information from the UEs in

the second group as being generated without SIC.

5. The apparatus of claim 1, wherein the processor is configured to interpret
the CQI information from the UEs in the first group as being generated with an

assumption of data transmission to a single UE on a set of time and frequency resources.



3. The apparatus of claim1, wherein the processor is
configured to interpret the CQ information fromthe

wWQER7ieveshe first group as bei ng generated w tPCT/O82007/064329

transmt power at a Node B being distributed across a

sel ected number of data streaifs, and to interpret the

CQ information fromthe UEs in the second group as

bei ng generated with the total transmt power being

di stri buted across a maxi num nunber of data streans

sent by t h&hiNoweaBtus4of Themapparhereis &Ff plogésserl is configured to

AR RS OB F AR o CRmRHEREL Py bR Sl e
hpungn@eaprraind WIS UseRasbdieh, | MEnd esdat erates for the MIMO
cancel lation (SIC), and to interpret the C )
framsareen &h ther sbcted UES or VEnbassdcieg e dcgﬁrmétab@n @§ the CQI
gﬁ&%{a%ﬁ?%c\é’ixleﬁ%ﬁn #He®/E 3r yERe apparatus of claim i,

erein the processor is configured to interpret the
CQ information fromthe UEs in the first group as

bei ng_generated with assunption of data . .
transhi ssi iﬁe flpazatug ﬂfgaémb > wgﬁergmstg? PECCYSORE comfeured to receive

frbﬁlodJ@E%Y%lﬁﬁﬁngﬁﬁ%ﬁnQa 2l 18 RRAALE U FbelGlRl M 1,
wherein the processor is configured to schedule a

single UEin the first group or nultiple UEs in the
second groyp for . nultipleinput multiple-output (MM
transﬁ'i Ssi ,etgﬂ(éjc?%p%@ll%ct rates for the M MO

t r ansplassfyaly 4Lr %&lﬂﬁﬁl@% UIESHindF a lulefis, HRSBHpd B Apridiy a first
e

interpretation of t i nformation received from
gioap @l 8 scagrd graup; The apparatus of claim 1, wherein

the p ' f l.qur. i r .
e A R
the fAstRbIOG aeoddinciwigh a Glsaaserbytai@pnyser equi pnent s
(UEs).into a plurality of groups conprising a first .
gr oupHgTareHng e QhdnfBIHoN i TReAY st dtanhgUERJRNnEe 8geand ¢ group in

?&@kd&ﬁ&%itﬁ%éoxﬂdfﬁt‘e LiQn received fromUEs in the

Irst group in accordance with a first interpretation;
and interpreting CQ information received fromUES in

B L TR RTINS —
FREREP TR B UG iPWhe iRt 8B b&Mprises interpreting the CQI information
from the UEs in the first group as being generated with total transmit power at a Node B
distributed across a selected number of data streams, and wherein the interpreting the
CQI information received from the UEs in the second group comprises interpreting the
CQI information from the UEs in the second group as being generated with the total
transmit power distributed across a maximum number of data streams sent by the Node

B.

10. The method of claim 8, further comprising:

scheduling a single UE in the first group or multiple UEs in the second group for
multiple-input multiple-output (MIMO) transmission; and

selecting rates for the MIMO transmission to the scheduled UE or UEs based

upon the interpretation of the CQI information received from the UE or UEs.



received fromthe UEs in the first group conprises
interpreting the CQ information fromthe UEs in the
wo poogtioggsup as bei ng generated with total traPGIiU$2007/064329

power at a Node B distributed across a sel ected nunber

of data streanms, and wherein 4he interpreting the CQ

information received fromthe UEs in the second group

conprises interpreting the CQ information fromthe

UEs in the second group as being generated with the

t ot al 1t.r andmiapppane compysingbut ed across a maxi num

numbey egfs q'art aclasst iRARLD Selgnet uP etnt[]se (N%Csif i%o 10. 1&5‘1% of groups

met hod' <ot cPaim s, Tarther nprising:” sc e&uplng 3 group

Soriptien dIEfits gidu® ahd aStcaidupur nmultiple UEs in the

second group for nmultiple-input nultiple-output (MMO

t r ansPiCa &N infgpreag edeniey quatieys indigatarnC QR ypformation “received
1 5Si I . d | ypon the

L e LR S S L B

t he Umcers fdEsntdrpretiig @Pparf@iasion aeqeivedifrogn Usanghdé excond group

classi fying. user equipnents (UEs) into a plurality of

grasaprdaiesnpith & sergn “ﬁ$P§¥m§Woup and a second group

means for interpreting channel quality indicator (CQ)

information received fromUEs in the first group in

accor danceThé tpazathd ofstaiimt le fpther aoipnsingnd neans f or

interpreti i,.nformatjop received fromUEs in.t .

seconBegiol s namels R e headeoin of mudbié Vs in e

sd¥bRd ProRb 361 AOltiplZinplhBuRkipRAAPHIVAIMG) t8dnlindskionf bikd her

conprising: nmeans for scheduling a single UE in the

fi r st mgpwuler oeleating ras¢sefaurbe MIMQdransmanipngtootlip selegduled UE or

g‘ﬁé LRl 'oE %gin%%{aﬁlog of H]t% %Ifié{r\gr%{%o“e?%%gﬁ #8hARe UE or UEs.

nean or selecting rates
transm ssion to the schedul ed UE or UEs based upon the
interpretation of the i nformati on received from

the UB-or (ESOMPYLCr-jeadafis unedivie Abriwiiag niggfrugtipns stored thereon,
%&ﬁéﬁg%%g i nstructions stored thereon, conprising: a
Irst 1hstruction set for classifying user equipnents
( UEs) a ifm$tanstryzkion akt for obdssidyiog psercamppmaitsn QUBRS) intsd plurality of
roup and. a segond roup;
group comprising a first group and a second group;

a second instruction set for interpreting channel quality indicator (CQI)
information received from UEs in the first group in accordance with a first
interpretation; and

a third instruction set for interpreting CQI information received from UEs in the

second group in accordance with a second interpretation.

14. The computer-readable medium of claim 13, and further comprising

a fourth instruction set for selecting a UE in the first group or multiple UEs in
the second group for multiple-input multiple-output (MIMO) transmission; and

a fifth instruction set for selecting rates for the MIMO transmission to the
selected UE or UEs based upon the interpretation of the CQI information received from

the UE or UEs.

15.  An apparatus comprising:



a second instruction set for interpreting channe
quality indicator (CQ) information received from UEs

WO poorhe9edd r st group in accordance with a firstPCI/US2007/064329

interpretation; and a third instruction set for
interpreting CQ information #%ceived from UEs in the
second group in accordance with a second

interpretation. 14. The conputer-readabl e medi um of

claim 13, and further conprising a fourth instruction

set fomrewswetdonfgarcdito dassie vser squlgmemp (SFEsinimtpi pipkurality of

%J.:%l%?é grfr}égr?sn? °& 1rs? ,%?qr\u%’lﬁfiﬁags:e]%om l b I %pﬁ%o serlgpl{ a s]mgrle HE at a time from
ihesfirtsugtoup rfos ﬁiultfrplé iRk eafliiple- dhﬂiu@%NfINfO)t tighsMidWidn, and to select
transmssion to the selected UE or UEsS based upon the

e UES at 3 Bredron He se@rn igio et for MIMHO tispanisagnsangm

the UE o gt us conprising:a processor
confrgureﬁgfémgﬂassﬁﬁ user equrpnents (UEs) into a

plurality of groups conprrsrng a first group and a
secon gro E to sel ect a e UE at a tine f
first rouﬂ ¢ gpoasiitiy ppFlaim surv rrﬁrqﬁhsrpéocaéﬁorsm o place

LLANTMSEEO M thd @igsttg‘r)olﬁoeéﬁﬁé sdfhd bR bR 1on "ﬁuﬁfbgieof antennas at

fromthe second group for MMO transm ssi on; and

thertdle yncowpbeadf totchirs apadods$or . 16. The apparatus of
clai m 15, wherein the processor is configured to place
each of the UEs in the first group or the second group

based]uponTRe BRRate oABBRANBSwREreln e WroRBr MMERETouRdd to place
antennas at a de B. 17. The appar at us of cIalnrf

ouvtrlél withieipnloertewrinithe seoprd gigkied to pl ace each UE
with a single antenna in the second group. 18. The
apparatus of claim 16, wherein the processor is

confi g&ir edThe ap}iaaz&ﬁs SﬂﬁllaanE6 Wivhérefit the @asdessbr @tcﬁfﬂg&ﬁed to place
in the first gro i s nunmber of antennas
69+ W aathest loapigt r@elﬁraéé%th@aftrﬁt WRRGIeTY BRI R phicnnas at the

ﬁ‘BH@ B”%gi ﬂo\%&c‘%%a&?@%%tﬁe%? thah % anmﬁlagﬁ%é §%¢6t§18 Youp.

claim erein the processor is configure
classify the UEs into the plurality of groups based

upon | oadi a Node. B, .20, _Th ratus of clai
15" by el Ak REPRBo e Sl SoNRRGHY B @tpeeswor s Totigured to
classify the UEs into the plurality of groups based upon loading at a Node B.

20.  The apparatus of claim 15, wherein the processor is configured to

classify each UE based upon data requirements of the UE.

21.  The apparatus of claim 15, wherein the processor is configured to
determine long-term channel statistics for at least one UE and to classify the at least one

UE based upon the long-term channel statistics.

22.  The apparatus of claim 15, wherein the processor is configured to
classify the UEs into the plurality of groups based upon the number of UEs to be

classified.



cl assify each UE based upon data requirenments of the
UE. 21. The apparatus of claim 15, wherein the

wW@e@eaewdr is configured to determ ne | ong-terPETH8200B064329

statistics for at | east one UE and to classify the at

| east one UE based upon the I%hg-term channe

statistics. 22. The apparatus of claim 15, wherein the

processor is configured to classify the UEs into the

plurality of groups based upon the nunber of UEs to be

cl ass?¥.i edThaapprnsuspbeaiat IS vicreihaheJES araniner enllprtahsector, and

el 8o o EEhoRlieBs e Bl alo P L in i isparopp based on

& Mestfdongitio@ ra@d Ro Rassif, alh ofl tiid USS i€ erdiccbhgrng Haged on a second

classify all of the UEs in the second group based on a
-condition. 24. The apparatus of claim 15,

wherein the classification of the UEs is sem static.

25. The apparatus of claim 15, wherein the processor

i s coM.i guTkdapmradedt eftdlaiohbhgdsertin tiopaasificagon of the UEs is semi-

conditions and to reclassify selected ones of the UEs

Haded upon the detected changes in the operating

conditions. 26. The apparatus of claim 15, wherein the

processor is configured to send signaling to the UEs

t o cob¥vey Theappavaipsof damhil &whdreinls plvsbssnyis @figlied to detect

aratus of.claim.l5s rein t.he processor
SBRRr S i DodioRs maLE B e GRS or i g based upon
WeietcrRtd chen @€k opEatih@Eordifdast r ansm ssi on based
upon the feedback information. 28. The apparatus of

claim 27, wherein the feedback informati on from each

UE i n,t he [ j ifhes. r [ '
b AP LA L R B BB Tt o s
sidedalinipfto @s @Es toagatcyothe gelpy i whichtthe Use belohgd

precoding matri x. 29. The apparatus of claim 15,

wherein the processor is configured to select fromthe

secong; gr ogp, Ewedatr%ﬁ% & dish fﬂe,lwﬁlglr;]é ﬁlequf)éeg&g%'\icﬁ}ggﬂf@asto receive

of a conmon precodi ng matri X, to sen
facdeski is firmatido fivhetheUlUEs, pind tt)EsleuisURg forBlIMEnmansmission based

recodi.n trix. 30. The apparatus of claim 15,
&H@Vﬁ?ﬁ*ﬁhggﬂpg%%@gﬁ? is configured to sel ect

28. The apparatus of claim 27, wherein the feedback information from each
UE in the second group identifies a precoding matrix selected from a set of precoding

matrices and further identifies at least one column of the selected precoding matrix.

29.  The apparatus of claim 15, wherein the processor is configured to select
from the second group multiple UEs selecting different columns of a common
precoding matrix, and to send a MIMO transmission to the multiple UEs using the

common precoding matrix.

30.  The apparatus of claim 15, wherein the processor is configured to select
from the second group multiple UEs selecting different precoding vectors, and to send a
MIMO transmission to the multiple UEs using a reconstructed precoding matrix

obtained based on the selected precoding vectors.



fromthe second group nultiple UEs selecting different
precodi ng vectors, and to send a MMDO transm ssion to

w0 b@7tre8e80 pl e UES using a reconstructed precodP@ryUS2007/064329

matri x obtai ned based on the sel ected precoding

vectors. 31. The apparatus of & ai m 15, wherein the
processor is configured to send a MMO transm ssion to

a UEin the first group using at | east one colum of a
precoding matrix selected by the UE. 32. A nethod
conprising: classifying user equipnents (UEs) into a
plurakjty [ QURS. C rising a fifrst group and.a
Cecont g ons BEEE: SO0 TSt SoroBt R Biaflred e send
MINVED trgfi@hiRsib®to AUIR inthe fiksd Rrdupnasidg fllestibpiiéolidvh MDh precoding
transm ssion; and selecting nultiple UEs at a tine

mel cehsteddydhe Usr oup for M MO transmi ssion. 33. The

nmet hod of claim 32, wherein the classifying the UEs
conprises placing each of the UEs in the first group

or th&2secAndethodupnpasegl upon nunber of antennas at

the UE and. nunber of ante s.at a Notje B. 34. The ..

et hollHY Vet 5T SOUDRGS L oL ko alhius P ngfoppRe cQRRyising a first
ERNPLhS §Scoh@Ssddpyi N9 the UEs into the plurality of

groups based upon | oading at a Node B, data

requi seentings: wfgledthatUEtime drogm ther finst panp 6br swltiple inposmultiple-

the n of UEs.being classified, or a conbination
?ﬂBPtW@st.mﬁsﬁléSSm ﬁ%% of claim32, wherein the

sel eCﬁdlé&in@%ﬁlﬁ]&E &) RdEs a@mcPfrérh MRe §dcoma gﬂaap $EAAN OHEBidMission.
for M MO transm ssion conprises selecting fromthe

second group nmultiple UEs selecting different colums

of a nmo [ thi X b1 t hod .

R e SR L

mul t i plaginPESichisifnge tes a0 O firgdre@egdon ghdTedédohd .grdp based upon
The net hod of claim 32, wherein the selecting nmultiple
wEebggiof gntepmas of sk rad awebsicpfgpisupasae Pﬂﬂdmﬁq

transm ssion conprises selecting fromthe second group
multiple UEs selecting different precodi ng vectors,

and wBr ei ih¢ hethodtoiobiima 32 heheremntpe claesfysentie R saoMphises

transm ssion to mul tiple UES using a .
gTass? ylong tile l}E!gelnto tLe pl%raﬁlty o? groups gased upon loading at a Node B,
data requirements of each UE, long-term channel statistics, the number of UEs being

classified, or a combination thereof.

35.  The method of claim 32, wherein the selecting multiple UEs at a time
from the second group for MIMO transmission comprises

selecting from the second group multiple UEs selecting different columns of a
common precoding matrix, and wherein the method further comprises

sending a MIMO transmission to the multiple UEs using the common precoding

matrix.

36.  The method of claim 32, wherein the selecting multiple UEs at a time
from the second group for MIMO transmission comprises selecting from the second

group multiple UEs selecting different precoding vectors, and wherein the method



reconstructed precoding matri x obtai ned based on the
sel ected precodi ng vectors. 37. An apparatus
weopnissing: neans for classifying user equi pneeit/BS2007/064329
(UEs) into a plurality of gré%gs conprising a first
group and a second group; for selecting a single
UE at atinme fromthe first group for nmultiple-input
mul ti pl e-out put (M M) transm ssion; and nmeans for
selecting multiple UEs at a tine from the second grou
fustheM Qo nrisash sSN&iBg om. M@MO Ttrraélsmm@mnattmsth@fm@hmlém S usmg a
1¥rre\'§§1%ss ntetdrf)? aCIanSrna{éﬁ% a%ne h ngogls 1%1% seil ec% Preg? 11'1 S\efectors
or the second group based upon nunber of antennas at
the UE and nunmber of antennas at a Node B. 39. The
appar at.us éﬂa@p§?%$3qm@mﬁ@geun the means for selecting
mul ti u
trans% g%l on cgaﬁ%ﬁlgg%ge{ I?lgr sel%gg %&) %r %ﬁfral&(&'\/& groups
s&mpmmhgaﬁumgnm@MmphSmME@g§GMgct|ng dlfferent col ums
of a conmo precodin | X, and mherel t he
appar AEH o0p¢ ﬁ%wg@o%g}%qai@%a ans frog thed e sgum faumtiple-input
Fh RIS LOMINOS Hsnﬂiks%plaﬁd UEs using the comon
precoding matrix. 40. The apparatus of claim 37,
wher einganshior selzoteng owltgdd &bisi atqr mk tfiqeh ¢hdesond geoupi foe MIMO
rom.t he second group for M MO transm ssi on conprises
sel ecting fromthe second group nultiple UEs
sel ecting different precoding vectors, and wherein the

apparatus further conprises nmeans for sending a M MO
t ransd$.ssi bhe eppareius wiilctaip| ¥/, UEeras ithg meaneurdassidpingdhe UEs

e@% L NSk E éll ?1&19 Q%%‘ Qligf %S%%s 9 tfl@?}trs?t(eﬁgﬁ 89 the second group

'ng vec user “equi pnen
Bamp) up&i Aghba ofneessal tHediE hogdhedbérofgarenatf a Nkl
quality indicator (CQ) information in a first manner
if the UE is placed in a first group anong a plurality

of gre4ps, TBQ %Q}Jalra{tﬁit ?%Jl?g{r)y{’m 1o pi] s ﬁ'['éﬁistfgr Q?ectlng multiple UEs

schedul'ed i ndivi dua e-1 nput
and timp [feono tHepsatgrid didip lfcrral‘vlﬁm)stsammlssmmdcdr@rgemmeanwfor Selectlng

information in a sec ner t he U |s
it o g Bup SHBIS CHE> PEUFars (e ol pha common
BRESNA: FAHR A LWEicRO tHdESpparatus further comprises means for sending a

MIMO transmission to the multiple UEs using the common precoding matrix.

40. The apparatus of claim 37, wherein the means for selecting multiple UEs
at a time from the second group for MIMO transmission comprises means for selecting
from the second group multiple UEs selecting different precoding vectors, and wherein
the apparatus further comprises means for sending a MIMO transmission to the multiple
UEs using a reconstructed precoding matrix obtained based on the selected precoding

vectors.

41. A user equipment (UE) comprising:
a processor configured to generate channel quality indicator (CQI) information
in a first manner if the UE is placed in a first group among a plurality of groups, the first

group including UEs to be scheduled individually for multiple-input multiple-output



that can be schedul ed together for M MO transm ssi on;
and a nenory coupled to the processor. 42. The UE of

W@ L@7/0%30 wherein the processor is configuredP@DUS2007/064329

generate the CQ information by distributing total

transnit power at a Node B actbss a sel ected nunber of

data streans if the UE is placed in the first group,

and to generate the CQ information by distributing

the total transmt power across a maxi mum nunber of '

i Og trapsissigerand by getvsatplédd iBformatigrein(gmsacgnymaeead if the UE is

}tg)lgcgecdz iglgags:ég? K orgﬁg Iarglgrrl t}%tep(l)ulljrglét()feorf %ogulp%nhtg% Eﬁvo\'{ﬂg Eg?olurf) i}lalelding UEs

thaf eanreat dchedulddt tbg&heCos MIVED tratehifesigaae cancel | ation

(SIC) if the UE1s placed in the first group, and to

gener afemane capled iofthe PRREPSA- wi t hout SIC if the UE is

pl aced in the second group. 44. The UE of claim 41,

wherein the processor is configured to select a

pr ecod2.ng Tht LiExoff dlam 4l,sdicrah thor poockisogis rahfigured fo gamerate the
| ect at .l east, one colu of the selecte recodin

?P&lrlpfe}’maw % Bl g A TSR PR Brf %ﬁﬁfﬁ §‘PW§59 a sclected

hiVeb sl et drRARRGPHHNIE ToblacXd if i€ 1Rl Oér@ﬁﬁ,tangr’[_@ generate the CQI

sel ected columm of the selected precoding matrix, and

{niern@Qbn ibyf dastrrbgtingnthe 4G al FiremiPpofercicaissmadaximher mimber of data

the processor i onf i ed to select a precoding

HierToeor B Nodk BT e R b SRR GendaBEE ! 1 he

UE is placed in the first group, and to select a

precoding matrix froma second set of precoding
mat ri ¢&s i The HE ofcliion ), achedein the preceeeion ¢opigipd tqgenerate the

: .cl ai.m 41. whereij iS - : :
COf Pl S edrol PSRt RATEIREISICY f gy placed in
the firkegrblp,idndpb geestatenhd OO fihfoghatipnouphodMACtidtheadEIis/placed in
a M MO transm ssion sent to the UE and at | east one
BeResoNdiZIPYD. pl aced in the second group. 47. The UE of
claim4l, wherein the processor is configured to

recei ve signaling indicating whether the UE is pl aced

in thé4firThe giowp otrimt he whaomdthgrmupesselBis danfigtiteddo select a

i sing. ner at i hannel i i ndi r
gli%]e 1%1%%1} X ﬁmga ?%t:ngt%re%:g ﬁg?m?t%lél%, :‘Eééqléct %![ e%gtoone(c(ol%n)m of the
selected precoding matrix, and to send feedback information comprising the selected
precoding matrix, the at least one selected column of the selected precoding matrix, and

the CQI information.

45.  The UE of claim 41, wherein the processor is configured to select a
precoding matrix from a first set of precoding matrices if the UE is placed in the first
group, and to select a precoding matrix from a second set of precoding matrices if the

UE is placed in the second group.

46.  The UE of claim 41, wherein the processor is configured to receive a
MIMO transmission sent solely to the UE if placed in the first group, and to receive a

MIMO transmission sent to the UE and at least one other UE if placed in the second
group.



equi pnrent (UE) is placed in a first group anong a
plurality of groups, the first group including UEs to

wheoosgbmwaul ed i ndividually for mul tiple-input PCT/US2007/064329

mul tipl e-output (MM transnission; and generating

CQ information in a second rdnner if the UE is placed

in a second group anong the plurality of groups, the

second group including UEs that can be schedul ed

together for M MO transmission. 49. The method of

cl ai 48, Wherld: mftqiuféngéh,ewia@ﬁeng tltehem@cgsmi if eeHEgurghto receive
Img?a%hh %a{léhcaﬁmgy qstl?eir OGEIrllsn éﬁfo o et[f %slﬁ nl%up or 61%6001@ group.
Node B across a sel ected nunber of data streams or

wi th successive interference cancellation (SIC), or

both #§ di StP¢thed FBPHARE t ot al transmit power across

t he sg%n%ﬁ%ﬁg AHRe udly gﬁaﬁ@d&% (thfﬁnf&ﬂ&n% G ﬁkﬁgmaﬂﬂgr if a user

wher e e-generati ng ormat1 on
chﬁpmehtr(am) as poapin sé”ﬁst@mep ambng atptheraldQl oﬂ grbopayalid Hist group

i B by Sreddag anEridudBoro g G RBRR railEnle gutput (IMO)

{}Qﬁsﬂnmoﬂilaﬁgrl buting the total transmt power across
t he maxi mum nunber of data streans and w thout SIC.
50. ThencrasingddQbinferimmition 48 2 steomtdmeenneo figh¢ $ikhiy:placed in a second

Bl BePRBERR, S TUbs I OO e SroRHEE Tt can ve

sl eab& e geiher RFINIDVIOREahbissidRd sendi ng feedback
i nformation conprising the selected precoding matri X,

the at | east one selected colum of the selected

Pnreteﬁggé 2]9 L é He L?g%r}dclél&h%ogéhoeﬁ%{l %engénepatlng %ﬂ‘e% C% Snformation in
ﬂfe&l’r@tdhﬂgleﬂadirﬁpﬂsefs lgomdratidg the C(@Iahfdﬁﬁla@direbp distibuting total transmit
matrices if the UE is placed |n the first group;
BEeteetNoly B b%f@%ﬂoaﬁ?be%ét RyMber fnflafa SWeame Qltvith successive

Hﬁ&?&%e@%aﬂ@eﬁlﬁh&? I'd &h@oth"% | §stBbas th'en[o%g?raﬁs‘?ﬁ? nger across

gr oup. appar atus conp |S|ng ans
'gtersereate'd mymblaonédta guedns and mllh Sﬂf oand(x&lﬁ@r&ini thé ger[mzttingrthe CQlI
in a first nner i.f a user nment ch :

Inforgpatiop opn g%o SeFoRfromanTET p‘Fq}ﬁl I ygea?raé% JB% mformation. by

distributing the total transmit power across a maximum number of data streams, or
without SIC, or both by distributing the total transmit power across the maximum

number of data streams and without SIC.

50.  The method of claim 48, further comprising:

selecting a precoding matrix from a set of precoding matrices;

selecting at least one column of the selected precoding matrix; and

sending feedback information comprising the selected precoding matrix, the at

least one selected column of the selected precoding matrix, and the CQI information.

51. The method of claim 48, further comprising:
selecting a precoding matrix from a first set of precoding matrices if the UE is

placed in the first group; and



the first group including UEs to be schedul ed
individually for multiple-input nultipleoutput (MM

W0 e@ngesedsi on; and nmeans for generating CQ i NPGF/E8200T064329
in a second manner if the UEis placed in a second
group among the plurality of ¥ oups, the second group
i ncluding UEs that can be schedul ed together for M MO
transm ssion. 53. The apparatus of claim52, wherein
the means for generating the CQ information in the '
fir st saientingre reenegimageairindonsa penong eeta ardcading meatiys if the UE is
ira]lf o({-n%ei ?e%ortf&/ rdoiustri buting total transmt power at a
R}o e act08s” 89881 ect ed number of data streams, or
wi th successive interference cancellation (SIC), or
both by distributing the total transmt power across
t he sé¥-ect 8 NDHBS COMPHPY streams and with SIC, and
wher ej h f or rat hng : Nili L-an -
-t heatsy for EaRR g TR QAT b O BETRHER in o firs
taend€@ a usdraxniphican(bY) diptdced wh ifing grong drodgd a pruaaigpiof groups,

O oL B T ek o A A TS0 i Pinput mulile
bERRSMIMOPHE snAGIRS nd he _maxi mum nunber of data
streans and wthout SIC. 54. The apparatus of claim
52, f metireior gonprting ¢Q! infleransion or a sedoad niangeralf the UE is placed in
recoding matrix.froma set of ecodi ng _mat.ri.ces;
PaSie T edflrdindiann g R Ty 3 UonahE SREHA e g i UEs that can
L@ lRdd RigeGeEfR WM taxsmABidn eans for sending
feedback information conprising the sel ected precoding

matri x, the at | east one sel ected colum of the

sel ecgf.d Pk %Sﬁa@%ué‘%tf rc.ia)l(m ﬁj%ﬁe@&n% nlleg];l? rfépéeingﬁ‘ting the CQI

information in the first manner comprises means for generating the CQI information by
distributing total transmit power at a Node B across a selected number of data streams,
or with successive interference cancellation (SIC), or both by distributing the total
transmit power across the selected number of data streams and with SIC, and wherein
the means for generating the CQI information in the second manner comprises means
for generating the CQI information by distributing the total transmit power across a
maximum number of data streams, or without SIC, or both by distributing the total

transmit power across the maximum number of data streams and without SIC.

54. The apparatus of claim 52, further comprising:

means for selecting a precoding matrix from a set of precoding matrices;

means for selecting at least one column of the selected precoding matrix; and

means for sending feedback information comprising the selected precoding
matrix, the at least one selected column of the selected precoding matrix, and the CQI

information.



