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communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems can include
code division multiple access (CDMA) systems, time division multiple access (TDMA)
systems, frequency division multiple access (FDMA) systems, orthogonal frequency
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[0004] Generally, wireless multiple-access communication systems can
simultaneously support communication for multiple wireless terminals. Each wireless
terminal can communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to wireless terminals, and the reverse link (or uplink) refers to the

communication link from wireless terminals to base stations. Further, communications

between wireless terminals and base stations can be established via single-input single-
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SUMVARY [0008] The followi ng presents a sinplified
Pt ndorc@yveamennggiags can be undesirable for several reasons. For instance,

a large amount of link resources can be consumed in order to transmit a pilot used for
channel estimation, which in turn reduces the link resources available to transmit data.
Further, channel estimation for all T-R transmit and receive antenna pairs increases

processing overhead at the receiver.

SUMMARY
[0008] The following presents a simplified summary of one or more

embodiments in order to provide a basic understanding of such embodiments. This
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[0011] Another aspect relates to a wireless communications apparatus. The
wireless communications apparatus can include a memory that retains instructions
related to determining a number of layers supported by a channel based upon an
evaluation of received pilots, evaluating a set of CQIs by cycling through virtual
antennas corresponding to the supported layers, each CQI relates to a respective one of
the supported layers, and transmitting the set of CQIs for scheduling data transmission.
Further, the wireless communications apparatus can include a processor, coupled to the

memory, configured to execute the instructions retained in the memory.
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[0016] Yet another aspect relates to a wireless communications apparatus that
can include a memory that retains instructions related to transmitting pilots over a set of

virtual antennas, receiving one or more CQIs that respectively pertain to one or more

supported virtual antennas for a user, the one or more supported virtual antennas being a



schedul ing data transm ssion for the user based upon
the CQ data. Also, the nethod can include

W@ e@Be6noss i ng data by cycling across the one OPCHUSM07/084377
QUpderted virtual antennas. [0016] Yet another aspect
relates to a wirel ess communi éati ons apparat us t hat
can include a nenory that retains instructions rel ated
to transmtting pilots over a set of virtual

AP QYT viFtSI&INYdnASs, QAR dAnd B4t trivtdnisdibiPfor KIRSREEbA ¥ LiYon the
pertain to one or nore supported virtual antennas for

& Ql deta, andeangmetting date by cyelrorice thovineton alora prpparied virtual
R5L09s 2 ORRLOREQ 2o Bl AR UpRAARE L BIRA0R Pprocessor
SUBSEr of The Vi Tuar “Antennas, P<eREdur ng darac P ’
taupisind Sisd MBmbBY, coifyustio dxaseelthedndrictions efdneddh the memory.
and transmtting data by cycling over the one or nore

9 pbr t ed W?@Gfaqtspe%tﬁ?lééﬁ 52 WigRkshemmppigatigns appagatus that

i d . I r o
SRR, B ABSKGH i ARG ITRSRR Bommunicasion
emstontehi. oFise wietladsrethnumitdtiensrepparatus canGodidde Moatsifer

&s ecit. relates to a wrel fss co i cati ons appar at us

IR UBRRHPEOVSERBAQF IV HBiat FUANHY s o5 VER NS ¥HERHY dat a
EdnRuMMRNYhH B8RS cHPITHAL GRLh OO s@x{b\ﬂhﬁ@{{'ﬁﬁ‘ transhiiSsion for a

wWreless co ni cati ons apparatus can | nc Ude means
fisor based apsmidctivad Rk dtas respativelysetrespfond ite vigtakl antennas

ant ennas. .Moreover, the wrel ess comunicatiogns .
AT B ST et e S T RGN G S can include
a@isol #8hseiittin@ldath byUuSRIinPAGEEk tHP Hppofe@iitRd] sddhal hat
respectively correspond to virtual antennas supported

BP18he useBtill Pugthéreaspect rlates foed mschinwradalile axcinshaving stored
ARR %B%a%ﬁin%gegce&?%tl)lg gn%gbl%? %g orf s%lrl%h‘ﬁgl%ﬂgg' OtVEII' ¢ %?%%tllgﬁ/antennas,

CycCcl 1 ng across e sSu virtu ant'ennas.

feiplilbtsaraighenecasanted WoatBmitaty Ratiikg sihbéulingadhddirehsmission for
medi um havi ng stored thereon machi ne-execut abl e
# HEY baved; upAB Tecsived LB Mt prspertiy clyvrrespaggito girtua] prtengas

SR ARG, e 05 Phd AR e SRS RaSel: Yy i
aigenrmabased upon received CQs that respectively

rrespond. to virtual . antennas supported by the user,
ﬁ‘??a5kransncha@aa%%l%9n% WPF@R&graag%ra&uﬁén LUHSESE ed

Ydrhiabcaticty8fARSn ihQ0dO ploRcREE WHIRME BoWrbdbs @R eLBE
aspect, an apparatus in awrel ess conmuni cat1 on

sygigemddancidCQUpdota operoces sOYirtugihetaings; theipermoessar CQls

an be .cgognfigured to send ilots . over a set of
(R senre Sl ennae T gt ioGarer R B Gnpf AP utr the one or
MREPRPHONE] VirtReldn@infad BeiRNE selsctBTtRe SRRt @aY isEiddale data
antennas for a user, the one or nore supported

trepspustionaier Eieriast brsphgpan thabsdtdats andier yansmitgdata by cycling
AN&MNESne g’rcrlagr%%lugpoq‘%ﬁavirtual antennas.

[0020] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprise the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed drawings set forth
in detail certain illustrative aspects of the one or more embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments can be employed and the described embodiments are intended to include

all such aspects and their equivalents.



transm ssion for the user based upon the CQ dat a;

and/or transmt data by cycling across the one or
worerg/osipport ed virtual antennas. [0020] To t heCT/US2007/084377

8i6Apl i shment of the foregoing and rel ated ends, the

one or nore enbodi nents conpbi se the features

hereinafter fully described and particularly pointed

out in the claims. The follow ng description and the

annexed dr awi BRSEF BESORIFTION GIETHE DRAWINGS
illustrative aspects of the one or nore enbodi nents.

892tk aspeEls lais en illystrpiden plawirblossespsrmumstatipntsy stefdny

of the varjous ways in i the principles of various
BiepbARre Rl i et Dbk, he' Goser t bec

pekedi ment BIGY. @Al sndemded ilhBtrhficsudexardple NIShaabestcs
and their equivalents. WO 2008/ 061045
dennelsxoerc0gds77 070462 6 BRI EF DESCRI PTION OF THE

M NGS [ PRZ Yl i Bl Frustratish GFun éxlaﬂlﬂer ﬁBﬂicg o2 tre?ns%nﬁssion scheme

ess communi cati on systemin “accordance w
wathiviruml astpeciss set forth herein. [0022] FIGs. 2A and

ﬁﬁ&ﬁq; Isl, l fﬁé%@%{aﬁ S?ffati(?etga le%,@y@feolggqrilg f(gr/lrfllvt%nsmission scheme
Ivhth Yo R bh@fn Qlan @y GXAHTRL &I VREE), for a transm ssion

schenme wth virtual anténnas. T70024] FIG 4 is an
[A0R26kt r at i BHG.dfis an iléxaapédreofandelampbr pibot setensrfios syinab] rate
chene wth virtual antennas and cyclic del ay

RPEYsity. [0025] FIG 5 is an illustration of an

gp! e pi Frds. sAbE Bl iALstRYIBROLE &ahPle MIRRRBENehes [FOI0A6dK
| Gs. 6A-6D are illustrations of exanple pilot schenes

henping.ock  hopping. [0027] FIG 7 is an illustration
@&zﬂgoexanpi@ ~¥3h glm&gr?{g&% &7, 5! SAmpkd s%§tféﬁlat§5fﬁr§%§ acfcogsr antennas

mput a i'on~an ransm ssi o

Bfr ICR) 1@ DB puitidd Ah ¢ dhta @fAnsBRYibA ANABMMO WORES§ chthfaunBatien
an illustration of an exanpl e nethodol ogy t hat
PRETONMCAt es evaluating CQ in a M MO wirel ess

mﬁ?g}; ni cat :pf &L Elﬂﬂ%ﬁg 1 off &Oﬁgﬁgﬁorgﬁthg%(gﬁg%at facilitates

tration of an exanple mnet
Eatudting &@sin add 0t wing eS@minungcatioo sadrdmognt.M MO

Hl25] o P AR 6F iRafatp € Sewldar Bago bt fuctac
&ﬁﬁbddn‘g@@ﬁn a closed loop MIMO wireless communication environment.

[0030] FIG. 10 is an illustration of an example methodology that facilitates
transmitting data from a base station in a MIMO wireless communication environment.
[0031] FIG. 11 is an illustration of an example mobile device that facilitates
utilizing cycling over antennas for CQI computation in a MIMO wireless
communication system.

[0032] FIG. 12 is an illustration of an example system that facilitates
transmitting data by leveraging spatial cycling in a MIMO wireless communication
environment.

[0033] FIG. 13 is an illustration of an example wireless network environment
that can be employed in conjunction with the various systems and methods described
herein.

[0034] FIG. 14 is an illustration of an example system that enables computing

CQIs in a MIMO wireless communication environment.
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remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal).

[0038] Furthermore, various embodiments are described herein in connection
with a wireless terminal. A wireless terminal can also be called a system, subscriber
unit, subscriber station, mobile station, mobile, mobile device, remote station, remote
terminal, access terminal, user terminal, terminal, wireless communication device, user
agent, user device, or user equipment (UE). A wireless terminal can be a cellular

telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless

local loop (WLL) station, a personal digital assistant (PDA), a handheld device having



one conputer and/or distributed between two or nore
conputers. In addition, these conponents can execute
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depending on the context in which the term is used. To 1rnprove systern capacity, a base

station coverage arca may be partitioned into multiple smaller areas, e.g., three smaller
arcas 104a, 104b, and 104c. Each smaller area is served by a respective base transceiver
subsystem (BTS). The term “sector” can refer to a BTS and/or its coverage areca
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 base station for the cell. The
transmission techniques described herein can be used for a system with sectorized cells

as well as a system with un-sectorized cells. For simplicity, in the following
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sﬁl%%al?ds, or enhanced FDMA (EFDMA) to transmit on multiple blocks of adjacent
subbands. In general, modulation symbols are sent in the frequency domain with
OFDM and in the time domain with SC-FDMA.

[0044] An OFDM symbol can be generated for one transmit antenna in one
symbol period as follows. N modulation symbols are mapped to N subbands used for

transmission (or N assigned subbands) and zero symbols with signal value of zero are

mapped to the remaining K =N subbands. A K-point inverse fast Fourier transform
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R regeli\ac@%f ornmed to the frequency domain with an
N-point fast Fourier transform (FFT) or
[0048] FIG. 2A illustrates a multiple-input single-output (MISO) channel

formed by multiple (T) transmit antennas 112a through 112t at base station 110 and a
single receive antenna 122x at a terminal 120x. The MISO channel can be characterized
by a 1xT channel response row vector h(k) for each subband £, which can be given as:
h(k) =[h, (k) 1y (k) ... he(K)] Eq (1)
where 4,(k), for i =1,..., T, denotes the coupling or complex channel gain between

transmit antenna 7 and the single receive antenna for subband .



di screte Fourier transform (DFT) to obtain N
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through 112t at base station 110 and a single receive
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2B depicts_a mult i'Pl e-input nmultiple-output (M I\/Q)
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Meick: (k) h 2,2 (k) h z, T (k) Hk) _ [hl(k) h2(k) ...
h T (k)] , Eq 92) h R1 (k) hR2 (k) ... h RT (k)
Spatial multiplexing order (M) — the number of output symbols transmitted via

the T transmit antennas on one subband in one symbol period;
Spatial diversity order (D) — the amount of spatial diversity observed by the
transmitted output symbols; and
Channel estimation overhead order (C) — the number of virtual antennas to be
estimated by a receiver for each receive antenna.
In general, M <min {T, R}, D<T,and C<T.
[0051] If the transmitter transmits output symbols directly from the T transmit
antennas 112, then a receiver typically needs to estimate the full channel response for all
T transmit antennas 112 in order to recover the data transmission. The channel
estimation overhead order is then C =T . In certain scenarios, it can be desirable to
transmit fewer than T output symbols simultaneously, e.g., if the channel conditions are

poor. A subset of the T transmit antennas can be used to transmit fewer than T output
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[0055] The transmission schemes described herein can readily support MIMO,
single-input multiple-output (SIMO), and single-input single-output (SISO)
transmissions. A MIMO transmission is a transmission of multiple output symbols
from multiple virtual antennas to multiple receive antennas on one subband in one
symbol period. A SIMO transmission is a transmission of a single output symbol from
one virtual antenna to multiple receive antennas on one subband in one symbol period.
A SISO transmission is a transmission of a single output symbol from one virtual
antenna to one receive antenna on one subband in one symbol period. The transmitter
can also send a combination of MIMO, SIMO and/or SISO transmissions to on¢ or

more receivers in one symbol period.
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rom 8ne virtua anr?enna I% ?'
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fansm ssion is a transm ssi a Sl ng e

RUdaBl Fove YRkl thraQioh GRR Valdet Uadis prd ngé@nﬁgultsqn QANSF HRCERINEMit
antenna on one subband in one sy period. The

powerdai ¢achrtrangran anfcsn bangluseddontpinsetissom. o dnpiBo SlaMDitary
and/or SISO transmi ssions to one or nbre receivers in
oatixsthatie Chayestergtd by@he pESL0B 10450 PAT US2007 (08w8FMal and
070462 13 [0056} The transmitter can transmt M

wiitasy magaeh etsbasionmed andesagbsd Halowmn TheV oplumzsfnttare used to

ntennas 112 on band in one s eriod using
&5?‘?\2 M y“ail ?%Iﬁ%ll*?? tB?Pg %Senidr}lpéﬂ%% PS Pae
SUARSd It Jlférsyﬂl'bgpﬁe?ﬁ)‘as Tth@ an‘ﬁié'i QMEm?aX %QIQ!&I%O bg @ﬁlled effectlve
transm ssi oh, as X (k) s(k) Eq

@18ynnas or by some other termmology

[0058] In an embodiment, a single orthonormal matrix U is used for all K total
subbands in all symbol periods, so that U is not a function of subband index & or

symbol index #. In another embodiment, different orthonormal matrices are used for
different subband sets that can be assigned to different receivers. In yet another
embodiment, different orthonormal matrices are used for different subbands. In yet
another embodiment, different orthonormal matrices are used for different time
intervals, where each time interval can span one or multiple symbol periods. In yet

another embodiment, one or more orthonormal matrices are seclected for use from



where s(k) is an Mx 1 vector containing M output

synbols to be sent on subband k in one synbol period;
WE@LMB/061947 V X M permutation matri x for subbanRCRUS1007%084377

PlOH6dz ... uv ] is a T x V orthonormal matrix; and

x(k) is aTx 1 vector contalhing T transmt synbols

to be sent fromthe T transmt antennas 112 on subband

k in one synbol period. Vis the nunber of virtua

Qfﬁb@ﬁ@ﬁlﬂ@éﬂﬂ%O%&lr}nétﬂgesoﬁ DB clovw BT dohetd], dath and pilot
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erdze rapert
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ni t ud Ventre each r
and ? OB PR ﬁ?’f VT ﬁémteﬁﬁﬁ%évar alﬁs ?erw?éw igh Pof the V
E(h{ll’nﬁg of B8 ?ﬁ@ﬁeﬁ{ﬂuﬁatloﬁmﬁx fI‘ULcJ) eatte {léfﬁﬁgnﬁ VarRRk S ers, and

el ng used for transm ssion can e a unitary

artﬁfefdnx pér@itatich HRAEECA D26 RY difigeRsORRIEY, abkdescribbdbelow.
UH =1. Othonormal and wunitary matrices can be

f@ﬁﬂbd as HHac? illvsatber mdeiH9 for thetignsgisgipn seheme grs@dby

vi.rtual, ant ennas that sed,to, se

tfapgS U s e b S SO e 0B sEBR 05, 7 S Dy Rdiona

geﬂﬁ'ﬁﬁcﬁ’ eridd Esedifhi tﬁ’ﬁlsn%to%n U@%lrﬁlﬁf‘aﬁ&ﬁﬁ ﬁ?@ﬁ i(ﬁ&ocesses the data
Ive antennas or by sone other te

Va@O&8(%) andgerenbactherenhsmiavaitergk(@ ) oW iilon ainoel anntamtal mdapper 310,
is used for all Ktotal subbands in all synbol
peymbalgo-vetual hetenid igpmuog vzt 8 howitgrics fheglabbeanetdristdewith the
k or synbol index n. In another enbodinent, different
pertigrieon madtrindt(F) eed genceatesse y °f bintergictfags eastors dhratial
sets_that. can be gs& gned to . different receivers. In

speeadingotibe? |4 BHlipdPhdRintemgdias @%torowvmﬁﬁmnoml matrix U

e oot REE V¥ Eh b bPEHORSsSal Xthat Fwenigrsfrom
fﬁ%eldtrétghlfjelnftén%EE Qﬁd \;z qq\/HMBtchﬁerFell 850 %ﬁrrgce%calﬂ hﬁat a
e synpol . In

Interval can span one or nulti eri ods
weetiveianot her errbodl nment, one or nore orthonorrml

trjces are selected f e from WD 2008/ 061045
@ﬂbszooﬁb%lzﬁswe ‘zsg%atlt ¢ regRRGCAMRC GXprassed as:

t.hon tr as described below. In general,
Elg(t) ﬁ:ﬁ%l’—‘pg% (Zkzn ’be transmtted using one or nore
orthonormal matrices such that a receiver is able to

est i maléi k- ke R{liantel+ #é3pense based on the pilot and

use the channel response estimate to recover the Ba(d
sent 4 H t{t¢ P@ged(Vprn(4)0Q59] The pernutation matrix
P(k) selects which Mvirtual antennas to use for

=H,.,(k)-s(k) +n(k) ,
where r(k) is an R x1 vector containing R received symbols from the R receive
antennas on subband & in one symbol period; H ; (k) is an R xV effective channel
response matrix for subband k; H ., (k) is an R x M used channel response matrix for

subband &; and n(k) is an R x1 noise vector for subband £.

[0062] The effective and used channel response matrices can be given as:



subband k from anong the V virtual antennas avail abl e
for use, or which Mof the V colums of U The
200s61as3 on matri x P(k) can be defined in varP@UuEsS2007/084377
érs, and different pernmutation matrices can be
used for different subbands, Es descri bed bel ow.
[0060] FIG 3 illustrates a nodel 300 for the
transrri ssion schene given by equation (3). The
agé igﬁ%) rﬂecel ves the data vector s(k) for each
—=syhbol period used for transm ssion. Q%I(S)
t

vi rtual nna per 3 ro ess s the data vec
s(k) andﬂgg‘ﬁeﬁha t¥e - tﬁgﬁﬁ#ﬁv tor x(k) . Wthin
virtual antenna napper 310, a synbol -to-virtual

dhidfina THpgthd(Ghit 312 nultiplies the data vecto

s(k) with the pernutation matrix_P(k) and generatég(@
vV x 1 i mlEkrdat Bhe8ror: Blisdhnlal ~ spreading unit
314 nultiplies the internmedi ate vector with the
vhelsollar Mel -A#nt < (W Yand Wener at es the transmt
vector X(k). The transmt vector x(k) is transmitted

0083 t he s shows i qquaikeren aad Higtrated imF i Moae eetsic MIMO

3920 119 G antennas at rece| 0061], The
Fitur b VAR RIS ufl and SEPAE ayllibl s u.

D(ﬁﬁ)ls S‘enlt"E)ﬁ }111 or S %ﬁgsef" ?ﬂﬁg)\f Vlﬁﬁalaﬁ&nas WA uséa(lkﬁMO a{agﬁﬁel*{s

= Hused
fdn)ned b the) Mwm(lad)antenm#sersed fc(rkyansm1salnnR X 1 vect or

I ni ng eived.s ols fromth Rre
GBAR ns " RS BRSO Syt Aot Rif PP system s
éﬁec@ﬂ%l@ rédi¥ée@td AERIVE LIRS/ stent. eﬂﬂ@t@aﬁﬁnﬂ%ﬂa}pﬁea&@ﬁs if it has V
subband k; Hused (k) is an X M used channel response

Waml sutdnons rashes zandl transantiammn)as,uvsheam VR . 1This itrgmsmission

LTS et RO 9% LIS TLEFILES FabRste

%@Q&l’ A6 ﬂ:§1ﬂ:’ 1452 EI%%e@ %ﬁ’zngl(\/ijQA%dlﬁe sﬂ'a'tlfll; dl(felfr};lt or’der is
a@llm§é@pw9>r DEH&(ff (k) - P(k) Eq (6) _ [H(k) u(I )

w{ll(()g] u(2) Thé descr(lpt}on ayb(o% iJ for one subband £. The transmitter can perform

the same processing for each subband used for transmission. The frequency diversity of

cach virtual antenna across subbands is the same as the frequency diversity of the

physical transmit antennas. However, the spatial diversity is reduced from T to V.

[0066] In another embodiment, the transmitter processes the output symbols for

transmission, as follows:

X(k)=D(k)-U-P(k)-s(k) , Eq (7)

where D(k) isa TxT diagonal matrix for subband £. D(k) is used to achieve cyclic

delay diversity, which improves the frequency selectivity of the virtual antennas and can
improve spatial diversity order to somewhere between V and T. Cyclic delay diversity
can be achieved in the time domain or the frequency domain.

[0067] Cyclic delay diversity can be achieved in the time domain by circularly
shifting (or cyclically delaying) the sequence of K time-domain samples (obtained from

the K-point IDFT or IFFT) for each transmit antenna i by a delay of T,, for i =1,...,T.

For example, T, can be defined as T, = (i —1)-J, where J can be equal to one sample



where {U(1) u(2) ... a(M} C1L1 u2 ... uV}. [0063] As
shown in equation (3) and illustrated in FIG 3, an
W@RGen6ioy M MO channel with V virtual antenneGI/US2007/084377
9Yre8d by the use of the orthonormal matrix U. Data
is sent on all or a subset ofl&éhe V virtual antennas.
A used M MO channel is forned by the Mvirtual
antennas used for transm ssion. [0064] For the
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wWhamothQHEHEMdTdéﬁt@umhawnampsmwnmedﬁpﬁbﬁﬁ&sesnmhmﬁnmmto
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&kﬁ%oﬁﬁmg dﬁgﬁaﬁ qgﬁgd k. D(k) is used to achieve

I'Versi I'ch inproves the frequency

selec 1V|tyoof the V|rtugl anflennas and can inprove

spati dhy@nﬁhty order to somewhere between V and T.
BEL délay diversity can be achigyed in the tinBq (%)
domai n: or the frequency donmi [0067] Cycllc del ay

di vergity can be_chyeyedahﬁnthe time domai n by

circutarly “shifting (or cycl'cally del ayi ng) the
f
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K- pol nt T or transmt an enna
dﬂﬂaywumd§nmnMUnanmnm12hasapmmes@peoéianbl%zwﬁmsd@d(hﬂd
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expected to be shorte han

émg%ggbﬁagghﬁgdggxgéég. hes can be achleved by novi ng
t X sanples in thé sequence of K tine-domain
p@6p] es t oThhesctivedtymdibols Weth cyclic delay diversity can be expressed as:

(k) =Hk) X(k)+n(k) ,
=H(k)-D(k)-U-P(k)-s(k) +n(k) ,
N Eq (9)
=H (k) -P(k)-s(k) +n(k) ,
=H,,,k)-s(k)+n(k) ,

where F(k) is an R x1 received vector with cyclic delay diversity; H H, (k) isan RxV

effective channel response matrix with cyclic delay diversity; and Emd (k) isan RxM

used channel response matrix with cyclic delay diversity.



sequence. The time-donmain sanples for the T transmts

antenna are cyclically delayed by different anounts.
wW2@0610¢5 prefi x can be appended before or af tBCT/US2007/084377

8HI0¢i ng the cyclic delay. [0068] Cyclic del ay

di versity can al so be achievel in the frequency domain

by applying a phase ranp (or a progressive phase

shift) across the K total subbands for each transmt

povenna. TTH EfretieBbn® HRYShEATEP §es§6@se wSRHcdsQhn bBGivEn as:
transmt antennas to achieve Kdifferent cyclic

dp ays 4 |kt-mrse @nt ennas. The di agonal matrix D(k)
% each subband k can be defined as follows: 1 0EqQ10)

0 B D 1, 00
el? ; é““i%?") B8 B0 DRO 8, St L) DU a Faad®)y

- £ has a phase slope of 0 across the K
g%' (d?qﬂtgansn1t antenna 2 has a phase S|°E§(1U

of 2;r s
and tr anim( )y mﬁ)aélﬁ(gs) p‘ﬁﬁs eﬁéeﬁ e@f %nf
t
[SBH % o kflﬁﬁ%ﬁﬁlﬁgﬁ%f% frskgt fﬁﬁ@?ﬁﬁ%@ﬁs&g?&?@% by
ethmm €0. tWitlabtaaiirua anennombpyomdd Oed symettol-tocvidula) artenna
U,. where U(k) . can be applied to the data vector

@@mymg PG’@ 607 mpifeplics ghs dasyy @Wb%k)s wighithe psyayufatiog anaggx P(k) and

geliq\éear gsl a% Ca)r,‘ec D%i?pa?s epge %umt él%ulgglﬁ%itfe é}( >(< FéfCtor with
fhe I}#tfhf)n(gtlﬁ)al maﬁ’r(%h ancﬁééﬁ)erafesrh( ek 15 bk ed c(yléplc del§% mveflény unit

where i (k) s an X 1 received vector wt

ﬂ(‘y@ﬂnhﬁlqui@é ¢ Tk Yeb&bt ‘)(llth thef diagdhhl ingtrRXNDE )Xand generates the T x 1
effective channel response matrix with cyclic del ay

ganserisvdcyor Mhy. Hhedafdn)it vectanx@®) xs ivhnsuseed froarthell transmit
response matrix with cyclic delay diversity. WO
@0@8161861.1@1415 apP¢IMOs1e07¢l 38§A 37 R regrros@Rennys af pe7oYeIThe

Edli ve Ve Elg]?éj‘%te% é:qzlgwl%ﬂ an%ﬁ éate%mE{? i(? 1%)an ePfeguve MIMO

channel Heﬁ (k) with V virtual antennas is formed by the use of the orthonormal matrix

U and cyclic delay diversity. A used MIMO channel ﬁmed (k) is formed by the M
virtual antennas used for transmission.

[0073] Equations (3) and (7) assume that equal transmit power is used for the M
output symbols being sent simultaneously on one subband in one symbol period. In
general, the transmit power available for each transmit antenna can be uniformly or non-
uniformly distributed across the subbands used for transmission. The transmit powers
available for the T transmit antennas for each subband can be uniformly or non-
uniformly distributed to the M output symbols being sent on that subband. Different

transmit powers can be used for the M output symbols by scaling the data vector s(k)
with a diagonal gain matrix G as follows: x(k) =U-P(k)-G -s(k) or
X(k)=D(k)-U-P(k)-G-s(k), where diag {G} ={g, g, ... gy} and g, is the gain for
output symbol s, .

[0074] Various types of matrices can be used to form the orthonormal matrix

U . For example, U may be formed based on a Fourier matrix, a Walsh matrix, or



C[H(K).D(K).uj H(k).D(K).u2 ... H(k).D(k)-uv] , and
Hused (k) _ Heff (k) - P(k) Eq (11) _[H(k)-D(k)-u(j)

WOk - u(2) ... H(k)-D(k)-u(m) ] . [0071] FCTAISH07/084377

970492t rat es a nodel 400 for the transm ssion schene
given by equation (7). Wthil a virtual antenna
mapper 410, a synbol-to-virtual antenna rmapping unit
412 multiplies the data vector s(k) with the

REROHhAL hix Tl i %lﬁ}letarﬁgmxgﬁnerh@;; SR mntY f X iln tYl@ GltRrow of
A spatial spreading unit 414 multiplies the"Vv

MRGA-B coMuhl, wﬁﬂaﬁcé}%@@ﬂ%s‘@d agratrix U and gener at es a
T x 1 vector. cycllc delay diversity unit 416

nul ti phieg"the T x 1 vector with the diagonal matrix

kY €and gener afoééifhe :f »wnd mt5hnpshit vector x(k) Eq (12)
The transmt vector S transmttedfrom

Fouiies matrices of é%h%fﬁla H\?P%lo% N-MD ke Hatwfe Pndtsbom)cfambe formed.

ne at [ 7 sho .
oSS SARTSIEISS oRa AR W bRBRRk: 5, ST e s
M MO (f‘han el Heff (k) W th MHtmL;ﬂ tennas is

o1 me he uggy of whe or or Tatrix U andgq(13)
cyefi ldell y di verS|t_NX2/§ uswd M Mowghannel Hused (K)

|s formed by the M virtual antennas used for

Fm ssi Afan dREYEBhefkdha ok BBSortnd) matitk (7)s R8SIUER rhdiak
equa transmt power is used for the M output synbols

beitaigingeéntolsmns bf afeol Hoyrionmetnia @& ubbaidWahshangtrigy i edother
period. In_ .general, the transmt power available for
%Ewlmﬁ&hﬁnlﬁfoﬂﬁﬁ‘éﬁ%g’ lewA: be uniformy or non-
|fol¥‘my di stri buted across the subbands used for
ssion. The transmt powers available for t fie ()
transmt antennas for each subband can be uniformy or

f di st d.t ) )
WEFrﬁgi’ 3%?1 o CupRg ted P&fﬁ{“ns P?Q}?Sﬁr? E%wglamx;
q A 1s a fgor Ig ?naM xocl:'g l'{}nns caim J[hrg:g rows of F. For
a% 2 Véc or eggnal e o génal af%

%%kfép%\@ 3&% %nal'mlqa!telr}f g\kéan b% deé}:le(a %) 5\ :X&éé {1' eB( k) eJEU Adwhere )
?J i, LP? rrng%)r S 1fa850rn %H%eyt Ié%éﬁﬁé)t%l%ﬂre%ﬂ%(%@r%ﬂt fs 391 honormal

pes I Ceés Ca use e ort

R« With yseuﬁerramleﬁenty dBYhRend @itRd aﬁi@qn@ s@ldo-randorn
Fourier matrix, a sh matTix, or WO 2008/ 061045

P@BE4JS2007/ 084377 070462 18 sone other matrix. AT x
T Fourier matrix FTXT has elenent fn min the n th row

ﬁ)f()76]t he m I1“{116 t%glllslr'lnqp[ér c\g@lisgnhd a? ﬁ/ﬂl\/ﬁi S%K/P(S §les% transrmssmn toa
receiver on a set of subbands, which are called the assigned subbands. The K total
subbands can be partitioned into multiple non-overlapping subband sets. In this case,
the transmitter can transmit to multiple receivers simultaneously on multiple subband
sets. The transmitter can send the same or different types of transmission to these
multiple receivers. For example, the transmitter can send a MIMO transmission on a
first subband set to a first receiver, a SIMO transmission on a second subband sect to a
second receiver, a SISO transmission on a third subband set to a third receiver, and so
on.

[0077] A SIMO or SISO transmission can be sent from a single virtual antenna

formed with a single column of the orthonormal matrix U . In this case, M =V =1, and



25 (n-1)(ml) fnnme T, for n=1,..., T and m

=1,...,T. Eq(1l2) Fourier matrices of any square
walzeesmeioah (e.g., 2, 3, 4, 5, 6, and so on) caPCTES2007/084377

0UMed. A 2x2 Walsh matrix Wex2 and larger size Wl sh

matri x V2Nx2N can be expressel as: 1 1 WAXN wixN W2x2

1 1 and WVNx2N = Eq (13) WAXN - WN\NXN [0075] In an

enbodi ment, the orthonormal matrix Uis equal to a

fmteﬂe&weqqm@ $Haffel BebsthadmSR &1 ASO & JIMOLRAREL mzlh{g X
or a Tx T Wlsh matrix. In another enbodinent, Uis

tlonreldegoniovdconst Al = HEQ( d4dr hWB}eHT(kD SD(Ek)TuX Mhe data
matri x containing the first V colums of the T x

st ) Bedonhes;a 1>aNgkoforicdn@ininga Jinglcagiei@ky a1l ihs perrnutatlon
containing T scaling values for the T rows of F. For

exaixpPe) hdsemds adahahatrimiconttinfgcasingle  tlehndihd oathoormal matrix
diag { 1 e'a ... eT} , where 9 for i =1, ..., T
thpedpenasantismmdies esntainmgeesingln goliem. enbodi nent, U is
an_orthonormal matrix with pseudo-random el errents

W0g8]  havi AMIMO: transgssicran e derp demmBuftiptesiiualnigneas formed
{Ngcﬂ Zl@lhtléig %ofu‘ﬁﬁw@ %@qﬂ{e oq{hoﬁ&Qnasi %q!m? M NQP §ﬁ%(é%rodg oﬁlrp%strnbols

ansm I'ver on a set

WheGhhaf e ﬁéﬂnb@rdoftmuaﬁﬁﬁﬂeﬂﬁﬁqoﬁ vpbandsen TNGirtsal eﬁftéﬂnas can be

subbands can be partitioned into ml'tiple
mﬁm@rhwplmgommm sets. In this case, the

RN R ERE T p—

FoapkéHetlc J08Nthe @RHshit@r §aMEniRra infrhéd Sildt ohye $nteiflace from
transm ssi on to t hese rmlt:{P e receivers. For

eix@mynéenng Han epeingymbol periady f@etr?@smltmr M s hihs spymon pilot
?1{] d&fergnt Eﬁctgrlac%? Rla(ﬂ?ferség{ a} q‘;i; B]-‘erlug S %t% 11? rF’IGaS S 1% a

on a secon secon

£t€g‘@lr6tﬁfllot all&bwdcéﬁzesm SFiptthe lﬁre@uéday Fsplecﬁmhb@ﬂﬁhoﬁﬁtubbands
to a third receiver, and so on. [0077] A SIMO or SISO
chiRalerize p irneehehapacldminglse FsnoRsCcSPigRE. The franimisier emrso

{Lrjf%s?ﬁga Ilfsxlﬂcl: gll@t%%n or&%rlflffe}e &et{l/%%%grgfél;}g %nz%ﬁmg@mdal( antennas

RGOSR X8di3dE to 6B ththatiied raapbrese tforval WD antennas used
AN T SRR RN A LT T I,
{H)auxilisKPilot Bh lohe idderiac iefttsPmbol period and cycles through virtual
antennas 2 through V in V —1 different symbol periods. For the case with V=4 as
shown in scheme 500, the transmitter transmits the auxiliary pilot from virtual antenna 2
in symbol period 7 +1, then from virtual antenna 3 in symbol period 7 + 2, then from
virtual antenna 4 in symbol period 7 + 3, then from virtual antenna 2 in symbol period
n+4,and so on.

[0080] The transmitter can transmit the common pilot for MIMO, SIMO and
SISO receivers and can transmit the auxiliary pilot only when MIMO receivers are
present. The MIMO, SIMO and SISO receivers can use the common pilot to derive a
channel estimate for the K total subbands of virtual antenna 1. A MIMO receiver can
use the auxiliary pilot to derive channel estimates for virtual antennas 2 through V.
[0081] FIG. 6A illustrates an exemplary pilot scheme 610 for block hopping.
For the embodiment shown in scheme 610, a time-frequency block is composed of 16

adjacent subbands & +1 through % +16 and further spans 8 symbol periods # +1
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symbol period and on different pilot subbands in different symbol periods. Each pilot

symbol can be sent from any virtual antenna. For example, the transmitter can transmit
the pilot from a different virtual antenna in each symbol period and can cycle through
the V virtual antennas in V symbol periods.

[0085] In general, for the block hopping scheme, the transmitter can transmit a
pilot in each time-frequency block such that a receiver is able to derive a channel

estimate for each virtual antenna used for transmission. FIGS. 6A through 6D show
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obtains and analyzes the pilot(s) communicated from base station 110 (and/or pilot(s)
received from any number of disparate base station(s) (not shown)). Pursuant to an
illustration, channel quality evaluator 706 can compute CQI based upon an analysis of
the pilot(s). The CQI can provide feedback related to channel quality seen on the
forward link; this feedback can be communicated via the reverse link to base station 110
as described below. Channel quality evaluator 706 can include an antenna cycler 708
that enables cycling across antennas. Accordingly, channel quality evaluator 706 can

leverage antenna cycler 708 to determine CQIs for individual antennas. Further,
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eval uat or
quality evaluator 706 and antenna cycler 708 can determine M non null CQIs for the

number of layers that can be supported by the channel as determined based upon a rate

table or other metric. Each CQI can be computed by cycling through the first M virtual
antennas (e.g., with antenna cycler 708). Further, feedback reporter 710 can report the

M non null CQIs to base station 110 along with N, —M null CQIs for the rest of the

layers.
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antennas used in a tile. Moreover, if base station 110 changes the number of layers,
power adjustment can be effectuated in a manner similar to the above discussion with
regards to the symbol rate hopping mode. Moreover, for both symbol rate hopping
mode and block hopping mode, a control channel CQI can be computed by channel

quality evaluator 706 based upon a first virtual antenna response; however, it is to be
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color the channel estimates and that used by base station 110 for data transmission can
occur when the precoding index is incorrectly interpreted.

[0098] Referring to FIGs. 8-10, methodologies relating to spatial cycling across
antennas for CQI computation and data transmission in a MIMO wireless
communication environment are illustrated. While, for purposes of simplicity of
explanation, the methodologies are shown and described as a series of acts, it is to be
understood and appreciated that the methodologies are not limited by the order of acts,
as some acts can, in accordance with one or more embodiments, occur in different

orders and/or concurrently with other acts from that shown and described herein. For
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upon a unitary matrix. The unitary matrix, for instance, can be substantially similar to a
unitary matrix employed by a base station that generated and/or communicated the
pilots. Moreover, the unitary matrix can be slowly varying (e.g., time varying unitary
matrix). At 906, a precoding matrix can be selected that optimizes capacity based upon
the estimated physical antenna channel. Further, an index related to the selected
precoding matrix can be determined. At 908, a number of layers supported by the
physical antenna channel can be identified based upon the pilots. At 910, a set of CQIs

can be computed by cycling through virtual antennas associated with the supported
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are correlated in close temporal proximity, and whether the events and data come from
one or several event and data sources.

[00103] According to an example, one or more methods presented above can
include making inferences pertaining to selecting which layers are supported by a
channel. By way of further illustration, an inference can be made related to determining

which precoding matrix to employ to optimize capacity. It will be appreciated that the

foregoing examples are illustrative in nature and are not intended to limit the number of
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flash memory. Volatile memory can include random access memory (RAM), which
acts as external cache memory. By way of illustration and not limitation, RAM is
available in many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus RAM
(DRRAM). The memory 1108 of the subject systems and methods is intended to

comprise, without being limited to, these and any other suitable types of memory.
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Processor 1214 is further coupled to a pilot generator 1218 that constructs pilot(s) that
can be sent to wireless terminal(s) 1204. Pilot generator 1218 can employ a slowly
varying unitary matrix to generate the pilot(s) for transmission. Moreover, the pilot(s)
yielded by pilot generator 1218 can be employed by wireless terminal(s) 1204 to

evaluate CQlIs.
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MGIYPI ]Wi rel KSPx (S\IS)MBI[O%Q‘SISE)IO {Bz%r}&eri&eg I"{Eenlth'ultiplexed output symbols
and pilot symbols, performs spatial processing for each subband, e.g., as shown in
equation (3) or (7), and provides transmit symbols for the T transmit antennas. A
modulator (Mod) 1322 processes the transmit symbols for each transmit antenna, e.g.,
for OFDM, SC-FDMA, or some other modulation technique, and generates an output
sample stream for that transmit antenna. Since TX spatial processor 1320 performs
spatial processing for each subband, the SC-FDMA modulation is divided into two parts
that are performed by TX data processor 1310 and modulator 1322. Modulator 1322
provides T output sample streams to T transmitter units (TMTR) 1324a through 1324t.
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[00114] Each terminal 120 can generate feedback information for the data
transmission to that terminal. For example, each terminal 120 may estimate the SNRs

for the virtual antennas, e.g., based on the received pilot symbols. Each terminal 120

can select one or more coding and modulation schemes, one or more packet formats,



nodul ati on schenes, and provides nodul ati on synbol s.
TX data processor 1310 typically processes the data
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termnal to obtain frequency-domain synbols for that

b&Y &8 Mt virleh! datkAn RO GESRP Eiatl %%Qsm@@lbﬁ“ e @ "idPé!brthonormal
synbol s for each term nal may be nodul ati on

ByiTivessindl 6p on bFPRcorthe S@&ﬁ@hmyatee@ photélymimﬁrrmaﬂ@m Each
{%g;mgl 0 9ar1]1dalsr(r)u%etnel% fég%%entgkl uléls}/ﬁr)? rrect Y recenaed data

ermnal onto t nna

pavketshahe E@dﬁhdk&hformﬁ%rdairﬁnaﬁ@@&ﬁw R ¢3ibatéd) eHehelected coding
nultlplexes ilot synbols onto the subbands and

yid modulatigihicapmas thissstpctedrvifiigl gateppaps tiesslcsted ofthenorml
f%a&&&?eggtﬂ:;lggg e%'ﬁe(agsﬁlgﬁ%lrdl(% BIgeKrs ofdr}ﬁ%ﬁoﬁ Pfedrﬁﬂ 6&%&8&3?&01, some

outp t synb perforns
oﬁhacmﬁ&nragotﬁ @t aepchmbinbii@nthereef.gThe &Sdlﬁalab\mformatlon is processed

BRE T s ibeSon hin REGE: Rodkstiut ar ppbith s 1342
Riuf &ﬁ@nﬁa’é‘ Grd ﬂr@%ﬁ{nrﬁod%YMfa FRtuBRT 1384, %Bﬁm&med by

ant enna, e. DVA, or sone ot
trochoditien um(st) a3 ﬁ4h,| aqd el;anamﬂteg emeamettms(saa 2D tet gt stasem'pl (& At base

SrbSEClL MeraBiyed FERs b SRUFREPY pbel s 3P n ouap roceived
By biamths 11DeonitioR by RAbivat i 1394 tindipdedsdcdths of dnodulator

parts that are perfornmed by TX dat a processor 1310
éﬁrﬂﬁ) Ao 8N spabial progssorNBdL aatlan RPgdata ppacgssod éd44mtogaeqyigt the

FRTRAE bBSAh 4 Dot RRRTMAY A eiMiBs Ty 1350 fes the

é04R 11&6rmﬁ&ﬁlhotdbmfﬂetth@datw Rités ahd24dPEpeae ERiS1atien §chemes to
converts to anal og mplifies, filters, and frequenc
Eﬁ?cfémh@ ga)trqm@l%@pﬁa fsaCélatﬁlﬁm@alsqs resdasdp aerfarie vaieus cgnirols for

s from
trans a?n[Sr% eg?érﬁlﬁ?k)gniﬁﬂ%%%l%ﬁ%h%f%g%{) are transmtted
f00ads]T anCemnakrdjidacssbusddgh, 1BIAk and ﬁmai)htrell thic operation of
00112] At each t er m nal one or ennas
GPUS PEGEYANG Puts msaaelea%g p @ﬂ%f%@gm gdgﬁw Igpsetively.
e?x{drfﬁm%sl%zal‘ﬁn%aa%ﬁ 1@'7‘23?&81% dA'anéHddp% @m &8 ¥Y&d b base
Ignal to a respective receiver unit %K)/ 1354. E

stemm l/lé)ransﬂrtﬁnrmnasﬂﬁdx @ttdels?é)esrespmlgely é?rmptrolﬂepré;socessor 1330 can
filter f.reg downc i zes

it
drsteiory Bt A SRY oSSR B BiinR PR U R L ey b Psclecr
g el ahehindsPenmdh sditRad a b @&dhrterllﬁﬁﬁ fRRERSS EBor the

the recei ved sanples for each receive antenna 122 o
(1@_61@_119&5@@@% pErEEPrsg370 p:m/pgoréma‘@dh@pl@pw@ps of determining and
nodul ati on techni que),, obtains frequency-domain

dengpwedthe slowly varying — ¥V used to cycle the pilots.

[00116] For clarity, much of the description above is for a system with K total
subbands. The transmission techniques described herein may also be used for a system
with a single subband. For such a system, & in the description above may be an index
for symbol period instead of subband.

[00117] The transmission techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,

firmware, software, or a combination thereof. For a hardware implementation, the



synbols for the K total subbands, provides received
synbol s for the assigned subbands, and provides

WO 2w8lerds pi | ot synbols for the subbands used PGr/URIDTE84377
0702 ssi on. [00113] For single-antenna terninal
120x, a data detector 1360x o ains received synbols
from denodul at or 1356x, derives channel estimtes for
t he assi gned subbands based on the received pil ot

g un@B et PRALAHINE HAL e BRI8ALALDWtBInbne or more application
equal i zation) on the received synbols based on the

m@arfmenteé@tq ce s (ASIEls), gligitad @g@dtpé@esm@%PS) whgith signal

Propfr:ﬁsmgl eX]fBS (6).’{?]5sfjh;‘)'}rf)graglm bZ% fr;rbw Vt ! aﬂﬁrrﬁ Z%Qd programrnable

gzae etr¥® (FREA S prbddcador) ORISR, nhel@%onabtlaisnﬁldf@ﬁ&emﬁs
ynbols from denodul at or 1356y derives channe

@1§@trcrm<t dayigesy othereclegsionigriwdts daypagdde peefoww thgrfupgfions described
ﬁ&gfﬁ' Xreéjccﬁhﬁlﬁétl Hptgl)f:‘ 'T glﬂo@e%gn%g Eﬂﬁ%egt%cr é{\%r aglailéc%e

procéssi ng on e recei ve ase
mqﬂmnemte@mﬂlnmI&&rmre AACKH [aﬁitseptoeebsegsnm 55). onRX
ement. a.m ni

1360
BHTIOE or Plroremmaere coctmra baimagnahy BReny, qoamoed may be
ISAbREAES in RardRXe "Rt aAL IFRmSARRD P LAY M i dre R bRbA l{?

a successive Interference cancellation t echni que,
Bnp‘ranatthém soéimeamg ¢he pnoco@s snaygba sahdi loq @e tramlttecéavm as one or
ter m nal dat a roc ssor éé sse

W%%Fmbcémi,gf C0d8 é)[ﬂﬁ’t P}Pél {a gada gl}lpllltﬁr(ereaga‘tile media
BeluRes Bsth SYMBelcs stBRGe Me@Yd zﬁﬁscoﬁﬁﬁlﬁﬁ&ﬁ'loﬁ ahRid PElubR any medium

termnal. In g;nera the processing by each termna
tbzofapéltaifm@ of acgmpueict prograp Ere@stmerp@ad@yo pagfher. A storage
81 'n?a b]'e]'a0 a[vgﬁ)]b}g’ lnegm(fﬁ tcgng' n@ces cd Dy a3 pe?rg Wway of
edba W att on ¢ ata %ra ASi S8l on t6

é;taaﬁplé ahmnﬁalhmlt&wn mw@hq;ut@aeatdabl%mﬁmzabaxﬂ&ﬁnpmy RAM, ROM,
estimate the SNRs for the virtual antennas,

EEEB@%@P&QM&@% @rical gisksimmpas: glagE%t@rfh%I@%t%aa%\pr qthey

ong” %?Sﬁﬁa &%l‘% td?%{lf ﬁg%%g%%ﬂg%gg%g?fgﬁé@{b csdg}‘l%ﬁwre desired

PXCEfAdS20R ih (ﬁ&ﬂfﬁ?rﬂ of 8846@o8 br dataatroctureeaed thar tamalbe accessed by a
antennas to use for .data transm ssjon, one o%iggre(ﬁmﬂ For

PP For WEP: AMRSPRICHEN ISAHePEly Bl et Btere s
SSligTRti £ AW 1Ok BRmittef R6IBL | QMite ERERY, Jr@kE: RGhotd Qurce

can al’'so generate acknow edgnent s (ACKs) for correctly
neeeh vedkiad atble, ol loptis cablhewisewldivac Rigitalf subsatbicohnedSL), or

de t h SNR i mat th | ect ed [ d
WGl S Er b hones o et adC ot by S dfirafinadiyal cable,
fib& opek @%l@d\x@s&éd“@ﬁpm or Waelds X {ce@fologibduch @l BFtae&l, radio, and
subband(s), ACKs, i nf or mati on used for power contro

migreways are indlyged invthei dsAinition of medawmdPisk anddise, e usest herein,
;leeudese & &fgglép (?bﬁe% elo 5]15& Bcaﬁ%?Sés&%na]_ﬁ%/%rsglggeﬁ1%a(ﬁf\7D), floppy

processor pro eSSG
piskaed Blrra}t B2 where disks usually reproduce data magnetically, while discs

reproduce data optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media.

[00119] With reference to FIG. 14, illustrated is a system 1400 that enables
computing CQIs in a MIMO wireless communication environment. For example,
system 1400 can reside at least partially within a wireless terminal. It is to be
appreciated that system 1400 is represented as including functional blocks, which can be

functional blocks that represent functions implemented by a processor, software, or



mul ti pl e antennas are present, nodul ated by a

nmodul at or 1384, conditioned by transmtter unit(s)
wadB4/0oawxl transmitted via antenna(s) 122 to bRGEUS2007/084377

QiPon 110. At base station 110, the nodul ated

signals transmtted by termnd® s 120x and 120y are

received by antennas 112, conditioned by receiver

units 1324, and processed by a denodul ator 1340, an

EnSiRat dnethe RO PGES SnwaRdR, Syafteh B4DoRKcIdadsa IBgféﬁle%-é@ﬁmg 1402 of

1344 to recover the feedback information sent

@lecrtnpﬂazloslpon@ntemat Qﬂnl aet mmoenelss@r anestm slogigel grouping 1402

an am?lu(ci% %Iae ﬁDt 013.'1?1; torné)ﬁns é[%%r ng %mzm% é)p]gnq?da ¥1{%t2151§a11tt%{1nas based

ﬁpcammlﬁed pitbts 04Eagtyrther, lbgied] gasupng 1402 ah GogPAEY @t dectrical

various controls for TX data processor 1310 and TX

eqrmpqngnt for deteaigngiGRb. for the supsjorice yitfusil prieryas by casling through

n I
o R R A S B8 M Py B R P2 pan nclude an
tlectncaidompdRén fanehni@itying ﬂE:S(EIQIBttO udlaye statidmnfor ychaduling data

1332, 137 and 1372y store data and program cod
U%@@IW%@)& Kttty 00 0D Sriiieulds S0 0RO%d 19 Sl retains

[rSFR&RhS Y& e)éec%gtfﬁﬁﬂtlo% hRbAGRE A I3t 88mp &?e%'tsgﬂlm 1406,

subbands and sel ect the spati al nult|pIeX|ng or der
aac08e r\Mhiﬂm:thowmohssbehgcﬂxtemeﬂ ¢o wiemoua l 4 Hh itas tralse lirmilerstood that

each subb ass ed to for i. n
Srohapee o BfeaPia! dfiont S TR 146) ol dugs shasy SRS Femory
coy di nat e the processes of determ ning and denmapping

the slowy varying UNXNN used to cycle the pilots.
[0@@1@]6] Fol ugingr totKIG. dfcillugstatedis adestem 1;500 ot ghahles scBeduling

{ ss%é/nsgn% el\%&lg Biath ﬁ%%lMé%Pe%esg ch 1ca{1§ ?nwfc'o%l ent

n| ques descr erern na e use

syﬁérﬁ M50 dnregids widliea BasaRawidn, fﬁﬁfnsﬁttiﬁé’] As 8yfsétedsyktemr 500
the description above may be an index for synbo

pehudetifungdenag glogks @ab%aﬁaprefe@lo W]lOW@PﬂW?ﬁ Rys3 pipcessor,
§Mé%%8m%ﬁﬁﬁ ﬁﬁ%o"f‘ﬁpgeﬂnﬂﬁ; Z?ﬁi%qg@@ﬁﬁﬂld@y%loglcal

vari ous neans. For exa i ques nma
groppgeE02df ¢locthiaaldoripenents thatvwar ey msc@hjumnm basgwal grouping

TRE o iy e o HerPORs9b FrORAR MDDy 42 sot o virtal

PHOGRSI504 M@)kéo%ela'iog?catl gﬁﬁ?[ﬂgt 158D cg@}hchﬁie alRIRIRA! &nponent
wi thin one or noré appl rcation specific integrated

ﬁll‘ rSdmdubng Agh @ehsmidiign faala Uselglwaw m@nee@mctCQBSl@st)rgspectwely
i tal naI I OCessi evi ces

i Bbi Bofa spRhoRa el AT 1 SRaTa b psisabgtuping 1502

gatiaclaté ay slebthiPFASmpoRER Q&&%ﬁfsﬁmtuﬁg’ Qhth ®lylc§EISng across the
m cro-controllers, mcroprocessors, elecftronic

gpppeed virgakatenspe 308 i dditienalls, sstemyh qap insdudegr memory
E%@)ﬁé%t%&a%xﬁ@ﬁstﬁ%ﬁé@sfgﬁ gxec ﬁllti%e hlrlll{ltl(g)l{s a%soc? r‘rp ﬁ% i{/:fegﬁrisegl
&smponents 1504, 1506, and 1508 Whlle shown as bemg external to memory 1510, it
is to be understood that electrical components 1504, 1506, and 1508 can exist within
memory 1510.

[00121] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned

embodiments, but one of ordinary skill in the art may recognize that many further

combinations and permutations of various embodiments are possible. Accordingly, the



i mpl emented within one or nore ASICs, DSPs,
processors, and so on. [00118] In one or nore
WwWeeapbawy enbodi nents, the functions descri beRCTH§200E084377
VHpioément ed in hardware, software, firmware, or any
conbi nation thereof. If inpl¥rented in software, the
functions may be stored on or transmtted over as one
or nore instructions or code on a conputer-readable
ARAHBD crbiiIRMbRS afecaafald BrotRthrace dINGbl SRS ati@Hshmodifications and
conput er storage medi a and conmuni cation medi a
Varedtioas thgt BHywittee therspinitiaad scqmi dfitheanpendadanhymer Fofthermore, to
Q ramlfro one acet o,an
R g P PR b0 A Y B B R o BlBL B2
Eiytings, @@muﬁne fs inByidsety befinclexadipl £maditd singitar kd hettéd on,
such conput er-readabl e media can conprise RAM ROM
géras RONVRIising He teprateday hefi ARrpleyest asgetrangigral werd in a
95§§ storage or other nmagnetic storage devices, or
any ot her medi umthat can be used to carry or store
desired programcode in the formof instructions or
data structures and that can be accessed by a
conmputer. Al so, any connection is properly termed a
conput er -readabl e nedium For exanple, if the
software is transmtted froma website, server, or
ot her renote source wusing a coaxial cable, fiber
optic cable, twisted pair, digital subscriber Iine
(DSL), or wreless technol ogies such as infrared,
radi o, and m crowave, then the coaxial cable, fiber
optic cable, twisted pair, DSL, or wreless
technol ogi es such as infrared, radio, and mn crowave
are included in the definition of nedium D sk and
di sc, as used herein, includes conpact disc (CD)
| aser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray disc where disks
usual ly reproduce data magnetically, while discs
reproduce data optically with [asers. Conbi nati ons of
t he above should al so be included wthin the scope of
conmput er -readabl e nedia. [00119] Wth reference to
FIG 14, illustrated is a system 1400 that enables
conputing CQs in a MMO wrel ess communi cation
envi ronnent. For exanple, system 1400 can reside at
| east partially within a wireless terminal. It is to
be appreciated that system 1400 is represented as
i ncl udi ng functional blocks, which can be functiona
bl ocks that represent functions inplenmented by a
processor, software, or WO 2008/ 061045
PCT/ US2007/ 084377 070462 33 conbi nation thereof
(e.g., firmvare). System 1400 includes a |ogica
groupi ng 1402 of electrical conmponents that can act
in conjunction. For instance, |ogical grouping 1402
can include an electrical conmponent for recognizing
supported virtual antennas based



upon obtained pilots 1404. Further, |ogical grouping
1402 can conprise an electrical conponent for
walzaosoeniomi ng CQ s for the supported virtual ank@HHSR)0TIY84377
@Y062ng t hrough the supported virtual antennas 1406.
Mor eover, |ogical grouping 1482 can include an
el ectrical conponent for transmtting the CQs to a
base station for scheduling data transm ssion 1408.
Addi tionally, system 1400 ggmivg! ude a nenory 1410
that retains instructions for executing functions
associated with electrical conponents 1404, 1406, and
%ﬁmf1 ]Hm shown as being external to nmenory 1410, it
S be d%rstood that one or nore of electrica
conponents 1404, 1406, and 1408 can exist within
menory 1410. EOOlZO] Turning to FIG 15, illustrated
ls a éy@@tbwi thaptrctiades enkstias chumebuialingnfarmahend GQDdm 2

i R

sdraprisomg: f or |nstance As depicted, system 1500

|nclqus func éﬁJOCkS t hat can represent

funct P ﬁ@“@ﬁﬁ a5 Stk ocessor, software, or

conbi fﬂ%ﬁﬂl?‘fh A DRIRRS o@ s’sugﬁcfr['@ﬁq{yea) chaﬁétbﬁwd%gg an evaluation
i ncl udes [Fogi cal upi ng 1502 of el ectri cal

ciothpprent s t hat can act I n conjunction. Logical

groupi n 1502 ude..an el ectr.ic onent

Or aniitiRytg T SRCL B Ot find anCA R By it the

SR értedvy 8QV&QIch A@TosdspoRti e EHOL oSS thOGhpHdRe@Myers; and

el ectrical conmponent for scheduling data transm ssion

for asanding thaswof (e tatbe bhseethtiogifer schedulingglgtadtangaisgion.

correspond to virtual antennas supported by a user

1506. Further, |ogical grouping 1502 can include an

2| ect Themkthoamponantl, fdentifyimnssntimbaddateds ippoied bythe

across_the supported virtual antennas 1508.

olyanel; frthgn cpmpeiyes A YEBIEG @ah o e Taides slafadipithe layeyto

that retains instructions for executing functions

associated with electrical conponents 1504, 1506, and

1508. Thmkethod lvdwvhiad, heihegcanprisimpdentmgmaiidrQls 1o 12, bakd¢ station

.S to be ung rstood that electrical conponents 1504,
FEL-SUPRPTEEGW Ean exist within menory 1510. [00121]

What has been descri bed above includes exanpl es of one

or nore enbodinments. It is, of course, not possible

#0 de¥be mothodwé clpirg dnfieiheatinepreombdataniioing agbntrol channel CQI
onponent dolo i es for purposes of describing

E%%HEP%}%ﬁEﬁtrgﬁLﬁ% ﬁpﬁghts, but one of ordinary

skill in the art may recognize that many further

conbi nations and pernutations of various enbodi ments
ar e pbbamgthed OAél@an di whprgin thp MM zZowgruwergas cnvironment

5%{09? 8196%71/081§ ﬁ/ﬁK/FO qul a{' ?e%st (ﬁle of symbol rate hopping or block hopping.

6. The method of claim 1, wherein the MIMO communication environment

employs closed loop MIMO with at least one of symbol rate hopping or block hopping.



descri bed enbodi nents are intended to enbrace all such

alterations, nodifications and variations that fall
wWaRaGBoe10ghe spirit and scope of the appended cPGI/IB2007/084377

¢UHoRernore, to the extent that the term "includes"

is used in either the detail etb description or the

clainms, such termis intended to be inclusive in a

manner simlar to the term "conprising" as

1 CO”DTh@hl@ﬂ{bdlo?claﬁh%rﬁfrﬁ%ﬁ@oﬂ%‘t@s‘\}nﬁ@' oyed as a

transitional word in a claim 2008/ 061045 '

PCT/ US200Ting 848y vicalanaas cizdneldion B piltsabaspd updrad pithry

I8t 1. Anethod that facilitates eval uating channel

qualllty information (CQ) in a multiple-input

mul ti gpdletiap tapiécod Maadtriwithi bp6$i20 0apa0ItE Bide@Mpon the estimated

environnent, conprising: obtaining pilots froma base

Bh}éﬂqab@ﬂteri%h@mf%%@é a nunmber of |ayers supported by a

chann 0

conp u?a' gg%%%ggélj& (? t%e@é’c@é écﬂ%rggﬁgtﬁ{rxgﬁlﬂﬁ{h\? I%%tsof ({QIS to the

baytatanas. associ ated with the supported | ayers, each

CQ corresponds to a respective one of the supported

| ayers; and sending the set of CQs to the base

gtati @He ﬁl@fhoa%tf'%g%'lnﬂlr@l%f @OIBISWG\%&VQ -da: frd®he base station,

met hod of claim 1, identifying the nunbér of layers

whpeor the dadpstitios traphrannthc dataranitbe sooerpiriugkesntamas ysoeigted with

nal rati ated to the | ayers. 3. The
ﬁ‘&g r%gvlve}ie&% l}ﬁei?orféﬁi HEPPEYHSY i si ng” sendi ng nul |
CQs to the base station for non-supported |ayers. 4.

The nethod of claim1, further conprising determ ning

9 conThomethod whelaira® wherginedic bperstationicyeles vertthaayirtual antennas
enna I ons h of claiml1, wherein

?ﬁ%gmﬁ}le%@éﬁ%u %85[ a e%r#ﬁ%%%%t enpl oys open | oop

M MO with at |east one of synbol rate hopping or block
pping.. 6. The method of claim1l1, wherein the M MO

é‘bmmﬁnﬁla%lﬁwomwm@ﬁﬁ%@ppam 698PEsBSed | oop M ND

hopp! o060 BuBRF R bTETRR (B BRI s S ofgever

supported by a channel based upon an evaluation of received pilots, evaluating a set of

CQIs by cycling through virtual antennas corresponding to the supported layers, each
CQI relates to a respective one of the supported layers, and transmitting the set of CQIs
for scheduling data transmission; and

a processor, coupled to the memory, configured to execute the instructions

retained in the memory.

11. The wireless communications apparatus of claim 10, wherein the memory
further retains instructions related to analyzing signal power ratios related to the layers

based upon the received pilots.

12. The wireless communications apparatus of claim 10, wherein the memory
further retains instructions related to determining a control channel CQI based upon a

first virtual antenna response.



7. The method of claim®6, further conprising:
estimati ng a physical antenna channel fromthe pilots

whamedowdn a unitary matrix; selecting a preRCOUsRy07/084377

HH402x t hat optimizes capacity based upon the
esti mated physical antenna ciannel ; and sendi ng an
i ndex of the selected precoding matrix with the set of
CQs to the base station. 8. The nethod of claim1,
f3r t hehe GRERES &lMGukiBSRINY lapghradl of EIhAM 6,RenP@R Gn open loop
station, wherein the base station transmts the data
WM engeomnont istenatloyedveitinens cigrwie ioAswabalireth hoppieg or block
ﬁ%ﬁﬁorted | ayers used for CQ conmputation. 9. The

of claim8, wherein the base station cycles
over the virtual antennas associated wth the
supported | ayers for diversity. 10. Awrele
Ebnmuhhe stelshscomypanigatipgs aemﬁrdﬁ of ¢lgim 20, rﬂélr%@? atchsed loop

t

%@f\(ﬁggefz\;lfs’orﬁﬁge&g%o 'prn%redylg& @%a(;r{?]lé(?rg to?g chlqgtﬁ %oﬁﬂiﬂ@ BF block
bvglingat i on of received pilots, evaluatlng a set of
CQ's by cycling through virtual antennas correspondi ng
to the supported |ayers, each CQ relates to a
[£Speghd We%@@c&ﬁmﬁﬁ@aﬁ}ﬁ Cq%a{r?tqs bAYI8HS 14,8 rein the memory
transmtting the set for scheduling data
furthasmeiasy iostructiods EelqjecbWSmatlng:mpmml atentvecharma fyom the
configured to execute the jnstructions retained ..
SIS hifRgon yER Fiilahohals s Lismisatpse e S il gueximizes
Odpabit@bd¥ed UporMhe eSiiated 9h§’§i’é’ﬁll) bytendaldhlaR@d], 4@ttAInBSitting an index
instructions related to anal yzi ng signal power ratios
pletha cheben prachding agediix withghespt Qﬁsgm he received pilots.
12. The wi rel ess communi cati ons apparatus of claim10,
wherein the nenory further retains instructions
(&l at The vireded &nitnthidgichs appurit@b of tlainm eh, Widreib @iselemory

upon a first virtual antenna response. VO 2008/061045
Pethexrsansingiguesivys refptedioobiyning gatatrrasiticd|qaghe same virtual

b 12ppahdgus of claim 10, wherein an open
PR ke

ronment 'is enployed with one or nore of
synmbol rate hopping or block hopping. 14. The

rel ess coymuni cati.ons apparatus_.of. clai rein
f] cl oiéﬁwllrsg cornrnumcatlons% paratus of claim 18 wr?lerem the (? ta1s

transmitted by cycling over the virtual antennas to provide diversity.

18. A wireless communications apparatus that enables computing CQIs in a MIMO
wireless communications environment, comprising:

means for recognizing supported virtual antennas based upon obtained pilots;

means for determining CQIs for the supported virtual antennas by cycling
through the supported virtual antennas; and

means for transmitting the CQIs to a base station for scheduling data

transmission.

19. The wireless communications apparatus of claim 18, further comprising means

for determining a control channel CQI based upon a first virtual antenna response.



M MO environnent is enployed with one or nore of

synbol rate hopping or block hopping. 15. The
WQaRWehewss conmmuni cati ons apparatus of cl ai m 14PCmAg2007/84377

OHeogenory further retains instructions related to

estimati ng a physical antennal&hannel fromthe pilots

based upon a varying unitary matrix, choosing a

precoding matrix that naxim zes capacity based upon

bhe eshé FRALRG RIMBLFIOALIHT ta?]gmug BeaR®RA 18,aMkrein the MIMO
of e chosen precoding matrix

transmtting an index :
o@rupuRigatiaeenvepnghissmpleys opise lagp MIMEswith phigadt oae pbsygnbol rate
ab ?ﬁa&Haoa{m§I%{n1lo, wherein the nmenory further
retan? TSt 1 Wéti®ons related to obt ai ni ng data
transmtted on the sane virtual antennas used for CQ
evaluation. 17. The wi rel ess conmuni cati ons appar at us
of cl Rhervuglessprapappicatins gapaatus of ¢laign &%y whesein e MIMO
e r R

b e P O R AT D MBS L I cest ong of symbol
tadeatoppiaddrddockdmppinigng CQs in a MMO wrel ess
comuni cati ons environnment, conprising: neans for
recogni zi ng supported virtual antennas based upon
opt ai Py Rt|eQ! SommERRonk AppARLE bILIRINNG ], FdSerlBiptilfg:
supported virtual antennas %y cycling through tﬁe
suppomeath foi edtuatingnatpbysias;antenda pians! fion the @Ehgnbastd npon a
ﬁhe(%%s to, a ba§e‘station for scheduling data
PEAREEYYRTY T he wirel ess communi cati ons
appar aletiss fof s&é@ih?a%ﬁecoﬁﬁfgttﬁzﬁﬁx GRARBPHISIARY cAPRRIP bade@pon the
determining a control channel CQ based upon a first
¢stimaged physitcelansenne spamsk an\D 2008/ 061045
PCT/ US2007, 4377 070462 c.The W reless o
comminteny pntaib iR e T lg e Ru R prgarifighe
COmMathe Bide@mmtidAVi r onment enpl oys open | oop M MO with
at | east one of synbol rate hopping or bl ock hopping.
21. The wirel ess communi cati ons apparatus of claim 18,

ere o [ ' ' S:
AT ooy BEiek] BRI bl Als BEUAER I I SR B Sing means
foo pedendngdath trandmiktep py rig. ba@statidreomihe aligssted virtual antennas,
communj cat i ons. apparatus of claim21l, further
tvgﬁrﬁm b ﬁeﬁe SifigRRCe PV RS TP WHANGORRS- ant enna
channel fromthe pilots based upon a tine varying
unitary matrix;
24. A machine-readable medium having stored thereon machine-executable

H

instructions for:

receiving pilots from a base station;

determining a number of layers supported by a channel based upon an evaluation
of the pilots;

generating a set of CQIs by cycling through virtual antennas associated with the
supported layers, each CQI corresponds to a respective one of the supported layers; and

transferring the set of CQIs to the base station for scheduling data transmission.

25. The machine-readable medium of claim 24, the machine-executable instructions
further comprise determining a control channel CQI based upon a first virtual antenna

reésponsc.



means for selecting a precoding matrix that optim zes
capacity based upon the estimted physical antenna
wa@bmsmeloss and neans for sending an i ndex rel at BCI/US200T684377
gl)4éét ed precoding matrix with the CQs to the base
station. 23. The wirel ess comfuni cati ons apparatus of
claim 18, further conprising neans for receiving data
transmtted by the base station on the supported
yértU@heﬁﬁﬂﬁﬁ@@%ﬂdﬂ@ﬂ%ﬁﬁm@of&ﬁn@@@Gmﬁ%@hhﬁ%pQYQbﬁﬁﬂnﬂo
over the supported virtual antennas. 24.
emdionment i stwbtyed radh enson andre gf ssmelbad date hepmogl or block hopping.
machi ne- executabl e instructions for: receiving pilots
froma base station; determ ning a nunber of I|ayers
STUppPOThemhabhin@raidabls ededias 6ficluip®D4,avheedalalidsc® toop¥IMO
the pilots; generating a set of s by cycling
ETHSUGISNLS oY cd Ftitriner aaare of sralp! wite ﬁomég ot block hopping.
supported | ayers, each CQ corresponds to a respective
one of the supported layers; and transferring the set
p§. CQrBe macliherdadside sicdiunoof élaim 3¢ ke mlachnge-dadcatable instructions
éﬁtnsnisslon. 25. The nmmachi ne-readabl e medi um of claim
°t HEIMPREChi ne- execut abl e instructions further

conpr bﬁﬁla&iﬁ% %gﬁﬂrﬁ.bﬂgm%nﬁé’ Bkl £51A %ﬂo%as@@ﬁ Sh ¥BRR varying
a first vir | “antenna response. 2008/061

RORHUBRODZ/ 084377 070462 39 26. The nmachi ne- readable
medi um of. cl ai m 24, erein an open | o M :

orvi 1 SHdnE o s R e sVt S aPBwERS PongE PB OB Sy e cstimated

stbahéﬁﬂ@ﬂﬂ%g:h@ﬁneﬂ}'aﬁhgk hoppi ng. 27. The
nachlne readabl e nedi um of claim?24, wherein a cl osed

| oop MNNDE aarindexortagasttoitiee @&mrqdﬂé@lcqmngﬁn@mé voth theset dfCQIs to

@%&:ymﬁte hoppi ng or bl ock hopping. 28. The
e readabl e nedi um of claim 27, the

machi ne- execut abl e instructions further conprise:
estlnatlng a physical antenpa channel fromthe pilots

BAsedThpeackingrrdakia madign ofiplpinn 24, thamprline-sxqcatabigigstauctions
RGECEl AR gl 09L (RRLLFLE 68 R LoD RRR]igr the same

ammahﬁmwmaehapbgaiﬁxKnyg&ﬁhanbmd precoding matrix with
the set of CQs to the base station.
30.  Ina wireless communications system, an apparatus comprising:
a processor configured to:
recognize supported virtual antennas based upon obtained pilots;
determine CQIs for the supported virtual antennas by cycling through the
supported virtual antennas; and

transmit the CQIs to a base station for scheduling data transmission.



29. The machi ne-readabl e nedi um of claim 24, the

machi ne- execut abl e i nstructions further conprise
W@Ri0alenowyy data transmtted by the base stati oPCWUS2007/084377

@Y6Lng over the same virtual antennas enployed for

CQ generation. 30. In a wiredless communi cati ons

system an apparatus conprising: a processor

configured to: recogni ze supported virtual antennas

based AURGRoP a0 BEatR frshitting ALAMTFEME b satfodrin bhAEIMO

supported virtual antennas by cycling through the

wup @W%@anlillp@tml cnyiprmesconapring ansnit the CQs to a

base st schedul ransm ssion. WO

2005 SRabkd bR R5UE k5458 BakhRBT 1050 A et ho

t hat f)l&tﬁﬂniﬂgt dHe@ nMidraOe)Th tHat RYpebailalyfpeaainao bas er sibat supPorted

ina MMO wreless comunication environnment,

vistpk andeags fas angrhgiccne opiase sunpeeied irwak angenngs peipgp subset of

@@R%@ﬂﬁﬁntgg%alnlng one or nore CQ s that respectively

pertain to oné or nore supported virtual antennas for

a useschetlllegalaea mnsmsmnsfoprhmnisacba\md tipoal tha 0 rlaas and

bei ng a subset, of F virtual antennas; schedul.i q

dat a UPREHIgSRBPY “cYF IpacrREdpe B%%%fomﬂrﬁéHPP%%wua antennas.

data; and transmtting data by cycling across the one

or nore supported virtual antennas. 32. The nethod of

82.ai nml Bdmefh@dtdﬁ ehirg Sripfurthenepngevergaganagting ercCR! pidtobssed

based.. on.a ti. ing unitary matrix. 33. The

Fl%%aot&mB AR lfﬂlg}iey {’ii&t her conpri sing obtaining null

CQ s that correspond to non-supported virtual

antennas. 34. The nethod of claim 31, scheduling data

33.ansHhesicthedipdskeim dpofirthal somnsisingrabtaining ngthC@Aathat correspond

t f Im 31, further conprising:
é)(nl$%ﬂgﬁcpwﬁygﬁ@%?’ %ver a second nunber of virtua

antennas that differs froma first nunber of

supported virtual ~antennas; and adjusting a

pevel Thomethed of cledm i @éﬁ%lﬂgﬁt@dr%@wwnrbaﬁqdmp fpifgess and
{%Q§%1 nber to the second nunber. 36. The net hod of

cl ai q?,' transmtting data further conprises exciting
colums of a unitary matrix on each tile pertaining

5? t h’?hg rrlllgth%a o?g{a?milff) Rl?tlilteregon\l/pir{stm%?l antennas

selecting to transmit over a second number of virtual antennas that differs from a
first number of supported virtual antennas; and

adjusting a power level for data transmission based upon a ratio of the first

number to the second number.

36. The method of claim 31, transmitting data further comprises exciting columns of
a unitary matrix on each tile pertaining to the one or more supported virtual antennas

while in block hopping mode.

37. The method of claim 31, wherein the MIMO communication environment

employs open loop MIMO with at least one of symbol rate hopping or block hopping.

38. The method of claim 31, wherein the MIMO communication environment

employs closed loop MIMO with at least one of symbol rate hopping or block hopping.



whil e in block hopping node. 37. The nethod of claim

31, wherein the M MO conmmuni cati on environment
we@reB0yw4Dpen | oop MMO with at | east one of sBeIEE2007/084377

PHM62hoppi ng or bl ock hopping. 38. The net hod of

claim 31, wherein the M MO cohlmuni cati on environnent

enpl oys closed loop MMOwith at | east one of synbol

rat e hoppi ng or bl ock hoppi ng. WO 2008/ 061045

BT/ Uﬁ%@&é@%&yum&ﬁgﬂﬁgppﬁﬂatussQomﬁné’ihg el ess

conmuni cati ons apparatus, conprising: a nmenory that

r et ai MHEMPSY thattqt@n%mstémcmoesj ralaged roatrawinitting gilpts Iomrsa set of

%\éer aanhentnar ér%%:le\g rt a(g/r nﬁ%rrewla at rees%E ctl Iep)ﬁ%%ln to one or %ore

ﬁjp@bﬁéd eitudl dntdhdhs ﬁntaenaaﬁlefc% oa més€kuppblted i@ alintéMaebeing a
ported virtual antennas bein subset of the

wb.S@t&f theavittapraéennas ﬁ@tfd}ﬂimﬁgd%gar?wan@}ﬁ% dhiegper bpsed geon the
E?@ Ha@aéf{%idtréfﬁ&ﬂuh ﬁata ﬁgcg?lﬂ{g?ve?ﬂg Jnre %[1] g&g}fw ﬁrﬂt%glét?@(f@tual

cycling over the o e support
antennasd and a processor, coupled to the nennry

configured to ex te the instrugtions retai in
t he n%ﬁwwsomoup?ﬁ%t%hf: Blesey <oRfteHed 18 psRuted aﬁféw@ns

RhaifdBinhSFemoier ei n the menory further retains
Instructions related to generating the pilots based

upon atime varying wunitary matrix. 41. The wrel ess

£ t f [ 9, in th
ror S P EREr R BLAEHL ARel: Phiem &Y arBetip g memory
ﬁﬁfh@ﬂf&alﬁkglnﬁtﬁlé&ohﬁ AMEEd ©5cabralAs 8 Pildebaked pRSStimaRkying
the CQ data. 42. The wirel ess conmuni cations

wppey grts.of claim 39, wherein the menory further
retains instructions related to choosing to transm't
over a differing nunber of virtual antennas in

¢DnpaThs @iteleds Goniitiiesticdk appipRas beclaivh 89, Udlcréln tigmasory
and altering a . power |level for data transm ssion. 43.

ﬁtﬁ@eweﬁaéme@@,tﬂt%iﬁﬁmlaéaé fogaedubing daedngmission basedgipon fairness
*ﬁf%»kgl g, Menory further retains instructions
related"to transmtting data by exciting colums of a
unitary matri x on each tile while in bl ock hopping
he.colums relate to the o or re s orted

r t ug ¢ WHEKHhemmynicatigns agparaug g Celé‘éﬁ‘rﬁgo heggin cmory
ARMRF Rtdiss 19§tnfdt1%hme%§ed WN866LiRe ANraREMk JvRPR dlerﬁ{Q number of
environment is enployed with one or nore of synb
viatuel dnoppiasnm @mpakiserkto a number of supported virtual antennas and altering a

power level for data transmission.

43. The wireless communications apparatus of claim 39, wherein the memory
further retains instructions related to transmitting data by exciting columns of a unitary
matrix on each tile while in block hopping mode, the columns relate to the one or more

supported virtual antennas.

44. The wireless communications apparatus of claim 39, wherein an open loop

MIMO environment is employed with one or more of symbol rate hopping or block

hopping.



hoppi ng. WD 2008/ 061045 PCT/ US2007/ 084377 070462 42
45. The wi rel ess communi cati ons apparatus of claim 39,

waLese61945 cl osed | oop M MO environnment is enplDy8W07/084377

WQ@42one or nore of synbol rate hopping or block

hoppi ng. 46. A wirel ess conmi cati ons apparatus that
enabl es scheduling transm ssion and sending data in a
M MO wi rel ess comruni cati on environnent, conpri sing:
pRansThOWirkle3N&dHhrhlihiB&iddks laphaFat@y 8F clding 9, verdth alcistkd loop
antennas; neans for scheduling data transm ssion for a
NHMO pageamepbis ermpdediodevi thamlesortpere of sl getcebging or block
l%)rriﬁespond to virtual antennas supported by the user;
andteans for transmitti ng data by cycling across the
supported virtual antennas. 47. The wirel ess

comruni cati ons apparatus of claim46, further

tonpr AsVirjjesrEapENUNGoge MRS Hak gables predulpEamspsion and

L Y I . e .
Sot RN MO A TR b tcarR cp Ryt Biising:
conpr msamxgfor tramsariging@iloselvect sat@f votuat antsimak; over a

nunber of virtual .antennas that differ froma numhe

of su@ﬁmstf@asc‘fb@&elw J%%ﬁﬂ%@,maﬁ%aaﬁ% asqdgtpog dpasste ﬁngIS that
ResPRNREIY|cBMELnch o it HEARIINIHOARL b fho LTRE ol Tl €5

Co ni cati ons apparatus of claim46,” further

conpr msamgfontramsnittingrdaexyi ¢yichigg eabsths syfposted mirtual antennas.
matri x on each tile while in block hoppi ng node, the
colums relate to the one or nore supported virtual

ant eNMRSwirelRss ddAemithic &S SpFR AR BT Saink 90 FuARRIOAIHSinmeans
cl ai m 46, wherein the M MO communi cation environnent
tomseesystingyén pilo6 hasadmponiattimayaryiag smiteyenafix sy nbol

rate hopping or block hopping. 51. The wirel ess

communi cati ons apparatus of claim46, wherein the M MO
$OMUThE RireRBs &iviniNIBARSHE apparhtQy 51 clhids 46l ok civhigsing:

with at | east one of synmbol rate hopping or block .

hoppi W§ansier sdersing 6a HatsnprywaZubrosginal aytepugpthatdiffers

LhUIREDLP S 1 SA0RDI R BALIILNAYI ng stored ther eon

macni ne- execu Instructions for:
means for adjusting a power level for data transmission.

49. The wireless communications apparatus of claim 46, further comprising means
for exciting columns of a unitary matrix on each tile while in block hopping mode, the

columns relate to the one or more supported virtual antennas.

50.  The wireless communications apparatus of claim 46, wherein the MIMO
communication environment employs open loop MIMO with at least one of symbol rate

hopping or block hopping.

51. The wireless communications apparatus of claim 46, wherein the MIMO
communication environment employs closed loop MIMO with at least one of symbol

rate hopping or block hopping.



sending pilots over a set of virtual antennas, the

pil ots being generated based wupon a unitary matrix;
waeledelosrg data transm ssion for a user basedP@fyGsR007/084377

PUdé2ved CQ s that respectively correspond to virtual

ant ennas supported by the uset3 and transmitting data

by cycling across the supported virtual antennas. 53.

The machi ne-readabl e medi um of claimb52, the

SRChi RanforafUlcadlb® mB&tUGhiNSorel WtkdAmEMRLE:@Butable

adj usting a power |level for transmtting data when a

mgpeongforyi rt ual  ant ennas ot her than the nunber of

i veareiiehy @'on S5 G BRet PR e g Beind Wneraca based

opahd netagxeattxabl e i nstructions further conprise

exciting colums of the unitary matrix on each tile

whi | esqhgdyingcdata tha)spiissipFeE use basadipenireaciveg (s shat

b B o ey bfhab gt ordR fipoTBL B TURRELEE L o

cl ai mradmiwingrdetarbyasycbipg acrbsape Mpdorted niviunbamenias.i s

enpl oyed with one or nore of synbol rate hopping or

bl ock hopping. 56. The machi ne-readabl e nmedi um of

&4 ai MrBZma R BladaRle FARRRH of A9 ¥ MR nBBYihE QROB A1 Sstructions

enpl oyed wth one or nore of synpol rate hopping or
hirbekcdnoppicndjustifa powerdevdl fel tegsmatongdate odten@msimber of virtual

BB G D i ey reaed Vv LSRR Romrpysua
antennas; obtain one or nore CQs that respectively

ertain to one or nore supported virtual antennas for
.us el he maehipgrecadpblapredivsy ppelpine 82,the maehingrxesutadde instructions

{gu%éhglgcoam rysgse?(%i(t)igé £ llﬁ%m\s/ ioﬂhgeal{nit rrgit r%arllt%%f(’)";]l e‘?%%?ﬁ%g”lé@?%g’?%fk

ransm sSsi on e user ased -“upon

héppsdinbd €l fir arabymietyd datg tReEdSBng Regat® REthe bndrOF More supported

supported virtual antennas.
virtual antennas.

55. The machine-readable medium of claim 52, wherein an open loop MIMO

environment is employed with one or more of symbol rate hopping or block hopping.

56. The machine-readable medium of claim 52, wherein a closed loop MIMO

environment is employed with one or more of symbol rate hopping or block hopping.

57. In a wireless communications system, an apparatus comprising:
a processor configured to:
send CQI pilots over a set of virtual antennas;
obtain one or more CQIs that respectively pertain to one or more
supported virtual antennas for a user, the one or more supported virtual antennas
being a subset of the virtual antennas;
schedule data transmission for the user based upon the CQI data; and
transmit data by cycling across the one or more supported virtual

antennas.



