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systems; time division multiple access (TDMA) systems; frequency division multiple
access (FDMA) systems and orthogonal frequency division multiple access (OFDMA)
systems; 3rd Generation Partnership Project 2 Ultra Mobile Broadband (UMB); and 3rd
Generation Partnership Project Long Term Evolution (LTE) systems. Generally, each
terminal communicates with one or more base stations via transmissions on forward and
reverse links. The forward link (or downlink) refers to the communication link from a
base station(s) to a terminal(s), and the reverse link (or uplink) refers to communication
from a terminal(s) to a base station(s). These communication links may be established
via single and/or multiple receive/transmit antennas at base stations or terminals.

[0004] Additionally, in wireless communications a majority of spectrum

bandwidth, as well as base station transmit power, is regulated. Design around such
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[0006] To benefit from the improved performance derived from the MIMO

paradigm of wireless communication, while servicing simultancously SIMO, SU-
MIMO, and MU-MIMO users without detriment to any of such modes of operation,
there is a need for a systems and methods that provide for a unified and centralized, as

well as a dynamic, scheduling of SIMO, SU-MIMO, and MU-MIMO transmissions.

SUMMARY
[0007] The following presents a simplified summary in order to provide a basic

understanding of some aspects of the disclosed embodiments. This summary is not an
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employed to report the at least one power control reference signal; and means for
transmitting a pilot signal from each of the antennas in the group of M virtual antennas,
or the group of G physical antennas.

[0011] In still a further aspect, it is disclosed a computer program product,
comprising a computer-readable medium including: code for causing at least one
computer to transmit at least one power control reference signal from an antenna
selected from a group of M antennas, with M a positive integer; code for causing the at

least one computer to convey a power spectral density (PSD) offset from the antenna
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of single-input multiple-output (SIMO) operation, single-user MIMO operation, or
multiple-user MIMO operation; and a memory coupled to the processor.

[0015] In a still further aspect, the subject description discloses a computer
program product comprising a computer-readable medium including: code for causing
at least one computer to estimate a single-input multiple-output (SIMO) or multiple-
input multiple-output (MIMO) channel; code for causing the at least one computer to

determine a power spectral density for transmitting data in a reverse link (RL) according
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[0020] FIG. 4 is a diagram that illustrates pilot assignment of frequency

resources for multiple users.

[0021] FIG. 5 is a diagram of UL assignment channel structures for scheduling
joint operation of SIMO, SU-MIMO, and MU-MIMO users.
[0022] FIG. 6 is a block diagram of an example embodiment of a transmitter

system and a receiver system in MIMO operation.

[0023] FIG. 7 illustrates an example MU-MIMO system.
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and sounding (pilot) reference signals. [0020] FIG 4
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frequency resources for multiple users. [0021] FIG 5

is a diagram of UL assignment channel structures for
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[0030] As used in this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution.
For example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component may be localized on
one computer and/or distributed between two or more computers. In addition, these
components can execute from various computer readable media having various data

structures stored thereon. The components may communicate by way of local and/or

remote processes such as in accordance with a signal having one or more data packets
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software in execution. For exanple, a conponent may
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a processor, a processor, an object, an executable, a

hread of execution, a program _ and/or a conputer. By
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H033] user Adhaispstetnen may refer to a device in an access network that

communicates over the air-interface, through one or more sectors, with wireless
terminals. The base station may act as a router between the wireless terminal and the
rest of the access network, which may include an IP network, by converting received
air-interface frames to IP packets. The base station also coordinates management of
attributes for the air interface. Morcover, various embodiments are described herein in
connection with a base station. A base station may be utilized for communicating with
mobile device(s) and may also be referred to as an access point, Node B, evolved Node

B (eNodeB), or some other terminology.



wireless termnal may be a subscriber station,

W rel ess device, cellular telephone, PCS telephone,
weondhssss t el ephone, a session initiation protRCOUS2007/083057

(SIP) phone, a wireless local I|oop (WL) station, a

personal digital assistant (PPA), a handhel d device

having wreless connection capability, or other

rQcessi ng_devi.ce connected to a rel ess npdem .
F@%@b] A bggfg“élfgatpl tndigaingsel - ﬁvfuétr%w eléﬂtmie afipess wireless
B§RSBRicREn s{én{ TRt whG® mé‘de‘g@ér(gﬁt P\EKith Hl%ltlple %Iﬁ[ennas 113-128

alr-interface, through one or re sectors,
mw@hmslytseherdutfa] a&d c'bhenlhmeaeesswmh |\@noum1y10‘a1¢et tegginals in SIMO,

S PVl Sa BT NAIRO MR AT et iio ey fiigedd hrein.

PMe ﬁl@ﬁé’ 8f b d?ﬂldﬂqg:@yﬁ/?ﬁﬁic AcEssipaiRnfl aesh fkamasicttRe MBde of
packets. base station al so coordinates managenent

pperatzan ofy el@@h ekteframaksHa0diop anatl &1 Bde.. Invbicwféle latter, FIG. 1
Mﬁ‘lstra%g%s ?nn%gh n?nctirﬁm%{n%ae :Slcnksboe%v%e%rtg : n{lalllts and antennag As

connecti on ase S 1 on ase S on na

Dluistratg e, @uémfenﬁﬁimuah ®abiafignatdy o moble lahd% d@b@wse@(lﬁrbugalndt a cell
% also be referred to as an access
I

Aresedwecin gd gsEIB)n therars dhestepn h@qll”tCéﬁ mf%w@ye station
R L S A S
wmsedl eBwthee. mmmmmala(bl gqri 38yis0emd 100, - Wig)y eanada)nanmﬁsaﬁe with any
I -
Bt bt prs bnbaliobal scaim MogHTHIR Eabdisatetions atany given
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ase stations shown access pol nt
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b5t N BDIE Ao D d 0P s e i S MO mode with
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transmt antennas. Antennas in access pol nt
arce1 60, bud antennag 1il % andi | 16, pdadingrto dimparaty BlupBiSroné S, 165FL, and

disparate RLs 145gr, 155g1, 165r1. Additionally, in the snapshot of FIG. 1, a group 185
of terminals 1701-1706 is scheduled in MU-MIMO, having formed multiple MIMO
channels between the terminal in the group 185 and antennas 128 and 113 in access
point 110. Forward link 1755, and reverse link RL 175y, indicate the multiple FLs and
RLs existing between terminals 170;-170s and base station 110.

[0036] In an aspect, advanced system such as LTE can exploit MIMO operation
within both frequency division duplex (FDD) communication and time division duplex

(TDD) communication. In FDD communication, links 135g;-175gr:, employs different



including 113 and 128, another including 116 and 119,
and an additional including 122 and 125. In FIG 1,
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LR S B BB S O 7 85 100 o
communicate data using one or more data channels and signaling using one or more
control channels. Data channels utilized by system 100 can be assigned to active
terminals 120 such that each data channel is used by only one terminal at any given
time. Alternatively, data channels can be assigned to multiple terminals 120, which can
be superimposed or orthogonally scheduled on a data channel. To conserve system
resources, control channels utilized by system 100 can also be shared among multiple

terminals 120 using, for example, code division multiplexing. In one example, data



ort hogonal codes (e.g., Wil sh-Hadamard codes) even
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communication effected over the cellular network backbone, which can employ of T-

carrier/E-carrier links (e.g., T1/E1 lines), as well as packet-based internet protocol (IP).
[0042] FIG. 2 is a high level block diagram of a system 200 to that facilitates
dynamic, centralized scheduling and joint UL operation of an access terminal in SIMO,
SU-MIMO, or MU-MIMO mode. Access terminal 220 conveys system information (a
CQI 239, a powers spectral density (PSD) offset 243, and pilot signal(s) 247) via

reverse link 235 to Node B 250, which processes such information and communicates a



sectorized and/ or unsectorized cells are intended to
fall within the scope of the hereto appended cl ai ns.
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[0044] CQI 239.—Access terminal 220 transmits CQI 239 in UL 235 from a
single physical antenna or virtual antenna regardless the number of allowed
physical/virtual available to the mobile. Such determination ensures that terminals with
Nr=1 can be jointly scheduled with terminals with a higher number of antennas.

Reported CQI 239 is based on a received known pilot sequence of symbols which is



descri bed. [0043] A M MO channel forned by the NT
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= configuration of TX and . RX antenpnas, Eq. (3)
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can be jointly scheduled with termn wi th a higher
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sequences can be enp for exanple: a const ant
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239, and the associated physical, or virtual, antenna that the terminal (e.g., 220) employs
for CQI transmission (see below). Conveying a single APSD 243 affords consistency
with scheduling a terminal with Nx=1 jointly with terminals scheduled in SU-MIMO
and/or MU-MIMO. It should be appreciated that while the CQI channel is employed as
a reference signal for power control, substantially any other reference signal, transmitted
at PSD reference level and conveyed through a corresponding channel, can be utilized
for power control and to determine APSD 243.

[0046] Pilot signal(s) 247.—Sounding (pilot) reference signals can be
transmitted periodically from multiple physical or virtual antennas in MIMO capable

terminal (e.g., Ng > 1) to perform MIMO channel estimation at the transmitter, e.g.,
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gap 35 nd maximum throughput sche uhngf}an quantunm algorit a(e Q. quanturn
genetic algorithm) can be employed for determined an optimal mode of operation.
Processor 262 can execute a portion of the algorithms employed for scheduling.
Algorithms, instructions to execute them, and received control information, e.g., CQI
239, APSD 243, and pilot signal(s) 247 can be stored in memory 266. Next, scheduling
of SIMO, SU-MIMO and MU-MIMO is described.
[0050] SIMO mode.—Scheduler 258 determines a data rate based on a net PSD

level that arises from adding the PSD of the reference signal conveyed to the access
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IFl)l%lr eL%So% %/dgf%g%%O streams, in order to maintain the same total transmitted

power from terminal 220. As an example, in a case in which two streams are scheduled
(through scheduler 258), a APSD is effectively reduced by half for each of the antennas
involved in transmission of data. In addition, a APSD is to be adjusted based on an
assigned bandwidth to the access terminal when an assigned resource block is smaller

than requested. Once data PSD is determined, a rate calculation for various streams
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transmit a CQI channel reference signal reporting a CQI value, and the PSDpata 315
employed to transmit data in the RL. PSDpara is determined via APSD 320 feed back
by the mobile terminal (e.g., 130, 140, or 220) that reports CQI. As discussed above,
the single (physical or virtual) antenna employed to report CQI is utilized to convey
APSD 320 independently of the available antennas to the terminal. When a physical
antenna is employed, APSD 320 can be calculated (by processor 232, for example)

based on power headroom of a power amplifier (PA) in the antenna employed to report
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Ineakdss 06N aspBst, dh RSUpsechnaBRyeal At 365, corresponding to what it has
been termed herein a “t-block” 370. Such a t-block can correspond to one or more slots
carrying the reference. As an example, t-block 370 can correspond to a long block (LB)
in a subframe within the radio frame structure in LTE. In another example, t-block can
correspond to multiple LBs involving various communication subframes. It should be
appreciated that one a t-block is determined, At 365 is established. It should further be
appreciated that overhead increases with At 365; however, conveying multiple block
carrying RS can be necessary to ensure successful decoding at an access point (e.g.,

Node B 250) particularly in poor channel conditions. Pilot generation component 228,



the single (physical or virtual) antenna enployed to
report CQ is utilized to convey APSD 320

w0 pwepsmident |y of the avail able antennas to theCT/US2007/083057
term nal . Wen a physical antenna is enployed, APSD
320 can be cal cul ated (by protlessor 232, for exanple)
based on power headroom of a power anplifier (PA) in
t he antenna_enpl oyed to report WD 2008/ 055179
PCPNYSSHeY VEE POTFPSSo1 §3B0rn dggrmiag dhaprriod4d 0 dhlasksgpan At

ei ved from nei ghboring cells, as well as the

reported CQ 239. In addition, other factors such as
[0spect ed Batlhsuyteliif B1G .88, RSspec afnvepgphicoatiguas frequency

executed b he wirel nal -e.qg., a wireless
P ar gt,ﬁgé By @acgﬁg&fgﬁ%ﬁewﬁﬁ%‘{qs H“?%Pﬁ{lg to a specific
{1 by o?%uﬁt%n ihf @lrfleBs ALK e g O'd}% riﬂhgll%of, for a

rough conpletion of a task, as a I ne
playskdahgr tirtaslshemead €)=df.. £Vin dﬁpqmny (ht@ﬂ@ged dlooatidneof frequency
sect or inteﬁéerence Jndlcq;ors an

FRVGHErS: ERAE | &5 BUBTGBICFTrT PHAURE RSP S ARe 8PPaREnce

e8| der at tQASuld bt apprébibicd Fhat A @RSl Signhl ddszAdbotA sl
the PA of each physical antenna available to the

cammunightcils@lgs 230 el ¢15an@¢1 sowling e well pe theepayver cortral

U iRSnal absaidline SRS AR STk At RN SiSRIEFO.

{ anti afi@. £V &Berhbl?c & @%r fnhﬁfO tRRE[1&Ates pilot assignment of
substantially any of physi cal antennas conbi ned

freq@@nqoweumtﬂefov nmdtudt u@m ehmachigvepaint gerfstagee of SIMO, SU-

SRS P B o SRR B bR sl SBepasgety

Qﬁoﬁg\malsaﬁxﬁﬂn RS&6f 06 s@atﬁﬂﬁldlh\&&d:(ﬂﬂ;eﬁﬂdn oeddr RYpRSdredBilot
assigned to the access term nal. I)%0058] FIG 3Bis a

aithraentlity. bF aywamissowed spAHMEHiM g geryler Nfer wyrheduled user
PP g LR RSBy PR . B sy
Saraing fhadet eatiopeo itlediseal Ay ametdmpde, pad inotastd lidB&tjonmr b case a
tgels % urer G308 sshyoudat phieoe oind Cain 651 S serggn
ﬁ‘QnsnﬁE‘?édgﬂ\[}mﬁtg rgsag ifls thgnf R lealﬁbf%ﬁefa%&&nep %B&Jces 410.

conpar traff time span a speci f
Hseeyerlivhen SBMOulssit h?tﬁ)tls a¢Heylulsduinhultaht:ousgr woh embthéra&IMO user

ﬁ@ﬁﬁgﬁngdgfi 360 i s ada Iiv? ad] ﬁted an access
(P S@ 1&61‘8 Cilg @se ia IOBIQ %@Vag%) %Hl&lﬁ quency resources to
EAREY huRindly(dRh9 ganal E)ﬁ@@f—teeg $dBbardiéR)430\ah B8 embloyed8yluskr 420,

be appreciated that a r is reduced, processin ain

Wanrebseu&eeéw gangeraploy sulwgrriops 4. alwe@sedﬁbatrguar eiets 435
head 1ncrease

S TP A R TP TR s g o BRGRRby TBS e

&ﬁﬁz@yédﬂﬁlfﬁ&%lb@l{ B10that sphnd @&K ntdkal ASHBH 18sHould RCdppeited

correspond to one or nore slots carrying the

thef @p@n@veous,%alaple@@aﬂvp lcest for- HV-0dIM A 10cte ¥HU-MMIM@spsemdr a
cornginatl I’}1gthelreof: 1nsgea§)of SIMO users 130 and 420.

[0062] FIG. 5 is a schematic diagram 500 of example UL assignment channel
structures for scheduling joint operation of SIMO, SU-MIMO, and MU-MIMO users.
Structures 510 and 550 correspond, respectively, to a maximum spatial multiplexing
order Ny=2 and Ny=4. In an aspect, an assignment for a scheduled user equipment
includes a base rate, an offset (or delta) data rate for additional streams in case such

additional streams are assigned, an antenna subset selection index, and an antenna
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modified adaptively, depending on at least the following: channel conditions, a number

of users in a service cell, a remaining battery lifetime in the terminal being scheduled, a
type of application executed or to be executed by the terminal being scheduled, and so
on.

[0064] FIG. 6 is a block diagram 600 of an embodiment of a transmitter system
610 (such as Node B 250) and a receiver system 650 (e.g., access terminal 220) in a
multiple-input multiple-output (MIMO) system that can provide for cell (or sector)
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transmitted from Nt antennas 624, through 624, respectively. At receiver system 650,
the transmitted modulated signals are received by Ny antennas 652, through 652 and
the received signal from each antenna 652 is provided to a respective transceiver
(RCVR/TMTR) 6544 through 654g. Each transceiver 654,-654r conditions (e.g.,
filters, amplifies, and downconverts) a respective received signal, digitizes the

conditioned signal to provide samples, and further processes the samples to provide a

corresponding “received” symbol stream.



user's termnal (e.g., access termnal 220) are aware

that no nore than a single stream can be assigned. In
WG awh/0sH3es, delta data rates 525 and 565, andP@RUSVNZ083057

pattern sel ection 545 and 585 need not be assi gned.
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streans are t pr ovI d rocessor
whights amdypréacsdeh @re qo:rtrracted sckdagenodul ati on synbol s
fﬂ%Bg]' ’ As discussed above, in connection with FIG. 2, receiver 650 can be

dynamically scheduled to operate in SIMO, SU-MIMO, and MU-MIMO. Next,

communication in these modes of operation is described. It is noted that in SIMO mode
a single antenna at the receiver (Ng=1) is employed for communication; therefore,
SIMO operation can be interpreted as a special case of SU-MIMO. Single-user MIMO
mode of operation corresponds to the case in which a single receiver system 650
communicates with transmitter system 610, as previously illustrated FIG. 6 and

according to the operation described in connection therewith. In such a system, the Nt



OFDM). TX M MO processor 620 then provides NT
nodul ati on synbol streanms to NT transceivers
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and/ or sounding reference signals for link (or

‘dia,msme:fplgned to a terminal (e.g., access terminal 220, receiver 650, or UE 140), and it

can be controlled through power adjustment offsets, such as APSD 243 as described

hereinbefore.

[0070] As mentioned above, according to an aspect, MU-MIMO operation of a

set of terminals (e.g., mobiles 170,-170¢) is within the scope of the subject innovation.

Moreover, scheduled MU-MIMO terminals operate jointly with SU-MIMO terminals

and SIMO terminals. FIG. 7 illustrates an example multiple-user MIMO system 700 in

which three ATs 650p, 650y, and 650g, embodied in receivers substantially the same as



estimation. The reverse |link nessage is then processed
by a TX data processor 638, which also receives
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by transcei ver 654A through 9%4R and transmitted
back to transmtter system 610. [0067] At transmtter
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hisOfy 1IRGFLW thFIG! B apd D crSYSAER ddBphth. WO
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YRR terrmnalg {n%zcatesd be?ew %vl?t r;1?1&1ndex k. In accordance with various aspects,

cach of the access terminals 650p, 650y, and 6505 can report CQI from a single antenna
and can convey a PSD offset feedback, associated with such single antenna, to Node B
610. In addition, each of such terminals can transmit to Node B 610 sounding reference
signals from each antenna in the set of antennas employed for communication. Node B
610 can dynamically re-schedule each of terminals 650p, 650y, and 650g in a disparate
mode of operation such as SU-MIMO or SIMO.

[0073] In one aspect, transmitted/received symbols with OFDM, at tone ® and

for user k, can be modeled by:

yi(©) = Hyw)e(®) + H(w)X en(@)+ ni(w). )
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channel can be employed for power control, as described in connection with FIG. 2,
substantially any reference channel (signal) can be employed to that end. The M
antennas allow an access terminal (e.g., 220) to communicate/operate in a service cell
(e.g., 180) wherein multiple access terminals communicate with a base station in SIMO,
SU-MIMO, and MU-MIMO mode (FIG. 1). In an aspect, CQI is determined from a

reference signal transmitted by a serving base station and can be employed to estimate
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channel is estimated, whereas a MIMO channel is estimated for users with multiple
transmit antennas (e.g., access points 650y, 650p, and 6505, or terminals 170,-1705).
The estimation can be accomplished through channel sounding—conveying pilot
signals, or sounding reference signals, generated in an access terminal (e.g., in pilot
generation component 228) and detected and processed in a base station. As an
example, a Node B (e.g., 250) estimates SIMO/MIMO from a set of pilot signals
received from a set of M antennas in an access terminal (e.g., 220). Estimation of the

channel provides for determining a maximum multiplexing order Ny, or the number of



nmet hodol ogi es that may be inplenented in accordance
with the disclosed subject matter, will be better
wappsesilzd ed with reference to the fl owharts PET/B51867/083057
8, 9 and 10. Wile, for purposes of sinplicity of
expl anation, the nethodolog|é§5are shown and
descrlbed as a serles of blocks, it is to be
nder st preC| ted that the clained, subject
garlgrin %Peﬁ ntm daes Ryt dalirbiims pursoges by fhe channel. At
B9l Sine Bios SRET B SHIRYita(iB Fltheb Recli A pELEN ciREM RldTeatos that
and/or concurrently wth other bl ocks
tapipd¢ estrs @ndclodsled i &H-MINO mnod\?’bwhwheyplcaib/trealhltes antenna

hesTGb o1 Busa P iah 6 Rierars Gy gn peralition pattorn

@Q%@&fa?atc%z&&‘@% a ufifark WAL @ ?P*JPYP— ARS QO RERE W thd subspace of

the bl ocks may be 1 nplenent e _By sof twar e, hardwar e,

lzuyaﬂs NakigaMNyvNer @oh theit aan&evﬂtrha{ a St tafet & preanted to a second
&d devi ce, systen1 progﬁ conmponent, ...). i

i ati eéﬁ]a"IOP? of $UbCEIST M HIZHE QIrCPH’é?u%%SlPEC ingaTal pggmutations

[ :
T St RPAREE REIRRFP s et BeREhRFe APrding to permutaiion
attt:meH ol s cant/eyu:ti éc.pf broadensfedad usars tno fearcicd celhlbyea serving
ran rei nd ansferring suc t hodol
APEAS). (S @0E PSBRS Bt line atroraing Feha gy 2 N Ny of
%@@ﬁl@& RhnRNdn ARVSCH IO Ih@@e B s@@dﬁ%@%@eﬂﬁérmﬁﬁl-‘iﬁg:l (antenna
alternatively be represented as a series of

pernaitationghedk ©teapetD26) re@vl@mlgt noglwﬂid@beqlq) and thetBfileis determined

R BRUAT o0 T paF e BB Rt B hsnaggo0 and

§ &dedp@Wkfowap BfedbadkivitithSlchihneBlddMalvbh. aHﬂcaM;NNH\@eae‘H stream is
810, a channel quality indication (CQ) channel or a

potenedaPSDshagedon p élffq’f@m@hpwwrft mhRTCRY aéﬂiaﬁfgwéufaﬁtaéﬁwato a
ggll)faee%gan ‘é ofﬁ{i é?dgfm Eﬂ?gﬁg 51 Le‘& d?%u g&gg %p%% S,Serﬁéﬂ&) At act

210)idanalrateas detedainededed on dmmhedwlaﬂmmmh afd fReir2orresponding

substanti al | ny reference channel (signal) can . :
grB @@@%we%hﬁtbméwﬂpfmemﬁm% & ﬁﬁ%é IR i m0F e geégcglon with

E&%é@sﬂ%lm&ﬁe&nce gd%@éllattlgn COMPRL ﬁ%@ésﬁﬁ%ﬁ@ﬁ 8f COI%or cach of the

servi ce cel (e 80) wherein nmultiple access
mattmlapillas emhfrmnm ecaaln ef thicschvaduds as @ffsetarSdpan e Sitdvimined and

Ao Broipiaed PR dReRufing Baombieid R abitias Ty 1 At

ot 980 WitELehiRASSschb@lle@h SIMO CV-MBVOMHRAE QeI 0! d¥Bdcated
WD 2008/ 055179 PCT/ US2007/ 083057 24 downl i nk channel

eesources are cofveyediathe tamingh, Classieal dé-gi, onindgobii fag quieing,
BB BB SRR PR R O
&28), q@nﬁlﬁDgélfehS @Igo(‘lﬂﬁﬁﬂlaﬁ%)empfﬁo@dﬁmescﬁddﬂﬁlg r&hﬁ Beutilized. It is

antenna e ansm t Such an offset can

ye
@@e@éhatﬁdtn@dh%a@mdewgy RBO heredhevradpseiedyabased oggntenna
E@rhlut%nlf&algﬂMO scheduling, other types of channel adaptation/transformations

such as precoding can be utilized to the accomplishment of joint scheduling in
SIMO/MIMO mode.

[0078] FIG. 10 presents a flowchart of a method 1000 for receiving a resource
assignment for operation in SIMO, SU-MIMO, or MU-MIMO mode. Atact 1010 a
data rate for a base data stream Opagg 1s received. Data rate is conveyed by a fixed

number of bits R determined by a serving base station (e.g., 110) and conveyed in a
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[0081] FIG. 11 illustrates a block diagram of an example system that enables
controlling power and pilot signal, as well as receiving an assignment of communication
resources according to aspects disclosed in the subject specification. System 1100 can
reside, at least partially, within an access terminal (e.g., user equipment 170;-170s, or
access terminal 220). System 1100 includes a logical grouping 1110 of electronic

components that can act in conjunction. In an aspect, logical grouping 1110 includes an
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110) and conveyed In a
sche uled data streams; an electronic component 1235 for determining a data rate for

conveying data in a RL according to the set of scheduled data streams; and an electronic
component 1245 for scheduling a terminal in one of SIMO operation, single-user
MIMO operation, or multiple-user MIMO operation.

[0084] In addition, system 1200 can include an electronic component 1255 for

conveying a data rate assignment; an electronic component 1265 for transmitting an
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specification. System 1100 can
readable media for storlng information. The term “machine-readable medium” can

include, without being limited to, wireless channels and various other media capable of
storing, containing, and/or carrying instruction(s) and/or data.

[0088] As it employed herein, the term “processor” can refer to a classical
architecture or a quantum computer. Classical architecture comprises, but is not limited
to comprising, single-core processors; single-processors with software multithread
execution capability; multi-core processors; multi-core processors with software
multithread execution capability; multi-core processors with hardware multithread

technology; parallel platforms; and parallel platforms with distributed shared memory.
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[0090] 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



schedul ed data streans; an el ectronic conponent 1235

for determning a data rate for conveying data in a
wW@RR008050ardi ng to the set of schedul ed data st rRERES208T1083057

an el ectronic conponent 1245 for scheduling a

ternminal in one of SIMO operailon, single-user MM

operation, or nultiple-user MM operation. [0084] In

addlélon sten11200 a&gvlnclude an el ectronic

gt @ IN{CHAGLElPi Praccal el aliratians; gadidisptions and
aala%ﬂoﬁmapmﬁmﬁﬁm%gmt +hd 8% 2 tﬁer Haetdtdmalsa@ummore to
2008/ 055179 PCT/ US2007/ 08305 set data rate
thesikgnhthat the garmeTieddohicuscd nlpati@n theldb’r?'aﬁleﬂ dpscrlptlon or the

SO, T SITR AT G A A
BPHnGIHAS” a@nébtﬁﬁlrls@ﬂge’% (R Fet SOWRGN&@RbloF&BR o Bdnsitional word in a

conveyi ng an antenna pattern selection. [0085] System
4200 can al so include a nenory 1290 that retains
instructions for executing functions associated with
el ectrical conponents 1215, 1225, 1235, 1245, 1255,
1265, 1275, and 1285, as well as neasured and/or
conputed data that may be generated during executing
such functions. Wile shown as being external to
menory 1290, it is to be understood that one or nore
of el ectronic conponents 1215, 1225, 1235, 1245,
1255, 1265, 1275, and 1285 can exist within nenory
1290. [0086] For a software inplenentation, the

t echni ques descri bed herein may be inplenented with
nodul es (e.g., procedures, functions, and so on) that
performthe functions described herein. The software
codes may be stored in nenory units and executed by
processors. The nenory unit may be inplenented within
the processor or external to the processor, in which
case it can be comunicatively coupled to the
processor via various neans as is known in the art.
[0087] Various aspects or features described herein
may be inplenmented as a nethod, apparatus, or article
of manufacture using standard progranmm ng and/ or

engi neering techniques. The term"article of

manuf acture"” as used herein is intended to enconpass
a comput er program accessi ble from any
conmput er -readabl e device, carrier, or nedia. For
exanpl e, conputer-readabl e nedia can include but are
not limted to magnetic storage devices (e.g., hard
di sk, floppy disk, magnetic strips, etc.), optica

di sks (e.g., conpact disk (CD), digital versatile disk
(DVD), etc.), smart cards, and flash nenory devices
(e.g., EPROM card, stick, key drive, etc.).

Addi tionally, various storage nedia described herein
can represent one or nore devices and/or other

machi ne-



readabl e nedia for storing information. The term
"machi ne-readabl e nmedi unf’ can include, w thout being

WO 2B0Ed7¢ 0, Wi rel ess channel s and vari ous ot hRCT/HBDZH083057
capabl e of storing, containing, and/or carrying
i nstruction(s) and/or dat a. [%b88] As it enpl oyed
herein, the term "processor" can refer to a classica
architecture or a quant um conput Cl assi ca
architecture conpri ses, butCIrrzgn\ﬂgt limted to
conpri si ng, single-core processors; single-processors
wth software nultithread execution capability;
WiHat is-ctmed pv:- ocessors; nulti-core processors with
software nultithread execution capability; multi-core
processors with hardware nultithread technol ogy;
par al hahetRb@bhployBd inARRelBRr RhlrShniBdtdh fsQ§tam, Mk tkbthod comprising:
di stributed shared nenory. WO 2008/ 055179
PCT/ usmwtmgat@ Bpst opg pawel eonsivhrdfgrenes pgnsd @98 adgnna selected
erf Vi roup ap 1}14[ S rn%[a? 1‘&1 f/f ?usllti\j&éﬁ%)g%p plication

speC| eg d"'ci rcu a digital signa

proc emeylh@SFp)oweas degrhlddcpiog(FES DRI et @@!’h@he zﬂftérﬁm employed to
(FPGA), a progranmabl e | ogic controller PLC%

te@ﬁﬁlt atéeaébmﬁﬁdmréonw.r@fere@é@ pigaal(eherpyn they SDsOc,fFSét ig based at

Ral8n gﬁrt bh %qgfe%tn% Pgﬁgﬁ féjrl t?a‘flgr?ﬁtﬁ é] dcl a§t one Wer control

conponent's, or any natlon t eof esig Red 1

nﬁﬁémmmm@hhzmdnctlons descrlbed her ei n. Cpantum

conput er archltecture be based on_qubits enbodi ed
in gat'@¥yHingd ilojsign e cach FHRNAE SOt HfodeBigpnas for
@@&&%g% hARPRARGRE rﬁllﬁfﬂfe%{fﬁu cRHREIGRGUCE | ”agld a SIMO channel
JosephSon junctions, etc. Processors can explo
waeoMsdal e architectures such as, but not I|n1ted to,
nol ecul ar and quant um dot based transistors, sw t ches
and gates, in order to optimze space usage or
enhangge RRIAITRRGE 10the s RiastefieipBWRPEontd] RIFQCR&SIEnaMBitludes a
al so be inplemented as a conbinati on of conputing
geNicbamwicl.e. g., a conbination of a DSP and a
n1croprocessor a plurality of mcroprocessors, one or
nore mcroprocessors in conjunction with a DSP core,
8r anyYhehhkeiodfichirganfhegrihahited rei{efbawilgﬁalﬁi nded¥061s of a
in the subject speC|f|cat|on the term "nmenory" refers
9@8%&@@13%4\%@ 80 aglogRFlateR KtA¥AS) SHINENGS her
i nformati on stores such as, but not limted to, inage
store, digital nusic and video store, charts and
dat abdbemethot] oficlaim Hethe@Decffst éxckstitiatt Hakel ardemston a load
conponent s. descr.i bed hﬁ.ei can be either volatile
ﬂ%??agpcwﬁﬁhw%hg??ﬁﬁ Fy1r can include both
vol atil e and nonvol atile nmenory. By way of
illustration, and not limtation, nonvolatile nenory

gan ihb¢ udélo:i@édlaimllythefd’h‘s@ gifset ROMpylated egroadma bl @ mMRGMation
P trical mabl e ROM ( EP :
%P(ggglplq%%k%@e éésgélgﬁ%& ﬁﬁ%ﬂlf Eﬁﬁﬁgfa , or ( fl ESIYD menory.

Vol atil e nmenory can incl ude

6. The method of claim 1, the PSD offset adjusts the power that a base station

assigns to a mobile terminal for transmitting data in a reverse link.

7. The method of claim 1, further comprising determining whether to report the at

least one power control reference signal from a physical antenna or a virtual antenna.



random access nenory (RAM, which acts as externa
cache nenory. By way of illustration and not

WO 2ooBoat17ON, RAM i s available in many forns suR¢iI/ES2007/083057
synchronous RAM (SRAM, dynam c RAM ( DRAM),
synchronous DRAM ( SDRAM), dould e data rate SDRAM ( DDR
SDRAM), enhanced SDRAM ( ESDRAM), Synchli nk DRAM

%heDmmg@@g Og@[ﬁfgt arbus rﬁdg&l@ﬁﬁg\%’\%@éAd Q&?d?lB% antennas.

met hods herein are |ntended to conprise, wthout being
limted to, these and any other suitable types of
fremor Yhe e0©AJof Waath ohths P@&mffs:b@ imieitdmn'elnealkimv@ itedstigkes power

QRT3 o SO SurliEP rEa BEERT A BUBH 7 sl st one

FOWE datrb R fer@fccgRpONent s or met hodol ogi es for
pur poses of describing the aforenentioned

enbodi nents, but one of ordinary skill in the art may

16C Ogigz%&ho%t f Hie tgg?%%)o Jcl\qnentenggs 1293 oqdvnitual antennas.

per mu I ons o var|0us S are possib
Accordingly, the WD 2008/ 055179 PCT/USZOO7/083057 30
descri bed enbodi nents are i ntended to enbrace all such

&l t er h¢ msthod b glatm datheFRd affset isdeteraninegrhasedaiteashen a

iRl pOGeERaltdop it REOR Gl EATR RIS ShRh P available in
the stitsefcphiysicaiante@anad d'mtdmetcbtblcedlpdﬁsﬁhe va‘tuab antoinat dngployed to
clai ns uch termis intended to be inclusive in a

FRRATIdhe %ﬁ?ﬁsr e Ry kantrlrpterenge ightlsi ng”  as

"“conprising"” is interpreted when enployed as a
transitional word in a claim WO 2008/ 055179 o '
PZ:T/ USRO 012108 30 5laim 3 1 tr@istdiviBg aibet sigsalagheidasdransmitting #e pilot

Byed in wWreless comunication system the
ﬂﬁ? éﬁngﬁgﬂ' i'sing: transnitting at |east one power
control reference signal froman antenna sel ected
froma group of Mantennas, wth Ma positive integer;

tdnveYhamethod ofislairg ;iemhpr@m e ndpt sjerabsy lesstansto Hacomstant
LR 8% S0, BIRLQUEE) (O zAERRclhe at Least one pouer

feference si nNthe PSD offset is
based at least in part on a reference PSD | evel for
transn1tt|ng the at |east one power control reference

4-gnalthe msthod od slaimls whgren the Fr@{lsrgnﬂ@ﬁ Rilofsignal sz feast one of a
ARLESARIIR bR o £ hsRoMbi@NLGRARSE, T Or

15. The method of claim 1, wherein the transmitted pilot signal is at least one of a
Gold sequence, a Walsh-Hadamard sequence, an exponential sequence, a Golomb
sequence, a Rice sequence, an M-sequence, or a generalized Chirp-like (GCL)

sequence.

16. The method of claim 1, further comprising:

receiving a data rate assignment;

receiving an offset data rate assignment when two or more data streams are
scheduled for transmitting data;

receiving an antenna subset selection from the set of M antennas; and

receiving an antenna pattern selection.



estimating a multiple-input nmultiple output channel
when M > 1, and a SI MO channel when M= 1. 2. The
woreiokossied claim 1, the at | east one power conk€DUS2007/083057
reference signal includes a CQ channel. 3. The
method of claim1, the transm3ted reference signal is
at least one of a constant anplitude zero
aut ocorrel ati on (CAZAC) sequence. 4. The met hod of
claiml, the PSD offset is estinmated based at | east on
g7 | oaghe FRAAYFClaiA S e habRAnMIAD ratB IS dd by 5 bits,
Interference. 5. The nmethod of claim1, the P§D of f set
is tabul ated according to a nodul ation and coding

h ' i inal. 6. Th t hod  of .
B mrnESESLel s CRALR LT Rt o RS B Bhon
SPEddRty scdmbgns to a mobile termnal for transmtting

data in a reverse link. 7. The method of claiml1,
further conprising determ ning whether to report the

I Lt on er . gont r ol f ignal from

Dhysi oty msRGhatEh 15 0hb R he AR NG 268 i B Eubageved
RERAWH007/ 083057 32 8. The nethod of claiml, the
group of Mantennas is a set of physical antennas. 9.
The nethod of claim6, the PSD offset is determ ned

sed t . . . .
20 PRt SRt 18PWECroin 1B CAEAT Dbsdl SHBMER is comvoyed with
Bbith,ehs P bitndctepnined bg amtaxahumehdriplRemgirdmrdl.) askOciatEthevith a
method of claim1l1, th roup ,of. Mantennas is a set of
PITFISORs AR, Chanel aPRaHEEHhS POl Y AP PANEhe. PSD
of fset is determ ned based at |east on a renmining
power headroom of a power anplifier PAin a physica
aht enibe axtiodatblckimd9, whecmdt isdf bipfoy di-aindah tsehfva d.=4.
conbi ned to conpose the virtual antenna enployed to
report the at |east one power control reference

32 gnatrhe Athod e clrh N9 dwREre Rl tBE Bhtdnnal faeS I dibA S @nveyed with 1
Ilot signal includes transmtting the pilot signa

& forganaamun muBiplerine erdethda obfwalagd Abits fetHetdei n t he
pilot signal is at |east one of a constant anplitude
zero autocorrel ati on (CAZAC) sequence. 14. The net hod

0. cl Aiwirdlesswoaminicatiog deviagsohdptig@gpi | ot signal is at
| east one of a seudor andom code, or a pseudonoi se
sequeh BECCPIT COigurRstth G@nYRit @ PapeT qontigh efepepce fignal from an

LA TR fRinh RketDrHRlal hitetas 0P ﬂﬁ}gsiéyi‘ gntgﬁna‘fé‘; to convey a power

spectral density (PSD) value from the selected antenna, the PSD value is determined at
least in part by a reference PSD employed to report the power control reference signal;

to transmit periodically a sounding reference signal from each of the antennas in the set
of virtual antennas or physical antennas; and

a memory coupled to the processor.

24, The wireless communication device of claim 23, wherein the transmitted
sounding reference signal is at least one of a Gold sequence, a Walsh-Hadamard
sequence, an exponential sequence, a Golomb sequence, a Rice sequence, an M-

sequence, or a generalized Chirp-like (GCL) sequence.



ol d sequence, a Wl sh-Hadamard sequence, an
exponential sequence, a Golonb sequence, a Rice
waeweesa® an M sequence, or a generalized ChiP@FUB007/083057

(GCL) sequence. 16. The nethod of claim1, further
conprising: receiving a data%ate assignnent;
receiving an offset data rate assignnent when two or

re data.sfreans are .scheduled for transmtting .
83t o Thewis ?%@O%Wu@ﬁ%t&?rfg%cﬁ S ES dPet bR the BiTmiged
Sfind Bl MeAREEBRA is 8NPast LRSS ¥ CRQA@s%gEﬁ%% aPAbALthy
sel ection. WD 2008/ 055179 PCT/ US2007/ 083057 33 17.
Yyecemet hod of claim 15, wherein the data rate is
conveyed by 5 bits. 18. The nmethod of claim 15,
wherein the data rate is determ ned by a nodul ati on
and COHE RereRSH&IBmudifatiohn®vilRIeMiA D3 CihaipfdcbSor Wielei N
the offset data rate assignnment is conveyed wth 3
penfrgurigo trenemirghciounding edtaicnsel Sgnakharconigudve figauensiiacsources.
subset selection is conveyed with P bits, the P bits
determ ned by a maxi mum nul ti pl exi ng order (L)
apSocThE ®ekclthd ForBmuiiicatinedy i @Malith Ca! whremhas feduency
associated with the set of Mantennas. 21. The nethod
BPOWres ate secifighwbbanls that garty Hesoprging eefereperepignal gf @ physical or
{Rfualifennga2- The nethod of claim 15, wherein the
antenna patter selection is conveyed with 1 bit for a
maxi mum mul ti pl exing order (L) of two, and 2 bits for

=4, 23. A wireless conmmupni catiop.deyice, conpri.sin
§8-pr OEE%@&P%eé%?ﬁmlga9@%rlqnﬁqvwgﬁ§ M 2 BRErOE R figThe
g(]ﬁfffg‘h?é&lct@ t2hgRRkhd §09Haiﬂ% ﬁef@lréh@émgna‘%@intaﬁﬁeﬁ@asfeaCff@qaelfc@t

virtual antennas or ysical antennas; to convey a
poweres. spectral density (PSD) value fromthe sel ected
antenna, the PSD value is determned at |east in part
by a reference PSD enployed to report the power

gont r Phe HALRELAGRMBAIGNMN devic@ of CRNE TB! wREEINA#E Seinldihgdeference
soundi ng reference signal fromeach of the antennas in

sigealspans agf oy morgiblocknineh east ase op Ry ERma ot @ Mk framad
a menory coupled to the processor. 24. The wirel ess
comuni cation device of claim23, wherein the

80.ansWhé¢ tvirdlcsseommdumgaticef RN &ROE cRirg 23] the pratiesdoe dgthepne
of a Gold sequence, a Wl sh- Hadamard . ) ) )
configured to adjust a period of the periodically transmitted sounding reference signal in

response to the reported CQI.

31. The wireless communication device of claim 23, wherein the PSD value
determines at least in part the PSD that a base station assigns to an access terminal for

transmitting data in a reverse link.

32.  The wireless communication device of claim 23, the processor further
configured to receive a data rate assignment; to receive an offset data rate assignment;
to receive an antenna subset selection from the set of virtual antennas or physical

antennas; and to receive an antenna pattern selection.

33.  The wireless communication device of claim 32, the data rate assignment is

conveyed in 5 bits and the offset data rate assignment is conveyed in 3 bits.



sequence, an exponential sequence, a Gol onb sequence,

a Rice sequence, an M sequence, or a generalized
w@hiogpsitrke (GCL) sequence. WO 2008/ 055179 PCT/US2007/083057

PCT/ US2007/ 083057 34 25. The wirel ess comuni cati on

device of claim23, wherein tHe transnitted sounding

reference signal is at |east one of a CAZAC sequence

or a Zadoff-Chu sequence. 26. The w rel ess

conmuni cati on device of claim23, the processor

Bur t hepe weRRkd R nit&idn RN/ cfahlf 33 %H%fﬁgdzlé @ﬁt@ﬁ&%@set

signals in contiguous frequency resources
wlttcelloe sscanoayadnviciaP ibas, theRibete determoinad fry 26 patvelh emémme)tlhg order

G whF P Snelbd RER - SR Ry ©

V|rtual antenna. 28. The wi rel ess conmmuni cati on device

of claim 23, the processor further configured to
83.anskhe wirklsss enmibnigaticar dsiios o6 ckig A4l wherain Rrisdr biefoy der2, and
ﬁ ggldency, resources. 29. The wirel ess comruni cation

d&X7 ce of claim 23, wherein the sounding reference

signal spans one or nore blocks in at | east one of a
superfranme or a radio frame, 30. The wirel ess

3onmmuhhe wielsss eRnynpRicfoncdexjcsop glaim Ja, wheyewdhgpntenna patter
O P AU bl oSl BRI IEER ofARF (L) ofwp amd 2
biesfoolsd. t 0 the reported CQ. 31. The wirel ess

comuni cation device of claim 23, wherein the PSD

value determnes at least in part the PSD that a base
gyati gy 4 ?ﬁ%ﬂ@%hatt gpﬁ“gte@ﬁf:@%efe@g mr%hmt&'fon environment, the
transmtting data In a reverse |ink. 32. The wireless
mqmnﬂmi@mmnmnuﬁeV|ce of claim 23, the processor

further receive a data,rate ass nt:
Lo olsryeRhi B G S e e SR i e e AR L
Attt BRORI TS 8 b |1ﬁélﬁdhﬁ§ M KRt el oPE phiytitalaintennas,
antennas or physical antehnas; and to receive an

aﬁhéﬁﬂadﬁhﬂﬁéﬂﬁlg@gﬁﬁlion 33. The wirel ess

ggmﬁlﬁ%%EPOP n%% nged ek n&g@g?&‘ns%}h@)ﬁ%to%fs ﬂ(lfa%ntenna

tappyas @pmeﬂte at &asm‘éq;y)a@r téhtdl b&fb@nc&@@%ﬂd055179
PCT/ US2007/ 083057 . 35 34. The w rel ess. conmuni cati on
devi cECHts for Hrpsging ulos pignglfeon aredrfdhe yrgues in the group of M

virtual antennas, or the group of G physical antennas.

38. The apparatus of claim 39, further comprising:

means for receiving a data rate assignment;

means for receiving an offset data rate assignment when two or more data
streams are scheduled for transmitting data;

means for receiving an antenna subset selection from the group of M virtual
antennas or the group of G physical antennas; and

means for receiving an antenna pattern selection.

39. A computer program product, comprising

a computer-readable medium including:



selection is conveyed with P bits, the P bits

determ ned by a spatial nultiplexing order (L)
w@s®ensared with the set of virtual antennas oPCT/US2007/083057

physi cal antennas. 35. The w rel ess conmuni cati on

device of claim 34, wherein Pfis 1 bit for L=2, and P

is 4 for L=4. 36. The wireless comuni cati on devi ce of

cl ai m 34, V\,herel n the a{ltenna patter selection is
conveyed w4t for eAUSINE G IC3StARG ICRHITRIEE IOt RSB ah (Fagh Qigrpower
Ednro®tefli®Rec @RI ?ronpzh{ shtdh sbichted Fb6m f‘%r PB@MJ‘Eﬁ’c@nﬁaQ alith M a
operates In a wreless comunication environnent
pppaveantegeconpri sing: neans for transmitting at | east

one power t r ef nal fro ant enn

Setebted POt gt HEiGHT e S IO e gpectral

&mhy P o ARt AORAEE ant\éhﬁa’bn%laj?éii o BT the ‘é?lehﬁtoﬁg bwer control

means for conveying ower spectral densit SDI i
cvel 101

ef¢reeae signamvtivecia th offeqip bnsed at least ep @rr@f)étemee B
#rgﬁ?‘ %{lttl(i)ln ethep q¥i§ar]st 81?6 é)r oelgtcogtroelrrg{%%? rc% Irsrl]%ggllc (g Pd t ﬁans
antennas | aodehar Gfuolng tf atM:as‘t/bﬂid ¢omhpuadite® iaAsit @ hilbhegnal from
group of G physical antennas. 38. The apparatus of
eachianica0a iF e peff M amsRIasi ng:  nmeans for receiving a

data rate assignnent; neans for receiving an of fset

data rate assignnent when two or nore data streans

40.e sThecdahpdef pogtamamedudtof nigirl 30 afurtheamsnfrding

recei ving an antenna subset sel ection fromthe group

of M %P?@H‘éﬂ“‘re&ﬁ‘l‘tﬁ élua}mPh'é{m@r oup of G physi cal

antennas; aigd BPARSInkLAF 1A QR Kb uRPIAUSOIR IR LI L ignment
sel ection. 39. A conputer program product, conprising

a conput er codeddaidusingell mdw:ashcﬂlmmmxter\t@r@@%/aﬁmé'@ata rate

PCT/ US2007/ 0O 57 36 code, for caus a

o U PSS P RRL S S il s R R Sl Y bW ting date
reference giqdnet cafu%ﬁ%“tl@@at%ﬁsﬁ@ﬁ@c&%&&tt@ ceckvehan@hes Rubsct
of Mantennas, with positive integer; code for

causi Wj}eqtlﬁé fepm theast ofdviantsomsueed t o convey a power
spect r al c{ésf{mt‘ atugﬁg’a)le ?[fl%as? BI%Gf go%'éguttg%o LRANA alntenna pattern

enpl oyed to repor power SORtT
selection.
41. A method employed in wireless communication system, the method comprising:

estimating a single-input multiple-output (SIMO) or multiple-input multiple-
output (MIMO) channel based at least in part on receiving a set of pilot signals
transmitted by M antennas;

determining a power spectral density for transmitting data in a reverse link (RL)
according to a set of scheduled data streams;

determining a data rate for conveying data in a RL according to the set of
scheduled data streams; and

scheduling an access terminal in one of single-input multiple-output (SIMO)

operation, single-user MIMO operation, or multiple-user MIMO operation.

42. The method of claim 41, further comprising:

conveying a data rate assignment;



reference signal, wherein the PSD offset is based at

| east on a reference PSD | evel for transmtting the
W@RooBesHT9 one power control reference signal; BCHUSHAE083057

for causing the at | east one conputer to transmt a

pilot signal from each antenha in the set of M

antennas. 40. The conputer program product of claim

39, further. conprjsi a conput er - readabl e nmedi um

i ncl udPHGIItRgHE Off%Ft %gax@it%ﬁs’éflmle’éfa‘g CIHHE FSRQIG Cata sfrgams are
EGeBLINE féF tHabRitfiRs §t@SSi gnment ;. code for causing the
at least one conputer to receive an offset data rate
assi goeoremunighterg anvntomaspbset sktcaios tfroeaths seirad M phedcdl edtennas
for tr sm'ttli ng dat a; ,code for causing the at | east
B%aeseéB?rgu‘flgPa £8P BBePUL an antenna subset sel ecti on
from tdif el affanfthANpARARS cBH wIRHEhd QlcckabtediRg i§ Seduled in
at |l east oneé conputer to receive an antenna pattern

sagleastioMIMPor mulensaod M| oyed in wirel ess

conmuni cati on system the nmethod conpri sing:

estimating a single-input nultiple-output (SIMJ) or

mul ti ph&methipdtof Blakithi4p] EonveyihPdtdatalvhivdksighaniehc s ednsmitting
at least in part on receiving a set of pilot signals

p bimiman assignmgnivihanidnnas; determining a power

spectral density for transmtting data in a reverse

link (RL) according to a set of schedul ed data

44.r ealtb¢ madehodrofichimg?2 atraatmtting ae offoet dacimaeydssignidatitandindes
a RL accord] to the set of schedul ed data streans;
%@Eﬁ%@tﬂ#ﬂ%-an access terminal in one of

single-input multiple-output (SIM)) operation,

si ngl e-user M MO operation, or multiple-user M MO

téper alhomethed of Then #et ¢roxmuificating am aplcnnh gulishieselection includes

conprising; ..Cconveyjng a ta rate assignnent; .
SR 08 BE e A IrassR 3 SRR PERpri) associated
Qbth st scdlat B1 pAkRaP&REATBNhe WOIT G Worual ani@ings. dat a

streans are scheduled for transmtting data;

communi cating an antenna subset sel ection fromthe set

28 M phy _ﬁl'e&%g AU B3 wh Jeind REL binor?tzp' S8 4 for L=4.
ant ennas; "and conveyihg an antenha pat fern sélection
when the access termnal is scheduled in

47. The method of claim 42, conveying an antenna pattern selection includes

transmitting 1 bit for a maximum multiplexing order (L') of two, and 2 bits for L'=4.

48. The method of claim 41, further comprising:
determining an antenna permutation is to be applied to a set of data streams;
determining a permutation pattern, and permuting a set of data layers associated
with the MIMO channel; and

conveying the permutation pattern.

49. The method of claim 41, wherein receiving a set of pilot signals transmitted by

M antennas includes receiving the set of pilot signals periodically.

50. The method of claim 41, wherein a member of the set of pilot signals is at least

one of a Gold sequence, a Walsh-Hadamard sequence, an exponential sequence, a



single-user MMO or nulti-user MMO 43. The nethod of
claim 42, conveying a data rate assignnent includes
W@ e@s®sditeing 5 bits in an assi gnment channel PCEUS2001€83057

met hod of claim42, transmtting an offset data rate

assignment includes conmunicHting 3 bits. 45. The

nmet hod of claim42, comuni cating an antenna subset
ection includes conveying P bits, the P bit

@‘@10@9 thicqugncsya Ricssaqycare. HIN PPIRFHGT arga%%rale{e)i Chirp-like (GCL)
pgicated with the set of M physical antennas or the

set of Gvirtual antennas. 46. The nethod of clai m42

wherein Pis 1 bit for L=2, and Pis 4 for L=4.

hod of, cl aim atte
$LF ecThomeiRech B whSRR PhgPa T 1P Bﬂ‘ﬁé}&"ﬁ[%“ at least
B%EGBdOCRZA@segﬁ&{%%o%Z)ad@Ffdﬁﬁ%e @éﬁ@eZ bits for L'=4
48. The net hod of claim4l, further conpri sing:

determning an antenna permutation is to be applied to

&, set Tﬁe meﬁltga oft fa%f} g detg%{ ﬁlr%nfarf)lgw%r g‘;re%%alrﬁjeng‘!i R tra{lsncliitting

pattern, ernuting a se ata’layers associ a

wath b § hevetvt Mﬁ(@b@ﬂmﬁ to aBél of echedMlicddataR@epas Mdhuakd:on
pattern. 49. The net hod of claim 41, wherein receiving

a set I'SFIVEIY ROV §ABTE] r?f@%ﬁﬁlgﬂ@cfob%/ singhesHE@ANas
ng(r:: g %§1V %C/aeﬂoé%é?gq%@rﬁl 3 1th (?gsle?n o%ri}l‘?é N %le strearn associated

Wah‘mewemﬁg thegoset caftroprdfaicnsd ggalls is at | east one of
ngl,]gﬁgqngﬁ%géaq%%géglfgp @%ﬁ gg&%}rl@d%%gl%gﬁg ﬁi’ th%%ase PSD resulting
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sequence, an M sequence, or a generalized Chirp-1like
( GCL) adjsggehecbase PED adverdmet tocdpcek-tekadrageihfio WOEX &fjwstment and

HieontilEndE iR o os Ao ST ELT Rlenn TR « R Sach of

ﬂﬁtdagacgu@ﬁmg‘l aim4l, determ ning a power spectral
density for transrn'tting data in a reverse |ink
according to a set of schedul ed data streans incl udes:

5? ¢ el ¥hg %eﬁloe %fal]fﬁ %nt &GQéI'H{lglnge e({?},%:a ratsel fgp?Ange%mg %ata in an RL

recei vin rspectra

écESEa)m@fd‘tﬁetqetfocﬁscHehelea ldagl sereshs eﬁmda§§@forﬁﬁ@gia rdtd t:ahculation for
recei ving the power cantrol reference signal;
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54. The method of claim 41, scheduling an access terminal in one of SIMO
operation, single-user MIMO operation, or multiple-user MIMO operation includes
assigning communication resources so as to maximize at least one of a sector

throughput, or a sector capacity.

55. The method of claim 41, scheduling an access terminal in one of SIMO
operation, single-user MIMO operation, or multiple-user MIMO operation includes
assigning communication resources so as to maintain at least one of a predetermined bit

error rate, a predetermined latency, or a predetermined spectral efficiency.



fromthe addition of a reference PSD and the received

PSD of fset; and adjusting the base PSD according to a
W@emRkosa7aver age rati o PSD adj ustment and a pe€TUS2007/083057

differential correction for the M MO channel for

deternmining a PSD for each of39 the data streans. 53.

The met hod of claima4l, determning a data rate for

nve .an R according to.the set o
Shedhhe et shitdindsie uaes DSEPYBHoR PrYcE? ingluges determining
f I
ﬁ%%ﬁ**% LR B0 ap PR Rl fr SRR Rl R Rion.
cancel I ation receiver. 54. The nethod of claim 41,
g‘ég?g I&ggargglﬁ 3}%83%@{6? mw%?rlslﬁég %{%T%Hnlc%t}on system, the apparatus
Bathprighe- user M MO operation includes assigning

conmruni cation resources so as to maximze at |east one

of a Beersder e&tmaémgmsmgle amu’amgbml@@ut@afd&lvfﬁ) or gFnultfple-input
d ofw% h ng an access termnal in

%Hie“P?? Oglp opefwilﬁef)éﬁs gllsai%%lr e-user M MO oper ation, or

mul ti plegnsBe detMnivkin@REfoddr OpectraCddidies forag@b@itiimgdata in a reverse
conmuni cati on resources so as to maintain at | east one

ek RIgrasaendineip gegt ofi scheduiqdgaty greamsyg predet er ni ned

2000/ D55t 75" Bl AL MBI P Bloe Sl el Rlepolfhe o theser

of ahodd] ddestecamsnamy a per mut ation pattern includes

determ nin Ltar x t plies a cycli

per rm{ngf‘IFSof% ?_f?‘ gnl Q&Eﬁ\(’g)t Hgffltlogﬁmglﬁ-user MIMO
PRt Hlsmhﬁg}le 8&?'1\@@\@@ @raﬁor\!\" reI ess conmuni cation

syst em the dpparat us nmprising: means for

estimating a si ngle input mul tiple-output (SIMO) or a
[tiple-in ti ut put MI\/D) W rel ess
annﬂ1 Eaﬁg ?frrq'fal ﬂe? Fﬁ&mB PB%er spectral

denSIhﬁéaﬁmrw@@mgtatdamaﬁéaés@ghﬁeﬁ reverse |ink (RL)

according to a set of schedul ed dafa streans; means
for d@m@mnﬁomrwgsnatt@gtaa offsetedatrorateanigayieny data in a RL

accor t

reans e e R PR g SRR SR TR st M physical

apedmkiodh setijrngletuwls@ltethi\@ld operation, or

mul tiple-user M MO operation. 58. The apparatus of

cl ai mMnsons PHPQW@W%@H}?M%P%@&“G%W@O?Or conveying a
data rate assignnent;

59. A wireless communication device comprising:

a processor configured to estimate a single-input multiple-output (SIMO) or
multiple-input multiple-output (MIMO) channel; to determine a power spectral density
for transmitting data in a reverse link (RL) according to a set of scheduled data streams;
to determine a data rate for conveying data in a RL according to the set of scheduled
data streams; and to schedule an access terminal in one of single-input multiple-output
(SIMO) operation, single-user MIMO operation, or multiple-user MIMO operation; and

a memory coupled to the processor.

60.  The wireless communication device of claim 59, the processor further
configured to convey a data rate assignment; to transmit an offset data rate assignment;

to communicate an antenna subset selection from a set of M physical antennas or a set



means for transmtting an offset data rate assignnent;
means for conmuni cati ng an antenna subset sel ection

WO e@aisNe set of M physical antennas or a setPOF/UR007/083057
virtual antennas; and neans for conveyi ng an antenna
pattern selection. 59. A wir#¥ ess communication
device conprising: a processor configured to estimte

tVl\%.Fai aI A p uL. o t%):cg{lge_yga{ﬁ ag]tjénne S}aﬁ% sglﬁ%{mpe\yhent the terminal is

9&1%&&1@31 Hles1ﬁ‘g19%‘é‘§fMﬁQ@C&rfrﬁhnqg8§MMo for transmtting
data in a reverse link (RL) according to a set of
schedul ed data streans; to detern1ne a data rate for

nveyj ta in a RL.accordi set of
§§hedﬂ%%m%5% o e SR o bR A B SR e e
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(SI operation, single-user M MO operation, or
nultlple user M MO operation and a nenory coupled to
e p 6 The. wi S tio e
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eREentindRidas foddotnGfEgNBBAL in drlaskizAmMSHT dhaﬂﬂibl.Of fset
data rate assignnent; to comruni cate an antenna
subset selection froma set of M physical antennas or
3 set TW@%% 9&1?1}1719 aﬁgﬂ &é%?cg%yc:f?lﬁﬁ%%?to c%ﬂm(ﬁfmcf%te an antenna
irtual antennas; to convey an antenna pat
&ﬂisﬁ@bleononl\imelmdbheoﬂveymg Rlits] the Pldfseldter@ched by a spatial
Si e- use MO or.nmul tj-user MO, 61. The wire] ess
M%l%?ﬁdsmldéﬁoe@te&fww Crif Mtp&Y%sﬂ@@vnaaSo%ttg setof G
(adugl arR&Hia § VNBREN ]!’i‘lcfoﬁ‘iec% ah@ PEQpUNigate 5 bits in an
assi gnnment channel. 62. The wirel ess comruni cation
devi ce of cla|n160 to transnmt an offset data rate

' t jnclud 1 '
8o oRReRtrelhssafamtn s gef Elodu docks o puspma patern
§’e%’dt1%ﬁ iffludds @{'aﬁitﬁ@bm§ Dbt Wﬂh)ﬁﬁﬁlﬁl A1t dels(llb)s(ﬁttwo and
sel ection includes conveying P bits, the P

détteforiliredl by a spati al nult|pIeX|ng or der (L)
associated with the set of M physical antennas or the
set of G virtual antennas wherein P=1 for L=2 and P=4

éf’.rai LFfe whdtess MRS S RS @laﬁﬁt@oﬂﬂe?e c'egs%r Qfrther

m 60, to convey an antenna pattern ect1on
cordlgudelso re@nsm pawangordtrddirefefance signaXpnasmghalttanphssibngtream;

order. (L') of two, .and its. far L'=4. 65 The . .

B FEf s s by frnn B PR BT P eyt e e Snals Shewd Ssociated with the
PEWERDRRE] et éd8 igne O RS dAeaf b Bade S ¥R dataRPAMWEhission in the RL,
control reference signal for a single transm ssion
thierbasg’SD resulting from the addition of a reference PSD and the received PSD
offset; and to adjust the base PSD according to a peak-to-average ratio PSD adjustment
and a path differential correction for the MIMO channel for determining a PSD for each

of the data streams.

66.  The wireless communication device of claim 65, wherein the power control

signal is a CQI channel.

67. The wireless communication device of claim 65, wherein the content of the CQI
channel is modulated with a constant amplitude zero autocorrelation (CAZAC)

sequence.



to receive a power spectral density (PSD) offset for
the single stream associated with the power control

WO 2G080831C€ signal ; to determ ne a base PSD f or PAEUS2007/083057
transm ssion in the RL, the base PSD resulting from
the addition of a reference P8D and the received PSD
of fset; and to adjust the base PSD according to a
peak-to-average rati o PSD adjustnment and a path
differential correction for the M MO channel for
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operation, or multiple-user M MO operation

i ncludes to assign comunication resources so as to

n@i ntain at |east one d,Of a predetermined bit error
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