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nodul ati on synbol s. Each nodul ati on synbol corresponds

to a point in a signal ‘ | defined by a
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[1003] An orthogonal frequency division multiplex (OFDM) communication
system effectively partitions an overall system bandwidth into multiple (Ng) sub-
carriers, which may also be referred to as frequency sub-channels, tones, or
frequency bins. For an OFDM system, the data to be transmitted (i.e., the
information bits) may be first encoded with a particular coding scheme to
generate coded bits, and the coded bits can be further grouped info multi-bit
symbols that are then mapped to modulation symbols. Each modulation symbol
corresponds 1o a point in a signal constellation defined by a particular
muodulation scheme {e.g., M-PSK or M-QAM) used for data transmission. At
each time interval that may be dependent on the bandwidth of each frequency
sub-carrier, a modulation symbol may be transmitied on each of the Ng
frequency sub-carrier. OFDM may be used to combat inter-symbol interference
{I1S1) caused by frequency selective fading, which is characterized by different
amountis of attenuation across the system bandwidth.

[1004] A multiple-input multiple-output (MIMO) communication system can
empioy mutitiple (Nr) transmit antennas and multiple (Ng) receive antennas for
data transmission. A MIMO channel formed by the Ny transmit and N receive
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[1007] For a multi-path channel with a frequency response that is not flat, the
information rate (i.e., the number of information bits per modulation symbol} that
may be reliably transmitted on each transmission channel may be different from
transmission channel 1o transmission channel. if the modulation symbols for a
particular data packet are transmitted over multiple transmission channels, and
if the response of these transmission channels varies widely, then these
modulation symbols may be received with a wide range of SNRs. The SNR
would then vary correspondingly across the entire received packet, which may
then make it difficult to determine the proper rate for the data packet.

[1008] Since different transmitiers and receivers may experience different
{and possibly widely varying) channe! conditions, it may be impractical {o
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correspondi ngly across the entire received packet,
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SUMMARY
[1011} Various aspects and embodiments of the invention are described in
further detail below
[1012] In an embodiment, an apparatus for controliing a data rate of at least
a first UE in a multi-user communication system includes a channel estimation
device configured to determine channel estimates for a plurality of different
reverse-link signals to produce a plurality of channel estimates, a demodulation
device configured to determine a first signal-to-noise (SNR) ratio for the first UE
using the plurality of different channels estimates, and a data rate determining
device configured to determine a first reverse-link data rate for the first UE using
the first SNR.
[1013] In ancther embodiment, an apparatus for controlling a data rate of at
least a first UE in a multi-user communication system includes a processing
circuit coupled to a memory. The processing circuit is configured to determine a

channel estimate for a plurality of different reverse-link signals {o produce a



devi ce configured to determ ne channel estimates for a
plurality of different reverse-iink signals to produce
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prot7 ol ifh REl BESHERE ehsbdiment, a computer-readable memory device
contains a plurality of computer-based instructions. The computer-based
memory includes first code for determining a channel estimate for a plurality of
different reverse-link signals to produce a plurality of channel estimates, second
code for determining a first signal-to-noise (SNR) ratio for the first UE using the
plurality of different channels estimates, and third code for determining a first

reverse-link data rate using the first SNR.



reference signals fromthe UEs, and a neans for
determning a reverse-Sink data rate for the
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anot her enbodi nent, a conput er-readabl e nenory devi ce
contains a plurality of conpugker-based instructions.
The conput er-based nenory includes first code for
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of channel " osBRIRE AESCRISTON A TR BREWMGS g &
{1018 sionraleat@edengaSNR) thatdresdrardiddiss frenall bbEome more

using the plurality of different channels estinates,
aﬂ@ﬂ"leﬁF f"@”b@@é’ﬁft@'ﬁe%@?wmﬂﬁﬂ r‘P&t forfh belowrehen kakes iR l@onjunctzan

BRI R R A7 L e SRR TP T e sreg o
ﬂirengmurand\wwer@econe nore apparent fromthe det ai |l ed
&ﬁ%%lpt set forth bei ow when taken in cﬁ%éunctlon

] 'aré Sian SRTeRan Reiinle SCERER iR SSct@R@IUnication
}dsg Bt fy correspondl ngly throughout and wherein:

[1019] Fig. 1 depicts an exenplary nultiple access
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[Edx3]s Aad aygetsed above, different transmitters and
recei vers may experience different (and possibly
wi del y varying) channel conditions, and thus it may be

i npractical to transﬁETAn_aE[amstB:‘ﬁm transmt
E)ovver and/or data rate to all receivers., Since fixing
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poney beewglractirad {datamsnat dataf ar theasdmerisarsmit ewentzew/or data
Pa?gsticbéiiereceivers. Since fixing these transmission parameters would likely
lead to an undesirable decrease in system capacity, it can be advantageous {o
determine the optimal transmission power levels and data rates for each
transmitter when possible.

[1024] While the following discussion is directed o an MIMO-OFDM
communication sysiem by way of example, it should be appreciated o those
skitled in the relevant aris that the following discussion may also apply to SIMO-
OFDM, single-carrier FDM (SC-FDM), COMA, SDMA, and other communication
standards as will be discussed below.

[1025] Referring to Fig. 1. an exemplary multiple access wireless
communication system 100 according to one aspect is illustrated. As shown in
Fig. 1, the multiple access wireless communication system 100 includes
mutltiple cells 102, 104, and 106. In the aspect of Fig. 1, each cell 102, 104, and
106 may include a Node B 150 that includes multiple sectors. The multiple
sectors may be formed by groups of antennas with each anienna group
responsible for communication with UEs i a portion of the cell. In cell 102,

antenna groups 112, 114, and 116 each correspond to a different sector. In cell
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relevant arts that the foll ow ng discussion nay al so
apply to Si MQOFDM singl e-cargi er FDM (SC-FDM), CDVA,
SOVA, and ot her communi cation standards as wll be

di scussed bel ow. [1025] Referring to Fig. 1, an
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dAYENSE-IT8Z are in comunication Node B 142, UE 134 and
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comuni cati on ere muitiple“antennas in
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approach of this type is referred to Space Division Multiple Access (SDMA).

[1029] Continuing, various MIMO schemss that allow muitiple users to
transmit over a given bandwidth and time resource can be regarded as an
SDMA scheme. A more complex form of SDMA can use a form of transmit pre-
coding so that the users who are simulianeocus scheduled over the same
bandwidth and time resource experience low inter-stream interferences at thewr
individual receivers. A third type of SDMA is {0 use a densely-spaced transmit
antenna array which can generate muitiple beams that geographically divide a
sector into muitiple sub-sectors. Note that UEs in sub-seciors that are spatally
far apart can be simultaneously scheduled without causing a high interference
with ona othar.  Other types of SDMA may also be utilized.

[1030] During opsration, each UE may be assigned a transmissionfreverse-
link rate and receptionfforward-link rate, either by the UE or by a related Node

B. In general, users in SDMA or muiti-user (MU) MIMO mode are assigned
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multiple UEs. In such instances, the streans nay be
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different spatial iocations, without interfering with
the other UEs. One such approach of this type is
referred to Space Division Miitipie Access (SDWA).

[ 1029] Conti nuing, various M MO schenes that aliow
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an exampie of a TS/RS includes a T2P ratio, which may be used to denote a
traffic-to-pilot power ratio for a SC-FDM, CDMA or SDMA reverse-link.

[1033] Unforiunately, in MU-MIMQO-based or SU-MIMO-based operations,
the Node B can not determine the optimal {ransmission rates that can be
supported by each UE based on a simple TS/RS {o rate mapping. In fact, &
direct mapping would likely lead to overestimates of the assigned data rates.
This, in turmn, may result i suboptimal scheduling operation. Therefore,
improved approaches o reverse-link transmission are desirable.

[1033] Fig. 2 depicts a simplified OFDM wireless communication system
200. As shown in Fig. 2, the communication system includas a first Uk 210
having a first antenna 212, a second UE 220 having a second antenna 222, a
third UE 230 having a third antenna 232, and a Node B 250 having a base
antenna array 252, While the various UE antennas 212, 222 and 232 are



shoul d be assigned to each UE based on its reference

power level (i.e., the power of a pilot signal
w@emenegedsl by the UE that is sensed by the NodeCBUBf00Z064337

pilot signal is used as a reference signal), power

amplifier (PA) headroom and ghe | oadi ng of other

ceils. In other words, the data rate available to a UE

has a one-to-one mapping with the power spectrum
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conmmuni cation system 200 As shown in Fig. 2
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subcarrier. However, the particul ar nunber
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'TEIfﬂeSNDde B 250 can recsive and convert the streams of fransmitted
wireless data and pilolfreference signals from the Uks 210, 220 and 230 info
analog signals, which may be monitored for power levels or any other indicator
of channel quality. In tumn, the analog signals may be used 1o generate power
control and scheduling commands for the UEs 210, 220 and 230. Note that in
various embodiments a pilotireference signal may be transmitted andfor power-
confrolled from only one antenna of each Uk,
[1037] For a UE with a single antenna communicating with the Node B 250
{which has multiple antennas), the reference/piiot signal {either pilot or a control
signal such as CQI channel} may be closed-loop power controlled {o the desired
level to provide a reference for fraffic channel power control.  Generally,
reverse-link traffic transmissions may be power controlied to the maximum

allowed power spectral density (PSD) while maintaining a tolerable inter-cell



[103S] In operation, each UE 210, 220 and 230 can
broadcast traffic and pilot signals to the Node B 250.

WO poor09835 t he Node B can provide control i nforP&E/Us2001/a64337

each UE 210, 220 and 230 to control the power |evel of
the traffic and pil ot signal sgof each UE 210, 220 and
230, as well as provide scheduling information to
enable a given UE 2 10, 220 and 230 to transmt at

&’gﬂ%?arﬁ[}‘é% ‘Sﬁ ﬁ‘% ;”’@%%%f%]g%[ﬁ%nq%e S5flifiad as a *AP” while the
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in such a case, the reference s i ncl ude
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@m@q@llmbr@icﬁ@@ﬁ@mguq@m mdyrenidéhuies 20k rékéos@ect onin a
230 into anal og ;}gnal S, which may_ be nonitored for

BeRtem lﬂwea%s &7 ks dphob- MO Bt SOMA eRaratien qua beyclosely
Flladeldr Y pdet rﬂ!éags%gxa 'a%ﬂa#&wgp%cﬁﬁoysﬁg i) ﬁg@%Esgatn;eioessent

power coh r edul Tng command or t
2Peramd 236. thdled ef 6O operaton. oU*scmh@nchsmeotss ttee factors that are

Bl i 7 | D) SRy b @B (@b i power of the
ﬁ?ﬁé}%ﬁgﬂ%gg‘% %%ﬁé}ﬂ@ealfﬁgh%@ ‘tip Iﬁ; ant enEWtcﬁgtrDI§8d’

0 (whic as nu
(B fpmvearcaindiol far tgegﬁFal (J) ddtever e pihionumbea of spatialstreams being

BB RIThdA Terc s e ey ared ot oGy RpeeaBr A8l Ecgiteren
beinddigfrbitas aBRShitReYEe G AR paieneral 1y,
reverse-link traffic transm ssions may be power

EWH0] ol INtettbat foe Mﬁ&@mmr@mrmmersdmy b@rm@ttm choices for the
FAPEPCK svor et @IS Bl oM b PR IR fiap slgrtemnas

gmzmesr;@l?l br@@ f8maal EaEﬂnamg |aﬁte§ri?@sr %m&@ﬁé%ﬂ ok long term,
| evel can be specifi hus, the T

- ghanned st 5@@@ éifP@ﬁft@ﬁ)ﬁ‘"@é‘l% P@ ﬁh$ |588”9a"%3f pliffgyent ar/wtgﬁnas the
realizations of the various available channels can be quite different due to
fading. In addition, for instances where both external and internal antennas are
made available {e.g., for a typical mobile device), antenna gains can be
substantially different for the different antennas.

[1041] One solution can be to provide a power confrolled reference signal,
such as a channel quality information signal, using only the UE’s primary
antenna. QOne can then obtain the channel differences through the special
design of a request channel, or through a more general broadband pilot design.
This way, a given Node B can derive equivalent reference signal levels from all
transmit antennas of the UE, yet maintain a relatively small overhead.

[1042] Once the reference/pilot power levels are determined, the delta PSD

for a tfraffic chamnel can be determined based on loading on neighboring



[ 1038] Thus, once the PSD is determned, the data rate
can be seiected according to the traffic channel SNR

woewonalios®yl y, in this case there is a one-t oonNRCHHRPITIAH4337

between the traffic channel PSD and the data rate.
[1039] On the other hand, forygeverse-link M MO
operations, the traffic channel PSD and schedul ed rate
maybe decoupl ed. The rate selection in a systemthat

géég%n;o@aéﬁgﬁ%%%%géws% ocﬁi%r@bh%l ee*?\eg%rvmg cell and
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eration in certain aspects, the factors that
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Aib-paHel sy bReal m@dbgﬁmptdae(e@aﬁml steadrhetbeal signaling
properties should be the sane for different antennas,

i el UG EF sRguURt mﬁénebFRE&@* @vmtgmgxevwm gark sghrband, a
BS\H sﬁﬁe&v\éi e&?ﬁ‘t fzﬂ&?s Oyrfed %l 1 r@d% t h”t%& fzgr Jhe spatial
N ances exter naI fernal

%mr@&dr& vatviid zh‘@bitsln(@ gtharf@GSaretqwm.%Gﬁints‘mb’lHeespatlai separation
devi ce), antenna gai ns can be subst ant |1gl ly different

£ b?ﬁ@%ﬁdf@'éﬁ%fih%fﬁ%%rﬁ%@“at?q 217 ety 1§81 RippehardRipleor by a
§88@5|C}%bggst«lacr%9,\p@[dggghr oi l ed reference signal, such
channe

as quality Fnformation signal, using only
[H50E Corimerg, et mueaedOsgnabry (Khéor elatialmlEtdiraenna can be

hannel fe ces through the special design of a
% E;ﬁd@hgﬂn@? g? Wit hrough a nore genera! broadband

pi I ot designy, This way, a given I\Iode B can derive
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over head. =
where k is the index of a frequency {one in the selected sub-band, P is the
transmitted power from the i-th stream, and H; is the vector frequency response
of the channel for N, antennas of the Node B. In some aspects, H{k) may be
obtained from a broadband pilot or from a request channel. The transmitied
power P; may be determined from the reference signal level and AP in a
scheduled sub-band.
[1046] The following notation will be utilized:

{i} N, = number of scheduled users:

(1) N = number of scheduled streams from these Nu users;

(y  Ne-=number of receive antennas at the Node B; and

(v}  Ny=number of the transmit antennas at the UE.
[1047] Continuing to Fig. 3, details of the Node B 250 of Fig. 2 are depicted.

As shown in Fig. 3, the Node B 250 includes an analog front-end 310, a power



[ 1042] Once the reference/pilot power |evels are
determ ned, the delta PSD for a traffic channe! can be
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power anplifier headroom path differential between
serving ceil and other cells g¢tc. Note that there may
be differences in the determ nation of PSD for SU-M MO
and MM MO, if nuStipie streans are transmtted from
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streans are transmitted fromdifferent UEs, then its

pepasAASENeshing BPVICRa2AE s PA headroom [1044] For
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t he entire nunber -carriers,
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thoode the users/] ayers to maxim ze the spati al
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FRES IAlthé @aHESS c@hﬁlﬂﬂ%htsd%@mQ dalOdRE fERRtdMtbBEssdrB®r even
recei ved signal (81? for each UE antenna can be

gepwBihsarvsys Egupled ogsthaswiaveie or kngre pelavarkelexdditienally, it
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rans ower Trom eam an
bectmméﬁquegcmmMQommf ng héevibannghpiboedrin a cooperative
%gﬁ_‘ennas of the Node B. In sonme aspects, H {k} may be

#hed from a broadband pilot or froma request

ISR, 1 Ta8o! SRESM 60 o PInct R, B8rReid hailge e
scnrbpbaems {31(0)458]2 Fére téloe |thed fogmnot abitwarakiidniwde siructures and
routmes resmg'\gf na m]émory to be executed or worked upon by a controller, or
even softwareffirmware routines or structures residing in separate memories in
separate servers/computers being operated upon by different controllers.

[10561} In operation, as sireams of data traffic and pilot signals are received
by the antenna array 252, the analog front-end 310 can accept the received
streams, condition the streams and provide the conditioned streams {o the
power measwrement device 312

[1052] In tumn, the power measurement device 312 may make various power
measurements and determinations for each channel based on the data traffic
and pilot signals provided by a UE. In various OFDM-based embodiments, the
power measurement device 312 may measure each OFDM sub-carner,
determine the overall received power of each of the reverse-link channel signal,
measure the pilot/reference sub-carriers, determine the PSD of the reverse-link
channel signals, and determine of the APPO for each channel.

[10583] In various embodiments the Node B may provide the PSD and AP/PO

determinations {o the respective UEs using forward-link communications,



- nunber of schedul ed users; (ii) Ns = nunber of
schedul ed streanms fromthese Nu users; (iii) Nf -
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= nunber of the transmt antennas at the UE. [1047]
Continuing to Fig. 3, detail sjoof the Node B 250 of
Fig. 2 are depicted. As shown in Fig. 3 , the Node B
250 i ncludes an anal og front-end 310 a
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FRRAEALAIMETRE | SAR PorSBRSHK 3FR) Ak %D%Me@ﬂé’r‘”a@éérd‘ﬁﬁj % Eq. (3)
opérated upon by different controllers. [1051] in

bplemat i on as streans of data traffic and pilot signals
are received by the antenna array 252, the anal og
front-end 310 can accfept the received st eams

condl P (k. P tﬁﬁ?ﬁf”%%% G he 50 Jdl A &r&ed
[1058] Using the SNRs are provided by the demodulation device 316, an
appropriate data rate may be then determined by the rate determining device
318 (iypically by using a look-up table) while taking into account other
considerations, such as a UE's PA overhead, the UE’s existing or desired PSD,
other sources of interference, and so on.

[1059]  As discussed above, a prominent problem with conventional data rate
estimation approaches is the direct mapping between the data rale and the
TS/RS ratio. This is true for SIMO transmission, but the rates are no longer valid
for reverse link MIMO operations. The present approach alleviates this problem
as the data rates produced by the rate determining device 318 are far belter
coupled to an SNR even in instances of reverse-link MIMO is complicated by

simultansous transmission of multiple reverse-link streams from different



power measurenment device 312. [10S2] In turn, the
power neasurenent device 312 may neke vari ous power

woreasnewaent s and determ nati ons for each chanP@l/URHeEeh4337

on the data traffic and pilot signals provided by a
UE. In various OFDM based enbggli nents the power
nmeasur enent device 312 may neasure each OFD Vi
sub-carrier, determne the overall received power of
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channel esti mates H k) are determined, the
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i pd
which assumes perfect cancellation of interfering streams and white noise.
[1063] The supported data rate for the i user/stream can be then calculated
by the rate determining device 318 based on the effective SNR, which may
assentially the geometric mean from the SNR at different tones.

[1064] I perfect cancellation is assumed, then the last decoded user (the
one with the lowest signal strength / PSD) does not suffer interference from all
previously decoded UEks. It's data rate will in fact follow the same one-{o-one
mapping in the SIMQO case. That is, the data rate for the last decoded UE may
be determined as a function of the UE's transmit power, which can typically be
confrolled by a Node B. On the other hand, the early decoded users will have a

data rate reduction due to the interference from the other streams.



consi derations, such as a UE s PA overhead, the UE s
existing or desired PSD, other sources of interference
waee78medh. [ 1059] As di scussed above, a proni PERUS2007/064337

problemw th conventional data rate estimation
approaches is the direct mappiyng between the data rate
and the TS/RS ratio. This is true for Si MO

transrri ssion, but the rates are no |onger vaiid for
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prYES] Culradr tNVRiesBHELOIHI8hbNY cEREa MR yahYdaliEash device 316,
enbodi ment to enbodi nent. [1062] For MVBE-S C-base

R@b@iuiﬁ%hae @p@m@teﬁqhat HersMRNpJEquERMest ehihaSNR calculations
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m@uachd@%dn’@mnerfel%wéaércelasatsm ofleicht@ttion Nig traditionally
streans and white notse. [1063] The supported data

?%@@P'&ﬁhﬁﬁheﬂ t@@@@k’ﬁé@rﬁeafﬁrcatﬁebem?ﬁ@ﬂt cHSRY BB 1519 term
*é%&?éca}nﬁtécﬂ?rﬁrggl%n tAHE HSUEREaRLS) RASR DB LW PEEREL iiBable of
performing SNR determination regardless of whether or not its calculations are
also used for other purposes.

[1068] Fig 4 is a flowchart outlining and axemplary process for determining
reverse-link data rates in a multi-user communication system. While the steps
of Fig. 4 are depicted in a particular order, it shouid be gppreciated that various
steps may vary in order from embodiment o embodiment, undergo alterations
or possibly be eliminated in part as may be appareni to those skilled in the art.
[1070] The process starts in step 402 where a Node B can send control
signals in forward-link so as to control the power levels of those UEs in
communication with the Node B. In various embodiments, such control may
exiend to data traffic and pilotireference signals transmitted by each UE. Next,
in step 404, the various UEs can send their respective data traffic streams and
pilotireference signals 10 the Node B using the power levels provided in step
402 As discussed above, a pilotfreference signal may carry CQl information,
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| onest signal strength / PSD) does not suffer
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orward-link comyuni cation. [1067] Additionally, th
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denodul ators, for the present description the term

rRESIHEI LIACE8iNg U Ry de @é@i@i’ﬂph@ﬁﬂbﬁﬁﬂﬁéti“%é@yﬂmﬁl of approaches,

ARfRldnd MBSt YRS Rar 808 fn Sl sRRL FRIPRE, SMhhen mmsE-sIC is

aed¢ ubatdraes oﬁir@rﬁieﬁat s ety Qe dbhemimed I@Qﬁﬁﬁ reverse-—%mk signal
strength per sub-carrier or using overall channel power as determined by Eq.
{4), or otherwise determined using any number of known or later-developed
approaches. Control continues to step 416.

[1073] In step 416, an appropriate data rate for each UE may be defermined
based on the SNR values of step 410, as well as by using other criteria typically
used in a like process, such as PA overhead of a UE, the PSD of a channel
measured, a desired PSD of a UE, inter-cell interference, and so on. Note that
for OFDM systems, data rate determination may involve determining viable data
rates for different frequency sub-bands, determining data rates for different
antennas of a single UE, and determining data rates for different UEs. Control
continues to step 418.

[1074] In step 418, the Node B can determine a reverse-link schedule for the
various UEs based on the dala rates of step 412, QoS of the UEs, PSDs and
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those UEs in comuni cation with the Node B. In various

edsuch control may extend to data traffic

Egﬁtﬂ?' | gid ?T?érﬁ(g‘ﬁ%ﬁe SO AL Qﬁ%@&fsgﬁnt’éb?\ﬁé{;ﬁ Yerected to an

in'ste B2 Vari ous UEs can sen
WM@BCIHDM d:ahmtum;aémmrc statemmyandapi bbtéxwﬁ;ﬂeeniteshould be

IEERERIRS KRR e R M

ﬁ!a@nﬂlso WeRS BIMEQbFDM CdiRgleL gt BB Toewaneh | CBA, sDMA,

conmuni cati'on I nformati on, Status I nf or mat i on
ae@am:mg ather k@@pecand/éat@ﬁde\a&idpe@ osmmaoisttion standards. For

P NORE TN
Qé%t%ﬁ}yy‘%e@ S84 RRydaian td BEbpiRRE Wit @anai power and

si gnal step 404 |nclud|ng power measurenent Of each
CFDM-toutlot 4T 27 pratiod exsgreifobt.i on of overal |l received

PRIE, o Bt dpSY RS Herd ABRL S i dRehted by various
ARLPEM Fak i Qndlet 'ﬂ@es%s%@fmcg & b 'b%en’hd)l@hé%ﬁ@cm@hardware

s nal s, and determ nati on Pl PO for each
AL, . OINEX (CONMPIRRIES ztb;ereat he FRSDa ah@rde@regmplementation, the

aﬁr{l e?iffoisEﬁ s ti 5 bqﬁa M t%ﬁ Hin one or
? S rBTL Sabefueh bRyl Bante B e winin

mord ﬁi&@aﬁod@p&@mc iote gr@téa @fcaﬁtbe(A\&CsptmngSs@‘ﬁa Processors
each term ne and send i nformation regardin

6%% ?)e@“gﬁﬁbstgﬁ’@f PiaresspgfaviGass e gk Pf@fﬁﬂm@b g logic devices
?O?mg;tr&%%e éé{%@}mlyg gfr;e@p\g% P{:b(%‘ég &ﬁl controlie

ach reverse-Sink“sub-carr
nwermﬂuna{fs ShiceamoBysas, d&Eeretemtsmm mme desngrﬁcém perform

14, SNR f h i nk b
g’@t é@ﬁh@@a 8@??{@%@%8(%5\/%366 ‘I{J%Q.lﬂs C ?g tlnr%y‘ gpﬁwarey
Rplefhtdtfr cAVBe BirQigh ABodiesyssed p%b‘é(:@»reé,hﬁm%&&, and so

on} that perform the functions described herein. The software codes may be

stored in memory unit and executed by the processors 1380 and 1350.

[1077] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable
combination of componenis or methodologies for purposes of describing the
aforementioned embodiments, but one of ordinary skill in the artt may recognize
that many further combinations and permutations of various embodiments are
possible. Accordingly, the described embodiments are intended to embrace all
such alterations, modifications and variations that fall within the spirit and scope
of the appended claims. Furthermore, to the extent that the term "includes” is
used in either the detailed description or the claims, such term is intended to be



recei ver processing may be acconplished using any
nunber of approaches, including MVISE detection and

WO XovBeed C det ecti on. When MVBE-Si C i s used, BET/US00T/064337
of canceiiation may be determ ned using reverse-|ink
signal strength per sub-carrigr or using overal
channel power as determ ned by Eq. (4), or otherw se
determ ned usi ng any nunber of known or

r-deyejo - . I Lnues,_ta i
e S R BE A G D b oS S B Esing s
paeréded Wherbemgeiyetinse ttapsgiedaonotdie ShiRinval ues of
step 410, as well as by using other criteria typically
used in a like process, such as PA overhead of a UE
the PSD of a channel neasured, a desired PSD of a UE
inter-celi interference, and so on. Note that for OFDM
systens, data rate determ nation may invol ve
determ ning viable data rates for different frequency
sub-bands , determ ning data rates for different
antennas of a single UE, and determ ning data rates
for different UEs. Control continues to step 4 18 .
| 1074] in step 418, the Node B can determ ne a
reverse-link schedule for the various UEs based on the
data rates of step 412, QS of the UEs, PSDs andot her
pertinent information. Accordingly, the reverse-Si nk
traffic fromthe UEs may be optim zed. Control junps
back to step 402 where the process may repeat as
needed. [107S] As nentioned above, while the
di scussi on above is directed to an M MO OFDM
comuni cation system by way of exanple, it should be
appreciated to those skilled in the relevant arts that
the foll ow ng discussion may al so apply to St MO OFDV
single-carrier FDM (SC-FDM CDVA, SDMA, and vari ous
ot her known and | ater devel oped conmuni cati on
standards. For communi cation standards where the PSD
and P/ PO of a reverse-link streamdo not apply, these
quantities nmay need to be replaced with signal power
and target-to-pilot {T2P} ratio, respectfully. [1076]
The techni ques descri bed herein may be inpl enmented by
vari ous



nmeans. For exanple, these techni ques may be
i npl emented in hardware, software, or a conbi nation

w0 b@raafe3s For a hardware inpl enmentation, the pPCLESHDTION4337
units used for channel estimtion may be i npl enent ed
wi thin one or nore applicatioygspecific integrated
circuits (ASICs), digital signal processors (DSPs)
di gital signal processing devices (DSPDs) programable
| ogi ¢ devices (PLDs), fiel q?l%%ammbl e gate arrays
(FPGAs), processors, control” , mcro-controllers,
weteprlagrsser:s, other electronic units designed to
performthe functions described herein, or a
conbi nation thereof. Wth software, inplenentation can

ke th

35 on R Rer B 8 e ding o B R gE Bt e g By Elapment
{bie) sod tmﬂr—aseromanwucdmenﬁyemd the appmostys wontprady:
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RIH Iﬁ@ﬂgbf@lﬁb%dttr@!lé’se‘hﬁk%@1’3?@ to PRIGLBESSHIDHRit 81’ channel

descrlbe every conceil vabl e combi nati on of conponents
estimetelsodol ogi es for purposes of describing the

af orenenti o . enbhodi ment t _one of or ; i1l
Ot B A S S RS BE B RB el p A ignd b roise
CoRY Reld R hefet PBY Hyh?&h@ PMrQﬁty‘b@Bif@d@nﬂM@ﬁ@éﬂrﬁat@s and
are possible. According he descri bed enbodi ments
are i ARl é@etdﬁt%ﬁﬁﬁé@éi%'l ¢e euvtguakd & gelesmeie a first reverse-link
%%'Ja#&%réﬁ@%rﬁ% }G@nﬁ%éw& é(j@ t fall within the

e appen cl ai ms. Furthernore,
to the extent that the term"includes"” is used in

Elther t.he detalled descrlptlon or the clains, such
ermis inf apRREAIUSPISERIRGT sTther FamanrReepchadyingdevise for

mﬁ%&ﬁﬁg‘lr& rI IR AhmBsicafQTRithShE gll‘S’[' = 'u@ ng tﬂ%@ﬁ%wéerse—

as a transitional word in a c
Milatlatasraét.ai med is: 1. An apparatus for controlling a
data rate of at least a first User Equipnent (UE) in a
mul ti-user comunication system the apparatus

gonpri siyg a@a&@%ﬂﬁ'clﬁﬁwt i ”@ﬁét@h Fir%’ﬁr‘éﬁ‘u@oéﬂd QH;B%MSO
det ermi ne channel estinmates for a{s urality of

demfremecate ieeblesst bhalkf shd@iaDl, 6dC Mﬁ’dlﬁ‘eS@ -fdDik andteySDMA

of cha}nnel esti nat es;
protoco

4. The apparatus of claim 3, wherein the first UE and apparatus

communicate in the reverse-link using an OFDM protocol.

5 The apparatus of claim 4, wherein the first UE and apparatus
communicate in the reverse-link in a MIMO-OFDM system.

8. The apparatus of claim 4, wherein:

at least two of the plurality of different reverse-link signals used {o
produce a plurality of channel estimates onginated from two antennas of the
first UE;



a denodul ati on device configured to determne a first
signai-to-noise (SNR) ratio for the first UE using the
w@bkwrabdesy of different channel estimtes , anPCHUSMDH064337

rate determ ning device configured to determ ne a
first reverse-link data rate f@or the first UE using
the first SNR 2 . The apparatus of claim1l1, further
conprising a scheduling device for scheduling

Fiv ot Dy SRR BRA2S ditehiads T/ sL SRR Kir P! Jrife two

ghieinfied snohsteininkb e ddcost! MR dodihapsbatUNR for the second of
conmuni cate in at | east one of an OFDM a CDMA, an

@@Wf‘fﬁﬁﬂa§ SDMVA protocol . 4 . The apparatus of
cl ai M3y (WBEEI fid REtiiihg ﬁgvge%&@mggé mﬁ reverse-link

comuni cate in the reverse=link using

peatratofor the fifhantppar aftthe fost BEaismgithehfeseENRL he
first UE and apparatus communicate in the reverse-I|ink
in a MM>COFDM system 6 . The apparatus of claim4

pher ei N1 ah @Rl WQIh § henelss #ld ki OF: shd éﬁé&%;us

reverse-l1nk signals used to produce a plurality o
chrameticals tn He wyeosd-ghnasiag v OhbDMwradac@nnas of the
first UE;the denpdul ati on device determ nes the first
SNR for the first of the two antennas and determ nes a

gecond SMR &earbhe Satanrd7 hiefeds tHhengeroadinbtidhaevice is

two antennas; and the data rate determ ning device
getfiguied & deteeming gcheaneredimatafoveach ser-earsr of kach OFDM

ﬁﬁlh\;e%a“w g{g@gmof the first UE using the first SNR 7.
g 3 '

apparatus of claim1, wherein the first UE and
apparatus communi cate in the reverse-iink using an

OFDM praqtocol 8. The apparatus of claim7 , wherein
Phe chag}ﬁ‘eﬁ AR OTgRiged wheied Bndergorielatiog device is further

. e i . e GarDi o
gcg@ﬁd& r@g%?@i@?% Léét-[?% %ranfzﬁ ChBARE SR8 8En Wib-carrier
10. The apparatus of claim 9, wherein the demodulation device uses a

minimum mean square error (MMSE) technique for determining SNRs.

11. The apparatus of claim 9, wherein the device uses a minimum mean
square error — succassive interference canceliation (MMSE-sic) technigue for
determining SNRs.

12. The apparatus of claim 11, wherein the demodulation device uses
reverse-link signal at least one of a power and PSD measurement to determine
a cancellation order for the MMSE-SIC technique.

13. The apparatus of claim 12, further comprising a power measurement
device configured to calculate a power spectral density {PSD) of each reverse-

hnk stream to produce a plurality of PSD dseterminations.

14. The apparatus of claim 13, wherein the scheduling device uses the

PSD determinations o schedule one or more UE reverse-link transmissions.



9 . The apparatus of claim8 wherein the denodul ati on

device is further configured to determ ne SNRs using
weawiehahnei estimte of each sub-carrier. 10PCTH82007/064337

apparatus of claim9, wherein the denodul ati on devi ce

uses a m ni num mean square erg®r (MVBE) technique for

determning SNRs. 11. The apparatus of claim9,

wherein the device uses a m ni num nean square error -

successive interference cancel Sati on ( MVBE-si c)

techni que for determning SNRs 12 . The apparatus of

¢bai m 1IThehepearatdshsl dend] ahéem gevpefeuseasurement device is

reverse-iink signal at |east one of a power and PSD i

peRfiuredin detesmdnd @M lh o piletaigealiratie 6WP B U epeh revrsse-link

%/? -SiCte chnique 13 . The apparatus of claim 12,

er conprising a power neasurenent device
configured to cal culate a power spectral density (PSD)

of each reverselink streamto produce a plurality of

PSD det e PRRFBHE. OfrdaimThe Whpaine Phurgiityqigerond UEs each
IR 0 LOe2ebedilLng 0o 68 dieshlE PN power |
eterm nations to Schedule one OF nore reverse-link

tricarsrarsshians idb . The apparatus of claim 12, wherein
t he power neasurenent device is configured to

determne a PSD to pilot signal ratio (LP/P0O) of each

\ﬁ/\ﬁ‘\e/: fg?ﬁﬁgé‘pﬁﬁéﬁﬁ%{/&o m ?@%ﬂ%%ﬂ{ ﬁ{e“%aﬁgraﬁjsqjegé%és a desired

second S eachn recelve a

feaepesiinly aPIRY degenlindtionDRhRAhd et erast bakiserond Uthehe desired
power neasurenent device. 17. The apparatus of claim

g ersiiiie NH/R G detippenationsbeing detergined by itheat least one second

-link LP/ PO d | nation f the at f t .
DECRreLen Prieserdivpt POV San &P BRp oot Lt Rl ink
B&hRdrediRm ned by the at |east one second UE based

on a respective APi PO deternmination provided to it in
a forward-1ink comunication. 18. An integrated

b ot ADGORYALLRS e RRPE AL Bl bttt
first User Equi prment
19.  An apparatus for controlling a data rate of at least a first User Equipment
{UE) in a multi-user communication system, the apparatus comprising:
a pracessing circuit coupled to a memory, wherein the processing circuit

is configured to:

determine a channel estimate for a plurality of different reverse-
link signals to produce a plurality of channel estimates;

determine a first signal-to-noise (SNR) ratio for the first UE using
the plurality of different channels estimates, and

determine a first reverse-link data rate using the first SNR.

20. The apparatus of claim 19, wherein the processor uses 2 minimum

mean square error (MMSE) technique for determining SNRs.



(UE) in a muiti-user communication system the

apparatus conprising; a processing circuit coupled to
wa@200etremey3 wherein the processing circuit is cRCF/USINEH4337

to: determne a channel estimate for a plurality of

di fferent reverselink signal spto produce a plurality

of channel estimates; determne a first

signal -to-noise (SNR) ratio for the first UE using the

urality o ' r . oSt -
git erm rﬁ]eag?%ré{ﬁrcg\%@ﬁgwﬂﬁb&g gfg{ep@ttogéﬁ%cﬁﬂgsets freminimum
figastsclife ef0r —ecepEas alteSerincelantellstionivIBERS e
{)r ocessor uses a mnjnum nmean square error (MVBE)
ecORiUgUET Peteradtiag Mfhg SNRs. 2 1. The apparatus of
claim19, wherein the processor uses a m ni mum nean
square error -successive interference cancell ation
EBIMVBE- SI'Ce smedraiugus dlaim detehenem g SNBsssidg cirdbieis
a r at of  cJaim,19, wherein the processin ircuit
PR ed o Paetlele Bptl piver o PattareBiser op abh
reverse-link signai 23. An apparatus for controlling a
data rate of at least a first UEin a multi user
gamuAheppiacaius yer emntraliing apipte etteof edbigast gifing: Uk in a multi-
channel estimtion rrea{ﬁs for c{eterrri ni_ng a channel
HeF FRIPEUPEAYED SV atERT i TG APPSR SPEIRY 'S Y er se- | i nk
si gnahshbAner Sdusaion Bbbhakditdeteimieraehassdli kRIS f& a
denodul ati on means for determning a first signai-to-n
glusality shifferentirovene-lrtesignals to pRduseryPiundlity PhERRMS)
ggtirﬂ;'a{fef erent channel s estimates; and a determ ning
Reans for determ ni ng a first reverse-link data rate
usi ngatckenddulstorSNBang4er détermapray afis sifnathainams23SNR) ratio
wherein the first UE and apparatus conmuni cate in the
fas e Sest U Ksingithg paﬁa@mmcﬁf Yepterannsds estiaalgsparat us
of cl Q'd&%inﬁ%%@éﬁ’s f Qe g’é;;aé B0 dHRE.1iHR B3tfrate using
m ni mum mean sduare error process.
the first SNR.

24. The apparatus of claim 23, wherein the first Uk and apparatus

communicate in the reverse-link using an OFDM protocol,

25, The apparatus of claim 24, wherein the demodulation means uses a
mirimum mean square error (MMSE) process.

26, The apparatus of claim 24, wherein the demodulation means uses a
MINIMUM mean square error — successive interference canceliation (MMSE-
SIC) process.

27. The apparatus of claim 26, wherein the apparatus calculates the
power of sach reverse-link stream to determine a canceliation order for MMSE-

SIC calculation.

28. A method for controlling a data rafe of at least a first UE in a multi-user

communication system, the method comprising:



26. The apparatus of claim 24, wherein the

denodul ati on neans uses a m ni num nean square error -
waeweaesBve i nterference cancel | ati on { MVBESE QrCT/US2007/064337

process. 27. The apparatus of claim 26, wherein the

apparatus cal cul ates the powery of each reverse-link

streamto determ ne a canceliation order for MVSESI C

cal culation. 28. A nethod for controlling a data rate

oyt e ERT I e e r ettt BRI Bsige-in
sighbrsRberbalicea pluraalyl dfichehndi édiensek; rever se- Si nk
signals to produce a plurality of channel estimates;

det er ARSIRYIAC faifff§‘t5'§'i@rf5§1€ﬁﬁ foNger tS!\fRf theytinsy Ukppsing the

blifaily bRttt ROnbRE Rin@Li 4y Of di fTerent channels
stimates; and determning a first reverse-link data

rat e dstengirtihg affirsiseveiR-B% ddbeatetdiog tied ficlt &NR .25,

further conprising: scheduling reverse-I|ink

conmuni cation with the first UE using the first

B8Ver se-fdih oflPof kit 280wurthBe caRbhemef cl ai m 28,

wherein the first UE communicates in the reverse-link

usi ngseimedDHDYIrevesedok. coBwiuniThtonatthdte dif stdl Riusirgohe first
wher ei E ‘Eae st‘?g of determ ning a channel estinate

s 4 @ﬁw{& m ni mum nmean square error ( MVBE)

techni que for determ ning SNRs. 32. The met hod of

cl aim 30, wherein the step of determ ning a channel

88t i mat el Menietiuskoidaing <8, whaier habsh Usgeeimneusigeses In the
5 Sl 1.0t cellation (M VI SE-SI C

R Ik e B LB AR588R. "33 the method of

claim 32, further conprising calculating a power of

ch reverse-link signal to determ ne a cancellation
5? der forhaupsthas of daineafarhereiie fepsisisteripeadasnannel

BBIRAY HENIEE LSRTY AVNARLA R4 8hid Qo RIMYESIRMS e for
determining SNRs.

32. The method of claim 30, wherein the siep of determining a channel
gstimate includes using a minimum mean square e1ror — successive

interference cancellation (MMSE-8IC) technigque for determining SNRs.

33. The method of claim 32, further comprising calculating a power of
gach reverse-link signal to determine a canceliation order for MMSE-SIC

calcuiation,

34, A computer-readable memory device containing a plurality of computer-
based instructions, the computer-based memory comprising:

first code for determining a channel estimate for a plurality of different
reverse-link signals to produce a plurality of channel estimates;

second code for determining a first signal-to-noise {SNR) ratio for the first
UE using the plurality of different channels estimates; and

third code for determining a first reverse-link data rate using the first
SNR.



i nstructions, the conputer-based nenory conpri sing:
first code for determ ning a channel estinmate for a
w@bkwrabdesy of different reverse-link signals tRCPUSHOTE64337
a plurality of channel estimtes; second code for
determning a first signal-tooise (SNR) ratio for
the first UE using the piurality of different channels
estimates; and third code for determning a first
reverse-link data rate using the first SNR 35. The
conmput er -r eadabl e nenory device of claim34. wherein
Bhe firhstcoandesi-saciabld genedy devestdf vidie Bhamnakih therfirst
OFDM si gnal s. 36. The conput er-readabl e nenory devi ce
epde Ishanfgsredirepdimaierdannelst for SHdMsignal® conf i gur ed
to determ ne SNRs using a m ni rum nmean square error -
successive interference cancellation ((VIMSE-SIC)
ab gor ThanondlterAraappl meusr{ deveehd didinngd, detsrerathedirst

e RoAlEd Rl a o R Fure SRR LS Gaan T HTaRD sggre error
LRI rRérrél8hes ThRba Bl BMASESS I0) Higdtaha [ ate T or

the respective UEs based on the pilot ‘'signal. 38. The
apparatus of claim 37, wherein the pilot information

i.ncl h | lity inf tion. 39. Th
80 ar AR otar AR forsdieding BR PRk B a s LY S HE S Pomprising
gfapﬁgféggsﬁgm@&ué& B&htF AWM SRpbbiNe BAbRNCEANGTEIS FofNthe UES:
and >

means for determining a reverse-link data rate for the respective UEs

based on the pilot signal.

38.  The apparatus of claim 37, wherein the pilot information includes channel

quatity information.

39, The apparatus of claim 37, further comprising a scheduling means for

scheduling reverse-link data transmissions of the UEs.



