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[ 1002] This disclosure relates to wreless comunication. Mre
particularly, this disclosure relates to nmethods and systems for
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erate coded bits, and the coded bits can be further
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or MQAtvl) used for data transm ssion. At each tinme interval that
may be dependent on the bandw dth of each fre&gency sub-carrier, a
nmodul ati on synbol may be transmitt® the Np frequency

-carrierp. OFDM be used to conbat |nter synbol interference

SI') caused by frequency sel ective fading, which is characterized by
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. Background
[1003} An orthogonat frequency division multiplex (OFDM) communication
system effectively partitions an overalt system bandwidth into multiple (Mg} sub-
carriers, which may also be referred {o as frequency sub-channels, tones, of
frequency bins. For an OFDM system, the data fo be fransmitted (i &., the
information bits} may be first encoded with a particular coding scheme to

O generate coded bits, and the coded bits can be further grouped into multi-bit
symbols that are then mapped to modulation symbols. Each modulation symbol
correspornds to a point in a signal consiellation defined by a particular
modulation 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 fransmitted on each of the N
frequency sub-carrier. OFDM may be used to combat inter-symbol inferference
{I81) caused by frequency selective fading, which is characterized by different
amounts of attenuation across the system bandwidih.
[1004] A multiple-input multiple-output (MIMO) communication system can
empioy muitiple (Ny) ransmit antennas and multiple {Nx) receive antennas for
data transmission. A MIMO channel formed by the Nrtransmit and Ng receive




ant ennas pﬁ]g onposed into Ns independent channel s
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as a "spati al subchannel of the M NK) channel and corresponds to a
di mrension. The MIVIO system may |ikely “rovide inproved perfornmance
(e.g., increased transm ssion capacity) if the additional
dimensionalities created by the nultiple transmt and receive
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between the transmitter and receiver, the frequency response may vary widely
throughout the system bandwidth for each spatial sub-channel, and may further
C vary widely among the spatial sub-channels.
[1007] For a multi-path channe! 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 to 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 vaties widely, then these
modulation symbols may be received with a wide range of SNRs. The SNR
waould 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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SUMMARY
(1011]  Various aspects and embodiments of the invention are described in
C further detail below.
10121  In an embodiment, an apparatus for controlling a data rate of at least
a first UE in a multi-user communication system includes a channel estimation
device configured to determing channel estimates for a plurality of different
reverse-link signals to produce a piuralily of channel estimates, a demodulation
device configured to determine a first signal-to-noise (SNR) ratio for the first Uk
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 another embodiment, an apparatus for controliing a data rate of at
least a first UE in a multi-user communication system includes a processing
circuit coupled to a memory, The pracessing circut is configured to determine a
channal estimate for a plurality of different reverse-link signals to produce a
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[10181  In siill yet ancther embodiment, an apparatus for scheduiling data

rates for a plurality of Uks includes a means for power controlling respective
reference signais from the UEs, and a means for determining a reverse-fink
data rate for the respective UEs using the pilot signal.

C [1017]  In stilt another embodiment, a computer-readable memary device
contains a plurality of computer-based instructions. The computer-based
memaory includes first code for determining a channel estimate for a plurality of
different reverse-link signals to produce a plurality of channe! 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-ink data rate using the first SNR.




[1018] Thgof8s446@&8 and nature of the present disclosur q,c\yi,ﬂg\%?{pﬁggg?

nore apparent fromthe detail ed description set forth bel'ow when
taken in conjunction with the drawings in which |like reference
characters identify correspondi ngly throtghout, and wherein;

[ 1019] Fig. 1 depicts an exenplary nultiple access wreless

comuni cation system [1020] Fig. 2 depicts an exenplary transm ssion
System [1021]Flg. 3 shaWRIER DESGRETIONORGENE DRAVENGS 2. and
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par amtersﬁ%oﬁ:{gﬁmf:ﬁ@dyw@%%ﬁkto an undesirabl e decrease in system
capacity, ift0t8h bEigadvdepistreansxemplayanoitiple sbeesspyireldlss communication
transm ssion power |evels and data rates for each transmitter when
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possi bl e. [¥¥6%4: While the following discussion is directed to an
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appreci ate evant arts “‘that the foll ow ng
di scussi on {821}l sbigaBBhowoiSiaNOOF g Netadl ef-ikgr 2 @nd FDM ( SC- FDM) ,
CDVA, SOVA, ot her co ni cation standards as w |l be discusse

ow. “[1034028% o1 Flén g B HoySRart SuATEEas e5pyBlany amsrfort pE B Gdosed
it el ess  CoRBmBlis Ainasystrgsem 100 according to one aspect is
illustrated. As showmn’in Fig, 1, the nmultiple access wrel ess

comuni cation system 100 includes nultiple cells 102, 104, and 106.

In the aspect of Fig, 1, each 6 may include a
Node B 150 that includes nu|ti§ﬁ§h¥§gi%?ggi¥ﬁ§%ﬁ3 | pl e sectors may
be formed to@3pupasofdisniseadasbioveh difislentntransfiiliroupntespesioem! enay
for communication with LIEs in a portion of the cell. In cell 102,

ant enna gr Giperignoe differeniirnc pesdlly WidslreByipRy chanaeidranddians: and thus
sector. Inepldy be impractical to transmit data at the same transmit power andfor data
rate to all receivers. Since fixing these wansmission parameters would likely
lead to an undesirable decrease in system capacity, it can be advantageous to
determine the optimal transmission power levels and daia rates for each
transmitter when possible.
C [1024] While the following discussion is directed to an MIMO-OFDM
| communication system by way of example, it should be appreciated to those
skifled in the relevant arts that the following discussion may aiso apply to SIMO-
OFDM, single-carrier FOM (SC-FDM), CDMA, SDMA, and other communication
standards as will be discussed below.
[10258] Refarring to Fig. 1, an exemplary mulliple access wireless
communication system 100 according to one aspect is illustrated. As shown in
Fig. 1, the multiple access wirsless communication system 100 includes
muitiple cells 102, 104, and 106. in the aspect of Fig. 1, each cell 102, 104, and
108 may include a Node B 150 that includes mutltiple sectors. The multiple
sectors may be formed by groups of antennas with each antenna group
responsible for communication with UEs in a portion of the cell. In celf 102,
antenna groups 112, 114, and 116 each correspond to a different sector. In cell




104, ant 118, 120, and 122 each correspond t
sector. F‘ﬁagg %@é antenna groups 124, 126, and 128 eggﬁﬂg%é({r@é‘%g?\d

to a different sector. [1026] Note that each exenplary cell 102, 104
and 106 may include several UEs which a® in communication with one

or nore sectors of each Node B. For exanple, UE 130 and UE 132 are in
comuni cati on Node B 142, UE 134 and UE 136 are in communication with
Node B 144 mdp@ntﬂmrmgrmm U8, 14D, angl 122 eanimporreapoo tova diffisoetd Botor,

146. [ 1027 tran a Node B to
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Node B are ggefcgrred to as "reverse-link." [10281 In operation,

several UEs may be in M MO communi cati on where nultiple antennas in

an antenna &9 cintruthes asshvipemplan 59l E2Antlshaad 166 mayinche spyerel
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address usdiB 1R %fﬁf"frépé’rmuglﬁa@%wﬁhdﬂ ¢ Bntd4, ﬁﬂ%&ﬂ?f&@@w@?ﬁa are in
with the othel. tz&ﬁ‘%ﬁ%@d@@p’g h of this type is referred to

Space Division I'e Access ( [ 1029] Conti nui ng, various

M MO schemf$02Tiat AslmdméretmltmmmsxommfmmaMde Buera iai&aneemferred to
bandvm dth and, purce can be regarded chene A
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e users WaRa&&sk MUl t aneous schedul ed over the sane bandw dth and
time resource experience lowinter-streaminterferences at their

i ndi vi dual [f@28] velrs oparatising daveps JESSDRR b in MO aomengdtstiaspadete

geogr aphi caMYPR HGEaY HLET éﬁ?ﬁr}ﬁ%ﬁrﬁhﬁh%m%é*&% tewtf Wb Argennag of 2
UEs in sub- &@cmaﬁp@hﬁformﬁoﬁma@hé ¥h ryetse BBAEMIERN LSS et REGS BShNd
schedul ed wi t hout causin interference with one other. O her

{ypes of e neds. b ®ter UEsanay pecaumanicAieg speh diatanipicsbeams
T oot oo AP e R BEDgeA S SRl Bt g e, . st
I'n gener al ,mstaﬁc@s i the SPMANeS may bé aﬁ@m bMdevitdVibomdeuss & addisgsaders
7 different rates potentially using different algorithns, than users
in single J8ek ffetpnt sogial locations, without interfering with the other UEs. One such
approach of this type is referred to Space Division Multiple Access (SDMA).
[1029] Continuing, various MIMQO schemes that aliow muitiple users fo
O transmit over a given bandwidth and time resource can be regarded as an
SDOMA scheme. A more compiex form of SDMA can use a form of transmit pre-
coding so that the users who are simultaneous scheduled over the same
bandwidth and time resource experience low inter-stream interferences at their
individual receivers. A third type of SDMA is o use a densely-spaced transmit
antenna array which can generate muitiple beams that geographically divide a
sector into multiple sub-sectors. Note that UEs in sub-sectors that are spatially
far apart can be simulianeously scheduled without causing a high interference
with cne other. Other types of SDMA may also be utilized.
[1030F During operation, each UE may be assigned a fransmission/reverse-
link rate and reception/forward-link rate, either by the UE or by a related Node

B. in general, users in SDMA or multi-user (MU) MIMO mode are assigned
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antennas fromthe sane UE, Further, SU-Miv1l0 UEs nmay be viewed as a
speci al case of MJ)M MO UEs. For users th hi gh enough geonetry,
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determ nati "SI MO system a Node B knows exactly how rmuch rate

shoul d be gsgggnedat@frersl reekRsiRk Al arr@ér@{aemeo% tgteexagér MIMO
.e., the gower of a pilot signal generated by the is sensed

by t he Nodd3B-MiM@)piwharesimgdiiple idraase e taemsemétednif@ms rrgﬂmiga arpiaweas

mords 1 he Tt 47 SRk, PORREN SOOI oI viEigitas AR kpe of
t he power SN)EGMN]@I JEBSiFor tﬁ%‘i@)wﬂﬁhigﬁ éﬁo é!ﬁﬂ@tr?FSUsmM@l &h provide
streamto the sra%fsﬁﬁence Si g SDratio is

referred t e pgak i wUges, éﬁ%ﬂ?@awéf of SHcMINCyAlsP 5{091@ i@a)rimﬁh ae
Not e t hat | 2

NoLe: hat, S K o YRR A e I Bl MRS e
SDVA r ever gesbinsis in fHE0S8ftetinf ortunately, in MJ M MO based or

SU-M MO based operations, the Node B can not determ ne the optinal
@nsm’ ssion rates that can be supported by each UE based on a sinple

/RS to rqﬁea PPOMS of the @géignacﬁéifeﬂgés f%@@b?&% WA E'}LLMh'@bV s&ﬁ‘@ﬁeé P
overesti nates t he assli g ata rat In turn,
in subopti rrata @@uaanmatlﬁg dpe& SiManyswfm afNode Bi kmwm@wmmm ebe

| d 3 2.d
oot ed oM R BohafifcUE iaeecl bl I e ohee a4 By, the
2, the co éi-aéfl@@néwgﬁm bEREMAHRS b the THE thée @lééd@aultswm NbaﬁtB 1§ a

antenna 212, a second UE 220 having a” second antenna 222, a third
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antenna array 252. While the various UE antennas 212, 222 and 232 are




9 interf The traffic.channel PSD can be spegifi
%Er}ﬁ@doe%er en [ ? ?ghjsgﬁsb% E%@B’/

"AP" whil e r ce/pilot power |evel can be speci

Thus, the TS/RS of this configuration be signified as "AP/ PO "
0038] Thus, once the PSD is determ ned, ¥the data rate can be sel ected
according to the traffic channel SNR Accordingly, in this case there
IS a one-to-one mappi ng between the traffic channel PSD and the data
rate. | 103%&@@@3@@9 desviogs, fiahouts/be appreaiﬂiemm emm |t 2y ,220hand

traffic ch PSD and chedul ed ra be decoupl e he rate
Coroet | on Y mal SRaRPoias S0y fEther GEENTENS 45 NIV B SR por at i on
may be cl 05{?‘134]" el A’setﬁetébrﬁi%fuﬁfc%ﬁ@ﬁ @sﬁh‘iﬁ'?(ﬂf‘% DR @éﬁ@d Qhe t%ﬂlc data
still have sone essential difference fromthose of SIMO operat I on.

certai n aspeay be tfmsm:aeﬁo:rs atmynber of separptectieguengyaseb-ceamiarsi(e.q., 128

i gnal -t r aneLEEES) PR hE HEC SignpLin P DERIT b alehEA foBaR sBb-

(2) power cepigrol HW@\IehetﬂéEpaﬁ&hidramﬁbeﬂ afd, cddﬁgummi?ﬁbf ﬁbff&péhds 3&5&0&
streans being transmtted; (4) t the receiver used at the

B; and (5) & $€Ff§r*§rﬁ*0tc¥h%'ﬁﬁ@lﬂ§|}’qu Wh?ﬂ/ﬂﬁ disstased: sethads and systerpai and
[1040] Not %5@magfr‘%}’y{éﬁﬁﬁgﬁéfr‘?@?agﬁﬁg%ﬁ%ﬁy be nultiple choices

for the reference/ fromone antenna, (B)
fromall arftedfps B opbtativeowsich, UBr21(T,) 220 andalit roant brugdeastietrafis. and

P I T I
rious av%ﬂoﬁﬂbﬁoﬁ?@@%ﬁ%é?@gb?%@ﬁhB%s@‘tPf g%i ﬂf?&ﬁmgﬁr IRE SG%helthtsic

addition, for instances where extern Intern antennas are
made avai l m’!dem(cé gignais af emchyldEciO, i) Bed S0 as)welhas grvidgasasdobmg

ool ut ton caropE4Iah i B0Rle & SiECHin 5P end Paf I8 Baoshit srdartena ties
as a Channe#hélg%ﬂ EinaD hedy BRI QihiStaiRbouss IRTeaEH YykiRo| lp&%ngdpritr@am'be

antenna. One can thén obtdin the channel dlfferences throu
speci al desippregates tha e pilchsignals, allermativedugreyabendime gwramulﬁpfexed

equ; var ont 7O SEEERI OEPA CHME At S8 Prmolifr st sperias 2
UE, yet nmairafeRibncd s’@mtfovabye@mldk pugeherstrol 194 2brtgnc eribiveiments, the
reference/pil ot power |evels are determned, the delta PSD for a

traffic cha'ﬁf%en@%rﬁfwidgtaé'r Wen ervidesh byo someadithry shaneslghissehngs GBI
SSF 1 Ohy DRUBRITh ko RAGIBRTheRatls Ik RERRY. WELERSOUEBD AR e
det er m nat ||nimrmhtla‘ilibgoa @B}M;ﬂm rMédl\byl\ﬂBe WYE. nultiple streams are
*g@;‘i‘ﬂf? ot 14038F or (Reria 2a0ERDS PR FrEt PG HE spansisk tansmitted
adroom f Qgi-&1B&d dWks and pilotireference signals fram the UEs 210, 220 and 230 into
analog signals, which may be monitored for power levels or any other indicator
of channel quality. In turp, the analog signals may be used 1o generate power
controt and scheduling commands for the UEs 210, 220 and 230. Note that in
various embodiments a pilotireference signal may be transmitted and/or power-
confrolled from only one antenna of each UE.
[1037} For a UE with a single antenna communicating with the Node B 250
{which has multiple antennas), the reference/pilot signal (either pilot or a control
signal such as CQl chanhel) may be closed-loop power controfied {o the desired
level to provide a reference for fraffic channel power control.  Generally,
reverse-ink fraffic transmissions may be power cantrolled to the maximum
aliowed power spectral density (PSD) while maintaining & tolerable inter-cell




[ 104310n hand, if all streans are transmtted
di fferent‘kﬁ%g?ﬁ{aﬁggﬁ its PSD should satisfy that -UE s PAPEga r%oglr%64337

[ 1044] For sub-band scheduling, where users are schedul ed on subsets
of the entire nunber of sub-carriers, t users may be first grouped

i nto various sub-bands based on a broadband pilot (e.g. pilot, or

sone ot her signaling channels such as request channel RECCH or

CCl I CH) . Witlerisrermehiesel- Tantfaife cdennebPStheatubespeatiediasos eARhehile the

usersllayers to maximze the spatial separation_while maintaini )
other O 5 BRI Bowearvahatn T Sebicd FePan thuthdaed SRS Hethis
channel estj ; | of: k nd pilot or by a special
request ch?ﬁﬁb%&é&%ﬂ%%@]&%ﬁ%‘gﬁ&ﬁg the recei veé Si ggal Y( k)
for each UfiaB8kenniihasnohes des*$hed datefminetilthdeiatvrald kane selected

Eiti(k)x,(04p, N (K)(1) wh [ he i nd 1 f [ h

el ect ed s ESCHENRS PIY ERRePENaRRNR: dALooBRENs LA 854 oRe &  ORRrio-
d H i Kk t

and H s G Haghol HGRURRY uafRAIRRRCPP S iangsh oy K antennas

of the Node aspects, bt al ned from a
br oadband {039} or Oy éme anthelesid, dhamegbrsetling MIMIS noperatiopewiie Rraffic

be d ' h [ [ 1 AP | .
cchedul ed SUBNDANGST BOHCSCHACNIRS! [ TGRS ICEEPURest | 1HBaLR isFiestign in a
(i) Ns = ”O@X@&’m Otha GRefHse Orus & SUMIMO N SDNIADSSeralios ey ube tlosely

streans fr these Nu users; (i1i) Nr = nunber of receive antennas at

@ Node Bjrelaten (towpfaense migharaod povert eenleti bubistibivevs somenesemtial
041Conti Wr0ent ﬂ%'ng thote &%Iﬁflé %p%ﬁaﬁo'ﬁ? IHOC%‘?ta%x %é@e&g, theSactrdlifs are

depi ct ed.
utiiized for rate control include, but are not limited to: (1) the power of the

reference/pilot signal fransmitted from the UE, which is usually power controlied;
{2) power control for the UE; (3) layer, i.e., the number of spatial streams being
transmitted; (4) type of the receiver used at the Node B; and (5) different
channels from any iransmit-receive antenna pair.
[1040] Note that for MIMO operations, there may be muitiple choices for the
referencefpiiot signal including: (A) from one antenna, (B) from all antennas
simuitaneously, or (C) from alternating antennas. Although over the long term,
the channel statistical properties should be the same for different antennas, the
C realizations of the various available channels can be quite different due to
fading. In addition, for instances where both exiernal and internal antennas are
made available {e.g., for a typical mobile device), antenna gains c¢an be
substantially different for the different antennas.
[1041] One solution can be to provide a power controiled 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 channe!, or through a more generat 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 {raffic channel can be determined based on loading on neighboring




As shown ‘k?zﬁ&gwgés t he Node B 250 includes an anal og fﬁ,eg}ﬁsgmmggfg,

a power nmeasur enent device 312, a channel estimation device

a denodul ation ("denod") device 316, a rate determ ning device 318, a
power control device 320 and a schedul i Y devi ce 322. [ 1048] Wile
details of the architecture of the Node B 250 are not shown, it

shoul d be appreciated that any known or | ater-devel oped architecture
may be usedestorsspower akmiiar teadimsye, pathodiferantial Hatween serving aefl. and

1049] F le, i ' nbaodi h '
510 522 cAb s rie (HPia BE° LR Mo BE Db e PR B RPRERGT b oo
toget her vifgr 8USMINORaRY MU-MIMES HohLBPRAGIREEMY BSs B8nsBlitdd frémrthb%me

I n other enbodi nents, one or nore of the various conponents 310-3

can take fdftm Bpnghedelsl powesof @jleireams shpddsativhr setait sradirevgatenbeat
via one or RS tﬁgi@ggﬂggﬁ%jbém%ﬂﬂdgét shoul d be appreciated that
nt's -

each of conpone advant ageously can be realized using
mul tipl e cqip4d) ngOdethccethee mahay #dill sirenms ape tedrisydiéd shone rlifferent UEs,

1050] 1t al houl d eci at f hat f th b -listed
SR I T TN SR
and routi ”‘ﬁg : | di-gg syﬂwb%n@a%@féddiﬁ%b@h@@ﬁ%i%da@ SR e YROSLHLR of

controller, ven sofrftware/f1rmaar routi nes or structures resid ng
i N separ at dhemmbireé esnbersepautatarises, ibesissospate be frel groupsel itee darious

by diff | | : 051] | ' of .
goya trar 1 B Patcdighd oropdbanel a1 (B8, HE o 28, Fritagieoaing
e anal 00 drapRbiehtn A LRRAERARiel HIOCRCE VRICR) A edtndlit-baRd, a

the streans and provide the conditioned streans to power ‘
measur enentdeyigisahegiuier [CB0623hqosst dhe, ushes/lgyaksr e dsaxigrient theevspadial

channe! basERoCRcPh S EAPRRE RO GRS Padrefant” orbe hatiSh s iiaion
I'n various <nihé based cpribeditEmRes estif BROYGH SIBRS Wie BRSUdIER iRt 2Dy 3

may nmeasure each OFDM sub-carrier, determ ne the overall received
power of edRcH rediest shanzel-dasign.channel signal, measure the

pilot/refer sups | er 1N e f =] 1
Channel i (RarS! - aGarinbiBing tEPEVAl Sehao IR el A N KBS 58 e
i n various desertedbnti.t(hebblotde 8 may provide the PSD and AP/ PO
determ nations to the rgspective UEs using forward-1ink

communi cations, _ . & . .
Y(ky= Y H ()X (k)P + N(k) )

where K is the index of a frequency tone in the selected sub-band, Py is the
O transmitted power from the i-th stream, and H; is the vector frequency response

of the channel for Ny 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 refarence signal level and AP in a
scheduled sub-band,
F1048] The following notation will be utilized:

(B N, = number of scheduled users;

(i)  Ns=number of scheduled streams from thesa Nu users;

(i}  Nr=number of receive antennas at the Node B, and

{iv}  N;=number of the fransmit antennas at the UE.
[1047] Continuing to Fig. 3, details of the Node B 250 of Fig. 2 are depicted.
As showrs in Fig. 3, the Node B 250 includes an analog front-end 310, a power




12 where rious UEs may each determ ne and sendq | '
regar di néeﬁqa(g]li%?eég PSD that the UE desires (i.e., has %ﬁé‘é‘jsgﬁo%%lsgp
determ nation that it would be advantageous) to use. [1054] Next, the
estimation device 314 nmay estimte the #fansni ssion channel for each
OFDM sub-carrier of each reverse-link stream [1055] Once the various
channel estimates H(k) are determ ned, the denodul ati on device 316

can det er mmeaguremBNR defvicea8hZOBDhanie! osstimation (1@066]314) sidemtdwation
(WD) o godarmin el G oot CSITET O USSR of PoBniay oG vamrce
by Eq. (2) 320*5&9;13&8 ul%lg ﬂé‘\)ké o k)H (k)1), R(2) [1057]

Conti nui ng, assumn e annel estimates H(k) are nade

avai | abl e t{?ﬁ-ﬂie c iﬂe@ﬁéé& ofrthe erchieciuce o g Novie Béiitbaraandioshown, it
e 300 Tl B AR el R YA e BB S AN mey b
H1(k) (3) Sluse@iGds is well known to those of ordinary skill in the art.
[1048] For example, in various embodiments, the various components 310-
322 can take the form of separate electronic components coupled together via a
single or a series of separate busses. Still further, in other embodiments, one or
O more of the various components 310-322 can take form of processors or even
separate servers coupled together via one or more networks.  Additionally, it
should be appreciated that each of components 310-322 advantageously ¢an
be realized using multiple computing devices employed In a cooperative
fashion. ,
[t050F K alsc should be appreciated that some of the above-listed
components 310-322 can teke the form of softwareffirmware structures and
routines residing in a memeory 1o be executed or worked upon by a controller, or
even soffwareffirmware routines or structures residing in separate meamories in
separate servers/icomputers being operated upon by different controllers.
[1051]  In operation, as sireams of data traffic and pijot signals are received
O by the antenna array 252, the analog front-end 310 can accept the received
streams, condition the streams and provide the conditioned streams to the
power measurement device 312.
[1052]  In turn, the power measurement device 312 may make various power
measurements and determinations for each channe! 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-carrier,
determine the overall received power of each of the reverse-link channel signal,
measure the pilotireference sub-carriers, determine the P8D of the reverse-link
channel signals, and determine of the AP/PG for each channel.
[1053] [In various smbodiments the Node B may provide the PSD and AP/PO
determinations to the respective UEs using forward-link communications,



[ 1058] ' Rs are provided by the denodul ation ' n
appropr@@%@@gégte may be then determ ned by the rat %%?@P%g?sﬁg
device 318 (typically by using a | ook-up _table) while taking into
account other considerations, such as a‘#E s PA overhead, the UE s

exi sting or desired PSD, other sources of interference, and so on.

[ 1059] As di scussed above, a prom nent problemw th conventional data
rate esti nothareupppr thechesious s dnegceacmpgéiegnivet vieeh ddne dafoanation

rate and the TS/RS rati.o, .S . r for MO transm ssion, t the.
rates are AOYRGHYEE 3%‘?’7%’3 ;gﬂ ?@éﬁ‘?gﬁﬁi%@”ﬁﬁw"eogﬁ%m a dgigrmination
pr esent aqu,gﬁcg@cad 5¥ Rl 58talBbes PoQeem as the data rates produced

e de

by the rat termning device 318 are far better coupled to an SNR
even in indt@bdles dext et sstimationvide@ices 38 4npldyc aistithady Hemitanamésaisn

| SSi f nulti - | i nk f diff 13 -
ant ennas. enozker cpbn PEVEERRIR alhedR Rt bhe =B cage of
the recel vqiogsy a Dreeesis NGarkiahl dRphel Sodtimin s ar(ViiraO doldffindd, Cthe

receiver), [1060] Returni n%wtgo Fig. 3, in enbodinents where t .
derodul at | clereRaiiatorpdevise MBman eiersinedhe RNR K6 sast Ofdabuitearien

Ore soi ut] dOFEL | o HnetBns PEets SRRARUAI P IRE LS it FyThiftn-
the total rrss@rwggu@wor((s\maﬁg.af@ﬁthhﬁll\mwsEWveddﬁh@ﬁf?@rﬂ‘w stream

whi ch as di scuss above may be cal cul ated by the power neasurenent
@i ce 312.maypegiyerpby kg (F1061] For MVBE- SI C operations, it may be
Sirable to sort the UE's in a descending order of power, such that

e et OB ol OB S B D B bon o™
enbodi ment . #=
[1057] Continuing, assuming that the channel estimates H(k} are made
available by the channel estimation device 314, the demodutation device 316
may calculate the SNR for each frequency/sub-carrier according to Eq. (3)

below:

=

SNR(k)=F H f k) T\Z:'H{(k)fff P +R, Y H ; 3] (3)
]

C [1058] Using the SNRs are provided by the demodutation device 3186, an
appropriate data rate may be then determined by the rate determining device
318 (ypically by using a look-up isble} while taking intc 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 rate and the
TSRS ratio. This is true for SIMO transmission, but the rates are no longer valid
for reverse link MIMG operations. The prasent approach alleviates this probiem
as the dala rates produced by the rate determining device 318 are far betier
coupled to an SNR even in insiances of reverse-liink MIMO is complicated by

simultaneous  transmission of multiple reverse-ink streams from different



[1062] F - - base receiver processing, the SNR fqQr t m
after caﬁ‘é’g:%ﬁog‘#gnay be cal cul ated by the denodul ati O%CEZ@S?@O«;?O@‘%%?
using Eq. (5) below. ..1 SAIRJ(k)=(k)) 11,(k)H7 (Op +RH J(k) (5)

whi ch assumes perfect cancellation of iAPerfering streans and white
noi se. [1063] The supported data rate for the ith user/stream can be
t hen cal cul ated by the rate determ ning device 318 based on the

ef f SP]E :c ve SNRnndy, c“ﬁfelrgsécfe}s?'awsi ?té ﬂetérmigﬁbrtugsmcpnem kn@uﬂesdlgﬁ SNEhe
at | erent t.ones. . errec canc a IS t hen

the'l ast dEGRIUE adernoPRsS o BT ERR S RS M S MEREERIR rese vy
does not suipee] | NRBUAIRNGPEI ANidlchatiiditeAtiSliers 80 Blmidetiatioh’ Gevice

data rate n fact ow't hé same one-to-one mappi ng
case. That 31§ atVidMSksaceessivg dnterfeencastargetatinrg (MM SR IGE algorithm, the

o al 1y sESefon sfuaRes SnonE e eiterhRERL GrB SRS 15 forilie rgverse-
decoded useng sH-tafiieye a@c@ﬁﬁﬁ%&@t{ﬁe ri@l@#%@:é!{?ecﬁj%ﬁe@ Be E@t@!}f@@@?%
fromthe other streans. 14 %1 66] It should be noted that such

R

perfect cark@sh dEi aHenag. woi ipcuptechgbove Mawke aaleulatedhiy the power
appr oaches @g@g%@rﬁgg&g@emgvPA headr oom shoul d be provi ded. [1066]

Returni ng t arious SNRs and data rates for the
various UEs is determ ned, th_?e power control device 318 can assign an
appropriate trangm.t rejt he UEs, and the Node B 250 may .provide
h inforrrationP{mo 4k \‘ﬁg% cfive UBs via a forward-1ink (4
hmuni cation. [1067] "Additionally, the scheduling device 322, using

the infor b_@ﬂf pr eyt dpdskysidhepeaitRndelt fhal e Ged@HIS & 358, thasumRl h a
as the AP/ PO information derived by the channel estinmation device

312, can scitsgandingherdenof gusvapEsueh thatdhenstcongest bigralspespchataled first.

reverse-| | MO LRERet BHF i Broiler MR STE - Pefifia %B6Rl4 gen amey rom
above concesmbadiridne ndemabdirabhion device 316, it should be
appreciated that there is ng requirenent that the SNR cal cul ati ons of

t he presenti1f8ZhodEorMMSEBEmbape rasaiyer pracesting BN farT each stream
[ dat ' ' i Q0. . .
raai tronal 1y SeRaaidrt eyt EELI T prabe SRR AR B84uF 016 using Eq

descri pti o5} beiotser m "denodul ati on device" (and its derivatives)

shall apply to any device capable of perform ng SNR determ nation
regardl ess of whether or not itsJ gal cul ations are a}"s"o used for other

pur poses. SNR (k)= PHY (k) Y HOH (P +R,,} H (k) (5

d= 3l
C which assumes perfect canceliation of interfering streams and white noise.

[1063] The supported data rate for the | userfstream can be then calculated
by the rate determining device 318 based on the effective SNR, which may
essentially 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 signatl strength / PSD) does not suffer interference from all
previously decoded UEs, 's data rate will in fact follow the same one-fo-one
mapping in the SIMO case. That is, the data rate for the iast 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 sarly decoded users will have a
data rate reduction due to the interference from the other streams.




[ 1069] Fi gwobobBie8ssk! owchart outlining and exenplary progessysh®fiossssr
determ ning reverse-link data rates in a nulti-user comrunication

system Wile the steps of Fig. 4 are dqgi cted in a particul ar order,
it should be appreciated that various stéps nmay vary in order from
enbodi ment to enbodi ment, undergo alterations or possibly be

elimnated in part as may be apparent to those skilled in the art.
[1070] The [pPB%essltstharic bermated ghalosuakhpeded swweligtionmayentt awavsore

S - comfRPARET ARCefOVRE sRBrBRBeS Hecb R BP mb/Phdharbdfitghou

control nmayeepoeRidgi o data traffic and pilot/reference signals
transmtted by each UE. Ne in step 404, the various UEs can send

t Eei r Ei espddvblle dBElrDing %(qt Eigt3cance HiRy VBripds /NRE (kb gatg e Jot dhe
: . ._ 5 .
Lhe Node Biebg S ROWRkeAKEhS 1HE BMEK dfics] eRvIQ2 8 dagCussa an

above, a pilo erence signa mat 1 on,
f orwar d- | i rpprogriateiicatshah pdwbo fotite bis, shatthe Node Bnash omay popids sgeh

t he respective UE, and so on. .Control cantinues to step 406, (10711

st ep sodniopnatan o heimeoreid PErore & TaAda nu A BEPISREORmy be

made for eqyhephannaliiBAsty et Bensilifg! Idthide 2 Rkl tHeTorrbtion
n Sub-cdr

step 404 inclu g power asurenent of “each rier,

det er m nat ipsavidéd dyeihal fate elpédrmedingodeic B18aab vadll a4 the APEPS enformhition
channel sigpal ,graeyﬁ%ur nment ,of .the pi)] of/reference. s

b- i ,
or mi nat VG he! RUMAlOR ASUICR; FA2. CRR RAPIKie e rions JES to

det er m nat i : (PR ;

PSD and AP/ DS B0 el Sopforriao RRANCAABR"IL DRE!siolslirtt ey’ ity oMimize

r espect i ve avesailisivegsd-bnlniradsiissiorcoitencat i ons. Then, in step 410,
each_deter.m

h ' UES, d - i
nf ormat | ot 1PB8hr oF Ao 1 Hsy R Ba o0 108 e SRy gevice 316,
Cont ol cort Liag dedapbRRisAdd thdfigRlid fo Halrehénanehen sNreeakuRiiens

for each reverse-link sub-carder of each reverse-link stream m )
det er ni ned.ofNBgtprepant mgthads and Ry s ter agsasiaied wells @nyitarn of ongoing

sub-carrier y d . ned i Eq,.. ( bo far.. E ros
det ecti on) %@Eﬁ%@[ﬁ&‘%@ l\/l\/égﬁ'g?‘%r’ 8 §i§%us%@§g'(r3@8\t}8w!nvstt%etrl@ld%na”y
recei ver pragesgiigiedn)inbaispesduiplorshedr ushag ppogermiundicriotion the term
approaches, including MVSE detection and MVSE-SI C detection. Wen
MVBE- SI C i s dagegiulatipnogerdse’ dengdifcaenivatives) sRall arpiyde anyi daadicasapaple of

bover as. dderi S Eafdhhatort Hadbhs O viistS, Gond i Balpu GRS S

nunber of ksisyvased fdradtber pespeiseped approaches. Control continues to

t 416. 3] In, st 416, opriate dat te f h UE, |

Gy b det dARFRLA Bieh dikon ToiTERF TN Dot o aRem procsssiar foisamiyng
< on Lori v i . 0

over head of L SE 1 dRERE, 2 fRER iqbr SorEnfhRG SR I UER £P sfers

UE, i nter - ceflFigi Ataee depated in ambriailanmordsatie shbiait! Heoapi@eDidtay that verious

oot oo o BT 0ot PR SRR D Bhhes, S7rdd Shrdtne
" ¢ . g o .

s, Cont o] i) Be SimABIIRLRIas iRy pramarshon hese g r et

can det er mi 78] r eVéesprdcenk stanedalsiep ci02 wbeveara dingeUBs caasendorontrol

berti nent | LipaRRur STvAREToK SRR o1 Fil P BoMBR ey sy Pl s B, dn
UEs may be sihinfiniegionGoith tee Node 8. bag katious teephddighanber udheontrol may
process may repeat as needed

ed.
exiend to data traffic and pilotireference signals fransmitted by each UE. Next,

in step 404, the various UEs can send their respective daifa traffic streams and
pitotireference signais 10 the Node B using the power levels provided in step
402 As discussed above, a pilotfreference signal may carry CQI information,




[ 1075] Asygeigbieogd above, while the discussion above |§,(g4,ﬁ§&p7@g43gp
an M MO OFDM communi cation system by way of exanple, it should

appreciated to those skilled in the rel géant arts that the foll ow ng
di scussion may al so apply to SI MO O-FDM °5ingl e-carrier FDM (SC-FDV ,
CDMVA, SDVA, and various other known and | ater devel oped commruni cati on
standards. For comruni cation standards where the PSD and AP/ PO of a
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st UE approaches. Controf continues to step 418.

[1073] In step 416, an appropriate data rate for each UE may be determined
based on the SNR values of step 410, as well as by using other criteria typically
used in a fike process, such as PA overhead of a UE, the PSD of a channel
measured, a desired PSD of & 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 dala rates for different UEs. Control
continues to step 418.

[1074] Instep 418, the Node B can determine a reverse-link schedule for the
various UEs based on the data rates of step 412, QoS of the UEs, PSDs ard




a denodul wbix@esssce configured to determine a first sipghadsab@npRhse
(SNR) ratio for the first of the two antennas and determ ne a second

SNR for the second of the two antennas %gr the first UE using the
plurality of different channel estimates, and a data rate
determ ning device configured to deternmne a first reverse- I|nk dat a

rate for the first antenna of the first UE using the first
wherein a rﬁ?wrnﬁﬁﬁhﬁﬁﬁ I guaaloEr Asico Eﬁ'gsg?evée\fﬁﬁf"% ink rtegitie from the UEs

| | at t
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of cl ai m 1 repaattdseneedspri sing a schedul i ng device for scheduling
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CDMA, an SC-FDVA, and a SDVA rot ocol. 4. apparatus of claim
wher ei n t heporecietedEton thbeep plifiad s tbemlmmhmtsl tinat Hie rfellewing- d:sakssmn

i 19 S TRb B 850k v ST B3RE B BePler BN et R S S
system ang various other known and later developed communication standards. For
communication standards where the PSD and AP/PO of a reverse-link stream
O do not apply, these quantities may need to be replaced with signal power and
target-to-pilot (T2P) ratio, resp-ectfuliy.
[1078] The techniques described herein may be implemented by various
means. For example, these techniques may be implemented in hardware,
software, of a combination thereof. For a hardware implementation, the
processing units used for channel estimation may be implemented within one or
more application specific integrated circuits (ASICs), digital signal processors
{DSPs), digital signal processing devices {DSPDs), programmable logic devices
{PLDs}, field programmabie gate arrays (FPGAs), processors, controliers,
micro-controllers, microprocessors, other electronic units designed to perform
the functions described herein, or a combination therecf. With software,
C" implementation can be through modules {e.g., procedures, functions, and so
on} that perform the functions described herein. The software codes may be
stored in memory unit and exscuted by the processors 13480 and 1350.
[1077] What has been described above includes exampies of one or more
embodiments. i is, of course, not possible 0 describe every conceivable
combination of componenis 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 described embodiments are intended to embrace all
such alterations, modifications and variations that fall within the spirit and scope
of the appended claims. Furthermore, 10 the extent that the term “includes” is
used in either the detailed description or the claims, such term is intended {o be




6. The apwargbtmmosss claim 1, wherein the first UE and apeay@boidioss3s
comuni cate in the reverse-link using an OFDM protocol. 19 7. The

apparatus of claim®6, wherein the chann estimation device is
configured to determ ne a channel estinate for each sub-carrier of
each OFDM reverse-link stream 8. The apparatus of claim?7, wherein

t he denDduIatlon device is futhEﬁ %yred“to determ ne SNRs uysin
each channdPCle8VEnlk @ SR2RELSIHY c@r rt @ 1Mo COTRRNISING A @8t (ROTBRIIYNG|

L. wher ei N it dRPAHLANPGY LE S 1aRSidhd] QIR §8alddlln, ST gnal  using

at | east one of a power and PSD neasurenent to determ ne a
cancel | ation order for the MVMSE-SI C technique. 10. The apparatus of
claim9, further conprising a power neasurenent device configured to
cal cul ate a power spectral density (PSD) of each reverse-link stream
to produce a plurality of PSD determ nations. 11. The apparatus of
claim2, wherein the scheduling device uses the PSD determ nations to
schedul e one or nore UE reverse-link transm ssions. 12. The
apparatus of claim9, wherein the power neasurenent device is
configured to determne a PSD to pilot signal ratio (AP/ PO) of each
reverse-link stream 13. The apparatus of claim 12, wherein a
plurality of second UEs each receive a respective reverse-|link AP/ PO
determ nation of the power neasurenent device. 14. The apparatus of
claim 13, wherein the apparatus receives a desired reverse-link AP/ PO
erm' nation fromthe at | east one second UE, the desired
reverse-link AP/ PO determ nation being determ ned by the at | east one
second UP based on a respective AP/ PO determination provided to it in
a forward-1ink comunicati on.




15. The apparatus of claim1, characterized in that it is constituted
in an integrated circuit. 20 16. An apparatus for controlling a
data rate of at least a first User Equipnment (UE) in a multi-user

comuni cati on system the apparatus cagpri sing: a processing
circuit coupled to a nenory, wherein the processing circuit is
configured to: determ ne a channel estimate for a

plurality of different reverse-1linkCEAdMES s to produce a plurality of
channel estinmates originating fromtwo antennas of the first UE
determne a first signal-to-noise (SNR) ratio for the first of the
two antenhas aAd agpiretusforeonrslicgadatshiife dDat 1¢dsea ScUBe Rafuipnteat (W) in
ant ennas for the first .UE usi ng the Iurall pf different channels

esti mat es? mﬁ“ﬁ”“mcmnmumcmmmégﬁ3mnﬁﬁ@ RATHG QMBS se- 1 i nk data rate

for the first pdHagi¥I@stthatioR@iclict 8dnfldarddsh Q6tet e f:l'lsfn%&l eatNRates for a
wherein a m ni rum nmean square erraor- successive interference

cancel | at PliglipEEfsentyeyesielinksignals o peaduerer pludlignof denrsl getbnates used
for deterqﬂg%%ﬁ% %ﬁﬁlﬁﬁiﬁﬂ&dﬁmﬁﬁﬁﬂgﬁh?ﬁf§econd SNR. 17. The apparat us
of claim 16, gre n e processing Cifcuit is further conprising a
power neasuremahmudbkmmmdcnmfumﬁgwmdt®dﬁahnmiaﬁstagﬂﬂﬁahopaﬂﬁ%Rp&mo
each r CVeLt ﬁlel ﬂrg} of %hegcwo antennas and determine a second SNR for the second of the two:
antennas for the first UE using the plurality of different channel estimates, and
a data rate determining device configured to determine a first reverse-link data
rate for the first antenna of the first UE using the first SNR;
wherein a minimum mean square error—successive interference cancellation

(MMSE-SIC) joint multi-user detection technique is used for determining the first SNR
and the second SNR.

2. The apparatus of claim 1, further comprising a scheduling device for scheduling

reverse-link communication with the first UE using the first reverse-link data rate.

3. The apparatus of claim 1, wherein the first UE and apparatus communicate in at

least one of an OFDM, a CDMA, an SC-FDMA, and a SDMA protocol.

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.

6. The apparatus of claim 1, wherein the first UE and apparatus communicate in the

reverse-link using an OFDM protocol.




18. An apparatus for controlling a data rate of at least a first UE
in a nulti-user conmunication system the apparatus conprising:

a channel estimation neans for determ ning a channel estimate for a
plurality of different reverse-link siijgnals to produce a plurality of
channel estimates originating fromtwo antennas of the first UE

a denodul ation neans for determning a first signal-to-noise (SNR)
rati o for7-t helhejapparatys of ¢lein Gyovhentie fheabamstestiotadpmiendcais sefigvdedINR

for the S& %ngnefzi chanﬁ‘\ le ﬁgtf Faap %ufb(-r)r%{rs 1%f eé é%Fﬂ‘ﬁ rlé|\§elr§?qltlt h%eﬁliﬂh g

plurality erent annel's . es

means for deternlnlng a flrst reverse-link data rate for the flrst
antenna o first UE using_the first SN

i mum nan < APaaafs i lali ooy R B iU devistis &VTtar porsored
( MVBE- SI Gb deRirmine™MNRsi uskip@fackl el aéliOmAte 6PBicHYEL-Larigsed for
determning the first SNR and the second SNR  19. The apparatus of

claim 18, wherein the first UE and apparatus comrunicate in the

rever se-1§.nk 4iiafgeBls RN QRAAN the dBlhoaT BB ARRAEALLS, Rlekl A 19,

wherein the appafatus ca ates power o rever se-
st r eam t osighed Bsing atdeast ommfed poaeterr amd B$EI ereafioemdNVBIEdSeiGioah cadcalldtion.

21. A neth 0, a data rate of at least a first UEin a
nul ti-usef ¢ fﬁ{@ﬁ%@%fﬁé{ éCH‘; t he met hod conpri sing:
determ ni ng channel estimates for a plurality of different

reverse-1lijnk 5|gnals to Eroduce a plurality of channel estinmates
originati Hy frbapreraiis ot plais @ ofurthereompriging gpower measurement device

conﬁgured to calculate a power spectral density (PSD) of each reverse-link stream to

produce a plurality of PSD determinations.

11.  The apparatus of claim 2, wherein the scheduling device uses the PSD

determinations to schedule one or more UE reverse-link transmissions.

12. The apparatus of claim 9, wherein the power measurement device is configured to

determine a PSD to pilot signal ratio (AP/P0) of each reverse-link stream.

13, The apparatus of claim 12, wherein a plurality of second UEs each receive a

respective reverse-link AP/PO determination of the power measurement device.

14, The apparatus of claim 13, wherein the apparatus receives a desired reverse-link
AP/PO determination from the at least one second UE, the desired reverse-link AP/P0
determination being determined by the at least one second UE based on a respective

AP/P0 determination provided to it in a forward-link communication.

15. The apparatus of claim 1, characterized in that it is constituted in an integrated

¢ireuit,




determining a first signal-to-noise (SNR) ratio for the first of the
two antennas and determi ne a second SNR for the second of the two
antennas for the first UE using the plurality of different channel
estimates, and determining a fie8t reverse-link data rate for
the first antenna of the first UE using the first SNR wher ei n
a mnimum mean square error-successive interference cancellation

( MVBE- SI O)%-j oi fin apparets fpgspnigltinge dynrateetniilesien fisst Usadiqnipment (UE) in

det er mi ni Pl%eit éJﬁ%u1§NBlO?lr§9Stglg,eth§gé%ﬁ%‘éﬁ%%ﬁ)gﬂsr . The nEt hod of

claim 21, er conpri erse-|link

conmuni cat [ on aprotessihg cir¢uitsdoupled osa mgnibhe whieresit the pueesard dirckitdat a
rate. %E thod of claim 21, wherein the first UE conmuni cates
in the re‘i?g g'ére?j %k usi ng an OFDM protocol. 22 24. The nethod of

claim21, further cefPhinsianaGil cdtintid mga? bf @iffeRAEREvERYSRRE- | | Nk
si gnal to.determine a cancell ation order E- SI C cal cul ati on.

25. A conpgRaeyio pr%rawaua%%ﬁiﬁhaanﬁlé@%?&%w%gérom voaAnianpaspyt the
conput er - Hasg g i nstructions, the conputer-based nenory conpri sing:

first code for determning a channel estimate for a plurality of
di fferent reverse- determine a first signal-to-noise (SNR) ratio for the first of the two

antennas and determine a second SNR for the second of the two antennas for the first UE
using the plurality of different channels estimates, and
determine a first reverse-link data rate for the first antenna of the first UE
using the first SNR;
wherein a minimum mean square error—successive interference cancellation
(MMSE-SIC) joint multi-user detection technique is used for determining the first SNR
and the second SNR.

17. The apparatus of claim 16, wherein the processing circuit is further comprising a
power measurement device configured to calculate a total power of each reverse-link

signal,

18.  An apparatus for controlling a data rate of at least a first UE in a multi-user
communication system, the apparatus comprising:

a channel estimation means for determining a channel estimate for a plurality of
different reverse-link signals to produce a plurality of channel estimates originating from
two antennas of the first UE;

a demodulation means for determining a first signal-to-noise (SNR) ratio for the
first of the two antennas and determine a second SNR for the second of the two antennas
for the first UE using the plurality of different channels estimates; and

a determining means for determining a first reverse-link data rate for the first

antenna of the first UE using the first SNR;




link signals to produce a plurality of channel estinmates originating
fromtwo antennas of a first UP; second code for determning a
first signal-to-noise (SNR) ratio for the first of the two antennas
and determ ne a second SNR for the seébnd of the two antennas for the
first UE using the plurality of different channels estimtes; and
third code for determ.nijng a first reverse-link data rate for_ the
first antenna “JIr¢iRa Mipindim pean squate qros—UpGestivasigferierence canggligtionn a
M ni MM NBANSERIRY Rifhdfi-uSHGRRSabY Rchdl§ Ry it ﬁ§e‘arf81?de@é}ﬂﬁ1‘ﬁhé e S SNR
(MVBE-SIC) joint nulti-user detection technique i1s used for

det er ni ni 3 thhecdid SYRSNR and the second SNR. 26. The
conput er -readabl e nenory device of claim25, wherein the first code
is configured to estimte channels for OFDM signals. 27. An

appar at usl% or Behlpparhtungf dainal$,atlesil te fﬁstlrIJElalai eiptp}’{raﬁj;s ch&qunlicate if] the
conprising: neans for d i ning a channel estimate for a plurality
of méi ffer’tgﬁeirser‘@l@%‘r‘sé‘égq”iﬁtswgﬁﬁﬂcgl'to produce a plurality of channel
estimates originating fromtwo antennas of a first UP, means for

determining a first signal-to-noise (SNR) ratio for the first of the
two anterdfas and The@epparptheotclaiar bhavhenin the eppansusedoesthe ppwertafo

antennas J,of révg%e.%k§&eawto%&&&ir}emecaﬁééﬁaﬁ&& LiePhor SNERIGRLRIRRNE! S
erelrn a mn num square error sSlive

esti mat es; nmean or-succes
interference cancellation (MMSE-SIC) joint nulti-user detection
techni que, i s used fqr. determ ni the f.irst SNR . the second SNR
neans f o‘rsnpo mEHW?rf%ﬁ ﬁ%ﬁ&fﬂ{lﬁ&@g@rf &t piFast @#&%%&d‘&ﬁdpglt‘quﬁﬁn t he

UEs; and communication system, the method comprising:

determining channel estimates for a plurality of different reverse-link signals to
produce a plurality of channel estimates originating from two antennas of the first UE;

determining a first signal-to-noise (SNR) ratio for the first of the two antennas
and determine a second SNR for the second of the two antennas for the first UE using the
plurality of different channel estimates, and

determining a first reverse-link data rate for the first antenna of the first UE using
the first SNR;

wherein a minimum mean square error—successive interference cancellation

(MMSE-SIC) joint multi-user detection technique is used for determining the first SNR
and the second SNR.

22, The method of claim 21, further comprising:

scheduling reverse-link communication with the first UE using the first reverse-
link data rate.
23. The method of claim 21, wherein the first UE communicates in the reverse-

link using an OFDM protocol.




23 means for determning a reverse-link data rate for the
respective UEs based on a pilot signal. 28. The apparatus of claim
27, wherein the pilot information includes channel quality
information. 29. The apparatus of cl&m 27, further conprising a
schedul i ng means for scheduling reverse-link data transm ssions of
the UEs. 24. The method of claim 21, further comprising calculating a power of each

reverse-link signal to determine a cancellation order for MMSE-SIC calculation.

25. 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 originating from two antennas of a
first UE;

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

third code for determining a first reverse-link data rate for the first antenna of the
first UE using the first SNR;

wherein a minimum mean square error—successive interference cancellation
(MMSE-SIC) joint multi-user detection technique is used for determining the first SNR
and the second SNR.

26.  The computer-readable memory device of claim 25, wherein the first code is

configured to estimate channels for OFDM signals.

27. An apparatus for scheduling data rates for a plurality of UEs, comprising:

means for determining a channel estimate for a plurality of different reverse-link
signals to produce a plurality of channel estimates originating from two antennas of a first
UE;

means for determining a first signal-to-noise (SNR) ratio for the first of the two
antennas and determine a second SNR for the second of the two antennas for the first UE
using the plurality of different channels estimates;

wherein a minimum mean square error—successive interference cancellation
(MMSE-SIC) joint multi-user detection technique is used for determining the first SNR
and the second SNR.

means for power controlling respective reference signals from the UEs; and
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means for determining a reverse-link data rate for the respective UEs based on a

pilot signal.

28.  The apparatus of claim 27, wherein the pilot information includes channel quality
information.
29.  The apparatus of claim 27, further comprising a scheduling means for scheduling

reverse-link data transmissions of the UEs.




