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SYSTEM daimof Priority under 35 U S.C. 119 [0001] The present
application clains priority to provisional U'S. Application Serial No.

60/ 691, 7280 2§{13$3p=d " ROBUST RANK PREDI CTI ON FOR | NTEREERISRROEI230BoNER
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reference. BACKGROUND 1. Field [0002] The present disclosure rel ates

generally to co ni cat | iAhfal ; for

ransm 111 BQBUSH RANK: PHETCTIGR FQRA MO 8 stem 11,
Background [0003] In a wireless comruni cation system a transmtter (e.g.,
a base station or a termnal) may utilize nultiple (T) transmt antennas

for data ClamoTPshiriyuhderB85BS«.\§d19 equi pped with nultiple (R receive
antennas. The nultiple transm.t and recejve At [NoIR ¢ channel
that may $80sed Tﬁ‘?)g?eﬁ‘?ﬂté@g’éa?%%ﬂ&ﬁﬁﬁf’n ﬁ&P%osnslgor?}l%?gi?éA%@a?g%/F%Iy. For
eﬁarﬂgl e, \Be cb/ho1N31, tdriled BROBUNTS RANK b mh Cﬂ%émmw lmsy from
the T transmt antennas to inprove throughput._ Atern t

transnitt BOWER CONGROMt @&N@Le%&% il @an?‘?ggv%'&d}tréﬁ@%ﬁorﬁﬁl T

Lransn t QphRGASN! COlFROPE 511 GHRPY 5 OMOBY aldlfied &5 Gickignd:ORAA; aflte

transm ss om eac rahsmt anteénna causes interference to the

t ransm ssimeopofaiaihetdiebptdi@ender ansnit antennas. In sone instances,

| nproved performance may be achieved by transmitting fewer than T data
streans sinultaneously fromthe T transmt antennas. For exanple, a
subset of the T transmt antenngdA(RGREOUN® ected, and a data stream may
be sent fromeach selected transmt antenna. The transmt antenna(s) that
are not uged fgfeld ransm ssion do not cause interference to the

[0002]  The present disclosure rolates generally to communication, and more

specifically to techniques for transmitting data in a multiple-input muliiple-output
(MIMO) system.

II. Background

[0003] In a wireless communication system, a transmitter (e.g., a base station or a
terminal) may utilize multiple (T) transmit antennas for data transmission to a receiver
equipped with multiplé: (R) receive antennas. The multiple transmit and receive
antennas form a MIMO channel that may be used to increase throughput and/or improve
reliability. For example, the transmitter may transmit T data streams simultaneously
from the T transmit antermas to improve throughput. Alternatively, the {ransmitter may
transmit a single data stream redundantly from all T transmit antennas to improve
reception by the receiver.

[0004] The transmission from each transmit antenna causes interference io the
trensmissions from the other transmit antennas. In some instances, improved
performance may be achieved by transmitting fewer than T data streams simultaneously
from the T transmit antennas. For example, a subset of the T transmit antennas may be
selected, and a data stream may be sent from each selected transmit antenna. The
transmit antenna(s) that are not used for transmission do not cause interference to the
transmit antenna(s) that are used for transmission. Hence, improved performance may

be achieved for the data stream(s) sent on the selected transmit antenna(s).



transmt antenna(s) that are used for transm ssion. Hence, inproved
performance may be achieved for the data strean(s) sent on the sel ected
transmt antenna(s). WD 2006/138337 PCT/US2006/ 023095 2 [0005] Rank
predi ct i OMORMCEPB3T 0 t he determi nation of the rank of PATHSRRY6COR M hel or,
equi val ently, the nunber of data streans that can be transmitted

sinmul taneously via the M MO channel. If too many data streans are sent,

t hen excessive interference e serye ﬁﬁﬁ streans
and the o989 | Barseyedigh re?f%tosg‘fsfd%&mmﬁﬁv&e)f?tgg?% q(};a toobfce}@vﬂ_ata
streanms aye, entl?:,hlﬁe RS eCANRG dhitalf tHah ear\bMBRrshattudesimitanensty Yial | y
utilized. [0006] There is therefore a need in_the art. for echniglgues to

det er mi nethe BEMQ phanoel. AF too MDY dREHTERMS SONRRIRIECD PHERETAY S PTG BEY f or
perform ran nedlch i ' MR Yot &R 3% &l SREbinkede riffgr. | N an
enbodi rre% Ogsgﬁilgﬁgj&e%f?%tog%&?sﬁtac | evedﬁgyﬁéeval u_at%)i%n&et he ggl?f or rance of

di f f er ent Copaskchl  toafdusdati seaklsMB stug i the aepagity et the AMASh#Raldswi t h t he
best or near be%t FA)erformance. In an enbodi ment, the rank prediction
account s PSAULKAIRAY 0sses, which may include any type of |oss that may
be obser VRohy daharetid MBRMIS inesd inl A6@H for tectmivuesrivoditermate thé rankrof a

predi ction, performance nmetrics for a plurality of ranks are initially
det er m neMIMExelordnk is indicative of a different nunber of data streans
to send sinultaneously via a M MO channel. The performance netrics nmay
relate to the capacity of the M MO channel, the throughput of data

transm ssion sent via the MM SHMMARY gnal quality of the M MO

channel, and so on. Adjustnents are _appl.ied 't%;}\téﬂﬁ pertformancse .brgatri CS
for the plU90F i t Feetmiqugn ke nepoBwRgTEkapdictaudn SRR RS £ or

these r anks.iy 2o AMLHGHTEN! fnR GRRAUMEN {ichYS! BelRREES tRYEHoRNC dfSses due
r I ONn Ccodée us

to an err correc d for data transm ssion, channel estimation
errors at diferent possibils raviey ozt MBHO ehaie! end eelestins thegerk weh s et "edcei ver,

AT ankc i s DERERREIEET off BhOUROBT, AR BRaRARh som I B B L he

pl ural i ty wfichiaqiacidd@ytankofbdshhdt henytbe sbserved by data transmission.
[0008] In an embodiment of rank prediction, performance metrics for a plurality of .
ranks are initially determined. Each rank is indicative of 2 different number of data
streams to send simultaneously via a MIMO charmel. The performance mefrics may
relate to the capacity of the MIMO channel, the throughput of data transmission sent via
the MIMO channel, signal quality of the MIMO channel, and so on. Adjustments are
applied to the performance metrics for the plurality of ranks to obtain adjusted
performance metrics for these ranks. The adjustments account for system losses such as
losses due to an error correction code used for data transmission, channel estimation
errors at a receiver, variation in interference observed by the receiver, variability in
transmit power due to power control, and/or other factors. A rank is then selected based
on the adjusted performance metrics for the plurality of ranks. The rank with the best
adjusted performance metric may be selected. Alternatively, the lowest rank with an
adjusted performance metric that is within a predetermined percentage of the best
adjusted performance metric may be selected. At least one channel quality indicator
(CQI) for the selected rank is determined based on the adjusted performance metric for
the selected rank. The selected rank and CQI(s) may be quantized and sent to a

transmitter.



adj usted performance netric may be selected. Alternatively, the | owest
rank with an adjusted performance netric that is within a predeterm ned
percentage of the best adjusted performance netric may be sel ected. At
| east oneWERAMABE33gual ity indicator (CQ) for the sel¥EN QPRI s

det erm ned based on the adjusted perfdrnmance netric for the selected
rank. The sel ected rank and CQ (s) nmay be quantized and sent to a

)
transmtter. WO 2006/ 138337 PCT/ US2006/ 023095 . [ Q ' pects
and enbodl¢f98L s éfmﬁ%aﬁpﬁ?;%ﬁ{“ﬂﬁg% S %i‘ebgﬁelﬁlr? Ljfag‘?? %Sgr%dd%t%glﬂ ﬁgrbel ow.
BRI EF DESGRLEBLGN, OF THE DRAW NGS [ 0010] The features and nature of the

present invention will beconme nore apparent fromthe detail ed description
set forth bel ow when taken in conjunction with the draw ngs in which like

reference charactergg ' & ' pi;m [0011] FIG 1
shows a transm tterﬁmﬁyﬁgg'@m@gm% I on. ig}0812] FIG 2 shows
processi n@mﬁ@l t's @ ket LRSI LE theSradehOivertidf 3]t betdme Bomluppareat r ank
predi ctor "'that performs capacity-based rank prediction., [3,0014, FIG 4

shows a r diokn freedsteiledr deshriptiopesdt itk belavo gIep IRk Bade BORUAHOR B &9 on.
[ 0015] FI 5 shows. ' ' - eL1 R WE T redi ctor.
[0016] FI &g B i 1%%%%%*5?% %‘%S%%S?@%ﬁ%@%ﬁﬁ%%ﬁ%‘?@éﬁtp [0017] FIG
7 shows ano@Eppar AUGs1 slorwsperdemitiensfaticordodprrectiver stohon. DETAI LED DESCRI PTI ON
[0018] The word "exeppl ary” is.used herein to,nean. " serving as an exanpl e,
i nst ance, [§H21] Léﬁr%P@ngro‘ﬁ?ﬁ’nge‘?ﬂ%&ﬁ%ﬁrtan%?lttare%l&lé)ﬁ' descri bed herein as
"exenpl ar fgo13y S NAG. HSkARSARNL Yreliietod Ghal pirfdring eshaatly-pased emipredintion.
advant ageous over other enbodinents _or d§sr%lg§-'sr %1001% %ﬁ( 1dspovvs a
bl ock di adehé of HE. &b wenk Profictopial peq U se PIFE" W r el ess
comuni cat gtﬁg SY SERMs él?cgvs f&ga%@%bfsﬁ%n( Qfiit fakWaEnY profiktor.t r ansni ssi on,
station 1 y be part of, and”may contain sone or ‘all of the

[0016]  FIG. 6 shows a process for performing rank prediction.

[0017]  FIG. 7 shows an apparatus for performing rank prediction.

DETAILED DESCRIPTION

[0018]  The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

[0019] FIG. 1 shows a block diagram of an embodiment of two stations 110 and
150 in a witeless communication system 100. For downlink (or forward link)
transmission, station 110 may be part of and may contain some or all of the
functionality of; a base station, an access point, a Node B, and/or some other network
entity. Station 150 may be part of, and may contain some or all of the functionality of, a
terminal, a mobile station, a user equipment, a subscriber unit, and/or some other
device. For uplink (or reverse link) transmission, station 110 may be part of a terminal,
a mobile station, a user equipment, and so on, and station 150 may be part of a base
station, an access point, a Node B, and so on. Station 110 is a transmitter of a data
transmission and is equipped with multiple (T) antennas. Station 150 is a receiver of the
data transmission and is equipped with multiple (R) antennas. Each transmit antenna

and each receive antenna may be a physical antenna or an antenna array.



functionality of, a base station, an access point, a Node B, and/or sone
other network entity. Station 150 nmay be part of, and may contain sone or
all of the functlonallty of, a termnal, a mobi | e station. a user

equi prent WO208U&RY i ber “unit, and/or sone other devi cETEFUMGFOR (or
reverse |link) transm ssion, statlon 140 may be part of a termnal, a

nobi |l e station, a user equi pnment, and so on, and station 150 may be part

of a base tign, an .access L 110 is a
transm ttgqﬂihﬁ a‘%&‘?’ésml%rasﬁ%ﬁ gg?onan a%&%?&?g{&gﬁa\% 1? E r?ﬁj% Vt%lgp e

ant ennas. qsh afohP# ddtk QoiirSe 8137, @ecisses (eaf., Siraats,dat@ies rintededves iand spmboli s

equi pped vmth mul t | R an ennas, Each transm t, antenn and ach

recei ve amapRiih ﬁﬁgi%@étadn&ﬁ% P5e Wik achig et(ﬁ) @Htggﬂ?ﬁte%ﬁ?tg

2006/ 1383 Z dﬁe&@@@@e&%&%@s AsyhORRY bk, éfpm"t%ﬁi*nbélﬁéasjzlﬁbdlcmrﬁ;ﬂtﬁ,, a

transmt ta processor 120°receives traffi data froma data source
112, proc aml;esyn(ﬂml@typmdbrmc(&nplﬁh@é@eﬁhel d@t@%&lﬁe@ PHASYIPAEANSY b%aps) t he

EL%EI c. Hiulpfefi SRR R s iRl R LGS SIOARENAIRERARE |
synbol i s igkewihopridoby Pothahe traramitiea aag/mnemven sAtpycpiuet:@lnhg’t ma;cmdma@m val ue.

The data synbol d pil ot synbol s ti
rodul at oS Ee PR B ool Fbeifeof TSt DR LSRR o

priori by BokhtNend/bRRES datBlet @R ARG Yétnat Mapakl Bt rdfatdib aﬁayaﬁeﬁdl cate
a data rgte or rnformation bit rate, a coding scheme or code, r

nodul at i og tmsmbfonaat prekes obpyterminalosyr 1ot Halp PsereaeRd 29 dempltip éfeset
format ma g,glb@f {orﬁpst}egngswﬁegelg%M <& faﬁ@fif REfetmihed B! ihe QhnkSOME

ot her ter ata processor dermul tiplexes the’data synmbols
into M st Ipﬁ:azli&d blrene cdnttolibd/frocessof addl | STheetdetanispsbolbpirednes raagksenpr ovi ded

o mil { ancoteiGaoRabTg B Ehemes Sl o ap AP Gereitd B Ao b

streans, sRathAbutpelsh@aiE or Sthdsthersérfi@ulBgy. or SOmMe ot her t er ni nol ogy.
[0021] A TX sEatlaI rocessor 130 nulti Iexes |Iot S jg W'I\E;hda&he M

data syntief21ft r e spaial goRssIOF 48y ]rex%"’p a3y ol WE

mul tipl ex t EQYihg 98 h sﬁlﬂtﬂﬂés&dqi tD P Ut
synbol s tggufg@r%ﬁ%%gt %OEH%_F%X&%HR&% aﬁﬁd%r oug 9132te Each tranasmtter 132

pr ocesses pflet symbolwpahd moddes Tereams péoutgutambglg to T trapsmitters (TMTR) 132a

through 132t. Each transmitter 132 processes (e.g., modulates, converts to analog,
filters, amplifics, and upconvetts) its output symbol stream and generates a modulated
signal. T modulated signals from transmitters 132a through 132t are transmitted from
antennas 134a through 134t, respectively.

[0022] At receiver station 150, R antennas 152a through 152r receive the T
modulated signals, and each antenma 152 provides a received signal to a respective
receiver (RCVR) 154. Bach receiver 154 processes (e.g., filters, amplifies,
downconverts, digitizes, and demodulates) its received signal to obtain received
symbols. Each receiver 154 provides received symbols for traffic data to a receive RX)
spatial processor 160 and provides received symbols for pilot to a channel processor
194. Channel processor 194 estimates the response of the MIMO channel from station
110 to station 150 based on the received symbols for pilot (and possibly the received
symbols for iraffic data) and provides channel estimates to RX spatial processor 160.
RX spatial processor 160 performs MIMO detection on the received symbols for traffic
data with the channel estimates and provides data symbol estimates. An RX data



filters, anplifies, and upconverts) its output synmbol stream and generates
a nodul ated signal. T nodulated signals fromtransmtters 132a through
132t are transmitted from antennas 134a through 134t, respectively.

[ 0022] At receiver station 150, R antennas 152a throu h 152r ceive the T
modul at edVQ YHAPE7and each antenna 152 provides a recel VEY" (’/06??% to a
respective receiver (RCVR) 154. Eachr ecei ver 154 processes (e.qg.,
filters, anplifies, downconverts, digitizes, and denodul ates) its

recei ved signal [ r I des
recei ved & %P’étl?%ﬁ%{ﬂ?ea roge%gat dgtoé%tﬁglg%:%?svgﬁ[? EIXE&@? gﬁ g%ééyglggl\s{sor 160
and provi degnfiechi pasidey dbaldsd faia tqa daid siblo 182, channel pr ocessor 194.

Channel processor 194 est] malg s the res e oe@ \%®) ch J om
station 1483]o Heseiveriteres §§E‘t¥ CEHUTR @1 31813? 8@%@%5 fl]{ (and
possi bly 48 £68 ity RshsnitidrRpkion f 00, Tﬁ@ﬁe&db@cwm@inaamdnﬁymdw@ e&gbalimel

estimates to RX spatial processor 16 pat.i al tﬁroc ssor 160 é)erform;
M MO det ecmﬂcdn wemior h:enanwe@mémww mfaﬁatﬁ&"é?lﬂi[sa HRECWOTRAR S hannel

estimates .a [ OV E‘\I,\g RicdB8337
PCT/ USZOOé? > log 6}%@2@%%}{&@5?@@5%) aﬁ%?%? gﬁg%?e%gﬂea t(%g?nt e)r3I eaves
and decodgsy) phdretsdadcadaly b aleceiest statitne $5@ nothpr typiesl e m&wam dest Bmt 0 a
data sink 172, [0023] ive ation.150 ma | uat e

condi t i on§°%ﬁ@a§@n@eﬁe£g@1§ drbﬂﬁ?’ﬂ#ﬁ@%ﬁl%ﬁ’%"‘%ﬁﬁs%@erﬁ ,tetngcr:&elét a? i on ’10. The
feedback i nh QUABaIl by RATX &k stsbuewaa émam Seesdedrby a TX
transm ssflgtfrl](a chaln]ﬁgtflﬁgy *I ty m%l;alélggtg];oge (CQs [3 gpjéhrgtﬁ}; romat to use

for transspaul grocessok 1S eSS TEOCRSY chnHP’Eﬁmﬁ"é@ Lfyment s
(NAKS) T UenRBERERSaARES nggr@aﬂ%hic% § Rl RViPfhedinlls 192 NBouky P28, Of

i nformati (jqﬁn or ~any tion thereo The feedback information is
processed [(m4q; Mrimﬂmi:ter statiex 1 Ky tted} modnldted\signels araispaingd ix/amdennys

169, and gt e e adetoshony of reativhioo o BF o, idaPBlch e EPRETERY
R nodul at qu ﬂ@ﬁ;&r&eesmlmh, R FunltlicR PRoTedst® (k. 8 r&nﬁﬁﬂmmh&ldkﬁﬁaieﬁhbjo&gh 152r .
[ 0024] At transmtter station 110, the_ R _nD S e received by
antennas RS sumplMscuRIEsPI4p8 IHFEERS eﬁ‘}baf’gggﬁ Wéardt@ 82’5‘]“? PFORYR™32t
spatial |y |ah0GeaSR%hEYda® transmission to receiver station 150 based on the feedback

information.

[0025]  Controllers/processors 140 and 190 control the operation at stations 110 and

150, respectively. Memories 142 and 192 store data and program codes for stations 110

and 150, respectively.

[0026] The rank prediction techniques described herein may be used for any

MIMOwireless communication system, e.g. MIMO wireless communication systems

such as Frequenc}lr Division Multiple Access (FDMA) systems, Code Division Multiple

Access (CDMA) systems, Time Division Multiple Access (TDMA) systems, Spatial

Division Multiple Access (SDMA) systems, Orthogonal FDMA (OFDMA) systems,

Single-Carrier FDMA (SC-FDMA) systems, and so on. An OFDMA system utilizes

Orthogonal Frequency Division Multiplexing (OFDM), and an SC-FDMA system

wtilizes Single-Carrier Frequency Division Multiplexing (SC-FDM). OFDM and SC-

FDM partition the system bandwidth into multiple (K) orthogonal subcarriers, which are

also called tones, bins, and so on. Each subcarrier may be modulated with data. In

general, modulation symbols are sent in the frequency domain with OFDM and in the ,

time domain with SC-FDM.



RX spatial processor 136, and further processed (e.g., deinterleaved and
decoded) by an RX signaling processor 138 to recover the feedback
i nformation. Controller/processor 140 controls the data transm ssion to
recei ver WOR0P@HSPE0 based on the feedback i nformati ofcT/PHOPYR095
Control |l ers/processors 140 and 190 coftrol the operation at stations 110
and 150, respectively. Menories 142 and 192 store data and program codes
for stations_ 110 _an re ect el.y. The r .edi o1 | on
t echni queiﬂ%’ﬁgkcr |%ﬁ%i$é"ﬁﬂ’nﬁi &%?%&9@% at atpel§ &lgﬁjhfdéﬁa
COMMUNi CafieOR a¥Ria Bl reboithr SMIMQW m@ﬂr B@alamranméd owdni Rm%mmmma]c h as
Frequency Division Miultiple Access (FDMA) systens, Code Division Miltiple
Access ( Chispynss ymtronEl()Tfomsadhi subesrds Aaiybich Eﬂ?’é’ bseERssed IVA) syst ens,
Spatial Division Miultiple Access (SDVA) systens, O'thogonal FDVA (O:DI\/A)
systens, Single-Cafrier PI\Q (SC-F ystens, and so on. An OFDMVA
systemutilizes O ﬁo@’é’na Hequen ¥ yi sion Mil tiplexing (OFDM, and an
SC- FDVA system uti| hz&p) Shnglke- Car ki gik) Fr equenc ion Ml Xi ng
(SC-FDV) . OFDVEHf=5 ZIQF)DM ggrfl t.i onHta(he system %aﬂdw th into hl pl e
(K) orthogonal subcgrriers Which are’ also called tones, bins, and so on.
Each subcarrier may b@,(hbdbk,a(ﬂcéd"w fikzdta. In general, nodul ation
synbols are sent in the frequency domain with OFDM and in the tine domain
with SCFDM WO 2006/ 138337 PCT/ US2006/ 023095 6 [00271 The MO channel
formed by wheee anteyhgliNadont =ty-afs Andt &F Let-dt» 18410 $97PHRY o CRRPIXFHbnnas at
recei ver station 150 nay be characterized_by an R X T M MO channel
response rbﬁwqe&tfﬂsffk al"ft‘?ilﬂlaé e TI0aF {9 SIS Kray be expressed as:
, 1(1c) RQ??Z)%(’ WH %ﬂam@lzﬁqﬁff)behg&Giﬁbosed 1nﬂ>2§(5| fial bt | where |, K,
Eq(l) hR, 2( k where entry h; k) for i =1, ...
and | =1, S<mn{l, R}s ﬁ"h@smabcman@ S)maE@lﬁplbéX"C@ﬁP@]tD as spafial layers, layers,

independent channels, and so on. The MIMO channel response mattix H(%) may be

, R

diagonalized to obtain S eigenmodes of the MIMO channel, which may be viewed as
orthogonal spatial channels, S data symbol streams may be sent on the S eigenmodes
by performing eigen-beamforming at the transmitter. S data symbol streams may also
be sent on the S spatial channels with some other spatial processing or without any
spatial processing at the transmitter.

[0029]  The number of cigenmodes (or the number of spatial channels) is referred fo
as the rank of the MIMO channel. The MIMO chamnel is considered full rank if
S =min{T, R} and is less than full rank if S<min{T, R}. The rank is generally
determined by channel conditions. For example, the rank is typically higher in wireless
channels with rich scattering and is typically lower in spatially correlated channels and
line-of-sight (LOS) channels.

[0030] Good performance (e.g., higher overall throughput) rhay be achieved by
transmitting data such that the number of data symbol streams is matched to the rank of
the MIMO channel. In a low-rank channel, reducing the number of data symbol streams
may substantially reduce inter-stream interference and increase the received signal
qualities of the transmitted data symbol streams, which may allow these streams fo be
sent at higher rates. Thus, it may be possible to achieve a higher overall throughput

with fewer data symbol streams. Conversely, in a fullrank chanpel, the maximum



between transmt antenna j and receive antenna i for subcarrier k. 10028]

The M MO channel nay be deconposed into S spatial channels, where S< mn
(T, R. The spatial channels nay also be referred to as spatial |ayers,

| ayers, WOEPEREBAt channel s, and so on. The M MO chabfrElS20¢dB#HEe matri x
H(lc) may be diagonalized to obtain % ei gennodes of the M MO channel,

whi ch may be viewed as orthogonal spatial channels. S data synbol streans

may be sent on the S ej gennodes f ' ' ; beand ) th
[ anoni ¢ Bmbaofgeia SwphI SRt Baiy g oLy o e LB SARACL g, & 1 e

channel s Wiet\IMBGTBarALNAN 16 Bkindike MIDEREHHsIg Or Wi thout any spati al
processing at the transmtter. [0029] The _nuynber, of ei geggé)des (or_the

number of [098k i alThe wernprediption; tqclnigpesedpsered Sicrqim deferpine dhe HBDRA Rl
channel . IS - [ | evedi N {T, R} and
Is |less tﬁ%%%ws%%q‘?h@@n&% tﬁ?%%ﬁéﬂo%%%?gmﬁ? %cﬁbegﬁ%”r ally

det er ni ne{hody] chdhaednkgeniictidnonehmidees mex dapsed, withhearicus kpérstionapinodey y

hi gher in w reless. channel i.th rich scatt.eri a LY DI C | ower
in spatiaﬁl\r’gba&a#w&leépgﬁ”%ﬁéﬁﬁ%@%‘f?&nglai ‘gﬁ%lf’-“ %{&W@P %ﬁ‘%enﬁle‘llt%e [ 0030]
Good per f QERPRRERe( £ shigle picRACfonaMekalskd Fdir HUEAP Bimboiesticbesawhick\trel by
transmtting data such t'hat the nunber of data Sd‘?fbm streans i s nmatched

to the rasikpdfy onerssionaiibe dlrasmider andiegeivepwiny the MG anofis 2 difEemt parket he
nunber of S A8 ty [ Ské gam

I nt erfereﬁog]glta%ﬁlgy%géega%feg?%gdartecel%oggﬁés]&gr?gllﬁéﬂ %ﬁgl%lg i eg pg#f&t&%e

transm t t egneleiaand yoitifiorst r eans, which may all ow these streans to be sent

at hi gher es. Thus, .it . be_possi bl e to,ach| eve hi ral

t hr oughpuiéﬂ%&] th de?gﬁ%ﬁﬁb%&“ﬂ“%&%y_ aESnQ/éerusseeq fﬁ’p ivﬁg‘g&f gﬁlal%la?ank
channel , bheedms SHEMMOsRR06¢ B38BT tEpligSabemk02 3R8Edo-Andunhenppifig dat a
synbol streans nmay be sent to full

utiljpz .| of the spatial channels of
the M MO e¢hsmset bearerfargingsohgmse Wrbaph@? %Fﬁffﬂ?ppwgescﬁz‘a??% ?ﬂ'ee‘gq?%t i on
t gCPrn;ﬂgren%IggoE%ﬁéﬁgtsgﬁrﬁ eﬁlﬁ;tﬁiﬂ%ﬂ%ﬂkﬂ% Wiél[ﬂﬁ@ﬁ%ﬁpaﬁ%ﬁﬁ@ceﬁ )OI thd I €ans
good performance can be achieved. [0032] The rank

pr edi ct i opsdndemaidquesapping nbewseehchidets symbpbsfeeanipie sgnt fora (allnb dagsmit

antennas, and all data symbol streams achieve similar received signal qualities. In the

beam-forming scheme, each data symbol siream is sent on a different eigenmode, and

the data symbol streams may achieve the same or different received signal qualities. In

general, signal quality may be quantified by signal-to-noise ratio (SNR), signal-to-

noise-and-interference ratio (SINR), energy-per-symbol-to-noise ratio (Es/No), and so

on. For clarity, SNR is used to represent signal quality in the description below.

[0034]  For clarity, the rank prediction techniques are described below for an

OFDM-based system, e.g., an OFDMA system. Furthermore, the techniques are

described for the SCW mode with the pseudo-random mapping scheme.

[0035]  FIG. 2 shows a block diagram of an embodiment of TX data processor 120,

TX spatial processor 130, and transmitters 132a through 132t at transmitter station 110.

Within TX data processor 120, an encoder 210 encodes traffic data in accordance with a

coding scheme and generates code bits. The coding scheme may include a Turbo code,

a convolutional code, a low density parity check (LDPC) code, a cyclic redundancy

check (CRC) code, a block code, and so on, or a combination thereof. A channel

interleaver 212 interleaves (or reorders) the code bits based on an interleaving scheme

and provides interleaved bits. A symbol mapper 214 maps the interleaved bits in

accordance with a modulation scheme and provides data symbols. A demultiplexer



such as a single codeword (SCW node and a nultiple codeword (MCW node.
In the SCWnode, a single packet format is used for all data synbol
streanms, which may sinplify operation at the transmtter and receiver. In
t he MOW nb@200&138137 f er ent packet format may be used fRrT/BREMWHHE synbol
stream which may inprove performance8 n some channel conditions. (00331
The rank prediction techniques may al so be used for various spati al

i h , di t i -
npi ng. | eRBHS 214 damsieRar i phE ahaias o i SRS wpde REBNARRILBRAGE
schene, ongsal Ank SYiNESAMVED ERaRE] mdsefbvidedby eatilltrmosnidr 140t enna wi t hout
any spati al rocessing. In the seudo-random mappi.n hene ch data
sy)rlrbolO st r[@lﬁl%i i s Within ¥ epatial PrchﬁsPléh%orﬁath]é‘Hnleé?fE@g‘Pgazég rﬁ‘f‘?“}eagﬁ%kgynbol
treans aghj i i J it I Fmon
S %%%g@pgf @fh‘@% p%&%k\éﬁ% prtb &R 190aha 3}3?;@ thel datd fi@aboRea iRt N ng

schene, eac reamis sent on a erent_ eigennode, _and the
data synmbeymbéls émtte preper achuamiees icheach aymbaelrpegiog s & spatiak Bamingnis Lghal

qualities. Ln .. genperal, §jignal, qualit b tifi .

si gnal -t o-%'il@@grt \i ﬁ%ta(ﬂéﬁfﬁ? ,pﬁgti g’ﬂﬁ‘?c’-l? xgrn%%épssg?an - ii‘ﬁpét??a e%xnlc\:ae spatil _
(SINR), e iR PR fibfr1AkSR stRbloP2EFRIANRYVId@ WO syribvls fopthat| ari ty,
SNR i s use o-repres&nt” signal quality in the description bel ow. 100341

For clari tebeatrite. Mvifkix PPEH) Cinbp et e aibamapriesofar & B siribethabid, Wl &dr  an
OFDM based system e.g., an OFDVA system Furthernore, the techpi ques are
descri bed Hadameidengayy ardael withpnarme! meiiig 6t peihel atheraafixn MalEierlector 00351

FIG 2 sh a bl.ock .di agram of. an i find %52 0 120,
TX spati a&\ggrlﬁﬂ:yeggtﬁl?mlies%,% %H’&nﬁl?%ﬁéﬁﬁﬂrgs%%fg tpgr oug]fﬁ{fi!fg t&gl'?l%ﬁér/

{r ansm ¢t G SLak i 80 Wikl solllibhia 685 BroidREEs it bR mappiep adies 210
encodes tratfic data In accordance with a coding schene and generates
code bi t s.forftiffersotivhepriehe fpatishypapping waib 222 movides & oyt syanhod siimst? onal

code, a | densi t I C k (LDPC) code, a cyclic redundancy check
( CRO) codgf,Nt?qﬁ%eé 1%3@&%% g’o on, or a conbination thereof. A channel
i nterl eavgoo®}2 i Bichrtamavier (82 indaded ensPFPNMemoddetopiModhazbande B

i nterl eaving schene rquides.interl eaved. bi I 214

maps the itAdRFgEmey @ﬁj ?ﬁlt%\éhagﬁfg‘r{]@aﬁ?ﬁ%ﬁnﬁrﬂﬁ% f%%%ruﬁ??%%%‘é egg%gnd

provi des dagevesVbtiut AniRMulrédnagd Qiend@er CHDNIZEBHHILCT A0 ENAR3095
period, OFDM modulator 230 performs a K-point IFFT on K output symbols for K

subcarriers and appends a cyclic prefix to generate an OFDM symbol for that symbol
period. TX RF unit 232 processes the OFDM symbols and generates a modulated

signal.
[0038] At receiver station 150, the received symbols from receivers 154a through

154r may be expressed as:
r(k) = H(k)- By (k) s(k) + n(k) = By (k) - s(k) +n(k) Eq (2)

where s(k) is an M x1 vector of data symbols for subcarrier £,
r(k) is an R x1 vector of received symbols for subcarrier %,
H,, (©)=H(k)-P, (k) is an RxM effective MIMO chamnel response matrix

for subcarrier £, and

n(k) is an R x1 noise vector for subcartier £.



8 (Denmux) 216 demultipl exes the data synbols into Mstreans, where Mis
the predicted/ selected rank of the M MO channel and is provided by
controll er/processor 140. [0036] Wthin TX spatial processor 130, a

mul ti pl exBi0 0Mi$33220 recei ves the M data synmbol str HEUIRHH2IRS dat a
processor 120 and maps the data synbofs and pilot synbols to the proper
subcarriers in each synbol period. A spatial mapping unit 222 nultiplies

he d d/ il A f b i k.with a.T M. i al

ranpi g msos Pt %mp?%@_?n‘) 2 Pathei G B SRR S0 et vt Sl

synbol s f8§isé Q@We@%&@gieﬁg@m&%&dréﬁ%s&m&mnﬁﬁx Bf aUyBE i Xaefe @ T X T
matri x, a X a

Fouri er mard matrix, a T x T orthonornfl”™ matrix, or

sonme ot heraz%h{ei\éﬁm%@%”&%n?i%k%& Plis the 2dkn! sggkerm ne the dinension of

PM k) based on the ran romcontroller processor 140. Matrix sel ector

224 may a'[(ﬁﬁog Oed@ivétistaien 850 map abd whicTRRIMINddIRkibh eRBniqhey todedover ent
subcarriers. Spati al Q;;ggl ng unit 222 provides T output synmbol streans to
T transni theetatn g@zhels yHrangpitter stafarsy]10EaEhese MM defestion deehniqies des an

OFDM nodul [ n : hﬂ%@i F ni /thin
each tr an%n%iut%fa eé W@%ﬂ:% %ﬁ%ﬁ %alt(tt%({ gs Eécggééﬁ\ﬁ}g%mglﬁ %ﬁ#ph%uage;)rg}%%ﬁ/v stream
and gener @UBESEYFEMb-Syroingl(ZF), land escimal yratim bonipeing (MR OFBNMiaeks | aad ¢2) 230
performs a K- .poi I FFT on K, out.put symnbol s for ub i €er appends
S Rossa ot ittt bt i
uni y idn b efadliesr essignal .

[ 0038] At métggei ve?iestatﬁn 150, trlye recei v_edqsy_nboi@g from [ecg? vé_r 154a

through imerferensy corceBatinme@IChtegkniqyesk Reeaiy ) statior) LSP wpashdsry e fenial k) +n( k)
, Eq (2) ' M }ﬁ?;ts SHTHO t&;{ﬁ agdier Kk,
r(k) is arﬁwgexh%ﬁlg%tégghgﬁbrecéi]kvté%%g;ﬁr}b@%s o?’subcairvgzi%?éck, %I%E{() =

H k) PM @)owss an R x Meffective M MO channel response matrix for
subcarrier k, and n(k) is an R x 1 noise vector for subcarrier k.

Mss (6) = D, (6)- [ () Hy () + 0 - 1T - Hy (B) Eq (3)
M, () =[Hy (k) Hy (5)] " -Hy (k) , and Eq (4)
M, (k) = D, (k) iy (k) , Eq (5)
where Q, (k)= [ﬂﬁ(ki By, (k) + 0] 1 - Hy(R) - Hyy (8), Eq (6)

D, (k) =[diag {Q, (k) }]7, and

D, (k) =[diag { By (k) - Hy (R)}]™ .

In equations (3) and (5), D, (k) and D, (k) are MxM diagonal mairices of scaling

values used to obiain normalized estimates of the data symbols.

[0041]  Receiver station 150 may perform MIMO detection as follows:
8(k) =M(k)- (k) = (k) +1(k) , Eq (7)

where M(k) is an M xR spaiial filter matrix that may be M,,,..(£), M, (k) or M,,.(k),
§(k) is an M x1 vector with M data symbol estimates, and

n(k) is a vector of noise after the MIMO detection.



WO 2006/ 135337 PCT/ US2006/ 023095 9 [0039] For sinplicity, the noise may
be assuned to be additive white Gaussian noise (AWGN) with a zero nean
vector and a covariance matrix of n(k) = a'n 1, where c is the variance
of the noVOSI¥AESP7is the identity matrix. [0040] RecehiGHYSPL{8H 150 may
use various M MO detection techniques0to recover the data synbols sent by
transmtter station 110. These M MO detection techniques include (1)

i near M M) detection techniques such as mni,mu n ughe, error

(MVBE) , 2042l or Resreg 3toFon 440 T A0HRRR 27 STTORE Sl it 55 Tk PEEL R ques
and (2 non- 1l r_ N | A S 3 [ kgl i hood
(N L) decB it ryBR gl 6t AhoBficl e S L A B S0l Dol i zor
(DFE), anderReCMIgRSbased oh HE@E) foe rER0S . CRiratinbusidnos! ¥IGEC)s depetdentopmethe

Recei ver station 150 nmay derive a spatial filter matrix for each

subcar ri erank Masekdfon iratsnessiovSEThezdatn syminEestisedios ig k) ars estimptppokthe

M"", e(k)=Dme(k)' [HMIr)"HM k) +an' HM k) , Eq (3) Mf

(k) =[ HM kgjatepgorals ' sGEM (k) , and Eq (4) M"r"(k)=Dnre(k)' HMk) , Eq (5)

wher e =l H "13 +C. 11-""HMKk)5:. k): . !)r@@ k di

{ Qv (kq)\/(ﬁi’?ﬂgbmw(gkﬁn —%‘Tk%‘idgﬂer}t’ ﬁﬁﬂl%préql%gli]&%e%% nbequa%ulagrrl\% %15)_ gn:jag
(5), Dm rmdfdh 67 diffdenp@sieabikdbBghe MIMOBheinck and felstiap ithgranial ues
used to obtain nornalized estinates of the data s;i)nbol S.. 6‘[OI(:') . Recei ver

station 1%¥thrhg bperof giem MW@@P@E@?-OH@W&W B e"‘Ela{“kij‘ d] Sﬁ/(l’ ‘fusr (k) =
0, At § A S g s e
data symbGhamst icapdeiy, gansthllyl (4frsito they dhepraficalf trpesmissiorf capacitn eofvRMO
detecti Onbomvgu%gz?t%nlc gr?n%? JFEJ c/:alﬂgc%%oo@/a%ﬁ\ﬁa%ha&%l is dependent on the number
of spatial channels in the MIMO channel and the signal quality of each spatial channel.
Throughput generally refers to the amount of data sent via a communication channel.
Throughput is dependent on the channel capacity as well as system parameters, e.g., the
packet formats available for use. Channel capacity and throughput may be given in
terms of spectral efficiency, which is typically given in units of information bits per
second per Hertz (bps/Hz). Channel capacity is referred to as simply capacity in the
description below.
[0044] In an embodiment, the rank prediction accounts for system losses, As used
herein, system losses refer to any type of loss that may be experienced by data
transmission. System losses may include system implementation losses (e.g., due to
coding scheme, packet format, etc.), losses due to channel variability (e.g., variability in
interference and transmit power), processing losses (e.g., channel estimation errors),
and/or other types of losses.
[0045]  FXG.3 shows an embodiment of a rank predictor 300 that performs cap acity-
based rank prediction and accounts for system losses. Rank predictor 300 evaluates the
performance of each possible rank using capacity as tl}e performance metric. For
simplicity, the following description assumes that T <R, and that up to T data symbol
streams miay be sent simultaneously from T transmit antennas. Rank predictor 300
includes T processing sections 310a throngh 310t for T possible ranks of m =1 through
T, respectively. Each processing section 310 determines the average capacity for a

different possible rank that may be used for data transmission.



[ 0042] Receiver station 150 may obtain an estinmate of H(k) or HM k) based
on pilot synbols received fromtransmtter station 110. Receiver station
150 may then derive Mk) based on H k) or H (k) . The dinmension of MIc)
i s depend®t208H1BHE rank M used for transmi ssion. ThePQEYROWIRHEF
estimates in "s _(Ic) are estimates oflthe data synbols in s(k) . [0043]
In an enbodi nent, rank prediction is achieved by eval uating the

performance of different paqgssibler of . t he nn n | ecting
the rank [446h ¢n 1“6‘8511“??351%59“18%3?8%?W%n@%r‘%ggg’ﬁﬁéﬁde %aa)?;glbe
quantified by. vari et Il I j ,
si gnal qum%pg Vg?%l.tgﬁregﬁ%{thgﬁim&oaﬁ.&ﬁ%ﬁgﬁ%g Eﬁ%g%gg ?0; eéég{]sgyg%ﬁlq%/g refers
to the theo i: Ngok.SSi cgipﬁgj% amatEif MPU(K) C | 1@flc GRaddel . The
capacity ZCT &‘gﬂﬂﬁﬁ%%@n‘:@% ?spﬁ’gpendent 8%tgheanurr'6e(?) of sp;t?ihal channel s

in the M MRwdanneR xan Gffebtere MVl chatigd] irésponk resdh Bp@) ifat subeamieek.
Throughput generally refers to the anmount of data sent via a commrunication

channel . Ukl Hi2giepfotns spatielpoapping inghe sines srnnesaF seatisheppningunihe?? ats
system paraneters, .e. t he. k r At i annel
capacity &6g° Fro%adm}gfw ﬁ%fi/“ngl@&gi&\f’g?\atifl% %é?%@aﬁgﬂf&%géélgltn&t%rd e |c€92ncy,
which is tipgirgal | An SNReBalblationi ikt $F4 detérerinet the SNRstof them dstecymblolper

Hertz (bps/Hz). Channel capacity js referred . to -apl a ity in the
descri pt i 6Fea Gigauvalgatly the i %Hi"%%llr%ﬁ’é'ﬁeﬁﬁe{?fm’{‘ﬁ’é ﬁ%é@@%c‘%ﬁ 0% ount s
for systemd Rxﬁgﬁfdetéétio&l%&mlgﬁeﬁﬁémy S BMhIRIS B 40kl ad Meainbbype Of
| oss that nmay be experienced by data transm ssion. System|osses may

i ncl ude s ydstasrynibobbteamn tsenti somultanseusty. (Borgthe MM SEtechniayg idassribed ahye. packet
format, etc. Jagsses due .0 channel vr']%ml.' . N, NBRIdebdy 1N
interfere eekadﬁlﬂfsigﬁwe " “ﬂ'li%)C%S%SI ngn:l%) usaélsn ?% gﬁélg@ﬁgjr{lr?g%
estimtio rrors a ttﬂgr ses. [0045] FIG 3 shows an
enbodi nen{ha%’fs}qél ?%S‘rﬁ?mf)l?%{cﬁg@?%r %é‘%/lﬁe:e?(p%fg? %?'m; capacity- based rank
predi ction and accounts for system | osses. Rank predictor 300 eval uates
the performance of eachgpoggi ble rank usi n% capacity as the p?éq%(g mance
netric. For si%;i,di’fi?,l—“r"ﬁ'e—kf"ol | owi ng descf9TptT o Hssunes tha ) R and
that up to T data synbol qs’fgéams may be sent sinmultaneously fromT
transmt antennas. Rank predictor 300

where g, ; (k) is the i-th diagonal element of Q_ (k) for subcarrier k, and

SNR,, ; (k) is the SNR of data symbol stream ¢ for subcarrier £.

Equation (8) gives SNR in linear unit. SNR is computed in different manners for other

MIMO detection techniques.
[0048] The average SNR of all m data symbol streams for rank m may then be

computed as follows:
SNR,,,(6)=—-> SNR,, (k) , Eq (9)
Mmoo

where SNR,, (k) is the average SNR of all 7z data symbol streams for subcarrier k.
[0049] A capacity mapper 316 maps the average SNR,,, (k) for each subcarrier k

to capacity and further accumulates the capacities of all X subcarriers. The capacity

mapping may be performed based on an unconstrained capacity function, as follows:



i ncludes T processing sections 310a through 310t for T possible ranks of
in =1 through T, respectively. Each processing section 310 determ nes the
average capacity for a different possible rank that may be used for data
t ransm ssME2006¥3833006/ 138337 PCT/ US2006/ 023095 11 [0 TUSAPRGA2395
processing section 310 for rank m wh&e ine { 1, ..., T 1, a spatial
mappi ng unit 312 receives the M MO channel response matrix H(k) for each
subcarrier Ic, multiplies Hk) with a T x na spatial nmapping matri x Pm
(k) for rank ip agi i angRx in effective M MO channelgglyepponse
matrix H,,, (k)@“"*’br k_,ulg%gfih@?“‘l“’&'gm Unit 312 performs spati al rrgggg?ng in
the same manner as spatial mapping unit 222 at transmtter station 110
assum ng that in data synmbol streans are tran m'tiﬁd f@rﬂ{ rank in, [0047]
An SNR caméeieatCion isiflietdverage ganagityoh eacht spatiadig Tk - 2t eqUaiafhol

streans or equivalently the mspatial channels r rapk in. The .SNRs are
dependent (16 the prpa el SERCPIEIST 1S VRH %’fﬂéoﬁzije‘ﬁéﬁ@wiue@g'v@]ﬂe EPAHISH 150 as

wel |l as the nunber of data synbol streans .sent sinmultaneously. . For the
MVBE t echifitlleK sbeaisse gr ea‘%@% accunplat "ir’@m?‘iei % BV EREC PR ot%’b \Blaé"gd"'o n Hm

(k) as shewoiddnQaaic@heltd hmclbiassiifeHo 1B8CHom dadiAg symb@llatiinl eam f or rank
in may then %ﬁé Iéxpress?e catg: §NR (k) =gmi (k) folﬁgi =1, ..., m Eq (8)
m! 1-qm i \Mg%e i ihs hil alsol be PeaseRal bALEINL QhsiRindkK) for
subcarri e:[m&!ﬁ an Esﬁ%%aﬂ;y H%pl?]% t He SSﬁR o? data synbol streami for
subcar ri ecapacitEfmetionpas fo8pweri ves SNR in linear unit. SNR is conputed in
different manners for other M MO detection techniques. [0048] The average
SNR of all mdata sypbol streams for rank in may then be conputed as

foll ows: SNRavé@m ( k)SSog, j1k7SBRR, | (&), Eq (9) in i=1 where SNEaugyim (k)
is the average §NE2 QZ;]aFﬁ m dat a %ynbol streans for subcarrier k. [0049]
A capacity mapper 316 maps the average SNRav&,,, (k) for each subcarrier k

where . 7<1.0 is a penalty factor that may account for various factors such as
modulation scheme, coding scheme, code rate, packet size, and so on. Capacity may
also be determined based on other capacity fimctions or look-up tables.

[0651] A capacity adjustment unit 318 adjusts the average capacity C,, to

account for various factors, as described below. Unit 318 provides an adjusted capacity

C for rank m.

adj, m
[0052] A rank selector 330 receives the adjusted capacities C,, through C;, for
all T possible ranks 1 through T. Rank selector 330 first determines the total capacity
C

ol 10T €aCh rank m, as follows:

Cootarm =1-C, . Eq (12)

ave, m

[0053] Rank selector 330 then selects one of the T possible ranks. In an
embodiment, rank selector 330 provides-the rank with the largest fotal capacity, as
follows:

M=arg max (Cygnl - Eq (13)

mefl,.., T}

[0054]  In another embodiment, rank selector 330 selects the lowest rank with a total
capacity that is within a predetermined percentage of the largest total capacity, as

follows:



to capacity and further accunul ates the capacities of all K subcarriers.
The capacity nmapping may be perforned based on an unconstrai ned capacity
function, as follows: W 2006/ 138337 PCTI US2006/ 023095 12 K Cavg, m =F,

| oge [ 1+SNRav k)] Eq (10) k=l where Cavg,,, is the_average capacity of

each spatwgzogﬂ%?%l for rank in. In equation (10), t%@T’E%zﬁgﬁiqu’@?Qof each

subcarrier is given as: loge [| +SNRavb3, ,N(1lc)]. The capacities for all K

subcarriers are then accunulated to obtain the average capacity for rank

in. The unconstrai.ne aci Ly fungtion assumes no loss from %gi g or
Ty ;

C
nmodul ati on. [Oggﬁ]ml’?’ & apati mEppi’ng may al so be perforned on a
constrained capacity function, as follows: F Cavg,m= E | oge

[ 1+qSNRaV QL] i 8 1) 1ordi ThpatElIS: il T podsifle ks aRENPLLY. T AGHRE: ¢ hat
may accoun or™®arious®factors such as dul ation schene, codi ng schene,
code rat epanpagkeineflly emoRNEbbES SinsCapRGiiows whymehlcenditiensdende chinneld based
on other capacjty functions or |ook-up tables, [0051 ﬁ?c%p cité

adj ust menestiation 3urgrss fhus 1€ a doveer 39k cpgackigyeg fots) capaclly bt & claedo it f or

various f%egj{t%tarlngﬁmgﬁf%ek}q?ngo O%I%%H{épibgség&ed)ﬁwgéjes an adj usted

capacity or Tran A'rank sel ector 330 receives the

adj ust ed (EO38Fi t i/ € Tagheratoh 382 givelSasl e ddpstedadapaditigso €, biheoughnks, + 1
through T. Rank selector 330 first determ nes the total capacity

Ctota,,,, forf lt Tepossibteardaks ms vedl &sibleosedectederank M=inCay gnibo 1290 [0053]
Rank sel ector 33

t el ect h i.b k I
embod menEsnerak TR EeEERos 8 SHPaTaNR e BEARHIA AR | Grgedt Wot a
capacity, sagcte({ Palld( 8/}.1:5513 follows:

SNR =10log,, (2% -1) , Eq (15)

where SNR, g, is given in units of decibel (dB). CQI generator 332 may also

determine the effective SNR based on some other function or a look-up table of SNR
versus capacity.

[0056] In an embodiment, CQI generator 332 quantizes the effective SNR to a
predetermined number of bits to obtain a CQI for the selected rank M. In anotber
embodiment, CQI generator 332 maps the effective SNR to a packet format based on a
rate look-up table of packet format versus required SNR. This rate look-up table
contains a required SNR for each packet format supported by the system. The required
SNR for each packet format may be the minimum SNR needed to reliably transmit
packets in an AWGN charmnel with a certain target packet etror rate (PER), e.g., 1%
PER. The rate look-up table may be generated by computer simulation, empirical
measurement, testing, and/or some other mechanism.

[0057] FIG. 4 shows an embodiment of a rank predictor 400 that performs
throughput-based rank prediction and accounts for system losses. Rank predictor 400
evaluates the performance of each possible rank using throughput as the performance
metric. Rank predictor 400 includes T processing sections 410a through 410t for T
possible ranks of m=1 through T, respectively. Each proéessing section 410
determines the thronghput for a different possible rank that may be used for data

transmission,



M=arg mx (Ct.,,,.) 13 nme{l,..., T} Wal,m q [0054] In another

enbodi nent, rank selector 330 selects the lowest rank with a total
capacity that is within a predeterm ned percentage of the |argest total
capaci ty, Was200¢/§p3I3dws: WO 2006/ 138337 PCT/ US2006/ 023098 T/HR0RIS {arg ( Q0
,11,>/3Eq(14) where Crax is the |argkkt total capacity for all T possible
ranks and 8:5 1.0. Alower rank is generally nore robust against

del et eri ous channel conditions and nnel. estimation errors. Thys, if a
| oner r ani0%3h acWit@?é’f‘éPeﬁ%‘%Fecté%éﬁ]?ﬂf Iepf . et ’Bfe{qt'(j’f}g’eumﬁséﬁg’est

total capagit t hen,the | I f ) A CQ
gener at or%g%?x}r{sec gv%ltsg ?%eég{gﬁflut{slgggm gg%aé@ﬁ ?géﬁﬁé gjqig, Qﬁ’llrggﬁbﬁ[]&éa%gjg] T for
al | T possedpbeivelnksFHG. 3elAn SNR tdakukbtbreoniéd20 apkivis thenadwstahitapaditient, CQ
generator 332 determnes_an effecti eg,S or the a%l_lusted .capacity Cadj, M

of the sefgat@nrankikang desamings e & S1hgve 1 squagon ()Y | Eq
(15) where SNROSM | iven . in units of cibel .(dB), . era 332
may al so r@t@tl%qkfﬁﬂ"l@%)ﬁa 2&??%Wi‘€%eéﬁﬁﬁvﬁgggj%°5 ﬁ%é’ﬁ&gtpggrld%ﬁﬁ%f) ?cg((r%{ or a
| 0ok-up t gRlue Qfith SR 1ark&it SMSudpBasdd ¥ I%QQ@ SNRI haedd lessbiah TR Fect

generator 332 quantizeS the effective R to a predeterm ned nunber of

bits to oldNR.n a CQ for the selected rank M |n another enbodinent, CQ

gener at or a[ﬁ?%é] mapgs rg@ggg%gt&,c%d/%cé%g hR fﬁmqlgg%ﬁg ﬁ;.prﬂ%ﬁglpgp?gofgnaf rate

| ook-up t of ‘pac ornmet” versus requl SNR. Thi's ra ook-up
tabl e  coRjoRdike rakks Rl det@ehiBhRiel ol damighpa dg], , forewel raskpsdoliens: by t he
system The required SNR for each packet format may be the m ni mnum SNR
needed to reliably transnmt packets in an AWGN channel with a certain
target packet efRgr, #mt®’,(PER), e.g., 1% PER The rate |ook-uEa@p) e may
be generated by conputer sinulation, enpirical measurenent, testing,
and/ or sonme ot her mechani sm

[0060] Rank selector 430 then selects one of the T possible ranks. In an
embodiment, rank selector 430 provides the rank with the largest total throughput, as

follows:

M=arg max (TP, m) - Eq (17)

[0061] In another embodiment, rank selector 430 selects the lowest rank with a total
throughput that is within a predetermined percentage of the largest total throughput, as

follows:
M=min {arg (TP, > B-TFu)} Eq (18)

where TP is the largest total throughput for all T possible ranks.

[0062] A CQI generator 432 may receive the effective SNRs for all T possible ranks
and provide the effective SNR for the selected rank M as the CQI, as shown in FIG. 4.
CQI generator 432 may also receive the packet formats for all T possible ranks and
provide the packet format for the selected rank M as the CQI (not shown in FIG. 4).
[0063] FIGS. 3 and 4 show two embodiments of rank prediction based on
performance metrics of capacity and throughput, respectively. Throughpui may be
considered as a quantized version of capacity, where the quantization is determined by
the supported packet formats. The difference between capacity and throughput

gencrally decreases with more supported packet formats,



[0057] FIG 4 shows an enbodi nent of a rank predictor 400 that perforns
t hr oughput - based rank prediction and accounts for system | osses. Rank
predi ctor 400 evaluates the performance of each possible rank using

t hr oughpuW%4/B&333er f or mance netric. Rank predict or 2OUUSAYUHEE T
processi ng sections 410a through 410t 1%or T possible ranks of in =l
through T, respectively. Each processing section 410 determ nes the

t hroughput for a different possible rank that pe usged for data
tr anom oo B Vo Benbaradapsipisih s nosgbet o a o B o e
pr ocessi NGn $RGhEUMbEn R rafilepédiction Wperferoidd tsdd dn a performinde meitiBiofs 412,
414, 416, and 418 operate in the same_nmnner as units ?12, 314, 316, and

318, respiamel qulify, G5y PN Te waraghRNRaPEeAchisHRFIEI & 108 7tk #cBIX/ 88 t he
adj ust ed CRRAGTLY e_%%% gﬂof“qlfi%e)aﬂéiighf“(gjﬂéﬂd ded dﬁtélféﬁér*iﬁ‘e RS bG48 toNR
e. uation ( .

g., as shown 11 e rdte look-up table 422 receives the
ef fecti ve oBidm freravermpk SINR fondakr oy i Alsstinbrds paykiedn be appliad tawtheavetage | ar gest

t hr oughput a requjre NR t hat,.is.| t han t he ef f ect] . [ 0059]
A rank selsé@{lg‘?‘e %%d’ég{/‘é ap g aﬁWF%@l&ﬁ@%foﬁbﬁﬂm?{hrﬁﬁgaﬁjufﬁwhgﬂ T
possi bl e radkpoRiKle Hakemal ARS bk heedtte babctbhis auplhapwell 394 dadmineahe0Qrank, as
follows: TPw, naTP, . Eq(16) [0060] Rank sel ector 430 then sel ects one of

the T posdhbthes¢legiedtankn an  enbodi nent, rank sel ector 430 provides the
rank with | argest |t gh : L TRe" ym
Eq( 17) m@’]{si, B Vef%%ﬁﬁ“&%ﬁ%?ﬁ?ﬁ%ﬁo@é{? Arrig(r}\itﬁiﬁcartgﬁﬁ’?glgl Aty o0
selects t | t ﬁmﬁﬁ hatrp, 1Rl
predeterm’rl%él%j(g e?’!:g[ﬁ%le%ftﬁ? e a?%gllisli}[ ?@?ﬁ%hé’bugﬁﬁﬁfﬁg@%ﬁa gvvs: M=
mn {arg (chPaditn Cn,>is GbFdet torxarious sdEmees I )erronknanheasT B.g,, chamhestingtigest

total throughput for all T possible ranks. [0062] A CQ generator 432 may
recei ve t herogs. f Bt aveengBNsaciiprC, gl | mdy ges sottlesachiamébde due to various reasons

such as, e.g., a finite set of packet formats supported by the system and usable for data
transmission. Furthermore, the capacity computed at one time instant may be different
than the capacity at another time instant when data is sent, e.g., due to changes
channel conditions, variations in interference and transmit power, and so on. In
addition, certain constraints may be imposed in the selection of rank. The average

capacity C,, , may be adjusted o account for these various factors.

v, m
[0066] FIG. 5 shows an embodiment of a capacity adjustment unit 318x, which may
be used for each capacity adjustment unit 318 in FIG. 3 and each capacity adjustment
unit 418 in FIG. 4. Within capacity adjustment unit 318x, a unit 510 adjusts the average
capacity for rank m to account for coding loss. Different error correction codes may
have different amounts of losses, which may be determined by the error correction
capabilities of these codes. For example, a convolutional code may have a larger loss
than a Turbo code. An adjustment for coding loss, which is also referred to as a gap-to-
capacity backoff. Tn an aspect, it may be computed as follows:

SNR, , =2%_1, Eq (19)

avg,m

C,pn=log, [1+SNR,,. . /g], Eq (20)

zap, nx

where g>1.0 is a factor that accounts for coding loss. Different codes may be

associated with different values of g.



and provide the effective SNR for the selected rank Mas the CQ, as shown
in FIG 4. CQ generator 432 may al so receive the packet formats for all
T possi ble ranks and provide the packet format for the selected rank M as
the CQ (M&28HB&H7in FIG 4). [0063] FIGS. 3 and 4 sHOUUIMRH/@MIDAI ment s
of rank prediction based on performabZe netrics of capacity and
throughput, respectively. Throughput may be considered as a quanti zed

f ,. h d
lﬁéébf?eﬁtq@? R A L T

general | y .0&& ttthlsmyq,esaumwwsed packet formats. WD 2006/ 138337
PCTI US2006/ 023095 ES 10064] Rank prediction may al so be perforned based
on ot her performance netrlcs I n anot her enbodi nent, rank prediction is

per formed basefN®q, g -p2Fferlnance netric of signal qual ity, e.dq@BNR The
average SNR of each subcarrier k for rank m may be determned, e.g., as
shown in equation (9), and accunmul ated over the K subcarriers to obtain

the average SNENRgy, Fﬁhhm%BMh?ﬁﬁéS%@; s wrafhamshmpdelhppl i ed t Ea@d

average SNR for each rank nz to obtain an adjusted SNR for that rank. The

adjusted SNRs for the T possible ranks may then be used to select one
rank as wel | agchtnrrm MRathe CQ for the selected rank. [G8d8}) The
average capaC|ty C' g,,,, |n FIGS. 3 and 4 is indicative of the capacity

each spati chann nnel The ut ed
aver age gﬁ@c&ﬁ’“@b@ E‘Bftéc@tl\gf‘ Slﬁémsggu‘?%@gk &t to ?9”8?“ h as,
e.g. chaeﬁﬁheleeg{dngﬁgﬂa{brs errors. The average capacity C vg, mmy al so not
be achi evabl e due to various reasons such as, e.g., afinite set of

packet f ol¢feBk sdih@mtemt b@lmﬁéu%%@@m@wahm@tm araqry may headependsplsen ssi on.
Fur LNV MO fgoul i G3RAGH Jong AR BEk MiME haluldiFe %nﬁlr@e%smyhgﬁmﬂraﬁﬁ)er ent

than the capacity at anot |rre 1'ns ata I's sent due to
changes i the ahharmileﬂlodeb(u:gimorwlpswﬁn'h@mmnbhtym alﬂtser(fner’éha:dlaaml mtrﬂhhsm t

power, and sq on. | addi tion rtain c r ed in the
sel ect | onw%reaﬂﬁlﬂl.m PYRPUPTIRg &0 ?Ront T gﬁ\%}’é @ﬂ&@% P tPg{pato(fst ldsaccount
for theseTwannuit batderdue hOdabiel Fsfimations BOWs mady Bérbletﬂhniﬁlﬁ bafedacicapaci ty
adj ust ment unit 318x,. whi ch may

computer simulation, empirical measurement, testing, and/or some other means. The

loss may also be determined for different operating scenarios such as different antenna

configurations (e.g., 2x4, 4x2), different candidate ranks, different Doppler, and so

on. In general, the Channel Backoff finction may be defined for any number of

operation scenarios and based on any number of input parameters as well as any type of

input parameters. The Channel Backoff function may be stored in one or more look-up

tables, e.g., one look-up table for each operating scenario.

[0069] A unit 514 adjusts the capacity for rank m to account for interference

variations. In an aspect, this may be as follows:

SNR,, , =2%" -1, Eq (24)
SNR,, ,, = Interference_Backoff (SNR,, ,, Interference variation) , Eq (25)
Cim =log, [I+SNR, 1, Eq (26)

where Interference Backoff is a function that reduces the SNR of rank m to account for

variations in interference observed by receiver station 150,



be used for each capacity adjustnent unit 318 in FIG 3 and each capacity
adjustnment wunit 418 in FIG 4. Wthin capacity adjustnent unit 318x, a
unit 510 adjusts the average capacity for rank mto account for coding

| 0sS. Exf“@*@ﬁ?”@?ﬂor correction codes may have diff ePEHVSHMAIMIE of

| osses, which nmay be deternined by th& error correction capabilities of
t hese codes. For exanple a convol utional code may have a | arger |oss

t han a Turho code. adj ust nt for codi oss SQ referred
o ol 0ic o Baesithr Afign aRh ey Presiil nltesfed v i widler ity

follows: BRAYGmMeTRE vMiatioh in idterfdrdiftl baSedan, tﬁesem&eﬁl&iﬁNﬁhe ,a;@wﬁi\fr/ 9] ,
Eq (20) where g > 1.0 is a factor that acc@fnts for coding I?

Di fferent oﬁbése@emwtyéerea@s‘@@mq%amm Retamrngt kaved oa cerBBUIsE Stgulajipp
2006/ 135337, BCH IS20RA2 1885, ook Q98T Wik 548, MbitBfd BRAGAPICI Ly

for rank PTG accoun nnel estimation errors. In .an ~aspect, this
maybe as funtfimweay BNRred GomRokwp tdblg. Eq(21) S4P, m SNRch, Channel

Rackof f ( N Channel .Jjmod 2 r" sl1og

S SRon AT £ it 50,y S0 R “Ebipisntp B bapaitl Foaﬁa@%'gt Puces the
SNR of r agkbddimb®, REE€ S Hnay @ﬁSply@ﬁaﬂyﬂ&ineﬁﬁtblaﬁaimﬂfbrﬂ}mﬁhm{u ApRfsmiihe
anount of |oss due to channel estinmation errors be dependent o

vari ous fRWGroyestian dug to pawergaaipl aftdllfe ® W@'ﬁ’éﬂ?ﬁ eel dragsmit Ve 9loss for
hi gher  afideor cbiifo1 RASREind BRI Sorklr of HAfIR eI For bk 180G $16v) . and
nay ant i

SO on. chan |ed by ant enna conflguratlon
mobi | i ty nmay Bithe edyceamdinorease taprcifyadtponding Oﬂfheh@hmsdh@ tiapsThip PSWEUE t 0

channel estl ti on erraors may _be determ ned. b | ati on,
enpi ri cal L R %t AT UL lgger%% rredlno eeg]b(éeﬁlérheg@% %[? %l"gy
al so be degk&y ﬂif)ﬂﬁdkfngﬁf mii eherﬂie SIﬂiRroﬁtrarﬂtgn $Cedew iaqRedetainired SINK.f ar ent

ant enna conf rations 2 4, 4 x 2 ), different c nd| at e ranks,
different! %%Eﬁe‘ﬂ agq)that station 110 or 150 1s Tocated near coverage e is a

candidate for handoff. Disqualifying rank m may result in selection of a lower rank

(e.g., rank 1), which may be more robust for low SNR conditions. In an embodiment,
unit 516 may adjust the capacity for rank m to account for H-ARQ packet termination
latency. With H-ARQ, a packet is sent in one transmission and, if needed, one or more
retransmissions until the packet is decoded correctly by receiver station 150. H-ARQ
packet termination latency refers to the average number of transmission/retransmissions
for packets. More latency may indicate inaccuracy in the rank prediction. Hence, more
backoff may be applied for more latency. In an embodiment, unit 516 may apply a bias
such that a lower rank is selected if variability in rank is observed. In general, unit 516
may apply adjustments for any number of factors and any type of factor that may affect
data transmission performance.

[0072] A unit 518 limits the capacity for rank m to within a range of minimum and
maximum values. The minimum value is called the floor, is denoted as Cgor, and may
be set to the lowest throughput of all supporied packet formats. The maximum value is
called the ceiling, is denoted Cieiing, and may be set to the largest throughput of all
supported packet formats. The capacity for each rank m may then be constrained io be
within the floor and ceiling. In an aspect, this may be as follows:



on. In general, the Channel Backoff function nmay be defined for any nunber
of operation scenarios and based on any nunber of input paraneters as
wel | as aay tyge of input paraneters. The Channel Backoff function may be
stored i nWéh@UR8#HAre | ook-up tables, e.g., one | ook-REI'ESN28HF each
operating scenario. [0069] A unit 5148djusts the capacity for rank in to
account for interference variations. In an aspect, this may be as
follows: SNReb,m= 2""m-1, Eq (24) SNR mm = Interference_Backoff
(SNR,,, m Interferende varifati onFussBCe25) G nR, =1og2[| +SNRi.tni,
Eq(26) where Interference Eackoff s a~function that reduces t%ﬁ ;QR of
rank in to accouit ~ f) Ofeliey g iatio§3ﬁ5°i'"r1>Fﬁ’é"Er*f erence observed by réc i ver
station 150. WO 2006/13833# PCTkS52008(023095 17 [0070] Receiver station

150 may neasure interf&tence SVer tthe &fid/ or frequency and determine the

vari ati_on in interferenpe _based on these nmeasur enent s. The anmpbunt of | oss
due to i n{gekerences YRl daphdit9 Tor MMk PELEIALRIHE 16E On RgsATNAD7); FEDEHpBSiLy

MH5G, 2

sinmulation, enprfical nmeasurenent, testing, and/or some other neans. The

| nt er f er engearomkohdt mbdined if s MaghindBe $4rRE of tefldbr lab®keiling tiabdtao t{e0071] A
unit 516 may apply_ other adjustnments to the capacity for rank in, In an
enbodi meneelingt it i5 lsgerdhandheejlingnanddp s dnaae 1t b isdessshan the feor. 1Setting i ati on

[N L1 ans e cob@fo B Sincks'that (iR 7 QiIPRNBE QALY R ugnd/ or (2) an of fset

t
bet ween transmt” power o pilot or control channel and transmt power of
traffic cH€AdEl . iFgenexanfingmentsimayshs applied for ehemumbduerd eny ityper efase

AP o R R I T e R I e T e
in, if m adustngishizeNRap bist da kpplict Sodofelvonvditfqperedakitor niddicidnSNiRiordA | ow

SNR may indicate that station 110 or 150 is |pcated neal. coverage edge and
is a canBPUEREDIC thopdmstment fos tae, sHppprsd P?glsc?t el Hh@ql}ae%f%"ﬁi %319 ection

of a | owepmiak Adfofher efAie, hljustthe niveoe RR1BP R onBPeihndl AstitM¥nSNR
conditions. In an enbodinent, “unit 516 may adjust the capacity for rank m

t 0 accountrérsrand- AROigIecR etariederyi nkhe adjustments provide margins in the rank
prediction so that an appropriate rank may be selected for use in light of the various

possible sources of error in rank prediction.

[0074]  For clarity, with the exception of wnit 516, FIG. 5 shows a separate unit
being used to apply an adjustment for each factor. However, the units may be
integrated into one or more functional units, e.g. software, hardware, or combinations
thereof. Also for clarity, the adjustment for each factor is described separately. In
general, the adjustments may be applied individually for each factor, for a subset of
factors, or for all factors being considered. Furthermore, the adjustments may be
applied in other orders than the order shown in FIG. 5. The adjustments may be applied
using any number of functions and/or look-up fables with any number of input
parameters and any type of input parameter.

[0075] In the embodiments shown in FIGS. 3 through 5, adjustments are applied to
the average capacity of the spatial channels for each rank m. Rank selectors 330 and
430 then determine the total capacity or total throughput for each rank and select the
rank with the best or near best performance. Applying adjustments to the average
capacity may result in more granularity for higher ranks. Adjustments may also be
applied to total capacity or total throughput instead of average capacity or average
throughput.



| atency. Wth H ARQ a packet is sent in one transm ssion and, if needed,
one or nore retransm ssions until the packet is decoded correctly by
receiver station 150. H ARQ packet ternmination |latency refers to the
aver age nt®@PS/BE33F r ansmi ssi on/retransni ssions for paRKEYRWKEBINES | at ency
may indicate inaccuracy in the rank pi%diction. Hence, nore backoff may
be applied for nmore latency. In an enbodi ment, unit 516 may apply a bias

such t hat | ower, rank i sel cted if.v rank 1 s.observed. |In
general , Uﬂwﬂ 516-CCHES Sé%’ﬁ dﬁ“ﬁ's‘i%‘iﬁ aﬁ?(ﬁae%ﬁ‘i/yaﬁk%é? agrese cfé@i%l?g and any
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formats. maxi num vat ue 1§ |ng, is denoted C.j1j,,q,
and may baaxnkéﬂrﬂagbblnmxtege@mﬂgmrbdﬂghput of all supported packet formats.

{1 oor - andlted7] ; aeeraihbn Tof Py i ool LR i i@t St nas
PCT/ USZOO@fﬁ?sBQr%h 2 defterﬁiﬁﬂeﬂ(b MhedeSirédRicmaaior e COL chie@tsiaﬂoaﬁ sc, m >
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is the cap&d Iytoﬂ’@ FEROFfk Wlﬁh froepgrHatity Sch pay E%]B%ﬂe%cﬁ‘-ﬁ 21730 ett Bgpaci ty
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ceiling, I's se ceil ger than the ceiling, and is
set to zetw thé numbas ot‘epssket rfenmatcms;lpﬁabﬁ@ir bySb@ tsystem. tMerecavéieﬁ foymats zer o

nmeans t hat not be se 007 n
adj ust mnen& FPE{? ]Hg’lyaﬁgllap‘gdm?%sr %%r?’gﬁcrlg%%bs ?Weegl R/a(’ﬁgtoéf)ﬂnggctei\{)[?? FIG 5
shows adj u@mwlbﬂawme@melueﬁﬁcmﬁn samngmhﬁe ypatlat farmt. TheljAGE ment s

utilized may_al so be ap r fewer, different nd/ or additi onal
factors. WPGQR%F@O ngﬁ g§?ﬁ’é‘rﬂrs‘?lﬁ?oﬁhﬁ%’l‘?§ﬁ)8& d packet formats in

equation (ghhy) maxRe%vero@ahbﬁdls%sn@nqwaﬁﬁmexa{mIr@por@ciwmrana TRyl be
applied for o (@ill channel estimation errors and interference variation.
P

The adj usperiodicallprandi ete 2 nanfgienslyi fast rate ftgyrachicve good performance for data
transmission. The rank and CQI may be determined and reported at the same rate, e.g.,

every 5, 10 or 20 milliseconds (ms). Alternatively, the rank and CQI may be
determined and reported at different rates. For exarple, the rank may be determined
and reported at a first rate, and the CQI may be determined and reported at a second
rate. The rank of a MIMO channel may change at a slower rate than the SNR of the
spatial channels and may thus be reported at a slower rate than the CQL

[6079] The rank and CQI may be determined by receiver station 150 and sent back
to transmitter station 110, as shown in FIG. 1. The rank and CQI may also be
determined by transmitter station 110 using information from receiver station 150. For
example, in a time division duplexed (TDD) system, the downlink and uplink share the
same frequency channel, and the channel response for one link may be assumed to be
reciprocal of the channel response for the other link. In this case, transmitter siation 110
may be able to estimate the MIMO channel response based on a pilot sent by receiver
station 150. Transmitter station 110 may then determine the rank and the packet format
to use for data transmission based on its estimate of the MIMO channel response.

[0080]  For clarity, the rank prediction techniques have been described for the SCW
mode. The techniques may also be used to select the rank for the MCW mode, The
rank prediction for the MCW mode may be performed as described above for the SCW



prediction so that an appropriate rank may be selected for use in |light of
the various possible sources of error in rank prediction. [0074] For
clarity, with the exception of unit 516, FIG 5 shows a separate unit
bei ng useﬁaoﬂémﬁé\lﬁﬁ@ an adj ustment for each factor. HoweVEFSZ00HR3MRits may
be integrated into one or nore functdbnal units, e.g. software, hardware,
or conbinations thereof. Also for clarity, the adjustnent for each factor
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i nput  papapk&rieveRGrARY iHaRABe.Of 1 nput parameter. [0075] In the

enbodi ments shown in"FIGS. 3 through 5, adjustnents are ;_Ppl led to the

aver age cHWSES t y F86. tohebeyaeh stmbadimend| of poproeese 600k performing 14| ect or s
330 and 430. f.hen t ) [ . for
each ran kP§§3E1£%| gg&oﬁ%}@ﬁgﬁggvfé f%%ﬁlﬁ%lﬁgg)gtr&%(rs %%l%g&%llensl%dnggdr’t%gﬁfl 2 \nce.
Appl yi ng Behusinieist sndiativd efay eliffgent aapbei bf daky syrelsoll $treams nior esnd
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150 may quantize the selected rank Mto_ a predeterm ned nunber of bits,

whi ch ey MBMQeheansdi the dhrbugheut ofidatsisansmifsiontsentaik the MIGP chepnsl sighd

system F | S u ' o th

n ghost  ArAEHEIBERIMG ol X &0-E RBA o AR I LRLR AR RE | 1
four, andeichefd#elreditsed rank M may be conveyed using two bits. [0077]

Recei ver j on 0. may al so nt.i ze the 0 edet er m ned nunber
of bits WReh AT BER: S A W ooy SRR S ™ o o
bits all oy olithig @fdstell peBrnifige hichibsWot thehd Aks (HGXUG Il (The adjustientsay be

beneficial for packet fornmat. selection,_ The nunbe{) of bits f%r the CQ
may be S ePEEEREORS EINGIVSEER! 1955 PASFBHIEREL (T Msses, may be, one or more of losses

due to an error correction code used for data transmission, channel estimation errors at

the receiver, variation in interference observed by the receiver, variability in transmit
power due to power confrol, and/or other factors. In addition, other loss parameters
may be utilized. The adjustments may be applied o SNR (as described above),
capacity, throughput, and/or other measures, all of which may be related. For example,
SNR may be converted to capacity, and vice versa, via a capacity function or a look-up
table. Ranks with performance metrics below a predetermined threshold may be
omitted from consideration. The performance metrics for the ranks may be limited to
within a range of values, which may be determined by the supported packet formats.
The adjustments may be applied using look-up tables, calculations, and/or some other
means.

[0083] A rank to use for data transmission is selected from among the plurality of
ranks based on the adjusted performance metrics (block 616). The rank with the best
adjusted performance metric may be selected. Alternatively, the lowest rank with an
adjusted performance mefric that is within a predetermined percentage of the best
adjusted performance metric may be selected. At least one CQI is determined for the
selected rank based on an adjusted performance metric for the selected rank (block 618).
For example, one CQI may be determined for the SCW mode whereas M CQIs may be



to) the nunber of packet formats supported by the system More packet
formats generally inply snmaller steps in spectral efficiency between
packet formats. Myre accurate CQ may then be beneficial in selecting a
sui tabl e ‘ﬁg)ﬂczl%ﬁfls?%f{rrat. The CQ may be quantized to tHréeS200685:095¢ ve,
six or some other number of bits. [00¥8] Receiver station 150 may

determ ne and report the rank and CQ periodically and at a sufficiently

fast rate.t,o achj gv er.fo n t 7 } SS| rank and
ooy babER Bt SR Rt EABGRt bl 1 Gandf AR 3B e AN A0
20dm I1i Seﬁgvir@&otg_ﬂf?t%rpe éf inﬁfrﬂﬁﬁdmtelé}the tdni pr?iidtioarisip@@nmﬂ)at ﬂ? rea(:jbéeteer mi neg
and reported at different rat or .exa e, the eterm ne
and r epor theg tgselected Ff’é‘?‘f apd the (?% I‘EW&’E’@EWEQ aagc@scaﬁ%ﬁﬁﬁﬂ%éamg% reported
at a seconghg4] at SrockBeedPHsy Bk Rr Wa&ﬂﬂlneﬂﬁmc@smn% &t someShthger rate
than the SNR of the spatla?' channel s and réaﬂé us be reported at a sl ower
y

t
rate thanpraeess@QRt fe0eivg] stehien r Bk aRepcen mgE et ebdrinselarmsd Weei ver
station 15 a ' | : h W FILGo 1.
The rank SRRy BRbsd Tl of SobE B bbEiat! & LR RO IRET BT O 0
i nf or mat i adjufiieiits mexychevsarfosmed iising ldnR-upFables sosxdpih eneniory 492 iahreeceliven si on
dupl exed (.TDD) stem the downlink d l.ink share the sane frequency
channel , &#8ot Y rasmey 1?%?5@1‘1%"@1@](')&&&5&[1& nk may be assuned to be

recipr _ocal[g(;gf_;{ t hrghangelws' A5 BABSEmERN of B 2Bh&elus 1700kfor lperfbiMitg eate,
transmtter station 110 may be able to estimate the M MO channel response

based on arediction. dwperatny 708 deqlydes megpg forglptepmingrperfympieeReEeR{rdn 110
may t hen ' e . £.0
B
For cl ari imefridsifer thaplarglite df mhkoto dbéedth adjguebpdriovmaipeenctdesior fhgssorafksy t he
SCW node., . The chni S . al so used to. select the.rank for, the MCW
node. The (blP‘gﬁKf‘ﬁT @8?‘“%%55&?& gtah@n%\?ﬁeogoé HepEmisgiop gfrmnr% §5% descri bed
above for plpfitpeiYaiEl RREDIrLHS 3dEstBLpérierRnE 92809 1ocR T 16D ded mears feach
candi date rank m adjustnments may be aggl%gdbto t he %&ﬁacﬁil]tg of each
spatial cHalisreipingratdenst ens GRI &rphe selgotet Tapk baggshen an agwstrd BPLOTBRS ank | n.
A CQ myn%ﬁic%%ﬁ@s@i%&@cﬂraﬁaﬁ(bl@ﬁ&’hsipatia' channel in the selected rank M
may be

More t han one )
[0086] The rank prediction techniques described herein may be implemented by

various means. For example, these techniques may be implemented in hardware,
firmware, software, or a combination thereof. For a hardware implementation, the
processing units used to perform rank prediction 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
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units designed to perform the
functions described herein, or a combination thereof.

[00871 For a firmware and/or software implementation, the rank prediction
tecimiques may be implemented with instructions (e.g., procedures, functions, and so
on) that may be utilized to perform the functions described herein. The finstructions,
c.g. as software or firmware, may be stored in a memory (e.g., memory 192 in FIG. 1)
and executed by a processot (e.g., processor 190). The memory may be implemented
within the processor or external to the processor.

[0088] The previous description of the disclosed embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various



generated if Mis greater than one. [0081] FIG 6 shows an enbodi nent of a
process 600 for performng rank prediction. Performance netrics for a
plurality_of ks_are determ ned (block 612). Each rank is indicative of
a differ eW?’%?ﬁPﬁ@ﬁ”of data symbol streans to send si MAYEHEWINYSvia a

M MO channel or, equivalently, the ni#er of spatial channels to use for
data transm ssion. The performance netrics nay relate to the capacity of

the MMO c nel , .the throughpyt dat a.,transm ssjon t,.vi.a the M MO
channel , SPHIRGHIONE |y ef‘%/erﬁ%cgrﬂg‘%?\/?”ﬁgb%ﬁeﬁﬁ%ﬁgpaﬁeﬁ%%s Osoensj{%%dr}gr %ar"]rerance
metric mayndi@e 3Rl Prinsidlch Abfine@arfeiday be applitdso ofieD@&Rodhedpnts wioits ar e
applied to the performance netrics for the plurality of ranks ,to obtain

adj ust ed pevertmerfiore dhewpin ersscensy oft the Sweptinh s Thus) Bewresen)nveptian d4Ptst nent s
account f gfe 50§ tojjyrﬁni%ae%a{@én%ainw@ﬁs&ﬁhéminmig 1998 GSoordBAhDRide@NE OF
nore of | osses ue to an error correction code used for data

t r ansm sskmpe caisiztentivith St priciptes aed nowebfeaturestdinslosedledreiny . variation in
interference observed by the receiver, variability in transmt power due
to power control, and/or other factors. In addition, other |oss paraneters
may be utjdogged. WHAIH CEARMEDSISTRY be applied to SNR (as described
above), capacity, throughput, and/or other neasures, all of which nay be
rel ated. For exanple, SNR may be converted to capacity, and vice versa,
via a capacity function or a | ook-up table. Ranks with performance
metrics below a predeterm ned threshold nay be omtted from
consideration. The performance netrics for the ranks may be limted to

wi thin a range of val ues, which may be determ ned by the supported packet
formats. The adjustnents may be applied using | ook-up tables,

cal cul ati ons, and/or sone other neans. [0083] A rank to use for data
transm ssion is selected fromanong the plurality of ranks based on the
adj usted performance netrics (bl ock 616). The rank with the best adjusted
performance netric may be selected. Alternatively, the |owest rank with an
adj usted performance netric that is within a predeterm ned percentage of
the best adjusted performance netric nay be selected. At least one CQ is
determ ned for the selected rank based on an adjusted performance netric
for the selected rank (block 618).



For exanple, one CQ may be determ ned for the SCW node whereas M CQ s may
be WO 2006/ 138337 PCT/ US2006/ 023095 21 determ ned for the MCW node. Each
CQ may be a quantized SNR, a packet format, or sone other type of
information. If the rank prediction is performed at the receiver, then
the selected rank and the CQ (s) may e quantized and sent to the
transmtter. [0084] Process 600 may be perfornmed by controller/processor
190 or sone other processor at receiver station 150. Process 600 nay al so
be performed by controller/procesggrafh4§ or sonme other processor at
transmtter station 110. The adjustnments may be perfornmed using | ook-up
tables stored in nenory 192 at receiver station 150 or nenory 142 at

t jtt t . 8 FIG 7 embodi t. of t
700 Tor per P SrRa A 1107 R Rkl eyl e A0 Bh PR ee e T or -

determ,nin erformance, metrics for a plurality of ranks (block 712),
neansn@@b4§b§W9Wﬁdxﬁﬁfﬁ§Enents to the performance nmetrics for the
plurality of ranks to obtain adjusted performance nmetrics for these ranks
(bl ock 714)3t 5348 Prasesser( 188t 149 cenficardd t o use for data transmission from
anong the plurality of ranks based on the adjusted performance netrics
(bl ock 716)t0 detaumine én2; 7 61) pedetreanas nietriys &ir o pdastityarfear®) ek b rankhedisgivect ed
rank based on an adjusted performance netric for the selected rank (bl ock
718) . ¢fa0BBYrefthentbanyt quedicats ansehe chnilghesisHesEH idashIOL8fat AulBY-Heput

i npl enented by various nmeans. For exanple, these techniques may be

i mpl en@atvedh dhandwdr dware, fumware, software, or a conbination thereof. For
a hardware inplenentation, the processing units used to performrank

predi ction may b it e application.specific
i nt egr at ed circgﬁfgm?%ggﬁs sg&?%%ké %gﬂgﬁgﬁ“%@@%ﬁé§§g%b%%% SIS YPEE t al

signal processi %) LcesdgE PDs rogranmmabl e. | o 'c@&evices (PLDs),
field progfﬁ%ﬁgg} ?b%?%asﬁ”gg alEﬁ@ﬁ%%§Wﬁ%%€@§gﬂﬂ§?€- MG ghanagldo
mcro-controllers, mcroprocessors, electronic devices, other electronic
units desi GHEGHE 8 PRETHBISHIERBAUPUIRE PROH N8 Seb-Faseersioé thsi MIMBrchannel, (ii)
conbi nation thereof. [0087] For a firmware and/or software inplenentation,
t he rank pregpeingygnal-to-interference-and-noise ratio (SINR) for one or more sub-cartiers of

the MIMO channel, (iii) mapping a signal-to-noise ratio (SNR) of a receiver to capacity

for one or more sub-carriers of the MIMO channel, and/or (iv) computing an average

capacity of two or more sub-carriers of the MIMO channel:

to apply (614; 714) adjustments to the performance metrics for the plurality of ranks to

obtain adjusted performance metrics, the adjustments accounting for system losses, and
to select (616; 716) a rank to use for data transmission from amon g the plurality of ranks

based on the adjusted performance metrics; and

a memory (192; 142) coupled to the at least one processor.

2. The apparatus of claim 1, wherein the performance metrics relate to capacity of the

MIMO channel.



techni ques may be inplenented with instructions (e.g., procedures,
functions, and so on) that may be utilized to performthe functions
descri bed herein. The finstructions, e.g. as software or firmvare, may be
stored in a nenory (e.g., nmenory 192 in FIG 1) and executed by a
processor (e.g., processor 190). The #gnory may be inplenmented wthin the
processor or external to the processor. [0088] The previous description of
the disclosed enbodi ments is provided to enable any person skilled in the

art tozmak e ntien. \Vari 20061138337

PCT/ uszooa%l%?ggﬁt”%g%ﬁdrﬁ T ohs rf;@‘r{]ge R Py \Aﬁéen JhRPghpubef dathgi | y
appare t o those skjll n,the art and the generlc principles defined
herelnpéggn%gmﬁﬁﬁﬂ?%%'P@&@@ﬁg?“@hbodlnents wi thout departing fromthe
spirit or scope of the invention. Thus, the present invention is not
intended to be limted to the enbodi nents shown herein but is to be
accorded the wi dest scope consistent with the principles and novel

feat ures diBislavsedtunef elam 1] 0086 MHPETIOkSarCe Al rbiSte (@3ignELqdaMs oF thoAn
apparatus (150; 110) for determ ning a rank of a multiple-input

mul ti pMéMouthpotel. (M MO) channel , conprising: at |east one processor (190;
140) configured to determ ne (612; 712) performance netrics for a
plurality of ranks, each rank indicative of a different nunber of data
streans to send simultaneously via a multiple-input multiple-output

(M M) s changlappB&E BF Nafl €, \9156?&?%1‘?&033 REh&HIIAS ttf(g]r'%O:E)'s%sE é&)ertg%gce retrics

by performing one or nore of app ying ‘a spati al - “d°t esponse

mat ri x.ofc qﬂwkmgd%gﬁﬁﬂ?kw is"%enerate a post - proceSS|ng matri x for one

or nore SJ% carriers o “ehannel , (ii) conputing

signal -to-interference-and-noise ratio (SINR) for one or nore sub-carriers
of the M MO channel, (iii) mapping a signal-to-noise ratio (SNR) of a
recelwgr thcapaC|ty for one or nore sub-carriers of the M MO channe

and/ or® (i v) h@@ﬁﬁ&g@tluﬁ@f %{?\”Ta'llaé’?’]ﬁ@@ﬂ the adjustments account for channel estimation errors

at the receiver.

7. The apparatus of claim 1, wherein the adjustments account for variation in interference

observed by the receiver.

8. The apparatus of claim 1, wherein the adjustments account for variation in transmit

power used for data transmission,

9. The apparatus of claim I, wherein the at least one processor is configured to omit ranks

having performance metrics below a predetermined threshold.

10. The apparatus of claim 1, wherein the at least one processor is configured to apply
adjustments to the performance metrics for the plurality of ranks by excluding, from the plurality

of ranks, ranks that are associated with performance metrics with values that fall outside of a



capacity of two or nore sub-carriers of the M MO channel; to apply (614;
714) adjustnents to the performance netrics for the plurality of ranks to
obtai n adjusted performance netrics, the adjustnents accounting for system
| osses, and to select (616; 716) a rank to use for data transm ssion from
anong the plurality of ranks based orsthe adjusted performance netrics;
and a nenory (192; 142) coupled to the at |east one processor. 2. The
apparatus of claim1l1l, wherein the performance netrics reI ate to capacity

fthegy su atthe e fa Litn i8I as LA .
of thegiviM M:ChapNRL: gﬁfth Bth -Etlﬁ: ?sBP ?&rllr’]§1;r%cr Ell%h{“rt n M1 Ef%ﬁ ggﬁ? via

perfornmance netrics relate to ut 0 ata ansm ssi
i.m 1, wherein per f or mance

the M h ratu he

netri c‘ls\ﬂre e[lje P émh? ?fl%glpa%%of' g‘? ﬁ%peler‘@Hﬁmﬁé‘f Wltg Val‘Pﬁ%WﬁlblﬂélFeat us of
claim l,v he adj ust nents account for |osses due to an error
correck'i %hrae%ed%fnvﬁ‘ & for data transnission. 6. The apparatus of claimi,
wherein the adjustnents account for channel estination errors at the
receiver. 7. The apparatus of claim11l, wherein the adjustnments account for
variation in interference observed by the receiver. 8. The apparatus of
clai m . whBreeipparetie ofidprs § reviteseimbeaivin riugge of anuad iseterinked 8NpRIket  Power
used for data transmi ssion. 9. The apparatus of claim1l, wherein the at

| east Dreatpoobeshodath saesdiifsigured to omit ranks having performance
metrics below a predeterm ned threshold. 10. The apparatus of claim 1,
wherein the at | east one processor is configured to apply adjustnments to
t he performance metrics for the plurality of ranks by excluding, fromthe

pluraljxy t erformance nmetrics
Wi th V]azlt Uesﬂlt hgﬁéﬂ Of ggl{ﬁill tl‘ﬁ};lf"-ll Ec?%ﬁ‘%l? di‘l s?e% erftgrlg nece é]?eﬁlré%s 15 gﬁﬁ(&ﬂ&tﬁ(ﬁ] at

t he pr r I ank sel ect sed on ranks anong
t he pl\g(r&g?%@[le %?5 rhgnngeaggsogg F5tedt Wicth 1%1(5?4 g}ﬁﬁtc"e‘y ngﬂ BSXREEH 9al ues

Wi t hi nprowge a highest-level of performance based on the associated values of the adjusted

performance metrics.

3. The apparatus of claim I, wherein each of the adjusted performance metrics is associated
with a value, and the at least one processor is configured

to determine a rank that is expected to provide a highest-level of performance based on
the associated values of the adjusted performance metrics,

to establish a given range of values based on the adjusted performance metric value of the
rank that is expected to provide the highest-level of performance, and

to select a rank that is (i) expected to provide a lowest-level of performance based on the
associated values of the adjusted performance metrics (ii) while also havin g an adjusted

performance metric value that falls within the given range of values.

4. The apparatus of claim 1, wherein the at least one processor is configured to represent the

selected rank with a predetermined number of bits, and to send the selected rank to a {ransmitter.



gi ven range of values. 11. The apparatus of claim 10, wherein the given
range of values is determ ned by packet formats usable for data

transm ssion. 12. The apparatus of claiml, wherein each of the adjusted
performance netrics is associated wth a value, and the at |east one
processor is configured to select a regnk that is expected to provide a

hi ghest -1 evel of performance based on the associ ated val ues of the

adj usted performance netrics. 13. The apparatus of claim1l, wherein each
of the adjusted performance netrics is associated wth a value, and the
at | east one processor is configured to determine a rank that is expected
to prngde ?hgﬁ prt-level of . performance based on, th& associ at ed val ues
of the adjusted’pd Y7 Fai & WhrFinde atleastane frpcessor is GnERrer Ahdderaring sl ues
based on the ad'qsted performance netric value of the rank that is

expect S8 08 phag0F dua ity dngicierd Q1) based onan prlivsiest prifpemancerettio fayghect a rank
that is (i) expected to provide a | owest-I|evel of perfornmance based on the
associ fie#dyatlues of the adj usted performance netrics (ii) while also
havi ng an adjusted performance netric value that falls within the given
range of values. 14. The apparatus of claim1l, wherein the at |east one
processor is configured to represent the selected rank with a

predet &F.m riEe appaes odtlalih 1 Swherdid thoat 3&B oMo R 808 &t @1 gﬁ@g td @t@mine a
transmtter. 26 15. The apparatus of claim1, wherein the at |east one

pr ocesgMal-kSn&Ginfatig '{'Sﬁﬂ) bR48h 8k gar]gﬁec%erl;oln’ﬁgﬁ‘ée N8 f(ﬂ%]é] llecﬂ:lda!éri]l}, éléq Qet ed

d
i ndicator (CQ) based on an adju performance netric Tor th
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configure etermne a sign oi's on an

adj usted performance netric for the selected rank, and to quantize the
SNR to obtain a channel quality indicator (CQ) for the selected rank. 17.
The apparatys of claim1, wherein the nenmory is configured to store at

| east the |OEEPHYAME ghtlainyt. wegreis theanemsory dy canfiguisdié storee densheerloadsup 18. A
met hod for determning a rank of a nultiple-input nultiple-output (MM
channepble of gitipstingitp for the performance metrics.

18. A method for determining a rank of a multiple-input multiple-output (MIMO) channel,
comprising:
determining (612; 712) performance metrics for a plurality of ranks, each rank indicative
of a different number of data streams to send simultaneously via a multiple-input multiple-output
(MIMO) channel
wherein determining the performance metrics includes one or more of (i) applying
a spatial-mapper to a response matrix of the MIMO channel to generate a post-processing
matrix for one or more sub-carriers of the MIMO channel, (ii) computing signal-to-
interference-and-noise ratio (SINR) for one or more sub-carriers of the MIMO channel,
(iii) mapping a signal-to-noise ratio (SNR) of a receiver to capacity for one or more sub-
carriers of the MIMO channel, and/or (iv) computing an average capacity of two or more

sub-carriers of the MIMO channel;



determ ning (612; 712) performance netrics for a plurality of ranks, each
rank indicative of a different nunber of data streans to send
simultaneously via a nultiple-input nultiple-output (MMD) channel
wherein determ ning the performance netrics includes one or nore of (i)
applying a spatial-mapper to a respomse matrix of the M MO channel to
generate a post-processing matrix for one or nore sub-carriers of the

M MO channel, (ii) computing signal-to- interference-and-noise ratio

(SN for SRSIAL (TR A3 SRERLR SieGlrbifnll MOLEDANNRL bl L, RERRI N9 &

signal -to-noise ratio ( a recelrver to capaci sub-
carri efs..af ) d/or (iv) conputi an average capacity of
Fao. o o adh g M ey R b TR e o s a.  714)

adj ust nent s io.th&sgei%ﬁrnance nmegrics for the ﬁ%%rality of ranks to

obt ai n adj uS{EH P Pof HAALETRUST {08 datp ranupissien Femaaoagdeuritiahy dfarnksy st em
| osses; %?d sel ecting (616; 716) a rank to use for data transm ssion from
anong PEd P the arliuplyd gerferaimee mpised on the adj usted performance metrics.
19. The method of claim 18, wherein determning performance netrics

conprise determining performance netrics for one or nore of capacity of
the M MO channel, throughput of data transm ssion sent via the M MO

channel9. orTleirgethdd cfitadimt 18, ohetehedddrMBich pan@nan @0neibecdmsiede@fmmlai m
18, further conprising calculating adjustnents for one or nore of the

per f or peefoeRar® nfduGd. foldne ofheor8Bt BRHciRf ofth@MNVE e hWRGT t‘ﬁi’&hgiﬁ&lt%ll”dgtg

i ng
conprises calculating to account for | osses due to one nore of an

error &AkhaShhWhtpafe YHRED ERInRL A gr{a?g%g@t%hﬂ@ M&Jgtggg‘%ep'élaﬁﬁ i mation

errors at the receliver, variation in“in erence o "by the
receiver, variation in transmt power used for data transm ssion, or a
conbi nation thereof. 22. An apparatus (150; 110) for determning a rank of

a multiple-input multiple-output (M MO channel, conprising: neans for
det er rgoﬁl ngf IEEISSH0 fj‘ﬁﬁelrgf g\”ﬁ‘ﬁ%@@%tﬁgi%guhﬁﬁg adipstmealsiferyongfor mankef, each
r ank gndicative of a different nunber of data streans to send

si mul tBHBGIREMYNGEIMCtHCS Ul t i pl e-i nput  nul ti pl e-out put (M MO channel ,

21, The method of claim 20, wherein calculating comprises calculating to account for losses
due to one or more of an error correction code used for data transmission, channel estimation
errors at the receiver, variation in interference observed by the receiver, variation in transmit

power used for data transmission, or a combination thereof.

22. Anapparatus (150; 110) for determining a rank of a multiple-input multiple-output

(MIMO) channel, comprising:

means for determining (612; 712) performance metrics for a plurality of ranks, each rank
indicative of a different number of data streams to send simultaneously via a multiple-input
multiple-output (MIMOQ) channel,
wherein the means for determining determines the performance metrics by

performing one or more of (i) applying a spatial-mapper to a response matrix of the



wherein the nmeans for determ ning determ nes the performance netrics by
perform ng one or nore of (i) applying a spatial-nmapper to a response
matrix of the 28 M MO channel to generate a post-processing matrix for
one or nore sub-carriers of the M MO channel, (ii) conputing

signal -to-interference-and-noise ratigg (SINR) for one or nore
sub-carriers of the M MO channel, (iii) mapping a signal-to-noise ratio
(SNR) of a receiver to capacity for one or nore sub-carriers of the M MO
channel , a i i n_.average capacity of t or .nor
sub-carri eplgﬁ 18[?;) é%ﬁawt%ﬁ%%g?ﬁ'pﬁoggﬁén BFTAAHI SRRy "’(Oéi\é‘?"efﬂ‘ﬁrs ofthe

adj ustnent s e rf.ormance netrjcs for the plurality of ranks to

obt ai n adj u]\s/@]g[(?t %@P‘Feg’r(Hgﬁ?fap?@tgrsil%@{'mf‘ﬁ‘é’rfrﬁfﬁ“%? pRige @R 6UARABT 48T sy st em
| osses; and neans for selecting (616, 716) a rank to use for data

transmi ssi dACESBNCERSHPHeMIMLshanaaly(iimappines Hherséth-oise hgo 43NR B0t
performance netrics. 23. The apparatus of claim 22, wherein the neans for
det er ni ni ngCRRYF &P PADEEIE fasne esmoiscrprirsiersmd sresMINMO deted rdndiongiv)
performance netrics for one or nore of capacity of the M MO channel,

t hr oughput @impdtit@ant sanswicapiciin of ent ovinaretshie-cMib offtianel 10 eansdignal
quality of the M MO channel. 24. The apparatus of claim 22, further
conpri si ng el sorfapplydal (6Us atiungljudims o BObs fditfan@NBeics RHE Qliraliler
performance netrics. 25. The apparatus of claim 24, wherein the nmeans for
cal cul @hkdg o6RIPLd] $8S PBRARal R mentd! ﬁl@%@jb'stﬂ%n#s%c&gﬁﬁ}fgg‘ rfsggte%.oss.es due to
one or more of an error correction code used for data® Transni ssion,
channelloasgitaingati on errors at the receiver, variation in interference
observed by the receiver, variation in transmit power used for data
transm ssion, or_a_conbi i thereof. 29 26. A processor readable nedia
storing i ndbYIEES SR Ct\'/ﬂ%i(gi%’ 7\%%‘?1‘"3@ SRREART d BaspdsEadErm ameagds t he
proces%or to performa nmethod for determining a rank of a nultiple-input
mul t i priealiypfpanks Ortediop tesadiviead perfieemanss iretréssi ons conpri sing: i nstructi ons
for determning (612; 712) performance netrics for a plurality of ranks,
each

23, The apparatus of claim 22, wherein the means for determining performance metrics
comprise means for determining performance metrics for one or more of capacity of the MIMO

channel, throughput of data transmission sent via the MIMO channel, or signal quality of the

MIMQO channel.

24, The apparatus of claim 22, further comprising means for calculating

adjustments for one or more of the performance metrics.

25.  The apparatus of claim 24, wherein the means for calculating comprises means for
calculating to account for [osses due to one or more of an error correction code used for data
transmission, channe! estimation errors at the receiver, variation in

interference observed by the receiver, variation in transmit power used for data

transmission, or a2 combination thereof,



rank indicative of a different nunber of data streans to send

simul taneously via a nultiple-input nultiple-output (MMJ) channel,
wherein determining the performance netrics includes one or nore of (i)
applying a spatial-mapper to a response matrix of the M MO channel to
generate a post-processing matrix foggone or nore sub-carriers of the

M MO channel, (ii) conputing signal-to- interference-and-noise ratio
(SINR) for one or nore sub-carriers of the M MO channel, (iii) nmapping a
signal -to-noise ratio (SNR) of a receiver to capacity for one or nore sub-
carriers of the M MO channel, and/or (iv) colrrputi ng an avera]ge capaf:l_ty of
two or re, sub-carri of .the M MO channe |nstruct|ons or applying
(614; %ﬁ_nz)t d?rﬁ%etsﬁ)ér{?ifa‘g’% mdia ﬁ@FWSrlﬁSérh‘&TéO%‘tfl?lFléswlﬂf‘@r exegeed By fr popesyorof
ranks to obt ain adjusted performance netrics, the adjustnments accounting
for sySuémihe H@%@é@r tarmn‘ionﬁtar wetP der doermiming etienly of 8 I6YItPEENPE maliklet o
use for data transm ssion fromanong the plurality of ranks based on the
adj ust egprwdMIdeheenatehe insiguctions comprising:

instructions for determining (612; 712) performance metrics for a plurality of ranks, each
rank indicative of a different number of data streams to send simultaneously via a
multiple-input multiple-output (MIMO) channel,
wherein determining the performance metrics includes one or more of (i) applying
a spatial-mapper to a response matrix of the MIMO channel to generate a post-processing
matrix for one or more sub-carriers of the MIMO channel, (ii) computing signal-to-
interference-and-noise ratio (SINR) for one or more sub-carriers of the MIMO channel,
(iti) mapping a signal-to-noise ratio (SNR) of a receiver to capacity for one or more sub-
carriers of the MIMO channel, and/or (iv) computing an average capacity of two or more
sub-carriers ot the MIMO channel;
instructions for applying (614; 714) adjustments to the performance metrics for the
plurality of ranks to obtain adjusted performance metrics, the adjustments accountin g for system
losses; and
instructions for selecting (616; 716) a rank to use for data transmission from among the

plurality of ranks based on the adjusted performance metrics.



