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BACKGROUND | . Field [0002] The present disclosure

rel ates generally to communication, and nore

ecifically t [ for transmitting data in a
C qu&réqr?tﬁ’ﬁmd%ﬁ‘gst‘iﬁ%(g%ﬁ? put (M MO system II.
[oﬁa%]kgr q‘h_@?)trés@@tofgiblibdiio@ odifne hpeissityctorpronisiondlilng. Apslicatipn Serial
a transm tter

(é.q., a base_station or a_ term
Not 60695 T8 entiled TROBUSNBANK Frrhlcaaof PO ke BRENCE,
0 e t iFOIRAL
PORRR VR PRQL e CrUREREE EsT ARG, TNTIE | EDRMATS AnD
ADMBINION CONTROMMled Tamneb, 2005t asagnedetoutbedistignee hereof and
.increase throughput and/or inprove reliability. For
inserpeFAted herpia BYTgREsHCet er may transnit T data streans
simul taneously fromthe T transmt antennas to inprove
t hroughput. Alternatively, the transmtter may
transmt a single dat BACKGROWNDantly fromall T
transmt antennas to inprove reception by the
IreceFiedd. [0004] The transm ssion fromeach transmt
ant enna_causes iq%s% ference to the transm ssi onﬁmflbrgga more

[4092] ot nEte PresAing tren FRides | geneigtiy 1o, SPIRRERLCE

séééﬂfc%ﬂ?dtopﬁrﬁﬁlﬁﬁﬁ'&nf& FREnREing Clt2 MR da Bivultipleriaitt inuNiple-output
ewer than T data streans sinultaneously fromthe T

MMy systemant ennas. For exanple, a subset of the T

transmt antennas may be sel ected, and a data stream

may be sent from each selected transmt antenna. The

I angickednh@nna(s) that are not used for transm ssion

do not cause interference to the ) )

[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 multiplec (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 antennas to improve throughput. Alternatively, the transmitter 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 to the
transmissions 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 antenma. 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
wdavw/13833ean(s) sent on the selected transmt PCT/US2006/023095

antenna(s).[0005] Rank predigtion refers to the

determ nation of the rank of a M MO channel or

equi valently, the nunber of data streans that can be
[0003]ns MRudle gredidtioh trafeentosthy defeaminationpfibectank e MIMO channel

too .many data strea are sen the XCEeSssSi ye. .
ory pUYHERIY, e RGPS é)?glgtges%y@as %l%;:t 831&&8 grgnixﬁigtgé %%%lganeously via
the MIBAORh2RMEL t 1TRo& YR dataPichME ARGAL, Bsh Sicbdsee. interference may

Conversely, if too few data streans are_sent, then the

bec alpmoietlybyo kadhhef HerDdetaasireemsiandribe gverall perfqrmapeg may suffer.

0006] There i her ef i . .
e 15 i BebIFHERS fs AP i 18 PR felmyo chmnc s
nod MiAe8007] Techni ques for perform ng rank

prediction in a M MO system are descr.i bed herein.

I n
[08A6le b Jdtereein therefarna peadindbe a# fpisteglHusydp dgiprmine the rank of a
h%culati ng the performance of different possible ranks

O channel and selecting the rank with the
best or near best performance, hi an enbodi nent, the

rank prediction accounts_ _for m | osses, which may

i ncl ude any type of Iossswfiibge observed by data
transm_ssjan. [0008]. In an enbodi ment .
19902k e #ﬁ‘_,‘lq‘beé’rfg‘b??‘?%%gn%@%i pggcﬂ]gtgofn 2 a&t/{ur a F¥S§/CI%1?I e described
hé&r8fK Sn 8h 8mbBditdeat, Inmiesreaictibn thchiegédby 8vd{udting the performance of
i ndi cative of a different nunber of data strea

digtereit possilile sankie @f p MINMQ chamclené pripftie therak it the Best or near
bt%? b%%ﬁa%ﬁgl IIE: ;e?@wﬁﬂ}ierﬁgg}%t{g?ﬁ grédﬂﬁioﬁaa%@&dﬂté’ fd%fsyﬁtgﬁl losses,

roug ata transm ssi on”sent

which thiyeinbiadé hyetypapéloss diagnaly bewhbdrved of dath andBibdn.
channel , and so. on. Ad%'“ﬂ?st rTEnt_s are_applied t.o %he turality of
[0098F or Fameemhodiment of sank PrEAGHOR.REF ce mefpIEs fog a plurality o

ra%%é %g%}ﬂa@%lﬁé&&&nﬁﬁéé.o caLBlihieatfObf & IeSRehtamltsber of data

nts account for system |l osses such as )
stremsetd @ué simulemeeusiy vixc o MBEOi dvantadd eThespatfdrmenepamgtrics may

transm ssi on, a timation, error i\ .
TR R DB SR R g T SR st vis
tﬁéalgl'ﬂgll@) thdnell BighhPq@lity oP HeEVIIECKDnelowed s6 onl rAdjystments are

and/or other factors. ‘Arank is then sel ected based on,.
appiedatt dst ecrformanse nmatiss nfor rthe sPIFTHILY 196 f3nky 4p | Abjeip s adjusted

ks. Th K Wi jhiger
o Tpon oS e b DRG] SoRRLOPLIRAN Rasen such s

10MsENd@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 that is within a

predet erm ned percentage of the best adjusted
woendoassmnce nmetric may be sel ected. At | east BA®/US2006/023095

channel quality indicator (C§) for the sel ected rank

is determ ned based on the adjusted perfornmance netric

for the selected rank. The sel ected rank and ngbs) )
[0009] be Vgrians bepediscand epehudiments of theniwpnticer arp gigegibed in further

Vagﬁqus aspects and enbodi nents of the invention are
dejakkePBed in further detail bel ow. BRI EF DESCRI PTI ON

OF THE DRAW NGS [ 0010] The features and nature of the

present invention will becone nore apparent fromthe
et ai | od BRIEF DESCREPTION OFTHE IHRAWINGS n

conjunction with the dramngs in which |ike reference
(09AB ac (T deateion snd paives pLig mpa@mye&tmdw@ﬁmme [reRyg ppparent

Fl Gy L T ANS - OULTY
oEheL MBI SR B, S5 e SRR, vt
ditatvanis i Whivh lieatfepence CRAAGHrs Rddhtif3 caspendinglytiroughout.

di ct t hat f ity-b d k
1994 coitn) shoypmaprasmatters digauant 2 Pemer RO ct or ¢ na

[@qgi;or PGt B Lo olits anke RaRGhiGE @itionl 0015] FI G

ows a capacity adjustment unit within a rank .
[091aHi ctRIG. 3 fhots) raak @redictehibakpeafopme cenpssity-psed rank prediction.

(AL i s SOV PTSf arod P pl g et bRy i prediction.
[GESER! RGO sh@Rd 8LapkbRy w@ustmeax@iipivihin'a fask predittdrer ei n

to mean "serving as an exanpl e, instance,. or

[0016List rBIG. 6showsprospwsdin prsfmine Hek PEIe8cr i bed
GU5E! " A%, 7SHEIPAR AN arks BP eSS Rk|ptediQidhe

s pre e vant ageous “over ot her
enbodi nents or designs. [0019] FIG 1 shows a bl ock

di agram of an enbodi nent _of _t tati 110 and 150
in a wreless commmﬂég@ﬁfﬂ@&&kor downl i nk
or forward |Ijnk) transm ssi station 110 e

O of e Hardmgresbhia s SoRG Isroiartp e pierVRE &% example
iﬁs%%ﬁa&,' SNBhdtta¥ioR. ARyRASRAIRAGH: 08 desigh dakeiBEE hpelmis “exemplary”

Node ‘B, and/or sone” other network entity. Station 150 .
it niseespaily tobe construpdgs prsfaresdpr fdHentegeons pveothes gmbodiments

ancti onality of, a
or designs.
[0019] FIG. 1 shows a block diagram of an embodiment of two stations 110 and
150 in a wireless 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.



termnal, a nobile station, a user equipnment, a
subscri ber unit, and/or sone other device. For uplink
wolanoeriesmsrse |ink) transm ssion, station 110 nRgThS2006/023095
part of a termnal, a nobilestation, a user
equi pnent, and so on, and station 150 nay be part of a
base station, an access point, a Node B, and so on.
[082G]t i oAt irbfsrhistensthticnblb, allmnsmﬂt (ﬁX)zldﬁtaptqcawgrri Zkreogives traffic

AR OO e e
mgﬁk?' 'tlﬁ%oﬁgff\é" dabh fUcEbiabfee(VAkh 8pasits if&rmﬁaaﬁfdl gdhéfaﬁd@ data symbols.

enna and each receive anténna may be a ysi cal
Asmsedrizeinyra data syrkolisna aymbcﬂ foodate)a mﬂottsmhglmat%mbol for pilot,

&%?1@32% ]-tp’gllcfl ; gggx?xg ex v é]ﬂf\e) ’[gxgtd tapsg%%ggssa%féﬂ'lgp symbols may be

mBTIERSS &M Hom o M6dEAton RA6MEeSch ds/HIN beQwds, Piotds data that
synbol maps) the traffic data in accordance with a

is ;ka@wata prégnichy bothrihie Fenemitterandreeeivayy nh ppraket fmat gy indicate a
dag'gxe/r oPr m?ox%&tt%%b t{@%ba cgdﬁgiﬂgﬁ% off éUdeq a nﬁ)dﬁialtlgﬁ scheme, a

a's and
pdcket A, bid/ar @thﬁip;b@a:mwtaisue& padket ﬂmnat myy‘atsb&eaﬂﬂ&n'pd kwes a rate,

oL e L SR Tod SRR 30 Phplerc
th? Pdatf rs&m@éﬂs hg guhl\/f RRednh aNFHErL 118 VPRT RE Ak RfermfeRABK @l rank

may indicate a data rate or information bit
pnoaided hycedcogralehprosessor chfe réﬁhe dataprssimbel istigams are sent

spREE B es VMO s e Bre Mo B rgBREE e figarns, spatal

sttdaBRSARPHt shehmiBior sthe SMHEEtedhliRlogyer M nol ogy. TX dat a
processor 120 denul t | pl exes the data synbols _into

[0921kansh Tahepetial gwpoepseindBQ snwleplexes REdel Hkoke w%ﬂle M data

)891?% oﬁgr%g? e?i%o%gll? ét{'aglél{;]lﬁ{e{‘ %h%?a? 3328%5;114% onTtﬁlg t%xed data and

pitdtammdblspadl prayided T etréeny effcitpu @yrhibolaso ’m‘ataasmitte&(fﬁ\/,[TR) 132a
spatial streans, output_streans, or so

(e hHtogacH BOBTIR 130 SRFersh (B BOTBRER fpmverts to analog,
R%{Jr LR l?i)f(%salﬁ% llﬁ%o r'ﬂgzq{ssbu‘%lft RytB61 MAaE BB YeHRPtes a modulated

eans, pe smtter Spatial processing on
siphd. ﬁlhtddplaﬁadedgtm fromnichnsimiittars 392 thireyghalidt preofingastied from

strea nbgls,.to T transmtters (TMIR)

3@9@9853%{% %}‘21% égﬁ‘ﬁ "eWansmitter 132 processes

(f[)QZP A@%@eﬁ)‘é?%tatféﬁnl/ﬁi tR hite@d8!| DIPa fHrbhi@r 952r receive the T
ifie and upconverts) its output synbol stream

n@dulage@ln@gmlwné epshantanag ISP geravides arrseived signal (narespective
b SR LORATEY, 63, FAER HoERUE T s Trodlest (ED0 kbR amplifies,

enn s "134a rou especti
downconverts, digitizes, and demodulates) its recelved 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 traffic 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



[0022] At receiver station 150, R antennas 152a
t hrough 152r receive the T nodul ated signals, and each
wanvwnags3ls52 provides a received signal to a r eEpPAISLI06/023095
recei ver (RCVR) 154. Each regeiver 154 processes
(e.qg., filters, anplifies, downconverts, digitizes,
and denndulates) its received signal to obtain
proesseory #70 Syt ptoc@acsh (¢.g¢ aleindericbSes pnd\dededes) dbeidatad symbol

synmbol s _for ve (RX) spatia
eSBP@EEé%QPrWG‘g? 3:'? %ﬁ% %8?%@%%&/@ ¢ synbol s for pil ot
(00230 CRRBAGL: RARHERHANayl ShluatdBRBhnY 66RESEHs aid4end feedback
estl mates the response of the M MO channel from

inforenatiom tol transnuttestsiationnl 195 The fexsyaelninforanation maydgdicate, e.g., the

nbol s_ f l
TS Pt R o B PRI RV B U g o e
fob Rhirmissibh OeRE6Wled H@Bnts %KCﬂQﬁbmﬂbr pegacies acknowdégments (NAKSs)
performs M MO detectjion on t e recei ved synbols for
forr packets drepdedrbyhracaiwer istatias| 1305 other S@Gar@b pHoaayios, or any

xﬁtglgat%ﬁncﬂng{eoﬁ Sfﬂe'%&@osackﬁ}' %tgﬁﬁégfog&%éé ge;% 1gr&:oﬁéﬁ ifEfleaved,

rocesses einterl eaves and decod
aiily sjanbol asspped) &g BTN fipoalingerockssad B0, ctgatwllyopmc@katchby a TX

SRHER RIS INE: GRS THREToBIR Pt PR RGP P[54 to
gérfe%ﬁéﬁ'rﬁ&ﬁflaté& ﬁ%hﬁﬁ‘ wiifh ar-EhﬁanglﬁﬁféQWaﬂté}ﬁﬁﬁ ']!”5‘221 BouEBN 52r.

he rank to use for transm ssion,
[02dhne IA‘nqrmJlsnmt\}er |stanﬁ|on 411 0y the Rogedylated istgnglscike reckiyedy antennas

t k
e Tk mbthe v P PRy BERTTdore ol (Bl by an
RIXe§AtiNGIrosdsadri 1386, é{flpfurtﬂb cdsydie@. 0 ddintédéarad aﬁﬂldedbﬂed) by an
any cornbi nation thereof. The feedback i nformation

R @E@@@@@TQ@S@T 138 e aerayer thetfapdbagk afornations ﬁﬂg}sx[oller/processor
%@ (§3 OI¥1% adaB(_F%h%ﬁ%mH GioPLREGES Q{atl%xggw an%%? 3 Yne feedback

processor urt her
uﬂbﬁmﬂﬁﬁed by transmtters 154a through 154r to

(HRET o Grmmorsmaccsrics b 6390 Corss e perdlioa b 110 and
156, 3k488 s ?ﬁm@s st £ kst SrleQfatd a?ld%ft@gﬁﬁﬁ;‘%ﬂd&@ﬂ)r Bhations 110

arit ennas rough 134t, processed by receivers
adB 250 lrdmpemigﬁelleZt spati aIIy processed by an RX

@g%i‘llt :er Si%r& élé) BO ag‘jcllq{b%ufr 'g%%ﬂy(gi %gezl? Ierrgla %eJused for any

FHeREs s38nfuRicafEP EfdterhNe.of dEOCKirkIBésOEdTBInuAItation systems
Control |l er/ processor 140 controls the data

suchaassHregusinoy Divsion ddultiple Aecgss GPMB) sysiaray Gndexision Multiple

Ac%gs%bmr)ﬁs%t%"s, ?{e 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
utilizes 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.



[0025] Controllers/processors 140 and 190 control the
operation at stations 110 and 150, respectively.
wokRnwrBes7142 and 192 store data and program cedeastms/023095
stations 110 and 150, respecgively. [0026] The rank
predi ction techni ques descri bed herein may be used for
any MEVI OM rel ess communi cati on system e.qg.
[0027]e| eThe MMMTOriheantdl dormsydiyete Tsanténnas aFtr@tfueﬂ@wtatlon 110 and

R s A LAy D Do) T 8 oy QUMY dpamnel
T @éﬁmm) NS Bubcakd Ycask/m@h}ﬂ 'b@rézc DJI\%{\)F&IS?

cCess systems, Orthogonal F
systens, Si ngl e-Carrier FDVA (SC-FDWVA) systens, and so

on. An OF By Ste t| i zg hogonal Frequency

Di vi si on ?é z;;még [%Msr(’g d an SC- FDVA system

util F)s= er éﬂ:{&@% é Di visian g, Eq (1)
Mul t ex| ng: (SC—FDI\/p O:DMand CFDM partltlon t he

syst em bapgw dt h in mul t pl K) orthogonal

subcarrie gf}ﬂ(%ﬁ]i @F}’Zg IslloRTc(%P ed tones, bins, and SO

on. Each subcarrier may be nodul at ed with data.

e”e SE;S@F@BN: gnqu%/%b?%e f” ﬁes ntlS tHe "c&ghfnf e&“&iﬁ‘f@dex gain
b%ﬁ'?%‘ﬁ%ﬂggsmfajh%%éa%w R)g't%g |on %&gﬁ%a%ytﬁh R ant ennas

[0R28] ecelrheeMIM(atchmmd Yaynby deeompesedcintr Szguitibly clzamnblsx where
T M MO channel onse matrix H(/c

f h .
Ssﬁmggﬁ' 5 iBor- Kh emt eygén@kﬁlf;% g &efer o tq?%s: &atlal layers, layers,

mﬁlePen(iﬁ { chag% _anB S0 or? IBE?] mfl(]{) cﬁa:rmei- rgspfngs tﬁét%xeﬁt()éy may be
SR R0 LS B DL QMg AR vewed s

receive an
oithddonahspatisl chmelhe Scixt0 syl dhtriearho nﬁystmiteh‘abn the S eigenmodes

channels, where S < m he spati al

b RyTTGE SIESh RRR T S0 S, §f§?"’s i GRS Ty o
2 n Qs thdh Motdebasmipebr without

b%gglg[oﬁ{s]gﬁnsat I X rl—%?%&els?my E%I%qggong)l zed to cﬁ)}%tearl‘r?nsou o

sprtigbprooctsmg@f thelimnkMerchannel , whi ch may be vi ewed as

[@{Zérggm%l 7 até ioglei&%g@ﬁaﬁ%gégthgy%grg)% §¥ %ﬁ%ﬁél cghta{qﬁagﬁs TERrred to
a@ IS Rarike@n iRl WIINID @hatRe tTERNMIMO &hanil datcansigerbd|full rank if

streans nmay al so
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) may 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 to be
sent at higher rates. Thus, it may be possible to achieve a higher overall throughput

with fewer data symbol streams. Conversely, in a full-rank channel, the maximum



be sent on the S spatial channels with sonme other

spatial processing or without any spatial processing
wanodchesransmtter. [0029] The nunber of ei geRODASS006/023095

(or the nunber of spatial channels) is referred to as

the rank of the MBVI O channel. The M MO channel is

considered full rank if S=mn {T, R} and is |ess
nuiibenof ddth symibd strbarBs mayibe seit, torully utiliee alhokthi spatial channels of

[ J eterm ned b nel conditions. For
th%&ﬁﬁ{&feh%%eaﬂﬁéﬂww%&&@iﬁ%?ﬂm gher in wireless
[0agnnefrfe Wrkprlelifcliof GaéHnidued Feddibet hetelidefrinind Mieeiumber of

in'spatially correl ated channel s and |i ne-of -si ght

dagd spB)bot bizeamsl te trapgoR GYclEbatEqed PrHPHRHIcE car by achigyedher
L. th hput . ' : oSt i
OB < b MR AP bRt 62 B i VARAE, drloinal modes

subRbEH @iﬁiEIeroHéWoﬂ’da(SCWf molie aB¥Yhfultiplaoodsword ML W) mode. In the

| ow-rank channel , reducing the_ nunber of ta synbol, .
GV made aipgisuprokah formal js peedufos %lln&é? -Sx?’gg‘aﬁﬁfemsa which may

. . . Ccel :
sy B SfoBLeB e BRI RA 36 LB O HE RN AL, o ifforent packet
fonhiatahayrby usdd fowehdie datastymbahstraam, lyéhisle may amphovghpgsrformance in
rat es. '{hus,,it may be possible to achieve a higher

Soawslame Pﬁ’?@tﬁﬁput with fewer data synbol streans.

ver jic - i alsbNBe R MeEMEHHIAE spatial
Lo o Zﬁ{seyyr%%(l pgﬁdééégﬁsgﬁaﬂﬁlqgée@% o TulTy uttl e P
pratdssiof schemepaudhalas chalingei mappinghsshivngiOa cprghferandam MRPPIng

ximze M.MD.gains. [0031] The rank.predi ct.j
schEE it A0S IS PRI PAh ot Br 1 QBHEbARg dehegpe, one data
syBfHoR stPSHRPR| seftt F SAPECH RafishélnSitbrinaSvitiout Biey spgdialprocessing. In the

performance can be achieved. [0032] The rank )
pisréatrandpRmeRrnine Feheate, wash dta gxmbolstieamy g sepygom all T transmit

ti | .S )
B R R (S PRt e
bahhPreinaskeief eicheatatd symiseiditan iaként dat adiiendntleigenmode, and
T (e —
gé\%ﬁf%,ﬁgiﬁ%é}r{%mybﬁe URGstif<r b asdhallR)-Roisy ?%FJ (SRR adipnal-to-

ove performance 1n sone channel
naisnahid-intarferenc 083} (SR ), ankgppersynbaometsh e £Bs/Ngy and so

of 267 i i it S bl B GERE (RO O
[0WBHPI NFod CAT®, tie REAMPralicidnd (RBNIQUEs afNdestpibed.beldw for an

the direct mapping schene, one data ,
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



synbol streamis sent fromeach transmt antenna

W t hout any spatial processing. In the pseudo-random
woappiags3schenme, each data synbol streamis seRCTMUSZIU6/023095

all T transmt antennas, andgall data synbol streans

achieve simlar received signal qualities. In the

beam form ng schene, each data synbol streamis sent
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paresoal4s Mot sielebtbr 2Zh mayoa]smosnleelﬁemm;/spahdlmmlrg matrices

Tur bo cod a co t| onal cad n

bR BheyrEs g SPaiAl CyPiE TS e f et fyBRol srbarns to
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ereo A channél interleaver 212 interl eaves

[003G} der&)chtttmlsmdtm IBQt inchidsedn HFRM medeletos {H] 230 and 2 TX

h d [ L.
<SR AT AR A g O
rébRRd ahi Qfip§C 1asﬁ€a1ﬁrmd deserstat OFYMbofmsbol# In each symbol
demul ti pl exer (Denux) 216 denultipl exes the data

peyjorh PEDMhmedwiator - 28Arerfagme rae Kipoigt [l spéﬁ.oefp@a/symbols for K

el t Iy
b T
peﬁ@ct: eSISOrRPlaﬁl,t 282nprbtespéseﬂxer OFPM )sy2B0lsr :mdegmsawshe nhpdulated
data synbol streans from TX data processor 120 and
sigpls the data synbols and pilot synbols to the proper
arfr AsynfbodP fbhetecERER 1 13da throu
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164chapbbegreisedak with a T xM spatial mapping matrix
PM k) from a matri x sel ect or 224 and provi des out put
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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 k,
H,, (k) =H(k)- Py (k) is an RxM effective MIMO channel response matrix

for subcarrier &, and

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



Hadamard matrix, a T XT orthonormal matrix, or sone
other matrix. Matrix selector 224 nmay determ ne the
wdizoensssn of PM ) based on the rank M from PCT/US2006/023095
control l er/ processor 140. Matrix selector 224 may
al so provide different spatial mapping matrices for
different subcarriers. Spatial mapping unit 222
[0p39)vi dEer Finmiicitys theymdisd meiyr e pssumed Totheaaddifiva wihdte Gaussian
132a through 132t. [0037] Each transmtter 13%
nqiseclAVHER) AAthareswe misan VaeteF advbenvapaecepaitiy ofy(kugicp -1, where
requency (RE) unit 232. Wthin each transmtter 132,
YBdRNIC& 08 thexmiseranddl isdhe ienBiymfiXsymbol st ream

and enerates OF ynbol s riod,
10BR et e staeRg S rBaatowe SNIET dRpn e Ricies fgecover
ths ¥i3R0d Rﬁhﬁoﬂ séht %&E&zﬁ* [shdi €r SstARA AP €T e AIAVO)! diéiedﬁro%f t_IQZShmques

to generate an mbol for that synbol period
inBiade (it ligge Mm&dstestmh@cmﬁwsswboassmanmugem@matsagan@ error

RSB S0 2 B Pevaiy G SeRbini IS Fhpiahdf and @
nELifAP VERBO Al Aetioh (t&)hmc}uks suéh b hras{rfim Hikekhood (‘ML) dedoding,

(2) where s(k) is an vector of data synbols f

list ubphwrer |d§cod4ng r@RP)i dlegigior fee@bap@cteqmah;pr (PEE)v @gd successive
GHERELS AT TRERSED i, B ey A Mo o s

filter MAGIxN{dE)each s@BcdRidr £ bﬁ@dcsen\tE@MMSpr IZFS b MRCI trebhmque as
k.[0039] For sinplicity, the noise may b e assuned to
follewsddi ti ve white Gaussian noise (AWGN) with a zero

nmean vector and a covariance matrix of n(/c) =1,

wher he var i se-angx#);\ s the

i den (@prwedkﬁg%% F@E@Y) T g aiﬁ%kk)l’SO may use Eq ()
vari ous M MO detection techniques to recover the data

synmbgl s sent by transmtier stati.on 110. These M MO

det eétd :tma 'cé@@ﬁnn'cﬁué@ (f)ndl i near MBVI O Eq(4)
det ection techni ques such as m ni mum nmean square error

zero-for CI ng (ZF), and maxi mal ratio conbining
NRC)‘iM(@m k) - Zhe( 2) non-linear M MO detection Eq (%)
techm ques such as maxi mum | i kel i hood (M) decodi ng,

where Q, (k) =[Hy(k)-Hy(k)+o? I - Hy (k)- Hy (k) , Eq (6)

D,,,.. (k) = [diag {Q,, (¥) }]7, and

D, (k) = [diag { Hy(k)-Hy ())}] 7.

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

values used to obtain normalized estimates of the data symbols.

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

where M(k) is an M xR spatial filter matrix that may be M,,,,..(k), 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.



i st sphere decoding (LSD), decision feedback
equal i zer (DFE), and successive interference

woampaBsari on (SIC) techniques. Receiver stati 8aTA52006/023095
may derive a spatial filter jgatrix for each subcarrier
k based on the MVBE, ZF or MRC techni que, as follows:
Mme(k) =Rmmse (k) [H (*) HMk) +sl 1] 1 H (k) , Eq
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as channel "capacity, through ignal_ quality

paskey) formaty aveilene f%ameﬁhmgéawﬂg SR rﬂaqorlghn‘%ff%éygﬁﬁ alven in
e o APRLE BRIkl oA SBBAPRL 1y i stomation it per
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M MO channel and the signal quality of each spati al

desprpfiqg) 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] FIG. 3 shows an embodiment of a rank predictor 300 that performs capacity-
based rank prediction and accounts for system losses. Rank predictor 300 evaluates the
performance of each possible rank using capacity as the performance metric. For
simplicity, the following description assumes that T<R ,—and that up to T data symbol
streams may be sent simultaneously from T transmit antennas. Rank predictor 300
includes T processing sections 310a through 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.



Thr oughput generally refers to the anbunt of data sent

via a communi cati on channel. Throughput is dependent
wonodehiesshannel capacity as well as system par BOBUS2®E/023095

e.g., the packet formats avaijl abl e for use. Channe

capacity and throughput may be given in terns of

spectral efficiency, which is typically given in units
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, a spatlal napplng uni t 312 receives the NIND channe

resp ons /c o [,
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n(/ c) for nk m rovi ectlve M MO
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Unit 312 perforns spati al napplng in the sanme manner

as spatial mapping unit 222 at transmtter st ati on 110

E%éit‘fc{n“aq%ﬁ oiies PO LA R SARSPAPPBIR P oy masees forofer

RESn Lelfni @NBS of the mdata synbol streans or
equi vdg]l' en&r m spatial channels for rank m The
[@EMRE ar Ehal ewalgEeSNRonf all m data symbol streams for rank m may then be

computed as follows:

SNR i NR,, (k) » Eq (9)

§IH

avg, m

where SNR,, ,, (k) is the average SNR of all m data symbol streams for subcarrier £.

[0049] A capacity mapper 316 maps the average SNR,, (k) for each subcarrier k

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

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



the M MO detection techni que used by receiver station

150 as well as the nunber of data synbol streans sent
weiznsliBgazeousl y. For the MVBE techni que descri Bed/US2006/023095

above, Qmn k) is first deternpned based on Hm ) as

shown in equation (6). The SNR of each data synbol

stream for rank mmay then be expressed as: SNR , ,

(k) = 9Im 'E{k) for i m, Eq (8) wher e gm i

(K) Conit FOAoBN1diNomat VBl errent of  Qr(k) for Eq (10)

subcarrief=k, and SNR m. (k) is the SNR of data

symbol streami for subcarrier k. Equation (8) gives

KRR £n N8R adpi @L\R i f eARYARA chindl féefeltm. In equation
N rannets” for ot herg(ec Oydet ectlgn t echni ques. [0048] 1
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R of all mdata synbol streans for subcarrier K.
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m k) for each subcarrier k to capacity and further
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C%Hﬁ@ﬁ’nép%/%%gg%o@gﬁ’ém ty function, as follows:VE, m |o0g2

[ + SNRavg m(/c)] , Eq (1O :1v\here Cavg is the

aver age capacity of each spatial channel for rank m

In eGuaj Foh, 1ogo)L+ 7 NRapdé)lty of each subcarrier is Eq(ll)

gi ven as: #o0g2 [| + SNRavg n(Zc)] . The capacities for
all K subcarriers are then accunul ated to obtain the

whAE" @%ely ?ﬁﬁ%{éééﬁﬁg;%ﬁﬁﬁgﬁh%ﬂ% adM3GAN S8 FhAGE factors such as

capa ss from codi ng or

mﬂ@tﬂﬂﬁ@ﬁ kMRme| O8HERY sdHeenes 2BEE 1LY, cFm Rogti e, BBY salono Gepacity may
perfornmed based on a constrained capacity f nct ion, as
alsob¢ determinefl based on efjer gapamtyz fooycprons ey lpok-yp tablesq (11) 4
e 17 1,.0.is n tar
st Sapbi, Fofaial oBFSLE RE B hs Bheei Goe
ack od| t&g Fat hem%actgr%d Je?érﬁjed%%ﬁ%@t Uﬁit 488 pmdecsoanoi?ljusted 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

Coum for €ach rank m, as follows:

Conam =M Crg - Eq (12)

avg,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 total capacity, as

follows:

M=arg max (Cyun) - Eq (13)

me{l,.., 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:



al so be determ ned based on other capacity functions
or | ook-up tables. [0051] A capacity adjustnent unit
WwG@2806ad$a3st s t he average capacity Cavg mto aceowms2§06/023095
various factors, as describgd below. Unit 318 provides
an adjusted capacity CadJ. for rank -m [0052] A rank
sel ector 330 receives the adjusted capacities CadjL
t hr onpbn@adprg (€Qf,, al#- A, Pppssi bl e ranks 1 through T. Eq(14)
Rank selector 330 tirst determ nes the total capaci ty
Ctotal ", for each rank m as follows: CmmC m.
wiiet@ )C,L,0i838¢ 1drgesk tetell apacity R8@1ltHensside eatks apdef ofl.Q hé\ lower
T possible ranks. In an enbodi ment, rank sel ector
rapl de i geaerallyiemerenkobwist REAiRE AelpigEcrs chanpe! copdidions angscharmel

B AT i g B d e

latgewestal eapakityitidn the lowalrardapay be yeledied for asan t hin a
predet erm ned percentage of the |argest taota

loeéf'giacu #y CQlsgengiatos a2 meeeitiesnthe Adjpisteg; Gpagites Qa@ thgoygh Cy;r
14) whe
fopjal F sbbIco ks aFicacAgg 5o S8ieEie0 TRk Sior I AR ieESEmER, QI
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hi eve a total capacity that is close
Seilec %égg({h t%‘%t al capacity, then the | ower rank may

be sel ected for use. [0055] A CQ generator 332

recegies. t hegags U C@d pacities Cadj , through Cadj tEq(15
for all ﬁi“pos&%i’e ran_ﬁlz as well as the selected rank 1(13)
M I n an enbodi nent, CQ generator 332 determ nes an
whéteSNirve  S§Rofveh 1hhﬁu@dbflﬂbﬁgelc@ﬂ390| QQICaeHerdvooB32 haay also
selected®¥ank™™M as fol |l ows: SNRef M 10 10910 (2C - 1)

deterfifiné #R) civdeave SNIRBAeW onSsofliev&ther fimbtidd 6r 9lockep bidle of SNR
(dB). CQ generator 332 may al so determ ne the
verise@paciy. SNR based on sone other function or a

[dOggf( u&nta%bgrﬁb&ilméﬁﬁ CQI generator 332 quantizes the effective SNR to a
predetermined number of bits to obtain a CQI for the selected rank M. In another

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 channel with a certain target packet error 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 processing section 410
determines the throughput for a different possible rank that may be used for data

transmission.



versus capacity. [0056] In an enbodi nent, CQ
generator 332 quantizes the effective SNRto a
wonrewatgs3m ned nunber of bits to obtain a CQ POT/USE®6/023095
selected rank M In anot her gnbodi nent, CQ generator
332 maps the effective SNR to a packet format based on
a rate | ook-up table of packet format versus required
[0B58 ThWihinairecdssiok seqiionadilOefor oakainn wharer @i I, ed T $NRnits 412,
for each packet format supported by the system Th
41 rhiits ad SNIZ pperaigaith theasiven M1BRMES HRYS 3¢ Alhns et 318,

SNR,..needed el Ai P ‘ .
SPERRED R O Lo TN HIATaR uRR s eciiont Aeq copciy
ng-g}f,{l for fafk PERd ddiemtinésthb @ffsctite SNIR) g .rayshoemgarsguatican(15). A
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rdt® SdokOp taBIROUXY reseifes tichdfectivs SHRI fomraflO@Satid fib@dedtthe packet
shows an enbodi nent of a rank predi

ctor, 400, t hat .
foyenat wittisthe Huges Hhiomghns cad A rraUse SKE, Troh kes Teadhinegoctive
system | osses. Rank predictor 400 eval uates the
performance of each possible rank using throughput as
[0058] perA auniarelector B0 ascdReaskthprtboiughouts 489 threeigh dr for all T

processing sectiaons 410a through 410t for T possib )
bl oks AacqcleBRIgAe el BoBEI Ehns ‘B B B IRy
section 410 determ nes the throughput for a different
possi bl e rank _that may be used for data
t r andhussion: TBO58] Wt hi n processing section 410 for £4(16)
rank m where me {1, ..., T}, units 412, 414, 416,

R RSBk P e PP R o 1

chfbbiment, i 13k YakdtoH 480 pRIVRICY 8Be Hik @il tisd RecSRRAM]I thivughput, as
adj ", for rank mand determ nes the effective SNR

fellagvs: as shown in equation (15). A rate |ook-up table
422 receives the effective SNR for rank m and provides

t he cket fornma ith the |largest throughput and a 1
r equi é‘dar\%N@%&_’ﬁa)a{Tpig@mkﬂess than the effective SNR Eq (7)
[ 0059] A rank selector 430 receives the throughputs 7P

1 through T for all T possible ranks and determnines .
(031 ot B aveHien arphptimenb Tl selss(o 420 ARIScts e lg PR Ak wish a total
tﬁroﬁﬁprﬁt that % &Jiltﬁ)n a predetermined percentage of the largest total throughput, as

follows:
M=min {arg (TP,y, > B -Thu)} > 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. Throughput 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

generally decreases with more supported packet formats.



[ 0060] Rank sel ector 430 then selects one of the T
possi bl e ranks. In an enbodi nent, rank sel ector 430
wonresiides7t he rank with the | argest total throBgiwske06/023095
as follows: M= arg max } (TR mM . Egq (17) [0061] In

anot her enbodi ment, rank sel ector 430 selects the

| owest rank with a total throughput that is within a
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chzasky pEag 0% Fdtieqidy vaniews 98rqss of SFINE qUPha% §-Sonchappgl estimation
performance netrics. |In another enbodi nent, rank

epoesdi Bhel aierdgs q@pacﬂtyr G.eg,,, paeyerlsoRotershieyphia fue torEetiqus Teasons
of signal guallty, SNR. The average SNR of
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each spatl al channel in the M MO channel with rank
[0066The BDGPS slevsoanceralspeliment 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. In an aspect, it may be computed as follows:

SNR,,  =2%®" _1, Eq (19)

avg,m

C,pm =log, [1+SNR,,. ./ €] , Eq (20)

gap, m

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

associated with different values of g.



capacity Cavg mis subject to various sources of error
such as, e.g., channel estimation errors. The average
woapwaigdz7 Cavg m may al so not be achi evabl e dueCrmws2006/023095
vari ous reasons such as, e.qe a finite set of packet
formats supported by the system and usable for data
transm ssion. Furthernore, the capacity conputed at
[0067 ti PeuhinSl2adjustayhdenpdiifyl for emtk mHancedvat fapheinte) estimation
anot her tine jnstant wh data is sent, e.g., due to
ST et "‘isﬁe“cth@fﬁ?gf‘y{%?ﬁﬁ)ﬂp‘gﬁs variations in
interference and transmt power, and so on. In
addi cerd.pi Ny constraints may be inposed in the
sel e%@@%mo irank The average capacity Cm&m maybe Eq (21)
adjusted to account for these various factors. [0066]
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adj u 8 nFIG 4. Wthin capacity Ea (23
adj u Ehnengogami%s% a unit 510 adjusts the average q(3)

capacity for rank mto account for codi ng | oss.
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rank mto account for channel estimatian errorsth an
compen simulqtion gpEIcal MeBFERREat, SRERG L sopme other means The

logaa ﬁj%sosn%%g%}sarm&%?m(}%gtﬁ%ﬁké’q&at{n i lsltli{::}h as, Hifffeléeélt antenna

cqridipurations €e.ghahné| AB20K differers Candldatetraldts diféarent ddppés, and so

o s Boncpao 85 Comen kR hod G SHSTE o B b mumoer of
opthtidTPdeRAH G dnidasdiPon RS SRRRA &8 MpufParameters 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)
Ciem =108, [1+SNR;, wl s 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.



various factors such as the rank of the M MO channel

(e.g., nore loss for higher rank), the channel nodel
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channel nodel may be quanti fijyed by antenna

configuration, nobility or Doppler, and/or other
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pil6Rior @bntedlchahiie] and aspenit, poiser of imffichehaaself dfdraawsmple, unit 516
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nmeasurenents. The anount of | oss due to interference
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Sj atio irica [ r
b tb e fusE RSl FRASH A8 dbeorbE M PR MR, terminaiion
latBRYy. D WEISHOARQ, bpackd: @dentiin drietttadsmissidn bhd Afueeded5dte or more

may apply other adjustnents to the capacity for rank
refranspissensarsE dherbatket indecodeadscoresetly By tpeeieraiftng: ﬁ‘&qt H-ARQ
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contr an offset between
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f traffic channel Eor

sk o g B e Rl GRS by b
sRRh thhretiBGEr #2RR it 5ABGEA {r vBAYKIity i 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 Ciioor, and may
be set to the lowest throughput of all supported packet formats. The maximum value is
called the ceiling, is denoted Ceeiting, and may be set to the largest throughput of all
supported packet formats. The capacity for each rank 7 may then be constrained to be

within the floor and ceiling. In an aspect, this may be as follows:



reduced or increased in an upcomng interval. In an

enbodi nent, unit 516 may disqualify rank m if m>1
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l ow SNR may indicate that stggtion 110 or 150 is
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unit 518 |imts the capacity Tor rank mto within a
Adiastyenisf utitizad may adsecbenapplind forfawere sifferpet, prdipmasdditienal, &ctors.

is called the floor, 1.5 deno a I "
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ergqrp cAnghpueresencel vatidliopor (10 pRBREENIPIAYIdS. maggins in the rank
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ere 1In js the capacity far t r it 516, .
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intdpeatedinto g oamubre Sumsionalomiter ©gi sofiwarg.shardware; pppomhigations

thge%?.r 'Alssoe tf(t)rI (r:]lgrity, 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 tables 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 fo
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.
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capaclity or averade throughput.[0076] Receiver station
ralﬁOTlmyaIﬂcuaﬁa MBVO hbasrel] ectyedhangnit dblowenrate than the SNR of the
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he hes
to transm1tter statlon 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 station 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



di mensi onality configuration, then the highest
possible rank is four, and the selected rank M may be
woameapgd7usi ng two bits. [0077] Receiver stat POWUSED6/023095
may al so quantize the CQ ta@pa predeterm ned nunber of
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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 metric 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 CQls may be
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pregrammableorgate aq:mayygr (EB%Sbt ﬂp@qcessors controllers, micro-controllers,

microprocessors, electronic devices, other electronic units designed to perform the

functions described herein, or a combination thereof.

[0087] For a firmware and/or software implementation, the rank prediction
techniques may be implemented with instructions (e.g., procedures, functions, and so
on) that may be utilized to perform the functions described herein. The finstructions,
e.g. as software or firmware, may be stored in a memory (e.g., memory 192 in FIG. 1)
and executed by a processor (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
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the rank prediction is performed at the receiver, then
the selected rank and the CQ (s) may be quantized and
[0889% t VHAT IS SAsARMEB(IS: [ 0084] Process 600 may be
perfornmed by controller/processor 190 or sone other
processor at receiver station 150. Process 600 may
al so be perforned by controller/processor 140 or sone
ot her processor at transmtter station 110. The
adj ustnments may be perforned using | ook-up tables
stored in nenory 192 at receiver station 150 or nenory
142 at transmitter station 110. [0085] FIG 7 shows an
enbodi nent of an apparatus 700 for perform ng rank
predi ction. Apparatus 700 includes neans for
determi ning perfornmance netrics for a plurality of
ranks (bl ock 712), means for applying adjustnents to
the performance netrics for the plurality of ranks to
obtai n adjusted performance netrics for these ranks
(bl ock 714), nmeans for selecting a rank to use for
data transm ssion fromanong the plurality of ranks
based on the adjusted performance netrics (bl ock 716),
and neans for determning at |east one CQ for the
sel ected rank based on an adjusted perfornmance netric
for the selected rank (block 718). [0086] The rank
predi ction techni ques descri bed herein may be
i npl emented by various neans. For exanple, these
techni ques may be inplenented in hardware, firnmnare,
software, or a conbination thereof. For a hardware
i npl enentation, the processing units used to perform
rank prediction may be inplenented within one or




nore application specific integrated circuits (ASICs),

digital signal processors (DSPs), digital signal
wonropassisng devi ces (DSPDs), programmabl e | ogi eCuasemes23095

(PLDs), field programmable gate arrays (FPGAs),

processors, controllers, mcro-controllers,

m croprocessors, electronic devices, other electronic

units designed to perfornCIxN®cti ons descri bed

herein, or a conbination thereof. [0087] For a

firmvare and/ or software inplenentation, the rank

prediction technglgues rmé be inplemented with

i nst fuct i HRSPPEAYS COMPEYMBE res, functions, and so on)
t hat 5Bkt Qﬁe%kggsg@&nﬁ rformthe functions
ef ei n.

descri bed The finstructions, as software
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ollp8t (VIBEOF8Rfner, external to the processor. [0088] The
previous description of the disclosed epbodi
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ke or e th vent | :

B el fodpisTRa s @Y tBts pecounting fir syjiem losses, and
r eadid Yeleppaaaktto use fdrainea Shnshlission frotmhemeng theagreralityeof ranks
generic principles defined herein may be applied to

béﬁﬁémt@%ﬁhﬂﬁﬁ%ﬂ@@b@ﬂ%ﬁﬁﬁﬂﬁﬂﬁ@ﬁ?ﬁting fromthe spirit or
scop | ' esent invention is
not ?ﬁ@%%&ggoggggg;%?ﬁ%%%%Q?gp%ﬁgﬁgabodinents shown

herein but is to be accorded the w dest scope

consistent_with the inci pl es, and vel o f r .

di scPosed Ililgraéﬂpﬁr.a“tsogéﬁ%”ihﬁhﬁ]?eée {kgm:ebfor;g%pﬁ\%gwirelate fo
céﬁhcﬁg}ggthmmﬁj ng: at |east one processor

configured to determ ne performance netrics for a
plurality of ranks, each rank indicative of a

di fferent -nunber of . St 0 ;

Si rrul%t anegglg I %Pp\%r agusagﬁhcﬁflﬁ p{’:‘?ﬁ%f)%t e t|for13’r|rl g%cgft %15‘?"‘ cs relate to
thiduMDut 6hadin ebnsrhiesion pdry veactheMIvED thartnel. t he

performance netrics for the plurality of ranks to

obtai n adjusted performance netrics, the adjustnents
accoynt | ngjiﬂeo%p ALY | R3ReE, whEin' heSHrfstinafcd AlkidsOrelate to
use for data ansm ssion fromanong the plurality of

signiak gudbiag eftho MIEMI@ cheljnest ed performance netrics; and

5. The apparatus of claim 1, wherein the adjustments account for losses due

to an error correction code used for data transmission.

6. The apparatus of claim 1, wherein the adjustments account for channel

estimation errors at a receiver.

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

in interference observed by a receiver.

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

in transmit power used for data transmission.



a menory coupled to the at | east one processor. 2. The

apparatus of claim1l, wherein the perfornmance netrics
woebwt1es3o capacity of the M MO channel. 3. TheCT/US2006/023095

apparatus of claim1, whereigy the performance netrics

relate to throughput of data transm ssion sent via the

M MO channel . 4. The apparatus of claim1, wherein the

perforrrance netrics relate to si gnal qual ity of the

MO channpel . 5. The p ar at.us wherein the
adJ udt mentRe APPEIHE Pg PBs des™ 8?}8“‘( ghar?%elre?%rone rockSsor is
co%@i gtion code used for data transm ssion. 6. The
aratus of claiml1, wherein the adjustnments account
f o r tofemiheinke baving perfermeneometrips bglopee piedetermined teshold.
apparatus of claim11, wherein the adjustnments account
for variation in interference observed by a receiver.

8. The appmé adppara@fs of ajlafinl, 1, Whereinn thd1ext aldhsts b frécessor is
account for variation in transmt power used for data

canfigreedi ssi on. 9. The appar at us of claim1, wherein the

at | @0k AR pBIOFERR ndifos P i m;@f‘%r {9t ga{mé t6 i a range of

havi hg pertfornmance metri co eIo erm ne
vidltidseshol d. 10. The apparatus of claim1l, wherein the
at | east one processor is configured to limt the
performance metrics for the plurality of ranks to

Wi thin a a0 Q}Epa?ituél 8t H%?n lélwhégi% AP PR LY FaREs 5l @tdFnined by

10, erein e range of values Is detérm ned by
pqzﬂteﬂ@hnﬁtsnmﬂﬂsfarsiatalerssmata transm ssion. 12. The
apparatus of claiml1l, wherein the at |east one
processor is configured to select a rank with best

adj usg.ed PRS f GpARRGE ofEdlkine - 1, 1¥herthe tAPRAT BastS 08¢ processor is
claim1, wherein the at |east one processor is
configured

to select a rank with best adjusted performance metric.

13.  The apparatus of claim 1, wherein the at least ome processor is
configured

to determine best adjusted performance metric among the adjusted performance
metrics for the plurality of ranks, and

to select a lowest rank with an adjusted performance metric that is within a

predetermined percentage of the best adjusted performance metric.

14. 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 transmitter.

15. The apparatus of claim 1, wherein the at least one processor is
configured
to determine at least one channel quality indicator (CQI) based on an adjusted

performance metric for the selected rank.



configured to determ ne best adjusted performance

metric anong the adjusted performance netrics for the
wohweaBsly of ranks, and to select a | owest raRKTMISEIW6/023095

an adjusted performance netrjsc that is within a

predet erm ned percentage of the best adjusted

performance netric. 14. The apparatus of claim1,

wherein the at | east one processor is configured to

represent_the sel ecte ank with a predeterm ned .

nu of T ABPargiy ?’g Ciaéﬁ’d L hgﬁegglfne@{eeé ﬁg?ﬁ% PP Processor 1s
cohﬁ@iik%mtter- 15. The apparatus of claim1, wherein the

at "I east one processor is configured to determ ne at

| eastp determihenreignatitehoisy ratind (YIRbbasedan ap adivgted pesiormance

dj yst.ed performance netric for the selected rank. 16.
m%#&%@%?@?ﬁsgbﬁcﬂ m 1, wherein the at |east one

pr oqe&g;@ﬁtiz'eﬁth@csm bl Ocith@helr qrialigy indishign €CQI)0fon diesselected

rati o (SNR) based on an adjusted performance netric
rafior the sel ected rank, and to quantize the SNR to

obtain a channel quality indicator (CQ) for the

sel ected rank. 17. The apparatus of claim1, wherein

t he IMRnOr'yhd sppaeatid gficlain tlp whemirethetmemaryt is @oefigwed taiptore at

tabl e of adjustnents for the performance netrics. 18.
least gpe h?&"‘d’oﬂ%]lai@iaﬁ]g‘?n%@f%ffoﬁﬁﬁﬂ? OFBMCS AN netrics
for a plurality of ranks, each rank indicative of a

di fferent nunmber of data streans to send
si nmul8.aneAus¢thod camprismg:t i pl e-i nput nul ti pl eout put

(M channel ;. appl yi nq .adj ust t.s t.0 the g

per P@?‘W’Hﬂ‘&%‘g lpg{ﬁo{rg%% 6?&??1% b Ial??%?]il&yftf(lj?nkrs’a%alglsl rank indicative of
a QR nafibes BdhtPfFdaalsTBRER] dRfulthitdusly Ve agultgiledipus multiple-

accounting for system |l osses; and selecting a rank to
ouipet MIMQkehwnnelansni ssi on from among the plurality of

r anka?pplying.; adjustments to the performance metrics for the plurality of ranks to

obtain adjusted performance metrics, the adjustments accounting for system losses; and
selecting a rank to use for data transmission from among the plurality of ranks

based on the adjusted performance metrics.

19. The method of claim 18, wherein determining performance metrics
comprise 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 MIMO channel.

20.  The method of claim 18, further comprising calculating adjustments for

one or more of the performance metrics.

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

thereof.



based on the adjusted performance netrics. 19. The

nmet hod of claim 18, wherein determ ning performnce
waoRbtei1eg33conpri se determ ni ng perfornmance metr PCE/US2006/023095

one or nore of capacity of tlge M MO channel,

t hroughput of data transm ssion sent via the MevlI O

channel, or signal quality of the M MO channel. 20.

The 22t hotin afpatdtas eondi@isiffgar t her conpri si ng cal cul ati ng

adj ust mar}ts for .,one or .nore of the perf

r NANC
et REAPS 191 delPirainig SIBAnGA efHES AOT yplmainy of ranks, each rank
1n|81%5t‘f\!'g S d Bt ARIInSESoCdkL WHradnhd W@ defd ARAGALMEOISDS via a multiple-

osses due to on or nore of an error correction code

inprstadultiple-aidput (MIME)rehaaielin, channel estinmation errors

at a receiver, variatjon.ipn Lnterference obser .
© he gt ot postyiE sl PR BB SpeRRE hrtle Blosaliy of
rafid B bbtamSajestéd Perfétnadod BN the Bdjukiateanf actduntig for system
apparatus conprising: nmeans for determning
lopsgeifasdmance metrics for a plurality of ranks, each
rank_indi hV f | ffer . :
o SURIRSERt¥ g s B g UG ARl Ao Parb £ AT pluraliy
offfdhits thk&t enuithgutjusivEe)fomirara @letriecreans f or appl yi ng
adjustnents to the performance netrics for the
plurality of ranks to obtain adjusted performance
metryLs, ' t §2:88 CoOpNty 0 0 Fo9S 888iminin
and %%ansfﬁrﬁgg#g%ﬁggagﬁ?a%% :‘%Héges}g thfylzégfﬁa , Semmining
parfaxmanéesmitivs comprisermeenst foe dstenmining ypasformantesmpigise dor one or

on the adjusted rjance petrjcs. The .
e b0 oo S Bk, DM HBRBE SFBEhF o A RRBY S vin
MIRIO SRAREIC 8r dBkA] lqElite O MEVEEHaanélor det er mi ni ng

performance netrics for one or nore of capacity of the

M MO channel, throughput of data transm ssion sent via

t he MO I ¢Sl q Y :

chanttl . S dnpes® of pRE 2 Wi leclprisi Melfd for calculating
adjQdtRIchsS ifeWoriERR Msork of thepktutmiricegneardgsist ments for one

or nore of the performance netrics. 25. The apparatus

of claim 24, wherein the neans for cal cul ating

CONPhk SeSThe apparatus of claim 24, wherein the means for calculating comprises

means for calculating to account for losses due to on or more of an error correction code
used for data transmission, channel estimation errors at a receiver, variation in
interference observed by the receiver, variation in transmit power used for data

transmission, or a combination thereof.

26. A processor readable media for storing instructions, the instructions
comprising:

instructions for determining 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;

instructions for applying adjustments to the performance metrics for the plurality
of ranks to obtain adjusted performance metrics, the adjustments accounting for system

losses; and



means for calculating to account for | osses due to on

or nore of an error correction code used for data
wOnRerssI3833i on, channel estimation errors at a PETAISY®G/023095

variation in interference obgerved by the receiver,

variation in transmt power used for data

transm ssion, or a conbination thereof. 26. A

pr ocﬁﬁmlonga‘dlahﬂlaztimgcﬁ mnkcto wedor detai tresmissidnofrem ameng the

i nstructions conpris %r uction for det erm ni ng

plyeality phignkeb WPF@? F’B?“rcﬁlin % anks, each

rank indicative of a di fferent nunber of data streans

to send sinultaneously via a multiple-input

mul ti pl e-out put (MEMO) channel; instructions for

appl yi ng adjustnents to the performance netrics for

the plurality of ranks to obtain adjusted perfornmnce

netrics, the adjustnments accounting for system| osses;

andi nstructions for selecting a rank to use for data

transm ssion fromanong the plurality of ranks based

on the adjusted perfornmance netrics.



