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RECEI VER PROCESSI NG W TH SELECTION DI VERSI TY BACKGROUND Field [1001] The
present i Q\SbdRBobel ates generally to communi cation, m%&‘ 270§5peci fically
to techni ques {or supporting successive interference cancellation (SIC
receiver processing with selection diversity in a nmultiple-input

mul tiple-output (MM) comunication system Background [1002] A M MO
system enploys multiple (NT) transmt antennas and multiple (NR) receive

and 1R T ecel vSaéﬁﬁwmmglﬁ%m‘gg@“ﬁgﬁmﬁmﬁﬁQF;” “with
Ns < mn {NT, Nle ﬁg aﬁégi 3%‘?1 fﬁf fégondsto,a

di mensi on. The M MO system can pr @IFIVERSITVed performance (e.g.,

i ncreased transm ssion capacity and/or greater reliability) if the
additional dinensionalities created by the nultiple transmt and receive
antennas are utilized. [1003] For 5 MO channel, with N. = NT <
NR, a transmitter may process (e.@%ﬁ&QWnterleave, and nodul ate) NT
data streans gy obtain NT symbol streams, which are then transmtted from

the NT transmt antennas. The transmtted synbol streans nmay experience
di fferent chbi¥e) cdhdipiesnt iteengon mdlafes egammxallf athi regmaenudicatmon, t indantoref f ect s)

and may achi eve.different recei.ved signal -to-nois ati os_(SNRs) . reover,
e 1o scat t TGN T TR R cpPing side%ssti ferteRion? Febei i iCL F oams
interfere w tdeiRacitotsding with séledtiof diveity il 4 AkipleliputBeidp@utpieQEIMOF t he NT
transmtted synbol, streans via NR receive antennas. The receiver may enpl oy
a successi ve PROBREEIOBS¥EEancel | ati on (SIC) processing technique to
process the NR received synbol streans fromthe NR receive antennas to
recover the NT transmtted synbol streans. A SIC receiver processes the
recei ved synBatkgourdins i n NT successive stages to recover one transmitted
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receive antennas for data transmission. A MIMO channel formed by the Ny transmit

and Nz receive antennas may be decomposed into Ns independent channels, with

Ng <min {N;, N,;}. Each of the N5 independent channels corresponds to a dimension.

The MIMO system can provide improved performance (e.g., increased transmission
capacity and/or greater reliability) if the additional dimensionalities created by the
multiple transmit and receive antennas are utilized.

[1003] For a full-rank MIMO channel, with N; =N, £ N,, a transmitter may

process (e.g., encode, interleave, and modulate} Ny data streams to obtain Ny symbol
streams, which are then transmitted from the Ny transmit antennas. The transmitted
symbol streams may experience different channel conditions (e.g., different fading and
mulﬁpath effects) and may achieve different received signal-to-noise ratios (SNRs).
Moreover, due to scattering in the communication link, the transmitted symbol streams
interfere with each other at a receiver.

[1004] The receiver receives the Ny transmitted symbol streams via Ny receive
antennas, The receiver may employ a successive interference cancellation (SIC)
processing technique to process the Ng received symbol streams from the Ny receive
antennas to recover the Nr transmitted symbol streams. A SIC receiver processes the
received symbol streams in Ny successive stages to recover one transmitted symbol

stream in each stage. For each stage, the SIC receiver initially performs spatial or




2 space-tinme processing on the received synbol streans to obtain "detected"
synbol streans, which are estimates of the transmtted synbol streans. One
of the de{ypah@szsmynbol streans is selected for recove}réyr Btﬁoﬁ'ﬁﬁ i ver then
processes (e.g., denodul ates. deint erIEaves and deco "i et ected
synbol streamto obtain a decoded data“stream which is an estinmate of the
data stream for the synbol stream being recovered. [1005] Each "recovered"
synbol st r eapacgiting: proeaasllng dmt ﬂxetxecbanigm{bos Er@ad% fohaitalhs“demtedfe syntb] t 0
recover the transmt ed d str | S .associ a ed with {’;ll‘tICU| ar post-
e o B p

detection" SR §ef ﬁ@%ﬁ%ﬁeda?f’f‘@o Pﬁ%pa@’i‘% B detssled- ¢ |

processing %S/mbélh@tré&?sehé/%lect\é\ﬂtfbr SteboRPCeTRE Nikceitdle ﬂ%ﬁ?rd@@és@sctégn SNR of
each recovered synbol streamis dependent on that streanfs recei veéd SNR and

t he parti culdgmodilaige deinterirares, ahé deesdepothis detected |SSInb@1c6mﬁémew obtginganer al ,
the post-detg &de@'aat%g% %ﬁoﬁffn%ﬁ% \él?leiltldlﬂp ?‘t’t%sdati gtre o?'rthéts ol Bga(iﬁluse t he
I nterference rom S 0 Sans °r ecover ed In ages 1S Sancel ed
(assum ng tlbamgtréumerad erference cancel lation i s ef f ect [ veI y perforned).

(1006] The t antenn e assocj at ed si-dete tlon SNRs
achi eved by'ﬁr?{)é ngﬁfwbmm%ﬂf Sttea b EHFESIeROHHIS] SIPRESBING
post - det ect 'p%bess@ﬁ\'@re%\%r(ﬁmMﬁﬂteﬁqataasn%ﬂﬁﬁisfaﬁbcma%ﬂpg rtichIBCeL | ng the
NT synbol streams at the receiver. |t can be shown that Fhere are NT!

possi bl e or dietertinys SHR, mdicdnie thergiR peiavw alkyy Wisoipatial oe spase ammmww

possi bl e set; st tS‘fﬁ WEE e ction n The
recei ver nayﬁel\c/éfg 18%'[ ewg'ﬁ :r&g ﬁ% or&g?cflﬂlbssglg{n%%gﬁlg%ctob e or eri ng

t hat provi desedine depatdestetn thdt sprm s cketived BNR abilRs. pattﬂcﬁl&?];tag’dnﬁ widet thelet ect i on
SNR of a transm

ant enna det.erm nes tr n ni Dependi n
oh the ahandURBHsHAT MG oo T s bt SR SR By Finme 1

antenna nay fhelafep stafdy Hebatke tHe ﬁ@ﬁa@ﬁceweﬁﬁbamﬁedn%v\%&ve&@tlﬁ ptief Rade@r the
M MO system In this case, it may be beneficial to turn off ‘that transmt

ant enna and 1@)%119619!‘5@53% thatrfhe wmfgreulp%wmikan@ms@ffﬁ@tyelrymerfaaml)t ransni ssi on.
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symbol streams and thus N,! possible sets of post-detection SNRs, where “!” denotes a

factorial. The receiver may evaluate all N,! possible orderings and select the ordering

that provides the best set of post-detection SNRs.

[1 007] The post-detection SNR of a fransmit antenna determines its transmission
capacity. Depending on the channel conditions, the post-detection SNR of a given
transmit antenna may be so low that it cannot support the lowest data rate for the MIMO
system. In this case,.it may be beneficial to turn off that transmit antenna and only use
the remaining transmit antennas for data transmission. Turning off a transmit antenna
that cannot support the lowest data rate eliminates a symbol stream that would
otherwise have interfered with the other symbol streams. This may then improve the
post-detection SNRs of the other symbol streams.

[1008]  Selection diversity refers to using only transmit antennas that can support at
least the lowest data rate and turning off transmit antennas that cannot support the

lowest data rate. If each transmit antenna can be turned on or off independently, then it




| owest data rate. If each transmt antenna can be turned on or off
i ndependently, then it WD 2005/ 036799 PCT/ US2004/ 027039 3 can be shown that

there ar eyl ofdozeedNT! 1+ 1 + 1 +... _1 -possible orderlj(ﬁguss2?\‘]]%40;:70%]4 2! (Nr

_I)i I to evaluate. For exanple, if NI = 4, then there are
possib)))l e orderings without selecti c?n diversity whereby all NT transmt
antennas are used, and N.., = 64 possible orderings with selection

i ndependentd¢ap beThown thep theseae Vg, EANGY Ircf egse...i-n—+he | posside oaleringsder i ngs
that the receiver may need to eval uate fdt 2el e&¥io'diversity. [1009]

There is therefore need jn the art fqr techpiques tg supgport SIC receiver
processi ng Wiy AUYE Eﬁrt‘?xﬁﬁpt?i \fefpfs’f ? y'ﬁ’\‘/’\Pf il p‘me: ﬁ%gassﬁ%e @@%%Wéthaw N, ,,,,
possi ble o oy Techni ques. ar r,oyi ded.,herein to
support Sl eggéigfglg?m %@gg ﬁ%;\&/i%smlgé{&g?ﬂl it W@e&'i y“’\7\7né4r cﬁf}lb%t nmost

NT! possi bl gagr}s Wihds1eefich &valsiﬁvﬁse}eﬁﬁge&ﬁ&ﬁﬁéﬂn@snteﬁﬂa)ma}hse HAAA PSS tO use

for the synbol streans sent from transmt antennds and (2) the best
ordering f ooff inslepandenitlyg Thierepresentsd largedneryaspdn thotnuodesof @deringstthat e at nost

NT! possi bLrgfeg%q%#orﬁgg%-osevgl\ﬁ%_'f'c%tsglgcng;?dﬁ'\%{sﬁ' C receiver processing (as

di versity whereby each transmt antennImaiy Re turned In or off
i

descri bed ain SStodetectioh SNRs for NT transmit antennas.
The data rap@o¥jor Thadis thegfgeiatneadiretheart for eeheiguesne duppseslreceiver
post-detection SNR. A set of discrete data rates may be supported by the
system andPresrssiggvathy selectipn divessty Withayd dhe negd: ton avplyate @HeNE.a;ommbk t he
discrete datg rates. A zero or null data rate is used for each transmt
antenna ha¥f ?angﬁ post-detection SNR that is worse than the m ni mum required
SNR (e.g., the required SNR for the | owest non-zero data rate supported by
the system). NI data rates are obtained for NT transmt antennas for each
ordering. An overall data rate is SEOVMMAERN for each ordering based on these

NT data rat The.ordering with .t hi ghest verall .data rat.e i s selected
For “use. A (PMflsm FEERdy feolRddte Seginstp SpRed i, eRslkE MPP iR Al o r at os
for th_e sel gedchsh Qi'%&%ftﬂ,v %m@ﬂ}dattlh@ﬂsﬁ}!tp%siiﬂ@%?deﬁﬁﬁgjﬁje eS8 ddi@midene NT
transmt antennas. A receiver recovers the transmtted synbol streanms in

accor dance (lyltenlatawates & et forthe sgmbolrstreansl @il frofvahe Ny gamspeatamanahd

enbodi ment S(Z?Ihetbggt oir e‘ﬁ%@ tf(gr%gco%gr?ngdtﬁg g'aruiisgl?t?edi sgm (LlersttngrLs. Each of the at most
N.! possible orderings is evaluated using SIC receiver processing (as described below)
to obtain N7 post-detection SNRs for Ny transmit antennas. The data rate for each
transmit antenna is determined based on its post-detection SNR. A set of discrete data
rates may be supported by the system, and the data rate for each transmit antenna is then
one of the discrete data rates. A zero or null data rate is used for each transmit antenna
having a post-detection SNR that is worse than the minimum required SNR {e.g., the
required SNR for the lowest non-zero data rate supported by the system). Ny data rates
are obtained for Ny transmit{ antennas for each ordering, An overall data rate is
computed for each ordering based on these N data rates. The ordering with the highest
overall data rate is selected for use. A transmitter processes up to Ny symbol streams at
the data rates for the selected ordering and transmits these symbol streams from the Ny
transmit antennas. A receiver recovers the transmitted symbol streams in accordance
with the selected ordering.
[1011]  Various aspects and embodiments of the invention are described in further

detail below.



detail below. WD 2005/036799 PCT/ US2004/027039 4 BRI EF DESCRI PTI ON COF THE
DRAW NGS [ 1012] The features, nature, and advantages of the present

I nvent i onyyhhdsgeeeeme nore apparent fromthe detaile cqﬁ%‘% 3% set forth
bel ow when taken in conjunction wth the draw ngs i nqjvvhl C 60:4@%339{1& erence
characters identify correspondingly throughout and wherein: [1013] FIG 1
shows a transmtter systemand a receiver systemin a MM system [1014]
FIG 2 shows a procesgHIgF PASCRIPIY LRl k@xg@@g ng on NR

recei ved synbol streans to recover W@?\Emtiﬁg synpbol streans; [1015]

FI G 3 showd1®2pr ocEesfedtores,dethee,vindi adgaritdpes dAtie prasens idventicnhweillt beacimai t
antennas and_t he best .orderi.ng.,f a. SlCreceiyer with sel ectiqn diversity;
[1016] FIG T8 mef%ﬁ%@? PP‘%‘I‘T%@P&% 4¢t forh ﬁ?%‘f"%hear%‘f?éég conjuriefie 3.
[1017] FIG vaths higvsdrawihd Gl GhRE" 8K Qbfefentd aMeibietsehdehld %Sﬁ@sgbn% [1018]
FIG 6 shows a bl ock di agram of a receiver subsystem TAI LED DESCRI PTI ON
[1019] The Wypeghousadvhersin: i s used herein to nean "serving as an exanpl e,

i nstance, ofp sl Ustiat | Ohw: aﬁf% 2 ' r | S G in as
"exenpl ary” [ ?sh notFr n'e%essgrl ys@%@ﬁ%’s@@%{i?lﬁ% ﬁrg}s%} e @%r}/elgggr&"psg%@’ant ageous
over ot her dbHdlii méills 2 showdesipgress fot QROpriTing SIEcieigereprodessiog idne; her ei n
for supporting. Sl C recejver processing with selection diversity may be used
in various ASTIRHFEREYSHKe st{a)é‘??gve@{ﬁ‘%mé@hﬁd Wﬁ?_ﬁst’em a M MD system t hat
enpl oys orthpwspal HIGeQusHdG) #ip¥dcsisOfdr MdtethPhpXind0ddid rites forathd/ ekl DM

systen), and so on. For clarity, these technjques are described
speci fi cal | ynfepas gnd fhodestpedeaing foraSIGrepsivervitly selectien diyersiiii ng descri pti on

assunes tnaliiofet) 16, S8Rt HEAM ibbEARTELLE B pHARFRD 47 anom { ant enna

and (2) eac a stream 1s ependen processed at a transmitter and
may be i ndi V1Tl | FiGef shasrsechledk diagrare ofd trasmitfet @tbystéth@ndl shows a bl ock

di agr am of ansm- -t er, syst.em 110 and.a receiver = system 150 in a M MO
syst em 100. aﬂl‘élgis m.rﬂtl{}e&slgcv?s/staebﬁ?cf%%%oi;aeréag?w/eé'rsu‘%sﬁt{a@m 150 my each be
i npl emented in an access point (i.e., a base station) or a user termnal in

DETAILED DESCRIPTION

[1019]  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.

[1020]  The techniques described herein for suppofting SIC receiver processing with
selection diversity may be used in various communication systems, such as a MIMO
system, a MIMO system that employs orthogonal frequency division multiplexing (i.e.,
a MIMO-OFDM system), and so on. For clarity, these techniques are described
specifically for a MIMO system. For simplicity, the following description assumes that
(1) one data stream is transmitted from each transmit antenna and (2) each data stream
is independently processed at a transmitter and may be individually recovered at a
receiver.

[1021] FIG. 1 shows a block diagram of a transmitter system 110 and a receiver
system 150 in a MIMO system 100. Transmitter system 110 and receiver system 150
may each be implemented in an access point (i.e., a base station) or a user terminal in
the MIMO system.

[1022] At transmitter system 110, a transmit (TX) data processor 120 receives

traffic data from a data source 112 for up to Ny data streams. Each data stream is



the M MO system [1022] At transmitter system 110, a transmt (TX) data
processor 120 receives traffic data froma data source 112 for up to NT

data stred@gFudpsiaedata streamis WO 2005/ 036799 PCT/ %&%%ﬁ 5
designated for transm ssion froma respective transnmt antenna. dat a

processor 120 formats, codes, interleaves, and nodul ates the traffic data
for each data streamto obtain a correspondi ng stream of nodul ati on synbol s

(or "data sydekighsfiéd for T¥stadsionPidae @ 3&Péctiva ZAndNaY arltétnb NETX datd propdssoe 1R0! ot
synbols with the data. ols. TX data %;ocessor 120 provides NI synbol

S

streams to NAT™aS RS iisFleayss.pad mphiipies the sraffioratn igr eachsiata straem to kol
stream may i &n ' V kof ' _ ;ﬁ-@@e@
transmtter alr}'(r?ihgq)%Z %s%ﬁ%@&?@o@;%ﬁl@g@ﬁg&bgﬁﬂdo 1%?213;% d%ga a rm?ﬁljl at ed
signal  sui tl@Bimayflerther matiptexpilas syrobads with thevdatasiyedslsc Gidatd pracdsenr IRDnk. NT

nodul at ed si f nsni r_uni.t.s 122 22t transmtted
from NT ant n%‘!ée%&}ﬁ@ﬁfr %tﬁeg St‘iéﬁttr,ansi“gé?{e‘g’fzﬁs@Wkw%azé’]‘w&mrﬁgtcﬁﬂ?gr system
150, the tr apsbol segmmokyl dichde sinynedmbifdtidn 6 datd eghdopildRsymblenrégh 152a

t hrough 152r, and the, rﬁﬁei ved si_(lgnal fromeach antenna 152 is provided to
a respecti veraPUREPY R it PIORRSRFR) 1151 BANbOE srpam nd Rreyidemnp tmadilateds §ignali ons and

di gi tizes i tRitftf€ B @srRis@NAbva Mkt Mir8¥dsdSmmimihiGamef NE%Fo%hM_%@ s?ﬁﬂﬂgo' s. A
receive (RX) spatial/data processor 160 receives the NR received synbol

streans frorffouRIransgiiey apits 13Zatkrongdvi22t ire tlangmittghifrom diraoisanasd 2éntsmghecei ved
symbol streang, Pé%' &gvgrgc receiver processing, and provides NT decoded data
streans. The processing by RX spatial/data processor 160 is described in
detail bel oy10BX spaticedived aysenpi £3; dsaonsiifidd modtlhed sigass krateiel bg Mzhannel

response between t t m t , qnt ennas an he NR recei , antennas, the
e os OnrateR s 197a Pkl 3BT aha b rr b cppaBel ok st apiesen 1 2 i SR any g
on (e.g., bagedrapectite récRFRt gl (RCVRY 1SYNDRACH) recdRerSat 154 LeatisorRgessor

160 may use the channel response esfimate to perform spatial or space-tine
processi ng, HBgtizegdls ceceiyed sigatlengd proyvlpuy sieggm ofgrgeived symboland reeivedR¥act t he

oper el on k0 i X8 RILVDUS o H6S Ml PUSLE TR CRSIRR 1LY,
control | er s uhB® 1a4edthicigh 1545 peaesseethese fet82&] syimbod streanmsodingeSIC, recavitrr ol | er
170 recei VeSprtgchegsir(fgt1 %lrl](i] ;enl‘owr egRP %gceodgg Eﬁi‘tggttmea?ns. The processing by RX spatial/data
processor 160 is described in detail below. RX spatial/data processor 160 further
cstimates the channel response between the Nr transmit antennas and the Np receive
antennas, the received SNRs and/or the post-detection SNRs of the symbol streams, and
so on {e.g., based on the received pilot symbols). RX spatial/data processor 160 may
use the channel response estimate to perform spatial or space-time processing, as
described below.
| [1024])  Controllers 130 and 170 direct the operation at transmitter system 110 and
receiver system 150, respectively. Memory units 132 and 172 provide storage for
program codes and data used by controllers 130 and 170, respectively.
[1025] In an embodiment, controller 170 receives the channel response estimates
and the SNR estimates from RX spatial/data processor 160, determines the data rate to
use for each transmit antenna and the specific ordering for recovering the symbol
streams, and provides feedback information for transmitter system 110. The feedback
information may include, for example, the data rates for the Ny transmit antennas. The
feedback information is processed by a TX data processor 184, conditioned by

transmitter units 154a through 154r, and transmitted back to transmitter system 110, At



and the SNR estimates from RX spati al/data processor 160, determ nes the
data rate to wuse for each transmit antenna and the specific ordering for
recoveri ngotdggs,3yH¥hol  streans, and provides feedback 4 i for
transmtter systéﬁ?llo. The feedback information nay]¥ﬁ2 &g@%b?%% exanpl e,
the data rates for the NT transmt anterinas. The feedback information is
processed by a TX data processor 184, conditioned by transmtter units 154a
t hr ough 154rgangited syatemni 10} @6 nibAtlatel Qighkle Wof febéiVer SYstére 150 4@ -rec’élveﬁ\ggr

2005/ 036799 PCT/ US2004/ 027039 6 transmtter system 110, the nodul at ed

si gnal s fr orficaRas;Igdrconditipuad byeceiyer unitsclaeand preessad by AmBX detaproesssndi t i oned
by recei ver upit Seched thé RaPIRGEIBRRA: S 3, RERSES recover
t he feedback in‘%o?cnati on sentc by recg?§eel?(%s‘(5§% em %&%&Hgon't %’PF%I?&llgg

recei ves andeagbves atdeses theaemverdd feedbish afommition el oonttad theldataomtet foothet he dat a
rate for the nmbol stream sent .from each transmt  ant enna, determ ne
e codi ng SYBEIITRTh Pl TR SRy FAPID APEPIBach (PTG, R sodile dods)

gener at e varm®tisatien Bdhefk $o fiserforlodch dah étrd@ﬁ?ﬁlﬁﬁ??genk?@s varibQ2Edntio 3 fafTEX her
enbodi ment, controller 130 obtains the channel response estimtes for the
M MO channeldatiigosepser b} se variance (i.e., noise floor) at receiver system
150. Contr olrh g1 130nt Bedtned €bAbRiRAEH tcﬁga&li%}rggagatoﬁtahﬁ HR€ chidhelt 3GPordseansm t
ant enna and provi des various controls for ata processor 120. Transmitter
system 110 astimatebfcaithe MIMQ@ hbamell andgbp onise vasincerfites snoisesfabroat noedier synbol s

Ceceivar oy Svann 58 SRy 13¢ e GREREE U9 e B et 3 PEndBRRT o0
i nf ormat i on.anfehf2#ld providenediidhs cédt@1s0RdE TX @itLprof@kort 120, tTramdsiitdr segigre@nnas and

the ordering for recovering fhe synbol streans may be deternined by the

transmitter G)dRayAbiahEe chanms) (rgrongs efigies baseg op P iotymbofssenk by repqiys

fol | ow ng d%@g&m%bp@hé Rclifr dolke neoAy @&Emat@ﬁ%ggé})éiv%ﬁ‘ys%{ Bof %H%éntand the
ordering are"deternm ned by the receiver systema comiuni cated to the
transmtter teyreusamiter[sy9as|l 1T hefepdidek infoymatidle M MO system nmay be expressed

© y=Hx+n , 1) . wh ' t f. NR i ved S, .i.e., y =
O Yo ) TR et Bafh M8 B ) el SRR L IR R B Tana
i e (1, ... re¢dRbring ¥hel Synfbol eteafis @fayNde Wetamsinid bedhs yaRahister isystern, the= [ X, X2

XNr ]T, where x, is . . e .
] receiver system, or both. For clarity, the following description is for the embodiment

whereby the data rates and the ordering are determined by the receiver system and
communicated to the transmitter system.
[1028]  The model for the MIMO system may be expressed as:

X=&+E ’ EQ(I)

where y is a vector of Ng received symbols, i.e., y=[» ¥, ... ¥y, I, where y, is the

symbol received on receive antenna i and Z €{l, ..., Ny}

x is a vector of Ny transmitted symbols, ie., x=[x x, .. X T, where x ;18
the symbol sent from transmit antennaj and je{l, ..., N;};

H is an N, x N, channel response matrix for the MIMO channel, with entries
of &, for iefl,..,Ny} and je{l, .., N;}, where h; is the complex
channe! gain between transmit antenna j and receive antenna i;

n is additive white Gaussian noise (AWGN); and

“T» denotes the transpose.




t he synbol sent fromtransmt antennaj and j e {1, ..., NI) ; His an N X
NT channel response matrix for the M MO channel, with entries of h for i e
{1, .. W 2088M86100e {1, ..., NT} , where by is the Coﬁﬁﬁl/gs&om%ﬂﬁé‘e' gai n
between transm t antenna j and receive antenna i; nis additive white
Gaussi an noise (AWGY); and T" denotes the transpose. W 2005/ 036799

PCT/ US2004/ 027039 7 The noise n has a nmean vector of 0 and a covari ance
matrix of AfheVélse nv‘ﬂfsragl?gan'v%ct%r o/ §GhG cB an%ﬁéeorﬁ trik ofz_\rlggl LOIRRS gLy amReri X,

and vZ is the variance the noisé (which is sor erred to as the
recei ver noivegtof bOHds, IFiartheSidBﬂitYﬁiahﬁa aﬁJ‘%’ZMISMQ %ﬁﬂébeéfth§nm§§?ﬂmsto be a
flat-fading nar r owband “channel n this case, the elenents of the hannel
response matalsoxreférzd do sasathaneseivan doish dloou pfdrrgmplidieyt weeMIMAX bhanneirus m t-

i t ted b 1 |
oonnt cuoe R e A B B el OB o ol S L e o
channel havighgnri iefssnsx@etmau@mm@é samr@san@tthéibctl\uﬁgﬁﬁgm HebPQH G Bfinsnfil 029] Due

to scatterlng in the communi ¢ation |ink mbol streanms transmitted

fromthe NT rbéeansiténnafa@nNEmsShé MépREsERE® by 4 I@Ingﬁ<:§a;a1a¥ Releat T @chig§@isver. 1n
particular, each transmtted synbol streamis received by all NR receive

ant ennas at Cé‘irﬁ)ﬁ‘élhéﬁt“ @Hﬁblalsf’l}’é&e(hffﬂ anfreaueacy sgleckive @raﬁmiéavw diffsent ol ex
channel gai Qiartﬂfei fﬁef; ﬁ@(ﬁl&%% antenna for that synbol stream and the
recer ved

NR receive antenn ‘synbol streamincludes a conponent of
each of the [ﬂmgﬂrar@m ttdz @datsaymgmln ther eemmpuniditien WX, rthe eVy epmbglnktodamst r eans
woul d col l ectively. i.ncl ud I transm.tted s s, str an

i nst ances Oftraéxargﬁt%g Oph@ e,ﬁqu:[apgﬂ ARy | tffhgglm cra‘gléﬂ%mc%{ﬁﬁ%]éec?%ﬂngni n each
of the NR reageicibe @yithssitted sytabol [sk0df]is Tdreivel Gy raiCH} Yakivhramass 49

techni que, which is also referred to as.  successive nulling/equalization and

i nt er f er enc SHERRAMPILdsH 214t BRasess pheetsraunRd; yBe complex ﬁh%’@é]s&an’tSH@Wnr ecei ved
synbol st r eafp whRudtinfinfa fo? ehabdyrh 8ot 98 E 43dns NTRREVS GRS EachEceRlelt

recei ver processing techni que successively recovers e transm tteé synbol
streanms in w@bﬁ@mum@;&swmpw&gﬁ eaddrof dlchr tapsipisted symbel stredBesc het age

recovers on transm str i s.recovered,
the interfer Eeg e'lv? ﬁoge g° %oéﬁ({ 8%]0“?6%6 "}lcqlfdeyéme%%%%g] le
streans is eflehmfifitaad issithcendC@kRdf the Ny transmitted symbol streams can be found in

each of the Nz received symbol streams.

[1030] The SIC receiver processing technique, which is also referred to as
successive nulling/equalization and interference cancellation processing technique, can
process the N received symbol streams to obtain the Nr transmitted symbol streams.
The SIC receiver processing technique successively recovers the transmitted symbol
streams in multiple stages, one stage for each symbol stream. Each stage recovers one
transmitted symbol stream. As each symbol stream is recovered, the interference it
causes to the remaining not yet recovered symbol streams is estimated and canceled
from the received symbol streams to obtain “modified” symbol streams. The modified
symbol streams are then processed by the next stage to recover the next transmitted
symbol stream. If the symbol streams can be recovered without error (or with minimal
errors) and if the channel response estimates are reasonably accurate, then the.
interference due to the recovered symbol streams can be effectively canceled. PEach
subsequently recovered symbol stream thus experiences less interference and may
achieve a higher post-detection SNR than without interference cancellation.

[1031]  The following terminology is used for the description below:



fromthe received synbol streans to obtain "nodified" synbol streans. The
nodi fied synbol streans are then processed by the next stage to recover the
next tranggy dohHeteosynbol stream |f the synbol streanBP@ﬁPSZta&“{z%Qvered
wi thout error (or with minimal errors) and if the channel response
estimates are reasonably accurate, then the interference due to the
recovered synbol streans can be effectively canceled. Each subsequently
recovered syndotrafdniifedn syRbsl SR8t L fRGOMbOIGESarhMirSsheNaanEsn aRdrai®it achi eve
a higher post-detection SNR than wi thout interference cancellation. [1031]
The fol |l owi ng te®M*A¥Bogy is used for the description bel ow. WO 2005/ 036799
PCT/ US2004/ 024 03Q.ci183 « Lited:. - | . -k ; eans

J 03Qeivea sl;yg{b%pﬁ@aﬁ'nts the 1%%1.[8{?% a,%raﬁﬁ?:ﬁ%ape Elerfaeng?/d@s%{' iothb he

transmtted fromt]he t

nsmt anten eceive streans -
i nputs to a spat ifiast sage ofSIE etareer (leefFEEHYr in the first stage of a SIC
receiver (see F| Gé@g,’, "ﬂadified" synbol streans - the inputs to a spatial
or space-time” prifdiieds symbpl sireami s g S 10 a-gpatiglor spasedms pracestor & a

"detected" symbolsyisbqiRaidage JfiiR NELRverf rom the spatial or space-tine
processor (up to N -X+1 synbol streans maybe detected in stage %; and

"recovered" synidetectsd’teymbol strpamy mithsl oudputseliom ttieaspatial or epase-dimedpronessone
receiver to obtain a,decoded strea I ne detected synbol stream
is recovered in %épa‘(?hNEng'g)syn’?’%fmﬁw%égg?%wgmémﬁé&aﬂﬁagram of a
process 200 fQr« > eGel ' |- synbol
streans to rec o&%?g%#& {glyg%g%utg@d%?;#w@éll Shg%@g}garrzd ﬁg‘f‘%ﬁd:}g Lf“gl,%g%lﬁ%q? ndex X
for the stages ofobtirSi @cpéasialatecstrenrs (wdy onodetectdd symbolétred i{ stapredi) . For

the first stage, tches SIC receiver perforns spatial or space-tinme processing
on the NR recei V& % ol streans (as described below) to separate out the

NT transmt sy trea (step 214). For h stage, e spatial or
space-ti ne [E)@glesg}g!g 2;??‘8\7? GSE’W ‘fif‘ﬁgrp)?ii’)]’r?fgfse@%ztgr EV&P&%‘anséIEetﬁ YTwhi ch are
estimates Ghodefingl SralVG Fedetved s?nﬁﬂﬁl%ltreaxﬁé foeRBBven M tHAEmiies YfbAdiredie Of the
detected synmbol streans is selected for recovery (step 216). This detected

synbol st r daifiplls theadexpf Jeiethis saggseof@ SICTespbwn isatcbtp, 1 (iei e b stea?dd). and
decoded) t & ' 1S+ | FrAt he data
stream for q:toﬁg{es ;ﬁﬁggg’?ﬁ?ggﬁ{egé%%d’% Ifffe)%gs\r/pg?t\é@ lo?%:path ﬁ Pglgg 1? %taéesg%s%%etgé %8) .

received symbol streams (as described below) to separate out the Ny transmitted symbol

streams (step 214). For each stage, the spatial or space-time processing provides

(N, —A+1) detected symbol streams, which are estimates of the transmitted symbol

streams not yet recovered. One of the detected symbol streams is selected for recovery
(step 216). This detected symbol stream is then processed (e.g., demodulated,
deinterleaved, and decoded) to obtain a decoded data stream, which is an estimate of the
data stream for the symbol stream being recovered in this stage (step 218).

[1033] A determination is then made whether or not all transmitted symbol streams

have been recovered (step 220). If the answer is ‘yes’ (i.e,, if A= N, ), then process 200

terminates. Otherwise, the interference due to the just recovered symbol stream is
estimated (step 222). To obtain the interference estimate, the decoded data stream is re-
encoded, interleaved, and re-modulated with the same coding, interleaving, and
modulation schemes used at the transmitter for this data stream to obtain a
“remodulated” symbol stream, which is an estimate of the transmitted symbol stream
just recovered. The remodulated symbol stream is then processed with the channel
response estimates to obtain Np interference components, which are estimates of the

interference due to the just recovered symbol stream on the remaining not yet recovered



110331 A determ nation is then nade whether or not all transmtted synbol
streans have been recovered (step 220). If the answer is “yes' (i.e., if

7v= N7.), wigmospepeess 200 term nates. Ot herw se, thepipihs@naase due to
the just recovered synbol streamis estgmted (step 222). To obtain the

interference estimate, the decoded data streamis re- encoded, interl eaved,
and re-nodul ated with the same coding, interleaving, and nodulation schemes
used at the tyrdabsireamsr The Mchntsriggne: simmaents areofiensnbtsactedr frorodbe MNred”

synbol stre -Whii i S e of t ransm S tream just
recovered. em%n%}ﬂogtsggmgy{r?bgoiﬁlgt@%lélr%gﬁig tsﬁlér%mp%%e%glss s%%g\?\%zf‘ f‘l tLlﬁ *’channel
response estmodifiedsyntbobkiteains réghtsemtitbs ftramp dat wonlddaenben redsivedifaliecjustst | mat es

S iR ity P S e e AT 1 Wk -
st reams. - TheabR1laiiLHALERRGD19 YHORRAL STRE itk AisSHbH fmleadi &1 aThg R

recei ved synbol streans to obtain NR nodified synbol streans (step 224).
These nodi floetheqyritstage 64epc®d represent the streans that woul d have been

received if j us [ h 0 [ 1tted
(i.e., assu E%“Jt ha%teP%e In é‘g’?%f%%%g“?%?ﬁg%m"‘é{ﬁ% 012’“ %‘ﬁgﬁg{fﬁ %%‘?q?\%%%a%/ns
perfornmed). thbhecavadentidr trissniiheihsynbdbitedm( | Steps, 212, threXghl 18 frerefelted fiext st age

(step 226). 110341 Steps 214 through 218 are_t hen. .repe on the N
T o by rtiah DR ULVl SR D e SHOVFE.  SleRn e Brah S0 BRPeaP T St eps
214 through 24&r@fsCanb@ReBhRehittddl synPdBrfrehab 8okt dFs AP Alst $laf& AV fPutbe

recovered. Steps 222 through 226 are performed if there is another
transmtted $yHobptragmseaseriheoVr eseived synpl streamnst | Forteagh gglsequentestagepthe  synbol

treans are ' I 0, : e, the
?nput synbolﬁlg‘?[r artr%fsgttr%éﬁﬁt(g %ééﬁ&bﬁ%aﬁpgﬁgg%%o{ﬁeggg%gﬁng%?%%%%g%%ggcedi ng
stage. The Phcoressiingfol eachaetagh poremge immindaenksmen si m | ar nmanner. 110351 For

a SICreceiver,_there are NT! possible orderin of ,recovering NT
transmtted %ﬂol Kot a otk oY iﬂéer‘béﬁead‘gi %?ﬁ;g}glﬁn%fd?}?ngﬁﬂo d’é’f"‘g"@f‘%@i Ny ol

AT, T g, bl sl N o1

synbol streans m e recovere n the sec a only

one det ect edmay bbedcodréderanthé Sirst araa, laaploge ah (V) etodaedell symnbohgtrdaas tmagt age.
The SIC receiver can evaluate each of the NT! possible orderings and sel ect
t he best or deg teagyetastingbe secppd stage fand sowinpdoeniy. enp detested symebol isHepaisk i s

used for t heav’?tliﬁlblg 519 rléicorllglseﬂ im%rle%t létage. {T}nb S%C récéiVerl\cl;Ta,%l}evaluaﬁg Eac %%H'le%ﬂer ing k,
possible orderings and select the best ordering for use. In the following description, the
index % is used for the N,! orderings, where k e{l, 2, ... N,!}. For each ordering £,
the order in which the Ny fransmit antennas are recovered is represented as

{k,, &, ... ky }, where k, for Ae{l, 2, .. N;} denotes the transmit antenna to be

recovered in stage A of ordering k.

[1036] For a SIC receiver, the input symbol streams for stage A of ordering & may

be expressed as:
y,=Hx;+n , Eq(2)
where y: is a vector of Ny modified symbols for stage A of ordering %, i.e.,

y: =[ y;‘l y,fz ny T, where y:l is the modified symbol for receive

antenna { in stage A of ordering k;



the order in which the NT transmt antennas are recovered is represented as
[k, kZ, ... kNr } , where k, for ?2,r= {1, 2, ... NI } denotes the transmt
antenna to be recovered in stage X of ordering k. 110361 For a SIC

receiver, Wk synbol streams for stage X of ordepifgsivodfByoze e
expressed as: yt=Hkxk+n , EQq(2) where Mk is a vector of NR nodified synbols
for stage 2, of ordering k, i.e., Yk ="[yk, yk, ... y k" ]7, where yk is
the nodified synbol for receive antenna i in stage X of ordering k; WO

2005/ 036799 PCT/ PJ§%QQ%9317 939-3\.-!19 ﬁ‘z{‘rxsfnﬁtea s%ﬁﬁél??or%fa%é NTof: d?d' ]gtkriaéqsm tted

symbol s for stage , of orderrng , wher e xk

is the synbol sent frpm gcragsmt nt @ﬂg}@ Jénuséﬂ?g bélsseﬂp h@q A+l)
Ar . Eq

reduced channel respoﬁse frati X* Tor st age ering uation
(2) assunes that the gupbOL . Slar eans recovered |n the prior (A-1) stages are
cancel | ed. The dinensionality of the channel response matrix His thus

successi vel y redH{ed day MRENG 0N b@ice@BAmMS] AGForRe nfatiix dnSHhdd ®dosynbol
streamis recovered and cancel ed. For stage A, the reduced channel response

matrix Hk is obtai nedleoypg kenovi ng (A -1) colums in the original matrix H
corresponding to the (A -1) previously recovered synbol streanms, i.e., Hk
=[ hkx hk .. [108Knr Equatiey(Z) dssumes shatheNsymbollstreanis occolered irhthe phianiiet 1)r esponse
between transmt antenna k" and the NR receive antennas. For stage k, the
(A 1) pr evi Segsk are e@@dladedﬂwmnsmaheaaﬁﬂur@amgi vesponsadhaes BflS{tkﬂs k2,

ka_,} and the over ed synbol stre?{ins are given i ndi ces

of {kk kk+5“°°e.(sswe‘ré¢ef‘t}%gdg F?’B‘anf or) caghL 5tage as @ WEngrpigRd SYMDQUSIRAR B K +n
Eq(3) n=x {e@%%?eja 5 &Eé} %or% xOfthé Eeeduéw ghanb1® regﬁ ﬁn’&ﬁﬁ? _defé synbol

streans tha been r covere ected" by

filtering thg, h%@%d dqswiv term@{grlﬁqﬁe@@sﬂmm ;ﬂ;ﬁéomsﬁén&hgwrhfor that

synbol stream € matc
(A~1) previously recovered symbol streams, i.c., H; =(h, b, -.h; 1, where b,

is an N, x1 vector for the channel response between transmit antenna k&, and the Np
receive antennas. For stage A, the (A-1) previously recovered symbol streams are
given indices of {4, k,, ... k,_,} and the (N, —A+1) not yet recovered symbol streams

are given indices of {k,, k,,,, ... ky_}. Equation (2) may be rewritten as:

Ny
Y, =2, x% +n . Bq (3)

n=)\

[1038]  For stage A, each of the (N, —A+1) transmitted symbol streams that have
not yet been recovered may be “isolated” or “detected” by filtering the Nz modified
symbo! streams Z: with a matched filter for that symbol stream. The matched filter for
the symbol stream sent from transmit antenna k,, for ne {A, A+1, ... N}, has a unit-
norm vector w, of Np filter coefficients. To minimize interference from the other
(N, —A) not yet recovered symbol streams on the symbol stream sent from transmit

anterma k,, the vector w, is defined to be orthogonal to the channel response vectors

{h, } for these not yet recovered Symbol streams, i.e., Ef; h, =0, for

me{d, A+l, ... N;} and m=n. For stage A, the transmitted symbol streams from the

other (A—1) transmit antennas, &, for ne{l, 2, ... A—1}, have already been recovered



t he synbol streamsent fromtransmt antenna kn, for n e {A A +1, ... NI},
has a unit- normvector wk of NR filter coefficients. To mnim ze

i nterferefebd@pbhe other (NT -A) not yet recoveredpSyidelsSizeans on the
synbol stream sent fromtransmt anteng@ kk, the vector wkn is defined to
t
0

be orthogonal to the channel response v ors {hkn} for these not yet
recovered synbol streans, i.e., w hkn =0, for nme {A A +1, ... NI} and m#

oy 5208 dhior ldgfs dAREIES BoknIHIRRIRE HAAGE, dibARY VA° TIAEIRE vedhor!

transmt antennas, 1 have al+eady been recovered

WO 2005/ 036799 B@nmggi%%gonagﬁewgp@éro% em(aiges l@-'iﬂ cancel ed fromthe

modi fi ed synb® streans y étor ’does hot need to be

ort hogonal tgogg KMrhe malcd Hli& vebtor %y, may Edbived bab0P 3 vIRMs WpAaNaH 11 L or

vector wk nma derived based on varTous spati a Space-t1 ne processing

techni ques. Jfage GRRtdrélessMLEEBILIRE. tT8E QBQM%?OCE&HQJQ %8 iiude Q] £drfd
technique (which is also referred to as a channel “correlation matri x

i nversion (foonNRg techrinvg Guhegh isradsoarefrired eias aehannsh cetralationrmotrig NWSE)on

technique. T .1 r ' ' j ech Si f eedback
cqual i zer (DR 3Epich Ehe {BEAAG Ak SR, FEIMNESE ity T18 PR

maxi rr:u (T :c | reiiMqu@bemcgJ&nmﬁgmghmeoz déMf}iEl’eedbz{ck%@}alizleﬁ (B?E)emfﬁdd]\/lm‘nt g t he
mat che ilter respons erived with a linear zero-for equal i zer,
whi ch pe_rf?rﬁlféeagwﬁﬁ ;{%ﬁ%@bﬁ@b@%ﬁbﬁé@%ﬁllhwfwgufﬁe@;tg@@;%a streans
over an inte nces lo P : reans.

The |inear Zr—logéual iﬁlzeréﬁl())r stelggggg[}att gg) ggﬂﬁs@% %Er ?5‘2731 +i§ regplglﬁga mat ri x

VK, which ”Eéfolﬁﬁ‘cﬂg rdqM&HeR) 3R86h E'é}férﬂ@ sbﬁﬁv?%ie&hfgnw rdj RERE ARLrefBved X H',
as follows: k k Hk -1 W -Hk((Hk) Hk) Eq (4) Since Hk'is different for

each stage, WRnbod sypaps @ver & enerfdrencedige ubepage. toTeltaipgthe Histected j Symbel
response wWk for the.synbol e I trapsois, ant a k" i hen the
col um of V%Stf:egrrn ‘e?lp%%lg?%gnts%d’u raﬁgor#iagénofén Ha &f;ﬂ(h{ 181?119 cg'gq’%"f%ﬂd(f t he
SI C recei ver (gan_derive (NJ =X detected .s I treans, fohl ows:
See( ko vie M p O e oA asd bR B RO e WLSARE ity B &
represents thfodetected synbol streamfrom

W =BNHE)'HD)" . Eq (4)

Since _Iw_[,zL is different for each stage, _W__: is also different for each stage. The matched

filter response w, for the symbol stream sent from transmit antenna k, is then the

column of W : corresponding to transmit antenna k.

[1041] Stage A of the SIC receiver can derive (N, -A+1) detected symbol

streams, as follows:
% =(W)"y; =x,+(W;)"n Eq (5)

where %} =[%, X, - J‘E,‘Nr T and % represents the detected symbol stream from
transmit antenna k,. As shown in the right-hand side of equation (5), the detected

symbol streams X, comprise the transmitted symbol streams x; plus filtered noise,

(W}, which is in general correlated with a covariance matrix I =c*(W;)" W,



transmt antenna k,,. As shown in the right-hand side of equation (5), the
detected synbol streans zk conprise the transmtted synbol streans xk plus

filtered i k YHn , which is in general corre i

Covar i ancehd Hisnsdl K (72(w >)H VW . WD, 2005/ 036799 b BB 0s0 12

[ 1042] In stage X of ordering k, the synmbol streamsent fromtransmt
antenna k, is selected for recovery. The detected synbol stream 2k,, from
transmit ant@osy Kkingdge D6f FUBRTS B sdmbordreamient rorkidnidaithntehal{ B) isAs shown
in the right-hand side of equation (6), the detected synbol streami,,

conpri ses t helectedomnietdvety. Syldddtecsidrsgmbolditail 1S fioas tratififitemitdnan kDimdyi | t er ed
noi se wk!! [1043] The post-detection SNR, SNRK, , of the detected synbol
stream ik rimoopesedain stage ? of ordering k may be expressed as: g (7)
SNRka = 1 E g 113 11' where the expected variance of the transmtted data
synbol xkx is equal to,1,0, and, Q2 11 Wk, 112 is the variance of the

post - det ecti on notis&YWaki| EHxi sYwiB n. The post- detection SN (®) i ndi cati ve
of the SNR achieved for a detected synbol stream after the receiver
processing to renove interference fromthe other synbol streams. The

i nprovement 4 shaven pp dhe gghtdand sidesnRequaiiens (9 dhe detectedsymbilatirepheXnor m of
WKk> in equation (7?1 decreases with each stage. [1044] The anal ysiHs

descri bed abwmy atreniitedsymbolrstrean rg splus post-detbmionop Aterednoiss paae- t i me
processi ng techni ques. The zero-forcing (CCM), MVSE, DFE, and MVBE-LE

t echni ques all@4descThdhagstdetagiomiSNR,n SEBanoof yheagistegied dsymt@! sreaent,
Application Serial No. 09/993,087, entitled "Miltiple-Access Miltiple-Input
Ml tiple- Ouieprreredim fEge bohpidariest maybegxpressad asi i | ed Novenber 6, 2001.

[ 1045] The SIC receiver can evaluate each of the N,.1 possible orderings of
recovering the transmtted synbol streans. For each ordering k, the SIC
recei ver can conpsRe NT post-detection SNRs for tH (Rl transmt
antennas. The SIC recei%ef¥.dan then sel ect one of the N, ! possible
orderings for use based on one or nore criteria. For exanple, the selection
may be based on averal | ectral .efficie L ln this case, the

post - det ect i \gﬁerg ?’%’F“@‘i% Arianes 9f ey Uaélﬁlplg%ﬁ éla{?rﬁ)mg’é’? FonPettaor bosHdct r al
efficiency, |, s . . , . e "
o” ||w,, |I” is the variance of the post-detection noise, which is w, m. The post-

detection SNR is indicative of the SNR achicved for a detected symbol stream after the
receiver processing to remove interference from the other symbol streams. The

improvement in the post-detection SNR comes from the fact that the norm of w, in

equation (7) decreases with each stage.

[1044]  The analysis described above may also be performed based on other space or
space-time processing techniques. The zero-forcing (CCMI}, MMSE, DFE, and
MMSE-LE techniques are described in detail in commonly assigned U.S. Patent
Application Serial No. 09/993,087, entitled “Muliiple-Access Multiple-Input Multiple-
Output (MIMO) Communication System,” filed November 6, 2001.

[1045] The SIC receiver can evaluate each of the N,! possible orderings of
recovering the transmitted symbol streams. For each ordering k, the SIC receiver can
compute a set of Ny post-detection SNRs for the Ny transmit antennas. The SIC receiver

can then select one of the N,! possible orderings for use based on one or more criteria.

For example, the selection may be based on overall spectral efficiency. In this case, the
post-detection SNR for each transmit antenna may be converted to spectral efficiency,

as follows;



as follows: WO 2005/ 036799 PCT/ U82004/027039 13 Ckx=l 0g2( 1+SNRkx) =10g2 1+ 2
1 2 Eqg(8) CIn! I1) where Ckx is the spectral efficiency of transmt antenna

kk, whi chwig0096emwered in stage 2, of ordering k. Spegi¥adngfdhgbency is
equal to data rate normalized by the sgtem bandwi dth, and is given in

units of bits per second per Hertz (bpS/Hz). The overall spectral
efficiency Crtat,k for all Nr transmt antennas for ordering k may be
conputed as follows: M N7 Colalf,k = kax | og2(1 +SNRkx) . Eq (9) k=t arl
[ 10461 The recei&p%lagaﬁmm%log{ém%e{—a#%}pectraI ef fi cEqiigy for each of
the NT! possible orderings. The ecéT VId¥, [€gn t hen sel ect the orderi ng with
t he hi ghest overall spectral efficiency for use (i.e., max {C p, a,, k}

110471 The MO _system may be designed to support a.set of discrete data
rates, V\hi‘%ﬂ?ﬂ? Bl‘ﬁ&]bqsqpﬁﬁ%-l E’g"r‘:}?"% ’{a]t”‘}néﬁ’léémﬁ’é“a\/\%b[“’hé@ If FREO¥REF] INGHag8er 0 dat a

Canome, . phl PERTSE Frodre e SRk s i doag ot for B s i et o 1ot o

i s further nasAghabed iMkivéh & DafstdfUisFer sdtofid PRMHSARUPRA). alelRe@hi eve the
desired | evel of perfornmance fa-ffvg 1% packet  error rate) for a non-fading,
NR Yo

AVGN channepectrh@lieigriyi Gradk 1 frapsgutangrynasAer erderifeak mpy becompptagdes

determ ned ggs;d on conputer simulation, enpirical neasurements, and so on,
as is knowmn in the art. A look-up table may be used to store the supported
data rates and their required SNRs. [10481 The selected ordering (e.g., the
one with the hi g{gest ralJe SpﬁCtiﬁ?# efficiency) is associated wth a set
of Nr post - det eCtadagI™ 0%l Rk ansmit  antennas. THE B ghest dat a
rate that may be reli®bly t'fansnmitted fromeach transmt antenna is

determ ned by its post-detection SNR In particular, the post-detection SNR

for each triamgyi t Eetreceiver sitpeonthuethe guahll specedl i GaRY forwath biwe Aggui red SNR
for the data rate selected for that transmt antenna. [10491 Wth sel ection

di versity, pesdhle ordenngs. t Thenteesiver qan yhapeselect the @rdsfing Withethe highest overall

spectral efficiency for use (i.e., max {Cour i })

[1047] The MIMO system may be designed to support a set of discrete data rates,
which includes non-zero data rates as well as the null or zero data rate. Each non-zero
data rate may be associated with a particular coding scheme, a particular modulation
scheme, and so on. Each non-zero data rate is further associated with a particular
minimum SNR required to achieve the desired level of performance (e.g., 1% packet
error rate) for a non-fading, AWGN channel. The required SNR for each non-zero data
rate may be determined based on computer simulation, empirical measurements, and so
on, as is known in the art. A look-up table may be used to store the supported data rates
 and their required SNRs.

[1048] The selected ordering {e.g., the one with the highest overall spectral
efficiency) is associated with a set of Ny post-detection SNRs for the Ny transmit
antennas. The highest data rate that may be reliably transmitted from each transmit
antenna is determined by its post-detection SNR. In particular, the post-detection SNR
for each transmit antenna should be equal to or higher than the required SNR for the
data rate selected for that transmit antenna. |

[1049] With selection diversity, each transmit antenna may be turned off (i.e., shut
off) if its post-detection SNR is lower than the required SNR for the lowest non-zero
data rate 7,;, supported by the MIMO system. By turming off transmit antennas that



off) if its post-detection SNRis |ower than the required SNR for the | owest
non-zero data rate rm,, supported by the M MO system By turning off
transmt gpf REDAsHhhat WO 2005/ 036799 PCT/ US2004/ 0270 Tfaséhu&?uﬁ%% support
the | owest non-zero data rate, the syrrbo4streams sent fromother  transmt
antennas may experience less interference” and may be able to achi eve higher
post -detection SNRs. |Inproved performance in terns of higher data rates

and/ or  gr eatcgiinot 8lppvd thel dwdBYndezeRC Qb8 el tiel A38Hol FRkards it FAEAHHEGT W th
selection diversity, there are N, o,ai possible orderings for evaluation,

where N, o, a, "Su§E apigenag ey FaPeisReR lesyniesterers andsmaybe aie te pelieys higher
antennas, th . : i.fe n £ ¥ele r

configurati oﬁ’B&c‘%Fe?te‘%ggﬁgié' tgﬁ%{)‘sf%e%?ﬁ?@ aﬁ%%}e{r}%?to? ?g%se%@aﬁaﬁgegﬁ%gjso “that is
turned on. TigeealdT reiabidinmay boachieyed.at i ons are given in colum 1 of Table 1,
and the nunb activ ransmt. antennas for each configuratiqQn.is given
in colum 2. E@?@'L arr#oé ﬁ%éé E"(?ﬁ‘f"?rg‘ﬁ%f‘ﬁ?‘??ﬁo‘? giverag)é&qrgﬁrg pYY’ P%ss org?rmrgﬁr e
antenna patterns ere .each,antenna pattern indi ¢cat which .t ransmt

ant ennas are %‘T‘Vﬁgl\éﬂ% WifE 'rﬂ'c%%?"r ﬁrﬁjg’??ﬂ' %r‘i?’@ﬂ 8‘£a%?(§1°t"vﬁr r@& ﬁ&ftfapsmltt can
be shown t hat e : t er r L.guration
with all ma%l{regﬁdémﬂ?&%r?{énwﬁa@wteﬁpﬁe e%%, EW@B%SOS%%‘%E%}Q? %‘ﬁ%g;alé‘g{‘]t erns
for the conficguespbidsrio awpdchfioiNibefl §f tranams ahtenras then isaemed vm e ThaoMy ant@ipa NT .
(NT -1) / 2 posgsible antenna pattern r..the copfiguration wth - 2)
{ransm ¢ ant SHRGETHGRA St e Thio'Ga drof Tk Cagrchfbe auet bf deds waimt
patterns for dREnfs00f eAH RdhiiQRatdn 18 gdvehVin @BRmin ANEAH aBirRNdafifusbtiads on.
The nunber of antenna patterns for each conflguratlon is given in colum 3

of Table 1. FoBled Widh opaen mave anisendppaticarsn whetseaply spispnco patises idisiates.
order i ngs forwﬁinl:l?‘{rar@ﬂﬁtezgl%na 68l brf altf RERA herid] aﬁcﬁﬁ.a%}é el B SN ¢

antennas that are turned on and is not dependent on the inactive transmt
ant ennas t hatcambe shawmibelt thérk areTi{sonly one antenha gatteat foprthe domfigtutatiad withvall

transmt antennas turned o t here,.are NT. possible orderings for .
recovering t HE RePt g ameriop, (ZhiVa Resible BUSHE RS o BE septiugtion

confi gurati oRyjg (W 11y tkdNdmit %ﬂteﬁﬁa@%ﬁﬁé&oﬂﬁﬁ)%rmﬁf LYy /MeshsOiBle ahirBhepaats (NT -
1)! possible orderings for recovering the ( -1)  active transmt antennas
for each ant ebinthe paifigifdtion fwithc NS + YU radstianfennisotireo hj gidr atdn and3(@pviv-h (NT -
2) transmt antennas turned on, there are (NT - 2)! possible orderings for
recovering t nessig antema pattemngdor thereopfigurationepitinenly one transmit antenna turned

on. The number of antenna patterns for each configuration is given in column 3 of
Table 1.

[1051]  For each antenna pattern, the number of possible orderings for that antenna

pattern is dependent on the active transmit antennas that are turned on and is not
dependent on the inactive transmit antennas that are turned off. Thus, for configuration
1 with all Ny transmit antennas turmed on, there are N,! possible orderings for
recovering the Ny active transmit antennas, as described above. For configuration 2
with (N, —1) transmit antennas turned on, there are (N, —1)! possible orderings for
recovering the (N, —1) active transmit antennas for each antenna pattem of
configuration 2. For configuration 3 with (V, —2) transmit antennas turned on, there
are (N, —2)! possible orderings for recovering the (N, —2) active transmit antennas

for each antenna pattern of configuration 3. The computation proceeds in similar
manner for other configurations. For configuration Ny with one transmit antenna turned

on, there is only one possible ordering for recovering the single active transmit antenna



for each antenna pattern of configuration 3. The conputation proceeds in
simlar manner for other configurations. For configuration NT wth one
transmt &g f08esehgsr ned on, there is only one possi bl gcpiigabd s or
recovering the single active transmt anggnna WO 2005/ 036799

PCT/ US2004/ 027039 15 for each antenna pattern of configuration NI. The
nunber of orderings for each antenna pattern of each configuration is given
in colum 4 ofor Fadblastetina pati@BA}f chhegumativhdV,. Ghe onmiberiofigaicfings fenedeh antemmna
configuration_js O hed by .nultiplying th er of antenna patterns for
that confi gur%‘{tﬁz ng}tv?ng?mmflﬁé‘yrﬂtﬁ%égvg?&c ﬂ’&‘?é}‘fﬂgta%?%fr each antenna pattern of
that configura0s2zin. Thé Suinbergbl 6rdetigsC Rk Wath antefina d@ifig@ration Th@blatifedlbynunber
of possible orderings, N, o, |, with selection diversity i, hen _obt ai ned
by Summi ng t HEBUPHRARE the dumbe efeaniina satmsrigs ot gongugoR vl the gEmper of

NT! +NT! +NT! 1 28rderifghFoll MER hhtshil pMREGLIGRA cBffGEMoh! 18R RSiveR!th @¥mn!5 of

N, oW =(NT! )" 21+ ~+-i+...(NT1 2)i+(NTI 1)!'1 ."Eq(10) Table 1 Nunber of
Nunber of NunBahie bf Thieibdtemumber ofipoesiria ofdesingsyiX,, Arvitnseleciart dizemisy iStokar i ngs/
Orderings for . Configuration Antennas for Confia%ur ation Antenna Pattern

Conf i gur at i onobtainedlstsuapning K quamgties jgoolumn § ofTable 1, Rrfqliews: 1)1 N1 3
(NT-2) NT (NT -1)/2 (NT -2)! NT'/2 I\ I\ D1\ )\ (NT-1) 2 NT (NT -1)12 2!
NT(NT-1) NT 1 NT A NIy, ) Vhewe ifHfergntay, if each transmt antenna
can be turned on o?al""ﬁf fNT'i[Pr;]A?T'eg]gﬁ'zifgﬁ't"fgfv(gt ﬁén lﬁﬁé\!rrTe’ are 2Nr possi bl e antenna
patterns. For exanple, if NT = 4, +then there are 2Nr =16 possi bl e antenna
patterns, whi #hichce Feapiwvesenissdii@es: 0000', ~0001', "0010', "O0O011', ..., and
“1111', where '1' indicates an active antenna that is turned on and 'O’

i ndi cates an inactive antenpa that is tanmed off. The pattern with all WO

2005/ 036799 PCT/ US004/ 427069, 116 1 1
YRR 118, ‘ Eq (10
ol ’")E) 1T W, — T -1 a0

Table 1
Number .Of Number of Number of Number of
Antenna Transmit . .
. Antenna Patterns Orderings/ Orderings for
Configuration Antennas for Configuration | Antenna Pattern | Confi tio
Turned On onfigu 1 €l a guration
1 Ny 1 N;! N
2 (N, -1) Ny (N, =1 N;!
3 (N, -2) N, (N, -1)/2 (N, = 2)! N2
A A A A A
(N, =-1) 2 N, (N, =-1/2 S 2! N, (N, ~1)
Nr 1 Nr 1! Ny

[1053] Viewed differently, if each transmit antenna can be turned on or off
independently, then there are 2”7 possible antenna patterns. For example, if N, =4,
then there are 2" =16 possible antenna patterns, which are represented as ‘0000°,

‘0001°, ‘0010°, 00117, ..., and ‘1111°, where ‘1’ indicates an active antenna that is

turned on and ‘0’ indicates an inactive antenna that is tumed off. The pattern with all



zeros is not evaluated if at |east one transmt antenna is used for data
transm ssion. Thus, there are a total of (2"T- 1) active antenna patterns
to eval uate. [1054] For each active antenna pattern mwith Nac,. mtransmt
ant ennas tW@boogoR7o9t urned on, the SIC receiver can evapgpy€ohheNg'

possi bl e orderings of recovering the syggol streans sent fromthe Naa,, m
active transmt antennas. For each of the Naa, ml possible orderings for a
given active antenna pattern, the SIC receiver can (1) obtain a set of
post - det ect i CF'ESNRI0F gvaleated Hort ileast exeatmansinit anteneanagsddnfor late tpasmission.m (t he
post - det ectifhn antenna that is turned off may be set to

R for a trapsm
zero) and (2) ué’(? ﬁta’?attﬂﬁﬁﬁg al':l) EhHXe pHeNna PRYeTRS Qv glutgy ¢ hat
ordering/ patt T recei ye hen..sel,ect the arderi ttern
ot e b U o ath B4R Wil Mo 1T bRE ARE.  hEml SREhACHEE S
orderi ngs. I i 1 lectLon.ei versi ate the
N, am ! pgssi E)Iltgéégp ye}r? ?fégreggg%&\ég%v%agﬁngﬁmﬁ h%ss%ge'e%g%_n'g%été&@%ﬁﬁg uem:1 to
2NT-1 active r O,,For _k=| .t order i For X=1
to Nact, m sta%g]g)gg]ﬂ%ﬁ& %tg%rgliﬁ)%te e}(\:'rf“’edaésﬁy%‘rt)%ﬁ snél\{?rgﬁetslﬁaﬁo % ?aé’ﬁg?n' ¢ g?ft"é'nna KX;
50 Co te 3 j $or, 1 ] g@%g : ﬂ](amt ctral
ef fi cime)ﬁcy 81950{5 srlglgtso‘g‘l&e{ﬁlngﬂ{OSE%‘EE&X%CH‘%‘#%E@ qﬁ gki’()\%;rgg spg)f:(?)rtgﬁ%
ef ficiency fosetofpwt-iletection GNRsafbt theractive trH8mjt ah@OndSch dleat phtteen m (the post-

ordering/pattern.w hi.ghest overal | ctral .efficienc 110 termine the
data rates fot-tHE! %&Rt togr‘?sﬁ?r{smétn ai*%?& E"F'Pﬁ-f‘l ogg é’l‘aé'g‘feeget dp &E’iof)eﬂbﬁf ﬁg{ tern
11056] I n t hecoaipRieethe 8eetal0 siealal, effdaity d6it thitorédiingHaflerDATHE ISTC rdteef danes a
specific set_of Na,,,mactive transmt antennas_and (NT -Naa, m inactive

transmit ant ehfmgelect feeordenggy/patiprn; withy the drighsst: ovgralk specteah cEiarac aMPRS iiem  Each
ordering k defj ngﬁsﬁblgg '.Bésc order in which the Na" mactive transmt
antennas are ré&¢over ed. e ordering may be represented as {k" k2, ... kx,

K., } Whﬁlgﬁsézhe fl%rsf@‘?eci:i@é‘tc{v%tﬂ %elEétﬁ‘:HSdﬂérsity%Ef BUATaté e Xﬂ% _%gktéded in

the set and IS the transmt antenna to recover 1n stage /036799
PCT/ US2004/ 025t8&thgs based on the following pseudo-code:

10 For m=1 to 2¥-1 active antenna patterns
20 For k=1 to Nye,n! orderings {

30 For A=l to Nu,n Stages {

40 Obtain detected symbol stream for transmit antenna K, ;

50 Compute post-detection SNR for transmit antenna ki;

60 Compute spectral efficiency of transmit antenna £, ;

70 }

80 Compute overall spectral efficiency for cordering k of pattern m;
90 }

100 Select the ordering/pattern with highest overall spectral efficiency
110 Determine the data rates for the N; transmit antennas for the
selected ordering/pattern

{1056] In the above pseudo-code, each active antenna pattern m defines a specific

set of N

act,m

active transmit antennas and (N, -N_, ) inactive transmit antennas,

where N

aci.m

is dependent on the antenna pattern m. Each ordering & defines a specific

order in which the N

act,m

active transmit antennas are recovered. The ordering may be
represented as {k, k,, . &, .. ky_} where the (N;—N,,,) inactive transmit

antennas are not included in the set and %, is the transmit antenna to recover in stage 2



17 of ordering k. Different orderings have different mappings of transmt

antennas to the set {k" k2, ... k, ... kN. F} . Wether or not a given
transmt active is determned by the active enna pattern m
The brute- %?@g& od descri bed above eyaluates N, o, 5(:%}%%0&/?)717 or deri ngs

for the SIC receiver with selection diversSity. [1057] A sinplified nethod is
provi ded herein that eval uates at nost NT! possible orderings to determ ne

the data ratesfbfferinf®. tDifBeM drdeiies ANAS ARt ASHPRES lof WafiSHhit Bderindd to hbe SI C
receiver with selection diversity. This represents a substantial reduction

over the N, et {hoksibke -ofgerki-ng¥heher arancdce given mnkmigtaptenos deasivetiod. The
sinplificati on is based on a | emma which states that, for any specific
ordering with dgtepained buthe active aftomnazpattcinens fTho deute- foxees miethod dessrihed aboler e

wth the sare SHuHPCNed oiRs SREOR 1R ST bilei il elieier 6HER e “active
antenna patt erfg o4 <anaeh bl Bl RLfeRal R IEINER L g)%gmg of

all (2N active ‘an e on onhe at' n o0 be

eval uated. [ 1%5@&1 fo @ewmtde%é Jata iam o1 180 tranit mﬂeﬁm thé beke sfdehimesér bel ow
for the case in ich only one transmt antenna is turned off. For the

proof, the trdiseiG feﬁﬁt’@n‘ﬁ’él% selecsion givgesityi Tdisepresnisia substantial redRchemIOws e

recovered bas qge fo,a,gébgmpfe%%en g év]a%ua?edb Me-fgrcg\%%égi t'lnh%rllanﬁﬁﬁ atﬂotnﬁg?na 1

is recovered fiITs ransm &hna’ | ST | ‘ast

antenna i is kdachedefh whidiedfeskRatl follsa.lNrspemﬁE'Grd@ﬁﬁ?w’itﬁtaezéro%éﬁﬂ%tf@rdat byt hf

NT transmt antennas are denoted as ., .
These dat a rleasbenegdrapsmip tamanmaethemw mﬂmherdm with new-#¢ro rda'SKﬂss fooallt he

transmit ant ennas: LAAeak W %rth@gga gr%gt I%Td“gtlli’-,uq ﬁale‘f“g‘%aemal% % auently

each transmt aaﬂfenna n IS es O

recovered transtived afteoarpaasm tﬁﬂ‘lalll'oﬂcs (anl 2]. g prowd‘di)thahtgheﬁ t]‘mtlghimﬁpefldbnt on
the data rates 9f ﬁrl or recovered transmt antennas {1 n -1} . This
property assun@s’ t aatchw@t@m@aﬁtmwéesfaaenlv@nﬂbétrpﬁeﬂ%iobew&lw@c} ed transnmit

antennas i s ef cele and has, n ac t.ranpsm.t . antenna n.
Based on this [L&%er%x rﬂ@ ?Pﬁ%% %faﬁﬁg? eﬁc"tr‘}WS I%S’?‘i“@f‘ﬁé]w 6164 ng
can be rearrapd@fofp oﬁmanshﬁtadims isan8d BE. Fot the pRuf! 1S trhhdnfit arddtin@ra and
the original orderi ng is otherwi se preserved. This rearrangenment does not

i npact the datgvenaindises of 1, Any Nof andm'e(rwpver@# ba@siu arether ardesingt {laateniﬁﬁ}s
[ 1060] The new ant enna. orderi NT} and

the associ at Sthege frapspf ‘E’éen&?g i (5‘3"0?’“3‘? §£St an‘% tmilsmlt aﬂt?ml.a,f}J’ Tis _recoverp%le,st For
this new orderjRgmiSinfha i is switched off, where 1</ < N,. The data rates supported by the Ny

transmit antennas are denoted as {, 1, ..., %, 0, ), ..., 1y }. These data rates are

obtained based on the post-detection SNRs for the transmit antennas.
[1059]  For a SIC receiver, the data rate supporied by each transmit antenna n is
dependent only on the data rates of subsequently recovered transmit antennas
" {n+1, n+2, ... N;} and is not dependent on the data rates of prior recovered transmit
antennas {1, 2, ... n—1}. This property assumes that the interference due to the prior
recovered transmit antennas is effectively canceled and has no impact on transmit
antenna n. Based on this property, the Ny transmit antennas in the original ordering can
be rearranged so that transmit antenna i is now the first antenna and the original
ordering is otherwise preserved. This rearrangement does not impact the data rates for
any of the (N, —1) active transmit antermas.
{1060}  The new antenna ordering is then {i, 1, 2, ..., i=1, i+, .., N;} and the

associated data rates are {0, #, 1, ..oy fips Fyps o5 T} - FOT this new ordering, since



WO 2005/ 036799 PCT/ US2004/ 027039 18 transmt antenna i is recovered first,
the data rate used for transmt antenna i does not affect the data rates
for the o{ipseelNE9vl) transmt antennas, so |ong as tragpsitdednb@pna i can
be recovered error-free or with low errorq@nd its interference can be
canceled. A non-zero data rate may then be used for transmt antenna i and
this data rate is dependent on the data rates for the other (NT -1)
transmt ant erireasmit Thigana 4 iseeadaierad firshtths date mate wadil for bynsnfitaderingii maks motder i ng

wth transmt na.i tur.ned off n al.so be achieved by .the .new orderin
with a non- zeraggft’tggeegq‘t%fattets;%rntgﬁi){hera Te'ﬁﬁdTaF‘?m}fﬁ‘éte'H}a&c?P??}’fg %ﬂ?ﬂs’?lé?ﬁ?ﬂmﬁay beg
extended in si;Eqh BE 1dFBAIE] e &-ﬁ&%ﬁﬁi%\/ﬁﬁ%ﬁ@hﬁd H% fatdrfefdhedtdn b@%fégcg&?%are

turned off. [1061] FIG 3 shows a i agram of a process 300

det er mi ni ng t Mendawadstatrals méyihenhbe MNFedt fomrtsamsmit santenna dsangnthis data getdeisi ng
for a SIC recejver, with.sel] ectjon djversit nitiall t he J.nde used
for the possi eBer'(SiFr\ﬂlryle% W@sdafasra?é&"rt efﬂ{egt(é’p _éiéﬁa“m@ Gé';e% k' U& tﬁ‘ééét?uat ed
using SIC receghyen i : Al L | Qe ’

transmt antennas %@@2%@%&9@%&% gﬂg(%hg{a%?hm?%tﬁ@n% t an?le%?lfnc;aﬁia!ss tRen
determi ned bashidvairby the npostdedag sithiagnSkiR restfeptr8Ed)t. anfinea datlz pradfeff or
each transmt antenna nma be one, of the discrete data rates ported by
the system A ‘3%5?5‘"8&‘835?3? eexiteélgffgélb S*na)lfar TRAAT :“? SATH Yﬁ%tné’f'}ﬁglgvﬁwt“ﬁng
post - det ect i orunthihs\wod @tnetild@h the m ninumrequired SNR, which may be the

required SNR for the | owest non-zerQ data_ rate sug{gorted by the system NT
data rates ar dl1®Hdai NF&-Ponorsa flewdagram ghs Bioress 3P for delganiniig the daghdtes any

of the NT dat : r : Qe s
computed f o of BeA? ofnip s &5 e g 1 & SICRoBEN T sl iBkR).S

det er mi nat i on In#ialihdke imdeiek vied tforcthe possibist ordérings ischet iorlglsten 3V 8). erderingdial uat ed

(step 320). If_th rad-S. NO', 1 . the qrderj,ng i XK LSeupdated
(step 325 ar Pl IPHECHIC repfer wioPERnk 08 SR LA BouRibuch, NERRBEEH:
ordering. A mednsiiinagfennd¥TB12) dTlid &g ra¢ foredsch tahshdlt ahtbnrdl i thdn ddigmbteder i ngs

have been eval uated, then_one of the evalyated orderings is .selected based
on their over deFedptils Roglrdstechian R 4den 31430%3 @%’h"fﬂ fgl,' e"l"ﬁé’@%‘i“&@'{t"é’&a Beri ng

may be the oneewnkhrithesifirdbash r&&se&@gémé&a&yathé 3 fen@ MANEbro ahth r&¢ ;A6 for
orderings evaluated. [10631 Process O may be perfornmed by receiver system

150 and the datagh franssst fyennat With sepostdasettion GO wgrsseiharh thesminimum requiredni t t er
system 110 as gﬁlg,dw%al&kmhﬂé) g‘%éqlug'gd SNR for the lowest non-zero data rate supported by the

system. Ny data rates are obtained for Ny transmit antennas for ordering k, where any

of the Nr data rates may be the zero data rate. An overall data rate is computed for
ordering k based on the Nr data rates (step 316).
[1062] A determination is then made whether or not all orderings have been
evaluated (step 320). If the answer is ‘no’, then the ordering index k is updated (step
~ 322) and the process retumns to step 312 to evaluate the next ordering. A maximum of
N,! orderings are evaluated. If all of the orderings have been evaluated, then one of the
evaluated orderings is selected based on their overall data rates (step 330). For
example, the selected ordering may be the one with the highest overall data rate among
all of the orderings evaluated.
[1063]  Process 300 may be performed by receiver system 150 and the data rates for
the selected ordering may be sent to transmitter system 110 as feedback information.
Alternatively or additionally, process 300 may be performed by fransmitter system 110.
In any case, transmitter system 110 processes up to Ny symbol streams at the data rates

for the selected ordering and transmits these symbol streams from the Ny transmit



Alternatively or additionally, process 300 may be performed by transmtter
system 110. In any case, transmtter system 110 processes up to Nr synbol
streans at the data rates for the selected ordering and transmts these
synbol st iassmlshism the NT transmt WO 2005/ 036799 PCThdPo0dd:834039 19
antennas. Receiver system 150 recovers th? transmtted synbol streans in
accordance wth the selected ordering. [1064] FIG 4 shows a flow di agram
of a process 400 for determning the data rates for the transmt antennas
and t he order prignifagr RacedreCsystare il Yerecoverhthe dangnittedhsditbod sgéamp. in aftoodaass 400

is a specific e i f process 300 in FIG 3. Initially, the
ordering inde>‘é‘)l |es£§g{e§%%&%ﬂn§nd the variable these for the best overall

d?t arate is $kt§1241 ) (FIG(;'{slm@vsda]m)t wdiagl@ﬁﬁik f a}@o@ﬂ&&ﬁbﬁdmxﬁﬁmf'hglglteldatairmes _ordgr
of recovering ransmt antennas e r | irs eterm ne
(step 420y THRe e BRSO erdefine Fo0m§1G resvtpBaHEERGIER t ne
overal | data Ppajcessi400 Rr&l@pdcitt kmplemeRitiohOofOproddsS B0G2R) FIGT Y. e@GANnsitRge X
spatial or space-tine processing is first performed on the NR i nput synbol

streams yk t ordsBagindex fés sgbtoektnddhe yarinble raa-rfonthe Rrst overall dataagis sehigtnna k.
to be recoverg%_giﬂo that stage (step 430). This can be achieved by (1)

obt ai ni ng the eqzial i zer response matrix W for stage X based on the
reduced chann§lf6skspdiosevamta oxdetiBg %, the osdepvel rasoveemygathie omansiijt, ardershag 2)

mul tiplying t input, synbQl streans, yk with the matched filter @ vecfor wk.
for transmt gﬁt &rma f/ 135 rsga?f%‘f“i“ﬁi éﬁﬁé?b)onm%ﬁt‘f‘geﬁﬁécxpﬁslﬁ -SﬁéPéc‘ir‘g € SNR

for transmt antenna k, s then conputed as shown i uatl.o 7 st ep
432). The dat SR e or 15 PVRRD ASHTE b PREE K ® S0 QdEE Ao dob@kntREn i «
post - det ect i on,, ShRal 6r ghace-fifae psdtesithg iS e ;p%ifbﬁfbd((ﬁn)théwguﬁﬁlﬂgyﬁbblmlémﬁ@
table) (step 434). The overall data rate for ordering k i1s then updated as
rota, =r,o0, o,yiﬁo okitain( the detect@Biymtol ifein ) dattemsmitahienmn k.stotbvencoverdé imhet her
or not all transmt antennas have been recovered for ordering k (step 440).
| f the answer thasstageo(steptdden Thiecinbecacherahine(1)obtaining thi &Fj agstlizcemspmse d
synbol streamfromtransmt antenna k. is estimated and canceled fromthe
i nput synbol stfrEaMs, YK stage dphasedon the redypad chennebesspanse awix Hi: axsbpwalie next
stage (step 442). The stage index is then updated as A =A +1 (step 444), and
the process eeuatioméht ands2e mudidying thedop symbelotieams gy ribigh thetmasehed fidter
another transmt antenna.

vector w, for transmit antenna ,, as shown in equation (6). The post-detection SNR

for transmit antenna k, is then computed as shown in equation (7) (step 432). The data
rate r, for transmit antenna £, is determined based on its post-detection SNR (e.g., as

shown in equation (8) or using a look-up table) (step 434). The overall data rate for
ordering k is then updated as 7,,; =7,,, +1, (step 436).

[1066] A determination is then made whether or not all transmit antennas have been
recovered for ordering & (step 440). If the answer is ‘no’, then the interference due to

the just recovered symbol stream from transmit antenna k, is estimated and canceled
from the input symbol streams Xi to obtain the input symbol streams Z:ﬂ for the next

stage (step 442). The stage index is then updated as A=A+1 (step 444), and the
process returns to step 430 to recover another symbol stream for another transmit
antenna,

[1067]  If all transmit antennas have been recovered {i.e., the answer is ‘yes’ for step
440), then a determination is made whether or not the overall data rate for ordering £ is

higher than the best overall data rate thus far (step 450). If the answer is “yes’, then the



[1067] If all transmt antennas have been recovered (i.e., the answer is
"yes' for step 440), then a determination is made whether or not the
overal | da@2gbwrdoor ordering k is higher than the bggtuee@hlzedata rate
thus far (step 450). If the answer is y@g t hen the WD 2005/ 036799

PCT/ US2004/ 027039 20 ordering k and the data rates {rk } for the transmt
antennas are saved, and the best overall data rate is set to the overall
data rate for oukedeg krgdkhq date rates hq'} for theatrajsinit( atiayas die2pved, fand It Basswer i s
"no’ in step 450, then the results for ordering k are not saved. In any
case, a det er averall deta rits inesttto tiredevevdtledaterato for noderiaiz | £ @edend,ngs havgebeen
eval uated (step 460). If the answer is "no', then the ordering index k is
updat ed as k 454 {f'the agweysis 2o steptiOy then the sesulis for erdering 4 @?é’fi’edz@to
eval uate this f | . | -] rates
for the trans %ﬁbte wgﬁtag%{;\egg glgtru(gaH %(rﬁg)\y}’:ngglg “I(h E@g%%g?ﬁ E’%Qﬁé} glragégﬁei%eglr%t@ ﬂ%ﬁ&@

term nates. [ (08W0Folf thd aswenis ‘ndighérethh nidgrieg inklex & oupidetediand =St €1 (gewei ver

processing wt S ction diversit ve been descri bed for M MO syst em
These techni qﬁ@’ ?@yﬁﬁp?Bessﬁgu%iﬁs%gf%iohegPﬁ@ﬁ SREV S nﬁ's,(ﬁf%‘?ls%}é le, a
M MO- OFDM sysbestnordeifig brtbthe NbfyRatedBiviitseyisdnerit aﬁ@%&%@ﬁﬂovﬂhd@ﬁéﬁ% Ee
transmtted fromall subbands of each transmt antenna using OF

processi ng. APToeps theBdamygdtes.  he post-detection SNR may be determined for
each subband pfpe8RCH Fof RS, L WciiRes TR SpePBithi b Ak @
subbands of egfchg?r ansm t ?ﬁtennaﬁﬂnﬁy Sb@?onbﬁlg eélgcocgg?rn%ﬂ%mpgst-ﬂ

det ecti on SNRsdlention diversity hansrhicen destradfor ATMEMOY systeinn T hasedechaiques maessaray

then be selegted sed on t.he post-detection S transm t .ant ennas
as descri bed %6‘3%(P%r1°gl‘éeﬁss¥ftf?§ruéﬁ/§sf f f’ﬁ?ﬁ%’?ﬁ W@bgpgfﬁy%e% (r)gcoﬁ % agr am
of a transm t MIMGOFDM ts@sterhQbhe oD sir&nAthay beleakmiied fdfm thaubbatseitt er

portion of transmtter system 110 in FIG 1. For this tﬁnbOdi ment, IX data
processor 120 SRahdTansrag anferfizsing QR @rocessingy it thpmeceivgr, the pestdetection SHIR

through 512t, )N} weh@mgRlindd P eh@AMBh SO each MEAMEN ffha, Nhe So8RRkectiTRPPI NY
units 516a through 516t, and NI nultiplexers (Mixes) 518a through 518t
(i.e., one sé&NRsfofalcobleands of aarhdransmit @anlenza/may bs wrinbinedup pbtan thaipost- and
mul ti pl exer fqr,_eac f.t Nr tr.ansmit ten , tiplexer. 51
derul ti pl exes%?tﬁ‘gloflrsa if8r Héf ga?sltn{lg?'l,ﬁerfnﬁ’eaﬂ?en?rg?é ?%%ﬁﬁ%%'trg > ?ﬁr% oth%npg? o Nr
data streans. sélgedtakal @i the post-dstegion\SNRadof the trexialit antenamsayidesctibbdsbosewi th a
non-zero data rate. Each data streamis provided at the data rate

Transmitter System
[1069]  FIG. 5 shows a block diagram of a transmitter subsystem 500, which is an

embodiment of the transmitter portion of transmitter system 110 in FIG. 1. For this
embodiment, TX data processor 120 includes a demultiplexer (Demux) 510, Ny
encoders 512a through 512t, Nr channel interleavers 514a through 514t, Ny symbol
mapping units 516a through 516t, and Nr multiplexers (Muxes) 518a through 518t (i.e.,
one set of encoder, channel interleaver, symbol mapping unit, and multiplexer for each
of the Ny transmit antennas). Demultiplexer 510 demultiplexes the traffic data (i.e., the
information bits) into up to Nr data streams. One data stream is provided for each
transmit antenna with a non-zero data rate. Each data stream is provided at the data rate
selected for the transmit antenna, as indicated by the data rate control. '

[1070] Each encoder 512 receives and encodes a respective data stream based on the
selected coding scheme (as indicated by the coding control) and provides code bits, The
coding increases the reliability of the data transmission. The selected coding scheme

may include any combination of CRC coding, convolutional coding, turbo coding, block



selected for the transmt antenna, as indicated by the data rate control.
[ 1070) Each encoder 512 receives and encodes a respective data stream based

on the sgl§stedssadi ng schene (as indicated by the cogj ) and
provi des code bits. The coding incr easesz.lt he reliabil ???ﬁgﬁg‘?ﬁ%@%m a

transm ssion. The sel ected codi ng schene “'may i nclude any conbi nati on of CRC

codi ng, convol utional coding, turbo coding, block WD 20051036799

PCT/ US2004/ 02¢088g, &1 sodhngEachnghceder 112 gradiliescawiadsits 12 rpspestivdechamtle bits
interl eave i ntferl eaves .t he cpde bits

to a respectiv hann r 514, I.C

based on a pa?ﬁ?ri‘?ﬂv%frgi%t‘?é‘?‘%é’?}?rieﬁvess@ﬁe‘i?ﬂ? Vi Raped Pﬂt%Pf‘@&'\‘}P‘nﬁm’F YBPendent
on data rate, séteaR. d9 e ialetiefvink3B dependbdi @R B rate) HRAICBAYIIRY 130 PiovRles bRS

i ndi cated by the dashed |ine) to channel interleaver 514. The "interleaving

provi des ti meNiprlcaying sepirol{atindicatsp Byithg dashedling)ttg chasmel interleaige Sbd-t She [ 10711
Each channel i : r Qy4 | I i ective
synbol  mappi ﬁ‘géﬁf@%%“&éﬁ@hﬂ%‘%g&( %ﬂ%&sﬁa‘?ﬁ%ﬁéﬁ?g@%@r 'Elﬁecgtliéﬁﬁgs?l eaved bits
based on the [HBNEct ddcholhnheltintareasertfd dprovides imetleavdddsitskiy a rdspectivelsyinstiol on
control) and provides. ul.ation synbols. Unit 516 groups .each set of B

i nterl eaved bi%fagp% Yy ﬁfﬁg Wgh mappi( e, frogulpigs) ﬂ\ﬁh‘@ﬁgeﬁ’ e@i‘?“sgﬁ‘f’aef BPttﬁ‘ér nmaps
each B-bit valsecttd ndbdsRE6H itk ylligdit0e b ¥R RlodiRE&H coitrdlend plovides d
nodul ati on schene %e. g., SK, or M QA where M = 2B Eac

. SK, M M = 2 : h
modul at i on sy mssrlafign symbale| Bitysdb geoups eachssey bR wisuieeved) bisite formyaB-bied by
t he sel ected gg,g},gl | . Ls |1 r.OVA
modul ati on synpo S@Jz%ér?WhE%Pg%yrﬁgf@@y%g aea%?g‘gg??legion%%?lg?ﬁgpﬂﬁ%,
which nul tiplspxes tabal datle sleatsdInsodnatibn pélieote ©enEPSK,UMFRRE, drav-@Mopl e,
M o over il MPAEL £ olni6o8eathl E5SM boBh Y eblsneuio
transmtter URkfifedl2fe BeQUDModddion bR PAACSRDO] HapsiRg SHBO6 pRIVIRETS (O

obtai n nodul ated signals. Qher designs for transmtter sSubsystem 500 may
al so be used amdulatien wiymhpls fone'dgieopmbels”) e § mespentive Mmultiper@1 S Bonwvhich | er

130 may perfor ' faunct i ], SS4 . - N
transmt ant errlrnmét‘é{ﬁ ){fgﬁﬁ%ggﬁnp{ygg&?o&nﬁ gﬂ%%ﬁ@?ﬁaﬁ}ﬁr%ggféﬁeﬁ ’h{éIg rdl‘b%; % rates
for the NT tmakspiexd (EDNEonesie(dingme mudtipler (DMe Multipiees 318h ahroadheSl8tay be
zero) as feedback, infqrmation fromreceiver sysfem 150. ntraller 130 may
t hen gener at epf‘%dedﬁ’t'fﬁ 7 ,b°_ SHH P tr?nﬁ’ﬁ’gpfg’é‘gq {-?é,a ﬂ&ﬁ%ﬁ%&l‘ﬂl@bﬁ’f‘"&%ﬁt rols
for the procesdsdGymBblt Stradrks MoNobkain dabdulatt! GRS 0T Ok dedbse Fudadriny@ittér
control ler 130 may receive the channel response i )

subsystem 500 may also be used and are within the scope of the invention.

[1072]  Controller 130 may perform various functions for data transmission from the

Nrtransmit antennas. For example, controller 130 may receive the Ny data rates for the

Ny transmit anterinas (where one or more of these data rates may be zero) as feedback

information from receiver system 150. Controller 130 may then generate the data rate,

coding, interleaving, and modulation controls for the processing units within TX data

processor 120.  Alternatively, controller 130 may receive the channel response

gstimates, evaluate the possible orderings, select the ordering and data rates for the

transmit antennas, and generate the controls for the processing units within TX data

processor 120,

Receiver System

[1073]  FIG. 6 shows a block diagram of a receiver subsystem 600, which is an
embodiment of the receiver portion of receiver system 150 in FIG. 1. For this

embodiment, RX MIMO/data processor 160 includes Nt successive (i.e., cascaded)



estimates, evaluate the possible orderings, select the ordering and data
rates for the transmt antennas, and generate the controls for the

processi NGy BiosAseMet Ni N TX data processor 120. Recei Verra¥shfiR:0731 FI G
6 shows a bl ock diagramof a receiver subgystem 600, V\E{:Ch %ﬁs) an enbodi nent

of the receiver portion of receiver system 150 in FIG 1. For this

enbodi ment, RX M MY data processor 160 includes Nr successive (i.e.,
cascaded) WO 2@85£0BOT&NInEGRISE VBthERERIA0t, DRe rsmgeifmeeachrocﬁdbes%n@nmlages
610a t hrough 0 stage for each, o NT Each
receiver pr ocgétg gf‘%{br«?c%i%pf%:ﬁ%sg'&swfg&ﬁwﬁf’é‘c%i?ra@? gﬁ@tﬁg ?tr)] Yig¥@ds a
spati al procespgdial ﬁa&ss@rm%d@t aat@pmess&mo%ﬁ an@terf@bndethetelierG10C The
cancel l er 640, The ast stage 610t i ncl udes on é spatial processor 620t and

RX data proc edashilags 30t mﬂ]}@eﬁzﬂ“]ﬁfﬁt@ REOCE§SPIsG208 é&‘éﬁm‘@?ﬁa‘f ¢3%- processor
620a recei ves [{g1) NRFro?(iﬁé iR st é( "51?94 s?ﬁtf?%%eysor 8864 PJcQﬁess %t n%(llﬁc@fved

space-tinme proceSS|ng (e.0., forc recel ved strearns,
and provi des tymbdetrentsed, pgtfdnmls slmltmlemrspade tinge prodessihg (esd., zdm—ﬁcmang)tonaht enna
in the selected ordering k. RX data processor 630a further processes (e.g.,
denodul at es, dekivedshmbsiesreanndandegroddde) the hietedet exyinbdl sysuholz, sfok alrfizk, to
obtain a decoded data stream dk, which is an estimate of the data stream dk
for the synboltransptit estennekin tliresetegted@mmagéd RX #6d pfocessor 63 furthstpradessge 610a,

interference cancell er. 640 el ves ei ve ybol s,trea .y and
the decoded d&%& Emniates &‘ e@?’?se 8"‘@%&5@5?@?‘3‘3654’6;’ {Tb W

processing (e.g., encoding, |nterl eavi ng, . and synbol mappi ng) to obt ain a

r enodul at ed syrﬂsmdeéﬂa@éﬁpmm whigh is [an jesfiragte égther@taes“'@mt‘hef@mwﬂwlream
Xk just recovered. The renodul ated synbol stream Ik is further processed to
obt ai n est i nat&PM &f bFWéT?CrW@fF@er ence conponents i~ due to the just

recovered synbol _stream p(l?} rference conponents ik are then subtracted
fromthe firstl®PhgeForfhy §ts§a}g @a’ Iderfereos CVI"F%“(%P%J%G‘NF@ the drrscelyedy nbol

k , | ude al,l b | |
The modi &1 ed SYRGD SBERECE g g teeddif pa Bar SR Et“erseeé%ﬂgﬁag@ef Rage =
1076] F h of t d, t t h 61 th
L1075, o, o260 e RESA L 4ok S SNBRE T B PR B £ 5
symbol st r eangentdduldiaiymbol stream, &kl , which is an estimate of the symbol stream x, just

recovered. The remodulated symbol stream }:h is further processed to obtain estimates
of the interference components j,: due to the just recovered symbol stteam. The
interference components i,: are then subtracted from the first stage’s input symbol

streams y to obtain Np modified symbol streams 3_fi, which include all but the

cancelled interference components. The modified symbol streams !i are then provided

to the second stage.
11076] For each of the second through last stages 610b through 610t, the spatial

processor for that stage receives and processes the Ng modified symbol streams X: from
the interference canceller in the preceding stage to obtain the detected symbol stream
%, for that stage. The detected symbol stream %, is then processed by the RX data
processor to obtain the decoded data stream ﬁh. For each of the second through
second-to-last stages, the interference canceller in that stage receives the Nz modified

symbol sireams y: from the interference canceller in the preceding stage and the



the interference canceller in the preceding stage to obtain the detected
synbol stream Xk for that stage. The detected synbol stream xk,, is then
processed by the RX data processor to obtain the decoded data stream dkx.
For each ofotdwrosssond t hrough second-to-|ast stages, pthgstenlerrbser ence
cancel ler in that stage receives the NR madified synbol streanms yk fromthe
interference canceller in the preceding stage and the WO 2005/ 036799

PCT/ US2004/ 027039 23 decoded data streamd,, fromthe RX data processor

Wi thin the sadecodtdidea st kiﬁsfrdd'ﬂﬂle IR AR pRIcERHERERN RINEHRRES, delivébuge t 0 t he
synbol stream xk, recovered By that stage, and provides NR nodified synmbol

streams yk" fof 1ﬁt@ﬁ'ex@€é&tco§{p€%ts i 184 o (hE st Y efec%&é?&?@ﬂh‘ﬂﬂstég% al so
descri bed in comonl y aSSI gned U’*S.  Paten App [ cat't er1 al

[ PA020280] , Mt Cancel | ati on Recei ver
Pr ocessi ng fo?ﬁ%ljloﬁ gg%éﬂ%?ﬁé%gi Apfgrlt}lg 8‘%%5‘:2 [ 1078] A channel

estimator 650 ﬁj § r%gl %ﬁﬁg%"%&ﬁ’ |1\4%gos&ég&%l %Sl’%rgﬁg-l%gl&’z}sﬁgfetd' ﬂ@t es the

channel respo se tr|x nol S& vari ance recei ved
pi | ot synbol sPammdAmlmtmieSemﬂleJu: HRAO2280]c emitede Griered Gus@seat Intafeeticé €. g. |

paco-time prOBRLR I THostage b N A AieAr o B | br 170

receives the ¢fggpel A eﬁﬁﬁane%&n%@ 650 aRE rERIvVeSRR, reRby Iléﬁ‘eatn&)s

possi bl e orderings, conputes the set of post-det ectl on S for each’
ordering, and i g ngl t d t
sel ected ordere|§Hr;{1‘ltglg:"(?éS goecrﬁﬁﬁ%ﬁl ‘%3%“5% o%efé' a %lgk&ﬁsﬁ ?a!n%fme ?‘bd%s&g tﬁ?

L T ST b ) R s iyt
o 112 POt 5 O Sl SO kDol B bR Shach e e 70 1o

ordering as feadbam 'bf'fallrsft@%é of} a@cﬁwea%mé t @ontroNt BV debblves] he ‘lmnkhe
t echni ques descri bed herein for supporti ng SIC receiver processing with

sel ection di vesspensy andyoiseestimstes ue@s 31 tq/éﬁ-! possibleenderingsoromputayphesset t hese

t echni ques may _be i.nple d in war e, .gof tware cqonbi na n

her oot For - Bt DoRsrEREion SRR foh b QideDRb ah A pioedts Rtst Grienas pio thefe
receiver process fad e Jemctea%k@ﬁhgomﬂcxﬁﬁm y2 etefe@ a1loai?§u§i%ﬁe @rageseer 120
and controller 130 at transmtter system 110, and RX spatial/data processor

160 and cont r shpperted dua zates andehsierequiyesk SRS 5ogoknpytable 660 is used by controller
170 to determine the data rate for each transmit antenma based on its post-detection

SNR. Controller 170 provides the selected ordering to RX data processor 160 and may
provide the data rates for the selected ordering as feedback information to transmitter
system 110.

[1079]  The techniques described herein for supporting SIC receiver processing with
selection diversity may be implemented by various means. For example, these
techniques may be implemented in hardware, software, or a combination thereof. For a
hardware implementation, the processing units for SIC receiver processing with
selection diversity (e.g., TX data processor 120 and controller 130 at transmitter system
110, and RX spatial/data processor 160 and controller 170 at receiver system 150) 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, other electronic units

designed to perform the functions described herein, or a combination thereof.



be inplenmented within one or nore application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal processing

devi ces (@%036 programmabl e | ogi c devices (PLDs), fﬂc‘%}lgzdﬁ RAghammebl e gate
arrays (F processors, controller Sy m cro-controllers

m croprocessors, other electronic units ‘he5| gned to perfor m the functions
descri bed herein, or a conbination thereof. WO 2005/ 036799 PCT/ US2004/ 027039

24 [1080] For[lﬂsoq;of tEwraasdﬁmfeemrﬂémmn 1hB SIS rbeeivee Proteising Witle sdléstign Wi t h
sel ection versity tSgmsnt ed at the transmtter and receiver

systems with W&qﬂyégayn?% ”@Pl @H thecEansmijigs @pd meceiveh dysansorith gpespleser f or m
the functiongedeghtidied, Hﬁ&t?dn@ anIQ@on)Stﬁit? ﬁnﬁx@%&tlﬁﬁé’de@&b@& QLR Rea
menory unit (e.g., menmory units 132 and 172 in 1) and executed by a
processor ( e sgftwargopdasahdydiestorgbinameemory ymit {he, mgnmryymlml‘lﬂ rey 72 lieFIG.
i npl ement ed e I ch case
it can be c\(,)YI tagé}]?’éegpﬁeg&y ?%%%ﬁr"égé%bé’r“ﬁr ﬂé‘ (%cegré‘gr%@l gi\%/arl o hﬁ%% as is
known in the banmplen{eﬂlﬁamﬂimﬂlemm:essousr ﬁmﬂltmhetmom‘ssdrm whiglc t:38 #tcban

[ erson skilled in the art to make or

enbodi nents is rOV|ded o en

use the presé)ﬁtcg Q“’Pﬁ%ﬁg’?‘iVé%YW%“FB“t%é%’E”@W%HFﬁEnts will
be readily appgggnt Tlfé ﬂré‘ﬁ&% cﬁ%ﬂph@ﬁjof the Hﬁﬁo@ﬂ%mbo&%nish?gﬁ@ﬂ@& toCenBblENCI Pl €5
defined herein may be a[)p ied to other enbodi ments w thou departing from
the spirit orangcppwnoskilleh intherart do. makeuer ushicthprrresent veplden | oMariagisnot
intended to Be,dhibedolRed: %&b‘é@‘%‘%ﬂ%'&ﬁﬁ%@ réaﬁﬂ ?én té‘tr{%% létlﬁedtlﬂ tRarpcCOr ded
t he wi dest scope consistéent W e prirncip novel “features

di scl osed heraailtthe @Ecn@nkicﬂyﬂesldeﬁﬁedrﬁéimmagfoeapﬂiadab lotheg edbddimtntawithowtsi on in

a multiple-in ut .mu e- out atlonsstem .conpri sing:
val uat | g arleBtEE FHE HE AL bYOPT Ak IpNeThal | 5o tedyrst MVt Pt
transmtted fihRAAA tPbaTimkted ¥ RE erhboiaet slﬁ%%@féﬂrﬁbut lxbstbflﬁ aBlbRdEd IR Wilest
interference cancellation (SIC) receiver processi ng, to obtain a plurality

of post - det ecPrerPoBsigeRtwithghapringiplesand noeel feafures)digcdgsed haseipl ural ity of
transmt antennas for the ordering; determining a data rate for each of the
plurality of transmt antennas based on the post-detection SNR for the
transmt antenna, wherein the data rate for each transmt antenna is set to
zero if the post-detection SNR for the transmt antenna is worse than a

m nimum requi red SNR, and wherein a plurality of data rates are determ ned
for the plurality of transmt antennas for the ordering; conputing an
overal |




data rate for the ordering based on the plurality of data rates for the
plurality of transmt antennas; repeating the evaluating, determning, and
conmputing for each of a plurality of orderings; and selecting one of the
plurality of orderings based on overall_data rates for the plurality of
orderings, wherein a plurality of synbd? streans are sent fromthe plurality
of transmt antennas at the plurality of data rates for the selected
ordering, and wherein the plurality éﬁ%giégbol streans are recovered at a
receiver in accordance with the sele dering. 2. The nethod of claim1,
wherein the eval uating, determ ning, and conmputing are repeated for at nost

N. sub. T 1. or dermésd ofb@iu@liMgsdbta fastidsh® iAUBQItipR-inpliems fple -@QNHRMVEMO)3.
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of clai nyok ,the/wa@{sﬂntrantéﬂﬁa %V\%ﬂs'@{ﬂaﬁ'ﬁ nﬁﬁmﬁfn‘i‘ eerqmgd BRR| Heteahabinal fliRdnsordaiect ed
synbol stream ‘gr eachfo

It nt.ennas Usin i al
o) "apacet SRR ddltegfREop e ol Uf Bobints Seaf B e o AR B AP Re O GBRHG  ne
post - det 8&t irgn TSN erdeaing thagskd on fike plugaliay iof ydatse ratesafisrine pAwrakinnefstransmdt
estimati ngerdiadl RpaaRlg Mg dvatRihgr et 4l E&lﬁplﬁﬁ‘lgefdre@cﬁﬁof 8 Yhalityséfr eam

f h f it
ag[ eﬁﬁc ?l%fem%%e afd %‘él@étln yor@ %@b’%ﬂlﬁwﬁﬂgﬁ@é}@s %gé%io@n o%]raﬂl da@asltaFe‘fsgBng{E'
sendi ng Phelisy @ ézrdetﬂgﬁg%fwfaﬁ%la % ahgality of symbol sqamst ug SﬁPtng’inné a&lurﬁhwd%fack
i nf or mat tramsntitcangennasatzing plueatity & dataraep fartht sedeciad caderinlgt ampl whéreipalie plurality

mul ti pl esPuhitdl sthciinYide &w%}ya'a@a}éceﬁelsm%@d?aan%mh'ﬁé ko Pding) |1 er
operative to: evaluate an ordering for recovering a plurality of symbol

streans transmtted from a pl ural 'I tgfeé)f transmt antennas, using successive
i nterferénce Thamedbd af tlom { SVByreindhetvabuating, sestninig, apdeahpuing age speated ity

of post - dgtembitN s DNakdetiRgNAh&e Nt T Rhd NS} of @inshit€an@dnubal ity of
transmt antennas; determne a data rate for each of the plurality of

transmt antennas based on the ﬁost detection SNR for the transmt antenna,
wher ei n Bhe dhrgmethod of claim 1, wherein the system supports a set of discrete data rates, and

wherein the data rate for each of the plurality of transmit antennas is one of the discrete data
rates.

4. The method of claim 1, wherein the plurality of data rates for the selected ordering
include at least one data rate of zero.

5. The method of claim 1, wherein the minimum required SNR is a required SNR for a
lowest non-zero data rate supported by the system.

6. The method of claim 1, wherein the selected ordering has a highest overall data rate
among the plurality of orderings.

7. The method of claim 1, wherein the evaluating an ordering includes obtaining a detected
symbol stream for each of the plurality of transmit antennas using spatial or space-time
processing and in accordance with the ordering, computing the post-detection SNR for each of
the plurality of transmit antennas, and estimating and canceling interference due to the detected



rate for each transmt antenna is set to zero if the post-detection SNR for
the transmt antenna is worse than a minimumrequired SNR for the system
and wherein a plurality of data rates are determned for the plurality of
transmt antennas for the ordering; conmpute an overall data rate for the
ordering based on the plurality of data2¢ates for the plurality of transmt
antennas; repeat the evaluation, determ nation, and conputation for each of
a pluralit f orderings;, and se|lect one of the plurality of orderings.
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10.  The apparatus of claim 9, wherein the controller is operative to repeat the evaluation,
determination, and computation for at most N.sub.T ! orderings, where N.sub.T is the number of
transmit antennas.

11.  The apparatus of claim 9, wherein the plurality of data rates for the selected ordering
include at least one data rate of zero.

12.  The apparatus of claim 9, further comprising: a memory unit operative to store a set of
discrete data rates supported by the system and a set of required SNRs for the set of discrete data
rates.

13, The apparatus of claim 9, wherein the plurality of data rates for the selected ordering are
sent as feedback information to a transmitter.

14, The apparatus of claim 9, further comprising: a receive (RX) data processor operative to
process a plurality of received symbol streams using the SIC receiver processing and in



transmtted froma plurality of transmt antennas, using successive
interference cancellation (SIC) receiver processing, to obtain a plurality
of post-detection signal-to-noise ratios (SNRs) for the plurality of
transmt antennas for the ordering; neapns for determning a data rate for
each of the plurality of transmt ant efihas based on the post - det ecti on SNR
for the transmt antenna, wherein the data rate for each transmt antenna

is set t i f: - ction SNR f,or .t h tyansmt antenna.is worse
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18.  The apparatus of claim 17, wherein the plurality of data rates for the selected ordering
include at least one data rate of zero.

19.  The apparatus of claim 17, further comprising: means for sending the plurality of data
rates for the selected ordering as feedback information to a transmitter.

20.  The apparatus of claim 17, further comprising: means for processing a plurality of data
streams at the plurality of data rates for the selected ordering to obtain a plurality of symbol

streams for transmission from the plurality of transmit antennas.

21.  The apparatus of claim 17, further comprising: means for processing a plurality of



conpute an overall data rate for the ordering based on the plurality of data
rates for the plurality of transmt antennas; repeat the evaluation,

determ nation, and conputation for each of a plurality of orderings; and
sel ect one of the plurality of orderings based on overall data rates for

the plurality of orderings, wherein a plurality of synbol streans are sent
fromthe pIuraIity of transmt antennas at the pIuraIity of data rates for

t he sel ected or and, wherein the plurality _of sy eam; are
r ecover e§edyedss P@&LF‘&@P‘SiW“ﬁég%Skfgﬁ%@‘ﬁ PrRegspiBE §BT‘ élbfwéaf F‘%Fe}“’f éhe selected

ordering to recover the plurality of symbol streams sent from the plurality of transmit antennas.

22. A processor readable media for storing instructions operable to: evaluate an ordering for
recovering a plurality of symbol streams transmitted from a plurality of transmit antennas, using
successive interference cancellation (SIC) receiver processing, to obtain a plurality of post-
detection signal-to-noise ratios (SNRs) for the plurality of transmit antennas; determine a data
rate for each of the plurality of transmit antennas based on the post-detection SNR for the
transmit antenna, wherein the data rate for each fransmit antenna is set to zero if the post-
detection SNR for the transmit antenna is worse than a minimum required SNR, and wherein a
plurality of data rates are determined for the plurality of transmit antennas for the ordering;
compute an overall data rate for the ordering based on the plurality of data rates for the plurality
of transmit antennas; repeat the evaluation, determination, and computation for each of a
plurality of orderings; and select one of the plurality of orderings based on overall data rates for
the plurality of orderings, wherein a plurality of symbol streams are sent from the plurality of
transmit antennas at the plurality of data rates for the selected ordering, and wherein the plurality
of symbol streams are recovered at a receiver in accordance with the selected ordering.



