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present invention relates generally to comunicati on,
and nore specifically to techniques for supporting
successive interference cancellation (SIC) receiver
processing with selection diversity in a

mul t i SGCOESSIVIE INFERKERENCE CANNGEIGRATION

system

i1 I BEGETYEREROCESSING WETH SELETTON
receive antennas for datBItVERSITSYon A M MO channel
formed by the NT transmit and NR receive antennas may
be deconposed into NS i ndependent channels, with NS
< mn {N, ., NR 1. Eachpqf nhgependent channel s
corresponds to a di rrensp%fgmﬁleﬁm system can

Pfieng de i nproved performance (e.g., increased

transm ssion capacity and/or greater reliability) if
t[Ae0Hddi ffh@nmese:m nisrertionakélates sgeoerally etd twmnnmwatlon and more

mul t mt and receive antennas.

(iRl 3ok R SR ARRET N R eRcE e diation (SIO)
NEeeivertpr@iesdthg wath sBIEMlonﬂilﬁéi'ﬁﬁysln(ﬁxnﬁltbpléi‘ﬁl@ﬁﬂﬁultl le- outpu'{rFMIMO)
interl eave, and nodul ate) NT data strearrstootaln

Wmcaélloﬂéan which -are then transmtted fromthe
NT transmt antennas. The transmtted synbol streans
may experience different channel conditions (e.qg.,
dBddkgrenid f adi ng and nmultipath effects) and rmy

TG TRt SEE S s APl mao
CRERAN bR B8 ol S ’trahﬁﬁlsﬁﬁﬁnwm chYiHRP o rﬁ{eﬁe@nﬁle Ny transmit

interfere wth each other at a receiver. [1004]
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process (e.g., encode, interleave, and modulate) Nr 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
multipath 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 N 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
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ant enna at cannot support t
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
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enbodi nent % the i nventl(i) are descrd in further
required SNR for the lowest non-zero data rate supported by the systems Nr data rates
are obtained for Ny transmit antennas for each ordering. An overall data rate is
computed for each ordering based on these Nr 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 Nr
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.
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a M MO system that enploys orthogonal frequency

division nultiplexing (i.e., a MM>OFDM system, and

so on. For clarityDETAFEEDRDRSORRPEIONIescri bed
specifically for a M MO system For sinplicity, the
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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 1is 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 Nr data streams. Each data stream is
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[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
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n is additive white Gaussian noise (AWGN); and
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$hrédfs fn%uﬁiﬁferkté@éMe s‘f&é’e%ﬁ%acﬁ%?ﬂlbﬁi ﬁg:%mr LY Btaze YEdvers one

transmtted s stream each synbol stream’s

rn@osmléueécsymbh strqmrer fAsr eash esymtbol sterseds rasovdred, the interference it

r enai

ggﬁeﬁé? @ga %leﬁrgn}ég% 88F g%vr%{:c?\gerg’dy symobol Streaifs 1s esshmated 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. Each
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 nodified synbol streans are then
weeowsessed by the next stage to recover the nebdT/US2004/027039

transmtted synbol stream Ig the synbol streans can

be recovered wthout error (or with mnimal errors)

and if the channel response estimtes are reasonably

aceuftensmittddZ symhel sticamer fier smo] dtueantsotransmitteddcioors theotransmit

synmbol streanms can be effectively cancel ed. Each

subseqﬂéﬂ'ﬂa? recovered synbol streamthus experiences

| €3 S<Blitdd Y RBEEs smi‘Hm ﬁﬁ't@‘ées in”ogﬁ?éee-time processor in the

post -detecti dn SNR t han MAt out |n erence

cancel fimst stage of[alSI€Tpceivar (fesl HIGWO g term noI ogy is used

for the g‘i,pri tlon bel o V\D2005/036

pct/ Badda strgams ¢ the apytE fQ.g-spa 6FP3§F HigigRrogessor in a

the syqpelqueht B HAIETLdiRY, from the transmit

antennas; = "recél ved" synbol streans - the inputs to a

spat f'dtected’ 'spmbel :ttreams p rthmeﬂputs from tHespalﬁal mstspzmeagm pocessor

a Sl Cnélecel ver sisee : "nodified" %é’
st r eankiP1o tye— Mefglbpbstaea%awdqe ch’FeCEﬁS‘dEé a8 ps and
et axe e shmast SRAE oy EFerh plaf & RO the rceiver to

spat i abbt&ih aiR86RAldafBstREMBAITUne detéBtetl @ymibol strédm s recovered in
synbol streans may be detected in stage A ); and

"r ecoveachdtagelynbol stream - a synbol streamthat is
recovered by the receiver to obtain a decoded data

[B03am EI)GI ¥ showes eiébwcdiegfamwamprﬁscss @8th fosperfocaing 81§ receiver
i . 103 Fl G
s T

RiialiR the ¢Riexer f&%ﬂ’@ QHagsd sPASK teReivBERES toNT (e, A=1) (step 212).

transmtted synmbol streams. Initially, the i ndex A.

Fagithe fiest sfageydhe BIC medyver pesloany epatiakorswpaca- bmg Pfdcessing gu the Ni
receiv.

Bcg1¥éds st gg ;trgan}s (o ?565?&2%%1 t%eﬁoﬁv@ t%tr & e%tg PH'S th8n Tt%ansrwr_t\;e symbol

shea:ak \(s1dp syahol Fet éaearmageasmepmal lo@ cbpbed-fing processing provides
separate out the NT transmitted synbol streams (step

@Ay M+idrdetasted symbgh streanes, syhueh atte estimstrscd-the transmitted symbol

BERasnat VRO otaio Dne o it eloclad DDA itachs £ Sgeied g gpeovery
&lep EBTH. nqthlyeteteeeaoy}%t%i stfam o dhdie pqi&teﬁs%ae@ ﬁy BRbdutated,

Sstreans i s selected f'or recovery (step
drentertamed, gydr’dmodsd)rte@htalrsa tierodepata e@%m V(h;clgls an estimate of the

SR TE Py PR AR e B IR Sk SRl Gt
[F033am Aodetérii@nAiwAiOthes inifie WHeHieh 9r heCAV eichiitdd $ydibd] streams

st a% (step 218).
have been recovered (step 220). Ifthe 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 Ny interference components, which are estimates of the

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



[1033] A determ nation is then nade whether or not all
transmtted synbol streans have been recovered (step
wO0208@33)036199 t he answer is "yes' (i.e., if 2 = NPCY/UStdven27039
process 200 term nates. O hegw se, the interference
due to the just recovered synbol streamis estimated

(step 222). To obtain the interference estimte, the
dé@b@]eétff@atsa The danintesference components iart drenesbiracted fepm the Ni

R BIRE skl M SR RGP B SO o 2. These

deddified dy@etol btpeanistrapresent therseees ttat @dilldhandbensiecetent if the just
which is an estimate of the transmtted synbol_ stream

jrerovered sypbpletireamhiad ratden Heeauitpdliel. asttmRgmthal therference

{
BEBSTRRR Lok cRRRAEke SROOORE R SERLSR D, Joh)
dér thh eextistuge (dftgr 2260e due to the just recovered synbol

I 0o Sees Bl e ol g5ied engn 6] o dhe e rodifed syl srcams

Wrécm/@lr dr@HRP &an SR @fxﬂﬁﬁ stegm! MREpsSURL Eﬁ@léra%nepeated for
he recei ved synbol streanms to obtain N

syﬁbtnansgntt@hm‘t(@ segan? fbe rethesred. Biops 222 thronghi?6 are performed

t .the st t h .
L BERUE P ef REMmile® Pt Soarn it SFPof Hcaes, the inpu
Re@Bol §tasamiidré @b Nk réceived SSyHBoD tréana F&eeacﬁtsabéeqwﬂ Geéage, the
cancel | ati on was effectivel Merf ormed). The index X

ilBput |symbolyefEaaes qre the Nxanodifed symbglogtreame frany fthes pregeding stage.

8 th
8558 0 o A oS08 0 e o
gnegsper ForaasSICt teeivey Nede &er agM poﬁlblésoraéﬂngsh bOWedvering Nr

218 are repeated for each transmtted synbol stream
ttmnmltueécswnbolesirea&se pEhi@ 20 bedanssugty aGofaNe dpeptbd rspmbiol streams

I,nféaéfglgegr co | Sq,cfa g.r rﬂis%aaggts gaftect)r?e? eellp;)pb( 3&%33 ambol streams may
e e R A" i ttlg geclgggl ﬁ?a%gl Xn%dios ng%d dcht\¥ %ﬁ%etecﬁg& ?%Bg']l\ﬁ_r{ream 1s

subsequent reans

m‘)ﬁilefbﬂeﬁﬁd&kém@fedﬁh HRARS sfag@ mrh@ SIPfREIE il esm@gt@ eachléfthe N,!
processi ng for each stage proceeds in simlar nmanner.

[pos3hle ofderings 8idGelaet thiebest, orddragefonnse. Nit thpfodleividigedescription, the
orderings of recaoveri ransmtted ol .

gle‘feéa{i@ useﬁ:if%r the %e'dgg%lganv ?fﬁek &1L N7 -t Eﬁgt &ar 3ehsering k,
]15 ?E h%cg’\/egrr%gﬁml enn];sl, ra% rep&\Efed 3t yregrcfsented as

d 4y st¥eans e Tecover

'{'kl,tlége SBCpnelzh%feaqte foR Nk Fozon Napdieaadey R @rafléphi€ GhRHna to be
synmbo stfeamis available and recovered in the |ast

sédgered ThStagd & of@ERkingk. can eval uate each of the NT !
possi bl e orderings and sel ect the best ordering for

d5@36] | n Farea $16] resoivery theciopnt symbehstreams for alges Akof erdering & may
%%gggpfeggedébe NT! orderings, where k e {1, 2, ... NT!}

each ordering Kk,

y,=H;x;+n , Eq(2)

where y: is a vector of Ng modified symbols for stage A of ordering k, i.e.,

y, =l i - i, I'» where y; is the modified symbol for receive

antenna i in stage A of ordering k;



the order in which the NT transmt antennas are

recovered is represented as {k" k2, ... kKNT } , where
W&K2005/0367% r= {1, 2, ... NT } denotes the transeimus2004/027039

antenna to be recovered in gpage 2. of ordering k.

[ 10361 For a SIC receiver, the input synbol streans

for stage X of ordering k may be expressed as:

yk=HkxK s Ftdrdf (Mener Mktrdrﬁmi’ttéde.@rhf%ls%r Nﬁ?gm?mor@qim% k ie.,

syn‘ooTs for stage X of orderi ng k, i.e

- YX 1T regy LSyt hgperdif i gdagy 1fht from transmit
receive aﬂ’tﬁ]}ﬁ‘a i 1 §tlege X of br erhlén oD o transm

2005/ 03679;?1 prieay X U§g@04/ 027039 10 xk is a vector of
(NT -) transmtted synbols for stage ? of

or der gNGisKan IN ex?N XK 2% 1) Xkducelf . channel -respohfe htrix \M‘reé’tﬁge A of
xkn iS5t he syrﬁoO Sent fromtransmt antenna Kk, ,:

Hk is an NRdendgh¥d- X+1) reduced channel response rratrlx
for stage ? of ordering k. [1037] Equation (2)
?2311])”53 Hahiatont (2§ aSiiRe khad tKeeaifbol 8GR REoveled hethp l’ph@f r-1

stages are cancelled. The dinensionality of the

ahmsnet chigened)s Thetdimesibhality bhtle clamaelegsponst ynatrix H is thus
reduced by one columm for each stage as a transmtted
syodssivelytnedenediby oncewdwen dor eacll stagn el aeiansmaitedssyaefwl Xtream is
the reduced channel response matrix Hk is_ obtained by
Teeonsyochang xencrledo| Hpmstagn . Hae geduged phammgl rpspopse matrix H, is
corresgondl ng to_the X-1). previously recaovered

¢d byremapng (—d) co 1Prﬁge opginal, matrix thgmreﬂpondmg to the
V\,here hkn is an NR x 1 vector for _the channel
E?es\aomwoe%y\x%‘@ﬁeqeééwhpk stegamsnhe, B =g, thg N, 1, Where b,
receive antennas. For stage X, the (? -1) previ ously
18@@0%3 pfédV@;ofoﬁgr thet ehaang! response) betwgen idhseis apfentik k, and the N

d th X+ 1 t
’feé%‘?/ @P@anas?y ) stgger éaﬁlge g(grrr » @rfayéwsl)yn%g%\éege%ﬁw{lkol streams are
R b it
W&m‘maf B bic: gy g T, 0%y V) PG 4ed loRverg gl streams
are gi\;en 1ndiceas’o-|f {%2, I}xr aT‘S/E” t}t %dquag l)msatyrbeeqrg\?ifn Qnagl have

+12

Ny
y'=3h, % +n . Eq (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 Ng modified
symbol 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, —2) not yet recovered symbol streams on the symbol stream sent from transmit

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

{h, } for these not yet recovered symbol streams, i.e., y_thm =0, for

me{h A+1, ... N;} and m#n. For stage A, the transmitted symbol streams from the

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



not yet been recovered may be "isol ated" or "detected"

by filtering the NR nodified synbol streans yk with a
wo pwsobadd filter for that synbol stream The netTOSZ04/027039

filter for the synbol streampent fromtransmt

antenna k,,, for n E (A X+ 1, ... NI , has a unit-

normvector wk of NRfilter coefficients. To m nim ze

iMbeibf SthgRCadl daaBel1éd Groft the rmodaﬁéd\lérymﬁal sfrehmy §f* . Thus, the vector
recovered synbol streans on the synbol stream*sent

W Odes BB to B rafiR8ndi to -(h én’hg foy 6 EQI, MK s 1gefined

to"be orthogonal to the ch resporisé vectors n

{[N@@]} ff’%ei(xtn'afcﬁgd ﬁ?&r Ve%{orrvgcofﬁgg(%g d%MVQPI!)asﬁiﬁr'bﬁ dHous is spatial and
?gaecel'_tot hgfr'c?é(g%m% techil§uds! aﬁﬁ@k}%&ﬁﬁgﬁ%é‘%ﬁigf %&ﬁrﬁ&%@{l&?lﬁg‘% a zero-

_ ),-1) transmt antennas, 2 '
forcing, tediniqueh@xhictals salyefbreahtor scaovbaed] VWOrdads/ B3GRo@vVersion

4/ 027039 11 t .ed
(oM R Rigup e wiim Btotiardtetror GIMSErRRGIGlE, The space
e gfbeéssﬁ%t teblfighds Anélad® at RBMAfecti®ack Ngihlizer (DPE), 'TAdEMMSE

1039] The matched filter vector

-1
&@9%“@@? O@ME}&EEB ap a i we-lkshbeod segmlce estimator (MLSE)

af@@zs AL B gt B i
G OHE ML o SRR Sl ey gﬁo@?ﬁfgﬁghg

rsymbau Bir¢uR@N oBEUAT enterféreficel SENb-bRb o ottain Tthe dgdated symbol
t1me processing techniques include a decision feedback
seams. zEpe ipRELE eqyalagsHor stageedrhas gnalNi 2 6V, ¢ MVEEresppnse matrix
&8 a maxi mum|i kel i hood sequence estimator (M.SE).
[WG40Yhirh meay enierdiadebased onetheraediised chpnekresperssometeix H/, as
VW is derived with a |linear zero-forcing equali zer,
1Q¥s:per f orns spatial processing by projecting the
received synbol streanms over an interference-free
sub-s Q an.hhe detected synbol streanms. Th
Iinear—Zl—‘gq gf»t) gbfo‘r stage ? has an NR x (NT -?EQ-%‘)
1) response matri x Wk, which may be derived based on

duc ;%fcha)%’lreg ag% E‘i rge\n,é éltl kai(ffH léaﬁ %‘;’ Sﬁ]; ageo The matched

ch sta s..al so d erent for each sta
fﬁﬁ&e& FERIONE, Py 0% LB STLRY AR pnt REmCTASERt isiina ke is then the
sent fromtransmt antenna k" is then the colum of
e lum ofeWh o priTasponding fodraasmit anisnembka k., |, .

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

streams, as follows:
=(Wp"y =x,+(Wp"n , Eq (5)

where %, =[x, %, - J‘c,,NT " 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,)"n, which is in general correlated with a covariance matrix X =o’(W,)" W



[1041] Stage ? of the SIC receiver can derive (NT - Xt
1) detected synbol streans, as follows: xk -(Wk)Hyk
wWO=2r05#3619R) Hn Eq (5) where Xk = [ Xkz xk,,g ... PKitNE2(0¥/027039
and zkn represents the detected synbol stream from
transmt antenna k. As shown in the right-hand side of
equation (5), the detected synbol streans ix k
¢HM3l i sdntshegetk afiondetingl tby spobol strearament ffonp kragsmit antenna k, is
filtered noise, (W )Hn , which is in general
sdested faradcavietsh Ehe deteatechsymmbatstream %, from ganb)iHangnnack, may
2005/ 036799 PCT/ US2004/ 027039 12 [1042] In stage A
bf cxingsed Ay k, the symbol stream sent fromtransmt
antenna k, is selected for recovery. The detected
synbol, stre,amlk frgmtransmt antenna kk may be
expres‘csxeﬂ!‘éks A%, FWadk: =Wk, yk =xk, + W, n Eq (6)ERO)
shown in the right-hand side of equati on (6) t he
detected synbol . stream,xk ses the transm tted
g‘&‘r\“ﬁt{t‘h%ﬂu§d‘|’08§teﬂ&}§f(@c{q)oﬁh%ﬂe‘PF‘F@ eyppol stream %,
n0| se V\Ik n . [1043] The post-detection SNR, SNRk, , of
comprisss dlot eahseyitdsodymbot sieeamxk, plesamstdetection cmﬁzl\tgtedfnmse wk
of ordering k nay be expressed as: SNR = 1 k, 62 11
043112 Thiee pesttdetectirpeSNBd SMR | ancfe thof detestetlr syrabolt stezim X,
data synbol xk,, is equal to 1.0, and 62 Il wk, Il 2
recovéred wastagent of ofdetihg &k poytbedaprested@s: noi se, which is
wk n . The post detection SNR is indicative of the SNR
achi eved for etected synbol stream after the
recei \seNRng al;esgl_ng to renove interference fromthgq(7)
ot her olo’skwedfrs. The inprovenent in the
post-det ection SNR conmes fromthe fact that the norm
of wk, in equation (7) decreases with each stage.
wherpathe Taxpeated vgRanse i she inprumittod detansynbel sq be equal to 1.0, and
performed based on ot her space or space-tine
prdoes #1 nig the vhriameed. thehpseéstectionr wiisy WIGEMY ,w MYSEThe post-
DFE, and
detection SNR is indicative of the SNR achieved 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 “Multiple-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 £, the SIC receiver can
compute a set of Ny post-detection SNRs for the Nt 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:



MVSE- LE techni ques are described in detail in comonly
assigned U. S. Patent Application Serial No.

wWO@N0998,7987, entitled "Miltiple-Access Ml ti plBeT/uf004/027039
Mul tiple- Qutput (MMJ) Commygication System™" filed
Novenber 6, 2001. [1045] The SIC receiver can eval uate
each of the NT! possible orderings of recovering the
transmtted synmbol stregirs. Fof eagh ordering k, the
Sl C reégeilogy(l ¢ 8NR Joniess|d +a—§-ﬁtw—3§jl\l‘r post - det ect iEgr(8)
SNRs for the NT transnit\ arf eh®ad. /The SIC recei ver

can then select one of the NT! possible orderi ngs for
e based on one or. nore Frlterla For exa

whire & Snibfrspeatal eisieac Al tansil 4ntesach.s fiehe F‘EPP&?{E‘}/ in stage

n this.ca t he st-defection SNR for eac
e émaﬁﬂafﬁ? IHENQYols ekl ?%a gﬁsmﬁllzed by the system

fQl
RO ELE0B 5 AR AR B2 R g g Cogly Tho ovenl

Pettrad eff@idncy Wkae: 4 for 8l Vg pnsaimié ammm f@mrdctrmgslpeay batomputed as
f ficiency of transmt antenna k., which is recovered
f‘age X of ordering k. Spectral efficiency is
equal to data rate normalized by the system
bandw dt h, mand igzgiven in units of bits per second
per Hephz=Coi%/ #D) Jogitler SNRE 2I.l  spectral effici edgy®)
Ctotaik for=tall B transmt antennas for ordering k
may be conmputed as follows: NT NT Cotat,k =Y Ck,. =

Cﬁgl ver %5enc§ll§§knpar% con%pnl?e%—%a\e/: e()?giiﬂ]h Sgpeca? t{c}e%?e?]fc %ﬁ% of the N,!

poEibRASBergs! MeneNEbeiv@Qnfithéesddécd elid &ﬂ%nn% Reth' Be %ghegt overall
can then select the ordering with t est overal

@p@rﬂiemcmﬁ:ylfmusn@yefmaxt{é'em,Q})e max {Ctt k} [1047]
The M MO system may be* desi gned to support a set of

[d0£7r et ghed MIMO ay&8m mif b€ AediftddUd Stppsina zet 6f dlsdrate data rates,
rates as well as the null or zero data rate. Each

weieh inclusles gan-gerodata vetsp as avellsasdhe aulkb@r @gre Hlaﬁl rate. Each non-zero
%%Iéértréé ,H‘lag:]bcfcé)sgbég%teé %ﬂ@h”? I‘Rgﬁi_cfzhgir: %bch% %Eh @a&#x modulatlon
sehane,i aldesb vht hEathpaontietelldata ratd i ﬁlmibﬁbBol‘:ﬁtbdl Wfthi atpamcular
achi eve the desired | evel of performance (e.g., 1%
ng)éngql NR 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 Nr 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 turning off transmit antennas that



error rate) for a non-fading, AWGN channel. The
requi red SNR for each non-zero data rate nmay be
wo zies/esavned based on conputer sinulation, enprCE/T$d004/027039
measurenents, and so on, as 44 known in the art. A
| ook-up table may be used to store the supported data
rates and their required SNRs. [1048] The sel ected
orageet; Wpéé the lowhst mavezenp tdata kate,hihg eystbobwstreaths sent from other
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ectron diversit¥,” ed énna nay be

i dpads, OtfhEre( hre€ Ny diffefent Qhichnd fcohﬁéuer?&{s Qz@{e?é: teb @D cofguration

is lowdr than the required SNR for the | owest non-zero
dregspande ta arppecHigpporttee df tignstriveantdnvgs tptiséwnedyn. The Nrantenna
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transmt ant ennas may experience | ess interference and
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n&fbfransnat fptenngs Juimed e leantengp paffgrns Fﬁefr thgreonfiguration
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tfar theSRRBEaGo Wilery Of 2f BafsTt tn@ftl8HYASd bA2dnd $ on, and (4) Ny

turned on. The NT ant’enna configurations are given in

CsYssible ahtéina Tahéms Yor tctohfiguratioid @/ithodnlpoht Wanémid ASEhAa turned
antennas for each configuration is given in colum 2.
it h Thnoembsr ebantepia EQtf%Bﬁ fog caghy coRlj I AIPN IS tAVEINE elumn 3 of
f fintenna patterns, where each antenna pattern
oll)l cates which transmt antennas are turned on and
V\[ﬂDﬁI] t r Eosedch antenea patteray the tnumbedobDpdssibld ordedmgshier that antenna
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né t
recovering the (N, -1) active transmit antennas for each antenna pattern of

configuration 2. For configuration 3 with (N, —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



on. The nunber of antenna patterns for each

configuration is given in colum 3 of Table 1. [1051]
WO 05/0®a299h ant enna pattern, the nunber of possdI/€S2004/027039

orderings for that antenna pastern is dependent on

the active transmt antennas that are turned on and is

not dependent on the inactive transmt antennas that
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t ' ! possible
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with onfemlt r&:ﬁsn&r !égﬁa"t'bfrf)n @H’ there is only
one p033|ble orderlng for recovering the single active
t LARR Mt %%5/ 036799 PCT/ US2004/ 027039 15
antenna pa

for eac ern of configuration NT. The
nunber of orderings for each antenna pattern of each

configuration i g gijveqp in cojumm 4 qf ble 1. [1052]
The nufgr=G0Y;! Lul : W : E -conf i gur atBa@0)
i s obtained by igzls.:/i rthe f antenna
patterns for that configuration with the nunber of
orderings for each antenna pattern of that
configuration. This is givenpjyp golum 5 of Table 1.

The total nurrber of pOSSI bl e or deri ngs, Nt ota, |, WI th
setectt+or—diversity Y—S§ +Hren obt-atrred uy SHAT 16 +he
juantities {nNegmteRnf s |of ﬁg&g{)&o} s fhﬂl&l%"%f NNahéumber of
+NTAnNDha NT| 12FransmiT Nl ied ‘élqlli]gs Or erines f
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| €enfiggratiorm$ f Ahfeons: Nrfa @I tef ohfiouration
1120 (NT - ) mubed Grd) || "Tas?¥ (1 AR AR oD iz
f—Noroer—oft Nummber—of - NgmoeT | Tramsmt
1 Nr N;! N,;!
2 (N, -1) Nr (N, =) N;!
3 (N, =-2) N, - (N; -1)/2 (N, =2)! N;1/2
N N \ \) A
(N, -1) 2 N, (N, -=-1)/2 2! N;-(N;-1)
Nr 1 Nr 1! Nr

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

‘0001°, ‘0010, “0011°, ..., and ‘1111°, where ‘1’ indicates an active antenna that is

turned on and ‘0’ indicates an inactive antenna that is turned off. The pattern with all
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Nt at a, possible orderings. [10551 The SIC receiver
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itterns 2%) t1‘“to *f&ct, M orderings { 30 For %=1
t’bo Nact , rrP%ttaage@et{eca@i SElAIn S trsEBc Erd LE3eF StpRamks ;
far tI’anSﬂbﬁpuaétnﬁ%nadéteptlon SNR for transmit antenna Kk, ;

60 Compute spectral efficiency of transmit antenna k ;

70 }

80 Compute overall spectral efficiency for ordering 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, - ) inactive transmit antennas,

act m

where N

act,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,, ... k, ... kNm} where the (N,.-N,,,) inactive transmit

antennas are not included in the set and £, is the transmit antenna to recover in stage A



50 Conpute post-detection SNR for transmt antenna Kk,
60 Conpute spectral efficiency of transmt antenna
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OQn I|-t11,en QrZ‘,j?..r Nr}@ a.(ngl’ls fiot depencwm on the data rates of prior recovered transmit
antennas {l, 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 antennas.
[1060] The new antenna ordering is then {i, 1, 2, ..., i—1, i+1, ..., N;} and the

associated data rates are {0, r, r,, ..., 1, 1;

i+l o

, T, }. For this new ordering, since



where transmt antenna 1 is recovered first and
transmt antenna NT is recovered last. Transmt
wo2a0/@eTa i i s switched off, where 15 i < NT. TPaoa/uae/ 027039
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[ PU’G![IPg #Ib@ed?néh%%d&taﬂt%(%ﬁpédﬁbm of a process 300
am )6 ﬁt er t n‘ieﬂl% %t fheh ahd vsfg?%ef Q)g Nt 4if %Q(?t%?ntgs have been

as an e or ering for a receirver w

s eVatadted (stah ms iIf yhe adswet isefnby thdnhihe iondtengkindexekl if @ydated (step
ble orderings is s

OPighe P{ogessgg%lf]aﬁatpé&p&%@ﬂéﬁééﬁ%ﬁ?& Nscingo A Fgginmum of
tQy Ql%ﬁ'c?c'nﬁgé\%e%%l%;ﬁ e& t gk mhe%\}?é beénr é"\lz'aﬁmetd then one of the

ant’ennas data rate transm

aglaided iosddrings islaeRERH NBded kbasm@uoavdrius data rates (step 330). For
post-detection SNR (step 314 The data rate for each

t exanane.tthe peleqierhondaing may be t e 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 transmitter system 110.
In any case, transmitter system 110 processes up to Nr symbol streams at the data rates

for the selected ordering and transmits these symbol streams from the Ny transmit
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Process 300 may be performed by receiver system 150
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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



that stage (step 430). This can be achieved by (1)
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any case, a determ nation is next made whet her or not
al | orderlngs have been evaluated (step 460). If the

answer is "no', then thMﬂﬁﬁMx k |s updat ed
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t ephediments TX 1dms pregnssas| 440 tige udqﬁeat@emmie& ﬂ&muX) 510, Nr
CEELIEE. 19, ST, BGREPLIRSILL Bt Bl Sy, g oo
t mapping ueiss Hi6a thioagh Sbét, arskNT fmitipdéxees (Mgo&:b)eﬁrkSasthmlugh 518t (i.e.,
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f 60 &l tra8bRR 3RRANL). 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



each transmt antenna using OFDM processing. At the
recei ver, the post-detection SNR may be determ ned

woO foos/oma®h subband of each transmit antenna. THEI/US2004/027039

post-detection SNRs of all syhbands of each transmt
antenna may be conbined to obtain the post- detection
SNR for that transmt antenna. The ordering and data
r eqdiag, nang shen. bEachs encader§1dqreddencedeebits to a respective channel

PR%d 154 CS {40 héﬁlTpiﬁte;lg&ve% Nfe cggnsbqg&: lia%g%%%n%fpé%cglar interleaving

descri ed a ransmitter
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ciiebrne ek S1€ Mtk amall totiesr B alFaved gits bagd on the
Of ] RGP Hf¥dulabiBR NORmé Qise{ﬂdﬁ,%%ﬂr by SHMdul%BW datrel)! dnd provides
and nul ti plexer for each of the NT transmt

anménha@r) symmeots| (Ut &l eronpe e@rémﬁt toif i3 interteavedbits &f farm a B-bit

S 1|;1§|aﬂvah?e W tegegpa [;I é)nre gﬁ{d‘g nlg?}'g)sfﬁa)alé g%g Vg@g&% a spec1fa ic modulation

t syaitsoT Hasanbe MiAselédidtl Mmololatide bchedltt @.d.,aQ0PSKEMPSKaba M-QAM,
streami s grovided at the data rate selected for the

t wherenMi = an). e Bach madulatieti symted ihy compledaatuerintaesignal constellation

R R R e e e

sfldgiRtiéR SyhbdisC adretddty sy@okOdithh Gespbétile) mMihlexer 518, which
provi des code bits. The coding increases the
r BIuitihexes tthe data sankply avith BvieingYERI0k usmgefos egxapplgy time division

C&ghﬁﬂ?xs@ SMY or 'glg%enané dh Hglj’%}'exu@b'ﬁfv[z g)ll gplg%ﬁrg(?&mough 518t

25@51@3@7199\1,%%52@&%&3 lﬁﬁgmlt@ﬂ. uniodl i 203, thevagh 302t which process
ch enc der 512 proyides co its to espective

ﬁ’ﬁﬂf‘n Sym ?lnﬁ%?anag’e Pg@ﬂ!h m%ﬁ’jaéqﬁlb Signals egm% <f 1§ Jfge transmitter

bb&b%yé%é}ﬁ %@0 ﬁ{hyaals%q{etdsediérﬁf ark Wit B2 ¥ER of HNR

gé?mohf
the Tnterleaving is dependent on data'rate,
cB®72bl | €rontr®lepiidunaieperfomm vanioes ftmatwrrsgfocdata trahsn@is&ion from the

5&%' cat ed al?tﬁlexggphf g§€$ hed | '83?%@&; tl?ﬂgxa@?rlpcéé \?Ft 8{/\)9 Q48 rates for the

NG t@hsriP @ﬁﬂeﬁﬂlasqlv\)héfesdﬂe}brfxﬁ’éretdf@héé@ @Qta%fe?? mdylfe/Zeto) as feedback
Each channel interleaver 514 provides interl eaved bits

t infermagiop &tom 1eseiypmsysiem hith pterjralier t13($ gy then mew@m@e data rate,
Se?(ﬁ%% {é%ﬂg%%é%dtrggd 2{1]108 ()géglgq"ap the g&%g g% %lté wefthm TX data

IOﬂSC as 1 n

Npdoessdr A20C oMitephativalyd qmﬁullccfesm rmﬁiyalxaéelm they ndb@hikel response
Unit 516 gr.oups, each set of Binterleaved bits to form

acsintes, ehplpale he, ppgsible \grdsrinesy select thg, grderipg red %&pgates for the
eRatinEE RhtbnrtR! WK1 Echeats BREES o1 MRIUhE Pr¥Rssing 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 Nr successive (i.e., cascaded)



synbol based on the sel ected nodul ati on schenme (e.g.,
QPSK, MPSK, or MQAM where M= 2B ). Each

WO wosledead9i on synbol is a conplex value in a SiRgTAIS2004/027039
constellation defined by the2pelected nodul ation
schene. Each synbol mapping unit 516 provides
nmodul ati on synbols (or "data synbols") to a respective )
nifCeiveN BresessBEgstagosi 2 thigugh §il0k enetstagedar gachyabBiesNr transmit

v B Sl S SRRt LT LR mcutes
Mpatinlpresssa (208 RNrdatapdro&ekfdr 6301 and aheintepfetepcd\danceller 640. The
\?\lv?ﬁrrbol ?Gér eans to transntter units 122a through 12&&_

285,00 Oeusludes ol ¥ SRAMRHIIOCESERIRPE anchR Sisakg processor
te [ : desi r Lt :

TSI o BB st st B0 R PriRbeck @R Tk dhe N received
s syoieol sfrednire yi, perdorisespatidl O g@dce Cmnd prokéssing (8., xay-forcing) on the
perform various functions for data transm ssion from
t Rceivll symBoIS sttdan b HadiddsOthe GXetidRIdesyndN tstredth €%, 18P the first
may receive the NT data rates for the 'NT transmit’
attneniinsntéwiacihahe Bsledéd oMdetin®k. RIC Hetadiibeessortd39a Mmshed rocesses
zero) as feedback information fromreceiver system_ )
1602, Eomdubtesedeintegesrisy, and dacesispictha deteetpd syiabal streane %, to obtain
codi ng, interleaving, and nodul ation controls for the
pa deasied dgtalstictrm di § Which T3awl astanate 06 Gesdaty sticdth d, for the symbol
Alternatively, controller 130 may receive the channel
r gsqaansg beagirecmerd, eval uate the possible orderings,
select the ordering and data rates for the transmt
aftt0@fhas Foatit fsheage @ Ohhmterfendnce kancetier 640a reveives slsd Mg received
units within TX data processor 120. Receiver System
[ oma)l sued@ns 6y strshtheadgsiodek dataagfream of, .a Intacfsrenge canceller 640a
subsystem 600, which is an enbodinent of the receiver
pperfarms the progessingdie.gs \entatimg, Steileaviiigsand syribol higipsng) to obtain a

CTERB b Setis dud SBION SO bEe Symbol sream 5, jus
PCT/ US2004/ 027039, 22 receiver processing stages 610a .
t Wexrgffiq 6?_{@1% renwﬁél%qdasg@%f)gweégb r, OF THTHRET RFPCESSEh inpltain estimates

antennas. Each receiver processing stage 610 (except

f of thehint¢réasencst cogapodeds ) i,i ded teldke gust gpenvered symiodstream. The
620, an RX data processor 630, and an interference
cinterfiréree d@éthondite i, | astthet agetrasiddt fromcthedst stapy’s input symbol
spatial processor 620t and RX data processor 630t.

[ dtkeadls oto tobeaid iN;s imodifide sy, strpaisi §f , WHde si&lide all but the
620a recei ves the NR received synbol Streans vy,

p%fcgliéﬁsinépégén@é c&ﬁ%o?h%ﬂ&.e Thi Wb diti .oP &réaﬁlsgyz' arg then provided

zero-forcing) on 't recei ved sy St reans,=fan

p ] etected synbol stream xk, for the first

t{c’g}ég?n&t%nggttg%%na in the selected ordering k. RX data

P[®F6}s s 0rFob3aeh bflthehsseomdt doesghekist stages 610b through 610t, the spatial
processor for that stage receives and processes the Nz modified symbol streams y: from

the interference canceller in the preceding stage to obtain the detected symbol stream

%, for that stage. The detected symbol stream %, 1is then processed by the RX data
processor to obtain the decoded data stream ‘ka For each of the second through

second-to-last stages, the interference canceller in that stage receives the Nz modified

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



(e.g., denodul ates, deinterleaves, and decodes) the
detected synbol stream 1k, to obtain a decoded data

wO Bv#/eanodk, , which is an estinmate of the datPCTsUS20@mM27039
dk, for the synbol stream xkpsbeing recovered. [1075]
For the first stage 610a, interference canceller 640a
receives the NR recei ved synbol streans y and the

désodarddabieast e affoiikthe RXNERS bRIBRELwRARNCAE kithe 4849 derives the
performs the procdessing (e.g., encoding, interleaving,

| ofessing (e. |

2N iRl ARG i RS e At TRl de N BRA!by that stage,
t Xk, just,. d. Thea dul at ed mbol

SEILBRYIOES e PRt SHEPT T EhS dd 05 BESTRESSt | mat es
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| HatditeA pRIRAL S BEAACKE A[HAGR0280]S chtitl Rl “OrldeRA’ Suck&Bive Interference
Séﬂb0| streans y to obtain NR hodi fied synbol streans
y

anceliptiqnrR ¢oqtvier Beocegsingtfor MultipatheGlasinelsd filed Apfik?,2008.

c ents.. The nodi fied synbol strea k are then
oHRed & shae! Extmmer QIR0 TecrtsTnerr Fessiied sympRLstreams .,
second through | ast stages 610b through 610t, the,

spshimalgs the qdbanagd resnopnse R thh gandr heanajees varpnce o based on the
processes the NR nodified synbol streams yk fromthe .
i Feceivedpieisymbalscand provides thechpnnet easperpe fnd geise gstimates (e.g., H
obtain the detected synmbol stream Xk, for that stage. )
Taed dédeckhecestiated| chonned seaprise matrixhHn ipppssd for eppcppr space-time

h d . [ d d d
DS 2 PLeEessor 10,0PLELD 0 BSOS e came
S ) y i e | (|
R 0 e 5 L SOREICRAE g e

f 600p9st-0&ed tiineSNRY fReectcaaemid, afd déteinliGedthe ®estion@rincAGe the data
and the WD 2005/ 036799 PCT/ US2004/ 027039 23 decodée

ded
deetes for thecselegted ardasing: Mdemsrygenib 1} sleres solookivprptie (HET) 660 of

S | v . a3 er OR0: [
EiBBpRLFRE cHE wPhek Mauildf SN X AEH BRIy Eontrotler
ant) pr dstecheine MR dawdi rhieefbr exeth orhnssiit @akBny kased foar ité pest-detection
3§J§X§r ?Gﬁgglgra %ilﬁr[ ﬁ7oé),ﬁfe77] m-cligse glglﬁca:]@{:}g (G)@?é%_;lg r%cpr Ogg{ec e&@?tzll gr%clesséora I1 GSOOand may
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ccessive Interference Cance t1on Recelver

Psysteesbithg for Multi path Channels,” filed April 9,
2 [1048] A channel .est.imatar 650 als ecei ves the. .
072k o1 b iR Erubeeh 3 RaeBod 81 FERlykR Broceiing with
I Q30668 EQiv&EiY XndY dRAirhPlemBRE® Sy FEHGRC theBn® DPGCExMiple, these
the received pilot synbols, and provides the channel ,
r ieshyoauss reaycbaisipiemented inghasdvare. sgftwarg, onpgombinptionrthereof. For a
eﬁérhmeﬂ?ﬁ%%ﬁho& CRROPRCeRL! Witd? b5 SHECHLREr PG%ESsing with
of space-ti ne

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.



processing by all stages, as described above.
Controller 170 receives the channel response and

WO nof/exs7®st | mat es, eval uates up to NT! possi blIRCT/US2004/027039
orderings, conmputes the set @f4 post-detecti on SNRs
for each ordering, and determ nes the best ordering
and the data rates for the selected ordering. Menor
ubiOB0h 72 Fer @rsodtward goplempntation, ¢h¢ ST re@hGr m‘rocessmg with selection

U568 g PRk A ST S i i

det g, pratcdufe’) fudatidhs] &rals®on) tlabhefoiren the F@ttions ddséribed herein. The
post-detection_ SNR Controller 170 provides the

senfrare godss gayi begtared e BSMATY R LS JRemeTy g 1%%1911(1 172 in FIG.
?Q;%ﬂgﬂ%fm@? @?tﬁgqu@ésgcﬁ (E.g A 5&@%@% ‘ri‘% ath ??(ﬁ]e r’ff%gmé}ﬁory unit may
[ bOitBlerbmted odthin qquoc:bssm'rqr feetbried te the Ifrocessmrppnwhlch@ase it can

C receiver 5;oce gﬁ sel ectj on dlver5|ké§ Y

© PP ERETH SPrHREHS VIR AT ' Kot Ih the at
t o8N qu%e'ﬁé&u&% degm&ﬁﬁ%tfﬁﬁa d1§bl&%ﬁ QMB&me?l@sf is PpRSveded to enable
or a conbination thereof. For a hardware
i ol eersanaskided inhibe pm@ctes giakg emiuss therpreiedt rineasitiver Various

i it h I [ . 0. EX dat. )
PERRERRNM Buhdts SR will ¥StRY poisndinee fiosd SoBe i the art,
1344 thaendR RRipled defiab@ hpreRCRST BE apfiddas ¢tHee Binbedikihts without
170 at receiver system 150) nmay be inplenmented within

ofi@papmg k5o the BPIFiE 8 FeORe Kb élaﬁ mvention: cHauss the Rrpsestiinvention is not
( [
Sfimdpd so bl lo i BRBbaRARRAOSH Rerchi Wi le ool dtod the widest
dsvope esns{sRinDe)ith the plintipleogrdnmvabieetugaidischrsediiarein.
(FPGAs), processors, controllers, mcro-controllers,
m croprocessors, other electronic units designed to
PWHRATTISIGEAIMWED {§ns described herein, or a

conbi nation thereof. WO 2005/ 036799 PCT/ US2004/ 027039
24 [1080] For a software inplenentation, the SIC

recei ver processing with selection diversity may be

i npl enented at the transmtter and receiver systens
with nodules (e.g., procedures, functions, and so on)
that performthe functions described herein. The
software codes may be stored in a nenory unit (e.g.,
menory units 132 and 172 in FIG 1) and executed by a
processor (e.g., controllers 130 and 170). The nenory
unit may be inplenented within the processor or
external to the processor, in which case it can be
comuni catively coupled to the processor via various
means as is known in the art. [1081] The previous
description of the disclosed enbodi nents is provided
to enable any person skilled in the art to nake or
use the present invention. Various nodifications to
these enbodiments will be readily apparent to those
skilled in the art,



and the generic principles defined herein may be
applied to other enbodi nents without departing from
WO 10080®pr it or scope of the invention. Thus, RATUS2004/027039

present invention is not intemded to be limted to

t he enbodi nents shown herein but is to be accorded the

W dest scope consistent with the principles and novel

features disclosed herein. GHAIMS CLAIMED IS: WO

2005/ 036799 PCT/ US2004/ 027039 25 CLAIMS 1. A nethod

of controlling data transm ssi on in a multiple-input

mul tipje- opthLthod %EMh&é) ﬁ{ﬂsggn T ﬁtlﬁlmlﬁle-input multiple-

conpri sing: evaluating an or ring recoverl a

pblﬂpw(MM@)‘co&mmmbatEmrsgams, ¢omprmmg:t ed froma

pluralit f tran nt ennas, cessi.v .

Pt er reialiBhe b g PhHepes e & Puglicy 6f SHRaUsbepng ransmitted

t ﬁoabat Blubality BF Waddrhit )ént@ﬁnd%oﬁémgj ShRedsiRNinterference cancellation (SIC)
signal -to-noi se ratios SNRS) for the plurality of

t FeaPIeN Rroeassiagfaobiadn a phualdy ¥é posicletagtion sighalitagoisedatias (SNRs)

fransmt antennas
bgotsrémc? pqﬁraﬁﬁ' &tloansélngn{% ?flgrntth ﬁéepcr)lg’ the transmt

anten n@etemhmhglandattb €atél fdroeacRlof thedplutitiey of krafsmiit tintennas based on
antenna_ is set to zero if the post-detection SNR for

ﬂi‘é PoptRisrion ShtRefnahs Earwe}its@tftrwanwlaereiﬁi the AefArate §or aely transmit
nrAds ég’fﬂf rz@t‘orlﬁﬁxe‘ﬂo ctt%n fiilgﬁ;r‘?hé' fhofethifhiRenna is worse than a
d eterm ne 0

or t ura Ity transmt antennas
t imenimuderdgnyed SDIRY mnd rwheagin avgnmlity dfitiata ratee afeodetérdnened for the

order. based on the Iur ity of data rates for the
IHPE‘FX Vrad‘le‘traQH"é‘ﬁ?stf ﬁ%ﬁﬂéfv’repeatl ng the

ev al ua¢dniihitin@ ne6vardll Bsta 188 dof BEPSHIERSE BS’sredQﬁ‘)CfEecﬁlmﬁhty of data
plurality of = orderings; and selecting one of

ptatﬂsabﬂﬂiypbﬁaldyoéﬁamﬁgst pdewds;on overal | data rat es for
the pl Jlt order i wher ej |uralit .
Synbol bt St oAPRpHECKE] B B ploh &'a pruratiy of

t prdeemast aght ennas at the plurality of data rates for
the sel ected ordering, and wherein the pluralit

of
synbol selecHag pge Hiche pluselity o caderings dased,en overall data rates for the

a]?lﬁp{l g?@f:%d@ﬁv\#%f gv?lﬁre %bgl\%lﬁg ? Eﬂﬁﬂdl:}&%aeg&sm ar-r%réﬁntnﬁ&n gﬂje plurality
Cmﬁ’nqnaﬂsmlllx‘;;anaelfmasr apthaphdalitpof ditaraed fdithe soleteed dSl@Smng, and wherein

where NITi s nber of transmt, antenpas. 3.
e ef awﬁﬂéi SHRAEIS AR TEFRY SRSt enr &ISE R sacg.orgatce with the

Ofe1hir@dringdat a

2. The method of claim 1, wherein the evaluating, determining, and
computing are repeated for at most N,! orderings, where Ny is the number of transmit

antennas.

3. The method 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.



rates, and wherein the data rate for each of the

plurality of transmt antennas is one of the discrete
WO nat/eseramt es. 4. The nethod of claim1, whereiRCT/US2004/027039

plurality of data rates for thg selected ordering

include at | east one data rate of zero. WD 2005/ 036799

PCT/ US2004/ 027039 26 5. The nmet hod of claim 1,

wherein the mnimumrequired SNRis a required SNR

for a Lowest, non-zer ata rate. s orted by th . .
System 6. THEMPRGHCHM &) kihein heREhbRm [uireEsR isgreavired
OSNRrfong 1dvast Rorzeih @5th ratd ¥apakted B9tk dydlem. anong t he
plurality of orderings. 7. The nethod of claim1,

wherein the evaluating an ordering includes obtaining

a detegted gypoly, BP%IE‘irBO{,. &ﬁé‘r@inofhet J%%eféd“&%%ﬁﬁé’ 3 a highest
transmt antennas using spatiial or space-ti ne

povzasdata gptaadongthe phoalityod erderings.t he or deri ng,

computing the post-detection SNR for each of the

plurality of transmt antennas, and estimating and

cancel §ng | PheHbALEREEIaNE, {A r,temhéig\ta@&a&ﬁg aR YiRPing includes
stream for each of the pl uraTl ty of transmt anténnas
except otitaiming 4 detected symhoil streamt fomeacht of the pluealy of transn8t antennas
The mta?gld of cltai m 1, further Con?‘%‘iE‘Si nlq' senai ng the
ohiiperattal epaty g pokessirgan i ACENanE L WD M A s

f eedbagdtpiitinlAhePést-Abtet orPSKNR FBSHch o the Huralify of transmit antennas,
apparatus in a nmultiple-input nmultiple-output (MM

c#ifiruni cat i on system conprising a controller operative

to: eval.uat. gl r ri ral ity of
symbol e 3R CLEERARicREcroEERY B le BBy Wbl efth for cach
t ofths pluraliatn bEtradsmit atfénngs Sxtepefdos i VBt irarisalif fit@mato be recovered.
cancel lation (SIC) receiver processing, to obtain a
plurality of post-detection signal-to-noise ratios

(SNRs)s.forTﬁmemb&ml%fglméﬁafeﬁ. kit ennas;

: 1151
determne a data rate

oy

e plurality of

t r ansnsendmgt thenabirdiygeof datat rates fwrsthedstlected andSig horfeedback
t{}g?{tg{??ns it antegna, wherein the data rate for each

t 1p0 10,3 fr f's set to zero if the post-detection

SNR for the transmt antenna is worse than a m ni nrum
required SNR for the system and wherein a plurality

of dat% ratAB aspparaies erifi ned multipleriappt umalltiplg-ovfput  (MIMO)

SRR S UEA M FRTRY < 2 oy
dat a retabfite 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 transmit
antenna is set to zero if the post-detection SNR for the transmit antenna is worse than a
minimum required SNR for the system, 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;



for the plurality of transmt antennas; W 2005/ 036799
PCT/ US2004/ 027039 27 repeat the eval uati on,

WO mhes/esemonat i on, and conputation for each of aqi/usmb4/425039
of orderings; and select onegef the plurality of
orderings based on overall data rates for the

plurality of ordering wherein a plurality,of ol )

Bt r eantetitdhe SIOB BN e fompiatar e fpdt O € plurality of
apideAn@sadd the plurality of data rates for the

sel ected ordering, and wherein the plurality of

synbol sedgot mnsofaa's plaradilie 108 cbrilerings dmserh 9o eowgiralh datgerates for the

SRORERE: RBBELT Wy o PUSARIBESROAD BTy om e it

eyBiratisinitoahtercias &Y tht Palrality of dad reesiithé kdectédordating]@sl wherein
NT! orderings, where NT Is the nunber of transmt )
afedhyality of symholstrggpsargrecovered dn ageprdanceyith dheselagted ordering.
plurality of data rates for the selected ordering

include at | east one data rate of zero. 12. The

appar alus oTheappiaratiss, offclaimite whersipthie contgoller isTapapative to repeat the
unit operative to store a set of discrete data rates )
sEYAbRtieBgdeismipations gud egmpiaiion o at west, Nglprdegnagsmdiere Nr is the
1‘015rn Q%f%etsr&& c{i screte data rates. 13. The apparatus

o EPEimé" BT he plurality of data rates for

the selected ordering are sent as feedback

information to a transmtter. 14. The apparatus of

cl ai m bl f uFkheppaEgup of sl dawheres the plrsality) of glata rates for the
p ' ality of received
séﬁﬁ&g?@@r&@hgiﬁr}g&% E{é@@%ﬁ}%‘%@%e\%r processi ng and

in accordance with the selected ordering to recover

the plyrali of synbogl  stre sent fromthe
pl ur al ﬁy o%l\{‘? ?%?%W%Ofé}ﬂ‘@r?mggﬁlei?fmﬂ%%n%ppar atus of

claim ' I (o !
eval uaf9 én %fg ﬁmgquaﬁaéﬁg Irig rsgllr% t% yset)f6 f g‘?g@?% %{g r%tgsé gu Pgﬁted by the

chpstemeind s ohregquiseiSNBE e thesat nhdisgrefealatarates.
communi cation link to a receiver. 16. The apparatus of
claim9, further conprising: WO 2005/ 036799

PCT/ USE04/ PRef QFfhratd$ off dldimngNMivhereiIheOtliraliby OF @aOfates for the
operative to process a plurality of data streans at

t spdeqtyd arderingare peng as feedback dnfoynatidndo gdragsmisigr.or der i ng

to obtain a plurality of symbol streans for

transm ssion fromthe plurality of transmt antennas.
14.  The apparatus of claim 9, further comprising:

areceive (RX) data processor operative to process a plurality of received symbol
streams using the SIC receiver processing and in accordance with the selected ordering

to recover the plurality of symbol streams sent from the plurality of transmit antennas.
15.  The apparatus of claim 9, wherein the controller is operative to evaluate
each of the plurality of orderings based on channel response and noise estimates for a

communication link to a receiver.

16.  The apparatus of claim 9, further comprising:



17. An apparatus in a nultiple-input multiple-output
(M M) conmmuni cation system conprising: neans for

WO swahsadd ng an ordering for recovering a pl uredi/u§2004/027039

synbol streans transmtted fpgma plurality of

transmt antennas, using successive interference
cancellation (SIC) receiver processing, to obtain a

pl ur al 4 Egnsofit (JSOrt wezre@qssqrmpsragnato process @ipdwrakityrafslgta streams at

(tﬁglgaﬁaxafltgl ntfag‘%a Q‘l t(lé% qjglle% l%ctt%ia ngim crjng gon Ehnr?fsao‘gl%albﬂ of symbol

Qdftrehine fcﬁltwhghissﬁzsn@font mamlﬁtyzwhaﬁmsmaa&e.d on the
post-detection SNR for the transmt antenna, wherein

the data rate for each transmt antenna is set to

zero ify theypos gled%lgct'~ n SN tr ng

antenna IS Ag 2£sngt an glpmar?i n%uﬁa?gﬁﬁﬁtedﬂ@@légﬁwut (MIMO)
vmmnﬂumcasuoplsystah; ¢ommisimgat a rates are determned for

the plurali of transmt antennas faqr th n

ans PERSONPIRGET GUeRE fordacoyoras @ HRipHe Sibol streams
OFHRMItRA BRFEh Plurhi§ BE UrdHsibity an@ﬁn&atlﬁnfgatsﬁ@cegs%e lil@rference

plurality of transmt antennas; means for Tepeatin
t daacallatibn 431 geceitsr @ravessing to abidincophalitn gf post-dstechorosignal-to-

poifaralich (5ob? For U STt ot RSk oy B fendt . "

rates mégs foheet@hiihiakiat Jatdfat® fotatin 6 theIRaRly ofaransmit antennas
plurality of synbol Streans are sent fromthe

prasechon thy post-datechioniSNEa for dhmisansmat antrang,| wheaginithe ¢ata rate for each
%ﬁ ‘%E s nﬁ;f%l E&% §6 WRIp ¥t ekt ik sﬁ:ﬁdforviﬁs t3h8nit Mitenna is

reans are recovered
recm’se vthan mmmndaaqmrem S$NR, tahéd whéreint eoblmfaﬁqr iofiglata rates are

18. The atus.of claiml1l7, wherejn the plurality
o‘?etm%drafﬁ? b sty fradumb ettinas ford ¢ PRl ude at
| east Qo dat &nﬁ;ﬂftﬁg% FBfafl: dalrate o8 tl%ocﬁﬁ&?ﬂ s@(ﬁ on the plurality

claim17, further conprising: neans for sending

pcbdeawnatey fafthelpluzalitypobisarisont anteangs| ect ed or der| ng as

f eedback igi)ornattt on.to a]ufx ans tter d ting f h of
appar aPtAnSJPT EPSRIREL e $a rf'dj‘ “\RBP“ 1ng for cach of a
200048385 028 14482004/ 027039 29 neans for processing

a plurality of data streams at the plurality of data

r at es megns fomeelecting ene @f theddviahty efordesings basedmneverall data rates

u %
oifp e;ﬁglal f); 12‘%’ "Jilf?eqﬁ'g]éﬁ‘ﬁ'hﬁtgr s&IHbBP aB%s n%r%.;{i&t from the
f platatier oﬁlﬁﬂiﬁihlt&ln@nas 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.

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 received synbol
streans using the SIC receiver processing and in
WO mog/assdance with the selected ordering to recaRUS26M027039
plurality of synbol streans gnt fromthe plurality
of transmt antennas. 22. A processor readable nedia
for storing instructions operable to: evaluate an
orderi Wgarfscfpr P@@@ﬂﬁellgl W\I@lu@hw off ddta stycapfs %)Vhﬁbnillraélt}f efadpga rates for
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rploﬁﬂl‘v)eéfmﬁﬁmwﬁgas.to obtain a plurali ty of
post -det ection signal-to-noise ratios (SNRs) for the
plurality of transmt antennas; determne a data rate

for eagf Oletx@ {aﬁfsadf*cg{fﬁ Eﬁt?;ﬁ%ﬂrﬁpr?sﬁﬁrﬁe””as based

on the post- ectl on e transmt antenna,
wher ei meaﬂsefodqtracesang & phurasay hoft reegised symboit sireamsi u;sing the SIC
set to zero .f tét{ ost-detecti.on SNR.for the trans

t ]
SR ErP Lk 288 I ARRoKanes itk e Y ISRl PBAFrIGRge 1SgAer Thé plurality
VHedyaital sirdahidlsent fom e ﬁiétaﬁtyf Ft@fst an@BALKr M ned for

the” plurality of transmt antennas for the ordering;
conpute an overall data rate for the ordering based on

the pliyali of data .,ates ..for the rality of .

oot 2 rfeso? b Siegial 8F sibfife Risitictiont bpdhvte o

det er rrmatat@am oddHiing OfAP Wécal iy h PlurehyhofOdynibop Istiédhd trinsmitted
orderings; and select one of the plurality of

of:ra@ra RlyEalisy o irapsinip ¢aieRnas, aatla SHGEEEstVef @ter&rf@ce cancellation (SIC)
{e@&@{;rsfgr)ﬂc&gm rtg 'tanlgﬁ tﬂ@lﬁ 3 cfeltét’:ﬂ?ﬁ %%alott) nt%)@gt}%os (SNRs)

reans are s rom |ty
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n of
synbol delprminga dat%éategemﬁés@? the pl&r%i&e ef {riismigyantennas based on the
ALGRIIORPGS INRNFO: NBe trafdnfie LREnR, AKdra8 the data rate for each transmit

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.



