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rate
receive antennas for data transmission and is denoted as an (Nr, Ng) system. A MIMO

channel formed by the Ny transmit and N receive antennas may be decomposed into Ny

spatial channels, where Ng <min{N,, N,}, as described below. Ns data streams may

be transmitted on the Ny spatial channels. The MIMO system can provide increased
transmission capacity if the Ny spatial channels created by the multiple transmit and
receive antennas are used for data transmission.

[0004] A major challenge in a MIMO system is selecting suitable rates for data
transmission on the MIMO channel based on channel conditions. A “rate” may indicate
a particular data rate or information bit rate, a particular coding scheme, a particular
modulation scheme, a particular data packet size, and so on. The goal of the rate

selection is to maximize the overall throughput on the Ns spatial channels while meeting
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and channel capacity is underutilized. Conversely, if the selected rates for the spatial
channels are too aggressive, then the data packets may be decoded in error by the
receiver and system resources may be expended to retransmit these packets. Rate
selection for a MIMO system is challenging because of (1) greater complexity in the

channel estimation for a MIMO channel, (2) the time-varying and independent nature of
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[0011] The receiver performs detectior; on Nr sequences of received symbols and
obtains a detected symbol block for each data symbol block transmitted by the
transmitter. The subsequent processing is dependent on whether the parallel channels -
are independent or inter-dependent.

[0012] The Np parallel channels are independent if data transmission on each
parallel channel is independent of data transmission on other parallel channels. In this

case, for each data packet on each parallel channel, the receiver processes (e.g.,
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paralle
recovered for a parallel channel, the transmitter transmits a new data packet on this

parallel channel, and the receiver cycles to the next parallel channel and attempts to
recover a data packet on this next parallel channel.
[0016] The SIC and other transmission schemes are described below. Various

aspects and embodiments of the invention are also described in further detail below.
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DETAILED DESCRIPTION
[0033] 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.
[0034] For a MIMO system, Np data streams may be transmitted simultaneously on

Np parallel channels, one data stream on each parallel channel, where N, >1. Each

parallel channel may correspond to a spatial channel or may be formed in some other
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[06037] Transmitter unit 132 receives and conditions (e.g., converts to analog,
frequency upconverts, filters, and amplifies) the N transmit symbol streams to obtain
Nr modulated signals. Each modulated signal is then transmitted from a respective
transmit antenna (not shown in FIG. 1) and via the MIMO channel to receiver 150. The

MIMO channel distorts the Nr transmitted signals with a MIMO channel response and
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s?%ﬁ'ﬁl? to %t&?lg’@fde}ggéd 8a Et?e%ﬂfsnlvhi Rlard ddimdi OO ?31}%?\@2 dR streams

ata proces recelrves an processes t

st lgcﬂraminﬂlyesrtjd[) Pot exhrdatd packdttodieachNDt4l sieeagle R Xd dhta processor
of the ND data streans

r eamns, HF esti
’?@ﬂowseﬁ Gis latﬂdg? Sheaiese Fe- a%?@bka&@tdesedeéb@hdata
) ﬁbﬁ%el% féﬁ‘ttlfht Hﬁﬁgﬁ&é@ {n actéfla nﬁf@&fﬁﬁ $ifeSse dﬁ% ate and
an eco es)

denodul at es, dei nterl eav re-asse ;
b videraa @Coégch’m:dkeb iwthadbsis re estimvaiel of the dateaackett R3pdatk @rocessor

{70 B8O BERREe Maly RS eqRicdCorekd SR g Braphihofine packer

ipaedodkd coreclytor ibeRsessor 170 al so provides the
status of each decoded packet, which indicates whether

[09] paclebenne] gstiesori? provaseastthg regeived pdetrsymbolsoadayr received

t ses ecei ved
AN I Mol LOE P e
e@ﬁlmmee)l foe tel Mppaalldl €hghnelsc b@fﬁﬂ@bel%ﬂﬁ&%édi%s&ﬁe ditnel
SINR estinmates) for the ND &ar allel channels. Arate

esiumaies and seertt ke (Rsgaginef thnAnmarallebehannels.e4 qoniroller 180
r§c?ell\?e§tt & Eél%@cecﬁ PliesHAGH rtk ﬁélgﬁlBl\P PAALL Bhe kt%es H@? (I‘[;r%m RX data

contro Ier recei ves el ected
praxessos /@ abd assdimblea rﬁﬁbdbhnsk inforkatios f(ﬁtttaﬁsﬂtwml RX @h¢ feedback

. f back inf f
RBRERT Pay TEAGR b FOEUBL IS, WL TSRS R/ F Aot

pabetdeh& 8 6! ?ﬂe feRbBk 1@1@5%&?&915 NS sde@by ahFX decADethl

processor 190, further conditioned by a transmitter unit 192, and transmitted via a
feedback channel to transmitter 110.

[0041] At transmitter 110, the signal(s) transmitted by receiver 150 are received and
conditioned by a receiver unit 146 and further processed by an RX spatial/data
processor 148 to obtain the feedback information sent by receiver 150. Controller 140

receives the feedback information, uses the ACKs/NAKS to control the IR transmission



packets, and so on. The feedback information is

processed by a TX data/spatial processor 190, further
weondiorizehed by a transmtter unit 192, and trBCEOE100€026491

via a feedback channel to transmtter 110. [0041] At

transmtter 110, the signal (s} transmtted by receiver

150 are received and conditioned by a receiver unit

af g rrgpicagapackets bpmgcsestscadthb Woanaraikl epanela) zmdatses the Np selected

he feedback i r n sent
BATERRRLeHE i Rl To bl el 58 T pee g FRAPD o Gbmc
[IODIIZ)]Y maCoattollets @30 bh@ 1 dCHséNMEopetution At fr@ﬂlsnhh@f 118 and receiver
transm ssi on WD 2005/ 027355 PCT/ US2004/ 026491 8 of

B0 respectiyalya Miermrat units i @n@ 83 Pioiderséorngd foaprrigran codes and

SRPRRAIS coffithidts 190 blIP1 AD-ABLERLRA \LALER R 588182 may be

inteaimh & sont1[0ﬂ614;2]40@ndtll80J dsehewi 40OFERd, bB@xtdﬂnﬁEl@tthédaQ:ontrollers
f eration at. transnjtt gir 110 _and recei ver _ 150,

aeassIpg upits showe ip KIG: { ereydescribed in gotadbslavie st or age
[imns]pr 0GB SROIPSa ?169« difBhd H3GodtYs SO ok gg&g@ gmﬁg .

180, respectively. nory units 142 a
transmussmlns feor Nodita stir¢aansorll¥p pwaﬂellfh@nne&msthmhﬂM(h sifsltéisn

ooty @it ven cseedi e A T o il aniop anosr deta
W&] refdited fforh RV Gadnlittevs@) 2002 nl‘lféfre@eﬁgr%%@t% a%QLQ for each of
or

performng IR transm ssions for ND data streans
the Nuwaﬁﬁéﬂﬁb‘ma@nelé hasedeinghe ehannel avtimates 913@ efmds Np selected rates to

thﬁ gr%frl]s?# t¥1b(a{e§?rlﬁﬁ Gﬂlf%/ antge}rngée?\z s Np sci/\I I% t%F 8%%?(?&?868 data

packets fdiehd Nadaaistre@ns {i5dceprddidd) w1tH'ﬂf% NESRIVRY rate k€ 6btin Np
(f\ rate for each of the ND parallel channels based on

AreSyaboh sietangssslepeZl Bhftraspuider mysiormat errodatpastiien,
ﬂlﬁﬁeé\r %Baﬁﬁte(e%ﬁ gatg ﬂ)gaket IP@acg ARSTLLhSh tacc%?&{n\ég With the

ND sel éc rates and processes data packe
thib sdlet@d $orrthatndatd streaoctoraibéeinc NB\dhtahynibel bibcledfoettealita packet.

Bt e Shepnbays Ny it DL SRS i1 pRgHe! Chatrels (step
3008 EFbeR Wl B t@@%@r%ﬁ%sgﬂt&e%ﬁ 2fnb8f b1§0r tfg{n@ for

streamin accordance wth'the rate sel écted
cgeh dats paekehof enchdatai strema unitit &l dstaispmbdal Wodks afeotratshstted or an

acke The tra ter then transmts ND
AT PR B Lorat e Rk BAIRT Y s s B s Dol e for IR
tﬁﬁaﬁmﬁm@ﬁ'@f Ap da&ﬁstiefaﬁiésiﬂ dets@ibeﬁtb)él&nr ansmt one data
[géé!nbol block at a tinme for each data packet of each

4 st Tharaceiver fecaives dgadVp %ﬁy@kb% Blarates fzema the transmitter via Ng
réce"f’%gﬂtér{?gg ;clrgc{l %@?essé% fe%eﬁ/g& %'ri\{1 % str&im& {' ob(ii ég\’d) c}e&ected

rans SSsi1on nes may

sblﬁbol steeasisi(step 230)0fThDecbinten tifnIpRodEsses Alse NB 8@&3&:@& gymbol streams
?{I ow. [0044] The receiver receives the ND data synbol
agg r

fhedate Reckefsdrrasinitied by the trapemifier(siep23ght E‘?ﬁ?&?.h slot,
tﬁ@ﬁcﬁ%&cﬁﬁ &8erlYR tb $&BV¥eHle BNTHR daBlFa8 T Bein® tARLAIR AN each of

det ect ed
the Np data streams. For example, whenever a new detected symbol block is obtained

for a data packet, the receiver may demodulate, deinterleave, re-assemble, and decode
all detected symbol blocks received for that packet to obtain a decoded packet. The
receiver also checks each decoded packet to determine whether the packet is decoded
correctly (good) or in error (erased) (also step 232).

[0045]  The ACK/NAK feedback may be achieved in various manners. In one

embodiment, the receiver sends a NAK for each decoded packet that is erased, and the

!



synbol streans (step 230). The receiver then processes
the ND detected synbol streans and recovers the data
wpamkeessiransmtted by the transmitter (step PCRYUS20p0026491
each slot, the receiver may attenpt to recover the
current data packet being trahsn1tted for each of the
ND data streans. For exa e, ever w_det ct ed
tpHBEter Bres dis feedbad ?fépﬁ@as t dhe %an dth swégklgﬁoclﬁ g e cFised
8IGR1 ¥EAndiRY cABBRMENR R tr%‘énﬁ&@xr deR@6ne d ?a@%%l"él&k at a tim
qgnd decode eﬂﬁ dethtéa synbol glockg ﬁécelved fo e
foheech darkpatkat antbirad 6Kais dmwédoptae petket fihm the mivee tthe

al so checks 'each de odﬁw t to determ ne Bl es th
IRAYES TV 17 TIPS D6 ih g7 5 e Bt finifites the
P8BSR Yor CAtIS@atS hAkePBAd is reNERH of fealddtd HMbJ BRSERABvVe been
may be achieved 1n various nmanners. In one

reqeibveadi farthe packed (stec23Ver sends a NAK for each decoded

881 s bS5 RS 5 BRE it O ORI StE o g sreams

dnl hpatallel chenneBX TRdAhsmsgitadbr bubipke paalld] bRardleRIRMY also be
packet. |In another enbodinent, the transpmitter sends

p@ﬁf@na@é i afharennprsornd Gis ig veifhigs thesgopecoi dthe BXEHIPacket
[UM’} ag ?i 'elhﬁtrﬁtggﬁi YafksnhiQ%ioh RS o%@?l%ﬁtstrregxg"(% fed as Stream i)

receiver recelver may or may not
dﬂkbf&)pardllel ara)ane:la(dmotetcms Clemeelvigr Thereotivert eﬁssmatas Channel i

ocessin or. eac
SRl ol oL TRERIE) bPeed oh Aok gt o timBieb g gt ing felected
RRGH Bl ddkRRte? 3t dlot 0.0PAS lrafdnihiterZre8 0Sh@ sRREd Fake; processes a
enbodi nent of IR transm ssion for ND data streans on

oD prake] (Pectkec hifion Sirsam i R aqcar@mwtb ithef sstectnd| refepand transmits

tﬁ%hﬁslé lflgtla S gnltr\ﬁP% @X% brﬁ%ﬁ P?cﬂ(gp g %8{'2 dTl%ehregélbgtr receives and

provasdsiBIbek 1, QRékfhirfek Ghat Patitdt Usé detoasd inRrtok; aﬁ}‘&lrﬁbﬁ@d wizk a NAK
for one data strean1(denoted as Stream i)

ipsloa Pl dihe sansmie: (eaeivet bg NAK epd aamits the wnfi éé@l sybol block
(ﬁ%&g@g@ %?gtglnﬁl slét '3, 'ﬁ@ ggévc‘etr%ée?\;egglc’}ckb 9(%(1'?@%@@184@ 1 and

channél
X5 derahidds thaaPskenl idmlltdeaﬁ\&ai ihteeror,iand sémiks back INAK in slot 4.

transmtter receives the selected rate, processes a
%@wmswét AK regponsg may gypeat %Ya@H&e wges, fnhe

etx% eéhgl 1 tf’t]%@ﬁlgn %ﬁ&é’g&&gﬁs atlIt]‘?%(ffg dita %m%l block N, -1
n;ﬁ]ciﬁahk’xﬁftf( &4 @&ﬂiﬁoci 6Kk NPEIGASAE %%ﬁ%ﬁ& Hin sqj&tn? r\if'ﬁe@@ﬁl is less

Pac I's decoded in error, sends
thidxior @qma]sﬂocthe tal Timmber afdlndkstfor Pacérctel the xen@vwcgm Block

Zi‘;asﬂ)z?sstg? ?ILR/E fi §5% n qlﬂ:jt acg (‘ré elveld tlﬁlég%cif(\f;t é%‘gﬁ e% tﬁa? the packet

iP HQ&%&& @m&tlgclﬁﬁi &né@ﬂack?an AEKEh RIoN @S+ 1 "The RREHKEF al@o EQimates
still decod in error, and sends back a NAK i n sl ot

Qhannmhﬁzdm@ttratq anforithe hewt datacpanket f@fe%t;ﬁaﬁye anghsends ghesselected
bl LRl BEE L, TUE B S DR g . nd

tBPmindtes the transmission of Packet 1. The transmitter also processes the next data

packet (Packet 2) in accordance with the selected rate r; and transmits the first data
symbol block for Packet 2 in slot m+2. The processing at the transmitter and receiver
for Packet 2 continues in the same manner described for Packet 1.

[0048] For the embodiment shown in FIG. 3, there is a delay of one slot for the

ACK/NAK response from the receiver for each block transmission. To improve



and transmts data synmbol block Nx (Block Nx) for
Packet 1 in slot in, where NXx is |l ess than or equal
wao o0oskz73Dt al nunber of bl ocks for Packet 1. TPET/US2004/026491
recei ver receives Block N, processes all Nx data
synbol bl ocks received for Pagket 1, determ nes that
t he packet is decoded correctly, and sends back an
cherns] ytikipgion, multiple dapy éaqlﬁwelnvﬁege trhrsmitied forgeeisdata stream in an

: ' elect i,2. for the next.data

{ERAR0R phonel > FE inbld, 81 olth ol Inay IR oS gog-pumbered
didte ahd amsthértdaey packethayt be tharsmittedlideveh-a0&Biet 8lots. More than
recei ves_the ACK for. Block Nx and term nates the

O ARGRAKFS yraliodiiatorlacedifthe ACKAYAK: delay islager than one slot.
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LRI Qv.e 2005/.027355 PCT/ US2004/ 02649 channel
B S R ef sk midleL Feengly- e R sahgron or oach
daed st@astis dapendsitiopane IR trafkmikdlbe FdraBe SthBRINE StrealiR!

exanpl e, one data packet may be transmitted in

odd- nunmbered sl ots and_anot her packet may be

t r anshi 1RcHransmissie Multiple| Independent Parallel Channels

- data packets may also be interlaced if the ACK/ NAK
[685Hy | ¥atiowgteanstihsionoobernésomay b Q49D trhhem aRradtieams
system may be forned in various

channel s _in e M
SN Qs yen TSR ot i N 7  SeRpeieapky Yy dansmission

L d at. th I. t.he ND
A5 07 S38LARLRIEN O ok e SN v Bt Rapmera
rdlt MMl eRandlent. NE& i adgpengent paral | el channel s,
the JR transm ssion fof each data stream may be

[p@ST]or nkda fird epesnslesién hemeeheMdiNgttant © $Ahshied fioi€each of
ransm ssion for the other data streans. For

R t

t#“#t" eRfEybanfeas,pRithaut any snstiahemosessingat (hr trangmister s Themodel
i i \ t on the IR

e R R T
Transm ssion for Miltiple |Independent Parall el
Chanmg),s=HE®@6Q] Various transni ssion schemes may Ig(l)
used to transmt ND data streans sinultaneously on ND
paral |l el channels, where ND > 1. Sone exenpl ary
whean snisswi {0V, X §odetametarveitidNs entirlee torlaiatacsymboize
simplicity, the follow ng description assunmes a full
r ank v, Neae H&Rndl regeiveN@ctor Neth-Np@ntdeNRr Nx[ro@5vdd symbals
first transm ssion schenme, one data streamis
transmi t t @btainedviztheVratceivhantpinasr ansmi t ant ennas,

oot 8 B (APEV F P e et torye BEVEL G BRdetnd

as:

n is a vector of additive white Gaussian noise (AWGN).

The vector s includes Ny entries for the Ny transmit antennas, with Np entries being set
to Np data symbols for the Np data streams and the remaining N, — N, entries being

set to zero. The vector n is assumed to have zero mean and a covariance matrix of



r"SR=Hs + n, Eq (1) where s is an {NT x 1} data
vector with NT entries for data synbols; rnsp is an
w@ NR5%27B35 recei ve vector with NR entries for NRCT/US2004/026491
recei ved synbols obtained via the NR receive
antennas; His an {NR x NT } ghannel response matri x
for the M MO channel; and n is a vector of additive

Mt & IGantess arf mdnsmr(a%ﬂ)the nbiee w&t ¥ d5 the idaelty desitNkith ones
entries for the NT transmt antennas, with ND entries

alengge diagonalanzeros exeryyhersielsef or t he ND data st rearrs

N A L R WER L

fiowna gt AP trensomit sntenmaf iddQfR0 GBIHARAEHE 5ﬁleilit the receiver. A data stream
PCT/ US2004/ 026491 An = U21, where a'2 is the variance
tHsfted{Eem @ sivrp transwitapenny By ibeyeqeitadiby all Nhrespive antennas at

cﬁtfaregt ih 1@&%&?@%@? THE IRV g{gﬁ% sac%hrés%é %8@%121 would

Due to scatterin nne
therr imalvsle mrcanyponerttef eadhradthd Np dME streansnmi t ant ennas

b{'%:grfe[r?l with each other at the receiver. A data
[ P BGFSHYT 18y cptipte shegdalaFeatoran based oarteainnuspatigl and

e AR R

csemaic\Re 8ith ¥8&8r Wakita mbkiRthl kit b o
each of the ND data streans. [0053] lThgqgg%%:rc ﬁa?/mlmmum

resni square etdoe (MM SE)\detdctin, slitkas eckodoronay (Zﬂ)ﬁeﬁeﬂﬁir i(@hich is also

d ace-ti rocessin det ectjon")
e LA o B SR Eton et ipisian (UMD sstéetas) aniVMSE linear
egﬂélfkei/ QCde@fsich bdAcR eqERzERbr §ddhd &h&@&@éﬁ%}%ﬁﬁ%@ The spatial

etector, a mninmum mMean square error
P@@ﬁeé%tl@for samiejofi gase defesofsas desegbédBilodet ect or (whi ch

| so ed to. a orrel tlonrmrlx
[I NVEr si glﬁ Ri‘%r%{li‘ma%sflé@mﬂw&%ﬁ%oﬁ A% ?exlgﬁﬁﬁ A¥er,

a deci sion feedback equalizer, or sone other

detecf orlegigl i zer. The spatial processing for s
of thé%e det'edfors is described bel ow. [0054] Theo]%(z)
spatial processing for an MRC detector may be

viheR! eRs edis qpe re&ﬂnﬁ&of}égﬁ\’glg?‘;dg egtolxz'quélgﬁ is re_\y, Tc is

the resfonse o s™W i tc = H

S 13§ a@ Nér")ﬂ—l} Xedtbr 8?}% 8&te@bd Ninbistt &6 m%éctor and

from t he etector “H' denotes the conj ugate
t r angfG'sdenotes the conjugate transpose

[0055] The spatial processing for an MMSE detector may be expressed as:

Sumse = Wi X Eq (3)

—mmse —mmse =nsp ?

where W,,... =(HH" + 6*I)™H for the MMSE detector.

[0056] The spatial processing for a zero-forcing detector may be expressed as:
8, =Wir,, , Eq (4)

where W . = HH"H)™ for the zero-forcing detector. For the first transmission

scheme, each spatial channel corresponds to a respective transmit antenna.



[ 0055] The spatial processing for an MVSE detector nay

be expressed as: Smmse = Wrsernsp , Eq (3) where
wowEeYBSe = (HHH +U2 1)-'"H for the MVBE det ecPOF/UUS2004/026491

[ 0056] The spatial processing for a zero-forcing

detector nay be expressed as:1H s . Wrnsp Eq (4)

re Wf = H H)-1 for, the zeroforcmg det ect or.
[ﬁ8$7lt helt .S%qonfirtrélﬁgrm%@p Sehense ARmdata stipam igansmptied on each

GBBar AL AEATRII D RS RABRSer TR, AERYRE

&%Gﬁﬁgseﬁﬁﬁﬁ}%r@ﬁl& ﬁﬁgtﬁ&h@dlﬁ% de@Bﬁ Qﬁﬁ@n &t 61% aluR decompos1t1on to
transmtted on each I gennod e of I 1 MO channel .

attian é\h@meques pﬁaﬁlis MEM@ rCh&nﬂéll n"élye Meelgdan@dqgﬁ & MMﬁbchanne,l

either si ul ar val econp on _or _ ei ue

e bR fbardel Feiriapdihstinf FEREPET BhtBudte B0Y Bty
4R iihg mihepisiati s&eﬁm@ dﬁ&h@;ﬁa el eamividdo mﬁgaﬂar ane
orthogonal to one another, and 1 nproved performnce

degpmpesition af hechiyynel rﬂsamsmmattmngi maythesixpragsgdeasst r eans
via these ei gennodes. The singul ar val ue

deco S|t|qp of the channel response matrix H may be
exprggb HEUEV' , where Uis an {NR x NR } Eq(5)
uni tary natrlx of left eigenvectors of H; is an {NR

#here sl § ey {\ﬁtéﬁl‘i}éﬁyolgﬂa%:’fr‘{ i ?élaé?\'fe#s%%é? Hight
oy e ht Brodary e drestal AR Tisnelisy afief pEEL e S
e @ﬂarfw&ﬁ%' Db
EA Al A L Rff’: TR —
%gnege&ggl\s/ gau Rﬁ’%g%‘?lé/@/mor %ﬁteﬁ\ﬁﬁerﬁ%%?%é&%gecul\ﬁly’ Fo

frArRABIVE dad @tieilﬁs §ﬁeme NJ@gnhives dffthé MINOTcha@iel.ennas.
The receive vector is then given as: rsvd = HVs + n.

[0088] r e dievansipister perfiermsppatial Iprqpessirgs with gheninatrixt Ne as follows:
matrix U, as follows: H

Xpa = VS Eq (6)

where X, is an {N, X1} vector with Nrentries for Ny transmit symbols sent from the
Nrtransmit antennas. The receive vector is then given as: r,,, =HVs+n. The

receiver performs spatial processing with the matrix U, as follows:

_svd z U —.svd . Eq (7)

For the second transmission scheme, each spatial channel corresponds to a respective
eigenmode. The Nseigenmodes may be viewed as orthogonal spatial channels obtained
through decomposition.

[0059] For the first and second transmission schemes, the Np data streams may
achieve different and possibly widely varying “post-processed” or “post-detection”
SINRs, which are the SINRs achieved after linear detection by the receiver (e.g., with
an MMSE, zero-forcing, or MRC detector). Different rates are then needed for the data

streams.



Ssvd = Ursvd Eq (7) For the second transm ssion
schene, each spatial channel corresponds to a

wo e@poz3sye ei gennode. The N5 ei gennpbdes nay PET/USEOE026491
as orthogonal spatial channels obtained through
deconposition. [0059] For theifirst and second
transm ssi on schenes, the ND data streans may achieve
190691 eAn a shitd tpansuiissign sehdwkyeagh pfihedVy deos strqamsde remmititted

" t.- ctiony ich are the SINRs.
B BV AE R Rl 5 MR 15 SR 05 e B miel SRl shgnnel
suintiftions andvidhieve 2@hidar fsEhR@essed SILs. dPLGh Or-similar rates may
ta@flf erent rates are then needed for the data streans.

bopssddorths Vo #5064 /fop guoscheme, the geaymitter perfdimsdnatrix
R A e e e S R

Plibweat a streans experience simlar channel

conditions and achieve sim |l ar post-processed SINRs.

The sane or simlar rates may then be used for the ND
dat a xtredMmBs For this scheme, the transnitter Eq (8)
performs matrix multiplication of the data vector s

wWth a transmt basis matrix and a di ag?onal matri x as

WRATE 0¥ 18128 Kidsvectqeqvittsl T ivprsnat somphals for slve VNFansni} antennas;
vectof, Wi t h NT 5\; nsmt synbols for the NT transmt

ant en¥h8 an §¥; % a'a RQPIt P MatE %, ehirh 1spanitaryagtisg and

whi ch,i.s a igary qratrix; and Ais an {NT x NT }

di agohaP %M%ﬁr%&&?@f?ﬂfﬂgﬂﬁ ansnit basis matrix M

all ows each data streamto be sent fromall NT

[0P&Hs ni The freesminbasssvahatrin MheHows ¢avhslatatstretml tb bp cewtrfrddall Ny
of each transnmit antenna to be wused for data

trangmianiangrand feheraliows the frdhpaseer dbf iof eachetsanymit antgAna to be
where Eis NI a Wal sh-Hadamard matri x. The matrix M

¥BY f3dak tRBissgkione dfh@érfu{\t’h)% % Dl’éarg ¥ogLhea M= id a ) %V’here E is

di screte Fourier transform matrix wth >
n) -th entry defined as fmn -./ 2;r (m1)(n-1) = e NT

Wﬁ{ﬁ‘ﬁ nailﬂs a rowindex and nis a colum index for
% Walshetadamapd mgjrxq ‘The matrix M nypy alsg b defined as Wﬁh&where
di agonal matrix A include ND non-zero T

F is a discrete Fourier transform (DFT) matrix with the (mn,7) -th entry defined as

iy (m=1)(n-1)
~joma T Y
N. . . . . .
Sun =€ ", where m is a row index and # is a column index for the matrix F,

with m=1 ... N; and n=1 ... N,. The diagonal matrix A include Np non-zero
entries along the diagonal and zeros elsewhere. These Np non-zero entries may be used
to allocate different transmit powers to the N data streams while conforming to the

total transmit power constraint of P, , for each transmit antenna.

ant
[0062] The “effective” channel response observed by the receiver for this

transmission scheme is H,, = HM. The receiver may estimate the data vector s using

the MRC, MMSE, zero-forcing, or some other detector/equalizer, where the detector

response W (which may be W W or W) is computed with the effective

mrc ¥ ——mmse *

channel response matrix H,, instead of the channel response matrix H. The third

transmission scheme is described in detail in commonly assigned U.S. Patent



entries along the diagonal and zeros el sewhere. These

ND non-zero entries nmay be used to allocate different
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detection at the receiver.

[0067] FIG. 4 shows the fourth transmission scheme for a case in which two data
streams (N, = 2) are transmitted in an exemplary MIMO-OFDM system with four
transmit antennas (N, =4) and 16 subbands (N, =16). For the first data stream, the
first four data symbols s1,1, $122, 51,3 and s 4 are transmitted on subbands 1, 2, 3 and 4,
respectively, of transmit antennas 1, 2, 3 and 4, respectively. The next four data
symbols s15, 51,6, 51,7 and 51,3 wrap around and are transmitted on subbands 5, 6, 7 and 8,

respectively, of transmit antennas 1, 2, 3 and 4, respectively. For the second data



across the NF subbands and fromall NT transmt

antennas. This schene provides both frequency and
waepasiozidszli versity for all ND data streans traPGHU$1004026491

simul taneously and further achieves simlar

post-processed SINRs for the jND data streans after

| inear detection at the receiver. [0067] FIG 4 shows
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the following timing diagrams.

[0072] FIG. 5 illustrates IR transmission of Np data streams on Np independent
parallel channels. Because these parallel channels are independent, the receiver can
recover each data stream independently and provide an ACK/NAK feedback stream for
that data stream. The transmitter sends a new data symbol block for the current data

packet of each data stream in each cycle.
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zer o-forci det ect or tai ns one etected
[997dol The mmveir thais perresseethe Ny e tedvedynuded sesanfsingVy successive

I . . . .
sga%ggdﬁoraetagﬁ Stage, the receiver performs (1) detection on either the N received

Lo

symbol streams or the Nr modified symbol streams from the preceding stage to obtain
one detected symbol stream, (2) decodes this detected symbol stream to obtain a
corresponding decoded data stream, and (3) estimates and cancels the interference due
to this stream to obtain Ny modified symbol streams for the next stage. If the
interference due to each data stream can be accurately estimated and canceled, which

requires error-free or low-error recovery of the data stream, then later recovered data



dei nterl eaves, and decodes) this detected synbol
streamto obtain a decoded data stream The receiver
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The post-processed SINR of each data stream

A. Ordered SIC Transmission Scheme

[0079] In an ordered SIC transmission scheme, the Np data streams are recovered in
a designated order. For example, the receiver may recover data stream 1 first, then data
stream 2 next, and so on, and data stream Np last. The designated order may be
dependent on the manner in which the data streams are transmitted. For example, the

received SINRs for the Np data streams are likely to be similar for the third and fourth
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may be expressed as: SINK _
SINR is described in further detail in commonly assigned U.S. Patent Application Serial

No. ,entitled “Successive Interference Cancellation Receiver Processing with Selection
Diversity,” filed September 23, 2003.

[0081] A rate is selected for each data stream based on its post-processed SINR.
The rate selection does not need to be accurate because a data packet can be transmitted
with a variable rate with IR transmission. The sizes of the Np, data packets to be
transmitted for the Np data streams are selected, given the selected rates, such that all
data packets are expected to be recovered by the receiver in the same number of cycles
(Nest), where N, can be determined based on a conservative estimate of the post-

processed SINRs. The transmission for each data packet may be terminated early if the



Eq (9)
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InTable 1, N, and N ,;ng (similar to N,s:) represent the number of cycles in which the

short and long data packets are expected to be recovered, based on a conservative

estimate of the post-processed SINRs.

[0083]

whenever

A metric may be used to select one of the three options shown in Table 1

early termination is encountered. This metric may be defined based on

accumulated throughput and defined as follows:

R,

(N )>R,(O,N,,)-R,(O,N! +N,

est rec long ) ?

Eq (10)
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12a on Channel 2 after Packet |a has been recovered,
as shown in FIG 6A. This inproves the Iikelihood of
w0 e@mowesfng Packet 2a before cycle Nest. TransPeT/Us2006026491
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in Table 1 whenever early termnationh is encountered.
RO(OsNJB+ NG )ndisnotes titeddcomdladstebughputd6cQhatnal 2 the

t hr oughput and defined as fol | ows: R (Nrec , Ntong) >
tRehsiridsidNedt Packel?a éXend¥t66ycte W BROY !, Habasd OF th\é’%ng packet
2005/ 027355 PCH/ US2004/ 026491 26 whSr 6 R (j, n)

e masonred @hathel hr wgmﬂufeneé Bélivet€ thead tvey hfls repir@emts the
data streami after cle The | eft side of the

ﬁeﬂ%@aﬂn tie 4Cﬁ“@é}1?éﬁdi thrPugh Tprasehd.sAmRe 1gas Raqket R thus be
Hzﬁ@tgﬁrxeéh i P%J ?ﬁi}ﬁg%‘l&ﬁtﬁ& caﬁluﬂ\)&{g %%()é.}?ﬂ?ﬁ'%h Cﬁaﬂﬂe&? 1sagreater

thaldeleaéduchen i ecpuadul dtgd throvetipatfooChiri@) 2 iep) @ptort 3 irt Tigble 1

red ctl on t he umul at ed t hroughput (OR21a" Q)
lfgq%pgﬁié) 161tmf’§le new | ong packet

[bbﬁﬂs m ﬁ%hﬁ’ﬁbno(l O%Gﬁ‘l‘é‘é tht N;srtl‘tgrcfeg L9 rﬁ%décgtn 1By Pacl;kfet 2a even

denotes t'he accunul ated t hrou
iPdeketal Zansnst pewanie nsad fonPavkel 2a Mg Pacles 1phestbenheadcovered in

The term R2 (0, NI'" + No"g % denot es t he accunul at ed
%‘%N@hp (hisriy A Dessifnistis assumptipm gincg ﬂ@ﬂﬂﬁﬁlb@%@f reggvering Packet

TR soReten it vEHOH Bt RO s?t%fsj gk paatie
Bk a(f&uir;:'gﬁéfoeW% o BB ST 5 A new 1 ong

packet nay thus be transmtted on Channel 1 if the

gain cumul at il or, neI lis

gr eatg‘r Aﬁ%h@ﬂ‘g%%ﬁ@éy} onlwlwﬁl\;'ﬁcun‘ﬂ‘lgat ‘ed thr oughpﬂl(ll),
for Channel 2 (i.e., Option 3 in Table 1 my be

@ﬁérg G 2 i Esf th€ %Hl%)%ro& c%l%l pieﬁic‘iéﬁ%‘l:)e required to recover Packet 2a with

est

all transmit power used for Packet 2a after cycle N|_, where N2 <N,

[0085] FIG. 6A shows IR transmission with null transmission for early termination
(Option 1 in Table 1). In FIG. 6A, two new data blocks are transmitted for Packets 1a
and 2a on Channels 1 and 2 in each of cycles 1 through N, . For each cycle, the
receiver attempts to recover Packet 1a based on all data symbol blocks received for
Packet 1a and does not attempt to recover Packet 2a (“X»,”). The receiver encounters

decoding failure (“F1,”) for Packet 1a in each of cycles 1 through N ¢ —1 and decoding

success (“S1,”) in cycle N2 which is earlier than cycle N,y The receiver then

rec ?



[0084] Equation (10) assunes that Nest cycles are
needed to recover Packet 2a even if the total
W e@ami3ss power i s used for Packet 2a after Pap&BUS1084/026491
has been recovered in cycle Nrec . This is a
pessi m stic assunption since 4ihe |ikelihood of

recoveri ng Packet  2a before c¥cl e Nest i nproves when
HSHgRass apd xﬁgcgistth?, Bierferprce dya do Pagkepha laiempts tafacever Packet 2a,

A ified as fol |l ows:
&M@R&dﬂt&§ade§%ﬁ%ﬂ?{f{( E% ()q(e[TE%Z (0, Nrec +
[ﬂﬂsﬁdl g) For Opti¢ri 1) thwtmnmnNeﬁisw all itrandriie powBbRE Padket 2a after

cycl es predl cted to be rea_.lsu red to recover Packet 2a
]\)/ﬁcl“ﬁ ladip begngigsonered cisreagisefbyklss Mgckkbto 257 afteaeceiver attempts

N t < Ne 0085] FIG ©6A
tgﬁ%ﬁ%eﬁ'\i%@ g?%%ﬁ}ﬁ%fi Py ﬁff aﬁf’t@ ﬁ%ﬁh bl‘t"‘rké;gqﬁg‘éasll f@%Pacht :@amlgh the

T
S ) IS e e
h f 1 1 thr, h N
ggfﬂ}@ac I]OCET IéecelthQb?e’tglggrll g%crlgsy ﬁtei%ﬁttg ,2) %é@ﬁ],‘egﬁer

%ﬁﬁﬁw{v@gb@ﬁeﬁﬂa@&ﬁdg S8 SRR RSB PR o
o(fc%ilas N, FhehfReai NEF —enae B su%é:@‘é‘@%g t)ﬁ]ﬁ%}di'{]?vzﬂ. In this

("Fla") Tor Packet Ta in each of cycles

exdmpledPabire02H is@lsoaueness datlf i, Jbefdte Cyslk we%lrb%é‘ause Whitethigher
is earlier than cycle Nest. The receiver t

teapersit powesssepdy Riske02 ore49dle 24 1 -6k bhwatde vemaew data packets
cancels the interference due to Packet la, attenpts to
(Packets db apd Zkpere2ben tramhiterbauGhensisd aeDshmiggiatyls & +1.

’l{h,ergqq)l for Packet 2a. [0086] For Option 1, the
S5 I%&EPC%%é%r%pate@ pafhes pagketser for Packet 2a

[%ﬁc os ﬁﬂﬁ Wémﬁﬁﬁ{l}] e\?feﬂ% etrq}'fje?ac %)t[tgﬁgpéssqlgor early

teredmation (Gpndnerz m’l @aMase dIrOFIG6B, 6166 Aevs VBt Mlodkk @fdSansmitted for
recei ved for Packet 2a, with the blocks received
Ve QaChannpksdiagd Nneechheiviyatpstlttbrdugh &Y {er Boreach
from Packet la renoved and the bl ocks received

CHdeiRRTPCRlyEr Aienppte fo recqver Bagliet da prr/davg nit affempt to recover Packet
b B8 Rt BYR bpn ek e eSS i Pesket omedelq s
(ﬁhlg: fs@aﬂ?&@h:{}y &}5}13 A3 rle@tu%ﬁ%? gncggaagglts 1nfeg’fe5qn§8 )due to Packet

cyc e Nrec ‘exa
13, ettomptsad recavbtyPadkee2a, aﬂfément@w:a{ d&cbeinb failee (ﬂff]ﬁ;’) ®dr Packet
the higher transmt Povver used for Packet 2a from

2% yQmewnhort Pagkes dhavith lengib Ngly €16Va, -pACKeisther Pasketiad on
| b and 2b) are then transmtted on Channels 1 and 2

Chenpel 1 pigrting iyorle Niet1+For eachiof cydendl g 1noad&ssN 1S, the
re,geat ed on these gackets [00871 FIG 6B shows IR

TECEIY AT TRFQVST EReket 1B baskd onat latadysdiobhlotks reeeived for

Packet 1b and encounters decoding success (“Si”)incycle N + N | In this

rec rec ®

example, Packet 1b is also recovered before cycle N.z. However, no data is transmitted

on Channel 1 after cycle N, + N2, for example, because the shortest length packet

rec
cannot be completely transmitted on Channel 1 prior to cycle N,,. The transmitter then

uses all transmit power for Packet 2a after Packet 1b has been recovered.

[0088]  Foreach of cycles N + N to N2

rec rec rec ?

the receiver attempts to recover

Packet 2a based on all data symbol blocks received for Packet 2a, with the blocks



termnation (Option 2 in Table 1). In FIG 6B, tw new

data bl ocks are transmtted for Packets la and 2a on
w@h@snzid3ss 1 and 2 in each of cycles 1 through PCEESND4/026491

For each cycle, the receiver attenpts to recover

Packet |la and does not attenpj, to recover Packet 2a.

The recei ver encounters decodi ng success ("Sla") for

il betaedntyclesllahfdugh N (Whivid the iRidfbiefte rbiaPacks 18

Nest), estinmates and cancels the interference due to

reaoked, thd loclalib&iRidbdiRedtSRIS IV Packed p2a. v ]@”’dhavmgzthe

encounters a decoding failure ("F2a") fdf Pa€ket

ifitepRWn6O b FRRKEMD dehowbd, ink BROIBCINSEERYdd after ENES TV =« Ny 22
eC) is then transnmtted on Channel 1 starting in ™= ™
teayirigehi hee arantsndit pbwer. ERdrecdiva et amtdVe @acatiinkg sIu@cM @‘%za ") for
Nrec , the receiver attenpts to recover Packet
Regkes@admcydle N4t avhighninghistsikemples is befoie/ele i Tli?amkm data

| b and encounters decodi ng success ("S Ib") in cycle
ackeds areithesciraismitted ori €hanoalyl ayd Petatia ih bydls Mg} sel .
recovered before cycle Nest. However, no data is

(0P8s i FIG6C showen i irensission withdgey ek aamamieio forcary

S A9 TS v
e RS 1 N&d 22 JQ@h&ﬂI@[ksﬂhﬂ& 2in {08 Bf ¢ fﬁk;cl)u ghr A6 Mubon

power for Packet 2a after Packet has

eh@@lﬁl\f&{ ecb@RBSlccEEY (“SRE 0P Pa e h§ﬁ1 cycle oy « Ny nevg fbng Packet

e recelver a tenpts to recov

lh”?ﬁgde?%th?}x e s i 20T O B STt ﬁéﬁ?@fle

l% de i e%Si' é/a%ﬂ ?g%éigiw 1 M_(i' %SN L ":' R}I' U (] I?I\I(‘ﬁgV%B fitgeg é]tg to ICCOVGI

i fit erfer ence ket ¢ ehyg e

FaBk& 1% st & ?ﬁhﬁ(ﬁ ibdkd I‘eceg)vehQOIHBEE:gC’[-I-lbI\%ﬁ%ﬁlQMt&g

the interference fTom Pac renove
detaiikgsuceessi(V$3¢")ah tetle Oy El-eNN, vahith N fRr cayivng hi gher
transnit power. The recelver ‘encounters decodi hg

[60803 €S STn( ¢yORAN) f BE redRaeK Biterdfts kot FdrPable®0a baé/&alo%fhu data

inthis exanple is before cycle Nest. Two new data

spmbkbtleclarreced vegfor PackenDd, tveith 1o irthideresdeSrdm Packe? 1a removed,
starting in cycle N, + 1. [0089] FIG 6C shows JR

aiﬂiﬂ SPEONtEES @m‘oclang ailusn ¢ Trg 0k &1 cyoleAEAig% {6 thefoceivaratipmpts to

term agon (Option_ 3 in Table 1). In FIG 6C, two new
reRRVET BACEI béﬁ%i o alﬁéﬁﬁatsmolf @Pckswm@dionﬁac&ﬁa%g avidrthe

e i %onf g 1

‘lggﬁvet%ﬁ ﬁ%%@ogscgﬁg?yé&%wgﬁ CXC St ]9 ans E‘nt? ﬁg ﬁ nel
h N Q. »
L 515 b B R 5

fERordsRit Jalin BRSSOy Y | FRlomeSYdHRPhadRbRGKSHES %11 ‘fﬁ)ﬁe{l 8h

Packet |b and en€ounf®rs decodi ng succéss

Ch¥fneds Nﬁﬁ&Zé’taangvmV@gbl%hN”‘5+ﬁfm gn cycle Nest. [0090] In
cycle NreC, th el vef attenpts to recover Packet

[G091as eThedtfariisstH ¢f a new long Packet 1b on Channel 1 may affect the actual

rate and the PER achieved for Channel 2. As noted above, N, is the number of cycles

predicted for recovering Packet 2a on Channel 2 with the interference from the packet(s)

from Channel 1 canceled and for the target PER. If the long Packet 1b on Channel 1 is

la +Nlb

rec rec?

recovered in cycle N which is later than cycle Ny, then (1) the rate achieved

for Channel 2 decreases from R,(0,N,,) to R,(0,N,. .+ N ) and (2) the PER for

rec



synbol bl ocks received for Packet 2a, with the

interference from Packet la renoved, and encounters
waelemonzmsgs fai lure ("F2a"). In cycle NreC + NreRCT/US1904/026491

receiver attenpts to recover Packet 2a based on al

data synbol bl ocks recei ved Xor Packet 2a, with the

ocks ei ved, between c to Nrec, having the
PR kR e e A 18 et TR, Dori otk Srananey Bruteee
trdnSfftofEer PELVESN bR PREmanck I{l%’ M ey erhi&ing the
Interference from Packet” | b renpve The receiver
treReMUndos PAReDZH after Stine paRleteliBRAR Y nunfver ofRaclest A2 Jiand using

cycle N\r a + N eb N Two new data packets are then
all trasamt paved farPaCketribel s 1 and 2 starting in cycl e Nla

o) o Fity. 25eRahAbE 710 HEDR BERAR Paflie Tt bt 12 o thg PER
fo Bsgﬁe nmgﬁs% err 8f ﬁmys%n &cl e%g of ¢f, FOUE 22 NGRE target

er o es “predicte ‘6? recoverln

P]Eﬁg{aec e%?d ﬁﬂr Gk Qg I1f 1% 1@&%&1 foPNf r P? hw nm_tﬁ €y, as

Ahnel can e "t"ar get'
n [

mlﬁﬁﬁ%gcﬁr éﬁ)ﬁlﬁ 758. +Q}I{Igg%k%\/\£ {eg%lvi]l% d§cre£see§ 9¥1‘|§|e5vetﬁe target
PER ¢ire lmgertﬂaekat anés mmisn&tt@idpasf Nsst @hlmn@l shgwu é’@rpé@s?elg The

fromR2 (0, Nest) to R2 Nrec +Nreg&
tapgeRPEB s wbwéefmo%g@sl /legzmﬁte@é% tong ﬂclpwl@fh ogpurs at

Wil | be Iomer than the target PER because nore
cyicksd O ah &, has idieated by peinh732 cbhis assupgs fhat Pagket 2a is

| nproved performance may be attai ned by term nating
trantsenitted duengi thisieptirertine. Phlek BER far Baoket 1bprpgressively decreases

t
B8 8RBT L s d I R plde s e
fopPatket 1P, Bfshdwe bg pRtf700. PacPERsIfbr Paritetal bpdndt2azidssaf cycle
the PER for Packet 2a versus number of transm ssion
Ne¥ clTethe(tnsmisyion dor Pebkicha i termitated aiicyele NV Fth:Isthe same
achi eved for Packet 2a if it is transm tted for

retighiligscanjbeeachiengd f5 @otél Raskets )Ib agd 2a; qyé,t}é%‘}(ﬂgdlhgg)d B ;eﬁpvermg
0, ..T PER ) lv d

Pt HeeEar b ek B B e L

[0?% Stm aAtflife t&g : }r@%g@ ﬁfgc esﬁ}lgg ?lgstlg%\g?msi%gon ?quaFlZe]t %a at cycle

I\V‘“aﬁﬁ’ﬁ%&hﬁ%&ﬁﬁ DL EAGENSE Bd IHP ARSI hd 2210 adhlétb Rirhllar

ndlca d by point 722. This assunes

re%&l?st I:Po.al;%;fﬁ]%é éﬂ‘g 1&}%% Eg ?ﬂ%{)t&@gasgﬁ roh@lge &%3'0? 2t trafsmit power

progressively decreases

fR P00t b % 4 8 &5?3[%58?&9& 1BAPAIKRE 2PR% RS dwd@idnSof Packet 1b (i.e.,

term nate and ansmt power is used for Packet
fréfh cydles INEWNL By No¥ of N7 20) suh éhdPBISPERY offackets 1b ndalare

rec long

2a cross at cycle Nsei . If the transm ssion for

siRARK&cyR NS LT Nah e dhdthereXainBldNER transilt§Rdweh for FabRet 1b
reliabi’l'ity ™ €an & achi eved for both Packets |b and

magbe %ﬁ%r&@ﬁ‘leiy' 1h@ﬂeh§é@%ﬂd tle trREANEFIWE folarket2al haped or e
cycl e rec + al so |q§roves
progressively decreased after cycle N, Different transmit powers may be used for

different data streams using the third or fourth transmission scheme described above.



[0093] Alternatively, instead of term nating the

transm ssion of Packet 2a at cycle Nsei , different
W e@s®23ss powers may be used for Packets |'b anPCRES2004/026491
achieve simlar results. For exanple, N "' may be

sel ected based on the use ofpqore transmit power for
Packet | b and I ess transmt power for Packet 2a for
the duration of Packet Ib (i.e., fromcycles NeC + 1

" such that the PERs.of P
ol RS i MR AR Rt
1S #AIRIa extdn@ phitdPSIBIN,.power for Packet Ib may be
progreSsively increased and the transmt power for

Packet 2a may be progressilg@ley decreased after cycle

ot

Nl N _f £ - b - 1 M .
NeEST—Tor T Tretrent transrt poOvwWeT S may oe used T Oor

Opitione | dPgscxiptian st r eans using the third or fourth

avail g a Ssion. of.
t hat rEBer@iiat thepaabmizgioheof\Packet Zeahfter @me predetermined number
tion %Z&EI{GEW on Igel, , Rpekety f"kﬂ, {3it F6CPMREETh REBPFBovered, then

i
k
e P e R e

transiiysg ' _ 0 .
et PR L oK Y, OS2 AN R B boon
M e nsii a | Qng pa@ket | |e

;’acket 2a after sone predeterm ned nunber Bof cycles N

e. g.. N2, = N2 , it f R | b .
to@éiyerﬁlf?- 3 Hiohs 2 csemolay e cingdton B0 Nt gy bempgined by the
t Sﬁsrﬁ‘fttrep ancPekELSr fbr e dnErtPSRARERIAGIof RD8RE. Bldte di8gram 800

ows an exenplary state di agram 800 that nay be )
inchides aisyecistbte SlBea new packePtrarsnassion Hateisd8randdy nulHgansmission

ordered SICtra 1,SSi h . t j .
sﬁaff-Cf{ngg syne §}ﬁt8 %iﬁ]at?”z)l r%%oia%%gg%ﬁsggg%kg%sd{a%gﬁ% gtgﬁléarr]lsnntted
ot [(Hafindl$ P an@PAtadtifitnl thd §ANSEHcES | Thiese @ pack8Blue expesiedeo be

state 810, two new data packets (Packets |a and 2a)

repoaeted am Hlas exclaes if the ran selaetion is reasenablacepiateg in t he

cyel e.. Thes .
(PR, <Y ShE pa G YRpAEBHS Fp B0 RURRIDE b piiet cansmission
sFaBSIE Payked a & U @hanndl GO fekovidred sirtitethan Ay eyvles and a new short

transitions fromsync state 810 tQ ne ket .
or fangsttarickat (Paeket {0 fransmipisd B Chanael 4y TEAGIAA0, thergeeiver
FERRETEFeborBERARE: fy/HChinnb) PRI e AOEa Rl BROLS: Pillet 20
oh.CHannelt ieril PACket tlh és reeeiradand the irdenfitrencedrora Pocket 1b is

c;gc%:b:%{. ".{3; s?z&e 1a%?arrlr? lrenllair?sr}g s(tja ee 82" ﬁtPag]Eett ?g% nct)tc%ecro%%roe\c/i%rr if
Packet 1b is recovered and a new data packet (Packet 1c) is transmitted on Channel 1.
The state diagram transitions from state 820 back to state 810 if the packets on both
Channels 1 and 2 are recovered.

[0097] The state diagram transitions from sync state 810 to null transmission state
830 if Packet 1a on Channel 1 is recovered earlier than N, cycles and nothing is
transmitted on Channel 1. The state diagram also transitions from state 820 to state 830
if the current packet on Channel 1 is recovered and nothing is transmitted on Channe] 1.
In state 830, the receiver attempts to recover Packet 2a on Channel 2 with the
interference from all packets recovered on Channel 1 canceled. The state diagram
remains in state 830 if Packet 2a on Channel 2 is not recovered and transitions back to

state 810 if Packet 2a is recovered.
[



on Channel 2 until Packet Ib is recovered and the
interference from Packet | b is cancel ed. The state
wele@gnzrsss enai ns in state 820 if Packet |b i s POL/US2004/026491
recovered or if Packet Ib is recovered and a new data
packet (Packet Ic) is transmited on Channel 1. The '
state diagramtransitions fromstate 820 back to state
[0998h i fTherpsderad BE: §apsmisHem schema car Providegred pegfogmance if the

raEee§e?é/c?1tBS d re%%glgaggr a-rEu il & Batihe %&%x@rf ot '3515&3:8955 s EMs not

sync state I fransm ssion state 30 i
efdesdadly delayah Channel 1 is recovered earlier than N, ,t
cycles and nothing is transmtted on Channel 1. The.

state diagram transitio fromstate 820 to state
830 i fBt %ﬁﬂilﬁmwo—"ei%nel | is recovered
not.hi ng | nsmitt. I
@981 "0 8 el A BTl Bl R ARG, afa sytenShiBltovered by
cfolaBilough e dhtd fifeanisRb @iat efeaiacestfcannmastilikpBcdsdeslecoded
recovered on Channel 1 cancel ed. The stat ?\}Dgigr am d
coreqpslyig racaverea fiasts Jutial}y. Pacriss aip selsftces{ar e Aastprgms, an
Ver ] e
Ny SRS iSRRG SR8 AR ABINePensBh b S THE Bt hel ok Ghay be
cfudB o8 thb packetsivestnSt B telatsinduss iton 2 dhtepaclstnang eapéated to be
good performance jf the ate sel.ection i.s reasonabl
f?&@&?f?%ﬂé],\’ess‘a’cmat‘k’{‘%"?r PR SoPRPEH Terdt B8 ey new
phckeMRliranSHEERSoY BlaY d58 kR anBhe ecel R atrhipts to decode a data

ransm ssion Schene [0099] In a cycled Sl
phekenfritksno detarstiean, asdesquibeddelovst r eans are recover ed

Bt HE S b5l 308 RIS B A o o,

I BROMEX Qdrofefbdata bldkckd @t ktnsniNBed sfaftihgdn €yslelleot Batkbnrla and
the ND data streans, and ND data Eackets ar.e .
28 oardanneled aod 2t Packan 1p iy dasizapted i ppEsceverghirst gpdis processed

sel.ection C Sj + 7P dRS onated t
oigeTR Vel Eite e oy ifeyrdite i PAGKE ba SARS: K dBignated to
be @€V ereddateNanyeis ioravysde dasedloarchi ghieraatd atlsic pabdk with itlse

recovered for a data stream. a new

ket i .
interferenee frew Rasket nganepinda opkds hp al?fbgft‘aﬁaeveeﬁ%@?%f#" est (1.0, are

t
S0 R0 . S8, kBl RIS gy oo

Platlesn d mibasddom all ddta symbal pbdoksl reskiRed fentbisipaskes and dpesrmot attempt
In FI G_ 9A, ew data bl ocks are transmitted g »
(QEaPYITRIckH B4R ) f@rfeﬁ%}é‘?{&lgowt%fs GELaR® (T for
Ranghs agtfhag}% tes Ezﬁﬁ%ﬁ h AAely eg&f'ﬁgg dudcBssA®S,,”) in cycle
reécovere iTst and I s procésse ased”on a | ower

KM eaqus f’?cécgpf%is%eq{ {SLRRER I GnReCK 8hrt?® in ERQK R 1922y .

I g ‘designa rec
Packet 1b has a length of N,y and is processed based on a higher rate, which is estimated

in cycle N} and under the assumption that the interference from Channel 2 will be

rec

canceled.

[00101] Incycle N la the receiver estimates and cancels the interference due to

rec ?

Packet 1a, attempts to recover Packet 2a, and encounters a decoding failure (“Fz,”) for

Packet 2a. For each of cycles N +1 to N2

rec rec ?

the receiver attempts to recover Packet
2a based on all data symbol blocks received for this packet, with the blocks received in

12 having the interference from Packet 1a removed and the blocks

rec

cycles 1 through N



be recovered later and is processed based on a higher

rate achievable with the interference from Packet la
w@ansetBes Packets |a and 2a have | engths of NeGI/US2004/026491

(i.e., are expected to be recovered in Nest cycles).

For each cycle, the receiverpgttenpts to recover

Packet 1 a based on all data synbol bl ocks received
rebeived i ycleadk &+ hrtdodgte & 1 dtavatgt theptterfdrencedionw @acket 1b. The

Packet 2a ("X2a"). The receiver encounters decodi ng
reb@ivbisneodrtElsaledoding failRec(CEs,”liar Pacleaghimdach pt bydesi N2 +1

through N eC -1 and decodi ng success ("Sla") in cycle
thiNe N2 A1neid dRasdieg shdeedsI(“$1OnkyeassMET.t AceorPChetrRbelk then

1 starfing in cycle Nec + 1. Packet Ib has a length
trXisnhesd oRCHaki®] DReBEsiatybieskd” o0 . Pabk@bhas alengtndli Ny and is

is estimated in cycle I\I‘IY and under the assunpti on

ploéked bRed Bh %ﬁﬁ?{e@ REE, WhieiMsE3amarkd ir cyélt IV Bfeand under the

cancel ed. [00101] In cycle N eC, the receiver

afdGinbid B8t fedneaeratsibheChanhelrlf eilbheeandeledt o Packet
la, attenpts to recover Packet 2a, and encounters a
[003021i g cielel Mk, the rRaivpr ¢stimatesgol sancels, theinterdererregiue to
cycles \reC + 1 to N the receiver attenpts t .
Packebla pitemapisde recpyerfpsket 1onand encquntgrsadasafing |f%1§1£%( Fip”) for

PEEt LY Honr b Aol it g erbAm SPRERBE AT HBRS Roover
P 4
e ok PRTR G S0 gkl K5 YRAABAARI 5 v ks
rdcBfveg afcQCNPaY T RErduBR N Pt BaVigE 8RGReffERbd REKGackd 22
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[00104] © In general, the receiver can attempt to recover the packets sent on the Np
parallel channels based on the likelihood of recovering these packets. The likelihood of
recovering the packet sent on each parallel channel is dependent on various factors such
as (1) the post-processed SINR achieved for the parallel channel with linear detection
and (2) the number of data symbol blocks already received for the parallel channel. In
each cycle, the receiver can attempt to recover only the packet sent on the parallel
channel most likely to be recovered in that cycle. Alternatively, the receiver can

attempt to recover the packets on all Np paralle] channels, one packet at a time, starting



[00103] FIG 9B shows the order of recovering the data
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in cycle Nrc , the receiver Aftenpts to recover
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[00106] The cycled SIC transmission scheme can provide good performance even

O

with a crude rate selection. This is because IR transmission is effectively achieved for
each data stream, as shown in FIGS. 9A and 9B. The cycled SIC transmission can
provide good performance even if the channel conditions vary rapidly. Moreover,
implementation of the cycled SIC transmission scheme is relatively simple since (1) the

transmitter and receiver do not need to maintain state information for what is currently
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th e ST Sdath PRIEEOFHME Y IEYatREDEORE. The CRC value is used by the

receiver to check whether the packet is decoded correctly or in error. Other error

detection codes may also be used instead of CRC. A forward error correction (FEC)
encoder 1014 then encodes the formatted packet in accordance with a coding scheme or
code rate indicated by the selected rate and provides a coded packet or “codeword”.

The encoding increases the reliability of the packet transmission. FEC encoder 1014



to recover the data packet on Channel 2 in each cycle
after the first data packet on Channel 1 has been

wo ewsioyBes and cancel ed (e.g., for each cycl e aPtBDS2004/026491
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[0O112]y 1A syanhad kesppiagrioisl 026 seceives the interlaaysdonbpackets from

channel interleaver 1020 and maps the interleaved data in each subpacket to modulation
symbols. The symbol mapping is performed in accordance with a modulation scheme
indicated by the selected rate. The symbol mapping may be achieved by (1) grouping
sets of B bits to form B-bit binary values, where B 21, and (2) mapping each B-bit
binary value to a point in a signal constellation having 2P points. This signal
constellation corresponds to the selected modulation scheme, which may be BPSK,
QPSK, ZB-PSK, ZB—QAM, and so on. As used herein, a “data symbol” is a modulation



[00111] A channel interleaver 1020 includes NB bl ock
interleavers 1022a through 1022nb that receive the NB
weomem2Bsehpackets frompartitioning unit 1016. PERTK2004/026491

bl ock interleaver 1022 interleaves (i.e., reorders)
the code bits for its subpackgt in accordance wth an
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processor 130 provides the Ny transmit symbol sequences directly to TX RF units 1236a
through 1236t. For a MIMO-OFDM system, TX spatial processor 130 provides the Nr
transmit symbol sequences to OFDM modulators 1230a through 1230t. Each OFDM
modulator 1230 includes an inverse fast Fourier transform (IFFT) unit 1232 and a cyclic
prefix generator 1234. Each OFDM modulator 1230 receives a respective transmit

symbol sequence from TX spatial processor 130 and groups each set of Nr transmit



to transmtter unit 132. The processing by TX spati al
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W0 e@ns2n3ssi on schenme sel ected for use. [00115]PaW/UkI004/026491
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OFDM 4. npai¢bRiepr 1230 i ncl udes an inverse fast Fourier
transform (TFFT) unit 1232 and a cyclic . prefix

at 1 . r ' a
WEE2, ! 9 o hoetoCE BULIREUA PRl R0, GiRb (e
guimckmerof 128iven d5QmoElts 1e athe@tier 0NNt reedisardttendd: 1310a

005 55 PCT/ US2004/ 026491 31 synbols and zero
tﬁw&é%@w&&w @F%ﬁ%’é" ted igasis wansonlieh By fanswpter, Sidpnd
i : rQs: .
O Byl M) L R A W10l AT
witlin zeoepver tugit vk EacheR ¥R it 131 2ngpnditiohF-apdiigitizen itereseived

fast Fourier transform a rovides.a . corres LN

v arithies HEE Bf Stm PR of e b eaes BMD Sheem,
QFBM demd@RNL6:3119 n4a1@13&1gge1@_qaf Sre RoPAdE®Mndlea@PRR RF unit 1312
transforned synbol to obtain a corresponding OFDM

H9Yige 2 stream efoymbiolssdingetly tavcrespéntiys demibliiplexse 43 d For a MIMO-

j [ feLr : a . cycli refix nd Ncp..is
DM YRt b RISl 213 o BT u e Bt s B bRy oFpM
densduksor 134t EhdheOEPMVIeodNhtor €314 fesforing OFDNIQRaddblation on

roperties in the presence of mnultipath delay spread

ifssrwm obghips by (Drepoxingdbe pyskicpafiig qerh eeceivad OFDM symbol to
Joi Y EREHel BRGBREed fHhbdl 5nd ®) transforming each received transformed
symbol to the frequency domain with a fast Fourier transform (FFT) to obtain N
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1316r receive Ng symbol streams from RX RF units 1312 or OFDM demodulators 1314,
provide N sequences of received symbols (for data) for each slot to RX spatial

processor 160a, and provide received pilot symbols to channel estimator 172.



flat). Cyclic prefix generator 1234 provides a
sequence of OFDM synbols for the sequence of transmt

W@ 20002355 [ 00117] TX RF units 1236a through 12B61/US2004/026491
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syl blackttanemitied dly the {rRRRRNIBEL. 172. WO 2005/ 027355
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maT SRR degivgpihe dF'iea‘i% FRSPPRSG @ ?bhléh maybe W,
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£ or7 equald zer
VQ&&E? 0P BetBte £ SJrhiBIs. ERMe selector 174 (which is implemented by controller

180 for the embodiment shown in FIG. 13) performs rate selection based on the channel
estiﬁlates. A look-up table (LUT) 184 stores a set of rates supported by the MIMO
system and a set of parameter values for each rate (e.g., the data rate, packet size, coding
scheme or code rate, modulation scheme, and so on for each rate). Rate selector 174
accesses LUT 184 for information used for rate selection.

[00122] FIG. 14 shows a block diagram of an RX data processor 170a, which is one
embodiment of RX data processor 170 in FIGS. 1 and 13. RX data processor 170a
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~data_processor 17 in FIGS. apd 13. RX data
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ata streans RX channel data
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synbol bl ocks from spati al processor 160a, one
mam teithe partitioning fesiormad hy dhe: teapsmiitesyasipdicsié by a re-assembly

SYHRE SRR A S P P e P g g
paeketlif AtmAneE éorfSlementary to the FEC encoding performed at the transmitter, as
indicated by a decoding control from controller 180. For example, a Turbo decoder or a
Viterbi decoder may be used for FEC decoder 1450 if Turbo or convolutional coding,
respectively, is performed at the transmitter. FEC decoder 1450 provides a decoded
packet for the current packet. A CRC checker 1452 checks the decoded packet to
determine whether the packet is decoded correctly or in error and provides the status of

the decoded packet.
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FIG 15 shows a bl ock diagramof a receiver 150b
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successive (1.e., cascad %ecei ver processin

esﬁmg&vSnarEB@dncélIau&hages 1 to ND -1 |ncI udes a det ect or

1510, an interference cancell er 1520, an RX channel
[f0128]1 Detectors 1510a through 1510n may each implement an MRC detector, an

MMSE detector, a linear zero-forcing detector, an MMSE linear equalizer, a decision
feedback equalizer, or some other detector/equalizer. Each RX channel data processor
1530 may be implemented as shown in FIG. 14, and each TX channel data processor
1540 may be implemented as shown in FIG. 10. As described above, the receiver may

attempt to recover the data packet for a later stage only after the data packets for earlier



processor 1530, and a TX channel data processor 1540.

The I ast stage ND includes only a detector 1510n and
wW@rooR23eannel data processor 1530n. [00126] FeCT/BSME€026491
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detector, an MVSE |inear equalizer, a decision
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foigd 880 rch@r[neMnM}h@ 'fé%d%@i@}ﬂ%ﬁ@‘l" HYR tRTPamd f&uency band and
receiver
are likely to observe similar channel conditions. In this case, the transmitter can

estimate the Np parallel channels based on a pilot sent by the receiver and selects the

rates for the paralle]l channels. The channel estimation and rate selection may thus be
performed by the receiver, the transmitter, or both.

[00131] The IR transmission techniques described herein 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
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[00135] WHAT IS CLAIMED IS:



36 units used at the transmtter for IR transm ssion
may be inplenented within one or nore application

W@ p®si2i3ss i ntegrated circuits (ASICs), digital PGI/gsmb4/026491
processors (DSP5), digital signal processing devices
(DSPDs), programmabl e | ogic dgvices (PLDs), field
progranmabl e gate arrays (FPGAs), processors,
controllers, mcro-controlCEBAIMSn croprocessors,
ot her electronic units designed to performthe
functions described herein, or a conbination thereof.

The pr ocesginighdibs Gherbi ' issjon i
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3. The method of claim 1, further comprising:

receiving an indication that the first data packet has been recovered;

estimating throughput for the first and second parallel channels with no
transmission on the first parallel channel until the second data packet is recovered;

estimating throughput for the first and second parallel channels with
transmission of a new data packet on the first parallel channel after the first data packet;

and



processing a first data packet to obtain a first

plurality of synbol bl ocks; processing a second data
wpawke273tD obtain a second plurality of synbol p@I/081084/026491

transmtting the first plurality of symbol bl ocks, one

synbol block at a tine, on a3gfirst parallel channel

to a receiver; transmtting the second I%uralit %fr |
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synbol bl ocks. 3. The nmethod of claim1, further
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second data packet. i § recqvered: estimting throughput

For girenang af Midiiation Bgh Fe R Rip-SRiR oSl
trangcasdina MirdedRepacital 8 oBReK et @ af 18stlohé §ymbol block for the
parall el channel after the first data packet; and WO

o0& 0 pF3E6 aRpCT/ US2004/ 026491 38 transnitting the new

O A B RSSO BRE o e, o

ﬂqg}ﬁl@ﬂpgram@cgﬁlﬁﬁ,er than the throughput with no
transm ssion on the first parallel channel. 4. The
nmet hod of claim 1, further conprising:

7. The method of claim 6, wherein the third data packet is expected to be
recovered by the receiver at or before a time instant when the second data packet is

expected to be recovered.

3. The method of claim 6, wherein the third data packet is expected to be
recovered by the receiver after a time instant when the second data packet is expected to

be recovered.
9. The method of claim 8, further comprising:
terminating transmission of the second plurality of symbol blocks after a

predetermined number of symbol blocks.

10.  The method of claim 6, further comprising:



receiving an indication that the first data packet has
been recovered; and transmtting no data packets on

wo b@sH021383 parall el channel until the second dBECEUS2004/026491
packet is recovered. 5. The nmethod of claim4, wherein
synbol bl ocks for the second3data packet are
transmtted at full transmt power after term natin

t r andRFISATREIFIIEHROVIGr QR the B}“ijr pAcketyangredusigdrans er for
tflg %echﬂ@ pddieSit ol akter PAHE Hhistar whil ‘?héT%I O] psdiet 1@‘te9&pected to

er - conprising: receiving an indication that
Heireadvertdlt a packet has been recovered; processing a
third data packet to obtain a set of at |east one
synbol block for the third data packet; and

transyy t tifg higod 6t c18fm & fukBdSdon@iRiny "POI bl ock, one
synbol block at a tine, on the first "parall el

8 han rred:enlr(lﬁg aff freli¢asioh (bldat dlfie Gistilata gaclw]msé)egn raseverndy d
Fecoilaresgpe o IniFEPEf backet o dbtaip ity iRy Br b blggts for the

Al datAgakil; i s expected to be recovered. 8. The
nmet hod of claim6, wherein the third data packet is

expedrasgmitgng the thisd plisrli of jymbel blecks; qnersymbpbplogk g 3,me, on
thé‘ﬂs% agge%?ﬁ%i gﬁﬁﬁtﬁﬁ glégg%& C&gﬁé{[et is expected to be

recov re I'm 8, further
conpriesdivigg ah giditativhithg the secend dsth packef histiees ewonered;

plurality of symbol bl ocks after redet er
P UrTh OESESIEE AR R RACKet b9 Obf#iR afebBly i L 1 blocks; and

furt hehsHfRE kil 188:th r%gg%/f Oy riBo1D16%kd/ d#ié%?%@%éi@ 8t a time,

39 increasing trans wer” for the third packet and
oretie seqogd prmtisihdhanpe wéter thorsectdmd detaguukietpacket at or
after a tine instant when the second data packet is
expected to be recovered. 11. The nethod of claim1,

furthesr CopRy mehBd of ERGR1YViutGePompitkigat i on t hat the
first data packet has been recovered; pr ocessi ng

thir oredfavmg pefuktertatetf@r distlitrpagalich Fhanng) and set:cgndot’rate “for the second
AR e 0 B LT D
@coflahddWith e flrhﬂ‘eﬁldfsbdi(ﬁid PRk aktpetiedignnel af ter the
first data packet;

13.  The method of claim 12, wherein the processing the first data packet
includes

encoding the first data packet in accordance with a coding scheme indicated by
the first rate to obtain a coded packet,

partitioning the coded packet into a plurality of coded subpackets, and

modulating the plurality of coded subpackets in accordance with a modulation

scheme indicated by the first rate to obtain the first plurality of symbol blocks.
14.  The method of claim 1, wherein one symbol block in the first plurality of
symbol blocks includes all systematic bits for the first data packet and is transmitted

first for the first data packet.

15.  The method of claim 1, further comprising:



receiving an indication that the second data packet
has been recovered; processing a fourth data packet
wo ooosloessh a fourth plurality of synbol bl ocksPCHEOS2004/026491
transmtting the fourth plurality of synbol bl ocks,
one synbol block at a time, qg the second parallel
channel after the second data packet. 12. The net hod
of clmcaivibg af lenstlvae sywbplrbledln gelected fiow argorg the fisdt andisezond

for the first parallel channel .and a second rate fo
Rttt e opkPF e forareaABRton A gos HBIPSIch S 1o &t second
@Q@gﬁgﬂ@lsgﬁ{@ packets are processed in accordance

with the first and second rates, respectively. 13. The
met howatdllycpraressing thawideast ene $ysnhml blosk svithge trénsofii hasis matrix to

FAiR Ao o S B ROt AL E e o Ap R fmnas.
first rate to obtain a coded packet, partitioning the

coded packet into a plurality of coded subpackets, and
nodul ¥t ngThaiacthpd phelping 1owhersinethe &gt 9aé kesoad parallel channels are

. f | . C
BFiSe] SPRTS oPhibll PP hor SR B PR, BRI afcr
lnleac 8sectibd.at Heaerstdrod of claim 1, wherein one synbol
block in the first plurality of synbol bl ocks
i ncludes all systematic bits for the first data packet
and igytr i [ i t
10 L SR o B, Rk o shg b g Bcnancr
@ORSPORIAB SipstRAT 564920 0aNnORiB 48(ENAB at ndmesmitieyinadthe MIMO system.
one synbol bl ock, selected fromanong the first and
second pluralities of synbol blocks, for transm ssion
i n ONE3.ti NEheSBtho@Bf E188N fli Whéred e $:264ARE seddnd phiafél channels
channel s; and spatially processing the at |eaSt one
eoyrepIndgp dist apfl seroad spaties ehannplsdn shediIMOsys8m. obt ai n a
plurality of transmt synbol sequences for a plurality
of transmt antennas. 16. The nethod of claim1,
wher eig t MEhd mEthbd anelaie ¢ pwlerehr tht MIMORaOEliSipRh®nts
formed so as to_achieve sinilar

atheganal dearency sl vpian mHtdpleeing (OEDMY, pod wheseNrearh f thefirst and
SRRy 8 PR il AEMRLy Mo BURTRA by o
teanamiitednsennaor r espond to first and second transmt

antennas at a transmitter in the M MO system 18. The

met hod of claim1l1, wherein the first and second

paraljel cpgnnehsd oFé’lﬁfn@E/l@,ﬁ/%ﬂerEﬂ 4 pilityPOhasARPBthnnels are

spatial channels in the system
formed by diagonally cycling through the plurality of subbands of the plurality of

transmit antennas, the plurality of parallel channels including the first and second

parallel channel.

21.  The method of claim 1, wherein the MIMO system implements
orthogonal frequency division multiple access (OFDMA), and wherein each packet is

transmitted on a set of subbands available for data transmission.

22.  The method of claim 1, wherein a plurality of data packets are processed
and transmitted simultaneously on a plurality of parallel channels, wherein transmission

of symbol blocks for each data packet is terminated early if the data packet is recovered



19. The method of claim1, wherein the MM system
i npl ements orthogonal frequency division nultiplexing
W@ gRpw)73sand wherein each of the first and seRONUS2004/026491
parall el channels is formed with a plurality of
subbands and a plurality of 4lransnmit antennas. 20.

thod. o laim1 erein_a plurality of
it e e okt YR oS aPaesiiha Foging giop paghet, and
Whereingbtat iensdlitip@drtiy diehribhtddRands Bita pdeRe® Bt Mt idihiRied.
transmt antennas, the plurality of parallel Thannels
including the first and second parallel channel. 21.

hod ' in the MM
ot ennt s apfinRlel ke 36 Seftob iy R e )
teems missi oGk DVA) cle itulinple gl nRaGhleRAGHKHE (MISIO) communication

transmtted on a set of subbands avail abl e for. dat a
PSR APERTIYAS: 22. The nethod of claim 1, wherein a

| : : d,. . . .
13 g BT L, BN B oy
dfisambel Boclshmdgirocess assond datapacket teytthiala satemkslufatity of

each ta packet is termnated early if the data
Sﬁﬂg’%gﬁf‘@%% overed WD 2005/ 027355 PCT/ US2004/ 026491
41  hycdnpglleesRiaRe M th fewer than all symbol bl ocks
generated for the data packet, and wherein total

transmt poitiate Gransoiission; df theefirstplurajity af wmiaﬂlbhicks,n;nb symbol
ryu. hat e 3. transmtter .operative to perform
l%@%(r%%eﬁrﬁ%l%ragfgﬁtﬁ%ﬁﬂ@ c?qnﬁ%%tarrﬁ?@ Tssion in a

W rel ess nuitiatedir@rsinfiRioh oidhd deBbiedt PlukalH of Bl Blocks, one
conmmuni cat i on syst em conprising: a at a pr OCGS_SOY
symePhblpgleat atige ceasecand paraliel ghanneptactkereceyenbt ai n a

first plurgli. 2 I S r0cess econd .

a5 ekt O TYIORbe B a5 B PGB G i e

firbtalakespachetds secovartd b liier recgiedratitty fewied thaialll GEttlee first ﬁlurality of
S,

transm ssion of the first plurality of synbol bloc
§ Owﬂéﬁl’m‘block at atime, on a first parallel

channel t : ' o O Qi .
second pl Sﬁlgllnlﬁ?cs %lg ﬁlglys/sr%%lg Ff %’?ggﬂ&sﬁwﬁ’;‘ﬁ@&%ﬁ@@g early if
thag segond dasp packedissecyntdbartad teebivehwithétwéraharhal of the second

ecei ver I nate transm ssion of the first
p%qrgl?tglo?&pnbglr@é ol blocks early if the first data
packet is recovered by the receiver with fewer than

all of the first plurality of synbol blocks, and
24.  The transmitter of claim 23, wherein the controller is further operative to

receive an indication that the first data packet has been recovered;

estimate throughput for the first and second parallel channels with no
transmission on the first parallel channel until the second data packet is recovered:

estimate throughput for the first and second parallel channels with
transmission of a new data packet on the first parallel channel after the first data packet;
and

initiate transmission of the new data packet on the first parallel channel if
the throughput with transmission on the first parallel channel is greater than the

throughput with no transmission on the first parallel channel.

25.  The transmitter of claim 23, wherein the data processor is further

operative to process a third data packet to obtain a third plurality of symbol blocks, and



term nate transm ssion of the second plurality of
synbol blocks early if the second data packet is

w0 e@sweTstl by the receiver with fewer than al | POf/US1904/026491
second plurality of synbol blocks. 24. The
transmtter of claim23, whergin the controller is
further operative to receive an indication that the
Wherein thecentpdlok it futther de@nw tivititedansmisstiomof the third plurality

R e T e

mmmhlgtahemﬁe&mpth@tahaﬁmamtpamt hEHER F&bveredst | mat e
t hroughput for the first and second parallel channels

with transm ssion of a new data packet on the first
paraldel c [ C
it iafe t’?%{s} %sggit%rﬁc{f S;Jﬁ?hjg, gvggreglat:n@ dgf% lf&%e’sso%@? %peeratlve to

fi r stenoadathedirstodatepezketiih acdondanicl muhqhmdiﬁngl\ﬂchbme indicated by a
tra fﬁ]SSIOﬂ on the first araLIeI channel is greater
wiRIceIRg for w@éa&rﬂsmﬂebmen 30 OPRHLHEULARCKSS, t he first
par al A.gf T

her i o FLAREEIe Bk d IGRRE) & B RuaBkaR

pr oc essdidatelihe pludaﬂﬁobaldcésubpaclom Bl amcardtaimer\dlth a modulation

Bbeh Sttt e 12 5o fire AR UGN OF srnegl Blacks.

further operative to initiate transm ssion of the
third plurality of synmbol bl ocks, one synbol block at

a tinm, onlhhgagsmiter C}f&laélm?él fusthanemshprisegi  recei vi ng
?2 c Io\r}gé 4 g.f ;g(gcésgﬂl optepazlr\{é lrtr(l; %%elggaflegﬁ% %ﬁg E)Qgg&vl\:ﬁocﬁ(n sﬁected from

drhengdht arsp afd e&ad plalitfes ofibyribol thbocke ) foP tandnhiesibn {rSdne time
at a Eggket in accordance with a codi ng schene

slofindtae BEpt gYd second parallel channsds angitospatialynsecess ihg at fgast one
L Block BB B SR S ORI b
seguiiced for itpdumplityr dltianymonteostsd subpackets in
accordance with a nodul ati on schene indicated by the
rate to obtain the first plurality of synbol bl ocks.
27. The transmtter of claim23, further conprising: a
spatial processor operative to receive at |east one
synbol bl ock, selected from anong the first and
second pluralities of synbol blocks, for transm ssion
inone tine slot on the first and second parall el
channels and to spatially process the at |east one
synbol block with a transmt basis nmatrix to obtain a
plurality of transmt synbol sequences for a
plurality of transmt antennas. W 2005/ 027355
PCT/ US2004/ 026491



43 28. An apparatus operative to performincrenental
redundancy (IR) transmssion in a wreless

woreiosiopizes i nput nul ti pl e-out put (M MO comuni PEX/US2004/026491
system conprising: nmeans for processing a first data
packet to obtain a first plurgity of synbol bl ocks;
means for processing a second data packet to obtain a
second plurality of symbol bl ocks; nmeans for

transgg tti Lr ' | Bl ogck e
symbor® bl o agpiyht pirafialtBetibinHorHENR ety a9
transmissdmah wavireleansltipRrinputanstplet dutght I MEMEB@REunication
plurality of synmbol blocks, one synbol block at a
HYRicEL. CORPYSIBEcond paral | el channel to the receiver;

mean ] (Mple’> 1 S5 . e fhr st

o ar o (O S Bie oL AR Bkl 2pRly h Aoy of symbol
ackset is recovered by the receiver with fewer than \
all of the first pluralit of nbol bl ocks; and ..
eananet Torhiasstheder it i BREroQp TS SSaad Ripraity of symbol
hbsksal ity of synbol blocks early if the second data

packet is recovered by the receiver with fewer than
al | omeansdor wansonting|the fifst plpradity ef/spmatiol blasksk one 3gmbdlHdock at a

aratus. of elaim 2 furt.her conprising: neans for
t%?%coélsasﬁﬁbgagaﬁ icbamt?ifoaa f?g%“k’%’i’ to obtain a set of at

| eastmedis foytiaBmitisAhKsccod plagalitof Snsttl 81dRRSE b s ﬁP@h block
0

means for transmtti ng the set of at |east one sy
Hladime, opRscesndRaraligl ghanngk to the ¥ecei¥erson the first

par al o TIRA I 06l i t .
P ot 00T Rp Bk FEH ARk R ERY FRynBA LIS carlyif
thp fiest dhtapacket ¢ @eave2&d by thetrbeeivet oviyhr fewenthan aB @ theffast plurality

ocessi.ng a third data packet to obtain a third
‘%{Sﬁmgpfl?lﬁ?glb* a%@rrbol bl ocks for the third data packet;
meansméLls b RAR{HAtih RandollSsidd o1 tHe Blddha phdrtit] b1
bl ocks, gne syrrb(c)” %I ock at1 a t‘ianecté ohh{rﬁﬁfoﬁ%&?y&bmks
qalyaf thelseasindrilatd paghetris resoedred by therre¢aidiroethi fewet than atllod the

first .dat. cket as been recovered; neans for
%Fmgfahg'%asfyﬂotlhﬁﬁg?a packet to obtain a fourth
plurality of symbol bl ocks; and WO 2005/ 027355

PCT/ US2004/ 026491
The apparatus of claim 28, further comprising:

means for processing a third data packet to obtain a set of at least one symbol
block for the third data packet; and

means for transmitting the set of at least one symbol block, one symbol block at
a time, on the first parallel channel upon receiving an indication that the first data packet

has been recovered.

30.  The apparatus of claim 28, further comprising:
. means for processing a third data packet to obtain a third plurality of symbol
blocks for the third data packet;
means for transmitting the third plurality of symbol blocks, one symbol block at
a time, on the first parallel channel upon receiving an indication that the first data packet
has been recovered;

means for processing a fourth data packet to obtain a fourth plurality of symbol

blocks; and



44 nmeans for transmtting the fourth plurality of

synbol bl ocks, one synbol block at a tine, on the
waewsner3par al | el channel upon receiving an i ndPCHUSIN4/026491

that the second data packet has been recovered. 31. A

met hod of receiving an increrEntal redundancy (IR)

i r BB ION ok e B R ED S S u PR Ry oy nbolblock

QNI iodahd @0y piraNel chamfl upbrEceivB@ain\thdigattonSifiabt second
bl ock for a first data packet transmtted via the

data packebhas been receyipthel , wherein a first plurality of
synbol bl ocks are generated for the first data packet

and transmtted one synbol block at a tinme on the
first3par aAlmdthahofiweedivind@aadatiragesthl redymdaaty (IRY elsfsmission on

eceived for t irst data packet .to .obtain.a first
é@w@eﬁcw&ﬁw@éﬁl?ﬁa A0l R iaﬁgreﬁﬁétnF%PPIFﬂ%PLftim@PplaaquéPut (MIMO)
&ﬁ&hﬁﬁicé&n&%&t@iﬁ?&&ﬁpx@ﬁﬁgd on the first decoded

packet; termnating the receiving, decoding, and
det ermreiving afsymbohblotk fata fitat datppadket traffsmittdvbvif ithesfirst parallel

P 5 Ste EpBGRYET SEnel bt eehtBigt e firstcata packet
HRIGEIn¥InNEdeons ¥RBb] BIbSE K f e 8n SIRC@REpHAM cRARKBL
transmtted via the second parallel channel, wherein

a secésadipeataymbgl Wpclsymesivedios thediral datypavketdoadtainp first
d data packet and transmtted one synbol
% ggidsgat%gg’ti me on the second parallel channel;
decoddetgndhing sshetiet thel faskdats pakevie dedoveret baseslamahel first decoded
data packet to obtain a second decoded packet;
& ni ni ng whether the second data packet is

reCOV a) 1. . " e .
tor i Sagfalfe Rl 121, RESARG and FERARMIRPOE e H80hta packet i
the first iatagecketds stadeerghokiéfll of thetfivst gembitydofdsyobadéblocks have

acket .is recovered or if all of the second plurality

NISAHEE bl ocks have been received. 32. The net hod

of clat&Vidkas £k e NeBehd @Rd FAENABmifdivia the second
term nating or the first data packet are perforned

parelied ¢hanngl, sihetedt a séavold pluralityofisymbolftdecksiaee ganesated for the

SRR BREP R AR RS BB 78 B0 B heRbha pavael

arbhé med whenever a synbol block is received for the

second data packet. WD 2005/ 027355 PCT/ US2004/ 026491
decoding all symbol blocks received for the second data packet to obtain a

second decoded packet;

determining whether the second data packet is recovered based on the second
decoded packet; and

terminating the receiving, decoding, and determining for the second data packet
if the second decoded packet is recovered or if all of the second plurality of symbol

blocks have been received.

32.  The method of claim 31, wherein decoding, determining, and terminating
for the first data packet are performed whenever a symbol block is received for the first
data packet, and wherein the decoding, determining, and terminating for the second data

packet are performed whenever a symbol block is received for the second data packet.



45 33. The nethod of claim 31, further conprising:

perform ng detection on a plurality of received synbol
weegamerses for a plurality of receive ant ennasP€DUS2004/026491

obtain the synbol block for the first data packet and

the synbol block for the secgnd data packet. 34. The

nmet hod of claim 33, wherein the detection is perforned

based3dn aThewnaihedef ehein 3$ dusther mmrsn(ngsE) det ect or,

?e :ngxée Ogmﬁrg@ ‘{f‘%fyggg‘{l glé{flgfrafli\% recler(tilveet &S eg#l &eg !f&ea%lurahty

SthrecoMiesiRénhat Reobisia ehe/dymghol BREZRGbNGe fﬂﬁtdafarpankagmd tl&"tﬁlmbol
termnating for the first data packet are perforned

blagle frs fareseernd data pasket ecei vi ng,  decodi ng,

determ ning, and termnating for the second data

packet. 36. The nethod of claim 31, wherein the first

dat a packeThé methed iofclaired3f whdrein the deeetioeds peffameedtbased on a

second dat a acket rein the decodin .
HEHBIR WF%S UG pIrOf Qf)fﬁfﬂ qtﬁgt%? mapEmal e eprabiping (MRC)
qﬂ@&&&t o@éﬁn&%&e@?ﬁf&ﬁé‘@#)%@%&ctwt he first data packet

recovere The met hod of claim31, further
conpr|5|ng if the first data packet is recovered,

esti ing.jnte f rst dat
on It @ Iseg {ng ggﬁ g’lll fgelé‘la gqlCFwéngc ﬁgcod?ng, lgletermlmng,
ard t@ﬁﬁﬁaeﬁg%r eherirbQdathPacket &t podbanddiaieienli¢r sTRRLeiving,

bl ocks received for the second data packet, and
dsediaigndeierminipeined temyaating for Bessepridgtata paskeis ec ond

data packet, with the interference fromthe first data
packet cancel ed, are decoded to obtain the second

decodsél paTheinethdd of dladn B&} Wheteidf the Figdt antd ackdyéy ddsignated to be
the first data packet is recovered before .the second

®aPYererhbafate the, &Pcanqh d4ta packst.sad wdersin tftﬁﬂecmha&s‘tﬁ&trtné%tng, and
t

8tnjfin: K ihe B26R A4 paykeRR oL YRkirnch WEERE Y Bl okt is
feaotdned. conprising: if the first data packet is
~recovered, WD 2005/027355 PCT/ US2004/ 026491 46

receiving a synbol block for a third data packet
trans?fl“e@hé’ht@thbﬁ%ff:l'ahﬁ%l%%lat &mpidpel . wherein a

set of at |east one synb bl ock is generated for the

t hi rdlfthhﬁlatfkmkmkehlﬁdequamdm tted one synbol bl ock at

a time on ésttll%’laftllné %rgtet@grregclzel (fule 5 It‘l?enﬁr%{ da%g {)z?crket on the second data

packet, and

canceling the interference due to the first data packet from symbol blocks
received for the second data packet, and wherein all symbol blocks received for the
second data packet, with the interference from the first data packet canceled, are

decoded to obtain the second decoded packet.

38.  The method of claim 31, wherein the first data packet is recovered before
the second data packet and a new data packet is not transmitted on the first parallel

channel until the second data packet is recovered.

39. The method of claim 37, further comprising:

if the first data packet is recovered,



the first data packet, decoding all synbol bl ocks

received for the third data packet to obtain a third
wale@stespacket , determ ni ng whet her the thirdPCEUS2004/026491

packet is recovered based on the third decoded

packet, and term nating the ygceiving, decoding, and

determning for the third data packet if the third, i

dat a packescdising aspwbelddodk for f third dasa packet Gansmyftedytvia the first

| | .
rafRbeRBRe VIR R PEKRES oBERpIERRINSS eptfited i theyhind
daal phcR@GindtiranSmited oue saboleséoknmbitinge dmthe ffrarparadie]l chemnel after

to the third data packet on the second data packet,
thorirst dpa®pelel t he interference due to the third data

packet fr oc%@c&!ﬂﬁé ﬁﬁvﬁgﬁtol b%%@ lfé’cef\%‘alqu\étﬁig élfg&f ddel ga&%gﬁ)r%tain a

data packet, an ern a synbo S recelve
t?i@dideddﬁedfpmkend data packet, with the interference

romthe first and third data, gackets cancel ed, ar .
decoded t SesBIERAS PhEhERDS 2}&‘“}1 5@6 gackehisdReVere b.aselcﬁ%n the third
deb D eketChf M 39, wherein the third data packet is
expected to be recovered at or before a tine instant
when the steuoinatingzihe rqvaivieg, desoding evd defetminigng for the third data

recovered.. 42. The nmethod of. clai wherei n t
skt g i i B DE asip R gt ETRe e hOF BEERbe 8 gymbol
BlbdEhdsheb@pdceB@&n t he second data packet is expected

to be recovered. 43. The nethod of claim37, further

conprising: if the first data packet is recovered,

receiy{ ng S Lrd. data packet
transzlrg't t e’ghevﬂ%ga?%8%%%%?’%%?%1{({%@&8 nnel , wherein a
t hi r dif petthirtl idhty paékes jsdBedvebddycks are generated for the

third data packet and trapsmtted one synbol bl ock a

a tine on $HE&WHNE gttergeg?%chlp e Hlé?ﬁﬁ’é& H%tﬁtpéﬁg‘tét Pﬂghq‘ jeppd data
;g:@f(& packet, WO 2005/ 027355 PCT/ US2004/ 026491 47

e

coding all synbol blocks received for the third data
packet to cintding the intdrfarehcdalvo dethephick data pdeet foimiha gymbol

lﬁﬁé(ts?rgéqi\ge%efog Ellersgco%atd%tapp%%iégtf andwherein a rseygnb%?gﬁ)g;kso Reeived for
the second data packet, with the interference from the first and third data packets

canceled, are decoded to obtain the second decoded packet.

41.  The method of claim 39, wherein the third data packet is expected to be
recovered at or before a time instant when the second data packet is expected to be

recovered.

42.  The method of claim 39, wherein the third data packet is expected to be

recovered after a time instant when the second data packet is expected to be recovered.

43, The method of claim 37, further comprising:
if the first data packet is recovered,
receiving a symbol block for a third data packet transmitted via the first
parallel channel, wherein a third plurality of symbol blocks are generated for the third
data packet and transmitted one symbol block at a time on the first parallel channel after

the first data packet,



decoded packet, and term nating the receiving,
decodi ng, and determming for the third data packet if
wao b@spoeidssl data packet is recovered or if all PET/UR®04/026491
third plurality of synmbol bl ocks has been received;
and if the second decoded pagket is recovered,
estimating interference due to the second data packet
on the th |dp@bdm@g all paetad blockn teceivad £01itheythitdedata packet to obtain a
n rfgng? ue to the second data packet fromthe
y%%39 s received for the third data packet, and

wher ei n - aldetesfifingd whéthedsie taebdaepadkef is tét@dveieliibastddat the third
packet, with the interference fromthe second data
dga@hépa@ﬁﬁé@ﬂed are decoded to obtain the th|rd

decoded p qgrﬁﬁ%?tm@"the Fe%&vﬁ%té PQ 8{#6 ﬁﬁ@&é&%ﬂ ﬁi@ Bilird data

conpri sing: areni n I se-an erence
phélet if thSHid) daespdcierie $ecbm§ret1 beiffallrafithe third p&&abttyd)f symbol

bi)arallel channel s; nd selecting a first rate for the
qckghaSp%ﬁeaW@PVeéh and a second rate for the

Seconfjthe@é’éo"ﬁhéﬁv% 3):3 ﬁ%@@@r&f‘ the Si'l'gR
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packet s areeumeumgimﬁbrfanerae doe ttathe scaont [ataipacketiogtthethird data
%gond rates, respectively. 45. The nethod of claim3

pgcket, gnfher corrpri sing: sending an acknow edgnent (ACK)

if the firghcdal %@ﬁ@éﬂé&eﬂcé d0€ EPMe k&bnadar paamatdnyme symbol
acknow edgnent if the first data packet is

blasks veseigd fagthe Anrﬁedaﬁwacd;ﬁt eed whoreyalhsymbod blaekh ff-'&lelved for the
t@ac? é%}? %E&{eﬁ(&lﬁq he i ﬁnﬁggeﬁg‘é ﬂFm%]e ?ecP{?(lh H{t@ lphék}ét Q;Inceled are
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detiddeldpb ebnit mu&hlfd\med paieuni cati on system
conprising: obtaining a plurality of synbol bl ocks for
a plurality of data packets transmtted on the

pluraglty i rrent peri od,
one gghbofﬁkfggﬁéé%f&gggﬁﬂgg#gﬂ%gngﬁgﬁland one data
pac keibtaﬁmlng aimhl-pancsd-ald-inbafenasice rattve(SENR) estinated fos the first

synbol e ge erated for each data packet and
aPFlé?FéWldt egﬂg\ng bI ock at a time on an

assoGAb &l PRrAlAe koﬁﬁ@ﬂfh‘%’ bara¥€ ZARRN QRd 38&ond rate for the second
PCT/U82004%026491 48 selecting one of the plurality

pafallehckanihel basérhom éie§m&estlmtﬁ$e¢r5d whkseipdhegrsapnd Wﬁﬁfé)data
bl ock t dt
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45.  The method of claim 31, further comprising:
sending an acknowledgment (ACK) if the first data packet is recovered or a

negative acknowledgment (NAK) if the first data packet is not recovered.

46. A method of receiving an incremental redundancy (IR) transmission on a
plurality of parallel channels in a wireless multiple-input multiple-output (MIMO)
communication system, comprising:

obtaining a plurality of symbol blocks for a plurality of data packets transmitted
on the plurality of parallel channels in a current period, one symbol block for each data
packet and one data packet for each parallel channel, wherein multiples symbol blocks
are generated for each data packet and transmitted one symbol block at a time on an

associated parallel channel;



determ ni ng whether the data packet transmtted on the
sel ected parallel channel is recovered based on the
waelewsdzdspacket ; term nating the obtai ni ng, dePCOOUSZYN4/026491
and determ ning for the data packet transmtted on

the selected parallel channel4g if the data packet is
recovered or if all of the nultiple synbol blocks

have spleetinmineaifiteeipiueality pepafaliel chensielstfor eqavesst i mat i ng
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seieted mﬂencnaﬁndle@QMMdecbdéd?pach@ met hod of claim
46, erein a parallel channel wth

i keldetsomining wheibagthe daisnapk tfaa%%‘@dtoﬁéhepﬂﬁcéﬂdl Ragalig] channel
d f 48. Th

PRRIG e RIARR S ecbSplopat od Tor | Tecovery. 48, The
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pl ur @stitgting angbeanttlilg intchigremet dye fosthe date ekt fr@nsmltted on the
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estimating and canceling are perfornmed for each of the
plurallty of parallel channels in the current per

od.
51. Te nekheouctbpd ef elpim 46, Whiieip & maralicbchaanelovithg hlghest
t
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recovgyr ed
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Odl determning, termnating, and estinmating and
léé ﬁﬁVrﬁﬁnﬁpgmaérforned for the plurality of paralle
channel's, one parallel channel at a tine and in a
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nret hot®. of Bheainethsd of olaian 46 Whereingypacalied ehannelwish a bighest

number oF gata symbol blocks in the current period, among the plurality of parallel

channels, is selected for recovery.

50. The method of claim 46, wherein the selecting, decoding, determining,
terminating, and estimating and canceling are performed for each of the plurality of

parallel channels in the current period.

51.  The method of claim 46, wherein the selecting, decoding, determining,
terminating, and estimating and canceling are performed for the plurality of parallel
channels, one parallel channel at a time and in a cycled order, the cycled order being
defined such that one or more parallels most recently recovered are placed last and are

recovered last subsequently.



based on |ikelihood of recovering the data packet on

each of the plurality of parallel channels. 54. The
woredohoz3ed cl ai m 52, wherei n the predeter m nedP@F/U82004/626491
sel ected based on an order in which data packets
~previously transmtted on thgplurality of parallel
channel s are recovered. 55. The nethod of cl ai m 46,

wher 62.n t e pletirosil qftc;mmf46pwhgneineuhe stlaeling, detpgling, determining,

siml.ar SI nal -to-n nd-intecrfer

G, SRR ARrEREh O AT Fhirihy of pppalel
cﬁ&%ﬁm Gorff paeA1Rl BhtBiel avaein® shdife frbdetéinihed @denar thelcetrent
channel s ‘are formed by transnitting diagonal |y across

periglb.ural ity of subbands of a plurality of transmit
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bl ocks are generated for the first data packet and
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packet, determ ne whether the first data packet is
amﬂekldraanblba@erdccofnretdhe first decoded packet, WO
2005/ 027355 PCT/ US2004/ 026491 50 receive a synbol

bl ock for a second data packet via the second parall el

chanmgl , WhenitRo@oBSREaUb, Whetah tneypmlfahs;y@ﬁqmralm olcdomels have
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d based on th |
2 corter of IGie TBra et G 450 Rer R SecP RO Ceabr g o g e ore
93L& By QARRS Rng®eoh Ay ;gdrééta flafaRtyPF6Bbands of Alurality of
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57. A receiver operative to receive an incremental redundancy (IR)
transmission on first and second parallel channels in a wireless multiple-input multiple-
output (MIMO) communication system, comprising:

a data processor operative to

receive a symbol block for a first data packet via the first parallel
channel, wherein a first plurality of symbol blocks are generated for the first data packet
and transmitted one symbol block at a time on the first parallel channel,

decode all symbol blocks received for the first data packet to obtain a
first decoded packet,

determine whether the first data packet is recovered based on the first

decoded packet,



first data packet is recovered or if all of the first
plurality of synbol bl ocks have been received, and
W@ eqos0eEss® processi ng by the data processor foPCT/E82004/026491
second data packet if the second decoded packet is
recovered or if all of the sespond plurality of synbol
bl ocks have been received, 58. The receiver of claim
57, furt hefeCE¥Rps ﬂlgbb%k f@pat%mmdﬂﬂ@d@é&@wiw@rsa@qnd@araﬂel
C r
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de86:8] 4Rbd& psked, ThPB8. Wherein the spatial processor is
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estimat e | detemnfiee whetberthe s¢aond idetafpiacksdt isisecavered kiased on the
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S&u%ndt‘iecf)ﬁ%adﬁl'a( 1S‘gta packet from synbol bl ocks

recela/@&ltlfoq)ler@lls&at%qgnd data packet, and wherein the
data processor is operative to decode all synbol

bl ocks r eclsrp@aterpspcassiag b thorintaiproaesseriosthe fnist data pasket if the
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reteived,add further conprising: a channel estimator

operative to obtain S|gngl-to-noise-and-interference

ratio (SIRERNgENTARSHES Py fherdata propessonfioy theeesonyl data packet if
tR85&Hoh8 e &RRA PaLIRA i3BELVRrddHr §r A

sel ec?t aefl rs?, r at 1531?(” fhe ?fl rg{)ie%grgg I%ﬁ&% 9132%1 blocks
lmve beooredeived.e for the second parall el channel based

on the SINK estimtes, and WD 2005/ 027355

PCT/ US2004/ 026491 51 wherein the data processor is

oper adg.ve TR #8696 37 flrthRPEoRpgaRs data packets

in accordance with the first and second rates,

res pea:mavel Brocassor oRarabiyp do xereise f @luraletc(exf\symgomquences for a
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seqhdncaé - abidif the sytd¥olMblock esrThiefifse Hata pashet bRdthe symbol block for
onprising: means for receiving a synbol block for a
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wherein a first plurality of synbol blocks are

generated for the first data packet and transmtted

one siArbol Thd recéivatofaldiinfs, whetelietht ispsttal pascasdoels operative to, if

hannel nmeans for decoding all synbol blocks received
tﬁg ?nrslt ﬁ@tafgaplgqt ?sdrﬁ:%veﬁ gim gt@) ngg{feo{plpf:e due to the first data packet on the

second data packet and cancel the interference due to the first data packet from symbol

blocks received for the second data packet, and wherein the data processor is operative
to decode all symbol blocks received for the second data packet, with the interference

from the first data packet canceled, to obtain the second decoded packet.

60.  The receiver of claim 57, further comprising:

a channel estimator operative to obtain signal-to-noise-and-interference ratio
(SINR) estimates for the first and second parallel channels; and

a rate selector operative to select a first rate for the first parallel channel and a

second rate for the second parallel channel based on the SINR estimates, and



a first decoded packet; neans for determ ning whether

the first data packet is recovered based on the first
waoelewsdzdspacket ; means for term nating the recRPCWUSZYN4/026491

decodi ng, and determning for the first data packet

if the first data packet is spcovered or if all of the

first plurality of symbol blocks have been received,
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synbol sequences to obtain the synbol bl ock for
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us’ of claim6l1l, further conprising: neans
f 0 r Qﬁdalnﬂﬁdrl tex@nin gy the r@aﬁzﬁlgj decddin g, bad fleteshinitegtfer the first data
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P@d@k Hithe Sirst dalghPaFeRt 15 TERSH oA ot Aot s s legfl St $FhBol blocks
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channel;

means for decoding all symbol blocks received for the second data packet to
obtain a second decoded packet;

means for determining whether the second data packet is recovered based on the
second decoded packet; and

means for terminating the receiving, decoding, and determining for the second
data packet if the second decoded packet is recovered or if all of the second plurality of

symbol blocks have been received.

62.  The apparatus of claim 61, further comprising:

means for receiving a plurality of symbol sequences for a plurality of receive
antennas; and

means for performing detection on the plurality of received symbol sequences to
obtain the symbol block for the first data packet and the symbol block for the second
data packet.
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63.  The apparatus of claim 61, further comprising:

means for estimating interference due to the first data packet on the second data
packet, if the first data packet is recovered; and

means for canceling the interference due to the first data packet from symbol
blocks received for the second data packet, and wherein all symbol blocks received for
the second data packet, with the interference from the first data packet canceled, are

decoded to obtain the second decoded packet.



