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A wireless communication system may provide broadcast service, which

typically entails the transmission of broadcast data to users in a designated broadcast
area instead of specific users. Since a broadcast transmission is intended to be
received by multiple users within the broadcast area, the broadcast data rate is
normally determined by the user with the worst channel conditions. Typically, the
worst-case user is located far away from a transmitting base station and has a low
signal-to-noise ratio (SNR).

The users in the broadcast area typically experience different channel conditions,
achieve different SNRs, and are capable of receiving data at different data rates.
Hierarchical transmission may then be used to improve broadcast service. With
hierarchical transmission, the broadcast data is divided into a “base stream” and an
“enhancement stream”. The base stream is transmitted in a manner such that all users

in the broadcast area can recover this stream. The enhancement stream is transmitted
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communication system.

SUMMARY N
Techniques are provided herein for performing hierarchical coding in a multi-
antenna communication system. This system may be a multiple-output single-input
(MISO) system with multiple antennas at a transmitter, a single-input multiple-output
(SIMO) system with multiple antennas at a receiver, or a multiple-input multiple-

output (MIMO) system with multiple antennas at both the transmitter and receiver.
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or superposition. If TDM was used, a receiver in a SIMO or MIMO system initially

time division demultiplexes multiple received symbol streams, which are obtained via
multiple receive antennas, to provide a first set of received symbol substreams for the
base stream and a second set of received symbol substreams for the enhancement
stream. The first set of received symbol substreams is processed in accordance with
the first spatial processing scheme to obtain a first recovered data symbol stream,
which is further demodulated and decoded to obtain a decoded base stream. The

second set of received symbol substreams is processed in accordance with the second
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system, respectively;

[OOlSL/I FIG 1 shows a SISO
SIMO system, a MISO system, and a MIMO

[0017] FIG. 3 shows a transmitter and a receiver in the MIMO system,

[0018] FIG. 4A shows a transmit (TX) data processor and a TX spatial processor within
the transmitter;

[0019] FIG. 4B shows a block diagram of a parallel concatenated convolutional
encoder;

[0020] FIGS. 5A and 5B show a transmit diversity processor and a spatial multiplexing

processor for the TX spatial processor;
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[0018] FIG 4A shows a transmist (TX) data processor

and a TX spatial processor within the transmtter;

[0019] FIG 4B shows a bl ock diagram of a parallel .
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Fig. 6G illustrates a block diagram of a TX spatial processor wherein the base
stream is transmitted from one transmit antenna and the enhancement stream is

transmitted from a second transmit antenna.

FIGS. 7A and 7B show timing diagrams for the TDM and superposition
schemes, respectively;

FIGS. 8A and 8B show two receiver designs for the TDM scheme;

FIG. 8C shows a block diagram of a Turbo decoder;

FIGS. 9A and 9B show two receiver designs for the superposition scheme;

FIG. 10 shows a process performed by the transmitter for hierarchical coding;
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di vios ivaroun fiypgspfewseless scommumiskidgn exsamisn inchdingnsingleeaspier and
an arihagen @Bmﬁl{lﬁigé{ﬁﬂcs‘{lst yi Ekzﬁﬁbl £ ki ﬁf‘rﬂg J@gr:lg\ﬂhclude an
system and so on. For arity, ese tec es are
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t ransmﬁ%r% &l&n%oag¥ ﬂﬁrﬁ?ﬁ % receivers for any
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gﬂd t Wlbefgﬁo%ra%lgsrsygt% 148 Wik a‘%[agsrﬁl&gmo AAd It:\!vg;recg'ivers 120a

and 120b for two users A and B. In general, a SISO system may include any number

of transmitters and any number of receivers for any number of users. For simplicity,
only one transmitter and two receivers for two users are shown in FIG. 1 and
considered below. For SISO system 100, transmitter 110 is equipped with a single
antenna and each of receivers 120a and 120b is also equipped with a single antenna.
The communication channel between transmitter 110 and receiver 120a has a complex

channel gain of 4, and a noise variance of o,. The communication channel between
transmitter 110 and receiver 120b has a complex channel gain of h, and a noise
variance of o, , with o, > o,. User A thus achieves a higher SNR than user B.

A two-tiered broadcast service may be implemented whereby broadcast data is
divided into a base stream and an enhancement stream. The base stream is sent at a

rate that can be received by both users A and B. The enhancement stream 1is sent at a
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The maximum rates for users A and B may be expressed as:

C, = log2(l+£2-
o)

a

C, = logz(l +£2—) s
g,

where P is the transmit power used for the data symbols; and

J , and Eq (2)

C, and C, are the maximum rates for users A and B, respectively.

Equation set (2) is based on the Shannon capacity function, which gives the

theoretical maximum data rate that may be reliably transmitted over a communication
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unconstrai ned al phabet  wher eby %Lhe data synbol s are

not the data symbelg afeon%;s@%ﬂqﬂfdctopsar«% 1G PRJATS 1 aﬁ%al constellation. The
COoNgHaghdrPldpity if ARo FXBROLR KaRAGAdNstiamed |cacle @Bﬁa%ﬁ!y is also
to as the unconstral ned capacity. Capacity is al so

r ef wfarsd te os srecuyedivienicy et ot pre\givearin upis Af bitsepegisgaond per
I N 4t @ o)bl ts per second per Hertz (bps/Hz). [0043]
From eq gtl n set (2), the comuni cation channel can
suppor tFram eqiationfet@);, tire cosmuniBatioshihahnet am sipport beate of C, for
recei ved by user A The conmuni cation channpel can al so
supisst B, whichcean glso be respivedstar usar Anniheisomanugicatiqreshapne fan also
the @gérﬁa <P:Ite &t E’orfo%g{ AE\’vﬁ :pﬁ] %e%rg‘atgrqhan et 6isgbs(3r us?__r B since

typi y given®in units o s per second (

Si mpl ixGd t YRaté RltFpibatly BiveR ' dufits RO bABPer 3REnd!bpk)S FoF simplicity, rat
bps/ f’—|z> i‘n tahe ftgpl oaw%?]g deSCI‘SI ptllﬁ%%] I(1)4(1)5p )lséor ?lmep teity, rate
TDMsgiver irenorinhkzel asits eftbpeEHmin the sﬁﬂlmwlmg desaiptiomn of the

tinme a e ta bhe eeivdb bot h. user s nd B
witn adr BT stheRe, e Rt SEChatih SR HtESL g fhe BB Rt neeas 1o
enheREHRAbyHothBiRERsi ASarkiemt twmlhgem ARiREBE wotse SR dind¥es, > o,

and only needs to be received by user A i.e., with no
con¥ha enlah¢enrenf streaus &r seBt th'Ehuemamécrabﬂ the gtnexs ach ably ngegds to be

g: %)%h%(ezj lgygng rgé ueisqe\{:n 0 cog%&?rg ortfog)}' uﬁr% ((‘VCIFE[I? rﬁeé’ ﬁat may
+R be amhfervai foS uscheA BB forah DM schend maf be dxprebsed @s:
Sstreamis transm’tted, with O (1- a) is the

fraction time that the enhancepent streamis

trafsm%t d Rand R are the raf® for the base strearhd®
and enhancenent stream respectively; and R and R are

theRg\ée&_aéler(l@togsCf‘ QIR USRI'S A and B, respectively.

annon

where o is the fraction of time that the base stream is transmitted, with
12a20;

(1- @) is the fraction of time that the enhancement stream is transmitted;

R, and R, are the rates for the base stream and enhancement stream, respectively; and

R, and R, are the overall rates for users A and B, respectively.

Equation set (3) indicates that the rate R, for user B is equal to the rate for the base
stream. The rate R, for user A is equal to the rate R, for the base stream plus the rate

R, for the enhancement stream.

For the superposition scheme, the base stream and enhancement stream are

combined and sent at the same time. The transmit power P is divided between the two



Equation set (3) indicates that the rate R for user B
is equal to the rate for the base stream The rate R

wo 200503285 A i s equal to the rate R for the baseCEUS®a#31828

[0046]

[0047]

. anng
t he base

plus the rate R for the enhancenment stream [0045] For

t he superposition schene, the’ base stream and

enhancenent stream are conbi ned and sent at the sane

ti Nreani €Al di@1aB HolieloMREery Al snddB ford@e syginydsRion tsttme in SISO
twostreans. A signal nodel for users A and B for the
suﬁé?tﬁiﬂépQP’é}ﬁb%E’Wé??éedlaﬁ SI SO system 100 nay be

expressed as —aPs +7a Ps +n, and Eq (4) y =

Ps+' gre s nd s are data s I
,@ *@ P arfd ymyol @
fory“t he base st'rea an\éyhenhancenent stream ®

respectively; is the fraction of the transmt power

usegl £of Phg, PagE gf.1eam, ,and (1- is the fraction of

the transmit’ power used®fof the enhancenent stream

[0046] At a receiver, the base streamis recovered

fi relierd rom & smice iaredhtsi;mmlls floy the besetstragn hitkenhancement stream,

enhancenent stream as additive noise. Once the base

st rresestivaly; been recovered, the interference due to the

bas& Sﬁsrtﬁﬁﬂldﬁﬂ%?ﬁlb HEh st r [ RARY e b4sO R datiCadeCel VEd

sig € enhancenent streamis then recovéred with

th e(l bagds ke featnnrof thevedsmit hewaweedafot the anlswcdnient stream. be

achi eved for users A and B for the superposition

?c E )ems ATRY rdEive X fHeChes e dtreeﬁrxl'l iRréEovérgxg figst -Ifqud& 'hll?ecelﬁfql signal by

5 Equation set (5) is a ased o annon

GRS D RO ST AR PO B rRSEOHE B eARs been

ChagakredDEE inté@feeendd A B ARSbdsa stiich Blepitadied and(8R6vdd ftdin the

equation (5a the rate R for the base streamis

detesaivedetrmhs dhe sahancemenh stisam fothen repoverpd pth the base stream

basr@m§$efdeamh§rlg/eﬁllt ARl th!ﬂtohﬁf #ef adhdeved 61 tiSers A\Mﬁﬁﬂ 8B for the

the term (1- for the interference due to t

enrsan@pmtmnsshqr@amyhmxwesada%n (5b), the rate R for

t he enhancenent streamis determ ned based on a

transmt power off(l )-P for the enhancenent stream
E l wdere the interference dugshp
tréla-tﬂ)l PHEs)imed to be conpletely cancel ed.

The ratel0 R for user Bis equal to the rate for the

base stream ,and the rate R for user Ais equal to the

ratg RAor, @Jﬁbrsé)s'f)_eﬁ \plus the rate Rfor the  gg(sp)

enha‘hcer‘hsnt

Equation set (5) is also based on the Shannon capacity function and under the
assumption of an AWGN channel model and an unconstrained alphabet.

In equation (5a), the rate R, for the base stream is determined based on a
transmit power of a - P for the base stream and a total noise of (1-«)- P + o}, where
the term (1—a)- P is for the interference due to the enhancement stream. In equation
(5b), the rate R, for the enhancement stream is determined based on a transmit power
of (I-a)-P for the enhancement stream and a total noise of o?, where the

interference due to the base stream is assumed to be completely canceled. The rate



[0048] FIG 12 shows a graph of rate regions for the
TDM and superposition schenes for a SISO systemw th

w@aodAEN3Thannel . The vertical axis represent sPeES1084/€31828

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

R for user B, which is the ratjg for the base stream
The horizontal axis represents the rate R for user A
which is the conbined rate for the base stream and

enha&»e@ﬁ@ﬁﬁr BstSreaazrhto theeratedforthe ﬂzaweﬂnaw@ thorate i vignuser A is

in uni ' nce given
0 el Ty eraé % .forafl%asat@ﬁmfpél&. ﬂegra & he epfan

the hieg

e 1 s ¥ 5 NI ERELANER, PO BECL BRI chemes
may forea SESOesydentt witdnart ASGN aharsiel. CEleOerrtichEaxuﬂmpnesﬂnts the rate R,
type. [0049] A plot 1210 shows the achievable rates R

and fex yser Bt wblctrmhs eHeder thepasgisiream.ehe herizgatgl efis represents the

Thegg rat %? u %Uig ?h% fioida y%r'tf?cnba%g ts % nd Hancement
(3) wt 3
str F‘sﬁ’@ﬁnﬁ S ”ﬂlé "f‘zﬁésnkt ta‘f-‘nﬁi and Y~ gle\en‘mzun% o? Bﬁé/ﬁ% ué"@fb R 12. The

=, only thé enhdncemsnt streamis transmtted
and pBrfémBnee giveh ihpBIG-HzI2akdfdr &®Ralelghe fddﬂigeshaﬁnﬂndARhough the

for ot her. valyes of for he T schene are ve
ol otiergtical[cot8g echoights SeESRS T et MK e AYSBEtent channe
r at @gpel} RAFmEANEOmay B@de?@ﬂﬁhﬂﬁﬁhé staXtisCITaRECchaftel type

di fferent val ues of . hese rates are conputed using

equat i oft Bet E2105hov the aohigvabiraips Bnamd &, - fos thggIDM scheme for
[ 005 The ate regi.on for the TDM schene i.s the are .
i d s a S & ISR s PERTED Fopp e el RS b wit

schepp,i s shhfs #EP/undes gpl ofor 1229 oy IRy Kee s&eahlels transmitted,
region 9s nore desirédble. FIG 12 shows thaf th

Supeh@Qsid ROB 2GR Y R 4 85 IBF of A eorﬂﬁﬁiecbﬁhalﬂ&ﬂent stream is
t hus bet'ter’ per formance, than the TDM sc [ 0052]

The tahowiged @ad rl pt ROA 6f66r byis/Hz ahD\R a8l ThpenqsorR] tnd R, for other
schenmes assunes an AWGN channel . For a flat fading
charvalies of MefOUbnﬁDé/kSCbhaﬂﬁfélgl‘gaibmpl‘ot b?ﬁot he transmtter

he ae shdi 1280 prods A BRE AR Darnar Dot sheme
to b &fﬁféﬂpbﬁﬁes%ués' "?ﬁ‘esE qg{g@ﬁ?evc%ﬁipﬁ&h %sfﬂgteﬁuzﬁ'ﬁﬁosets (5) with

mean, a variance of one, and i1dentically drstributed
for Phﬁ2 £\20 dEmdsP/c[rbDeS&jB The overall rates that may
be achieved for users A and Bwith a flat fadi ng

channel Thorate preicufos tisoEPM sthemeHe the qrpa SF‘SDPégﬁsltzéPn The rate
100 rgaé’n ﬁ)‘? tl@%ﬁ&ﬁoc‘s‘?tﬂmas%hen% s M ParED A ellﬂlotafﬁo.Eg\ fa@er rate region

is more desirable. FIG. 12 shows that the superposition scheme has a larger rate

stream.

region, and thus better performance, than the TDM scheme.

The above description for the TDM and superposition schemes assumes an
AWGN channel. For a flat fading channel, the complex channel gain from the
transmitter to each user may be represented by a channel variable 4, as shown in FIG.
1. This channel variable is assumed to be a complex Gaussian random variable with
zero mean, a variance of one, and identically distributed for the two users.

The overall rates that may be achieved for users A and B with a flat fading

channel for the superposition scheme in SISO system 100 may be expressed as:



l - ) -P-\h\ +s where E{v) denotes the expected val ue
of . Equation set (6) is based on an ergodic capacity

wo pws3By Whi ch gives the expected nmaxi num daPEr/Usi0e4/031828

[0054]

[0055]

gi ven the channel variable . Ihe rates that may be
achi eved for users A and B for the TDM schene with a
flat fadi ng,channel may . al sqybe obtained in simlar
MaNREE.E{dog, H £L atﬁh'iPCH%' Codi g in adnﬁl MO System [%O(%gf]
FI G~ 2A [shoys d-StWVP-l9ydtterh/200a with a transnitter

210a and two receivers 220a and 220b for two users A

and B. For (1L,N) SIMO system a transmtter is

equi,p i.kh silngke A énNnha and a receiver is

equ}lzfp% % lﬂg2§h+a(1nt e)ely':agfl & NR>,. For sinplicity,
FIG 2A sho (1, ) 8 MO system whereby each of

recei vers 220a and 220b is equi pped with two antennas.
Thevieammir daabicd the €RigHRA vall b € EqLARASE (%} {%fbfage%%g A W¥hodic
recei ver 220a has a channel response vector of and a
noicdeacify fingtien whick gives e coartethmesiniuan dathanegliven the channel

betMBaie hr ] d receiver 220pb_has_ a

channel v re?ggnﬂé%st @%tc% rg%g&éeﬁ’ag gorr%?@éo‘ Wﬁfpgﬁ%@e diPM scheme
wi tWither flag fadinBohamichmaghlse Bsghodise i €@tiRf mander each

user includes NR elenments for the conpl ex channel

gains RkNRGRal O5udk i) eribsl,t antenna and each of
t he us —t-e, h=[A...h ] ,
I

wher e" pig.dan t SPARE wilh0022l For a S ,
system the %ﬁ't%iap%]gda%?%nnasgeﬁlﬁjtahtéa“]s@bt@f %Eora "1?%)‘”% gecetvers
us @20z andz22b doretwgrusers oY ali BeFst & Y1, V) SRRy sfRd & ltrahQfitter is
users A and B jn SIMO system 200a may be expresSsed as:

. &AyPReq it 2 singlecantenpg andag eeceivermia sliuippesiowitls &z ieEhis Swhere
foryUuser spA ang ty ; n@g@ n.are noise
vectors’ for usgl}%‘yAi:grigf %,Sh(}/‘gés%e ’t%I) VMO system, whereby each of
ar eccvigers @26a Midt2200isr equippstalits Watenh 9 THY doBmRin¥SEbn channel
an%ennas for users A and B, respectively. [0056] A

r e GBI trangmittgs 2 Oajang geiverc@0ehasa ahernvhrespanectvattor af b, and a
i%gﬁ%e P’%ag?éz 0; go'lr, l. 8?@? cc,)mrir_:nqniga%?on\@ﬂgrin%l %)Setlwzent PraGns%\llt?erragll()a and

receiver 220b has a channel response vector of h, and a noise variance of o, , with

0, >0,. The channel response vector h for each user includes Nz elements for the
complex channel gains between the single transmit antenna and each of the user’s N

. . T
recelve antennas, i.e., h=[h A, ... hy T , where « T denotes the transpose.

For a SIMO system, the multiple antennas at the receiver may be used to achieve

greater diversity. A signal model for users A and B in SIMO system 200a may be

expressed as:
Y, =has+ga , and Eq (7)
Zb = hbs +gb ’

where h, and h, are channel response vectors for users A and B, respectively;



Sis an estimate of the data synbol s sent by the
transmtter; and His the post-processed noise for

was@s/08203Fhe overall channel gain is G = | A |PeT/psSinoy/031828

[0056)

[0057]

[0058]

+...+ | h for NR receive antepnas. For a (1, ) SIMO

systemwith N2 , Gis a chi-squared variable with two

degrees of freedom which assunes a Rayl ei gh fading

chdhm@g 0,88 n%‘&?ﬁﬁ@r%ﬂoﬂéiersd‘?‘ g B, rﬁipe?tg’elde #ideved. The

o S0 S0 Ay B PREHUPS8R Eeof gr wer
may be applied to other channel types.

Equa%mori %Jgf&gglgws the receiver processing for Mary

phase ﬁt}e& vekﬁ%h&g éMrEﬁQr asﬁa%grﬂ tte&gm% lLoqg ri}éll

Simlar recelver ro performnmed

guadrature anplit ude rmdul atl on (M QAM si gnal

conist et} af'iyorsG; Thiahproeessi+® at the transmitt eEqqRd

recei ver fot the base stream and enhancenent streamis

described in further detail below [0057] The rates

t hatherey beGgghs the ederhlbchaus@ gsinAoranet iB for the TDM

schenme in a SIMO systemwith a flat fading channel may

be Sexpis@s seimaigof the datgisymipol oyentby-the gansmitter; andg | +

N |, es that may be achieved for

user ILERCQO% pé(l gggﬂl?{g@ﬂ%ﬁ position schene in a SI MO

systemwith a flat fadi 2'9 channel nay be expressed

as:The ¢vergll channyl gein=R G.E\xlyl’1+|2di fo--+| /&, |* for Np receive

Hi erarchi cal Codin a M SO System [0059] FIG 2B

shagneas\VFge dydt %Iﬁ'@ eGEMVith M 7 2 afsailt 2 @rl-ssm%i wafiable with

an o SEqrER Ty ERa Hh Sl LSRG Rpod fp e R orcer

an tde\fbl"b&l? 1aﬁdnaveﬂECHie\/lﬁéraicﬁlcﬂ(JrlldJldmgetdchﬂidubs aesﬁnllﬂi? leerein are not
antenn ere N> _ For s jcity, FIG 2B shows a

(2, depe %@nﬁgtpémcwﬁbf%m@#sﬁhrm chanpgl apd may e gpplipd to
Wi tohek ¥RhnAdl tRs. aEq@ﬁdn 69 Ghovif thé REEV M P StedA3TorMIChry Bhdde shift

is equipped Wwith a single antenna. The communi cati on
cha&sries (Meli%érgnelrcaﬁgt ations JMiy 1aeiver BROSESTBE MY (ke PRERrmed

a (‘ﬂ?laﬂ'ﬂﬁjy Juadiafine %miﬁﬁt‘&&@ moRfi1afdH (M- @QNQ Gighall &cﬁﬁ&ﬁatf%s S The
. The cofmuni cati on channel between transmtter

androcessirigas theanagsmittgrang redsiienior the base stream and enhancement stream
is described in further detail below.

The rates that may be achieved for users A and B for the TDM scheme in a
SIMO system with a flat fading channel may be expressed as:

P-G,
R, =E{a-log2[l+—iﬂj} , and Eq (9)

2
O,

P
R, =R, +E{(l -a)- log2(1+——G—”—’ﬂ]}=Rb+Re
o

a

The rates that may be achieved for users A and B for the superposition scheme

in a SIMO system with a flat fading channel may be expressed as:



response vector of and a noise variance of s, with s
>s . [0060] For a M SO system the nmultiple antennas
W(Moo’slhmzoss ansmtter may be used to achi eve gr emt'BIS2004/031828
diversity. In particular, the igase stream and
enhancenment stream may be sent on the multi pl e
transmt antennas using a transmt diversity schene,
as degscrilbed( pel owa -R-&G gnal del for users, A and B
in é? ﬁ#go TPy, be gxpf essed as: > &8d Eq (1) E200)
y > vvhere X I's vector gt N transmit synbols sent
from N ant ennas at t he transmtter and are channel

response vecfor respectively; n
and R, arR mﬂ{lsgz (0] Q{ a7 SG"” Rb A&a nd B,
respectivel y andP«y are/jrecei ved synbol s for
users A and B, respectively. 14 The vector x of
transmt synbols is obtained by perform ng spati al

proqﬁssmgram“ ah%oﬂ& SRR Svsteld® Spatial processing
¢ % .

r the M SO systemis

o 531 RG4S B RS GEA tpo oo

sy st 20c 2002204 fohtveo dsedn’s and Be Fo2dr0 ¢V aid MISO sysems) a/E:lnSmitter is
22Ce and 220 for two users A and B., For an N, )

syst ‘éh‘ﬂppﬁd pith frantengss qnd %E?G‘F‘}S‘iiéﬂ eqiipned rithed ﬁ‘éélea%ﬁ‘?fn%a where
rece o d bl t a

NS W‘,’ % (}r E‘u’rnp +1Eb‘?§y1=1‘@ g £H(P}w§2C ;&h V\g M%M§§t§m Noirzdeb@ Mdnsmitter
Sy st Hiobihejuspyd withmsorafitelras 2ddeach of sxqeivgp QZDcvuntl [220d\i3 equipped
anten as and each of..receivers 22

eqU| 4 S %aﬁtwaan%n“r?agn“"f%%&f qu%dbe%w%eﬂowsxgltter 210b and
bl Oclléc% &QQ@JW)E@% gﬁ_ﬂéefkl%éﬂntsé Géct n%%?ﬁram %?Jlg‘ec\%hgﬁcre of o,. The

ransmtter an e Tfent transmtter®
210bcdnﬁmﬁi1c§t1012 Bhannel Betvadds Nranbitte? 2 00b dnd fetdover 280d has a channel
Recei ver 220« i s an enbodi nent of receivers 220a and
220brespon$d Ectop gf B dnd eussesarisnce 20, awith 22fen FI G 2C,
[0063] At transmitter 210x, a TX data processor 310
[0060]  ecei vedor adW® systmp the mpkiple gﬁ@nﬁbaﬁ;fj hg ttpegstifter may be used to
the DarSe ﬁeﬁt@mérgt)} Iﬁrﬂ)glﬁfe{llng ke sst2hm&adeMancement stream may

nmodul ati on synbo
be sent on the multlple transmit antennas using a transmit diversity scheme, as

described below. A signal model for users A and B in MISO system 200b may be

expressed as:

Yo=h,x+n, ,and Eq (11)
T

Yy =h,X+n, ,

where X is a vector of N, transmit symbols sent from N, antennas at the

transmitter;

gj and h: are channel response vectors for users A and B, respectively;
n, and n, are noise observed by users A and B, respectively; and

y, and y, are received symbols for users A and B, respectively.



{s } . TX data processor 310 al so receives, codes,

interl eaves, and nodul ates data for the enhancenent
weooemseodd } and provides a stream of nodul at i POT/US2004/031828

synmbols {s } . The nodul ati omgsynbols are al so

referred to herein as data synbols. A TX spati al

processor 320 perforns spatial processing on the two

dat Bhes‘;m@ol_ eft trapemag S){nst}ls iaeltained by perfarmingsipatied pracessing on the

S and rovi des t of transmt

By DR Do B RSGRe bR HeB e g AR s paiso
andsyBrzﬁlhsﬂ@eﬁbedenaMememmﬁﬁmt he two transmt synbol
streans and {x } , respectlvely, to obtain two
nod Ia , htentransmttedfrom
ant énnas & r ecel ver 22()( t he

00611 '0 ?2?2#3% ; @v’v@an]?ﬁ Fin BhshSBHBRI0G Ba G Busivers

( ROYMR): aB® 42010 twdAbYs Goﬁiﬁlll }3 | par, and(]g,l ¥ RAIVED ysBid) G&BSismitter
the received signals from antennas 35§a and 352b,

r esideagripped yith ntmpes ehd a wseiver saaapipped WétdeN@uennas where

o1 BN o R 25 REPEERD 1 L

1t QarRRitek D16V edu@sd it Gwél aﬁtémﬁ}i BiRDdacs bf Redieerd 22}0eaﬂ@lzzof is
{ } which_are estinmates of 15 the two data synbol

st r dsmeauinped Wih Vg ntenaent by transmitter 210k. An RX

[0062] data PrEaee3sowd O bieuetstat 0% a0 Hfishics 290y aad aafé%'ewer 220x.
decodes the recovered data synbol stream { to obtain

a d“é@@ﬂ@éelb%ls% ig gp sahpdioent of tRuswiien 2 fibonedSo2BFng transmitter
al sg het @3cei nge@ g%ﬂe L§ @?ﬂ?&ilm@rﬁ%f &%&99@ 52%25@(1 20p in FIG.

recovere data sy stream to obtain a
enh%amdmmtlvm?%)amq&quﬁﬂwécpr ocessing units at

transm At d ' r [

[0063] further (1tF e ]I%[% oW, ﬁ%@%"g?{o&%ﬁﬁﬂﬁ r§?e2x§: %’3 dQS g“t%‘geﬁves and
di r ;edulitbedaBper thicibade strbarh [{d)) Sl ptcdided 3 ead6t rﬁammnm Eymbols
220k, respectively. Menories 332 and 382 provide
st ofsape TXalatamrogsmnB thaasreegivksdades, irsertbatns, adnhoeduldtasrdata for
330 and 380, respectively. [0066] FIG 4A shows a
bl otk eehianganaent aifeamr{dérmgérmms agfreanxofiapdulaiion snbals {s.}. The

310 and TX s roce sor. 3 wi t hi ansmtter
31 OB Rt NIERISCRIE 1 GREEdD BTN Afai SOUER. 4 Fod X spatial
r ecglo¥RSorand pedsias st Baressbonam fad datd Synibdl Btreams {s,} and
accordance with a selected coding schenme to provide

codes, pirdtipléxes @Xpitg lsanols] aad grovides tvag@@isrof 4daanit Smbols {x,}
descri bed bel ow. The encodi ng i ncreases the

r el amdb{A,} t yIredsntifer whits {TMARN SA2% snd B22bTieeciwe hrel pwdess the two
codi ng schenme may include a convol utional code, a

t ur BESEH gEmbel s@pggps {x,} and {x,}, respectively, to obtain two modulated signals,

which are then transmitted from antennas 324a and 324b.

[0064] At receiver 220x, the two modulated signals transmitted by transmitter 210x are
received by antennas 352a and 352b. Receiver units (RCVR) 354a and 354b
condition, digitize, and process the received signals from antennas 352a and 352b,
respectively, and provide two streams of received symbols {y;} and {y,}. An RX
spatial processor 360 then processes the two received symbol streams {y,} and {y,}

to obtain two recovered data symbol streams {$,} and {§,}, which are estimates of



code, a block code, or a conbination thereof. A
channel interleaver 414a interleaves (i.e., reorders)

w0 b@sosmes bi ts from encoder 412a based on a pap¢T/U81084/031828

[0065]

[0066]

[0067]

i nterl eaving schenme. The intagsl eaving provides tine,
frequency, and/or spatial diversity for the code bits.
A nodul ator 416a then nodul ates (i.e., synbol maps)

t hehg Araedate symbpl geams fsmander |sentvtor trappmifter 210x. An RX data
accor danc ith e or, nor.e nodul.ati on schenes t
o GO ICETP e AEBIEc AR h ot symbo
achi dizhy qr j 5Nt [
FoTRRHT Y bl Ml 4D S5k Sobin SN 0L AL 9

eacdamBdiates, Rleldriéaved] MR dRodes ARITRICEVerdPHME syAbol &trBfh NG} to
in a signal constellation for the selected nodul ation

SChih a MRIHEPEBENAHER sRERY (ASS The PrdceRNgQfnitERCnShiteN210x

synbols (i.e., data synbols), where each data synbo
i s aad caeniybre220x ateudescribbdinefimdleed detgi] beloannel

i nterl eavi d lation ma e perforned each .
at o pLonsteot B Beet Pe B Brfrinier 200 S7F feccver
enrp2og eedpattively. eMemdatsa320and 382 moded styagea forgiiog@amrcodes and
412 i nferl eaved a .channel jnterleaver 414b, and

may} @dJS?(_%bmHP‘iﬁrf 5 Sgrdfireret Yodul ator 416b. The

codi NgFIGN4 L Sh&AY 4 Blbck ARgrafPeitdpdrhydihé QFaX 844 Piob&sor 310
enhancenent stream may be the sane or different tfrom

t hodd TRowatia] erasssser L0vativn transmitiee 219%: A ghip dp¢ datsprocessor 310,
U r anSAtGRt QE&;@%E&@ Sndl 8565 'éﬁbie%sp W %Jug 3%’% NRAPSLIREL with a

st ream may emul t1 pl exe to twol subst reans

f Orsefebted tofing §chBrEdtd provitle BatR Bits Ea@exerdplarysdebigh faamtsiRy 412a
be coded, jnterleaved, and nodul at ed Yo

1 . separ at el o
t halt desqEbed Rrlops Fhe Gﬁ@@fn@dﬂg"'ﬁ&%ﬂhﬁéel}*’i}ﬁﬁ% Pgﬁ’ﬁl‘%i? transmission.
r ecnl\éeser%aemg&iﬁ%esdh%@ hﬁg hincludiaSconPolMnaPEsdeNa tubd¢dde, a CRC
4A for simplicity. [0068] FIG 4 shows a bl ock diagram

of @dpartdedkeiode o agomhinakan theyaedo| Aichannel|interieayerct14a psrleaves
whi f ; . .
: nI(EF'G%ﬁ%pﬁ éh'esg e lﬂﬁf fréith Qng{deg BERO6IsS %ljr%a?a?@&iﬂﬁ‘]lg@rleawng

. ncoder 12x Includes two constituent
corseldme | Theaintasieadnie proxiizs timadfredizhcy, and/ordgpatial diversity for the

i nt ' .

e B0 B ek rihafracR Ao Rl b BE e, SMEY riBd e BMRepved date

basfeors int@kaven @ 1 4mnin ancedannd with psaen more avdolatianschemestth peovide
tigcul. i | i. . [ 0069 .

Co atdiiah VB e ASRAHER sy e RhisvehRL LR HRing s of B

bi tisiteflelvedbitsto dorim Bt biranps vdlidscwkere Biel aind (Prmappihgsach B-bit

first par Simlarl nst i

ity bits %g : , . C t.uent
endBRReY Valuolp § EVER! §il'é\"r18’rér¥’88’(ﬂé‘_§gts‘r$8gli RpuFIABER Gy e pelected
bi tifodultioh Getidthel METulRG\AEBa ARAII8 b Btréhm of modulation symbols (i.e.,
data symbols), where each data symbol is a complex value. The encoding, channel
interleaving, and modulation may be performed on each data packet for the base

stream.

The enhancement stream data {d,} is coded by an encoder 412b, interleaved by

a channel interleaver 414b, and mapped to modulation symbols by a modulator 416b.
The coding, interleaving, and modulation schemes for the enhancement stream may be
the same or different from those for the base stream. To facilitate certain transmission

schemes described below, the enhancement stream may be demultiplexed into two



second constituent code and provi des second parity
bits {c } . Constituent encoders 452a and 452b may

WO oot two recursive systemati c constit uenPCT/US®S4/031828

.~ [0068]

[0069]

[0070]

[0071]

[0072]

with code rates of R and R, jgespectively, where R

may or may not be equal to Miltiplexer 456 receives

and multiplexes the data bits { } , which are al so
dencletagsubigirepms for the o frpgsatit atanpesy Bachgatacsupstesgm may be coded,
encqfRflesdod dand® Rl Ny P by R b9 {fatal sdbsf b
enco e_r,ea‘52b nan pr ov??ggé?t hg code bits ?c‘% fgrgstﬁgéns r.mily ©
bas dndividealin reoveneth y theiressives t Fusamotihews auileg 4Ador simplicity.
typi cal pakf d n %p a t [ .
267 EIGPLTelRs WeR 8t o0 SRR Rl s comiuioa
enc calerder & he whichpeay bé ued dodech whgnaldes 4b2a arsletll 2arinl FIG. 4A.
this.is. wthin e scope of the invention, eqv

e Toiet ) S e b N6 Bilent PR £%ha Bof Eh20.  coue
f or ihfefledvars454s A mMuitiptexen{MUKE #E61t Csde meerteavieD 974l interleaves the
O hey exempl ar esjgns for encoders 412, channel .
Tt QBN dn e VS I £F O PR SRty fbigancs with a
CoNMMM H1aR SRl IMEGkaRing Virkhenal U. S. Patent Application
Serial No. 60/421,309, entitled "M MO WAN System "

filed ofomtitusbbencder 4520 2¢ce{veO R] enviotési the Thdadpiat {dal with a first
processor 320, a TX transmt diversity/spatia

: I
mul tSOBFEYGIR godering/peRyides fisstarasiby bl i fp epifilatiy, copsiitweaf encoder

D 06 B9 SR ML i b B 6 Ry g win

tr angednd candtiubnfSode And Proidés SEbRT PRy 1% {&},?0 bCotifuektBacoders
spatial processing on the data synbols {s for the

enhatiee amh452bt maaimnpdenoknp tvoy fedarsive wystesiyatib @bnssitieat codenwith code
for the transmtl1l7 antennas. For a M.SO system, T

D1 vt B Bt e ARG Jo By af el RPGAAR o R Miffplexer
Pr 0Cg%Shddtlel hd AukipRREhS dsth VRS §)L, Ywhih B8 Blso @énoted as {c,,}, the
descri bed below. For a M MO system TX Div/SM

pr ocfsts parisy 420 A cqhdrehz Ghcazian 45k, fabd the pabhdlparity bits {c,,} from
processing for a transmt diversity schene, a spatia

mul tenpbdexi4hzh smhprowiden thesmde bits He)y for thahases stream or enhancement

schenme. The spati.al processing by TX Di v/ SM processors
420257548 Abotpding laaggﬂ?waf%megdd&% BERGL 2R Tnbi ner
440 receiyesB ms%r@éeﬁxﬁﬁr}l 8&idnV¥or dAebdes UOSRdr 3% of encoder
for the base streamw th the two synbol substreans for

t he waalncenised and thisanvithin distsapns afffee invgation-aMopsoyer, the same or
isy MO ferehttHREBE énczcll]érs A6 dsed for tHfYAR AREMAAE erﬁﬁ){%egnent stream.

npl enment a TDM schene,” a superposition schene,
sone ot Klrer sexampary desigtss foal engodtes di2.belehnnel weerigavers 414, and

bel oy dJP LARNSH eSHB0Pin SE MNeded brodsfonal US. Patent

prowoeuT Stlﬁgﬁsm tter uﬁ?tsomy gr{ %)m sional L.s. tafen
Application Serial No. 60/421,309, entitled “MIMO WLAN System,” filed on
October 25, 2002.

Within TX spatial processor 320, a TX transmit diversity/spatial multiplexing

N

(Div/SM) processor 420a performs spatial processing on the data symbols {s,} for the

base stream and provides two symbol substreams for the two transmit antennas. A TX

Div/SM processor 420b performs spatial processing on the data symbols {s,} for the

enhancement stream and provides two symbol substreams for the two transmit



322a and 322b, respectively. [0073] Referring back to
FIG 2C, a signal nodel for users A and Bin M MO

wey®ses0200c may be expressed as: y = + n , aneCEYS10d)31828

[0073]

[0074]

[0075]

- 6 =x +n, where Hand areyN x N channel . response
matrices for users A and B, respectively, and all
other terns are as defined above. [0074] The channel

r esHUeTERs: nfor aiMISQ gysteme FXPiSM Propessereidedanng 43Pb perform spatial

el eplpdsSing B alth8s &P ARERNy ShaRBSk daRtP& RESWeEs LABN0%ystem,
the N transmt antennas and each of the user's N

r ec EXVRIV/SM pregessors #R@ #ns| 426hicary Perésey sppial procassgignfesa transmit
t hag: (1 ] i X i .1

Focdivirbdy icemE ARG RRORL.HRERS of siric SRELRariibBf scheme.
t haThe dpetial prmcessmgihey TPaPivESM @socessorsH@ONamstioh éd degeribed in detail
for ﬁg\gh A g&rﬁﬁl}{ﬁ%l %@r%%%s laid Ig(gﬁ‘@llest Re Q\P(? ’Syx{'ﬂg)oqggllsu%%sbgor the

M System a anne ormed tor’ each user
t hebdse stnmm witlethe swiNsymtah subistreaanst fenthe sntancknienagtreameo obtain the

N recej ve antenpnas. Th hannel .i.s ¢ osed of N
s pabfeaanE R AEPe, STspet BN o N Carptier 94 Bapppfement a TOM
Sysgcﬁ%&gr&tu?grgys'i&% sbﬁ%e?&es%nﬁ%rtﬁe? EJIBHE,%G &s #so described in detail

i ncrease sm ssi on capacity and/or greater

r el beldw.| iThy Jransinit dymbbll stirams i, } ahdr{ng| & arovided itd iraresthitied units
[0076] The Itiple transmt antennas and nultiple

recest én%ﬁ%ﬁﬁé%“w?l*he M MO system may be used to

SUpPPOTr tReY@Hih® bk IO &G AC, ArsePmbAg FHGREFDS andB i MIND System
transmt diversity schenme, a spatial multiplexing
scheifis may beiexprgisst 2% r ansmi ssi on schene, and a

per-antenna transmn ssi on schene. These spati al

progessing, gchepgs are described below. A Transmit  gq(17)
Di versity [0077] For the transnit diversity schene,

each data synbol is redundantly sent fromnultiple
tragswif, @phennas to achieve greater reliability. The
tramémt diversity scheme is generally nore robust

than ot her spatial processing schenmes in terns of

err @herdr Hbadndl Ht,Yare N,x N, channel response matrices for users A and B,

respectively, and all other terms are as defined above.

The channel response matrix H for each user includes N, x N, elements for the
complex channel gains between each of the N, transmit antennas and each of the
user’s N, receive antennas. The following description assumes that (1) the channel
response matrix is known at the receiver and (2) the channel gains are normalized
such that the sum of the variances of the N, channel gains for each receive antenna is

equal to one.

For a MIMO system, a MIMO channel is formed for each user by the
transmitter’s N, transmit antennas and that user’s N, receive antennas. The MIMO
channel is composed of N spatial channels, where N; < min {N,, N.}. The MIMO

system can provide improved performance (e.g., increased transmission capacity

and/or greater reliability) if the N, spatial channels are utilized.



[0078] FIG 5A shows a bl ock diagramof a transm't
diversity processor 510, which inplenents a space-tine

wo e@s®s08s di versity (STTD) schene. Transnit di R€r/B51094/031828

[0076)

[0077]

[0078]

[0079]

[0080]

processor 510 may be used for1dX D v/ SM processor 420a
and/or TX Div/SM processor 420b in FIG 4A. Transmt

di versity processor 510 may al so be used for M SQ and

M MO syBicemsl np{eo'samﬂmtmww i Asiiple Ficves @pteynas in The MIMO

Pr 0GR maylfe uSedd @MW) R' el (:F%i*ﬁ}' Yoceskih r&%@ﬂné’se%ld
andg}gerrulntla?pl e>1<1es t he ta sy n‘so t)rf)eoa:m s , —

may BRSTR Aiversdy [setemes fy @aﬁalomulthn@xwa w&h@%ﬁm slrﬁmlaretammlsswn
i nt geefe, dat éap ya‘im:ﬁha §5’rﬁ§ﬁ§s§>ﬂr§éhe{1§e }TRAE shatial B cessm¥ schemes

spacet | ne enco en perforns STTD encodi ng o
theate\dssoybbdsbql@arrs and [s ] and provides two STTD
encoded synbol substreans [s[] and {s' } . The data

symol flanediPivdrsit Provi ded at the synbol rate, the

t wo data—sy'm—m%étreams {s,} and {s } are provided

at bhal fFdrhke symshid (gﬂ'ﬁﬁl@ schértle,tdach Sgtﬂ' d@yﬁ'ﬁ@laﬁ eﬁﬂuﬁ%z?)‘fﬂlsb|sent from
subst ns an Je provide tt S ol. .. .
rat 84 [Pg?) {““LFLQ E)tgrf’&g V%%“?%F\} Tpkab alﬂ‘f o—fli‘ﬁsﬁmﬁ‘sl‘f“t diversity
SeV dhdne e Y enerdfi)r mér @obU¥P @fdh rgRHE spatRIProebsip Gehemek B terms of
data sy nbol substreans (.S} and [s are provided to a

"F?Frﬂﬁ? babilityn| t i pl exer s (Mux) 528a and 528b,

respectyglsn shthe Shibat &ﬁgrﬁ?n' & AlrSRniedifnas ﬂB@es&M@"i@' which
period by a delay unit 522b, inverted and conjugated

by &mplements agspagmme rteppsrgis glivessity (STTD)njshemeyf Transmit diversity
T el
g RY Ut PR el
u n| prasgsdor 4200 ip Hﬁl 4ed Trapsmit givetsity ipngngsson d 1 (hmky ialsb dg eised for
528 I pl exers 528a and 528b19 toggl es
R R

bet we i nputs at the synbol rate and
pr ovi deW1thmrtﬂmpmn divesitEprddessoc Hide dexylmbplexaubsmme)ad’m receives

Lgf)?l%ﬁeﬁﬁlﬁflélg%ﬁ e iya%tol SHSPHT (g s ey el ﬁxzﬁyaagssrgam or
o ot R HRSE S 3P Shio 300 dofy syt B ARG SR 6l PR Space-

(S* tinre eficodes S20NBEPLperfofms Sﬁﬂﬂ@h&)ﬂlﬂghﬂ’m'sﬁb’streams {Sl} and {s,}
conjugate. Synmbol pair (S, S) is sent fromthe two

tr aa&hpmwslm tevor ST cncbdh‘zd SB'mbeltsubglrc’ﬂmk {peend (b, } afibe data symbol

synbol pair (S, in the second sgs
per @M fgris @wééeﬂ@ﬁﬂ@évmpqlzyte EhﬁéWOélé'tad‘mG‘{lISP n[egng {s,} and

veotsh 5 pae a'hele g SineS) el B e B T e pubstreams
Sy ”t{Ql B aftf Es‘zPQre provided at the symbol rate.

The STTD encoding may be performed in several ways. For the embodiment

shown in FIG. 5A, the data symbol substreams {s;} and {s,} are provided to a “0”

input of multiplexers (Mux) 528a and 528b, respectively. The substream {s,} is also

delayed one symbol period by a delay unit 522b, inverted and conjugated by a unit

526, and provided to a “1” input of multiplexer 528b. The substream {s,} is also

delayed one symbol period by a delay unit 522a, conjugated by a unit 524, and
provided to the “1” input of multiplexer 528a. Each of multiplexers 528a and 528b



For exanple, if the data synbol streamis given as {s}

=s s ss S..., then the data synbol substreans are s
WG 2005038881 {s }=s s S ..., and the STTD encodepCEHYs1»04/031828
substreans are s s s Ss ... god /S \ -- S- S* S -

[0081]

[0082]

[0083]

S * S- S* - [0082] If areceiver is equipped with a
gg)l e receive antenna ‘ﬁ),g._g., for receivers 220c and ]
gelss m:tgge@ytgq dn ard 9y inputsjatthe zgpboltrﬁ@@ng REovides a respective
recgwg@ SR YrshdiBubsR&nExPressed as: y(\) = AS + AS +
n(l) , and Eq (13) y(2) h - h s +n(2) , where y(l) and
y(2) arkorithoemisgignent dhayminofIS. 54y farwechcpaiseftdatd syenbols (s, s,)
synbol, periqds; A and A are the channel gains fromthe

t vvo“tCPlé{?f%Pr‘i‘f edioclihaymbel subairqams iy eandnisen BacewmecTRcoder 520

PRV Spolpss (or ) (W e BN Wirdte o r BoERyad denots
Sy nﬁfé'cﬁnﬂﬂfe&%on@ﬁ%té’ d%}rlx bol ﬁﬁlpﬁ:’:‘r‘%%/ %l sént fﬁ[ Q;ﬁﬁéle Hﬁlsmlt antennas in

recei ver Ve es €es O

t r ageMirkilspRbélafefod ¥AP ol Pai 557) is&entfift keQé&ond symbol period.
J>(1|—V(2)?1?Alq;fl* ! gyn% § gg_)y(l)+hy\2) zn}(qln) 3
(2) Fbi+Biuativd 8te(12)) dheSvéUtcﬁ e@}&:mitvzqg ioftrahdngitteth i the first symbol
synbols and s , respectlvely [0084] If a receiver is
equipppel and the veatot ixtP)e= seegi'vée wansmittedsn (tee gecpnd eymbol period.

receivers 22Qe L
For example, if the data symbol stream is given as {s}=s, s, s, 5, S5 S ..., then the

data symbol substreams are {s;}=s, 5, 5;... and {s,}=s, 5, S;..., and the STTD
encoded  symbol substreams  are {s]}=s, S, S5 S, S5 5 ... and
’ * * *
{3} =5, -5 S, -8; S5 -S5....
If a receiver is equipped with a single receive antenna (e.g., for receivers 220c

and 220d in MISO system 200b in FIG. 2B), then the received symbols may be

expressed as:
y)=hs, +h,s, +n(l) , and Eq (13)
¥(2)=hs; —hys{ +n(2) ,

where y(1) and y(2) are two received symbols for two consecutive symbol
periods;
h and h, are the channel gains from the two transmit antennas to the receive
antenna, which are assumed to be constant over the 2-symbol period; and
n(l) and n(2) are the noise for the two Treceived symbols y(1) and y(2),
respectively.

The receiver may then derive estimates of the two transmitted data symbols,

s, and s, , as follows:

_hl}’(l) hzy (2) =g +M and Eq (14)
T REriRE T RE B




and 220F in M MO system 200c in FIG 2C), then the
recei ved synbols may be expressed as: (1)= Hx(Il) =

wh2@5/0320855 + n(l) , and Eq () y(2) = Hx(2) =PeT/#S1(£)31828

[0084]

[0085]

[0086]

, Where y(lI) and y(2) are recy® ved vectors for two
consecutive synbol periods, wth each vector including
two received synbols for two receive antennas; h and h
are vebi)iﬁl')s“hof(%h%nnéﬂ{n(ga-lms( or transmt antennas 1
and*2; [ﬁ;ﬁpq@ztﬁvélf/ (||h1q§+,|1,1|—]2— [li h]), with each
vector includi ng two channel gains fromthe transmt
antenna to the two receive antennas; and n(l) and n(2)
ar ewhore sSeandedst ase estifngtes phthe ri@te eymleads serndo, sremept}veh/h d

y(2) especti.vel e receiver c
st b8GRS Sadlipe PP s RRE A B ar ) Tt iyers 2200
as &l bapssn MIMO! system2002)il FBG=2C); then theTedeived-symbols may be
and Eq (16) 1lh ||h ]2 h n(l)+ (2)h, lit, + h 2

| | he¥res§ds586] STTD i's described in further detail by
S M Alanouti in a paper entitled "A Sinple Transmt

Di ve§ Etix@echsi Ang, fag) W rgldess Communi cat i ons, "E‘ig&?
Journal on Selected Areas in Conmunications, Vol

No. 8, Cctober 1998, pgs. 1451-1458. STTD is al so
desg(j)bﬁgdzmﬂg@._ga]’csg(z)AppI i cation Serial No.

09/ 737,602, entitled "Method and System for |ncreased
Bandwi dth Efficiency in Multiple Input - Miltiple

Qut p'ht:reChan nghsand ¥(2) ext ré@ivgd vyetdrs fR0BD, colkeButiveaymbael periods,
Application Serial No.21 10/179,439, entit]ed

"Di with saqhweqtpamslmilgs IemTengieRdsymbels EATNVIED GREIVE antennas

OB 8 SR S P a4 S Rt AR L3R 5 Acuver
Ser (i@, ﬁb-[h69/ ?‘%ﬂ?@&h Rbtor chldﬁtﬁgctkifoa@hﬁn&? ghﬂ@ %@nlt e transmit
t he assignee of the present applicati on.

Tr amsgennh talthe ewsrecgivermenmbs ende i npl enent ed in ot her

mann for ex el a di ver
For B0) 3 BLD 7S heiteveFG1S Bb o HEED Y B ECERRcimssvely
The receiver can derive estimates of the two transmitted data symbols, s, and

s, , as follows:

b'yD-y"@h, ___h'n®)-n"@h,

5= 1
Iy 17+ hy P I, I+, |

, and ' Eq (16)

; b, y)+y” (2)h, s +1_n§’g(1)+g”(2)91
T R TN T

STTD is described in further detail by S.M. Alamouti in a paper entitled “A
Simple Transmit Diversity Technique for Wireless Communications,” IEEE Journal
on Selected Areas in Communications, Vol. 16, No. 8, October 1998, pgs. 1451-1458.
STTD is also described in U.S. Patent Application Serial No. 09/737,602, entitled
“Method and System for Increased Bandwidth Efficiency in Multiple Input - Multiple
Output Channels,” filed January 5, 2001, U.S. Patent Application Serial No.



transmt diversity is inplemented with the STTD schene
shown in FIG 5A B. Spatial Miltiplexing [0088] For a

wa@e pasiado3srul ti pl exi ng schenme, each data synbol PCBUSEN1/031828

[0087]

[0088]

[0089]

[0090]

[0091]

once, and different data synbghs are sent from
multiple transmt antennas using the N spati al
channels to achi eve Igreater capacity. The spatl al

mul 1PRIF243%hg cattedne “Tewarsity p |Téaé’IS’|n§FSl§E hiMedes hifghe MIYE} 5 OFDM

rat Q,%Iﬂnlﬂﬁ‘ﬁbai%m ggstectﬂat fRY JBhO 88 SRI0P JarICthE Hﬁﬁerﬁ&lﬁloﬁ’ed prov1310na1
gi ven SNR. 5B shows a bl ock di agram of

spaty-& Pmnttffxmh@aaqngswb&s&@mmw %pﬁﬁvhil Fféni’éﬁg%ed to the

£ g%g)lgzgf%l al nmul tiplexing schene.
Spat|5@$1 nugﬁEtHE {gee;(ll 1processor 530 may be used for TX
Di v/ SM Prapgeit slmermaaamnm de imgleienfe§Nn pothes epanmers4Qb as, for

in F 0

o EESm R A 18 St B AR pon ssmes
r ec eavenst dimetsideinihpleptesdesith the STADaschapmdshbws i BG5S AS]

into tvvo data synbol substreanms } and [s . The synbol

sub Mﬁn re designated for transm ssion
from tr s 324a and 324b, respectively.
The sanmeorf spdiidl fnfll @ éxif@iBEmEBMc@atd §8Ebol &F sehh\éhck W different

synbol substreans {s,} and [s } . [0090] Due to )
scatdetersymbols aret sgut b transmitcantennas usinglthe fNyospatal ghannels

symbol substreans and | t fr the t transmt
ant O ASESYS, BFEAE SaRACHy + (1 hg EthabiPley e, Sehems, & BptGlly achieve
Eac higheedisdtates @fin dﬁkﬁspaﬁﬂ‘@aiceﬁmgswmmrs gheasNred by

h receive antennas_ 352a ang§352b belt at

bot
di ffereﬁ{ -t oS @edock fipgmma e SPaEalRuIGplegg Praggssor 530, which

I eCinyRheRtY AR embsdimeRABY the/sphtid RehidiplexiflCIHERS Spatial multiplexing
conmponent of each of the two transmtted data synbol

subPracessat SP& mavdbq ysed fopg54 |DiniSM graspsser 428acgnd/or TX Div/SM
var 'p%é%ssgf QQ@OS%II 4Gt Q%h ROy %M@ysﬁﬁrryse\ﬁltﬁlﬁ s?)'éﬁ)aﬁ Chaltiplexing
the'two recelved Sy streans ecover

t he prcmsspr %ﬁ@smimlémplm é%gﬁn@ms as@u bgmrledn@S{d@ datazgythbdl stream

sor 07 et R RGBSR PR SL Tt BB o and
Chan{@%' b 'dE SR for "B dstntssioRY BER 95&%&1& Qﬁ%aas 324a and 324b,

techn’que), a m ni num mean square error
t echespeptizelyan TibvSfanlel ne aliffeeptatatez emay lWISEsekiE)"or the two symbol

technj q deci si on feedback equalizer (DFE)
tecﬁH‘?S&ﬁﬁns{é’ﬁd’ng {E:zhccessi ve equal i zation and

interf ebﬁ@fbescﬁéﬁﬁg ol AL EBménbidn ERGRA! GG cﬂi@synﬁ)gl substreams

zer o- fOfCIﬂg tec Il que attenpts to decorrel ate
i ndi{y,i} cndl{s,} sent from the two transmit antennas interfere with each other at receiver

220x. Each transmitted data symbol substream is received by both receive antennas
352a and 352b, albeit at different amplitudes and phases. Each of the two received
symbol streams {y,} and {y,} includes a component of each of the two transmitted
data symbol substreams {s,} and {s,}.

At receiver 220x, various processing techniques may be used to process the two
received symbol streams {y,} and {y,} to recover the two transmitted data symbol
substreams {s,} and {s,}. These receiver processing' techniques include a zero-

forcing technique (which is also referred to as a channel correlation matrix inversion



transmtted data synbol substreans to renove
interference fromthe other data synbol substream The

WOonBEs®eNNi que attenpts to naxim ze the SNR OPCHESIN04/031828

[0092]

[0093]

[0094]

recovered data synmbol substreapnin the presence of
noi se plus interference fromthe other data synbol
substream These receiver processing techniques are

des P CHE Y technigue).a mipimuy, Mearpsguare erpgs (MMSE) tsphndgie; ap MMSE
lﬁgz{rggfhag&¥ h@ﬂ}fS!Etil-% tec%ihﬁé P4 CaetifofS ?ee%ﬂcf(' E’du‘ﬁhzer (DFE)

I nput Mul tpu Comuni cati on Syst

fil é@hNQvfenb@i 6, sug@esive &n@all@t@n Pad einterfapspéd cpancrelimtlon (SIC)

Ser i Ig 4 y o] ar

For ‘GRS nabEitind UchbafE 7R HRCorPhP i davicua

Cormnansrmaed data Syobsubsirdains tureBept tdoerendSfrod (ﬂ&]gthdn dath symbol

appithten i T1E 3DUSE Cphint AR BT ey 8 hrmcovera
[ npldamymedl substmﬂnen tieppreen:. ofﬁmrse @iumhteﬂertagce ftdme the other data

f ol escri i on assunes t hat ati a

ol TP AR RO RERe g HePass drsdsserited pdetail in
i n RS phéht ApplidiiosSeSpars. 809/@3@8&‘8&#1{131 SuhBiPRS A RO Bultiple-
The circul ar. transn ssion_ schene praovi

continrpAMY Pl OuiRuA AHMO) &%?‘&‘W%%St%‘&atﬁﬁ% November 6, 2001,

Mul th@ e Migent XBﬁhééhérF Séri’di Nol 89/556, 548, eRtitR@ *818hod and Apparatus
multiplies the data s streans wth a transmt

basifer HalizinsChannel Sae if:fﬁm@mn wee MGreless Comangieption System,” filed
Sym@t)l%mb@rslg Oido@v‘@oth‘d\fq—@hlch Fa‘?e Qgs@nemg rtﬁe Ms‘ngﬁe@%f (tﬁ_é/ present
N} transmit ‘basis matrix, whi I'S aunitary matri

and applicstiem {N } di agonal mat r| x The di agonal mat r| X

L cont aj .

Zer os eS %al\irﬁlglpgle gmayaﬁégg 1rg¢1§rg%1rt]% i ome?glg&?érs %‘ij simplicity,
det ehenfoﬂiewtdgeiemum apfiimty thatsspatial povlgpleting issimplamenteddevith the
base earrt1 nd enﬁeng% ment stream [0094] The

trarf lmﬁg al | ows each data synbol stream

to be sent from all transmt antennas and further

al | s OkleeriSphtial sing Sdeatest ransmt antenna to be2

3 used for data transm ssion. The transnmt basis o
matri x MGEfcule tgasmipken jcheapioyidss AwAmbination ofifragsmit diversity
for g% @ﬁmkl%ul%lgxing. The circular transmission scheme multiplies the data symbol

streams with a transmit basis matrix M to obtain the vector x of transmit symbols, as

follows:
=MAs . Eq (17)
where M isan {N, x N, } transmit basis matrix, which is a unitary matrix; and

A isan {N, x N, } diagonal matrix.

The diagonal matrix A contains Ja-P and (1-a)-P along the diagonal and
zeros everywhere else. These diagonal entries determine the amount of transmit
power to use for the base stream and enhancement stream.

The transmit basis matrix M allows each data symbol stream to be sent from all

Nr transmit antennas and further allows the full power of each transmit antenna to be



- W, where Wis a Wal sh-Hadamard matrix; or M= - |
where Qis a discrete Fourier transform (DFT) matri x.

WO 09632085 r ecei ver can recover the transnittedPCEUS2004/031828

[0095]

[0096]

[0097]

[0098]

[0099]

synbols as follows: , Eq (18)y3here is the effective
channel response matrix, whichis = H, is the
correlation matrix of , whichis =, and is the _
posseg dercdatas wahsmisision. The G@eymitThasisahatay IMrmay bsdefingd inpyarious
schene is a]kso referrled to as a rate adaptive

t r aMEPRLSTEN S N EREP She circul ar transmi ssion scheme

for a single-carrier conmunication systemis descri bed

ser) %%ﬁ@?}%g%%%e FaRb bR Rt Aapt vl

Transmi'ssi on Schene for M MO Systens,"” filed February
14, 2003. [0097] For the per-antenna transm ssion
schene, the base streamis _sent fromone transmt

ant &% HW\Q > thhgredd i Aiserets frourqr drapstpran Q) matsm

anot herV'tfansnmt antenna. The per-antenna transm ssion
schenme may be viewed as one formof the spati al

mul ti pl2xdchierS@h edtBver Wrarasthitted il &R asdallowssynbol s
sent fromnultiple transmt antennas are for different

streanms, [0098] QO her spati al ro;&ssi ng schenmes nmay
al s@=he Ryl eyedt R, Ha(#@IMAs $n)sswitt hi n t he scopeEef18)
the invention. 5. Hierarchical Coding Configurations
[0099] The use of nultiple transmt antennas and/or
mul whedee r eddj,\iethgretfestiva shanndvegpessevaativo wdhiags Hhns HMr,
hi erarchi cal coding of the base stream and enhancenent
st r ®gymis the corestativp nerizt ¢ obvlhwimggﬂop[jﬁﬁj?,ané
avai l'abl e for hierarchical coding with nmultiple

t r amsividte pstoceasd anide.mul t | pl e receive antennas: 24 1.
The base strezi\m and enhancenent, stream may be sent

Wi th TﬂheoFlr%eF'ﬂﬁgﬁlslsiOanc eme is also referred to as a rate adaptive
transmission scheme. The circular transmission scheme for a single-carrier

communication system is described in detail in commonly assigned U.S. Patent
Application Serial No. 10/367,234, entitled “Rate Adaptive Transmission Scheme for
MIMO Systems,” filed February 14, 2003.

For the per-antenna transmission scheme, the base stream is sent from one
transmit antenna and the enhancement stream is sent from another transmit antenna.
The per-antenna transmission scheme may be viewed as one form of the spatial
multiplexing scheme, where the different data symbols sent from multiple transmit
antennas are for different streams.

Other spatial processing schemes may also be implemented, and this is within

the scope of the invention.

5. Hierarchical Coding Configurations

The use of multiple transmit antennas and/or multiple receive antennas provides
various options for hierarchical coding of the base stream and enhancement stream.
For example, the following options are available for hierarchical coding with multiple

transmit antennas and multiple receive antennas:



2 . The base stream may be sent with transmt
diversity or spatial nmultiplexing;, and 3. The

wenlvansg®eent stream may be sent with transmt POCWESB04/§31828

[00100]

[00101]

or spatial nultiplexing. [00190] Each of the three
options |isted above may be made i ndependently. Since
there are at | east two possible choices for each of
t hede tTheebasgpstresns andt enhanpement| giFgamyimadyebengent with TDM or
congj g@gg?&pns are possible for these three options.
a he? ¢on i durations not based on these three options
ar e2al Skhepassitieire may¥ be sénoivith whnsgnisdiversityca spatig Lmaliplermg; and
are_described in further detail below . TDM- .
t r afsmi kheqpPRipesment citeap) mayr bpoteRt Stihe fARsmib diversijy or spatial
trapafiplexffigver sity for the base streamand spati al
multiplexing (SM for the enhancenent stream .
Super pasich bPhe thrbd SRRDAL listed MRVS bay bt Madb HdepenliERH ™ incd there
: Supergosn tion - transmt diversity for the basé. _
st r &amt st teppessikle ahpices for each afthessythiep epleans aat deapteaight different
oty . by ' : ; ;
Dot 1 LBy Quor IREBRRDIc b Hese (REE0NTRs "Dkt Rk Al ot based on
wi t theset thré&iVioptions uarerglses possibte. akhg folloPang- saver rooafigusations are
bot Q?Sﬁltﬂge%el\ .rthgp&ft%lgb%[o%i ons 6 and 7 are not based on

es

t he ree options Cri'bed above. For each of the
configurations with s .position, the receiver for

useﬁ' BW()‘\%@P@“‘B%?I"VS&@@&@@O& %%’5??}5’ The receiver for
usep A FEQUEISmi AR eRAP Sorthd BRTt&ER] AliPdpesal MHiPISHRY &M) for

it fromthe received signals, and then recovers the
enhtgenhanpement pteeam; A, TDM - Transnit Diversity for

Both Sty eans .[00101] FI.G 6A.sho a bl ock diagram of
2Tk SpuPREps O Rbl s AR Bmhor 1 t ne

confli gWupbrpeditihetr@tdhitt diferfifsRr Hef 88 swdach SIhpatH Mtiplexing
streamare nmultiplexed in tinme and both streans are

t r affs thernBNCEBEN§reatnsni t di versity. TX spati al

proges | ngl & ' ' L.ty processors
510§' aisgl%g%gsg&g{n&ﬁgﬁbggﬁr%%%p%ﬁ%béﬁ égeéﬁ'g’of transmt

di VOr sitrynspfitdiess§fer Bl sreams wiAeh T ob&ipkibditete ahd d
with transmt diversity processor 510 in FIG 25

[ 00102]Perprigmnsifer bfitlyetreams.y processor 510a recei ves and

denmul ti pl exes the data synbols )
Configurations 6 and 7 are not based on the three options described above. For each

of the configurations with superposition, the receiver for user B recovers only the base
stream. The receiver for user A recovers the base stream, estimates and removes it

from the received signals, and then recovers the enhancement stream.

A. TDM - Transmit Diversity for Both Streams

FIG. 6A shows a block diagram of a TX spatial processor 320a, which supports
the configuration whereby the base stream and enhancement stream are multiplexed in
time and both streams are transmitted using transmit diversity. TX spatial processor
320a includes transmit diversity processors 510a and 510b and a combiner 440a.
Each of transmit diversity processors 510a and 510b may be implemented with

transmit diversity processor 510 in FIG. 5A



{s } for the base streaminto two data synbol
substreans {s } and {s } . Transmt diversity
w@emses®es 510a then STTD encodes the substr eapr®T/{IS20p4/031828
and {s } to obtain two STTD ensoded synbol substreans
{s } and {s'" } , which are provided to conbi ner 440a.
rly, transmt diversity processor 510b receives
[00102]and deniﬁlrapmr alvesity Recersete 195 mes6ives 4yl dempulfiplexgp the data symbols

enha{ggegf: b%Eeréél% %%B‘@m%?ﬁxﬁol%ﬂéﬁ%m@{' 3%&92@?} { Fransmit

} and urther STTD encodes thesé" sub eans

to QlWe?s‘ﬁSl pkodRssST510a A &I theSshbstichBRNE i{aild {,, RAlobtain
{s' } , which are also provided to conbiner

[ 001@3]SD kenebded rspinbelr subdeymsa {s)iy| dridpl{€xerwhidDare provided to
recei ves the substreams {s' } and fromtransmt

di vepmbingr 6e.es sHmslariy, 0 franywit Shvassityr @sgsesser valOp, receiyes and
O v SRR T LS GRS, ALBR L EATEBESE ot Bl symbol

contr provi transm

Si msh?sﬁﬂeéﬂ-g ?sélfﬂéi.& '{P eXfd ArAOS TS ElBES thdiE siHiRSHnsG8 BBtain two

m transmt diversi ty processors

510@1&@ efcbdBd syxﬁme@bw&hﬁ {st,} renddisry s iwlichThilet A15Y R&ded to
t hese substreans based on the‘same TEM control, and '

pr ovcooibmet 44@at r ansmt synbol stream{x } . [00104]

[00103]2;31 t7 f&ﬁ@l?ﬁ\/\?mg pﬁsn%ﬁ& di a%p?erxslfﬁﬁ%t rggeé%r DZ{_I rl)gge%ag%soﬁsél} and
320 . . o e .
atr it CEACRIRER Pl RoSeihg sfpa %d}“@*?rfegﬁ@?e%%f Jimegivision

b Qhulfiflexe8 AP GEFRRImS bik@Bn o MTOM vhted nﬁl’(dobrowdes the transmit
deternmines when the data synbols for each of the two

st r esmbolztreany r{a\}u Sevilaly, 2 haltiplexasiiOb reogiviesthe s{lb@}reamsr{fez} and
TDM control has periodicity of T seconds.

Dur i ¥ig} tiiean frangit ﬂaﬁrm%@wae&g%s 310acanh 11804 wmweﬂw éane division

each i.r of, dat f or t stre
Cr amefifbeg e BnSeRES Lot i e, IOV HBP A prgrides he
t wo &ahgﬂlsmboagﬁeaﬂln{a@ in the first synbol peri od
foll owed by synbol pair (s* , - s* ) in the second

[00104)sy ol BE‘M Y shogisa ﬂnamg;ﬂlagmm farghe FBM scheme. hBacht trpasmit symbol
292% pam og n’l?& Wpr?ﬁgtssro? t%%:]g?rgpos d? %Cthn dg%%l?'{rnle)glf 6 ?tfgr the base

sendi,ng ﬁ}fl%gjm Eaf\%xed nﬁ tlF ﬁ%g%ﬁﬁg)lg gl‘)}l 51106 n%nt stream.

ant ennas I n the y sy

pai IThesS'DM contSol)deteﬂnﬁlébewIi@Otﬁél dats ¥yrsdls ﬂ)@ﬁ:ﬁdhd)f&ﬁe two streams are
[00106] At the receiver, the two received signals for
t he rrowdadeasdhe éra&smlbpmggo safg - The TDM control has a periodicity of 7,

' seconds.
[00105] During the time that the base stream is transmitted, each pair of data symbols
s,, and s,, for this stream is transmitted by sending symbol pair (s, s,,) from the
two transmit antennas in the first symbol period followed by symbol pair (s,,, -s,,)

in the second symbol period. Similarly, during the time that the enhancement stream

is transmitted, each pair of data symbols s,, and s,, for this stream is transmitted by
sending symbol pair (s, s,,) from the two transmit antennas in the first symbol

period followed by symbol pair (s,,, -s,,) in the second symbol period.



processed with the appropriate channel response matrix
as described above to recover the data synbols for

whodos/ostoBeans. The maxi numrates for users A apdr/BS1v84031828

[00106]

[00107]

[00108]

[00109]

be expressed as: , and Eq (19 P G where Gis the

overall gain for the M MO channel. For a (2, 2) MM
system G is a chi-squared randomvariable with four

degr eedtdhe Fecswanhatyo Je9pived Bgnalswior thiites rageivepntennas are
ex pﬂr@&%‘%@ “ﬁ&l thec':épprcgna{% Ch%‘lﬁ%l }egpoﬁsé"m%x as E&Hﬁﬁé& a‘%&iee&) I‘CCOVCI‘
diversity 1s achieved for the data transmssion in

( 2,theYatpisymbpaly Sarchoth ftorome.7 [ThE graximpiem TN B¢ megre A %IhieB may be
basg %EJCQQ%TIIS sent a fraction of the tine and at the
rater h it can be received by both users A and

B. The enhancerrent streamis sent the remainder of the

time and Csince it only needs to be
r ecli.wetd g LC I}Fheﬁ verall rates that may be&d(19)
achi eved sers and B for the TDM schene in the
(2, 2) MM system may be expressed as shown in
equation get 3)P ere the rates C and C are
subg“tyE Qggqu : ates C and Q, respectively. B.
TDM - Di v |f or\ Base ream and SM f or Enhancenent
Stream [ 00108] FIG 6B shows a bl ock diagramof a TX

spatjal praocessoy 320b, . whjc supp rts the
con¥RguFat M6 9veR .g@B;fortth%NBME%clew -aht a?n&? M AARER ssigm, G is

St LA a?ed%dohps}aﬁé@g anﬂ f{)drra@greé Bﬁ ﬁ% aerﬂggn'osf two, which

sent using transmt Iversity, € enhancemnen

St ra@yMbes egiradsediSdsNJGSHLRS (], Izrmllhtzllzpwt%llﬁgliam era?oualx order
processor 320b includes transmt diversity processor

510divesgitip aghigyed for ﬁneeimartgmfmé%@s@dhe 33) MINMO sxstemi-ner

440a. [.0010 nsm I Vers] Rr OC

oo vES B I GRR, e ek oot R GTRR R B s gt he
bas@test ) £ad tha it@ah 8k Pecémeu ©T0déh emm Q8d BY M6 lenhancement stream
subst r €4ns } and {s' } , which are provided to

conpise@rthd 4 Raindop f ithd tifi|aind it @b e 101, Qe aBBOt &AP needs to be
recei ves27 and denul ti pl exes the data synbols {s } for
t hereenivedrbyeseri. $he examall nates thatvmayl be achsgyadh &ir uscrbést andBrfor the

4;10@1@2%%? st g MG STGE B BY B oo RN B Spuation s
0
t538(3§lr’le§et66ré S & rat%s C, %,1.. %g&l dél\sﬁ“’}s a%a&%ﬁtgg Tor° ﬁlresliaﬁ 1 Cana%d C,,

SUDSLJEAVTR.

B. TDM - Div for Base Stream and SM for Enhancement Stream

FIG. 6B shows a block diagram of a TX spatial processor 320b, which supports
the configuration whereby the base stream and enhancement stream are multiplexed in
time, the base stream is sent using transmit diversity, and the enhancement stream is
sent using spatial multiplexing. TX spatial processor 320b includes transmit diversity
processor 510, spatial multiplexing processor 530, and combiner 440a.

Transmit diversity processor 510 receives and processes the data symbols {s,}
for the base stream to obtain two STTD encoded symbol substreams {s;,} and {s;,},

which are provided to combiner 440a. Spatial multiplexing processor 530 receives



based on the TDM control, and provides the transmt
synbol stream}. Simlarly, multiplexer 540b receives

wo b@smssdast reans {s' } and {s } from processor spELOSENG031828

[00110]

530, respectively, tinme divisppn nultiplexes these
substreans based on the TDM control, and provides the
transmt synbol stream {x } [00110] For this
conﬁmbmlmﬁces tpedaim Sambols énnforathe lsahaneemenhireaayinistwo data

descrlb bove. e enhance streami s, t ete

{ onanthosu Str&alﬁ%w{ﬁﬁ 3 gHet- o At nprBéldeié glaef 440a.

suc sful t

sl B R R R ?5&5‘@5{%%%68 1S ehbsfEars By an?e fga} from

Syn’BRJc@ssocrs 69]@ ahdf 5)_;0 tr&b&tl%lgfeﬁfﬁk'cﬁv1§16ﬁ“'i'§tnhﬁlg)?eg thdke substreams

sendi ng the synbol pair , S ) fromthe two transmt

ant basedion ithe Tmd ®ytn¢:lodlndgeovldﬂ$ thq @mmj_t] symbolestpeath {x;}. Similarly,

transmt power is used for each data synbol sent with

spaffuliiplexst 2409 fé%‘i‘\‘?ﬁ theysubstasamy {sihetdt e ) FEOR} RIPRESUE élO and

o s A TR b I PR B a5 8 s e o o

for coif®l, ahd p{oeﬁlélﬂ?x} trEmsEnntdyﬁbeFB\aﬂeaﬁr{e /ye, the base

streamis sent a fraction of the time and at the rate

C . TheFashianenfiguration tthe hapeisteate may s drapemigpd aedeseribed above.

t heTt; &gneﬂ{ t%éﬂﬁl {s3h et&l tov;r @gge;fez{ "ﬁlihné e §Itﬁf{‘tand can be
e ac |eved use schene

may rdgevassdpsuessefullnby ﬁh&)\mr i Buengmmeltmrc thattth¢ )haneeimentestream is

theu%%t e C a :JIR?% %r sub ts;‘i: Slg‘}]for t esgfe%ﬁsls%ags%ttcd by

D v Yy t e 31 F

bl o SHoRiES 3% %&ﬂ%@ hicll g ngi%%é%oﬂwskéﬁﬁ"@%%ﬁ fipne symbol

suppesidas the configuration whereby the base stream and

enhancenent stream are superi nposed28 (i conbi ned)
[00111]ang t helf cogpl Harsmit PEWR PSS uéf‘éin@fu?,‘}chg 3t a%@h?lt sent with “spatial

[00112]

[00113]

di vefufipieking ' w3RA | Bbn MeQRAIRAH rAé Q6r thB chiktlEsndnt SRASH hay be
diversity processors 510a and 510b and a conbi ner

440@“”?@@@@4] Transmt diversity processor 510a
recei ves and processes the data synbols {s } for the

base stre oBta STTD encoded synbo
Subszt,,gn?aﬁggszr }isﬁmj} ,, and Eq (20)

where H, is the channel response matrix for user A.
For the TDM scheme, the base stream is sent a fraction of the time and at the

rate C, ;. The enhancement stream is sent the remainder of the time and at the rate
C, - The overall rates that may be achieved for users A and B for the TDM scheme
may be expressed as shown in equation set (3), where the rates C, . and C, ,, are

substituted for the rates C, and C, , respectively.

C. Superposition - Transmit Diversity for Both Streams

FIG. 6C shows a block diagram of a TX spatial processor 320c, which supports

the configuration whereby the base stream and enhancement stream are superimposed



whi ch are provided to conbiner 440b. Simlarly,
transmt diversity processor 510b receives and

weemses®es the data synbols {s } for the enhaneemnesto04/031828
streamto obtain two STTD encggled synbol substreans }
and }, which are also provided to conbi ner 440Db.
[00115] Wthin conbiner 440b, a nmultiplier 542 .
r ecéiev 6embined)pnd theglombined aeagipsert fisna dgnyyipgigersity. TX spatial
SUbSLEQSIP 308C includbd {Pangmﬁgﬁ“’\leh‘ﬁ% prels8fs 310a afl 510blanBlal BMbiner
544 receives and nmultiplies the STTD encoded synbol
sub%4dbeam {s' } with the scaling factor K, a

~amul tiplder 546 receive L pL T

1001141 7 oo ShP S S SV SRS ok B B gymbots ()

and L pld.er . ' d”&ﬁJn’}b' j ST '
encgogé}gguga%/%e:a&sta %gté}%%e%j\sﬁ% ‘}3&\%@% h°t hgpidggtﬁaﬁlg qfv bé%c%;gr {22l
K . whitk ascplovided toaednibiser M40t d Stnithelly etrafistift dite@signprotessor 510b
of transmt powers used for the base stream and )
enhEReXsend RIoGesserthe; ddrpanbolielsy), foffhe palypngsacgbsteamfo obtain

C s ST TR Sender B b BRamh &0 4 i HPED 3P BFBSYided to
is E‘Hﬁbi;‘&?’gbﬂ(g? of)transm’t power used for the base

stream a is the fraction of transmt power
[00115]used f Withihecombiren cfiene mutlidiem54A teeaigeranflrmeltipless b¢ STTD

L CBETAe BOSET kot VoL AR5, R S8 roses
al | ?&(ﬁhﬁu lgesggés:égl; ﬁgg:gﬁg%q%bgﬁsugﬁ&gﬂldsg% (\)ﬂﬁl H&EdafiP factqr K b

factors, A summrer recel ves an
SUITE phigpliek 5 Eeeil ECamahIEpIRk 1R STPH 2néd¥dd 3Abdl Qubstream {s!,}
obtain the transmt synbol stream. A sunmer 552

r eciiti @Sscalifg faebd KNeandud plultipliblr 648 peekivbshndemaltipliés MBABTTD
548 to obtain the transmt synbol stream{x } .29

[ 00&rkbfled symbiol subbteramais],y evithnthé scubing facion K of Thehscaling factors K,
configuration, the conmbining is performed first

f ol psndd Bgteniiee SFETIN@ME of itagsmiFpowerscised for- thyrlisst stream and

periqd, two data synbols s and s r fhe base stream
and e‘f}\%ce&’a?fl%\s”:??ﬁtf&?@%veg’n Eindgm’l%l?e ‘Ieﬁi@e Fhancenent

stream are conbined to obtain two conbi ned synbol s and

S, AL JP5IPB: | Gnf b\ + e and Eq (22) Eq (21)
K,=,05-(1-a)-P ,
where equal transmit power is used for the two transmit antennas;

a is the fraction of transmit power used for the base stream; and

(1-a) is the fraction of transmit power used for the enhancement stream.

A larger fraction of transmit power P is typically allocated to the base stream.
However, the amount of transmit power to allocate to each stream may be dependent
on various factors, as described below. A summer 550 receives and sums the outputs
from multipliers 542 and 546 to obtain the transmit symbol stream {x}. A summer
552 receives and sums the outputs from multipliers 544 and 548 to obtain the transmit

symbol stream {x,} .



c2 b e >2 Synbol pair ( , s ) is then sent fromthe
two transmt antennas in the first synbol period

wo odososmas by synbol pair (s' , - s * ) in the Berosm04/031828

[00116)

[00117)

[00118]

synbol period. [00117] For boj,h inpl enentations of

this configuration, the overall rates that may be

achi eved for users A and B may be expressed as: a-P G

R E | odn lah altindfige (idiplenmentatian . ¢f- Gis cohfigurationP thé combining is

Equat i on set 3) i I to.equation.sets and
Caoproftie it e By BeaviTh: cashaBl diar B Siosobbi Siiod, two
pardatLeyhdbls s, hhd Cafon le Hasd direfmm RAG tvd dRAG LISt WOandheNfor the
there are two recei ve antennas and a nean of one when

t hesmbaricsment|syrezm erer @abined tanbrinngvo Gintbieed Symdsls as naahs,, , as
of two for a (2, 2) MM)O system the nmean SNR is the
sarfBll§ws: equation sets (6), (10) and (23). However,
fourth order diversity is achieved with two transmt

ant enpas. andgt, r i ve antennas, whereas only first

or d§P gilg;vsg‘rqg[l(‘t égi s’e@ghi eved for the SISO system and Eq(22)
second order diversity is achieved for a (1, 2) SIMO
syssemK [.0041B]-sEI G 7B shows a timing diagramfor the
super position schene. Each of the transnit synbol

streanms from TX spatial processor 320c is conposed of
datSymbphbait 6. s..) 1€ ben senefipmghe Htor teasmi @piennaspo Sedirstsymbol
(i.e., added to) data synbols {s } for the enhancenent

st resaipd fdloped by syaphebrait {san - . )DMhE seomEsymbalnesadn and

SM for _En cenent Stream 0011 FI G 6D shgws a

bl'ock TPa AT A0S 5 conEioS epyel T Qe may be
Supehkval fohgseBNindBIMAY boexpMisddelsy t he base stream and
enhancenent stream are superinposed, the base stream

IS sent .using transrri(g6 dinersity, and the enhancenent
st rgami nt  usi Yy Gpat i|al [ tiplexing. TX spati al
prog’e'sngigg g 1.L@;:Imd;e§0bt v}ahsa%hlt di versity processor Eq (23)
510, spatial multiplexing processor 530, and conbi ner

440b. [00120] Transmt diversity processor 510

recei ves aifd OGRSSPP. data synbols {s } for the
basB, s e&flogg lobt-ar-n—two| (STR,B &ncoded synbol

substreams {{s'\} and«{s’ , Which are provided to
conmbi ner 440b. Spatial nmultiplexing processor 530

r eCIfduXt?& set (23) is similar to equation sets (6) and (10), but with a different channel
gain G. In particular, the channel gain G has a mean of two when there are two
receive antennas and a mean of one when there is only one receive antenna. Since G
has a mean of two for a (2, 2) MIMO system, the mean SNR is the same for equation
sets (6), (10) and (23). However, fourth order diversity is achieved with two transmit
antennas and two receive antennas, whereas only first order diversity is achieved for
the SISO system, and second order diversity is achieved for a (1, 2) SIMO system.

FIG. 7B shows a timing diagram for the superposition scheme. Each of the
transmit symbol streams from TX spatial processor 320c is composed of data symbols
{s,} for the base stream superimposed on (i.e., added to) data symbols {s,} for the

enhancement stream.



and processes the data synbols {s } for the
enhancenent streamto obtain two data synbol

wensosmass {s } and {s } , which are al so pror¢TEs2000031828

[00119]

[00120]

[00121]

conmbi ner 440b. Conbi ner 440b scal es the substreans {s'
} and {s' } with the scaling3pactor K, scales the
substreans {s } and {s } with the scaling factor K,

corgyi nsﬁgéngslﬁtﬁfd B ﬁﬁh%rﬁﬁeﬁh{ $hd SMMbE Enﬁﬁ%enﬁ@xﬁlﬁﬁam
substréam{s aln ransm Sy Stream

, and FpEhéIn asmtsha)lmkahmhrs ubs ‘lfKesaana] pwmtsbortﬁed stathesipports

substre n the tr mt synbol stream.{Xx

} YRS BB oty b ot i Put ok Re Rreap t f Hubposea,

Syf‘tb@bé?se?stradi\ﬂ 1sﬁseh6usiir[gaﬁﬁi§inittcﬁikrdmy sehie _r&ghaﬁyémf k stpdaint is sent

S m t etvvotr nsmi antenn inthe first .. .

syrﬂftﬂg ) sl GBI B I g P ey BREesd 720 Mbd. trqnyit liversity
SeGRE&ssvY T kpReT hRblplekifg plob&s@sneme MBkbinst446BM  t WO

pairs of data synbols are transmtted duri ngl t he sane

t wosy neinsini dasetsiy peseessen i ngeayaisad ppspssessthe dgta)symbeiﬁn{sb}

the two transmt antennas in the firs

f ol ﬁombs@awtrgﬁafm%btaigméi”&aﬁnfsod(ed s ﬁ?lﬁuﬁﬁr@a@ ﬁdmd {ssa} >
Th
b ag‘gl%%lf Qre rgvu‘:l él ttoe nei;1 211 %Lorﬁ}ﬂ%pl%;gﬁﬁ r&ic%%so E‘ﬁ) receives

our
t heanﬂfﬂﬂ@i&@semtda&t JyaholsN@y; fme mamﬂeﬁsuéﬁh It(mABtam\two data
Eq (24) + K s, =Ks +s, and31 4 ~s ' +K s ,

whesyebbheubistreansni(s,,} symib s, 5 , Xvldeld adé als@ pravided diedcdnebinen ed40b.
stream and the transmt synbols x and are included in

t heCemnbieerrAd0R syales ermbqtrems e 9ndi ésbs}emthfth% paling facls K,
transmt antennas in the first E;g eri dfoL

by SisbBE sphsfrpams) .} gng .0 Wﬁ%ﬂ’gé f °pE
001 ve e hat ved

Lo ciibetearin i B g sen B S, 0 B BB Sl sream
G+'S{x9}',5and coﬁbﬁesEt}leosQah]ﬂ' smﬂegﬂ {gbz}B"@lthothé séaled' sxﬁ)st'rglm {s,,} to

obtain the transmit symbol stream {x,} .

1n8%ﬁe scaled

For the base stream, each pair of data symbols s,, and s,, is transmitted by
sending symbol pair (s,,, $,,) from the two transmit antennas in the first symbol
period followed by symbol pair (s,, -s;,) in the second symbol period. For the

enhancement stream, two pairs of data symbols are transmitted during the same two-

symbol interval by sending symbol pair (s,;, s,,) from the two transmit antennas in
the first syrﬂbol period followed by another symbol pair (s, s,,) in the second
symbol period. The two data symbols s,, and s,, for the base stream and the four
data symbols s, through s, for the enhancement stream may be combined as

follows:
X =Ky, s, +K,-5, » Eq (24)
X, =K, -5, +K, -5, ,

*
x, =K, s, +K, -5, , and



0.5 PR=R+E log | 2 - Eq (25b) The expression for
the rate for the base streamin equation (25a) is

wo owen3doeund because the actual interference PCT/US2004/031828
contri buted by the enhancenengystreamis slightly |ess
than G An exact expression can be derived for the
base streamrate. However, the bound in equation (25a)
i s ti,ghtKamg 4k ovides a conservative estimte of the
capacities for this configuration. E. Superposition -
SMfor Both Streans [00123]. FIG ws a bl ock
di agMm&n mrrxltssermbL 1 Sips c)ésgr&rmglz%éio lmecﬁtr@ﬁ'péah@d the

the_con |on ereb age. stre
enhgh%gﬂgaFmot aﬁe ﬁﬁ%@ed Joed %ﬁ%jxgéfﬁ”“? AR %) 1s
ar e s&R Hond ﬁieﬁﬁloﬁﬁ%rhl@ lantektat P HRXird0symbs] ad ﬁllowed by symbol

processor 32Ce includes spatial multiplexing
pr oveis 05 3.)580ke seeand5gobolaadod onbi ner 440b. [ 00124]

Spatial _multi IeX| Oa rece
10012210 5. B el e 10y R0 PES ey Tostisth e ppic Al somfiggrasion
obtampbgegxa@&ﬂmsynbol substreans {s } and {s } ,
whi ch are provided to conbi ner 440b. Spati a
mul tiple |ng processor 530b receives and processes the
dat } OﬁnzﬂheGenh ncenent streamto obtain
dat g% E Eagp A% 402 ¢ | which are al so
prOV|ded onblner 440b. Cbftbi ner 440b scal es the
substreans {s } and {s } with the scaling factor K,

scal es the ubs[re@gs {s }:E nd {s } with the scaling

Eq (252)

f actRyr=R, + Eg togh & 3 a|tedRstiBst.reanB2 {s } with Eq(25b)
the scal ed sSubstreafh{s } t4O obtain the transmt
synmbol stream and combines the scal ed substream {s }
WI t i . i

T 08y SER g BHDSH TG 48 b pARSALROE AT s
d at beczaysrtthé scteal amtetfegerfce conthiutérbiseths tenla’amrmmd stteam il alightly less

0 and or the _enhance t reamare
contind” AR Sad resnioB ot By GRS Gay B PR 4 Hgyever the
t r abeurdt in 2YuEtioh §25¥) B3ightuhdprovides a coysebativipatimaledof theXapacities
is sent. fromthe two transmt antennas in one synbo
per iFdUSF Eﬁ@TOQG a receiver, zero-forcing, MVBE, or
some ot her receiver processing technique nmay be used

t 0 e pagieepdsitiondHM fer\BAIb Sereameei ved from the two
transmt antennas. Users A and B can both recover the
[00123]dat a syFlsI6E showpd blpck diagraneoflzabX® spatipkprasdsser 320e, which supports

the configuration whereby the base stream and enhancement stream are superimposed

and both streams are sent using spatial multiplexing. TX spatial processor 320e
includes spatial multiplexing processors 530a and 530b and combiner 440b.

[00124] Spatial multiplexing processor 530a receives and processes the data symbols

{s,} for the base stream to obtain two data symbol substreams {s,,} and {s,,}, which

are provided to combiner 440b. Spatial multiplexing processor 530b receives and

processes the data symbols {s,} for the enhancement stream to obtain data symbol
substreams {s,;} and {s,,}, which are also provided to combiner 440b. Combiner
440b scales the substreams {s,;} and {s,,} with the scaling factor K,, scales the

substreams {s,,} and {s,,} with the scaling factor K,, combines the scaled substream



treating the enhancenent streamas interference. User
A can estimate and cancel the interference due to the

waoladoa/0sepol s s and s fromthe received synbol BCT/0S2004/031828

[00125]

[00126]

[00127]

[00128]

obtain first nodified synbol s32then process the first
nodi fied synbols to recover the first data synbol s
for the enhancenent stream User A can next estimte

and {sdntidh the sealed gubptreametiak tolgtainghe Hansgul ymbhitspmsiy}, and

fromthe r st dified ols to obtain secan i
mdf%téaesstb g 3 u%ﬁ@ﬂmp%ﬂb i oo SHRAT P bain the
syngglsgu glcsgr\é {x e second data synbol s for the
enhancerre StTeamt ¥kser B recovers only the base
streampppich® YaBbI ﬁnb&ct%(ifaﬁa $afbbIsSE, ! S8 fBIOtQé%Zde sEQﬁn and
overal | rates'that be achieved for usérs A and

f or tdddsa §mitfolsgsl aﬁd @g foithe bEhaaxdMic s SteEAmASe chinbindd a@hxtwn in
0.5 (0.5 -(I- ag- HH +1) }, and ( - O-P R =R +E

| ogeduafiop {e2 G2) ko obFxiamsortransBittsymbolsyx, oy, dddti, Stsy,ea8pmbol pair
[00128] FIG 6F shows a bl ock diagramof a TX spati al

pr o€essgris SMOfrom\iky t@e t@umbmtt@mam ane Afhipl qudon

wher eby tt he base st{eamw nhance nt St.r techni
sent u g? r?gre?eﬂveﬁ,gﬁ{o 0661% ?g, %S?IH% er-rrml\éef processmg ecnnique
SupRkaP B8 iubddotd. segarats it dadd symitteReeved326th tth&l'dJﬁlaﬁﬁrmt antennas.
space-tine encoder 520. 33 [00129] Wthin space-t

encH&a? Asd B 9%@%{6&0@9 Fhsdia? Sygibpls oy a’idh%az 6%&6 éﬁtsrf atggpm by
and_t he data nbols rthe enha cement re

ar etr%artlggl Oeeeéxh% elinﬁnt sl;r%am lis in etrfere]nce {} et b céa)?eerssm%tﬁ éncfl céanael the
52 8uterfetmpedid MQh@/dataTmﬂﬁm &, apdbolfromt theasbe{vad kymisols to obtain
al so del ayed one synbol perlod by del ay unit 522b,

i nvrst ewddied smhylssgthcreplmbgss e firsb 2@ difigd dypbaly italeedotep the first
t he

st r S ol < ST RaREGeRE Cymobrerar ey dmpagel te
] b s G168, BT, D B

5285&05&9&5@&9@%%&&1]5 i@ précesthd sedond inidlificd s3ibbR&o recover the
synbol rate and provide the transmt synbol streans

{ *, secambdaty symbol rSeS%é@hq epbngemergGrey). Pegr B rreovers only the base
enbodlms t 6F, for each pair of data

hogq n
ilg higer Feée‘@r%’éb%ﬁ Mie two data synbol
st r earTBrh{estran fted thattmay SdRBRvEd R uSHE AGRA BORP this configuration

may be expressed as:

R,=E{log, |1+0.5-a-P-H,H,(0.5-(1-2)-P-B,H, +0,D"|} , and

l—a)-
Ra=R,,+E{log2(1+( 2)-P ﬂ@i’]}ﬂﬁ& - Eq (26)
g

a

F. Transmit Diversity for Both Streams

FIG. 6F shows a block diagram of a TX spatial processor 320f, which supports
the configuration whereby the base stream and enhancement stream are sent using
transmit diversity without TDM or superposition. TX spatial processor 320f includes

space-time encoder 520.



provi des synbol pair s, s ) followed by synbol pair s
, - S*) . Synbol pair s, s ) is sent fromthe two

WO e@s®s085 ant ennas in the first synbol peri od, P@nts2004/031828

[00129]

[00130]

[00131]

[00132]

synbol pair (s, - s*) is serg3 in the second synbol
period. For exanple, if the data synbol stream{s } is
conposed of s ... and data synbol stream{s

conpos ¥iithin sase-Jims egcagler 520, thqﬂé‘lﬁa %Wi@olsr Hnis fﬁrtth%b%ﬁbétfeam and
streans are given as_s'

s ofhe data symbels (g 131 fhepsshancrmet iy gmrwlsﬂis o e “BRaut of

t
S RRREh SPUPTET IO AR SRS EU BE) ey g o
r eC&’e‘la & ohéf%ib%ﬂ &Rdl tSrdde‘Ha?r%lttstﬁ SRAYRA aRPEohi l?afe@%mt 526,

each data synbol 1s transmitt over
t\/\oarrd)pmodledperthq)‘ ! ipput lof SIHIDlexeh&28bat @hmdateambqﬂatream {s.} is
symbol streamis reduced by a factar of The rate
r eg‘i‘lﬁﬂwd?li‘)\fedt‘}’i‘iessyﬂ@ﬂlf P“g’lﬁ’ﬁla‘ty gelay wnif pRza. fowag%%d Rorai 524, and

o{qﬁ@d {cAthe “1edipahof AblubRRercsy3h] QNMI 1e048s ¥ dalardN8b toggle
schene and transmt dlverS|t¥ oth streans. G

Perbetyigearihe “0” andails ianutTatythe symepl raje alepwvee g frgnsmit symbol
[ 00 Fl ock diagram of a TX spati al
438hs 7L S0 P10MBRR) fa X

processo orts the configuration

wher ebyof e chBs@imeht Bawh iSFRERE, fok 8P PaR of URR S§¥hbols s, and s,
antenna and the enhancenent streamis sent from

anofebévedt s RNwo @utd eyfibol str¥arbPdd, } adnd p{sQiG &spacrtime €coder 520
includes nultipliers 560a and 560b. Multiplier 560a

r ecpovides symboinphiri G, €3 follewethbgp symbblopar {(s,, }s,)or Syibol pair
base streamwi th the scaling factor K to obtain the

t r afsgnd. D 3 seny frpm| thestwoetzansmiit ajtenngh) it the fifsé synd®d period, and symbol
receives and nultiplies the data synbols {s } for the

enheaic Baer) & seatim the sasonheynhohpering- {EOE errmme,1ib thsisiets symbol

the transmt, synbol stream{x } . 3 For thls
conftiegir &4 dh CompRsed  of i T Sop Srmess - uﬁé‘é 4?%( Syl iieam s} is

streami s dthetran mt ower sedf r. the
enr R 4t s’ 1: %3 B Rl e e siven as

{b}g used for- the tvvo smt antennas A recei ver
canVsEpHt 4t &0l Sere t WO é)f2 eams “ustngtx &t 0P 6r ci ng,

MVBE,  Qior 8 Boritigli@fior, ShE bXE strBin? 65 Mgc&&ﬁh Eﬁéaﬂleare both sent
[00134] The overall rates that may be achieved for

us efigultengouslyBising ST sTheoFF T proaesbing atfhg rageivendp thes &digd upon
esl to?zacqvl% tgﬂ\stre: S(R ]](gaw:%VS%mncé'%aclh-r(?@tz;l syn?d?ﬁj 1ﬁra1§mft@i\oQ/gr two
symbol periods with STTD, the rate of each data symbol stream is reduced by a factor
of two. The rate region for this configuration is likely to be worse than the rate region

for the configuration with the TDM scheme and transmit diversity for both streams.

G. Per-Antenna - Transmit Diversity for Both Streams

FIG. 6G shows a block diagram of a TX spatial processor 320g, which supports
the configuration whereby the base stream is sent from one transmit antenna and the
enhancement stream is sent from another transmit antenna. TX spatial processor 320g
includes multipliers 560a and 560b. Multiplier 560a receives and multiplies the data
symbols {s,} for the base stream with the scaling factor K, to obtain the transmit



where is the vector of channel gains for transmt
antenna 1 used to send the base streamand h is the
wo emsns2088 channel gains for transmt antenna PCUESDO4/@31828
send the enhancenment stream where H = [h, h ]
[00135] The rate region for this configurationis
conparable to the rate region for the configuration
wi t symb streara g tMultipbersioply recgives prd wakipliest the datp symbols {s,}
spatjal multiplexing for, the enhancengnt stream H.
Per {0 the ARIEngqment sreamwit the S@ajlag i Ko Shigie EiNgRY symbol
for six gi ferent configurations of hierarchical
codisﬁﬁan? 2 (1, ) SIMOsystemand a (2, ) M MO system
[00133]Wi th anF&VﬁNcem%%ion,_ thORansBAtdoSRl usdd ifSr thePLs8 SLNPistdIEP, and
rate R for user B, which is the rate for the base
st r demtranfife ppwer userhfos fhegrhanceragnt stseapt is (t-he) -Fat.e., dqszl powers
user_ A, , Whi i§ the combi.ned rate,for .t he base strea
and T Giednt ey D2 FRaT R ' S eh caf o, o5 Be two
Qi V@&ttednis usihigtzeroofbrcips MNISE, B soniicadtha r&Reivetipribcadsing &tlatque.

conputed with Ps = 20 dB and s.= 5 dB and roa. i
1001341500 T o i YFAHLFo{ER B ERY De puevse Suicisge A At B Bis sgnfiguration
r at QfayReaRpteBedse shown in FIG 13 for five different
hi erarchi cal coding configurations in the (2, 2) MM

system as follows:35 Plot - TDM yvl tlh transmt

di veRst EYlog§l vy - Poh, bt k) sk thekberst, o, T ht)} -, and
superposition (SC) with transmt diversity for both
streans, Pl{ot 320 - TDM wi transmt diversity for

t he Eagﬁ sthle fapﬂﬁaf’ith?lﬁg Ltdbﬂll?Xi ng (SM fortE%lrtg.,)

enharfceient |s am &Pl o - *supgerposi ti on w

transmt diversity for the base stream and spati al

mul ti pl exing for the enhancenent stream and Plot 324

- Ssuydergpbsistthowecwirtaf cepmtl galinsrfor trangin@xantegnd dusddad Bend the base
streams. [00136] As shown by the plots in FIG 183,
wherstreare agsh g isthe émwrdﬁd:h@nwha%@ghﬂam@mﬁnm @ usgdrie send the

di visjon nmultiplexed, spatial nmultiplexing of the
enhdh @ﬁgﬂ?"téﬁg@aﬁ?‘f‘ﬁlgfﬁlﬁ) provides a larger rate
[00135] €91 On fhap,d FARAMTE tHll ¥(§fﬂ?h1taﬁor( R Qmpiaddto tyg‘ﬁ%br&giﬁm for the

superposition I's used, spatial nultiplexing for .
st r eanfiguigiont WitB24PMpr baristhits diversity glor that base esjieam, tahd nspatial

spatr{]lﬁ{i-g%#é, fo\?\ﬁ%?hﬂ%ﬁ&?ém Ay, the enhancenment stream

(plo urn provides a larger rate
region than transmt diversity for both
H. Performance

FIG. 13 shows a graph of the rate regions for six different configurations of hierarchical
coding in a (1,2) SIMO system and a (2,2) MIMO system with an AWGN channel.

The vertical axis represents the rate R, for user B, which is the rate for the base stream.
The horizontal axis represents the rate R, for user A, which is the combined rate for the
base stream and enhancement stream. The rates R, and R, are both given in units of
bps/Hz. The rates R, and R, are also computed with P/o? =20 dB and P/o} =5

dB and for a Rayleigh fading channel. Five plots of the achievable rates R, and R, are

shown in FIG. 13 for five different hierarchical coding configurations in the (2,2)
MIMO system, as follows:



streans (plot 1312). Superposition with transmt
diversity for both streans (plot 1312) is better than

wda Bivsesa0Bs spatial nmultiplexing for only the enhenUsIeHn031828

[00136]

[00137]

[00138]

[00139]

stream (pl ot 1320) for sone ? | ues of between 0.5 and
1.0. The specific values of for which plot 1 2 is
better than plot 1320 is dependent on SNR [00137] As

shewn p1gt B1 G- THRM with Grassupedipesityt(Div) fecheneregmser al | y
out perforns the TDM schene.. For

t he. TDM sche t he
rares Hogldd2 RSW@"FH"‘%@C)MW&F‘P%% Slé’f’rs‘ty é’ég ti{ﬁgeams

SuQer p%g%t % 2 - SEHMRith t Rfishft Gveéfsifll @RStheD8e 3EdnPtany spatial
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Corlf ! ?}ﬁgﬁﬁj Ehstgﬁ Souiti %1{ht &a%@ﬁmdﬁl% s@t? K the DReRASSN and spatial

strea ream may ependent on
Vamtiiexigclopthe eﬁltwmbemt stfeom, gndanpl e, the relative

rates of these two strea e th
usérs, Plphg%}zém S S ﬁ%%’@r?‘gﬁl\lﬁlé'gg(gsbgﬁlssgrf g’ém a(ned

enhancemsnt stre t he ed.rates,for .th

st reamds sheowp by tg?] pl gg? 1{3’1 Jyhen eobz(aﬁe s[tlis]aar% >fd enhancement
achieMa Qlle%rﬁ@ﬁleﬁmﬁa r@ﬂﬁbl&eﬂ Odpafidd @Weﬁm&ﬂ the arhascirenestream
in the g :2 SI MO systemis al so show

Thdslet | S groscss SORBER BlF BECR (ﬁhaarfraé‘&‘?}’étdﬂvé’ﬁltg xplo[ T When
&Eés 5 Q43 %at@l FuBtpBRing! RE dbihedtreahs i@;blbtel:ﬂél) @fovides a
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Exelangblara}e region thary sppsal @H@pk&ng der anly dhe ﬁglgan%ﬁnéent stream (plot

é%&%ﬁ%&h&einoeﬁé%proc 1eRRGREUERE foion TR SERANRITREL4Q} both

di agram of a receiver 2200,
vvhl stiearns (ot BB diSwperpositfonr witle itipaymip dowersity; fy both Strggps (plot

anyﬁig)slﬁ }Fﬁ%l R tH JM}%&@%U BafE 'féf%lyztgganﬁaﬁ@étﬁ&?&ream
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37 Qalot Wh20g e senﬁﬁ'elu&rldifodlbte)vﬁen Of5 aRY ]dpathaqpe@ﬁ@(g@g},@mf a for

2o R SR A RREER R g 1 T

denul t ARl Bwh iBI0R 13 asesupe@oam sthemd genpfaﬁx @stptifigrms the TDM
recei ved synbol stream{>>} from ant enn E‘Eﬁbase

on schema DNrcbn TPM sismeghoise’. #ib Ay é‘éee ‘Fﬂi‘él"g a. For

e . e £ S R8P 285 b e
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best configuration to use for transmission of the base stream and enhancement stream
may be dependent on various factors such as, for example, the relative rates of these
two streams, the SNRs achieved by the users, the desired robustness for the base
stream and enhancement stream, the desired rates for these streams, and so on.

Plot 1330 of the achievable rates R, and R, for the superposition scheme in the
(1,2) SIMO system is also shown in FIG. 13. These rates are computed based on

equation set (10).

6. Receiver

Different receiver architectures may be used for the TDM and superposition

schemes. Exemplary receiver designs for both schemes are described below.



on the TDM control and provides two received synbol

substreans {y } and {y } for the base stream and
wenlvansg®eent stream respectively. [00142] An PXT/Ds2008041828

processor 820a receives and ppg@cesses the substreans

{y } and {y } for the base stream and provides the

recovered data synbol stream{ } . If transmt
di vérs 'M&%&ﬁ%&fﬂé base stream then RX Div/SM
[00140]; proces ! 0%0219& }focﬁﬁla{; 0% gfpaarteceqver &5@9 %vsh%éh 19 af? ex%g\?dﬁment of

in equa ne recervet equ
a sidgiver amxemnEIGoB ifemap dkiwbd mmxhesmMgschdamm Rieceiver 220h

equatian set (16) .if the Gselyer ed.with,.

o TR SRS proptadfrA PR R & RIGHREHRERRE e opcgpee one
t he eBSEMSHtIERR sﬂafiﬂﬁ)r&%ss& Y60SMdR X aea %ﬁfce&B@WOﬂﬁéﬁpecﬁvely, in
i npl enent the zero-forcing or MVBE-based successive

i nt &f¥-erence cancel l ation, or some other receiver

[00141]PT OCeS Swidint o Nipaie - pl%b&kéra Bk, ANddRIENeDM10a receives and
processor 820b receives and processes the substreans

{y Yemwitipleyesithe wseeivedesymhplaiteamnpit foam antennadd2pbased erehe TDM

br 0 EGBEL AT PUICEY B HEPPEH RO0 AUBRSEs Ll A Bl fo the base
equgﬁ# I tenﬁ;grﬁgm&{t 4&%?:)1 lr(gs éc%@élgx B}n‘ﬁ é&r SA' &éfndl lexer 810b

use ancenent st1e proces

820 peceirys arﬂ‘pdeﬁxﬂtﬂptexéshhe me¢ived syrfmbbngrearn {M\}Bﬁerhaﬁteﬁla 352b based
successive interference cancellation, or sone other

rec en\ﬂaﬁr TBMoeansrsl ﬂgl nreifesi tyagegeived ﬁ&lﬂb@ll substreamp [{zx} aed {v..}

i s for the e a ncenent stream eneral, the

spa ‘?r Do Eem neSneRt ey rﬁ?ﬁfﬁté‘é? ors 820a and

[00142]820b | SAR mﬂ)ﬁmbﬁfcé’ss&%m?ec&p@stdnalpr&es%ese% leﬁuShYnsT{ .1} and
Di v/ SM processors 420a and 420b, respectively, in
4A. 37,1 GOlthd[bald $tithim IR plewtides Phe ER6%dd dafd gymisol stream {5,}.
denodul at or 832a denodul ates the recovered data
synirehsnif{ djvefsdy is heedo frgethe tbaseastream, dhranR Div/SM processor 820a

e RS SHT  5aISL ER DL 1, I3 s

dei mtithr4 smglecanttmha of lthmspiaalnprecdsaag/ ahovdB4m eqlmtloxbtsetl @6) if the

decoded dat a se st Si nmi.l.ar.

o aaeer B ubed Wil s aR8HRR TR uliRfiny is Bed for the
sy nbedesstieath, fhefi RO ®ieSNBpRedssstt 820k meammpemdna e kero-forcing or
dei nt erkg) r 834b deij t erl eaves the denopdu] at ed. dat a

fr oide af*ﬁﬁéllfﬁes%‘f?.éﬂter SIRpee Lapsllpingy oBss QST Jerslvet pracessing

dei redcﬁﬁlh@@vgﬁinwa&tya ah XN BiQiSM @Fdceave 820b3fddeil e St BloBesses the
decoded data {d } for the enhancenent stream In

genevbsireamse fai}vasd mep&efMﬁ@em@ﬁ@mra@mbnmwdes the recovered

dei nterl e ving, and decadi %Ifor each streamjn
%}rsye%r{ RX Q1W§ processor 820b also performs the processing

shown in equation set (14) or (16) if transmit diversity is used for the enhancement

stream. RX Div/SM processor 820b may implement the zero-forcing or MMSE-based
successive interference cancellation, or some other receiver processing technique if
spatial multiplexing is used for the enhancement stream. In general, the spatial
processing by RX Div/SM processors 820a and 820b is complementary to the spatial
processing by TX Div/SM processors 420a and 420b, respectively, in FIG. 4A.



nodul ation, interleaving, and encoding performed for
that stream by transmtter 210x. [00144] FIG 8B shows

w@20bs08303di agram of a receiver 220G, which i s BODUN®N4/031828

[00143]

[00144]

[00145]

[00146]

enbodi nent of receiver 220x ig7FIG 3 and nay al so be
used for the TDM schene. Receiver 220 inplenents an
iterative detection and decoding (I DD) schene to

r ecover Withia Bs%h deta pracesen 0, admmadulatos §82asdemogplatey the recovered
| DD i | IR t '

| CPSBUBITRY, O, 4R oA AL 8, e e
for géhedunase datal B3N AemBMNABE BFBA) asd e ABIddBL B3641r®REodes the
parts - data bits {c }, first parity bits {c } ,. and
secdeidtegeavid dathiftosn deintprieavgrOf3ea 54 oReipaievmled 2@ {d,} for the base
includes a detector and a decoder that perform .
i t eplgam, Siondady taj dsmodwlator 822 lemydulates Ais recoyeried defa symbols {5, }
symhol s fromall receive antennas, for, each ta stream

© 5" 38 e RS AT ot R SErGIF T e Dy dBIFERT e
det gehbdulatén datle GOt MmO Mol 18328, henderar @écoden 183868 | d2Bodes the
capabilities of the channel code to provide inproved

per eintedenyed datai fomsdenterleaverd8iHp fot ebtaini deeddedpdadzi{dg for the
soft a priori information between the_ detector an(inl the .
dec SHRENCemERt GHERR: hed rEPYUPh hETCCHEt 40X pdegRfms  demodulation,
| t elgaihicMEavilR! @Rd idefbddipd ol eaelisén $n B%oﬁ%lé@iﬁﬂta@ﬁ n¥iffer to the
recei ved data ioacket at a tinme. [00146 ecei ver 220

i ncmedulation itexlegying.i2af eproging perdermsd s that stresm tpdraggmigter 210x.

2:1 8 cessSPyG. 3gR0shofiRN a ChIAK Wherah®f! § GE&iveY 2208t Ghilch ofeg another

decoding is specifically described below for th
bas embedimanh of Wgachvien 230 19 JAGi Alndmey else be us@iofor the TDM scheme.

demﬁlewipér ?gg[ zr)rllﬁ%%?ntg% 1%&8%:2(%?&%’0%% &?@ d%e?@dﬂg Hﬁﬂ)eg%heme to

the recel streans
r es peeovdar\tid Yase ascatesct ¢rbantembtvsgredor The G)D&ohenk may be used in

d .0l .. bt ai h : _ b
et e o S s SRR T B

Pr 0G&Staé BekcOdtdsn loh @RRanSe&H: sRadi® intOBres bats B@Aabii®Yc, ), first
perform processing for transmt diversity, as

des puritp dils §)Qv end scomiparitytptsfopht the zero-forcing
techni que, the MVSE technique, or sonme other receiver
pr ocessRergivee20ningludes ddetentertand ja deedder ipteperioym iterative detection

Det ' ' ' f
Do 55 Rl o L A58 305 PURPAL O G, b o
'} talebtain dscadbe date farabit oivéate c it igative eletttiorand debeting exploits

o Bt ekt SR S o PR s,

r ec @hisdsl achiyavbd b itetivelppabsiny soft 8iprios inforthatebaskeen the detector

I nf glruyglte idgc%dier? asac}/e%(i:rﬁb% lineﬁ%gl'rge%aﬁ %el%sv(.: qgrearti've detection and decoding
is performed on one received data packet at a time.

Receiver 2201 includes an RX spatial processor 360b and an RX data processor
370b. For clarity, the iterative detection and decoding is specifically described below
for the base stream. Within RX spatial processor 360b, demultiplexers 810a and 810b
receive and demultiplex the received symbol streams {y,} and {y,}, respectively, as
described above for FIG. 8A. A detector 822a obtains the received symbol

substreams {y,,} and {y,,} for the base stream and performs spatial processing on



[00147] Wthin RX data processor 370b, a
| og-1ikelihood ratio (LLR) conputation unit 842a

WO e@si08235 t he data synbol estimates {s ' } andPCDUPD€631828

[00147]

[00148]

[00149]

the LLRs of the code bit(s) t3gat form each data synbol
in the data packet being recovered. A channel
dei Féserl eaver 844a then deinterleaves the LLRs frq

m .
unithesg A8bstraamms- pPe\vstak 8242may peRiormyprogessing for eangpmif giversity, as
pﬁf&é%becﬁalﬂﬁ@,%i‘ @ﬁalygﬁﬁf_én{eﬁQEé Y@S-ferbitlg RRAGERS tHeMMSERSchnique,

} from channel deinterl eaver 844a, as described
bel BWeME OenBeiptr@rogssinghisumiae PRty tiplering. Retector 822a

TR AR T RS SOED Blcs T
PorshferDhiot |7 ) VEndECRE Plalclioctodilf Alruin number, For the firs

n i&a}a@pn 5., IQ%Qha%Ns 51.)5] eliithites dec %gee&et&f]e@%asc% solely on the

[
demul t1 pl'exer (‘Denux 2 receives’and demnul tipl exes

t heredelsBa s¢ibdis §5,0MIngNN &lnce @b fe@bdcR aMBImaBdA is(dvaifable from the
t he i nput LLRS;{ bllqnto %gzta bit LLRs {b" } , first

pardetadebit LLRs {b' } , and second parity bit LLRs {b'

A =i ft-out,put Sl ..d ) )
b ocor vt RR ey Sipbes B8, o 5k Rbidp8 PRl ERY Bgmpysgian unit
dengdb} irRkR¥EheGhth SAthol@dtitatss| Gaverl dahputdd the LERS ofihd code

froma code dei nterl eaver 864. S| SO decoder 860a then
dertity® shatefornh lefRsh dasa syrhieol dattse datal phekes beipgredoyerbd.t &\ channel

b }. bo} ..b t ' ' t .
& i ieR b e et Hhe £ 105 Toorl O s S prpides e LLRs
t hegoats thi datd-pddRet] A decoBerBA6LFd@ERECaM debode e TARR (5} from
i nterl eaving schenme used at the transmtter and

pr chawhebddinttréal @ddéa aglddseriiedbelobvRs {b } . Simlarly, a

SISO d d 860b receives the a,bi Rs {h' and
Che seE G Aty BFTCtEREmist 5 TS aratenmbR sy o BE uscd
35 2[313 eiﬁhg%ﬂoc%&oc}qdﬂi Slééae@demﬂﬂaﬁlalilkl_ﬂ@% L R&rbﬁ) bde]goder @45§3perfonns
ecoder .then derives new or t ata an

sedbFdvpdesadinepior @ pargllel copsgtepated ,corwa@@a'eﬁi Pfe Ut ghithe one
congbwh Hert. g@nvol uti onal code. Code deinterl eaver 864
deinterl eaves the data bit LLRs ib } in_a )

conpl ek rRprhe deeqder $46hea cdsiultidexer |(Pgmpx)g 88k greceives and
LLRs

SRS RSN ke, 98 won

decoder n

PR hen, AR PASPLG 0 Pyl SRl i i
I hth 1 of ' ' 00150;
i Eg R R L S

per{bor}rrgﬁid R8st Yarit]PBit LLRs {b,,} from demultiplexer 852 and deinterleaved

data
data bit LLRs {b,,,} from a code deinterleaver 864. SISO decoder 860a then derives
new LLRs for the data and first parity bits, {b,,,} and {b,}, based on the first
constituent convolutional code. A code interleaver 862 interleaves the data bit LLRs
{b,y In accordance with the code interleaving scheme used at the transmitter and
provides interleaved data bit LLRs {l:dml} . Similarly, a SISO decoder 860b receives

the data bit LLRs {5/

ata

} and the second parity bit LLRs {},} from demultiplexer 852



be iterated nmultiple tines for the current

detection/decoding iteration i. After all of the
waolememsgs i t erati ons have been conpleted, a  PCT/US2004/031828

conbi ner/ mul ti pl exer 866 recegyes the final data bit

LLRs {b } and the final first parity bit LLRs {b" }

from SI SO decoder 860a, the deinterleaved final data

bi t and tRs infdylehveld rdatn bitddRsdidj,n} e SISEadend 8B40 thaal dérives new LLRs

final second parity bit LLRs {b'*} from SI SO decoder

860for ot andrstavntl pantly dkar{b266 and dhy,, hrbesdddmghe $peond constituent

feedback LLRs for the next detection/decoding

i t eccvplotional eodeo Code é@im@ﬂeas@’ém ﬂhiateﬂe@@bﬁls Idata bRILIRseb,,,,} in

conmputed as {bp'} ={b +b "* The feedgack

LL RS cefpRle %rémtr@naﬁdatﬂ@ qoﬁel%eéleéwwndowewgf% BndeipiFrigaed data

NeXbi ITRSAME O 144 Cé"édeﬁs%{m%r&% B Gha ﬁgﬁ’e?x?e%ﬁa%m SISO

i terations exer

866 makinfle 50&4}%& dl\)ﬂ@i’) zﬂéﬁrﬁhﬂ? of itd-leR3r éomplé’ié"'ﬂy‘ﬂ@n@artﬁes or a soft-

obt ai ned as {b ={ , Where {b is thé data bit

L L ReutpytoXitestd SBY) dé‘tléhmo%n} Hachighgre kmvnrm thetart.
d t t
[00150] e €c '?ﬁ/ﬂfﬁﬁg IQQSI'Sb %de%&h fﬁd }Jl‘;e erigﬁg’edt (ﬁlée or may

i ces dat a It LLRs provi
decb@l éera@étnalhérd§ tifngs fartthe clatent éﬁmen/db@dmg iteeagion ér édter all of

[OO .
gh%f]d]e ége%la-ﬂgs ga%glgeé{lrcg | % F 8%1%}1@1 erfgglﬁg @7&% 8%&‘§elves the

l nt ﬁﬁil&ﬁ‘{aebltaﬂﬁa #)d )t Bl that fdal Qﬁétqﬁnf}esﬁhﬁﬂi@ RS ke SISO

provi ded to detector 822a. Detector 822a derive$ new

dat @ecoErEY0a, Qﬁé Hﬁﬁfeﬂ@avé@ findl RABSKOLDRs thE T &oRi 3AE deinterleaver
synbol s {y } d {y } for the base stream and the

f eedbpncindl kiRs ﬁnalTB&oﬁ’cﬂtpan@yBﬁOLL%t{b t gfor{ SISO aécBder 860b.
agai n decoded by RX data processor 370b as descri bed

abogsmbihBPmiEpREdr 966 aRfl H6EAL e REMAES IURBY (184 0or the next
iterated nultiple tines. During the iterative

det éettdtion/dacodingeieamion g Hirtodewstor 82% Tied feeddatki LEROire icbidputed
dat a synlbol est iJrat esll nproves with each iteration.
[ 00354b; Thebid eati- g -dei ect Then fegdhncki dd i @rg usethdpreupdate the

DFOVIdeS vari.ous advanta es. For exa

schésectanapseion for phe rl%bﬁf‘é%ﬂoan é"f@aﬁ%onﬁeéﬂﬁﬁwwqﬁ@%@rauons

st r e v c%ﬂﬁle%t %oﬁ@ih@r/rﬁlﬂﬁplte{h% 8%6*}%&&&&9!% ﬁﬂaf %@tﬁnbxt LLRs
The | DD scheme can be conbined with t

t r afs i} s sihivh arectininelss {59, Forbiat+ Ed;,ageq bag,mywhﬁb e{bg,;n; Vi the data
f adi ngEL Moreover, the iterative detection and decodi ng
pr obisdd Reegropided b deiseipr 832 domthefirshn Jetestiendeqodmgditamation (i.e.,

corr, ongi soft - | t,. SO t d
g 39 A8 et B ighOp SR B pERERS Hhiine nopies te
deSSeco edd data {cf ! f%-:}the %ata pac Eetalgellr}/gerego%tereegt lon and

[00151] Referring back to FIG. 8B, the feedback LLRs {b'“} from decoder 846a are

interleaved by a channel interleaver 848a and the interleaved feedback LLRs are

provided to detector 822a. Detector 822a derives new data symbol estimates {5;"'}
based on the received symbols {y, } and {y,,} for the base stream and the feedback
LLRs {bs,}. The data symbol estimates {5,"} are again decoded by RX data

processor 370b as described above. The detection and decoding process may be



decoding for a M MO systemis described in further
detail in commonly assigned U S. Patent Application
weoosab20bo. 10/ 005, 104, entitled "lterative Dep@DUSDNG031828

and Decoding for a MM> OFDM gystem ™ fil ed Decenber
3, 2001. B. Receivers for Superposition Scheme [00153]
FIG 9A shows a bl ock diagram of a receiver ZZ%P,
whi tfated miiiple fipese r Daningo e riartive rdciesion gre deosejps; pocess, the
Fl Cie_ﬁ&biﬁ%fﬂﬁ}ﬂaﬁ%ﬁsmsﬁ@st‘eé RPreepRith esdhlileiioncheme.
Recei ver 220 includes an RX spatial processor 360c

[00152] and an T itsratine getectionad decpding sphemeppieyides Yargpeadyaptages. For

360 aipk, S B &HRMEGESRAS 1R18€ of Whé Alta 2416 fANRL BRE stream and
enbodi mrent of RX spatial processor 360 and RX data

pr oerssdagr raR Aor the ea@engnt stiggrne b IDD pehemg cerebs¢opbined with the
equgir} ' I nLer f n t 4 chai e
o HMEPOIDM Mbheinlith BERRGS 38"GRIR SOAGCNILGHE: fading.

i ncMod@venthesigmties détentiof andedecoding prdesd mayy ébe dlexibly used with any
processing .stages. Stage.l include tial . .

Pt oFE030 gt S S o e bl oo g oPRRb, Josluaing, e parate
dat eonpaterasis osnvetifianal asode aledcibeditim FiGO @Bs s dterddivOaletection and
Stage 2. incl only spatial . processor. 920b and RX

ot S6epae SeediNQ B BibicrPes Bl A4S 38 i bty Signed US.
pr opg&R Y ppliddian Iiggﬁﬂﬁ@(f 618/0051,204, \bﬁtit[eﬁcﬁtjeicéﬁde B)éféﬂﬂid él and Decoding
streans {>",1 and {y Q. obtain_t recovered data
syner R prdn fled thasibd s M “Spat al

processor 920a may i nplenment the zero-forcing or

MVBB: b R&diversFeEeSEieypositivheSchemence cancel | ation, or

sonme ot her receiver processing technique. RX data
[00153] pr oces HIG. O shakesre chidckt diggraniedina aedeingy 220), awtdchd dsc peteanother

dat o PETNEHEE Rl AUERAICE] AR b ysb8 1 e B Sheme.

encBdesver 220 endlelzy ers R Xapatiahpohaésadre30¢ hipd aleRBdlath fdrecsesor 370c.

str dat d t bt ai.n r epodul at ed nbol. stream
7RGt grétsel e B0RK, HERRISBRGaRl oFhigh rfrf cebother
} 41lehbédithbret dTARK sphtidt Prdcedssr 360 and IRIC @aropro&séda 370 in FIG. 3,
perforns the sanme processing as.encoder 412a, . channel

i nt EPRIEVERAL theysugcessixe, §a 6*15‘#’%?83 IrEEenge Cf“?"&ﬁ%tlﬂ“t‘? ique. RX

210pakifl probessdt 860k MHn8 'R RBC Pro6ekBsied 108 inSl3@A tWE eRic¥RFe (ie.,
and spatially processes the renodul ated synbol stream

1 i pRsEiledsIRREVERDRQrESINBeiaess metiehy helades @ rtddl processor 30a, an

t he;Ragfenst CEREMN& D30, arPRKT @RS Pldeedbved0a! had § ANE ARt Processor
a spatial nmultiplexing schene) to obtain transmt

synBdla. Stage rinelidge pnly prefial processphPLh awd RiXedate rragegsar AE0D.
[00154] }: gan SMo %%E%) ? (ﬁf?z{mﬁ)&%&%rc’ 9i(ﬁrpr{)&§sep ?ﬁ:etw?)t ﬂé%@d%g{rﬁﬁ%lr streams

|
, S
r the two transmt antennas. nterference canc
9304y,} and {y,} to obtain the recovered data symbol stream {s,} for the base stream.

Spatial processor 920a may implement the zero-forcing or MMSE-based successive
interference cancellation, or some other receiver processing technique. RX data

processor 940a demodulates, deinterleaves, and decodes the recovered data symbol

stream {$,} to obtain decoded data {cib} for the base stream. TX data processor 950a

encodes, interleaves, and modulates the decoded base stream data {aA',,} to obtain a

remodulated symbol stream {5,} , which is an estimate of the data symbol stream {s, }



further processes the streanms {x } and {x } with the

channel response matrix to obtain interference
weooposeess s {i } and {i } due to the base strepdm/UIive4/031828

interference conponents { } apgd { } are then

subtracted fromthe received synbol streans {>>, }

andiv(%m}l to obtain _nodified synbol streans {>> "'} and{y

o, chasastesamy dvs ddaiPTeersaar 29 performpths sameprpcessingas encoder

2, apAt tRInnArNAeASS Y 48 0MdhosRASES 6h e triRiitdr©90x in FIG. 4A.

synbol “streans ﬁ%,'} and {y } to obtain the recovered

dat nterfaiense cancedei3Da yecpiges andespatimhlyireqeesss thetremgdnlated symbol

SP atsﬁ%konr %ﬁg’? ﬁ%ﬁ%@?%@:h%@%ﬁ%de?mLﬁgﬁ% ZtIBf for the base stream

zer o-1 recelver processing

t eclgg 0dRansiRit Aty RERGRSS QI sp@d Bt} dki 6tiid)ab BBtain transmit
dei nterl eaves, and degodes.tﬁe recovered data synbol

st r exmbd strgamsofXg btaad {Xdbcviigticantaimonly the tfaggmit symbol components

enhanc nt stream [00156] The two stages qf receiver

22 fp‘E?S%“FﬁFg‘H’& 3%‘%54”&/ eéﬁlﬁ aeroat P‘Hﬁ‘)’?baﬁ‘?‘%{ crence canceller 930a

Pr OGGaR} Plboesksd R lshrbaad {%25,13 sldage 11 whrthO EimndRRdpoAde matrix to

processi ng on the receive syrrbof streans {y } and {y

} ., obfath Hité@Geende PRHpoHdits IPAt ard {H)JO0GRS StoNtheObast Nream.  The

nodi fi ed synbol streans {y and {y } . Interference

c anae¢rfeatrico nomponpms {1} nand {j }t e theasobirasted fwnbthe réveived symbol

spatial processing to recover the nultiple data synbol

substeamaney Jsask D+ derpbtaia medifigdoiyanbel streams (v randnfyals which are

for thed g§s%as ream or enhancenent stream being

rec8PAIEA" P8 at stage. Interference cancellation is
[00155]@l SO PEFJrRiaped, PefiaMpRitedsBrLIINBPrétefethe modffied spRbdlRGeams {y{}

recei ved synbol streans } and {y } for stage 1 to

obt and{#;he¢o otpgin tliegecoyyn dhta symtmdstscafry {5} fon thefephdncymént stream.

stage 2. The successive equalization and interference

c ancttiah Prosesserceqh impayerlosintpleanent the deronforrinza MMBR, or some other

CoMDel ¥ ?ﬁ&egéﬁfgd théhmiquE’at gt ARP! h6@kio? N itidn Nemodulates,

09/ 854, 235, entitled "Method and Apparatus for42

Pr odeistsileayefand deqodes thiirecopdred datpsymblstréapd €5, )0t phtain decoded

(M MD) Communi cation System Utilizing Channel State

| nf datrg(dj}ofor énhbndementrgam. 2001. [ 00157] FIG 9B shows

a bl ock diagram of a receiver 220k, which is yet

[00156]anot her Thentiweli #eass off racaiven 2aPx ZEORI nSuRgessives egplizptipy/spatial
2l SQrREHSCn pRicHASsHAPEpRRNL 28 GPHE r¥Rived symbol
220 rpesrs?l%'r msi’%% %}fsér at | ée%t e}%lt fﬂgr% an gdecodi r$g vteoSyrn °
r ecotreamsefgh aod {yhie dnessagst2 eerforan dspetivh gmocessiry o ttheeanodified
and (2) interference cancellation before recovering. .
t he SERPR sEeams 1V s tand ). Interference cancellation is performed within each

stage by the spatial processing to recover the multiple data symbol substreams sent

from the multiple transmit antennas for the base stream or enhancement stream being
recovered in that stage. Interference cancellation is also performed between the two
stages, i.e., on the received symbol streams {y,} and {y,} for stage 1 to obtain the
modified symbol streams {y;} and {y;} for stage 2. The successive eqﬁalization and

interference cancellation technique is described in detail in commonly assigned U.S.

Patent Application Serial No. 09/854,235, entitled “Method and Apparatus for



[ 00158] Receiver 220k includes an RX spatial processor
360d and an RX data processor 370d that include two

weunses®Bve (i.e., cascaded) receiver processiPQI/US2004/031828

[00157]

[00158]

[00159]

[00160]

stages. Stage 1 includes a defgctor 960a, interference
cancel l er 930a, an RX data processor 970a, and TX data
processor 950a. Stage 2 includes only a detector 960b

and Presesiugd Bate i g daople-dmup . Mpbiplepwpyr QB9 romymupication
i ncl . ' it: 84

doi neerT e EaicP S Tnfdfhiigh e 1997 L3 2001

i nt er | eEMer 9B sBewe euplpekddiagramhofiva reeeiver @208BWhiRX igl aetaanother

9 i ncl i ' "
Cha e Bin i 18, RE 2R M SSRTR el 1Al o hpposicon
i nt ecesmy Recqud 220K pHbR} (Hateragivaduection aet dacbding B6Beover each
O e b e G5B P b 1 S Baloh ot
bas eecoteringnhe dohteeineit sBeda may i npl enment t he

zero-fogcin hni. que, E technj gye, ,or

other rBEEM et ules an B wER e oot 2 o R B pgpeessor
970370& M@t MEladd f Aidtasisy (RQlcaksded)Rkaiger{procedsifgidtagell€Stage 1
current iteration , conputes the LLRs of the code bits

f or Mgy fefedormflp, aitipirrgogapcellen30a, 7, R% g ProsesiPret /02, and
dei ntxe ke pYdcesoPbsédNe Slakd3, inddgks ARHKP I &Rtk B 960b and an RX data
dei nterl eaved LLRs {Db’ to obtain feedback LLRs for _

t he PERSRESOR PEbat Reh data preegsserst 8709r peludesob LR Tomppighiemapit 842a,
per f.piEl fdaatingler %hh@,f dR8Ye: 3460 and *Eiagé@leﬂ%%‘vel- BRI @diled as

provides the interl eaved feedback LLRs to detector
960ahowihin Ilét 8Bt i B¥ datacbrokessoth H§brmgludse LLRegomputhtion unit 842b,

mul t [ ' L Gi et ' ' ai ned

for Ct‘ﬁ{%} glcfI eﬂngggzﬁ‘k@ EH% ﬁ&f'&?érs% G‘ g ¢ :i ?rlgnh%?{ﬂ%getag&g rag%: essor

970a sl FaamgeNedéteanal 96daprctssds the Rgo febeiyedosyehbpl arxcemesy,} and
t he decoded data {d } for the base stream [00160] TX

dat dypr vebtgothe 480 ayrabrd ostinsatesi {5f}efot thabase,stream) Detector 960a may
nodul ates the decoded data {d }_to obtain the

r endipeRedhe gerpdorciag techpiape, thg MMSE fchiygue, onprraq pipr receiver

9303:d8GH vt@amaﬁs@. AR A8 SRScckdde EGITRALVAL 8E daMNBAIbol estimates
stream { }gto obtain interference conmponents {i "} and

{i }sgduer the ctimmt bersonsit comapmutes ithet IdrRsanf ¢hece d e bitscfert the data symbol
930a then43 subtracts the interference conponents {i }

and eftimdte f {Sgm pdrforme channg deipteilodving of athe LIRS, Jandndecgdes the
} to obtain the nodified synbol streanms {y[} and {y '

} f deinsrlaeyed LIRS 0@ 6] obman Tesdbagl LERs défa cloothegg@titeration i+1.
processes the nodified synmhol streans {>>,'} a

to Gt d3th PEPSESIOLIA08 dyrtheg perigrms §ha{nnel} infegjpavingeof t{l]e(:j i’e)c/:dll)acl}( LLRs
enha{ f,f,f? %ﬁ%ré&&é‘é%ﬂé iRl e RIVOGEEERY to detector 960a. The detection

and decoding may be iterated multiple times until sufficient confidence 1s attained for
the data bit LLRs. At such time, RX data processor 970a slices the final data bit LLRs

{b.0a ) and provides the decoded data {c?b} for the base stream.

TX data processor 950a encodes, interleaves, and modulates the decoded data
{ﬁb} to obtain the remodulated symbol stream {5;}. Interference canceller 930a
receives and processes the remodulated symbol stream {5,} to obtain interference

components {i,,} and {i,,} due to the base stream. Interference canceller 930a then



970b then deinterl eaves and decodes the data synbol
estimates {sJ' to obtain decoded data {d } for
wenivansg®eent stream Detector 960b and RX dat apCT/US2004/031828

processor 970b operate in simslar manner as detector

960a and RX data processor 970a, respectively.

Iterative detection and decodi ng with successive

equabiract FhGnmtm@fqn?ﬁ EPMRenents elich ri@d| {iak |fE)<PTn itBe gpcgiyed symbol

descri be he af or ementi on Pat en

AppiTeas fioh bes 1.4 10 Rbtamf’eﬁrem@ﬁ%bwm byraD ) e 2} effr stage

9A and 9B show four exenplary receiver designs that

may be used to recover the base stream and enhancenent
[00161] st r eamFoGitdper2, deteonfédb presésgpsshamydifitdsynibel sisaas {Ahdnd {y;}

this is within the scope of the invention. 7.

Tr daohiain data symbolRestigiates r{s Prioctbe sigcqnent 88pmERK dm)processor

shows a fl ow di agram of process 1000 perforned

t r a79hithon deinfegleavigs @rda#eémeé the datscymolsstimptes Gak® @wréémpded

and enhancenent stream (e.g., for broadcast service)
i n datav{&d for enmzmeme;xstsemm[ d@qa‘thr 9906 dndsBXsdate gracpssor 970b

coded and ul at ed a fi t rocessor .0., .
c orﬁ?&ga&jméfmgaﬁ CBGRST 23 fsfsctorc A ﬁgq? Wﬁ& PIRSRIF 95@'4 gespectlvely
andidiifle! adtetioft 1&@ u&oﬁin@ with) sulcBes§ibd adgRal@afidy Shd dififefference
syrrbol stream {s } 1010). The enhancenent stream

i s cBerdatioml Alwdddsen é lwheaafg@wa%owétlésp%@'ém.hcatwn Serial
(e.9o..10805R68€d of encoder 412b, channel interleaver
and nodul ator 416b) to obtain a second data

14b,

[00162] synbol FEGS.n &B, 9A(ande}B mmfour ROuESY rausever designs dhat anay be
sy r
B AL Bk B REARRRInL) 1650 SRR Bl
pr cadsstworsed, endjthjs lél'wltﬁin\thﬁbbwafcﬂwsmnndxﬁOa) to obtain a
first set of synbol substreans (step 1020). The second

dat.ﬁ S)tr;pﬁ)gml wkri’?oc@ S&%ssed i n accordance
mng—%zjﬂm schenme by a second
[00163] SP2al | 2lpr @l REGRFRG oS a%rax%f?p}’c(c 1666’ %@%B&ﬁiﬂuer for

obtain a second set o ynbo rea
Th ehlénatchtcalscpdtngadf the mem asd hdmacemmylt Bteeam (e.g., for broadcast

transm ems (in which case the first
S EhE oA

set>*bf4Y i *f's {s' } and {s' } ) or a
[00164] spat i aIThmBatw mtreaxm g csddraiemi modulatedcby aafisst tdae procabor (e.g.,

e ool AL SR [ &l 200 3 dodd s inFiG. 44)

t r a3 Sdhidin Q'ﬁfﬁrcﬁ'tat el SPRm( (N \Qﬁéf |1101Q)§3 €hk REhMBERN stream is

set of synbol substreans is {’
coded and modulated by a second data processor (e g., composed of encoder 412b,

channel interleaver 414b, and modulator 416b) to obtain a second data symbol stream
{s,} (step 1012).

[00165] The first data symbol stream {s,} is processed in accordance with a first spatial
processing scheme by a first spatial processor (e.g., TX Div/SM processor 420a) to

obtain a first set of symbol substreams (step 1020). The second data symbol stream

{s,} is processed in accordance with a second spatial processing scheme by a second

spatial processor (e.g., TX Div/SM processor 420b) to obtain a second set of symbol

substreams (step 1022). The first spatial processing scheme may be a transmit



{s'" } ) or a spatial multiplexing scheme (in which
case the second set of synbol substreans is {s } and {

WQ 2005080366] The first set of synbol substreanBCT/8S2004/031828

[00166]

[00167]

[00168]

[00169]

conmbined with the second set 4af synbol substreans to
obtain multiple transmt synbol streans {JC } and{x }
for transmission fromnultiple transnmt antennas

1ostb§er81fméhe@aﬂﬁﬂ Whish CﬁSﬁ;}heo@rsm,eh P%mowlbﬁtmﬁlsaﬁ {1 ; |aa¢1 {sbz} )

e @i Mttt drhtms O oo i e 2SRt R Bolfhbstreams is

tra{sa}n dnd KR! THer R sphtidl Grbchdinge bdhemk BayC 18P bBIanGansmit
e achl eved with superposition by (1) scaling the

fi rdaversmlt schémes Yinbwelticls vdss tthee saoBndibdt fof ayfbolstubstreais iy {s;;} and
factor K, (2) scaling the second set of synbol

subff.} eams sprtidh muliplesng) sehemiei (i whicht ease khe, segomdl §e8)of symbol
suming the first set of scal ed synbol substreans with
thé“@%@é‘ﬁﬂ“s{é&} #1d ed)-ed synbol substreans to obtain

mmy be Bt sl dmatHEX sk Rpblied M, BEER AR mbol

I eCRYRFe¥mPI6 JHEGR nvitip: tﬁﬁl&linttisﬁﬁb(ﬂ(s‘;ﬂéa@ﬁ/sl 489 andf {lx;}sfor MR mission
or better. The enhancenent stream may be coded

mo dfidrameliipletransmit anteanas (stepr 93 sl cowbininggeaydreyachigved by time

C\E gdr%{éll’ltbﬂ %uﬁ@cég% &etg?\ﬁfspée? ﬁf %ﬂné)?l %JE ?ﬁ g\lﬁ e se@%{ﬂﬁ%{ of symbol

[ Oomﬁﬁﬂeaﬁs to dhton theatsansms symba , stltatm tAlanm’tht:lv,eﬂle combining may
ty pbecaff:l ig gﬁ (r::e Ssu? grtg%sguﬂoge (nggﬁ%ntﬁr ién(r:s{e I?e\? 8{; szﬁ&bpps%%ﬁtreams with a
c aSﬁm s‘cmﬁxgtmdomg,, ,a(ayiscam@dha&eceﬁu &t of fignbobsdstedahR avithagdcond
enhancenent stream are not dependent on the channel

r eadcaligt faciors K p,fantl 1(2) sumoeng/ e $irst §tef sathidrsgmboldubstreams with the
nmodul ati on ma erfornmed in_accordance with rates

sel seqnddetiaf s fh’e%’@%g]t subsiream ioabipipihe Eapsaut ymbehwisaras-
condi t irgp ﬁas@ Rch Qltay HE a5l erﬁotﬁhzﬁ«fﬂ" &hd g]ﬁﬂ:ﬂlyt IBchf’é§s)edffSlr recovery

receivers in the system For broadcast service,

s pawyirateipnpedisics avheiing atfivet SHser bettere Aie aniehnesheah s;t@mnnay be

st r ' ' -
AL PEAEhS8, A pERERIERL 0, AUBRPL KBl B R Rving

t r ansrondtSNR oehettbra where nifecslecrmltllSNR 16 bighertthan the ﬁrst SNR.

(instanta aver age C

ent | 25t Bradgpt SGePRs Gargier iy LIS ppgy me channe

Codieslizatioid (Tl thanhélapspbnges) siethbaeeivarsd Ianthﬁruaea:rem coding and

erforned i.n accordance with r

t b
el BRSO (9t Lo Bt TeMB g BUSEANGY, S 0B SRaMisEy on the

r eadhadridl realizatibhs $OBd Fddtiverk CThélcAlishaESmaduldtiow nihiya@mfformed

of a process 100 perfaorned by a receiver to
in accordance with rates selected for” these streams based on expected channel

conditions (and not measured channel conditions) for receivers in the system. For
broadcast service, the spatial processing for the base stream and enhancement stream
is also not dependent on channel realizations of the receivers.

For some services, the transmitter may have information for the (instantaneous,
average, or expected) channel realizations of the receivers. In this case, the coding
and modulation for the base and enhancement streams may be performed in
accordance with rates selected for these streams based on the known channel

realizations.



recei ve the base stream and enhancenent streamt hat
have been transmtted with hierarchical coding in a

wEki0sa03M MO system Process 1100 may be usedpdDUS100€£031828

[00170]

[00171]

[00172]

[00173]

TDM schene. [00171] Multiple 4%ceived synbol streans
(eg , {>>1} and{y } ), vvhich are obtained via

i pl.e receive anhgn are tine d|565|on .
derrul t ifCettd shewgp? aggamm of 8 pracgss 140 perdermed By a receiver to

SYMRetive wRShdse aFBant @nd -enhdn¥emhen® RfednY that )hal® bednN@arRAfi®d with
stream and a second_set of received synbol substreans

(e. @erarc{hy:a} cogling i inyg %IN§O PHMIMRLSYslsHa I esesh1 1 09t 1agybg used for the
(st epmlskldme. The first set of received synbol

substreans 1's processed in accordance with a first

spat i alMpltiple es=ivag smlmin'eeaérs (:3:18 {al}tmdn{s’rh)t wilick @resibtajed via
sche spatial nul t.i X|n a fir

S parREP b Stps A iR ri0n SPPHTBEeb i gl B st set of
FI Grec&69d dymbBPudbieaths f(d. %_ t{ybﬁ}eﬁx%/?bg@ fglaﬁl@b%érf&&{m and a second
stream{ } (step 120) he 'Second ‘sét of received

Sy lof feodiséd abBl sub:smm@(aésgedy;}rhnaqcng)ﬂﬁﬁm énhdrterdent stream
second spatial processing schene (e.g., atransmt

d| vésml 1y0)s cHenferstoset of repeivddadymbol subptrearos ngprocdsesdein abs;ordance

R ]

{s }nu(ttptee;plgibdl&ﬁ)e) b hdirdftispatial precawen(ed., th]aw@lﬁprdcessor 820a in
tr dlated nd decoded a fir
o OB sh o bl S g ResDLsite S e ATor sn 11 20a The pecond

d t
d SIC %{5 grf lf%g‘g’gé S)?;Poébarsn l%g’ge}rgs(e féﬁg&reis%% gxfzcc%ﬁia c.té \911’1‘? a Recond spatial
r ecpwerseds sdeme @‘m‘fafsmﬂ@a‘mﬁty}schwedm eophtiabeidplanidg scheme)

T ALY e R

showgowerdd @aa il atfesth (@,}P(seperR2)l 1 T8e Frdtfrosoverdd tadsymbol
recei ver to receive the base stream and enhancenent

St r eteaamt {Fgf ishizwedideted and devodad biyealfimt ddta hioeesasralige abmposed of
coding in a SIMOor MM system Process 1150 nay

us edlerpeshulatqs 832, ﬁhqnpésqetmqsha\seé Bédnpand droades B3 Ga) fa @béavéa decoded

L oEiboriddr G ERE) 9 drtonl Focdkp il dht s}yaﬁ’gl a5 s

pr oﬁ&ﬁoﬁﬁﬁltédn C&E&ﬁﬂcﬁyv‘d tsedadf Ha{tﬁ’t Jla&%dr 0o obtajn a decoded

processi ng scnene e g., atransmt verS|ty schene

or enlapiricl straatht{i7 ! (6e¢p MB23cheme, by spatial processor
920a in FIG 9A) to provide a first recovered data _
synbol HEG: daBshoys 4 8pwidiagrivaoba pracessnh 168 pegformed by a rFepdver to

fir ?‘etcei(fg @RVEL:E %trga% And Béqﬁ)a%lcerﬁén'i %ann{ tlkat ih%vé ngﬁ transmitted with

hierarchical coding in a SIMO or MIMO system. Process 1150 may be used for the

superposition scheme.

Multiple received symbol streams (e.g., {y;} and {y,}), which are obtained via
multiple receive antennas, are processed in accordance with a first spatial processing
scheme (e.g., a transmit diversity scheme or a spatial multiplexing scheme, by spatial
processor 920a in FIG. 9A) to provide a first recovered data symbol stream {$,} for
the base stream (step 1160). The first recovered data symbol stream {s,} is then

demodulated and decoded (e.g., by RX data processor 940a) to obtain a decoded base



denodul ated and decoded (e.g., by RX data processor
940a) to obtain a decoded base46 stream{d } (step
wd e@p/032083 er f erence due to the decoded base stPEEDS1084/031828
estimated and canceled fromthe received synbo
streans (e.g., by TX data processor 950a and
interference canceller 930a) to obtain nodified synbol
st r etzaam {dg} (ptep Y19P)} Tetdereyoe’duy to the dgpodddhhpe stfediyestimated and
The nodifi ed synbol streans are processed in

acc 69elRt drom f*ﬁ rgeedpdoimbehsitsams (o ¥sEX figtaspmesteer 950a and
(e. ﬂne efenlcé @:HI%ETL 9%a‘5% Shthih rﬁ&hﬁé@-’s oPstreRl Ef% v/} and {y.})
nultlp exi ng sc by spati a processor 92 o

obt &itep 1d64)econd recover ed data synbol stream{ } (step

1170). he second vered data s

1001741 g 0% TGOl SmbB iR e g PPocBy S thsiense Subupond Spatal
940pjocéseing b&lﬁhﬂ (ag deaatatt dvhdanaens orsitspaalmutliplexing scheme,
(step 1172) OOlzﬁé For clarit the hjierarchical
c odbh goatléldﬁ?ﬁeéﬁsré 22063 treohiaia A seseBE FerpYeRd) %ataoﬁé@épli syeamfibg (step

Pl Saed) ahe Veed Eetcﬁgea a6 Wi.rttr%gl TeDE o diii;;ggmx decoded
< i B 1R SBRproreimge Bt ol DA A ecoaH] EiAemeaiream (0.} (sep

M My gystemw th any nunmber of transmt antennas and
any nunber of receive antennas. STTD transnmits two
[00175}synbol sFdr ctanity, wee liearehivalt cogihigemhais;ubmhaeratbhersgmtiﬁbally described

Prat@ Eoal MM i, s ek ¥ SERARTD PR fgeeneral, these
tr ar&mlgue@nﬁa@%aﬁed rbreaasmro xﬁw witB lah P dumiBt oFlr&RivR@ntennas, a
used and are described in the aforenentioned U.S.

Pat SHBOAyrmcth awy muabienpt Kensmitgntepnasq al a MIMCh gystem with any
r ecﬁ{u’é@crr of tARsriP & thiHas Qﬁcp Qx?ysﬁ’drﬂgzr 8% Eecgi-cg—@nt@@r}s b%Tr']f D transmits

extended to any nunber of r'ecelive antennas. For
spatwalympls ifigeRio Fassohieasennahén 2eshosymbot pered. MUBET transmit

ccARRARL LRARS YL AR RARRH Mork TEITML SIER o e tan oo

i

te any recelve ante
Al s tratisprit :mtamast in, eat:lln eyrhlboé rpanoxh maxplalso doel msgl treichroideseebed in the

have. been .s g N d .f e rier
ContiRsrR Lo P AmeEop SERIS 01 TaP R af HylreSiver, e
us egpatial précesding for SATDIcan be exended cinyafundysdfBtdivet dtennas. For
nultlple ub-carriers or fregquenc bands .t hat
Ty 5o gl TR, SPhes HhE et iorcrrin. NRTAE: e it feceiver
SySbmg@ag tdeBnigites Ok sy erh@BdatéimyhkldesofstRMe agfRnas O

a nultl-carrler system the base stream and

on
[00176]enhanoe‘?11é?1t 0% claglim ey igsechien] e dmigateriaHea haye been specifically
sepatRtisddyfot @ single-carrier communication system. These techniques may also be

used for a multi-carrier communication system with multiple (Ny) sub-carriers or
frequency subbands that may be used for data transmission. The multi-carrier system
may be an OFDMA system, an OFDM system, and so on. For a multi-carrier system,
the base stream and enhancement stream may be coded and modulated separately to
obtain two data symbol streams. Each data symbol stream may be demultiplexed into
multiple data symbol substreams, one substream for each of the Nr sub-carriers. A
pair of data symbol substreams is provided for each sub-carrier for the base stream

and enhancement stream. The pair of data symbol substreams for each sub-carrier



obtain two data synbol streams. Each data synbol
stream may be demultiplexed into nmultiple data synbol

weshs®ass, one substream for each of the PCT/US2004/031828

[00177]

[00178]

[00179]

sub-carriers. A pair of data gynbol substreans is
provi ded for each sub-carrier for the base stream and
enhancenent stream The pair of data synbol subst

f or MY sRafiglly awFFSé?dw Wasémg BLETSHY PPepE SF éégaéla miltiplexing

(€. GechenR) in'tROMBAder BésY@Bcqiabdve 6 BB BINSE-cArrePSie to obtain a pair of
mul ti pl exi ng schene) in the manner described above for

t he t@nsygyt srstreanssior that sutopATAT{ifwoFansit apieBRAs frg used).
SY MRl pa RUDSEISARSyrhiY sdtigbantie SR4ihéEfor (HelNWE carriers of the pair
t ransm t antennas” are used). pairs of transmt synbol

subof tremt antennaspt Bhede transmit; symbelignbsteqamis dprseagh trapanit antenna
pair t i

ubarfloch PAREEE] (2E! BN S, IS EARSRE bl Bl carier modulation
pr ot¢ehsiguk) (tceolgalp alasigtited 13igDr v that tsapsmit atitbren. The complementary
guoldfglro'c%s%glrgl duI at t ar%cte{ev%g ﬁ)srr%ng X er{ eeb%g% eﬂj]l %nd enhancement

c onpiredire ntDEDM ]prbmsﬁﬁg htrthe trmspﬂtefr tandrmdemér it Bescrilsden dethil in the

Ot C A Crah b P e o gos dios P AET .

descri bekk hitrafthicall doding téchfiqadsQa@aRIBd bevnQPeddically aésefibdd for the
U S. Patent Appli catlgtg Sgrl al No. 60/ 421, 309. [00177]

The URPERSYHATIAPCRBRn plghe Bass e anhsRhancemept syigam for broadeast

speGidviceald Yene@B fekdRehriqes AP bt (1A trEfshM hndRéteive any number
reception o the base stream and enhancenment stream

f or obdatoriteams,swhare cach data gEert miay heneoded.t mediateryegd spatially
Y pReitS €M £ BarnbAOSTbY r&%ng%ﬁﬁﬁéé%d%\)ing‘y&é}?gha@& 1206t 8NR or

ans, where each data stream may be coded
rmdl!plemretgl recgrvg the data atream.prldwasthess tehnigues magrbetused to support

al | oM B8k KlohlesS Wb 98c. AGRP YOGy des gnat ed tar get

SNR or bet 0 recei eam Thus, these
t echni qUisshiemychivel cwslexg tedmguppmay alsolbeius¢d for @dicast and multicast

e Pl BRGS0 e B Rl

f or nuniig@adersa I’Ehc]‘i‘dj'rhlb(ﬂ aséarrsmay be eansnifiesd dt BipaAistilar rate and using

service, a different stream.may be tr.ansni.tted

to @Pamicpler EQHSP‘FS;S‘PES rrge g E%ﬁ"%@’@ 1ty of F@Qa rﬁ%l’lﬁ’@“g) The
transpd bh@6r Aanshifdonl kchémad ﬂ')lattlfé ﬁﬂlﬂlﬂkﬁlsﬁﬂb@l streams transmitted
particul ar transm ssi.on schene

di vérailiageoysly p i rayltipl ssTHMex .bﬁ gytenmﬁ@i Paaﬁ%gn fsdhagk provided

trapgmSadedN §G itloR'is L8 fG?J{hE'rﬂhﬁ’pl@Xfﬂ?&h s&bdn®2fRn (1) the
tranSmtted simultaneously to the nultip

be dr@tl%mﬁvrne@nn%&leasmo’&tb@aweksswpévhe@@obewuég{efc’oa§a§1¥lsuser and

L T2 BB e gt Rt 0l sl s o

t he strcaemgfrﬂssliisgchvamagmsebenwgom@dnﬁgomdsmwlng@p sgmblol stream

sent to the better user. For multicast service, a different symbol stream may be sent th

each group of users. The rate and/or transmission scheme to use for each symbol
stream are dependent on the channel of the worst user in the group.

The techniques described herein may also be used to support data transmission

to different types of receiving entities. For example, the base stream may be coded,

modulated, and spatially processed (e.g., with a transmit diversity scheme) for



(2) the better user wth higher SNR receives, detects,
decodes, and cancels the synbol stream of the
wole@adsasst aged user prior to detecting and decedi/osonhes1828
synbol stream sent to the betts8r user. For nulticast
service, a different synbol stream may be sent to each
grou of ugers..The rate and/o transm S|on schene t

use ULOK §TADBE eg{npeéa?ﬂug}pg d’gﬂb ﬁd%?ﬁ e 6Ff:et\/|;.?eantenna and the

ch arﬁﬁﬁinc%eﬂt Reea® il béoled, EhoH{illateg r ﬁidpspatﬁﬂ@ﬁi&ﬂess?@ fe.g., with a
techni ques descri bed herei n may al so use

supgEmEmiy 4ivarstty &k é?ﬁtekmawp{ezsmausﬁm (R TegapHan By receiving entities

reCQéinpBQi\eﬁﬁfnhltl?&reé:eWeaﬁ?éﬂﬁ@l e, the base stream may
be cod , .and spatially processed (e.

9.
[00180)yi t h a tTh%h?ﬁﬂrfhl%ﬁl vedigg teehnignesrdepcribsd Agrein mapt edmpbyﬂented by
r ece\}aﬁbﬁ]&gm@%xts' thleéx ‘Pé %@éjte\%ﬁl{jhe@ n"?a#g&l g[ ehfe feH Gt a transmitter

ant enna the en ncerrent stream
noduindtaeticeiderdinsheadwark,| spfiprares o5 sae@bmtenaglon th@rmf aFor a hardware

tr arn etmeméggl{, ‘;tflé o%ssﬁg%%dt{"llseﬁ%lt hi%l‘a?@fl chg (f’(ﬁlkkiﬁﬁe%l l‘trﬁlrlsmlt‘ter

reception Ies equip
r ecdexge Tahdan pmess@r(ﬁll)&ﬁ]i 'I'lepahaleprenesdwr 320) and dhen]gocessmg units

technigues.descr i be
var 1 Db iR TR 5 e reqs L R AT g aco and RX
i mpl dapeproedsat 370) Wa&%ﬁrﬁ}ﬂﬁﬁen&ﬂdwﬂhm et of &hork Mapplication specific

har dwar e, ,soft. anbi nati on t

har gt praRdASIG il R PhiceS s b bl St paneessing
hi er @ik Qlai‘,PIBdefb@raﬂimdbﬁﬁ 1dgicd@evtdst @LDGE- fibld plograladable gate
processor_310 and TX spatial processor 320) and the

pr ocRYS KEPGMDt Eragesserss S?Ht!?ﬂleﬁsa%‘f’ff’ cantrqliges; mycrgprogesgors, other

I eCedjatRbnit Snfls desfBeSRAetBim RIcAERIRAY dedbibed MreiS of @ émbination
processor 370) may be i npl enented within one of nore

appﬂhﬁﬁﬁion specific integrated circuits (ASICs),

[00181€I gi tal §1i g lftwgfe ﬁ‘fjﬁ rﬁgt&)gsﬁﬁ*) hlefik&g:taﬁlc? ?g&gml\?ues may be

rocessi ng eV| ces progr anmma I cCes
( PL Dsiplenfentetl dmblrmgthdmrfalgl @r(g:adlgesarfmaygns( FIRG’&BQH) that perform the

Pr 0GR R30S desS L h2telr® The sgﬁwgrg c&dd tn{a be %{ﬁ) ed 1n & ZJoemory unit (e.g.,

m cr oprocessors, g{ Ler el'éectronrc unrts
per froemory hiaitd B3c4ndods idd3Gr 3)nd dxecudddrby z[)proaessor (e.g., controllers

co r eof 0018 For. a software

ool SRS S o B FRmoR S IPThea S BEREn o R PgERSEer pgrerma
be itoHeqtbuRbe iivhith BENd Ul @ bé Corfmunipdtivel@utift&d to the processor via
functions, and sgngﬁé t at perforn1the functions
descyBEdNFHEP & 1A NG dhar e codes may be stored in

[00182]5l Menor Yewdihds 418- Bcluddl Hﬁ’él‘x‘l 27 Iteferé?ngg aRBGo38d ihNokdtfes certain
3) and executed by a processo controllers 33

;
and Sseiwps. These headiiey atg et integ dd@ lmﬁiﬁe poRe abthgrensepfs described
. the REGRIREQ! arfdl th&¥ 6AdABK may have applicability in other sections throughout

the entire specification.

[00183] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications
to these embodiments will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



to the processor, in which case it can be

comruni catively coupled to the processor via various
WOore@s®3ms3s i s known in the art. [00182] Headi ngBCHIUS2004/031828

i ncluded herein for referenced4and to aid in |ocating

certain sections. These headings are not intended to

limt t scope .of. the concepts descrjbed . therein
unqapendi S g o i, FEBSEDe s SN P ABF 1 8,59 fpoorded the
Ot heyid&e §dob® BénsisiRhOMEN®Y brihdifle£aidino el FR@GES dicddsk®Rerein.
[00183] The previous description of the disclosed
emboli ¥%C£§HHERA§hxito enabl e any person skilled
in the art to make or use the present invention.
Various nodifications to these enbodi ments will be
readily apparent to those skilled in the art, and the
generic principles defined herein nay be applied to

ot her enbodi nents wi thout departing fromthe spirit or
scope of the invention. Thus, the present invention is
not49 intended to be Iimted to the enbodi nents shown
herein but is to be accorded the w dest scope

consi stent with the principles and novel features

di scl osed herein. WHAT IS CLAIMED I S: 50 CLAIMS . A

met hod of transmtting a base stream of data and an
enhancenent streamof data in a wirel ess comruni cation
system conprising: coding and nodul ati ng the base
streamto obtain a first data synbol stream wherein
the base streamis designated to be received by a
plurality of receiving entities; coding and nodul ati ng
t he enhancenent streamto obtain a second data symnbo
stream wherein the enhancenent streamis designated
to be received by at |east one receiving entity, and
wherein the coding and nodul ating for the base and
enhancenent streans are not dependent on channe
real i zations of receiving entities for the base and
enhancenent streans; processing the first data synbol
streamin accordance with a first spatial processing
schene to obtain a first plurality of symnbo
substreans; processing the second data synbol stream
in accordance with a second spatial processing schene
to obtain a second plurality of synbol substreans,
wherein the processing for the first and second data
synbol streans is not dependent on the channe



realizations of the receiving entities for the base

and enhancenent streans; and conbining the first
w@baosabiosy of synbol substreans with the seconelCT/US2004/031828

plurality of symbol substreangoto obtain a plurality

of transmt synbol streans for transm ssion froma

plurality of transmt antennas. 2. The nethod of claim

, Wherein the base stream and the enhancenent stream

are transmtted for a broadegaaiveervice. 3. The net hod

of claim2, wherein the base streamis coded,

nodul at ed, and spatially processed for recovery by

reqei vi ROm&RLd bf RshsRRRIEY bAQ dredrh 0B Hatd 1A 8 ARNORL stream of

ratio (SNR) or better, and wherein the enhancenent

st datai § wirglgspec@mmypipation wgtemaeranpsisiei al |y processed

for = . IR i e .
RRSFEBUE LMoY AR R AR PR Pt e
f i ibate sShitn B1designafdigo re tdvoiedby cplaiatitylof redetying entiti¢se

first. i [ SSi e i . ]

o RV f B LRRLETEE SRRk o B HAERl o syl e,
whevhetein thh@nlsaacansht stpati &ldegigmatedsts ibegecenled g at Eadtlode receiving

transmt diver.sit che or,. the ial multiplexin

S cHB. and WARES 1 sedipicand arodolatits Riihy Brss Bd R ARG sreams
fi ragd nadeBEadn bnS ptainhéll repliAG6SS b PecSivh@MesitieS for the base and
transmt diversity scheme. 6. The nmethod of claiml,

wh EPRANRETREIE BIYMSt he first and second spati al

pr Sing0the FAR MG dybol SRAGLM! ABBrdhdc8RAIMH A fRldt\eBathl p¥ocessi
(S%"Er%)5 sﬂgﬁterrp. 7. Tﬁ? nmet hod glf claim1, wher e?lsg thtg ooessm
f i sehemegapbtain adirypbudlity of yebehabptecamst ransnit

di yescaising fHeN&iBnd ighat BEntRE CARLN SiRAkdcBldaikieO R S I'kgcongdspatial

A}

scheme IS a spatial multiplexing schene. 8. The nethod
of pedcgssinglschoime teiohtamae Iseeond trherality raft symbal gebsteams, wherein the
sp ol | |
SO RL i BEEE B £ORIRY SroPithabls S g e channel
c ontzlinativgs pfthé redeising ientities iforitlsd tmse andl enhgicemént gir¢ahns; and
first, plural it f.. ol ,substreans .wi th the second
ot G B bty plia L B pe S B RS Bt e sk SR PERER e b
of stbystasans to shtaibal platatigasftransmithsymitel steedme fforc trarismission from a
mheﬁein tpe conbi ni ng i ncl udes scaling the first
pl Rrtplity 9T GRnSRY AREPNAS bt reans with a first scaling
factor to obtain a first plurality of scal ed synbol
subst r eans, i i

2. The method of claim 1, wherein the base stream and the enhancement stream are

transmitted for a broadcast service.

3. The method of claim 2, wherein the base stream is coded, modulated, and
spatially processed for recovery by receiving entities achieving a first signal-to-noise
ratio (SNR) or better, and wherein the enhancement stream is coded, modulated, and
spatially processed for recovery by receiving entities achieving a second SNR or better,
where the second SNR is higher than the first SNR.



scaling the second plurality of synbol substreans with

a second scaling factor to obtain a second plurality
wobkoosozdoedd synbol substreans, and summ ng t he PCT/BEE2004/031828

plurality of scaled synbol substreans with the second

plurality of scal ed synbol substreans to obtain the

plurality of transmt synbol streans.52 11. The net hod

of claim1l, wherein the wireless comunicati on system

I s4a si T mehsd bfdlaifOrWhefegAthe Bifst SpatihETocedsing sohéme is a transmit

met hod, of claim 1, wherein the w.rel ess conmuni cati on .

sy SIVERity scheme9n p Saat! SulERieriRm ssieopnds Yherem, the pecopdespatial

MebRRELsE séllefieN the MG iverdify & cHinteed r ARSsp AT M pFeXirlgQBheme.

system i npl enents orthogonal "frequency division

mul tiplexing (OFDM. 14. A nethod of transmtting a

bage sti{mamAbd GAURnADdviikRkif BRANG Rkt zﬁ%d!‘s%@d}ﬁ‘dos[)at{%ﬁ)ﬁ;cessing

in a wreless communi cation system conprising: coding

an&chemdsis attiapgnit dizebifisssheme.eam to obtain a first data

synbol stream wherein the base streamis designated

to be received by a plurality of receiving entities;

codi ng dmdmathodibfitlaingl,twieram bavhod enfirssindesacondepatial aronessing

a s(glcogscli gat acz_.sn%%‘13 oal Ssgﬁ%arr;}lné iC etmhe enhancenent

st gﬁ%lgég%lg t6d to Be ei ved yeat | east one
receiving entity; processing the first data synbol
stream in accordance with a transmt. diversity, schene i
or T pIY RO P el GG BT P BRISGeRPIBE PTGy 1 & ramsmit
pl divalsity ¥cheinesanalbé seodhd ispRiaNBrocEkiag &6kEInitdista §paGACAEMplexing
data synbol streamin accordance with the transmt

di §9§‘F§‘Fty schenme or the spatial multiplexing schene to

obtain a second plurality of synbol substreans; and
conbining the first plurality of synmbol substreans

wi 8h t hEhesmetbedioheleimal.iwheren caohpb the Grshandrseeand spafial processing
0Dt Hethedis Rlshiifll hbhiMipRhinb kel t synbol streans for

transm ssi o romg p1 drality of transmt antennas.

15. The nmethod of claim 14, wherein the coding and

nmogul at 4 .has ' n J treans are
not " depéen g e%ﬁgdoé}ﬂg%lgﬁ n‘gPeaf?‘g gfel Z gﬁ?ngﬁlﬂélfl éerse cei vi ng
entiki dieisibo multigeims theafidt plutadine efreyrhb@ tsubsreams 16th theeecond

;rgtpﬂfoﬂlgp %fg?gl%é]{?&%ﬁfear\rl\l@ t%ro%%a?n t‘illg Slucr:aqg)il 0 a%glndlit gy?n uoll ?i}eiapn .

10.  The method of claim 1, wherein the combining includes

scaling the first plurality of symbol substreams with a first scaling factor to obtain a first
plurality of scaled symbol substreams,

scaling the second plurality of symbol substreams with a second scaling factor to obtain
a second plurality of scaled symbol substreams, and

summing the first plurality of scaled symbol substreams with the second plurality of

scaled symbol substreams to obtain the plurality of transmit symbol streams.



enhancenent streans are perforned in accordance with
rates sel ected based on channel realizations of

WO emeis2osy entities for the base and enhancenePtT/US2004/031828
streans. 53 17. An apparatus if2a wreless
comuni cation system conprising: neans for coding and
nodul ating a base stream of data to obtain a first
data synbol stream neans for codi ng and nodul ati ng an
enbanceTRthethdd Sfamiff1, datmint the GRS comnAMERANch ddfed is a single-
synmbql stream .neans for processing the first data
sy PSR COMPURIGATAR SY3&Br dance with a first spati al
processi ng schene to obtain a first plurality of
synmbol substreans; nmeans for processing the second

dald syHisdanethed efzghaimnl, shstsitithn Sarelgsy poramamHeating sysiaat s multi-
Pr erfSoRghupfc s Bsyttemobt ai n a second plurality of

synbol substreans] and neans for conbining the first
plurality of synbol substreans with the second

P! %.al i’f%. rﬂéth&yn%fq?hllmﬁuaﬁérglﬁ%w{raesgQBMnQatm Us(olﬁleﬁtiﬁ(nplements
ynbo roma

of transmt s stfeans for transm ssion

pl omtledgona} frefuencyadisision nartipdeniaes(OFDBM). An apparatus in a

wi rel ess comruni cati on system conprising: a first

data processor operative to code and nodul ate a base

st t€am Afmedaideofttanghittigr Basé sticin ofadata saddnoénhsicemant) stream of
second dat rocessor,. operative t.a code and nodul ate

A n O R E B TR COBE PRSP YD £OPBT8BE ai n  second dat

Sy bdiirg fil meclatifg fhee bde sErpath toadbtdh 0 €t ANtk s@AKY] 3fréavi wherein the
process the first data synbol streamin gccordance

wi base srqam s designated 49 bojeerived Dy APIWRIHX RErec e VBB ERfiSia

fi EsthingPdndrRddulaYin® the SMRRREMSEH BSdah PR FbtaiPa SREMANGhtS BAtHoR btream,
processor operative to process the second data synbol

st Waergin the erhapgeagptEream i designaied febe praeived bypideast eneygeeiving
sc to obtain a second plurality of synbol

substT’eans; and a conbi ner operative to conbine the

f i protesping ithel firstydatef sympnabssteamiin aeqoedanee with R tlahsmit diyersity scheme
pl I - Sy Aho t Al LV

o S E gl i TR S BRI o1 RIR sy Wi

pl proadssing thef sdcomhdata tsymbdlestoeas . in hOcordinee aythathe tmassnof diversity

claim 18 %\Iner ] tﬁhe flrst . spati ai} rocessar . s..
opt S i 4 Sl opMlileine sheF ge dbieihg FEmdpIbRLSef pymbol
di widksdaimg; adhene, and wherein the second
combining the first plurality of symbol substreams with the second plurality of symbol
substreams to obtain a plurality of transmit symbol streams for transmission from a

plurality of transmit antennas.

15.  The method of claim 14, wherein the coding and modulating for the base and
enhancement streams are not dependent on channel realizations of receiving entities for

the base and enhancement streams.

16.  The method of claim 14, wherein the coding and modulating for the base and
enhancement streams are performed in accordance with rates selected based on channel

realizations of receiving entities for the base and enhancement streams.



spatial processor is operative to perform spati al
processing for the transmt diversity schene or a

WG pasioadossiul ti pl exi ng schene. 54 20. The appar ap@EUS$004/031828
claim 18, wherein the conbiners3is operative to tine
division multiplex the first plurality of synbol
substreans with the second plurality of synbol
substreans to obtain the plurality of transmt synbol
st %.amsm 2pparatiiein apfisdledt btﬁnrﬁlﬁl ni@ﬂtiﬁh ﬂ%s_ﬂeﬁh, cmtls;ﬁsﬂgla_ t he f
conbi nef is._operative to scale the first plurality .o
sy 5B 6 5ediRb AP TR § P Stream of Ay fuebiain 2 ffsh igia symbol
t hgp&agond plurality of synbol substreams with a
second scaling factor, and sumfirst plurality of

scacas oy spding snbaodwating i ethageEsAUSTSRE of] 4&6%woqbtain a second

scah@dymddiReLanpubstreans to obtain the plurality of
transmt synbol streans. 22. A nmethod of transmtting

at meerssfor tpipsestingaths tfireladetn $ymnbel wireas & sccenlanenivitiaei st spatial
Syﬁo‘%%sin%%ﬂ%ﬂ S BBrinGIHL P, ARY bAlbOEafRCN OF the
at P['€ast "two 0ata Streams 10 Obtain a corresponding

oneneatfis fat proeasing thaseadad dats yyriiwll ststameiamscordaped Wk h yecond spatial

pr O(r:oecg’s%}nn %chee‘rr’lnce% taltn%esecac;n lpﬁl%ﬁlg)( 5%' S gglt b St)’egb g'land
st PEXE P accor dance Wit ﬁ a sel ecre spa% Al
pr emession gorslsihmgehd firsofltiality of sgabolahibstentno vith ulksdet@mpurality

f th t nbol . st . [ t | t ts . .
B N
datf@nsy/pialitysif taadint andhgasc onbi ni ng the at |east two

sets of synbol substreans for the at | east two data
synbol streans to obtain a plurality of transmt

synRol ahhLpsEud 8 wifedds fonthhfehtibh SY¥tetn, RbMpiing: Y Of
transmt antennas, and wherein each of the at 1east )
t wd fastidatagirpeessos opgatisde godenmdunedulae a hafg stpaip pheaty to obtain a

Pr g ase dyfi sk&@pvery by receiving entities achieving
a different target signal-to-noise ratio (SNR) or

betatsegond Aata procassohengradive tar¢pds piid modijatg ap grhanedneabsireath of data
daﬁ@oﬁﬁﬂa@&oﬁ@ﬁﬁ@?ﬁ%’i‘&ﬁ&“ eam of data for a broadcast
S In"a wrele

ervice S§S comuni cati on system
congirstspatpl pwoeksorgppantvermdubass thg firt dath agmbaltstremmirt arcordance

obt aj n first data s ol ., strea odin d

ool G fstgb R oRisng Khefe «etaR Foed Bk & ¥mbel sypapeams:

dataasesytiib spatisit préeestor PspREiSS itd) Prddes thersstondadaa symbdl stream in

streanai n ac ordancd? vvi.tlh a fi.rst spati al rocessidnpq i

scRETREIaNGE BHP &4 spoands fRatigl pppeRssipg sehe tg;ﬂ’i‘f?gﬂ a second plurality of

S ulghbs disireams; and
a combiner operative to combine the first plurality of symbol substreams with the

second plurality of symbol substreams to obtain a plurality of transmit symbol streams

for transmission from a plurality of transmit antennas.

19.  The apparatus of claim 18, wherein the first spatial processor is operative to
perform spatial processing for a transmit diversity scheme, and wherein the second
spatial processor is operative to perform spatial processing for the transmit diversity

scheme or a spatial multiplexing scheme.



processing the second data synbol streamin accordance

Wi th a second spatial processing schene to obtain a
waewmoenskopd ural ity of synbol substreans; and55 BCEHUS20094/031828

the first plurality of synbol &tbstreans with a first

scaling factor to obtain a first plurality of scal ed

synbgl SIS of Bfa il@,gwflé}aaqﬁecco 1{1})&% 8{:46%%338 time division

synbol substfeams wth a second scaling fac
obt amltiplexdbe frstl ploralibadf syynbof subsadasd weishihe lsewnd plurdiayrsf symbol

d ' [ ' f | ed nbol
2 E bss'{%rgtggagrrﬂé QOWI&E}%II tﬂ#rﬁ J&C ﬁgéprlfsﬁ%r{tés %HP @CS%F ggsc Zly ed ° synbol

substreans to obtain a plurality of transmt synbol

ant Shinas EzpPA NS B SRinp i of s o, Singh by Gerrti b tealeahe i
st r plaralitysofcsythboll, subtittaina tnéh, a BridCscald fadtot, cAlé @288 plurality of
for rec ver by r.ecei vi ntities achieving a first

ST gVATO] SBERS Wik S quaRpefing facisgand pum it Phiicephocpsymbol
enhaibeesaRs twitht se€hpliral2 A€ sbaledRFMbAALsBBbtreAAE toShtih el pYurality of
processed for recovery by receiving entities achieving

a sEVSHY SERPOISHeRS: t er, where the second SNR i s hi gher
than the first SNR 25. The nethod of claim 23,

wherein the base stream and the enhancenent stream are

tr affsmi tA gwthog of fansniting akleass by datestraags imh winlsssodmpmication
cl adyRedBeonifiifigi N the base streamis designated to be
recéived by a plurality of receiving entities and the
enhepdingrand tmaslulatingredch of dhsi o eastetsvot databetrentas & obeain laycomesponding

I ea&;eoggﬁe&?&%it(?/aw‘r}“%mgmng the plurality of

recel ving entl e ’met hod of claim 23,
wh espefiallyt freccharseeash 10€ thm at deastewiv glaat sythbblostizems @cicyidshce with a

by fiLsSt receivin ntit nd t he enhanc nt stream

2 SHiegleld hpal Pios side e, RPN 2 e aonaheLateypaRy for the data

entsympol Qﬁam%'h'h?r_ﬁﬁtdﬁ (Dddisquwo(ﬂeﬁL df}sgzxabolvyamhlﬂ? hﬂda%btained for the at

processing the first data synbol streamincludes

spglf’?sgf"f‘vg’ﬂﬁ%’@g ﬁtrﬁ@mf’ﬁé‘?fi rst data symbol streamin

ac CRbARRLthelat [badt tHBAGE of byfbol kFHiEEInks Ak WRr2 'l%a)ft two Ghk) symbol
0

schenme to obtain the first plurality of synb o
sulb¥Ermanfe oban atwraliyt efo gansmitc pyanbpl g eamh &retransmission from a

Pr on@aky e tdhSm# SaRARhsd Qﬁ@wﬁ&%’xoédacﬁ o % tjo\'éggt g6 Sdégl streams is

spatial l'y processing the second data s stream
ac coferh modulated j-and jspatigliyrprocessed for recovery by receiving entities achieving a

different target signal-to-noise ratio (SNR) or better.

23. A method of transmitting a base stream of data and an enhancement stream of
data for a broadcast service in a wireless communication system, comprising:

coding and modulating the base stream to obtain a first data symbol stream;

coding and modulating the enhancement stream to obtain a second data symbol stream;
processing the first data symbol stream in accordance with a first spatial processing
scheme to obtain a first plurality of symbol substreams;

processing the second data symbol stream in accordance with a second spatial

processing scheme to obtain a second plurality of symbol substreams; and



schene to obtain the second plurality of synbol
substreans. 30. The nethod of claim 23, wherein the
w@e@se3®Bhg t he second data synbol stream i ncl BCEES2004/031828
spatially processing the seconfl data synbol streamin
accordance with a spatial multiplexing schene to

obt ai.n th eco uraljty of symbol. substreans. ..

A nlie gt PRI PRl abuReps MRS ae SR 19, Mhaim a s
enphrdlieyefistaled syadiol absteatd; in a Wi rel ess comuni cati on
system _conpri sjng. 0oCessi a plurality of received .
oy S B SEon Plusalion O AYEB0! sybSfredimd Wit aysgeag Spalipg fapipF 1o obiain
anh@mﬂ@plu'tamyaﬁrsh @Jlammomugkueam]g;!ahat spati al i d
processi ng schene to proyide a first recovered data )

by feRingRe 4r Pt of st vamel SHRE B MGV it dherserpd plurality of
I eGQRYARI Sttt AbseaRe! toSbkgiam tfuahlabh tAndfit AJRBo03’&ms for
stream ‘estimating interference dué to the decCoded
ba&ansssioarfiong & pleealitf tlREnganten®at-ed i nter f erence due

to the decoded base streamfromthe plurality of

recei ved synbol streans to obtain a plurality of

mod#f i eGhesynethod oftclaammas3, whersire i bage tsheanp fisueclefl t ynodiflated, and
patiafi” pReas i ohGOHD thoARARE SARRE Bhiblinga TG Mialg-nose
datraios(BNBY lor betteeaamd wimileinl elnpehbhadeiment sgemde cadbidnopothilated, and
second.recover dat a mbol. .streamtq.obtain a

co SO BRRHRL AR BpRiitrengBe SRR hiGTB Y Rofe g or beter,
31 wheteekicedecond BNFORB heghst thaahe firg SNRe enhancenent stream
are received for a broadcast service, wherein the base
streamis coded, nodul ated, and spatially processed at

a p5ansThd fbthed 6NElhiy/ 23, GVhefeRt hétaye Meame@eithd Ehancement stream
entities achieving a first signal-to-noise ratio (SNR)

or at5dtapgpitted,fog a REABASISEIMES- enhancenent stream i s

coded, nodul ated, and spatially processed at the
transmtting entity for recovery by receiving entities

acRfevi Hep metBedefirdpigR, wherpia thediase sirsamds dasignated torke repaived by
| S . .
ci APLAIRY pI0BHh Pt i Lot oA SRR o bereceived
a by atlesst enedeeedving enyitysarhangehe pludlityhof reseivingleatitiesc ond
spatial processing schene is the transmt diversity
schenme or a spatial nultiplexing schene.

27.  The method of claim 23, wherein the base stream is designated to be received by

a first receiving entity and the enhancement stream is designated to be received by a

second receiving entity.

28.  The method of claim 23, wherein the processing the first data symbol stream
includes
spatially processing the first data symbol stream in accordance with a space time

transmit diversity (STTD) scheme to obtain the first plurality of symbol substreams.

29.  The method of claim 28, wherein the processing the second data symbol stream

includes



34. The nmethod of claim, further conprising:
repeating the processing the plurality of received
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first recovered data synbol steéeamfor a plurality of
iterations to obtain the decoded base stream 35. An
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processing schene to provide a first recovered data
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denodul ati ng and decoding the first recovered data
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repeatjng the, processing the plurality of received

sy Hermedulaving anik despding Fie Rrsirsenyeest 3G supbolFEeyR thebipiR@ decoded
fi pske shk@@pvered data synbol streamfor a plurality of
iterations to obtain the decoded base stream 37. An

ap paimeting interfepengg due) te ghe deendsdihase a¢a9H syst em
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I Ndeolie) @harenancrtdner operative to estimte

interference due to the decoded base

32. The method of claim 31, wherein the base stream and the enhancement stream
are received for a broadcast service, wherein the base stream is coded, modulated, and
spatially processed at a transmitting entity for recovery by receiving entities achieving a
first signal-to-noise ratio (SNR) or better, and wherein the enhancement stream is
coded, modulated, and spatially processed at the transmitting entity for recovery by
receiving entities achieving a second SNR or better, where the second SNR is higher
than the first SNR.



stream and cancel the estimated interference due to
t he decoded base streamfromthe plurality of received

W@ 2005082033 reans to obtain a plurality of nodifPerus2004/031828

synbol streans; a second spatis@l processor operative
to process the plurality of nodified synbol streans in
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dat’d i nThe fethed ebdamainiirher0mBHSE%'st em  conpri si ng:

ti ma)e%dgl thé mc&sﬁ kel PRrEMY RO reReiPbdi§ydbol Mreéins GRS Ble\i8Rodulating

synbol streans, tained via a plurality of receive

anta% 9gepdingothe rftsvu rgeovared jdata symIbgl sirgamy fosfa plugadity ef iterations to

syrggg{mﬁy@gc{)&&%;nggmt he base stream and a second

plurality of recei ved synbol substreans for the

enhancenent stréeam wherein the base st reamis
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ac@edodadbfe ¥irdath; 2 second spati al pr ocessi ng schene to

obt ai n second recovered data synbol streanm 59
deMsan 9f sshgatpinteEictsgs ett%@e#m;iﬁ basg s@Med dat a

Sy ahs B FARMNIhORiRaRd %t&@&a@@ dudBsShe aécemas@&féam from the
denodul ati ng and decodi ng the second recovered data

sy pBtlity of isemyed sywbelsirepmas te ebaiawnlity o€ Beditied symbod piyreams;
I | €,

gle-gﬂsg Ogﬁ%%%%er%;trl}tg pgftrgiéyz’l %f gwgﬁ’{egc BQI n?ﬁﬁ? ir> b&cBRThce with a
br cendod spatigkepro¢assing svheme tonolitiia aksagmdseqosemd data sydea stream for
rm%llegﬁ ﬁgeme%pgre&%%tfh%ljla%dpr ocessed at a transmtting
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than the first SNR 40. The nethod of claim 38,
wherein the first spatial processing schene is a
wo e@s®se08s di versity scheme, and wherein the seeonus2004/031828
spatial processing schene is t5Be transmt diversity
schenme or a spatial nultiplexing scheme. 4 . An
apparatus in a wreless conmmuni cati on system
conprising: neans for time division denultiplexing a
pl Beal i Tle spparati€ of sigich 3y Flvler Inipeip, oObtained via a
pluralify of receive antennas, to provide a fjrst
pl eaDs 1oy repeating e \pEepesing BE PLITRILY 0f ZFRSTVES SYmbY) sfigams and the

st HeRsAuMting aha REiR §6IRAdeRIviieddataYsyitbol &FEIVRH a plurality of
synbol substreans for an enhancenent stream of dat a;

e dtipnsito pbtaiadicsdesoded basestreapp. pl urality of received
synbol substreans in accordance with a first spati al
processing schene to obtain a first recovered data
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Pl wiadlit) ¥t Rleive@GHhYA sREIRNG BBtaintablBARY bBfodifitd Sythbol streams;
plurality of received synbol substreans for a base
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first spatial processor operative to process the Ti
pl datalsymbol sfreaneioe pverthanoemsnt strsarh of datzipnd i n accor dance

W talg &mﬁ 4he3 roscgs%é} (ﬁjerzRi(fg ?oet]?éﬁc;&gla?ecﬁﬁ%cc}d% tl?egste 3dd rBogvered data
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pr eyrelsd strcanp®rohtaineddcodgdrealasemdnt streeecond pl ural ity of
recei ved synbol substreans in accordance with a second
spatial processing schene to obtain a second recovered

daBa. syahndthait dfeedelving a base stream of data and an enhancement stream of data
in a wireless communication system, comprising:
time division demultiplexing a plurality of received symbol streams, obtained via a
plurality of receive antennas, to provide a first plurality of received symbol substreams
for the base stream and a second plurality of received symbol substreams for the
enhancement stream, wherein the base stream is designated to be received by a plurality
of receiving entities and the enhancement stream is designated to be received by at least
one receiving entity among the plurality of receiving entities;
processing the first plurality of received symbol substreams in accordance with a first
spatial processing scheme to obtain a first recovered data symbol stream;
processing the second plurality of received symbol substreams in accordance with a

second spatial processing scheme to obtain a second recovered data symbol stream;



a first data processor operative to denodul ate and

decode the first recovered data synbol streamto
wo@bdioaiose0ds decoded base stream and a second daP@r/US2004/031828

processor operative to denodub@te and decode the

second recovered data synbol streamto obtain a

deﬁé’nqu%la%ﬁg %Irl]& Seq:%(ri]itng St\'lgert%s Mecovered data symbol stream to obtain a decoded
base stream; and
demodulating and decoding the second recovered data symbol stream to obtain a

decoded enhancement stream.

39. The method of claim 38, wherein the base stream and the enhancement stream
are received for a broadcast service, wherein the base stream is coded, modulated, and
spatially processed at a transmitting entity for recovery by receiving entities achieving a
first signal-to-noise ratio (SNR) or better, and wherein the enhancement stream is
coded, modulated, and spatially processed at the transmitting entity for recovery by
receiving entities achieving a second SNR or better, where the second SNR is higher
than the first SNR.

40.  The method of claim 38, wherein the first spatial processing scheme is a transmit
diversity scheme, and wherein the second spatial processing scheme is the transmit

diversity scheme or a spatial multiplexing scheme.

41.  An apparatus in a wireless communication system, comprising:

means for time division demultiplexing a plurality of received symbol streams, obtained
via a plurality of receive antennas, to provide a first plurality of received symbol
substreams for a base stream of data and a second plurality of received symbol
substreams for an enhancement stream of data;

means for processing the first plurality of received symbol substreams in accordance
with a first spatial processing scheme to obtain a first recovered data symbol stream;

- means for processing the second plurality of received symbol substreams in accordance
with a second spatial processing scheme to obtain a second recovered data symbol
stream;
means for demodulating and decoding the first recovered data symbol stream to obtain a
decoded base stream; and
means for demodulating and decoding the second recovered data symbol stream to

obtain a decoded enhancement stream.

42.  An apparatus in a wireless communication system, comprising:
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at least one demultiplexer operative to time division demultiplex a plurality of received
symbol streams, obtained via a plurality of receive antennas, to provide a first plurality
of received symbol substreams for a base stream of data and a second plurality of
received symbol substreams for an enhancement stream of data;

a first spatial processor operative to process the first plurality of received symbol
substreams in accordance with a first spatial processing scheme to obtain a first
recovered data symbol stream;

a second spatial processor operative to process the second plurality of received symbol
substreams in accordance with a second spatial processing scheme to obtain a second
recovered data symbol stream;

a first data processor operative to demodulate and decode the first recovered data
symbol stream to obtain a decoded base stream; and

a second data processor operative to demodulate and decode the second recovered data

symbol stream to obtain a decoded enhancement stream.



