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Si ze Reduction in a Hierarchical Coding Systent filed

Y ooy enoy ATA DR IEG TGN RIS her o,
X HIEBARCHIC AL ODEDIHATA TRANSNISSION

specifically to techniques for perform ng data
detection for a hierarchical coded data transm ssion
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‘50003] Hi erarchical coding is a data transm ssion o
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coding at a.transmiter. Hierarchical coding may be
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services to users within a designated broadcast area.
These users nmay experience different channel
condi ti ons and achiev i
signal -to-noi se-and-in %r(fl:fe;{tgﬁg?ewg?i 0s (SNRs).
ConsequEntRisd t hese users are capabl e of receiving
data at_different data rates. Wth_ hierarchical
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The enhancenent streamis processed and transmtted in

a manner such that users with better channel

condi ti gNBaeRBrdyn@over the stream [0004] To recover a

hi erarchi cal Coded data transmi ssion, a receiver first
[W88lect sHiematchied woding is halabasmssisseartediyiquesslidretsy mbkiple (e.g.,

enha%ozg %Qtta gttrga%lasmar%ssu%%}i%%bseﬁh ?e.g., added) together and transmitted

simultaneously. The “coding” in this context refers to channel coding rather
than data coding at a transmitter. Hierarchical coding may be advantageously
used, for example, to deliver broadcast services to users within a designated
broadcast area. These users may experience different channel conditions and
achieve different signal-to-noise-and-interference ratios (SNRs). Consequently,
these users are capable of receiving data at different data rates. With
hierarchical coding, broadcast data may be divided into a “base stream” and an
“enhancement stream”. The base stream is processed and transmitted in a
manner such that all users in the broadcast area can recover the stream. The
enhancement stream is processed and transmitted in a manner such that users
with better channel conditions can recover the stream.

[0004] To recover a hierarchical coded data transmission, a receiver first detects and
recovers the base stream by treating the enhancement stream as noise. The
receiver then estimates and cancels the interference due to the base stream. The

receiver thereafter detects and recovers the enhancement stream with the



recei ver then estinates and cancels the interference

due to the base stream The receiver thereafter
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of a second data stream (the enhancenment Stream are

t henlagekkelibaodeasiod (bhReh ; T cp@Rsbitsef & fivst defd etrpam §thebase stream)
h
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fr Onhﬁeheleécﬁiéel vedobyitb aleSodad dafl, - whith W t fuetibr re- encoded and
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' ecel A tgen derived based on the LLRs for the code bits of the first data stream and
the estimated interference. The LLRs for the first data stream can be (1) derived
from the received symbols in real-time without buffering the received symbols
and (2) stored in a buffer for decoding. The LLRs for the second data stream
may be (1) derived after the first data stream has been decoded and (2) stored in
the same buffer by overwriting the LLRs for the first data stream. The received
symbols are not used to derive the LLRs for the second data stream and hence

do not need to be buffered.
[0008] In another data detection scheme, LLRs for the code bits of the first data
stream are initially derived based on the received symbols. Estimates of data

symbols (or uncoded hard-decision symbols) for the first data stream are then



synbols are not used to derive the LLRs for the second
data stream and hence do not need to b e buffered.
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q[00009] Various aspects and enbodi nents of th

Aflent | VARIONP @SRRsbCa RRPadiIen IS pleie dureatipn et described - further
DESC&@]’F OF THE DRAW NGS [0010] The features and
nature o e present invention wll becone nore
apparent fromthe detail ed descri pti on set forth bel ow

wh k h dr awi in which
(ke rof oPabieF SRESEREPLT &&r@ S RAWENG
[0&)? gg?n e efFatg% % 5161:'85 ?é}ggll?l sep valiﬁi%ggﬂvﬁ bécome more apparent

COMEBHCaE demiled/ &dseriptidnAed Edrtirb&owifheh@ken & §dn§iﬁ1%{:10n with the
constel lation for QPSK; [0013] FIG 2B shows a si

c ons fiamings; ia iy lil rsfoaenenicharacteseidentif qurecagnspdlmg%y throughout
bot haﬁ({l\ghg}gﬁe stream and enhancenent stream

[0011] FIG. 1 shows a transmitter and a receiver in a wireless communication system;

[0012] FIG. 2A shows a signal constellation for QPSK;

[0013) FIG. 2B shows a signal constellation for hierarchical coding with QPSK for
both the base stream and enhancerment stream;

[0014] FIG. 3 shows a receive (RX) processor for a first data detection scheme;

[0015] FIG. 4 shows an RX processor for a second data detection scheme;

[0016] FIG. 5 shows an RX processor for a third data detection scheme; and

[0017] FIG. 6 shows an RX processor for the second data detection scheme with a

higher order modulation scheme for the base stream.



[0014] FIG 3 shows a receive (RX) processor for a

first data detection schene; [0015] FIG 4 shows an RX
wpe@seswes for a second data detection schene; P¢D038)P4/041476

FIG 5 shows an RX processor for a third data

det ection schene; and [0017] FI& 6 shows an RX

processor for the second data detection schene wth a

hi gher order nodul ati on schene for the base

stream DETAI LED GERGRAFILED DRQESRTPIGON d
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FIG 1 s a block diagramof a transmtter
a r eothewembddifents ondevigmd. ess conmuni cati on system 100.
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data stream (denoted as {db} ) and provides a _
cor r éggondthing aranit (hX)datet preegsserdbibrasdivas ensodes, interleaves,

encoder / nodul at or 122 imlarly receives codes,
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nnaRSiieh: = LoitsboRie ShRESEp Sy Rt as  fr).  An
£ or . cally g . .

cach AaapZhb e T2 BhAf e BO0R, Bloddls R, dd Hodutates
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Synmbol streans {sb} and {se} each contain "data

sy mbehisincerddrit GRInBOE stiedtl | (dénceed ayngl)s The ddat for each stream is
[ 0020] A conbiner 130 receives and conbi nes the base

and é&pialy emsodedsy padketstwitlagsch pidkhi being wheated sépdrately at the
mul tiplier 132a recejives and nultiplies the baise

sy nbHrIssiperRd deppdgd SRPaalglyatt thy 1PerdYSr Kgnbolasigeamps {s,} and

mul tiplier, 132h receives apd nul tipli t he
enharSe: R CuRBofaia sYEhAfs s Shptdmeddaian Tghoktfop data.

. The scalin actors Kb and.Ke determ ne the
30ne oeoEPIeE 120 FsTP 0 GO BEHESE R ibament symbol
and efGaiRC eWRItin SbMBRFY 1365 ReREIti¥REY 1323 1e8Ei86Y and multiplies the
fraction of the total transmt power Ptotal is

t ypi badel synzhol itrgemmd {1, Wik besseling fecion K ,sandrer maBiplier 132b

receives and suns the scal ed data synbols from )
receives and multiplies the enhancement symbol stream {s,} with a scaling

factor K,. The scaling factors K, and K, determine the amount of transmit

power to use for the base stream and enhancement stream, respectively. A
larger fraction of the total transmit power P,,, is typically allocated to the base
stream. A summer 134 receives and sums the scaled data symbols from

multiplier 132a with the scaled data symbols from multiplier 132b and provides

combined or composite symbols, which may be expressed as:

a. x=K,-s,+K, s, ,

Eq (1)



mul tiplier 132a with the scaled data synbols from
mul tiplier 132b and provi des conbi ned or conposite
W@ wbor®13 whi ch nmay be expressed as: a. x =Kb PGDhUSHe4/041476
-se , Eq (1)[0021] where sb is a data synbol for the
base stream se is a data synbd for the enhancenent
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antennas, and so on. The npdul ated signal (s) are .

t rang?f?q%aﬁg?&nal \?ﬁeﬂ%‘i’%é’gaﬁﬁlgﬁn Spulpiplerimge{ Gidp My sgodulation to
[ 0028} nsfit 1BE CLotBindd Gnd@ P@tc SiMffo1d Y Iﬁwﬁ@g@ s%@tpand , Spatial
recel ves one or nore signals via the wreleSs c annef,

pr ocposessingtte trapsmitvhel comigined s pilot aymbols drom multiple antennas,

conpl epentary..to t rrocessi.ng perfor. by .
t r anfi £¢ 8P urfte ™9 t%B rsiﬁf’ia]zgsa%?’e%@%g&gﬂao‘i vailgss (channel to
(dengkedeessoly p }) to a channel estimtor 162, and
provi des a received synbol stream §denot.ed as {y} ) to
[09BIRX  prigeesivsl 59 rorecaivier unddBOMER) E§thtrstivenene dranore signals via
exprgssed _as.. V.=h X +n =h -[Kb -sbtKe, -se , -EQ
(2" B3 e bty RS (R adia gy SEFIP #T%2 manner
conmbédislemyntan] toxtherprosestifg pedbBRed bseryichiyr ediMB8estovides
synbol x, and y is the received synbol for conbined
synbisceixed pilet wpmbelsn(denetedides e hantrela plsingel gsttmator 162, and
interference, receiver circuitry noise, and so on.

provides a received symbol stream (denoted as {y}) to an RX processor 170.

The received symbols may be expressed as:
y=h-x+n=h-[K,-s,+K,-s,]+n , Eq (2)

[0024] where % is a complex channel gain for combined symbol x, n is the noise
observed by combined symbol x, and ) is the received symbol for combined
symbol x. The noise » includes channel noise and interference, receiver circuitry
noise, and so on.

[0025] Channel estimator 162 estimates the response of the wireless channel based
on the received pilot symbols and provides channel gain estimates {/}. For
simplicity, the description herein assumes channel estimation without error, i.e.,
h=h.

[0026] RX processor 170 includes detectors 172 and 176, an interference canceller

174, decoders 182 and 186, and an encoder/modulator 184. Detector 172



[ 0025] Channel estimator 162 estinmates the response of
the wirel ess channel based on the received pil ot
wawbor®wiand provi des channel gain estimates {PGT/US204/041476
sinplicity, the description herein assunes channe
estimation without error, i.e.,6h =h . [0026] RX
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detection on the received synbol stream
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stream (denoted &s {sb}).

an egd 16f by hesdlasfalog YimRMhoSA @A6s TBYRS), as described below.
represented, for exa by a set of log |Tkelihood
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e} ) ptovidistaBCihRifetenbo-cdpetled (sPmbd ¥ Stredh (@ndteddat & 1) to detector
detection on the interference-cancel ed synbol stream

{y el76.0Detetor dfit pafemsniats detaaioraod theriaterfesmcd e bl cdtsymbol
synbol s for the enhancement stream (denoted as {se}).
Dec o8& 48. &8 Shenhapeemeat sizqaay aag proidest ‘iﬂteqf‘?d{esymbds for the

enhancenent stream %d provi des a decoded enhancene

t
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provj rogram codes and data used by
cont %’tg eiés%h%gga%g&de}g'go, respectively. [0028] The data

[0de¥1ect | @htRBEdsOrTEH 1 Q%0 e &S gﬁl\éﬁrﬁoh Sit ?g&érﬂﬁt@ ¢t Q%(% Feceiver

various factors such as the np ati on ene used
eachl¥trespsetivelym Memeryamits i1 #2 end dOpuséde storage forgsegtam codes
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[0028] The data detection performed by the receiver is influenced by various factors
such as the modulation scheme used for each data stream, the specific form used
to represent the detected symbols, the technique used to perform the data
detection, and so on. For clarity, data detection for a hierarchical coded data
transmission with quadrature phase shift keying (QPSK) for both streams and
using LLRs to represent the detected symbols is specifically described below.

[0029] FIG. 2A shows a signal constellation 200 for QPSK, which includes four
signal points 210a through 210d on a two-dimensional complex plane. These

four signal points are located at coordinates of 1+ 71, 1~ 1, —1+ 1, and
—1-j1 and are given labels of ‘11°, ‘10’, ‘01°, and ‘00’, respectively. For
QPSK modulation, each pair of code bits (denoted as b; and b,) is mapped to



detection, and so on. For clarity, data detection for

a hierarchical coded data transm ssion with quadrature
webase7oni ft keying (QPSK) for both streanms anPCT/BERI004/041476

LLRs to represent the detected synbols is specifically

descri bed bel ow. [0029] FIG 2A7shows a signal
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only Ho@mwembmkﬂ & mus@nmkerfemrmesadeﬂsﬂbﬁitﬁﬁhtth@duéI@Es channel, a
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symbol s. The information for each detected symbol § is often represented in

the form of an LLR for each of the two constituent code bits b; and b, for the
detected symbol. Each LLR indicates the likelihood of its code bit b; being a
one (‘1” or +1) or a zero (‘0’ or -1). The LLR for the i~th code bit of detected

symbol § may be expressed as:

Pr (5|5 =1)

LLR; =log -
Pr (5|5, =-1)

jl , fori=1, 2 for QPSK, Eq (3)

[0032] where b, is the i-th code bit for detected symbol §;

Pr(§|5; =1) is the probability of detected symbol § with bit b, being 1;



ascertain which one of the four possible signal points

is the transmtted data synbol s. The information for
we2owh/odetect ed synbol s is often represented i PCT/082004/041476

formof an LLR for each of the two constituent code

bits b\ and b for the detected &ynbol. Each LLR

i ndicates the lik |hod thS de t b hejng_a .one .
(T or ) K 6:2 st Zeiﬁ) abli‘)ty Oé‘%éeoLeLdF@ Oltﬁ@’lﬂlal?lﬁgi being -
code bit ?f tected synbol s may be expressed as:

LLR, for i’ , 2 for QPSK Egq (3) [0032] where bt is

the z- thegg® I the LOR oflogsbRY, SyMbol s ; Pr (s | = 1)
is the probab|I|ty of detectel synbol s with bit bi

BER0S: AS IpRis £ bh-Rolan Vet Bl ar gt Dostiysg Ape fqrpespanding to
t he higﬁelofhkéﬁl%dbbf the co@ B bl L-R11 abuafg&l Rbgative value

value, with a larger positive value corresponding
hi gheerrgspreding sokigher likebiheetief the tCO@%bl’ﬁ gemgra —and\mLLR of zero

| ar e dj her

| o aE e i SO0 B ST AR IREH8 Be{"RRV g LB, r cach

i ndi cadeehit tin @jpiddlle @retzdd fo h%r@ﬂtbﬁhiﬂédﬁdﬁﬁbélr 6Ob#e (OrlL bits,
r -1, The LLR for_each code bit is typicall

guan{"" hgeeg Lol o freliiceriaraged Tharmarbesiol bmsStO(u;sre for the LLRs is
bi ts de}ygﬂﬁ&ﬁ oln \C. %ﬁs ?%gfr%% hI 4ahE resl'gﬁ—gﬁ%?ts (;Iihtﬁe Qigggﬁ%f the SNR

of bit's to use I's de on varl ous
factofﬁwSMEhmdswhhd&nmdubmanents of the decoder, the

NR of e detected s and so on. 0034 FIG. 1
l‘fﬂﬁﬁm af*(lg—“ynﬂoﬁi Wsr%p%%@%i@aﬁp&ﬁe%? tiqn, ©of g L& detecion for a
f or ﬁlemraﬁémcdau@@hats Qﬁﬁ&nﬂﬁbﬂ ARG &éfé&fbn a6 b@?)te?formed in

detection may be perforned in various nmanners.
dat avareuusendnparss dhearskateadeatection scrhem@el amlewnbcfd}w@a}/

58, R 8 SR80 R B AR 30 s i

enhanGeiene basd ﬁﬁﬁinadrﬁl &dbhcedRhesieh BAIRAhMRtdchA based on the
recei ved synbol s processor 170a is an

enbotchvad SPRbEK {w¥oc%§mce1m@ 176a 15| ag embodligens pf RX processor

Wth 2 Ig}rrgcessor 170a, the received synbols {y} are
ini titAd1 red in a buffer 314. A base stream LLR

[(d36IPUT alithih RIR iptoc3sidr i Bdd, HRBSiTdaGyhfBoR! 148 are initially stored in a
buffer 314. A base stream LLR computation unit 320 retrieves the received
symbols from buffer 314 and performs data detection on each received symbol y
to obtain two LLRs for two code bits of a base stream symbol s, that is carried

in that received symbol. The two LLRs for the base stream may be expressed

as:

. 22E
LLR, + jLLR,, =y-h" X% | Eq (4)
N, 0,b

[0037] where LLR,, and LLR,, are the LLRs for the two bits of base stream symbol
s, within received symbol y;

a. h is achannel gain estimate for received symbol y;
b. “*” denotes a complex conjugate;

c. E, isthe energy of the base stream symbol s, ; and



synbols frombuffer 314 and perforns data detection on
each received synbol y to obtain two LLRs for two code

WwWheas/oofP1a base stream synbol sb that is carriRBCI/U82004/041476
that received synbol. The two LLRs for the base stream
may be expressed as: LLRol +j LLR2 yv h , Eq (4) [0037]

wher e RM an LRb2 ar LLRs for the t bits. of
b st odlm o5 Al POSS T dHECEBERPoRE g@mqvﬁoyy G bass stream
is a channel qal n estimate for received synbol ;b

"x o denSEEY arsconpl ex conjugate; c. Eb is the energy
stream andd s the noi

t he s S

8 | 0T B B SO0 Sor PeANBetng BRLS Pl velue of
synbol’ﬁrb— The base stream synbol sb is assuned .
to h& %hmval ue B¢ Ebase 2 §tregm | symboihe engsgy  is
st ream synbol energy is Eb Etotal -KI |{K Ke 2) and

the & ralage EH(Ks %ﬁm ayhiih¢ emhenagynens sesamitsymibl -oKergy is

(Kl K ) , vvhere Emai is the total energy for the
conbifpett sy BpI(Ky + Kie wiirs eE:ands ithe dotabreancgy fowhe ddgnbined
i ncl udes channel noise NO and the interference from

t he @mhkmcenthe neise eadrintaderputeapdverr O tindadespelmmiedemise N,
t he base stream LLRs (denoted as {LLRb}) via a

mul t f1pl dbee intenigraycesfrom; theaenhgneament 2sirepiy ﬁcunprgetlon unit 320

Ly ol RS Pk SRS AR RO RL ) 4 8 TR vleer (Vo)

{db}3é?{ogﬁﬁfep§§ffo§{s/{?%9b Decoder 182 may inplenment a

Tur b0 decoder or decoder if Turbo coding or
[0089]1v Ol UDécodal 1820xtceiges dreis@otiesvik\baswagepariIlRsE&dnabuffer 324
the transmtter. A Turbo decoder perforns decodi hg on
t he md?yrd\ddesnd%p'd@ﬂ alafat dd gt ifonshet bassbtsabam. Decoder 182 may
increasingly better estimates of the transmtted data

bi t simpipaeife dodivpy pleeedes sox yai Yitarby desqderr 66 Twhe coding or
amu%nvgfuu{ohﬁecotdﬂlgg 9J£Béc%§1y?%s g@foﬁﬁ&f Qtet'he rtlea%glln{neer. A Turbo

decoder performs decoding on the LLRs for multiple iterations to obtain
increasingly better estimates of the transmitted data bits. The decoding process
typically requires some amount of time to complete and may further require
storage of the base stream LLRs for the duration of the decoding process (e.g.,

for a Turbo decoder).
[0040] After the base stream LLRs have been decoded, the decoded data {dA o} 1S re-

encoded and remodulated by encoder/modulator 184 to obtain remodulated

symbols {s,}. An interference estimator 330 receives and multiplies the
remodulated symbols {s,} with the channel gain estimates {4} and provides
interference estimates {i,} due to the base stream. A summer 332 receives and
subtracts the interference estimates {i,} from the received symbols {y} obtained

from buffer 314 and provides interference-canceled symbols {y,}, which may

be expressed as:

a. yezy—ib=y—h-§b5y—ll'Sb . Eq(S)



storage of the base stream LLRs for the duration of

t he

decodi ng process (e.g., for a Turbo decoder).

WO 04071988 t er the base stream LLRs have been dechuszbp4/041476

t he

decoded data {db} is reencoded and renodul ated by

encoder/ nodul at or 184 to obtai A0renodul at ed synbol s

Ll

ol TSRO DTS bl S BSLBFe bR WABO! 5, if the b

chan Q&%ang %i C{%B?edc'efgi cO t%cgt%{ {hg\?h'ng Qg ﬂl%rb%gé QEFC% | ig El%éd?& %n?%eectly or in

esti na

es {1 ue ase stream

I eC eledtos man heSdedrindddsbdse® oh i ERTCefcecideredatidanty ebeflk)dr some
fromthe recei ved synbols {y} obtained frombuffer 314

and

ﬁF}kWPla‘?,féieFeﬁﬁ%ﬁ‘F%\"%ﬁce-cancel ed synbols {y b} ,

hch n as : =y=he T = = Y ata :
AL R ARG S AL, byl 20 g Sty ot
to t ba the®ertdneaturgidaymbols {)f} tdebtamstierosLiEaftx i the two code
decoded correctly. Wiether the base streamis decoded
corr itk | 9f each renkancementngtrbem dssteall npd HasedvonL RRSREor the
(cyclic redundancy check) or sone other error
det eehhappeseritetream fragdRjexpuessedlasincement stream LLR
conmputation unit 340 perforns data detection on the
i nterference-cancel ed synbol y e} to obtain two LLRs

for

t hea.t WoLR ptlgLBR}, 5= nf-he hancenent stream Eq (6)

synbol se . The two LLRs f orlV¢he enhancement stream

may

be expressed as: a. LLRe +jLLRe2 = ye -h , Eq (6)

[A0A8P SheV TR LAdRe L.LRN Darb IREPTRE Forl A thvb Bits b enHa€ehiéBt stream

bits of enhancenent Stream synbol se derived based on

I Nt esfRHEING QteEifaTEIsed of e Bretteandeleddmitivl e ener gy

of enhancenent stream synbol se ; and b. NOis the

noi se aad B ik el RERHOT cpiitREmOR SeEMa dyhloles) hamt ement
stream synbol se . [0044] Conputation unit 340

provi dels tMe Bnihenasseahd Shieffarentd Bdwetl@bsdrest 89 enhancement
{LLRe} ) via Mix 322 to buffer 324 for storage.

Decoder 1§Zednhemutecodes the enhancenent stream LLRs

to obtain decoded data for the enhancenent stream

e

[0045]

[0046]

5] (?IE &}%‘tgor{] '%@3,4@’ %&‘ogfti(ge%ttﬁg %%ﬁarﬁcgrﬁgrﬁ%eamLRS (denoted as

€ess ore
{LLR,}) via Mux 322 to buffer 324 for storage. Decoder 182 thera decodes the

enhancement stream LLRs to obtain decoded data for the enhancement stream,

@}

For the first data detection scheme, RX processor 170a needs to store the
received symbols {y} in buffer 314 and the base stream LLRs in buffer 324
while the base stream is decoded by decoder 182. The sizes of buffers 314 and
324 are dependent on the data packet size, decoding delays, and possibly other
factors. The same buffer 324 may be used to store both the base stream LLRs
and the enhancement stream LLRs since these streams are decoded sequentially.

FIG. 4 shows an RX processor 170b for a second data detection scheme in
which the base stream is detected based on the received symbols {y} and the
enhancement stream is detected based on the base stream LLRs. RX processor

170b is another embodiment of RX processor 170 in FIG. 1.



recei ved synbols {y} in buffer 314 and the base stream

LLRs | n buffer 324 while the base streamis decoded
whyoodetoder 182. The sizes of buffers 314 and 3PdI/ESM04/041476

dependent on the data packet size, decodi ng del ays,

and possi bly other factors Thdlsane buffer 324 may be

ar oth the d the .. .
enﬁgncm&q 3?? e}gﬂﬁffﬁs ncaetb?% g% cofpRutation unit 420
decogedom@aurn ieettion od ﬂﬁ%&mﬁd@ynﬂao&h?)\’}ﬁtcﬁ&)ﬁ?ﬁ the base stream
processor 170b for a second data detection schene in
whi clLlRse{lias$, a4 slemm is eqietiont(4)d Qaspdiation et 420 provides the
recei ved synbols {y} and the enhancenent streamis
d et ebassostizagellLBs vishe nbdgplesdrrd@a v laliRefer R2X for stoessor Decoder

AR T G
t

) SN O o e

{ LLRka}acodeé‘Serﬁ:BQé’Wlanhle?cgf‘ 44 ?@erfc@lcs SRR fﬂaf.’& ﬂﬁ@'&ecoded data

420 provi des the base stream LLRs via a nu
422 g }atokwtélﬁ&erﬂé’&nétea syThBUIQE} fRR088k sﬁ%&nr ecel ves
and detodes the base stream LLRs from buffer 424 and

[@048) i deBhedbasedertadal AREAE dedived ﬁt@nbaﬁﬁ ser @asely Ablagd to, the
t he base stream LLRs have been decode

encodEFIRAcIRol TH PrIBREBHHE SUEHE *EbRsdumactbys decomputed
deco

decotptofitonl 38 ke aigl i E TS Lo T
der i eslhnternent strpain Al Rsohosled grprestegtasd t o, the recei ved
synbol s. The enhancenent stream LLRs may thus be

conputed directly fromthe basg BEream LLRs instead of

t he recéLBgdﬁw,Rgols(y¢%esbenMa nt stream LLRs

maybe expressed as: LLRel +j LLRNe2 (y - h5y h* 2v2 7

2 2V2E7 - sb-\h \ N O,e Eq )\ h\ 2 {LLRb

+j LLRbZ)'G - 'Sb'\gy\g |h! e ,

No, Eq (7)

« 2+J2F 2E /N, - 242E
=[y'h : bj £ 0T h|?- .

J2E,IN,,

=(LLR, + jLLR,,)-G,-5,- |k |*-G, ,

0049]  where G, =(\2E, /N, )I{2E, IN,,), G,=2\2E, I N,,, and | A} denotes

the channel power gain estimate for received symbol y. The first equality in
equation (7) is obtained by substituting equation (5) into equation (6). The
quantity within the parenthesis in the third equality is for the base stream LLRs.
Equation (7) indicates that the enhancement stream LLRs may be derived from
the base stream LLRs and the remodulated symbols.

[0050] Within RX processor 170b, a multiplier 426 receives and scales the base
stream LLRs with the gain Gi and provides scaled base stream LLRs. An

interference estimator 430 receives and multiplies each remodulated symbol §,
with both its channel power gain estimate || and the gain G, to obtain an

interference estimate i, =5,-|% | -G, due to the base stream. The processing by



[0049] where Gl= [ Ee ~INO)/{jZEb ~7 0J , & = 2 j
NO and | / |2 denotes the channel power gain estimate

wo enosnzees ved synbol y . The first equality i nPEmuUsiongo1476
(7) is obtained by substituting equation (5) into
equation (6). The quantity w tRA2n the parenthesis in
t he I ual.d ' . styeam LLRS. .
Equarigiitei Bl 330 35 SOGAP TS AERBENTY by fuierforence
LLRs esthyator 8300y FiE 4. f A gumidee 4baselits eadsibiRstsahdidid®rence
remodul at ed synbol s. [10050] Wthin RX processor 170b,
a nmuPHIpAte g the sealedebasq sireaa dLIdRs anek prowides $he enlincement

LLRs with _the in GL and provi des.scal ed base stream
L LRs St ks REih e 30t Rl e dp JRudfen g4 for storage.
mul t pRLéRS 188 elbn RERAY kit é?)ﬂallrcc%méﬁi stred. ﬁ&o%ttﬁ%gte%ged data

channel power gain estimte h |2 anlélt e galn

obt aifF,}afor et fiRheMeRt @EbirARL As ZhowdJin- eqitidn 27); Fe received
due to the base stream The processing byinterference

est i smhbols 43P atsnatiukddaolstivd the BhhdieeRemtGassh 1J Ry
interference estimator 330 in FIG 3. A summer 432
[208tlei vd¥rahelserobd daetdstection bahemef BXeproeesssrt 1 10t doek bt need to

fromzthe.scal ed .bas tream LL d ovi.des e
ennanbrRo R o aqRBoRent Sl anShERCLR St Red Migoreboth the
and baselrbhrl Rdaddohe shiphagfent PaeaH EILRES 2IHid By greatly reduce
decodes the enhancenent stream LLRs to obtain decoded

dat abPHRNS ISAVIFHRCIER P8 hedReaiterst r eam As shown in
37 o eltbe slrbty LERSIHCAAROH s AT buttBRel hltuber of

secobils dadin titht tthesei DORS phevide, gbd deacigs perfdrmitceldesthe base
[ s and only one

not need to, store tgg receiyed s nbrﬁll
bu f SFea SR BENHEPED e ot 2perENGEhL §E°ast FERM For the
LLRs s@Bfld tdae gabaineithtthe Sthe %ﬂb’ef—?ﬁ bitd b is8BYr E{eglgafgé%éUeam

reduce buffering requirenments for e receiver.
The baRe affectsatlie lirRssion endjuangei ofethe ddRs far wdh wirtdma I one

fficient f.bits such t hese LLE rovi d ;
© oou S TTHES SEhedt ik ReRaoh, ST LR S el R with
f urt hesndeeryse Ci%taﬁd @lgﬁéc\fsﬁ’oﬂ bE0.25h ame §rENiorb BERAY the: Biximum
For the second data detection scheme, the nunber of

bi t sPessible quangizationeertns dl hstrarggrandimecisipn et typichldy both selected
g:}:cbg‘éeg Q)na(ﬂgo&iﬁg %%rfgﬁnagc]g atd B3 ofn(f}rf intgi(i)}ecr:]tlys FISEIRs tehi gnal-to-

quantization-noise ratio (SQNR). Moreover, the range and precision are

typically not changed based on factors such as code rate or operating SNR.
[0053] The precision of the enhancement stream LLRs is affected by the gain G;
used to scale the base stream LLRs in equation (7). If the noise and interference

power N,, observed by the base stream is dominated by the channel noise N,

and not the interference from the enhancement stream, then Ny is
approximately equal to Ny and the enhancement stream will have a lower SNR
than that of the base stream because less power is typically used for the
enhancement stream. In this case, the gain G; will be less than one and, since
the base stream LLRs are scaled by G, the precision of the enhancement stream
LLRs is not impacted by the precision of the base stream LLRs. However, 1f the
gain Gp is greater than one, then one or more additional low-ordex/less

significant bits may be used for the base stream LLRs.



speci fic Turbo decoder inplenentation, the LLRs are

guantized to six bits with a range of [-8, 8] and a
w@e@sisiooh of 0.25. The precision denotes the PERUSMI/041476

possi bl e quanti zation error. The range and precision

are typically both sel ected basdd on decoding

for C y i nd] I t
B8 o1 " 306 BRIk AL b BB e b B o v
t he stacape LARM apy wutissfucniedseclipppd aatooylowas vahig mdéddh can degrade
based %n factors such QP code rate or_operating SNR

[ 005Bf-IeFaNGS: o SERIRIPToP! theebast BHRRBAERRS $H@Hh Joprgof gose a
affe i t .

e i Do 1L TkpRECodoE pECALY st difed e BBty of
powe theNhhaixsereuesirdoy LhRs that eresterizadniios the aseadtedmiBLRs. To

t he annel .noi se NO d t .the interference. frqmthe
enhaflSEHRAe HOM BERY 2 Epnal i shsopr, Pl pireiog IBcRFdF fogprevent
NO apgR! Euehbia e FEddivedtsyRMB] W ihl cialish &) A¥Ebe $Dfaced with
than that of the base stréam because | ess power is

t ypi dak) ynusellbws: t he enhancenent stream In this

case, the gain GL will be |less than one and, since the
base stream LLRs are scaled by Gl, the precision of

the enhancenent stream LLRs is E,j nmpacted by the
preci si Bhlot LA, hasd St T 8Banf LERS—However, i f the

gain Gl is greater than one, then%one or nore Eq (8)
addi tional | oworder/|ess $i 'ficantzb' may be used

for the base stream LRy’ [ +ﬁFaﬁn bfor the

quanti zation should be suffiNgiently |afgg so that the

base stream LLRs are not saturated or clipped at too

[doSBY @ UBhHE », WBhEL AR, 6L QQ@Wé;r?%&Kc%%Q&vedS@ e BabPlreamn,

n
of the base &tream LLRs typica oes not pose a

ser i QuschIhelBiRThd Riterfdiéhcd WohPthe @ARAREmBMstrBRY. Severely
i npact the quality of the enhancenent stream LLRs that

[0a56] derlif udesd stevam Hentedse =S| Eg@m LIRs/2 Ts aaggiifedriing cach of
how many additional high-order bits are needed in

or dethet Otwas eVIEIRs LR Sa@iaur 8ymhbsl, tshe weeldi Vefesyabaohesh of
in equation (4) may be replaced with h sb +n , as

fol | ous:212, /32 BNl |- Bl SARLLROZnE(h aSb gidard NOa&idin  of
C8) 055] where 'nb represents the noise and

I nt e%f;e=r EJW’YG:% -b,)Sl_\H\tb. b’fﬁee SN ®BM the base stream is then

SNR, =E,-|h|*/N,,. Assuming a “reasonable” variation of mean plus three

times the standard deviation for the received symbol y, the magnitude of the
LLRs should be able to take on values up to 4, +30; =2-SNR, +6,/SNR,, .

This number increases with increasing SNR for the base stream. Thus, the woxst
case is when the channel noise is zero and the base stream SNR hits a noise floor
caused by the interference from the enhancement stream. At this point, the SNNR
of the base stream is SNR,=E,/E,, and the maximum LLR magnitude to

accommodate is 2-E,/E,+6,/E,/E,. 1Tt should be noted that this is a

conservative range because when N,, is dominated by the interference from the

enhancement stream, the noise is no longer Gaussian noise but QPSK noise,

which does not vary beyond mean plus a single standard deviation.



whi ch includes the interference fromthe enhancenent
stream [0056] If a base stream synbol sb = JEb / 2 +j
WER05/021913 transmtted, then each of the two LRERYUSINA/041476

the synbol sb would have a nmean of nb 2Eb - \h \2

I N0OJ3=2-SNR b and a standard dé¢i ati on of sh 2 = The

for

095, o SERA BRI for e BasB b s ity B sttt basea

ti mesn ﬂkﬁ&aﬁb afitherbdsdsxdant syatbol ederghte the eﬁhame:finmt stbedm symbol

ST o e R g o
i ncr gases ok tLhndREHLEASHRY wﬁisgﬁt fggf Ethﬁ ﬁ tfi¢ bR tream LLRs

Thus, the worst case i s c%an n0|se IS zero

hj f | b
the PRELT RS s SN hombimBiE e o PEbRPYAE 3thy oFor the
poi néxeﬁﬁl@rysl‘ﬁiﬁo Qecddee ilapRMeatatieR dedcEibsNRRL velbitl EQanég of [-8,

and the maxi nrum LLR _magni tude to acconmodate is -
| Ee8kéhgasestregm LLRs c@ndig qpaplézed snd gtorerhwith fiye aflditignal high-

cons
oo BEAEb R SR R ERAERR b ABDY  e scam s
NOi S @ineStiN€s $tEvMGer thaawﬁalcﬁmh@@msa@caﬂént@&&ﬁnr(@t ®/E, 9) then
whi ch does not vary beyond nean plus a single standard

devi #tei basq BGEath I'hRs nshobklr bef qlmntized witls @ fmagnitide of up to
base stream LLRs may be sel ected based on the ratio of

the Ba8ée %é@n addigional high-order titsivan be megdlt for the LLRs.

[@gg]:a;nt t%.? 3@?3/ tS,FFor I?:I?%‘ﬁlbag( st%{qgt h héﬁgﬁpn@h@ts for the

enha@&:@ﬁ@ rklatzﬁtd'eﬁé@ffbl{ Qchdihe,/ {58 fofal  méA6R tRIBRSR may still be
stream LLRs shoul d be quantized with a magnitude of ~up

to 2significgntly lespthan thajrofithe fiesk dafpl datoptionusthemeewbighrstores both

| rrpl d above ange of. I- 8 .

R R o B R R ThRA Epfab e e
WI t hrdceivedddinbbloragd alsd YiElgrtd QéqLﬁlietaSLargéf bfi-valditSinttBé Blesence of
As anot her exanple, if the power of the base streamis

ni nethejspBancemen han that of the enhancenent
ea t e r .
AT 65 S 55,8 LRI 1S B e

4- 6Li;v91c:h {86 basasmbatmfse@etmm basedah thé gleeivedeymbols S{33amd the

be used for the LLRs. ) ) )
enhancement stream is detected using uncoded interference cancellation. RX

processor 170c is yet another embodiment of RX processor 170 in FIG. 1.

[0060] Within RX processor 170c, a base stream LLR computation unit 520
performs data detection on the received symbols {y} to obtain the base stream
LLRs, as shown in equation (4). Computation unit 520 provides the base stream
LLRs to a buffer 524 for storage. Decoder 182 receives the base stream LLRs
from buffer 524 via a multiplexer 526, decodes these LLRs, and provides
decoded data {c? 4 for the base stream.

[0061] For the third data detection scheme, the enhancement stream LLRs are
computed from the received symbols {y}, similar to the first data detection
scheme. However, the interference due to the base stream is estimated based on
uncoded data symbol estimates (instead of the remodulated symbols) for the

base stream. The enhancement stream LLRs can thus be computed concurrently



[ 0058] Although the base stream LLRs nmay stored with
additional bits for the second data detection schene,

W b@spoad nmenory requirenment may still b e PCT/US2004/041476
significantly less than that of the first data
det ection schene, which storeslBoth the rece| ved

synb Skr iial |

7 e Vit B8 G SrABE LR SR ol SunihDleB sy REARE uipdthg of the
requba&s&ehmrtgélf:c&mp}emidth in the presence o f the
enhancenent stream [0Q059] FIG 5 shows an

[0962kc e s sdR ungesteddsta symbel pdingde o, det Yepio s @&%w@ql gstimate) is

whi ch the base streamis detected based on_ the

r ecel SHBYRI| |asba§§/§treo@ﬁu swlesa bR U@Wéaﬁm@ decision on

det ected usin nc ference cell at.

or 0 £ T ed BRI Y e se SR AR ObfocRYed symbol y. For
pr oceggple 1iéferhife | BG.2A [aQ%Q];erdlféb@m% 1BF fé%@i%é@éymbol 212
170c, a base streanlLLR conputatlon unit 520 perforns

dat anuethecthestgnshpeintatr bt ¢l vetichyistisl dofeyt s1gm1 @loirdito received
t he base st ream LLRs, as shown in equatian
Conp SYRPPloH ZunPita §ypbe)stimates aradertysd Boteh b opived symbols

a bulfi@bupdft ﬁéﬁ@ﬁ@&?f}@g&%og Renedein Jai)%bﬂl% ?f M{%Sc&d@%sed for the

base stream LLRs from er 524 vi | exer
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enhancenent stream LLRs can thus be conputed

conciess epliablarihen these desived by rthedirstidata detpeiiomaseherne. Decoding

b c el for B shiiRect it Sislitn Bl 0y HBERa T HEATR Yor data
b ' symbolséstiplayes thatckat an syrobate gistn hiphepelibtslignvalues (or greater

esti mat stream synbol sb obtai ned by naking
a ha?"’&lé’g@c‘?@ﬁ%gec@ NgPFYEFS- a recei ved synbol y or the
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r ecekatRsiudstsd WHytbol against the corresponding data symbol estimate and
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[0064] In a first error compensation scheme, enhancement stream LILRs
corresponding to data symbol estimates that are in error are given no weight in
the decoding process. This can be achieved by setting these LLRs to erasures,
which are LLR values of zero indicating equal likelihood of the code bits being
+1 or —1. If the symbol error rate (SER) is relatively low, then the effects of
using erasures for LLRs corresponding to data symbol errors may be small. For
example, at a noise floor of 6 dB (which corresponds to a base stream having
four times the power of the enhancement stream), the SER is approximately two
percent. The degradation in decoding performance from declaring these hard-

decision symbol errors as erasures should not be significant.



wi thout the benefit of the error correction capability
of the code used for the base stream Data synbol
W@210s/0e9es are thus nore prone to errors than PCT/US2004/041476
renodul ated synbols, which benefit fromthe error
correction capability of the bdée stream code.
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(or hard-decision synbol errqrgvzﬂn t he gecodimgk&j

t he enhancenment stre@hT’oadd s ey 089 | Frky =, Eq(9)
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t he correspondi ng da y est i} jmate, gne decl ari ng

an error if the two L?ghg?ﬁé%?gT(nggg)6W h(% a first

error conpensation schenme, enhancement stream LLRs
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t hese harddeci si on synbol errors as erasures should
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base st?éa;ne ]%ITRQ <(aasé SES\Snn il‘ij I?IC d5§ g'r th-g}gce?\lz’]e%%gfn%g}ss%ot shown in FIG. 5)
and performs hard decision to derive data symbol estimates {s,} for the base
stream. The hard decision may be performed as known in the art. For example,
each data symbol estimate may be set to the signal point closest in distance to
the received symbol. Unlike the remodulated symbols, the data symbol
estimates may be derived with minimal delay.

[0068] An interference estimator 530 receives and multiplies the data symbol

estimates {s;} with the channel gain estimates {} and provides the uncoded
interference estimates {f;} due to the base stream, which may be expressed as:
i,=h-s,. A summer 532 receives and subtracts the interference estimates {i}}

from the received symbols {y} and provides uncoded interference-canceled



stream LLRs from equation (7) maybe expressed as:
LLRel +jLLRe2 =y - h sb) -h =(LLRe 'l +jLLRe '2)+ sb
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second error compensation scheme.

[0070] For the third data detection scheme, RX processor 170c does not need to
store the received symbols, and two buffers 524 and 544 are used to store the
base stream LLRs and the enhancement stream LLRs, respectively.

[0071] For clarity, the three data detection schemes have been described above for
QPSK. These data detection schemes may also be used for higher-order
modulation schemes, which are modulation schemes of higher order than QPSK.
The first and third data detection schemes may be used in the manner described
above with any modulation scheme for the base stream and any modulation

scheme for the enhancement stream. For the third data detection scheme, the

correction factor ¢, =(s; —5,)-|#|* -G, may be used to update the initial LLRs,
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be used in the manner descri bed above with any

nmodul ation scheme for the base streamand any

nodul agé&g schemd-§.ot” t he—dnhalicenent stream For the
third det ecNi on scheng, the’correction factor cb

= (sb ' - Isb) - th\2 -& Hhay be used to update the Eq(10)

initial LLRs,in aGepy £ €2 Wi teh/ 4 | ation schene
used for the=rihancerent25tr & p}a.n el )hes r, data synbol
estimates are detlectedoto be in &por. 0072] For the

second data detecti on scheme, the base stream LLRs
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can thus' be used to estimte or

s;; is a hypothesized modulation symbol that is closest to received

symbol y such that the i-th code bit for s;; has a value of +1; and
b. s;, is a hypothesized modulation symbol that is closest to received

symbol y such that the i-th code bit for s, , has a value of —1.

[0074] A signal constellation for an M-ary PSK or M-QAM modulation scheme

contains M signal points. Each signal point is associated with a B-bit label,
where B=log, M. B code bits are mapped to a modulation symbol, which is a

complex value for a signal point whose label is equal to the values of the B code

bits. B LLRs are computed for each received symbol y, with each LLR being



reconstruct the received synbols. The enhancenent
stream LLRs can then be conputed fromthe received
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hy pobhis B eqhatiohfoa theqBc yetiiagmboh At anid shesk G psthedifed modulatlon
recei ved synbol ty such that the z-th code hit for _?
has &TR0lEeatss no ﬂmom}om'forA %ﬁagﬁaqppeéngtl)éﬁ a‘tn|dor16mM the
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si gnal” poi nts. nal pol nt I's associ ate
B- bi todediitsl for wh:hrreceB/ed dyotpd] y/lusmgthﬁot&ehxﬁquesdamebadmehmd Two

to a duI t|o nbol. whic onpl ex val efor

si gndrdspspiient] et uaens pe e aelabl R eomaplrabe gyo pigowns
B Coﬁﬁ‘tﬂéfeﬁlarﬁlhia&aﬁf FarG TR Bebil & sysdfoll yr ecei ved

synb y , With each LLR bei ngconput éd based on a
[QﬂéS]pectThceva;hms of of, dndpny, Hestwaechdebis ifat the recsivet symBbol y can be
slIL and s| . [0075] Equation (10) provides one
equaﬂfetclrmimd hs fadlopsc tFitsh eghationed6) mekbam}rtb@tl thy sigoof each code

Thus b ans: B dr@miads By AeR B gro e SaLe) B i Tosest to
SyanJ/hf Q[Eorgéxgrﬁgie( iR 11 =isPloset Q,%,”;%lﬁlt .E, 0 ﬁleflcl)(y% I} |? will be

smaller than |(y/h)-s;,|*, and LLR; will be a negative value. Conversely, if
s;0 1s closer to y/h than s;,, then LLR; will be a positive value. Turning this
fact around, the signs of the B code bit LLRs (hard bit-decisions) determine the
signal point s, (hard symbol-decision) that is closest to y/k. For example, if
LLR =+a, LLR, =+b, and LLR, = —c for an 8-PSK symbol, where a, b, and ¢

are all positive values, then the closest signal point to this 8-PSK symbol has a
label of <001°.

[0077] To simplify notation, the closest signal point s, can be re-labeled with an
all-zero label by performing an exclusive-OR (XOR) on the label of each signal
point in the constellation with the label of the closest signal point. In this new

notation, the hypothesized symbol s, for each of the B code bits is equal to the



recei ved synbol for 16-QAM ( B = 4), and so on. It can
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Sived Qe o Thos O™ [0077] To sinplify
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points of the closest signal point s, are labeled as “1000” and ‘0001°, then s,, is

‘1000’ for the leftmost code bit and is ‘0001’ for the rightmost code bit. Thus,

the values of s;, and s;, for two of the four code bits are known and may be

used to solve for the received symbol y. The use of one horizontal nedighbor and
one vertical neighbor avoids a situation with dependent equations.

[0080] FIG. 6 shows an RX processor 170d for the second data detection scheme
with the base stream being modulated with a higher-order modulation scheme.
RX processor 170d includes most of the units in RX processor 170a in FIG. 3
(without buffer 314) and further includes a received symbol estimator 326.

[0081] Base stream LLR computation unit 320 derives the base stream I.TRs based

on the received symbols {y} and provides the base stream LLRs via rmultiplexer
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hi ghOFDM dar som withedr | comsisite MeEOFIRM pffeae&is}o Ipaﬂ;ﬂ’ﬁs the overall
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conput ation unit 320 derives the base stTeam
baseeach subband is associated with a respective subcarrier that may be modulated

with data.

[0084] A combined symbol x may be transmitted on each subband used for data
transmission. Up to N combined symbols may be transmitted on the N subbands
in each OFDM symbol period. The transmitter performs OFDM modulation by
transforming each group of N combined and pilot symbols {x(k)}, which is to be
transmitted in one OFDM symbol period, to the time domain using an N-point
inverse fast Fourier transform (IFFT) to obtain a “transformed” symbol that
contains N chips. To combat intersymbol interference (ISI), which is caused by
frequency selective fading, a portion (or N, chips) of each transformed symbol
is typically repeated to form a corresponding OFDM symbol. Each OFDM
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base stream LLRs from buffer 324 and derives received
synmbol estimates {y} based on £2Bese LLRs, e.g., a

g S
describ above. . Sunmer 3 cei ves and,subtracts the .
i nt eﬂ“@g e TSR W 094 ﬁﬂl\ﬁoﬁﬁ\lﬁ@ Repeds E’s’ﬁnﬁcﬂ lt}cp chip
estinate d. provi des interference-cancel ed
synb8f's° yévg%re.?\ﬂléﬁﬁé\%%ﬁﬁmefg‘tlﬁ LLR conput ati on
[0085]t 34ThedRbdivaobtdifs £ eheme ereahplss f@aebdited 1388 dn@Removes
the i nterferencecancel ed synbol shLyV% and ﬁ)row des

s p

t he &iehayrdieunfix ép caathreacRiedQED lece pbigimRa tcorresponding
buf f r 0 I i rat.e .
DU BheHet R A9Ruel R ERLP! 61 LopgSERP LAY rsiva

and enhsfomesdesymisd rtgaimibiﬂﬂedﬁbﬁﬁ! d&;élaﬁl, u@?g a. Iaﬂﬂg@ltLﬂaR Fourier
comput atj on for both. streans may be perforne y.a
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dat a detection processes. [0083] The data detection

[@08¢Ihni glieesdatie defestisadteplariauas deagritisd hesein nhayr also be used for more

si ng arriey.a [ti-carrjier tens, .
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overall system bandwidth.into nultiple (N) orthogonal
subbERIDE TERRICA fofrqach pdditions datasleard. as t ones,
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N- poidgiic devices (PLDs), field programmable gate arrays (FPGAs), processors,

controllers, micro-controllers, microprocessors, other electronic units designed
to perform the functions described herein, or a combination thereof.

[0088] For a software implementation, the data detection techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform
the functions described herein. The software codes may be stored in a memory
unit (e.g., memory unit 192 in FIG. 1) and executed by a processor (e.g.,
controller 190). The memory unit may be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to
the processor via various means as is known in the art.

[0089] 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



i nverse fast Fourier transform (IFFT) to obtain a
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frequency selective fading, a portion (or Ncp chips)
of each transforned synbol is £§pically repeated to
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than two data streans. The processing (e.g., LLR
conmput ation, synbol estimation, interference
estimation, and so on) used for the enhancenent stream
may be repeated for each additional data stream

[0087] The data detection techniques described herein
may be inplenented by various neans. For exanpl e,

t hese techni ques nay be inplenented in hardware,
software, or a conbination thereof. For a hardware

i npl enentation, the processing units used to perform
data detection may be inplenented within one or nore
application specific integrated circuits (ASICs),

di gital signal processors (DSPs), digital signa
processi ng devices (DSPDs), programmabl e |ogic devices
(PLDs), field progranmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,

m croprocessors, other electronic units designed to
performthe functions described herein, or a

conbi nation thereof. [0088] For a software

i npl ementation, the data detection techni ques may be



i npl emented with nodul es (e.g., procedures, functions,
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a processor (e.g., controller 240). The nenory unit
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| 0g- Ri kel Theadthodtaf ekirilll Rethef comprisiiee:bi t s of a first

data ,streamb d on recejved sypbals for
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decoded data to obtain renodul at ed synbols for the
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the LLRs for the code bits of the first
received symbols.

4. The method of claim 1, further comprising:

storing the LLRs for the code bits of the first data stream in a buffer; and

storing the LLRs for the code bits of the second data stream in the buffer by
overwriting the LLRs for the code bits of the first data stream.

5. The method of claim 1, wherein quadrature phase shift keying (QPSK) is

used for both the first and second data streams.

6. The method of claim 1, wherein a modulation scheme with a higher
order than quadrature phase shift keying (QPSK) is used for the first data stream, the
method further comprising:



data stream are derived fromthe received synbols in

real -tinme without buffering the received synbols. 4.
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LLRs for the code bits of the first data streamin a

buffer; and storing the LLRs ﬂér the code bits of the

sec W tin
oSO AR SR R LR P OL PR b or
ﬁrsTraletarmtemgamf whtreinnthd LDRseforthe cpdaditabl e ebasedsh btfdam are
keylag(éqP K) is used for both the first and second
recgived REmpphastinpatss and Hiepstimalgd dnteyierenge.
nodul ati on schenme with a higher order than quadrature
phase shift keying (QPSK) is used for the first data
stréam The nmthddoat dlaint fewhareinphe denvgng eedeiviedgymbol estimates
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synbol based on LLRs for all code bits of a data
synbol carried in the received synbol for the first
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o Seoh S SEghi R ST MBI DI, | o
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are derl d on.a al - max approxi mation. 9. The
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gaifilesfiihtds. Wherein the first data streamis a base
stream and the second data streamis an enhancenent
stream for a hierarchical coded data transm ssion.

10. The method of claim 1, wherein the first data stream is a base stream and
the second data stream is an enhancement stream for a hierarchical coded data

transmission.

11.  The method of claim 1, wherein the wireless communication system
utilizes orthogonal frequency division multiplexing (OFDM), and wherein the received

symbols are from a plurality of subbands.

12.  An apparatus in a wireless communication system, comprising;

a first computation unit operative to derive log-likelihood ratios (LLRs) for code
bits of a first data stream based on received symbols for a data transmission;

an interference estimator operative to estimate interference due to the first data

stream; and
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synbols are froma plurality of subbands. 12. An
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for code bits of a second data stream based on the
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with the channel gain estimates.

16.  An apparatus in a wireless communication system, comprising;

means for deriving log-likelithood ratios (LLRs) for code bits of a first data
stream based on received symbols for a data transmission;

means for estimating interference due to the first data stream; and

means for deriving LLRs for code bits of a second data stream based on the

LILRs for the code bits of the first data stream and the estimated interference.

17.  The apparatus of claim 16, further comprising:
means for decoding the LLRs for the code bits of the first data stream to obtain

decoded data for the first data stream; and



stream based on received synbols for a data
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estimating interference due to the first data stream based on the data symbol
estimates; and
deriving LLRs for code bits of a second data stream based on the received

symbols and the estimated interference.

21.  The method of claim 20, wherein the data symbol estimates are derived
by making hard decisions on either the received symbols or the LLRs for the code bits
of the first data stream.

22.  The method of claim 20, further comprising:

decoding the LLRs for the code bits of the first data stream to obtain decoded
data for the first data stream;

re-encoding and remodulating the decoded data to obtain remodulated symbols

for the first data stream; and
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based on the renodul ated synbols, deriving correction

efagwres fag deoodimiat a synbol estimates detected to be in
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factons. ZFhembiRdoEchad 20f whtinthe Adjusiey thé DLRE thckldds
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buffering the received symbols.

26.  The method of claim 20, further comprising:
buffering the LLRs for the code bits of the first and second data streams for

subsequent decoding.

27.  Anapparatus in a wireless communication system, comprising;

a first computation unit operative to derive log-likelihood ratios (LLRs) for code
bits of a first data stream based on received symbols for a data transmission;

a decision unit operative to derive data symbol estimates for the first data stream
based on the received symbols;

an interference estimator operative to estimate interference due to the first data
stream based on the data symbol estimates; and

a second computation unit operative to derive LLRs for code bits of a second

data stream based on the received symbols and the estimated interference.



based on the received synbols; an interference
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CEFQF 10 P [ordtcriRBes detected to be in error and to

updat e LLRs for code bits of the data synbol estimates
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31.  An apparatus in a wireless communication system, comprising;

means for deriving log-likelihood ratios (LLRs) for code bits of a first data
stream based on received symbols for a data transmission,;

means for deriving data symbol estimates for the first data stream based on the
received symbols;

means for estimating interference due to the first data stream based on the data
symbol estimates; and

means for deriving LLRs for code bits of a second data stream based on the

received symbols and the estimated interference.
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2l SRR R Bine i S bits O 4BF Spn et giream based
of tfidfefodilatddesyBbR abl HRAat LS TP LRI HBS A RNk Bita stream.
renodul ated synbols, and neans for setting LLRs for

code bits of data synbol estimtes detected to be in
erron,to ) f or, cogi ng. 34.,The a r at.us. of

ol o iio, THRAREAe R ABENE (herdil hd AForl B AR me LiRs
indhedesdes neans for detecting for errors in the data

synbol estinmates based on the renodul ated synbol s

meandieBd gk deterting & pERIS B theadeiar symbnl epiates based on the
r&ﬁ&&ﬂﬁ&@%gz%}l@d to be in error, and neans for
LRs’fo

updat 1 ng r code bits of data synbol estinmates
det ecteads far sbiging ALIRsrfor codet itst dfelacosymatnt iestimétas deiected to be in

error to erasures for decoding.

34.  The apparatus of claim 32, wherein the means for adjusting the LLRs
mncludes

means for detecting for errors in the data symbol estimates based on the
remodulated symbols,

means for deriving correction factors for data symbol estimates detected to be in
error, and

means for updating LLRs for code bits of data symbol estimates detected to be

in error with the correction factors.



