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present invention relates generally to comunicati on,

and nore specifically to chardnel estimation for a

W rel ess communi cati on systemthat sinultaneously
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Broadcast service typically entails transm tt| ng
broadcast data to all KREKGROUNBS! gnat ed broadcast
area instead of to specific users. Since a broadcast
tfr ansmgjgai on i s intended to be received by nultiple
users within the broadcast area, the broadcast data
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(SINR). [0003] The users in the broadcast area
typically experience different channel conditions,
h| e rent SINRs, and are capable of receivin
ta \gfacglgﬁ“erent data rates. Hierarchical °
{06023 M S Alivaifelemohenunscdoh Systdip heiyerovidadsias tpasiest ‘dataﬁbroadcast
Wth hierarchical transmi ssion, the broadcast data.i

gndfon aiber paricss. - BiadCast seavins baially Frals JREHEIERroadcast data to
Sa'ilr 8flin al g?lgt%ﬁ b%ard@%mat]e% Egt@aﬂisg@ fol §cikil 18erTBRYYRE a broadcast
suc that all” users in roadcast "area can recover

tthainsmssion asnnte‘ﬁded tmbarceived by stivlBglmusers twithis thettreaticast area, the
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tc'bﬂ('ﬁﬁfﬂlss STﬁﬁcdlE/ ﬁleS@or%leéa%E 'h?éil i$ focafed rihea[v?dycﬂbrﬁfﬂ transmitting base
coding, where the term “coding" in this context

rstsftion snd baschlemnegnat-tetheige-aed- hé@rfqrmm refi BI™BYi ng at

mtte 00 I n, one net. h e g
HPBRLr cnF e b cim g PRkl 76 A SontB B channe
(cenditions; @8igisve diffefnt SANRS; . andnee sapdbleaifasdeitihe dbtaSa@ different data
stream and enhancenent stream separately to obtain .

trobes. o dtigrasghiesd | transinission manbepissd totimMTeve broadcast sprwige.  With
s %arcﬁ%gp{rgr?s% %sﬁorg the %goqi%éas} I?]Q a %éodlgi%(a@ 1&%@%%@@&%@1{{5 and an

transm e’conbi ne
“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 in a
manner such that users experiencing better channel conditions can recover this stream.
Hierarchical transmission is also referred to as hierarchical coding, where the term
“coding” in this context refers to channel coding rather than data coding at the
transmitter.

[0004] In one method of implementing hierarchical coding, the base station
processes (e.g., codes, interleaves, and modulates) the base stream and enhancement
stream separately to obtain two data symbol streams. The base station then scales and
combines (e.g., adds) the two data symbol streams and transmits the combined symbol
stream. A receiver with a high SINR first detects and recovers the base stream by

treating the enhancement stream as noise. The receiver then estimates and cancels the



stream A receiver with a high SINR first detects and
recovers the base streamby treating the enhancenent
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interference due to the base sZream and thereafter
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TaehsHy 8ssirble. perform ng channel estinmati on and data
processing in a wreless communication systemthat
simultaneously transmts nultiple data streans are

descri bed herein. These t eeDRIFAGSy MaY be used for

vari ous types of systens su@ﬁlias for exanple, a

h[0®08} ¢ hiTeahnigGasdefbr speafogmirigh alianhela Bstidtiont sl dathaprocessing in a
streans - a base stream and an enhancenent stream
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pﬁ&gﬁﬁéi ﬁkgelﬁcm t lé.\f gﬁe%tm b&h éda#o} mﬁqgﬂ)egeﬁ{s'yg@ﬁﬁ such as,

erived Tor a wr sscanne
r foy ekareplepa hietarctsgaioodesl)systmethyti ttamsmsy trhotata wganize- a base stream
tra sm ted usij n a frequency division nultiplex

megg? Mscheme, a tine division multiplex

(m] t I 3R e SXleRplat ¢ REMRhel Q§t1m§t‘{tﬂiﬁ‘axﬁi h&h p’iG&@ﬂBg sdhne, a first
first” channel estimte nmay derived using

| éa@ml)mmésstmmgrsr@nve@fqrraawrdnssné@hmﬁl Gee- b@ﬁ@dm rpeaived pilot

beI oth r. tec ue. any case .
Soditoo R S Piis oy SaEmildl G¥e,f B fneney didsign muttplex
tIEDMD h‘a‘ﬁsrﬁb@éﬂlﬁdheﬁfét 4 ﬂﬁie&hh@mnqmmgl@x @EDRD tRmsHIL81dasBheme, or
for a first data stream(e.lg., the base stream. Each

deareg pthgr sehemso| Thes figsy shammel gstianate may- by deriygd yisingea lpast-squares
a ., t r r

oL UL B RS o TR, Wy coe
| 'dbtednolnosoberﬁhnad ohLgdived (110Gyinbékewsing dfeefitsedhannel estimate to
sy nbol(ie&are decoded to obt ain decoded data for t

f Pptain deigeied HIMBOR{orinficsh dpta siream {e-8qdbe 65609&'33@516 Each detected
r gﬂ %'“%%lﬁtl bt §zﬁ\‘fé) (o ( datgn diecbRichef V@chh m g be real or

deC| Si on d) channe | mate i s derived base
ocomplex,rapdwaiyl lmtreptewptddohszandltsefonﬁs (esgt., alog likeltlmod ratio (LLR))

?Bﬁﬂzﬁlc eglimteise etteec%e sry(?nbtorfs are %eé‘J%JeH ?o og)tgmo&tcgée% (ﬁltz} H)r the first data
stream, which is re-encoded to obtain remodulated symbols. A second (data-directed or
decision-directed) channel estimate is derived based on the remodulated symbols. The
first and second channel estimates are then combined to obtain a third (enhanced)
channel estimate having higher quality. Interference due to the first data stream is
estimated using the third channel estimate and canceled from the received data symbols.
Detection is then performed on interference-canceled symbols using the third channel
estimate to obtain detected symbols for a second data stream (e.g., the enhancement

stream), which are further decoded to obtain decoded data for the second data stream.



channel estimate having higher quality. Interference
due to the first data streamis estinmated using the

wo biosd7obannel estimate and cancel ed fromt he PEDES208003156
data synbols. Detection is then perfornmed on
i nterference-cancel ed symbol s 3ising the third channel
eglhgpt e [ hal s-
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Vari ous aspects and enbodi nents of the invention are
described in further detail bel ow. BRI EF DESCRI PTI ON

CF THE DRAW NGgof 0t e it RARHi@sO! 1 he

present invention W One nore appar ent omt he
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[0015] FIG. 5 shows various processing units at the transmitter; and

[0016] FIG. 6 shows various processing units at the receiver.

DETAILED DESCRIPTION

[0017] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

[0018] The channel estimation and data processing techniques described herein may
be used for various types of wireless communication systems, including single-carrier
and multi-carrier communication systems. Multiple carriers may be obtained with
orthogonal frequency division multiplexing (OFDM) or some other multi-carrier
modulation techniques. OFDM effectively partitions the overall system bandwidth into

multiple (N) orthogonal subbands, which are also commonly referred to as tones,



is not necessarily to be construed as preferred or
advant ageous over other enbodi nents or designs.
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t FR8Hi + Tran QRPN -based sysfema it Merareicah pRAIlG 3 rgnsmetter combines
| BatB & L)El for 3R LYY &ﬁaﬂp%ﬁtﬁsﬁtd %ﬁél? rfglngﬁ enhancement stream to
the transmtte at .
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trans transhits the ’conbi ned
synbol s over a wirel ess channel.

where s,(k) is a data symbol transmitted on subband & for the base stream;
s,(k) is a data symbol transmitted on subband & for the enhancement stream;
H(k) is a complex channel gain for subband £;
N(k) is the noise and interference observed on subband £;
v, (k) 1s areceived data symbol for subband k; and
K, is a set of all subbands used for data transmission (i.e., the “data subbands™).

For simplicity, the processing at the transmitter and receiver for OFDM is omitted from

the description.



[0021] The received synbols at a receiver may be
expressed as: yd (k) = Hk) [sb (k) + se (k)] + N(k)

wQ 2d06107903 Kd , Eq (1) where sb (k) is a dat apGymORmb5/003156
transm tted on subband k for the base stream se(k) is
a data symbol transnitted on sdibband k for the

STl & BR300k L0 or e o

ohtmm/adi erthas cdnuar dtrl&am Yiébr (skthiplicityn eqetionV@dl agkatres that the same

nmbol for subband k; and Kd is a set. of all subbands
LR OROWRA N B U Hiesiootirepims-e Alteagivelyqihg data symbols s, (k) and

ubbands™ For _sinplici t he oCessi at th
t.séz}s A 2sHIed R ISR theTegtrafi e POYER Hagaf s figetwo data
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stream For sinplicity, equation assunes that the

sefrram andaprhanecmaenfestredrs ayd rqcewelt hdhe weseiver e’lamdenves a channel
Al t er nat4 Velé{ the data s¥nbol sb kq)i, and se( )1

bestiads, faofor Hhe 4ot spbandse tasexmplegbaspth an paigiesymbols recéived along
allocations for the two data streans. [3_0023 FIG 1
sWithdheacambinedas yahodbothe geqsivse éaleckl bI2)f dihechamngbestinepte H, may

t he base  stream and enhancenent stream at the

r e ebtyined asydpscribediely. first derives a channel
ede% te THR n{g@ 1v‘]51h eldGthi SUBARRIRr ﬁl@rba%é aRbh, ugﬂé e channel

oh ot sy ce| ved along wth the conbi ned

S YRS Ebﬁbtd&l% 111$)c ah\o8é eﬁqbb&lﬁ{éntlll?e)detérsﬁen @J}%?f(bﬁhed as follows:

estinmate be obtai ned as descri bed bel ow.
[0024] The receiver perforns detection for the base

streamu | ngy (ke chaonel te H ock 114). In
one enﬁd v ))erﬁﬁgétse(@l 2\{1(4:52 p@F?’&Eﬁe’d as foI)I ows: E4(2)
sb (k) = W%%M sb (k) + se (k) + No (k) , for k E
Kd , Eq (2) Hb (k) where H,, (k) is a channel gain

ShLIRYE O SRR esthlal e it ected synbol

streant and Nbo (k) is the
Eauat | SEL 3 (ot Bofbb R AR EnekaE GR8R, B4 °2T
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b%quation (2) indicates that the data symbols s,(k) and s,(k) transmitted on subband %
may be recovered by dividing the received data symbol y,(k) for subband £ by the
channel gain estimate H ,(k) for subband k. This operation is commonly referred to as

equalization and is typically used for an uncoded system. In another embodiment, the

detection is performed as follows:

8,(k) = y, () H, (k) = H, (k) H, (k) - [5, (k) +5,(R)]+ Ny (k) , for ke K,,  Eq(3)

€ %k 2

where denotes the complex conjugate. The operation in equation (3) is commonly
referred to as matched filtering and is typically used for a coded system.

[0025] After the detection, the receiver “decodes” the detected symbols {5,} for the

base stream to obtain a decoded base stream {d,}, which is an estimate of the



channel gain estimate H, (k) for subband k. This

operation is commonly referred to as equalization and
wo g005ppiosnl |y used for gn uncoded system | n amoL/ligr005/003156

embodi nent, the detection is performed as follows: sb

(k) :Yd(k)H (k) :Hb(k)Hb @k) [sb(k) + se (k)] +

Ngﬁ%ﬁn@}é%o 1°t g%feam Ti]d 6% ki on | n ;q:allﬁcgﬁmg?,?ypl%aﬂy includes
fg%}]@ 1 t10n g{\% %ﬁqb(ljloccl:&g ggﬂ{ggfgo -hkélgfé)g? Cet%tt computation),

déelatetlemng,tdm&r cexeaitivardetaing (eg.; blokk, \d&d:rbctaad/osiﬂuﬁmi decoding),
se Str amto obt |n a deco

2%?%5{?3{ detctio Aepdity [l celRed b SRRy (CRET Gecoding).  As
WIPI?I%%E%I(P QT%)L%%Q 4@%@&6%&3%% 3”? Irfcﬁﬁ!le l%efhethe data symbols

stream { typically

I
5 b ot gy it s, v

dgientrédtéE ay nbe 1ﬁrth@rde§&ﬁﬁ%%‘f|tﬁé\ be&s @l@éaﬂg (BheOreceiver further “re-
bl ock, Viterbi, and/or Turbo decoding), and error
deﬁ@dbs”ahe damddd‘i base(seregm, {dgyod ebtamdemddilated cimbéls ({ERCwhich are
decoding). As shown in equations (2) and (3), the
d edtandtexlofs shehtednsmtedd} dadtan syrablkals bisj }h farhthe daseastegarb @l block 116).
{sb} for the base stream and the data synbols {se} for
t Abe eerhmovdingetypicstly ézokydeatsioding, interlaavimgt antl modnigtige (i.¢, symbol
the decgdl ng of the base stream The receiver further
odes" the decoded base stream{db } to obtain

Emz@pl atiedhé pageodtiealnSe decodat téibectliy € thefiSth Fededer Aerives a data-

transmtted data synbols {sb } for the base stream
( dirs@edtiankel kfihate Ajefor thealataibbands ppsedainl tite raveived dsta symbols
codi ng, interleaving, and nodul ation (i.e., synbol
mad thegiemodola ] syhfbolshdldsksk203.t rAsaan examige,otie dlata-directed channel
correctly, then the receiver derives a data- directed
c Rethmae fismameéieﬂ,vw #sdpllew® dat a subbands based on
the received data synbols and the renodul ated synbol s
(bl ock 120). As an exanple, the data-directed channel
esti matge Xzﬁ@be dgr i vedy ﬂz)f_gj kg\gﬁ%)Ydfoglrk)Ekk) or  Eq(4)
Hb (k) £ Yd §kBb (k) , for’ K (4) " H B (k)
= Sb where H b(k) is a channel gain estlmate for
subband k obtai ned based on the renodul ated synbol
{ sihege AL (Ahes hacenadlr gaim esfineatd \for aplebaatli brsbtahaivbased on the
equation (4) are not equivalent for sonme nodul ation
s ednmeodmdatédesygnbol 1{5; }Qhdv)the biwe stieamneThe two operations shown in equation

(4) are not equivalent for some modulation schemes (e.g., 16-QAM). The channel
estimate A, may also be derived in other manners, as described below.

[0027] Whether or not the base stream is decoded correctly may be determined
based on an error detection code such as a CRC code. If the base stream is decoded
correctly, then the remodulated symbols for the base stream may be considered to be
free of errors and may be used in similar manner as pilot symbols for channel

estimation. However, since the received data symbols {y,} include the data symbols
{s,} and {s,} for both streams, as shown in equations (2) and (3), the channel estimate

H, includes noise/interference from the data symbols {s,} for the enhancement

stream. For hierarchical coding, the transmit power used for the enhancement stream



estimate L may al so be derived in other manners, as
descri bed bel ow. [0027] Whether or not the base stream

W0 g00derweed correctly may be determ ned basedP@NUSIV05/003156
error detection code such as a CRC code. |If the base
streamis decoded correctly, ¥hen the renodul ated
S ls I r e j .
s Ao TEE, Bl B30 VRO DAL RSEE RN o for the base
phtreiin. S Yirhhils Scabg rthe haivedhterfashiendiie @ theHeniRviesmens isfre@n may be
the received data synbols {Yd } include the data
symbldl Regpsiiesy, thadhisrel Jestimnatebbt hcat typacably mevidh@additional useful
equations (2) and (3), the channel estimate Hrb
i mdommpsion deyi the pingless ehapnelaespprssm t he data synbol s {se
} for the enhancenent stream For hjerarchical . .
c28y, tHe erdrgmext § %, diecinpti chamnel FtuRRlE dnpvith the data-
stream WD 2005/ 079031 PCT/ US2005/ 003156 7 may be ,a
s fapdtehelianneresiimatg. H,/ 9, obigin @n eghanped ghangel eshimate H, (block 122).
transmt power used for the base tream. In this
cabe ,deqoﬁsc? e sEFARihps e de obigin 3 decisien Errifdpdatqiof the channel

S Q) .
e RO AR sy PRGREGRRF in LtRuS SRR, AR Puade off
i pérdormance forfeompldxétywi In @ine smbotiameng | the ebpmek estinfad&284 combined
The_recei ver next conbines the initial channel

egﬁqi]ﬁf”é‘ Hb with the data- directed channel estinate

Hrb to obtain an enhanced channel estimate He (bl ock

122). 7 deco e _sin IS sed to obtain

a deci S]_IZgﬁ) H?‘F e%?@&gggdg’f)e%‘?(ﬂ Hefoghmjaﬁgzr esti mat e. Eq(3)
The conbi ning may be perfornmed in various manners,

Woinete rggéﬁs brafR Ritfis sAeREPHIBASR hOFl ARERLIRBITY og BIR‘ tgvg channel

one enbddi nent, the channel estimtes are conbin

f . AHe (k) = - 5 (1 ‘
O 15 0 B ey Pl s
05 5, PO U B 5o, I s,

deReRseNNed 90 obdin GYSaddeet . STHeUHabiRg Jf¥& , tth@N888 be dependent on
power used for the pilot synbols, thé nunber “of pil of

S iR dctotsheich fak [the Fdlaty eUsoaetr thetvadeinathe bhse stevach aml ethancement
The reljability of. HHb may al so be dependent on. .
v 8irsanydhe ghappelcoaditigns and pe ope VAFIPYEMSENESS M dehabaliy tpay be used

b t
F1Cihe L dHG AR geﬁgmg{ég ANER e Nfor é&ﬁl@@ﬁméﬁesbﬁllﬂ%g Fnl‘?dggi (ffl tth§ channel

condi ti ons, SO on. Vari ous asures

MR ReU S8 thrgdr, VA1fe SaIRBe WSkht B HIRSCHAHAS) eSSmatt O, , which may
exanpl e, nmean square errors of the channel estinmates.

Apl _@EQ&%I{E 12! 4Q1eBn¥E %o PRI&s WRIBIY thafl ADE ERIBREY, a graller @,

estimate fihich may be desirable i1f Hb is deghe

tQaR€ g%v%§ ndré lvxie?@llt %o 1lPhatRer SHRRYE" ﬁj“bl. YThé olc,‘, WI&eeﬁlaQ Be fixed or

dynamic (e.g., computed for each data packet). The combining of the channel estimates
A , and H ., may also be performed in the time domain or the frequency domain.

[0029] The receiver may perform filtering to obtain a higher quality channel

estimate (block 124). The filtering may be performed in various manners and using

various types of filters. For example, the receiver can filter the channel estimate H 5

and/or the channel estimate H, over multiple OFDM symbol periods prior to

combining the two channel estimates. As another example, the receiver can filter the



val ue gives nore weight to the channel estimate fib.
The ah value may be fixed or dynamc (e.g., conputed
wo enosezobl dat a packet). The conbining of the cherms1005/003156
estimates Hb and H b may also be perforned in the
time domain or the frequency d8main. [00291 The

recei ver may erformflAIterln ob a hi gher
qERianesd Chaniee| estimats ny eOYB| lpi%zél%pmesmhot herings after the

may be perfornmed in various manners and _using various

t perebinisie. f As yelr anothes examplepihe regaiver cak diltge thecehanngl estamates A,
the channel estimate Ho and/or the channel estimate

HiFb,, andr Hiyul Theptesei@BDMay ypetform e lﬁdntdlsngn(l)om the time domain or the
conblnlng the two channel estimates, anot her

e framysney domain apdi(YensiBgyaRpys Bpes RE ﬁmszwe/ gy7gpgfinite impulse

PERbolRR R R) AR 3% iSRS LDARS IER LT B! FiIRKEE with IR

yeﬁdﬂmﬁhﬁslﬁd@&ﬂieﬂbetdve recei ver can filter the
channel estimates Ho, . Hb and He Th rec i ver Hagtothebaﬁ:

f&tﬂr 0F m tHhe ¥eceiver nexy demyes anteﬁgnttr:rﬁé“ & RieHersace
£ FEA Uil 1 TRl Pty 5B M2 iBeR LMooy

filter, a finite inpulse response (FIR) filter, and so

on. Fi I_t nd FIRfilters is described

bel ow. ’t{(g g&(’\‘gnéb%gcef"&gcr €Kext derives an estimte of E4()
the interference due to the base stream using the
enhancegkcha nel olloms

h(e )eStlgIS{eflkl?t IFBF‘“! gclig})angé) dtcer %bé'liseé siir%am The
r

Egceibasieﬂggtcgﬁéélgmfh&tlh{rﬁee?e&\%% ee gl%(r:rg %%2 @Qvﬁd gytg SS’RlbOIS (also
ebkaHBEﬂa$ﬁmbn&erence fromthe recelved data synbol s

(al so bl ock 132) as folloms ye (k) =yd (k) - ib

(k) , for k c= n% where ye(k) is an
|nterféh@ﬁcehdéhtbK%H’§V 6Ksbor subband k, which has Ea(?)
the estimated interference fromthe base stream

ved. The receiver rfor he jinterferepce .
G ShPirag (bh S EEce &#%f?%(syylbginf Sybape &, WhISH Has the estimated

n decoded corre 2 n
PGt B A ARGy dirb vy B oy 1 ntrterence
O B&Qirf4tioRTing cﬁﬁ@eﬂ’ﬁh&g (l)rtﬁil)‘ ifQBe bEveCRRAS Hasbeeklaéiad beeectly, (2)
t hreshol d, or é@dEF the tine, regardl ess of the

oQﬂb’dﬁr@%ﬂuaﬂlﬁeoﬂ orpd trasp strganyies quanialisdchy preepr more decoding
p eftr?crs”%xge%hgcat Pe'ae{e mtejg' ?thrrlteaetglgﬁ@le 81?8?% CEt qlgztj)‘;?ﬂ ,The%grdless of the

ehhanced c anne
deheomboﬁﬂmamc@ﬁn@erforned as

[0031] The receiver then performs detection for the enhancement stream using the

enhanced channel estimate ﬁe (block 134). The detection may be performed as

follows;

5,(k) = I);e((k))~s(k)+N(k) for ke K,, Eq (8)

where §,(k) is a detected symbol on subband k; and

N, (k) is the post-processed noise on subband & for the enhancement stream.

Alternatively, the detection may be performed as:



follows: se (k) = ye (k) se (k) + Ne (k) , for k E Kd

, Eq (8) He(k) where se(k) is a detected synbol on
waeabbarnd3k; and Ne(k) is the post-processed noPGEUSIN5/003156

subband k for the enhancenent stream Al ternatively,

the detection nmay be perfor nmed?as: WD 2005/ 079031

o ST DR B TR RS Tt 0 me)

recei ver decodes the detected synbol s {se } to obtain

decoded h h :
ol P8 ﬁgptte?teﬁ?t FREAETL RPO reb "y = decoded
k 136 00 1 sh I
éﬁl&t%ga%en,s?stse%e e “rfea?% &rﬁnséﬁ%tﬁ@ ; %weslbma%cemm stream

gra hkﬁ36 codi ng where two superinposed data
st{ }ransm' tted sinultaneously. In general,

IAET BI0CTPRRY Rnel B BEA R AR AL brbNfle EXRIOEEM based

2 syemn\Svith ﬁlb@m@baagmﬁﬁg &hefe mwa@eﬁnﬁbeﬁbdf duta @t@éaﬁn'srzm: H@nsmitted
channel estimation _and _data processing for nultiple
dsimltangaushys I generaly s1alag Pfﬁfptsatgemw perfargied fer othgr types of

Lﬁgﬁi&‘ﬂ% agjﬁgl%}r@rglsop&ea datpsstreamin each stage and

esti mate as each data streamis
r 0038kr eI, M 3UgwsAa flowd ediagramiseftla tppocksn @06 ﬂohepestbameg channel
nunber. and t(?e dat a str?amta recover ed next

i p§tmation Ang daje prqcessing fqr mUIf?Pef data shgamps frapsnuifted élmultaneously
( blReds 3DbAlerative f’é@@\?‘érs oﬁegaétﬁf@fr@mﬁ il ezfdﬁrst (g%eanﬁ'lfpaﬁtes the channel

data streamis derived, for exanple, based on received
pastmnateewabbkista(strbmksmmered[ 0035] For stage i,

SFEL kS LR, SRS 3R Y 8, i o o

f fdcovkdtdnsittlie %ﬁhilﬂﬂe&l té Bl (@6k i 21§ )or therfirstheagef(blotk 212). A channel
stage, the input synbols {yl} are the recelved data

S ydtits l? Yebrithe fir@rdaeastieamsishizeiqod rfor skagsle, bdsed onpedeived pilot

synbol s {y, } are interference-cancel ed synbols from

t bgmbqis Gdedkiig).st age i -1. The detected synbols f9;)

are decoded to obtain a decpded data stream{d, }

( 9381 b Jiok spgsy,. def 6@69’6}8 pertoamed A1 ARyt éYimP‘glst{Wg Usp@)the channel

whet her or not all data streans have been
estimate H; to obtain detected symbols {5} for data stream {d,} (block 216). For the
first stage, the input symbols {y;} are the received data symbols {y,}. For each
subsequent stage, the input symbols {y,} are interference-canceled symbols from the

preceding stage i —1. The detected symbols {$;} are decoded to obtain a decoded data

stream {ci,.} (also block 216).

[0036] A determination is then made whether or not all data streams have been

recovered (block 218). If the answer is ‘yes’, then the process terminates. Otherwise,
the decoded data stream {ci,.} is re-encoded to obtain remodulated symbols {5;} for data

stream {d,} (block 220). If the data stream {d,} is decoded correctly, then the
remodulated symbols {s;} are used to derive a data-directed channel estimate ﬁ,yi
(block 222). The channel estimates H ; and H ,; are then combined (e.g., as shown in

equation (5)) to obtain an enhanced channel estimate ﬁm for the next stage (block



recovered (block 218). If the answer is "yes', then
the process termnates. Gtherwi se, the decoded data

warosamod, } is re-encoded to obtain renodul aperus2005/003156

synbols (3j) for data stream{di) (block 220). If the
dat a stream{dl) IS decoded cdPrectly, then the
to.derive.a

G b efea it b B s Qi Bafbpe chpppel estimate
nb

o L Gt Fln PSS §3rBs T el 1 ng@nkgﬂ?e‘a%m fliput symbols

Sb05) (5% RepCi pascialisk 01 8B gk 435 fitreptgted (biock 228), and the

f d d
oG Fe R Ep 2o B ALOGR B BT P00 1

| j0087) syrmeleahwad khimel sdtimge obfaimea biie femcnmmed symbols from a
aﬁrﬁrbol S ;+,} for the next st age (bl.ock 226 The
aded dqt% streraer ewgnewde ppprorsd ovesll perfprmapes- anced channel

t &%ﬁlafeeu[‘ﬁo%%lﬁeﬁ_ltﬁ lo%gﬁhgjrﬁorte Qe Ve@ﬁm‘éﬁeoﬂﬁé( it r_@nceddue to the

stream anced ¢ annel esti mat e obt ai ne
wddchdede dmdwtmhmdsmymﬂ[d serfigdnintal sgebaold egle datltiplsdédr bprthe channel

g%gl { OVI egl\{lgtggpoéz 3@3 &gﬁ%xfcg ?%nﬂ esThe ecnag%Ts%)%e used to
aGKihih i e?%ﬁélﬁ?td@te%d SRabsIR ST the El@ﬂccﬁtéjﬁf%ahptotﬁé%ecoded since the
decode dat'a stream sihce the renodul ated synbols are

mekeived datd syybolseare ldéidesl by es multapleed wish dhrooikanhel estlmate for the

b‘gel%‘f%lé’g n?s( s%)ogvb-r %Hgthnq%g ed dic @?P?‘)ﬁ/e (1]11(:“1S’rtolv%"&1 : rer,oes tma e for stage i

t May BexbediR! perimaaift@nbecaecindiod o fisge zt(lae dedceibed ‘xﬂﬁd'e) The
data synbols are divided by or nultiplied with the
cimmnedd ehanngheatimye fonstagget arai also bes usiblp ipsrform interference

e&%@él#a?llaﬁ 65 &%ﬁ (18 )to gquH{ lclflaa ryﬂages ??ﬁrbﬂg{ £ (not shown

e use int’erterence
Cariig, Eétbnsi)mﬁmy)st age i (as descrl bed above). The

L BREN T ortle chivaie e enen sea Ata proicrone Femniars deraiged horein may
uQe h?ecﬁﬁld Cb&%%h“glﬂ?t\’%ﬂgug 1ot ﬁ'ansnﬁsﬁglet?chlm'ég‘r Gt TDM pilot

for SI mplicity.)
ctnarsrmsmmdnme; pdotasbdnb;tzit arqotramgﬁcm@nt alk hlnbhqu% in some of the

d§?f)§tﬁs‘5&b?§%3%$¢sne¥ﬂ 4aR BNz PR gl Feppning OFDM

S6RN Fot 8 MDMRIilo® trafsmibabs s@iefe! pRtSHibbRthr® fransmitted
I subbands in sone of the OFDM sy nbol periods and

d@t each \HifIMssyarhe! pererd it erdi omrﬁubh@dﬁ é‘ﬁ’ﬁgiiﬁt%b foppiot transmission
s rrboJ er ” P I
] at P gt ub gndgr)g 1}%25;51% xg)L)Q talnsE) ebgc ﬂéﬁkﬁ%ﬁn rfggﬁ]ef“arrmamers and
pthlisl 1@dv1thhﬁ ther@l:c)peaﬁtmbbanﬁa desi gnated for pi I ot
transm ssion e. pi | ot. subbands’ %l'l Pil ot symbols
B

nt938 so HE- t3|Aaﬁ}§?WSt e §X§Aplathetbbarth siEncure fhef miy be used for an
OFDM-based system. The OFDM-based system has an overall system bandwidth of

BW MHz, which is partitioned into N orthogonal subbands using OFDM. Each
subband has a bandwidth of BW /N MHz. In a spectrally shaped OFDM system, only
M of the N total subbands are used for data/pilot transmission, where M < N, and the
remaining N —M subbands are not used for data/pilot transmission and serve as guard
subbands to allow the system to meet spectral mask requirements. For simplicity, the
following description assumes that all N subbands may be used for data/pilot

transmission.



this is within the scope of the invention. [0039] FIG

3A shows an exenpl ary subband structure that may be
wais@dofwsl an OFDM based system The OFDM baseRCEHYS10651003156

has an overall system bandw dth of BW Mz, which is

partltl oned |nto N ort hogonal 1ldubbands usi ng OFDM

su n
E@ raI ??és ape %9%%%&)(?@%1 FﬁWI I{}]Nt pdi%sﬁmg%g?r? Y| 300 for
sthb bORDM aeryeteusedembbaiaisaAqal hd tt‘csrapﬂm siahamnissiofer &olVsimplify

< N, and the remining N - bba ds are not used
f ermRpRLionPT e chanpeb etiEate theth alleian kangs mgydegmiformly distributed

sybbangs N fdl Jugwéﬁdb %uayﬁfaﬁ %ﬁs@cﬁfﬁz%tplﬁn@%ﬁﬁﬂaﬁhs YRSpaced apart by
requirenents. For sinplicity, the follow ng

des/d@ sybbands. assunes that all N subbands may be used

E@?ﬁﬁstzgﬁffér B@s&é@ ?rﬁf?f Zﬁaresi"bleflsz PR %woasgelm can derive an

%ﬁ? gre§¥ pon esth %S%Vﬁ? r@ﬁss 1:}?’ el BAsed ?he received
QIS 058W

t Lo | rrpl ify conput atl on for the channel

AR5 f°‘l5‘"ss

I'l ot subbands may be uniformy
di stributed across the N total subbands such that
consecutive pi (it subbands are spaced apart by N/ P
subbanék, kI:eeﬁg Fder bledEj 112 in FIG 1 and bl ock 214 Eq(10)
in FIG 2 ecei ver can derive an initial
frequency response esti mate Hp of the w rel ess channel
b Nt g x as foll ows:
H%?Erg g E? ?‘&fé?\}e& ot it 'iﬁ%é gk,

Kp,” Eq V\,here p (k) is a
rece v‘;)@k)Oisl ilo? ¥yThOU1 tfafEm il BARGand R k_) is a pilot

symbol “transm tted on subband k; HP (k) |s a channel
gain e [ [ q-gldr[) E}%P a set of
al | (Pﬂ eab%h%gnéi gkﬁkgﬁfﬁ?e vec ot or’ t e initial
freque Yis WiRLg. for P uni formy spaced

pi | ot gfab‘ba%gpmﬁﬁ’ @ﬂ‘}f RS, s Ho =[Hp(1) Hp(2) ...
Ho(P)] T , where "p" denotes the transpose.

Ext Pamweatdrm Fodtterinitial Ge@oinay responstyestimatesfod P @siformly spaced
necessary, to obtain channel gain estimates for pilot

S tastffa I gh(Pnase 1’ «T»
ARl iy o Do P UL XB) ROl e denoes

Pible AanbSRES Ex&apSlikion &t mt%rﬂﬂleﬁloll ﬁi?\f be 'ilsé'db a§ REcesfiBy, to obtain
frequency response estimte for the
channel gain estimates for pilot subbands without p110t transmlssmn based on the

received pilot symbols for the pilot subbands with pilot transmission.
[0042] A Nx1 vector ﬂb for the frequency response estimate for the N total
subbands may be obtained based on the frequency response estimate H , using various

techniques. For a least-squares channel estimation technique, a least-squares impulse

response estimate for the wireless channel is first obtained, as follows:

Y

h, =W, .H, Eq (11)

s

where h, isa Px1 vector for the least-squares impulse response estimate;

W. . isa PxP DFT matrix used to perform a discrete Fourier transform (DFT)

on H , to obtain ﬁ,s; and



subbands may be obtai ned based on the frequency
response estimate Hp using various techniques. For a
wo e@sph7®guar es channel estimation techni que, aPCT/US2005/003156
| east - squares inpulse response estimate for the
mnreless channel is first obtdlned, as follows: H h!s

= LPXP‘X‘F’”’dellr:cﬂes(ﬂlé)c?gggz{tgn%nsioées a P x 1 vector for the

Ieast squares 1 npu respo se estimate; WPxP is a P x

DF tri.x used a,di scre e Fourier

¢ TROF D dyr ot B Eing G el o is siven as:
2005/ 079031 PCT/ US2005/ 003156 12 "H " denotes the
conjugate transpose. The DFT matrix WPxP is defi ned

such that _t1€" 0Ty i v )
J2f (n- 7'(m1) wn, m = F&fge h W‘aﬂﬁ?ﬁ—g e@} and m= P42
{1... P), Eq (12) V\herenlsarowmdexandm|sa

CRhstin i§ RS indeR S )n EA¥BIUNANNAdL) | ndicates that the
i mpul se response estimate h, S can be obtained by

PRI0ASY M Wguaidtr PPi)nindidafed @Bt tHee impuilid abspbhduaiiate h, can be
response estimate Ho . The vector h,., can be

p&ﬁ&m@d B¢ PeESEhing A'P-BSANIHTES ol ¥he(ihitiab Blefhdhdy @éHpbhééSestlmate H,.
th low values |ess than a predeterm ned t hreshol d

t"?huz @E&oLarl‘id/ ga[n ()g)cp rbb&gedt H6: \k/ag]er ) IEB)? éatﬁné( réntrles awth low

entries i m“the vector to zefo, pecte

ded1aes 18R1tRACa PledbteBniBy® H2Esholthe zeMLATdMT éh) éi:ttﬁrﬁg tﬁs >U—th through P-
zero-padded to length N. The zero-padded vector h,

N

i & anfeas in thearpstos tqrerfoyivhere dris Fhepﬁ%mtect#qiay eprest ef the system. The
vector .Hb, as follo Ho - VWNxN h/s
WHEES By 15 TeKf geropya wSldrad (2)length Ny, Rhm) f}ero Pa?ft?éﬂﬂctorhgw is then
initial frequency res%onse esti mate HR, the inpul se

r Basbnmed a4t apdY @oint FF T4 ghein thp seqtereHy edficipllpwsponse
estimate Hb may be filtered to obtain higher quality.

For exanple, the initial frequency response estimate

Ho mayHbe Wiibied with an IR filter, as fol |l ows: Eq (13)
HP(n)=(1-a, )HP(n-1)+a, HP(n) , Eq(14) vvhere HP (n) is
the frequency response, esti Jmate obt ai ned for OFDM
syhtrelHpetHod) d,(2HP. (Fh)N)E .t he filtered frequency

response estimate for OFDM synbol period n; and

[0044] The initial frequency response estimate H ,, the impulse response estimate

h, , and/or the frequency response estimate H, may be filtered to obtain higher quality.
For example, the initial frequency response estimate H , may be filtered with an IIR

filter, as follows:

H@m=0-a)H,0n-)+a H,() , Eq (14)

where H ,(n) is the frequency response estimate obtained for OFDM symbol period n;
H ,(n) is the filtered frequency response estimate for OFDM symbol period 7; and

a, is a time constant for the filtering.

The time constant &, may be selected to provide good performance for a range of

Doppler frequencies. The filtered frequency response estimate H ,(n) is then used to

derive the impulse response estimate h,, in equation (11).



a, Is atime constant for the filtering. The tine
constant a, may be selected to provide good

w@ersorawance for a range of Doppl er frequenci BST/UT15/003156
filtered frequency response estimate HP (n) is then
used to derive the inpul se rééponse estimate h,, in

CBE) CAdsistheedy ’Rﬁe,z 9rﬁﬁgpf%4w%%§99$sﬁ>§&%éé£w%é” i, may be
' H i | FIR
¢ R Vi TR oY ™ (G <t ap(n- 1) Eq (15)

where c; is the filter coefficient for tap i of the
FIRfilter a L,.and L2 are the extent of the FIR
filterHkor=9 caldr-F)R filter, L, = 0, L2 > 1, and Eq(95)
the filtered=fir equency response estimate HP(n) is a
wei ght ed sum of the frequency response estimates HP

ek gk SoonBaef P 55 0 STEBPHPY, 514 2 e cvent of
P TR ST S ——
somiBbre B oult wolghien afmay U PP Seiainaee RS, Bo)sfor L pricr
5 0 SRk BB bl 1 2021,
ggf&%& ,eeqlieihtcig Egﬁtﬁﬁnngesgaa%&aﬁ:@b ?slgf;véel‘iﬁpg&f glngt To? El}?oﬁ%quency response

The derivation of the channel frequency response )
eettimatase H{nbafsd Lonprigre des \camrens |avd &y nfydirs @BPMpjsysbol periods.
subbands is described in detail in comonly assigned

UBgfferimg aink, mppved@F DO sgabalais ngeded taiimpramespt thsaleatcausal FIR filter.
No. 0302871, entitled " Channel Estimation for .
SPecimpilieyregioapeestiarbivh Camdion theafr¢équancyrespomse estinjasel H, may also be
xxxX. The vector Ilb nay al so be derived in other

milered-dor examplees Shavm W sgraians EH}@aﬂ Q;séuar e error

CIERD 55 bk 3P el Rt i, G, vased on
else{:éiggcf gg%tzplryglﬁwgkg{og’p]iloﬁglﬁab s i¥ ggsé?%@@qn Qbtafl cor];n(r)nronly assigned

reno or a decod ata stream
ek Haent AppHtation Seriak tfioa{Attornesd)Dockiee Noe 0802874t aditled “Channel

synbol s e viewed gs " ' pilot synbgls that can
pEStguipny B Pt SeChQR! B iieRony Srsiehe TR The
streanpto be detected, . The channel estimates kb or H
XIS TP R mifiming igan square
dﬁx‘r&'(%l@@ﬁ}\%@hxﬁ{f@?ne' estimates H b or H, to obtain

the ‘channel esti

mates He or H +1 for the next stream
w0047 mayFobblockrl2hen FlGpt enddlogki2dd in FIG. 2, the data-directed channel

estimates H,, and H ,; are derived based on the remodulated symbols for a decoded

data stream, for example, as shown in equation (4). The remodulated symbols may be

viewed as “new” pilot symbols that can be used to improve the channel estimates for the

next stream to be detected. The channel estimates H, or H, used for the current stream
may be combined with the data-directed channel estimates A, or I:I,’,. to obtain the

channel estimates H , Or H._,, for the next stream, which may be further improved using

i+1

interpolation techniques. The combining and interpolation may be performed in various



i nterpol ati on techni ques. The conbi ni ng and
i nterpol ation may be perforned in various WO

wQod50®0n9031 PCT/ US2005/ 003156 14 nanners. FOPCT/US2005/003156
clarity, the description belowis for the hierarchical
coded systemwith only the bade stream and
e . i- . .
PARREF "S5t oBHLE R gtdHiiin, RS R HRhical Pted gystem with
nenty phd ixse stysunhm] enhencearenastenaat ed/ conbi ned and used

[ h h I [ f h

FOI48) crin &7 OB REDLTE: HBAGHAR EHTBHOYS DG, With the initial and
SHRD3NGSsyRMdILRE RohGatenhlc@/tdibited hnl@ st d'® dEARITY BhnhbIRstimat
suﬁggndss,f t hen thg reerrrlogul ated synbolss derived from estimates
t for thieood stledna s Borsexagyie, filopilat hetradsPrtied en B plbbsidbbamdsyand data is

be use S pew pi.l ot s , for these bbands., ‘A, .

- BoBified S e dpRiin ety Ob sl BT RadB8E o p gerived from
alte d¥coddHage sigeaidfortBe NP AnfAQlbbdrds n@AEPhsed abYrew pilot symbols
concatenating (1) the P channel gain estimates in Hp

f for thbe Sibbahdyl U bbasedsinitidl hrdgaipndy Rsphenstingsd M, for all N
estimates obtained fromthe N-P new pilot synbols for

t bubbbhdR day cbes ubtamreds forTeanmpde;i Isye doncatdniatihg (1Y dguBnchannel gain
response estimate H p,b may then be used to derive an

e estamatesdinf He faethe\P piladspbbands adthi @hNeP fchannehgain ghtimatys obtained
frequency interpolation algorithm For exanmple, using

t frem thesN-B qiear piotcpymbels dar thm NeRhdate subbangs)| skhe revised initial
response estimate can.be obtained first as follows:
_frequaney pesponseresimatentdn , - mayghen be yikel o «deyiye, ap enhanged frequency
(16) where WNxP is a N x P submatrix of the N x N DFT
nedsponse estmated Hy ythraighranyt frequenes interpolatibw migoritfm Wb example,
. The enhanced frequency response estimate He can then i
busingjthejlgastsquares eyitarionedhenhanesg IpYIse Fesnenseicpympigisar he obtained

a [ I') and zero-padding the inpulse response
egﬁtrgrg&ggﬁ?s. p,b and (2) performng an N-point FFT on

the zero-padded inpulse response estimte. The
enhanc@d fregwencw r gspemie.gstimate fl, is then used Eq(16)

J1 3

to detect” the enhancenent stréam [0049] In another
enbodi nent, interpolation is used and conbining is

PRhERr wed, igh NOhe shib@atkThe] SNRNNDFThgathif ¥otmedib@faRing the first
channel estimation technique my be used to derive a

dat &ighheel oW, | eastheSBMARES] HERINSE rEHORQNERInGHS IMBLEn then be
hl, rb (e.g., Wth P taps) based on the new pil ot
syebad oy @) thieshdMiRg dad arvaudthencihictasref qptionaly andH zérokpadding the

impulse response estimate h is.p5 and (2) performing an N-point FFT on the zero-padded

impulse response estimate. The enhanced frequency response estimate H, is then used

to detect the enhancement stream.
[0049] In another embodiment, interpolation is used and combining is performed in

the frequency domain. The least-squares channel estimation technique may be used to
derive a data-directed least-squares impulse response estimate ﬁ,m (e.g., with P taps)

based on the new pilot symbols for the N-P data subbands, as follows:

ﬁls,rb = (E(I:I-P)xP ‘E(N.P)xp)—l 'E(I:IN-P)XP ‘Hrb > Eq (17)



his.rb = IW(N-P)xP - WN-P)xP) *A(N-P)xP *Hb , Eq
(17) WD 2005/079031 PCT/ US2005/ 003156 15 where

wWOeNsBY90B1L is a (N - P) x P submatrix of the N RCMUEX05/003156
matrix, formed by taking the first P columms and the
N-P rows of W\XN that correspddd to the data subbands.
A . datgrdirectedq;f €S ' b .
b\é/h%rg t'a’. ﬁfr I@?ﬁ% l%glgﬁﬂat{-& 03995? N¥ ﬁ]t Wgﬁr,gat]flx, B by taking

at®™hed 1!?)32/l I'ng an runca

;terF %r%jﬂ%‘é@rﬂ?@%ﬁtgg ‘Ia\f-f;’ gévg%ﬁg e‘fg‘§{\£l-h oc%ogespﬁ]?l-éli 18%he' & subbands. A
d - di d f [ .

o R GRS Hre Y BTy Ot REOLBTAEY doopy) Sl and
V‘%ﬁ tibr, z@?c[—h%dﬁ%cgb%ﬁ? ?)eﬁﬂnﬁih aR N Bbint FHTOY fre Zefo-padded impulse
obt ai n t’he ehhanc?g equency response estinmate I—@for

t REp AR RBHARR Nt TheS HAtE AMectdd FregQetiyNictisbned etirkated Hl) Hay then be
may be performed as shown in equation (5). [0050] In

chtmﬁﬂ&i Wah tl?é‘@&ﬂi'eﬁ@}megpdn@& BdtdtA 0 WHich 14 eHvé@bhsed on the pilot

nmbining is perforned in the time domain. The

| ol$ 44'3b&h theRkwh SR el eﬁ%ﬁ RaRS r@%ﬁ)hg@ésﬁnﬁtes H Ofor th€enhancement
base stream and the data-direCted | east-squares

I E{[u” § q ol 3 Hp! H .

(e.qg., e%}%ec?ﬁom% ﬁ?%ﬂ%tﬁgg fﬂéy ;%,erﬁt%%f?gg%do%ged a?l[gequatlon )

t [0880Rt edn ¥&r andtBeld@ehbodiment,! ixepbiutioR dist as@btaaidn cbhbining is
enhanced frequency response estimte fie. For all )
epdrfigined it thedase dothaid. dhe\least-squatesumpsiepdsponpe eganate h, for the
may be achieved for the estimates h,s,,b and Hb

sbase atrdbnk and yheldatavdicéetgy leadt aqudrbsaimpilse[ roshvhie EstiatSR, , may be
shows an exenplary TDM pil ot transm ssion schenme 310

f combihed (eGEDM shpwnameq@itiont(5yy thioeshelded end trancatdd; werd-padded, and
al | subbands in OFDM synbol periods used for_ pilot

t franséormedi tn obtin sthepenhanced; [figgugnsy | ggponse a§bingstg ofl,.  For all

YRR st Pt Rl b T iea o
00521 The regeiver c deri the ch I timate Hb
LS hos, e a6 Bl Sipef RP SEYE Sl ETRG oS TS B

ods. ' [ t . '
RSP0 75 SR PR ST I I SORBRRL A LA, 10 o e

pOFDMI systehine Piletcsyimbels atatransantidal orealt hibbaidsnin € FDM symbol periods

estimates, Hb and H.b to obtain_ the enhapged
egﬁeprrlglx

annel
o il OSSO, AT BOMEaciPGh PPRSGYE or SAABISH symbols are

eghidsiRté P Th IOFDNEs ol etioBatuBed € @a aRHsHRERBN (or simply, “data
detection in a future data period. The channel

eptriadef)e He can be derived and updated in conjunction
with interpol ation and other techniques nornmally used

f K0052] TDNibsi neerivert qanfamve dhe shapmek ggimate H, based on received pilot

symbols obtained during pilot periods. The receiver can derive the channel estimate

H, based on remodulated symbols obtained during data periods. The receiver can
combine the channel estimates H, and H ,, to obtain the enhanced channel estimate
H,, which can be used for interference estimation in the current data period and data

detection in a future data period. The channel estimate H , can be derived and updated

in conjunction with interpolation and other techniques normally used for a TDM pilot

transmission scheme.



WD 2005/ 079031 PCT/ US2005/ 003156 16 [0053] For

clarity, the channel estinmation and data processing
wae@sdewar i bed in detail below for an exenpl aPgT/US2005/003156

OFDM based systemw th hierar ch| cal coding. [0054]

FIG 4 shows a bl ock diagramdf a transnitter 410 and

el V [)r é“g‘%’] &e%ﬂanngi:wtn?a?@%%g a?%%gi}cgégsg%%ﬂe dﬁic(?bed in detail

a transm
r&i@w \f@&,n eaeniplmy OhDM Jbesedesystemrve thnineak i ed cadlbgs e

M0 ST {80 Thola bloch et o 35 A sh B ef g gdsenver 450 in an
COHBNM- baéeﬂtfyﬁt'eﬁlaxé’@ ANFaARAL RS ARaRRAIATERTRAl processor 420
stream {de and provi des a corresponding data symb

steceiaes, {@dgs, . inferkavdsi reed A®dulateal @ sbaaedsteambi {dgls ankleprowdes a
two data synbol streans {sb} and {se}, nultiplexes in
pédrespayitizodaty symbolpsteeind &y} .a X datamirocessari#@0 alst reeeimes, codes,
{x). Atransmtter unit (TMIR) 440 receives and
pmtrrlesessardhmodulates ah tenbanebioknt stieamatd, hredd peerddest @ sorzesponding
nodul ated signal, which is transmtted froman antenna

4depa syrabolwstrgam ()¢ Aecembinemdi) scaleg B8] copbines dh¢ e data symbol
450, an antenna 458 receives the nodul ated signal

t steeAm fst)e andyfs.yt maiémexesdn piled S}anblolp.ram mesldas a transmit symbol
received signal to a receiver unit,

Rdteamy B - Ay Hppsiger wah{diMTRh440 I&P@V%ﬁ az’éspm%ﬁ%%fs the transmlt symbol

C e Graebetfit goditech Bt wHER 1P ERSER fapghtntciha 442 ana

syidlaaliteldsy dharmed received pilot synbols {y P} . A
channel estimator 470 derives (1) the channel estimte

HO088led Adrecetyst 42Q.iapgnienna fafseceivesthamodylates) m&mbtransmltted by
e [ r

CRIRRFEH DIl PTG RFE | B TPl M e
t indt 460hcondrivastdigitivesand procelesthe pece80 sipanlf aﬁﬂl]ii‘owdes a received
detection to obtain a detected synbol stream {sb for

t pyenheh streans t paaryhiels dnchedes seedived datesyembelsc &.duand geceived pilot
the base stream and perforns detection to obtain a,
demgriefy 3y dohawtel estrmitee4]0 darves ib) thalshamehestimate H, used for
stream [0056] A receive (RX) data processor 490

destasing Metsase Siedani 8id @) RSenhaidd Shgaeestinidie Alelsed f@tkstimating
synbol stream {sb } to obtain a decoded base stream

{ tib Jinterfeténckadwe topthe basts streadd Andafs aletbetingl thea¢rdmncement stream. A
dei nter| eaves, and decodes the detected synbol s% e
{@fé?ctqro%&bweamna dgiseimety ehinarcaderied syrelmicys) iS,) %ﬁ@he base

uni ts. tte 10 and regelv

e SUTER e GG R R, e BEFo b9 periorms dstection to
%Elﬁ%lde%§d%%1%b@1%eﬂ1§2 (5N FRGhe ElanQREMALEQM. at

transnmtter 410 and recefver 450, respectively.

'\'fbg%]y U feBeidd RN datd PlodeESRy 496 deinoddaRs,f RinteHagé@hd decodes
codes and

the detected symbol stream {5,} to obtain a decoded base stream {db}. RX data

processor 490 also demodulates, deinterleaves, and decodes the detected symbol stream
{5,} to obtain a decoded enhancement stream {c?e} . The processing units at transmitter

410 and receiver 450 are described in further detail below.

[0057] Controllers 412 and 452 direct the operation at transmitter 410 and receiver
450, respectively. Memory units 414 and 454 provide storage for program codes and
data used by controllers 412 and 452, respectively.



data used by controllers 412 and 452, respectively. WO
2005/ 079031 PCT/ US2005/ 003156 17 [0058] FIG 5 shows

wa@2dbsotdo3di agr am of an enbodi nent of TX data pPODESH0F/003156

420, conbiner 430, and transmtter unit 440 at
transmtter 410. [0059] TX datld processor 420 includes
d { X Qanfddimert
LIRS, 18 3R A%88000 AR BR hd Bcssor 420,
WedrhbinerT43 Odaddatratsmedenunjirddd es sansnb@Gatl 0an encoder 522a

B 30 SRS SRt B2 b A 25R0LR058 5200 and
eRsEioR hel HASE QRSGSarldhhsdehi2ht Lttdath, Bspedtii@lydalRhin TX data stream
transm ssion. The codi ng scheme nay i ncludé a

cprocedsot $20aqin emdder 23 uedsoves endiegdea thisl msk steaie {¢,9.1g accordance
a Reed- Sol onon code), a CRC code, or a conbination

t wétheafodingsscherap ard pravidss iceds,/bifs. SPhrsericading lincieases the reliability of
bg% q:?t g{%h)qses%cf’ '?"léea%?f lgg gcq"ﬁ;n% Iﬁgyorﬁcﬁlﬁ%%grer \efgl\‘?‘/ltz 8nal code, a Turbo

pesis, defockicode @/ HDReéd-S6lomdaXodé)] ¥ ERT todef 61 a t;chﬂblﬁactm thereof.
bits. A synbol é%) unit 526a then nodul ates (i.

s@nﬁ@melﬁatﬁgsa% Jeauspcldie o se0adaTr)ohe CRGMBY from ericbder 522a
%]s%ﬁ | SAYE inteddi Jign cglgft}lgr g?ﬁ% ‘f'rlltg\fléa?hr% %fégﬂ#ég b Bnd/or frequency

enme and provi ation nmay
bdwarshyé‘metﬂle lwpdé bits. dv outioh gl@phg wfit RGarthar meduiatks (1 e., symbol

bits tq formB-Dbjt_ binar S, ere 1, and (2 .
RO e AUTBV BN (R ) SRR TS B 1 At with a
analtioh Sehdms 288 $tovrRE bl slyﬂi'ban ThE HodulRB oA Ry RldcRRved by (1)
scheme. Synbol mapping unit”526a provides the Stream

ogromlamg setswfoblustel{lw}ad b1M@ ferme Bebit Umaa' v3lmisowhess B> 1, and (2)
RBRGH et Haigr iy HAG e b SompliR el ot BpSpL Y jigf constelation

e@&hh@l ahcuRdiek &chéme. [SHmbBRSRpHinEaMN 5J6% sholides tHee@Bam of data
processor 520b simlarly processes the enhancenent

stymbols {88} veete pachy dadtesymhel ox cewplendvalies. ddhe esgoerieg, channel
stream {se}. The coding, interleaving, and nopdul ation
s BHerFRaYing oand; syaheh FERBIBEERAY ke pastormed senseately doreach data packet in

dhIefbecl g gﬁ' OW §§tr£a% &%ss%?% Ot?‘gl &:@ the enhancement
sk Ry

orns connil ni ng

cg@éaﬂg {ar}d ahdl kasMesxms cohasp@nhmg cﬁymbﬁhsol éﬁfebﬁil fs,}. The coding,
conmbi ner 430, a nultiplier 532a receives and

mﬂtérlqahng,sartd‘lmMIdalﬁm soheines faxtthe anhapsdrhentistrbara nsayebd thg same or
1;3 gor Kb, fg rl;; i plier 532b receives and

1fqr?ﬂt|ﬁ8 nt Plst r eam {se} with a scaling

E(ﬁ%@ KGComt;mﬁ’ AP drio¥mE 268 Iring 1 Mcﬁﬁ:aﬁ@&ﬁ‘ﬁﬁﬁ?mu]tlplexes

anount of transmt power to use for the base
sin pidoh symbpolse nWatheensnhinert 438a m muléipherciji2aabgeeivesragd mayltiplies the

bgatg)égmgglssetr%ar% {s,} with a scaling factor K,, and a multiplier 532b receives and

multiplies the data 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, and may be expressed as:

K, =,ca,-P

14 total

-\/(1 a) total

, and Eq (18)



Kb = ap Poor , and Eq (18) Ke = (1- ap) Po,., WO
2005/ 079031 PCT/ US2005/ 003156 18 where Pots, is the

wo edoal7408ansm t power avail able for the base apdr/us2005/003156
enhancenent streans; ap is the fraction of the total
transmt power to use for thelBase stream and (1- ap)

oo o ental Sl eV e RBRP e Rar S RpAE S sreams
to allgc ag %R%gﬁ?rﬁ@f t?xtg qu?rﬁaﬂ%it%%w%F ?oev?s% g&t the gas\éasgrlg OHSand

fact or & &0 [Ative rates o base Srream
and enhancenen ream he, Sl NRs chi eved byt
ey o OB e SRR og ko s RHANEY 98 s i 1 pphancement

desired ratﬁf for these streans, and so on. A |arger
fraction of tHe total transmt power Pota, is

typicall al located to the base stream [006 F .
¥ ERbuthordianSER aasret o #itEat 3 Sa AR mag e Atpdbuen various
apdiosd ik hlab the BRANE ehtélAs fahS WAL QtrEarh @AMkt &fr8am, the SINRs

532a and 532b to obtain conbined synbols, as follows:
xeFhigvpd byrhe ussiss, (thg desined relaustreys forfthg two Etreagns, thegdesired rates for
ere xd (k) js ac in b t,0 transmtted on .

otstres e i R TReSirashin oline Biah EALBRERIVG: Fear Dpically
] explicitly shows the scaling of each

ggygﬁkgﬁﬁ%%&%F% og#éin the desired transmt power for

t (086Ut a Fey eodmbodiraeiahowhén EHGAS,i DnienmeabsBlereasises@nd sums the

that the scaling is already reflected in the data

sFatsg| datarpambpls drogy, ey 53 %ﬂo&’g’s@r%bt@z Fambined symbols, as

SEBwary al so be conbined in other manners. For

exanple, a mapping unit nay receive and map the data

synbols (or the interleaved bits) for the two streans

based ep(/ad=pp]Y+EKyngkon fankled qvi de comnbi ned Eq (19)

synbol s. The mapping function may inplenent, for

exanple, a linear function, a non-linear function, a

f wherei xutk ¥ as a gombimed ayriilbelito o dxahstmitied opcubband(fefog the base stream

with the nodul ati on schene for the enhancenent stream

baiich gnhanpemeipdisar. oFquaionndduexpligy shpwpdhe sealingeof each data

b . ' ] .
5T A g BB R BB By LA e cavtins
C sbdvie Asslingeptiitaths scaling ks giicady reflentedliss thedaer syuibiol. pThxdatg symbols
is such that conbi ned synbals are pro ldeﬂ on the

oHPm RIpesseaTe 204N dot2Oby oo by @oraglaeﬁ\f ieothgmmapners,; Festexample,

sYRPARES undlaRr k8B ahd W@lpUBe data symbols (or the interleaved bits) for the

two streams based on a mapping function and provide combined symbols. The mapping

function may implement, for example, a linear function, a non-linear function, a
function for a non-uniform modulation scheme (e.g., with the modulation scheme for
the enhancement stream being superimposed on the modulation scheme for the base
stream), or some other function.

[0062] A multiplexer (Mux) 536 receives and multiplexes the combined symbols
with pilot symbols. The multiplexing is such that combined symbols are provided on
the data subbands, pilot symbols are provided on the pilot subbands, and a signal value
of zero (or a “zero symbol”) is provided for each unused subband. Multiplexer 536

provides a transmit symbol stream {x}, where each transmit symbol may be a combined

symbol x,(k), apilot symbol x (k), or a zero symbol.



of zero (or a "zero synbol") is provided for each
unused subband. Ml tiplexer 536 provides a transmt
W@ 007903t ream { x), where each transmt synbol PaRYSIHEs/@03156
conmbi ned synbol xd (k) , a pilot synbol xp (k) , or a
zer o synbol . WO 2005/ 079031 PAP/ US2005/ 003156 19
[ Tr
ﬂ@gﬂ gné[? %ér%g%? e?fégn:ggﬁfg% R tgﬁ qg&i Fﬁgfﬁl Ci:%ﬂdltlonlng to
Sgapiesdte th'Errﬂmiiﬂﬂtéd gpgnalniTrandédtttérnmit@sSnand €SFaNDFDM modulator 540

Vit X rona i B o 536 Wit PEDM stadulsgef teqn mverse fos
t EaRRE q&%ﬁ@pwu&m%& r&CRieY 8fe tPRshltalBol s%aéamo le} from

stream combi ner 430 and groups edch set of

t Ecsifiert 4394l @ksuph @ach deeof\Nariaban dg:mbblE—H-‘& tHO N subbdndls. IFFT unit
transforns each set of N transmit synbols to the tine

detafransiemegeagh st pbNniransmit, eymbkoly &éfheF'é@}F‘ jdgmain using an N-point
;{ﬁgx%% %%F%ﬂﬂerp{rﬁ}’s!fdjrﬁ?ﬂ?dcﬁ%fcﬁ%%ocyc g% @“ﬁ&%ﬁv&?ﬁf@a symbol that

cont al ns I pSs.
georeaind N chipd. t Aenyclepprdix gerpeaton 644 (Iheleaem:ats a portion of each
transforned synbol to obtain a corres ondi n

SRS Grmel symbgh i, PR e forgesponding IFDivh gym éh%te@ntams N+N,

portion is referred to as a cyclic prefi d_Ni.p

t FHPs kB Fepstted pATtisg iparipged Khast extlioppgh Waﬂ Noep it F thejumber of
e I

o Ogée B gh@?ea&éﬁ. @Ewgér a’g&!ﬁx @ﬁsﬁfe@sthhtt &ee(?ﬁbﬂpgﬁﬁ%l retains its

n the pre of nmultipath delay spread
cannlx@ntiyprbp@'qe&hnghe medenct off mu‘lmat}n gelay .spread avaused by frequency

r ponse that is not at cli c,.pref.i x

GIGHSF iR R elretn BrebA LyRISPENChenerator 544
Rﬁro'dfﬂe& a3f@am TOFBM Shtbdl Nt RFﬁﬁnt(ﬂGQrecelvé‘sodﬁdeécInﬁltlons (e.g.,
to anal og, frequency upconverts, filters, and

mnvpm és pnalng TFDIVNEY mpetnvers, rigliars,aand emplélies) dke OFDM symbol

dul at ed. si t
TR A A9 e MLl bR S0 AR SR a2
e[ﬂl)ﬁd] WETF.IGD% BIRSA ‘dﬂﬂocﬂcnldiagfhﬁﬂ,of @h&ﬂb@ilmeﬁﬁ bfredceiver unit 460,
470, detector 480, and RX data processor 490 at

r eheanclepstimptor 41 cdstertar 190, candsBX deteupresesaer A90 RE receiver 450.
s 015 30 FEEU AR 805 FONBco i, s
sughal2 frdfdemea,nntoadnanés&&ld&hgltlzm thei rdesveal Sptiad fronofantenna 458 and

et asGrem GbeEIet P pF BV AP HER AL Wil OB demodulator

r Gf(p\é%@cltlﬂ?reﬁ)( %rh&va‘i’ 'hﬁlft 6%2 kdn &GRS thd 8RB YRIEXxTREMh received OFDM
synb and provides a correspondi ng ‘recei ved

t S)amisﬂ mdﬂﬂowﬂmelcorrﬁsﬁoaémgmmlmi transfomasidosymifobFTA fast Fourier
Pt ¢ oot P28 B Rhs E6R ek AR oggmbot to the

FRrequcaty domma ot N-guitofas F&uﬁ@ﬁ@hﬁé%rﬁﬁbmlﬁ N feRéived symbols
the N subbands. OFDM denodul at or 620 provi des recei ved

d for shesrsobband$.y @FDM demodulator 620 provides received data symbols {y,} for
the data subbands to channel estimator 470 and detector 480 and further provides

received pilot symbols {y,} for the pilot subbands to channel estimator 470.

[0065] Channel estimator 470, detector 480, and RX data processor 490 implement
two cascaded receiver processing stages for the two data streams to be recovered. Stage
1 recovers the base stream and includes a pilot channel estimator 670a, a base stream
detector 680a, and an RX data stream processor 690a. Stage 2 recovers the

enhancement stream and includes an enhanced channel estimator 670b, an interference



the data subbands to channel estimtor 470 and
detector 480 and further provides received pil ot

waeybot®3{yp} for the pil ot subbands to channebCT/US2005/003156

estimator 470. [0065] Channel estimator 470, detector

480, and RX data processor 4939 npl enent two cascaded

r Bl t

R ERELIE oa, TR M GnS BT Bt b e’ (abiRlfin BRI Rerklor 6305,
I aad andRX datgpstieain prbemsr&l 69681 Tha tarel ver Stayctare sheven &t FE@AG may be

det ect Qr 680a, and an data strea rocessor .§90a
s?’ﬁ@‘lé‘ tQ ARORHRRETOf stages ivn ARG AEA eré{fn Pgt&ﬁfraﬁasm ¢figh subsequent

O%enhan&ﬁ% I ro@e§§1h Bﬁ)é'as@'gloga & interference VO
/079031 PCT/ US2005/ 3156 20 canceller 682, a TX
d[fUD%]St I FRPEEREO T LElsMheltRBmattd 6700 dBE@RRAE cBinneB&Btimate H, based
detector 680b, and an RX data stream processor 690b.

THE HeLeBiVET pdt’ Waibelse {5 Noyy ﬂ)rﬁvﬂeﬁheﬁcﬂiﬁﬂel R&timate A, to channel
ext ended to any nunber “df stages for any nunber of

d&&lﬁiaﬁrr@i@%ndvde‘i&tcﬁ%%ba S WinBhk] QR3timatt 396a 'rrfhg/l Mﬂilélﬂent the least-

the sane processing units as for stage 2.
ssqa;g@s thagiehestionatien ti¢oknique deseoked ebcrwteg eqheéw@hé éhrough (13) or

S Oh P ander e%@ﬂ%hogn%s T s 0n BTG delecton on the
67 6
g%gglgﬁ&a 35? yt,ﬁtd%mgofhe éﬁﬂn I%Hﬁﬁéannel H%Q\ffldes detected

rrentct ast- squares

e .Hl}gii{?b?stf@rchﬁ' BAte HRaMT T BEE RAPROYEednD FROL0r 8YDa( dBodulates,

) or sone other channel estimtion
t ESHRHEHRs, An8dREIHRE ﬂ@%?ec&%rsfyﬁfbﬁﬁt ﬁe}t fFSULAR tﬂé‘décﬁﬁed base stream

recel ved data synbol's usi ng & channel estinmate

1815 RS Sy Y e . A . -
d@éﬂtteﬂ&lv%f’wzﬁﬁ a ABbILE GRAGROWA SN G486 ‘55 Qﬁlat %é%% Sthé %Ql}nplementary

to obtain the decoded base stream
sproeessingras d Xsdata stéabpproogsberd@da in Elﬁ‘r‘dol denappl ng

b7 ERE HisEr Port (9 CORET cHORRYY SUp, BRBNEY figeves, and
T 081?15@ thd SGTBT BE %Ss?r%&n5§aﬂg tb%b'fdé@e@gd&l%@@?}rnﬁ&é 5,} for the

rream pr ocessor

s€ rs'tr@éﬁi e¥hicRNe Fﬂéﬂjd@d%ec%aﬁm egﬁﬁ&gﬁg7§%§ﬁd ﬁ{tér?égﬂce canceller

{ ¥ to obtain re ted synbol s {sb} r the base
s682alX ddtd stncaar prauessor 482 perdoroisathe shme proagssting a6 TBbdata stream
and interference canceller 682. TX data stream
pPIoeesseicY2089 Chawrnel estimaten Obaierves the datsidingcted chpanghestimate H,,

stream égr ocessor 520a. Channel estimator 670b derives

t based gn @irqcemeédiat:ah%/mmls ém}i preet @16| rEmOBalg@d ombpke(s,}, €.g., as

E S0 Vlgdeﬂga%}ogs(s 3”?;8 f tq (QE fthl)\er C(él%}lg%{?g Ehesghannel estimates
e% mat Plr {se7g0 busfuygr atmrglec{f e {Tb Lx%celgestc{éscn%%gnﬂove) % Ot){{;fl%l {ie enhanced

channel estimate H,, which is provided to interference canceller 682 and detector 680b.

Interference canceller 682 estimates the interference due to the base stream using the
channel estimate H,. Interference canceller 682 further cancels the estimated
interference from the received data symbols {y,}, as shown in equation (7), and

provides interference-canceled symbols {y,} to detector 680b. Detector 680b performs

detection on the interference-canceled symbols {y,} using the channel estimate H ., and



Ho and H, b (e.g., using any of the techni ques

descri bed above) to obtain the enhanced channel
we@sdoscoetogl H,, which is provided to interferenceCT/US2005/003156

cancel l er 682 and detector 680h. Interference

cancel ler 682 estinmates the iﬁ&erference due to the

Ibﬁrt%g d,rse L&ARYS n[%]% Qs £ f(é{;g’n (Tihane %ﬁl‘ IFAI RX data stream processor

rence nce er cance

ﬁ%dbn&trﬁo%uﬁft&t 8&1&1?65‘1%51&6% grfdo?éf%@é% tﬁg %gfe}rft%g.sgl%i)glss%éﬁo 8 Sbtain the
f nce-ca celed nbols iyZ} topdgrgcfgr 680b
I[ﬂ[]% 55‘%‘@?}3’%@% gf‘?% detection on the
LoBBE E%Eé?%eﬁgﬁ"&%h GoR B0 e 0B UBaGRE RGipel estimae
WJV' geéergz%& egbid Ry ?Qﬂ&ﬁxk{t&?}syﬁf%lst 8? 1ERRARRERBAY stream.  The

strtam RX data stream processor 6908 denodul at es,

d
@nmqrake@agyﬁmolsgdgg ggg?&eéﬁxaht}ethdﬁi&cﬂéeﬁv&w{ﬂw bs&mﬁcﬂ@ bécause they

to obtain the ancenment streamld,). [0068]
Fare qunmm the desoding @t theerecaiberyand benefiy from dhe emeregprrection
chan timate Hbis derlvedfrothe renodul ate

S8 lgv? e e e%%séflog@qveaﬁhe ehannel, estigata g,eanay%e derived
S G et e ifdssoodd Sorgsth Fofbiseibe it Fancdblei wgbols )

at the receiver and benefl t fromthe error correction i
cegvalest eansidersd torhe Eesdpherarenmaethe wbensl estimate g Ha ofaist against

étlnate Hrb may be derived only if the base stream
CfeLbdEYScorrectly. In this case, the rermdul at ed

W?L SRR R SR TRAE e 7Y o T et ofF 88Eea symbors

b }ﬁ'l%r t?lg §r [ or E %‘ngﬁbo-ll-gigp e%Qalng 1e1mt ﬁ%\}ﬁnn?‘ﬂ{estgle}ecgéaa sXImbols £5,}
t R)ethQ% eﬁtﬁr%g&{ﬁtld{%swqg b Hn?)ﬁp[hé‘ gndélmahgﬁ @Qhéﬁ?eousteﬁqor the base

detecte e nearest nodul ation
sytrdanl. sThxas@thob detnbgping dnit atoulnhthsm: bmvdadedmdkdénsmn Ioe demodulated
base stream . The synbol. demapping unit woul d t

phEh e {f hr Hibigh ealsb%hseérm GIEREL 'lhswaoduga}}%mbql% rﬁ%} to derive the

whi ch can be used in place of the renodul ated synbols

{ eftanpel; estihate V&, + Hincecthariiseoding fomibecbask istreansitakse spme time, the
decodi ng for the base streamtakes sonme tine, the

r eceivereranaizrivel érd chanhdl estitnatend], eih shertes dbla[yhlsim'gtthe demodulated
shorter delay using the denodul ated synbols {sb} .

Heywehads |, {51}he Rievady| the edbnmgdutatdds sytobels tdobeotebertefit rfovm the error
the error correcting capability of the coding schene
apuitesteg [cepabiliti|of dhg eoding scheme ansheyd Jesstreliable g remodulated

ggﬁlgbcfu - gf%‘%p 4y %E%ﬁﬂ‘%§ h%gg‘cftg \(I)\gl?ﬁl%h Qﬁﬁl tp%/ '.dgngéﬂﬁated symbols has lower

quality.

[0070] The transmitter typically codes each data packet in each data stream and
provides a codeword for each data packet. The receiver typically waits until an entire
codeword has been received before decoding the codeword. To minimize processing
delay, the codeword size can be selected to span a small number of OFDM symbols.
For example, if each codeword spans one OFDM symbol, then the receiver can decode
each codeword as soon as it is provided by FFT unit 624 and would not need to wait

multiple OFDM symbols until the entire codeword is received.



[0070] The transmtter typically codes each data
packet in each data stream and provides a codeword
wo o00sezmbl dat a packet. The receiver typically mei/US2005/003156
until an entire codeword has been received before
decodi ng the codeword. To m ni%ti ze processi ng del ay,

t de i ed. i

850 M P A B0 Sng By ve o

sgmodicalie déBEBMdsgomanIQFDMdTaMm@steacwnthénermhlcdlemddfg In general,
ch codeword as, soo s it is rOV|ded FFT u

S%Wah%‘eﬁsom%{’e HE OF(Y MKW ﬁlﬁFst ?We@sdﬁmr%‘?%‘o?‘é‘mple data
U Qtdanst MuRiHebtdy aAE Wlﬂnia? Jr §h S} H&dperManlg%fe%%Q%&lcellatlon
PCT/ US2005/ 003156 22 [0071] For clarity, the channel
eBon suchi osysterd, datmd@oa@bsigiangrqaet hari que@edlatvembm the channel

PR et R P G 8P srhenpm QBB LRI Sl wsed for

bestinsaitg fad oaaéelmg&hwlmehe@ﬁcesuﬁé €d'8hd Hetodéd dn@MNStfeam and/or for
multiple data streans sinultaneously and which may or

mastectng prather dath ratesamer dnceffashnthel temddglated Epmbelacs,h (or the
system each decoded data streamcan be used to
i Agmedpdatedheyrabelpiris)}) fer eaghpdesodete datadiragmanax he used as additional

system _the enhanced channel estimate nmay be_use
eBHGtYMbAlS tQEPEHSRE ety 1k th%elaﬂmslr eHaEtudhe sarwﬁléatlon of the

dgcdes dQQts F?rh raﬁérﬁl H%&fonf&r the & Et? a@x?ﬁ-&al}ec{o K8t 3mproved
stream ect, renodul at e 0
t éth thhahnglicﬂ Qinby cﬂlymmblestlr{xab }I)mes‘ectcclmaphs dmo&sﬁadaluabmeﬁclal for

St ] e%ggﬂ?%l gﬁ‘ilsﬁ %%jq%lgt(l%ﬁ%rmpg ééot sggo gllﬂsﬁlgement stream are
Cﬁfﬁlﬁsﬁh{téﬁ VRNheTsah8 Qv1re‘1’€%§ Qeiftheflahd (D the N ARebah §pically has more

detection of the next data stream nmay both be inproved

Whdwert fanhilghethagoahdnt ystehmnaed ths tdatpdieectethehsnel estimate H,,

techni ques are especially beneficial for a

holeserawes Idss alterfaveled foys therenbacamsst strejmt he base stream

a hancenent . stream.ar transm,tted via the

ofidaPEos e frebiichan 46 desgrihed heaein 3 aé%%ea'me@? CSipgle-peier system

”@EtﬁoutR@FBM tihams the &@Qﬁ%{%ﬁ@ﬂﬁnﬁfohqﬁg@rﬁﬂﬁeﬁ B8t one subband. For

dat a-di rected channel esti nmate , serves | ess

i avaddbané singlergaoner systemn Vameusnterinigies dapwn [iQ Oif2jrt Thay be used to
= used for a

o
LR e e R E f R sTebeB iR (e Cose the

ClUw7BE!  etHeihBiiriep Bstingatidaraha [daRCHrdssifg Cchhighedtlay F86 be used for
a W deband single-carrier Séstem vari ous techni ques

kA WP lerinve marltipleraytrBe(MEMQ) systenac Eblha MNP sypteruigdiansmitter
SR 5830 LR BT TRE s, an

aﬂﬁ&eéb&\zdﬂ%&ﬁi rdceive the tibsimipé®stidapistwiti ultiple (RUiretinas, where R >
(M MO system In the M MO system the transmtter
T. The receiver can derive an R xT channel response matrix H, based on received

pilot symbols, perform receiver spatial processing (which is detection for a MIMO
system) on R received symbol streams using the matrix E,, to obtain L detected symbol
streams, and decode one of the detected symbol streams (e.g., stream {s,}). The
receiver can then derive an R xT channel response matrix H,, based on remodulated
symbols for the decoded data stream {a7i} . The matrix H,, would contain a column of

channel gain estimates for each antenna used to transmit data stream {d,} . The receiver



can sinmultaneously transmt nultiple (L) data streans
frommultiple (T) antennas, and the receiver can

WO emeiov®3t he transmtted streans with mul ti pl eP¢RIS2005/003156

antennas, where R T. The receiver can derive an Rx T
channel response matrix Ho bagéd on received pilot

synbol s performregeiver,.spatial. processi (which is
ﬁf‘é&?m b thematrigas b, 8¢ Herfp abipian gahATg %fﬂggqmsloqesponse matrix

streans using the matrix Ho to gbtain L det .
sHab oThe @eqlé%rrﬁ?n tb%“i?e@é dRAtEH éiofo eHEmaiep P@wek%%aﬁerference

e, recei.ver ca en
crotr et Sl 1o G dp Hebiol ASEH VA PR Hip 5B o frother data
re%rm)dul ated synbols for the decoded data stream {d;

e matrix H b would contain a colum of channel
QEUM]GSI Wikshefecb@iingahb fabd emitso] sreaimtin the aVISVIOL sgbadng, it is not
stream (di) . The receiver WO 2005/Q079031
Feresssy0osietss igall bayewal sammsey toHaowaibe icharnelgstigpaies for the

0 hanc re t
H}t%rte Erleg '\b/gelr ﬁgkgﬁﬁt ﬁtﬂ ﬁgn I}Q‘Ft ye%#élt ; ﬁ@@ ﬁnﬁ@eers 1f§1at15§ and data
apsrdcesang ethctmlrcmw mhay benfsmt &0 lkng asothdat B Mmeeaastat{cd); b§:tween the

el b i s po e b Ebek PRQTERENAMSCT ymbol

Sfob M | NrHNBaM ML tIN SR Bnd i datal p?o&%mg RRARIGEE May Pso be used for
detect for all L synbol streans or to know 't he channel

e MIMO systéwr thathetilizss K¥FDM- (1 es wMM&QF%yﬁGm) bdnrthe MIMO-

r red. The chan est i dat .0cessin

{ GERNF Stdemnl FRRREs B8 BRG0P B g mfliRR R Heams on
r @hRfplosubBeideeNmiultple eheniel ThE rédefref ichsdefivd @ANR &MU channel
the channels for the other streans. [0075] The channel
eetpomeé inenrianH, (3t forpeach emstimat tsablumnido(ees, a@ch albtbandgeeach data
used for a M| I\/O systemthat utilizes OFDM (i
Mulbbrrd-Dvieashs esahie. subhand) dasadvm raopivrAl pyist @mbqlsheThe receiver carn
transm tter can sinultaneously transm I tipl e data
sturtbgindertyi§ ani x T prhanselpisaranse a?atwhl”iﬁ O4rfeh pggnent subband

The receiver can derive an R x T channel Jes%ons

nfeased sen respedulated symmbols ferra fereded detpisinem (€ )y, Theaeatrices H (k)

subb each @é@? @Bband or eac usabl.e supban

b§ H?ﬁmreébé‘f VPR copiah p shanpgh spig Ssiitpate 105 gactt subband of
cﬁ?ﬁtremgaeﬁ e %o Fnsthi¥ ddta gﬁgﬂﬁl 311’ }base é&vmtaﬁ' 51[‘(15%@ éhe matrices

or eac pertlnent Su on reno ate

H_ng%bnd gﬂ(’?)a crerceglgﬁ pett tﬁr?t s%{)% éo%\t/\aé% fna eTha%f:gﬁaEhan(ﬁgl response

Sﬁ?%‘%ﬁfg (i Bt PG %rhai?%'? Filp AR R € Afhces . (6) for a
e‘f’ﬁl‘le\ﬁ? %u per Scﬁ))rggtlﬂlgt %erl tﬁ%ﬁterfé@er&:@duﬁ@gd g%tr@éﬁ)l {d.} and

r eac I hen taln an enhance
Cﬂam}m ITESIRRT IPatial processing for another data stream. When recovering each

symbol stream in the MIMO-OFDM system, it is not necessary to decode the remaining

streams or even know the channel estimates for these streams in order to use the channel
estimation and data processing techniques described herein. One exemplary scheme for
transmitting multiple data streams in a MIMO-OFDM system is described in commonly
assigned U.S. Patent Application Serial No. [Attorney Docket No. 020722], entitled
“Transmission Scheme for Multi-Carrier MIMO Systems,” filed xxx.

[0076] The channel estimation and data processing techniques described herein can

be used for the downlink as well as the uplink in a wireless communication system. The



matri x He(k) for that subband. The receiver can then

use the matrices He(k) for all pertinent subbands to
we@sdosoetoel and cancel the interference due to dBtEUS2005/003156

stream {di | and to performreceiver spatial

processi ng for another data stfeam Wen recoveri ng

em11n§(y ?4 tosﬁlré%gmnltl 1<Ea|38n ll’ﬂnk%o% Wa%é( Stafith td 5 usg‘r t@l%mal and

necessary to decode e remalning streans or

kthe wplitileretdra ronthk cemtnumaiamn figk fromabe usdr taraimml tcnthe rbdﬁrstatmn

ann . esti i,on and dat a ocessin
DO o Be G BERET tstaen B 0 R GRS S He @ b herein may
t | t
SRR EIbT ViR rfalal POShBRIE tidle b be implemented
Aqnphard:mm,ow@am ar a\mmtplmttamrthembo €ren haniwaae @rﬁﬁlzmentatlon the
entitled "Tr a m SS|fon h flor b Céldﬁg( b
FJetE'e: ‘mr“r“’l“é QR T’Bb%j el ST4HigHpn 28 R’ISB“QIF}% may be

didiplerRéE@Sthindoricts Mitre UHSicASC spebETE itRERIEE GiRits RESICs), digital
used for the dowmnlink as well as the uplink in a

wslg@l epsecessrm(RSBe) idigital @%pmrxélrmim%/ @A34%), programmable
Lé;%%g:g? (FL] 5’5 ?(ld%f‘cﬁ?xﬂﬂlbblg a{e AF}?GIAQ‘E Brocessors controllers,

tm[mnaﬂltroua:rsd midieprogussan oméle re&:etr@mb henigo dedigriedato parform the
link from thegﬁser term nal he base station.

[@'@ yqnsAseeribrd REEIn, g5t F?fﬁ}l?li"?atﬁma ge8at a processi ng
{ RRHE) AUedr 488 RkiaReRh @rﬁ&itﬁhdﬁaYhe QenhdPBABALE Qn(pﬁzéta processing

vari ous means. For exanple, these techniques may
i tephrequastmeay bé Mmplamentad evithsmbdwles €c g.pprogediwesh ifurgtipusy and so on)

t&%{gg&’ﬂ’gﬁﬁnﬁ[@ar d%r T Ieg&ﬁ{?egg nm esoﬁyélﬁqqg?des may be stored in a

esmbmBR} LA (88d HeheryPife 855 N F1GBY) had éx@&lt&iT‘BS}ta‘f‘grocessor (e.g.,
w thin one or nore application specific integrated

c¢qm§roilt:rs45@Asil‘hs yemgry; umamaybp gm emsntsdexidun ghe(mmaresyor or external
C n
Pt BinsRtsbE T o ERE B B R ER B RVED ropplsd s ieggpegssor vi

gairR)uéhfeaﬁ@as(lEEﬁﬂ\ﬁﬂ inthe@gessors, controllers,
m cro-controllers, mcroprocessors, other electronic

utpO7Y dedihgMeqyiqus dﬁ@%fﬂ’é‘f’ﬁwof the disclored earredigneatsis prryided to enable
hﬁ{f \Rgrsoﬁ’ r lﬁ']ﬂéfio '?P' tﬂ@t érP r}ot E%f(ce o(fr ug{) qgg]prgﬁflt %ventlgn Various

re inplenentation, channel ‘est’ination
dmbéhfmatmm% ithege embommaqtsemllnmjrebdaly amjaeamm tobsenskitied in the art,

nodul es rocedur functjons,,. an 0 on
Ik @FRaris Tl RofineEBiringaey hemailied 19 piies Grpogiiments without

C@éi‘)%ﬁl orHQhéE(_fiﬁ?gr §ddp8 of ml@é(nt%' ITKR; the: prERAPIYention is not
uni't in Fl and executed by a processor (e

- 9.
cmtﬂndod toebe lag2gd toThteern’ecvﬁomynta ﬁthm’agremd)ut ib dewacazded the widest

h h
waoB: Cersfen? PRETRE Gneierai eI et e iRedraiR e |
P[0O8E]S SOIWHIAY IV ELAIVGEDESNS as is known in the art.



[0079] The previous description of the disclosed
enbodi nents is provided to enable any person skilled

WO mosh®oart to make or use the present inventiP@T/US2005/003156
Various nodifications to these enbodi nents will be
readily apparent to those skild%d in the art, and the
generic principles defined rﬂl\?smay be applied to
ot her enbodi nents w t hout eparting fromthe spirit
or scope of the invention. Thus, the present invention
s not_ intended to Fe limted_to the enbpdj nents .
shown her ei & Bsthads of JepRyeHEE ofih dn HeecaRd et SEeaipe transmitted

Cgﬁﬁ{uaﬁ@oﬁm Wid DR OEHAAREIRD G Svifdlds e&ﬁﬁiunfcﬁﬁ&\s;\%gﬁem, comprising;
di scl osed gereln. [ 0080] WHAT IS CLAIMED I S:

2005/ 0@ed3dg RATVsUShOMS! 688186 fop TheCwiteSs channal hesedoeh received
of recovering first and second data streans

t PPt t ed  simultaneously via a wirel ess channel in

awr eF&MﬁgW@!éﬁﬁ%ﬁtﬂ)ﬁtﬂe iyt demstre A Rking itofrstéiahié] Retimate;
a first channel estimate for the wrel ess channe

based deriviegeparend chanrpbistimatedrasest on thg dgtecied diry Watagiream;

the fipnst. . . i fir I : i
cati mparvingh it AR SRkass bR dnht i R eond chagne]estmates;
thed detected first data streamy deriving a third

channel estimate based on the first and second. channe] .

est i map@éormingdetertion forthe gecapd dateispam ysing e thigd ghannel estimate.
data streamusing the third channel estinmate. 2. The

met hod of claim1l1, wherein the first channel estinmate

for th2. w Th¢ esshahafingdhim 4, dehdreiedthbamst cbannet esiimett for the

pi .ot synbol.s. .3. e thod.of, claiml, further
Ciler Mol a6 et AR AR P B UL SRS E 0t he 11 1 st
data streamusing the third channel estimte, and
wherein the detection for the second data streamis
per f or Bed wlhéimethod of slaimdt Butheneamprsingace from t he

first data,stre canceled., 4. Ih t hod of claim

wher e FPRE] REPIEERGE ShEoRq o PEE L Afent, pee e dhird channel
C eéthh 1€ Chnd! WidreihGhé Id8fR6tHd1S fr Ghe béddnl lRAtaNtfeaineBSperformed with the
channel. 5. The nethod of claim1, wherein the

destimatedinterferanse fropetha dirst datajstgam canggleadudes obt ai ni ng
a frequency response estimate for the wrel ess channe
based on the
4. The method of claim 3, wherein the first and second data streams are

combined prior to transmission via the wireless channel.

5. The method of claim 1, wherein the deriving a first channel estimate
includes

obtaining a frequency response estimate for the wireless channel based on the
received pilot symbols,

deriving a time-domain impulse response estimate for the wireless channel based
on the frequency response estimate, and

deriving the first channel estimate based on the time-domain impulse response

estimate.

6. The method of claim 5, wherein the time-domain impulse response

estimate is derived by performing an inverse fast Fourier transform (IFFT) on the



recei ved pilot synmbols, deriving a tinme-domain inpul se
response estimate for the wrel ess channel based on
wo bmshreguency response estimate, and deri vi ngpeES2005/003156
first channel estimate based gn the tine-domain
i mpul se response estimte. 620The nethod of claim 5,
VRELERLY HBohl B HIONB! fhd (RBIRE He TR Gnnd SEHHRIE i Serived by
dertved by performng an inverse fast Fourier
t peafosinirgma( fasF Founer tdaesfoMh A08%) @n9@R:1 time-domain impulse response
PCT/ US2005/ 003156 26 frequency response estimate, and
WEPES the first channel estimate is derived by
perform ng a fast Fourier transform (FFT) on the
ti me-domai n i npul se response estimate. 7. The net hod
of cl al.m 1, Thehmethiod of lebaimiel, iwhergin sheséervmg 8 lseaond|channel estimate
esti te includes obtaining a frequency response
eSfi't e for the wirel ess channel based on the
det ect gflaihingSd frid@icdc$ réspome dhtiiatt fig the WitdR:s§leRBingl based on the
i mpul se response estimate for the wirel ess channe
bdeteted Gist datestteagjuency response estinmate, and
derivi pg. t he ' S -
e donaiEs SR B (E3bh A AREP oty chapnel based
obn thedtequéncywbspbaieestimatef aridst and second channel
estimates, are tine-dopai n i npul se response estinmates, .
and whésreing the seeandy chappshestipate hased PR the wmgdgm3ny impulse
RS SEstfhsdit.mat e derived by combining and
transtormng the tinme-domain inpulse response
estimates for the first and second channel esti nates.

9. Th thaod of .cl.aiin 1, i he first ch | .
st mabe. col Mo tiRiinel: WEarH4be frst 4ol s Hanpel estimates
0418 ¥ith QdorB MR %ﬁl‘ﬁ?e RBFbrsE 8stiRAeN) dnd RABRA] the #itd®aBnel estimate is a

conprises channel gain estimates for a second group of )
sTredienels respenbedsbmaienderived bbi combiningané traasfoimme ¢h¢ gme-domain
deri ved based en g &oq&a enation o thel%p9nnpl gain

e S et esimalbs i B¢ RiSiaRd Keart el tte

subbands. 10. The nmethod of claim9, wherein the third
channel estimate is derived by freguency

i nt er pdl at i Bhe srethadeolcplaimmdl viirein dbe ifisgt anpelrestipate comprises
f&}{aﬂhelaé)ﬂl §§ﬁﬁ’ﬁgs Br QR gltoup of subbands and the second channel estimate

comprises channel gain estimates for a second group of subbands, and wherein the third

channel estimate is derived based on a concatenation of the channel gain estimates for

the first and second groups of subbands.

10.  The method of claim 9, wherein the third channel estimate is derived by
frequency interpolation of the channel gain estimates for the first and second groups of
subbands.

11.  The method of claim 9, wherein the first group of subbands is used for

pilot transmission and the second group of subbands is used for data transmission.



subbands. 11. The nethod of claim9, wherein the first
group of subbands is used for pilot transm ssion and

wo bmssewend group of subbands is used for dat aPCT/US2005/003156

transm ssi on. WO 2005/ 079031 PCT/ US2005/ 003156 27 12.

The nethod of claim1, wherei#7the detection for the

first ta 10 r .
i £ 3R B SRFTIOSEEL I GRELYR Ryl By g socam s
Ogdr form8d foasteitdl datheymbolsaad gfrovdiies detdded Symbdietfor the first data
conprising: decoding the detected synbols for the

f§if4M- dat a streamto obtain decoded data for the

first data stream and re-encoding the decoded data to

obtai n renodul ated synbols for the first data stream

and whE.ei nThdme&eéoﬁdaimhhhrfeﬂh@wmdsmgi s derived

dar o <atng HSARCRE b TR i fod SFeap i HER decoded dat

CRIB ki Whita SRR AR t he det ect ed synbols for the first
data streamto nodul ation synbol s based on a

nodul ateresnodingdhiedesoder] flap to fobtain reynodidated symbelsnforathg first data
her ein t

orteee 2 A B s RO PR R R § dofyEEbigl on 18 éhnodutaed

syl Sandlthe re'Ebﬁedfﬂitb@ﬁnBcﬁls.Cl aim1, wherein the

deriving a third channel estimate includes scaling

the first channel estimate with a first scaling

factoryysc A0 ARG ebnfsikigRt € wWith a

second scaﬁfﬁg F%\g?g?agang ’con%%}ni E“S’ t%’lg'ascal ed first

channemagsihg theet detemtetl $ymebals frettle Sestatath stheanmel modulation symbols

estiate to btalntheth esti nat e.

~BASHD G ol ighy SEhee iSe ot e Tt s S Gpg fierein the second
S@Rhh&%estiffalcolsSdéved basidesh Ql‘i’e RRAGMALON s&ﬁbbl@bdnh' th¥ r@éelved data
the first channel estimate relative to reliability of

t $pmnbodecond channel estimate. 17. The nmethod of claim

1, further conprising: filtering the first channel

estimate, and wherein the third channel estimate is

deri vegs basegk getHodeofl dlhibeN &0 hbielrs theCaetivived a @Bikd kBirfhel estimate

includes

=8

scaling the first channel estimate with a first scaling factor,
scaling the second channel estimate with a second scaling factor, and
combining the scaled first channel estimate and the scaled second channel

estimate to obtain the third channel estimate.

16.  The method of claim 15, wherein the first and second scaling factors are
selected based on reliability of the first channel estimate relative to reliability of the

second channel estimate.
17.  The method of claim 1, further comprising:
filtering the first channel estimate, and wherein the third channel estimate is

derived based on the filtered first channel estimate.

18.  The method of claim 1, further comprising:



18. The nmethod of claim1, further conprising: WO
2005/ 079031 PCT/ US2005/ 003156 28 filtering the second
webasnedosesti mate, and wherein the third channe€T/US2005/003156
estimate is derived based on the filtered second
channel estinmate. 19. The metR®&d of claim1, further
conpri : | . thimt e . .
whor ei g B b0 SRackisPed i AR B 4B o] Stimate s
piziived basdd us ithedfiltdred §dcbh®clegintltestidatehannel esti nmat e.
20. The nethod of claim11, further conprising:
filtering the first, second, or third channel estinate
in ti dong Prisias: T1he nmet hod of
cl ai m 20, m“%ig?g?ﬁﬁoé %ﬁ&?ﬁ?{‘f{}l{tﬁé&@i@gﬁggﬁgbr med with an
i nfi nifileringphd thed chapehswtin(atd, Rpd Hhetear the 2tectitrefontiteredond data
of claim20 erein the fjltering,is. performed with a
FtIgRdS P‘Fﬁ%’meégs%é léeée‘i ﬁrﬂ)&‘i“?‘%% &slitas “The et hod
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24.  The method of claim 23, wherein the received pilot symbols are obtained
in each OFDM symbol period and for a set of subbands used for pilot transmission.

25.  The method of claim 23, wherein the received pilot symbols are obtained
for OFDM symbol periods used for pilot transmission, wherein the first channel
estimate is derived for each OFDM symbol period used for pilot transmission, and
wherein the second channel estimate is derived for each OFDM symbol period used for

data transmission.

26.  The method of claim 1, wherein the wireless communication system is a
multiple-input multiple-output (MIMO) communication system, and wherein the first

and second data streams are transmitted simultaneously from a plurality of antennas.
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based on the remodulated symbols and received data symbols.

30. An apparatus operable to recover first and second data streams
transmitted simultaneously via a wireless channel in a wireless communication system,
comprising:

means for deriving a first channel estimate for the wireless channel based on
received symbols;

means for performing detection for the first data stream using the first channel
estimate;

means for deriving a second channel estimate based on the detected first data

stream,
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33. A method of recovering a base stream and an enhancement stream

transmitted simultaneously via a wireless channel in a wireless communication system,
comprising:

deriving a first channel estimate for the wireless channel based on received pilot
symbols;

performing detection for the base stream using the first channel estimate to
obtain detected symbols for the base stream;

decoding the detected symbols for the base stream to obtain decoded data for the
base stream;

re-encoding the decoded data for the base stream to obtain remodulated symbols
for the base stream;

deriving a second channel estimate based on the remodulated symbols;

deriving a third channel estimate based on the first and second channel
estimates;

estimating interference due to the base stream using the third channel estimate;
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34.  The method of claim 33, wherein the deriving a first channel estimate

includes

obtaining a frequency response estimate for the wireless channel based on the
received pilot symbols,

deriving an impulse response estimate for the wireless channel based on the
frequency response estimate, and

deriving the first channel estimate based on the impulse response estimate.



