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COVMUNI CATI ON SYSTEM W TH MULTI PLE PARALLEL DATA STREAMS BACKGROUND |.
Field [0001] The present invention relates generally to comrunicati on,
and nore wep&eiofdogl |y to channel estinmation for a w rperasssomisni cati on
systemthat sinultaneously transmts nultiple data streans. H.
Background [0002] A wirel ess conmuni catli on system may provi de voi ce,
packet data, broadcast and/or other services. Broadcast service
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conditions. Typically, the worst-case user is located far away from a transmitting base
station and has a low signal-to-noise-and-interference ratio (SINR).

[0003] The users in the broadcast area typically experience different channel
conditions, achieve different SINRs, and are capable of receiving data at different data
rates. Hierarchical transmission may be used to improve broadcast service. With
hierarchical transmission, the broadcast data is divided into a “base stream™ and an
“enhancement stream”, The base stream is transmitted in a manner such that all users in
the broadcast area can recover this stream. The enhancement stream is transmitted 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 SINK first detects and recovers the base
stream by treating the enhancenent stream as noi se. The receiver then
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i kelihood ratio (LLR)). 100071 These detected synbols are decoded to
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obtain at hi(IEISlMS %grrl]s‘%rﬂgs‘laoqg scheme, a time division multiplex (TDM) transmission scheme, or
some other scheme. The first channel estimate may be derived using a least-squares
channel estimation technique (described below) or some other technique. In any case,
detection is performed on received data symbols using the first channel estimate to
obtain detected symbols for a first data stream (e.g., the base stream). Each detected
symbol is typically a multi-bit value (e.g., a “soft decision”), which may be real or
complex, and may be represented in various forms (e.g., a log likelihood ratio (LLR)).
[0007] These detected symbols are decoded to obtain decoded data for the first data
stream, which is re-encoded to obtain remodulated symbols. A second (data-directed or
decision-d'irected) 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 estinmate having higher quality. Interference due to the first
data streamis estimated using the third channel estimte and cancel ed
fromthe received data synbols. Detection is then performed on
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description set forth bel ow when taken in conjunction with the draw ngs

in which |4 ence characters identi fy correspondi ngly throughout
and wherein: [0011] FIG | shows a process for recovering the base

stream and enhancenent streamat a receiver in a hierarchical coded
system [0012] FIG 2 SBMEFQWON)@F@{EMW@NGBM%I estimation
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transmni ssi oﬂomsmhei&&ﬂed rdespiptbn s&l forthf wo»amlcaﬁumcay #i eohjulddion Mittlike 4
shows a transmtter an recei ver in an based system; [00151 FI G
5 shows varﬁirawglgbewg%% ﬁgf r?@eacpar@ﬁsrstlgéw&ncwwon P HgousdPuirind 6
shows vari oygerBipOCesSsi ng uni ts at the receiver. DETAI LED DESCRI PTI ON
[00171 The word "exenplary" is used herein to nean "serving as an

exanpl e, i1981HnceFlGr] shawssa pracessnfor resayermghibelibasnsiresm afwls¢nganagesnt | bed

herein as s%%%k RFebeiver in a hierarchical coded system,;

[0012] FIG. 2 shows a process for performing channel estimation and data
processing for multiple data streams transmitted simultaneously;

[0013] FIGS. 3A and 3B show exemplary FDM and TDM pilot transmission
schemes, respectively, for an OFDM system;

[0014] FIG. 4 shows a transmitter and a receiver in an OFDM-based system,;

[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,
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on a mapping function to obtain the combined symbol. For clarity, the following

description assumes that the base stream and enhancement stream are added or
superimposed. After combining, the transmitter processes and transmits the combined
symbols over a wireless channel.

[0021] The received symbols at a receiver may be expressed as:
ya(k)=H(k)-[s,(k) +s.(k)]+ N(k) , for ke K, Eq (1)

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) is areceived data symbol for subband £; 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) =H(k) [ sb(k) +s, (k)] +N(k), forkcKd, Egq (1) where sb (k) is a data
synbol transmitted on subband k for the base stream s,(k) is a data
synbol t mwansoiébed on subband k for the enhancenent Sﬁéﬁ@gﬂmyMﬁﬁQ is a
conpl ex channel gain for subband k; N(k) is the noise and interference
observed on subband k, Yd (k) is a received data symbol for subband K;
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, forkcKd, ( a channel gain estimte for subband Kk;
sb(k) is aﬁ%eog’}eaé% S:Ewﬁg‘%@l%el(l)or%”subband k for the base stream and Nb (k)
is the post[{)mbces"ﬁlwdrawewsleparﬁommbmdot fooithet hasebstmams tisieanhe Eopmatli on
(2) indicates that the data synbols sb(k) and s, (k) transmtted on
subband k estyatsey Gdepkdridy Isym@lpmbmlrﬁgﬁmed@te@@mwr@@md syipllorsiyd( k)
for subband k by the channel gain estimate Hb(k) for subband k. This
operation is comonly r(% erred to as

5,(k) = "( )~s,,(k)+se(k)+N,,(k) , for keK,, Eq (2)

b

where H, (k) is a channel gain estimate for subband ;
§,(k) is a detected symbol for subband & for the base stream; and

N, (k) is the post-processed noise on subband k for the base stream.
Equation (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 g , (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:
§,(k) = y, (), (k) = H, (k)H,, (k) -[5, (k) + 5,(k)] + Nj(k) , for keK,, Eq(3)

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 {c?,,}, which is an estimate of the



equalization and is typically used for an uncoded system I|n another
enbodi nent, the detection is perfornmed as follows: sb (k) = yd (k)ffb
(k) =ft* (K)HD (k) [s6 (k) + se (k)] + N, (k) , for k EKd , Eq (3)
where " * " denotes the conplex conjugate. The operation in equation (3)
is conmmomwg2o05/efoestred to as matched filtering and i s typivsadobyosused for a
coded system [0025] After the detection, the receiver "decodes" the
detected symbols (I1b) for the base streamto obtain a decoded base
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Au0=20 o A0=y®F®), orkek,  E@
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where H,,,(k) is a channel gain estimate for subband k obtained based on the
remodulated symbol {s,} for the base stream. The 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

I:Irb includes noise/interference from the data symbols {s,} for the enhancement

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



correctly, then the renodul ated synbols for the base stream may be
considered to be free of errors and may be used in simlar manner as

pil ot synbols for channel estination. However, since the received data
synbol s {wdpoosnrdoside t he data sypbols {sb} and {se) feamBRtBISSIsecans, as
shown in equations (2) and (3), the channel estimate Hrb includes
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used for the channel estimtes such as, for exanple, nean square errors
of the channel estimates. A |arger_ ab vaI ue ‘gl ves nore weight to the

channel est “#gice Qs & Xplpe Hlah’éiweleﬁéd bessd pr Hhegelativerababiktynf dhgeiyor hamel | ess

reliable than FIb. ,Conver sel a smaller afi  value gives nore weight to
the channel esismatesallp and i, Tﬁ%e rehiabilily @é Hyemayplec dipredenben vatipna factorywichy.
conputed for each data packet The conbi ni ng of the chapnel  esti mat es

Ho and H, b ﬁweatr%mwoa@w on the pilofsymbpls. themamben pf pHet ubbagde by

domai n. filtering used to obtain H ,» and so on. The reliability of H ., may also be dependent on

various factors such as the relative power between the base stream and enhancement
strearm, the channel conditions, and so on. Various measures of reliability may be used

for the channel estimates such as, for example, mean square errors of the channel

estimates. A larger ¢, value gives more weight to the channel estimate H »» Which may
be desirable if H, is deemed to be less reliable than H,. Conversely, a smaller a,

value gives more weight to the channel estimate A,,. The a, value may be fixed or
dynamic (e.g., computed for each data packet). The combining of the channel estimates
H, 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 4,

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

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



100291 The receiver may performfiltering to obtain a higher quality
channel estimate (block 124). The filtering may be perforned in various
manners and using various types of filters. For exanple, the receiver
can filteyoidogombannel estimate Ho and/ or the channebcestioi®bgissb over
mul ti pl e OFDM synbol periods pri'or to conbining the two channel
estimates. As another exanple, the rece8ver can filter the WO 2005/ 079031
PCT/ US20051003156 8 enhanced channel estinmate He over nultiple OFDM
synbol peri edgneelt ehanpele estipntoi Hi ngver pguljiple LB e pyrebod nprrieds tafier rtheei ver
can filter the channel estimates Hb, H, b and He. The receiver may,
per f or m t hecdmbiniagi dg yet pnatherteramplientbe desarvencany filtdrdhe ¢hapuelenidpateodBi n and
(2) using various types of filters such as an infinite inpulse response
(1R filterd, andikhj.t &henpuglvee maggpdose tHeHiRringi (1) éx theatirde slomain. or the
Filtering with IR and FIR filters is described bel ow. [0030] The

recei ver nefequsaey desaigrands@) waing veriowshapssmichites endeay s infite Happlse e

i i I 2 )14 2 I :
(o oHo o Sap e AREANRES AIRIAB-ERIIIE FIRMa Sdso i kindihg RS
i nt er f er encendfiRAlteandeskrbleibdlov.t he base stream The receiver then
s th i dinterf e f th i ved. dat nbql I
bi ook 132) . 1630k oF n6uaeceyay RFuviitiRse Fbpitmte pbRSARGErBE 95 Ruflis w0, ( )
I's an | nter L&%@%@ﬁg@%ﬁ'ﬂd%ﬁm@ ein%teSIfz'j?I%ic%&l 182 Wk gfln0as the estimated

i nterference ase streamrénove e re)del Ver may performthe
interference estimation and cancellation (1) only if the base stream has

been decoded cor t1 ¥, on jf.the quality of the decoded
stream as quant ?bflf)e_dﬁb@cs (Z)EI)"I%IC)O’I‘ lro\réﬁgrgelr{éll’ecodi ng netrics, exceeds é;qa(%?

predeterm ned threshold, or (3) all the tine, regardless of the outcone

of the deCOWh&Q-ib([k@qg’_lﬂe dofighateACiRteyfend @ sUBBLAPLK Woe A4S HRCEIsOBrdal. The
enhancenent stream using the enhanced channel estimate 126 (bl ock 134).

The det ect i egeeif@rythbe ciels ahdredingited iheteense fro@(th} Fec¥Red dataSseinbds NEKK) |

for keKd, Eq1(812 where 9, (k) is a detected synbol on subband k; and
block 132), as follows:

YVe(k) =y, (k)= iy(k) , for ke K,, Eq (7)

where y,(k) is an interference-canceled symbol for subband &, which has the estimated

interference from the base stream removed. The receiver may perform the interference
estimation and cancellation (1) only if the base stream has been decoded correctly, (2)
only if the quality of the decoded base stream, as quantified by one or more decoding
metrics, exceeds a predetermined threshold, or (3) all the time, regardless of the
outcome of the decoding.

[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:

§e(k)=7);§%zse(k)+Ne(k) , for kek,, Eq (8)

e

where 5§, (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:



NQ(k) is the post-processed noise on subband k for the enhancenent
stream Alternatively, the detection may be perfornmed as: W 2005/ 079031
PCT/ US2005/ 003156 9 &(k) =yr(k)I:(k)~s, (k)+N, (k) , forkeK,,. Eq(9) In
any case,wd bwsoeeai ver decodes the detected synbol s {pel/ukmogiadsn a
decoded enhancenent stream {de } , which is an estimate of the
transm tted enhancement stream {de} (bYock 136). [0032] FIG 1 shows
channel estimatign and dat rocessi ng. for an OFDM based systemw th
hi er ar chi cal codfe:g@wggfi(ﬂg“%ée#%{%bséﬁf EStKarstreams are traf@Pited
simul taneously. In general, simlar processing nmay be perforned for other
types of systenms_and on an unber . . of . da stre « +[0033]. FI hows
a flow di ag%aﬁ?yofc - glreof:eeceslgngg?fg?e rthﬁedregegieﬁi Sr?’énbgﬁsgﬁﬁél o gbgi%lflnaa%c(?ﬁed;nd
data processi,ng for | ti data.streans transmtted sinultaneously.
Process ZOOerfth‘f‘ealef‘b%}]eﬁmr gje g\/‘@ﬁgﬁgr@ ‘ﬁﬁ?ﬁte of ?}anlﬁltgggﬂ%f%@? Eluen
updat es theé‘?r}%{;@’eﬂﬁ 6§sti mat e as each data streamis recovered. [0034] An
i ndex i used’d & 6% "the stage nunber and the data streamto be
recovered n i S khhtialize i H & : i

2] S Fibl] AdviChiahiR1 Estithatfn anll d ¢ I ShRAE
(bl ock 212)@6 ]channeli egfsl mat e H,S{HT]%rntaﬁe Ta}a?ﬂé? egg?% (g’tirneg%nlw:ﬁaggr?l ved,
f or exanpl esystzaswith duerareltieal wedingiwhete twoysuberdimpdsbd datix sgdah)s arf GABMjittédr

stage i, det.ection i.s performed on input.synbols si ng.t he chapnel
et rat e b Gt SRy Sl p i teind Mg b ekl b e Bps B ook
216) . For t hgtenfsiah® bn shypdiBnber BEddtatbmsynbol s {y,) are the received data
synbol s {yd For each subsequent stage, the in(g)?%@synbol,s {y,} are

interfer encE{Oé%]nceFE@- SysheyE @ floyrdiegien Qi PEEPSIg2 gperforming Phainel
detected syph: i t i : (d,)
(al so bl oc kg%%f)ﬁ?x{ fﬂ%ggﬁaepﬁg%g?gg?ﬁorn@%@g‘%a%a% ?ﬁ%ﬁgﬁgﬁgmgﬁae? nél?{ag%%?gt al |
dat a st r eanBroaess 200 aterativelyp cevorere dnd ddtostkeafili®)each ftaghandaupsines theshannes' |

t hen the prosg.%%g ter H@ﬁ%ﬁ% Q hervviF%e, t he decoded data stream{d,} is
re- encoded FHMHHIAIA° PREBEFCN ol s {y,} for data stream{d,}

(bl ock 220) [00B4] t hendidtdex $tuseRmd {ehote i degoflafbe omdett data stham fohse

renodul ated synbols } are used to derive a data-directed channel estimate
H,,, recovered next is initialized to 1 (i.e., i =1) for the first stage (block 212). A channel

estimate H ; for the first data stream is derived, for example, based on received pilot
symbols (block 214).

[0035] For stage i, detection is performed on input symbols {y;} using the channel
estimate I?,. 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 {s,} are decoded to obtain a decoded data
stream {3,.} (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 {ﬁ,.} 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 {5;} are used to derive a data-directed channel estimate I:I”.

(block 222). The channel estimates H and A ,; are then combined (e.g., as shown in

H

for the next stage (block

equation (5)) to obtain an enhanced channel estimate b24 "



(bl ock 222). The channel estimates H, and H 1 are then conbined (e.g., as
shown in equation (5)) to obtain an enhanced channel estimate H, , for
t he next stage (bl ock WO 2005/079031 PCT/ US2005/ 003156 10 224). The

i nterferanseogdowoilo data stream{d;} is estimated usi pgriReoshBNe!
estimate H,,, and canceled fromthe input synbols {y,} for stage i to
obt ai n i nput synbol s {y"i} for the nexXp stage (block 226). The index i

i i k.228 h t t k 216 t
o T, R b R B i
bt d d I s f ded dat t id
Phtonsd SISl A o SRS LD SORE S

t bt ai t terf
Rt G i e
channel — eshit ﬁle%ge%ﬂg Woakmsw&tmpuﬁ@ext dpeneRfanced channel

estimate can al so obtain er quality detected synbols for
t he next daf0833t r edie erdlaberddéamntédstsman@ebtmhed wuthcremv@dateths)anlm}srﬁoxha are

di vi ded by plied with the chan i mte th det ecti on,
Show 1 1 enuSepSHetdyreh 4 B viot Rub ] e REFAAFRICe o Dby PR SR ge |
may be usedestifafeedah Besédlicesttfih ANE6re GaRELRE ki of te 1ﬁtreﬁ"a%n¢e c(u%&o the
descri bed above). The inproved channel estimate for sta al so be

used to perée@faciﬁﬂu date streqne sise the preqdulatqdosymbels are| myltinly buﬁhw
I ncl udi ng S% ﬁgnﬁ‘g:ogs iho@ﬁ’mé &8‘8&@ tTAE Qi cdd cH %@&é‘i esHIME cad A?so'%e%se&of or

sinplicity annel “estimation a dat a proceSS| ng
t echni ques dess highequabtyedetected\symbels fisretble next d@uajstrmm tobe ddcbdedvsanc dhes

Vool s ar SRRRHSIRYE PR a1 g BarEE e Rigd iBoRe chEm e b afe |

periods andieiatian,s¥ FROV $n @c[lﬁtléﬂse(ﬂﬁzﬁﬂdt(pﬁdThd’hrﬁﬁi'@veﬁQ‘JH&ldél éh@m@quM stsg/enbol
periods. For an FDV p| | ot transm ssion schene, pilot synbols ar

transm tt edmay he Bgdro mﬁww%%xen%?%@labm f%ﬁrage @(ﬁswmﬁ@i §b(d’éla| Brfat ed
for p' | ot thgﬂémis&! 1 e(shmgte’ for pégl t Pbé )USI%&) 'th erﬁ)‘rﬂbﬁ e?fe%ﬁé’%al SO

be transmtted in other manners, s within t'he scope o

i nvention. c[aﬁ@sl@]iorl:fo@all Stagshpus aahinebaémglsaggn sebitaged 1gbmough u(rwtslimm may
be used for. %E h%f’ d system The OFDM based system has an overal |
syst em bandWi ? which is partitioned into N orthogonal

subbands usjpgg8)OFDivhe &ﬁﬁﬁbl estlmation and data processing techniques described herein may
be used in conjunction with various pilot transmission schemes. For a TDM pilot
transmission scheme, pilot symbols are transmitted on all subbands in some of the
OFDM symbol periods and data symbols are transmitted in the remaining OFDM
symbol periods. For an FDM pilot transmission scheme, pilot symbols are transmitted
in each OFDM symbol period but only on subbands designated for pilot transmission
(i.e., “pilot subbands”). Pilot symbols may also be transmitted in other manners, and
this is within the scope of the invention.
[0039] FIG. 3A shows an exemplary subband structure that may 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.



subband has a bandwi dth of BW/ N MHz. In a spectrally shaped OFDM
system only Mof the N total subbands are used for data/pil ot
transm ssion, where M< N, and the remaining N - M subbands are not used

for dat ak 300$pAeANSM ssion and serve as guard subbapggytoadok@y t he
systemto neet spectral mask requirenents. For sinplicity, the follow ng

description assunes that all N subband$lnmay be used for data/pil ot
transm ssi 1,Q79031 PCTI US2005/ 6 1 [0040] FIG al so
shows an eﬁ@?f{ﬂ\{g 32/‘91%7 fooghof’vfe?ﬁseﬁff@gagm}%j&?ﬁ%mﬁ? Scthﬁ‘@eéa@r&r
system P sublprolsl systentised fibbards| ot dse@nfori st QfhnsmRsish.MPITb f dimplify
conputation for the _channel estimte, the ;pgi | ot subbands may be

uni form y diogPriager & thegbarned egimatoythedt pilot sinprdidrayisemiforaly dstiutedut i ve
pi | ot subbapgy ﬁ{eeNst%Pﬁ@erRﬁé}lclg&att E&é{seﬁtﬁé‘g@&r%ﬁbmﬁ@gﬁ:@ b aplt @K 112

in FIG | and T:)I ock 214 1n F recei ver can derive an ‘initial
frequency r¥¢pombeandsti nate Hy of the wirel ess channel based on the

recei ved i SYy. L s f WS 0 P, (k) =yP(k) fork cK P
p(K)  wher 5’09‘913( k)ﬁ‘?g‘ﬂ‘é&r@?éﬁ’ 3 L(léiolpﬂdobflo"g%d% F?@rz’éﬁgo‘ﬁéﬂg“f?ﬁ dgRna s a
pi | ot synbal;. ] K, (k) ogd ' jqmat e
For 'pi 1 ot SuiSBLAGREhA Repdie SHARRNE fof HELeldsk oRuOrRRE g fdteatdd]
vector HP fof: Lagolhd foltbwh:r equency response estimate for P unifornly
spaced pilot subbands nay be fornmed as ft, = [HP(1) HP (2) ... HP (p)IT
where " T" denotes the transpose. Extrapol ation and/or interpolation may
be used, as necesgsarty,y,{b) obtain channel gain estimtes for pilot
subbands wit houtgp' {)ﬁt;&r)an A &5i%n based on the received pi | O{Eq§WbO| S
for the pilot subbands"Wth pilot transm ssion. [0042] A N x 1 vector Hb
for the frequency response estimate for the N total subbands may be

obt ai ned basiade oy (Khe o reedinedilyt syambpbfos subbaid Arat e AP using vari ous

techni ques. For a |east-squares channel estimation technique, a
| east - squar es i n) sea pilot symbol transmitted on subband &;
H ,(k) is a channel gain estimate for pilot subband k; and

K, is a set of all pilot subbands.

A Px1 vector H , for the initial frequency response estimate for P uniformly spaced

pilot subbands may be formed as 0, =[H,(1) #,(2) ... H,(P)]", where “”” denotes

the transpose. Extrapolation and/or interpolation may be used, as necessary, to obtain
channel gain estimates for pilot subbands without pilot transmission based on the

received pilot symbols for the pilot subbands with pilot transmission.
[0042] A Nx1 vector H, 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:

h, =W H, , - Eq()
where i, isa Px1 vector for the least-squares impulse response estimate;

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

on H , to obtain B, ;and

=lIs>



response estimate for the wireless channel is first obtained, as follows:
s = Wx XPHP , Eq (11) where h,, is a P x 1 vector for the
| east - squares inpul se response estinate; WP,Pis a P x P DFT matrix used

t o perf oo moslidenet e Fourier transform (DFT) on HP pereblvadgystye. ; and
WO 2005/ 079031 PCT/ US2005/ 003156 12 denotes the conjugate transpose. The
DFT matrix W,,p is defined such that fhe (n,m -th entry w,,, is given

as: -j2n(n-1xm, P} and ne{1 ... P}, Eqg(12) where
nis a rowindex an %énﬁrfglee?o%laﬁg{}ﬁharfsﬂ%sgx [0043] Equation (11) indicates
t hat the inpul ) e estimate h can be  obtained by performng a
P- poi nt | FF eﬁﬁi mgn%halls F’Jiiri-f&&léﬂb atrﬂéesgbﬁ dh BUFY Has &5 $HCN BSThe vect or

h,, can be post-processed, for exanple, by (1) setting entries with | ow
val ues less than a predgtgrined threshold to zero and/or (2) settl ng the
L-th through P- h_e“t’zl"EE‘r G VaCl 95 atng,,;er{p phere L is theg ect ed
del ay spread of t”ﬁ'e system T'he vector 'h,; is next’ ’zero-padded t ength
N. The zero-padded vector h,,Nis then transfornmed with an N point FFT

to obtain tyigryeitaowlihdex 288 rf BlalcoMEin iliex: VWNXNh, s, N Eq (13) where
lie=[Ho(1) Ho(2) ... Ho(N)]7 [0044] The initial frequency response
estimat e HAPO4H)e i|Bpuatise (1 Bs pulivates bt that ienpulse , respoased estimdtéieh f roaguency
response estinmate Ho may be filtered to obtain higher quality. For
exanpl e, t hebtdimedtbyeperforramgent poine fFingethe sitistetequetley regpohse efslnlnﬁterl(ip with
an IR filter, as follows: HP(n)=(1-a)HP(n 1)+a HP(n) Eq(14) where HP(n)

is the freqn@ncexto&eﬁ QRS He qVki-ProteRscAP Fat dxaspledb thNgTeRkieP @ithodwn;  Hp
(n) is the fil tered"?requeﬁ?y }Eigsponse esti gat eyfcé'(izrPM [%;I@s nbol period n;

and a, is alues iess thems paadetefromed ﬂmeSholkltt@mrqgnd/d'ﬂ’(é) etiimg ﬂneﬂisthahrbu@, P-may be
sel ect ed to pr ovi de erfor r re enci es.
The it s er dehfét gy RS b LTRAS E it Pk cfbde RIS SoreiRRRE bitent R

vector h, is next zero-padded to length N. The zero-padded vector Q,,,N is then

transformed with an N-point FFT to obtain the vector Hj, as follows:

A

_Hb =Wy h.ls,N > Eq (13)

where H, =[H,(1) A,(2) ... H,N)]".
[0044] The initial frequency response estimate H ,» the impulse response estimate
h i » and/or the frequency response estimate Eb may be filtered to obtain higher quality.

For example, the initial frequency response estimate K , may be filtered with an [IR

filter, as follows:
H,(n)=(1-2)H,(-1)+e -H,(n) , Eq (14)

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

@, is a time constant for the filtering.

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

Doppler frequencies. The filtered frequency response estimate H ,(n) 1s then used to

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



derive the inpul se response estimate h,, in equation (11). W) 2005/079031
PCT/ US2005/ 003156 13 [0045] As another exanple, the initial frequency
response estinate HP may be filtered with a FIRfilter, as foll ows:

Ho(n) =t c; HP(n-i) Eq (15) where c; is the filter coefficient for tap
i of the woBRoEHI%wEr and L and L2 are the extent of tehe/uskdesbishiser . For
a causal FIRfilter, h, =0, L2 >-1, and the filtered frequency response
estimate HP(n) is a melghted sum of thd3 frequency response esti mat es
HP(n) for and.the curre i ods. For.a non-causa

F R i1 oy (08817 As M8t Bxil ARE i b RHBRS! reBins DS e cBSES et

HP(n) is a %ﬁgh quency response estimtes HP(n) for L2
prior, the %ﬁ%%gﬁﬁg an ﬂ%néyﬁﬂ§%$CFDN|synbol periods. Buffering of L

recei ved OFDM synbols is needed to inplenent the non-causal FIR filter.
The i mpul se respgnse eddimate h,, and/or the frequency response estimate
fib may al so be Hp{Meret He6r—Bxanpl e, as shown in equations (EQ&hd
(15). [0046] The derivation of the channel frequency response estinmate Ho
based on received pilot synbols for pilot subbands is described in

detail in c n i al ney
Docket No. 8%%%8@7% ﬁgzlt“?f@de%ﬁﬁ &Cnﬁgodﬁgpf?@égt@?%%i Iﬁgr;dn]g oLr gegztarlra g agfe

OFDM Commnthemqmeﬁypémausatu#tﬁqtl%m =Kher, yﬁ%ﬁrthé'ﬂ?ltéf@d/ﬁédlu%ﬁqb&sﬂﬁéé ved
i n other manners, such as with a mni me nean square error

t echni que. 55@%@ HFO) BhekehledGuin b itdGre cj]%etﬁ:@%dﬂb%'%st%%@teé L Ert)c'}‘or% pHibe

dat a- di rect ed chanhel estimates H b and H,7 are derived baséd on“the

renmodul at eda Ry elrfent OFDM $86A Betiodd 2k ShdieaiRal PO AR%AMPLE, 138 1 Szﬁﬁ"tﬂe In
equation (4). The renodul at'ed synbols may be viewed as "new'’p

synbol s t hafijérad frbqueH&eebspohsé BRinaNe H ) csttawe%hte@%mmrtﬁtt% frfa@fené}ht%spdﬁﬁ’é(t
streamto be detected The channel e<timates b or H used for the

current str d in e tes
Hb or Hr ?s:'t)’i ot)t alr f the cﬁaﬁﬁ%lfmtggtcﬁlﬁgmegh%gorﬁﬁ{e @)F?Mr%}ﬁ}bc’ﬁz)%é@
stream Wwhi ghyr c?ﬁLf frHJeNEQrOPHMrs%G&s té%ieétﬂad th dﬁExB@At%éx% LS PIERS:

The conbi ni ng an erpol ation nay be perfornmed in various
2005/ 079031Tﬁé:1ﬂpltf§g Q&Eé&@%&tﬁﬁate :Ef; and/or the frequency response estimate H, may also be

filtered, for example, as shown in equations (14) and (15).

[0046]  The derivation of the channel frequency response estimate H, based on
received pilot symbols for pilot subbands is described in detail in commonly assigned
U.S. Patent Application Serial No. [Attorney Docket No. 030287], entitled “Channel
Estimation for Spectrally Shaped OFDM Communication System,” filed xxx. The
vector H, may also be derived in other manners, such as with a minimum mean square
error (MMSE) technique.

[0047] For block 120 in FIG. 1 and block 222 in FIG. 2, the data-directed channel
estimates 4, 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 £, or H, used for the current stream

may be combined with the data-directed channel estimates H,, or H ,; 0 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



manners. For clarity, the description belowis for the hierarchical coded
systemwith only the base stream and enhancenent stream [0048) In one
enbodi ment, the channel gain estimates obtained with the initial and new
pil ot synbol s are concat enat ed/ conbi ned and used to derive the channel
est i mat esWOR@5/079981 next stream For exanple, if pil ot PCI/use@sosiie ed on P
pi |l ot subbands and data is transmtted on the remaining N-P subbands,
then the renodul ated synbol s derived fridm the decoded base stream for
the N-P dat &,54h0aRgSc1aBy, bR disembties bRsW iPirbCthe hYFROiSal ct)e?éd %Jaef'eﬁlewu
subbands. A revised initial frequency response estinate or a
subbands napnluéhqm@mtwemanﬂ@nhmwetreaby concatenatl ng (1) the P channel

gain esti in I u P el gal n
esti mat es m ]ned wgr%%l?iﬁﬁfPﬁéggv&ﬁa%??&q%’o% OIB tvﬁkhtkgﬁnéagt

subbands. Thew pévt syetholsnird écmlcatedateiioatbined raad pegiste deﬁtre e tcRannEl, d3tinmates t hen
be used to SH ilve an enhanced freciy ncy . response es‘ﬁ@mate HQ t hr ough any

frequency i SheyRAxh BGM- A1 SEAEM R L PR 1R nspiteed on fsp S’t“l’*@“@%"é’ét“?d_ﬁuar es
criterion, @rﬂns’?rﬂﬂé%ﬂ%ﬁtﬂek \Aﬁﬁwpmm 18 thmrﬁo&mdbs?nﬁets%ﬂ@éa frdnh I St

as follows: / H hl s, I% HP, b 6) where WNXP is
aNx P subﬁmdepqdeéfbasqwremnxfONﬂDNP tarsukbmﬁ@mw@eb»yed aknawgpildisymbelst P

col ums of N. The enhanced frequency response estimte He can t hen be
derived by OI)thFSﬁr %@h@}d& ng &Niged it ?%@ncammswénre%!anm 9r ahdN

N-poi n FETOTAR IR ARIEED 1o SETLE PhpRAERe ﬂﬁarfl Wndhiifced
i roam [ o0 fa R ity REhER Rl kit B N ok el AESEREBRRET g
| S performegqifmet Rep fn(e@q% ﬁs\émd tOoPéermhﬁ?asEub%%@r e%h@ﬁ‘é’fi&%' initial

estimation techni que may data-directe east - squar es

i npul se r espeAsAce sdspdtiRt @stiinate .10, ,( BaP thenelite®td agHk anbamd:e@mre cpew
pi | ot syrrbols for the NNP data subbands as follows: hls, rb = N-P) xP

W(N. P) xP) - resgélé{#e?ﬁrﬁﬁe Hrtfi}ougl‘lzgnl:}( #é ue}%} Q@éthY&P%%Ioﬁ’&Bl Uﬁ?ﬁ@ﬁ%ﬁ;@% 156

15 where WM mat’r 1 x t he x N DFT
formed by t akingithe least-squares criterion, an enhanced impulse response estimate can be obtained

first as follows:

=(Wre  Wye) " Wi -H Eq (16)

Ispb

where W, . is a NxP submatrix of the NxN DFT matrix, formed by taking the first
P columns of W, . The enhanced frequency response estimate H, can then be
derived by (1) thresholding and truncating (which are optional) and zero-padding the

impulse response estimate ﬁ,:, »» 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,”b (e.g., with P taps)

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

.l.;_ls,rb = (E({:{-P)XP W(N P)xP)—l ('N _P)xP Hrb ’ Eq (17)



the first P colums and the NNP rows of WAN that correspond to the data
subbands. A data-directed frequency response estimate fl, may be

obt ai ned by thresholding and truncation, zero-padding, and perform ng an
N- poi nt RF® 2a03/0tde81 zer o- padded i npul se response esti madraus2008003156
data-directed frequency response estimate H b may then be conbined with
the frequency response estimate Hb, whil®h is derived based on the pil ot

synbols, to N th n n St 1. e for. the
cnhancerent “REEr a8 ot R TR nd REERT R TSI Hafeddvaind
shown in equatd not her odj t .Jdnterpolation
is used and'd%oﬂr iq)nﬂgo?%mlllss?{ngg% b#%e“’é%?n‘gf‘ﬁeﬂ& Cﬁgrg%gﬁgﬁ&w?ﬁtg SPtgoélg > ?%uar es
i mpul se respQn: [ | i Mook as t he a- (i rected
| cnst - squar Safsfid SORLRey repol@letife 125" hE SOMLR0GY AR S °LS
shown in equahda@bn, (#2do-padiize SOpERHNHR hntN-POEAFEY 0nZ8E SerBPERM, imPOMe
transforned to obtain the enhanced frequency response estimate He. For
all  enbodi mepdrse detinate.betheatutrdirected frauearcyarylonsegéstigaiten Hypyndyethac be eved
for the estimates hr,,,b and 13,b since N-P may be nuch greater than P.
[ 00511 FI G c@Bbiatibwith dre fexqaenely acsporisblebtphdte tH ,t, mwhichits daived baeh enehe3dibt f or
the OFDM system Pilot synbols are transmtted on all subbands in OFDM
symbol per i egsboly)se dbthinr thpichtaincddr frermencystspondecsstisiatepHy ,for' the leplianpaidnods” ) .
No pilot synmbols are transmtted in OFDM synbol periods used for data

t ransm ssi ostrdaar. Bierphpinidgieft B, vadr Hodsiy)be pedoimitdl a3 kiowreiaegvation (Hn deri ve
t he channel estinmate H, based on received pilot synbols obtained during
pi | ot peri ot30iThe It eYedi qnothes apmbpskimens, tipferpelatiomels” vsedi prd ecomyiningdsed on

R R T R
estimate ich ¢ e used r interference estimati on4dn the

St ont © dat B S abfhe ASieiihey Mart G FpRE Feon g S TE Bt b
channel esti| . j i | WNCE | 1

i nterpol ati Sél%tgﬁﬁt%c‘(gérg SFec ﬁl{%%ﬁg@mﬁ@?)f‘rg? %96@%'% %@%gg eq‘l‘tﬁ%{roﬁ? ;{?18%\4,5%
transm ssi OR,SedIERE- : 005 F
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detail bel embddiments dexaitiet aabpvEFDM besathpdiygt eainvinialp be acldéeveli foal the

codi ng.

estimates h 15,5 and fl_,b since N-P may be much greater than P.

[0051] FIG. 3B shows an exemplary TDM pilot transmission scheme 310 for the
OFDM system. Pilot symbols are transmitted on all subbands in OFDM symbol periods
used for pilot transmission (or simply, “pilot periods”). No pilot symbols are
transmitted in OFDM symbol periods used for data transmission (or simply, “data
periods”).

[0052]  The receiver can derive the channel estimate A, 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.



[0054] FIG 4 shows a block diagramof a transmtter 410 and a receiver
450 in an OFDM based system 400. At transmtter 410, a transmt (TX)
data processor 420 receives, codes, interleaves, and nodul ates a base
st ream { dbd 2e3@7980Vi des a correspondi ng data synbol pgtrasmspsd3e TX
data processor 420 al so receives, codes, interleaves, and nodul ates an
enhancenent stream {de} and provi des aléorresponding data symbol stream

{se}. A confjoagr 4 i .
(5] and (o] U8 ¢ o SRy e AR EREBLARR bR Byt HRCERD 2y BREeg T BRI
synbol st r keow for)an eremplarySPFPMeraseduyste™iitR)icdrtbicakmdinges and processes
the transm nbo st r.eam and nerat es a nodul at ed signal Lch is
transmtt edhfoﬁ m ahlg’n{ YA aﬁﬁcgﬁﬁgaﬁog ae{raﬂfmlg‘fere@tso Wa%%&?“.’ér[‘%@g‘sfl At
recei ver 450FDanb@ed 8psiem 408. I AC eiak@sittérn$] Oypduiingd(TS008Ad pidcagisimiid ed by
transmtter 410 and provides a received signal to a receiver unit (RCVR
460. Recei vEECIVesjqodesgoniedpyies,i aifs magdnlgiesi ¥ dgse stgampr (e sawsk pidyides et ei ved
signal and provides a received synbol stream{y} , which includes

recei ved daf¥irespanpginesdata symbol siieank doy vl Frip Processprie) alse yespivess cedasnnel
estimator 470 gerivesHé%éW%he channel estinatﬁ%kb €$ed, or detecting the
base st r ean™f§2\e8) andRodAes AN PRRRESRARY Stiga; ik andyproyides) acaresperdingt i ng

the interf dye to the b t f d ti th h t
St oam A {HGE SOV SHBS o1 ok RETRELRT] BHICE ¢ BEURP ok T CREP e Dol
bace st r cant 2 o Py R 0Bt RN ST B, e R o ES R, cam

base strean ana arn a ec ream

{se} for th hanc : i . r 490
Gonpdut at e T GA RYC Al SRR TNIRGE0 foi 0 Sl BrocBiks HELERIOORREOT 1)
t o obtai n astelamoshdgGehases 5 modalaed dighal, WXichl & BanspitedeEfmOin &déhnal4gdd and

denodul at es, , dei.nterl eaves, and decodes the detected synbol stream {s,}
to obtain aVRecHERs eiRBficenent stream {de} . The processing units

at, transm t [7(%'55&041% AREivELHBI ¥Pintdnd 488 RclP&Ght RBMulkRd SighdIRGhsiRERDY
bel ow. [00571 ntrollers 412 and 452 direct the operation at transnitter

410 and r echinsmitter 45Q and propides 4 tee¢iyed signabioya ngedives unit {RGNB) 460 Recoivede

oL a0 1o o O SRS B IR DR S B R

bl ock di agr gympli sGane PP iwkRAt inbludeb et DSHEBSE 420 .and received pilot
symbols {y,}. A channel estimator 470 derives (1) the channel estimate H , used for

detecting the base stream and (2) the enhanced channel estimate A, used for estimating
the interference due to the base stream and for detecting the enhancement stream. A
detector 480 performs detection to obtain a detected symbol stream {5,} for the base
stream, estimates the interference due to the base stream, and performs detection to
obtain a detected symbol stream {§,} for the enhancement stream.

[0056] A receive (RX) data processor 490 demodulates, deinterleaves, and decodes
the detected symbol stream {5,} to obtain a decoded base stream {31,}. RX data
processor 490 also demodulates, deinterleaves, and decodes the detected symbol stream
{5.} to obtain a decoded enhancement stream {al} . 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.



conbi ner 430, and transmtter unit 440 at transmtter 410. [0059] TX data
processor 420 includes two TX data stream processors 520a and 520b for

t he base stream and enhancenent stream respectively. Wthin TX data
stream pwocesaoso3b20a, an encoder 522a receives and carigss2iimohase
stream {db} in accordance wth a codi ng schenme and provides code bits.
The encoding increases the reliability 8 the data transmission. The

codi ng sche THo38RY | iyel. YdBoRs G BINR ldgbtgl-é%{lcé’iic%lgéﬂ%dir@en-&]f BQ da&oﬁgcesﬁﬁ Qb@,c k

code (e.g., a Reed-Sol onon code), le, or a conbi nation thereof.
A channel i reombingnd) aBbmapsingtes phigAda tighsngitter 418or ders) the code bits
from encoder a S on_an._iaterl.eavin . The interleavin
provi des ti r{’g&% d/ o{;)frd(r?1 Ee%qrgg%eé?/r Jélbvlg?l%(?etsytwg 0’1?5{& %tge TEH8 pﬁ?(fegs.orSA§ atisls]

mappi Nng uni t5261 G thidtese st Aideahdncerfent stsaart) @éspedtiply) Wittein ITIXt dutd st@wad
data from channel interleaver 524a in accordance with a nodul ation
schene and presgssaesZQathensodesoRa revejuesapd Grdes ithsrbasaistraam s hineacserdpnee( 1)

groupi ng sets _of B.interleaved bits to form B-bit. binary val ues,. . where B
0P and (2 TG S BOYOg G94F P af Hoere00 HE SRy S GUIPOH. o
point in a shddah raRSstdd. afhedddingQichdntemaP ehehatk Iaidn SSRGS coaé® Thrbo
mappi ng unit 526a provides the streamof data synbols {sb}, where each

dat a synbol <ode.a blestqspds (el aReedindoragicedeln g CREheadsedT a qombanatien therpgf. and
synbol mappi . tel ' t he
base st r oam s Tid HEdRE SHARMCAERAL B slorktt) REHIARAHR Hhue) Sooo
enhancenent basddr @aam {intefleaxing gwheue.ddetinerleayingepiooilds mignedatdéor sfyajoalcy

stream {se}. .The codjing, ., [nterleaying, and no ation henes for, the
enhancenent Utraipniy tde bik A svabo anay whes b thonReRse bor ST Ibase
stream [ 00GRdpsCamediiitereaded darr HomMehmabDintérRavdros24al 61 Abcdndmad wadiang
and nmultiplexes in pilot synbols. Wthin conbiner 430, a nultiplier 532a

recei ves andnefulatipppehemetapd proyidesdaiy simaliolss tThe mpdpkation gjay ke achievad by gl)
fact or Kb, t 4 4o i £ i _and: i Dl t d ymnbol
stream {se} a%&tp%g?égsc%ﬁ rlllg[&fl%gt&g?lti.&)ef?ﬁg%s%g?}nﬁ?#%%étgbbgée K],Sq Sa{ﬁ%ﬁ(ﬁfﬁ

det er m ne t meappmgleath Bbittizang malte poneomplex edee fooa poinkinbeggmabtanetatatmnd

enhancenent strea specti vel d nmay be.e essed as: Kb = av, ' Pour
o EeC T e D AR R Y e A a 8B s0 B s pf Geta
symbols {s,}, where each data symbol is a complex value. The encoding, channel

interleaving, and symbol mapping may be performed separately for each data packet in
the base stream. TX data stream processor 520b similarly processes the enhancement
stream {d,} and provides the corresponding data symbol stream {s,}. The coding,
interleaving, and modulation schemes for the enhancement stream may be the same or
different from those for the base stream.

[0060] Combiner 430 performs combining for hierarchical coding and multiplexes
in pilot symbols. Within combiner 430, a multiplier 532a receives and multiplies the

data symbol stream {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,=,a,-PF

P toral

Ke =V(1“ap).Ploml ’

, and Eq (18)



where P,0., is the total transmt power available for the base and
enhancement streams; ao is the fraction of the total transmt power to
use for the base stream and (1-ao) is the fraction of the tota

transmt vpgwREnissiuse for the enhancement stream ThecaRudko@iset ransmt
power to allocate to each stream may be dependent on various factors
such as the relative rates of the basel8tream and enhancenent stream the

SINRs achi eved hy the users, the desired robustness for the two streans,
the desiredVheIf eBadt bythe fofal sransemit RoyyRE available £of tbﬁbasﬁap%?fé@ﬂcew%‘ﬁeﬁﬁs’of t he

total t t t | | 1 the b t
I LT T ML E
th | ed dat t.i 53 d 532 t

e St 20, a2 STy Sy KRl S BB o B it 1

where xd (k) is a cogg%ﬂgd synbol to be transmtted on subband k for the
base stream and enhancenent stream Equation (19) explicitly shows the
scal ing of ach dat a SS;(éslred trapnsmit power. for the

data synbol , %ﬂg?‘%é‘igf Fﬁ‘é"%tq‘i?&‘f 6%@ °°5‘66?/8a°§ G TRAVaRC SRENISRA YRGOPS

al ready ref factotsasich Bs the felgtiledatsy e bast Reeddnhi] EihaRRhRnt Jilctd) tﬁé SRERSOr s
520a and 520b may al so be combined in other manners. For exa

nmappi ng uni dchigygd Py &hs; wsersathg dﬁﬁffdtrﬂ@salaeafosWsstreens,tthredqsrxgraﬁeefved
bits) for t b i n pr

) e o M ot S Lh A, PASGIOR RoTBPAL Ral WACh 8B030%, PRl

| i near funcﬁkgaﬁdgnﬁggwgggéﬁ{ function, a functlon for a non-uniform

nodul ati on schene (e. h the nDduIatlon schene for the enhancenent
st ream bei n§06Uper megs emlbqhnmeshmwm HiG.on asumares Spreceives sWsmmsdhe ean)

h I 3
1 pl exes ipicd B Rkl SRS i SR Wb Cul RS $ERGRE: o 1
such that -cfaoltbwsed synbols are provided on the dat a subbands, pllot

synbol s are provided on the pilot subbands, and a signal value of zero

(or a "zero synbol” each _unused subband. Ml tip| exer 536
provi des a t r anshi(k Sﬁrbg kcié'“t eeé 1 foricﬁvﬁgre each transmt synﬁ%‘l&(%ay be
a conbined synbol xd (k) , a pilot synmbol x,, (k) , or a zero synbol. WO

2005/079031 ECT/ U(SkQ)OQSa c%?n 1neg symbol to be transmitted on subband £ for the base stream

and enhancement stream. Equation (19) explicitly shows the scaling of each data
symbol to obtain the desired transmit power for the data symbol, whereas the equations
above assume that the scaling is already reflected in the data symbol. The data symbols
from processors 520a and 520b may also be combined in other manners. For example,
a mapping unit may receive and map the 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), a pilot symbol x,(k), or a zero symbol.



19 [0063] Transmtter unit 440 perfornms OFDM nodul ati on and si gnal
conditioning to generate the nodul ated signal. Transmtter unit 440

i ncl udes an OFDM nodul ator 540 and a TX radio frequency (RF) unit 546.
Wt hi n Oifdhomeetbst or 540, an inverse fast Fourier tpaigkeyosndGidFT) unit
542 receives the transmt synbol stream {x) from conbiner 430 and groups
each set of N transmt synbols for thel® subbands. | FFT unit 542

t f f t j t nb A d i Si |
N pornt 1 n0RFde °F Teptmlict PRI 0 e NEP OB SarlGidnd SeaTsheRnar g
t r ansf or nedgengriothe iodtilated Giynall, M&radSnidr pdit 440 (nehldes ap OFDM n@aigioas ey 544

then repeats a rtjon of ea transforned s ol ,to obtain a
cor r espondi #i§ *’Cﬁ%ﬂ“ls‘?/ ﬁ:ﬁ‘dﬂenfﬁé&)é‘BHSéfing\"N‘nkoﬁégPE‘Hihﬂétpr T 2n gyyerse &gt

portion is r&fRF iesthn GBFE)CHE k&2 RERHVeX thd RdndMhiP s%nﬁb&lhﬁreﬁhim?f}r ffn
chi ps being repeated. The cyclic prefix ensures that the OFDM synbol

retains itscombihdrdgonad gronpyxach set of Nnrahbmait pyrelsdfoe thefN sabbbndsaliF Hetiay
spread caus b requenc ective fadin i.e.,.,a frequency response
That 1's: not 514 Binploney Rt e LR ForsmEratols Sabe Fiedftunit Sang h AkAvEl  CRDM

synbol s.  TXREséIist FOGRr tRGHLME Ind BELVIREdi dobe§ondiflg FransfofmPiaV 1 tat
anal og, frequency upconverts, filters, and anplifieés) the OF synbol

stream and e¢tinsaiNeshiphe Aoagliatefixs egperator dtenj peats aspartiore @f foagim
ant enna 442 00641 F 6.shows a bl ock dj rram of , an. enbadi ng{. of
receiver unfr?nsgf’éﬂ,eé sgﬂgﬁnt&(’bga%’% flr’rc‘gfrgﬁpoﬂ‘g‘ﬁ% %Jgﬁ\é[c 0143"65 ¢ %nﬁﬁg‘@a

processor 4 tmrecelver. 450 . | ve |t i e uni t
612 and an ](}{een‘%g%ﬂ\{at%or %&Br%&kﬁ) £Su&1n|£¥clilg%ge%rxé%g4 1&%51? ﬂ%}n it olFls,

and di gi ti zelspd beng eqehateéd Hiegayelic prafim antues nizat 4bS OFDM spmbol thednsaitst r eam
of sanples tg OFDM denodul.ator 620. W.thin denodul at or 20, a
cyclic prefPHhogg \Pé‘??eﬁ}ﬁst‘n 612621”}’3%??6?/\& f”c“h&’ag%\(li‘ycs%?ag‘f ¢asqd by HERIEPEE e ved
OFDM synbotei@fide RUMS (H€5a BefRhEERBVAH Mt i A6l R ACTJliB PR d¥Retay Hip! . A
fast Fourier transform (FET) unit 624 then transforns each received

t r ansf or medPeypol steam ae OFPM gyrebrlss EnRF MnifiSth repsives pesdl eanditioss (FRuri er

transformt in I t Iy

denodul at orQoggg&%ﬁoo#ygﬁg}é%z%%ﬁ&s@%s(’)lagg{a& ﬁ?@?ﬂgﬁFﬁ% bol ,
subbands t ostehmrunégeesatentht ooddla@d aigoalgebielr tsarandiBidted framf antenhe442or ovi des

Ny e ot

490 i npl emegttanndl VRtifa®E AFOJ dECQSH U8, MIORRSEIA PredeRBLH0 Mt khigvdr WB0dat a

streans to be recovered. Stage _
Receiver unit 460 includes an RX RF unit 612 and an OFDM demodulator 620. RX RF

unit 612 receives, conditions, and digitizes the received signal from antenna 458 and
provides a stream of samples to OFDM demodulator 620. Within OFDM demodulator
620, a cyclic prefix removal unit 622 removes the cyclic prefix in each received OFDM
symbol and provides a corresponding received transformed symbol. A fast Fourier
transform (FFT) unit 624 then transforms each received transformed symbol to the
frequency domain with an N-point fast Fourier transform to obtain N received symbols

for the N subbands. OFDM 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



1 recovers the base stream and includes a pilot channel estimtor 670a, a
base stream detector 680a, and an RX data stream processor 690a. Stage 2
recovers the enhancenent stream and includes an enhanced channel

esti mat or we20ks/072031 i nt er f erence WO 2005/ 079031 PCT/ US28050008&kdsise 20
cancel ler 682, a TX data stream processor 692, an enhancenent stream
detector 680b, and an RX data stream p@Q)cessor 690b. The receiver
structure showaniseh! STXOINRY DG pBXdseRHRY, dPerhBcelAP Feat) c}e‘f%ﬁg%§0t¥ior
any nunber of data streans, wth each subsequent stage 1ncluding the
same processhhgn BXi data sirgammrocsssog €90b. Tieoes]veFsiructura gkovin indii@nfelay be
estimator 670 rive npel. esti d on.the received

pi | ot synbole}s{%f@e%)d) gnr%n%g%\#ggtggﬁsﬁ%r a@ﬁé’%&% Ae#gi f&%;r % lgloeae}h%{ﬁ’ﬁeeqfl it

esti mat or 6%fpe mondibgttcdaate pp&idssingllats aefor eagd rat or 670a may i npl enent
the | east- squares channel estinmation technique described above in

equat i ons (100661 hr dieglatagd 3) channel ssitrmatot Gide dehegsribé chmmelnastiingte Hpbhssilque.
Det ector 680a perforns detection on the received data synbols {yd} using
t he channel osshé metigedbiletraymbplsviy) sindptoyotes the ehanivd |estithatb}H § ¢ chianeelbase
stream RX data stream processor 690a denodul ates, deinterleaves, and
decodes t he cstanaer €bsandhistestof $80a. t Chapehestimatps 6J6¢ oue dmplemisni the deast-

(db}. RX dat r eSS0 i n .S | i it, a
dei nterl eavesﬁxfé%asncgg\g}egésg%l erﬁn Eer(fg‘?lgs %eﬁngéq%g%ﬁ?%még&g °3€F@Zr %“%ﬁ]@e“
conpl enent arsyme [fiee AHInNRD estinali¥n dedhaiqat.r ERgiro689a Seffohdddetedtioh! da the.

[ 0067] For stage 2, TX data stream processor 692 encodes, interleaves,
and nodul atresivedalatiesyouteds Hagle using dhenchiatpyl estinwibe & n and poaideatdstéctsdnbol s
{sb} for the base stream which are provided to channel estimator 670Db
and i nt er f essErkds clipcéon e basg Btrequx adata sheam presessys (P08 siempdylates, ns
the sanme processing as TX data stream processor 520a. Channel estimator

670b deri vedlcinfralegss.and ideeadeethe dpteripe symeholy at & eitain the(eseded hasagream

recei ved data synbols (yd) and the renodul ated synbols I b}, e.g., as
shown i n equitli-onRX4)dataCstaenne | preesssonat®p BPlves @r syiebolc derpimperg upis a

channel estimates H agnd H h (e.g., usj a of the techni ques

descri bed atﬁiﬁ\?@fle‘t“’(?r’oadﬁaq HG%OH@ é’ﬂﬁé}ff’é@dmn%ﬁa%ébaté?ffg%tt@ F—Rﬁ‘l?tieWﬂt‘érﬁ is
provi ded t o0 k&t ACEBLLANERI JrodesBB2RNM FiGtsect or 680b. Interference
cancel ler 682 estimates the interference due to the base streamusing the
channel estil®7k Heor | stagsr Bedéhdatacsirrewl praceseR 6PYr anigedesc anferddages; taad

esti mat ed A
modulates the decoded base stream {d,} to obtain remodulated symbols {5,} for the

base stream, which are provided to channel estimator 670b and interference canceller

682. TX data stream processor 692 performs the same processing as TX data stream
processor 520a. Channel estimator 670b derives the data-directed channel estimate A,
based on the received data symbols {y,} and the remodulated symbols {5}, e.g., as
shown in equation (4). Channel estimator 670b further combines the channel estimates

H , and H ,» (€.8., using any of the techniques described above) to obtain the enhanced

channel estimate A, 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



interference fromthe received data synbols {yd}, as shown in equation
(7), and provides interference-cancel ed synbols (ye} to detector 680b.
Det ector 680b perforns detection on the interference-cancel ed synbols
(ye) usingotaes/ig¥tahnel estimate ft. and WO 2005/ 07903 Ip(OR20820805¢ 0031. 56
21 provides detected synbols {sle} for %fe enhancenent stream RX data
stream processor 690b denodul ates, deifiterl eaves, and decodes the

detected sy Rk iRited Qb Miane BREALRENCARAAC 0P Bhta ShEPRot S

[00681 For the enbodi ments de ¢éribed above, the data-directe hannel
estimate Heowh SerHGuld@d déihRbdVas e Hechdeaine el Al mbbis b }f @robtdieease

stream The renodul ated synbols are of higher quality than the received

data synmbol geRRe@bManddAN: st QP ai ned after the decoding at the
receiver and benefit fromthe erfor correction capability of the coding

scheme. Mor go068|, tHe thdambedimests i d@Birdedlabovepyheb@atslairédt&l chadfidl Yestihatehe
base streamis decoded correctly. In this case, the renodul ated synbol s
{sb} can be{gonsietereddirom He feredulefedesymhods, {Fy)d farhthec hasansteamst i Tt e
H b is robust against _decision errors. [00691 The channel estimate H, b

may al so be rereedqulated symbils e obfeighe muality (g dherecqivedyjats rmbolebasanse theyr eam
A synbol de@?aonglgﬁﬁgecggﬁér ﬁi@'ﬁeﬁﬁi@ngt 5&%?%&%?%@59%% sfroé'? 9% er}oﬁ eE:to EctfaGar est

nodul ati on sy ased on the hodul ation schene use rt ase

stream The cayubhiy of @RBRRBINEGchbdd, MBRebekr! the RhaneVéstitattaid- fhae b derivear
denodul ated symbols {sb} , which can be used in place of the renodul at ed

synbol s { sblontydf thebasesstichia is ddtadviadorreqty. MAtifs tash, thSiehdulatte spapalsliF)y f or
the base stream takes sone tine, the receiver can derive the channel

estimate H Raybé BorishiRiddero véetadYofUioRd ahd thetBBm@Y bdinede 7BY FPRIbEst{akhihst

However, the denodul ated synbols do not benefit fromthe error

correcting dagsibnkiréry. of the codi ng scheme and are less reliable than the
renodul ated synbols. Thus, the channel estimate obtained with the
denodul at ed [ ol sTheachapnehsstimajedi i, tyay Jlgooderived from thendatectad symbplsal | y
codes each data packet in each data streamand provides a codeword for
each data paérelor thpbase steamy dy sympel demappinganit sanmep thedstested symbolg d#éwor d

has been received before decodi ng the codeword.  To m.nim ze. progcessing
del ay, the ONSBRHSPOMIRIGR SYbSls batedcep s Rdylatian SR Ysedriarine Paser

synbol s. stream. The symbol demapping unit would then provide hard-decision or demodulated

symbols {5,}, which can be used in place of the remodulated symbols {5,} to derive the
channel estimate H,,. Since the decoding for the base stream takes some time, the

receiver can derive the channel estimate A, with shorter delay using the demodulated
symbols {5,}. However, the demodulated symbols do not benefit from the error

correcting capability of the coding scheme and are less reliable than the remodulated
symbols. Thus, the channel estimate obtained with the demodulated 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.



. For exanple, if each codeword spans one OFDM synbol, then the receiver
can decode each codeword as soon as it is provided by FFT unit 624 and

woul d not need to wait nultiple OFDM synbols until the entire codeword

i S recei veo.20M07&0B05/ 079031 PCT/ US2005/ 003156 22 1007ddr/észoosmosusséty, the

channel estimation and data procéssing technlques have been specifically

descri bed for an OFDM based systemw th 2%i erar chi cal coding. In general

t hese technl t
e pl o aauGOg, "oBr Rt 8k dilfinct Bk e ih B BRNRL i bt BT

i nt er f er enc epecifieadly idascribed for B OFDMhased systere withduerarchisalogdigdan genstal.eam
can be used t on. th

t he enhance esﬁé%ﬁ‘é %%ﬁ%n@a%} ariaozlse ;CSS S)%?e%%espt gnl%[?t? n n%ﬁtlg%ce 3 ng
t he interf erseaans dumltﬁn:eomhe adnemhdﬁdnagabzamay meaperfomi/ iaterfefehce chmteliatibmg

anot her data str am In effec e.renodul ated s ols {sb or, the
denmodul at ed 9y 786} & pEm ity 3@3@4}1 e st ag&g %?@é%lwav%éﬁmg@an S
addi tional iihat. ayéasa@dﬁg bR ﬂllm(}rseme theEnhaht@ll dhinRf edthSar€ RAYNR! usES tdrmat e.

The cancell ation of the decod data stream and the detection of the
next data stesémetingasndoesneelivg therinterfasence wiue Ho tthee defloged datg stikam yndhm farel

coded syst enepaiinanpd) Sin Eabe BT B R hedide afttouf Bl 8
transni t ted g Aol SHRo () 853 602000k 308 2l 8y BESRSH &Aona

typically has rmre he "enhancenent

dat a- di rect g @4 toqﬁizulré%ttﬁe Ehaht?@ﬁ@k‘éﬁ&nﬂeﬁéﬁnﬁa&t eThEERRARER BMHhe
enhancenent stream 007 The techni ques descri bed herein nay al so be

used for a sieﬁgieédatarame@n agstsﬂnee@nteqtm lobthe rerDNata sieanh gy hathebe intpgovedannel
estimation i b i er
system var |V§lg§t%? f(lal c{g?;'l %C]L %eel gs'ﬁ%?eﬂ dThe?e?{echmqv%‘ g.% e%%e%%aslfy%gheggzﬁa? tfcl;r
frequency sel iefatchical cdded tstitﬂem\llbdeinam(:l)(Iliﬁihﬁélstree{rﬁ)@ﬁ&}enlﬁﬂ@exﬁéiﬁ@ﬂéﬂm are

mul 11 il o1 ngGESTHE M ‘é%%r?%%eie%c%nﬂées TR o g S iy b merse
transm tter ,ocan Sl glsalsin Lane] wg'aatpdmﬁe@ cAaha Shiemrsyfrom

mul tiple (T) Ot ennas e recel ver can receive t ansm
streans Wt%b%ésllégs%tfr@re&@tﬁ%m@en}%%nﬁ% T. The receiver can
derive an R x T channel response matrix Ho based on received pil ot
synbol s, per[P@i2in r eblei teadmiqupsaddsetiibeg herasmangsq whiset fors sieglecdriiensyften a
M MO

without OFDM. In this case, the channel estimation is performed for one subband. For
a wideband single-carrier system, various techniques known in the art may be used to
account for frequency selectivity in the wideband channel.

[0073]  The channel estimation and data processing techniques may also be used for
a multiple-input multiple-output (MIMO) system. In the MIMO system, the transmitter
can simultaneously transmit multiple (L) data streams from multiple (T) antennas, and
the receiver can receive the transmitted streams with multiple (R) antennas, where R >
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 H , to obtain L detected symbol

streams, and decode one of the detected symbol streams (e.g., stream {5;}). The
receiver can then derive an R xT channel response matrix H,, based on remodulated

symbols for the decoded data stream {5’,.} . The matrix H,, would contain a column of

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



systen) on R received synbol streans using the matrix Hb to obtain L
detected synbol streans, and decode one of the detected synbol streans
(e.qg., stream{s;}). The receiver can then derive an R xT channel
response Mai200307Me3d based on renodul ated synbols for porUsSBovEetcdat a
stream {c2}. The matrix H, b would contain a colum of channel gain
estimates for each antenna used to trandhit data stream {d1}. The

recei ver WD 2005/ 079031 PCT/ U§2005/ 0315€ .23 %ﬁ&cgnpi ne the matrices Hb
and E b to SBATSPHOARNETAYHES . 1] 1 Qut AR CoRRoefl ghanngl reqponse mattix, o

o data st dm U° TS o e B F laga B SR o1 bl b tgenee”
t her dat 0 i fi X :
he. D oyarety R Sucull lf) a3 oERGRY SRR (G prb st W ol AL o1

or to know tsheaghannel estimates for the other L-1 synmbol streans not
bei ng recovered. The channel estimation and data processing techniques

may be used [8%4 ongVhen resevasingsthe dirgt symibal plerambin thseMYIResystamarihéd ndtor
the first s%re&%g@rﬂ'fbddé&&z fGAN RGN RibbCtre ?oﬁwﬁﬁoﬁiﬁe%ﬁqel AR LRds f-gpﬂ#e
loh an e al so or a

channel estimat ata processing chni ques nmay e used
M MO syst emadthieatL-litsyinbak strédaisvhdti beng recoidrédd (M mysdl egs)imation tahde dvaMO-

OFDM system_the.transmtter can sipultaneously transmt mulfiple data
Streany on RRAFTA EOSUBRIEY OF WA OF 018 Bh st o el boslipeny

derive an Roxdnneh@Pie!first’s@&9 AFEthEBldnhds Fd3 (e oth@ktr&ae) perti nent subband
(e.g., each subband, each data subband, or each usabl e subband) based on

recei ved pi I[B875by nb&hechammdl eptipatiopand detp provessingdechigpes mawupsadsustd &fannel

Cymbol o f or A aaCkm ot G TTE, o RO TSR th eI

pertinent subiMdystemy kit tonmiian can chantaedouglyi tranemitimuetiplefdata gmams Lubband
f h ant d it dat {d; . .Th [

Egtnb;eﬁé ¢ he "aeRe sagenpy ol PR el Fige TR erpcef td.eﬁtgen?n e %Th

obtain an e 3N r e

receiver caﬁ%ﬁ%ﬁdﬂg@at E!Etkga?oﬁp%ggﬁgg%{ %%)P E}%ﬂ( @'g'bgécthl E{g)trll)? é%@gg{ tg to

esti mat e andubiingedr dable ubdblecsilbbirRiN Gased R reibatmlos byRFoR. { The reaBidler da
performreceiver spatial processing for another data stream Wen

recovering edaher dsgivibet Rk Tecnmhel respondd tviri@FBIyI(k)y $dregach ipertinsntrenbband
necessary to decode the renaining . X
based on remodulated symbols for a decoded data stream {d,}. The matrices H,, (k)

for all pertinent subbands would contain a channel gain estimate for each subband of

each antenna used to transmit data stream {d,}. The receiver can combine the matrices
ﬁb(k) and ﬁ,,,(k) for each pertinent subband to obtain an enhanced channel response

matrix H,(k) for that subband. The receiver can then use the matrices _I:L (k) for all
pertinent subbands to estimate and cancel the interference due to data stream {d;} and

to perform receiver spatial 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



. streans or even know the channel estimtes for these streans in order to

use the channel estimation and data processing techni ques descri bed
herein. One exenplary schene for transmtting nmultiple data streans in a
M MO OFDVWwWys0&0m0033 descri bed in conmmonly assigned U. BCT/Bsdoesnio31se

Appl ication Serial No. [Attorney Docket No. 0207221, entitled

"Transm ssion Scheme for Multi-Carrier ¥ M Systens,"” filed xxx. [0076]
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[0079] The previous description of the disclosed embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest
scope consistent with the principles and novel features disclosed herein.

[0080] WHAT IS CLAIMED IS:



departing fromthe spirit or scope of the invention. Thus, the present
invention is not intended to be limted to the enbodi nents shown herein
but is to be accorded the wi dest scope consistent with the principles
and novel features disclosed herein. [0080] WHAT IS CLAIMED I'S: 25
CLAIMS 1 A method of recovering firs%Sand second data streans transmtted
sinmul taneously via a wireless channef"in a wirel ess comruni cati on system
conprising, in conbination, the steps of: deriving a first channel
estimate for the wrel ess channel on received synbols; performng
detection for the first data streamusing the first channel estimte;
deriving a second channel estimte based on the detected first data

stream deriving.a third channel estimte based on the first and second
channel '-est ﬁrﬁ%é’%"dt %#Hﬁcﬁﬁrf'&fﬂf?h@n%%?%‘_tdi ‘%ﬁa ﬁHPa'inﬁéraé@BB{ﬁ%é data stream
using t héffmhﬁér'iébdéﬁﬁ\ﬂ?%![whié@l]@&é HﬁérﬁwelW§Wﬂe&§s%n§rﬁ_@ﬁi@gti&%%téﬁwr eam1s an

enhancenent streamo Irst data stream 2. e net hod of claim 1,

wher ei n admeprising tin combinationsthersders éfor t he wirel ess channel is derived

based on recejved pilo nbol s,. JThe net hod | gim 1, further
compri st ng: . cetingcd 15t PR Stmdte RUBEIEREs BrodedleBego gt eam usi ng
the thi rr@c@ih@@@wnbogsbéﬂaﬂnmﬂ@@cbdﬁbﬁrf@i thelfifgt d4ed ectamnudiny thelf@sssecond
data streamis perfornmed wt the estimated interference fromthe first

data str@@RNEL#RIEIAE. 4. The method of claim3, wherein the first and
second dat a rﬁﬁ@fm%@o&d‘:@ﬁgnﬁf stﬁﬁm?]terbagedtohalﬂé@e%dté’d‘fi&‘t ?afahe wirel ess

channel . 5. e erein the deriving a first channel
est i mat estréaant;| udes obt ai ni ng a frequency response estimte for the

wirel ess Chan&?fvin%ag ﬁﬁlrd c nantngFesrtﬁr?a ie\f)%csieg ioh?ﬁe%}/sq‘%?wldss’econd channel
estimates; and
performing detection for the second data stream using the third channel
estimate, wherein the second data stream is an enhancement stream of the first

data stream.

2. The method of claim 1, wherein the first channel estimate for the wireless

channel is derived based on received pilot symbols.

3. The method of claim 1, further comprising:
estimating interference due to the first data stream using the third channel
estimate, and wherein the detection for the second data stream is performed with

the estimated interference from the first data stream canceled.

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,



26 deriving a tinme-domain inpulse response estinmate for the wrel ess
channel based on the frequency response estimte, and deriving the first
channel estinate based on the tine-domain inpulse response estimte. 6.
The nethod of claimb5, wherein the tinme-donmain inpulse response estinate
is derived by performng an inverse fast Fourier transform (I FFT) on the
frequency response estimate, and whergin the first channel estimate is
derived by performng a fast Fourier transform (FFT) on the tinme-domain
i mpul se response estimate. 7. The method of claim1, wherein the

deriving a seeadmhgchanB&lontshifBlke r%%kﬁindélg"e%ti &kdHtRg wireldsgauency

response estimate for the wreless c base on the detected first
dat a st rehameldeasiedi agthe ftéquendy nesponsenestimate, epdonse estimate for the

wi rel ess chapnel sed .on the fr.equepc esponse estimate nd deri ving
t he second cr&ﬁ'xwﬁqﬁéﬁf%@a"ﬂe&&"@ﬁe BH%EC{P -%ﬁ'??ﬁl‘ '??fﬁd'ln%%er esponse
esti mat qesSonsbBhéstifmitod of claim 1, wherein the first and second channel

estimates are tinme-domain inpulse response estimtes, and wherein the
third channel estimate is a frequency response estinate derived by

conbi ni an r far Iy t i.oe- BNy [ I stimates for
the first angrhtesﬁgg‘r?g dfﬁér%r?e?%%i%rlgmn&ﬁ gg'm egdérgéﬁfé’\ 'ﬁ@turl]%ezl%gp 8@ e:i m1,

vvhfe_rei n dstiendtée ifdemlgglrb?emmd'imgiheim@mfasﬁﬁounflammﬁqrga(lﬁ%ﬁbhmaet es for
a first group of subbands and the second channe estjmate conprises
Channel TaaUeRgY feSHRNaE SSBMALE, SbdHReTEInIle Tt hapBal R ain e S, ot he
third c i PR I g A f the

Chanel I o e R e R R R R OMSE, s, 27
10. The reeptnse edtimdtai m 9, wherein the third channel estimate is derived

by frequency interpolation of the channel gain estimates for the first
and second

7. The method of claim 1, wherein the deriving a second channel estimate
includes

obtaining a frequency response estimate for the wireless channel based
on the detected first data stream,

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

deriving the second channel estimate based on the time-domain impulse

response estimate.

8. The method of claim 1, wherein the first and second channel estimates
are time-domain impulse response estimates, and wherein the third channel
estimate is a frequency response estimate derived by combining and
transforming the time-domain impulse response estimates for the first and

second channel estimates.

9. The method of claim 1, wherein the first channel estimate comprises
channel gain estimates for a first group 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.



groups of subbands. 11. The method of claim9, wherein the first group of
subbands is used for pilot transm ssion and the second group of subbands
is used for data transm ssion. 12. The method of claim 1, wherein the
detection for the first data streamis perfornmed on received data
synbol s and provi des detected synbols,for the first data stream 13. The
met hod of claim 12, further conprising: decoding the detected synbols for
the first data streamto obtain decoded data for the first data stream
and re-encodi ng the decoded data to obtain renodul ated synbols for the

first data stream and wherein the second channel estimate is derived
based onl1@he Tlﬂeémﬁnhma@fe@la@y&bwhgreahmetthéd ceaenel@stimateissyerivedy 14. The

et hod Ohe Gl tRund AT nEBRLS! O IRRBENGLIE St el edboaymbol s for

the firs YIPPLR Ion ased narm atron schene
used f or gtdupsfof sabbataisa stream and V\/ner ein the second channel estimte

is derived based on the nodul ati on synbols and the recei ved data synbol s.
15. The method of claim1l, wherein the deriving a third channel estinate

i ncl udes 13cal TREmdiRod bf hint BaRREleit e ﬁ@f@'o\%totﬁ blf)érfq%tls%%li'f&g factor,

scaling the second channel estimate wth a secon scaling factor, and
conbi ni npiletHeansovssieh and the séramaedroes of sublanasds ubed fwaladal second

channel mFSti mate to obtain the third channel estimate. 28 16. The net hod
of clai mIB°MRRE ein the first and second scali ng factors are selected
based on reli abi lity of the first channel estimate relative to
reliability o the second channel estimate, 17. The nmethod of claiml1,

further &%npr?%‘? methed pt@ainnd. wWherein the detegtiandior thestinshdata steeadm sher ei n
h hi
the thi rg S5ARRELN E%éé e@ath%xﬁﬁfo 5"@1 piot SQ%’S(% ﬁd SUbBIeEr IHceI Fr§f

channel estinate. er-conprisin
filterindatarstremetond channel

13.  The method of claim 12, further comprising:

decoding the detected symbols for the first data stream to obtain decoded
data for the first data stream; and-

re-encoding the decoded data to obtain remodulated symbols for the first
data stream, and wherein the second channel estimate is derived based on the

remodulated symbols and the received data symbols.

14.  The method of claim 12, further comprising: mapping the detected
symbols for the first data stream to modulation symbols based on a modulation
scheme used for the first data stream, and wherein the second channel estimate

is derived based on the modulation symbols and the received data symbols.

15.  The method of claim 1, wherein the deriving a third channel estimate
includes
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.



estimate, and wherein the third channel estimate is derived based on the
filtered second channel estimate. 19. The nethod of claim11, further
conprising: filtering the third channel estinmate, and wherein the
detection for the second data streamis performed wusing the filtered
third channel estimate. 20. The neth of claim1, further conprising:
filtering the first, second, or third channel estimate in tinme domain or
frequency domain. 21. The nethod of claim 20, wherein the filtering is
performed with an infinite inpulse response (IIR filter. 22. The nethod
of claim 20, wherein the filtering is perfornmed with a finite inpulse
response1§.Fl R}'hé 'rrielth&rd chSainTmé wﬁeﬂebdthefﬁrstlaiimsék:,on\zi/ruelaemg\fadtrm\dre el ess
conmuni cat,i on [ hogonal frequency .division. muliiplexing
(OFDV) . selectel azg wade@@b't st | gstithate relative da reliabdty et mbol s
are obt atHéescgcoha Cﬁgﬁﬁe@gwawnbol period and for a set of subbands used

for pilot transm ssion, 25. The nethod of claim 23, wherein the

recei ved p| I ot synbols are obtained for OFDM synbol periods used for
pilot tr S|on h i.rst_chann rived for
Bach OF RO Galy " rfirhe! omPiRaRTHesBE the T shinil e -t he

second CB@tﬂﬁ@fe Qﬁd wiekéin itise €Hivdi sHRMNEPEstiRgatd iSFEM cayR@ld oPfiel finératsed for
data transm ssion. 26. The nethod of claim 1, wherein the wirel ess

conmuni chiist shaedesbate.a  nul tipl e-i nput nul ti pl e-out put (M MO
comuni cation system and wherein the first and second data streans are
transmtted sinultaneously froma plurality of antennas. 27. An
appar at usd.opefhdhethad okcawer, furthet cemdrisirg diitridgttae seceahshartnednsmi t t ed

si mul t anegusly vi wi.rel ess cha iin a wreless comrmun n
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derive aséédrﬂtctgﬁﬁgn@gtm@a%l mate for the wreless channel based on
recei ved synbols, derive a second channel estinate

19.  The method of claim 1, further comprising: filtering the third channel
estimate, and wherein the detection for the second data stream is performed

using the filtered third channel estimate.

20.  The method of claim 1, further comprising: filtering the first, second, or

third channel estimate in time domain or frequency domain.

21.  The method of claim 20, wherein the filtering is performed with an infinite

impulse response (lIR) filter.

22.  The method of claim 20, wherein the filtering is performed with a finite

impulse response (FIR) filter.

23.  The method of claim 1, wherein the wireless communication system

utilizes orthogonal frequency division multiplexing (OFDM).

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



based on detected synbols for the first data stream and derive a third
channel estinmate based on the first and second channel estimtes; and a
detector operative to performdetection for the first data stream using
the first channel estinmate, provide the detected synbols for the first
data stream performdetection for the second data streamusing the
third channel estimate, and provide getected synmbols for the second data
stream wherein the second data streamis an enhancenent stream of the
first data stream 28. The apparatus of claim 27, wherein the detector is
further gpREMissip t0 estimate interference due to the first data stream
using the third channel estimate and to perform detection for the second
data streamwith the estimated interference fromthe first data stream
cancel ed,-.30 appar f cl |n127 further i sing:. a

oce ve Gara piomals) BPE3ER 2 vBewl felshdven HobSi il fhafeet or ¢ he
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to re-encode the decoded data to obtain renodul at ed ﬁnbols for the
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recei ved ata a ara us operable to recover tirst and
second daéaodstxse:hfm data Halssmtssm si mul taneousl y via a wireless channel in
a wWreless comunication system conprising, in conbination: means for
deriving a first channel estimate for the w rel ess channel based on

rece VedZQYﬁﬁ@hfetth?@F@athﬁ \Qﬁérfeﬂ{ {ReWirdle8 £ESMRTY fdé”uoh i§sfet Bla data

stream usl n the first ch anne esti mate nmeans Tn derivi ng a second
channel enttiplednpub asdipleutms (Mdivl@dtcemnnum@tnonomsem,tarﬁhwhereyaﬂw for
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usi ng t hantdnhagl channel estinate, vvher ein the second data streamis an
enhancenent stream of

27.  An apparatus operable to recover first and second data streams

transmitted simultaneously via a wireless channel in a wireless communication

system, comprising, in combination:

a channel estimator operative to derive a first channel estimate for the
wireless channel based on received symbols, derive a second channel estimate
based on detected symbols for the first data stream, and derive a third channel
estimate based on the first and second channel estimates; and

a detector operative to perform detection for the first data stream using the
first channel estimate, provide the detected symbols for the first data stream,
perform detection for the second data stream using the third channel estimate,
and provide detected symbols for the second data stream, wherein the second

data stream is an enhancement stream of the first data stream.

28.  The apparatus of claim 27, wherein the detector is further operative to
estimate interference due to the first data stream using the third channel estimate
and to perform detection for the second data stream with the estimated

interference from the first data stream canceled.



the first data stream 31. The apparatus of claim 30, further conprising:
nmeans for estimating interference due to the first data stream using the
third channel estimate, and wherein the detection for the second data
streamis perforned with the estimated interference fromthe first data
stream cancel ed. 32. The apparatus of_claim 30, further conprising: mnmeans
for decoding detected synbols for the’first data streamto obtain

decoded data for the first data stream and nmeans for re-encoding the

decoded ¢gat j 31 ' t
and wier S0« e 880l M) 24, Jfinieiath sk 4 BhehB ety PRloefRY” o' e
r enodul abperativertndscaiedhe eletected sgabalsSynthel fest Bita stheart oarbtaih r ecoveri ng

a base stream a n enhancement stream of the ase streamtransmtted
21 mul ¢ anERRIeR GAa ol (P B Soth Sheamendth 1e-cpds B de URIRE 1 on
system ge{E tephdtiilated s9ﬁ‘%!%?'ﬂf€‘ﬁr_sg§étb‘é!tr@§nﬁ afn'drﬁﬁeréf?\at'ﬂﬂ@haﬁﬁél' mate for

the wirel ess channel based on received pilot symbols; performng
det ect i oastiroator fseopeagivestor dativetbe sgeontbcianrnel estiraaieddasestamiiee to obtain

detect ed ls for the base stre decodi ng the detected synbols for
t he basereﬁ(&%@?ﬁefjﬁgmoéﬁ ﬂncgéeccgg}g&l g%%ﬁémﬁ8g'the base stream re-encoding
t he decoded data for the base streamto obtain renodul ated synbols for

t he base stream deriving a second channel estimate based on the
renodul aBed sHhiseParatuyepergplegtogeenyer dirgtmdriacoad datmsiéednsed on t he

first an - ﬁé}ﬁ% :] e ' ' I fer gdis, to the
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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:;
means for deriving a third channel estimate based on the first and second
channel estimates; and
means for performing detection for the second data stream using the third
channel estimate, wherein the second data stream is an enhancement stream of

the first data stream.

31.  The apparatus of claim 30, further comprising: means for estimating
interference due to the first data stream using the third channel estimate, and
wherein the detection for the second data stream is performed with the estimated

interference from the first data stream canceled.

32.  The apparatus of claim 30, further comprising:
means for decoding detected symbols for the first data stream to obtain
decoded data for the first data stream, and

means for re-encoding the decoded data to obtain remodulated symbols



decodi ng the detected synbols for the enhancenent streamto obtain
decoded data for the enhancenent stream 34. The nethod of claim 33,
wherein the deriving a first channel estimate includes obtaining a
frequency response estimate for the wirel ess channel based on the
received pilot synbols, deriving an inpul se response estimate for the

W rel ess channel based on the frequeﬁ&y response estimte, and deriving
the first channel estinmate based on the inpul se response estimte. 32
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si mul t anbases] yn tHearemodulated egmbolzaaniteteceived daita eyrdbsiscomuni cati on system
t he conputer readable nedium conprising, in conbination: code for
causing a conputer to derive a first channel estimate for the wreless

channel Bgsedy th?&%ir ¥ véMﬂ@Q'b%;se%%gn'f &d ﬁ@‘éﬁh&ﬁc@mﬁﬂ"@%&a‘?ﬁ of fhePer form

detection for the first data Stream using t I rst channel esti nate;
code f or basustream dranemittecesinuitadeoushevia swireleds chanmalin astirefesse based on

t he detected fig{??.t datta streanh. code foB c{aus_i ng a conputer to derive a
third chSAREIUNEA PRYRICHLSET RIS HECETPEE " YNannel estimate and the

second channede@fid HEvS: chaffelCaditndtforaRe Wirdlesd hARREI ®dseddorper f orm
detection for the second data streamusing the third channel estimate,

wher ei n faseiveddquletisyabelsst reamis an enhancenent of the first data

Stream 36 Apra6esALCERB) IGUNEDALO FASRUI ] A UELIAS) Larnggcover | ng

a first data "Strea ream<ransim sinul taneously

via a W tedistam datbetadalynibolsfomticebasssstegamyuni cati on system wherein the
processor executing  the instructions is operable to: derive first

S
channel est i nde@ding therdetogted sygbolsfonthe b teash 1o gblain decodsgnnol s:

perform QQ@?HMJQS*%H rst data streamusing the first channel
esti mat e; erive a second channel estinmate based on the detected first

dat a 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;

performing detection for the enhancement stream, with the estimated
interference from the base stream canceled and using the third channel estimate,
to obtain detected symbols for the enhancement stream; and

decoding the detected symbols for the enhancement stream to obtain

decoded data for the enhancement stream.

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.



derive a third channel estinmate based on the first channel estimte and
the second channel estinmate; and perform detection for the second data
streamusing the third channel estinate, wherein the second data stream
i s an enhancenent streamof the first data stream
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35. A computer-readable medium storing instructions thereon for recovering a
first data stream and a second data stream transmitted simultaneously via a
wireless channel in a wireless communication system the computer readable
medium comprising, in combination:

code for causing a computer to derive a first channel estimate for the
wireless channel based on received symbols;

code for causing a computer to perform detection for the first data stream
using the first channel estimate;

code for causing a computer to derive a second channel estimate based
on the detected first data stream;

code for causing a computer to derive a third channel estimate based on
the first channel estimate and the second channel estimate; and

code for causing a computer to perform detection for the second data
stream using the third channel estimate, wherein the second data stream is an

enhancement of the first data stream.

36. A processor configured to execute instructions for recovering a first data
stream and a second data stream transmitted simultaneously via a wireless
channel in a wireless communication system, wherein the processor executing
the instructions is operable to:

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

perform detection for the first data stream using the first channel estimate;

derive a second channel estimate based on the detected first data stream;

derive a third channel estimate based on the first channel estimate and
the second channel estimate; and

perform detection for the second data stream using the third channel
estimate, wherein the second data stream is an enhancement stream of the first

data stream.



