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symbols with the data symbols, processes the multiplexed data and pilot symbols to

generate a radio frequency (RF) signal, and transmits the RF signal via a
communication channel. The channel distorts the RF signal with a channel response
and further degrades the RF signal with noise and interference.

[0004] A receiver receives the transmitted RF signal and processes the received RF
signal to obtain samples. For coherent data detection, the ‘receiver estimates the
response of the communication channel based on the received pilot and derives a
channel estimate. The receiver then performs data detection (e.g., equalization) on the
samples with the channel estimate to obtain data symbol estimates, which are estimates
of the data symbols sent by the transmitter. The receiver then processes (e.g.,
demodulates, deinterleaves, and decodes) the data symbol estimates to obtain decoded
data.
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f ur t hgecoi@haitd yet another embodiment, an apparatus is described which includes
means for deriving a first CIRE having multiple channel taps, means for selecting a
threshold parameter value based on at least one criterion, and means for deriving a
second CIRE by zeroing out selected ones of the multiple channel taps based on the
threshold parameter value.

Various aspects and embodiments of the invention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a block diagram of a transmitter and a receiver.

FIG. 2 shows an exemplary multi-tier frame structure.
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frequency domain on orthogonal frequency subbands using OFDM. An SC-FDMA
system transmits modulation symbols in the time domain on orthogonal frequency
subbands. For clarity, the techniques are described below for a system with multiple
frequency subbands, which may be an OFDM, OFDMA, or SC-FDMA system.

FIG. 1 shows a block diagram of a transmitter 110 and a receiver 150 in a
wireless communication system 100. For simplicity, transmitter 110 and receiver 150
are each equipped with a single antenna. For the downlink (or forward link), transmitter
110 may be part of a base station, and receiver 150 may be part of a terminal. For the
uplink (or reverse link), transmitter 110 may be part of a terminal, and receiver 150 may
be part of a base station. A base station is typically a fixed station and may also be
called a base transceiver system (BTS), an access point, a Node B, or some other

terminology. A terminal may be fixed or mobile and may be a wireless device, a
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Controllers/processors 140 and 190 direct the operation of various processing

units at transmitter 110 and receiver 150, respectively. Memories 142 and 192 store

program codes and data for transmitter 110 and receiver 150, respectively.
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power of two (e.g., 128, 256, 512, 1024, and so on) in order to simplify the
transformation between time and frequency. The spacing between adjacent subbands is
BW/K MHz. In a spectrally shaped system, G subbands are not used for transmission
and serve as guard subbands to allow the system to meet spectral mask requirements,

where typically G >1. The G guard subbands are often distributed such that G, =G/2
guard subbands are at the lower band edge and G =G/2 guard subbands are at the

upper band edge. The remaining U=K -G subbands may be used for transmission

and are called usable subbands.
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MXxK matrix. Time-domain vectors are generally denoted with lower case texts, e.g.,
hy, and frequency-domain vectors are generally denoted with upper case texts, e.g.,
H,.

The wireless channel between transmitter 110 and receiver 150 may be
characterized by either a time-domain channel impulse response hy or a corresponding
frequency-domain channel frequency response H. The relationships between the

channel impulse response and the channel frequency response may be expressed in

matrix form as follows:
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rel at p@R#dhAG ) BRli¥RENtah eheClRARE frécgEHJ:}S CespBERORIBe 4 Fourier
the channel frequency response HH%T e expressed in

tmsform pD ﬂrspl@ée ottiesisansforpk GEL/RE T tie) chanel\japdse response.
%}L}aiﬁog éﬁ( Indiafe Otflat chgh%ekgﬁﬁﬂl $&‘E8 e e‘%yé@%ﬁ'grl;cor inverse

ann

DET{IFSHIDETY df&ha\thahhelsfﬁe(ﬁlbﬂd’y’le‘spon%X’ﬂle slemet®iK row r and column
Fourier matrix, RXK = KXK s a KxK inverse Fourier

eraf thie Fougpmatrix Wanotreay be 2iwe1] #gat e transpose. [ 0030]
Equation (1) indicates that the channel frequency

response is the fast Fourier transformor discrete

Four i er trafﬁ’sfqgrm (FFT/ DF}I'()r pf th% %H@r}rlei i Epul se Eq (3)

r esponse;

The “~1” in the exponent in equation (3) is due to indices r and ¢ starting with 1 instead

of 0.

Transmitter 110 transmits data and pilot symbols on the usable subbands to
receiver 150. The data and pilot symbols may be assumed to have an average energy of

E,, or E{|X(k)|*}=E,, where X(k) is a symbol transmitted on subband k and E{ }

denotes an expectation operation. For simplicity, the following description assumes that

each symbol is transmitted at unit power so that E, =1.

The received symbols obtained by receiver 150 in OFDM symbol period n may

be expressed as:

Yi(m)=Hg(n)oXc(m)+1 (n) , Eq (4)

where X (n) is a K X1 vector containing the transmitted symbols for the K subbands,
Y () isa K1 vector containing the received symbols for the K subbands,

N, (n) is a Kx1 vector of noise for the K subbands, and



Equation (2) indicates that the channel inpul se
response is the inverse FFT or inverse DFT (TFFT/ I DFT)

w@booblogs78hannel frequency response. The el emenPCT/NSI008005185

[0033]

[0034]

[0035]

[0036]

r and colum c of the Fourier_matrix WKxK may be given

as: . - iH-i) w C=ek, Yorr =l , ..., Kand c =

I, ..., . K. Eq %3) The "-1" in the exponent in

equat i°0rfiengies A elEent-yisemPEL + and ¢ starting with 1
instead of O. [0031] Transmtter 110 transmts data and

pi | otEashrenoy of ok frhemay &8 aedasy pysabrldor  datacsibband, agulot symbol

G SeRBray oA 7o) SRy RS YRR e Boflpancy
Fot SnpiERolnd pRSHnHoRImad beURBAR to BAR FtompRRNAKRSOf 1+ jO

an expect’ation opeéeration.” For sinplicity, the

R R TV RN L PR aBp a5 (hfeRef DSyl e simply noisy
el v t.aigped by receiver 150 in OFDM

Vie%‘ﬁr@%ﬁ‘ﬁg%?%ﬁﬁs%% lgeﬁlég(hp))fessed as: Yk () = Hk (")X

k (., I ofily I pHot(sibbands@re( ¥hed bresiRst Mandriksibs, & sk¥wn in FIG. 3, then
vector containing the transmtted synbols for the K

theiidzaivgs maykformani M>¢l Kedtory ¥gi(n) ceeainig? meceived pilot symbols for
recei ved _synbols for the K subbands, h (n) is a Kx|

the £t wed pilohgibbandsgndt et Kustd AHa80Ls dpithe gerogdeyt RidotgHbbands.
el enment -wi se product. [0033] Each entry of Xk (n) may

Yecter ¥ar®) Sanbsiexpsesed aat a subband, a pilot synbol

for a pilot subband, or a zero synbol for an unused

subband (e. asguard subband). For sinplicity, the

pi |l ot symnbo sta be assuned to have a conpl ex val ue

of 1+Yj, (8)an¥ a)nggni tude of W6 = 1. In this case, the Eq(5)
recei ved pilot synmbols are sinply noisy versions of

t he channel g(vsﬂun in Hk (n) . [0034] If only P pilot
subbands are used for pilot transm ssion, as shown in

FIG 3, th the receiver, nay forman Ml vector Y
‘t‘féfﬁf?agnj ﬁ‘ﬁfgzw é’@e‘feg@as?)ﬁuo?eréﬁrﬁ%%l s for the P usedlv( )

il ot _subbands and ZL + Zu zerg s ol]s. for the .

et oeds 185 Pl esion %%?l"?fieﬁ%trﬁ%’%?{@)foﬁ&? PL%SCd pilot subbands.

expressed as: where 0 7 and O 7 are vectors of all
zer osVamo techniques may be used to estimate the channel impulse response based

on the received pilot symbols. These techniques include a least-squares (LS) technique,
a minimum mean square error (MMSE) technique, a robust MMSE technique, and a

zero-forcing (ZF) technique.
A least-squares channel impulse response estimate (CIRE) l_1if4 (n) may be

derived as:
by (n) =Wy Y@ ,
= Wigar  [Wapar B ) +1,, (0] Eq (6)
=Dy (1) + Wigar ' 1, ()

where h,,;(n) is an M x1 channel impulse response vector with M channel taps, and

N, (n) is an M1 vector of noise for the M pilot subbands.



Yp(n) is a Pxl vector of received pilot synbols for
the P used pil ot subbands. [0035] Various techniques

worayelogs78ced t o estimate the channel inpul se rECpPURRE6/005185

[0037]

[0038]

[0039]

[0040]

[0041]

based on the received pil ot S)énb0| s. These techniques
i nclude a | east-squares (LS) technique, a m nimum nmean

yare I Of ). techni que obust E . .
BORicR Lot e R NaliEs (IR SpiThe P ifacd pysismply eking an
MeBSit SORBISST civBP BlISEs ynfSPORS §, Q7Y | olfetdt CIRE is
h ? ) may be dg??}\%g&as: EI\/( n W-Y M‘ﬁ”)%,s U%EZ%MXMCR@
bddahjo theheaM-sguares ARE( 6) , where hMn) is an Ml
channel i npul se response vector with M channel taps,
and hAngYIMSE iR, Veotony bg derbiedesf or the M pil ot
subbands. Equation (6) indicates that the | east-squares
CI RE may be obt ai n_eld by sinply taﬂ(i ng an 1M poi nt
| FET/ = Yhe WoageilWadup ot Waypohs1TnYyNeit) . A Eq(7)
zero-forcing CIRE is equal to the |east-squares Cl RE
[0037] An MVBE CIRE h (ft) may be derived as: K m (n)
wible &y = EW MAY: h i) }-is an M« Milchhnndl cv{iZdnke makx, (R
where 1111 = E{h Mn) h HMft) } is an MM channel
covar ifane€E{pt ¢d)xy’, &d ik b MEM] Mdise dovatidise ilixi S an
MKM noi se covariance matri x. [0038] A robust MVS E
CIRE h nmse (ft) may be derived as: h Mne (") = - WKXM
- XM ﬁ@hQStmE(@ﬁzﬁﬁuat {(ronmagbe deriypdess: t hat t he taps
in the channel inpulse response are uncorrel ated and
have equal povef, so t hat

h" (n) = o Wit - Yo (n) . Eq (8)

Equation (8) assumes that the taps in the channel impulse response are uncorrelated and

have equal power, so that ¥, =1,,.. Equation (8) further assumes that the noise
nM(n) 1s additive white Gaussian noise (AWGN) with a zero mean vector and a
covariance matrix of A= =N, Iy, where Ny is the variance of the noise and Iy, is a
K XK identity matrix.

The receiver may derive an initial CIRE h',;(n) for each OFDM symbol period
n with pilot transmission based on received pilot symbols from the OFDM symbol sent
in that symbol period. The receiver may derive h’,, () using the least-squares, MMSE,
robust MMSE, or some other technique. Hence, h',,(n) may be equal to l_1§f4 (n),
hy™ (n) or hy™*(n).

The receiver may filter the initial CIREs h’,,(n) for different OFDM symbol
periods to obtain filtered CIREs EM (n) having improved quality. The filtering may be

performed in various manners.
In an embodiment, the filtering for an “interior” OFDM symbol n that is
bordered by OFDM symbol n—1 on the left side and OFDM symbol #n+1 on the right

side may be performed as follows:



1111 = | MM . Equation (8) further assunmes that the
noise h (ft) is additive white Gaussi an noi se (ANGN)

WORGh/08678€r 0 mean vector and a covari ance nat r PET/O82006105185

[0042]

[0043]

[0044]

[0045]

= NO I KxK , where JVO is thejyariance of the noise

and I 11is a KxK identity rratrlx [ 0039] The receiver

may derive 3chl nitial ,ClRE hll\/(ft) for each OFDM
synbolh, ge) £cth’) (-1 phl o) &g $3) on based on Eq (9)
recei ved pi l4ot synmbol s from thhe OFDM synbol sent in

that synbol period. The receiver may derive h Mft)

OB e P AR I ) o) et QE g e period is
g?tﬁnyp dseflonfth ngt%{l éléEL ;H?% r}bfbug % le¥€ln @%:XE'L)I\(ADFDM symbol

e Initia or dif erén
pridaizl perlods to obtain filtered CIREs h Mft) having

s e b 0 [ SR DRBRT ool m i
bbldeRAl bgrgonfl@OP@M s&ﬂﬂB@lrh @‘1 "on%%Ws‘ri]@e&:ne? bt Bé’rtfoﬂn%:d as follows:

bor der DM synbol ft - on t t side and
OFDM syrrbol n+l on the right side nay be perforned as

fol | ows: EM 1B), = 1., (0 + D Eg (9) In equation

(9), fﬁé’lyr%%wé’z“(@%@?ﬁmﬁ)' for the current OFDM Eq (10)
synbol period is determ ned based on the initial ClREs

for the previous, current, _and next OFDM synbol

feequd®n ([10D4th]s filtereth CERB ohlj, trenfor thh ecufieht @HDM fyorbod period is
"left edge" OFDM synmbol n that is bordered only

rterpnia @ﬂedpnih%ﬁnttqt ETREgfar ths erareppgnd @%Ql%hh’lrﬁéralba}spenods

Iglel ?}ﬂ?t e%ba&l]ﬁghh% ;illt%rlng eQL? g%{ig Wwo’l n that is

perderzd bysontie OFDN sedbbiased amrthe kedt dids mapbe ﬁbﬂESna‘dcas follows:
the current and next OFDM synbol periods. [0043] In an
enbodi nment , the fi Iieri ng for a "right edge" OFDM

synboli h Ki Aergd 1py only OFDM synbol n - 1 on gq(11
theler(ngldie rrgn)bf)é pe(rfo?rred as follows: EMfh. M ) ab
+ LM n-1) Eq(II) In equation (11), the filtered C RE

hMn) for the current OFDMLsynbol eriodis Lo
In equation (11), the filtered CIRE h Y ) for t e current OFDM symbol period is

determined based on the initial CIREs for the previous and current OFDM symbol
periods.

In general, the time filtering of the initial CIREs may be performed across any
number of past and/or future OFDM symbols. Furthermore, the time filtering may be
performed with a finite impulse response (FIR) filter, e.g., as shown in equations (9)
through (11), an infinite impulse response (IIR) filter, or some other types of filter. The
filtering may also be adaptive, e.g., adjusted based on the velocity of the receiver, the

rate of changes in the channel conditions, the operating SNR, and so on.

The receiver may perform thresholding on the filtered CIRE h,,(n) to obtain a
final CIRE ﬁM (n). The filtered CIRE EM (n) contains M channel taps n ,(n) through

h v (). Each channel tap h (n), for m=1,...,M, has a complex gain determined by

the wireless channel. The thresholding retains channel taps with sufficient energy and

discards weak channel taps.



determ ned based on the initial CIREs for the previous
and current OFDM synbol periods. [0044] In general,

wo b@otosdres filtering of the initial CRES may bBCT/US2006/005185

[0046]

[0047]

[0048]

[0049]

performed across any nunber of, past and/or future OFDM
synbol s. Furthernore, the ti filtering may be

gegr}f ofnggqu S%MB%(E q}?f g{ﬁ]l 5 .' lijsl( %g%rf{nﬁf PU>G %)?I ellz\r?cg tltl a threshold
jgeﬂﬁﬂn@ﬂe? 8nd ARMESRIL.ETD Ql@ﬁ% {Hel tReshdibit 1%6 av&iags eRAneL &gy for the
ypes of filter. The filtering may al so be adaptive,

M@annadamhmmmmmtumﬁollbws of the receiver,

the rate of changes in the channel conditions, the

operating SNg and so on. [0045] The receiver may

per for r edh n the filtered CIRE hMn) to

obt ai M*a rBl e rFQE%fi}ﬁ The filtered CIRE hMrc) Eq (12)
contai ns M channel t aps hx{n) through h u (n) . Each

channel tap hmn) , for m=1, ..., M, has a conpl ex

g8kl @eb?r i Resh-Byehte] wiprial Bse) channel . The
|

thresh6l'ding retains channel taps with sufficient

ener gy ang) dithe aredkizewnaknet Bastpe fort GEISM S04 péiod.
aspect, 't he thresholdlng is perforned in accor dance

wi th thre r, ,an To de

the. t A ELRBPAERG T Bragudahasiish Banar gy feah SeRe chjmel cnerey
mgq{reir@mﬁpmewf%f@md@e conput ed as fol lows: 1 M

E aVvs ( ) \hm(n) \2 , Eq (12) where hn(n) is the

mth channel tap in hMn) , and Eavg (n) is the

aver ade(m Fahnfel, her gy for OEDM synbol period n. Eq (13)
[0047] In an enbodi ment, the threshold i s defined

based on the average channel ener and the threshold
phergrfbisdhe thaeshplsl passpgetermindhy, (2Pigt \ﬁlgreghgld forEaFl?Mbaymbol period

where P is the threshold paramster and is th

EhrideHregheld ragsepisab dlsoper Fadlgd i ﬂﬁrfrﬁéo q@éﬁai ¢ scaling factor,
)|
Scaﬁaor% 68% ?falg@hé ﬁérifﬁ dt r B i f %@ E u(n) is

or, SO on. ol o iy
il Vs Y 4 Pt =HY ot

thr esfho s@gir Q ttﬁ'ésho[l@ 014?1]1) | Ray9 B0 &S Finctibh eot{ Qﬁ}ﬁﬁﬂﬁtﬁlws The

Th(n) unction df ‘any ‘quantiti es.

Ehli‘ésﬁﬁm%lgy BRY fheetidnfof it Av@PagRfchhiR] eN&ERaRd qfé&ﬁfb@hold parameter,
energy and the threshol d paraneter,
e.g., as shown in equation (13). Alternatively or add1t10nally, the threshold may be a

function of the noise energy, the energy of some number of weak channel taps, the
strongest channel tap energy, and so on.

The receiver may perform thresholding of the filtered CIRE, as follows:

. B, (n) i B, ()|* 2T, (n)
h,(n)= for m=1,... M, Eq (14)
0 otherwise ,

where /_(n) is the m-th channel tap in f,,(z). In the embodiment shown in equation

m

(14), the thresholding is performed individually for each of the M channel taps in

(n) is computed and compared

m

EM (n). The energy of each filtered channel] tap i

against the threshold T, (n). The final channel tap i (n) is set to the filtered channel

m



e.g., as shown in equation (13). Alternatively or
additionally, the threshold nay be a function of the

wWmeises@ser gy, the energy of sone nunber of weBKT/US2006/005185

[0050]

[0051]

[0052]

[0053]

[0054]

channel taps, the strongest channel tap energy, and so

on. [0049] The receiver may p formthreshol di ng of

the filtered CIRE, as follows: % Eq
’(am4)1,,,menfeth¢nflw)fgy @qetﬁeomcwedﬁahmé reﬁfmédlﬁ(m)( r@}ld is| 5§t to zero
t he enbodi nent shown in equation (14), the

PRe¥Fol ding is perforned individually for each of the

M chappg! 4t hiMeBold; e 3] 'uh f1ed
channﬁe“]n@tzjl1 ﬁﬁﬁrr( élt)ES i's coonpllrjl%g% gir?}ldégégnn@fﬂf g&glélal nst th eresporlse
¢stineshd0@  The engrgies Wiehd M dilterckdarinehel ttags dreshywi dyseytical lines
to the filtered chann | ta

if th
With hifferspishei ghis @maeslﬂ e ﬁl(rﬁ)lgkgM Tgé élgrﬁsefiogf{ %a & shown by 2

el T yCRabn B i et oRE i P ec gl and weak

J0RNENSHOWRR efbraldd®eldwf iihd £1®areCRARARIuL! ART2ADE s6410MBm FIG. 4,
by vertical lines with different heq_%?ts at tap

ramng;é@ threslnld agd line 41& €bx incesgpio dh o dspagmmr)wasaresult in
%% chanﬂgl t?lso belglg %nIQ) oh?p%lc ﬁ'{rérlsjelﬁ n]?g%gggnﬂ?eg%\f%hlﬂd’]&d line 410

are Fetal ne meak anne ener

(81 dpordasing | tlfbﬁltﬁre’sh@d @@fa@%@ thay résaltdamdee clSz&mll tf‘:lp@lmmg retained.
FIG 4, raisi ng the threshold and |ine 410
@E

i ncr eBLG-n 2t dhs HescsiRtiPR aBayea st 1oF )Onﬁéi)feﬁ@ﬁllnﬁ qmpbqgiment. The

S I [
FRSADRhn 807 410 PR 2 tor SAMERS B R Wil s

trlay dshahkbdpfromnsttoaggst nawerksstl Chammeaivaps mh)aﬁrml bet zgweed out, one

S50 544 BP0 e SLobAR S5 250D B Berenags o e
{M1e88RN AL BEcATaYd, abse PJefeRREE oF ABMbérbrUhhfie] MRS LS oed out, and
For exanpl e, the channel taps may be ranked from

81 P n@lefspermtman@slpe deGprarined by thgshreshold p@rﬁrrb@r ;Fe r oed
out, one channel tap at a time starting with t

weak e$he drasheiding arﬁly Qﬁqpt’frforgxstﬁrémp@pé@ﬁprgd dapss hhﬁ@ in the filtered

é?éﬁfa;,d% g B S o ST SS DY A FerRlea SRS hannel taps
"(;Q)GHI@IQ%B{{E[ OOSQ]Q%%{@I]E%H?W the threshol d

dranet er he threshol di ng may be perfornmed

o PRIl SR L O By 7BE Pl orp R8s such as data

Q@céétﬁfn”}’c% l%hh@@d £RBNNER) E@ﬁguﬂﬁum )antl Ro o€ FoPkkdriple, the receiver
CIRE, Wi thout filtering. [00 Terecelver may ‘use

tiag detiv@h flﬁth&laherﬁeqﬁaﬁcy\/laﬁpcm@@ eini PO F8S(n3 Hohala K wed aubbands

based on the final CIRE ﬁM (n) with M channel taps. The receiver may then perform

equalization or matched filtering on the received data symbols in Yy (n) with the final
channel frequency response estimate ﬂK (n) to obtain data symbol estimates XK (n).

The receiver may also use ﬂK (n) to compute LLRs for the bits of the data symbol

estimates.

Computer simulations were performed for the exemplary OFDM system shown
in FIGS. 2 and 3 with K=1024, G=136, U=888, M =128, P=111, and C=108.
Six different operating scenarios corresponding to two channel models and three

combinations of code rate and modulation scheme were simulated. For each simulated



det ecti on, and

so on. For exanpl e,

| og-likelihood ratio (LLR) conputation,
the receiver may derive a final

wa@ b@aed7sd r equency response estimate Hk (ri) fpeT/ab1006005185

[0055]

[0056]

[0057]

[0058]

total subbands based on the final CTRE u (n) with M
channel taps. The receiver may then perform
|zat|on or t ched fllterl n ecel
BBt Bonilo befBFRES il SRR the it EEH R SRY Barameter

VEISPO MBie £6liBhEindicaterthatithe GREAON ShiBetsy Hi%Qi large 1mpact on both
estimates X ( The receiver may also use Hk (n) t

n) .
dsnpialisy 1of pbe rehpnnehesimete and prdodeangesyhyde 1 gives the threshold

? e\ﬁalue[s

e exe
miimdiatbfd1024 ,
C = 108 .

conbi nat 1 MRS Bt PRt

U888 M= 128 ,

ls a
Jtt

Ot?lgtd' ro%ﬁ%%es? rﬁ&#ﬁ%én%lgsfoﬁqg B{; g@ﬂéﬂgg scenarios

G = 136 ,
'Six different operating scenarios

ésg @gﬂgﬂ@l%? e

P Il , and

sl_m,u—al_ed For each

paranl A fiefRetn T

Q+nnlnfndnpprnf|ng S

acbhesl Clagtef YehidicfA er
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ent t hpeiehehaB

e SMBHAIZEmphyli cat e tFEDB(DE) Kmph)

lIII eshotd pal anetet
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Ild.b ad Id.l gc ITI}Jdbl

el estifa®7and perf

I UUl II l IIC

or mancef ThBPe

L SyemDRaplesholld,

[aYa¥d I f\l’ rmnr\

SI n‘l@élﬁdﬂ R?ﬂatﬂié 1 -
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Thr eshB8I=d0.Par anet er

hat proyi.dg-s
ng—scenar

rigs

Val ues Pwt .10

Best Perfornance [0055] VEHA and PEDB are two channet
profile nodels that are well known in the art. A
chann®EHA efid PED'Bsara w6 ahasie] pakilaunddels ot age welhknsin in the art.

AT S5TBA Al FogREIoF et e FRBUEY HeDonsfrand is Jndicative

e6hea ehe GUrhlhiBatich &ﬁﬁﬁélQSél&s lﬂ& i QE@QH@%H%Y ' Aocﬂﬁﬁﬁgl -profile is
0056] The results in Table 1 are obtained with | arge

éeneadwt@ewpsﬁdz%@eamommrﬁo codi ng on data bl ocks sent

2l s §% BTl SER R Syl il 128 e B ARt o coding

dmahtaddlm &Ent\éh_;%s MRABFDM Bnbdls ﬁi f(ﬁllr YRkLr ASda®d bRcRimAY also be
t he second cluster st arts at , both clusters

ﬁ%ﬂ? € aRpgket: pAREIE, arthep phe For ﬁwgﬂmal clpﬁrpsé(% goggl, the first cluster
a?}lﬁ? ?r{) % B?tthé) Qeco[lg Qﬁ%ler 'E_ﬁ‘ft]g at (f %8&1' @Hstglfs h%99 rgr%ﬁﬁ%ﬁl\ﬁer and the

ation schene requi res certarn mni
transmi'dpulsdxs adolisme ductioar get bl ock error rate (BLER),
eg, the r for rate

S G BB et RO S SO SRR o cora
minimum SNR in order to achieve a target block error rate (BLER), e.g., 1% BLER. In
Table 1, the required SNR for rate 0.55 with QPSK is lower than the required SNR for
rate 0.41 with 16-QAM, which is lower than the required SNR for rate 0.55 with 16-
QAM. For a given modulation scheme, a higher code rate corresponds to a higher
required SNR. For a given code rate, a higher order modulation scheme corresponds to
a higher required SNR. Table 1 indicates that a higher threshold parameter value may
provide better performance at lower SNRs for a given channel profile.
Table 1 gives results for some exemplary operating scenarios. In general, an
operating scenario may be characterized by a channel profile, an operating SNR, a
coding and modulation scheme, some other parameters, any one of the parameters, or

any combination of the parameters. Various operating scenarios may be simulated to



rate 0.41 with 16-QAM which is |ower than the
required SNR for rate 0.55 with 16- QAM For a given

woe@alosd7son schene, a hi gher code rate corresppOmES1006/605185

{0059]

[0060]

[0061]

[0062]

[0063]

hi gher required SNR For a giyen code rate, a higher
order modul ation scheme corré ponds to a higher
requi red SNR.. Table 1 indﬁcatgs that a h

i gher
defsraunsdher thyahade PERTPLTT Uty D RFOYIdE tb%hatg%rpeffomar}ce for these
OF%%E % nﬁ:@gﬁic%t. | DL remNRSsul 9T iy Ib¥ CBbtamaA NGAthPUFfdré@- system
58] Table 1 gives results fof sone exenplary
papereidrs, mhascd penfilo models, apeferaadumpdioneper at i ng scenari o

may characterized b channel .profil e, jan . .
oper rﬁ}olé%ﬁ,’a?‘ée iooﬁ?en T gth%l Q%ﬁﬂlﬂl%tpﬁwe&rh%r%a}y B¢, (gtermined in
vaEibey mRARRSEUR Ghe @ORREND thitdheld phatRted aluedth&Mrovide good
conbi nati on of the paraneters. Various operatin

. . .ng

pedermaanicos forayatieuss | qparaiing d seenddee rmpyiebe hdetemrreth diyg computer
ar.anet er val Vi t he r

PROBEB bl bRl A58 it I gR Sl 181 QLIS bl

Oktaafeg dhovicufrest iy sepatie fopaiearet®es mayhbanasdertained, e.g.,

profile nodels, and/or assunptions. [0Q0S9] Th rope
B oS s RSShaPe 587 Tait e Bebor otrer

pq}iatn‘?é:c{]& Qgﬁidaﬁlevi%f HRUB PN E1S - thicBh A8 ?aﬁﬁﬁ%'vﬁﬁﬁtwmesponding to
threshol o paraneter val ues that provide good
the cimenmmpertihg scanarid ot setopeddtom ghes ookaip tebleray used for channel
determ ned by conputer sinulations, enpirica

Y% nents, and so on, and nay be stored in a

| 00k-THRnb@RBF EmbddifkRBkiEthreshtlE patinidt&rt vARePas béleted based on an
scenario for the receiver mal\in‘be ascert ai ned,

. e.g., .
espetet] operating YNBnddk opewting SNR mey be@siigatgd dpased on received pilot
nodul ati.on _sche and/.onr. ot h r i

PSR B R ChORR BT, £TEE BRI BASher vaue

B BesRamel NRigher SNR, andrd arper dpeshald pagametenealu®miag be used for a
retri eved fromthe | ook-up table and used for channel
lewes 3R on. [0060] I n another embodi ment, the

thr es[P yggarﬂﬁﬂé}%ﬁ{bgyﬁig{ﬁt,ﬁﬁ ﬁlréﬁlorﬁgéﬁ%%r base )(‘i/b ig gelé‘&ed based on

expec operatin e ope Ing SNR ma
ths triuimbice cbf batmadelotaps eaeihe e@IR¥E.] oThs ymibdles cinchiapnel taps may be

ecei ved data synbols, . | engral ,. a smal.l er t.hreshol d .
c[?aqnalmigw tﬁa%@%ﬁwj Phbas gechior gk GHRSPISg. g fRnger fn which
dhahEe bsdiiRphe g&f&%{eﬂrﬁﬁ R rededldiCa sEBISBEL hetbrsa

ower SNR. [0001] In yet another enbodinent, the )
t hr edhoktapdharestbedinertibe hreghokbpasemeigr balve & is deteppined based

T S LA R, AL B S e BT iy e
SstRhRNgg., waesd 60k TDNIGlot bANaFobsi d@her rhéhs Mahe eharel profile for
tﬁ@lrgcl?aiver may be ascertained based on the high-quality channel estimate, and a
threshold parameter value may be selected based on the channel profile.

In an embodiment, a new threshold parameter value is selected whenever a
higher quality channel estimate is desirable. For example, a new threshold parameter
value may be selected if a packet is decoded in error. The new threshold parameter

value may be obtained as follows:

P.=P,+AP , or Eq (15)

new

=F, —AP ,

new



channel estimation is perfornmed at the receiver, and
possi bly other factors. [0062] In yet another

weniwedsdrent , t he threshol d paraneter val ue P iBCT/US2006/005185

[0064]

[0065]

[0066]

determ ned based on a high-quyality channel estinmate.
The receiver may obtain the ﬁggh qual ity channe

esti mat e, ee.;(ﬁ. based on a TDM pil ot or via sonme other
wheamsP,, Tl éhecpigsnaentghisphiqld prigeter yalugcei ver may be
ascertai ned based on_the high- allty channe

est i matels thiervathreshaldparemesss 8Pdval ue may be

sel ect ed based, on nnel ile. I n an
Do Edns Sted sigBu b st e&%&éﬁif%@f«%ﬁﬁﬁ et

sel ect ed whenever a higher quality channel est te.i

desi rABEw, chaggel éﬁté‘ﬁﬁ"leég%b‘ﬁ %@ﬁ% o8 tb%\P%l‘?‘ré fg?hﬁd parameter

v%ﬂ.lebh%d'{@ R)ereﬁﬁle‘? @l{eg?ackét. ¢ ﬁ@?ﬁgﬁet 1§'stﬁ @é&g&&l inrbrﬁi'r r\xﬁfh the new

newt reshol d paraneter val ue may e obt ai ned
chahredestimirethePhetBBr thresholgparaibter vElneway-be SGFPUitdi anCLused to

r P 'where PMis.the o crr nt th hol d
e anobns et paittil VHEBSHE oD el TEPLS (g pgeket. In
daReraf aﬁlysﬁ@rﬁbér' 613 ché‘lﬁbp Qstﬁﬁé/te@%a%}ebe tRriVed vith dﬁ&l’f@lt threshold
ot her val ue. [0064] A new channel” estimte may

degmatetvabesse Nem thrhsélohbwramﬁ@s halugs pray Ml@rztedefrm bathcsides of

sed. to ) t he packet [ t

i EBguth FREDTE Pt Ko a0, AuRARERSEGE: L Fol g, the now
tARERAIEN pirhineeh ol diAMBEeset VR U.,, HBYP beh&eliecPgd- ARd then to
used to derive anot her channel eS{i mat e, which may

rhem e, tRedot @, e Qv eind §1£01§)a@k qéw thiesigao @atdmet@yalue may be
Ainber of chanfél estimates may be derived with :

Bletfedrandtusédmsihihd paghar anietededwaleetdy, tiNemakinnes moinder of values
h%g rbaererr?ttgéd VoarI suo?ne g%er Pe%n?n%ltlgrcl: tc%gdftlt)g rps %gct:cpun%éredcfs IP ];he packet is
decoded correctly, then the threshold parameter value that results in successful decoding
may be used for subsequent packets. Selection of a new threshold parameter value may
also be triggered by other events besides packet error.

FIG. 5 shows a block diagram of an embodiment of channel estimator/processor
170 in FIG. 1. Within channel estimator/processor 170, a pilot demodulator (Demod)
512 removes the modulation on received pilot symbols and also provides zero symbols
for unused pilot subbands. A CIRE processor 514 derives an initial CIRE for the
current symbol period based on the output of pilot demodulator 512. CIRE processor
514 may derive the initial CIRE based on the least-squares technique shown in equation
(6), the MMSE technique shown in equation (7), the robust MMSE technique shown in
equation (8), or some other technique. A filter 516 filters the initial CIREs for different
symbol periods, e.g., as shown in equations (9), (10) and (11), and provides a filtered
CIRE for the current symbol period.

Controller 190 ascertains the current operating scenario and selects an
appropriate threshold parameter value for the current operating scenario. Memory 192

may store a look-up table (LUT) of different threshold parameter values for different

operating scenarios. A threshold computation unit 520 derives the threshold T, (n) for

the current symbol period based on the filtered CIRE and the threshold parameter value,



the original threshold parameter value in alternate
manner. For exanple, the new threshol d paraneter val ue

worayelogs7set to Pold +AP , then to Pold - AP , P@IEDNS1006/005185

[0067]

[0068]

[0069]

PM +2AP , then to Pold - 2DPI and so on. A new
t hr eshol d par anet er val ue nay‘%e sel ected and used

until the packet co or ectl th

fEn3s hen Ja coniona A BLRE e BiriOdpie, tnfesfolding on the

&@hﬂélﬁgﬁé SNthE Aiéd OIRE HaRCRURE Qﬁfégholél frrobd 8niP 326 @hd ipfovides a
decoded correctly, then the threshold paraneter val ué

finalt CYRIS fort thei qurpnt ewnbolupertpsle o dinngF Frawith@22 5wy desive a channel

HAPERE EPOORP AR, PSR SBr Pl BdBU PERCY Cvents

besi dERGp&C lsl&xiwﬁfahoémbb&@@ﬁl dfl & proc&ioBB0 Foblmeeforming channel
di agram of an enbodi nent. of channel

@%lmaﬁlﬁfl Fittptsesbeldiig. 140 infiaFCERE s doyiyad for epghhsanbol period with
@i&é R AL5BR ?ﬁlgékc' 9323[17[%3 iRl CRE ﬂﬁg%g lﬂleﬂ{/&f bés%rrgg ?Qscewed pilot

renoves atron on recel ot s
wmbcaé. o yedpiloesibbards @ylrmnd syrﬂlmls tﬁmrmmi:dmdt qﬁlot subbands. The

r.ocessor erives an initial R

T By a0 ABOe PO A S depErmrs. SIVSH s
Qér!) %rcﬁ%m?ﬁi WoatcObtherl fechfdqBE PAOSRSEQTCIRYA idTBYri VMR fof€the current

the initial Cl RE based on the | east-squares technique

sym perio@ fy diliedng (I8 initidh £ IRKSEo thetmaiiguie psihoamd/pnfuture symbol

VS '
BetHES KRk 6. of Fcl R B LR RR A A TR B B o the it
Cot eF ﬁletﬂ]@rddmlmfafor G grehOsynihdl hefied {blsckdia).
as shown in uations (9), (

ds . nd

?irll) ° aheesh «%Smaa@@etar Valpe déy é«%e@qthhaffeérort Al eéﬂzcrn@n«fntenon (block

8;0 { Q)@arﬂle[ﬁg th& ﬁlqgs%l)lagé’dﬁrh&g %luT1 %13, %91{3&@8 %ﬁsetd.rb% the channel
an appropriate

ating scenari o and se
pﬂ@ﬂm hind d»paatmg‘nsm thal renteo rof tchamm]l rtapsntancbrser@t.i g threshold is

R et eashORE b ol ipsagbien falf (Pepee0). Tn an
ORES BInkRY 1RCRBA %E Qﬁeréﬁoﬁﬁi'e%‘ﬁ%eq t{pﬁ@ﬁ‘feﬁﬁ%@@lﬂﬁ‘istde%ned and

derives the threshol for e current synb
the threshdbd ssederivad badfdnl the awagEE&Er@n ahd the thiestedd phndmeter value.

hown 12
RYSSORLEIRE & &% Jvrsfhnd ORY TaedefoneS T8 pharhu RS n the first
Eops bedtonané tHré RN 23S 8da® embb@iniehf Eheet tdps WTth energy

unit 520 and provides a final CIRE for the current

egriden the thredholdrarergeTogghput teobtarpyhespdond @RERakhepecond CIRE

lgnaﬁ gﬁg @%ﬁé&%@%’gﬁ%é@%&ﬁ%ﬁs ngg)ﬁletgg‘gh%&gﬂ%? 1‘?1r tflg}%nanners
pr oc essdefddthitaion pe tHenr mhdegwhdthamaal 111@1&6V¢tﬁ<tha©ﬂel%stlhlate is desired
hresholding, An initial CIRE is derived for each

4|5er At guggoye channel estimate may be desired if a packet is decoded in
error. If the answer is “Yes’ for block 624 and if a termination condition is not
encountered in block 626, then a new threshold parameter value is selected, e.g., by
varying the current threshold parameter value by AP (block 628). The process then
returns to block 620 to (1) determine a new threshold based on the new threshold
parameter value and (2) derive a new second CIRE by zeroing selected ones of the
channel taps of the first CIRE based on the new threshold. Blocks 620 through 628 may
be performed any number of times until a termination condition is encountered. If an

improved channel estimate is not desired, as determined in block 624, or if a termination

condition is encountered, as determined in block 626, then the process terminates.



pilot transm ssion (block 612). The initial C RE may
be derived based on received pilot synbols for used

w@Rloes&sbbands and zero synbols for zeroed- oupCPUBTING/005185

[0070]

[0071]

[0072]

[0073]

subbands. The initial CIRE wa al so be derived based
on the | east - squares, MVSE, bust MVBE, zero-forcing,
or sone ot her teCh‘?rIB% Aflltered CIRE i s derived
for t?{@se qf siftindy |W<wé¢ uadersiond that dpipHgationeandnignaky may be
%1?%:631 dé;do Pglfng 3?8'” bf %n(/anéi’? | T gifReh® rteéﬂh'bwg‘?ess Xﬂfp %chmques For

614) RE havi ng nul
exhaptes ldatag prstooetyorise csratnands uh@rmmlmn, asllgrﬁlSRElt@,r S}ml’cels and chips
iltered Cl Efo he curr | period (block
Y] RGBT Th NG P B Br oS, SYPBcERsented by

WRAAEHA, Bftrdts, |e%ﬁbnﬁ§§etfér\k/£@§' 28 ﬂ&b%@&%aﬂuﬁ@g optical fields or
exanpl e, the threshold par ameter val ue may be sel ected

Hasisdes, @hartyf@m,hmatmlthgﬁ@ﬁl | e, the oper ating SNR, the

et VbR 0 e Rel i 6 PBAE e o

Hedkamehedulssal dieuith)| etk fHzdhthml Btepm dRBisBdmantconhdition with the
aver age energ) of the channel taps in the first CIRE

qebodanenteidiselosed Rereimmay rhedgmbepented ae elegenip heedyvass, computer
kﬁ@va?ev %%@H%&%G@P tofne toh E%ﬁ]ﬁg 1ﬁu§?a‘t9'ﬁl'ﬁts ‘%Bte‘f@Hangsablhty of

secon rived by zeroing out selected
lafdwdre anAanfiehret apxsoumllukteatifve reompChériEs, Hdsdd, ordtlee, circuits, and

it et bosgyter Qe Rl esneriipBOHGT Pl ara DOPRRRIS, Pigther such
fﬁQ&tﬁinﬁlﬂyh% ﬁﬁﬂ%@n@i%@ h%ﬁ/afeeQP @Gft@bBEin?eYldﬁhﬁ)@n b@e particular

deri ved perform ng threshol ding on the channel taps
apmh@ftthmanMrﬂen sonftpdes imposgdoarthe avarpld sydtemt 1killadeaydsans may

i Z%Irl?fiel]r ﬁ?n ﬁs%)sggv g&é ]?u&‘)ﬁglﬁﬁa IE}? I1 e?r&gg{%&vﬁ%s ?(%‘ 6%51% glgquleCéBI %8%11Cat101’1

RASKS iniplerfl@g anteicci3idk sBduld hbt E&ﬁteﬁp@mras ic8usies defa@fure from
bl ock 624 and if a term nation condition is not

the) 8eRR 08 thePresEnbInyei®26, then a new t hreshol d

02 ALy S e, AR s
cﬂnﬁeanonmls tltehﬁﬂbcscéinlﬂnm slidctosbd beteib Adythe ﬁri;)lerdeﬂted ot performed

a newthreshol d based on t eshol d par ter
Wi fe SenfdRl( DYTPORST pxp@e%%%e%v%geeiﬁeg RECY5550F kg an application

%@(lllﬁgtlﬁlq RReS citduit Qrffell ?(%Ealﬁfnatjﬁe dtd adhy ((:FP@A) or other

ased onthe new t re old. B S 620t rough 628 may
ﬂregqaemﬁahﬂmddglanylehcmbdrscmte tgatee r u trandister tleglm rthscmm hardware

condition i s encountere oV ngl

EEFoRe ot g it erst ABrepd IRty BCRnguaps deseribed
Wfeihf A 3gén€fa'['}3ﬁ&% 06&86H thhPPe h fiEdPAIEBIsOF, @t indBe alternative, the
determined in 626, then the process

nre¢assararesy . PORYD] conﬁest@nélr PEQeessor,; ponitFpdlenr pigregaAndgroller, or state
IHQC%%{GS.‘: %dprg&%or 9%(@& 'bg rﬁn‘?ﬂ?&ng‘ﬂtgﬁl aals Sa %@leﬂﬁtlon of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other



represented using any of a variety of different
t echnol ogi es and techni ques. For exanple, data,
WO 2@b/08¢786 ons, conmmands, information, signals,POI/S2006/005185

synbol s, and chips that my q% ref erenced t hroughout

t he above description may be represented by voltages,
urrents, electraomgneti ves, ..na i ] I

o ate Rt PEroran dfe 47" B oTRRLE) sGrideyffufiis coupled to

{he PRbdeador QcH ther Befprodedédr thn Teuaisiaf@masikn ififonyaut ovrite information

further appreciate that the various illustrative .

toolecsiprans BreREIM. N theed terpgtive ihe Storagfmeryat Mmay ﬁ%es‘PTé?ﬁgal to the

q e . . . . i . < c

NEFER mhy BotRRAPEId BB Mirked hpEUAIRAY SHAL B Stesate AsT

SayPesidy insofdenterminabr Iic tiebilinataiiveshe prdsesshr aftthelstarrge/medium

illTustrate. this interchangfabilit of hardware and

B8Y fehefleets EFItD HATPPIEP A BRbnent s, bl ocks,

[0074] nodul Tﬁ felvichl! Hés%ripﬁ&g ofthE R cRAYE eﬁESﬁnﬁﬁéG%Qﬁﬁie@b@\éﬁable any
gener a ?9 interms of their functionality. ether
persdn §kiliat indhakittty niake iompbethepressnbigvhritaaY &iays modifications to

of t way e,.depends, upon.the parti.cul ar i ' :
0L A SuERB R U PRt PRt 15 AR G54 B, A soneric
ﬁdi%ﬂ@g dafidddSRREin Y b RipBeR RS otHee ef@Bdimdaedwithout departing from
unctionality in varying ways for each particular |
thepipiritaer ssape pfithesinEentionp| Hinsnthet preveng drieation s agidnfegded to be
ot bhe inte - S Sj andepa t :
Rl oy B LB ESp SR Mdn o ERTL] Vhreck bl uh widest scope
todsissdnt atithtRe podiplel ald oeks featmerudisdoseddregn.r cui t s
descri bed in connection wth the enbodi nents di scl osed
herein may be inplenented or perforned with a genera
pur pose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other
programuabl e | ogi c device, discrete gate or transistor
| ogi c, discrete hardware conponents, or any
conbi nation thereof designed to performthe functions
descri bed herein. A general purpose processor nmay be a
m croprocessor, but in the alternative, the processor
may be any conventional processor, controller,
m crocontroller, or state machi ne. A processor may
al so be inplenmented as a conbi nati on of conputing
devices, e.g., a conbination of a DSP and a
m croprocessor, a plurality of m croprocessors, one or
nore m croprocessors in conjunction wwth a DSP core,
or any other such configuration.



[0073] The steps of a nethod or algorithm described in

connection with the enbodi nents discl osed herein nmay
wheotekdé ed directly in hardware, in a softwaP€r/nsmoé/ens185

executed by a processor, or inga conbination of the

two. A software nodule may reside in RAM nenory, flash

menory, ROM nenory, EPROM Eﬂggﬁ}(/{g EEPROM nmenory,

regi sters, hard disk, a renbVv di sk, a CD-ROM or

any ot herform of storage nediumknown in the art. An

exenpl ary storage nmediumis coupled to the processor

Vleat 1s elaimediy processor can read information from and

wite information to, the storage medium In the

alternative, the storage nediummy be integral to the

procedsor . Afhappprabcessgrisaigd t he st orage nedi um may

reside . in an ASIC. TheAIC(rim eside_in user,

tor m ARICESY AnG RECP OB COAREYEY IPHIETP b S5Scaling] ippulse response

e5t2h A8 CIRM) Hﬁ'@i%ﬁnﬁlﬁﬁ]edﬁlaﬁﬁeldﬂaﬁé el R1eeP ARANBAGIA pafarfeter value

user termnal. e previous description of the

bised| o atdleastismgi ariserian, jand pe cletided seooh&BRE bynzerping swi selected

ski |l in,the art to ke.or ..u t h resent .
SRt pF eiBintel s e P Bafiesnold Sednis valueeinds
wi | | hendre@sticbipla® pathent lehst dnb@seesdor.)  ed in the art,
and the generic principles defined herein may be
applied to other enbodi nents w thout departing from
the spirit 9t ik n i .
prosent 1 s Paaats X A 1 QAR e o 1t ohDrocsssap derives o
¢hrbdabldrbaded hthwenmhbkipds chdnut! taps taod ke doediotte datatreter value, and
i dest scope consistent with the principles, and noyel
A1 6 THOORT GoE e EHIneL AFNEDAVIS FIB ¥tk THSEEY devs than the
hrediBPParatus conprising: at | east one processor

configured to derive a first channel inpul se response
estimate (CIRE) having nultiple channel taps, to

sel ect, a threshol d paranet er val ue based on at | east .
one oPl ter Bk SPRAR T GUT P WS (AR S presB Bty getermines
abbv&ebesiets) GBS nitifle ehifihe! 1aps, RlefiN@ D @keshaRiSHab@B8lthe average
on the threshol d paraneter value; and a nenory coupl ed

eeergh and thel thgasholdmarameierewdes, ang derfyes thp seqoad (gREF by zeroing out
' rein.t processor derives a

?hré@%%?% gggéggkggH%&%h$?ﬁ%$§ﬂ§hanneI taps and the

t hreshol d paraneter val ue, and derives the second. Cl RE

by zeroin ut channel taps with_ ener | ess than the
t Kr eshol d_gT%e apparatus of cla?ne 1, wherein the a%)feast one processor ascertains a

channel profile for the apparatus and selects the threshold parameter value based on the

channel profile.

5. The apparatus of claim 1, wherein the at least one processor ascertains an
operating signal-to-noise ratio (SNR) and selects the threshold parameter value based on

the operating SNR.

6. The apparatus of claim 1, wherein the at least one processor selects the

threshold parameter value based on the number of channel taps for the first CIRE.

7. The apparatus of claim 1, wherein the at least one processor ascertains

whether a packet is decoded in error and, if the packet is decoded in error, selects a new



3. The apparatus of claim1, wherein the at |east one
processor deternm nes an average energy of the nultiple

w@ bawangd78¢ aps, derives a threshold based on theCHUSI0Ag®5185
energy and the threshold paraggpter value, and derives
the second CIRE by zeroing out channel taps with

e T, : f

aho b Al 1 SEHES A0 scCond CREREHAE O celegied ones
of thbanneple phadnel &apf basetlloa tappew dtreshohhphramétectaud.he
threshol d paraneter val ue based on the channe
profile. 5. The apparatus of claim1, wherein the at
| east ?_one @h@%@ﬁﬁ%{usaﬁcaﬁn@'10%1?&@9%@%'1@9% one processor selects
signal-to-noise ratio (SNR) and selects the threshold
pidifeaane ttiereshaddl peraped@dvatuestand dspizesitliffegensiNgcongd. CIRTEs based on the

f.clajm1l wherein the at | t .
BRB Aleh nd ap i e, o et iaoolE vl B pagligely decoded
8trdcit§ ohUAdetin&foncdoanitieh i§ @Rsuhtefedt he first CARE 7.
The apparatus of claim 1, wherein the at |east one

processor ascertains whether a packet is decoded in
error and, i -] ' S t
o ond st ab B ASSH Bhnt T, SRSRAET LG SRS st
paamettr Gdiiesbyorz aifterety opratie) ecdrmatdoqnasl afhetdie the at least one
mul ti pl e channel taps _based on the ne threépold .
procastet splecis) ang. ofgthetigeshpldaparpmetegrvagiesigsed ofairent operating
| east one processor selects different threshold
paraneter values and derives different second Cl REs
based on the first CIRE and the different threshold

par a er | ues unti | acket, i s decoded correctl .
o 2 Tr mi A2 FGReEBRaT: PR s SO0 Erbd e Onigocelsor obtains
ARBALAPIST QYmBbIBI fat Jubbahey Gédd frepile iRhYMELiBH @Rdaderives the first
tabl e of threshold paraneter val ues for different

ORE drsedpndtbe rreeived pilanymliods-ei n t he at | east one
processor selects one of the threshold paraneter
val ues based on current operating scenario. 10. The

appar atus ahe Glpphiatuk, of\blaingi 1) witgeiat tht @@dtaso@e processor obtains
processor obtains received piIot,sgnboIs for subbands
tpsaiyed pHOBSNEROLY Foursybanss ypecalng PHE frarssnissien. PrY\dgescgrgesymbols

gcgszggoeﬁnoai *1)%1% SR Mad Rl Rbivey MRoks: e & 8R B cdfved pilot

alm erein the at 1east one processor obtains
senboly end thelzoto symtadd. s f or subbands used for pil ot
transm ssion, provides zero synbols

12.  The apparatus of claim 1, wherein the at least one processor derives the

first CIRE based on least-squares, minimum mean square error (MMSE), robust

MMSE, or zero-forcing technique.

13.  The apparatus of claim 1, wherein the at least one processor derives
initial CIREs for multiple symbol periods based on received pilot and derives the first

CIRE by filtering the initial CIREs.

14.  The apparatus of claim 1, wherein the at least one processor derives
initial CIREs for current symbol period, at least one prior symbol period, and at least
one future symbol period based on received pilot, and derives the first CIRE by filtering
the initial CIREs.



for zeroed-out pilot subbands, and derives the first

Cl RE based on the received pilot synbols and the zero
waboB&se 12. The apparatus of claiml, wherei PCT/H82006/005185

| east one processor derives the first CIRE based on

| east-squares, m ninum nean square error (MVSE),

robust MMSE, or zero-forcing technique. 13. The

apparatus of claim11, wherein the at |east one

proce$sor Whe iapparaﬁusid:fi dhinCIlRE&hefain thalat ilgzlse oaqr]imzdessor derives

r|o sed on ived. pil nd, derives t irs
et YRR Ao ooty SPiBol Ritieaneca: A S8 g gl aekibg dased on
f?sfc_elct"E@Fmtland"@%fv%é thel 16t GIRE ﬁ%ﬁkeﬁ’r@th@ ﬁﬂﬁ@lscmesder ives
initial CIREs for current synbol period, at |east one

prior synbol period, and at |east one future synbol

peri od bas Qn_recei ve i l.ot, and .derives. the first .
Crre By 1 be PPRUTERGIT T 4 viachEd 8 Yt AP ardeflor dertves
Biti 4l GRS Jfor whemne bﬂnb&l%ae@bd'aﬁé%t leaktorRr RELE SPNbEgIcbE Dased on
initial CIREs for current nbol period and at | east

weelvpd pidet, anthdssivep theifigat by BHeningtbeyaibaldfiRis;, and
derives the first CIRE by filtering the initial Cl REs.
16. The apparatus of claim1, wherein the at |east one
proces$sor denetied comptisiag: Cl REs for current synbol
perio d at _| east one. future synbol

el SRR oS amaar RN, FraPPRPoEs e (GJRE) having muliple

Eﬁdnharthﬁw the initial CIREs. 17. A method conpri sing:
deriving a first channel inpulse response estinate
( Cl REjel¢ntimgraghreshald par@nm ryakie basgelson @é«baet:mierrgltamn; and

t hreshol d ara based on at. | east e .
cr ¢ opiod 3 aCHE EOE I 50RRE tu® Ge Betet R34 of M mytpte channel
Ea%h@%@%n@ﬁ@&r&hoid%rﬂétéﬂ@l& channel taps based. on

e threshol d paraneter value. 18. The nethod of claim

17, further conprising: determ ning an average energy

of Lheg ! 1P bRl AR B RLNAND 2 threshol ¢

based On the average energ ishol d

par amedtermivalgle, avafa@e m&gy‘e bﬂt}fehﬁuldprelchaml tdpe; second
Cl RE conprises deriving the second CIRE by zeroin

out
chann@‘l’“‘t‘%é %Gﬁholém@ﬁ@ﬂyom dResayaiage e1eEey ﬁ%%ﬁhaesgold parameter

value, and wherein the deriving the second CIRE comprises deriving the second CIRE

by zeroing out channel taps with energy less than the threshold.

19.  The method of claim 17, wherein the selecting the threshold parameter
value comprises selecting the threshold parameter value based on channel profile,

operating signal-to-noise ratio (SNR), or the number of channel taps for the first CIRE.

20.  The method of claim 17, further comprising:
ascertaining whether a packet is decoded in error; and
if the packet is decoded in error,
selecting a new threshold parameter value, and
deriving a new second CIRE by zeroing out selected ones of the multiple

channel taps based on the new threshold parameter value.

21.  The method of claim 17, further comprising:



19. The nmethod of claim 17, wherein the selecting the
t hreshol d paraneter val ue conprises selecting the
wo booe®BoBel par anet er val ue based on channel prp€T/U82006/005185
operating signal -to-noise rabho (SNR), or the nunber
of channel taps for the first CIRE. 20. The nethod of

cl ai MedifingfiHiidal emﬁpm}fﬂﬁlh@& syARfe® hERbdY BiBedBR 1&tREved pilot, and
packet 1Is decoded inerror; and if the packet is

vetergidetie derieng dre, fisse CARE ammpaiseefilteling Slsantiah SARFe te pbtain the
& and deriving a new second Cl RE by zeroi ng out
ggﬁ@g‘%d ones of the multiple channel taps based on
the new threshol d paraneter value. 21. The nethod of
claim 17, further conprising:deriving initial CREs
for rdtipheapnprie CEepisRE based on received pilot,

i @??’%13'113 SR AE L P iRl g SO PR FEIGIRE) having

mdltiprehapa kb S conpri si ng means for deriving a
first channel i npulse response estinate RE) _havi ng
mul t i TBFS dbSFRLing 78 re%lﬁrpgraﬂaﬁiefsm %P@S%&I 0 %ﬁffa@%ﬂ%ﬂ griterion;

Haraneter val ue based on at |east one criterion; and
nmeans for deriving a second CI RE by zeroi ng out '
s eI ecnexhs doederdfing hecammbitGIREeby hemmel out aplectbd vaels ofthe multiple

hreshol d p val ue. The appar at us of
elﬁn % 8?%%%qW%ete%%H% for deternining an

average energy of the multiple channel taps; and neans
for deriving a threshol d based on the average energy

and t3%e t hFlestppratyof sheme?, {uthgecorapiésivgier ei n t he

rreans
Gor 1 PR Rt hlitnb I S AR hetdiSr ROTRALAE SR it O
W t h ek dyr deddng hahresheldtbaseas bo itk aﬁ#agerSt&rg;ppﬁxi dteuthreshold
of claim. 22, wherein the neans for | ectin
ROFHRR FlOY 24U, ARG IBERSIN (hgmgang pnsleriy gerong Z}IRE comprises means
ld@ﬁ% B%nd aregioh zeﬁﬁ a\ﬁﬂ!elufz‘t bafgdeigy less than the

h
anne proP&iO , operagl ng s gna -t o- noPse ratio
thﬁblR)ld or the nunmber of channel taps for

24.  The apparatus of claim 22, wherein the means for selecting the threshold
parameter value comprises means for selecting the threshold parameter value based on
channel profile, operating signal-to-noise ratio (SNR), or the number of channel taps for
the first CIRE.

25.  The apparatus of claim 22, further comprising:

means for ascertaining whether a packet is decoded in error;

means for selecting a new threshold parameter value if the packet is decoded in
error; and

means for deriving a new second CIRE, if the packet is decoded in error, by
zeroing out selected ones of the multiple channel taps based on the new threshold

parameter value.

26.  The apparatus of claim 22, further comprising:



the first CIRE. 25. The apparatus of claim22, further
conprising: nmeans for ascertaining whether a packet is
wolewomsetsé n error; neans for selecting a new t ACEERINE005185

paranmeter value if the packetys s decoded in error; and
means for deriving a new second CIRE, if the packet is

deco

mul 1 s RE R ing A RGO G, S EH RDRE: Giscl OR received

kot canelt whervial the me26s forhderiappathatiirst GIRE kainpriged means for filtering
utt her ri si ng: mean r deriving initial ClREs
Bimﬁﬁﬁfﬁ*g%%gogéﬁﬁ%#gg‘éﬁih “based on received pilot,

and wherein the neans for deriving the first CRE

conprises neans for filtering the initial CIREs to

obtain the first CRE




