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SUMMARY

A decision feedback equalizer {(DFE) processes a signal having multiple
code chamnels by filtering an ervor signal based on a difference between a received
signal and an estimated recetved signal. The received signal is processed to recover data
on each of the code channels and to generate an estimate of a transmitted signal
corresponding to the received signal. A channel estumate is applied to the resulting
estimated transmitted signal to generate the estimated received signal. After the filter
filters the error signal, a combiner combines the filtered error signal and the estimated

transmitted signal.

BRIEF DESCRIPYION OF THE DRAWINGS
FIG. 1 is a block diagram of a decision feedback equalizer (DFE) in accordance

with the exemplary embodiment of the mvention.
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The word “exemplary” 1s used herein to mean “serving as an example, instance,
or Ulustration.” Any embodiment described herein as “exemplary™ is not necessarily to
be construed as preferred or advantageous over other embodiments.

FIG. 115 a block diagram of a decision feedback equalizer (DFE) 1n accordance
with an exemplary embodiment of the invention. The DFE 100 mav be implemented in
any combination of hardware, software and/or firmware. In the exemplary entbodiment,
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calculations, comparisons, and adjustments to perform the functions of the DFE 100
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A linear equalizer or any other suitable filter apphed wn the signal processing
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channel dispersion (i.e. multi-path propagation) and minimizing noise amplification. A
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the error signal 124 as opposed to operating on the received signal itself can achieve an
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fibht 8f time domain to the frequency in the exemplary DFE 100 discussed with
reference to FIG. 3. As discussed above, the DFE 100 may be implemented in the time
domain 1n some circumstances.

A Fast Fourier Transform (FFT) processor 302 transforms the received signal 1o
the frequency domain vielding received signal spectrum 303 that is provided to the
lincar equalizer 104 and the combiner 122, In the exemplary DFE 100, the lincar
equalizer 104 has a response equal to (¢* X p*)/ (icf® + n%), where ¢* is the complex

conjugate of the channel estimate, p* is the complex conjugate of the spectrum of the



208 is conmbined with the second estinmated transmtted
signal 202 before further processing in the receiver.
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manner in sonme circunstances. |OR22} FIG 3 is a block

di agram of the exenplars DFE I00 where processing is

perfornmed in the frequency domain. Accordingly, the
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accor g¢an Qﬁt)nﬂt&ﬂté a ﬁ% gmi;:ﬁ 1GHRdLA lﬂﬁgrﬁ}cﬁt kild 488 ency domain by

nodul at1 on phase an arrpl |t ud e vector
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A coefficient generator 322 determines a coefficient, 8, that is applied to the
linear equalizer to generate the filter 128, Io the exemplary embodiment, § is equal to
Emv - ] }‘L{p] -1}, p2 18 the power contained in error signal 124 averaged across
the signal bandwidth at the output of the combiner 122, p; is the power contained in the
received signal spectrum 303 averaged across the signal bandwidth and n is the
estimated power of the noise averaged across the signal bandwidth. The filter response

in the exemplary DFE 100 s equal to
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108. | 0024] The estinmated transmtted signal 116 is

transformed to the frequency 8omain by a FF T

processor 3 18 before the channel estimate is applied.

In some gifcupst ances, a scaling processor 320 applies

a scal i ng-f-actor. based on the estimated signal to

noi se rdgwé»témR) before the estimated received S|gna
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gn%jﬁ}d[ﬂé %’)L \Aﬁ%& Bt ?}Tc‘gt Esq x?at” QciQi&’fg uf?%l quu%ui’ x&%u‘%&? signal. For

e‘response o he Sane as

sespease def SKReas biffieRnte goal the ekt rﬂa@léd kevelved sGBINR is not applied to
situations, when the estimated transmitted signal 11

the crumhing 6 B dlk resietivd ev gny s“‘%aiaethwdaleacmt cefrragoggnal, the
Hdpas ulﬂ Ss‘yqﬂ&@&fé' Rt Qe ff?qux%kp&n‘%gsmv“fhé l e izE rthe WEAICHM fizer
resu I na nmaxi mum coefficlent
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6 oot Gions it Ay B AN B HpD B decision 312

§W0§&a@4\ﬁ %@t‘xérﬁ%h@&%ﬁ%cxk%n@c&ﬂg Qe RAURAGHE ﬁﬁ"e‘amle end result
R applied in 320, where K | is constant and SNU est

ascllaﬁwegtgu et ecadfmatiheosing ngﬂ Althawgh gke filiei asp(W‘a,e ns a tunction of
BRI RO Bl A e s PE RS ReRPTGH 1§ R GUT Ty Beevity and

tigagl ved signal on the received signal For exanple, if
the SNR is suff|C|entIy | ow, the estimated received
si gnal Thestifieed sprl &drapsformed wompitive daman dhe BEFT 324 and the

{l(ﬁ\%&}%@q (ﬁlb]?tn&til 108 sjie,% Ianx%iﬁa'mﬁ 5‘({% Ithgiﬁ ?l{ %wsc\&% ’m,nai The
coet Seq Uar's one and the Tilter resp

resndifiey sasmulasd t\hmbb‘ign&@reaemuﬁlel diéference in the 1esulnng data of the
estimated recetved signal and the data of the received signal. The modulated ervor
symbols are combined with the estimated transmitted moduolation symbols in the
combiner 132, The signal aligner 326 stores the modulated svmbols resulting from the
operation of modulator 314 and delayvs the data m order to align the data with the
corresponding modulated error symbaols. The combined signal 1s forwarded to the signal
demodulation where soft demodulation may be applied.

FIG. 4 s flow chart of a method of processing a received signal i accordance
with the exemplary embodiment of the invention. The exemplary method 15 performed

by components and software within an access terminal facilitating functions described
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hard decision 3 12 In |ow SNR situations the soft

deci sions could be zeros, lealling to the sane end

result a applying a zero scaling factor in 320.
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e estijated Epﬁ‘rransmtted data is modul ated, scranpl.ed
and spPescP!i i htce daneauiditdersiad thd HRognaEo aBES pppls may be
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exenpll‘?nse Ufnb 19’% wnufd’ iux Yer appre\.{d\*eh?hsatathe vartous Hustrative logical
blocks, modules, circults, and algorithm steps described in connection with the
embodunents disclosed herein may be implemented as electromc bhardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various llustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
furctionality 1s implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may

implement the described functionality in varying ways for each panicular application,
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estimated transnmtted signal. In the exenplary
enmbodi ment, the filtered errol signal is despread and
descranbi ed and the resulting signal i added to the
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The previous description of the disclosed embodiments is provided to enable any
person skilled iy the art to make or use the present mvention. Various modifications to
these embodunents will be readily apparent to those skilled 0 the art, and the generic
principles detined herein may be applied to other embodiments without departing trom
the spirit or scope of the invention. Thus, the present tnvention is not intended o be
limited to the embodiments shown herein but 15 to be accorded the widest scope

consistent with the principles and novel features disclosed herein,



processor may be any conventional processor,

controller, mcrocontroller, or state machine. A
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conmputing devices, e.g., a conbination of a DSP and a

m croprocessor, plurality of hicroprocessors, one or

nore m croprocessors in conjunction wwth a DSP core,

or any other such configurgtiopgsJ@ J The steps of a
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make or use the present 1nvention. Various
arpbibe iegandton g aponitthbsendnbodi ments will be readily
apparent to those skilled in the art, and the generic
princi ples defined herein may be applied to other
gnmbodixnBrk s WchhRute FRPalbh NOwhERM P SicSRl dstifna@i cOHERK:s:
of the invention. Thus, the present invention is not .
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f eedback equal jzer (DFE) conprising. a signa
B RARL GANSEHES YRIFEd to process a received signal to
recover data on each of a plurality of code channels
and to generate an estimated transmtted signal of a
BransAi DXréd irsisgoatiawer web pdadi iy wherdihahe ebei eettnator is further

[ I ir |. chann ¢ r figur I
gal)r%%gm -‘ﬁiae;p\éilé‘g{lﬁlil; éﬁ qbafﬁhfé Bﬁ:?ﬁgxs f’)? als tog ﬁ;hng{. 5. ed to apply

4. A DFE in accordance with claim 1, wherein the filter has a filter response based
on the channel estimate.
S, A DFE in accordance with claim 4, wherein the filter response is further based

on a relationship between the received signal and the error signal.

6. A DFE n accordance with claim 4, wherein the filter response is further based

on an estimated noise of the received signal.



estimated transmtted signal to generate an esti mated
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recei ved signal and the estinmated received signal; and
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signal generated by the filter and the estimated
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t he daﬂ@e@‘se@qi rreans ghigd tth equeonf thgueetvadosignal before the signal

[ I [ f code channel s 4.

%%ﬂﬁérgggg%ggg%%%Eguié¥ﬁ$% %gﬁﬁ] X} erein the filter

has a filter response based on the channel estimate 5

. A DFB_in accordance with claim4 wherein the filter

Pespofiderl & sgspidiare pHlebuBr, yheerutiednst gupetchienmed by the
16, received signal and the error signal. 6 A DFE in

aCCOrdance with claim4, wherein the filter response

S further based on an estimted noise of the received

3@ ({ EE in ac ordgﬁze with claim4 wherein
e fﬁl ceiipdspinele e D cHRERE SN a pul se shape.
8. A P’Tﬁlek& ey ﬁ?&d&ﬂ%@m‘@dttﬂ Jé” ﬂJ ah Jec ui Waﬁ&?ﬁo a received ana\i 10
conpri si ng: |'i near équal iz P conflgured to equallze
tedecy euelevedhasig wikcth eﬁ@ﬂ&@h@esamth lagitrepatal signal;
gener ates_the est J“mate rans }ttedi gnaﬁl EL\ A DFE ila woread
Sccor BERTASHIFE FOMIETSY RrisPBFR 1 st iagLitn $Sp80T g desprea
&oﬁﬂed by the filter 10 A decision feedback equali zer
DFE) conpri sing: a linear equalizer configured to
ap pl ya atenaggubion gonlegired dor devpdidaie sihgnddspraadr gudleto generate
g\le%lgdsL? tchannel effects and to generate an equali zed
ecel ve&i3|gnal a despreader configured to despread

t he egualduz@s csmﬂgaiedtt@ rggoRtathe Btdepriendosicghale dn estimated
modulated signal,

a spreader configured to spread the estimated data to generate an estimated
transmitted signal of a transmitted signal corresponding to the received signal;

a virtual channel processor cenfigured to apply a channel estimate to the
estimated transnutted signal to generate an estimated received signal;

a filter configured to filter an error signal based on a ditference between the
received signal and the estimated received signal, the filter having a response based, at
least partiallv, on the channel estimate and a relationship between the received signal
and the error signal, the despreader configured to despread a filtered ervor signal
generated by the filter; and

a combiner configured to combine the estimated modulated signal and the

despread filtered error signal,

11, A DFE in accordance with claim 10, further comprising:



a denodul ator configured to denodul ate the despread
signal to generate estinmated data; a nodul at or
w@onfitgaTied to nodul ate the estimted data to BERERADB064496
an estimated nodul ated signal, a spreader configured
to spread the estimated data tio generate an esti mated
transmtted signal of a transmtted signa
correg Q@W%ﬂ@mt thﬂ%x Jdet%ede\(ﬁqm%kg@ ﬁ}i% oréhcd¥t [}ﬁlﬁ@l{ of the despreader;
channel processor configured to app ; a channe
astimate to the estimated transnmitted signal to
generate a stinmated received signal, a filter ]
Sont i HorP IR conl IR QIOdmAls “Lirgder pllaupIfe spreader
di fference between the received signal and the
estimated received signal the filter having a response
basedAdeFE @ag-twﬁlaﬁm with plaigd Ot fyethethensmwisingst | mat e and
a rel gtfﬁ;in% tpii ﬁ. el 191'611%@1 g "EE ﬂn P?oce?sg m;m r}gd rtg aangf@rm the

error si gna r co

fdcbiked @d;n@fﬂ‘(ﬁzﬁa$1h“rgﬂﬁulmc@1€ﬂﬁ<fﬁt@d&nb\yd@h@nfI I ter and a
conbi ner configqured to conbi ne the estimted rmdul at ed

si gnaf® HY@reHd %ﬁ?“éﬁfdﬁfff’iﬂkﬂbeﬂé@ tenplorm gy ipreg Rrrop signat from
@F%Lqﬂfﬁ@%%'h%ﬂgmw a% QJWA&’ further conprisinga

eéscranbler con ured cranbl e a despreader
out pud sefonkihier ﬂ@mmdemmhmdd &0 senstobh er sccanflegongdt from the
to scranble ap s reaﬁer output of the spreader. 12. A
TD?—*E@‘%‘W%EE%PC\WH Ofidi m 10, further conprising: a
first fast Fourier Transform (FFT) processor
configured to transformthe received signal froma
t3.me domaitndtior seckveguemoye donain nudwplsadesigel KHPM, the method
grocessor configured to transformthe filtered error
TGS % r om t he frequency donmain to the tinme domain;

and ag§ReANd a'ﬁ'%&si%&@&&%%1@@&?(hﬁ“&ﬁ%s§j@ﬁd§ﬁ@ﬂ§i QhfRndred signal
scr anbl er out put fromthe tinme domain to the frequency

Horraiayening dam gt ¢rsl ¢log aﬂwéﬂwmﬁg«@uc@@én@bv&isax ghceived signal
Bespgkcﬁ‘%ﬁ {mg gg@nng?(gv% {1§ met hod conpri si ng.

ransmtted signal

cor r eﬁm&dmagmt &titndtdcangi-td ednsl Bnappibinereciamael gimate to the
data on each of  a plurality of code channels of a

piEEtEEansmees signal;

filtering an error signal based on g difference between the recetved signal and
the estimated received signal; and

combining the filtered error signal generated by the filter and the estimated
transmitted stgnal.
14, A method m accordance with clanm 13, wheremn the generating the estimated
transmitted signal comprises:

despreading and demodulating each of the plurality of code channels to estimate
transmitted data; and

modulating and spreading the estimated transmitted data to generate the

estimated transmitted signal.

15, A method w accordance with claim 14, further comprising:

descrambling each of the plurality of code channels before demodulating; and



corresponding to the transmtted signal; generating an

estimated recei ved signal by applying a channe
wW@sgaoriret7e2 t o the estinmated transm tted signal ; PCT/US2007/064496

filtering an error signal based on a difference

between the received signal ahd the estimated received

signal; and conbining the filtered error signa

gener @ct_n%mﬂ% tihe Jh's‘li ThRE aekkiNed egld %ﬁ?dnhﬁﬁﬁﬁ& th&stimated
signal. 14. A method 1 n accordance wt cﬁa|n1!32

wheneited ddie generating the estimated transmitted

signal conprises: despreadi ng and denodul ati ng each of

the plurality of code channels to estinmate transmtted

dait a; AanehPavbRbiRgcaRth TRE Q0] ARGt RSt itdiRLRGmprises filtering
transmtted data to generate the estimated transmtted
bisghah therGangel geh@d i n accordance with cl ai m 14,

further conprising; descranbling each of the plurality

of code channel s before denodul ati ng; andscranbling

the eatihobeth hdcankntd (il ctadal cafdefeinmadutiakin@Gohipeises filtering
estimated transmtted data. 16. A nethod in accordance

Disen o papimi e ey ednnhe ekl sigpligddbhprorsegal.

filtering based on the channel estimate. 17 A nethod

in accordance with claim 16, wherein the filtering

eRnpr hsesthbd bt ercontynbasat chiimal 7, slhatdiotiehiipringtonepnises filtering
éhe recei ved siqnql and the‘qgror signal 18. A nethod

gred o8 6h gatedediiene of Wemseredwigdfkin the filtering
conprises filtering based on an estimated noise of the
received signal. 19. A nethod in accordance with claim

17, whendhnd itheccbidaner with cbomph 7, sderi thedilianggbasedsonfiltering
8 pglse sﬂag‘._zo. A method in accordance with claimB

. PPﬁéW"SoﬁﬁFising: appl ying linear equalization to

the received signal before the generating the

estimated transmtted signal. 2 1. A program product

2or apphythagingsepsipese wialeelple k3 fiuntberdongpisvige ode

glo\r/rlpf%“g)ll %gl:g“ ignlegll %ﬁuea%zgt'i(gpﬂ\l The F&%x@g Qs%_{n%mb@fogzg Y generating the
estimated transmitted signal.

21, A program product for applving decision feedback filtering to code division
multiplexed signals, the program product comprising:

computer-executable logic contained on a computer-readable medium and
configured for causing the following computer-executed step to occurn

generating an estunated transmitted signal corresponding to @ transmitted signal
by recovering data on each of a plurality of code channels of a received signal
corresponding to the transmitted signal;

generating an estimated received signal by applying a channel estimate to the
estimated transmitted signal;

filtening an error signal based on a difference between the recetved signal and
the estimated received signal; and

combining the filtered ervor signal generated by the filter and the estimated

transmitted signal.



conmput er - execut abl e | ogi ¢ contained on a
conput er -readabl e nmedi um and configured for causing

w0 b@7fiaf7idwi ng conput er - execut ed step to occurPCT/US2007/064496
generating an estimated transmtted signa
corresponding to a transmnitteld signal by recovering
data on each of a plurality of code channels of a
fecel Vxe[sjméﬂag{] HodGQTik GSREAHD g\?igpclg.in? 2% ,rtgg %H?nhﬁl]%gexecutabie togic
S|gnaT; génerating an estimated recelved signhal by N
Aphey corgiparedfancekingghé fmlvei tgocdniteitesisieamtestep to occur:

transnpitted. si | . filtering an error. signal based on .

a dif r}ln %})éﬁ@%@g{@%ﬁ%@ﬁd#ﬁéﬂ& ‘E"é‘gi‘:@ élae %liuballllé\-f ngﬁgi]etnﬁ%nnegs to estimate

gatdRéeduse6gi ved signal ; and conbining the filtered

error signal generated by the filter and the estimated

t r anstictitlgting | apdakpRading ptho gedimaprdo dissmitivd addai Pamererate the
i.th claim2l, . the,conputer-executable |ogic further

%%ﬁ&?%t&%ﬁ”?%%ﬁ%gﬁ%ing the fol | owi ng conput er - execut ed

step to occur despreadng and denodul ati ng each of the
plurality of code channels to estimate transmtted

data and nodul ati ng a spreading the estinated

transmtted data to generate the estinated transnitted

si gnal



