WO 2004/ 073198 PCT/ US2004/ 004603 EFFI Cl ENT BACK- END CHANNEL MATCHED FI LTER
(CVMF) BACKGROUND Field [0001] The present invention relates to systens and
nmet hods for inplenmenting channel matched filter (CMF) circuits, and
particularly for inplenenting channel nmatched filter circuits to facilitate
spread spectnﬂ’rﬁ’?r@g’&ﬁigﬁon in awreless local area net wBFRUSLEAQP603or
exanpl e, the present invention finds application in the Institute of

El ectrical and El ectronics Engi neers (I EEE) 802. 11 standard for wrel ess
LANs using spread spectrum Description [0002] In atypical wreless
conmmuni cations system the transmtted signal travels through multiple
propagati on paths bEFSICIENT BACKEND CHANNELNLAFCHE) BHGER (CBMFat h,
conponents of the transmitted signal undergo random attenuati on and phase
offset, and may add destructively opgasegeHoueH vely with each other at the
receiver, this multipath effect can cause degradation of signal-to-noise
ratio (SNR), resulting in severe. performance inpairnment. Therefore, it is
desirabl e to apjdpri ately conbi ne these nmultipath conponents such that the

SNR i s enhance lative to that of any individual | ti path conponent).
| npl enent i ng sﬂ%"W p@Wé‘fse%WV&f‘té‘E’smdﬁfﬁ’S&%W?Eﬁl"ﬂﬁg?%@gmﬁmnﬁ rel ess
channel , such akanhé¢latatchp@itdri(€RIF) eircufel mBRaichibrly PR30pletbRInRRgMs | N

conbating these i path probl.ens. [0003] The channel matched filter (CW)
i s comonly usé"&tcllg%l MFW“?E“& ﬁ%htia‘@é%%’%destﬂe geteRtiop N dcFRlgt locd 8Ft i nes

referred to as it (MAN)." BérieRabsléthe Yirdkgnt inVeRNEMRIds applERioh G fhe H¥RIu@MENE at i ons
of this techni gﬁje assugg corr,e%i on o trse channe] effects at a chip |level,
i

i.e. before th&sgEcyapd flepironigsiFogineery) 08+ 1 efanardfee wiglessdNsigingeed f or
time and phase spreaicbdt@m. Appl yi ng this approach, the signal conponent from
each path is weighted by the conpl ex-conjugate of the (conpl ex-val ued)
channel gain of the corresponding path; the sum of these weighted
conponent s has Debreiptt i num SNR, and 1is passed to the renmining portion of

}Dger / [Jg(Z:SIOZ/e{) 02@‘3@9]2 R aaty;ggz& iw?rifa 20 cg)ren\r/r{u%%atio% s}s&ren, th(e::j %r%r?scrjnex{tgd Sig\{l\g t%aq'glg'/ 073198
through multiple propagation paths before arriving at the receiver. Along each path,
components of the transmitted signal undergo random attenuation and phase offset, and
may add destructively or constructively with each other at the receiver; this multipath
effect can cause degradation of signal-to-noise ratio (SNR), resulting in severe
performance impairment. Therefore, it is desirable to appropriately combine these
multipath components such that the SNR is enhanced (relative to that of any individual
multipath component). Implementing short packet wireless data communications over a
wireless channel, such as that specified in IEEE 802.11, poses challenges in combating

these multipath problems.

[0003] The channel matched filter (CMF) is commonly used to maximize the received
SNR in a technique sometimes referred to as “maximal ratio combining”. However,
previous implementations of this technique assume correction of the channel effects at a
chip level, i.e. before the despreader. This is generally done because of the need for
time and phase tracking. Applying this approach, the signal component from each path
is weighted by the complex-conjugate of the (complex-valued) channel gain of the
corresponding path; the sum of these weighted components has the optimum SNR, and
is passed to the remaining portion of the receiver (such as a decision device, or the

decoder).



[0004] FIG | is a block diagram of a conventional CMF fora conmmunication
system wutilizing direct-sequence spread spectrum signaling. The
conventional CVMF 100 is inplenented as a pre-filter 102 followed by a
despreader 104, i.e. a "front-end" CMF, because the pre-filter precedes the
despr eader . Th‘goﬁ%?ﬂ’ﬁpi'%g period is denoted as T, and th&@CEHMIPER40A| ued
channel gain of the ith nultipath component as h[i], where h[i] is the

di screte-time version of the continuous-tinme channel inpulse response (CIR)
h(t), i.e., h[i] = h(t)l _FF. The pre-filter has a response of h*[-i], i.e.
mat ched to the fbaod®- FIGUSE § Blocitith:&R BPA EhvGRBhH ReR: ¥ g&ﬂtkﬁilca%fon g R
where * denotes the conplex conjugation operation, an I'] 1Ts an estinmate
of h[i]. [0005]utiizng figectepgyense FrserglSpacivPm EE0alingh dhe expeentiotal M E0 isanpl es ar e
first convol ve 1 _ i1l s i [ 0 L pat ched
filtering" to g@ﬁl\eéd?g@%& %kﬁaeﬁg ?gérli)]iogglogvg%x ggése\ge%%r ‘i(a\ﬁr?hg%ge%{)%@ e’

despr eader 104 beowsethapediltehpsedeahbhimpreades ditplsasplif petied ip denotddlas @7 andi02 t hat
correspond to a synbol interval (indicated by the synbol rate swtch 106)
to generate théh“o‘é’é‘}%‘i"d’ﬁlu@‘é?l}aaﬁﬂl &ain vhge floaukipeth compangwsias hGlityhere Aldd8 can be

dt d i ans i bol. and dyive th
aynchront zat | on] saat-TR ufrbh of AP ol RPN SRR BB ARGRREe CREKD" T equi v s
conpl ex DSP or ;gi HIPRREFCSS T ﬁ@%%&h%ﬁonsé _%f?%;,;ﬁ%ﬁcﬁeﬁ t@LPE%ﬁQ-Tor

channel matched filters™ih | iproved speed an I Ci ency. ere is
particularly a aRed ilcomPRRUISHIIREGBSEn bi thi B11S WHateC el YAE cofiiItl T ©

conpl ex processing and conputafion. Further, there is a need for such
channel mat chedonjhgdtive operativn)\dnAN[A pydniestabatoofshfilThe present invention neets
t hese needs. SUVMMARY [0007] The present invention uses despread and

conbi ned sanpl §6005pansthe coivemivghl GMF UHE e eadivedsigml cneiks fatel firstichnfobved
efficiently inplenent a post despreadi ng channel nmatched filter. In

addi tion, the e&uththapreditentt, &hadnehicipeaime “witeheddifteane | to gprardtothaed by a
| ogi ¢ mechani sm.to. determ ne. the | t~peak cal l cursor,, and pr.oduce the
conj ugat ed for r%orc[)l? g %ﬁ%‘?’?? Wﬁ%tegﬁaélﬁeﬁsﬁﬁf' elfl{%tdgs%eeag s@g C‘E}_ﬁekﬁ?fethﬁgg 1% and
conmbi ned sanplsemplesiéi the prajfilltent it c@respoap (esgaibs) iatepanimiidateday dwar e bl ock

t hat does not nee conpl SP or m crqQprocessar nput.ations. as with
previ ous mat chéﬁmgﬂéﬁtﬁgp “%X]ioaetto&“er 5'%5 8%5‘/3?{{510‘1“%&?/(e;ﬂ“”(dg?””%ﬁﬁ{"l’gﬁﬂtp)“ channel
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synchronization loops. Implementation of the CMF 100 in this manner requires

complex DSP or microprocessor computations.

[0006] There is a need for channel matched filters with improved speed and
efficiency. There is particularly a need for channel matched filters which do not require
complex processing and computation. Further, there is a need for such channel matched

filters in WLAN applications. The present invention meets these needs.

SUMMARY

[0007] The present invention uses despread and combined samples (passed through a
despreading matched filter) to efficiently implement a post despreading channel
matched filter. In addition, the estimation and channe] profile evaluation is performed
by a logic mechanism to determine the largest peak called cursor and produce the
conjugated form of channel matched filter to be used on the despread and combined
samples. This implementation represents a compact hardware block that does not need
complex DSP or microprocessor computations as with previous matched channel filters.

This symbol level (or “back-end’’) channel matched filter structure enables the



repl acenent of Mnultipliers (where Mis the |length of the channel matched
filter) with a single shared multiplier. An efficient coefficient

estimati on mechani sm provides for nearly optinmal perfornmance across a w de
range of nultivatd+ehwdnel s for high-speed wrel ess datacTusaasmpged i on,

[ 0008] Enbodi nents of the present inventign estinmate the nmagnitude profile
of the <channel with the peak detector. The estinmates are then presented to
a logic function that determ nes the |argest peak and, in some enbodi nents,
the second | ar ggﬁﬁceﬁl@ﬂl%fhﬂﬁﬁfmtﬂﬁérs(\M%FeM?chEIeLé{F%I’#xQWhanﬁel Whecfﬁknge gearliest
arriving peak position, treating It as a st anne ul'se
response. The cqwmlfeﬂhalicérpwltméerr e@ﬁh@@t efficirat estimstiorintcinisn privalecfoher ent | y
averaging the dln ode usi ng
a deci sion di rg%?%@@%ﬁ%&ﬁ%@!ﬁﬁﬁ%@ eé&f?ﬁ{ ﬁ%ﬁtg% |C|f°ern%g>h" %

conj ugat ed and wieeidsedata eoneuragtibied i n t he back-end channel matched filter.

[ 0009] The back-end channel matched filter can be inplenmented by conbining
the matched fil09081 Embadimentsaf the preshutiprentidi Pﬁymmﬂr@nmnmprcﬁlsef thc)f channel
matched i1 ter cnaaRl hifie Bk defdblol ARsHtkdslafl il SuBFRAGEE RunBld the
sanme performance as wt conventional Tront-end channe %‘a C |Iter

[ 0010] Enbodi nedstesmipgs thé largssicpselinand; imseme embpdahdnwxhamndbraw@calmput sanpl es

to pass to th t

et o set Jof | dimapheREAR kEEnAR dele Bl Bl GRIGE A IPI ©
channel mat chedstdrt dftherchenye} firipolse responss Thcohaneciumgtdaalresmn&chsxdnzfm isters invol ve
digital I t Ho th
orottal s1anl BLRESRAG B Ble ) B BSUE ST TR ARy FOvever (e
and efficient. sateaﬁmyqidemmg3Hmmors#meaaﬂwd@lmqﬁﬁmgdhﬁshmoeffmmmlasenges in
finding the earéoh%é&tecﬂ?[ndls&ﬁ OBQE p(heéi%n'%he ba@l? &c%r tr}eoﬁn%tcl% ‘gﬁgﬂﬁ; response,

t wo techn|ques erein X Meient Ty an response

and find the r t 15[@ of t he
present invention @anggﬂgggeagugﬁ.&@g#gwﬁ% ?ﬁﬂglm @8% regrglll ) whi ch
can be used i n m#ded ﬁbatﬂk@uenw aftet despreafingaisiop rstatid Shvfi chamel lentwed;filtmg

di rect - sequence I [P WeloN 2 | V& i novel ,
har dwar e- ef fi ci é)?] lcﬁ%ﬁtgl éﬁgﬁ’@é#ﬁgﬁhgﬁﬁée@ﬁog%gﬁvgglgn%éeﬁﬁoe %‘%%apﬁzfé% of a
conventional faooventienatifr@itend Vinld) @xhtcdBeBlI@E8 PCT/ US2004/ 004603 4

[0010] Embodiments of the present invention allow uncorrected input samples to pass
to the despreading device and then are later corrected using a static set of channel
matched filter coefficients. Estimation of the channel matched filter coefficients in
conventional matched filters involve digital signal processor (DSP) or microprocessor
computations. However, the present invention utilizes a hardware (W) focused
approach which is fast and efficient. Although the short spreading sequence present
challenges in finding the earliest arriving path, i.e. the start of the channel response, two
techniques are shown herein to efficiently unfold the channel response and find the

cursor and earliest arriving path.

[0011] Embodiments of the present invention encompass a back-end CMF (or post-
despreading CMF) which can be used in short packet wireless data communications
employing direct-sequence spread spectrum signaling. The invention describes a novel,
hardware-efficient implementation of a CMF that can be used in place of a conventional

front-end CMF.



[0012] Atypical enbodi nent of the invention conprises a channel natched
filter including a peak detector for establishing processing

synchroni zation froma despread signal and a channel estinmator producing a
channel i nmpul s¥0pwsfdY8e (CIR) estimate fromthe despreadr/ssgmabisiased on

t he synchroni zation by the peak detector. Further, a back-end synbol

conbi ner coherently comnbi ni ng donmi nant nuftipath conmponents of the despread
signal by weights based on the CIR estimte based on the synchroni zation by
t he peak detectgézio qenerate a decision variable is used. The despread
signal conprid &g cmbodiraeny obfe fvenion cappissHt Fhynaed utshedsilicepl i ca.

[0013] In furt hadludepROsbkloBdiéctor férfeetaRAig GREQSIhS syrkNBhicaloh ¥rofSd @B tahes
processing synchronization by estimating a cursor timng and a symnbol

: A . SY
boundary from 2 ERaGhHT ¢ Gpanel sstEratergresucing a chygng) irapmisearsgerse (E1R) etisatec hannel
estimator and sywbak deprid H8fal bed ¥ithé dRERoREatioh By ﬁﬁ?:_@il&dé%toﬁrﬁfrﬁxle@a can be

reduced by averaqi%?r}% a magni t ude val ue over a plurality of nearby val ues.
In addition, tHECCHsERbAlicAmbigercaherpilysempirig dgmipgnt rdtiatnompaperisroof f set of
a | argest nagnithddiSpr¥all salfy welhtdBHSEH dnlSeCTR! Rfihhte basE&'{n?] B8 Synchlbohgay ool

t
boundary can be determned by a fixed offset prior to e cursor on the

magni t ude pr of iAYahe DaRk getsctar & generalea dedisipyarisbla frglied Theespsead sigpdini ned by a

furthest | ocalcomgxdet Ruha ¥ Rdatdl WRONNdAER e SpeREkddcA threshol d val ue prior
to the cursor on the magnitude profile._[6014] The channel estimator in
typi cal enbodi Teer3s B fadbr @MbbdiMerkt, TheqRhil dRdcRr typicdaily Eieflifie@Protistifet ed
manner. The channel estimator can use a_ slicer that operates at )

appr oxi mat el y tSHRFNEGZEHM RYSSHmAng acrspn bring endarymbeldienrdary i susti@dponse
(CR)  estimat erofildl6r ifid debfteadsidhalBr MR A dstBYRSr 2Rd oPddnibine?f APT Obi ng
intervals for averaging to reduce variance of the CIR estimate. Further,
the output of tWEaehahheraguringeble canle redisedbirvewsing 2peniiEe yplun®iees of t he
oper ati ons CONGiirAitPEF eBH hEiticS W hatER B cursdr titGAkh B0 ARl i Ng tO
produce the CIR estimate fo inprove the overall result of the” CMF. [0015)
In further enboicreining an pifet efmipteest suwayide yaleanfithareagniteds naeflprdadiersi gnal by
the weights basgdeRottdsndahaA%E HoBhEndi®yATRES aﬁﬁt%}gt&ﬁebﬁ%&%m“ abl e. The

synbol conbiner can conpri'se a |inear conbiner conbining the despread
signal by the \ieagaitds profees citegpptalh ghecymbe opndatyecaphe grsgrmited by g fthesr i es of

multiply and a At | Q0S: e !
2004/ 75108, PorTCLBB A a7k #maBiARE Blofeddyh HefoR] il HRE! & Metursidn

the magnitude profile.

f0014] The channel estimator in typical embodiments produces the CIR estimate in a
decision directed manner. The channel estimator can use a slicer that operates at
approximately the cursor position to produce the channel impulse response (CIR)
estimate. The slicer can be operated over a plurality of probing intervals for averaging
to reduce variance of the CIR estimate. Further, the output of the channel estimator can
be processed by one or more of the operations comprising complex conjugation,
truncation and scaling to produce the CIR estimate to improve the overall result of the
CMF.

[0015] In further embodiments, the symbol combiner combines the despread signal by
the weights based on the CIR estimate to generate the decision variable. The symbol
combiner can comprise a linear combiner combining the despread signal by the weights
based on the CIR estimate by performing a series of multiply and add operations to

generate the decision variable.



5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] Referring now to the drawings in
which |ike reference nunbers represent corresponding parts throughout:
[0017] FIG 1 is a block diagram of a conventional channel nmatched filter
for a comuni ¢ #8H78Y8t em uti | i zi ng direct-sequence spreaduShABidsM
signaling; [0018], FIGS. 2A and 2B are bl ock diagrans of a typical back-end
channel matched filter of the present i nvent i on: [0019] FIG 2Cis a block
di agram of atypical back-end channel matched filter of the present

i nvention; [0020] FIG 3 i I X ary nmethod i npl enenti ng
the present invention; [03‘2@?‘7@@%@%@?@@%@% ans of an

exenpl ary recei a i ture. inplenmenti.ng.the. present invention; and
[0022] FIG 4D (b§ts) ?fgfr%e HE QW0 the diiges ‘W@Qﬁ%‘f“' efS%&@%‘!““?aPﬁH TRRIEEN zer
timeline in an cogxspoydisgy parts de@ighent: of the invention. DETAI LED DESCRI PTI ON
[0023] In the follow ng description of the preferred enbodi nent, reference
is made to thd08toEaryis mblock diwgrag of adrinedntibed phaang anidichbé fik@ffor aand i n whi ch
i s shown by way nts in which the invention

f t i ) ifi nbodi
may be practi ceca&nlupjcil’u&solﬂfs Bgt%éh&gzﬁs cﬁ%‘lfta%‘g}mﬁ?%?gml PP RS H RNt s may be
tili d d st . md 1th
Stope of (o prl0bfE iftls SAANAGE Do % TRGR ot IR

t departing fromthe
%aﬁ}ﬁf@ﬁ%‘amﬁﬁ ﬁn?t&qema/er Vi ew
[ 0024] The conJétkt pighapresehtrioventiend CMF of FIG 1 represents a concatenation
of two linear tinme-invariant operations, since the despreader can be
consi der as a fl0¥I9 e FIGn2(Qiseblockdippams of { fFbiR)l bh¢k-¢rdrchavinehmatchied $itand ¢heequal to
the tinme-rever Qg%é'k'ﬁ&; of the spreading sequence. Hence, the connection

Wi

can be interch ngsg out altering the overall response of the

concat enat ed S)e’ﬁ%ﬁ’ﬁ" Fhée)%%?%ﬂ W RSt of %ﬁ%ﬂ@t’%ﬁﬁﬁfﬂﬁgﬁ%@g@%ﬁsﬁg a typical

back-end channel natc iIfTter inp Ion o I nvention.
The back-end CNpveaherhi t ect ure 200 WO 2004/ 073198 PCT/ US2004/ 004603 6

[0021] TFIGS. 4A-4C are block diagrams of an exemplary receiver architecture

implementing the present invention; and

[0022] FIG. 4D is a timeline of a short preamble budget and equalizer timeline in an

exemplary receiver of the invention.

DETAILED DESCRIPTION

[0023] In the following description of the preferred embodiment, reference is made to
~ the accompanying drawings which form a part hereof, and in which is shown by way of
illustration specific embodiments in which the invention may be practiced. It is to be

understood that other embodiments may be utilized and structural changes may be made

without departing from the scope of the present invention.

1. Back-End Channel Matched Filter Overview

{0024] The conventional, front-end CMF of FIG. 1 represents a concatenation of two
linear time-invariant operations, since the despreader can be consider as a finite-impulse
response (FIR) filter with a response equal to the time-reversal version of the spreading
sequence. Hence, the connection can be interchanged without altering the overall

response of the concatenated system.

[0025] FIGS. 2A and 2B are block diagrams of a typical back-end channel matched

filter implementation of the present invention. The back-end CMF architecture 200



with the filter 204 situated after the despreader 202 as shown in FIG 2A,
yields the sane mathematical result as the conventional front-end CVF of
FIG 1. In addition, because convolving the received signal with 1 *[-i] is
equi val ent to WOCPUYARMIMY) correlation of the received sirgmaiszooitoacod * [i]
t he back-end CWF can inplenment correlation with h'[ij using a series of

mul tiply-and-add operations (referred to as the back-end conbi ner 206), as
shown in FIG 2B. Note that h, = P [i] applying a sinplified notation, and

c, Is the despreader,. output for .th orre ding ith 1] pa conmponent .
(Estimation of wﬁFﬂ]e filigr tsg?ﬁtfétﬁfﬁeﬁtﬁggﬁglga%gﬁ& @é@%"f‘b‘ﬂﬁ%i ‘}f‘gf)d?i‘:i; B¢ is clear
that the back- et hidentkicdl Aeulp aethe tinvedive Flofentl EMIDSEFIGAL daidgitiogf f i ci ent
because only one conmplex nultiplier is required. "M conplex nmultipliers,
the |ength of bfdajiselcdyvoluing thexgoivedaigharwitioh 6 hisiequishlefttoa{ueigg) CMFs. |t i s
also inportant to note that the nmatched filteriegg in the front-end
structure is pedrfelaiiopdf the receiwed signal wigu s (4 athp baskiead EMK tapfimplemetie despr eader)
in a convolution fashion,,while it is perforned at the sypbol level in the
back-end conf i §eFedation Withdr Elpsingfseriessyl myliipby-gndiadd gpergiang (fgfeppd torag 8i on.
[0027] FIG 2Cis a_ block diagram of yRi cal back-ead CVE of the present

i nventi on. Theb? W@Fo%aer%%aﬁsg]%W%%%%a&-iﬂﬁM %?iﬁi@@&‘f’%?e 200
conprises three i npopent .ol r : . e peak
ComDr | 5eS 4" el Py BIRGREI ol ANl neRl Ll B AERRRSPART BBl PEak
arriving path. odhigonbht! StstitlafionVdf 1] Redethilbdin sdiRbduetheafont e earliest arriving
replica of a single transmtted pul se that has sufficiently strong power,
and the positi agagf re’syc@éarthﬁtr;g@ﬁa%kfeﬂ@cmo@ale&)re@erﬁmmlonbpﬁseféamwﬁe-e-, it is
treated as the start of a synbol). The channél estimtor 210 estimates the
channel i npul sEicieatiserseoilopR)copples andtintiag if (equivedy alye somplex mudiplipsxthe al ued)
channel gain [ MS| o) hJBeL &imobR&ntR@ck- end
synbol conbi ne?er“%é’lf'ﬁ‘é‘ﬁhé@gﬂgd@g%‘?ﬁ‘é@%&?’g‘ﬁ%ﬁener'ggafg?lgm‘mom r}ant

mul ti pat h conpeaoe fiasthe ynached Mipeting ircthe fventghd sruotatesit partbrined an thdvecdDieR est i mat e
to maxi m ze the SNR of the decjsio ariable.. The de ead signal c, can be
alternately apﬁ?’\l@?@eﬁ’?} @%%&%ﬂﬁfé@@yw&ﬁ&w@wg@ﬁﬁ%@ﬁfe1 W?@Cﬂmﬂﬁ The
operation of egghyRbolliesa tipIR BRI doifigirdtion RftetiBe désplrader) i arrdladet ai | as
foll ows. WD 2004/073198 PCT/ US2004/ 004603 7 1.1 Peak Detector

fashion.

[0027] FIG. 2C is a block diagram of a typical back-end CMF of the present
invention. The filter 204 of a typical back-end CMF architecture 200 comprises three
major component blocks after the despreader 202. The peak detector 208 that estimates
the timings of the strongest path and the first arriving path. The first arriving path is
defined as the earliest arriving replica of a single transmitted pulse that has sufficiently
strong power, and the position of which is referred to as the symbol boundary (i.e., it is
treated as the start of a symbol). The channel estimator 210 estimates the channel
impulse response (CIR) by coherently averages the (complex-valued) channel gain
profile using the pseudo-noise probing method. The back-end symbol combiner 206
coherently combines signal energy from dominant multipath components by appropriate
weights obtained from the CIR estimate to maximize the SNR of the decision variable.

The despread signal c, can be alternately applied to each of these components through

switch 212. The operation of each of these components will be described in more detail

as follows.



[ 0028] The peak detector 208 is used during the acquisition period, when the
swwtch 212 in FIG 2Cis in the top position, to performthe follow ng two
functions. The_peak detector 208 establishes a coarse timng, based on the
estimat ed posi YPH"873 e strongest nultipath conponent ,pdT/Es2004bdagscur sor
timng 214. In addition, the peak detector 208 provides the synbol boundary
216. [0029] The despreader 202 preceding the peak detector 208 perforns
correlation of the received sanples with a |local replica of the spreading
sequence. Int fql | .omin di scussi on, the nunber of sanples per chip
interval is Q g?\d Eﬂﬁgkﬁnﬁtﬁ%%rr of chips in the naximmtolerable delay is N
For a syst \(/a\p: uf0028)z I Tig ppar deedioe 2G4 &&didﬁ@]g&ﬂﬂ&@ﬂ@iﬁ&ﬂ pezir.ioﬁ1 Whenﬁm m:?h ng f
sequences 0S eri j.s.the sane.as, t S interval, .the value of N
cannot exceed ﬁ?@“ﬁ@%‘éf“ﬁﬁe GRPRIUGE, ‘%ég‘%i[g?%l“ﬂmnﬁi%?%%ﬁp%@%kw th a
dﬁl ay 01;\'0 P+j hdfhéthﬁ' ZO&EHmin?]HEEa d{bassteitimg:l;g', siedlof ﬂ)@ﬂéﬁ@ﬁ&d\#ﬁﬁhoraonﬁg&t saxymgtfs:d j

chi ps. te that this N chip interval st i Jomthe s 0 oundary
contains the aW}thhﬁo?P%%t’ ‘g"r" Wﬁ?&ﬂ’[‘“ﬂg%#'t]:‘qgg%ﬁolb8}?15’8?11%%1‘@065&} espondi ng
to a given trapowidedhésymbabdunda@ngdion |1 be referred to as a probing
interval since it will be used in the pseudo-noi se probing nmethod to

anal yze the chpopgl Tirslegemaeri20R grecatlidghbe whladinetor2os parfoims c@fidtibo 6f

hereafter). [0030] The cursor  and ol .boundary lie so re within an
Cogmant of O TESMrpIECSHIS Vi A G Ao DR TR SLypRG THURIGRE (ho
tim Ing of ht he gkaRHGE He nuﬂibéﬁc:f@zaﬁﬂ]esq:@fmﬁmhﬁ&haiianﬁ$ﬁe ﬁu@maﬂofdlgipsegﬁent | Iof N
sanpl es that starts i te ter the packet starts.can be typica

TGent i eq- by SoHEEPERGl SRy e OHT 2 it ARG oS s age”
recei ved ener gypr&xigeefuetced wEsROeidd ie the RigdsaeBRbE intevaE Sleahlle oSNCh as with
a sinple i2 +g2 accunmul ator with a threshold or, a}g\alo ower deteftor. The
despreader 2023 BNEXEEL DeBRPeESMBSLiR: § '(ﬂ‘?%a,used’e‘ﬁ‘glflﬁad cunponent with g delay of -~

wi th each of f set.; afscasid0belisfghiohed ol dneRahh deRYBOAIKs. NB®Rithdit ispaced (i
-1)T, away fromthe start of that se rren(;. Si nce the spreading sequence
typical Iy exhi Bp diergg startiag fopm thg E’E}bB’g‘?é%“ Wﬁqﬂ@l‘ﬁgfeﬁ’é‘ﬁ‘ﬁ& WRes Rt B‘@F‘g?tes, t he

magni t ude of t hRAH.ERHNPIRAL SHfesFHANR o a HFQ@ArdEmitedy@fRN and Al BERERIkdIde Of
t he correspondi ng nmultipath conponent. To. reduce, the variance of such an

estimte, the H§APrehing ipfervelsince #%ill bepsed in the Pssdanterreding methodfgy aged over

several such sgeMBRiR-chdReNEs RY&REfhdIBERel skifBtof M¥RG KfeahBr)est i mate  of
the magni tude profile of the channel. The | argest of these averaged

magni t udes canpg)8y2 Ofid A3l siReld! Ye2{aad/11e @dBdvhereBwithin any segment of ON

samples in a packet. To locate the symbol boundary, the timing of the strongest

multipath component is first found. A segment of QN samples that starts immediately
after the packet starts can be typically identified by some sort of energy detection
mechanism, e.g. the average received energy exceeds a prespecified programmable
threshold, such as with a simple i* +¢* accumulator with a threshold or analog power
detector. The despreader 202 generates QN correlations, denoted as ¢;, i=l, ..., ON,
with each offset corresponding to a multipath component that is spaced (i —1)T, away

from the start of that segment. Since the spreading sequence typically exhibits very
small sidelobes in the correlation properties, the magnitade of these correlations can be
used to represent the magnitude of the corresponding multipath component. To reduce
the variance of such an estimate, the magnitude of the correlation at each offset is
averaged over several such segments, These averaged magnitudes comprise an estimate

of the magnitude profile of the channel. The largest of these averaged magnitudes can



be considered the strongest nultipath conponent. The corresponding offset is
the cursor position. [0031] Once the strongest multipath conponent is

| ocated, the first arriving path that has sufficiently strong power can be
determned or SXQMABMS The position of this nultipath SENRLIAMcS
referred to as the synbol boundary. This is inportant for the CM in order
to collect signal energies in sanples t haf correspond to the sane synbol
period. The first arrivi ng path that has sufficiently strong power can be
esti mat ed usi n % two al ter B roacgﬁ [ 0032] Under the first
appr oach, the erﬁ H‘ﬁ&%‘?ftﬁ%‘? g"’fef“x eB‘P’fﬁ‘é’é‘t" gioffpetisghe t he cursor.
This fixed (but:urpcrrqngmﬁdmmbl e) offset can be determ ned based on a
statistical analysis of the typical root-nean-square (rns) delay spreads of
a]hfi nt elr)]deldd e[ﬂﬂBl]onﬂmetthe dhotigesdeauityipath ccﬁ[pohéiﬂﬁ%c;:ﬁﬂ\khé iﬁ@l’m‘?hng)f)aﬂﬁthﬁﬁml cal

of fice buildin a _certai with s mul.ti pat ereas a
| arge i ndoor g%sp@ 1%?9 %gtpgggowrfarbﬁ ‘%éeﬁ‘& (i o} ‘gqfﬁﬁIPPf’IB%ﬁ thip £ | at

out door | andsc&mﬁtpﬁmltbﬁlp@iehﬂ 1breferfeﬂlﬂgas(tbkl’syﬁ!661rboﬁﬂiary Mtk ik na{saatant\f&ﬁh&
typically appli theg(gcr ese invention, is primari |%PI nt ended for

i ndoor usage. ]or R0 COUEhHHER W%ﬁdﬁsq@lm%c%ﬁﬁiﬁﬂ“@@ SRRk ude

profile can bepéiwl Thefrst ﬁﬁvﬁgﬁath ittt sETEEIGMB sBohdshiver &in bR eStirttitdAlsingi gnal
processor (DSP) to determne the first arriving path. For exanple, the

farthest |ocal WeSitHeA PRl 2PPERHEEs on the left of the cursor within a
range limted 1fied ogr anme, xi mum off set and whose
power exceeds g%f}?]es ’tdeb @r% Tﬁ%évtg y&’é’ﬂﬁt"ﬂ“ i Bt 1O BP0 PLBR PGt he
synbol  boundagie.cutbor? ThlxAXEE (bubprbbrminable] diddhn Bhest@tiifea sae@6n h he channel

estimator 210 is.to produce an estimate of th nnel i, mpul se re ponse
(G R Channel “BUtEHBITAP 457 o3 HOLTEpBtavah Gy JoLay el fign

boundary has beanroﬁﬁ]erabbbﬁdaadpla,mﬂ lﬁdoei éiﬁtr&ﬂﬂbnf tsf%qy@mysfﬂ@baﬁml@pa@éagse@l zation
have been achi eved, B§ ‘i}hﬁ% 2 is in the mddle position. The
frequency and 2§ e ot s ‘"é‘“]PBat'Eré"’ ERDYBERe pRdogh SPEYS Y ARNet MER mat i on.

[ 0035] The desﬂﬁ&%&ﬂom@ﬂﬁtﬂiﬂaﬂ&!\ﬂah@htdﬁ&ﬂﬁrﬂﬁ@w&bﬁldﬁhﬁxtwr@%ﬂ@eﬂﬁ'ﬁ)er val can
be used for CIR estipation. Because of the spreading sequence exhibits

smal | si del obe&MItpRE- M‘%GW‘WIS fg@eﬁﬁﬁplj%@@t@?ﬁﬁw isgrimarily intended

for indoor usage.

[0033] The second approach is more complex; the magnitude profile can be analyzed
by additional hardware logic or a digital signal processor (DSP) to determine the first
arriving path. For example, the farthest local maximum that locates on the left of the
cursor within a range limited by a pre-specified programmable maximum offset and
whose power exceeds a preset programmable threshold can be considered as the symbol

boundary.

1.2 Channel Estimator

[0034] The purpose of the channel estimator 210 is to produce an estimate of the
channel impulse response (CIR). Channel estimation can be initiated shortly after the
symbol boundary has been established and timing and frequency/phase synchronization
have been achieved, i.e., the switch 212 is in the middie position. The frequency and

phase errors have to be removed prior to channel estimation.

[0035] The despreader output ¢, that corresponds to a probing interval can be used for

CIR estimation. Because of the spreading sequence exhibits smal} sidelobes, the



pseudo- noi se (PN) probing nmethod uses the fact that ¢, =1t, d, where d is
the transmtted synbol in the beginning of that probing interval and i=1
corresponds to the first arriving path, i.e., the synbol boundary,

esti mat ed fronWOREMEEER det ector 208. In systens where arTuRpRgesdated pil ot
signal is not available, such as that specified in the |EEE 802.11b
standard, the CIR estimate is obtained in?a decision-directed manner. That
is, assum ng the decisions are sufficiently accurate, 1z, =c¢, d. (1)

where d = slicer(g. is an estimate ofd that is obtained fromthe

correl ation at piel"l@"‘“‘?}EFr DY PIOBISE Methd Liee the fact gt €.5° IrP & where disthe | j cer 218 s
triggered by t FELQI ugh
switch 220. Thgl‘g%sgﬁe%]%g? |{)"J())lrri’1rﬁ ﬁl‘? b%%%%gﬁf@g# E’mgmg"?lné%% 4 Cmr%s%gndts rongest

nul tipath corrp@m@mm)lmgs’athst@d titecsymb@la:pmdahreeshemtedcfﬂomhepeakdeitqtm()& Iefore the

conbi ni ng can it .unt

avail abl e) . ?gsgeﬁ véh\é?ehag g |cere 613?% ag)lﬁnlosav gnﬂcEIaT@atSP%femdé’i’ thﬁ devi ce
t hat depends omEEm&]dblatambkd ateﬂiReslﬁnatdfneohmmmtadmswy-uheﬂtalmmed. in the
system Simlar,.to the .ave i.ng a ed .in the peak detector, equation (1)
i s performed ofpé‘?“ YEVPER i %‘“ﬁ% 'Tpﬁiﬁ!ér‘??g%‘?l ®averaging to reduce the
variance in the estl.mate,\ Thus t he peak detector wuses non-coherent

averagi ng, while t h& Th&4channel estimtor uses nearl| y the sane Aar dware to
perform coherent averaging with the slicer decision variable. In addition,

si nce the chanmgkrecdnrilicér06 I Yy p makdntateloaphned otdiseddfontitha oBteltiah kithover a

cursar

packet duration, the CIR estimate can be applied to the remai nder of the
sane packet . quwsol‘m@sttmrt|Rﬂ@erawgaﬂ0£é@cﬁ®ﬂﬁsmmﬁausmggmdb2twemrmu% {h, JQA

. The CR t nbi

wel ght that i PrY Be e cechor 2 BIAIEH o RIB23 SRR BBERSE Rhfubdt®, [OTP! Ner

f ol I owi ng sect iposiion (E@O@@}trdngesbmdhpath ootdlmnarthlsmsndtthebtwoﬂimm&tlchmdght s, the
CI R est | mate t %erga?é lL%orc H‘B%&E\%ﬂ%ﬁ cz?rp&‘c%t({v%ﬁ néeﬁg oW&g&uFﬁQEh?éti&%{éysiygat 1on,

truncation and/or ‘scalin conjugati on can
previously di seauskbled). \Mcttdnthntebwcgr cperalﬁdlﬁs eﬂmally a dasrmtdev.lne bainiepmdper f or ned
because the ta'tllxcctoHQelBI ongﬁh o&uﬁ Rgoli)% m&ﬁé Br?ci%ésgmﬁﬁﬁo tlliQJCh | ower

power, e.g. as W dgof ‘Ehanne ni ng i path
conponent s i eladsragimgwaplphshnn@pbﬂtdztmmr,eqlhmgm(mdperfpamddowmpwﬁrpmbmgeed not

be incorporat e conbi ner.. exe trunc on limt Is to use
Che 115t Keay M5 Db R RGeS Bt G0 ED s e gl dudcor

uses non-coherent averaging, while the thc channel estimator uses nearly the same

hardware to perform coherent averaging with the slicer decision variable. In addition,
since the channel condition typically does not change dramatically over a packet

duration, the CIR estimate can be applied to the remainder of the same packet. The

resulting averaged CIR estimate can be denoted as { h } . The CIR estimate is then

further processed to generate the combiner weight that will be used in the back-end

combiner (described in the following section).

[0036] In order to determine the combiner weights, the CIR estimate typically
undergoes operations including complex conjugation, truncation and/or scaling.
Complex conjugation can be performed as previously discussed with respect to FIG. 2B.
Truncation can be performed because the tail end of the multipath profile typically has
much lower power, e.g, as with indoor channels. As combining these multipath
components yields diminishing returns, these multipath components need not be

incorporated in the combiner. An exemplary truncation limit is to use the first K<ON



10 conponents for conbining (where Kis a progamuable value). Scaling of the
conbi ner output can be applied because the conbiner output is typically
used to drive the synchronization |oops (as it has a higher SNR). The | oop
bandwi dt h of t N& 20&HPE oni zati on | oop depends on the powerrhoohRsBombdi ner
out put, which in turn depends on the scaling of the conbiner weights.
Sinpl e scaling, inplenmented by a hardware shift operation, can acconplish
this goal. 1.3 Back-End Synbol Conbiner [0037] The conbi ner weight fromthe

conbi ner wei ght, generator._can. b mat hemat i cal descrj bed w |. }K where
o and a 1s o SeBRREE IRt Red Rtk R ks ER G ed el bbbk A
limt of KI5 Qbutpairvaivbe aypiibd Bedawdel the combitier oppasis blpially fissd @addverheoper at i on
descri bed above, sho i n,FlLGS. a en the switch. 212 is in
the bottom posfﬂcg‘ﬁsﬁ’f?g‘[ﬂ\?}goﬁgw-ﬂﬁﬂa&‘??Féggkggﬁﬁvwﬂ]%ﬂnbﬁngw'g iRar conmbi ner that
combi nes t he degppheadaiondodpudpends on thy piyer bihe boshBinG@apuRMich hetudleci si on

vari abl e 222, z = Zw. c, . The conbi ning . operation can be i enented by a
series of nul tlﬁﬁqeﬁgsa%be jealjng oqgt& 0 @Ffa”t'q?%m@ e#“HB]F S‘Faé‘a%ri”ing@nﬁ’:‘fr?‘%/byo‘he conpl ex
mul tiplier, ashaddews shift dpbi&tion? EanbicontpBif @sigo@d. h, wWith w,. The out put

deci sion variable 222 is then communicated to a decision device, decoder
and/ or synchroni zation | oops for further processing. [0038] The foll ow ng
ref erences ar e 18ppl Bakiind Symbol{eonfbdreegoi ng descri ption of the present

invention to provhbfebackaground in t rel.ated art: J. G _Proakis, Digital
communi cat i ons,[&)::"bgdr.n,le %@“%ﬁ?’%fgﬁt?}é’&nﬁw pher wf@éé’%en%rﬁﬁr RSP/ | EEE St d.
802.11, Wreless LAN nedi um accgssycontrol (KAC) and physical |ayer (PHY)
speci fi cat i ons mathpogticallyjessribedag b@t}g wheeeovporatasd iy asedipg Baoe(iiereei n. 2.
Exenpl ary Met hod | npl ementing the Channel Matched Filter [0039] FIG 3 is a
fl owchart of arheskdimglisdiscussed fhpse)ofA friveofpKeg@Mtcan besgupliedduc t thegossibbnner t hat

paral l el s the descr.iption of a.chapnel tched filter inplenmentation of the
present invent i“Hﬂ‘fa“S’??Wn@Bfiesﬁ’é 3BoVr A8 _T%'@ﬁé’ﬂdgﬁl@f’ T80 can be
described as 120} |sGithe bbitorR b&atonB & badi- @@L $BbA Goabinetls ®Rheadddninet BRIM a
despread signal with a peak detect tablished. Follow ng this at

r.1s -0 /
bl ock 304, a clsambiass thagasprseder @%ﬁh@e} l{ydme}smcm@amﬁs%w porPeds904/ 004603
. i
z= Zw,c,. . The combining operation can be implemented by a series of multiply-and-
= .

add operations that requires only one complex multiplier, as shown in FIG. 2B by
replacing ﬁ: with w,. The output decision variable 222 is then communicated to a

decision device, decoder and/or synchronization loops for further processing.

[0038] The following references are applicable to the foregoing description of the
present invention to provide background in the related art: J. G. Proakis, Digital
communications, 3” ed., New York, McGraw-Hill, 1995; and ANSIIEEE Std. 802.11,
Wireless LAN medinm access control (MAC) and physical layer (PHY) specifications,
1999, which are both incorporated by reference herein.

2. Exemplary Method Implementing the Channel Matched Filter

[0039] FIG. 3 is a flowchart of an exemplary method of the present invention. In a
manner that parallels the description of a channe! matched filter implementation of the
present invention, a typical method of channel matched filtering 300 can be described as
follows. At block 302, processing synchronization from a despread signal with a peak
detector is established. Following this at block 304, a channel impulse response (CIR)



11 estimate is produced fromthe despread signal based on the

synchroni zati on by the peak detector with a channel estimator. Finally at
bl ock 306, domi nant nultipath conponents of the despread signal are
coherently conﬁioned %}é wei ghts based on the CIR estimate and based on the
synchroni zati o 39/04{0 98peak detector to generate a deci SCHYSWA+Gogdobe Wi th a
back-end synbol conbiner. 3. Exenplary Re1 ei ver | nplenentation [00401 FIG
4A is a bl ock diagram of an exenplary recgli ver 400 inplenenting a back-end
ghannlel mat ched filter of the present invention. The follow ng description
etails an inp at - . nnel tch filter in a. WAN
receiver, h0\/\/%5\(?#??&',{&ltgl h%)(a‘g%gfggﬁlotp 9%%%&%&:3\1@ %a(%eﬁ Psot gﬁg?nﬁ% klér(ltl{“f {(l)le f ﬁatla(

exenpl ary r eceideteston wiph echemtehtstiontod eioaliyhetlotked06 addmenant fndBigdth The back- end

channel matche i n.,r ke .finger front-end .structure
typically foungogl%gn%%f)ﬁge getsg{%l cgsﬁlgn rf% gﬁih%fem%l%ﬁéygﬁﬁﬁ% asfeldr?ﬁ tlEf’oes not
require a sophiC3R egiaatchnd dked e teisyrehroaizatitintbg clieljreek devecrd to genamreya CDVA
devi ces, since  there .is no,soft hand-off qgr. dynam cally changi ng multi path,
there is no neg%mstl%n‘bag?lfﬁ?)?vﬁﬁha%%‘tfkﬁ‘?ﬁg%?df%dﬁnng and no need to assign and
reassign elenents to new paths. [0042] As previously described, a typical
channel nmatched fi lﬁﬁfgﬂ Rgécmpﬂndﬁémc%ﬁﬁon present invention conprises three
key el ements: thegﬁea etector 208, the channel estimtor 210 that
coherently avel®48k Flite4Ahambletk diagsm planpaempjary meceiysedP@dmpleingatingRN)  pr obi ng
met hod and t he I i A I ]

: bk EAG e 8ed | nt
mul ti pat h conponent s.(_: #’ﬂ%x@ﬁpﬁgfgﬁ?g(%ié&?%g&Q%%h%?ﬁﬁa%ﬁﬁgd%g@%es a
Bar ker mat chedethild andmpleo@ntpiBNFY a bedki-aH channel mepéohpd Bltatdr 2 WMLAN repeivari des i nput
to a channel sl r - : f?:fr rggfé conmbi ner 408
described in de?a{e\{m gftg%#g?@% t nggétg?\l%%ég%?‘%%po e}éal L‘r ecei ver 400.
3.1 Exenpl ary Gnplemeitatiotdeseribasthefe@fer3] FIG 4B illustrates details of the
exenpl ary channel estimator 404 of FIG 4A. Channel estimation is initiated

shor 1y af tor i00#hgTariecK extyionynpbesddisyo it Bersiof-aidvat tpen ach cved
e.g., about 1 fAarti gt he. a
: ?tﬁﬁﬁ‘)ﬁf %Ecgﬁ:ﬁﬁﬁlﬁﬁ ﬁgﬁl% itk Qﬁl&%mg &gﬁMJS)O e 86%: 1o 18R Boes o eng

tracking | oop ecause t reguency an ase errors have to

removed pri or r¢quir€hFophisticatel rakesedeingt irohitectTtsdoyndrip ogry GPMAhdevichn amed

estimator 404 i Fﬁﬁ!H %E ; - ORPLES 14/ I

transfer funct itlgeﬁ% 19 \I,'IVP' IQ((K: | g-%{tﬁog d &ﬁ& ghagémé Hﬁltﬁx I S8 14 ﬂég&ito(b@ﬁ&ﬂ?
per-finger tracking and no need to assign and reassign elements to new paths.

[0042] As previously described, a typical channel matched filter embodiment of the
present invention comprises three key elements: the peak detector 208, the channel
estirnator 210 that coherently averages the channel profile using the pseudo-noise (PN)
probing method and the symbol combiner 206 that coherently combines dominant
multipath components. The exemplary receiver 400 of FIG. 4A includes a Barker
matched filter 402 (BMF), which is a despreader, that provides input to a channel
estimator 404, a peak detector 406 and a symbol combiner 408 described in detail

hereafter in the context of the overall receiver 400.

3.1  Exemplary Channel Estimator

[0043] FIG. 4B illustrates details of the exemplary channel estimator 404 of FIG. 4A.
Channel estimation is initiated shortly after timing and frequency/phase synchronization
have been achieved (e.g., about 18 ps after starting the phase lock loop (PLL) and
timing tracking loop (TTL)) because the frequency and phase errors have to be removed
prior to CMF channel estimation. The purpose of the channel estimator 404 is to

produce an estimate of the complex-valued channel transfer function, which is the



WD 2004/ 073198 PCT/ US2004/ 004603 12 convol ution of the transmt pul se
shaping filter, the propagation channel, and the received matched filter.
This is perforned suedo- noi se probing nmethod. The correlation bl ock
of the peak det é)c"’t“%}/ ﬂ'@g can be partially shared here. SorErtsaeodioekos
nodi fication is required however to achie e%e | ong coherent average of the
peaks. Also, the actual signed val ues of 12 he correlation results (as
opposed to absolute values of the peak detector 406) have to be added to

support channe timzati C performed to
reuse har dwar ek%@#g%%fo%%%nﬁﬁmsgﬁapmf égezfﬂrﬁgﬂ@p%gﬁg%c glaﬁpt?‘ﬁ the main
steps perfor nedecwedmacmumnel'ﬂmls pm%med ¥Q¥psagde-nothe pobingektivdr @he Par ti cul ar
vari abl es are italics w.th reference t he
figures to ill @&-?ér]%{&ﬁ% gg%dﬁg h fi%tﬁco JOFﬁ rﬂ?'gﬁl?'gﬁmd[hﬁ’64§?merﬂb“ hannel
estimator 404 fmoﬂﬁica@mhemqmteﬂ;}mamutﬂﬂoﬁ:bﬁﬂoﬁé&h&hﬁ adddZgeqi tiplplesks. (AGsoQ. , 22

| ex-val ued | at f k that is,
ForT O Mo, - ShEersfieliong Wiss bEfhe FbeioR o B oo 5 ORP MG PHOF hehecar ker
correl ati ons, ek demctbemﬁszhayé ¢ Egddédto sé‘ppéﬁt@h@ﬂéi ckt@fitivh ek Hhidvad €
mul tiplied by deci sion fromthe PSK sllcer

1 whi i s .t
420 (see FIG RB\%“Z?WHFE%‘V%%‘&’IP to%ﬁ%&) Wages ispown M g8 correl ati ng

beyond one pre The av d result t he channel
i mpul se r esponi‘mﬁg?i%l% 0 gégﬁl &I SIEPS RS OHDE%I the 3@1" }\Effl@a't"ﬁ%ff * e
di vi de- by- M bl dekrishetee Haﬁtduhﬁmiabﬁsaﬁasfsighsd andiidehtifialih ithlics gvithRefedeig@ut =~ by

(loge M bits 0 | at.i ons usi arlous SNRs and rns del ay spreads
can confi rmth}él‘{t?l ?%'%“S%HW&% QPVa t‘nvﬁﬂtfcﬁ’t of 200, the CIR cab be

scaled with a inst ad of atlon
factor that is'i nv]teaghel C\{'arﬁlf’ geﬁ‘gm?m A&l%lrft% eﬁ%’ &ccgwgﬂf%gg Bi@? Qt%m Wm of
squar es of t he (e 22 qoaiplexivalyed tounentipnsd for CALF ) mhpeﬁnbderc&ma'rkeesqmmlthacﬂt ed
arithnetic operat an able faor efficien
i npl enent at i onjo" d%-WHedSpF‘élgﬁ 4| ?fﬂ’ri)eﬁ‘c?‘gﬂlﬁéﬁ‘é %"gfaﬁgtﬂf%‘#;’fg negli gi bl e.
Thus, the har duatetatioas) thesentants eft regifter 4 4 1§unt kdgiackr BB aeinnigplicd bppl binell ) CVF
coefficients, that, is EO r 12 inin 0047) CR
esti mates at CES‘H@&’};H?‘R%“’B"RS’F‘%&%@ Fﬁiﬁ@“@?g(see %@3&%‘*@“@%8 128 128

modulation. This allows correlating beyond one preamble symbol boundary. The -

averaged result is the channel impulse response 422 (CIR), denoted as I+7*Q in FIG.

4B. Note that the divide-by-M block can be implemented as first right-shifting the input

by (log; M) bits.

[0046] Simulations using various SNRs and rms delay spreads can confirm that, for an
exemplary AGC set point of 200, the CIR cab be scaled with a constant value of 1/128
(instead of using a normalization factor that is inversely proportional to the square root
of the sum of squares of the multipath magnitude profile, which requires complicated
arithmetic operations and is not suitable for efficient hardware implementation), and the

resulting performance degradation is negligible. Thus, the hardware can use a set of

simplified (but close to optimal) CMF coefficients, that is 1; 8) £122(8) for symbol

combining.

1@ Q(z)
128 128

as CMF coefficients, and thus J consecutive samples starting from the symbol

[0047] CIR estimates at consecutive J offsets, that is, =1,..,J are used

boundary are combined.



as CVMF coefficients, and thus J consecutive sanples starting fromthe synbol
boundary are conbi ned. WD 2004/ 073198 PCT/ US2004/ 004603 13 [0048] Wth this
exenplary nodification, In and n in FIG 4B are defined as In=1 and On =

- Q(that is, WOAMPTIBE conpl ex conjugation). The fact orp@fusidoldRedsi - €
the denom nator of the sinplified CVF coefficients is 128) is handled in
the synbol conbiner (see Section 3.2 belBw) . 3.2 Exenplary Synbol Conbi ner
[ 0049] As shown in the bl ock diagramin FIG 4C, the synmbol conbiner 408 is

a |inear conbl conbi nes the BMF 402 out puts ich are the despread
synbol s at di f[ Wmf F’i‘iﬁ‘tpﬁ?%‘@f"i?%‘ﬁ“"w Iz gnd G ndflE %%?Ffif’féﬂeéﬁ%@ Thfn. For
not ati onal si mahﬂ gnt=y.Q(thdm #ARmg hRTBRblet e Ro ATHE M ctuesHt P8 ¢ ithe 1 s for med
fromaugnentln Cm‘n- H;rﬁ (s:ettln zero coefficients for those

nonqual i fi ed ‘?nﬂiéﬁt?foé B?FE‘#F% @“tsﬂstﬁé)e‘sf‘ﬁﬂedlﬂ\fé‘teéyff‘?qﬁncat ed in

t he conbi ner M&bﬁbﬁeﬂ@d&%&joﬁ@)%eml). exanple, cnfn(0) corresponds to bnf
acc(O = 1(0) + j*QO in FIG 4B. The BMF 402 generates 24 correl ations.

Specifically, bnf(1l:22) corresponds to the correlations at 22 offsets based
on the current 32(onEkém1ﬂe)rijfmbaig:pnmhimdr bm (0: 21) and bm‘(2 23) correspond to

th I d | t I 050 nb | inth
i Sth symbol i HOEBY s eSS e G ekt Ty o L e hymsS eitinerJB RE12G r o
S)T (i) = bnf (i lmeék)comapdsremwﬁbmdaehd BWhOBbIﬁmﬂ@Wl’m ateh:lee mfspxaidzsoyﬁﬁols?l tG he4A
eclision varl 0 thro slicer LN

and is al so us%gf m&]’tﬁpgtgdfqﬂ%&&’étg%?%ﬁ S Q'FL’L'?hE or BpAUOPIESIMAYCity e ar | y and
late synbols, qRIMMIGHnDYmplck-vafied veozor%{he Formed Eﬁﬁl)auﬁi'hénﬁn%ch)’n Sybrdy (1) (4)

1=0 and 21 |k = Efit(i) * L(i) with L(1) = bnf (i
~ sefting zero coefficients for those nonqualified multipath components (that is, those that

were truncated in the combiner weight generator). For example, emfn(0) corresponds to
bmf_acc(0) = K0) + j*Q(0} in FIG. 4B. The BMF 402 generates 24 correlations.

Specifically, bmf{1:22) corresponds to the correlations at 22 offsets based on the current
(on-time) timing, and bmyf{0:21) and bmf{2:23) correspond to the early and late versions,

respectively.

[0050] The on-time symbol in the k -th symbol interval, computed by:
21

ot, = Y cmfn(i)* OT (i) 3)
i=0

where OT(i) = bmf (i +1) represents the i -th element of the array, OT is the decision

variable for the DEPSK decoder 424 through slicer 420 in FIG. 4A, and is also used to
drive the decision-aided digital PLL 426. The early and late symbols, computed by:

€, = icmﬁ(i) * E(i) with E(i) = bmf (i) G
and
I, = icmﬁt(z’) * L({) with LG =bmf(i+2) 3

i=0

respectively, are fed into the TTL 432 to fine tune the timing. See FIG. 4A. Note that
Equations (3), (4), and (5) involve complex multiplications (see FIG. 4C). Also note
that Equations (3), (4), and (5) are presented only to itlustrate how the combining can be



=0 respectively, are fed into the TTL 432 to fine tune the timng. See FIG
4A. Note that Equations (3), (4), and (5) involve conplex nultiplications
(see FIG 4C). Also note that Equations (3), (4), and (5) are presented
only to illust M¥E45H% he conbi ning can be WO 2004/ 0731 9%-1AGEH4GR6R4/ 004603
14 perforned; however, in a hardware inplenentation, otk , ek , and |k are
typically obtained by summ ng over nonzéfo CVF coefficients onl y. [0051]
Since the TTL 432 is used for tinme tracking, only one of ek and Ik is

co ted at an iven nbol. interval. Note that typic nbodi t f th
i n\r/rgﬁti on errp?f’g cl’r\éle%fd’éé'fa‘éer’d’ll%H%@W%é}ﬁpl?’ﬁﬂfﬁmﬁ’s‘”ﬁ hél?l?’fﬁhfgﬁtyg‘ﬁlﬂ[;e gx:trrgl e, ©
only ek is com@,g@ag,gdbﬁ%ﬂﬁ%@%@né&e&mﬁeﬂﬁﬁmﬁlﬁymol n, and only Ik is

conput ed and passed to TTL at s n+1. ether ek or Ik is computed

in a given syrrtwﬂsq néﬁaé/@éﬁmﬂﬁ%%ge@éfsﬁ%etﬁxmf\g%ngmfﬁ%%%ﬁw{;% which is

synchroni zed with that of the TTL 43 Is alTows tor arrng of the

mul tiplier for compieditagy i symbblyintasvel. Nvtetha yypial enbodihatcbfaiiednveh@H52] Not e
that as shown in QXG 41?? 'gllgOCkS 28, 430 _are used to generate a scaling
factor of 1/128mPigNiedaubledithepigop PR §1giTR142¢ Fer ARl $14% 6¢ 1s spopticsat i on

2) f i lified),.h tati f th ffici ) .3
(2L or o oty o i (3 4578, TR Lol DG e RRE R ERIE a2
and inmportant tasksopii LR bPY et iPa giwépggs%gteﬁéggif&@eﬁuﬁ@ si gnal

detection and synchroni zation. ‘These tasks are”per ng t
preanbl e part of thdventd] aigral whitl iSGhclirbifzed waiahat of tha TTLABESTHishlloded@dul at i on

of physical |ayer copvergenc r ot ocol , (PLCP) . header an C | ayer protocol
data units ( g ﬁ‘%mé‘B’@ﬁF%P‘F‘PBW”B’?%E%@Yi”‘%ﬁ%ﬂffd’@{’?lﬁf”t AfWFet ecti on of RX
energy ranp, cct f € t[rsasi néwrll el ’ ars %offse ren}z)f\a{tal.c he next
steps incl ude f Al & $35097 ot - PR B 0GR B G IR A I Ker
s;aquenpe Feéec}fﬁmofmm,am;chgsh&bdﬁola@%sr_om;&th%d Bﬁt o eﬁmk_ U)aﬁmﬂﬁmﬂ Iy ot hfar
steps include fr.e n ase .es . _tracking, channel inpulse
response (ClR) (%@gﬁﬁﬁfﬁ%ﬁvﬂsgm@f’v8#51%%%93%8’8?‘{51 cients, and equalizer
trai ning and adaptation. Sonme of these tasks can be repeated for an

al ternative antyenna ]I%%ﬁgbh?%éw : uﬁiz\éxefiﬁefiéclf node. (00541 For a typical
ysS e

receiver, the preanble Is a ansm at 1 Mo/s. There are two types
of preanbl e deflfiidtl Bye ofithe wosi nhidlenking dnd importdat tasky of iomplertmtagd$®.1dhd t he

receiver is achieving signal detection and synchronization. These tasks are performed
during the preamble part of the frame, and set the stage for a successful demodulation of
physical layer convergence protocol (PLCP) header and MAC layer protocol data units
(MPDU). The acquisition process includes initial detection of RX energy ramp, coarse
AGC training, and coarse DC offset removal. The next steps include fine AGC setting,
DC offset loop convergence, and Barker sequence detection (operating similar to a
CDMA searcher). Finally, other steps include frequency and phase estimation and
tracking, channel impulse response (CIR) estimation, computation of CMF coefficients,
and equalizer training and adaptation. Some of these tasks can be repeated for an

alternative antenna selection in a diversity mode.

[0054] For a typical receiver, the preamble is always transmitted at 1 Mb/s. There are
two types of preamble defined by the standard, the mandatory Long Preamble and the
optional Short Preamble. Depending upon whether it is a Long Preamble or Short
Preamble, the header is transmitted at 1 Mb/s or 2 Mb/s, respectively. The Barker chip
rate is always 11 Mc/s. For 1 Mb/s transmission and each bit is mapped to 11 Barker
chips using DBPSK. For 2 Mb/s, 2 bits are mapped to 11 Barker chips using DQPSK.



optional Short Preanble. Dependi ng upon whether it is a Long Preanble or
Short Preanble, the header is transmtted at 1 Md/s or 2 M/s,
respectively. The Barker chip rate is always 1 1 M/s. For 1 M/s

transm ssion and each bit is mapped to 11 Barker chips using DBPSK. For 2
M/s, 2 bits aV@2WHEPHBEE to 11 Barker chips using DQPSK. WX/RSOWAES3H 908

PCT/ US2004/ 004603 15 [00551 The mandator)f5 Long Preanble is conprised of a
128-bit Sync Field plus a 16- bit start frame delimter (SFD) for a total of
144 bits, followed by a 48-bit PLCP Header transmtted at 1 Md/s. Wth the

Long Preanbl e, Pr , i : : S, 228
chi ps. [0056] T@g%gpt@g%n&éirg?w#g%ﬁ%%g C@p%g%%ﬁ]?gw g%’é’%ﬁ@'ﬁ*‘ta ync
Field plus a 16bibitart fr@mpiefifniter GFDdfoak tatdl off Pidibits SpllowedIbly @8 ebitt AL CR HeBddyi t PLCP

Header transmt g H[E {%/b.é;I '

Preanbl e | asts % C ?g‘?@ 'tﬁgﬂﬁg ?re%@éﬁsl éﬁe%%%@%{aggﬁfﬁ%ﬁfnwg 4D
illustrates a tHeadenlass B8 chips.exenpl ary Short Preanbl e budget. The support
of a Short Preanble is contenplated with the present invention, and thus
sone enbodi nen?856iedie pptionel Shoftdedamiiistiseoniposedadd 56 pitSynoRiekaplisari 6rhitc hani sns
to be inplenen Cﬂi% 43, ted ngg Y } Y, j.n case
of a Short Pr e%%ﬁ%. %Jéf?#g@ @@%gc n %eblglfil’;%n% eﬁqﬁr %@?@Q%ﬁﬁ%ﬁgﬁb{si vity
and PER i f onl yDOREK. BomghdShoarftambiethe Pmemble dasp3(y82 theigs andrthe HeaBbrdasts Pr eanbl e
node was suppori&% yt the device were placed in a Long Preanbl e-only node.
The tinmeline for Long Preanble is the sane as that for the Short Preanble
as shown in FI ) V, I I I sSHS, shown in
FIG 4D, the pgxgﬁdgﬁbﬁghﬁﬂﬂé%%gﬁ%gﬁ%ﬁﬁgl?anp t lg%g?d?@] s'[ﬁ%m on the
timeline at sonwppwt ¢fta ShoriPregmbleds cratempiniidtvdthi thegpreseytiayentign, aficihys saimiel

trigger all subgeg f I : i ed is a
function of power evglr{;@gﬁagﬁﬁ%ﬁg‘?‘%ﬁgﬂ ?ggﬁﬁﬁﬁ?%ﬁg&%%%éﬁgs I n case
of fast power depssentsd. OfbsiliphitePentennaldeversity map be suppdrted iM\GEe gld $hostt age -
switching wll . 0 ' | oW A el %%ﬁ tp 10 s to
detect it, the %%%Arl\ﬁéywl\l{)tg ﬁfag’g’“‘?‘s‘%ﬁéf h@%eé]i d’lﬂrge an%ﬂs[tﬁgt%%\ cglréglget% |l e

f ast er. BecauseLaofg Rinmble aodetweee suppoyred r iffShos Psdamile noode rwaa pypipnged/iut the

of faet corr oot Tl a et P~ GukrelpBRAER e PR AR il 7

i nportant to pothatame as that for the Short Preamble as shown in FIG. 4D. Several important points

are shown.

[0058] As shown in FIG. 4D, the power detector will detect the power ramp that is
shown on the timeline at some point during the gain switching segment A. This will
trigger all subsequent frame processing. The power detection speed is a function of
power level, and therefore can take from 1 to 10 ps. In case of fast power detection
(High Power level) the analog AGC gain stage switching will follow. If the power is
low, and it can take up to 10 ps to detect it, the gain switching is not required and the
AGC can settle faster. Because of this, another segment B is shown overlapping with
segment A. In addition to the task in segment A, gain stage switching, DC offset
correction and Digital VGA settling is performed in segment B. It is important to point
out that the overall time expected for segment B is approximately 16.4 us. Antenna
switching based on detected power is not typically supported. Instead, a blind antenna-

switching algorithm can be implemented, where the antenna is switched every 10 ps.

[0059] After the deterministic RX front-end associated delay (segrent B) the peak
detector 406 is initialized for a programmable 1-8 us, with default set to 2 ps, marking
the start of segment C.



out that the overall time expected for segment B is approximtely 16.4 As.
Antenna sw tching based on detected power is not typically supported.

I nstead, a blind antenna- swi tching al gorithmcan be inplenented, where the
antenna is sw WO8YYeYy 10 As. [0059] After the det er riaTiEstiooddis
front-end associ ated del ay (segnent B) the peak detector 406 is initialized
for a programmable 1-8 As, with default s&f to 2 As, marking the start of
segrment C. WD 2004/ 073198 PCT/ US2004/ 004603 16 [0060] | f the Barker

correlation is C 426 TL 4 1| a i mul t aneousl

at the begi nni n@&@f i@gﬂﬂpﬂﬁ" PRI Y ?’ieﬁteg’ tb?)‘s)g]?ﬁ%ea“f ﬁ‘s‘&éé‘f‘@?# or the P{L

gza Zt art ITR cameultah@uhlgm?asbegmmg dé&egr&ﬁ':c ]Dh;@@@dh ih©a pdaeibleqqaldeﬁymm{e 4
oundary. e ration.of s s of .the order 15 it require

for the PLL to &%étagﬁ’acas?ﬁ’gﬁg ‘ﬁbﬂﬁ‘éjx? 00?]‘?1“%0 3?‘15%1 SH’@BérZ?H tslili‘g Igop
bandwi dt h. [ooam}auisﬂefdegme@m' i oswebﬁ:iar6fQZ115@L§|ﬁ'bqi&eM‘ﬂmeJUto'sétd¢ gt e the

start of segnent which. is needed to provide a safe harbor before the CW
CIR is estimat k Fpeger; ‘Sd’aluﬁﬁ%&eé %WM%‘?“&‘H@{J‘ is associated with gain

die 32329'[%%2@3@@5@%?& Ot Gl oarerns Bod o tae g redmti ol ¢
setting of 8s. J}huslsnseam o@&dﬁ&ﬁekfaﬁﬂbrﬁb%réﬂﬁmgmﬁreﬁtﬁﬁmd eeRcd alal CMF
CIR estimation. [0063 §§ F"P‘iet he Short. Preanpble, all the |.isted tasks

must be per f or nRYEsS RO%ent ghat s Ayt .SWWF@J%Fyﬂmﬂryseppmm%?wWéls

Preanbl e. An adglotdieditad thibSrandiéht ie@elesvi 0 synchroni ze the descranbl er,
however. To support the Short Preanble, the hardware conputes the CNF

Cﬁeffi cients Gld/lsénomgrg_ssbmlti?ﬁd Iﬁggtﬁﬁﬁl:ablﬂﬁoﬁmfm, With pﬂ&ﬁil@dﬁ.lngof gliscrssed and
then starts conbi ni n iate t he suym of all segrrents
up to and i ncl VEBAYE %rdrgg }/fpngi%eacnfgaﬁﬁcge@@a Wonio 4+ 8 + 8 = 47.4
< 49 s, neeting ort e r Ir . 0Q64 ThIS
concl udes the d& @%ﬁ ??’PBHP" ﬁ%qa%ftﬁ)éeafrﬁge’ ﬁf@?g?t?detg%lmﬁl er’i’ﬁﬁ?’b gf %
pL esent invent|sﬁmnggfhmﬂxewe;gcfirgtgnuu&ﬁrp'rqambmnA@fadmhmapv af o nededmbodi ment of
the invention hag been esenjed for t ur po of illustration and
description. It ropgze th ‘ﬁﬁg o P eyEr. g'gﬂ‘fg %Ftptr r %?Wé’afenventi on
to the precise &o@fpﬁtedthsdmaﬁfﬁd}@msmgaemfwﬁedsclnfg salitthe\ud pieRioh s ar e
possible in |i gdrlt of .t he above éﬁ[@chl nlg

scussed and then start: combining immediately. As a result, the sum of all

segments up to and including where CMF starts is T=164+2+1+12+8+8=474

< 49 ps, meeting the short preamble requirement.

CONCLUSION

[0064] This concludes the description including the preferred embodiments of the
present invention. The foregoing description of the preferred embodiment of the
invention has been presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise form disclosed. Many

modifications and variations are possible in light of the above teaching.

[0065] Itis intended that the scope of the invention be limited not by this detailed
description, but rather by the claims appended hereto. The above specification,
examples and data provide a complete description of the manufacture and use of the
apparatus and method of the invention. Since many embodiments of the invention can
be made without departing from the scope of the invention, the invention resides in the

claims hereinafter appended.



[0065] It is intended that the scope of the invention be limted not by this
detailed description, but rather by the clains appended hereto. The above
specification, exanples and data providé a conplete description of the
manuf acture and use of the apparatus and nethod of the invention. Since
many enbodiy it ss e Algp rventi on can be made w thout departing fromthe
scope of the invention, the invention resides in the clains hereinafter
appended. 17 WHAT IS CLAIMED IS: | A channel matched filter, conprising: a
peak detector férchuwelamtihenifiig. pmoeiessi ng synchroni zation from a despread
signal; a channel estimator producing a channel inpul se response (CIR)
estimate fromth spr.e hgnal based on the. synchronization by the peak
det ect or, wheref ﬁeag ﬁggéc’:t?ﬁﬁ?lees alb%%?‘%r%?%?“”&% nciliogg%tyogqgw %%‘?Sp'ef‘(ﬁsé na}éper ates at
approximately a cursor timng generated by the peak detector to produce the
CIR estinmate; actnicl bapkit® Pebdsypothab e piee rephise IR) ystiealIion Mg depridant

mul ti path co nents of the despread signal by weights based on the CIR_
estimate b&%‘g’ggﬁﬁy%‘@e SRRAPIHICD gt” gﬁr’?eﬁ'xf%{eﬁ@r , p‘é‘a’ﬁ‘“dgﬁ diepast estimgiog epiairisesen shicer
deci si on Ve tas alapproBndtdhan B@bor Bt R ferhted byeihe PlakGleREWY o, prodes @E QIR A@imate;
despread signal conprises a signal correlated wth a spreadi ng seqguence

replica. 33M0The channel matched filter of claim1, wherein the peak detector
establ i shes processing synchronization by estimating the cursor timng and

a synbol boundar .. i i 3 - i t he
y h Yack eﬁ&%ﬁnﬂg&&ﬂ%&oﬁ EonFeml% %ﬁTtﬂrgn% amﬂx‘?ﬁﬂft%@tﬂ C§1h€(?\|@|lt\ts BPJ]?

channel estinmator an / iner. 4 nnel natched er o
clai m 3, wheperhsignalky veigebaed ehbe fHyestimaddagsd oft thesyiichronizaipndy thyypeak detector

aver agi ng ﬁ”%ﬁgg%ggggﬁMngQﬂgver a plurality of nearby values. 5. The
ed fIl cl ai

channel matc ter of aim3. wherein the cursor timng is estinmated by
determning an offset of a |argest nmagnitude val ue of the magnitude
profile. 62. TheTohdiamel mambaifddr Hfiddier, oher@h dicnfePreadhign:e icomprines syigdadtorrelated

i é:a fixed offset prior to the cursor on the

boundary is.t etermtned b
magni t ude PrOfEREIE SCRHTRceiRlithel mat ched filter of claim3, wherein the

synbol boundary is determned by a furthest |ocal nmaxi mum having a

magni t ude exceeghdchamel ME@SAGHRr VRN 1PRhDEIn HR pbirictdfod QftabPthet PRcABERNI t ude
profile. 8. The channel matched filter of claim]l, wherein the_ channel

esti mat or @fﬂ@@‘e&ié@iop By ctipRtipg (F g#Qr timing and a symbol boundary from a magnitude profile of the
despread signal for the channel estimator and symbol combiner.

4. The channel matched filter of claim 3, wherein a variance of the magnitude profile is reduced by

averaging a magnitude value over a plurality of nearby values.

S. The channel matched filter of claim 3, wherein the cursor timing is estimated by determining an

offset of a largest magnitude value of the magnitude profile.

6. The channel matched filter of claim 3, wherein the symbol boundary is determined by a fixed

offset prior to the cursor on the magnitude profile,

7. The channel matched filter of claim 3, wherein the symbol boundary is determined by a furthest
local maximum having a magnitude exceeding a threshold value prior to the cursor on the magnitude

profile.

8. The channel matched fiiter of claim |, wherein the channel estimator produces the CIR estimate

in a decision directed manner.



in a decision directed manner. 18 9. The channel matched filter of claim1,
wherein the slicer is operated over a plurality of probing intervals for
averaging to reduce variance of the CIRI&stimte. 10. The channel natched
filter of claiml, wherein an output of the channel estimator is processed

by one 0r9nDreTmhmhh@|@Q@%ﬁ&ﬂ@ﬂﬁcﬁmﬁWVWEﬁaﬂﬂ@@ﬂE¥%%m&@@ﬁHQﬁEbQﬂmnhﬁgﬂmﬂ&lOn
and scaling to produce the CIR estimate. 1 | . The channel matched filter

of cl ai m 1Mt Te qyeraRiae &rtrse Virsmes ofdve C8BiA¥S t he despread signal by the
wei ghts based on the CIR estimate to generate the decision variable. 12. The
channel matghed a
imear conpi et conpeh eI i b o TPt o e Ao S o
Cl R esti mafme dyynoprertthsrapeagons compiisng copbleygingsiion. fneragddangpedliang tomsducethe CIR
generate the dacision variable. 13. A nethod of channel matched filtering,
conpri si ng: establlshlng processi ng synchroni zation from a despread signal
with a peak detector; producing a channel inpulse response (CIR) estimte
fromthe despreamnﬁhgmahmbmgeﬂmDMRmhel shunedin the gy itati canbiby chibinpehkddpteict or
with a channel estima mhe i hannel tiomator c rises a slicer
that oper at 8% & E’%ﬁ’ﬁ h§ bﬁs&i‘gp %ﬁg%"? © PiEMHY égﬂ%‘?%ﬁ“ "Byt he peak
detector to produce the CIR estlnate and coherently conbi ni ng dom nant

mul ti pat h ¢coMPONRNdLGnRT mhbReddBEPERAGN 31 INRkeibte Wt&h&&n%@e‘ﬁ 86npraBs 4 irRaCl R
estimate and based on the synchroni zation b peak detector to generate a

deci si on vE&PbAlT gombiping thy dB%i’&%d aigep! by Hﬁd\fﬂ&ﬂ%meﬁ & the AR extipatqRY PRSQIBINE & Fdiem

13, wher ei pf hingpid @sPid@dgedli@Ral gcn@aRilcSRSisin dr@p@l correlated with a
spreadi ng sequence replica. 15. The nethod of claim 13, wherein the peak

detector establishes processing synchronization by estimting the cursor
timng andla syhbedthadediplehanst nfapched Gltaragriomadengr of i | e of the despread signal
for the channel estimtor and synbol conbi ner. 16. The nethod of claim 15,
wherein a varian e i,s veraging a
mmon tude val ue vud dah O SR ALEHy® o el BT T i NRLRIROR G o
claim15, wherein the cursor timng is estimated by determ ning an offset of
a |argest magnplobgiengualhbiéhePinpulRe rdiR@sd (Rl st b the &sprddiesigiat thagd @fihe| ai m
15, wherein the synbol boundary is. determ ned by a fixed of f set prior to the
synchronization by the peak detector with a channel estimator, wherein the channel estimator comprises a
slicer that operates at approximately a cursor timing generated by the peak detector to produce the CIR

estimate; and

coherently combining dominant multipath components of the despread signal by weights based
on the CIR estimate and based on the synchronization by the peak detector to generate a decision variable

with a back-end symbol combiner.

14. The method of claim 13, wherein the despread signal comprises a signal correlated with a

spreading sequence replica.

15. The method of ¢laim 13, wherein the peak detector establishes processing synchronization by
estimating the cursor timing and a symbol boundary from a magnitude profile of the despread signal for

the channel estimator and symbol combiner.

16. The method of claim 15, wherein a variance of the magnitude profile is reduced by averaging a

magnitude value over a plurality of nearby values.



cursor on the magnitude profile. 19. The nethod of claim 15, wherein the
synbol boundary is determ ned by a furthest |ocal rmaxi mum having a

magni t ude exceeding a threshold value prf9or to the cursor on the magnitude
profile. 20. The nethod of claim 13, wherein the channel estinat or produces

the Cl R estyi mat@e nRiidd 6LQhif anhgblﬁ@lﬁtcﬁﬂomﬂl'ﬂ?fs est%ﬂatedﬁtﬁe@%ﬂﬂ% ﬁgejt @f e[n 13.
wherei n the slicer i s operated over a plurali probi ng 1 nterval

aver agi ng #78°Sf BagiiEds iy dhe nprnityslE P est i mate. 22. The met hod of cI a| m
13, wherein an output of the channel estimator is processed by one or nore

of the OpQrSat' Offe nﬁ:m%f QQIWISCQHBLlﬁ)fhe% 1'%61% l{dﬁlg’lb Bé}%ﬂlﬁ%ﬁllbg Qh@@cf%f?sgt Spn n{n)l% thc

produce the CIR estimate. 23 The nethod o ein
conbi ner coRDI Weke mpgmitadesppldad SI gnal by the weights based on the CI R
estimate to generate the deC| SI on variable. 24. The nethod of claim 23,

wherein t sy ri.s i,near, conmbi net mbi.ni.n t he
despr ead g?gnamgmeﬁ%mt\% ght’s "base eshmt’ﬂé)m&\dﬁyé% SR % 6‘5}'1!:% 1%thg a
series of lmximunphgwgmn@ﬂdude@peaeamg@ﬂﬁeshﬂdgﬂnepratrm ﬂlf)hend:e@)hshe()ﬂig\iﬁfdeﬁh:ltﬂ:
25. A channel matched filter, conprising: neans for establishing processing

synchroni zation fro des, read signal ; nmeans for produci ng a channel

i npul se r é¥ponside %"E@f‘&rﬁd’té{ ?'F‘BI‘ﬁetch@‘“ﬂleeéb‘%t%'d’r%‘i‘kj?ﬁéhe %&s@ﬂ‘“ﬂtﬁrﬁ“ gdecision
synchroni zgtitehmaingnal fromthe neans for establishing process

synchroni zati on, wherein the means for producing the CIR estimate conpri ses
a slicer that operates at approximately a cursor timng generated by the
means for Zst ablhi gkihed opeloges's ivhyeigyirctive i opamicdnvere phrdiducieproties i@cRals for

esti mat e; a@é}g‘%mnaut {‘gﬁg&%@g@tdm %m& ni ng dom nant nultipath conponents

of the despread signal by weights based on the CIR estimte based on the
synchroni zation by the peak detector to generate a decision variable.
22, The method of claim 13, wherein an output of the channel estimator is processed by one or more

of the operations comprising complex conjugation, truncation and scaling to produce the CIR estimate.

23. The method of claim 13, wherein the symbol combiner combines the despread signal by the

weights based on the CIR estimate to generate the decision variable.

24. The method of claim 23, wherein the symbol combiner comprises a linear combiner combining
the despread signal by the weights based on the CIR estimate by performing a series of multiply and add

operations to generate the decision variable.
25, A channel matched filter, comprising:
means for establishing processing synchronization from a despread signal;

means for producing a channel impulse response (CIR) estimate from the despread signal based
on a synchronization signal from the means for establishing process synchronization, wherein the means
for producing the CIR estimate comprises a slicer that operates at approximately a cursor timing

generated by the means for establishing processing synchronization to produce the CIR estimate: and

means for coherently combining dominant multipath components of the despread signal by
weights based on the CIR estimate based on the synchronization by the peak detector to generate a

decision variable.



