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CHANNEL MATCHED FI LTER (CWMF) BACKGROUND Field [0001]
wab@4prHa%eNnt i nvention relates to systens and PEL/OSE4/004603

for inplementing channel matched filter (CVF)

circuits, and particularly for inplenenting channe

matched filter circuits to facilitate spread spectrum

reception in a wireless local area netvvork (LAN). For
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(I EEE) 802.11 standard for w rel ess LANs using spread
spectrum Description BARCFAIRDUNDtYpical wreless
conmuni cations system the transmtted signal travels
t hrough nul ti ple pr.opagati on paths before arriving at
Fldig receiver. Along each path, conponents of the
transmtted signal undergo random attenuati on and
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splaarkqiecmumel ess data conmmuni cati ons over a W rel ess
channel, such as that specified in | EEE 802. 11, poses
chal l enges in conbating these nultipath problens.
Dlef@ptlonThe channel matched filter (CWF) is commnly
used to maximze the recefjved SNR in a technig
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cbmp@ie,ntSI ofehe afsatired dignal aagerga dardomldtieauationgmdephasd offset, and

because of the need _ for.  tinme_ and phase trackin
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(conpl ex-valtued) chan gal n of corres I ng
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R o ion B ugn e PRSI iePharan GRS T of iy individual
iGGRAECEImMpINeh 3 0DH R A3AES: Siol! MRACHOB4GRR 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).



2 [0004] FIG 1 is a block diagramof a conventi onal

CMF for a communi cation system wutilizing
wal2oogot3isequence spread spectrum signaling. ThBCT/US2004/004603

veonventional CMF 100 is inplenented as a pre-filter

102 fol l owed by a despreader 2104, i.e. a "front-end"

CMF, Dbecause the pre-filter precedes the despr eader.

The sanpling period is denoted as TS and the conpl ex

[604l e FIGh &£ blogha 'tlmgmfm dhecortventional CMIF foraaupomenitatas system

hli], where h[i] the discrete-tj versij.on h8 .
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response o .e. matche o the tinme- reversal
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denotes the conplex conjugation operation, and h[i]
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100, the received signal sanples are first convol ved

thg qhncrf:weurm gersiontof theigptingpusitimg changel iB1puiserepPRE (CIR) h(®),

"matched filtering" to generate the. conbined sanples
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combi ned sanples of the pre-filter 102 that

rearsat apod complex aosjygited vémtoarof dhe CIRditeat €deimtes the complex

synbol rate switch,.106) to generate the decision

conjugatitreopeTaiiondand Biibis apsiimelecofdiilout 108 can be

used to produce an estimate of the transmtted synbol
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| mpl enmentation of the CMF 100 in this manner requires
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There is a need for channel matched filters with

compinsdedmplrsarithaenhancediSNR e Ay desprrader 104 qparelates thge gpmbined
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W.AN applications. The present invention ts, these
198 e b© SeaarRrocico an P Of e RO LS chive the

SREOEE ARG ARl e o YR e,
coagiexdBSPoe aderogrocbanonedmpureiaied filter. I n addition,
the estimation and channel profile evaluation is
[peod]or TiRge isynadlfogitanne ahachesfilteds with enpicwed spreed and

Iar est peak called cursor and produce 3;1 H H%ate
oFosinnon Eheanisrtiauiieanaer forshappelgeaiched J& 0 not require
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represents a corrpac ardwar e bl ock that does not need

ftenpine WIS application Fheqessot inventjnt ratdtotheseameedi.t h

previ ous matched channel filters. This synbol [evel

(or "back-end") channel %ﬁ&lter structure

enabl es t he

[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 channel 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
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multipliers (where Mis the length of the channel
wordoglozxiog i lter) with a single shared mul ti pl PEF/USZ04/004603

efficient coefficient estinatéon mechani sm provi des

for nearly optinmal performancte across a w de range of

mul ti path channel s for high-speed wreless data

communi cation. [00081 Enbodinents of the present
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tp ﬂiel'despre@dmg ldevisé afid theh atellgtef Ekﬁf’éwéd UsefPORSRs set WPchannel
t echni ques are shown herein to efficient [gggunfol d t he
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agproagh w. Eg% 8’&“% p%@i%ﬁw §W§1 SPFrgdingisgquence present
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tepbniguas atershbwn hereln 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.
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[0012] A typical enbodi nent of the invention conprises
wa2ohansies matched filter including a peak deP@€rU82004/004603

for establishing processing synchronization froma

despread signal and a channed estimator producing a

channel inpul se response (CIR) estimate fromthe

despread signal based on the synchronization by the

[P@ER detypidaDEmbbdibieRest thd inveaGsn entlpeiesRehakiRMBiafPEd filter
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i n.a ner .. Th c annel
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n@dgﬂft@d@ ;b’thEJ YAltdiRat6ly! GRelsyRB6] BduddatyTal be de@eminge by a furthest
channel rrgul se response (CIR) estimate. The slicer
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o) r to reduce variance of the CIR estimte.
¢ &?ﬂﬂﬁmgghgg%utput of the channel estimator can be

BT S s RnBiio ™ i st B B b Ren R DI B in

dp&isidh afredtb® mehirere Sthe BRkithel BstithRb 0048 UsB 8 sRYE tidtlopé@eed lat
of the CM. [0015] In further enbodi ments, the synbol

appreBinAiely demeisas Posiien de Brodaerithsichantie] imypulseresmanisg HiR)
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vari abl'e.
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.



conbi ner can conprise a |inear conbiner conbining the

despread signal by the weights based on the CIR
we@sdaouoeties by performng a series of multiply apdr/asmo4/004603

operations to generate the decision variable. WO
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THE DRAW NGS [ 0016] Referring now to the drawings in

which |i ke reference nunbers represent corresponding

parts thr oughRIKF DENCRIPTION OF THEDRAWINGSagr am of
a conventional channel matched filter for a

v clllikeffers RAURIGR S fRbaAcht
s e R s s Al e

calteaporaiings peitsahtopgh@dl back- end channel matched filter
of the present invention; [0019] FIG 2Cis a bl ock
[08i1 7D BIG.0f is @ blodk diadrainant lecenventivanirmshnied mestcredfilier & a

of the . present anen don; [0020] FI.G
COMBHRIRAHAN Sdﬁteghmé%éffﬁa ?F{!;‘F %JPF??& Sgﬁéﬁﬂ’ ﬁlg%“?lh“eg
present invention; [0021] FI GS. 4A—€éﬁ are % hed
mmsbr EF@S.¥A anvl x evelaskdingremis i p tupiea]bpeke ghannel matche
flhglpﬁge %Jﬁgn{\)%ﬁu@r( esent invention; and [0022] FIG 4D

ne of a’short preanble budget and equali zer

[(fgég'& E&% %ggdgflg%( %@ | ar% t?f?% lzllﬁaré:kf%% g%lﬂﬁg ¥Rk Biter of the

pfy@&gﬁﬂl@htl@@ of the preferred enbodi nent, reference is
made to the acconpanyi ng draw ngs mhlch forma part

[OR0F ?«I iGN d f‘ib\WHaﬁrbf'aﬁ cRBAWAr el idlemdnting tiearesent

specific enbodi nents in which the invention may be

ippreation;ced. It is to be understood that other

enbodi nents may be utilized and structural changes may

[G021re GG S WM A HGQUdre ﬁkmkrduagngnst ofoan ¢xemplary pecepifer preditecture
present invention. Back- End Channel Matched Filter

I@J@WP@O\% ThGMFnt?ngrE]&HVMI onal, front-end CVF of

FIG 1 represents_a concatenatlon of two . linear.. T
[00222 - iFHAGaHD ant timslinapf oFPort Rpaaple bHSg%}égﬁFS‘éag@Ff PR an
e&ﬁ(z)r?lgar Jec&%r%ftﬁé‘fn‘if%lrtidﬂpu' se response (FIR filter

response equ to the tinme-reversal version of
t he spreadlng sequence. Hence, the connection can be
i nt er changed mnthodbET%ﬂEEIh@ESﬁﬁﬂﬂﬂgﬁﬁﬂI

[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. Itis 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



response of the concatenated system [0025] FIGS. 2A

and 2B are bl ock diagrans of a typical back-end
waeb@anoediograt ched filter inplenmentation of theP@r/E@sSmN1/004603

i nvention. The back-end CMF architecture 200 WO

2004/ 073198 PCT/ US2004/ 004608 6 with the filter 204

situated after the despreader 202 as shown in FIG 2A

yields the sanme nmathematical result as the

witiPea ek 0048 kinfaknifte it dMpre@der BOGas dhowminddGi. AgRields the
because convol ving the received signal “”§$H£* [-g% 1S
sapguhathéaaticat wsalt o5 baspRERtiopd drat-gpd GNHP L. Jeépidiggn.
signal with h*[i] , the back-end CMF can i ntpl e(msnt
becarsesbaydlving e teceived sipnal §yithgh 4-gep F@%‘Vg‘Fm 0 a (running)
mul ti ply-and-add operations (referred to as the
conmbitionrod theonbrivest sigod withak [ hekrbarkrent gAn RRIEMEHat
h, = h* [i] applying a sinplified notation, and c; is
carfebatibasyitte At usng pseries of muliéplyopd-ude opeRigns Eeferred to as the
mul ti path conponent. (Estimation of hkj] A, s detailed
bdch-cadkeabiren206)e et shoms in HIG028] Note that &) &dr (il applyinge
back-end CWF of the present invention is nore har,q_lvvar e,
sigfplified eotatibe cad se isht yespreadenapebfornihecoppsronding ith multipath
required. "M .con%)l ex multipliers, the length of
cqhpareht. Gsempteuot dldl Boletagled TEHbPEIVAPt FUMRSdend CMFs.
It is also inmportant to note that the natched
[002b} e ibglebnthhi e backaéndOMPsdfrthec presant irsvepten isrmexs hardware

the received sanple |evel (before the, reader) .. 0.
cficiRoh et A DA HRTBPIOR WISt TPGURR 1 B nE B Pt the
S lL.evel in. - i QL A 4

UERLE F D e EpAa g AUy i gimifom o

b3 tBat PG KicHE PR AL (Re il strole i perfEivedit theieeceived
present 1 nvention.” The filter 204 of a typi.cal

st et (aM dcoliprodar) & OB EBHER T e 1 ifgpprmed at
t ft I : a
L

rahi@ngest path and the first arriving path. The first
arriving path is defined as the earliest arriving

[6(?2@? i ‘i‘-ﬂG@ﬁ??s $b1oak Qidof RS tylpR] PAUKSBIACTAE dfabe present
surficiently strong power, ‘and the position of which
inventief.eThefliter®0dof hgpisyitack-epd GHAhitctare 200 comprises three

treated as the.start of, a s - i S
e s e S o 8 o 2, T ek WBRER): 208 that estimatc
heFiRin R BRAGORESSE Yatd \vad agefirst fisivinggan. eRhevalsti@utving path is
channel gain profile usi n? t he pseudo- mui% Ergﬁ%n Ficient]
defin¢rbab. thT harlipst ek Wng rep)igh 6f 2 siaElsiteF MBS PULGHRAE F‘g?f lciently
conbi nes si gnal ' t ' Boundary (i.e., it is
SEBHp BREH: %n‘g@legﬁ glgg%?’?g{hg&%mpﬁ%%{@%o S?igéi ér%}ggﬂ}l rom t h}é(
tfehRdes thd@ire of Hsyrabol Tiee tHaendNRimhtor AR esimaesothe channel

iI\i’l?‘){lisg E(las%bnse (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 ¢, 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.



The despread signal ci can be alternately applied to

each of these conponents through switch 212. The
woperatriien of each of these conmponents w || bePCT/US2004/004603

described in nore detail as follows. W 2004/073198

PCT/ US2004/ 004603 7 1.1 Péak Detector [0028] The

peak detector 208 is used during the acquisition

period, when the switch 212 in FIG 2Cis in the top
]ﬂposﬁghgﬁm&kgmperforn1the following two functions. The

peak etector 208 establishes a coarse tim4¥% based . h
[0028]t Hihegmak deteetdr pO%istuserhdering the 2eqHEHRBEIOMINER g?ﬁ fyvite

i.e.. the, i o i
2RI tidp 45 5p PEGHEHS Forrd Wt tafdime opaRidone The pesl
detekfr 2D8R2ADlishBEa 665 R iR b8 optiecetinmipd freitpaak the strongest

detector 208 perforns correlation 0‘5 ..the rec idv?dt 208
meltipptheomponental.a.¢haFuFRInEg 24f {haddifion Jf Pl detector

pré\ée\l uﬁetgxg%%rg#&c%oﬁﬁdirgbllgw ng discussion, the nunber of

I'p rntérval is Q and the nunber of chips
ot xi mymtal erahl e .de ' :
ol oo A8 5P Rufy REPE oicltn 208 poflotitelhfBlrion of
thé PEBALH REmPRS WeRGEschgs R ape ticaprdadirizhseqemre hsthe fiellowing
synmbol interval, the value of N cannot excee t@e e in the
ipneogonsheyughens sERlse 2aR G4 iPRIFLI: B COARDIENY ShiRsHn
a_del ay .of., BH ' .dist.i - . ie..
o Sy B SPAD S AR O o, shedbmanes,
sﬂrf]btd@rg@qu@{oag whog Itai?més the sayatae themmghﬁgcm@nthgwﬁgle of N
the arriving tinmes of doni nant tipath ¢ f
e S LLTES, o SBTLNARL LRI SRR RAEY B o
PRE B! EifiBhe Gi%iidheR TR Bk ith RAVRY o biips.| Notwithit this N

pseudo- noi se probing nmethod to anal yze )
chip entetvahsiating donthssyinbebboundatyeoptansihe amiying ey of dominant

section hereafter). 03 The r ; .
DR GPITEn SRS R S ie mEU AR will be referred
té%@;%x%ﬁing BnRrRRGKES it wild bk @seH i@ thd1esetyioraoise probivamgthod to

the timng of the strongest multipath conpaonent is
afdlyztthé ohemaiel (s desgribed inghe chensghgstimatqrisgetiag; hereadter).

i medi ately after the packet starts can be typically
[00BONt iThic @drsby arsbsyentsd bourfarehesqyevdere withgrany segment 6f ON

mechani sm _e.g. the average.recejve V.
smBlSy R PIoktl: SR e gk e LE o FERRRe

. . SFESUBHA@L Rlsedhtht o gNEBsHled thanstaanimhroediately
n%%ﬁ@#ﬁ°g§?§§?§?. The despﬁggger 28% geggrates N .
after the lpatkieostarts chariu tydicaBy identifigdy some sorgf eneggt detection
of fset correspondi ng t.o | bl
S 5Pk GBS ol b LRPAL SRR s ot
elEEd 6 SPLRRD P8 §UUEGP GNPk With LXfdsholtir ralyg power
detector. The despreader 202 generates ON correlations, denoted as ¢, i=1, ..., ON,

with each offset corresponding to a multipath component that is spaced (i —1T, away

from the start of that segment. Since the spreading sequence typically exhibits very
small sidelobes in the correlation properties, the magnitude 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



smal | sidelobes in the correlation properties, the
magni t ude of these correlations can be wused to
wo eprezdanmt t he nmagni tude of the correspondi ng Pal/USMa1/b04603
conmponent. To reduce the variance of such an
estimate, the magnitude of tdhe correlation at each
offset is averaged over several such segnents. These
aver aged magni tudes conprise an estimate of the
be Wﬂ&é@&e@fr@ﬁ%&sﬁmﬁfﬁd&ﬂﬁc&ﬁ@ﬁeﬁd ThEkergrogdsig offset ik dwe
aver aged magni tudes can WD 2004/ 073198
cuRRGpadBRO04/ 004603 8 be considered the strongest
mul ti path conponent. The corresponding offset is the
[06311 S nqeaksé $trangestpd0Bp3th Onmpondne isstoeaserd dka fivshfivig pth that
conponent is located,.the first arrivi t :
hah BUTGWRRY I I S £ R o E g b RY RlrockioR o s
m@fbiHRbRGoneth & RRSIHItOBs B syhRibS] batmdiiyp athis is mportent for the
Is‘referred to as the synbol boundary. This i bol
CMPpinotdento édlect signal EnEgien inbsadales haiiomegeqnddp @Waﬁiame S§ymbo
energi es. i n_sanpl th " SivHad usin
et ke A pRp At s AR, e O AP e iR usine
ol PR aRAYWRIE appidakt@sest i mat ed using one of two
alternate approaches. [0032] Under the first approach,
S | r¥adhSthe&lmbel Bodnidueds sdtfts etfixpd bifsettppior to
[O?E@ cﬁ?@%r@%ﬁ?gﬁj;i xed (bgt pro ra?nls’ifgbl e) %}c{set can

thbeurdet. &Fhis fiset! (has progomnmable) effsel enchy deserayined kased OR fe
t

ypi cal root - n-.square Y RfofaR intended
e oah 31 FRSTRERIGOEn b A Gl R e
e oh FRATE Y eRimple! ain@adr éafvfrommeinuifladypigal piBeelglsling possesses
certain profile with short nultipath,  whereas a,large. . e

a certhoprofikwith whgrt muNEDah, wheress a 1486 ifdogh iPace Ay haVe

mul ti.pat h, f |,at rhehiemhb bbrteven AE)
Sfto&a“é‘ﬁ%g 1s “Paﬁlm%?‘%E?ﬁ.gwifﬁl%ﬁpﬁéém 'y appl fgleg%l With
ditEhaB. SWEIMN itppiesltyi applied svithrtherpreisényt inventipmidgiprimgyly intended

i ndoor usage. [0033] The second approach is nore
fagdmgsios ¥sagehe nagnitude profile can be anal yzed by

addi ti onal hardware |ogic or a digital . signal.
[933¢ eTho sec(o@@@ppno@clu@trmrﬁm@pquétmi%%'tmwﬁg Prois g s apalyzed

For .exanpl e, the fart l sSGUDSHYS dbtesiine she first
b}sﬁd(pﬂgna}%dw(gfe folggec &cahu(?g%?l S%h? LPﬂrgsegdsr angelij l'imted b% a
aRIVEnSPaRI Fbeckapiphy tienfaethes lommkmasimunh thaéiocaies on iedsk of the

ower exceeds a t bl e threshol d
clnEHBnGTaEE ERGC BN TS RIS h SO A orfet and
Wbt PR ex O3 41 FHEpBUFRARRI rtdhplhanechnastiosas di symbol

0 pro e an eStinate of the

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 middle position. The frequency and

phase errors have to be removed prior to channel estimation.

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

CIR estimation. Because of the spreading sequence exhibits small sidelobes, the



channel inpul se response (CIR). Channel estimation can

be initiated shortly after the synbol boundary has
whema/oerbabl i shed and timng and frequency/ phaBeT/US2004/004603

synchroni zati on have been achieved, i.e., the switch

212 is in the mddle positioh. The frequency and

phase errors have to be renoved prior to channe

estimation. [0035] The despreader output c, that
psERAJ-BSROGSS) prfbifie le@RidNBed theGhdt@hat (AR 1)@ dUSJﬂiéref ®1s th€l R

est1 mati on.” ‘Becalse of the spreadi ng sequence exhibits

tra%ﬁﬁhﬂte@gy%%@bﬁﬁe bé ﬁnMQoPﬂﬁﬂbﬂ%ﬁﬂg&ﬂte?ﬁrlah&%@Dddrfmp@ﬁE to the

9 pseudo-noi se (PN) probing nmethod uses tghe fag tt I
firt, arsiving pagh, | e EieesyUPLDQURSATY, PRiERFS TEm 9 RBH CaI51gN 08 Tn

the

sy AN bprh e b\t iR é%%?mﬁmm
TEBBJmiBILb st@[ﬁlatdmiee@[Rf ¢stimatedia obexdkeddatagtetsion2digctedpmanner.

systens where an unnodul ated pilot signal is not
Thifas jaggynEng gdeigion ﬁ@tsu% ’? % &0URt he | EEE 802. 1

| b standard, the CIR estimate is obtained in a

deci % on; diitected manner. That is, assurri ng the (1)

deci sions are sufficiently accurate, =Cz.d* (1)

WEBE e G S EbFBIR ?ﬁ%ﬁ@f q‘%aqr'?‘%fﬁﬁr ohc bR ot

cqr\;g(féregrgrgting r &Ql%fq%l%to 4%&6 1§%r7pl§g'{§ trléégtet I bggtﬁé ggrsglytlnung
21 P8R Re §¥‘Akt $eecfor @08 Thu S RERLA0 MRS corfegation fas thie cursor

position .e., the strongest mnultipath conmponent)
pom‘eazh ie., colm siongeshetliepsath eomapeneant) légﬁqdﬁatoét%ﬁlsrbéstménnel

ﬁg?ﬁg}gq ggg\% C i {aél)oc&ﬁo(?\ﬁ&%ha eﬁ% %@\'vfnlt Hfé‘tgl'rthe £ el e is
aﬁﬁﬁb&t) | NBtd that@BE Silet apdritich id@sdeniially aldedigien tibndte that depends on

epends on the constellation of the nodul a§
theyarp el Hatipneaf thaympeialadgnseyErRolsnsed i fhe YSERe 15’3‘6% odhfg
aaeg%llgg do iRy %ﬁ dgﬁ%gt%i:t at1cﬁ'9(]“12§§ e}%’f‘fo@ﬂi):d b¥er several probing

over vera pro ng als for

iR R FbiNg et apinged teduct hige vaﬂramwnﬁhe pstithage e Shisrgheepeak detector
Thus, the peak detector es. nhon- coher ent averag

uggsi 0B-qoReren ey cEagAt e Bthile 49 %PB@%&%%@P&%W P& Qﬂg‘me

gﬁ%\f\@{o e&ﬁrﬁ%&ﬁ&@ﬁ@ gfr%rW1t@ﬁﬁrsﬁ9éﬂ&ciMdnmaﬁiﬁBleS I &ddition,

ecl Si o vari a di'tion si nce the channel
sinoadiet dhanndl ypiditod typitedy dnest naticharps dirmatically AVvena pasket

GRS o e b R D B R e
I‘%\l/l {%ﬁ?’?’ﬁg{ig C-:]Jﬁ telftﬁg%{g C%SB? ﬁ%l}oq%f gg Ezv E*(l)’heg g#gssg%r;mg is then

t he combi ner weight that will be used in the back-end
foodvipreressed és geneasel therconthindroydightithas vl beiused 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



[0036] In order to determ ne the conbiner weights, the
CIR estimate typically wundergoes operations including
W@ owplogogonj ugati on, truncati on and/ or scal i NBCT/US2004/004603
Conpl ex conjugation can be performed as previously
di scussed with respect to FI& 2B. Truncation can be
perfornmed because the tail end of the nmultipath
profile typically has much | ower power, e.g. as with
conf}dasits ErdaRditing AshaeRtis aipngzantesde miht). fanhng of the combiner

conmponents yields dimnishing returns, thes [.ti pat h
outpHITeR bﬁ@gpléééécwﬁ% t*}?éon}h%‘?épﬁ%%séapl?ﬁﬁif %é‘a ?"’hg‘re.

oxo 5 bl ek K<
SR Tbeb bRl S0 fta R oL B
syBetBhizhtigh loopdegends bs thee govey afitielyiogbinagdr WaIput, SEEFR HgtusT
defpggﬁcc?{éngg ggei{li@gt%lfl %@Ut %265 r%"ees}%g L%i%%gg & @g,e?#geemented by a
heﬁa\%}%rsﬂﬁf{ %&g?ﬁﬁ&éﬁo&%oﬂl@ﬁsﬂ thishaal.a hi gher SNR). The

oop band the Synchroni zation | oop depends on
t he power of the conbiner output, which in turn
epe 5 ' f the conbi ner weights. Sinple
1§calE%éfgﬂ%%péﬁéﬁ?%g&%?pa hardware shift operation
[0037] aTteophbibr whight fioalthe dorBbiBarkeiEhiEeByrAdICathAbI ner
[ 0037] The conbi ner wei ght from t}he conbi ner wei ght
ner at an.b X[ 1 at/kc Y esGhiiRefhc®s (where
m?ﬁ}en}a%ﬂ@rcies%be% as M{ -a “:':%wa%g%akﬂ ﬁajélhf%%t or (I%ef e I(
,=1 a the scaling is discussed above). A Iin%@ﬁof K< bl
theNcalarg ieisappbd eobvgleAdisnit Ak Koo O 1spi be ppRliedtue dp the possible
operation descri bed above. sho i . :
trpgaseN OREraE AR flessribedabpVeg Aisgﬁ?ﬁ‘{’é ?%E{(J?%] r%%p%% %@ 5?’1@%% g“t"h'
i i 'Qﬂbﬂhg% K-SnBs kR 36 mbRePisntindahedmbiner that
Zgg%flﬁgésjb@wépg%%%r ader - out ut}gﬂ{cl } by {w } to
c89BREatR debfrestize oaipats {¢p}rb;a8v,.é t@ 2enerate the decjgien variablee222,
conbi ni ng operation can be inplenented by a series of

muld,i pl y-and- add operations.that. requir lv-and-
202D TP CPOTERE DOt PRI e ek pBfliply-an
h; "M th w, . The output decision variable 222 is then
8@ fiGRltRe rbquiRs odBCdngicomplavinakiplice anserwmamd/Ion: 2B by
synchroni zation | oops for further processing. [0038]
JIecih @] aviting, r Ehevepsideciion apjableBlie thep comeunicated to a
foregoi ng description of the present invention to
decisiondievivacdegodarnaddionsinehranisatior tpaps for fyrther prpcessiRes
Digital o
[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 ANSVIEEE Std. 802.11,
Wireless LAN medium 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 channel 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)



conmuni cations, 3 X ed., New York, McGawH I, 1995;
and ANSI/IEEE Std. 802.11, Wreless LAN nedi um access
waeeozd19§ MAC) and physical |ayer (PHY) speci fPCRUSINE)04603
1999, which are both incorporated by reference herein.
2. Exenplary Method | npl enentli ng t he Channel Matched
Filter [0039] FIG 3 is a flowhart of an exenplary
nmet hod of the present invention. In a manner that
esﬁﬁ{a?é Lgﬁgddcl@@ FrERSRE dBdpréid s&dnaBbssbabh ehe syRtbaitafion bpthe peak
ntation of the Iﬁgmaesent i nvention, a ty1(o ﬁl
1pat

dmmtmlﬂma chmh@qummre Tiyiat block AQ0 tronipa B
cqgﬁpﬂ%%iagﬁg she (ilegp]re]a(lj 81#%2}31 e%%regeglgly%gﬁibl rd%Wé hg basked on the

CHetREhAE ah§ basl dhkthsdiadhrofihlienbythetpebls dabctbf mxgeneialb a

a channel inpul se response (Cl R) WD 2004/ 073198
deeGTpruszedly 9ok edack-gn %}@iﬂ?qlrﬁ?@ I"§T-pr oduced fromthe

despread signal based on the synchronization by the

peak detector with a channel estimator. Finally at
3bl ocEX@@ﬁlarﬂBmem‘@mﬂmm?menﬁlﬂph conponents of the

AR5 A8 PRl B BRTHE LIRS posebbenine

bEKOGTH hahZel inhBehelilteh ef the @kesdﬁilemrmmnt @hg dolbrvang dascnptlon

deci sion variable with a hack-e

i) BROREUENORo! § S S AOATL oL DR 0] FRe WA Sgiver.
GERINEE

h?‘h’%ﬁé#@%? ‘?JrP% IBgq')ﬁebac - engP %:‘ﬁtg%%% m;{t ch%%lq??rlytrg?el‘g‘r t he

ipplesentation desetibedher®feerf ol | ow ng description details

an i nplenmentation of a back-end channel nmatched filter
(00413 HheNatieerd viehne] mavdkadefiltertche rqﬁa@:p ghafake fieger front-end

St uPicay BN EsERP UL BAAEE (M YBYLThS HE- I8 link does no
r?q%gljé shﬁﬁgﬂ%ﬁ%kg%cgmg a&hlltéc?ﬂfre ?é\ﬁldrlﬁ %&?&Q?Elbﬁ\ ﬂéﬂi&:s since

Fon structure typically found in nobil
tl&tr@lsl i softchdeoff ddSipmichhle cﬁﬁt%u:lg minltipattk thtsets neoteed to perform
requi re a_sophisti cg(ged rake ecel ver arc{n tectur

protinger tHCkmg e BRRCEE R BEN a& FF@&Slg‘% REpgnisdo H%"@o

hand- of f d [ h .
(P2t chs poviousTy G sariopesa BPRGEAIL PRI i Rg‘é‘be“f gf the
pg‘?s%{} &{E%n d@ ?r Is%ﬁgfele%? Rfetnenfy: U \;ﬁeﬁﬁﬂ%cto[‘ Q@&ﬂfZ}]le eﬁﬁnnel

ypi ca nnel matched filter
e@ﬂiﬂﬁ@l@t mthaoﬁoﬁei‘@tlymveﬁlgm the chamel] mmfmamg '@e@swﬁog@lse (PN)
key el enments: the pe tec 208
PESHPEIeDIo0AD6 (oS ERBIET 900 SBLeT NGO PR dpminant

td. h?h@é&ﬁ?@a: QU fvel B of FI@WADﬁlcmﬁE@@Barker
n‘?ﬁlgE%th g@nﬁ% conbi ne 86 that coherently conbi nes

rlsohenkfiiter 402 (BMF), which is a despreader, that provides put 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 s after starting the phase lock loop (PLL) and
timing tracking loop (T'TL)) 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



mul ti path conponents. The exenplary receiver 400 of
FIG 4A includes a Barker matched filter 402 (BWY,
wokiogl73i1g8 a despreader, that provides input toOPEI/US2004/004603
channel estimator 404, a peak detector 406 and a
synbol conbi ner 408 describd@ in detail hereafter in
the context of the overall receiver 400. 3.1 Exenplary
Channel Estimator [0043] FIG 4B illustrates details
coRfollifién SMaPRbANYIt pHIss Belpistilterathe prefadatui dhagiel4zd the
Channel estimation is initiated sh rt%% aﬂ%ertléyggTh
recencbdfmaigershidarp Ahisds gomempesyARSUeH PHST B ethod.” Lhe
achi.ev ; i Fdthekd) ESdh@aBrial
COfIGEJOp g’g"ﬁi‘%ﬁg‘te)peggg%ﬁ%ﬁﬁ%éﬁt“?él%: i ﬁ%‘ﬁhﬁf"‘%n )
mEEEaAE it Repfre@ hoeawy t@nchiplderg eotreprs akerege efghepeaks. Also,
renmoved prior to CMF channel estimation, The, pu e
the retunlaigTRaNABeS BOHF fameRIaniEspES (a5 OPpIsEH iR Gy VA of the
4l gbtirhdtnsheks. Hardware
40 I OTREH e tamagha
oftiTizAIRR0RA /KB P4fFOBnedlD rewnmhatdware ps stknowa in therfshi t
pul se shaping filter, the propagation channel, and the
[0084Ei %edhswi BEIG. Df theenain Feps pérforpedfbyrthechapyelestimator 404 are

AR e BeERr B vagB IS Bisigna g et AL OTRs Bt Bference
n it : cF A )

o3 Rgbish K Aol e R o e ke A so.  the

[@%Eﬁgi&g If: %ﬁ%ls%ﬁlld}%?osf 2% ffr&%oﬁ&{efg}l/ A BRI &SHE BMIE 292 outputs

(

e val ues o peak detector 406) .
AVE dnplex-adided coeelstiapdfdr CMAENHgleriods dhBarkersegueries. that is,

rdware optim zation can be perforped to r USE yer
fardeditaMcisa S pRei CRAIBLOR O Freumpfating g AYeraging Fig Ferke
Fl G... ] chefid@tiplied by +1 or -1
c%lgg‘lzlthoé}sbttrhggfﬁgﬁt@ oﬂ%@s@e@@ﬁi@ﬁr@@gﬁkr%i& plied by +1 or

are cri bed herée. Particul ar
(Which athesyrab@ desisiogriesn shredP$18 ehicer #2@ dser A1Gt 4h)) de reneye data

reference to the figures to,illustrate t '
rmsrluliigny Thisralpsh copaies bsioad oha e RS P! BRGHRY. Ofhe

' : ] BVEIRY) deiédast B-j+Q in FIG.
o g 5P o RSB Sl BIETIR B Q0
4Be Naelshao theRvikebySd dlenkcan be raplementediag firgpiehishifting the input

Specifically, prior to accunul ating and averagi ng the
bgdloge ™M) ¥ 1 el at i ons, the contents of register A 416

ST 1 PR e Ll o
eﬁéﬁplafy“%xbd folt &E{Pgﬁzaﬁ% CIOGHH 1t dcgled wHh Sconklantialue of 1/128
correla b

I ng yond one preanbl e synbol boundaré. The
(avendgasings nbtmalzatidrefactna e s inwerasly ETeROsHRIRL o the square root
3 SERGH S ol b s B 30 i Pmpictc
it SSetdtiond ak ' rob Mutable for efficient hardware implementation), and the

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

implified (but close to optimal) CMF coefficients, that is 16 _ j [40] for symbol
simplified (but close to optim , 0% 198
combining.
. I@  .0G6) .
[0047] CIR estimates at consecutive J offsets, that is, I% — ]%—82,1 =1,..,J areused

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

boundary are combined.



by (loge M bits. [0046] Sinulations using various
SNRs and rns delay spreads can confirmthat, for an
wexeaprary AGC set point of 200, the CIR cab beCEHUS10e4004603
with a constant value of 1/128 (instead of using a
normal i zation factor that id3inversely proportional to
the square root of the sum of squares of the
mul ti path magni tude profile, which requires
[00997P! WaattRd ex@fhbfa?’ﬁﬁbﬂﬁi_c@@@{, Fh kA Onan F1G sABate definedin & = 1
for efficient hardware inplenentation), and

t .
ande@u Ft- @ (hpia s ftaling e Cmm aeRii FERHOR s aptgr BF @lzgrﬂ[?s,the

t he.hard e.. . . ' £
ot R EE e M B Gonis T I i A, G R
cONBTRE (secCSbmB 2Beldwd047] CIR estinmates at consecutive
J offsets, that is, 128 - j Qi , i =1,..., J are used
128 as CMF coefficients, and thus J consecutive
3 8anPEeSmSihdf Iyinitb] Uogibiidte synbol  boundary are
conbi ned. WO 2004/ 073198 PCT/ US2004/ 00460%4 li}lgﬂéo%%gl&
[0PH9T Aisiskoverx inipe Rlogk dingram éaFGC.Ithe SFRPADTOPRIEY 8
.are defin = = - LS, |dE@mbols at
18 SRR E s che B 4pRoMpnssvbichals S dehimbddimb
difeeent eeMguikinadlays) ofithtthe CMIFrpbdffitients Chif.cBafriotasional smpHcity,
128) is handled in the synbol conbiner (see Sectign , .
8. 22-dehevicomplex-@lundpieaioy cafimisdprmshispmapemeeg (caf i by
shown in the block diagramjin FIG K 4C the s [, .
~ seitinmrere coeffigients far thp$€rﬂeca}qu@bf%f Iﬁﬁ‘p ﬁaﬂontpé’ﬁﬂ%ggga‘tlﬁéhose that
Q It put I G5 &) @brresponds to

R e L R ASS e
bedtidec(OFer I(G)ot AQ(Ohal FIG. épl. ITietBVIFU02tdeneraies it ¢amplations.

conpl ex-val ued vector ¢cnfiz is rmed 0 '
SpeRRFALY, Pl By) CTBPPIG ' s BRI Fort QIR g B currnt
QLAY Ml oS thd ki b 22 BnEBRI2SY E&jre(sﬁbﬂd td the el lateatersions,

were truncated 1'n the conbi ner wei ght generator). For
respeatpkely, cnfn(0) corresponds to bnf acc(0) = 1(0) +
- J*Q0) in FIG 4B. The BMF 402 generates 24

[6050] e Rkioanine Speisol fin delk-h symifol int@@pl, competeddrids t o

the correlations at 22 offsets based on the current

(on-faine) timng, and bnf(0:21) and binf(2: 23)
arperespgn@ t@T the early and | ate versions, 3)

respectively. [0050] The on-tinme synbol in the k -th

synbol interval, conputed by: , .
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:

e, = icmﬁm(i) * E(i) with E@) =bmf (i) 4)
and
I, = i cmfn(@)* L(i) with L(i) = bmf (i +2) 5)

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 illustrate how the combining can be



21 Ok =YLl cinfn(i) * Or(i) (3) 1i=0 where OT(i) =
bnif (i + 1) represents the i -th elenent of the
w@eooayp731@ i s the decision variable for the DEPBKS2004/004603
decoder 424 through slicer 420 in FIG 4A, and is also
used to drive the decisionl4ided digital PLL 426. The
early and late symbols, conputed by: 21 ek =Y cnfn(i)
* E(i) with E(i) = bnf (i) (4) i=o0 and 21 |k =
peedihad;ihbwevdi in)a MirlWate(inplemdtdtiofi of; ,2), , ) I, areypically
respectively, are fed into the TTL 432 to fine tune
obithified byiubgminger eFhdazed CMNatoeffidiatts oiguat i ons (3),
(4), and (5) involve conplex nultiplications (see FIG

06511 $hsouRatg. 43R usdtertibRnsack), ofl4)one afid, @bY laise

presented only to illustrate how the conbi ning can be

coNPRQ0A/AY 3HRB sEB6IUEREAA/ NOwAa: tyfidalreniiasiiments of the invention
however, in a hardware i | ement ati on, ot

ethplogaelotlylpidither lgop R Aete By Lstitdyi iRy 58P eh%ﬁgeﬁ’kdgggﬁp“ted
coefficients only. [0051] Since the TTL 432 is us
arfdqasseidite the BBk #gat oymbpl randsmly k, &ﬁ&nwtqdénd@éﬁsﬁag%an 432

at any given nbol int . No '
atleswmbaf(/ weht wmi?h% o OF BN o<y E8y P D e dftermined
00 T -
by Besenid s)ig}%ﬁwﬁgggg% anehainsd i a0R Be g@rﬁr,'o%qz‘? Tt Sallows for

‘ | Rulfi Hil% SorapdinRass gy mdTdte s¢@Bolsdh haydwans.
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(U378 BYHOGhs MR E3R drfiGpbt#R thik8 of implementing a 802.11b

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.



[0053] One of the nost chall engi ng and i nportant tasks

of inplenenting a 802.1 Ib receiver is achieving
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8 sRowp-bit Sync Field plus a 16-bit SFD (for a total
of 72 bits), followed by a 48-bit PLCP Header
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GEzh Payeelerel the. anglogyA G gainetdingsrsvdichingavilldieHpwy Ihig ppwer is
I%l\JVE) Bd %gn icarf(e %%sﬁg 18 fus % §quc§ttit, 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 ys. 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 (segment B) the peak
detector 406 is initialized for a programmable 1-8 us, with default set to 2 us, marking

the start of segment C.



Preanbl e. Note that nuch can be gained in ternms of

sensitivity and PER if only the Long Preanbl e node
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supported but the device were placed in a Long

Preanbl e-only node. The tineléne for Long Preanble is

the sane as that for the Short Preanble as shown in

FIG 4D. Several inportant points are shown. [0058]
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node will indicate the start of segnent E, which is
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ﬁg&g@é 'hﬁ%fa\%l.ll%rgseln{eﬁ fb the Pl SdithRfatibhiafd BERAPHAD 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] It is 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.
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default setting of 8s. This segnent allows for
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[0063] To support the Short Preanble, all the |isted
tasks nmust be performed in 497s, starting fromthe
very first bit of the Preanble. An additional 7 s are
needed to synchronize the descranbler, however. To
WHADIS CIIEINGRDNES: Preanbl e, the hardware conputes the
CVF coefficients using a sinplified scaling schene as
previously discussed and then starts CMF conbi ni ng
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PCT/ US2004/ 004603 17 IS CLAIMED |.S: 1. A

BAGIES PrdtE pbthe detrread m&r@lﬁqr-ta? nngl g5l apd eygho!
Jpifst abl i shing processing synchronization froma

é)espre signal; a channel estimator producing a

channel inpul se response (CIR) estimate from the
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the despread signal by weights based on the CR
®st i nEieecHaasdnAthddTlter 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 filter of claim 1, wherein the channel estimator produces

the CIR estimate in a decision directed manner.



synchroni zation by the peak detector to generate a
deci sion variable. 2. The channel matched filter of

W@ b@iriis wherei n the despread signal conpri SeBCHUS2004/004603
signal correlated with a spreadi ng sequence replica.
3. The channel matched filted8of claim1, wherein the
peak detector establishes processing synchronization
by estimating a cursor timng and a synbol boundary
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the channel estimator and synbol conbiner. 4. The
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16ur s dhetchammed matched filtemdfadaitnd, vetren thaslicgr imropofafeslatver a

f a largest magnitude val ue of the nmagnitude ofi.le
iralfigs? F e eatle S dv g S byl e ot G i
synbol boundary is determ ned by a fixed offset prior

110 t MEeCHRSRN nRfchel GiltBBEHIAiHO®, WHEihlag output Sheechanrel
mat ched filter of claim3, wherein the synbol boundary

epmatge isarrasasedl yyong dr umarp 6F the| GPEEALIORRRPHDATIRG AR CH
i tud di . prior to th
RS e f R e nk b pRAS e BRI LD (e
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the despecagsigRaely tharehelis paspd ap thy 8@3%%?9%? t%?é%?%th? ?@8"13“)“
pel estimator conprises a slicer that operates at

approxi mately the cursor position to produce the

channel inpul se response (CIR) estimate. 10. The, i

IBhanriBie amaned sehtélietl fidter off claimai n veherqin dhes kol gombingppomprises
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wriabler e of the operations conprising conpl ex
conj ugation, truncation and scaling to produce the CIR

ti matehed fidter of claim i,
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Si gnadstdbyistiihg preekgitgsyhetsenizaton fremG@ ®Rspshd sighal with a peak
enerate the decision variable.
etector;
producing a channel impulse response (CIR) estimate from the despread signal
based on the synchronization by the peak detector with a channel estimator; 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.

15.  The method of claim 14, wherein the despread signal comprises a signal

correlated with a spreading sequence replica.

16.  The method of claim 14, wherein the peak detector establishes processing
synchronization by estimating a cursor timing and a symbol boundary from a magnitude

profile of the despread signal for the channel estimator and symbol combiner.



13. The channel matched filter of claim 12, wherein
t he synbol conbiner conprises a |linear conbiner
wa@eovhiondiipgy t he despread signal by the wei ghts PeEE82004004603
the CIR estimate by performng a series of multiply
and add operations to general% the decision variable.
14. A nethod of channel matched filtering, conprising:
establ i shing processing synchroni zation froma
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cRGT YsHeonigdndogrofil® 17. The met hod of clai m 16,
wherein a variance of the nmagnitude profile is reduced
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19. Th t hod_of. claim1lg, wh in th nbol . :
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(EIRY estiiatest | ocal maxi mum havi ng a magni t ude exceedi ng
a threshold value prior to the cursor on the
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wheréi n the channel estimator conprises a slicer that

24. The method of claim 22, 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.

25.  The method of claim 14, wherein the symbol combiner combines the despread -

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

26.  The method of claim 25, 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.

27. A channel matched filter, comprising:

means for establishing processing synchronization from a despread signal;



operates at approximtely the cursor position to

produce the channel inpulse response (CIR) estinate.
wQ@3004/098ret hod of claim 22, wherein the sli cepPCT/BS2004/004603

operated over a plurality of %frobing intervals for

averagi ng to reduce variance the CIR estimate. 24.

The nmet hod of claim 22, wherein an output of the

channel estimator is processed by one or nore of the

oper abpgrgorpivgreing aghaorbinepulssonrinogse ((GR) estinate fiinothe
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estimate by performng a series of nultiply and add
operations to generate the decision variable. 27. A
channel matched filter, conprising: nmeans for
establ i shing processing synchroni zation froma
despread signal; WO 2004/073198 PCT/ US2004/ 004603 20
means for producing a channel inpulse response (CIR)
estimate fromthe despread signal based on the
synchroni zation by the peak detector; and nmeans for
coherently conbi ni ng dom nant nul ti path conponents of
the despread signal by weights based on the CIR
estimate based on the synchronization by the peak
detector to generate a decision variable.



