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Background Information

One example of a system that utilizes broadcast spread-spectrum signals is a
global positioning system, such as, GPS, GLONAS or AltBOC systems. The system
receivers determine their global positions based on the signals they receive from
associated satellites. The broadcast spread-spectrum signal consists of a carrier that is
modulated by at least one pseudorandom code, such as a binary PRN code that consists
of a seemingly random sequence of one and zeros that periodically repeat. The ones
and zeros in the PRN code are referred to as “code chips,” and the transitions in the
code from one to zero or zero to one, which occur at “code chip times,” are referred to
as “bit transitions.” Each satellite uses a unique PRN code, and thus, a receiver can
associate a received signal with a particular satellite by determining which PRN code is

included in the signal.
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recei ver determines its global 5 position. To
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distortion o
do this the receiver uses a carrier tracking phase lock loop.

The receiver receives not only line-of-sight, or direct path, satellite signals but
also multipath signals, which are signals that travel along different paths and are
reflected to the receiver from the ground, bodies of water, nearby buildings, etc. The
multipath signals arrive at the receiver after the direct-path signal and combine with the

direct-path signal to produce a distorted received signal. This distortion of the received
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correlation between the | ocal PRN code and the
recei ved signal, are based on the entire received

signal - including the nultipath conponents thereof.
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n processi ng techniques ar
(o] ) @ﬁ@Oﬁanﬂieatechue that uses multiple correlators is described in United

States Patent 5,414,729. Yet another multipath mitigation technique is discussed in
Weill, “Multipath Mitigation Using Modernized GPS Signals: How Good Can It Get,”
ION GPS 2002, Portland, OR, September 24-27, 2002.

The multipath mitigation processing techniques are based on the manipulation
of pulse-shape information that corresponds to samples of the received signal taken at
discrete code-phase offsets. The samples are taken in synchronism with a sample

clock, with a predetermined number of samples taken per code chip.
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! IEII\)/eEclt\rr[llmus\llgnal. Individual samples of the signal are too noisy to achieve acceptable

results, and a certain amount of filtering of the incoming signal is required to provide

accurate multipath detection using the multipath mitigation techniques.

Multipath interference is usually slowly varying with respect to the frequency of
the spread spectrum chip rate. Over a relatively long period of time, (a few seconds)
the multipath interference affects every chip of the incoming signal the same way. The
thermal noise, which dominates the signal, varies rapidly with each chip of the

incoming signal and can be easily filtered.

SUMMARY OF THE INVENTION

The invention is a pre-correlation filter and a receiver that utilizes the filter to
form an image of the average chip shape of the received signal over a specified period

of time. The image is expressed as a time series of complex power measurements
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specified period of tinme. The inage is expressed as a
tinme series of conplex power mRasurements WO
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oL %W@ﬁ?bsg 0858 9nd Qode RS 1608 a SRS ni i G298 The
computed multipath error is then used to correct the code tracking loop, and thereby,
provide more accurate pseudorange measurements. The multipath mitigation
processing may also be used to compute the error of the carrier tracking loop due to
multipath interference, with the computed error being used to correct the carrier

tracking loop to provide even greater accuracy.

As also discussed below, the number, size and starting points of the ranges may

be adjusted as the multipath mitigation processing estimates the locations of the chip
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recei ved signal includes inter may cause
r e@iest irdhomtdrfenence dsappepebteer may then ignore the
affected signals or correct for the interference, as
appropriate. BRI EF DESCRI PTI ON OF THE DRAW NGS The

i nvention dBRIEPDESCRIPTION ©F THE DRAWINGSYi ng
drawi ngs, of 1o which: Fig. 1 is a block diagramof a

spr eadTRPRLEALER %&@Y&Ee&&gef&g% %%c&&lg%@gﬁ%:(gﬁmng%kof

I nvention's teachi IS a nore-

divhipham of a receiver channel; Figs. 3 and 4 are nore

detail ed bl.ock, di ggrans pf conponents of .t he chanpel ;

15" B oFits 1% BloCh ARGET of% ooBpReC U CFoh < Sy SapIogs ghe present
Binventebrbé RE&hiflsagr am of a conpl ex accumul ator; and

Fig. 7_is an exanple plot of the accunul ated val ues

t aken Fig. 2he2 sonpetriledddeckndibgrainoef areggiveredhanneDETAI LED

DESCRI F: AN | LLUST VE .20 ENMBQDI NENT .
ot or 11185 1 BCES g rhore galedpUick oo poags ofhe channel
ant ennRBigl § igarcitiipedsionefebdhellip tdnaks;i ncl udes direct
pat h signal s and associated nultipath signals. A
downc obe Pkt blpok diagram of a complex accumulator; and

Fig. 7 is an example plot of the accumulated values taken by the complex

accumulation registers.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE
EMBODIMENT

Referring to Fig. 1, a receiver 10 receives over an antenna 11 a composite signal
that includes direct path signals and associated multipath signals. A downconverter 12
and sampler 14 operate in a conventional manner, to downconvert the received
composite signal and in the exemplary embodiment take sequential samples of the
downconverted signal. The sequential samples are provided to the respective channels
16 (Fig. 2).

Referring now to Fig. 2, a given channel 16 includes a mixer 25 that removes
the carrier from the samples by mixing them with an estimate of the carrierphase. Thus,

in a know manner, the sequential samples are each mixed with both sine and cosine
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downconverted signal. The sequential sanples are

provided to the respective chahnels 16 (Fig. 2).
Referring nowto Fig. 2, a given channel 16 includes a
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code in multipliers 26, toqé)rr oduce correspondi ng

edgserybedyn marg detad helowawish refergneatodiigs. si gnal s. The
measurement signals are accunulated in Early, Punctua
and LAtcede oupérecallycontmolledtascitlad8 ("ONEOB4T drtivesnie afde

the ¢ ex .acc ators, are ..descrihed.in npore detail
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Cigihrtadn| edvassi 4 &@fe@facﬂhﬁ'ﬁ‘ﬁ@f Yighed, Which§$bdse& oR AISLI2Error signal
generator 24, to bring the local code into alignnment

wihetis prrsdueedey § eedetarsking Telaydnddoop DLE" X (Fig. 3D Mediscussed
%ﬁ fork ggﬁiltbreg)ﬁgfvﬂg rétefeBle & quag ’thf\:’\BLihls Icg’ntpoql%ag %y%nco%e error

L error si
signal that is first manipulated to remove therefrom the adverse affects of multipath.

The CNCO 42 is discussed in more detail with reference to Fig. 4 below.

The early measurements on line 27 are also provided to an array 30 of complex
accumulation registers 32. As discussed in more detail below, a code phase decoder 40
selectively enables the accumulation registers, such that a given early measurement is
accumulated by the appropriate accumulation register 32. The accumulated
measurements from the respective registers are provided at appropriate times to a

multipath mitigation processor 50, which is referred to hereinafter as the "MMT"
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by a code error signal that is first manipulated to

renove therefromthe adverse affects of nultipath. 25
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I pEIcBEsBF Proddssesthe MheaGHEMBALs iMadbBFRNEEH R la KABKAulBpath
code phase decoder 40 selectlvel¥ enabl es t he

@

agvugAlioatechnique §IMMEF'S, toglgtanmineat leastgimastimeterdfihe location of the

TR U LR B RBLRIAR) fte e

s merasurenems $2 f Themiultépatie spratio @rdceghos 5@ fisrtiRf Broduces carrier
provided at appropriate times to a nul tsle%at h )
niterlgag prehoqsie daskimgmulppatiysirensigraly ef bresedd ang 59, respectively. The

SRS 50 SO SR Y R o g o

i mamir snddextdaitiackiaf operatibues. mul ti path mitigation
processor processes the nmeasurenments in accordance
Wi th aRkfeorsig idw talspad Fig. 31 & bBak efror barbRbOSEcdnvdMItht values
to determne at |east an estimate of the |ocation of -
ot peeumuigted by the RymctugbacgpmatatonZ8Prio ¢inkase erfargignahia a conventional
a : t r :
s bR A0 SRS, SBRR0 TR RIRE o Gror danal by
c addingtherdto delnulgipathphasedeortectionk sigoal prdducpd b therVIMT processor
si.gnal s on.lines 57 d 59, respectjvely. The _signals
o o8 b8 Pl et astoner SO Brtbyeusii purseP bk Plcodroduce
Othe'BHald datkihel dridPsidhl thePednkBls 18O Phas@ dendrhdF kb NY
operations. Referring now also to Fig.” 3, a phase
error ge
* By the Pansers) srAONYERS BB SnPhE N T e
s Egrin| Punatual awiivae bcanallatorse$Ee 23P, 2SI aaonedntioadl -tharaer to
fuqcti on. (Ihe adder 3,51% CO{I‘ﬁCtS t he Ehase error, signal
bFSUPAHE P §§9¢ FEVSH& ho Rt LoRetnoRdbtodBe fopying;
si gnal produced by the MMI processor 50. The
mul ti path-corrected p q;gﬁer[pfésﬁﬁnaﬁ-4@2then used by
the PLL 60, to produc ode reorp‘haseltzg Ing error
signal that controls the phase genératior 22. 15 A code

error gener,at 54 uses the early,, punctyal and |ate

oo IRt AR5 bl 0SB goneraon
20 28kby28fing 2reton AukiBANRBHE ?Ha'%ls cBREARN sighal FRULERWS the MMT

code error using a formula that corresponds to the

f Or9cesiong?. Tlhre muftipathrcorrected code error signal is then used by the DLL 62, to
produce the associated DLL error signal. An adder 64 combines the DLL error signal

with the carrier tracking error signal produced by the PLL 60, to correct for changes in

Doppler. The result is the code tracking error signal that is supplied to the CNCO 42.

25 Referring now also to Fig. 4, the CNCO 42 produces chip-edge clock
signals, which are used to align the phase of the locally-generated punctual PRN code
produced by the code generator 24 to the phase of the received code. The CNCO also
produces fine code chip phase detail signals that are used to represent the estimated

code phases of respective I and Q samples. The CNCO includes a code rate register 48
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corrects the code error signal produced by the code
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code phase correction signal produced by the MMI
processor 50. The nultipath-cn?rected code error
signal is then used by the DLL 62, to produce the

SFPEIASF Pl PR Ty R TR ASE L ot o

error sign

Shigiel thap i PebaetAled) ¥n bdiRr BE Lwla cb@ SHsé RGlstdrdEedbRANIER: result

in. DoEpI er. The result is the code tracking error.
sfgyralthe registardo ginsiure e code gensragnaoOntR] sighal Redppropringe times.
n : ' 42. produces chi p-edge., .

o A% e pd gty Bl ol oo BT o MiRaE Bfpang ercor
t figndlocal | y- generat ed punctual PRN code produced by

the code generator 24 to the phase of the received

code. ThecsdNGRasd &@istéi’ra%’djﬁ%%rf 18 c6Rdfs "ar?ﬂ'toﬁnﬂhﬁs&rresponds to

detail signals that are used to represent e
esttimptedecpde pbass, Patisets asfestimeipd phaseeangleanWhen $wmplimtscorresponds

N A R ——

p24sehictedics pesdudds thE Aextadifeof taé %cﬁﬁ% bédepited® EOUE CRR s@znal
code r%te rror signal that is conbined, in adder 46,

wPtodueedcyfBe prdasphase giterns puashioaens withehipeinestin the early version
dpf (€ FochNEode® gitselvslg/ps%{r?mgper Q84CEnt e &%g %ﬂgs%r}gé@ttep %lls% provides the

control signal a priate tines e correc

pprhese degle glue hetheadde phise deagies t@rwhish barsends the cohplex
code t[ ckiggq errQr 5 signal. The code phase register
af 4Ry 33%0% #i5&“%cont ai ns a count that corresponds to

estinaha% cgde phase, that is, to an estimted Bhase )
angl e. BeREndispissiag ihi oresations gbthgcode ghasgdeaqdsr A0 iF mare detail,
n B Fi C : . V] - siapal Lo
S R A G i Rt bR
chicpmotatiheedistem| 32y Apeshematie thechrdwinglheodd eHipl70 iivsegmented into

roduced he. code ase register i s synchronqus .
R VN SN N T T N,
CQeple At taﬁé&ﬁét%iﬁ@ﬂ}?%@a 9112%@ langle Bt (OB RS irlozt'ga% e t}%af1 covers the

register also provides the phase angle valu
c werddl 1 plthe chipe diaitlusteatedyithectangesmenoths chiparisimnpdgexmay be smaller

NI L R C———
detthé MMT processor 50.

Referring again to Fig. 4, at each pulse of the sample clock (not shown) the
code phase register 44 provides to the code phase decoder 40 a phase value that
corresponds to the estimated position, or phase angle, of the corresponding sample
relative to the underlying code chip. Thus, at sample time t; (Fig. 5), the code phase
register provides to the code phase decoder a phase angle value that corresponds to the

sample's mid-chip position. An n-bit decoder 82 decodes the phase angle value into

* signals that drive a plurality of AND gates 80. The AND gates 80 produce signals that

selectively disable all but the complex accumulation register 32 that corresponds to the

mid-chip range that includes the estimated phase angle of the sample. The enabled



15 we refer to Fig. 5 to describe the code chip ranges
that are associated with the accunulation registers
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segnented into a plurality of_code chip ranges 72,
each of which is a fraction of!% code chip. The
sanple s, taken at tine t, has a phase angle that is

B R0 10% Lol 2 A0 Sl e

edgﬂeﬁﬁmdb@tﬁﬁﬁhﬁmé 20 than the ranges that are near
the mddle of the chip, to provide nore nmeasurenent

detai | Agdddolhe 6P4 BSBSIER hecvthuldfRhG 3
Flﬁgi 4, Sat Oeach%l ge of l§1t hgcsa#pﬁg;nce%%t@g %gtﬁzll"g%gwﬁhase and

adragiere pbisggegipters 3 end 22Qpdbel dxg!thsamlphae am)dlefqnﬂﬂg @rocessed
?&gﬁr lé/f})y ptgg | ‘{él %ﬁr \éla g ;sggltpgeﬁgﬁ(l)a&rbees S nctxpzed w1t£1 different ranges.

c dhe G’Egmel@(iirditﬁlcé@ﬁpltlfé Rde F)Bés@tdle&/&iet* fhub B8RS EnabROonly one of the
code chlp. Thus, at sanple tine ti (Fi 5)," the code

plsamBlexTagiFier paIrsypushi thetdhe measveemantes qoblacted iy clmmpr@pnate
p!&@ﬁl@h&rh%lﬁnm%&?retg%ﬁér Borresponds to the sanple's

p posit n-bit decoder 82 decodes the

phase le.v 1N al s that I ve. a L

o1 A 1B BMRhC Gat bR ab OBk it S B¢ ot
sekelhy thel ANDigata|ge oftile dodt phire decsmt 8% tsGedh 3hdWsignal for

regi ster_32 that corres onds to the 30 m d-chip range

t kg 279y A fcompiex assumpatier rqa*fé@ré 3an§p@owgtarfénrsa¢&pm change in
Thee %EQBJ %E[Iil %ﬁ%@%g&?gg&% %ﬁ%lﬁgéhﬁqu's&%l {n]agls eﬁgbled for

COI’Tp ex en accumnmu

ealnd gntime ah;pr dive etgerddte stgnaltls nommbl‘?::ﬂ antle stavt dfhechip when there is
in El x .accumnul ation

" 2 Rufige 13 5% Shik el S peDamgion Sl G151 W5 da dhe MMT
I ®edcbRr 30 ?’szﬂroéﬁ‘&d?d%gn%l_ hip-8dt t)@ #efhéa&?rresgondmg

preferably processed separ atel e recelv
s mwelrﬁments‘aldlmsemmaytehbbmomummn \amabcldmmﬁtémeregister that is

The al s du ed hy the code a decoder
M S TN s
r 67@11&{ @tludaiversy, litdél phase fh?ddulﬁ%n r@@%kﬁv‘i‘d@% appropRAte Qi?ﬁe%% the

t he appropriate conplex accumnul ation register

T oRfecegserrerlat or 24 al so produces an edge det ect
signal on line 41, which is i0 used by the AND gates
80 of tlhe eed}delq@hasmente,dbates tkl@resldtsmfsmﬂtxpkymgsuhaldbernconverced

Si for arr 30. of ccumu
- e BlearBnabam B AT i iaR o oot ked reciisn g P complex-
| eeainhylagnepRted3Z Btide ehBSdlﬂ%?déi@ﬁ@&f hetéidN#Mowever, any of the
enabl ed and renai ns enabl ed for
early, punctual or late measurements may instead be used, as long as the edge-detect

signal is made synchronous with the selected measurements.

In operation, a satellite signal is acquired by the channel 16 in the usual manner.
After the receiver is tracking in a steady-state phase locked loop, the contents of the
complex-accumulation registers 32 are provided to the MMT processor 50. The MMT
processor 50 processes the signals and determines if there is multipath interference. An
exemplary set of a set of measurements of signals containing multipath interference is
shown in Fig. 7. It can be seen in this example that the effect of the multipath signal

can be easily distinguished from the chip edges of the direct signal. The measurements,



the entire chip. The edge-detect signal is not enabl ed
at the start of a chip when there is no change in the
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to the MMI 15 processor 50 is froduced during the

chi p-edge transitions. The cot 1espondl ng neasurenent

val ues may instead be accunul ated in an accunul ati on

r t. t :
dg?ﬁél{ &tk bg%glon 32 e@g?lllf gltZ%(?/ ﬁbﬁe%ﬁﬁﬁ%ﬁ@gﬂg S%e‘igoq Svith a very

Watahate me}ireﬂéetmen pf thetredetvedRamel thatiii&idrochip sligpe. Using these
provi ded atetg ro&éﬁate times to the MMT rocessor
5dneaggyemgats FMM g%ﬁswﬁ@r@tesgmmcq@anw H’ét hkagwn MM to

gg)lr?du‘ale Y@ dk ggc% gz?ﬁgrclﬁgl\ﬁgﬁtth r g’%ﬂplls ERat %Jg?\ge'rth? ﬁ&eivetr&eaffects of

rl'y version are use
c qmmipsa(h irterferandesft aro ther gl ancé casrlaﬂtradklrtg‘@eemw Wt the accurate

descri i n., However. ear |y, punctual
o FoTEeB oA O e eGP ghip AdbeBe Vs precssd’ TpgaiRgs more
t hecgaaendlgp A8 Eodesdrﬂlrt%}rlér LrrBREEnatY HP@HQQQP@Od\é"aBH‘ c&rpl@r offsets.

sel ect ed neasurenents. 25 I n operation, a satel
sﬂgnmlleadSsdlmqla 44 mdretgpcurhe: tedvkingaif thesdirest sngealwdahnd carrier, and
e receiver is tracking in a

manner,.
stuggaglt-elé’ttgtnéorﬁﬁ%\%‘éatP85%38”%‘% the contents of the
conpl ex-accunul ation, regis s 32 are provided to

VM pr LB e ing Gt o et %&a&@ggew 5ty b e Gesoushiivided
Siigtaal o $afedd S4I18IoTHR %ﬁ)ré fna} BELiSed a% i éxﬂﬁ{p'fb above. Four
interference. An exenplary set of a set of

maaeHme ptder egisfers prgiegneasuneaients rfgmrmhtthac NMMT processor 50 can

| wn i n Fi een

¢ PEEIRBh e a1 RENP pufts i e et b Bgasl BFGNne "

C afeaogrefRals|fiondl hadifi el ket s ftho NN Treddssor sddcchifaely derive
di rect. signal. The neasurenents, W) 2004/093339

pdhe ehip 6d2es®f0ne ar moneimyltipath signalsh 45 ¢ dceawmudation registers are used, a
eqa! d¥imihah fe%ﬁge?% a %}53 goeagcpr%%lh{w Qgs‘ﬁ?&ﬁ § fr}%xt ﬁgmﬁles taken

very accurate resen fon o recelve
t rhefsatieseating fige cﬁ“lnlmoaup,usueagldt dmesmulaﬁeasecg"laefemhaanged to
t he I\/MTat%r ocessor operates in rda ce W th known

MEFSRY w@aur@glepweﬁ%a@n@ﬁﬂta@m PRy the a5 Abioad R pdge of
SignAloS pdiRtmid Wﬁﬂggglg%egg A 3&@5&&9&@@1&& égg}élr'ié £HehBed to

|nterferencef nd carrier track
0 peclanmlewsnemmementsealmmfmtle midewaepeint titthe mporsf thédkeading edge

dl g @iﬁ%ﬂ?‘gj ‘ﬁﬁﬁ?&b‘g{uﬂf}tggag%ﬁdlr&‘o%%?lﬁgeé#toéglfegmgasgge?nents from

sntgaﬂip&)ﬂme fe@dlﬂ? c@e 10QREstaNAf GRTEMR asfSdified Sith tHist
| eads directl o nore accurate tracking of the direct

Si agﬁ\anule@@er&srs@:rc drsranexamaledthe fourtivagcamplationiregister may collect

AGHH Bl RRS alﬂg UR08&Hn samples taken along the chip to the falling edge. Three
accumulation registers may ultimately be used, with the bounds for the range that
covers the leading chip edge selected to provide sufficient information to the MMT

processor 50.

The receiver collects pre-correlation measurements in the complex
accumulation registers 32. The measurements are pre-correlation in the sense that the

system does not drive the sample clock to take samples at pre-determined times relative
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be advantageously divided into 4 to 8 ranges,
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Four accumul ation regi sters provi de neasurenents from
whi ch the MMI processor 50 caﬂz'accurately derive at
| east the chip edges in the direct path signal. Using

t tS: i t-hana i st er t he .
e RAMEEESAL 3 SRR, 1ol SIS o H bt
otoroslaticor errops mtontetrngudtifenehgnal s. 1f 4 accunul ati on

registers are used, a first accunulation register is

ar r angecé theMPMMhH0BEBoMRSHRRAIRAES obARITs SRR &% LdeSR th
before the Ieadiﬁggedg% of the chip? a second Sip Lt ©

adeentpridtsignal, teeyME B pracssser S8 mpeddiust thaaanges byt for example,

fr |es taken fromthe start of th
RS PE Do S e O B e
etigetiorpoft the tkip@dgeiand, as bSdrop@de Stidenihg RS JtRétesbes 0 Ad@rnatively,
accunul at e neasurenents taken fromthe m d-way point
t 87 npddition. e MM pregesseignavigducesthe prmbehpfyangesdsugh that the
f i . LSt-er.,i !
SRR RSN, o AT Gy e,
ssafarthofTa drethisatigpeMNER pwicadsedconitiols théepdraticts of the n-bit decoder,

acc lation register. As an exanple, the fourth
a&%ﬁﬁ?ﬁmﬁ? g?fEOF%fg&?fg%l&res Siggala dpf geadle %@é@&f@@ﬁéﬁqtrggxstew When, for
a%mlétrﬁgg@ééﬂagﬁc&m% tﬂe%ﬁ%el: 02 shitRddnBrrbRed RRe MMT

falling edge. Three 25 accu tion registers may
uPtdcassoe f§ o ingi § bdommiunivates changenuisthe oedd prase affspe valuag that are

COPD R P s T e R Bl S ivppeumation
I epistere 82 C Thé BMNVT (RO6sSArI0aha! vy tHEE asdth &filibes ahdYof §8rting

compl ex accunul ation registers 32. The neasurenents .
aPesiions-of the iangesi byrpppronristely epngingtthe cadeeoffsgbvalyestagsaciated with

d qr anpl e clock to take sanpl es at
p%ﬁg&%@%%‘é@@?@é rel ative WD 2004/ 093339

PCT/ 0 0565 -12 to the estjmated cqde, chj .
boundal RS TMHRROGs s di, e SEe G seniuat Boles Stdpe with a
asefereh@d ¢hiib tremditic shhpQno deteRhine ifthe ré&ﬁreﬂ%@ﬁﬂﬁi@ﬂ@ﬂh&ludes other
Once the MMTI processor 50 estimates the | ocations of

t HéerégipRredbigemaydistag theiralewated sange s Thisas partinelanviimportant in
p S SC st tk Yon S : xanpl.e, 5
DRt Ao TR oA L sl ARG  n er BIGHAE g be
r detgetsd ihthis maelen then fype ttaas bifems &d cotrelatibn Oper@fiodshE various

chi p. edge.and, as appropriate, w dening the other .
r SiFGRETS diftErentin @ngof 9;?16 pe hatd sidetest dxammes ayrmatellite errors

%ﬁé@%&ﬁ@ saf¥B¥e ESAPGRNT BAURITSEoWavE ANGEG enUESn Wby radio
sources, receiver radio failures (including component failures), and so forth. Using the
accurate pulse shape information provided by the complex accumulators 32, the MMT
processor 50 is able to determine when such interference is present. The receiver may
then ignore the received signals that include the interference or, as appropriate, correct

for the distortion in the ranging calculations.

The complex accumulation registers 32 may be selectively grouped and their
contents combined to provide signals that correspond to the accumulated early,

punctual and late correlation values produced by the Early, Punctual and Late
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n-bit decoder, io such that the decoder produces

signal s that enable the appr o'p‘gi'at e registers. Wen,

for exanple, ranges associated with the chip edges

a ' or, . d,._. . I L. n line,
S PR o T R RERR R B
vednuesgroinsdd tapeoduas sacélafi@tvalidshhitrerrséppnd ks tHeRatuet poduced by
dech)fr p{ oduces to enabl e respective accunul ati on

r BYiteiesalyzpd meypioNate sppelatoss r ThrpMMT piggegsor AR can thus operate as
e ipOHT0Rle S Bl Bl dor RAS o by, M8iional
vadruddonbsdwh@t &drohet the rebdvereap ehdrige eheagroupiug afoatasrow the

T%g YL gr ocessor ,may al so conpare the neasured pul se
sHESFEVRCPHelator SRaCESnce chip transition shape, to

determne if the received transm ssion includes other

i nt er f Ehepigaals pradupsd bythe MMT preessen Vunay tgtead hgused directly to
This. | . . Lo o v of - i .
e neild ddditelad dRE ERc) o APnE RN R Blestdr s provides o
i thesy daanprments tab fdedbark dienalgkbt eslteldted didebt fathrecdeaimé Sffset and

type that affects the correl ati on operations. of
e gate, deehc bry. dinf e Lyate agrymulatessnilpad Dirkrraay be
t Qi RbRA o XRSR RS tr@&l&xllé 8p&htidrs® TRLE Yvichds M6 $BWAPmay be

satel lite conponent failures), mcrowave interference
f added e thepjren i such ghati frcens, passoai the MM E girocessair carresss for

(Lnel udi conpaonent. faj |l ures and so forth, Usi

¢ IR Brs ST BERia e SR poRarBE et Biaduged)y the phase

t BreorCaunBlact 82ad ikd @delesrod dencrdt6r SVTWhbh BiaswiRhedate iBsecond
abl e to determ ne when such interference is present.
TResitiansethg signalgprodused by gedVIMT peocesserdq awg uspdydisgatly to control

t hat. .. nc i ﬁ@@ or, as appropriate,

cglr% Sg% é#‘g{?‘itir%g a&?é?%{: [ onglf'n t he rangi ng

cal cul atiens. .The conpl e ccunul.ation registers,. 32 .
may - be b6 RtRqioL fer eGPt barn TivEn 18 steBirahguiment of this
coivehtied Tt wilPbOX¥ppheert] vadver, ithatyaGf{dnS 2R AfbdiftatiB® may be made
accumul at ed earl%, punctual and late correlation o

v i the invspteny veth thy attpiameay ofisomeuaicllpdlits advantages Wimrefore, it is
2 P 0 3.a mul at gr s ooy
AP B Sbrigfaee SR G ARE ol nTEHHI @ odtations e
acomenithin tha true gpisit and scdpe of e iheergivalipeldding sobamutae the values
correl arion \@I}ﬂyfes that correspond to the val ues

pPEieePY e MMl prppesseratd fpr e atin Prpsiteal jaad bate accumulators,
c t 111 LAce

L8 DR TS S, LS DAL L
wivetsions of thguocal nodearfurthddithé neived signal may be sampled to produce

simultaneous I and Q samples, and the mixer is then a complex mixer. The

simultaneous samples are then processed in parallel, since each I and Q pair will always

occur in the code chip range.
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processor 50 may instead be used directly to contro

t he phase generator 22 and t heltnco 42. The wvr

processor thus provides to these conponents as

f eedback signals the cal cul ated direct path code tine

of fset and i o phase angl e, @ﬁgAhgﬁsEhrly, Punct ual and

Late accunul ators, PLL and be elimnated from

the signal tracking operations. Thus, sw tches (not
sHownhrereairelstion fHerclgr & seaekver diat tageives/spseadkspeptaumisignalsethe filter
POSihdipy the MMI processor corrects for multipath

errors Tn the associ ated code and phase error signals

pr oduced abyy tofieopplas accuetiulfiongegiefedd that B2r andtiflh @o@é)cqus
error generator 54. \Wen the swtches are in second 1
pag?ttmlgﬁ@,mﬁaﬁ'éfegiegﬁéhaé cpreead i snplescofihereseiyed sigarl, the

5 i . ) r J .
23 B R PR b p ol sl o B ARLE SRR Lt porion
| ioffiatcede tlwpa specific enbodi ment of this invention.

It will be apparent owever, that variations and _

nodi fi éa‘i"?’SHEgsﬁé;‘?c%f gontgals ‘&‘ﬁéeﬁpﬁ?}wﬁtcpsﬁ, eXfeehmytjagion
atrbAbter RO direét 1 ' ft ‘ '
T T B0 Ry mylatjon registers that
t greavediatgl withiibtcaderdhin fapges faord whieh the sanples areasken, the code

c N e.true snpirit and ope of th

" B ebuet deBenled e b corHon] TG Slimbisd physetnslis o the
byatpe. MMT processor 50 for the Early, Punctual and

Late accunul ators, such that the DLL and PLL are
elimnated, along with associ ated Punctual and Late

ver §i I ] . enreceive . . .

o gnn PR kB EAhe BT et She (0dITHERBLHE verpge rising
Qedgerpf ths codechip e smatler thas theheide ahipaaides Xoveriy othdiRctions of

siJiul t anepus sanpl es are then processed in parallel,
sﬁﬂ%&“@&@}? | and Qpair will always occur in the code

chip range. WD 2004/ 093339 PCT/ CA2004/ 000565 -14

CLAIMS 1 1. A pre-correlation filter for a receiver

t BatThequeicowelatqn Blbet-of plaemr iy mhsiegmthleodé¢ bieip franges mre Rjustable.
including: 3 an array of conpl ex accunul ati on

regi sters that over nultiple code chips 4 accunul ate

el sHHegrerbielafic fik& JFRUPANGWhGQemanPLiess, Rimb& and starting points
recei ved signal, the _
of the code chip ranges are selectively varied.

5. The pre-correlation filter of claim 4 wherein the code chip ranges that include an

estimated location of the chip edges in a direct path signal are narrowed.

6. The pre-correlation filter of claim 4 wherein the starting points of one or more code
chip ranges are changed to selectively position the code chip ranges relative to the

estimated location of chip edges in a direct path signal.
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respective conpl ex accunul ation s registers to direct
respective measurenents to theleonpl ex accumul ation
registers that 9 are associated with the code chip

r s fromwhj.ch.the | es, are taken, t ode io
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pre-correlation filter of claim1, erein the code
cHiajputasgtges covering a rising 2 edge of the code chip

are smaller than the code chip ranges covering ot her
sections of 3 the code chip. i 3. The pre-correlation

f 8. (Tée pod-colreitionlfiltemo€ cRim 1§ WheredBe eddbictivaREBPleR@cumulation

adjustable. 1 4. The pre-correlation filter of claim1l
wiggiglers inplde jnphase rpgiptisestBatoled regesiiagepithat sorgspend to inphase
¢ . ' Sl | . T
oo Ao QRGBSR BA! LR oo it oMiSpond o
chjuadraturgesmplesat i ncl ude an 2, estimated | ocation of

the chip edges in a direct path signal are narrowed. i

6. The pre-correlation filter of claim4 wherein the
StarthdisreRBHRlaboR iltd St MimPhBere@3fe arraf B ﬁ)rﬁpﬂ&g &ccuBlufation
changed to selectively position the coée chi p ranges

r efaliteisvwee campaned Bitk g prevetesntined cefeicnne slfape o Petecigles piesence or
a direct si gnal , WD 2004/ 093339 PCT/ CA2004/ 000565

- f%S{ln r?g%%%rg?rbn 18 i on filter of claim4 wherein

t he nunber of code chip ranges is 2 reduced after an
estimate of the location of chip,egaes in a direct

pakth Asiegeider fosregeiv g spreadsgectungsignie the eeceiyer iarludingn
filter | aj j [ | .
accumul 2{a)\lIOic!@‘cf)lnc%gE%éengelr ster g‘! Qﬁ?ﬁé gﬁ?sggﬁkg é&* g é‘%@f g?% code that is
t hatludal inah¢ receiasdisignaint s t hat correspond to i nphase

3 sanpl es, and q adraﬁure phase regi sters that collect

measur ehilHality ptypultip 1pt8 b ﬁH‘“t‘E)‘YAhQﬁ%EﬁCHY%I versigaspf s code by
| QmplQallinGTRY fe8Liddd Qbndi hhd Efoggée f&r?és%&diﬂ%@%%ég?eg&&?s;
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with a peattghesengenemtareliz pertdneesdidgpedgemsigiatsentd dokde phase angles
prtggtec%(r:rees&)rnd tg ah te':)sstxerrrl]eg;:ee:d ggdei prfltaseer;f ering signals.
a carrier phase generator that produces phase angles that correspond to an
estimated carrier phase;
a code tracking delay lock loop that produces code error signals that are used to
control the code rate of the code generator;
a carrier tracking phase lock loop that produces phase error signals that are used
to control the phase generator;
a pre-correlation filter that includes
an array of complex accumulation registers that collect measurements
that correspond to samples of the received signal, the accumulation registers
being associated with code chip ranges that span all or a portion of a code chip;

a code phase decoder that controls the complex accumulation registers to

direct the measurements to the respective complex accumulation registers that are
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code that is 6 included in the received signal; 7 a
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portion of a code chip; 21 a code phase decoder that
CBAIEFAPTs t he conpl ex accunul ation registers to 22

direct the neasurenents to the respective conpl ex

accunul ation registers that are WO 2004/ 093339 '
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14. The pre-correlation filter of claim 10 wherein the code chip ranges that include an

estimated location of the chip edges in a direct path signal are narrowed.

15. The pre-correlation filter of claim 10 wherein the starting points of one or more
code chip ranges are changed to selectively position the code chip ranges relative to the

estimated location of the chip edges in a direct path signal.

16. The pre-correlation filter of claim 10 wherein the number of code chip ranges is
reduced after an estimate of the location of chip edges in a direct path signal is

calculated.



32 producing the signals that are used to control the
code generator and the phase 33 generator. i 11. The

w0 e@aioyssy of cl aim 10, wherein the code chip rEBOLE’2004/000565

covering a rising edge of the 2 code chip are smaller
than the code chip ranges covéfing other sections of
the code 3 chip. i 12. The receiver of claim 10,

wherein the code chip ranges are adjustable. 1 13. The
pre-correlation filter of claim10 wherein the sizes,
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Re@plerrel ation filter of claim10 wherein the

starting points of one or nore 2 code chip ranges are
changed to selectively position the code chip ranges
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of ?ode chip ranges is 2 reduced after an estimte of

2Ae l4tp earrelatipoyalesi p edges in a direct path signal is
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17. The receiver claim 10, wherein the respective
dénpherecavevniidlati bhwhegimsthe asrap of omhplde acouphAseon values are

regi sters. that coll ec asurenents that correspond to
Rwated Gt pradSleamieg relERAraA RS 19 gPetl BrerRgE of absence of

GXetfBGhg BAAYI enent s that correspond to quadrature 4
sanples. I 18. The receiver of claim 10, wherein the
mul ti path mtigation processor conbines the 2

asurenents ¢oll ectied b roups. of ¢ .ex
RGNS of Bl S TRl PGB S rpersspp b
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wherein the array of conpl ex accunul ation values are 2
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%%@rﬁfort he presence or absence of 3 interfering
gnal's. i 20. The receiver of claim10 wherein the

mul tipath mtigation processor further 2 produces code

of fset and carrier phase values that are used_ in place
AL OrscesedorFecsiving spread-spectrum signals, the receiver including:

a local code generator that produces a phase-delayed version of a code that is

included in the received signal,

a code phase generator that produces chip edge signals and code phase angles
that correspond to an estimated code phase;

a multiplier that multiplies the version of the code by samples taken of the
received signal and produces corresponding measurements;

a carrier phase generator that produces phase angles that correspond to an
estimated carrier phase;

a pre-correlation filter that includes

an array of complex accumulation registers that collect measurements
that correspond to samples of the received signal, the accumulation registers

being associated with code chip ranges that span all or a portion of a code chip;



3 and phase error signals to control the carrier phase
generator and the code phase 4 generator. i 21. A
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recei ver including: 2 a |ocal-ldede generator that,
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22. The receiver of claim2l, wherein the nultipath
mtigation processor conbines the 2 neasurenents
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25. The receiver of claim 21, wherein the code chip ranges are adjustable.

26. The pre-correlation filter of claim 21 wherein the sizes, numbers and starting points

of the code chip ranges are selectively varied.

27. The pre-correlation filter of claim 21 wherein the code chip ranges that include an

estimated location of the chip edges in a direct path signal are narrowed.

28. The pre-correlation filter of claim 21 wherein the starting points of one or more

code chip ranges are changed to selectively position the code chip ranges relative to the

estimated location of the chip edges in a direct path signal.
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chip. 1 25. The receiver of claim21l, wherein the code
chip ranges are adjustable. 1 26. The pre-correlation
filter of claim21 wherein the sizes, nunbers and
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