: e3emid0>n6T_~1 WO 02/ 071092 PCT/ US(I1/.1696A METHODS AND APPARATUSEEJ\M
FOR PROCESSI NG OF GLOBAL POSI TI ONI NG SYSTEM SI GNALS W TH A MATCHED FI LTER
FI ELD OF WOB2DNVENTI ON The present invention rel ates genePgyysot/dedde fiel d
of satellite positioning systens, such as the U S. d obal Positioning
System and nore particularly to receiving and tracking signals from
satellite positioning systemsatellites. 10 BACKGROUND OF THE | NVENTI ON
Most conventional Satellite Positionin PS), such as the d obal
Posi tioning System (GPS) receivers utiﬁi @E@%M‘ m correlators in order to
acquire, track and denodul ate signals tT fromthe SPS satellites,
such as the GPS satellites. Each transm tt885&PS signal is a direct
*sequence spread spectrum signal . The Si gnal 15 aval I abI e for cormerC| al use
is that associ at edMBIHORS MNP ADRARK ,

di rect sequence bi pﬂ&%ﬁl@w AN A ] i}

*spread rate placed upon a carrier at 1575 42 VHz . The pseudorandom noi se,
or pseudonoi se (PN) sequence length is 1,023 chips, corresponding to a one

mllisecond tine period. Each satellite transmts a different PN code
(soneti nes re@i@-@”‘w d code) whi ch allows the signals to be
sinmul taneously transmtted, from several elljtes and taq be sinul taneousl y
ecoi ved by o ecolbupresg inertan et geur iy bs fad onsunBemetare |

ceyed (Bsi SaR AT TEe Hobstart eeuEPipg SsGne ind '8 “H%fﬂé B eaSBiN”

.IIiT'ir ?In?seggng’s\l ICC%U@%&Q@E#@(}@%égnﬁgﬁB%%}d%gBﬁ}l ?Wﬁmn‘fn%éérl ant oper ation in

processing GPS signals is initial synchronization to the pseudorandom
sequence that nodul ates the carrier. This is conventionally done in

10 BACKGROUND OF THE INVENTION

Most conventional Satellite Positioning Systems (SPS), such as the Global

Positioning System (GPS) receivers utilize serial correlators in order to acquire, track
and demodulate signals transmitted from the SPS satellites, such as the GPS satellites.
Each transmitted GPS signal is a direct sequence spread spectrum signal. The signal

15  available for commercial use is that associated with a standard positioning service and
utilizes a direct sequence biphase spreading signal with a 1.023 Mchip per second
spread rate placed upon a carrier at 1575.42 MHz. The pseudorandom noise, or
pseudonoise (PN) sequence length is 1,023 chips, corresponding to a one millisecond
time period. Each satellite transmits a different PN code (sometimes referred to as a

20  Gold code) which allows the signals to be simultaneously transmitted from several
satellites anci to be simultaneously received by a receiver, with little interference from
one another. In addition, data superimposed on each signal is a 50 baud binary phase
shift keyed (BPSK) data with bit boundaries aligned with the beginning of a PN

frame; 20 PN frames occur over one data bit period which is 20 milliseconds.
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a serial fashion using the set of correlators, which search for the epoch
of the pseudorandom sequence. A typical initial acquisition strategy

i nvol ves WOARWORAI0OAY the 5 PN code over each of the 1023 syrisal/gSaia6®82 chip
intervals, which inplies a total of 2046 hypotheses. Furthernore) it is
often necessary to search over a range of carrier frequency since Doppler
and | ocal oscillator errors would otherw se cause the signals to be
undetectable. This results in additional frequency hypotheses to test. For
hi gh sensitivity applications, each hypothesis can require a dwell tinme of
many 10 milliseconds, and even seconds in-%one instances. Accordingly, the
acquisition process may be very |lengthy w thout the use of nmany

correlators. @ 0ba|ArB@rﬁioi‘tia@trﬂ£éﬁ1t§MSﬁ BFBcESSMR) GPSGBhMSTsSnfliaF§n¥RroffZatic @hal s
transmitted fromorbiting GPS satellites and determ ne the tine-of arrival

of appropri at ¢heomeadorimdoansenaenceghdt mtoduldi thdédntier TER RoAVEALORAE d6RE in

“signal and an internally generated 15 signal. The signal conparison is

performed in asenalfedhain usingpthe setxxf colrelators mthichl searet Ifort the gpouh ke
integrating the received and generated signals. A typical prior art serial
correl ator ci psewdprandorhise@gnéer A dypicah indis acqusitiorestategy invdlust seaichigitie
Figure 1. The correlator 50 receives an input GPS signal 52 and conbi nes,
in mul tipl$er Phycodepeerrasel pl/idg lg%ﬁmb@glruﬁ?- shigrintermads; whidhyimplines tota ®f PN
code produced by a PN generator 20 60. A magnitude squaring (or other

det ect i on) op@P%@ hypothsges. Furthermerey it iy oftci nepessary de seaseh aves @ range afcagigipl es
of the conbi ned si% al m cro-control | er 58 controls the sequencing of PN

chi ps gener at &§aBsP Eﬂ“&%ﬁ@?%}ﬁb?“ch@?alﬂé“c‘ atgr ¢TEpre Wouldothersise rapse the pignals or

50, th i i 2 A . | f PN .chi ,

Wo 05 07111055 B Shftittonns s S8 2 8ubiBnd] reficheS T REMSR e bl pfiRy 2"°
| i.Qd:.Qf . Li . . . i t PN

{rame. CAn o t Sy abfalith® SRy pOELHs Bl Rl B STAAG 00, 0 DOT

filtering;@ppLanchehds, 388 evérPdecSXATRS6me ﬁﬁ:aae&dimo%din‘gllg,gg& g&%ﬁngi’m i cation

Serial No. 5 09/021, 854, which was filed February 11, Is entitled

"Fast Acqui si pioeBss rithydbe vee tenigthyi withdadPtheRRE of hahy chiyelhtags. i nventor Nor man F.
Krasner. A matched filter, matched to a full pseudorandom frame, may be

t hought of as a seiGlalial POsifioning SgbtatnGPS) fecdiversabieives@RS kipgals srangmikieged. | f
one Wi shes to search for Mparallel GPS signals, then Msuch natched
filters may béroenpbiting GRSsapedlites hwd detéfivend the éigeiafearrival of appropriate codes by

comparing the time shift between the received signal and an internally generated

15 signal. The signal comparison is performed in a correlation process which entails
multiplying and integrating the received and generated signals. A typical prior art
serial correlator circuit utilized in common GPS receivers is illustrated in Figure 1.
The correlator 50 receives an input GPS signal 52 and combines, in multiplier 54, the
received signal 52 with an internally generated PN code produced by a PN generator

20 60. A magnitude squaring (or other detection) operation 56 is then performed on an
accumulated set of samples of the combined signal. A micro-controller 58 controls the
sequencing of PN chips generated by PN generator 60. According to the system of

correlator 50, the received signal 52 is compared to a long sequence of PN chips, one



10 patent application entitled "Fast Acquisition, H gh Sensitivity GPS
Recei ver" shows exanpl es of various types of matched filters which may be
used to iWPlRMEW2 GPS receivers. Wiile the use of such matmtweusoibissr GPS
receivers is efficient, there is often still a desire to further inprove
efficiency, especially when certain a priori know edge of signal paraneters
i s avail abl e. WO 02/ 071092 -4 SUMVARY OF THE | NVENTI ON PCT/ USUl/ ~&068 The
present invention discloses various nethods and apparatuses for acquiring
and tracking G obal Positioning Systemsignals or other types of satellite
positioning systemsignals with a satellit® positioning systemreceiver

whi ch includes a matched 5 filter. In one exenplary nethod of the
‘invention, a fineotfsél adime, &ﬁﬁwémngca)eéf&il@ﬂgepmd offiirehto sexrEleoRe all offkéts a
first Doppler frequency of an SPS signal, is determ ned, and the SPS signal
i's processed tdrapomdicdedode PNé&famw.th the first set of frequency
*coefficients during a first window of tine. A second set of frequency
coefficients, whi cAnaitematpomdthotl doreacqeicing GHpghads is fio egpunatcheddiltering SPS
signal, is determ ned, 10 and the SPS signal is processed in the sane

mat ched fi | t eappapaches;isee, ferenathpes icogiending 448 nkaters dfpllicatiam$erialidioi ng a
second w ndow of tine, where the first and the second wi ndows of time occur
within a peri 8903884, mhigihwenfiled Hebruagy & hi K498apd is entidledPEast AggHISEION;, od. | n
anot her exenplary_ met hod of the',pr,eEe t .inventijon, %g{grst SPS signal is |
S processed | Agl Sapsitiyey GRS Regeivgrt Ry theripyentordiorman by Kaasgh g%at%f%ﬁ)

coet Lol ent > B B Sehld bl BStalork B, HREPE ublE R il o

procesoed | 0 LARIARES: TBLBHEol bl | hotoll, BRI 5BleRln T IBREGE T

occur wi thin SYSSisr e MR fichod il BEARIRRLUDIERA. The RichdifE

Various appar giibis eppRiafioR bR FaEd ARRiMESHE High Sendvity/FPEIR&Zive?” shows
examples of various types of matched filters which may be used to implement GPS
receivers. While the use of such matched filter GPS recgivers is efficient, there is

often still a desire to further improve efficiency, especially when certain a priori

knowledge of signal parameters is available.



BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ USQOL/ . 169G3 The present invention is
i1lustrated by way of exanple arid not by way of limtation in the figures
of the acwoOmamwdng drawi ngs i n which references indicate mimu$manceBenent s
and in which: 5 Figure 1 is a block diagramrepresentation of a prior art
GPS correlator circuit. Figure 2A is a bl ock diagramrepresentation of an
SPS acquisition circuit according to one enbodi nent of the present

i nvention. Figure 2B shows an exanple of a weighting network that is part
of the block 10 diagramof Figure 2A. Figure 3 shows an exanple of a GPS
recei ver which may enpl oy an enbodi nent oft-t he acquisition circuit of the
present invention, such as the enbodi nent shown in Figure 2A. Figure 4

-shows a bl ockSOMAARTY OFFHEE BNVENIIONof a conbi ned GPS receiver 15 which

-

i ncl udes an acquisition circuit having a matched filter, such as that shown
in Figure 2A, as w&hé pmeseritivientipmdiseloses ivatiouscratthods ayisippanagsestfonacamiring
cel lular tel ephone or a two-way pager. Figure S depicts a timng diagram
showi ng t he randdrackingl{BlobalPositippingelysicansignals onothestyres of satellitenoastionings
according to one enbodi ment of the present invenpion._ZO.Fi%ure 6 shows
anot her ti m n¥ysienugignals with asate]litepesitianing systenoigsei perovhicksinglydesematchedhs
accordi ng 1o another enbodi nent of éhe present invention. Figure 7 shows a
f1 owchart Xepflttr Ag oBe preammlay mgtiodek the mvepiem ifistiseififeaqueney coeffisifstsoy ed
'n certain en& 1%‘1 rcr:%prgsspo?lfds %ohae iRt %Ie)p Ear tlrgci/u%plé;' 81n an SPS signal, is determined, and

the SPS signal is processed in a matched filter with the first set of frequency

coefficients during a first window of time. A second set of frequency coefficients,

which corresponds to a second Doppler frequency of the SPS signal, is determined,

10  and the SPS signal is processed in the same matched filter with the second set of
frequency coefficients during a second window of time, where the first and the second
windows of time occur within a period of time which is not greater than one SPS
frame period.

In another exemplary method of the present invention, a first SPS signal is

15  processed in a matched filter with a first set of pseudonoise (PN) coefficients during a
first window of time, where the first set of PN coefficients corresponds to the first
SPS signal and a second SPS signal is processed in the same matched filter with a
second set of PN coefficients (which correspond with the second SPS signal) during a
second window of time, wherein the first window of time and the second window of

20  time occur within a period of time not greater than one SPS frame period.

Various apparatuses are also described herein.



WO 02/ U71092 -6 PCT/USO1/-4(9(r8 Figure 8 shows a flowchart indicating one
nmet hod according to one enbodi nent of the present invention. Figure 9 shows
anot her MeEDR@7®@eZOr di ng t o anot her enbodi ment of the pres@TusonMesssi on.

WO 02/ 071092 DETAI LED DESCRI PTI ON PCT/ US01/ - 4(9C8 Met hods and appar at uses
for receiving SPS signals with a matched filter are described. In the
follow ng description, for purposes of explanation) nunerous specific
details are set forth in order to provide a thorough understanding of the 5
present invention. It will be evident, however, to those in the art that
the present invention may be practiced wi thout these specific details. In
ot her instances, well known structures and devices are shown in block

-di agram f or m BRIEROESCRIPFIONIDRTHE DRAWRNGSI n enbodi nents of the present

i nvention use nethods of tine sharing of a 10 matched filter after using
acqui si tion assi st dhe @rededtanvention thatlusteateddsiuesy dfrexampier anld moabgeval of t he
code epochs. Figure 7, which will be described further below, shows an
exanpl e of t héimiltatien i thefigunes off the ateoimpanying dsvdhgein evhicit iz fersdcec imdicateused t o
determ ne a search range in order to acquire GPS signals or other SPS

si gnal s basedsisnlar plements@nd in whigh'si st ance data. This satellite assistance
data is used to narrow the search 15 range in the acquisition process of
the SPS signals, t Kagwsyl iapbiegkdiagramaepmsaniatign of aprier amiSwrielateer | such
as the methods, shown in Figures 8 and 9 which will be described further

bel ow. circuit.,

Figure 2A is a block diagram representation of an SPS acquisition circuit
accqrding to one embodiment of the present invention.

Figure 2B shows an example of a weighting network that is part of the block

10  diagram of Figure 2A.

Figure 3 shows an example of a GPS receiver which may employ an
embodiment of the acquisition circuit of the present invention, such as the embodiment
shown in Figure 2A.

Figure 4 shows a block di.agram representation of a combined GPS receiver

15  which includes an acquisition circuit having a matched filter, such as that shown in
Figure 2A, as well as including a communication system such as a cellular telephone
or a two-way pager.

Figure 5 depicts a timing diagram showing the relationship in time between
various processing operations according to one embodiment of the present invention.

20 Figure 6 shows another timing diagram which illustrates various processing
operations according to another embodiment of the present invention.

Figure 7 shows a flowchart depicting a preliminary set of operations which

may be employed in certain embodiments of the present invention.



«

Various different types of satellite assistance data may be avail able, such
as when there is sone a priori timng information avail able. For exanple,
certain MDIWaANI20 signals, such as North American (DVA d&lT/ustaremBgnal s
(e.g. 1S 95 (DVA cellular telephone signals), provide accurate tinme-of-day
information. This tinme-of day information plus other satellite assistance
data, such as estimated Dopplers to satellites in view approximte

know edge of |ocation of the nobile GPS receiver and satellite WO

02/ 071W92 PCT/ USOL/-~3G8 _g_ positioning information (e.g. satellite
epheneris data or satellite al manac), all-6w a GPS receiver to estimte,
approximately, the tinme-of arrival of the GPS signals. For exanple, with an
initial position URpRaké8isAbYs A FloWchn thdicdiy ofe M dPdcco@ing 1Bione) and
accurate time-of day information, these tinmes of arrival nmay be estinmated

to 16.7 5 m cepbalinsttsof thd pregsieirRemedis are to be examined in 1/2 chip

‘intervals, then this total tinme interval of 33.3 m croseconds nay be

exam ned in 67 st ePigurd Bishows ansthiranetod accarding & amdther @dtbodinemsof the a ful |
GPS frame of 1023 chips. In this exanple a matched filter's output signal
need only be pesguingdnti@r. 33. 3 m croseconds out of the 1 mllisecond frame
period, or about 1/30 of the total franme. This active period is called 10
the "active window," or sinply "wi ndow. " Accordingly, it is possible to
utilize the matched filter (such as the exenplary matched filter shown in
Figure 2A which will be described below) for other processing purposes
during the other 29/30 portion of the frane. In particular, it is possible
to rapidly reprogramthe matched filter with other weighting coefficients,
for exanple those corresponding to different assunmed 15 Doppl er
frequencies, thus increasing the efficiency in usage of this matched filter
circuit. In this particular exanple, it would be possible to exam ne 30

di fferent assuned Doppl er frequencies with this one matched filter, each
produci ng outputs corresponding to 1/30 of a frame. Figure 8, discussed
further bel ow, shows an exanple of such a nethod. 20 Such time-sharing of
the matched filter does not need to result in any |oss of sensitivity. The
out put of the matched filter corresponding to any assuned code epoch
utilizes input data information corresponding to a full 1 mllisecond frane
period. Certain prior art has used time sharing nmethods, in which tine
sharing is used WO 021 071092 PCT/ US01/-41968 -9 but there is | oss of
sensitivity. For exanple) it is conmon to "tune" a correlator to several
different frequencies in a slow nmanner to acquire the carrier frequency of
a PN signal. This results in sensitivity |loss since the input signal is
only observed at a given frequency when the correlator is tuned to that
frequency. Such tuning in the 5 prior art is done at a rate which is once
per one or nore GPS franes. In the current invention the tuning rate is
multiple tinmes per frame. Another nmethod of tinme-sharing a matched filter
woul d be to utilize it to process addition PN codes, corresponding to other
satellite signals, during periods of inactivity (when the windowis
inactive). Figure 9, discussed further below, shows 10O an exanple of such a
met hod. This is useful, for exanple, if the nunber of parallel matched
filters is less than the total nunber of GPS signals to be exam ned. Again,
there is no need to have any |oss of sensitivity, even though the filter is
ti me-shared anong several PN codes. This is in contrast to prior art
situations where a matched filter m ght be applied sequentially to process
mul tiple GPS signals, and hence woul d



15 not continuously observe each of these constituent signals. Figure 2A
represents a matched filter structure suitable for processing GPS signals
accor di ngvod28n@9enbodi nent of the invention; this matched®dVUS0eH6968
typically part of an acquisition circuit of an SPS receiver such as the
acquisition circuit 400A shown in Figure 3 or the acquisition circuit 400
shown in Figure 4. The input data 20 9A to the matched filter is typically
inl and Q (conplex) format, each with nd bits of resolution. In Figure 2A
the signal processing for the I or Q channel is shown. Simlar processing
occurs for the other channel (the PN and ¥REQ generation circuitry and

regi sters may be shared between the I and Q channels). The input (I or WO
+02/ 071092 - 10DECAIEDIDESCRIBAION data is continually clocked into the data
shift register 10 at rate fc which is typically 2.048 MHz. The input data
9A is typically di Yethods@andmspasatysealfer re¢riving S8 sigpals widtemattiedifilerdirgi t i zed
"by a GPS front end circuit which has al so downconverted the GPS signals to
t he appropri afescribedyJarths fqlloving desgription-tfgr, purpesas ebexplanation, rsimeros t wo
exanpl es of GPS receivers which include such a GPS front end circuit. The
out put of t hesSRecHicdetailsmraselfard in ardes tq providg|a thorppgly peregstandingyefi the onal

post processing circuitry, which in turn stores further processed results in
menory ci rtui P’feﬁ“tﬂﬁ%t‘%d‘tt“i‘ﬁﬁél""”ﬂé@t bewerssdp Hipse i higiartthatithe pressat ¢ o
conbine the outputs of the matched filter carrespgnding tqQq a multiplicity
of PN 1 r s YRROn Ty b Bradiied Yol eErbe A B o ose YRS elror y
circuitry may,be acceised %36/1 convent 'honal @{)@?&ssi ng. clircuit such as

or ocessor 910RINY THSREE e iesL HS P i Hock iaiepr S ettt cps

receiver 900 pf 5199%6 3, or such as processor 1012 of the conbined GPS
recei ver 1000 cﬁ‘] Igure 4. It is also possible to utilize the circuitry of

Figure 2A to provi dgrhil@nibelitinédts drhé PRsdnk ARKhh R InciRER B hitlel sBrid

A o
as well as the acquisition function. This may be done by proper contr of

the PN gerer aiaichd®finaichifer 8GHE Msyhispestedsabanceldatd id @2ddr e rédutdiht B&iréh range
correspondi ng shift registers—14 and 15. Al though nuch of the discussion

her ei n f ocuseforolie é4d8 epooinal Figarg¥ swhickh mill bh descnibed furtier deliw, 8howsanel | to
efficiency increase during the tracking -e}nd denodul ati on process. 20 Prior
t o perf or m ngexamplhelthé deteoninatipn dfesaehite assistantodatd,oviyensnsed® detdPNireequence
of data matched to the incom ng signal. This PN sequence, typically a set
of 1023 | ogi céfarapaapgsinpraerdo acquirg GRS sigayls phether:SRhsigaye bassdppithd ent shi ft
i st 14. On 11 th N data is..| dit b ided to th
\r,\gigbﬁt ie:]g ands& ﬁﬁaaﬁéstanc% '(Eta. dﬁlig salte%lite%gs?seiancle datrzrialg/ use% tg rngx\'é(l)w Ef\he: se(a)rch ©
15 range in the acquisition process of the SPS signals, thereby allowing time sharing of
the matched filter, such as the methods shown in Figures 8 and 9 which will be
described further below.
Various different types of satellite assistance data may be available, such as
when there is some a priori timing information available. For example, certain cellular
20  signals, such as North American CDMA cellular signals (e.g. IS 95 CDMA cellular
telephone signals), provide accurate time-of-day information. This time-of-day
information plus other satellite assistance data, such as estimated Dopplers to satellites

in view, approximate knowledge of location of the mobile GPS receiver and satellite



WO 02/ 071092 -11 PCT/USO1/: 430G network 11 which forns the matched filter;
optionally, however, a holding register 12 may be utilized. The hol di ng
regi ster WO 0a0rwas all data fromthe PN shift register to HI/URMH6w8d by

t he wei ghting and summ ng network on conmand. Wthout the holding register
12, the filtering operation would produce erroneous results during the tine
5 when the PN shift register is being fed new data fromthe PN generator.
The latter case introduces dead tine, during which the filter is basically
i nactive. The hol ding register does increase the conplexity of the
circuitry, and hence this conplexity nust-8be traded off agai nst the
reduction or elimnation of this dead tine. As discussed later, the

rcontents of tp&itRNinginfdrmagsn @ﬁrsatél‘lité@heﬁféri@ﬁﬁt@bﬁﬁbtéluteja@mﬁﬂabﬁlall@ﬁ"ay

shifting this shift register. is may be done as an alternative to | oading
new coef fi ci eGPS rédebdwer R\:steiuee, approxitGatelycthe tilve-cfeativaldf dia@BS sighalonFyr a PN

"epoch change. Although the input data is typically sanpled at a rate of
twi ce the chi gxamptes withreoh ihitiabpositiom whaemaistyiof troued Sdireta t¥Picalenl] aizexand04 6
sanpl es corresponding to one PN 15 frane, the PN shift register and hol di ng
regi st er needacsuiale time-of-dapmfematien, theserimeesiof arivahmay daestimaedtodh 167 nct
chips per PN frame. In a simlar manner, prior to perform ng nmatched
filtering3 t heigeseeendsc f ¢pdaepeghsmaretp bgexamined dn &/ 2<hipiatrrgaly thendhis teirl
exponential (I and Q_ data nmatched to the residual carrier frequency, of the
i ncomi ng si gndle nfeival Qi3 MisgeReAeRds mYHecHamined ‘2@$§E’Ps-o?h12®%‘6’mpaéﬁﬂf°(3
sanpl es, each w th bits, of i.zation, LS shi@i d into,a frequency
coer T 1ol ent  shiial o e teps Toea ol BBSIEFG e Bien by Fiprdinple’s BRERHTT ¢ ey
be provided tg,.the ighti nd,.sunMi ng.n 11; Lonal | owever) a
hol di ng regi sﬁlé?r % Wﬁ%gg&ﬂ&e? Ioppé%ergg&fgﬁterﬁe fto\fl\ﬁfégt?ggmsg&ﬁlﬂgoﬁcﬂfﬁeng regi ster
al l'ows rapid myijisecond frame period, or about 1/30 of the total frame. This active period is called
10  the “active window,” or simply “window.” Accordingly, it is possible to utilize the
matched filter (such as the exemplary matched filter shown in Figure 2A which will
be described below) for other processing purposes during the other 29/30 portion of
the frame. In particular, it is possible to rapidly reprogram the matched filter with
other weighting coefficients, for example those corresponding to different assumed
15  Doppler frequencies, thus increasing the efficiency in usage of this matched filter
circuit. In this particular example, it would be possible to examine 30 different
assumed Doppler frequencies with this one matched filter, each producing outputs
corresponding to 1/30 of a frame. Figure 8, discussed further below, shows an
example of such a method.
20 Such time-sharing of the matched filter does not need to result in any loss of
sensitivity. The output of the matched filter corresponding to any assumed code
epoch utilizes input data information corresponding to a full 1 millisecond frame

period. Certain prior art has used time sharing methods, in which time sharing is used



WO 02/ 071092 PCT/ USO1/: 11968 -12 provision of the new frequency
coefficients to the weighing network wi thout introducing the dead tine
associ at adlowmriodhe | oading tinme of the frequency coeffi ciPEMIUSNUE%S
register. Figure 2B shows a typical inplenentation of the weighting and
sunmmati on network 11 which may be used in the circuit of Figure 2A. The
network 5 11, as shown in Figure 2B, includes a series of multipliers 30,
each of which receives data fromregister 10 and register 12 (when register
12 is used, in one enbodinent, or fromregister 14 when register 12 is not
used). Network 11 of Figure 2B also inclufes a series of multipliers 31,
each of which receives an output froma correspondi ng one of the

-mul tipliers 3guande (€8 HaSndNif. [FopekarfpleStt & cokinddio(“0hiRN alcBfitRidio 13 1 S
used in one enbodi nent). The output of nmultipliers 31 is provided to an
adder tree 32sgibiat Biffkend Be@sentieeir 4 sloenmshn@atosacquire B catrier freqenyeof 4 PNal
"system the PN generator and/or frequency generator updates coefficients on
an i nfrequent sigwdi Thisaesults insenkitiony dospeinc&Ms ihpatsignal is enlyostservpeat a
mllisecond. Typically, this updating is done to allow tracking of the

sli ght 15 chagiges frefuenoyle/hamthecarmiatorfis mgee tocthatfesguenscyt iSveh tinéng im thoppl er
effects. In the current invention, this updating occurs multiple tines per
GPS frane,5 i npoorchet is donait axatetwhicks ismnice peeenesorpnere 6 framest Inthetquptent

Doppl ers and/or nmultiple GPS codes, As will be discussed bel ow the

processi ng of invgitianghe tminggreismultiplp iimesperfmeont rol of the PN gener at or

rame Chat 1 epeat  SPeHgt melipd bl GBEAMANELAHE! s WoRke PatlzE B 1 [ oo
11 second.  ROcteatdtn NGBS confefna 1l ol Sy B dndisgs of 15
Figure 24 i n BRIRRO gt Qi s itTE] P BTAUARN (AR bl E PR

e A R e R o e e

code phases t g,RRe@iRERTCIREhAPHE fota¥hrhbER bof GPS sEraRAS6 bk ex&hinE@SAguh! h a
single filter one PN code at two different Doppler frequencies. Then,

initially, thaefdNsweingéd ® havelhiey loss dfarfadvivy, avérhtobh the fidtepis timeléharddhe
shift register 14 and {optionally) the holding register 12. One can assune
t hat the PN gemeng$everat BN codes. afhds &tin ¢nttdsheepricnertsitigiions wwhefe-a matohed i t
takes 1 mllisecond/ 16=62.5 m croseconds to generate the PN coefficients -
and | oad 10 t filien mighbbe nplicé sdquentiadiyde process myltipledabisigeds andhercerwould

|l ength of tinme to |.oad the frequency coefficients into the shift register
15 si nce }her Botgoptinupuslybserve eachraf dhesp cQnstiiepbsigRals. n nany cases t he

o the el ght g nEIGREATEDreSor. & mPYRRer DT SRS R SRR s R SR eE GBS,
S Conaetaensedgal foebranif dnd bfbBintehPOiRe flvehlish; Wi ARAEY AR pfRafip' S 1 ©
part of an acquisition circuit of an SPS receiver such as the acquisition circuit 400A
shown -in Figure 3 or the acquisition circuit 400 shown in Figure 4. The input data
20  9A to the matched filter is typically in I and Q (complex) format, each with n, bits of
resolution. In Figure 2A the signal processing for the I or Q channel is shown.

Similar processing occurs for the other channel (the PN and FREQ generation

circuitry and registers may be shared between the I and Q channels). The input (I or



mat ched to the residual Doppler frequency of an individual PN channel,
which is in the range of 4 kHz. An analysis indicates that one nay choose
32 succeswpwe/ofrezuency coefficients to have the sanme val RRETSONE6968

i ntroducing essentially negligible | oss (about 0.06 dB). Thus, for this
case instead of | oading 2046 coefficients one 20 need only |oad integer
(20461 32) or 64. This only takes about 3.9 m croseconds in one enbodi nent.
Once the initial coefficients are |oaded, the filtering operation can
begin. The timng of these events is best understood with the aid of
Figures S and 6. Figures w0 02/ U71092 --18- PCT/ USU1/ ~®G8 5 and 6 show t he
relative timng of several operations of the exenplary acquisition circuit
*shown in Fi gucﬁ ddAis fdnidiiglyc]sdkedsntd g da@@ﬁiﬁﬂ/eélgﬁbtélqb% fde fﬁ@ﬁcﬂﬁe&@iéaﬂyand
13 are used. The 1 mllisecond franme boundary 111 and boundary 171
represent t he2@48 MHanThainpurdatheA iespically digipediGPiighdiethaeigivabesry of t he
1023 chips in a PN S code (in the case of GPS s standard positioning

servi ce). Therdceived amd digitized by @ GRthftoriGdd cocwiewhiwhdias elso owoédniventexhthe
processi ng wi ndows, each of which utilizes a different set of frequency
coef fi ci ent s. GBSenignalotesthe @pprapdate fieequensyeseg 2.048cMitzhn Figures 8 apildchadw
coefficients fromshift register 14 to register 12 and the transfer of
frequency Zoef¥9 ejamples of gepiverseljch insfude suelpa GB§i frand end gircuiper at i ons
109 and 110 10 are_m ssing fromthe exanpl e shown in Figure 6 because this
exanpl e does not u?BCPH@“g?ﬁthﬁﬁﬁF“lhﬁﬂﬁﬁgﬁﬂe #4 &3 typrsally provigedl to 3dditigaalat i ons

107 and 108 represent. t he ‘?enerﬁt' qQn of frec&uegcly coe;ggi ciagnts in two

di fferent w n8SHRIORSPSINGSIFILY W @‘ﬁ&ﬁ'@ﬁ?{?ﬁ UHBECPIRCSHRS EHUGIMEE™MOR t hose

i nd , of the f . ffici . h A7, th hi ft
o, oL YA AR bR S A SRS A BB S
in the follow i i . ad : t th
ot ati on (¢ 1 Hermdteiiter Boripfify folg mcRigiehy BPNHImAN ThATRPRARE BT 1€

| 4. ThesejgoetipsGb@es seridftivity. TRE Ridnidty citbhitry Rtayealcdsied BiEcon9itiophndow of
processing in network 11. Fox exanpl e, operation 105 invol'ves rotating the

PN code coef f bfjcedding dircuitiy, fchrag grsdesdor 940 amhlackirigindideenddaladbm Gircuit hese PN
code coefficients will be used in the 20 network 11 in w ndow operation

102. For the dgenpl the GRSageeioér 900t i EighreBiaraucinhyprodessodB0 12hdsks (32

chi ps) are exam ned, the tinme w ndow per hypothesis corresponds to 64/2.04b
MEi z=31. 28 i combincd GRS feseizerd (0o Bigureadi on 101 for exanple). During this
tinme required by WO 02/071092 PCT/ US01/ ~39G8 -15 operation 101, a new set
of frequency coef f ftdf alse possite tq walizeche cirpisy of Figune 20 papmida ha balkdefpl aced

in frequen coeffjcient shi regl ster 15 ee | 07).. At the.end.qof the
51 b o ohSY o ek ot oSmpruladam i Rc g, Boub & s addpisition RICHST TR ma,

?ggreaé:ogP a'g- ?Zﬁe %b@%{éﬁ%&%ﬁg&r&%t@ ﬁNpg%rrlearlal!o? I16 48a }“rg&‘ueg% gé&gatéreﬁ t%%eetﬁerl 3
with their corresponding shift registers 14 and 15. Although much of the discussion
herein focuses on GPS signal acquisition, the inve;ntion applies as well to efficiency
increase during the tracking and demodulation process.

20 Prior to performing matched filtering the PN generator 16 generates a PN
sequence of data matched to the incoming signal. This PN sequence, typically a set of

1023 Jogical values 0 and 1, is shifted into a PN code coefficient shift register 14.

Once all the PN data is loaded it may be provided to the weighting and summing



5 processed in the network 11 in w ndow operation 102 in the next cycle for
the network 11. This transfer would only require a maxi num one cl ock period

t o perforwo o2fo7toez hol di ng regi ster were not present,

above,
m cr oseconds;
(Figure 6).

Now, it

matched filter peak wll

t herrGasUshilA6968S ed

the cal cul ation of frequency coefficients would take 3.9

hence this would incur a dead period--see operation 214
is also desirable to alter) 10 or circularly shift,
PN coefficients in PN code coefficient shift

t he
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occur within the next 31.28 mcrosecond processing
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(operation 10 108).
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fol | owi ng t hegfichdi&r 1 PERERES BqueRt6EohipiCexBbfent Rl (f ahd0) AR Ghiechelitd t er
processi ng wi ndows- per frame inthis exanple, the PN and 20 frequency

wei ghts for the rkdidsl cavisbpyguehcy th® BxbmingiiEhallephid Gatd 06q1I¢hes] tpicallyaf t er
processi ng the second wi ndow of the current franme; alternatively it may be

conput ed 20ust squiof 2046 barid @ samplesfeatihwith uy biesndf quamtirationss shifivdintona 209 and

210 of Figure 6. Contro

|l ogic 20 controls the operations of the generators

16 and 17 andfretpensyiddfficieM@hiiore@idiedd3. Once all the frequency data is loaded it may be

provided to the weighting and summing network 11; optionally, however, a holding

register 13 may be utilized. Again, the use of the holding register allows rapid



-17 PCT/USO1/ .18 registers 14 and 1S in order to cause themto operate
in the manner described. The control |ogic also determ nes the appropriate
coef fi ci ewD920e1092 Doppl er coefficients) based on the nar rrwdSisg6a68h range
which results fromprocessing the satellite assistance data. S If nore than
two Dopplers are to be processed per frame, then it will be appreciated
that the nmethods of Figure 2 or 3 may be easily nodified by repeating the
timng pattern three or nore tinmes instead of the two shown. If the
processi ng wi ndows are the sane as in the above exanple) then the PN

wei ghts are rotated to the right prior toldach processing bl ock except for
the first block. Prior to the first block 10 the PN weights are rotated
‘left by (m 1) paaigbh pSthehew fefhdncyicopfizicatyto diadeibhif néBydek 8a®eg: i N chi ps)
bet ween processing bl ocks. There Is al so an enbodi nent of the invention in
whi ch the mat ditesdiutink ther dead titnermescstatgdewlitia therioading ttmé bithe frequdnbly cogfficient
‘corresponding to nore than one GPS satellite signal. Al the timng

di agrans of Fishifit egis&raKiguse 2Bishbwappypicaxmtementationtof ¢hel Beightimgisrat i on ti nme
for the PN coefficients is greater. In particular, it is necessary to
conput e a ful suhoRgonaeivswkil whichnmay be asedain théheircudti offigure 34Ac.uThe netwiotk | ng
the coefficients in a shift register. This requires approximtely 62.5

m cr oseconds i1f1,%S’ﬁélomndnll"ig‘éleez%:an}mi@s4#“1%)%![&‘1‘5@’@@ &,@P@\ ofr whighed t here
will be no dead tine in Figure 5 as long as the matched filter processing
wi ndow i s gr edBestves Hald fem Egisig lpezdsegzgtem?c BeeYey 12 ia used oA of 1S

T S R R s St
i . 62 ' . ' [ :

m g? 02 e\(l:mo nds ég'}'ierﬁf %téo }ugF %gé?n@% Ieoggé]ﬂayﬁ%ss Wll ’%%?llwgé‘lﬂﬁﬁg? g%ﬁes\%ﬁg | E?vl\l/t pl us
WO 02! 071U92 5k, REGkddpohting ord St SRRIHIEITD #RULARE aith iRflrcIRd 13

m cr oseconds. nce, a maxi nmum of 10 w ndows wou be pos or this

exanple. € CoUh&Pregitt? 18fis AeiUbR! erhPéBmBAY). ThO6ltphtafeniMipliers SHiCE this
dead time. It is, of course, also possible to tinme-share the matched filter

anong a set Ofprdvidetth abaf@dreres 32 ahich griodades B filesed dutdow®mBer al PN codes all
during a period which is
In a conventional system, the PN generator and/or frequency generator
updates coefficients on an infrequent basis, or at most once per GPS frame, i.e. once
per millisecond. Typically, this updating is done to allow tracking of the slight
15 changes of code and carrier frequency versus time due to Doppler effects. In the
current invention, this updating occurs multiple times per GPS frame, in order to
allow the simultaneous processing of multiple Dopplers and/or multiple GPS codes.
As will be discussed below the processing of multiple Dopplers, requires the control
of the PN generator in a certain manner.
20 A GPS signal (C/A code) contains 1023 chips per frame that repeat every 1

millisecond frame period. That is, a GPS frame period is defined by this repeating

pattern which repeats every 1 millisecond. As discussed below, it will normally be



|l ess than 1 GPS frame period. Tinme sharing a matched filter inplies that
any processing subsequent to the matched filter operation nay also need to
be ti ne- sWark@g®7108uch post processi ng i ncl udes further DopplrrT/(swotboesarri er
and PN) correction, predetection frane 10 integration, postdetection
multi-frame integration, and threshold detection. Exanples of such

post processing are described in co-pending U S. Patent Application Serial
No. 09/021, 854 which was filed on February 11) 1998 and which is entitled
"Fast Acquisition, H gh Sensitivity GPS Receiver,"” which application is
hereby incorporated herein by reference. -Ithe nature of the processing steps
of the above 15 exanple is such that the matched filter outputs exit on a

‘regul ar basi speciedsagitoallteotie PNgndoReduehof escffitignts of Pipude2d in@iddrite pratksd pl e
wi ndows per GPS frane in a simlar, if not identical, manner. It may be

desirable to muretthmom:dpumﬂeltdrd’NpetmEmﬁquﬂnE’m coeffi cients on a sl ow but
‘regul ar basis to conpensate for Doppler effects. This would occur in 20
addition to the adfesimplifiy dischssion iaksuthegthatvwepridv bmowledgd (descesmed furthean
acquisition circuit which includes holding registers, it may be the case
that the | astbekew neenjundtion wigh Biguee7Himit hegangerof possiblewone phases lodwet i guous
intime with the first window in the next frane. Anple tinme_is required to

WO 02/ 071692 seaghestipy Qg thatonesvishes f%PWF?%%éNlF‘baqﬂpglééﬂqeéwe RN ceds #tweni ft s
oper ati ons | riHETERPPRR rraRes. TS FLD: o h woisBisapa be adidyiou ng
the mat ched 16 P OgRsHoet e a%effp Bieer T R gbu oo Palihe BRREE 126" e o
caul 1 2o SoiRIR SR AR e T B8 BER R
takes 1 millisecond/16=62.5 microseconds to generate the PN coefficients and load
10  them into the shift register 14.
It could take twice this length of time to load the frequency coefficients into the
shift register 15 since there are 2046 such coefficients. However, in many cases the
system can share a frequency coefficient among a number of adjacent inputs to the
weighting network 11, since the frequency coefficients are very slowly varying. The
15 low rate of change of the frequency coefficients is a consequence of their being
matched to the residual Doppler frequency of an individual PN channel, which is in
the range of £4 kHz. An analysis indicates that one may choose 32 successive
frequency coefficients to have the same value while introducing essentially negligible
loss (about 0.06 dB). Thus, for this case instead of loading 2046 coefficients one
20 need only load integer (2046/32) or 64. This only takes about 3.9 microseconds in
one embodiment.
Once the initial coefficients are loaded, the filtering operation can begin. The

timing of these events is best understood with the aid of Figures 5 and 6. Figures



parallel, it is not required that different filters enploy the sane

w ndows. The acquisition circuit of the present invention may be used in
certain tWpeg/owu0Ist andal one GPS receivers, such as the GPPOTHCSBIMEG8 Shown
in Figure 3. 10 Alternatively, the acquisition circuit of the present
invention may be used in a nobile GPS receiver which is conbined with a
communi cati on system (see Figure 4) such as a one-way pager or a two-way
pager or a cellular tel ephone, such as a CDVA or WCDMA cel | ul ar tel ephone.
As noted above) it is advantageous that the GPS receiver have access to 15
precise time, either through an attached -éémuni cation systemor froman a
priori GPS neasurenent (e.g. in the case of a standal one GPS receiver). In
‘the latter casaend@Rh&V aRs@itive ThisHoMeéral\OptralioiionthzieReMpRby &Risitidie Si nce
the | ast GPS neasurenent and be able to provide precise tinme for the next
GPS neasur enesircuifiigweinFighteBAr Rigard Hehdwpthersans whewholdingareghfers €gei ver
"whi ch uses an 20 acquisition circuit 400A which may be the acquisition

ci rcuit shownandlFargused. ZFhe MndllitFeSnd émeievbeun849 141 afhd bouwrslad; hEreprsent
consi dered a standal one GPS receiver in that there are no conmuni cation

| i nks provi di thg duationlin timedebyesndnerepelis of the pagianiop pf thed®2B kkip&hta BNgnal s
t hensel ves, GPS signals are received by GPS antenna 902 and WO 02/071092
PCT/ USOL/ ~591g80def@m the gpigoft P Gpsiandard postiongog sermicels ghhettivae intgsyals d0F end t
904. The PN codes within the received GPS signals are acquired and tracked
‘n circuit 408% ?%&é?qmtWPnﬁfiwemre?%angwa%ﬁ%s?clmfovhlﬁh geli%sFdance with

out put of - hoqtitEReT ST St FRauney ortRoienns Ssmions |8 UM Pt e inetep
di th i I i f h. tellitef whi ch
o onar s 1 SetEEhfe Bhftls EBRTE tead @ ARTRTETIZ Midihe bRELAT hof T
nal was recein ! S0° of i1
4008, “Tho pr ofgaiehey EqBtivetts Bord Sl efilbCt (o RGCATS ORHEGARIBGDIG, [ o1
det er mi neyg heakQsiadih®frof th BRafpIRishSwERSFigE8 6WREaR0 this ThEnAH LB ndfuse

processor 910 drives an 10 input/output device such as the display device

912 whi ch gr aigioptibhal heldidgrepistedd 1%/ artl B! @pératidis 109@ad 0B repbeskh@hsni t. I n
this configuration, the circuit of Figure 2A perforns both the acquisition

and tracki ng gemecitioons frequmch eoefficichtstil ew@diffeess oiindd. by the fraqeemsgar y

satellite assistance data, including precise tine maintained by a counter,
may be st or gehefateml Jmnidshe loadingt indggseoﬁindpss,sifglmﬂr@quequcoeﬁmimt$ from

al mnac may be 15 stored) and the user nmay input an approximate |ocation to

an input devi &8 egrgrater il mig ths: shift xegistard S chBesedlerquensy agfficienty after heighoar d

or touch ISSC ' eﬁ,@{q&{, ?n%l t%%?l in the following window in network 11. Operations 105 and 106
represent the rotation (circular shifting) of the PN code coefficients in shift register 14.
These coefficients, after rotation, will be used in the next window of processing in
network 11. For example, operation 105 involves rotating the PN code coefficients in
shift register 14, and after the rotation, these PN code coefficients will be used in the

20 network 11 in window/operation 102.
For the exemplary case of interest where only 64 code phases (32 chips) are

examined, the time window per hypothesis corresponds to 64/2.046 MHz=31.28

microseconds (see window/operation 101 for example). During this time required by



Figure 4 shows a conbined GPS receiver 1000 which includes a GPS receiver

i npl emented with an acquisition circuit 400 which includes a matched filter
syst em su¥v® @87tat shown in Figure 2A. The conbi ned GPS rRIEUMGH69800 al so
20 includes a conmuni cati on system such as a one-way or two-way pager or a
cellular tel ephone system such as a CDVA or W CDMA cel | ul ar tel ephone
system The conmmuni cation systemallows satellite assistance data such as
ti me-of -day, or approxinmate |location, or satellite epheneris data, or

Doppl er information for satellites WO 02£071092 -21 PCT/USOL/ -t @& in
viewto be transmtted to and received by ?he combi ned GPS receiver 1000
which can then utilize this information to determ ne a narrowed search
‘range. The GP$peiatjoral@l,amewrsetef fvespieney engffiicients. domrthe nedDepplerpmay besed by
the GPS front end input circuit 904 and provided to the acquisition circuit
400 whi ch may cg@patedan«énléqedrm|fteaﬂe@y§peﬁ£§ﬂm:wlﬁ§ealsﬁ@t155(ﬁ DnAtthgand of A
"The output fromthe acquisition circuit, such as the output 9B, is provided
to a processothedl-28 psresscondReaod aeprescatedy Apsratian d 01 rinisrdata (oM epesstianne

"t he. out put 168 iy B HETAT50R PEATIIE He 08 MER NS RPeCieD LR
[ 1000. _Th [ on. 1020. | h h ,h 10 Fi
415 2t ﬂf@ﬁ%ﬁé?ﬂ”@é@%&aﬁ%3Seri%?r%ﬂ‘iﬁ@ewey%w&ozﬁ@%%Eghéﬁ?% Feive °
S a Lo way | StSHTWITCT _ .
oo oo on defbck 2! s R GO, S BREh FabliPh 65 beRBAGeDT O
signais are | Roitbed OrrGRITNBIG 3dif8r [EfRSlol Besdit MR AuiBARSE oD RROCESSOF

1012 for processing. on signal$ to be transmtted from processor

1012 are propagehBfod 6f fueRdtodiRientOVdulanske’ 1. S AiG BRI HECE Bhis WOh
Power anp 1018 i ncreases the'gain of a signal to the appropriate |evel for
transni ssi on ficud akiesepériid-8ee dfKatio2 LH(Figurel®. NooslidishRo desigabidriosalietn
site (also referred to as a cell site) or may be a single basestation which
supports p@i ntor tiveytariynghift,aherPNicoeffictanss ibPNvewmde cobfficieacgsft atgisier Bing thite

recei ver 1000. In one enbodi nent of the present invention, the basestation
20 1006 may dé¢heomatchest filter prdowill ensunwithindhe vexsBl.2B micosedoad ppcaisng t he' GPS
derived pseudorange data fromthe renote receiver and epheneris data

recei ved fromwindovpakthessamne iative Ppsitipn ay B didfioR e fighrecessigg Yl -ephener i s

1000 or “fo'hgf S wl aRiaory ?p%ak%ﬂﬁi%%%@%%%é%lﬁg@fm%é&%?SE:“

Fi 7 . . i.nd ., i i

i 'Rgt‘; der hfo"fﬁ’_z»e%‘ o 18 T Gl PofoPE D B i P RBleRen by et %Ei’rfgk#;‘f for
the matcheg [odibr Hne ARG Pt 24 TR ﬁgg@ﬁ&cﬁe%g%ﬁ tHengRY il dnfitl N9

the matched filter to har ed” anong erent ers and/ or

di fferent GPSisaligl hitheoed But tis COReatiorPRiIBRlurideMlodas beheesaia). i nat i on
of the satellite assistance data. This may be -

16f, clock is used, and holding registers are used, this requires a total of 32 shifts, or

1.96 microseconds. Again, this will not introduce any dead time if a holding register
is utilized (notice that operations 101 and 102 are adjacent in time). If holding

20 registers are not utilized, then this will introduce dead time (e.g. dead time 214 in
Figure 6), but for the case of interest here this dead time 214 would be equal to the
corresponding to the frequency generation period, or about 3.9 microseconds, since

the frequency generation period exceeds the PN rotation period. Also, a small number



received froma cellular tel ephone site, such as a CDVA basestation or cell
site. This data typically includes the tine-of day information such as the
GPS- basedwoim®7w9t hi n t he CDVA signal (see U S. Patent 5, ®S/08MH6®Ad i t
may further include the approxi mate position of the nobile GPS receiver
itself based upon the determ nation 10 of the particular cell

site/ basestation which is communicating with the nobile GPS receiver (see
co-pending U. S. Patent Application Serial No. 081842,559, which was filed
April 15, 1997). This satellite assi stancei data nmay al so include satellite
positioning information such as satellite gbherreri s data which is used to
estimate the range of a satellite relative to the nobile GPS receiver. This
-epheneri s dat @f aflditoral PO rotwionsghasdchbrivusedi vhiendiolding repistss atediof empleyedian i ous
satellites in view Alternatively, this satellite assistance data nma

i ncl ude Doppl érder ¢d arcaurtifenthe deadstime.« Naterthdihe deadimeweuld b the ]é‘{&?@h‘)fa%e a

‘cel lul ar tel ephone site, to the nobile GPS receiver, such as the ec%i ver
1000 shown i n B mtationdime Qi‘déh%gwn‘éx geerALion, fne. tﬁesfoﬁg"é'il%geé?f'é'@“

include the timn of the PN frane.epoc of the various GPS signals as
observed by 26‘Z§l9gﬁ‘ea’“‘t‘}8§eéistﬁlgfip59‘ﬁess W8R8t ed co- pending. U.S. Patent

ng! oue. Lgsn;“’?;;al) e ey NI PR R en e Bl ey At e OV S
1000, After oI TRbEBAEF ihchrd yFBcUiRe a0 ek ons 103 3r 207 5E BighfEes V!
PCT/ USO1/ ~f i 9@%3 FTdpet RED At iPprotilies ik Hed HRPohBARICKRESpORMAD 1684 bRE

recei ver 1000, determ nes’the search range to acquire the GPS signals based
upon the sat elphjflcRiPPg PoGHIC B Kiddifg rofisthid e KA\ Mheh BGHRE BEEOWInUOW the
determ ning the search range may be utilized. Exanples of such search
techni ques ar gredeamyicbefficientseie gunpsliteticdoeSporfdirigetd tthéneip Popplat (operafien i al  No.
091 132, 556 which was filed August 11, 1998 and which is hereby incorporated
her ei n by 10ef €08 CEhis Afay de tdedfenred intanhe hhldingempister atthg end ofitbisanatched3GEr
acquires the GPS signals in the matched filter circuit and this operation
may perform t lpeogessimg@indeiv @petation HlQu rWitowshojdipg registery thefre@iepenat i on of
t hese net hods shown in Figures 8 and 9. 10 Fi gure@?} (irﬁ‘oresents t he
enbodi ment i n CRAKICITNE asaEQRRIed 3t thesnd of thechreat paptched fiiter Ripcesting pindow
frequencies s hat,, a GPS si.gnal is processed .i.n, asatched fi,lter ing a
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in which a matgheg fiid M8y bk dofd @heEre S withinhicRb el Prodesding Bumitthuher e
this sharing occurs within the tine period which is not greater than one
SPS frame per iwiddow ielopeagon ngp)de&tiouphilding stisers this igenesatioat (keedspesatidn
appar atuses for sharing 20 a matched filter over tinme which can inprove
acqui si ti on argd9taf Figrinees)anct bedarguiofbwingthp éilttoproaeesmgwiSitrsihenc@sadnly ng i n
any loss of received signal sensitivity. o

two matched filter processing windows per frame in this example, the PN and

20 frequency weights for the first window of the next frame may be computed just after
processing the second window of the current frame; alternatively it may be computed
just prior to the end of the current frame, as shown in 209 and 210 of Figure 6.

Control logic 20 controls the operations of the generators 16 and 17 and the shift



These net hods and apparatuses are particul arly advantageous when certain a
priori signal paranmeter know edge is avail able. WO U2/ 0711192 -24 PCT/ U
SOl / ~Cr 9¢® )alovtdagh t he net hods and apparatus of the presRIWwUSMMesrs8i on
have been described with reference to GPS satellites, it wll be

appreci ated that the teachings are equally applicable to positioning
systens which utilize pseudolites or a conbination of satellites and
pseudolites. Pseudolites are ground based transmtters which broadcast a PN
code nodul ated on an L-band carrier signal, generally synchronized with GPS
time. Each transmtter may be assigned a‘ﬂﬁique PN code so as to prevent
identification by a renote receiver. Pseudolites are useful in situations
‘where GPS si gregigters déandhS or ridet togapse thetnito eperitghn theenammeavddstmbdde ThEhe term
"satellite," as used herein, is intended to include pseudolites or

equi val ent of corealdegi¢ alsa determpinehibe appraprige cogbficisnty fmg.-Dopplss coefdisigntser ei n,
‘is intended to include GPS-1jke signals frompseudolites or equival ents of
pseudol i tes. basedioa the sarEayiadgeanch sangsiwhich rféulﬁ%fMPr%ﬁssnwsthbéfﬂﬁllléres cri bed

with reference to application to the United States d obal Positioning
Syst em (GPS) . a¥4StAKEERE be evi dent, however, that these nethods are equally

|'i cabl i nul |1 1 i tioni . _The term " GPS"
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forth in the clains. Accordingly, the specification and drawi ngs are to be

regarded in apght pritrié adch\Rodedding bldch @Redpl fdrithecfirsyElo&ie MBrfor to théPDstblbék/ 1092
"2 10 the PN weights are rotated left by (m-1)x32 chips plus (m-1) times any dead time
(expressed in chips) between processing blocks.

There is also an embodiment of the invention in which the matched filter is
time shared among more than one PN code corresponding to more than one GPS
satellite signal. All the timing diagrams of Figures 5 and 6 still apply except that the

15  computation time for the PN coefficients is greater. In particular, it is necessary to
compute a full 1023 new coefficients, rather than simply circular shifting the
coefficients in a shift register. This requires approximately 62.5 microseconds if the
clock rate is 16f,.. If holding registers are used there will be no dead time in Figure
5 as long as the matched filter processing window is greater than 64 chips (62.5

20  microseconds). A maximum of 15 such windows is thus possible (since 64 does not
divide evenly into 1023). If holding registers are not used, then the dead time

between processing blocks will be at least 62.5 microseconds. A window size of

31.28 microseconds (as in the prior examples), thus implies that one window plus



CLAI M5 What is clainmed is: PCT/U SO1 /6918 1 1. A nethod for processing
substantially concurrently at |east two Doppler 2 frequencies of a

Sat el | i t ewB@gtI0OBNi Ng System (SPS) signal, said nmethod cormpurssongscs
determining a first set of frequency coefficients corresponding to a first
4 Doppl er frequency of said SPS signal; 5 processing said SPS signal in a
mat ched filter with said first set of frequency 6 coefficients during a
first window of time; 7 determ ning a second set of frequency coefficients
corresponding to a second 8 Doppl er frequency of said SPS signal; 9
processing said SPS signal in said matchetBfilter with said second set of
10 frequency coefficients during a second wi ndow of tine; 11 wherein said

‘first and sai &leaa%womd%%uﬂfgﬁs ﬂfﬁcﬁg&eﬁdwmﬂc@ ArRQIRE 010 kdnddwe not
greater than one SPS frame period. 1 2. A nethod as in claim1 wherein said

first w ndow @bultibe®osdibleFad mls%&ﬁﬁapré bwmekémsafoftalhﬁrgleanﬁexdalfdlwkaﬁte vafnd
"non-overl appi ng and occur consecutively in time 3 within said period of

time. 1 3. Thedaeithdeoad titdleai m 1 further conprising: 2 generating a series
of pseudonoi se (PN) coefficients corresponding to said 3 SPS signal; WO
02/ 071092 PCT/ USOLL s} b9 Gours® Gisd possicle 3 timg-shaiedhéSmdtched)fibér amongad st ofit ched
filter wwth a first set of PN 5 coefficients during said first w ndow,
wherei n sdi d bath Dopplers for apived RN eddei andenveral BN gedesalltdsdnp g petiod wihinhl iy
shifting said series of PN 7 coefficients by a first count; and 8

processi ng saless tBms1 R ERmepesad.d mat ched filter with a second set of PN 9
coefficients during said second wi ndow, wherein said second set of 10 PN
coefficients is gehengshegngg D@t‘ﬂ@GIfl&tﬂ' V“%bfﬁsfliait ATY RIQrepsing spssqiaant fsNhe 1

ff b d d f h
15 b Ay b TR LSS, 1
regl ster; 3 sf Olrﬂ\d?gt;uﬁﬁ gpﬁ: ﬁrr@? Faxr%f V\k %&g‘é(ctl 9 eﬂr%&”set?éc?% ¥ra Sf'i' d first

register. 1 5i¢ sal regis r
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No. 09/021,354 which was filed on February 11, 1998 and which is entitled “Fast
Acquisition, High Sensitivity GPS Receiver,” which application is hereby
incorporated herein by reference. The nature of the processing steps of the above
15  example is such that the matched filter outputs exit on a regular basis, which allows
the postprocessing to be done for the multiple windows per GPS frame in a similar, if
not identical, manner.
It may be desirable to further adjust the frequency and PN coefficients on a
slow but regular basis to compensate for Doppler effects. This would occur in
20 addition to the adjustments described above.
Even for the case of an acquisition circuit which includes holding registers, it

may be the case that the last matched filter processing window in a frame is not

contiguous in time with the first window in the next frame. Ample time is required to



5 occurs before said processing of said SPS signal with said second set of
frequency 6 coefficients. 1 6. A nethod as in claim3 further conprising: 2
storing swOd2P7wg:r set of PN coefficients in a second regirRimuwso136%.0ori ng
sai d second set of PN coefficients in said second register. WO 02/ 071092
-27 PCT/USOL/.130C8 1 7 . A nmethod as in claim6 wherein said second
register is coupled to a second 2 input of said matched filter and wherein
said storing of said first set of PN coefficients 3 occurs before said
processing of said SPS signal with said first set of PN coefficients 4 and
wherein said storing of said second set ol9-PN coefficients occurs before
said 5 processing of said SPS signal with said second set of PN

-coefficients. Ip:)é'f&m- thé\rétRir@ tfesirculhr 6hidts BF thelPN Eﬂ]ﬁ&e%@t@ﬂ WHIEN@mpen$k&' i Ng a
first set of PN coefficients in a second register; storing a second set

of PN coeffi cfogall pribnrigl stifseepatibnk @0ihs teirent ¥radne. ATHI®EI0IE i@ Sohé déddtinie 8
"wherein said second register is coupled to a second 2 input of said matched

filter and whinlleivingthe dass prcessingowindawadf ai GBS framie pefioN coefficients 3
occurs before processing of said SPS signal with said first set of PN
coefficients and 4ltuheotgiepessary dosthe matdhed filtenprbcessingrwindews mfa g@ken GPS
coefficients occurs before processing of 5 said SPS signal with said second
set of PN i:oefl‘ﬁmel?@mdst.o@@@Quﬂsmxﬂgéugbkeeph@db‘swﬁn@“s adeal imsizeagreatly
concurrently at least two different 2 Satellite Positioning System (SPS)

si gnal s, sai oreHEIeR & COERRIPHIY) o dhe sysigr enfrhi Mgnultiple matchsd filters appsused ohoi se
(PN oot ey 0L RONOAE el iy S ooy P BB e o Sort 19, 521 ¢
during a first w n?l?éN ac%fuisgtiorrr)ec;ircuit 0 thg %/reosZr%tqg\;en'tigrsl sz)ly /ellJlseScP 1:1L1 c{af‘tgig 3§p8es of
standalone GPS receivers, such as the GPS receiver shown in Figure 3.
10  Alternatively, the acquisition circuit of the present invention may be used in a mobile
GPS receiver which is combined with a communication system (see Figure 4) such
as a one-way pager or a two-way pager or a cellular telephone, such as a CDMA or
W-CDMA cellular telephone.
As noted above, it is advantageous that the GPS receiver have access to
15  precise time, either through an attached communication system or from an a priori
GPS measurement (e.g. in the case of a standalone GPS receiver). In the latter case,
an elapsed time counter would maintain accurate time since the last GPS measurement
and be able to provide precise time for the next GPS measurement.
Figure 3 illustrates the implementation of a GPS receiver which uses an
20  acquisition circuit 400A which may be the acquisition circuit shown in Figure 2A.
The GPS receiver 900 of Figure 3 may be considered a standalone GPS receiver in

that there are no communication links providing satellite assistance data separately

from the GPS signals themselves. GPS signals are received by GPS antenna 902 and



7 determining a second set of PN coefficients corresponding to a second SPS
8 signal; and 9 processing said second SPS signal in said matched filter

wi th sai awede@nd9set 10 of PN coefficients during a secon®OurdoMedss ti ne;
11 wherein said first and said second wi ndows of tinme occur within a period
of 12 tinme not greater than one SPS franme period. 1 11. The method of claim
10 further conprising: 2 processing said first SPS signal in said matched
filter with a first set of 3 frequency coefficients during said first

wi ndow, and 4 processing said second SPS signal in said matched filter with
a second set of 5 frequency coefficients-2@wing said second wi ndow. 1 12.
The nmethod of claim 10 further conprising storing said first set of PN 2
rcoefficients p@,dofdPSteckivst Si0hrcdBe tid RphttGrcitiods SEROPN ks WithiRhhe
coefficients t0 said 3 first register. 1°13. The nethod of claim 12 further
conprising stgpcéined GPS@ignhlsSike @sghirai arid efkediyciruit d00A itedettitr vithana second
regi ster and storing said second set of frequency coefficients 3 to said
second regi st efternal pAGresicto D1 1QBrdane W HhdSEPEtatibh deRribed dbova witt fespbcis | n
claim13 wherein said first register is coupled to a first input of 2 said
mat ched filt eto Bigdres2Al, 5 end6d Thegiugiu of Asquisitipn eideutiod(0As schidds theput  of
said 3 matched filter. 1 15. A nmethod as in claim 14 wherein said storing
of said fi¥ stpsetorahgedit29@bedrfesponsingstodheisigaalaireseived figmefack GPd shtellide set
of frequency coefficients occurs before 3 said processing of said first SPS
si gnal in sai fomewvhinked signaltwas reeeivedh &aeh patellitechlsot teansmifs gphemesisjapd d@eond set
of PN coefficients and said storing of sai d_secong set qf fbeguenc%/\q%
coefficients etwepkdasemdich iscelved By MYt Aruio0d and dempdilated pycusyiaios.
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second set of dﬁ@lfaf@ﬁfeflb@aiﬁ%ﬂwtﬂeﬁnﬁx@rlﬁrtﬁb eénf@gﬁlr&il%rgmgaﬁﬂcmt%ffwrb RAY said

series of PN co icients by a second count met hod as in claim 10

further conpr p&kdigis bbtidigk atqisltioatd S&Xinphfuhait@s togedier adtithe progesadr 91@ast
one of said first SPS signal 3 and said second SPS signal, froma satellite
assi st ance daThe necessary satellite assistance data, including precise time maintained by a counter,

may be stored from prior receptions of GPS signals (e.g. satellite almanac may be
15 stored) and the user may input an approximate location to an input device which is
coupled to the GPS receiver 900 (e.g. a keyboard or touch screen display).

Figure 4 shows a combined GPS receiver 1000 which includes a GPS
receiver implemented with an acquisition circuit 400 which includes a matched filter
system such as that shown in Figure 2A. The combined GPS receiver 1000 also

20 includes a communication system such as a one-way or two-way pager or a cellular
telephone system, such as a CDMA or W-CDMA cellular telephone system. The
communication system allows satellite assistance data such as time-of-day, or

approximate location, or satellite ephemeris data, or Doppler information for satellites



WO 02/ 071092 -30 PCT/USOL/.469G8 1 19. A nethod as in claim 1l wherein said
satellite assistance data conprises at 2 | east one of (a) Doppler

i nf or mat IO 2@T@P: ve to an SPS satellite; (b) satellite epcanesongc®sdat a
for an SPS satellite; (c) approximte |ocation of a nobile SPS receiver
which 4 includes said matched filter; (d) tine-of-day information or (e)
time of occurrence of 5 the pseudonoi se fram ng epoch of a signal from an
SPS satellite. 1 20. A circuit for substantially concurrently processing at
| east two Doppler 2 frequencies of a Satellite Positioning System (SPS)
signal, said circuit conprising: 3 an inp@t-circuit for receiving said SPS
signal; 4 a data shift register coupled to said input circuit, said data

"shift regist e, diwid Biranstdic SRRdTE@NR by Gh@combinBeaps iddefler COGEWhich
coupled to said data shift register, said matched filter 7 circuit

_conputing an gttt utlaeaHis MfofadtibnI6 deofing lanafoved S@lshrafEs erHeRbips wei ght
generation circuit having an output, said PN 9 wei ght generation circuit
det er mi ni ng asig®dls &t ré¥¥ivdahfough emesnal H0RGMH pegresetd by theoGBa fbnSeE mipgnal ;
11 a PN data shift register having an input which is coupled to said output
of said 12 PNivemit®04 age pecvadaddo thei acquisition eitcin a4@hghiah may thp atmatthedHiltes
coupled to 13 a first input of said matched filter circuit; 14 a frequency
coefficierft gsystennsuchbraschatshpwn im¥iguye 2A. clhepeutputdzam therasquisition cisuit,
coefficient generation circuit determning a first set of frequency 16
coef fici ents shshiaptheoutputdB,iinprovidad top pracesson @l 2whish prgesses thef f r equency
WO 02/ 071092 PCT/USO1l/.13®&X@ -31 1; coefficients duri ngl a_second interval
of time, wherBfeHderangs ipformatipn framihe acqusion Girpuit 400 andialgo demegilatesther val  of

ti i t hi ti i od | 9 t th PS f iod; 20
0 AT L e R, RS S o SR TR

tput 21 of id f i S . i i i i na
output 22 whi Compeed GRS TRGG I604 Ehe BroEREAGIA Sl 1628 i o s P HFin "
circuit; g3 aphhol39€a E\M-%bftcoﬁﬁ’kﬂﬂﬁ@d@iohQéﬁ&n%ﬂi?%oﬂ%nssﬁr swRl/dagRef il ter
circuit, said Storage 24 cifcuit to store in a first set of nenory

locations a fiyiedh @oOBRWicRfoudRicBmeRuricition Siknhls l(fypically REVdtandFrdrgspondi ng to
said first set of frequency 26 coefficients during a third interval of

time, and sai gbrfilRie@orCantéinh 100Dantl/re6divgrel 000. Resetvsdndniinicationeignsly are

| ocations a second output of said 28 matched filter circuit correspondi ng
to sai d seconihpseth cofnnhurdcptionayced@r ¢OED dndpassedstoguodessyr 40 fDfor plocesding.val of
time, wherein said third interval 30 of tinme and said fourth interval of

ti me occur w Chinmuaidatioe sigeals tubasarmigddaermprodsaser dRE @pgrapegated fferi od.

15 modulator 1014 and frequency converter 1016. Power amp 1018 increases the gain

of a signal to the appropriate level for transmission to a basestation 1006 which may
be a cellular transmission site (also referred to as a cell site) or may be a single
basestation which supports point-to-point communications between the basestation
and the receiver 1000. In one embodiment of the present invention, the basestation
20 1006 may determine the location of the receiver 1000 based upon the GPS derived
pseudorange data from the remote receiver and ephemeris data received from its own
GPS receiver or from other sources of such ephemeris data. The location data can

then be transmitted back to the GPS receiver 1000 or to other remote locations.



1 21. Acircuit as in claim?20 wherein said first interval of time and said
second 2 interval of tine are different and non-overl appi ng and occur
consecut iwelgotmozine 3 within said tinme period. 1 22. A ®CTANI/4E681 n

claim 21 wherein said one SPS franme period is defined by a 2 repetition
period of PN data in said SPS signal. WO 02/ 071092 -32 PCT/USOL/. 130X 1
23. Acircuit as in claim?20 further conprising: 2 a control circuit
coupled to said frequency coefficient generation circuit, said 3 control
circuit controlling when said frequency coefficient generation 4 circuit
generates said first set of frequency coe??icients and said second 5 set of
frequency coefficients. 1 24. A circuit as in claim20 further conpri sing:
2 a first regi st erFipurk 7Ghaws ki pxdmisle op h aikthicd Hausing vitpllite Skistiacelddtaaguency
data 3 shift register and having an out put coupled to said second input of
sai d 4 mat chegkdét totdeterminecaiiehrch kae.to AcqiireoGP$ sigaals.nThis allow forfthe mhtehed
‘conprising: 2 a second register having an input coupled to said output of
sai d PN dat a filerftd seaech oteria sRaHerdeivak spageahesby plowing the reatchesl fdeeirdo be r st

i nput of said matched filter circuit, wherein 4 said matched filter circuit
i s coupl ed t otimasharedamang different Dopplietstand/or igliféarest GRS satellitesigmals. regi ster. 1
26. A circuit _as in claim20 wherein said PN weight generation circuit

det er m nes’ a Operatione30binvpivesibe deteanisatien efghe é%?)‘gﬁcﬁsﬂgfa@% datg. Thispmay peynal

and wherein said matched 3 filter circuit processes said SPS signal_ with a
first set of mPreivesbiromd eeliplar elgphape site; sich aﬁiaﬁg?%‘?aé?%wn&ff C?lb %&3 T ¢
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shifting and said second 2 circularly shifting are performed by said PN

data shift regisiver(sedc end‘?’n%:U[SE WPatenf AppBedtivhBatiabBNb YOSZ8HD;359; eMidhywas
processing at |least two Satellite
filed April 15, 1997). This satellite assistance data may also include satellite
positioning information such as satellite ephemeris data which is used to estimate the
range of a satellite relative to the mobile GPS receiver. This ephemeris data allows for
15 the computation of the Dopplers to the various satellites in view. Alternatively, this
satellite assistance data may include Doppler information transmitted from the
basestation, such as a cellular telephone site, to the mobile GPS receiver, such as the
receiver 1000 shown in Figure 4. In another alternative, this assistance data may
include'the timings of the PN frame epochs of the various GPS signals as observed by
20  such a basestation. Above-noted co-pending U.S. Patent Application Serial No.
08/842,559 which was filed April 15, 1997, provides various examples of satellite

assistance data and how this data is determined and communicated to a mobile GPS

receiver, such as the receiver 1000. After determining or obtaining the satellite



2 Positioning System (SPS) signals each having a distinct PN spreading
code, said 3 circuit conprising: 4 an input circuit for receiving said SPS
signal ; Sveaoziatiadxshi ft regi ster coupled to said i nput cir®dTiysSoyaéods dat a
shift register storing 6 said SPS signal; 7 a matched filter circuit
coupled to said data shift register to receive said SPS 8 signal and to
process said SPS signal; 9 a pseudonoi se (PN) wei ght generation circuit
havi ng an output, said PN 10 wei ght generation circuit determning a first
set of PN coefficients 11 corresponding to a first SPS signal during a
first interval of tinme and 12 determ ni ng3 second set of PN coefficients
corresponding to a second 13 SPS signal during a second interval of tineg;

14 wherein sa% is%h%é&atﬁ,%@fn\éghe epstrbdBveiNcR & fhe TEGARS 1000, FEiahinee tHel nEV\D

occur within Ime period no greater than one SPS frane peri od;

02/ 071092 - 34:RLh/rhigeb 26QAR the EP5Ai SRS Withfthe §Ldiift8sisthreidag, an i nput
“which is coupled to said output of said 17 PN wei ght generation cixcuit and
havi ng an out ghioufkn6Wnitccharjued Ry delermiing the E&ikcH fapgs may bé atilkednt ched
filter circuit; 19 a storage circuit coupled to an output of said matched
filter circuiExanasleshfsuch agecti?@cluiiquasiate desciibenlria corpeading(sS. Batdntof nenory

| ocations a first output of said 21 matched filter circuit corresponding to
sai d first5 seApplicaf?dh SerdlfNai09/32,558 wehich wgs filedhAwgist ht, dP9&bndowhichne) and
to store in a second set of nenory 23 | ocations a second output of said

mat ched f | t eherelyrineyponttidtigrain by séfereaet. Sdftardgtesmining theseareleaNBsi ent s
during a fourth interval of ti me%, wherein 25 said third interval of tine
and sai d f our eperation309 arquiresthen@PS signals i tha mateheddilier pircuifaand ds ArRerafiQiat er
than one SPS frame period. 1 29. A cipgeuit _as_in claim28 further
conprising: 2may perderie Hieymehads ofcgithat ﬁ%’ﬁ%ﬁé’? iﬁéﬂ“'iﬁ e eombipatRp oftheist put

idf ffici t [ it det 1 Ni first t of
Freauency 4 cHEPPRL S GRIBHE S €1t i erval of ting and & second
equenc kd f%irst interval nd a s
71 equencyUata shi TEOFS S rEpERn (Y EhBAUSERS AR et Rl il Bohirk Ty

output 7 of sai.@: Il } Wt i an
P ﬁxhlfhgiéc B;g%ﬁée}??qgeﬁ&éé é&bﬁgia; gens si’%ﬂapi},_ [ﬁbcfeQééH?]n gmra&,tdmea kiR

out put 8 whic a second I nput of said natche ilter circuit.
V1" O 02/ 07109%ksing a first set of frequency coefficients during a first window of time and the signal

(typically later in time) is processed using a second set of frequency coefficients
during a second window of time. The first window of time and the second window
15  of time occur within a period of time which is not greater than one SPS frame period.
Figure 9 represents an embodiment in which a matched filter is shared over
multiple GPS signals and where this sharing occurs within the time period which is
not greater than one SPS frame period.
The foregoing description shows various methods and apparatuses for sharing
20  amatched filter over time which can improve acquisition and tracking and
réacquisition performance without resulting in any loss of received signal sensitivity.
These methods and apparatuses are particularly advantageous when certain a priori

signal parameter knowledge is available.



-35 PCT/USQOL/ -469G8 1 30. The circuit of claim28 further conprising a
first register coupled to the output 2 of said PN data shift register and
coupl ed twobvtieriber st i nput of said matched filter 3 circuPCT/UB0BI6Y68The
circuit of claim?29 further conprising a second register coupled to the 2
out put of said frequency data shift register and coupled to the second
input of said 3 matched filter circuit. 1 32. Acircuit as in claim 28
wherein said first interval of tine and said second 2 interval of tine are
di fferent and non-overl appi ng and occur consecutively in tinmne 3 within said
time period. 1 33. Acircuit as iri clai#432 wherein said one SPS frane
period is defined by a 2 repetition period of PN data in said SPS signal. 1

*34. Acircuit as i ' f InE tHRGy g Ui t
coupled to said fr@é@éﬁgsﬂ %ggtbwsg#gﬁp ﬁzg‘gﬂ%gpgﬁégwﬁe%}u?gﬁ@p F)ﬁggYegﬁégﬁcont rol

circui t cont raldnRd wihGBfetdtcd td GPYYABIEYs C@ Rl bé b &ciaé‘dlﬁ{aﬁhk%cﬂingémuit
"generates said first set of frequency coefficients and said second 5 set of
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1 1. A method for processing substantially concurrently at least two Doppler
2 frequencies of a Satellite Positioning System (SPS) signal, said method comprising:
3 determining a first set of frequency coefficients corresponding to a first
4 Doppler frequency of said SPS signal;
5 processing said SPS signal in a matched filter with said first set of frequency
6 coefficients during a first window of time;
7 determining a second set of frequency coefficients corresponding to a second
8 Doppler frequency of said SPS signal;
9 processing said SPS signal in said matched filter with said second set of
10 frequency coefficients during a second window of time;
11 wherein said first and said second windows of time occur within a period of
12 time not greater than one SPS frame period.
1 2 A method as in claim 1 wherein said first window of time and said second

2 window of time are different and non-overlapping and occur consecutively in time

3 within said period of time.

1 3. The method of claim 1 further comprising:
2 generating a series of pseudonoise (PN) coefficients corresponding to said

3 SPS signal;
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6 coefficients is generated by circularly shifting said series of PN

7 coefficients by a first count; and

8 processing said SPS signal in said matched filter with a second set of PN

9 coefficients during said second window, wherein said second set of
10 PN coefficients is generated by circularly shifting said series of PN
11 coefficients by a second count.

1 4. A method as in claim 1 further comprising:

2 storing said first set of frequency coefficients in a first register;

3 storing said second set of frequency coefficients in said first register.

1 5. A method as in claim 4 wherein said first register is coupled to a first input of

2 said matched filter and wherein said storing of said first set of frequency coefficients

3 occurs before said processing of said SPS signal with said first set of frequency

4  coefficients and wherein said storing of said second set of frequency coefficients

5  occurs before said processing of said SPS signal with said second set of frequency

6  coefficients.

1 6. A method as in claim 3 further comprising:

2 storing said first set of PN coefficients in a second register;

3 storing said second set of PN coefficients in said second register.
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4  and wherein said storing of said second set of PN coefficients occurs before said

5 processing of said SPS signal with said second set of PN coefficients.

1 8. A method as in claim 4 further comprising:

2 storing a first set of PN coefficients in a second register;

3 storing a second set of PN coefficients in said second register.

1 9. A method as in claim 8 wherein said second register is coupled to a second

2 input of said matched filter and wherein said storing of said first set of PN coefficients
3 occurs before processing of said SPS signal with said first set of PN coefficients and
4  wherein said storing of said second set of PN coefficients occurs before processing of
5 said SPS signal with said second set of PN coefficients.

1 10. A method for processing substantially concurrently at least two different
Satellite Positioning System (SPS) signals, said method comprising:
determining a first set of pseudonoise (PN) coefficients corresponding to a
first SPS signal;

processing said first SPS signal in a matched filter with a first set of PN
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coefficients during a first window of time;
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10T 10T 9 processing said second SPS signal in said matched filter with said second set
10 of PN coefficients during a second window of time;
11 wherein said first and said second windows of time occur within a period of
12 time not greater than one SPS frame period.

1 11. The method of claim 10 further comprising:
processing said first SPS signal in said matched filter with a first set of
frequency coefficients during said first window; and

processing said second SPS signal in said matched filter with a second set of

wv W

frequency coefficients during said second window.

1 12.  The method of claim 10 further comprising storing said first set of PN
2 coefficients to a first register and storing said second set of PN coefficients to said

3 first register.

1 13.  The method of claim 12 further comprising storing said first set of frequency
2 coefficients to a second register and storing said second set of frequency coefficients

3  to said second register.
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3  matched filter.

1 15. A method as in claim 14 wherein said storing of said first set of PN
coefficients and said storing of said first set of frequency coefficients occurs before
said processing of said first SPS signal in said matched filter and wherein said storing
of said second set of PN coefficients and said storing of said second set of frequency

coefficients occurs before said processing of said second SPS signal in said matched
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filter.

1 16. A method as in claim 10 wherein said first window of time and said second
2 window of time are different and non-overlapping and occur consecutively in time

3  within said period of time.

1 17. A method as in claim 10 wherein said first set of PN coefficients is generated

2 from a series of PN coefficients by circularly shifting said series of PN coefficients by
3 afirst count and wherein said second set of PN coefficients is generated by circularly
4

shifting said series of PN coefficients by a second count.

1 18. A method as in claim 10 further comprising:
2 determining a search range, for acquiring at least one of said first SPS signal

3 and said second SPS signal, from a satellite assistance data.
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1 19. A method asin claim 11 wherein said satellite assistance data comprises at

2 least one of (a) Doppler information relative to an SPS satellite; (b) satellite ephemeris
3 data for an SPS satellite; (c) approximate location of a mobile SPS receiver which
4  includes said matched filter; (d) time-of-day information or (e) time of occurrence of

5  the pseudonoise framing epoch of a signal from an SPS satellite.

1 20. A circuit for substantially concurrently processing at least two Doppler

2 frequencies of a Satellite Positioning System (SPS) signal, said circuit comprising:
3 an input circuit for receiving said SPS signal;
4 a data shift register coupled to said input circuit, said data shift register storing
5 said SPS signal;
6 a matched filter circuit coupled to said data shift register, said matched filter
7 circuit computing an output based on said SPS signal;
8 a pseudonoise (PN) weight generation circuit having an output, said PN
9 weight generation circuit determining a set of PN coefficients
10 corresponding to said SPS signal;
11 a PN data shift register having an input which is coupled to said output of said
12 PN weight generation circuit and having an output which is coupled to
13 a first input of said matched filter circuit;
14 a frequency coefficient generation circuit having an output, said frequency
15 coefficient generation circuit determining a first set of frequency

16 coefficients during a first interval of time and a second set of frequency
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17 coefficients during a second interval of time, wherein said first interval
18 of time and said second interval of time occur within a time period no
19 greater than one SPS frame period;
20 a frequency data shift register having an input which is coupled to said output
21 of said frequency coefficient generation circuit and having an output
22 which is coupled to a second input of said matched filter circuit;
23 a storage circuit coupled to an output of said matched filter circuit, said storage
24 circuit to store in a first set of memory locations a first output of said
25 matched filter circuit corresponding to said first set of frequency
26 coefficients during a third interval of time, and said storage circuit to
27 store in a second set of memory locations a second output of said
28 matched filter circuit corresponding to said second set of frequency
29 coefficients during a fourth interval of time, wherein said third interval
30 of time and said fourth interval of time occur within a time period no
31 greater than one SPS frame period.

1 21.  Adcircuit as in claim 20 wherein said first interval of time and said second

2 interval of time are different and non-overlapping and occur consecutively in time

3 within said time period.

1 22.  Acircuit as in claim 21 wherein said one SPS frame period is defined by a

2 repetition period of PN data in said SPS signal.
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2 a control circuit coupled to said frequency coefficient generation circuit, said

3 control circuit controlling when said frequency coefficient generation

4 circuit generates said first set of frequency coefficients and said second
5 set of frequency coefficients.

1 24.  Acircuit as in claim 20 further comprising:
a first register having an input coupled to said output of said frequency data

shift register and having an output coupled to said second input of said

W N

matched filter circuit.

1 25. A circuit as in claim 20 further comprising:

o

a second register having an input coupled to said output of said PN data shift register
and having an output coupled to said first input of said matched filter circuit, wherein

said matched filter circuit is coupled to said PN data shift register through said second
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register.

1 26.  Acircuit as in claim 20 wherein said PN weight generation circuit determines a
series of PN coefﬁcients corresponding to said SPS signal and wherein said matched
filter circuit processes said SPS signal with a first set of PN coefficients during said
first interval of time, said first set of PN coefficients being generated by first circularly

shifting said series of PN coefficients by a first count and wherein said matched filter
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circuit processes said SPS signal with a second set of PN coefficients during said



F# 10%r & ()-3 F#!10%& ()-3 FF10%& ()-1JKLYAnbC 10z

F'109%&2Z8& ()-"910%& ()-s10%& ()-910%& ()- 10z 10z 10zY010%& () - DAELC
10z3 " 109¥&&82/071092 310% & ()- S109%& ()-Fs10%& ()-  F" 10PEZ/SP1/46968
F"10%& ()- " XdYNC 10z 10z 10z 10zYl 4@0%& ()-F* 10%& ()-F* 10%& ()-F*
10%& ()-3 "10%& ()-fUYdEYNC 10z ,!10%& ()-r ,!10%& ()-r ,!10%e& ()-r
"&10% & ()-s10%& ()-&10%& ()- YLAE:/ 10z 10zF*M 10%& ()-3# 10%& ()- 3#
10%c& ()-s!10%& ()-fs!10%& ()-fs!10%R& ()-f', <FuVv7/ 10z

109& () - &4109%& ()-!YS 10% & ()-!&L0%& ()-L10%& ()-s&L0%& ()- 10zFXvdE7/
10z U109 ()- #10%& ()- 109%& ()- YL0%B3)-!10%& ()-!10%& ()-bC 10z
"109% & ()-L10% & ()-910% & () -

' 7  second interval of time, said second set of PN coefficients being generated by second

8 circularly shifting said series of PN coefficients by a second count.

1 27.  Acircuit as in claim 26 wherein said first circularly shifting and said second

2 circularly shifting are performed by said PN data shift register.

28. A circuit for substantially concurrently processing at least two Satellite

1
2  Positioning System (SPS) signals each having a distinct PN spreading code, said
3 circuit comprising:
, 4 an input circuit for receiving said SPS signal;
5 a data shift register coupled to said input circuit, said data shift register storing’
6 said SPS signal;
7 a matched filter circuit coupled to said data shift register to receive said SPS
8 signal and to process said SPS signal;
9 a pseudonoise (PN) weight generation circuit having an output, said PN
10 weight generation circuit determining a first set of PN coefficients
11 corresponding to a first SPS signal during a first interval of time and
12 determining a second set of PN coefficients corresponding to a second
13 SPS signal during a second interval of time;
14 wherein said first interval of time and said second interval of time occur within
15 a time period no greater than one SPS frame period;
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10MeDEFdELS 1 a first input of said matched filter circuit;
19 a storage circuit coupled to an output of said matched filter circuit, said storage
20 circuit to store in a first set of memory locations a first output of said
21 matched filter circuit corresponding to said first set of PN coefficients
22 during a third interval of time, and to store in a second set of memory
23 locations a second output of said matched filter corresponding to said
24 second set of PN coefficients during a fourth interval of time, wherein
25 said third interval of time and said fourth interval of time occur within a
26 time period no greater than one SPS frame period.

1 29,  Acircuit as in claim 28 further comprising:

a frequency coefficient generation circuit having an output, said frequency
coefficient generation circuit determining a first set of frequency
coefficients during said first interval of time and a second set of
frequency coefficients during said second interval of time;

a frequency data shift register having an input which is coupled to said output

of said frequency coefficient generation circuit and having an output

0w ~1 &N n p w9

which is coupled to a second input of said matched filter circuit.
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2 of said PN data shift register and coupled to the first input of said matched filter

3  circuit.

1 31.  Thecircuit of claim 29 further comprising a second register coupled to the
2 output of said frequency data shift register and coupled to the second input of said

3 matched filter circuit.

1 32. A circuit as in claim 28 wherein said first interval of time and said second
2  interval of time are different and non-overlapping and occur consecutively in time

3 within said time period.

1 33.  Acircuit as in claim 32 wherein said one SPS frame period is defined by a

2 repetition period of PN data in said SPS signal.

1 34.  Acircuit as in claim 28 further comprising:
a control circuit coupled to said frequency coefficient generation circuit, said
control circuit controlling when said frequency coefficient generation

circuit generates said first set of frequency coefficients and said second

v A W N

set of frequency coefficients.



