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positioning service (PPS), was intended for authorized (primarily US and Allied

military) users, and employs the precision/encrypted (P(Y)) code signal. The standard
positioning service (SPS) is available for use by any user worldwide, and employs the
coarse acquisition (C/A) code signal. While the C/A code signal is currently

30  transmitted only on L1, the P(Y) code signal is transmitted on both L1 and L2.
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The sizes of these errors depend upon a
signal. An essential aspect of GPS signal receiver processing is signal acquisition,

30  where the receiver aligns its internal timing and frequency to the precise values of the
received signal. Before acquisition begins, the receiver's internal timing and frequency

references are in error by certain amounts. The sizes of these errors depend upon a
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sources of frequency uncertainty 112 and can range from tens of hertz for stationary
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predetermined re-sampling rate. If four sidebands are selected, for example, the CMFs
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30  also include a means for down-sampling each selected sideband at a predetermined

down-sampling rate to obtain the versions of each selected sideband. It may also

include independently controllable quantizers for quantizing the versions of each
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30 Figure 5 is a block diagram illustrating aspects of a typical code matched

filter design existing in the prior art.
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25 suitable for use in systems (e.g., radar) wherein the signals to be correlated will not be
spread spectrum signals.
Each of the cross-correlation and signal processing architectures disclosed
herein enable an increase in hardware efficiency when compared to existing
technologies. Each architecture employs a separate technique that may be found

30  alone in a SPA or in combination with the other described innovations.
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30  One or more intermediate quantizers 208 are employed in some embodiments for
quantizing the sampled (or re-sampled) data. And certain embodiments, as will be

described below, include sideband selection module 210 for selecting one or more
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ability to calculate all the needed partial cross-correlation values 234 at the same time
that assists in making the CMFBC 226 (and SPA 200) a fast solution and the only
30  solution not requiring intermediate memory to store partial correlation sums. Rather

than employing one large CMF, Ny CMFs 232 of length Ny are used to calculate

13



that assists in making the CVFBC 226 (and SPA 200) a
fast solution and the only 30 solution not requiring

WO paoe0smsoli at e nenory to store partial correl at PONUSHNE031897
Rat her than enpl oying one |large CMF, Nf CMFs 232 of
| engt h are _used to calculate 13 W) 2004/ 034604
PCT?SJ§26é$P@§1f@Wt segineats othe dputiigrbZSand senive pads da. Nris
t he dRPYI baL@GR! 228 and replica code data. NT is
sel ected based on NT = (Nt * Fs)/Nf 5 where N is
the desired coherent integration tine, Fs is the rate
of receiyed &l 49 sanpling, and Nf is the nunber of
short tlﬁg éﬂﬁ P?b@ For each new i nput signal 228,
dach CMF 232 conputes one NT-length STC 234. The STC
l'ength N[;Ls designed such that Fs/ NT is greater than
or equal to the extent of frequency uncertainty to be
searchedAbmﬂpahﬁﬂdﬁdwmmzmwhwmmumeFFT (zero padded)
is then e the STCs.234 ckend FFT
structur 2?%3;%6 eor 5eicew Sl%al Samsphggcgﬁvem ent way of
|nterpola&wﬂgrmﬁﬁmeﬁhm&ﬁ&mﬂemﬁy bi ns ‘and reduci ng

35711 OB B b0y T BACH S B BARSAE M

uNC e@B4.aiHe ST ONeiidth Ay mrdeﬁg:ﬁedfsﬁ@quamgwf iegrbiet th@ilil or eﬁgﬁlew the
FFT roc sing, a n|tu mator is utilize
eacly %ﬁ%@ C%E%ﬁ“ Hwﬁ?gﬁﬁPﬁs? P@@hdfé¥?ﬂ%P°““FFT(ﬂﬂ°
non 'p@&ﬁé&] B ten aﬁﬂile@Q& ﬁie BACs EAE b HAMCRMRATE TSRB6LRD 36 OVero-padding
Processing .l and gnal Conponents 20 Prior art
t ecliht HAESI@HPRE 9 @@5&185% belagpHewangyhingaad seduging scalloping
18" OG&S SIHA 'sgprbﬂdesmaﬁé@ntg)wceﬁﬂg gghﬁa’q{lﬁtré‘s'bﬁm% 'tﬁé@es(r@ frequency
conponents of receive I's. This is i1lustra
in mp'gqyfﬁ@wﬂlmmﬁrrfrqqn@w resplytien. cAsligy SHE preressing, @, h@mtude
enpl t
2, T iF FRRCALE B Feoincy PR ol B AREFhcnoheren
sel @eacesingnbodi ments of SPA 200 25 enpl oy one or nore
CMFs 232 that re-use nultipliers 260 and summi ng
net WM_WQ (9’ Prgcegsri g S’z chﬂtd'o OIZJ)I r eplica
codé sequence sanple onents and Q
28onpone nP@OIZ@GG@hlqpbﬁeenpiﬂ@L S@Dfnfdfp ﬂﬂ@eﬁé@i hadyesire fodf pES@Smg in-
SI t rQce

g se I(]I; gli}]d qL‘%‘d glkasé o n Ir 1{Se|n§rog Qercl,e %da%lgrga d90 i’l‘s?‘l?s alg filustrated
f oI Ilroli‘\surdlfb Mhomrrﬁge Haw? conpozests ang Shcmh émplowng separatersets of

recel Y& hdl@are 50, 52.

In contrast, and with reference to Figure 6, selected embodiments of SPA 200

25  employ one or more CMFs 232 that re-use multipliers 260 and summing network 262
hardware in cross-correlating the replica code sequence samples 230 with I
components 264 and Q components 266 of the pre-conditioned received DSSS signal
204. A simplified description of the process by which the I and Q components are
obtained is as follows. Following down-conversion and filtering, the received signal

30 204 is digitally converted by ADC 205 and sampled at a predetermined sampling rate
by sampling module 206 of preconditioner 202 to obtain the I and Q components
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Assuming the received signal 204 is sampled at approximately M times the

30  rate of the replica code sequence (i.e., the spreading code) signal ¢, and the integration
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spreadi ng code) signal ¢, and the integration 15 WD
wQoM0e8d4604 PCT/ US2003/ 031897 NT is a i nt egePCT/US2003/031897

multiple of M then the cross-correlation function
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!y "yt et gy o 0f ol ptspreqirsioniriclignygpafimpiBes o
crodsiicswt rel ati on can be rewitten as a sumof parti al
Suns: Mfl y(n) B-fn Eg. 1 nmro NT-1 MBn =1 c, MKk(n
+jM Eq" 2 =0 where: 10 NT is the length of the
short-tinme ca¥relations, Cl is the ith filter tap,

x(n) ist i nput _signal, and y(n) is the output
si(gnal. E/E’Y%n:g E’:uca’f(lf’%ﬁ 1, y(n) can further be
rewitten as &=function of y(n-1): 15 y(n) = y(n -1)
+B" - BaoMtl This iLnplies thap syon) can be estinated
usi ng onl akedde  mafeH it er of I’ength NTIM So,
gith this innovation, the nunber of nultipliers and
supporting adders in the sunmation network in a CWVF
can be rBEHEE By CeATslaiopsin iy rewHiten 3s¢ symf paakEes00d
with the aid gfi Figures 7A and 7B, which shows a 20
si npl e CW)%SZB@W ng four taps 268. Rathgg.than

enpl oyi ng fouw=onultipliers 260 to nultiply the sane
sanpl es X(1)#: X(3) of input signal X(n) by the sane

reference co sanples c(0), c(1) tw ce and obtaining
i denti calB, pardicalx(priotdyt s c(0) X(1) 270 apgl 2
Jj=0
where:

10 N, is the length of the short-time correlations,

¢, is the i filter tap,

x(n) is the input signal, and
y(n) is the output signal.
Using Equation 1, y() can further be rewritten as a function of y(n-1):
15 W) =yn=1)+B, = B,y
This implies that y(n) can be estimated using only a code-match filter of length
Nr/M. So, with this innovation, the number of multipliers and supporting adders in the
summation network in a CMF can be reduced by a factor M.
This is best understood with the aid of Figures 7A and 7B, which shows a
20  simple CMF 232 having four taps 268. Rather than employing four multipliers 260 to
multiply the same samples X(7), X(3) of input signal X(n) by the same reference code
samples c(0), c(1) twice and obtaining identical partial products c(0)X(1) 270 and
c(1)X(3) 272 twice for different CMF output signals ¥(0) and Y(1) on consecutive
clock cycles, CMF 232 stores in data shift register 274 the partial sum of the product

25 the first time it is computed, then reuses it in computing the next sequential CMF
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c(1)X(3) 272 twice for different CVMF output signals

Y(O and Y(1) on consecutive clock cycles, CW 232
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Referring;again to Figure 3, certain enbodi ments of
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all sub ent ci.rc r ent
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of f mete 1meﬂmmmquaﬁmer§mmb§sed b¥iieb:Btht BEnka WA UG 232 @i the
usi uantl%ﬁ{ihat t he i nput of ach|S|t|on SPAs to
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Satellite, Prentice Hall, New Jersey, 1977), there are no acquisition SPAs known to

25  the applicants that insert quantizers at an intermediate stage. In additive white
Gaussian noise at sufficiently low input signal-to-noise-plus-interference ratios
(SNIRs), processing loss due to quantization is limited to 0.7 dB loss for a 2-bit
quantizer and 1.7 dB for a 1-bit quantizer. In most cases, the processing loss is amply

compensated for by the significant reduction in hardware complexity. DSSS
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quantizer and 1.7 dB for a 1-bit quantizer. In nost

cases, the processing loss is anply conpensated for
wgootthatesd gni fi cant reduction in hardware conpP@RUS2003/031897
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The loading factor A is the ratio of the total input signal-plus-noise root-mean-
squared (RMS) voltage to the quantizer’s full scale voltage (FSV). The loading factor
25 and the total input RMS voltage are used to select an FSV that prevents overflow or
clipping. The optimum loading factor, normally specified in dB as 20log;4, is a
function of the type of input signal and the number of bits. For an input sinusoid, the
optimum loading factor is —3 dB (A =1/4/2 ). The optimum loading factor for a

Gaussian signal varies as a function of the number of bits. Historically, —12 dB,
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| oadi ng ?"a@ Jiee. 1q et%mﬂn“pt?‘%ﬁ%‘?edt%‘&’“ﬁﬂﬂdn%?ﬁ A threupptiper, the
POStdedidler RolR sexf @ Gbfdd BYarnking BRAenclQklet QbR Fégdmg factor
factor, the designer has the 0181“ on of selectin
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AGC, e mal nt ain
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Co rrra‘mn&@@ﬂﬂm cifittvan bé engloyed tagaintait thess Igwnﬁet@s atttlmedeeued
WIer ous causes of mismatch between the frequency

re
g 168’831 replica code sequence oscillators 215 in SPA
200 20 enbodi nents and the correspondi ng frequency of

t he ec veld nal 204. Two of these causes are
oscr—@?—é@éﬁﬁéff—éﬂ’aﬁﬁiﬁ—%ppl er shift due to relative

mot i on leﬁh&@iﬁrehMgaﬁrt@F@mé y1 Qlﬁer@ﬂ_@ nﬁﬁi@roﬁ@&ﬁ’séé %f mlsmatch
Regar dl es&aof t he ysi cal. cause,

r ef AFWEEN ﬁﬁqlﬁp@/qqfé%yreml@ﬁﬁﬂ%%@c% %@J@@rw 5u‘H @RM&O
200D BB6dimERE arl thé SrdsARRE ‘ﬁ*é@l%c% Bﬁﬂ§f&$ﬂ/§ﬁsléiagml Two of

(whose bandwidth is infinitesi npared to its
car fegs capipes qm@yator driyand apglenehjit ﬁvmaﬁle%vepn@mévégvean the

f r eQU@AGNer and the receiver. Regardless of the physical cause, it is common to refer to
any frequency mismatch as caused by unknown Doppler.
For a truly narrowband transmitted signal (whose bandwidth is infinitesimal
25  compared to its carrier frequency), any frequency mismatch produces a frequency
shift of only the center frequency, and the FFT processing described above adequately
searches over that unknown frequency offset. For a narrowband signal modeled as a-

baseband signal modulated onto a carrier, where the carrier frequency is much greater
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si gnal s &‘ &y figfnengyspaigh) dexeendhe ﬁ%‘teé’ﬁﬁl Slgnal 204

bet Mﬂ&ﬁefefbﬁcd Sﬁgiﬁl BB indRdpedid emBoEmant 0 Fr %‘@ &s the rephca

(shown, |n t he specific enbodi nent o gure
as ‘E(ﬁé SEAUBIE signal 213) may be modeled as producing both a frequency-shlft and

30  time- companding, both of which must be addressed in the acquisition processing of
SPA 200. However, the frequency-shift and time-companding are both caused by the

same frequency mismatch. An innovative approach described here exploits this
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the code rate Doppler offsetARAeRAjf%%R = Af ~~'"  Jnoni
The drift in sanples, fromthe firgt»to the kth
non- coherent integration (or sun) 20 can be predicted
using the follow ng formula: Ank = 2T,. (k -1X-AR),
wher e TTiheglriftia saraess &am thefstfp s /5 mopicabereny infegraffoaidor sum)

20 hecdn"ﬂélp'rézi?cttéd('-iﬂl %ftheti%ﬁowﬂ@'fgﬁnul that only so many
correl ation bl ocks can be“non-coherently integrated

(or 25 summed) without correction for the drift.

Si nce SP@ 5\(‘3%%?5 mul tiple frequencies at the
same time ‘sl hg a’F structure 236, the anmount of

drift i swiierd Dicthe osherdt inigtayio® fimt REseBoHU ETheGplication of the
I nt %%{ tas;\};m_ag nlglﬁ ('jct)J gltag}g ch?e atilgg ngg?dgl% ne g%}r}cboehrerengy(l) lrnteagrak’géadn(l(()r
25 summed) without correction for the drift.
Since SPA 200 processes multiple frequencies at the same time using a FFT
structure 236, the amount of drift is a function not only of the number of integrations
but also the FFT bin number. For a bank of 16 CMFs and a 32-pt zero-padded FFT,

the drift as a function of non-coherent integrations and code Doppler AR is as follows:
30
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the drift as a function of non-coherent integrations

and code Doppler ARis as follows: 30 21 WO
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carrier ?réque2 gg]l 7 Q_INF F is’the FFT size, ZE{_NFFT
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correl at vph iP@akeTkREmI ned aligned. To nmaxi m ze the
ef fects of non-coh tegration processing, series
of corr?git%ﬂ t, egﬂz@t e}ﬁEt istics 238 fromdifferent
correl ation bldo¢ks\nust be properly 20 delayed (or

1gdvanced) for proper block-block correlation peak
lignment. As each correlation block is processed, the

one or NHEmS cbib&Piondehade fof M6 8rifl 3Oiha @@Télﬁtﬁﬁtﬁeﬁpﬁl a function
dela%( ines 278 are initialized and/or updated
couftt &g orplReoEsst 4ndja the gHmpberk g paterent Ipgrasignee ireasing the

del awsbdr@PRitdprdtionehdyBRd a Shtaln}Bid Bﬁ)vﬁi@L iy L(ﬂitlt!iocﬁgl l%tleiﬂn A code

entire tile. 1n the specific enbodi nent depicte
f r aDOPRIFROmRERsalon qifsalt forglesriioipsofvarg smyflemgysations) is required

15 20FAREiARNd ﬂgfaﬁ(rtpgl:zﬁfoﬁ fof {hla?%rré’iétﬁ) tp%a @L %?gé 41‘.10"11%1001{-’(0 -block

assist in proper delay coefficlen
pr aénd te apply sherstassarp ddlgysdemake sioethé caidation phaks rdrﬁamed

di f glf‘%n@@t del ays (0-1 delay, 1/16 sanple spacing) are
requi red, however nore coul d be used. The del ay of the
i nt eger Tampxihvize thkedffogtslof nen-@BBrehtsinegfatincprocassiag, saidslof
th eco"‘r%ﬁja%ion test statitistics 238 from different correlation blocks must be properly
20  delayed (or advanced) for proper block-block correlation peak alignment. As each
correlation block is processed, the one or more integer delay lines 280 and fractional
delay lines 278 are initialized and/or updated to counteract the correlation peak drift.
The same delays remain in effect during the calculation of an entire tile.
In the specific embodiment depicted, the fractional delay line 278 employs a
25  4-tap Lagrangian interpolator that uses a table 284 to assist in proper delay coefficient
selection. In a practical example, only delay coefficients for 16 different delays (0-1
delay, 1/16 sample spacing) are required, however more could be used.
The delay of the integer variable delay line 280 is a function of both the code
Doppler offset and the number of integrations performed. A correlation block counter

30 286 provides an indication of the number of integrations that have been performed.
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and coordinating the processing of 15 multiple
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25  synchronized with the code generator 214 and system control signals, Block Boundary

and Start Detection. The Block Boundary signal indicates the start of a correlation
block, while the Start Detection signal indicates the final block of non-coherent
integration and the start of detection processing.

For the purpose of this description, assume cross-correlating means 212 is

30  comprised of two CMF banks. Before the start of a search cycle, control module 227
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The sidebands 288,290 are fully coherent with each other. The received signal’s

subcarrier frequency and spreading code rate can be selected independently, offering
30  considerable flexibility in signal design. Optimal performance for radionavigation is

obtained by processing both sidebands 288,290 coherently in frequency, obtaining

better signal-to-noise ratio and ranging accuracy. However, substantial simplification
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BOC(10,5) modulated signals to be reduced by approximately a factor of seven,

compared to conventional wideband processing for acquisition. Separate sideband
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30  rate).
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Use of a bank of code matched filters and an FFT-based frequency search and non-

coherent integration applies to any modulation, as does carrier phase hardware

30  sharing. Sideband-domain sharing of hardware applies to any modulation having

separate sidebands, while code-domain sharing of hardware applies to virtually any
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i ndj, ca Wi aim 30 WO
o PR 07 R A Mt B Yy
pr oo;ésssmﬂghatmdnscbpacmdrspm(c &RAe infverition befinp findixg ted b@l@l&ﬁbﬂ(ﬁﬂmg
DSS%aI%{SgnaI 2 conprising: 3 neans for sanpling the

recerVsd DSSS si gnal at a predetermned 4 sanpling 5
rate; We claim:
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6 7 neans for cross-correlating, in a parallel
fashion, tinme and frequency 8 shifted versions of the
W@ 200pla@0DSSS signal with sanples of a | ocal | ypOI/US2003/031897
generated replica of a pseudo random noi se (PN) code
sequence used to spread 10 the spectrum of the
recei ved DSSS signal in order to obtain
ér ods- coArsignakirenessinglarchileetors;(SBA) fol &qairibgppbeived DSSS signal,
Qonpensa&gﬁrgggpled to the cross-correlating nmeans for
pre- 14 processSing the cross-correlation values in
order to conpeemsate sémplingBhemesinteld PESSignel 4t @ ptedletermined
%esultlng f%%&hflne-conpanding of the received DSSS
6 signal; 8 an integrator for non-coherently
Bntegrathng groups of the conpensated 19
gross-correlation val ues representing correspondi ng
ime and frequency 20 offsets of different tine
gegments of thens £ eloveebrzlagnglin Q ghall@ Bdshion, EREishd f?eéuency
equence | or der t obtaln C ation netrics;
> 23 oHHASEEERS phb FENE RS am@i Fieh SHRRleRAfof logalle
gragni t udesedfed kdpica 8t @ﬁdo@ﬁrﬂfohﬁﬂn
etecti g%%t hr esﬁ%l d. 2%8 26 2. gggPI,K’? (g?e ge%lg%%@%s@ fo spread
her ei n hpepeeirys of s Foceived Pﬁ%s ﬁ*é%?ﬁ@ drlereio ebtaingrass-Fereaation
127 28 a papk of code matched filters for conputing
short-tine correlations 29 (STCs) entirely in
Iparallel; and 30 31 WD 2004/ 034604 PCT/ US2003/ 031897
means for
1%tl|l2lng d|%?%%nggh@&ﬁ%ﬂ%C&%ﬂgﬁogﬁgr&%%éﬁo Hgﬁ£&8§ﬁmpm'
1£onput edrSEeHng thg cupscorFhosPMuasfn eide tm<:Qmpevdsaa &rn t he
ross-c r. CO S
e noar RN kG TRl A8 ot e NS
lof code stgnahat ched filters and the cross- correlatlon
(fal culation neans for reduci ng word-

18 an integrator for non-coherently integrating groups of the compensated
19 cross-correlation values representing corresponding time and frequency

20 offsets of different time segments of the received signal and replica code
21 sequence in order to obtain correlation metrics; and

22

23 a detector for detecting whether a sum of the magnitudes of the

24 correlation metrics exceeds a detection threshold.

25

26 2. The SPA of claim 1, wherein the cross-correlating means further comprises:
27

28 a bank of code matched filters for computing short-time correlations
29 (STCs) entirely in parallel; and

30
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7 sizes of the STCs prior to Fourier analysis. 8 9 4.

The SPA of claim 2, wherein: 10 the cross-correlating
worean®3fout t her conprises an interleaver for 11PCT/US2003/031897

i nterl eaving in-phase (1) and quadrature (Q

conmponents of the sanpled DSSS 12 signal; 13 14 the

code matched filters conpute the STCs for the

Interl eaved 1Beansfpycalenttmgthe gogsiqouklehienvalees bfiliwing disnzete-

ode mat E : | ice 16 the
ganplingﬁ?%?%%&%%%ﬂﬁygﬁ?gﬂég@ﬂmgggg&hatched filter has
Bwo data shift registers per tap for holding 19 the

i,nt grl eayed enfs, 20 .21 5 The . .SPA of .cl.aim2. .
dnerei . 1555 ¢h BPRRES gt f dustsof gL Bt (Gl Ehise
23 24 t heneSRAndreimten@ediste qmiises disgpaasbdtosendhgbank bf yode

el ectin d sanplji n 25 t or r.e of the .

o1 ol ot R IRET g sy <Gt oA Braus forgegiagarord-
furt her sioRRf HBETCIPribith Bol@avpdlydOr 28 interl eaving
ggta of the re-sanpled sidebands; 29 30 the code

tched filters conpute the STCs for the interl eaved
si debandTha3dpAlat @ain®, @hieRe! i ned fashion; and 32 WO
2004/ 034604 PCT/ US2003/ 031897 1 2 each code mat ched
Bilter has adBfePErereginsmems fyrthepepprisesantigierlongerdphg
13 the i n&%&l@ﬁ%§ﬂ-ﬁﬁhé@?§%ﬂ@qﬁ%¥a@u@@ QRpbAdESorMe GmbREDSSS
equal to the product of the 4 nunber of selected
13i debandsgehd the predetermined sanpling rate. 5 6 6.
13he SPA of claim 2 wherein the cross-correlating neans
further conprises:

14 the code matched filters compute the STCs for the interleaved

15 components in a pipelined fashion, the code matched filters operating at twice
16 the sampling rate; and

17

18 each code matched filter has two data shift registers per tap for holding
19 the interleaved components.

20

21 5. The SPA of claim 2, wherein:

22 the DSSS signal has multiple sidebands;

23

24 the SPA further comprises means for digitally selecting and resampling
25 two or more of the multiple sidebands; '

26

27 the cross-correlating means further comprises an interleaver for

28 interleaving data of the re-sampled sidebands;

29

30 the code matched filters compute the STCs for the interleaved sideband
31 data in a pipelined fashion; and

32



7 means for resanpling the received DSSS signal at a

rate equal to an 8 integer nultiple of the nom na
wa@bkiop/osemde£; 9 10 one or nore code nmat ched fi | PEF/ES2003/031897

having a plurality of multipliers 11 whose required

nunber is divided by the integer nultiple; and 12 13

wherein each code matched filter's associated summ ng

hetwork 14 includes hardware for storing partial suns

nd addi ng part, al 15 prev S
?n conput i ng PRECEP 6%2% ce:%fﬁglhg i lldg%eéss.h%fggmtf’;/s c}rhﬁdmg
The SPA ok 11€té1ﬂ7elamd]s;1deWi’rElrchtaranﬂ bﬁerﬁleﬁznla&ﬁte eqmipmﬁapxoduct of the

o' | nput PETE ARSI CrbRaR PR Ser eSS ot

sorrespondlng to frequency shifted versions of the

rec ved S the replica code,  sequence;
finao. o1 B %ﬂ&lm Warrel PSSP dHE @t urth g coppgrises:
be appl i ed bagesls &R eampliirg tRSre6QRRIBIYS digabaladhe @Qual to an
counter values. 24 25 S. The SPA of claim7, wherein
8he nean@tqesimuliplepf ﬂﬁanéﬁueﬁ%Vk%hlfted 26 dependent
del ays further conprises: 27 one or nore integer del ay

line filters; 28 one or nore fractional delay |ine
Wilters; 29 @8oywmoroody Bakbolfileehyszerdrdsy gbmultiplies
1Pr e-conp o f e for
i R AT A R Al
12ractional delay line f||ters in deterinining an
ppropriate I

1|§‘n|t|al|2|ng“g}ﬁ%S 9%h%ﬁ%§ﬁyﬂ#§é%§9%%g&:¥§%u?gﬁ%?ﬂ%wﬁay
1#i ne 6 finkcludes hoplfafd foi gorting mtstladx sfrmatliadding pargadtsemm &by

§pteglgl; Iaﬁg 81;1%% c?(ccyclg’sh E:tgélpu glg tfle cross- corrglgtlé:noxpa ureg nt

va
16
17 7. The SPA of claim 1, wherein the Doppler compensator further comprises:
18 delay means for applying delays to input streams of cross-correlation
19 values corresponding to frequency-shifted versions of the received DSSS
20 signal and the replica code sequence; and
21
22 means for selecting appropriate delays to be applied based upon non-
23 coherent integration counter values.
24
25 8. The SPA of claim 7, wherein the means for applying frequency-shifted-
26 dependent delays further comprises:
27 one or more integer delay line filters;
28 one or more fractional delay line filters;
29
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9 9. A signal processing architecture (SPA) for

acquiring a received DSSS signal, 10 conprising: 11
worean®3feor sanpling the DSSS signal at a predeP€r/ns1ves031897

sanpling rate; 12 13 an interleaver for interleaving

i n-phase (1) and quadrature (Q conponents 14 of the

sanpl ed DSSS signal; 15 16 one or nore code matched

flilters for copreebaputadlobkupaalle pefilten eckfficialts fun uselby thé integer

ARG AL TR R R

Bandom naéigeto(bEpplzagmdsequence used to 19 spread the
spectrum of the received DSSS signal to obtain
ross-correlation 20 outputs, wherein each code

gat ched filt eheP el MiBfizdly dWup@itih Brtcearaldi giéal elaydine
and includes two data shift registers per_tap

) j for
fol di ng fiHe crrffigients avabmotiond siismati ecifiobfrogengyashifts and the
for cal CH&n’a&dh@ﬁngﬁfégéfi&pwuﬁ{e@wl&ea. val ues utilizing

di screte-tine 2 ourier analysis of the
8ross-correlation outputs; 26 27 an integrator for
§onuConeRaf L Yorb ALGY ALHifROt N8P AT RF Foqaftink 8l rélehRB DS38 signal,
val ues repQQSéﬁf%ng cor#espgﬁané t%ﬁe gﬁgr?%equencysgna
168f f set s efmprising: 29 segnents of the received signal and

eplica co [ r ' . )
et oo Can R ERLgRaRnS BT oy PeiRikSudhy neuoe o
12 detector for detecting whether a sumof the

gnitudes of .the 2.correlation netrics, exceeds
et ecti on CRPUSIEYS ot Tyetfeadps trlisy i JiRRERS (cf components
1ar chi t ect ufofthe Sifpled DESSHIighHly i Ng a recei ved DSSS
! ignal 5 having nultiple sidebands, conprising: 6

ans for sanpling one or nore of nultiple sidebands

18t a 7 predeainebiinbRtole marhdd flgrd fat &irrelating in a pipelined fashion

17 of time and frequency shifted versions of the interleaved components with
18 samples of a replica of a pseudo random noise (PN) code sequence used to
19 spread the spectrum of the received DSSS signal to obtain cross-correlation
20 outputs, wherein each code matched filter operates at twice the sampling rate
21 and includes two data shift registers per tap for holding the interleaved

22 components;

23

24 means for calculating cross-correlation values utilizing discrete-time
25 Fourier analysis of the cross-correlation outputs;

26

27 an integrator for non-coherently integrating the cross-correlation

28 values representing corresponding time and frequency offsets of time

29 segments of the received signal and replica code sequence to obtain

30 correlation metrics; and

31
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9 10 neans for digitally selecting and resanpling the
one or nore multiple 11 sidebands; 12 13 an

w0 niogiossseer for interleaving data of the re-seCpUsSIH03/031897
si debands; 14 15 one or nore code matched filters for
correlating in a pipelined fashion 16 tinme and
frequency shifted versions of the interleaved sideband
dlata with 17 asdeploeforabteatingapiciiena afm of tRmagteides of the

Pecer veaetadol Pkl S5 iFR E Beh ol at i on

But puts, the code matched 19 filters each having

dditional .data shift registers for holding the _
Ao by o o ST BSR4 SOk sraHB  Rege g DSSS aignl
Fat e equidvirdgQmiltisile PidesAued, cthprishy: nunber 21 of
el ect ed si debands and t he predeterm ned sanpling
ate; means BN SAHNRIBE Nt pignee eERUltiglesidehmdsata
yal ues uti bieabBghifigscrete-tine Fourier analysis of 23
the cross-correlation outputs; 24 25 an integrator
for non-%@méﬁ%ﬁﬁ%y integrating the cross-correl ation
36 val ues representing corresponding tinme and
frequency offsets of time 27 segnments of the received
18i gnal and r encepeiee dighllosietingryd essempling tho o or m@gmultiple
orrel at | trics; and 29 30 a detector for
lgetectiﬁgﬂ&ﬁggher a sum of the magnitudes of the 31
1Zorrelation netrics exceeds a detection threshold. 35
2004/ 034604 . P 003/.031897, . 1 11. A si I
1%\?0 cessi ng a%g rlﬁt%%?%r et %gf&)m]igodra taa%fé}llﬁ rrei'sﬁﬁlpgd g]@%@n\c}s@ d
1PSSS signal 3 having a | east two sidebands,

onprising: 4 neans for selectin si deband of. the .
15000t ved Dssere P code TRt 8RB Rur BRAL artadicy Rghion
1a | Ogal | tj;megﬁﬂ&’feq.tl@ﬂy ?Igﬁ@d wilsio BRI tHeantofleagted sgdeband data wgh

seudo-r an m oI Se ode seguence used t Spr ea
The s pecslaP’Bf‘?f g% 2 feRlca of gﬁ’éﬁf@ﬂe é?ﬂl%ﬁggseéit@ prapad fs speptyypp of the
1&nd frequesney DESS sigadl t4 @bRinss 8brrdliRnoalpa&! 8F code matched

19 filters each having additional data shift registers for holding the interleaved
20 sideband data and each operating at a rate equal to the product of the number
21 of selected sidebands and the predetermined sampling rate; means for

22 calculating cross-correlation values utilizing discrete-time Fourier analysis of
23 the cross-correlation outputs;

24

25 an integrator for non-coherently integrating the cross-correlation

26 values representing corresponding time and frequency offsets of time

27 segments of the received signal and reference PN code sequence to obtain

28 correlation metrics; and

29

30 a detector for detecting whether a sum of the magnitudes of the

31 correlation metrics exceeds a detection threshold.
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9 sideband to obtain cross-correl ation val ues; and 10
11 a detector for detecting whether the nagnitude of
W0 b@408w86- correl ation 12 val ues exceeds a dePEDUSN3/031897
threshold. 13 14 12. The SPA of claim 11, further
conprising: 15 nmeans for down-sanpling the sel ected
si deband at a predetermned 16 sanpling rate to
dbtain the versions of the selected sideband. 17 18
3. si gnal processing.archi ture (SPA) fort :
cadfr e ETGER fihBri(SP A Fagbiineliminied DSS signl
gonpri ﬁi htgring%Ie;{ESﬁzﬂﬁsliddbgncﬁ,aﬂoﬁ@ﬁkiﬂg mul tipl e si Iolebands
fromthe received multiband. 21 _input 22 signal; 23
%4 neans for %?%%E@éﬂ?%gaﬁdﬁlgaHQOF@ﬁrqceae%PgﬁS FRAFode
sequence used to 25 spread the spectrum of the
received signal wiith tinme and frequency shifted 26
Qersions of a8raAs Lerwes-earelatigg pinsally epngmgtedspmpled replica of a
@r 0SS- COpgkfdAlah@in ¥RLLEN) cidb set%l%né%‘hsécf‘fo‘%?fe@& e shQfrum of the
non-coherently conbi ning the cross-correlation val ues
89 to obiearivrdddyTSetignal wih Hime ppdEequeny sBifted gergions of the selected
004/ 034 / ) ector for
get ecti ng&%lgﬁgﬁ?ﬂg%ﬁ%g%%g%oﬁe@%?’qtﬁge correlation 2
ldetrics exceed a detection threshold. 3 4 14. The SPA
f claim13, f I Si.ng: f .
1govvn- sanpl i ng &égetgﬁ§£°§fa§t'§%§§@@%gfbt§ﬁ gﬁg:? ﬁléie 8f the cross-comelation
1®r edet erviluve éxcebdssatepictimythreaiicdd.t o obt ai n t he versi ons
lif each sel ected sideband. 7 8 15. The SPA of claim
3, further conprising: 9 one or nore internedi ate
l4uai?.i z€eTle SR of decmpé nflethérl cymptismg: i zi ng t he

15 means for down-sampling the selected sideband at a predetermined
16 sampling rate to obtain the Verlsions of the selected sideband.

17

18 13. A signal processing architecture (SPA) for acquiring a received multiband
19 input signal comprising: |

20 means for selecting multiple sidebands from the received multiband
21 mput

22 signal;

23

24 means for cross-correlating a replica of a PN code sequence used to
25 spread the spectrum of the received signal with time and frequency shifted
26 versions of each selected sideband to obtain cross-correlation values;

27

28 an integrator for non-coherently combining the cross-correlation values
29 to obtain correlation metrics; and

30
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10 versions of each selected sideband; and 11 12
circuitry for controlling a | oading factor of the
W@ aanswing nmeans. 13 14 16. The SPA of cl ai nedBPS2003/031897

wherein the | oading factor control circuitry is an
AGC. 15 like circuit. 16 17 17. A signal processing
architecture (SPA) for acquiring a received signal,

18 conpri si nga det@tardanristetting veleether thegnadghitudes ofthy edlrelation

| gnal t%e%%@;l(%ecfa étéc%gnél?eggcl)lgd si gnal ; 20 21 means

or cross-correlating, Tna parallel fashion, the

Birst sanpled 22 signal 23 with tinme and frequency

hi fted versjpns of econd sanpl ed signal to obtain

%4 é%‘ossﬁ%ﬁ‘gPg?l?l%ﬁ\’/g‘\“g‘gs‘fom?g&g%6 Dopp! er

sonpensat or caeqak & doRniiLplb@edr BREMRE kidtiang al BB idrRined
ross-correlatjon_values in

re- 27 processin he
rder t og’é‘&ilﬁg %%%é’%faéﬂ tﬁ??‘ﬁf’%saqfie@‘ﬁn%ﬁﬁte%ﬂfl@f@t@-
resulting fromtinme-conpandi ng of the received signal;
%9 g an int}g{grat or for non-coherently integrating the
onpensal Bt ekdeimglp, fgherarmpriging:val ues representi ng
gorrespondi Ngykio e -
2004/ 034604 PCT/ 5%3%8%6%%6%%97 ifats 1§y Bhdenf qkizing the
1@ egment svessionsind eaqhysslectedsigsbari; ehdynal and second
1panpl ed signal 2 to obtain correlation netrics; and 3
4 a detector for detecting whether the sum of the
Iragni t udes ofcirckiy f@ contrallangzt loatdingriatior cheqwetzisg means.
1gletection threshold. 6 7 18. The SPA of clains 11 or
13, wherein the cross-correlating neans further 8
1¢€onpb.i seBhe 3P Anofdaii 16f whaele thedoalivedadtod doatrs] cirouitry is an AGC.

(gonputi rhg{esctlnr%ig_-ti me correl ations

16

17 17. A signal processing architecture (SPA) for acquiring a received signal,

18 comprising:

19 means for sampling the received signal to obtain a first sampled signal;
20

21 means for cross-correlating, in a parallel fashion, the first sampled

22 signal

23 with time and frequency shifted versions of a second sampled signal to obtain
24 cross-correlation values;

25

26 Doppler compensator coupled to the cross-correlating means for pre-
27 processing the cross-correlation values in order to compensate for

28 misalignment effects resulting from time-companding of the received signal;
29

30 an integrator for non-coherently integrating the compensated cross-

31 correlation values representing corresponding time and frequency offsets of
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10 (STCs) entirely in parallel; and 11 12 means for
calculating the cross-correlation values utilizing
waele@asndtee+ 13 tine 14 Fourier analysis of the BIZES2003631897

16 19. The SPA of claim 18, wherein the
cross-correl ating neans further conprises: 17 one or
nore i nternedi ate quantizers di sposed between the bank
6f 18 coddfeidt timt edgenint iof the ifigst aamplédedgnal and second sampled signal
%ross-co(;qhqtign alcu#apiog means for reduci ng word-

0 si zes OF'tHE DRIP40 Fourier analysis. 21 22
20. The SPA of clains 12 or 14, wherein the

ross-correlatin ans further 3 conprises: 24 an
%nt erl eaver fao‘lliet‘%mrng‘?rl%é@%w eﬂ‘-ebﬁ‘ﬁﬁémc)ﬁheé‘?ﬂﬁmmdes of the
guadr at us@ref4@bn ndhrics exREMeefecin Bekhod® Of the sanpl ed
gidebands; and 27 28 a bank of code matched filters

or conputing short-tine correlation 29 (STCs) for
the 18Nt erheawedr ghifePaBA1 £ UIBRAEAL SrobsboReREREMLAR Further
fashion, each 30 code matched filter having a
Eluralvtynﬁﬁmﬁﬁta shift registers per tap for hol ding

1 the interl j ' .

5 o rate cqual Eer FHERAENG ERDRT BB hRPARE b Ahons
1BCT/ US2003/ 03880 entirepripderetlelpdndt wi ce t he nunber of
1panpl ed si debands and the predeterm ned 2 sanpling
rate. 3 4 21. The SPA of clains 11 or 13, wherein the
12r oss- cor r el anh¢angfareziaidatingthcheoss-chrrelatigr iabes ntilfrinpdistsete-
1%or resanpling each selected sideband at a rate equa

oan 7 integer nmultiple of the nomnal chip rate; 8
19 one orFemicearabyds offtib SHEsl filters having a plurality
19f multipliers

16 19.  The SPA of claim 18, wherein the cross-correlating means further comprises:

17 one or more intermediate quantizers disposed between the bank of

18 code

19 matched filters and the cross-correlation calculation means for reducing word-
20 sizes of the STCs prior to Fourier analysis.

21

22 20. The SPA of claims 12 or 14, wherein the cross-correlating means further

23 comprises:

24 an interleaver for interleaving in-phase (I) and quadrature (Q)

25 components of all

26 of the sampled sidebands; and

27

28 a bank of code matched filters for computing short-time correlation

29 (STC:s) for the interleaved sideband components in a pipelined fashion, each
30 code matched filter having a plurality of data shift registers per tap for holding
31 the interleaved sideband components and operating at a rate equal to the
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10, whose required nunber is divided by the integer
multiple; and 11 12 wherein each code natched
WO pdoies4684 associ at ed sunmi ng network has a 13PeIED/20035/€31897

means for storing partial sunms and addi ng partial suns
from 14 previous clock cycles in conputing the
cross-correlation values. 15 16 22. The SPA of clains

11 or 13proflugt pfievicedbemumilsi nfjsampkdBulohdngds arcdhppredattrorined
goupl ed Lo, Iiﬂgmqg oss-correlating neans for pre- 18
processi ng cross-correlation values in order to
éonpensate for 19 misali gnment effects resulting from

co received SS 20 nal 1
Y, "SA O TRAN AT P 1F o 55 Wi B Horre el pans Rt
Gonpensatamiprises: t her conpri ses: 23 one or nore integer
elay line filters for oars er. frequency 24
ge p e% dent co %@ﬁ%gﬁr Feg?]mp g eangD%ﬁgd sidebapd &t § ratgeapd) iy pm
del ay |iineghihilepis of Be nbivel Bappicer frequency 27
gependent conpensation; 28 29 a table of filter
oefficients for use by the fractional delay |line

filters 30 igpebi lﬁﬁﬂe)éodeelﬁ%ﬂddriﬁte%%‘lg lurallty of multl liers
f requency- dependent del ays; and V\B B

1T/ Us200h9s0 sepB s nupb@ktﬂ@m%dw tkmmegwmtdmle %@t t i ngs
1for applying the appropriate integer and 2 fractional

del ays to each cross-correlation value. 3 4 24. The
1ZpA of cl ai mémffellgeamllCodj?snﬂmhedﬁltemscmamdtshmmmg network has a
1000~ CONeLeRlarl REAQ 3 Rin ?alfuyfswb o QIR AR sunils'@ans

for controlling rel atives ween the o o
l€ode 7 meqewssdek 8ydesdn coreputing @apem:bssogdaion vaﬁles

15
16 22.  The SPA of claims 11 or 13, further comprising:

_.C

17 Doppler compensator coupled to the cross-correlating means for pre-
18 processing the cross-correlation values in order to compensate for

19 misalignment effects resulting from time-companding of the received DSSS
20 signal.

21

22 23.  The SPA of claim 22, wherein the Doppler compensator further comprises:
23 one or more integer delay line filters for coarse Doppler frequency
24 dependent compensation;

25

26 one or more fractional delay line filters for fine Doppler frequency
27 dependent compensation;

28

29 a table of filter coefficients for use by the fractional delay line filters
30 in finely resolving Doppler frequency-dependent delays; and

31
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10 neans for realigning the replica code sequence at
the start of a new 11 tinme uncertainty; 12 13 neans
wo enodiosteegr ati ng mul tiple correl ation bl ocks; BeUSH43/031897
15 wherein code sequence segnents overlapping in tine
bet ween groups 16 of cross-correlation val ues
conpensate for invalid sanples resulting from17
Doppl er conpeasatillyrconipadkmblepettikgsdot applyimgthe aypeorriatesnteger and

rLesulting fro eak .18 bein etected at the end of
20 o "Eab RN e B et B RS GHCS O o016

dvail abl e for processing as a result of code Doppl er

ffegts. .20 1.25. Th PA of _claim 24, wherein.the
Fon 22oneBREPA T gt oL L Rd7 wiigh s aot-s3hs il ieiiacor
fsor: 23 khoaei sgnpaiset: swappi ng of code matched filter
regi sters containi_ng 24 consecutive non-conti guous
Sode sequence™EHy ﬁ%ﬁpgﬁqlhngsrabsmmwﬁEe@ég}ﬁhsg@%%ode

gw t chi ng betwggscdr ocessing mul tiple blocks of a tile
and for controlling the 26 realignnment of the
Becei ved 2] fpreceived sigelsymbol boundary along with the
lpocal 27 reference code when switching tine
uncertainties; 28 29 controlling initiation of a new
181 ock for a gnceas farirepdigaing Setrerdiga porly sevencez thycfart of a new
arocess; y31,40. 004/ 034604 PCT/ US2003/ 031897 1
controlling a sigrial that distinguishes invalid data
I2rom the code 2 Doppl er processing and the valid data

t the end of . . . .rolling
! i scardi ng th%lgglﬂlglfjds}@ e%gtg%gﬁlﬁg?@t@ eeI%lr? bgo? E{’ ﬁg& NCl 5
lgrocessing for a given tinme uncertainty and

oordinating the .start of the NCL 6 .processin or
Bhe next ti me IRERAS SRIYFnCe RO Ve AP IR g €F‘%ﬁeﬁ§r°“ps
15, 9-11, ofl@ow+cottdlatihaiues corifeasafPRr invalidqalhpiee ndsalling from

1% singl eDé%lg'compensation, post peak-detection idle time resulting from a peak

18 being detected at the end of a tile, and a change in the number of samples

19 available for processing as a result of code Doppler effects.

20

21 25.  The SPA of claim 24, wherein the non-coherent integrator further comprises
22 means for:

23 loading and swapping of code matched filter registers containing

24 consecutive non-contiguous code sequence segments to support the seamless
25 switching between processing multiple blocks of a tile and for controlling the
26 realignment of the received signal to the symbol boundary along with the local
27 reference code when switching time uncertainties;

28

29 controlling initiation of a new block for a given time offset during the
30 NCI process;

31
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integration results. 16 17 29. The SPA of clains 1,

9-11, 13 or 17, wherein the DSSS signal to be acquired
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17 29. The SPA of claims 1, 9-11, 13 or 17, wherein the DSSS signal to be acquired

18 is a binary offset carrier modulated signal.

19

20  30. The SPA of claims 1, 9-11, 13 or 17, wherein the DSSS signal to be acquired
21 is a GPS M-code signal.

22

23 31. A cross-correlation means for cross-correlating, a sampled reference signal
24 with time and frequency shifted samples of a received signal that was sampled
25 at a predetermined sampling rate, comprising:

26 an interleaver for interleaving in-phase (I) and quadrature (Q)

27 components of the sampled received signal,

28

29 a bank of code matched filters for computing short-time correlations
30 (STC:s) for the interleaved components in a pipelined fashion, the code

31 matched filters operating at twice the predetermined sampling rate and each
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integer 31 multiple of the nomnal chip

19004/ 034Btr4 cPOIisEL2003/ 031897 1 2 a bank of code
1at ched filtepsf dg@g@y ' riohd correl ations
- 3 (STCs) in a pgr g{rl agseke{agnrg%@r{;ﬁ%é]bg%%naer%fn@aﬂﬁﬂe

IZecei ved si grmatltiplad sanpl ed 4 reference signal, each

1§0de matg ilter having a plurality of nultipliers

5 whose §%%%¥%éd nunber is divided by the integer

ldultiple; and 6 7 wherein each code matched filter's
ssoci ated sumi.ng networ k -has 8 hardware, for

12t oring partia Imtglgea ergﬂfd“%é&mvﬂ’&adﬁ%r fqaponenfhef tL‘? 9y or more re-

1pr evi oussanipledlsideBandyicl es t o conpute cross-correl ation

1yalues.

18 a bank of code matched filters for computing short-time correlations
19 (STCs) for the interleaved sideband data in a pipelined fashion, each code
20 matched filter having additional data shift registers for holding the interleaved
21 sideband data and operating at a rate equal to the product of the number of
22 selected sidebands and the predetermined sampling rate; and

23

24 means for calculating cross-correlation values utilizing discrete-time
25 Fourier analysis of the STC outputs.

26

27 33. A cross-correlation means for cross-correlating a sampled PN code reference
28 signal with time and frequency shifted samples of a received signal,

29 comprising:

30 means for resampling the received signal at a rate equal to an integer
31 multiple of the nominal chip rate;
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1
2 a bank of code matched filters for computing short-time correlations
3 (STCs) in a parallel fashion of the re-sampled received signal and sampled
4 reference signal, each code matched filter having a plurality of multipliers
5 whose required number is divided by the integer multiple; and
6
7 wherein each code matched filter’s associated summing network has a
8 hardware for storing partial sums and adding partial sums from previous clock
9 cycles to compute cross-correlation values.

10

11
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