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OF THE INVENTION 5 I. Field of the Invention The present invention rel ates
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access3Vconmmuni cati on systemis disclosed in U S. Patent No. 4,901, 307,

entitled GRREAR RUM RGMUMALCATI ON SYSTEM USI NG SATELLI TE OR
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20 techniques to conduct multiple communications simultaneously over the same
RF bandwidth. When combined with comprehensive power control,
conducting multiple communications over the same bandwidth increases the
total number of calls and other communications that can be conducted in a
wireless communication system by, among other things, increasing the
25  frequency reuse in comparison to other wireless telecommunication
technologies. The use of CDMA techniques in a multiple access communication
system is disclosed in U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS", and U.S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD
30  FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM", both of which are assigned to the assignee of the
present invention and incorporated by reference herein.
FIG. 1 provides a highly simplified illustration of a cellular telephone
system configured in accordance with the use of the IS-95 standard. During
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operation, a set of subscriber units 10a - d conduct wireless communication by
establishing one or more RF interfaces with one or more base stations 12a - d
using CDMA modulated RF signals. Each RF interface between a base station

12 and a subscriber unit 10 is comprised of a forward link signal transmitted



subscriber unit. Using these RF interfaces, a comrunication w th another
user is generally conducted by way of nobile tel ephone swtching office
(MrFSO) l1woemdipublic switch tel ephone network (PSTN) 16. pdhesbodalys bet ween
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connections, although the use of additional RF or mcrowave links is also
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y Bhft uses the exact same PN sequences. A base station distinguishes itself from
other base stations by inserting a unique offset in the generation of its PN
25 sequences. In IS-95 systems, all base stations are offset by an integer multiple of
64 chips. A subscriber unit communicates with a base station by assigning at
least one finger to that base station. An assigned finger must insert the
appropriate offset into its PN sequence in order to communicate with that base
station. It is also possible to differentiate base stations by using unique PN
30 sequences for each rather than offsets of the same PN sequence. In this case,
fingers would adjust their PN generators to produce the appropriate PN
sequence for the base station to which it is assigned.
Subscriber units locate base stations by utilizing searchers. FIG. 2 depicts
a common type of serial correlator used for searching in a subscriber unit. This
35  searcher is described in U.S. Patent No. 5,644,591, entitled "METHOD AND
APPARATUS FOR PERFORMING SEARCH ACQUISITION IN A CDMA
COMMUNICATIONS SYSTEM", issued July 1, 1997, assigned to the assignee of

the present invention and incorporated herein by reference.
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2 WD 00/59123 PCT/ USQQ 40075 In FIG 2, antenna 20 receives a signal
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be performed on a candidate offset, and any number of non-coherent
accumulations, M, may be performed. Any number of hypotheses to search, L,
25 can be searched. The overall search time for a window of L hypotheses is then
given by L*C*M. The drawback of this architecture is that each candidate is
calculated in a serial manner. To reduce search time for given M and N
requires that duplicative hardware be added.
FIG. 3 shows an alternative searcher architecture, commonly called a
30 matched filter searcher. For a discussion of this method, see Simon, Omura,
Scholtz & Levitt, SPREAD SPECTRUM COMMUNICATIONS HANDBOOXK,
pp. 815-822, McGraw-Hill, Inc., New York (1994).
An incoming signal is received at antenna 30 and passed to receiver 31
for downconversion and amplification. Iand Q channels are then delivered to
35 delay chains 36 and 38, respectively. Each delay chain contains N delay
elements labeled DI1-DIN and DQ1-DOQN. The output of each delay element is
multiplied by a PN value loaded into tap value chains 35 and 37. The tap
values are created with I and Q PN generators and loaded or hard coded into



el ements | abel ed DI 1-DIN and DQL- DON. The out put of each delay elenent is
multiplied by a PN val ue | oaded into tap value chains 35 and 37. The tap
val ues amo avsoesied with | and Q PN generators and | oaded per/bgdodoe@ded i nto
3 WD 00/59123 PCT/ USOQ 40075 multiplication elenents | abeled PN 1- PNI N and
PNQL- PNON. Note that in the sinple case, the tap val ues incI ude only 1 and
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is the enttorttanPNal&Dal@ea aHe it AYRASE N i@ t§ Pican#AlLL QR HIE tjhgﬁltﬂgel’lga(:k of
f1exibil 'gpyace so the search time is essentially related directly to L. Compare this with
the time for the serial correlator searcher described above: L*C*M = L*C.
25 The maximum value for N is given by the coherence time. The matched
filter portion of the searcher is essentially performing coherent accumulation of
despread input signals. This is the same constraint for maximum C in the prior
architecture. To increase the number of non-coherent accumulations requires
adding memory storage to hold an intermediate calculation for every
30  hypothesis to search, or L additional memory elements. The search time then
for M>1 is given by M*PN, where PN is the entire PN space.
The drawbacks to this architecture include lack of flexibility. It is
optimal in hardware and time only for the limited circumstances set forth
above. The hardware will be underutilized whenever desired C is less than the
35 number of taps, N, or when the window to be searched, L, is less than the entire
PN space and M is greater than one. In the first instance, the delay elements
and PN taps exist in hardware whether or not they are used. In the second

instance, the entire PN sequence must cycle through before a second non-
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searcher will continue to operate at 25% hardware efficiency, and it will take
M*PN or 150,000 cycles to search (and additional memory is required to store
25 the L partial accumulations). The serial correlator will continue to operate at
100% hardware efficiency and will complete the task in L*C*M or 125,000.
Clearly, as M is increased from 5, the performance gains of the serial correlator
will only increase.
There are clear benefits in reducing search times ranging from initial
30 acquisition to base-station handoff to multipath demodulation. There is a need

in the art for a searcher which combines fast searching with flexibility and
hardware efficiency.
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pil ot 20 shhgnal idradn t il ' r structdre conprises an
P CPPROL TS RR op ey AR ERE sodr b el & feF

N-val ue shift regthster fqr recei vi ng of taps to
per f orm despr edbi § SREPIBR eBRRLiMENs Hhgelcan@ i hannelddate amdéespaeadict ur e

to sum t heitrlizéng aimagched fidter straprugal TubahigBSe aRARURESARE bl ElHeS pgucture
can opgi Omﬁélﬂegﬁregﬁ | ol 5 saﬁ%rl ng manner, to search multiple

wi ndows as dictate Q%a ‘nuf’?ieglee or CORTTERT  SGPHPHELORRar fousURY r imsa of t ap
val ues foPrassypreatieduiationtofdpne.ofihe awiplitndedecomeldtivgsiarelstdgd &nhd he tap
val ues). kanaded ttbopy opt i tator— can _be added to apply

mul ti pl exed lggazag %g%oucg{sbet%%p@r@?@%ﬂ reéélglﬁgigt/: E%%reé‘ﬁ?%.mﬁﬁé%még) 't t he
mat ched f AFTEPUEEedctUr 8 SPesilsk Rrogmampaaklpetime do3Pectairoul myi-ovhdrent a

par t i cul arcofrhakitiopwi THe @ptitpipadalalis hsde ePuelRGARR PRIHYM of apgﬁéf .

e Shi

rot atp®n) Sl‘%ngaﬁgtﬂ-hgfloﬂ‘?eet.s N calcul ations based on the data In the
regi ster. skin eatures may be used to allow a cal culation using | ess

than N Each matched filter structure comprises an N-value shift register for
receiving data, a programmable bank of taps to perform despreading and
optional Walsh decovering, and an adder structure to sum the resulting filter
tap calculations. The matched filter structure can optionally be used in a time-
25  sharing manner to search multiple windows as dictated by a multiplexor which
supplies various streams of tap values for despreading (with optional Walsh
decovering included in the tap values). In addition, an optional phase rotator
can be added to apply multiplexed phase values to perform frequency
searching. Every cycle the matched filter structure produces an intermediate
30 calculation for a particular offset (with optional Walsh decovering and optional
phase rotation) which includes N calculations based on the data in the shift
register. Masking features may be used to allow a calculation using less than N
values to be performed). The identification of certain features as optional does
not imply that other features are required. Different aspects of the invention

35 may be incorporated or omitted in different embodiments.



values to be perforned). The identification of certain features as optional

does not inply that other features are required. Different aspects of the

i nventi owo @%9msy be incorporated or omitted in differentperosshfsnrts: 6 WO
00/ 59123 PCT/ USQQ 40075 BRI EF DESCRI PTI ON OF THE DRAW NGS The feat ures,

obj ects, and advantages of the present invention will becone nore apparent

fromthe detail ed deseh) by en 5 taken in conjunction
with the drawings in %W ﬁﬁ@ﬁ%ﬁ@ﬁh&bﬁﬁﬁﬁ@&Ameﬁ/
correspondi ngly throughout and wherein: FIG 1 is a block diagram of
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detail ed bl &85y £oriespendmeby fseughout endaemeini th 15 the present
i nventi on; DETAI FEB. DESCRIORT Idah; @ EP@I%F%@%EB%%%NENTS 20 A bl ock

enbo

di agram confi gur %gci?isac%lor@ggﬁce Wi tP t he one " ¢ irment of the invention
as shown in FIG "4 T °Zhg 96 §at& 2aHer @ PR @&k sepial canrglabo) seamclears shi f t
registers 400 an8IG@02is alelopkcidgratyof I peiosiazematcheReiliBtehgge fil ter
conponerd of thigrdn [ i 5 given by. N the number of penory 25

| ocations in mi)hﬁ,shiz%/?g] ?é’g?%l{ g%%ré{%&%ﬁ/ff%uréér}f‘i%ﬁ%lfqew?d%bdhareeremplmed
through t hBMORAIMeRie thisingegtion; constant rate. In the exenpl ary

embodi nent, dat aFiG. 5 dgadeth QPSthésﬁﬁr d:he chip rate. This allows for
searching on eveg&%&%.and f-chip bolndary. The data in shift
registers 400 an 1615¢ slepreades anidt h” N-bit 30 portions of the |

and Q PN sequencBS.(Her eimarfct detaPbH 1aoek BNQraMhiGiF: 1Rd ihoé&ﬁgdéﬁéeowith
al, conplex

despreader thtQredhidf a QPSK spread pilot si

dospr eadi ng e TSarHARREISH % L P oA e TPNG) = (D, PN+ DOPNQ) +
Jj(DQPNI - DIPNQ. FIG 5 depicts one stage of the N-stage QPSK despreader.
One of the N values of DI is nultiplied by the corresponding tap val ue PN,

604 s oy o ETATLED BESCRIPIION O THE PREFERRED " ©
EMBODIMENTS
20

A block diagram configured in accordance with the one
embodiment of the invention as shown in FIG. 4. I'and Q) data (Hereinafter D
and D,) enters shift registers 400 and 402, respectively. The size of the matchedI
filter component of this invention is given by N, the number of memory
25 locations in the shift registers. Data is continually loaded and shifted through
the shift registers at a constant rate. In the exemplary embodiment, data is
loaded in at twice the chip rate. This allows for searching on every chip and

half-chip boundary.
The data in shift registers 400 and 402 are then correlated with N-bit
30  portions of the I and Q PN sequences (Hereinafter PN, and PN,) which are
loaded into despreader 410. To despread a QPSK spread pilot signal, complex
despreading is performed: (D, +jDy)e( PN, + jPN,) = (DPN, + D.PN,) +j(D PN,
- DPN,). FIG. 5 depicts one stage of the N-stage QPSK despreader. One of the
N values of D, is multiplied by the corresponding tap value PN, in multiplier
35 600 and by the corresponding tap value PN, in multiplier 604. Similarly, D, is
multiplied by tap values PN, and PN, in multipliers 604 and 606, respectivjly.
The output of multipliers 600 and 606 are summed in adder 608. The output of
multiplier 604 is subtracted from the output of multiplier 602 in adder 610. The
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multiplied by tap values PN1 and PNQ in nultipliers 604 and 606,
respectively. The output of multipliers 600 and 606 are summed i n adder

608. Thewamegmet23of nultiplier 604 is subtracted from thepoviugsis00ds -
multiplier 602 in adder 610. The 7 WD 00/59123 PCT/ USOQ 40075 out put of
adder 608 is the despread | value. The output of adder 610 is the despread

Q val ue. Si h t age there will be N such conplex results.
The present Biarglf\)/&etn(‘tﬁlr %%&%15336% z%?lgesgﬁmreﬁgﬁ BHER dﬁé‘i)Pé‘H%H‘tn@f. afldet pi@ icdee 5
there i s onPgspread gl ealpN sSiqaertberd aredf reloat e thdrt hwilMbeCK m&vgﬁ&%}{;@e
tap val uesrdsisboth the | and Q in despreader 410. The circuit shown in
FIG 5 can be u ﬁd as is with the single PN sequence being delivered to
both PN1 and PNQ.% € Fresend 18Hemon ffealsd mseflifod BRS§pdesstendiny. chh g9 Rg used

L S gt it e 0. 5, WSO RN

sequence in | tipliers 612 and 614 respecti _
in adder 61‘6‘;‘1?‘8énfl r%‘g%‘c@‘etslrfje“ E5pr despreadey 410, Thecisewipshowh imBId. pldagr 612
i s subtracteelusecas ismyithi theisiiiglé PN béqaddebe dél@vé}éﬁ%%tlﬂ%%‘%ﬁpﬁﬁad Q
val ue. Agaipct hgr &, R4 é}le 5%9318’ g there will be N conplex results. <
Al t hough FI& 5 ané)%ﬁe 655 oweﬁ'}uaﬁ’%ﬁe?g?’é whichsean Qenyised i i aanlgnBPaKe 15
known in theespreadippers dreirecpDy ainded amee hindtipliedddyt MY 1Y sddtichBE in
exenpl aly euDOsidEHI2 £RNE1H L alues'1 ang .- 1, End f he
proper data format, is Choﬁ%ﬁ?#s@?cﬁ%ﬁélghgﬁﬁg&%@ a&%éblm-}aa&da b 6darfope
acconpl i shedf Ot CF ithe Hﬁsmﬂagi I vadiee g dheoutpat pfimulpipéieo 63?2 (letimi-h@ed diom
shown) . Refrenttiplgeraddiin aldeF618 ttprddigeMhd g d d.Q values
20 producedyin.d Bl g%h b4]1Q ar eplrsurrmg regg%%t%ﬁv%v%n%h ‘gg%'}gtﬁ reﬂ%ﬁﬁnd
422. Each tléke’ﬁe gata iy SHOMPIFEETetEr s 400 and 402 change, new suns
are cal cul at ed Altheughls. 420daii. 42hovEahitipliers s abe, NighiifiSQHS St
accunuliat i dhoWn an i+C { rocess is,repeated for a
progr amabl e ncriimbgel?%}t gy,c %gfl%\n&% h%ﬁﬁggﬁ%n%ﬁnﬁﬁy’t%ethﬁiﬁr%&? gé%eﬁermplary
despr eader ARPIESIt xONsisking @nlyiof the wakes fparat yl, entlotieeopet Hetanakshed
filter sizesciysengof SUPpesedespreadi ' QEQJ{\I? ' . 2of .and a
coherent a tsia g;,’a%. . 256 p\aals lglgssﬁr}gd. %hﬁ%b%%%eg,&ttﬁﬁzénggﬁl%al ues
appropriate fo ﬁe%be%ﬁ%wolﬁéoﬁgf(dﬁ?éswtﬁ 8WMir e | oaded into despreader 410
and data is cycReferringoaghirt he Khi 41 the @i Gdspread TOIHEI AEau Sy AiT,em
is.|lpaded into coherent

sumer 30 429 a6l &8£S Fro aarg.sﬁ%ﬁea%ﬁé%etecuggkyu%ﬂgpg}%rs 428 3rAcdat e

accunul at o:gs 430 a_ng}é 2, respectively. ;

miltiple a ath e dgta 4n ghifigregisiene . 400nanf e4@X ephge y newbedin¥ente t hey

are RAM basa&ldulabrit i ing s@@thers 420 and 422. Fach sum is an N-chip coherent
accumulation of a particular offset. The process is repeated for a programmable
number of cycles without changing the tap values in despreader 410. For

25 example, in the exemplary embodiment the matched filter size, N, is 64.
Suppose a search window size, L, of 64 and a coherent accumulation, C, of 256
was desired. In this case, the tap values appropriate for the beginning of the
window are loaded into despreader 410 and data is cycled through the shift
register, producing results from summers 420 and 422 each cycle.

30 Each result is loaded into coherent accumulators 430 and 432,
respectively. These accumulators accommodate multiple accumulations at a
single time. In the exemplary embodiment, they are RAM based. During each
cycle, the appropriate partial accumulation is retrieved, added to the output of
either summer 420 or 422, and the resultant partial accumulation is stored again

35 in the RAM. In our example, when 64 cycles have passed, the first 64 I and Q
sums have been loaded into accumulators 430 and 432. Fach of these sums
corresponds to a C of 64, since that is the width of the matched filter.



cycle, the appropriate partial accunulation is retrieved, added to the

out put of either sumer 420 or 422, and the resultant partial accumul ation
is stored?oagadn2335 in the RAM I n our exanple, when 64 cymid®ssdavespassed,
the first 64 1 and Q suns have been | oaded into accunul ators 430 and 432.
Each of these suns corresponds to a C of 64, since that is the width. of
the matched fi I[t) 8th WD .00/ 59123 PCT USOO’40075 During this tine, a new
set of tap val uss P& felBFeddiV 4¢00hRR: VAR fonidespisrdar 41 dawe dreen
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that is anlnteger rrutl oW STz rently
sear ched U&tdhepssumanl 369r5t}l*?é’erﬁﬁ¢ﬁé1u@fedpmr|@l chdp cuadugsafior dhe deSirediich can

by the. ﬁﬂgﬁ?mcq‘“ﬁmﬁﬁf%ﬁ???f‘%‘ﬁ e e ST S e
if any. Thosé 's kq h@g 1§ A0y fraeget muy nfeeé’é ﬁ g@ @’ﬁ“‘é‘i"t"cﬂ?@ sth\fi\hlcéh be
accommpdarencurdersiy edaChedliseleterfhieti dagdithe r@j‘mﬁ’&‘ bApa¥# LS uhfulRgHAST Med
as fohto S dlffer ntI dependi ng on
whet her mhlg}gﬁgﬁgsgtﬁg]f'&ﬂypo ese%\ﬁtéljss to%bcg%t%g i& d),ppgr “ée?n(g

begi nni ngAeiRMiRRA Bx dhp nanybesretb batisméprecision @hplmdmmahagee@eﬂqﬁed ed via

linear feedbficld ahift THgE Ssn@nec( LiESHe basednP acﬁf‘;ﬂ‘%{e%gg{ SarcEﬂE &z'hnéhng of
tap gener Ecloon |O %est e %{a' d vmth an exanple
embodi ment's "W cff'lgﬁsurr falie) N val ues wide so an N b|t tap 25 sequence

rrﬁst bet gi;gr atlda. loEdmgofrﬂthta]ta Wiuﬁ@ %ﬁbffoaﬁt‘éd% fbh@%s?@%@PRﬁ@é@ﬁﬁgceg% the
chi e ’ e en ors nus is
i's an?ont r arsbt% eh%ra?]tgﬁéﬁg 137 &eéor%gﬂiﬁl%ﬂt ﬁﬁﬁ\ﬁﬁ ﬁ‘f‘n SYRE 5<% g}" E}SH%{ gesat
twice thi teegestadeor %DGWV@@’C @dt%lnlamgl ds theexemplatya¢rabodirhénte dehPRN
state. Sumﬁ’ﬂceé had gé@leﬂt&l‘ g 1?1&%&' ni‘ékéﬁ;?dg‘l][%? rtgglls{é?sgl@iﬂ) %sgadﬁw size

of 128. Assune QU ener at or gener at ed first 64 |
and Q t ap>V5'd ’g)gs e tlmln of tap generat1on is best explained with an example. In

the exemplary embodiment, the matched filter is N values wide so an N bit tap
25 sequence must be generated. For simplicity we will assume that data changes
at the chip rate which is the same rate the PN generators must be updated. This
is in contrast to the exemplary embodiment in which data is updated at twice
the chip rate, so two data samples are correlated with each PN state. Suppose
that we wish to accumulate C=192 values for a window size of 128. Assume
30  our PN generator has generated the appropriate first 64 I and Q tap values
which are loaded into despreader 410. 64 sets of data will cycle through shift
registers 400 and 402. For each set a 64 value coherent I sum is calculated and
stored in non-coherent accumulator 430 and a 64 value coherent Q sum is
calculated and stored in accumulator 432. Each coherent sum corresponds to
35  one of the first 64 sequential offset hypotheses being searched. Since a C of 192
is desired, the above 64 cycles must be repeated 3 times to reach 192. But
appropriate steps must be taken to properly align the PN taps in despreader
410 to the incoming data. We desire that the same offsets be tested again to
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whi ch are | oaded into despreader 410. 64 sets of data will cycle through
shift registers 400 and 402. For each set a 64 value coherent | sumis
cal cul at web mrsdi2ast ored i n non-coherent accunul at or 430 angtRUSH/@sue:
coherent Q sumis calculated and stored in accurul ator 432. Each coherent
sum corresponds to 35 one of the first 64 sequential offset hypotheses

bei ng sear Mple 0] 92, is desired, t above 64 cycl es nust be
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desire thagest into 9 00/.59123
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despr eader t first .64 | cul atj ons are perfor 43T %t HE
second ha eéﬂj g%a%ex\gﬁ@}'nggﬂfn éﬁ%é’\;\?tséfcgllm ofg1aye Pepfpgmaskiqrotgetecpnd
despr eaderhadf@f the idoot,laentw ser ef Biataloes et baitsdekl sl d&prédii 48 to
descriibed abeye e il 192 chi rt f data have
been accunul at e?{i\ﬁi aﬁét‘ eﬁ?:eo ée@%n@%é%ﬁkﬁ{ ar i%ﬁ%rq%&?taﬁgv?‘ aﬂ%e Brahss are
conpl et e 4§P3igamt ég%F]i“lPéd“,’Oltthé’f datuhaembearadagesnidriedsquar ed and sumred
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3 |

mit 1 -ace i St Bedapior S bt SR vR Siustedrncosweensri Hor 043D 2and
432. For wshewpr syerergpctahuribior 440f Tienreoitefor dachGFERHEAII@88, ind nhe
i e A R S R
b o e
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the energy is stored in non-coherent accumulator 450, the partial accumulations

25 in coherent accumulators 430 and 432 are reset for another C calculations.

Those skilled in the art will employ myriad solutions to process the
results stored in non-coherent accumulator 450. In the exemplary embodiment,
the results of non-coherent accumulator 450 are delivered to DSP 460 where the
values are examined to determine which offset in the search window, if any,

30 likely corresponds to the location of a pilot signal. DSP 460, which can be any
DSP or microprocessor capable of performing the desired operations, can
control all of the matched filter searching procedures. It may be dedicated to
the searcher, or the search functions may make up just a fraction of the various
tasks that DSP 400 performs in the operation of the subscriber unit. The entire

35  process as just described can be repeated for multiple search windows if
necessary.

FIG. 5 depicts the exemplary embodiment of the present invention. A
received signal is collected by antenna 501. The received signal is processed in
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the results of non-coherent accunul ator 450 are delivered to DSP 460 where
the values are examned to determ ne which offset in the search w ndow, if
any, 30 MW&edsp1180rresponds to the location of a pilot sigpra/ustdbBoA60;

whi ch can be any DSP or m croprocessor capable of performng the desired
operations, can control all of the matched filter searching procedures. It

may be dedicaé@ivdrolabblRg R&AFONBIAT R =l he$earch. functions y make up just
a fraction of the vari ou,ng(t‘ggk§‘Ai1;1at5 SP%Oreﬁ@rVFBrRFBrfC?W‘St gﬁ BpReatingn of
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col l ected by ant Shia 861, IhRee pudelsreenrs thpmbe ideliveost sweughnmbO50M0t0
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perforns al};fno i cessary to provide an an ata's n
digital for }r%ﬁggrrpglﬁg%hg?w 2.5%31]?8 %ﬁ? rﬁ@ie tcﬁes?}hiafm%g ther \pospibilitiest fart e

sanpl i ng r Ske@pPksHiembodiondgrs. Redchips? I kndv@ data Tsh@aﬁrstare-méﬁ?ec??(ﬂmlﬁg can
t hen be debogered through nux 504 to 5 subsanpler 506 where the chipx38 rate

| and Q sanple ﬁtre re reduced to chipx2 streans which is the rate

chosen anong ot %‘F‘PE% i¥i F02tqnekmivres B¢ andxadephaky upnbddian@itrce SBEoRNI PX2

| and 19 dai ansit Qesmpks eahhes st@ddt & RS iﬁgp 202 a d?rmxes 504
al .

and 506 make gg & QI%}EQ éﬁoug{cesopti on gaﬁlﬂgll ar{\é ,saﬁﬁﬁﬁ%@% € Qofled in

sanpl e RAM 587 at DS s f pY§aMgansibsgquesilype delivargd ghraugh stipestistocan

subsequent $¥bssERler FO® pe dlestrilmdyhbovx Héerh@tivaybeRipRD &trea Rl gagw gﬁ?%’si bed

above. Al taibyahi chy c b SS sanpler 5 t hf ough mux
IS B0 HrBUEn SR, R Teath Jok RN g s asaireran 1 o

508. (Ziear%%f Iﬁss RAM st or )

store ]%Qi p Eiélléi X213t Hhanatos siare echopx§ dlatd.s Tos dbfia mendat epyiohGispiGCt i ce

t he priesenmandumtyitopratticeaghd henef i i.ng. abl.e process

data whi eaﬁ’\lg(? rtp?%,é . g‘ra} he }&fiprfesgr}teié?éﬂg Iﬁ] g{ é{i%ﬂ%érjlg)f%gibﬁnﬁillﬁ Béﬁelggmer or

i dl e node.” Mil'tEp _eségé TH enfg‘év&?sfo@ Hier eeivey pomhelzites stasinnlie in tadsted on

the same POUEr of idlnpiete. dMualtiphs seonrd Asndd@sFSHiS eﬁ‘otgg r gatr}e%e -
m e, I's

procedur e eqn- ozt arc ponut LR o S5 s aabryiess
| oad e%D\lN: i Oggg%e@;g@elhgggﬁmst heve Iégiangedesel M£rt05ﬂ€hkelairth%rgt rrgjfjaa? Fﬁgi i bl'e
o I STABAD ooy D 0 o A '
concei vabl e t hat AAPISE PRRRY Soan hose Fom seeriver 500.1 &t o aladdidssibi@lto
pr ocessi ngitilizeltbe stored data from sample RAM 502 for other demodulation activities
(for which chipx8 rate sampling may be appropriate). It is conceivable that
sample RAM 502 will be loaded for later additional processing while
25 simultaneously performing a search on the samples being stored.
Gain 510 is an optional block for providing any amplification which may
be necessary. Rotator 512 is another option to be added in situations where a
frequency offset exists whose removal is desired. The results are delivered to
N-bit shift register 514. It should be clear from the previous paragraphs that
30 any combination or none of the aforementioned options are required to practice
this invention. The I and Q data streams can be directly delivered to N-bit shift
register 514. Furthermore, to perform QPSK despreading and coherent
searching it is clear that circuitry for both an I and Q path needs to be employed
(or equivalent time-sharing) as was shown in FIG. 4. For simplicity and clarity
35 the I and Q paths will be shown as a single path. For example, N-bit shift

register 514 is comprised of 2 N-bit storage elements, one for the I values and a
second for the Q values.
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25 sinul taneously performng a search on the sanples being stored. Gain 510
is an optional block for providing any anplification which my be
necessar WO ®eve3or 512 is another option to be added in sptpaticaaeswhere a
frequency offset exists whose renpoval is desired. The results are delivered
to Nbit shift register 514 It should be clear fromthe previous

paragraphs t hat ! t| on o 0 of the renenti oned options
are required to g?lac{]l ce I?Sh@]éGn }}ebhgeel e‘i% t8n(§{7 gpreadesahis. che be
directly delpydlesdate dNS}bli'e@dsWIlﬂht PN egqsdrees Sledivebeit tthesugH eauwt G186 TREM

SK d t try f
Soth aﬁsf’ﬁ?m@fgﬁﬁ“ﬁ?&ﬁ@% RAhE Dbt PuflERlod Eﬁmowg&\c RFRG) as
was shown i OIz‘Fé entEN gfregims wtfyoah@n@uwrais&yccs&rmeam shotrQupRigiss ¥ | |

be shouras maysiaig] e ipat canpBrammtSodthbld & Ghcu LoBLELFErabe: 2 o,

conprised o bj t st nts

fo?pt he Q vE térergalﬂ ¢ qd(\/@ ? @éﬁ@rﬁ@ﬂ' fhﬁs&mm@%chpé& éxﬁdsta?@eéawbph/est}&rh

t hen deli vgﬁEd Qea@ﬁeg aresqe] Daded iga&_?_tersnechl HROP eSS gﬂ&fygq&p eed?.gnégn &Hhy %Df
sequences resent. i nventi on

welql to par EI {féfxﬁ%tl i za%ég%nx{rpﬁr ough @}Tﬁh W& WG aS BB iR iboradanies. PM&S
streams wi t UGptthe magtcied éﬂtecdmdwage ane tehotihzas 4ithpags ot Bach $BPofdfa, I N
rate of & SEMQQF@W‘SS'WMW ve %“fh?%ﬁ%e% 0L St el g
sanpl es are d%‘ﬁ‘?‘@'@?’é’duﬁ? rd’f singlesds Secmﬁfrgtealvttbvésdﬂffwerstédatsh&s)db@ be

per 1;] or rrﬁd obr ehy serréammduetth%eaf)eagh nﬁgéa% tMels st@?n %CE q#@eg?%ﬂh’c%r %}fs

such, the rdware can be u e or eac

data. 10 T%%%P g{r:!eé%h%agg{ Olhfl% dcolf'ﬂ\‘f %aghtﬁf‘e?f’@éé‘ tﬂl}?@@S]tYO search 4
different wi ndohke Sieﬁptqaalné@lmeb yaré ahoavs Ieh@ér&§hh&@bﬁj&€5w t lrids 6l ffier ent

Vil sh cisd ! i o
sh cisdesop u@{amacwwﬂ?&r}g?&eﬂ Bgrdesg%?%él?o ?éés Reh K92 Eren? Cal i Bioms oy

inrelation to the dat
si rrul t aneou erfelnff@e ng)freea@n%puggtm @xeghplmy@nmlwcﬂmgemﬁbklsbéemﬁh @191f This
is an 15 a]znlyc(ha’ﬂ Wa@d@s%dpﬁqecﬂﬁsk%oﬁfc?@ets%t % Ly, Bﬁ%%gto@%f{e %400her ent
cal cul ati ongy;k . e perfor m?d For e exe R it
is set to 64h i (Ip Eas M%erhggﬁ’ﬁ’é(g‘?g fdh‘é 1%%4’(“%6(‘{' léh ﬂ%a%talg@lmgo OUt
32 of the @pp%mamsalgofﬁﬂlm is setafosequidneVE RIf 65D, M%&aﬁﬁﬂb OVIianhéN 8an be c
of 1521 owli%égﬁggp Yfégﬁ‘é%igﬂé% aEBRe RS, B0 ek b T ©
val ue cal cﬁﬁ weth eheataeran he df|92b}128ttm82&1€ rhispsceordihglet ﬁ"’“’ﬂl §€n| Ibed
ERURE R Sl e L
g out the data in the N-bit shift
register 514. (The mask can optionally be applied further down the adder tree
25  at the cost of resolution).
The resulting N I values and N Q values will be delivered to adder tree
520, where a total I sum and a total Q sum will be calculated. A typical adder
tree is shown in FIG. 5, but any adder structure can be employed to perform the
sum (for example, a serial adder running faster than the matched filter).
30 Mux 522 and phase rotator 524 make up another option which can
enhance the present invention. Up to four different phase values, 0, 0,, 6, and
0, can be included through mux 522 and rotator 524. This allows frequency
searching of four frequencies on a phase offset hypothesis. Of course, fewer or
greater frequencies can be searched if the system clock choice provides fewer or
35  greater spare cycles in relation to the incoming I and Q data rate. The total
number of frequency searches and PN searches utilizing mux 516 can not be
greater than the number of spare cycles for a single matched filter structure.
For example, in the exemplary embodiment data is updated at a rate of chipx2.
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performthe sane function, including zeroing out the data in the N-bit

shift register 514. (The nmask can optionally be applied further down the
adder trw® o281t the cost of resolution). The resulting Petusa@4ees and N Q
values will be delivered to adder tree 520, where a total | sumand a
total Qsumw Il be calculated. A typical adder tree is showmn in FIG 5,
but any adder ructure can b | oyed {0 erformt sum (for exanple, a
serial ad glr P %?{Fnﬁtjchsflél?st aﬁ“ngﬁg A8t ’E,kﬁ’ég qtel fefyC Q%GOI\/HR‘fIBQZ &Y phase
rotator Sedmivirkeicupofhetdreesapni lanpartiv:ched & eeRanceditae HoreseRiple, a

i nventiong f ues, 00, .0 can be

i ncl uded tlﬁg E\I EQ@%%% Cfaﬁdl? e?%?‘p(??& %lngi eSErjading Il%\ﬂsesPFé&ﬁ%é&?@ ¥ chi ng

of four fFBH regy mthnph?a%n@Efsseltchhgip(é’tltmsmvelgaemgﬂsfafeqﬁawcem
great 3 fb@%@ﬂ&ﬁb&sar&ﬁfb&edﬁﬁﬁérﬁhﬁﬂ/w?lgﬁf&:oﬁ%’tﬁhgﬂlgﬁé 9&% b%hb% Pq%e e

fewer or e cyclesin're
rate. The ’c%é?tgfﬁm ‘ﬁfdﬁggﬁléfpmmﬁﬁ%@h%‘}a%b%ﬁ%ﬂébe@mﬂPRl Chéfarétméseqmentlez; ng mux

516 can not 4htiffegiradrldy Wdlsh cohdimaidey eh SPah aCMfflfe%nﬁ‘ ae éedlsz%
mat ched f% gr structure. For exanple, in the exenp n% nt data is
updated at” a rate of chipx2. 12 WO 00/59123 PCT/ USOO/ 40075 The system

clock runs at Akiges8ribed ihhelatiar ¢o FIGyd)| eke trosultd Fione thé\f}MatCﬁ@ﬁtﬁlP&ti on of
4 seafcche h sgt, a, Eon single PN
sequonce. maRtiboeoRERGREEALAlARE] jTEl BlefBldy. SRR S cherfil

di f f er ent2EHEYUHY 18 gnadmupef dearscirédd40nn BiCh &t |T/led>8¢ Skalksi igtte dnt evjliency

can 5 be &eagﬁiz@dhaﬂ&efr@ufe divhtieeent nfi¥hY& o&QE@h&ﬁ&h&l’&%or%@@h?ﬁ Sfar ched,

or 2 di fg erle Pl\lg X\%I glr conbi.nat’] ons can be search er ent
frequenci €Y B %% F? Ehen £ FHERDHINNERTNs MUK P2 §ates i28f er ent

f r equencyanchhdl slspvame Mstidelsiordfhed tlhéﬂ’tlfrﬁhgt iFor k@arth&s cah bé b@rfb%'éht s from
e T SR ki ERle of i it IR LY, BEENDA MLl Mo SRl

enbodi ment ' s ¢o erent  accu
Those skitimedlighedhe pravisipniis megdedgstare ea¢lraof thedoar accﬂlraulaamnetly the means

t o producepaes wiwhak CUZ% V‘é’chf’chc&aa'&cul%@SJ ls’bérp%o étgﬁ}r@ UWHeﬁ% nﬁp d}?(%skhe

pr esent |nve ti.on. 56 and at es o0 effect
the tim ngE EDIT? aé%ezi e Vzi‘lllu% %r‘?&?tﬁé(ﬁzﬁwﬂbbe@é@f?dc%laéd@f 5@ deni ng
data. Thezeaocuwhicht effastiadly eﬁesbtsoﬁh&th%%]?umelwm}ot IgRhetw1¥e, %hbﬁpsﬁhalso

pr ovisgi 0 t e four a the . inputs to
Mmux 523)6 %5 lcgrrr{m&g%ﬁ iyl baérfOEEdC%%IC aqlé%é{?ﬁ% Rﬂ%%%"k%‘%}‘ %@3‘? Wers tekgRal s i s
assert ed,[reReny|538, <ﬂ¢5@mb¢@18h@rﬂy 524 Wil be added in adder 530 to zero,
whi'ch ef f ect i edis T 852538 t BafleaGeymuhat EnpAPeWEEe bRGMAA" 1l the

accumulator. The storage element needs to be able to be written to and read
from during each cycle. A dual port RAM could be employed, as could a single

25  port RAM being accessed at twice the cycle rate. Two single port rams
alternately read and written could accomplish the task as well. Or, single port
coherent RAM 534 can be deployed as shown. Since there is always a delay
between the time a particular partial accumulation is stored and when it needs
to be accessed, buffering can be used to allow the RAM to alternately be read or

30  written in each cycle. The RAM width will be twice the width of a partial
accumulation. One partial accumulation is stored in buffer 532 while coherent
RAM 534 is read. The read data will comprise two partial accumulations, the
first of which is stored in buffer 536, the second of which proceeds through mux
538 to gate 528 as described above. In alternating cycles, the partial

35 accumulation from adder 530 along with one stored in buffer 532 will be
written to coherent RAM 534. Since no data is available to be read, mux 538
will select the partial accumulation from buffer 536 to supply to gate 528. This
procedure is known as double packing.
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20 accunulation will be added to the value fromrotator 524 in adder 530 as
taken from nmux 538, described shortly. Itens 532-538 make up the exenplary
st orage wcemexn23of the accunmul ator. The storage el enent pepdsoti4oze abl e
to be witten to and read fromduring each cycle. A dual port RAM coul d be
enpl oyed, as could a single 25 port RAM bei ng accessed at twi ce the cycle

rate. Two single port r .alternately read and witten could acconplish
the task as WeIFIIEf“.e Gme §?alr¥rgF@%@FPMB%%?%@%%@W&% the Qprbpédhas

shown. Si rivel thkerent scaimalsionsdéNayn thetase@nuldior iswotastRiiid, Gak@sapar ti al
accunul at i i S Stof i ee t o _be;accessed, bufteri.ng .can be
used to alvﬂl}y? {%%5%&@'%tugﬂgp¥ﬂﬁggp %—RSI/ ‘B’g%%gﬁl%r I\A?PFWe?]CCiuﬁ“glﬁE‘ﬁgd?cl e.
The RAM wibgginning| wihich wpuespordsrtaltthe gfrier paimgi edmpéatedintheavhhre. frone

parti af aeguBhatd i o%%hi j I M. 534 is
read. The égad d %gun}s\#lﬁ?&?g{rp |s§attg %h%r%%gwgggﬁ%%ﬁgt% illgxé?tet at gafe st of
which is SEdrEpultangnshiepreyssts this vabedmemoentapingsuproee 3. tRervemberrux

538 to gatleatiR8rensxiste ok BRU aABAYPath Mpahi @I thad bt QRS Tat?&;zrﬂa[ﬁtt{'aﬁ' 35
accunul at |58§1rfcreo‘5n aadrcjkir gBOQaI qng with one stored in buff§¥ 532 w be
witten t3 eORSTERt A RARN S Q GIHE LT v soherent, arquapiiaters, geen gheughux 538

will sel eonlyt tiee pasttovan imEKGNFatdlaityf. rBie bubfueris 536ated aupalied & gt © 528.

Thi s ro ' . ' WO 00/ 23 / USOQY 40075
The shie STaree Dou AR b I RUP 1 RRE R 0 e AT N SRR T e
coherent SERIHUOLENYEY. acpkanlates Hecisnzarat foornll sydes bst arei pey, coatren540

wi Il be dhsaphertigugeridipt its output will be zero. Wen a new accumul ation
is beginning, Ivvhi C cogg cef%gﬁnds to the prior being conpleted, the val ue
from5 nux 538 FESAMp1 18dMRKE Sigh Setensrrrohsrey @cgymeiatenhard Gar (not e
t hat gat enos2@esged)l whithds $dentiiaé ve fis atdiinsuMeddeldstaBe € Abevé. NGuFHABE

530) . 1Re . r i st.s both an | and at untj | .S point,
so enle‘ljr:eg;/nj ggmﬁﬁ?ﬁﬁgﬁcﬁg&@% %pnerpergxdvagu?ﬁ%gﬁ Olfﬁ%’rﬂaft?\%d ent
accunul at E0EPrise@nt brbleyA50,arirycamsen s ReNIVES2) huffeiG5545 ahdrmeixaset yTheThe |
val ue is gaUAEEdoRRD] ac{@'e%ffeetédhesi%%laﬁwartﬁf’o@hvﬁm aRd; the 4 eggn‘ialé S

presented to summer 548. Note that _the outgut of ener accunu or 542 is

zero for HPF-BHACUM) Sty GAFCHBA AR sARTUNSHED Mt ERtss A6 ANEP58) t ens 544 -
558 nmake up a Fhageailtoof dahaocerbhaseumicaiilationgng (As8éS thf&l/grl’fiégﬁd)
1

thier 5 S5 Lo el G RECATHLALEY 2y BSSEN RS, 92 i SV IS L0
conpr i seddivepdhe entissGirustrrecainebe nonRAlle850la b ufitesprobdssoand PER £56. The
shown in block 564. The values can be used to determine the location of a pilot,
by, for example, comparing each value to a predetermined threshold.
In the exemplary embodiment, peak detector 560 receives the energy
25 values for the hypotheses. The peak detector is used to suppress the above-
threshold energy value which is a half chip apart from the energy peaks. The
algorithm for peak detection is as follows. For E(n), defined as the energy at the
nth offset, a peak is detected if the following is true:

30 E(n-1) < E(n) AND E(n) >= E(n+1) (1)

The energy values at window boundaries may be saved and further filtered to
remove potential false peaks at the borders. This may be done in additional
back end filters, potentially in DSP 564. The remaining peaks after peak
35 filtering are delivered to sorting queue 562. Sorting queue 562 is used to
generate four to eight maximum values for each search window. Each energy
value and its associated PN position (or offset) are stored in the queue. DSP 564
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timng control is effected simlarly through nmux 544 and signals
start_nc_accunD - start_nc_accunB in conjunction with gates 546 and 558.
The resuvostosbiz8he non- coherent accunul ati ons, as passed pdwos@hogat e- 20
558, are the energy val ues associated with each offset hypothesis. As
descri bed above, the entire structure can be controlled via a

1 shown in.block 564. The yal ues can be used to

m cropr Oceﬁsl%iin%d %? e it pt;whe indo 18 £
det er ni ne ocat| on IfeRyRs whey 2 wigflows seaich 1s enmpRletagndagivenal ue
to a predetr@esd toetetviateshaddbobd 1hrthersertex§qpéwy enbodi ment, peak detector
560 receives th h The k detector i
used to Isﬁppres??E%S’gﬁg\l/@n\{%h? z?}uvlflcgé f £ ﬁ%})(l,lhtyf %P‘%f%r%ﬁ‘r’%%?ﬁ e
apart fronashalresdy slegeribathe R@;ﬁl;}(ﬁhet\rﬁna‘bées peék Mearecd:th(nurrﬂ:)eaSQf
fol | ows. r

Feyp cﬁh@ées Q&{ér@ﬁﬁiaé’e%ntlﬁ'ﬁh%ﬂg, Igé/n @(ra x@ﬁ% ﬁgﬂé 5 al?d P,E n+ef) (1)

detected if the %%O%Fs)true
The ener gy fvtﬁpﬁ'e%esﬁ?db‘\ﬁe %‘orarraaﬁlr%esmv 1§d9 ﬁdl’f#Qnﬁtlh’@r‘rlab faered to

renove potfeequeicyfsehadipg &kSIrabrdéi&obﬁéﬂéQé@seaT&He% tﬂ?d(u lﬁoﬂ?e &l?d@gﬂet' onal
DSP_564. . The re ter peak 35

back end filters aIIy nrn
filtering éar eeD el,lrrlé\%g‘%e fBOrgortlil?r‘][ FYRRUE 4Bo exgn %@@9@1@6@ i sTh&ed to
gener at e flbapughp spatesndixeatlynmwitd thesclbok retec hDeﬁﬁdé Qhe I & etves nﬁﬁﬁiér jFer gy

val ue 1@nd 4 set red n eue.
DSP 564 14&\3/'\5%%%9%&3 F>c‘£'\r471 %%%o&dﬁrog?éa(ﬁel an(%t ?ftu)“é’ rcﬂs“ ough® dﬁ{ Orglﬁg when a
wi ndow sedPEhSGaEngo ik wenHan gllpars fosappsentinatien vaserashes giveul biyrthe he
sorting queeluct hﬁCMT,eé@ﬁﬁl ﬂontlfénidtémnﬁfrfﬁékqgsc l&re?%Engp%rr {at&] %L@Hl ' ty

much of V\/r'H has .al r ﬂ‘gesc}rlr bed. Re the varia
N (nunber oaf Q1 6% COIBB Sh SHEN Acsearalt at @Veﬁ&ﬁnd@ﬁ‘eh?@rﬁ@fm the
accumul at iseAsh airadnnuhigeeate]f ratapﬁCMEySmTEctr vely) from prior discussion.

et s Mearcrier 18 alBl LARIN T e ANERREERRIEDT B v, P REHRE s

i ncrease searcher t hrou f hat
gi ven in tAPIBRERMtN OB tBtsdinHemtionT hdort appreeipatels cheesarde rarnolyt witt h t he

cl ock rat thar@akarae Ad@ber aﬁcéﬂregmrreﬁé o&i bé@eprcggf‘eoe@%érﬂﬂn Yl &ﬁa%ﬁg' abl e

for parallegl u of ,the ar.chitect ue to ¢ escllng
i nvention OEISF%RXEH}%:M%S}QEBWW& eé‘ﬁe f searches given by the product,
LCM , equal to Hollewtiogal arwinttareodf expells acosfigalationsr ebador 1yr/@1tmlcriin%have

to pth)or Thr .invention .can, perfor

sear ch at rg?b?r%?ﬁ&qg@]aﬁh%?aw o BRSPS GPu6B 0B BaE otk at e
ar chi t ect dptg iny EE“\? dota ghangingtat chip2 amdrpysftmmlatk ofi chipx8hi Orienvetiddri on.

For appr oxs fatigliYe & B8 1o3@PR;iREPBILIZIN = 32 shared by four matched filters of size

N=32 (each of the four matched filters containing four parallel searchers via

time-multiplexing as shown in FIG. 5). This option provides a minimum C =

25 32, minimum L = 64, and the number of parallel searchers, S = 16. A second
option is to use a single register of size N = 64 and two parallel N=64 matched
filters. Here the minimum C = 64, minimum L = 128, and S = 8. A third
comparably sized option is to use one N=128 searcher as shown in FIG. 5. Here
minimum C = 128, minimum L = 256, with S = 4. These three examples are not

30 meant to be exhaustive but serve to illustrate a few of the potential
embodiments of the present invention.

Thus, a method and apparatus for a programmable matched filter
searcher has been described. The description is provided to enable any person
skilled in the art to make or use the present invention. The various

35  modifications to these embodiments will be readily apparent to those skilled in
the art, and the generic principles defined herein may be applied to other
embodiments without the use of the inventive faculty. Thus, the present

invention is not intended to be limited to the embodiments shown herein but is
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har dwar e, a nunber of configurations can be depl oyed dependi ng on what sort
of searching characteristics are desired. Followi ng are three exanple

confi gur A ®m8128ach i ncluding 20 approximately the sane ponps®xoé?rs (and in
this case assuming the same clock rate in each: data changing at chipx2
and system cl ock of chipx8). One option is to utilize a single register of

size N = r,.:nmat.c filter f siz N=32.(,each of the four
mat ched fi@(I;tb;ePgE(g%rC}? éi %ﬁa\/ lgglgjtr Q(gog)realcf)relflséeggr‘gﬁbr g‘?/ipémcfélﬁ%-%ﬂﬂo trioﬁlegxi ng
as shown fsitwresdisyioserhheregbti on provides a minimum C = 25 32, minimumL =
64, and the nunber of parallel searchers, S = 16. A second optionis to
use a sing%e r%ﬂister of size N =64 and two parallel N=64 matched
filters. S &M nininumC = 64, mininumL = 128, and S = 8. A third
conparably sized option is to use one N=128 searcher as shown in FIG 5.
Here mnimumC = 128, mninumL = 256, with S = 4. These three exanples
are not 30 neant to be exhaustive but serve to illustrate a few of the
potential enbodinents of the present invention. Thus, a method and
apparatus for a programmable matched filter searcher has been descri bed.
The description is provided to enable any person skilled in the art to
make or use the present invention. The various 35 nodifications to these
enbodi ments will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other enbodinents

w t hout the use of the inventive faculty. Thus, the present invention is
not intended to be limted to the enbodi nents shown herein but is 15 WO
00/ 59123 PCT/ USQQO 40075 to be accorded the w dest scope consistent with
the principles and novel features disclosed herein. W claim 16 WO

00/ 59123 PCT/ USOQO 40075 CLAIMS 1. A programmable matched filter searcher
conprising: 2 a shift register for receiving sets of incomng data; a PN
generator for generating PN sequences; 4 a | oadable matched filter for

| oadi ng said PN sequences, despreading said sets of incom ng data and
summ ng the internediate results; and 6 an accunul ator for receiving said
suns and accunulating themin sets to produce a set of accunul ated suns.
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2. A programmabl e matched filter searcher conprising: 2 a shift register
for receiving sets of incomng in-phase(l) data; a shift register for

recei vi nfvGes@®123f i ncomi ng quadrature(Q data; 4 a PN geperaba40dzr
generating PN sequences; a matched filter having: 6 a despreader for
receiving said sets of | data, said sets of Qdata, and said PN sequences
and for producing sets of despread | Sscand 8 produci ng sets of
despread Q val ues; a sunmer for sur‘r‘n?irgi‘t[gqr% sets of despread | values to
produce 10 | suns; a sumer for summ ng said sets of despread Q values to
produce 12 Q suns; ng{g t I, eceivi said |.suns and
accunmul ating thg'm i n@gg{rggfa t%%pr?l(%t u%g f%alPesrg’Faré:g%%%Wﬁllsﬁf%d | sums; a Q
accumul@at or f or 2sBEEIegiFg Eairacdvmgneetanfiireomingldata;ng themin 16 sets to

produce a set o ¢ guadladr QealHinANd SBRuERREOY cal culator for recei ving
sets of, accunul at.ed.| sumstcgg ﬁets f 18 accunul ated Q suns, squaring

respect4i ve ones?dPadghle mp afQrgloaddngnsaid £ seawendess detnreedingnes of
sets oI_ acsajdlsbatc]ffdn@imm?datamdlccilssmhﬁﬁgslh@h‘&@réﬁé‘&ildlé%sgfts,;?é}{di squar els of
respectq ve ones ets and.Q suns.to produce sets . of energy val ues.
3. The épr ogr arrrr%’g ﬁ%&rrma% %rdgofr irF?eéYg%eSi’ll% ﬁg{x%cﬁn%cgpm@apagtth@p inpets to
conpri si ngPEI et baroruniglatedeseingi ng said sets of energy val ues and
produci ng sets of accumnul ati ons of ones of said sets of energy val ues. 4.
The programabl ¢ matched filter searcher of Claim3 wherein: 2 1 and Q PN
sequences are pf'oduceédpﬁgg@ﬁlfﬁahdﬂf@@ﬁﬁb?@tﬁéﬁe,f searghar7coNIp06ing9123

PCT/ USQQ/ 40075 a shifCredes@r adedei viekf k1St i@%&lﬁiggﬁpgﬁ%(ﬂ%té- _The
programabl e ma gﬁ] il ter searcher aim 3 wherein 2 said despreader

d I of
per forms BPSK des plfte%?gf‘sﬁ%r. {Oé TeCRRENE ST AriRapmingatededure(d) datasear cher of
C ai m 3 furt hera PN gompatosifoggenaratihiz fivé xequdraes;r ecei vi ng nmul ti ple PN

sequences and deli.y e bor tine-sharing of said | oadable matched
filter to produce aag{(ﬁcﬁgl(g%%l sefs 4 of suns based on said nultiple PN

sequenCes. 7. The pradgesirradeeforaectizing raitlerets ot daty, sofd @taioh@ datu,t her
2 conprising: and said PN sequences and for producing sets of despread I values and

8 producing sets of despread Q values;

a summer for summing said sets of despread I values to produce
10 I'sums;
a summer for summing said sets of despread Q values to produce
12 Q sums;
an I accumulator for receiving said I sums and accumulating them in sets
14 to produce a set of accumulated I sums;
a Q accumulator for receiving said Q sums and accumulating them in
16 sets to produce a set of accumulated Q sums; and
an energy calculator for receiving sets of accumulated I sums and sets of
18 accumulated Q sums, squaring respective ones of sets of accumulated I sums,
squaring respective ones of sets of accumulated Q sums, and summing the
20 results of said squares of respective ones of sets of I and Q sums to produce sets
of energy values.

3. The programmable matched filter searcher of Claim 2 further
2 comprising an accumulator for receiving said sets of energy values and

producing sets of accumulations of ones of said sets of energy values.

4. The programmable matched filter searcher of Claim 3 wherein:
2 Iand Q PN sequences are produced by said PN generator; and
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a mul tiplexor for receiving one or nore phase values; and 4 | and Q
rotators for receiving outputs said | and Q| oadable matched filters and

rotati ngvwabasaed puts according to the phase output of saipgr &oskotd P! exor,
and delivering the results to said | and Q accunul ators. 8. A nethod for

perform ng programuable matched filter searching 2 conprising the steps

X i t a; roduci ng PN sequences; c)
gfe'sp?)eag} ﬁ[yl rs]gi %?%Zc%ésgijg%aqaqu)ﬁgo ﬁg@gS%CF%pgeﬁ%gnng sequences to 6 produce
| and Q despread values; d) summ ng results of said despread | values; 8

e) suming reswts thé?rgg%?ﬁﬂ%ﬁ?edng&‘ H'&ter | deaRGRY étl-iprgg;%&r esul tant

T
summed ,despread | val ues; 0 accumul ating the resultan . Gc'llgspread
Q val ués: S%H?%gﬁﬁf&fagﬁbp?rﬁ‘ér%%@% | daspgearingy ead | values; 12 i) squaring
the accunul at ed despread Q values; and ) sunm ng both said squares. 9.

Th t hod of i further copprisin step of 2 accunulating said
su% g? sgua?es%‘:ﬂ).m O POGP SRS mtEﬁ‘ge%hfﬁfqrt garcherr ehdrlagpnprivathey: 2

meror y 2f orconeerdsing reynestipleodr ifor oetengingahaltifidl REneGatacest aid geneeahbng PN
Goapr ogar e RAIRHL- SIS ULl Ioh Bl thal RS 8 Pondle S Fait bR s
espT eg ! sums based on said multiple PN sequences.

resul t
7. The programmable matched filter searcher of Claim 3 further
2 comprising:
a multiplexor for receiving one or more phase values; and
4 I'and Q rotators for receiving outputs said I and Q loadable matched
filters and rotating said outputs according to the phase output of said
6  multiplexor, and delivering the results to said I and Q accumulators.

8. A method for performing programmable matched filter searching
2 comprising the steps of:
a) storing sets of I and Q data;
4 b) producing PN sequences;
¢) despreading said sets of I and Q data with said PN sequences to
6 produce I and Q despread values;
d) summing results of said despread I values;
8 e) summing results of said despread Q values;
f) accumulating the resultant summed despread I values;
10 g) accumulating the resultant summed despread Q values;
h) squaring the accumulated despread I values;
12 i) squaring the accumulated despread Q values; and
j) summing both said squares.

9. The method of Claim 6 further comprising the step of
2 accumulating said sum of squares.

10. A programmable matched filter searcher comprising:
2 memory for receiving sets of incoming data;
PN generator for generating PN sequences;
4 loadable matched filter for loading said PN sequences, despreading said sets of

incoming data and summing the intermediate results.
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