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SEARCHER BACKGROUND OF THE INVENTION 5 |. Field of the Invention The
.present invention relates to conmunications. Mre particularly, the

present iwWodstra relates to a novel and inproved net hod alr}gga%%@r atus for
detecting a pilot signal with a progranmable matched filte A®’S 10
1. Description of the Related Art Pseudorandom noi se (PN) sequences are

comonl y used i npg I I cation _systens
such as that desgg %%ﬁ%@@ﬁ%‘gﬂ@?ﬁﬁﬁi}fgﬁzggﬁgg{ﬁlﬁndard and
Its derivatives such as 1S-95-A and ANSI J-STD-008 (referred to hereafter-

collectively as the | SPRCGKIRD W@M%quﬁlﬁtﬁdﬁuecomni cation

| ndustry Association (TIA) and use pri mar | ar
t el econmuni cati ons systens. The | S-95 standard incorporates code division

mul ti pl® aLddeld 6O Inwdritipy nodul ation 20 techni ques to conduct multiple
communi cati ons sinultaneously over the sane RF bandw dth. \Wen conbi ned

wi t h conprehensi ve power control, conducting nultiple conmunications over

the same bandwi Thé preseredaeentibe relatésfito FORRRENRALSAS. | Mof Baidi8irly. the
' cation %’y%} em

comruni cat ducted jn . wWireless commn

by, among %{éﬁg?{ ierr]ﬁ.f;'g,}1 ?‘ﬁgfﬁ%& i h§or ﬁLa‘Za WM@%CVQFM@N#MM fon to
ot her wi r efetsstingpay ignal avitbs progeamahalie esatchbe filipe sefrcR@VA t echni ques
in a mdtiple access communication systemis disclosed in U S. Patent No.
4,901, 307, titled "SP D SPECTRUM COVMUNI CATI ON SYSTEM USI NG SATELLI TE
OR TERRESTR Rescripbpnpfithe Related A patent No. 5, 103,459, entitled "SYSTEM
AND METHOD 30 FOR GENERATI NG SI GNAL WAVEFORMS | N A CDVA CELLULAR TELEPHONE

P Y e PR XN
si npl i fi edeAnFRRR $%ﬂdﬁpeﬂrmetmmmﬁca®d>mpy%mms sichtaartheodéscaibeddn ithe ,
of CZLS?Q?%;%%&E@ ;‘;&“’?genéﬁgf&gg@% és%%ﬁ?%ﬁ%ﬁ%%@?‘é%éﬂﬂih?ﬁg
CéBﬁ/AO:mgﬁmoauﬂLme@r gyahgefgg@nmf;tﬁf; ;@uéx% i@bgzﬂrﬂ%eﬁféiﬁ ;ﬁzodﬁfjg and

2 subscri RafmiAly vHini® EATRY R9ekBhnilrli s ol AR K58 SIMALE

incorporates code division multiple access (CDMA) signal modulation

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

L9V}
n

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




1 9 AUG 2003 WD 00/59123 PCT/ US00/ 40075 fromthe base station 12, an!zlga}'\uG 03
reverse link signal transmtted fromthe subscriber unit. Using these RF

i nt er f ac&40 0Y5H nication with another user is general | pCadrsgranoesl by

way of nobile tel ephone switching office (MI'SO 14 and public switch

t el ephone network (PSTN) 16. The |inks between base 5 stations 12, MISO 14

and PSTN 16roan ethés baké Ysth Vi i T LDe 1 echi pns |t hough the use
of additio a}IJS RE or m'tcst %ﬁ%’i%‘ﬁ%%sﬁé’ ié% lﬁw%a@m&%‘riﬂggm dAft 10
comuni cat _ge]lé v‘ﬁfﬁﬁi oSG thesgde intarfrerss alcommunication with anothee user
recei ver. =’ fX€tallgcendertddsb bP &b -
entitled " glygé%]ﬁ( ﬁ?é?%l:fg iﬁ %Dﬁ/%%%ﬁ%}%g I?Ef%&ﬁ%%ﬁ %@%%@Wf’s%%ﬁi?gned
to the assignee o e SEROCMAVEINGG nor phhertliskshbetavaerbpase

r ef er ence. SAIPRRe 12 MTHEY 145 angbiRSTNY 168dee ugs@ﬂ%on@rﬁ{ed rm‘rie“ﬁﬂ,{arﬁg rs

| sta

for |ocatifehiffictidgt t hpat.h, pi f.rom.nst.ghbor| ng base at i ons,
and two or. nore fi n'ggpgw ] #%c‘éllgé\?/iénflgggﬂﬁl%bﬁhi A MicFovaNe lnks s dilsmal s
from t hoseKPRWB- st ati ons. Searchers are described in co- pendi ng U. S.

Pat ent | i cat Eg¢h : L y T. TH SEARCH PROCESSOR FOR
SPREAD ég%ém NUL%EQ#C@S%WC%W%\# ﬁg\r‘g’lﬁfs"}m{? iHase SeianstRer
30, 1994, éﬁy‘yﬁ&ﬁ fofaifereseyerhn e RAKE recpiver dadescribedin diSaRdtent No.
i ncor gOr at®0h23%@i enhiyletdel “DEVERSITR0 RECHGHR | N hghdeﬁhgm Otﬂqﬁﬁ‘hﬁ
sequence t muni cat i on systens is fhe requiréien a
recei ver ﬁ%ﬁi $Ws§ﬁ%@ﬁ {0 (e pRYEBes Of the psesentdnuention and
| S- 95, eachcorpswatachhensin bydefenerse i Aeake wﬂe;iv}ret?igiry[bi&ﬁll m&%eﬁ B oldl or b
sequences.mb | LSt | ' r ther . stations

q mOrd 3£ Rk fdl“ldéhﬁﬁ% RGHICE e h{lﬁﬁgf‘;\t}} PAOE o g@gﬁéﬁggg_abqqe y

i nserting uni que offset in the generation

| S-95 systEHRONS NG AWE oF Mpeh dingess dor seceivingiandntegdining irifohRacibn 64
f:hi pts 15A T;flgmﬂs iftemn thuse E&mﬁﬂi‘ﬂi&{ﬁ.e&ﬂc‘l’i@rﬁ a?@%feg iBLd 9R %g%%cflhgn AN ﬁt
east one @n0e . tha ion, An ned_f I nger 'n&e e
appropri at & t‘!i()l‘gf ég%?ﬁc%{}f}ﬁi@‘ﬁﬂi@qﬂgﬁkéﬁ i Pﬁﬁm&’*@ff@[ BROGEIFORNat
base stafin. IFREAD: SPEGERUM e MWLITPLE emiC@ESSbacoOMMUNICATIONSI NY
uni que PNSY¥&TFMGEn S t offsets of .the s PN
sequence. .l n this 'cﬁgegi, t|E!nger sjo\%pll?? g’ é%%g??dttﬁe&'re ﬁﬁlm?gg‘? pregent
produce t MEVEPINLRRT Aneorprrated hespiodyf referensebase station to which it is

FlG gﬁﬁﬁgfﬁﬁgﬁﬁj‘gé‘ém”ﬁ Dhbe o Gl cBredraethy ) Rl IRERI |
subscri beroimiur { q at a receiver must align its PN
sequences to those of the base station. In IS-95, each base station and subscriber
unit 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, entitied "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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35 searcher is described in U S. Patent No. 5,644,591, entitled " IVETH&)% AWUM
APPARATUS FOR PERFORM NG SEARCH ACQUI SITION IN A CDVA  COVMUNI CATI ONS

- SYSTEM', weuashduly 1, 1997, assigned to the assignee of the present
i nvention andﬁlgllncor porated herein by reference. 2 1 9 AUG J6TUSA*BRTF 59123

PCT/ USOCQO' 40075 ' In FIG 2, antenna 20 receives a signal conprising pil ot
signal transm ssions fromone or nore base stations. The signal is

downconverted afd Elfpl 2f i atenna r 20 eireeivéll, a Weigahl g@j}ﬁFﬁg gﬁﬁl&tn‘s‘? e
(1) and quaghiradinkis 0, t recei ved,signal, an el 1ver hem
to despreader 22.5?_“?1%0’%‘ %?%ﬁ?rsﬁelagéer?@ggﬁ%é?%'o&hf\?ﬁﬁ?%]dl?c wrenyegger 1-
and Q PN s&§Gef@lifies, ingreceisi Hatwehishf generatesdan éntedsbyIjsand Wif¥drature

Gespr oagls. Loy gnnior EMERcERLR Hefal dilf didbts R\ dRHEsEer htna
accurmul at otrcg?)ﬁ SEETSS BensEator 23cRTRfiudes ribei proper dtamd QhBNasmidredefonh t he

despread | candiddtsioffsei as Hivecrdoby isedrder ldofrsIRE DA | Bgﬂ? aﬁgéﬁa{%%‘%&a q
a a es

For o per S 1AMBIC A LeARENS P R eEi0adh thid andbreeseivergrgralsapassing
ggpr 3}){(} i mat &g ressitst tancoheTenmt ammamtmlfsez@aaaeﬂs.t Q‘h@ﬁ@ﬁ@d&rﬁd Q?H}@Htggr%“k
ere r c i ons_.ar.e squar nd sunmed® The

result s a%%ﬁllnﬂ'él af celg ?ﬁmﬁo‘ﬁ&@% e&rg%dg@@mﬁlﬁlf%tra %8%‘10%&1‘?%#@43@9#@5}0)/
accurru]rdat oPeHENELs CRuiFRile) 2€n ef-ghetentaactusniitabersc D singh 25 phag ethee § W (BNt S
of  coher eampitadesiked h oritl BPHIO R YwhfdRCHRY phisPGF Wik at ed; for. a peri od
o Sy B o o o o oL
of fset prodesentbe i and @nebHRréMt aeCuBRlAIGN8FALGHard ARG L OO | er

descriped Tac; no" SECEANEMIR T ChokEiodent SRRy BnboNosrcahsrenbn |
i nt eg r ; ﬁkﬁlag% aﬁ‘;zl FUHBing nmerrsgieﬁ, sgdrmm?mmtm)cpm lre?fﬁgﬁ?@h@wﬁd on
gecggrfor , 1-Ang. E\L{_ ra &g?l ﬁ?%ﬁ hﬁl elg 'tgng réﬁgé‘ﬂuﬁgﬁgﬁfﬁ Estdipylh%{dﬂ-ay
The overal T Senr SR FAeYrardier cepdtplisr 37. nThe resdets comparad irgthreshdld
Ll e o Ot e cirbamuts Soni o S4B
requi r,es ;:Pﬂg%r gﬁ%ﬁ%gh ggﬂaapd\ﬁa S PERGR RFNeERtEr g?"?s?ﬁ?\ﬁ%ﬁeé'nc%‘tréuﬁhtﬁve
sear cier f1E$itE 8 ewy eandidateoffset talbeeuhalyzesD matched filter searcher. For a
di scussion of tThésdatihs jEREdeIcFDRd KWW advantage of great flexibility. Any
number of coherent integrations, C, (within the limits of coherence time) may
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 HANDBOOK,
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. I and 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-DQN. 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
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MGawH |1, Inc., New York (1994). An incomng signhal is received at

antenna B® et?1sassed to receiver 31 for downconversion apgraigabhdessat-i on.
| and Q channels are then delivered to 35 delay chains 36 and 38,
respectively. Each delay chain contains N delay el enents | abeled DI 1-DI N

and DQL- DQY of .each.d nt is tiplied by a PN val ue
| oaded |nto ttia_[h Q#E‘Eé%ﬁléeinﬁ% %lﬁﬁh%%ﬁﬁﬁ ang ’NGI- Bbggléfr dNotecthaeih thie h |
and Q PN %lt:%ﬁes thethp valled intlubiarchly doad iNtse lgwgrt%r@gg ﬁ%?tak

00/ 59123 REI/HUSQHLAOTIS] M;JH% 3‘318"” el enents | ahel e |f1ié@ff R
PNQL- PNQN, Note that in t“ﬂy n%) C‘Fﬁg fY &€NERT qutpwAlapdl and
-1, so i nfBPtvéluey l‘?rshﬁ’é’gfatlférfﬁﬁ BakBhe td}:evphmsearefmadéugi OFH'[S(brl@ﬂo'neéiSth The
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The tap valugs ar e de u aportlon

to correl at'e aHOBF ALe d&‘hﬁereméoreddﬁms%fancal:}z tivhere they are

mul tipli catxrmnsdar &“hdei-esqu:trseglret Ghal red A senm) hg,y ar e ~ sunmmred.
The resul d.tQ create an eneréd' CcARCEeIBYon i n

t hen ared.and s
bl ock 33, eiar SSuttt bgcht% cie %eseﬁ avkich s companed dncthmndad Bhpare
Whenever Bfie Véheneyerithe energys rdsugthis hl%hl i$id hKﬂszthTaF 8lbale g%@ﬁéﬂn&'ﬁ% | ot
I on

i stE) 10,8A0;tk tENP {
sequences cort apﬁegeﬂgﬂ’?{%?st 15, el IR e bortignebpdbe BN sequenass

required £onf@radin the dagh‘-‘lemnenawt in @ SiNgle pass of thevcﬁh)é RQESed & Spdiset

has an engirgyiehathee enfi T ef | thi's architecture

i ncl ude_ papal g%\ afgu%ﬁfgﬁ%ﬁ@feﬁ% %%erﬁ/ g%ﬁ%gg” ?f%ﬁ'(': atsh"?ﬂ eélell'&lﬂﬁ

gener at ed“BHR™GPOT er y cycle that the deI ay elements are updated. Th| s

archi tecture i $hepbemafitsf of sesat o be
I ure i Fhepbemefitsf of fHi¢ freRRedips CirlchRie ggﬂﬁaﬁ%;o%m%m ‘E%P N

Zgglrjcr?rlg?gt | %?uo{hgem re%' h@ttapg %‘at:’;ﬁr e?BPé\I‘iaﬁg‘fr%% Pr éveragyclenthat ghel debay
nunber ofeleBients lage arpdatedunilihag mmd:hitedbhre 35 SRitirhal qme thé rba%@w%héfé the
cyales “‘ﬁ’e" [ A TAYIARESS (o BE sbatchefi L gp .eauéﬁ?ta) AP, SpAce b oy
e, B R e sl
}__ ng t\f%ttoglt he m&%ﬁ%ﬁﬁ&r@é%t%ﬁ @eggghe?n g%lé%l’l bed
above g [nd Noasspmning thatrit sequires Notyalesnce
tine. Thetonﬁlddhecdelay lelemeptr with validt detay.c arteh aeldys eRBSEHS b YalR&,Or M g
coherent RpEMRNAld ¥atLland in any case N is typically much smaller than the PN
space, 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-




despread input signals. This is the same constraint for maxi mum C in th& AUG 2003
prior architecture. To increase the nunber of non-coherent accunul ations
requi r es waglhi menory storage to hold an internediate calcul ation_ for

every 30whypot9@h%si s to search, or L additional nemory el en%%[’y.s‘”wg’ssear ch
time then for M1 is given by MPN, where PN is the entire PN space. The
drawbacks ta this architecture include lack of flexibility. It is optinal

i n har dwar Eg%ﬂ&nf PREr&hY3iurds calaulatedi tFadtlnimoones bria afiesdty ﬁé)féd;.lir Qye.

han the 35

The har dnasteraalllth pavfisiedéhid LIZREnVAGNGVRI Hdlesi red Cis less t
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entire PN spachOhifmaiimiegicehexspmples: asaemel thet RBI bpacet PIN)Sib 30060. Whe
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In thecsec ' ce,, the entire PN seqguence must Cyc
second ﬁof&?ﬁi&%ﬁﬁ?é@e aﬁ'”é?ﬁa 5648 vaDrQusedyuis G008 Her detireeh@rigyogal ue
is cal cul the nbf ¢ 1exThesdTesmdions 4:_04bELMt L dhe
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the PN spaI;:Ge, PN, i i ; | X&@&F@-a fepeeed saareh tiseawilhée as
descr |h beqmﬁr&m_ H@E&;tlailcmmiamr s_e5rc§&$ld&cfibé&bbbb@w]ﬁlrhgsdjﬁﬁﬁ%@&s. .
search wi 8 QffiSien . s and the desired is 1.
These .gondi ti onsr %:e gpt Y%‘% %E%%%%§%1§$% “IJ%F = 33)9989@¢orsm tmes
har dwaPe \§ERESe ST §qual the spredrperfosmance dvisie aesinl torrelatbrs] weewolid!
=30, 000. Tieedsky irapleenérntel G0 BF t8&R Cry ve w Ll also utilize
its hard rhleantelon Of tRAR &Y BhrdifelC THHE! menﬂz\hés?fg%@b}@oo,
WRes ghgergg?cg} &
or 100 tines \%EN € %‘(Serto equal the speed performance with seri al
correl ators, owudssumetithttwith rthe eamiy hdQfvaie WeSR4dH lvind!
woul d not sh&iRs 18 git%eé};ﬁrie,rl,Na%eea as t Re'af@b(:ﬁ d ?ﬁtgtro.o&rﬁo?&v}v{ gs“?sltﬂﬂﬁigk?hat
with e same hardware we wish TOS8afch s n urggHfurther tthancelerepht i r e
PN seqliend¥egrationsg. Cagsenst fior indy 2hat Lebhdr eohtind® i07begL At TARS cafe ar €
set to onkdgndinstda®és MhaOthe NHeat . s _case,.demonstrates that the
mat ched fLidgr 1L nob ptil) ze&‘gﬁ)efé#eﬁ WP £ BHSEOR | o rdwpree 34
of it wil i eth Sice 3 obifewill beswaised. t The ovendbsedrsh siné, | 1000, 0lsestill han
that of teveethan thatrof ehateorial d&¥eO2sy, 308642800 2 byt | tiJres
faster. ngs§e@smg%§5|§%g§ Pi%e tggs can.be progr aﬁi@'ggf 'ﬁ%t gﬁ%ﬁmf%ﬁ’%@s to
tak,ecég adyant age” o & JREF2RF SR ReprPgramped, in suchiatwassas 0 takies not
the case aAWantege ofshe cedudadewindowr sizei il fiR0Q tips Ehisiis nBEHeAAY aldl Ot | Y
slower. the sear?h time will remain 30,000 which is actually slightly slower.
F ma.lly, change only the assumption that M=5. Now the matched filter
searcher will continue to operate at 25% hardware efficiency, and it will take
M*PN or ]..50,000 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.
. .'I'here 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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searcher will continue to operate at 25% hardware efficiency, and it wll

take M WO8KS9150, 000 cycles to search (and additional nenpcynjsﬁwj{ﬁqyl red
to store 25 the L partial accunul ations). The serial correlator wl
continue to operate at 100% hardware efficiency and will conplete the t ask

in L*C-M or 125,000. d LS Increased from5, the performnce
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mul ti SQ e \ﬁf’ﬁ wWaAney tScFGF"E‘&bWu leiple Wersd@uwer Inladdision,cthe seatdl'eflallows for
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approach far ti naI frequenc ar chi ng o any o
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espr eadi Qﬁﬁk@h c rru atpors to sumfor a pro
dur at j.on Elf9i thIﬁ{ e g%pfﬁ%?%cf?}g% Y B §Sea?’éd %QF@H’%HH‘P@HQ#&M to
produtt afendegprasdingr clediveredrnéo e wohgrente ascoueniiatorss toaceumul fgreds for a
second pr pgb Iagl HEfiher AH nul ation. The

P alue,is uefsdﬁﬁtﬁcfgideterrgh ne ?Eﬁn b fihglf%cu&ﬁﬁ%ﬁogssﬁ Bguarfgl Adnal

resulting_v £
at that offE%Ep€d fQ RIQfAlcEL8R enargy mepsurement. c Jher energyamddsusémens s f t

Ej ggp ?te 2 Ei | doumuiated viorg adaktond prajtasiviables aRK t87 pbABIMt QLS I Tht
2 lation. The resulting value is used to determine the likelihood of a pilot
20 signal at that offset.

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 muitiplexed 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.
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t he exenpl ary enﬁbgdlgﬁdgﬁt}é%?%%%@q%ﬁﬁ €n; FIG 5 depicts a QPSK
(cjiesp_rlea(cjie[jl; EI ?FI@-ﬁéﬁpmt?a@PBPGHe_spaeadegggﬂ; and FIG 7 ihs a nore

etaile ock diFagr ank GO ceordance wit 15 the present
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di agr am ‘cont ' obIEE KVeRESRdance with the one enbodi ment of the invention

as shown in FIG 4. | and Qdata (Hereinafter D, and D.) enters shift
regi sters 400 and 402, respectively. The size of the matched

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
20

A Dblock 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 n'laf:c:hecll
filter component of this invention is given by N, the number of memory
25 IQcations 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, + jDa)*( PN, +jPN,) = (D,PN, + D.PN,) + {DPN,
- 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. Sﬁﬁlarly, Dy is
multiplied by tap values PN, and PN, in mutltipliers 604 and 606, respectively.
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

7
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filter component of this invention is given by N, the nunber of rrerr_Drly fg
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only % FEPduiced an despreadex 416 ardetned mespedtively in summers 420 and 422.
Each time the data in shift registers 400 and 402 change, new sums are
calculated in summers 420 and 422. Each 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 accumnulators 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 inthe RAM. In our example, when 64 cycles have passed, the first 64 I and Q
sums have been loaded into accumulators 430 and 432. Each of these sums
corresponds to a C of 64, since that is the width of the matched filter.
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produced i n despreader 410 are summed respectively in sumrers 420 and 422.
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mul ti pl e isto Ne tddted \WridAvwHeE & b va‘th EXUHp cﬁﬁﬂ'[
tlonsr 9te’llc can be stored in

ggéﬁm gt OqB}éﬂéegeaO‘rnﬁggggéra??q-ﬁgr %ra ¢ acgns}@ft, register (LFSR) based PN
generators. The timing of tap generation 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

9
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techniques wused, if any. Those skilled in the art can readily design

ci rcui t swywhggsaizzaccommodat e a desired C val ue.) The | oadi ngC'PEISEMoB )
values is performed as follows: the PN sequences 20 will be generated

differently depending on whether the same set of hypotheses is to be
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! Eﬁﬁd #ldat Vh g Dot gs d@&@

to 919 A 0) P 40075 secon

coherff$1t vglfl]ﬁfs&%The géeﬁggvz%orgf{ﬁe%yg%}l@ aﬁﬁamrfg’éﬁf Eerftlelf?ave
moved!T or FRHECIEMQIR] diata G the Some offsets, ljustdasa desriberb abote. Pl\'IW@'pt@ées@Af
chi ps fOrurapehtﬁﬁmﬂﬂeifchiﬁsewéﬁﬂ%météq{a%e@ﬂ%@c@g‘fﬁﬁare created by the

PN generators L th?e first 64 su are genera & process 5 is
repeated for tH wherent acupglagtions eakandhRaddte rare aforiplete hisps.
Now t he f ]u%tdesarrbedf thé eesideartivalligg Qe RaaaRE AN IA bhe @N

forward %2 chi ps
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this ég e?@dmhﬁlatbf@itn‘%ﬂ’é} toecibrillalbdds 436 ARAYRS. %r%&s% 0aTm1§14dt Qurdar the
next ° non-coherent accumulations, M, the values of independent coherent
accumulations are accumulated for each offset in the search window. Each time
the energy is stored in non-coherent accumulator 450, the partial accumulations
25  incoherent 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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sanpl es cdn then be HEMTTEIEPIHFHEYHNBEx Sampleo RAMUBwph coptiditallyhbee t he
chi px8 r at@adech ity vakingsl etherrr thansthase fradURREIVe? 500. It is also possible to
utilize the stored data from sample RAM 502 for other demodulation activities
(for which chipx8 rate sampling may be appropriate). It is conceivable that
sample RA.M 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 resulis are delivered to
N-bit shift register 514. It should be clear from the previous paragraphs that
30 an-y combination or none of the aforementioned options are required to practice
thlS. 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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extra benefi
or nobil e stEquradiffesentPN dtesstm$ Qe oBfichsl W84 dhe earch w ndows
of of fset hmg&hﬁs fehnpe., Lested og the same S?%%#%F%sglﬁ%‘wgaasdgi’é‘.ts %3
long as the results are S%neéﬁﬁéﬁl TY rarBpdiagiter thel cirewnits tarenspemvinge hanged
so as to makBternahelockirate oheigh?Gimesckelchip eae @RIHIE! APOUELd §§§¢,€'g§¥e
Sanpl e RAM 394 ©3da g%@deﬁ!}éfedl adetj V\%th val s. Ot her an those r{)m
receiver 500. Jf is 2: S0 possiblE £68 Tats Pf JuPxee 2dlowrafos searahes dopiiee
RAM 502 f or PSFiEmedkrb@ffsatsi inbetyvéeri eadks chipf as well ab &hhﬂ?béuﬁﬁ%ﬁéﬁm[& g
may be appr epth,athe) makdhddb filRP Gal t AM 502 Wi e 1 oaded
for |at gg aﬂgli tional | roce 1&&@%\%%@8 Céljiqu%sei lﬁﬁ‘ﬁg%hug‘oggef %é@@éhﬁ?hgféata-
search t HECEHRP e Lbreiqﬁée rBY seguen®socan be wed e0adeabblo ok different
provi di ng amyindopisi diirAtaredushi ©F Al EN . Rptator i s anot her
option to bgr %qgecg) i sinfouag_‘?lgln(% g a % ?gggéﬁé%%}?gﬁfr(ﬁ?ﬁgl?ﬁﬁBges,
renoval is desirfed. ﬁﬁ@ BsTIeotdy Sygurqreasing the system teladki rt relegonttorthe14.
It shoul d béatd e, greataridrdepree windowrdatbeahs hdd i Q1aRYGEPD! Nat i on or
none of the afor | | re required to practice this
i nvent i f_’g The | ?gﬁga %ﬁggcéo‘g%lpg%%\gg@iﬁ“ﬁb eBtering INaghe hlods 39+ oThispist an
shi ft gi SPEpnahblock whishraay e used ge rallommicRHad AN icRReeMIcARda68R8 16Nt
sear chi ng i be iperfrgiid. t Bat eghhplé Ui 0 n_ 1, and h needs to Ee
enpl oyed (g e@gé}gal ent ti - ha’rﬁg ¥ %xs \Ag%'ghe%oﬁgﬁn%‘%%f Shfo 64.
sinplicity and ];ﬂs W3S desir egnasiocptichbeget Ito lzera lomtB2asf theséh gesuipat h.
For exanpl eThisibi s bodenierl ivdiedr d iffe BR9RALVS f | rage
el ements, %gpﬁweéé??{%d%ﬁ %[}d ?‘%’gﬁ%n? fQr fﬂ%’qd"%:\f&u&s&y %%P%EH%G
7001 \/\33080/ 9123 S00T B0 675 TRECAULSH- 6f davpfarsexanapien chheigtaskaraadbe o
QPSK despr _é‘i’leglf&.r 2THerations of 64 value calculations. The remaining 152-128 = 24
Chlp.s worth of data can be added by setting the mask accordingly. It will be
obvious to those skilled in the art that alternative mask locations are possible to
perform the same function, including zeroing out the data in the N-bit shift
register 514. (The mask can optionally be applied further down the adder tree
25 atthe cost of resolution).
The resulting N I values and N Q values will be delivered to adder tree
520, Where a t'otal 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 tlTe present invention. Up to four different phase values, 0, 9,, 9, and
6, 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 t'he 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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sanpl es are despread with PN sequences delivered through nux 516. The 13 AUG 2003
present invention lends itself well to parallel utilization through

t une- shagigghsefzour different PN streams with optional Walsh covering are
shown as inputs to 5 mux 516. In the exenplary enbodi nent, PEHUSMM400TE ts are
operating at an internal clock rate of eight tines the chip rate (chipx8).

As stated above, the | and Q sanples are delivered at a rate of chi px2.

This al | oWBe f stemarclinks runs bat chgsxsyr stecthefe afrbsgt ?d]@s het WagRe ea L ¢hi p

as wel | i ' h, t mat che i | ter_ hardware ‘can be

utili zedaif)r?&ﬂs&?‘ogpgggf{ds‘g C%ﬁ%é’f‘*ﬁﬁ”%#ﬁ’é@&lﬁﬁﬁ@? ot date: doresammlern | -

sequence551EEL?”§5] BREENGS eenbe huseddiof fadl daspreatiivgpws debpréaden®ass! phdipr a
ingle P ' |f . i nat i

Cher eaf) &“%@q?ﬁ@f@‘éffé‘ih‘{hﬁsﬁ%g‘ﬁ%&%% AR SRyl £ hshcHeairacr e

gr eat gr e %"W@ﬁe‘%wﬁg&%aﬁ gyent E cCWadshs combinatemestan batsearckbep; ead

val ues ardiffepentPRWalsRGomSHabions kaf b2 sehbéfed Wit diferdRt EQMRlonlock

whi ch t 0y al RN N ohear and witha dir gHepges,

per or med” E RGeS/ Walsh Rombisaneas pacnboding ardilirent Sequensyoand f

only C=3Zo0nas desired, the mask could be set to zero out 32 of the 64

i gori thrs, . i peasBed R ENER SR EPUR bt dromofhe satched Rliespl 0.

The rflsk THAt e Zoharerdly egchmulateit erFhé onemplabyt smbodiraahrsll @headig. The

remai Ni NGicdGrnal 3 | -y%;:,; ) a y. setting .the

mask accorcdi n Igt.%rl_!? %gmaﬁefnggﬁlo_ Vi gﬁ@%@%%@e%%ﬁ’?@%ﬁﬁ&‘ﬁ‘ﬁ&ﬁ”?‘ﬂﬁt

al t er nat irs‘éog?ggé thal-there age ararisss ot pneansoto peaduneracchendatmes fwttichican,

i ncl udi _ngasifby dﬂe@hﬂﬂittlltédetcgahﬂtﬁlbr&ie@réébﬁi invedtitidn. Mgl g%@ranﬁl ateb 53 rf?sk

can opti i uy t he t he adder tre at tfe cost o

resol 5t i %%l)a. @Ph%%rvgsuetrﬁ%g‘qg fo %‘3‘?‘33@9&1{8%- %ﬂ%@gﬁwsman&@ penforaedd to

addettdt r éer emocydie of inconimgadath. Sive avdreilafibas ofeadhoMheke Reed abeybat ed.

A typi calirgéd r LSS | : t dder structure can be

enpl oyed.tlt 0 @E f%%’rﬁgg&l%ggn@%&{%%%ﬁeea% osfgﬁlélg a%c&'gfmf'lﬁﬁﬂf‘ﬁ yftggt er

than t he SHRYSHOGTWY 526) . start_fpnacsamban starmace acotmBor Wit ankeofuthesaot her

oplt i on wlsaig:iaés:a:nasgiﬂmwcﬂs-letxlf:zﬂu@rffebx;iﬁ:\nltot{aﬂsgesdﬁdt L aaaea%;a@agdf gg(fra%, phase
val ues, . , ng. can,be. | ncl ude | Oug nmux 9 and rotator

524. Thi ggl:aﬂ’l %)Vm%_?l?rsﬁﬁ%hvcegy I bl 3cumydatppe g Rtharedsen the ppartial of f set
hy potthes pecuraplatisuy wall beaddedto thgr ealerfrémenistoeises inaddee 530asalreh i f t he

system Ckgk ntho588, ' r or 35 greater spare cycles in relation
S bQ&%thétI%_ The total nunber of frequency searches

totheincorrii%l an data r
and PN sear chel&m i P33 makes 18p c she nexemplanyr sttomget helemient ofimtlee  of
spare cyat®sniilton Jhedtordpt clegibritindeds SIBIablY & be FPfittof 3R rédYy t he
exenpl ar &omggfn%egéchdr%;c e' R é’l?ﬁaﬁoerg R%Macortﬁé%eogmgmygé,zés 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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12 1 9 AUG 1003 WO 00/ 59123 PCT/ US00/ 40075 ' The system clock runs at 19 AUGZ0M
chi px8, so there are 4 cycles to utilize. Any conbination of 4 searches

can be pd¥@eism for each set of data. For exanple, a sing ,@y?,?&qyence

can be used for all despreading in despreader 518. Then four er ent
frequenci es can be searched. Alternatively, a single frequency can 5 be
searched and f opr dlfferent PN Wal sh canbi nati ons can be searched, or 2

di fferent PN il ¥hS¥0HnitAG: $isRal coming fxemrewdS26 controlsi theeoutytut of the

frequenci dal cohererti ddcaranhtibhi. ViV Eén QH%chh%ﬁ%HoP&%mﬂg giof ent
e L]

frequency., |bed in relation gLl from
t he mat ched@ﬂgﬁ flﬁ%bi)% ﬁ%&&%& SRR W }15{)%68%1] efH2 NEwe assumplation | 1s
eLrbodl m;nI tpeginings eViMChcmrmdmimhs ics thﬁ@(jﬂ'lcﬁpb@ﬂ‘nﬁ EGTplEed; THO valud!

Those ski i that there.are a_variety o maans
to producgl\ %gggﬁu% atb ?’hte‘jvxéhnlﬁu%% ?%géﬁ%? %rgﬂlfé[q“tlﬁpécﬁgdn@ﬁ% &t gate
present i Re@/iMBHangoust SmeaemltSQMEalﬁE&rothéﬁﬁgSshﬁWn@ﬂ Ssopt Reshehthesf f ect
the tim nghathl SRR, 48 ch ¢ Ieoflnomng
dat a. Thesgagtcu%?gﬁgons of egc @gﬁéﬂﬁ g% 3‘4?&018 S0 § gchgﬂguﬁa@g
provi si on>ft& Ifsd¥es andiand ad valeg mﬁ\mtrolmrenhmcannnhsotsyetrbﬂ thotight s to
mux 526: shhy oéné€ s SeEGWRON-FIGE &r cq{}% si,gnals is
asserfdad t?fer\l/ om rog tgoﬂr:m%ﬁgn d A agd%f?éggs ?3 Ero,
whi ch eff%%‘t“'ff\?ga@ andpthe resu nﬁ‘IHfEFSSﬁte @rumus\@r 548e Ploteithat 2Be
accumul at putputi of ehet@dded.lmaldtbﬁ 542lisieebd FoY 0t c‘l’és Baf drik gé’PEBhé%Q\ as

t aken la%%t &gg ri bed shortly. Itens 53 -538 nake u e exenpl ary
storage e enen P accurml ator. The storage el enent needs to be able

to be witten {temmbt4 o558 niakenuplarsinglecamircolietent aboutnalatpe(l aAl) aeall d be

enpl oyed, nés &@k@éﬁ)&vﬁiﬂgiﬁdgﬁ?g@k&tt‘ﬁi@“ﬂ ik a%:g@%%ﬁﬁg# efgémy%eﬁ}gﬁﬁ% ? lsﬁ

rate. ngil’ gort alms
he il libxpartigl pcumygations efenergy RAkIE310 2 alouhle gapked RIANS
shown. Si mmphlaedl of |bs1faalrw;5n@n%haréntmsaztmméﬂ 55, gn HK%H gArTRarti al
accunul at ]I%%vé CZ’ d and f?%?n it.n egls t0 be accesse errng can be
used to a th t§ of él‘?‘ﬁﬂ Yr e thFoyghs o tf5@41 |441deaé1$r@§ﬁ:l e.
The RAM wvitarthnoiaccutrd + stactent _tRCIMﬂﬁ in afnjangticn wdth g&es 598 laaldizss. One
partial accunmufgdi | r Sﬁ Yg; ile cohere RAM 534 is
read,, The_J ead atrgéhv&tf PHRE %(rz)lnséebk%\%lflpa? B?fi thigugh gates of
whi cROi s BBopbaythie enRTEYaralBetassoRiated vkl cach wffseﬁlmmirhesxss Ahdesgibentix
538 to galtwve?th@enties GthiedrabAY be (ShiBbHES N34 I Hhi&PrElesshP orPBER &
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) (48]

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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35 accumnul ation from adder 530 along with one stored in buffer 532 wi 19 B85 2003
witten to coherent RAM 534. Since no data is available to be read, nux 538

will sel egb artial accunul ation frombuffer 536 to supply to gate 528.
This pr ocedog)rggui?s known as doubl e packing. 13 1 9 AUG NO %wg’ég"ﬁ

PCT/ USO0/ 40075 ' The sane start signal comng fromnmux 526 controls the
out put of the final coherent accunul ati ons. When the accunul ation is not
starting, datRot thrqughh éntgregl wthesug hwirhiw i dearciip wbmpplete BRAZEHEN

Wien a new seedstal Ak vallidsSsto RO VA Wi orresponds to the prior being
conpl eted, the val ue from 50rrux n%‘grk?)ghisqggp%?}lgd t hrough gate 540 to energy*

cal cul at or 542 1( BresRat %iommﬁdﬁma@MMI pé[ﬂeﬁd/lﬁ'ht}s, htls o‘i&irhiﬁhf rom
entering sumasedlré&dh) bedleREbsbed t | I ath .up
until this i onla SO ener acecu %agr ﬁ{eg\drf?%%%%il'\igg’ %%Pdaﬁpdg%l%%s’éloée
fromtwd coNera ?Segt‘é(ﬁ?ﬁf?’g{?ﬁ%l,m‘é NShBoRrohereny agmemiudationspandn@nBer 5
Iﬁr cl ar: Po:f taps rbsp@tiwel;’r)érsm:pﬁag dggmﬁﬁdﬁle?ﬂ&l?lcﬁerl}ﬁe%cgﬂgﬁgfaga%mgIfgie and
e resu : S umer . e tha out put of energy
accumul at orﬁ %hﬁi%gge‘%gﬁ%rf : a%%%ﬁ@@ﬁ{??s%ﬁ%arﬁlé‘?r g‘ﬁ'ﬁé‘ﬁbﬁﬂtr the sloak zate on
period. |t&AB Basincremedmitamuphat giveh eimahe cokanpiryacaadigtan. (| TROd Q
are now ngkR i k $9;l We cupul.at or s descri bed above.
Summer, . 15 548 sgmléiaglsebgiaé'%ﬁﬁ’lt {"g@chﬁneﬁﬂté’tguﬁéﬁge' oﬁé 8r%‘§ ﬂé‘ﬁ&g‘? jygnger o
doubl elPackERe- BifyFles v alrbig) forepaslel userofctitecaraititeRAMeSdde thuflbek
554, and nmuate5o8linghThistineRtos QbW foir%n?fct)%iﬁgtiﬁhrgf 's84dchel %&Pe['fﬁlg]}ég%'egs544

and si gnal tar accu -.start . nc_atcunB I n conjunction

546 and 558 ?‘5&9}&%‘1‘&@% entifak BHEIReA of Btclgn R erigh sorralaten syedld

t hrough gahave 20 E5&rmate attwmplish guchal seackas Jo6d &t st Eax‘??ﬁ?fo?frf fed

hypot hesi sgefpsh 488 Ghi X li-re structure can be Controlled via

a mcrQprocesso Oﬁﬁ%%ﬁgg%a s%o%htw}ggk 564. The values can be used to

det er nithe the | 6889 dh also scplability apythef arcleseminplad, levehyudr any partivulal ue
Y

560 1 223?3;’;@%“? %engﬁg%%“giéfvﬁ“ﬁgﬁaﬁa?*?ﬁﬁﬁlﬁéﬁﬁﬁ?ﬁ% e RE R
used to suppr & ASUHBRYR! (ot HatANE fak by deplexediAependingommiat shrt
apart frone mrdliagg:ha;mﬁdmisticﬂme dakiged) t hm for peak detection is as
Lo, TS o s il Weglhtl s B
The erfer gy2RRIVERatgly \the dameenmplaxitys(amdyinbthis assedassutniigy theesanheé kloeked t o
rate in each: data changing at chipx2 and system clock of chipx8). One option
is to utilize a single register of size N = 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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remove potential false peaks at the borders. This may be done in additiphalls 2003
back end filters, potentially in DSP 564. The remai ni ng peaks after peak 35
filteri ngvVr&®/5883i vered to sorting queue 562. Sorting queuep S&GZ«)béﬁed'to
generate four to eight nmaxi num val ues for each search w ndow. Eac er gy
value and its associated PN position (or offset) are stored in the queue.
DSP 564 14 3 00/ 59123 PCT/ USOO 40075 is notified through

i nterrupt &gr% %réggwﬂiéga‘?é‘?sﬁsgc%ﬁﬁ%‘ﬁ@t% Wity ethe prireiples aridhaovel ues
stored in feabues dischesagukerein The present invention provides a great deal of
flexibility, much of which has already been described. Recall the -
vari abl es ¢Y éi, M and N (nunmber of 5 hypotheses, coherent accumnul ations,
non- coher efft® @4&¥0irul ati ons, and nunber of taps, respectively) fromprior

di scussion. Include the additional variable for frequency searching, f. In
order to increase searcher throughput, the clock rate can be increased
fromthat given in the exenplary enbodi nent. The throughput scal es
directly with the clock rate. Define the T as the nunber of 10 tine-sharing
cycles available for parallel use of the architecture due to clock rate
scaling. This invention allows for any conbination of searches given by the
product, LCM, equal to the total nunmber of cycles a serial correlator
woul d have to performto acconplish such a search. This invention can
performthe search at a nuch greater rate: LCM/NT. 15 There is al so
scalability at the architectural |evel of any particular inplenentation of
this invention. For approximtely the sanme anount of hardware, a nunber of
configurations can be depl oyed dependi ng on what sort of searching
characteristics are desired Followi ng are three exanple configurations each
including 20 approximately the sanme conplexity (and in this case assum ng
the sanme clock rate in each: data changing at chipx2 and system cl ock of
chi px8). One option is to utilize a single register of size N = 32 shared
by four matched filters of size N=32 (each of the four matched filters
containing four parallel searchers via time-nmultiplexing as shown in FIG
5). This option provides a mninumC = 25 32, minimnumL = 64, and the
nunber of parallel searchers, S = 16. A second option is to use a single
regi ster of size N= 64 and two parallel N=64 matched filters. Here the
mnimumOC = 64, mninumL = 128, and S =S. Athird conparably sized
option is to use one N=128 searcher as shown in FIG 5. Here mninumCC =
128, mninmumL = 256, with S = 4. These three exanples are not
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30 meant to be exhaustive but serve to illustrate a few of the potentild AUG 2003
enbodi nents of the present invention. Thus, a nmethod and apparatus for a
programuabl e matched filter searcher has been descri bed. The description
is provided to enable any person skilled in the art to nmake or use the
present invention. The various 35 nodifications to these enbodi nents wll
be readily apparent to those skillefiMdMBhe art, and the generic

princi pl es defined herein may be applied to other enbodi ments without the
use of the inventive faculty. Thus, the present invention is not intended
to be |iitedA proglammeatidediarohed §itehsewchesommprising: is 15 1 9 AUG 2003 WO ~
00/ 54123 PCT/ US‘%g\/ﬁOO?S to be accorded the w dest scope consistent with the
princi pl es and SAE\AERistef £OfiTareAwing sets pHWwSeMHg, 1atRTasap d@F""ai m 16 1 9 AUG 2003
CLAIMS 1. A phQBHARBRRY forTEIRE sdth bf BtoRBRY filadfa Lﬁ@(@rdaﬂ;ng a shift

regi ster for receiving sets of Tncomng In-p aseEI) ata, a shift register
for receivi nga®P gensfatonfoogtnerptipg N stqueme§) data; a PN generator for
generating PN seg‘itiéggﬁtsha.natched filter having: a despreader for

recei ving sai 8™ [ hg4P%  said sets of Qdata, and said PN sequences
and for produgidegpregdes fof réb@RMigeald lseté druegatanshi® 589 Wi @ Hadland Ghiqdpspr ead
Q values; a summer for summ ng said sets of despread | values to produce |
suns; a SagyeRgesfapd feriprorugns spte of desprerd Hualpescand poduting sets of sesnteaseQQ
sums; an li,accumul ator for receiving said | suns and accunul ating themin
sets to produce a set of accunmulated | sums; a Q accurul ator for receiving
said Q suns aacuametifarlsaininigg tdiésets of dapreatl @ valeothupredacedasumef accunul at ed
Q suns; and an ener{géircal cul ator for _receivi sets of accunulated | suns

i ng
and sets of ASUOMST Hrslmeyasiaid S%a%ﬁ_iqswaﬁ L Taluss todrosdise Qfumet s of
accunul at ed | a8 YNocusdlesd 19 reSGHRECald’ ¢ RRRSak a&@hfulfingd el 3L GoQ

suns, and summ ng the results of said squares of respectlve ones of sets
of | andp@ducamdseatof pecodwtasedbsumsof ener gy val ues.

a Q accumulator for receiving said Q sums and accumulating them in sets to
produce a set of accumulated Q sums; and

an energy calculator for receiving sets of accumulated I sums and sets of
accumulated Q sums, squaring respective ones of sets of accumulated I sums, squaring
respective ones of sets of accumulated Q sums, and summing the results of said squares of

respective ones of sets of I and Q sums to produce sets of energy values.

2. The programmable matched filter searcher of claim 1 further comprising an
accumulator for receiving said sets of energy values and producing sets of accumulations

of ones of said sets of energy values.
3. The programmable matched filter searcher of claim 2 wherein:
I and Q PN sequences are produced by said PN generator; and
said despreader performs QPSK despreading.
4, The programmable matched filter searcher of claim 2 wherein said despreader

performs BPSK despreading.
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2. The programmabl e matched filter searcher of claim 1 further conpri $i9ngug 2003
an accunul ator for receiving said sets of energy val ues and produci ng sets
of accumul ations of ones of said sets of energy values. 3. The

programuabl e matched filter searcher of claim2 wherein: | and Q PN
sequences areTproduced by said PN generator; and said despreader perforns
QPSK despr eadilhg. prograpmaalye ogetghedaflleer nwached of i dlaier 2 dartidre comprisihgian 2

wher ei n ' r. perfor PSK despr ing. 17 1 .9 AUG 2003 5, The
pr ogr amea hgplgrr’g?sr(?{ﬁgﬁmnfgpulté%ﬁﬁg?eqﬁ?m&? gﬁ“ﬁﬁ%‘ gflg fem fomiimesnarngyof

mul ti pl exsid 6slableafigichddGlterith ipdluee RAGERHIRBG R sand bl d&?iaﬁd"ﬁzu‘]tﬁﬂ?‘l’f\lor =
time-sharing of said |oadable matched filter to produce additional sets of

suns basé¥lU§ACeSai d nmultiple PN sequences. 6. The programmabl e mat ched
filter searcher of claim2 further conprising: a nultiplexor for receiving
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a) storing sets of I and Q data;

b) producing PN sequences;

c) despreading said sets of I and Q data with said PN sequences to produce I and Q

despread values;

d) summing results of said despread I values;

¢) summing results of said despread Q values;

f) accumulating the resultant summed despread I values;

g) accumulating the resultant summed despread Q values;

h) squaring the accumulated despread I values,;

1) squaring the accumulated despread Q values; and

j) summing both said squares.

8. The method of claim 7 further comprising the step of accumulating said sum of

squares.
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