WO 98/ 08319 PCT/ US97/ 14783 RAKE

RECEI VER F%gﬁm SPECTRUM S| GNAL DEMODULATI ON PCTNUS97/14783
FIELD OF T ¢ The present invention is generally :

directed to a 5 %%ﬁ@qcf &l 'E@&:EFH 'fﬁi’ﬂa SPERAL, UBE ébﬂ nd
specifically to a system g‘?wr%{:eiw\ngg an d'selfrébEulatlng A " IOﬁ
spectrum si gnal . . BACKGROUND COF THE | N\/EI\FI'I O\I 10
Spread spectrum techni ques are fingrpgpl ngﬁ‘HEr qzhvmqimou a variety of

licati o | Lul t el eph R d
g??elrcflh:aogztent Pafe p ?:Pﬁ gag O hive r&f é‘ﬁcy‘gl %%ygse %Sﬁ@e é%‘gweto‘f h2
The resistange cﬁystem sfoead zsgmwmg rreahodprteadj arspetg:nmkg s hgnai dealnidy
suited 15 for fﬁ 1fEQaﬁgbgb N %xsyxsé :ffgg)aﬁcﬁp{iéﬁéhhiﬁiing a

c a spec € ower

For radar appli I ons, spr rrum si gnal's av
probability of b‘%ﬁ”r‘"@)a@nﬁéﬁaet‘é‘ﬂ’édsma © the noi se- ~ like appearance of
spread spectrum waveforns. |In addition, it may be used to increase

'Ithe pul sg repe: ition Lrequency %3}?5 %%ét Qi’aﬁ{!*é 'fflpo |gu?)_us {ange

n spread spectrum radars % &ﬁ&r@' applications
(e.g., Code®i vision w&mlspehm:&ms techiines are €inlihgabangéredolegnih
or DUl 1 35S NGH febl eV bbby ongh U0 JECHALEC0E Lol 43SHah”
code), such as spec¢teunohgseddeystemN eller | hheDmt@mtluadathSlnt:nem

appl i cations, -t hi e 501 &RE NG nCaUseSuERe ¢ IBahaki2dRSUPYThe :téﬁse&t
spectral band all ocated to. the

di fferent users TRFSARLIFP §°§§é‘f“efﬁe§i’88§0t°d?’§’f'¥‘ﬁﬁ%|‘§%% W‘%nﬁ]%%lly suited
I nterferencks codiss asasia;:ncaalxdt GlobaleRolitioningi Sysyem a{¢PBFeapplications.

I I d
;Slsméf 1E ?(r:]?ce)ﬁts Y lﬁ&l}f ?P zati on 0%1%%{3%8&%"{ ht%ezgéo%c} g%ghﬁ‘érphnedﬂﬁ? %%U%SIR%%;Q

signal s are wi déLaye¥, Prabakilitpach daing tavereepted edupmdicedhmdnoise-

conpensated for llké:'dwéai'ancgyo?_aéﬁf:ééhYS?ectf&ES&H\#@fdﬂﬁk' ”tfﬁf&ﬁ&ﬂﬁfon,
codes, base-statjions can og imted mterfere,nce fro '

adj acent base stidt iR BRJES d'f FﬂeP'BF‘o"Fés&péhﬁ Pulse TRRfRAT *%‘bs%r?%?ﬁ?ﬁ
(i.e., noremf withHdet st iohici o ameisi guonderange) .

In spread spectrum radars, GPS, and cellular telephony
applications (e.g., Code Division Multiple Access (CDMA)),
each transmitted signal or pulse is assigned a time varying
pseudo-random code that is used to spread each bit in the

25 digital data stream (i.e., an interference code), such as
the long code and PN code in CDMA applications. In CDMA-
applications, this spreading causes the signal to occupy

' the entire spectral band allocated to the Multiple Access
System (MAS). The different users in such a system are

30 distinguished by unique interference codes assigned to
each. Accordingly, all users simultaneously use all of the
bandwidth all of the time and thus there is efficient
utilization of bandwidth resources. In addition, since
signals are wide~band, the multipath delays can . be

35 estimated and compensated for. Finally, by carefully
constructing interference codes, base-stations can operate
with limited interference from adjacent base stations and
therefore operate with higher reuse factors (i.e., more of
the available channels can be used).
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PCT/U897/1$653 filters are used to isolate selected users, filter leakage
results in the leakage of signals of other users into the
signal of the selected  user, thereby producing
interference. This leakage problem is particularly
- . significant when the selected user is far away (and thus
25 the user's signal is weak) and the interfering user is
nearby (and thus the interfering user's signal is strong).

This problem is known as the near-far problem.
There are numerous techniques for improving the
_ signal-to-noise ratio of spectrum signals where the noise
.30 in the signal is primarily a result of interference caused
by other spread spectrum signals.  These techniques
primarily attempt to reduce or eliminate the interference

by different mechanisms.

In one technique, the interfering signals are reduced
35 by switching frequency intervals assigned to users. This
technique is useless for the intentional jamming scenario

in which jammers track the transmi-ter frequencies.
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SUMMARY OF THE INVENTION

20 An objective of the present invention is to provide a
system architecture for increasing the signal-to-noise
ratio (SNR) of a spread spectrum signal. Another objective
is to provide a system architecture for removing the
interference from a spread spectrum signal, particulariy

25 the interference attributable to spread spectrum signals
generated by other sources. Yet another objective is to
provide a system architecture for removing the interference
from a spread spectrum signal that does not employ beam
steering. Specific related objectives include providing a

30 demodulating/decoding system for efficiently
demodulating/decoding spreéd spectrum signals generated by
far away sources in the presence of spread spectrum signals
generated by near sources and/or effectively accounting for
the various multipaths of a spread spectrum signal.

35 . These and other objectives are addressed by the spread
spectrum system architecture of the present invention. The
.system includes: (i) an antenna adapted to receive a
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second spacellﬁﬂqmﬂlﬁg t Fee signal space can be obliquely projected onto
the axis along a second space spanned by the second signal

segment. The estimated parameters of the first signal
segment are related to the actual par'ameters of the first

25 signal segment and are substantially free of contributions
by the second signal segment. Through the use of oblique
projection, there is little, if any, leakage of the second
signal segment into computed parameters representative of

the first signal segment. . _
- 30 ' For spread spectrum applications, oblique projection
is preferably performed utilizing the following algorithm:

(y'H (HT (I-5 (S") 's")H) "B (I-5(s"5) 's") y) /o*

where y corresponds to a selected portion of the spread

. .spectrum signal, H corresponds to an interference code
35 matrix for the first signal segment (which defines a first
space including the first signal), S corresponds to the
interference code matrices for signals of all of the other
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efficiently. An improvement in SNR further translates into
an increase in the user capacity of a spectral bandwidth --
25 which is a scarce resource. Unlike conventional systems,
the system does not require beam steering to remove the
interference. _
In applications where the first signal includes a
number of multipath signal segments, the system can include
30 -'a threshold detecting device, in communication with the
obligue projecting device, for generating timing
information defining a temporal relationship among the
plurality of multipath signal segments (e.g., using
mathematical peak location technigues that find the points
35 at which the slope of the surface changes from positive to
negative and has .a large magnitude) and a timing
reconciliation device for determining a reference time
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perform oblique projection, ul abi n vice uses the output
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mul tipath signal 5 segrrent S. Bot hEh!E obl i que projecting and
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where p is the number of the multipath signal segments (or
15 peaks); i is the number of the multipath signal segment; A,

is the amplitude of ith multipath signal segment; j is the

amount of the phase shift; ¢; is the phase of the ith

multipath signal segment; y(k) is the input sequence; and

t, is the delay in the received time for the ith multipath
20 signal segment. .

The RAKE processor effectively focuses the beam on the
desired signal source. The oblique projecting device and
RAKE processor null out the signals of other sources in the
spread spectrum signal and theréby eliminate the need for

25 null steering to be performed by the antenna. The system
of the present invention is less complex and more efficient
than conventional beam steering systens.

The system can include a demodulating device in
communication with the RAKE processor to demodulate each of

30 the signal segments. Like the oblique projecting device,
the demcdulating device uses the equation noted above with
respect to the oblique projecting device. Unlike the
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2o F PR SHERI (- She APt SELERESHGPRIPAY -y ¢ he

conponents oi5Fig. 2; In anothe¥fi georfilgpration; apbheal fystém obhcfjudes a
projecting qpfaflswey of antennﬁgg i2 ep'aﬁ{ sdmﬁ.ﬁ maggf@g&ﬁ each

contained in a rtion of the fil ere
depi cts the thr e RFARAR; d’r?&‘[”&w?el’é??B%Ctl"e 53?4% eRﬁP@?@d‘l&g tgevice,
threshol d det ectitigré€holea; detecting device; pind WAKH |protef<ds. t N2 common

operation of the'f?ﬁ%%g reconciliation device is in communication with each
20 of the respective threshold detecting devices and RAKE
processors. A common demodulating component is also in
communication with each of the RAKE processors. In this
cénfiguration, the demodulating component sums all of the
first signals received by each of the antennas to yield a
25 corrected first signal reflecting all of the various
multipath signal segments related to the first signal.

In either configuration, the system can effectively
accommodate the various multipath signal segments related
to a source signal. The RAKE processor weights each of the

30 multipath signal segments in direct relation to the
magnitude of the peak defined by each multipath signal
segment.

BRIEF DESCRIPTION OF THE DRAWINGS
35 Fig. 1 is a first embodiment of the present invention;
Fig. 2 depicts the various components of the
correlating device;



. 10 processor; Fig. 8 depicts the various conmponents of
~the . devtrelildsate Ng devi ce; Fig. 9 depicts a copoghmsoredrss

- surface defined by the correlation function output by the denodul ati ng
-~device; 15 Fig. 10 is a second egggdinent of the present
invention-for an antenna array; a Fig. 11 is the first part of a
flow schematic of thegjgy, 3SOWPRRS OknePeLAlENIstBs SYSéLFdPhed! By 1&ne
and Fig. 12 1I's the second part of the flow schematic. 20

DETAI LED DESCRI Fpmg@nents of FXghe %y esent invention provides a software
architecture antrigl ha aepfletsyigaphitilipnatheal obl Mdpger igdoect {1y
denodul ati ng/ decodi_ng .communi cati ons signals containing 25 interference -
noi se:. This i P& ny general ly applicable to CDMA systens (and
ot her spread spectrumizyst Snsjepicts Ehequeignali segmentilidontizinedtein a

- systens (FDVA) iiﬁq-t-g.'dﬂa of t éjif/ii_ﬂ&rb&vlgﬁ,;gf; Access systens (TDMVA) and

particularly for_spread spectrum szstem;, such, as CDVA In spread 30
spect rum systens, infdiFer &nc@epdrss i theypthaeey dinensigpal corgglation

popult ation of hsi%@é%ﬁﬂﬂdﬁ& S@‘Tﬁzﬁéltﬁl[ilv/@élhbm dé&%ting fd@(ﬁlﬂ@éﬂy
spectrum such as in_hi ser densi cel L ul ar one .appl ications,. or
sgch as in the intenr‘&%‘al pic ?’ﬁf%ﬁﬁﬁrgﬁeécgf Fﬁ&aPBSFagéﬁﬁgmfc%emgAkE

si gnal s by 1tear lprotessgoamymer s. WD 98/ 08319 _

PCT/ US97/ 14783 . . - O- ' Ant enn
Syst ems An gvleqr'v.i ew o?efﬁgtg ur et a‘f%ﬂilg?uesct u(r:%mﬁc’)r g?'ecttb?ng%he
si gnal s from andempdwlating slecDRisystemis illustrated in Fig. 1.

me arctlite_ctulredenpltmh . a?saagkgganhewﬁézirat{btﬁw'ﬂaw &Pb’lénth 9™ Sthe
e system i ncl udes ant enna 5 adapgted to recejve the spread
spect rum si gnal cé’r’r’d*d@%e\% unctiog, CB{HH}& F%qué? C{éuell‘,'°4"r]ralte’r’§g 5‘@2‘&"?1‘5960
for filterid® the Figan- plmseis ('d " )secordl lembotiment (‘o) thehameserito

form fil teri(;‘q,e%Mry}ﬁ asr.l Iﬁ%ﬁﬁ%ya correlating device 70 10

for providing "a ypot L I'ca " function characteri zi ng
a filtered signal sedtsht 2hhiehthayfhest parfipfi pafRoyi frhemaddite v dheof
-a.source signal soFwRirdifdy operatiitid Gid \eyster SLFRIl 10; &% a
dovi'ce 15 94 Tor geldtn (T 18 e STHSRTEN TortHt - TheCOmre:
20 . : :
DETAILED DESCRIPTION |
The present invention provides a software architecture
and the nunderlying mathematical algorithms for
demodulating/decoding communications signals containing
25 interference noise. This invention is generally applicable
~ to CDMA systems (and other spread spectrum systems),
Frequency Division Multiple Access systems (FDMA) and Time
Division Multiple Access systems (TDMA) and particularly
for spread spectrum systems, such as CDMA. In spread
30 spectrum systems, interference noise is typically due to a
dense population of signals using the same intervals of the
frequency spectrum, such as in high user density cellular
phone applications, or such as in  the intentional
interference of radar or communication signals by nearby
35 Jjammers.



rel ati onship among a plurality of peaks defined by the hypot heti cal

correl ati onwbwsmgseon, a tining reconciliation devi ce 78 PEATUSBTE4783 ni ng
a reference tine based on the timng informati on, a RAKE processor 82
for aligning 20 nultipath signal segments fagy-each selected user in tine
and ‘phase and outputting an aligned signal for the selected user, a -
denodul ati ng dev aI | gned signal s transm' tted by
each sel ected user 0 correlati Lpn h.oI
detecting device 90 f%? o¥e r%b%\?e?f Hae ?‘ﬁ Bg $£F§gt8ﬁjtﬂg *P lfﬂgo
digital. i nf o fxgha D . ErAsm van | itthe wasr doi at @@Masyytemmsonﬂllgamted in

for radar or GPSpapplicati r\é\é;g%hfeéct%féugﬂ\ﬁ% Oi 51ngtﬂéeS§ntenBa for

conmponents, such a the fil e ant'enna can
any suitabl eScorfeeeiving COME signale-eci Theysystepydncludes; the a&ﬁ&“na 5°

providing the O%Mted t?lﬁé@éubélsﬂiiet Spread, sﬁdgﬁrﬁﬁ amgﬁalleaaat E&Yxléiﬁtte
one or a nunber ant enn e apyecia e

out put signal is® &p&t flﬁrl?ﬁae#?'y €1‘l€sﬁﬁakhs Eﬁys for ??‘%ﬁ?ﬁﬂ‘?e&hﬁy
a nunber of rmbliﬂ-phase (o¥Ityerand Tduadature puf"Q'y) grcllannesls cdver Eotrimy

Shfied 00 TERTatgH, oy BURIE oSl bIL-EG ISR 7o

PCT/ US97/ 14%93 for providing a hypothetical|(. correlation Thgupcgﬁ@rQ

channel s of the gniPatterdRihgare fihkered signdy @@ﬁedﬁ erﬁhleherma;éf)be
desi gnated as 58 d, 60, to, formthe filtered si

Filtered signal I il segmenti(s) Pfcﬁaﬁﬁgrc%fs%ﬁﬂag ?88Fe§f’3r?§|er
while filtered sd:ghhéctivémycorreéqzxrzﬁ t ko hea® chmnnéisighiad f i Eegment®),

ond 80 are o (SEMRLRTRRENSRLod el LD WALALAGIANELIRY! ReVice

to contain the transm n the speci fi
Ref erring tB5Fi g4 flor generaing|tining jinfeenzbion defitnimgstheytenporad

generator 94, aﬁP&@thQﬁl?U'énﬂfﬁg 98, pluramsy ao?afﬁ"eéﬁs paersﬁbaorby the
filters 102. For each - ed 51 nal s and

e
code generator dypeth E’é’fae]ct%o%aatig‘é é‘(’l‘ "él th? E@%@?eﬁeﬁgﬁf’}h""%mn
transmtting devicel get eﬁbmlgaaémbgimgt al et exmrons etliper amed o h&hib

filtered signal fo.h Pﬁf&dlﬁgt:{.orﬁ mproféérssotxhesz ;o§el Fi%‘?mla‘n‘g)

user and signal Segnent, trans
and candi da2@ symbbtipabhl, Sﬁgnaéa@egment% rfer earb &ﬁéeé’iﬁél d’eﬁ%ﬁ' sib&Amen

the set, generatfsi Ihhse and outputting an aligned signal for the selected
user, a demodulating device 86 for demodulating aligned
signals transmitted by each selected user into correlation
functions and, finally, a threshold detecting device 90 for
25 converting the correlation functions into digital
information. As will be appreciated, a system configured
for radar or GPS applications will not include some of
these components, such as the filters 58 and 60.
The antenna can be of any suitable configuration for
30 receiving a structured signal and providing the output
signal based thereon, such as an antenna having one or a
number of antenna elements. As will be appreciated, the
output signal is a mix of a plurality of signal segments
transmitted by a number of mobile units. (or users). The
35 output signal is coherently shifted down from radio
fregquency and split into an in-phase (I) channel and a
quadrature (Q) channel.



a candi date user code (or interface code) for the selected 20 user and
signal seg In selecting trial tinmes, the base- st L s .assuned
to have apgﬁﬂQWW%&e synchroni zati on with each of the mp %H§RBH??¥?
Using this approxinatée synchroni zation, the base station has a set of

trial tines at which each sel ected nobi3®-unit may have transmitted the

25 selected signal se nent |ncI ded ip the filtered signals 62 ..and 66.
For each trial tine, &H%“ %fs fet’f'}?%llouctrﬂ’rgs %gnaflor"‘rteneflslé}%iﬂ‘%d
user and si gnal byeghennlthfs usier(fooddes:.gngteer ako5894ngeBer, ates fU¥a Gthe

nore candi date e ri ndi,dat nbol
The set of 30 ltf riigﬁgg gnéégnalé r%;)%qﬂjetyuss‘er @&&g&%@ngggpgi gg gf%fﬂ
the set of candtgatbBeuZechanunel ¢f)rt1£e gutputsisjgnialswhidet filtered slgnal
determined By k@@""Eoi:ESEBbﬂagsto u;favrq anhell. heﬂﬁehltergOéﬁ %?.'aefa%

wll use a tine interval” centered receive tinme tor the si
segment that haSCHNGPIPArES 89 t’éﬁoﬁ%lEBE B(E); appddgd at Fb?smﬁh}]m)r‘@lt

typi cal ly of abeut contEQnmtiHel seeandfii btebessigndeSRithens e GpRRAISRd

for each - ¥,\0n8 %% 19

PCT/ US97/ 14783 -11- " of the active
users transmtting sRefsrrsiognebo( Higs. the3, thdikbberelatipgaldevice 70

The proj ecabonl ?thﬂa 98 aséle%éa%%%z%g{nog %, g%uges;ec ioh! Lh&tlgae u's@‘a'

to process, ects appropri at er-codes f ser’
transmtting sigRdl @ banli:e@fferﬂ%olﬁc"i#@ sEidters fi02-er eBoxi Gagh poft ithe

fromthe oaﬁn&bx@‘d té]ﬁgm e2dafiEnest he fer Uodd t:f@néssebye 94
time of fsets, trlgg_ and. _candj atesnbos
t

hypot heti cal prdf peraat"}?ref JO‘ h"rhie%%%?ﬁe}‘?%ﬁ? ﬁFSF?E‘L"I%ﬁ'“g

operators are genaalg@ted sigbailg sdwnaﬂgomt lan selected portion of the

H(H err] (118(S[ gy l:él-[eﬁ”]s:‘?%ﬁéi] JEb[ K¢ Hgtdddd, Sdridysy) had,) Sledh! e

where H correspon S to an i Aterference co mat ri x selecte
si gnal segnent , 58le6teds ang SHomak eﬁ#@%‘h‘ée iSse'Eo‘élg kelalcsrangmiy |

of the ot her sngmﬁbsse(gmtai itinld#®) and &s&miﬁltéléjﬂwﬂbsaﬂﬂal £Be' dadh

S depond upon tRELSL tife A, candi B SRS s, *the SenpZelie 114

gener at or 94capndidatie ngsey ¢pdad(Srdipterfacespede) vEby, thpo seﬂiwm

transmt thge fQEelh@me! ££4 ﬁglséggﬂEnEEQnef‘ﬁ s@@gcvﬂﬂg t 1at1ra9 't?ipes
of all of the other signal Segnent sel ect éd | tered si @na

porti on. Becabdgergtabion Jr% assumed to have approximate synchron:.zatlon

' with each of the mobile units. Using this approximate

synchronization, the base station has a set of trial times

at which each selected mobile unit may have transmitted the

25 selected signal segment included in the filtered signals 62

and 66. For each trial time, t,, in the set of trial times

for the selected user and signal segment, the user code

generator 94 generates one or more candidate user codes

indexed by trial time and candidate symbol. The set of

30 trial times used by the user code generator for determining

the set of candidate user codes for a given signal segment

is determined by known technigues. Typically, the user

code generator will use a time interval centered on the

receive time for the signal segment that has a width of

35 about 200 milliseconds or less and more typically of about

50 milliseconds or less. These steps are repeated for each



i ndexed by the receive time, Sis also a function of the receive tine.
25 : Tcwa@g)o%,;he above-equation, the projection buil der p@8rUS97/14783
estimates the transmt tines and synbols of each of .the si gnal
segnents in the selected filtered signal porhgn As noted, the trial
time is an estimate of the transmt tine and the candi date symbol of

the symbol. 30 ¢ thlé'eél:ubaeu% Hr R RU IR 4idnel SséQﬁﬁgW‘(EF 82€ the
|

filter corresponding to_each trial tine and candi date - .e., to
each hypot hetlcaf-lb?%}'%@ﬁb‘ﬁ“%ber ator), provide a set of filter
outputs (i.e., hypothghé o;ectldi'DfHLﬂ.laérOIsaf gedkeictssligoabpotrhieahelfd the

d d by th h 1d_det d 7 h h
o7 0] ect RALE S ol EFEFFES” of SoppeERel 222 "EpBigprate

segnents forSa gecamdifatel usew Gndesanimdattbe user§\OtIRIGREitring signal

PCT/ US97/ 14783 of the selected dI.lt:e'.':‘eh2 51gnal ﬁdﬁ@ﬂm £FB& the
projection fil tersglﬁg extract an estimate si gnal pent

attributable to @ugpyEnofisther pspresode generatql.cpnd, t 9 sFRRaFeceive

portion while S'ﬂkhéaa.@?§§£¥ trialUlimes, Olami heamiititsi gibolsgTeReates
from ot her users. .o enerate t he vari ous

se
hypot heti cal 1%%r"i‘e‘|"%ﬁ:|% ?Yﬁ%ﬁ‘ hgceg proge ¥ion PRPF 3t TS ect i on
operator forosel ect edrlseghybophetm)l (ppdFéctidn operhtprsy awe r geperdserino

the selected fi I‘E%{&l‘%ﬁ P%%I%Qﬁ%{h 62 or 66 and [err] corresponds to

t he vari ance of hg J?_m se tjgn contained in the
respective filtered H(H (Crcg ) Sboﬁtiﬁh H é‘t)l oh)i s based on oblique

| ort nO]p- ?rtm%% &]gﬂéscﬂdrq& 1 ého.m'@eﬁf)é@&}[é@%@@d RytHi koY khe
interference (i.e., interference from si men raps

other users) andS§iefted r%"g:ﬂag]na?e%t 18P ’t’g?ﬁ%“?l‘??t%‘a wetﬁﬁpgﬁ%sfﬁé’\ée
user. Becasise ¢&ddermatrices fotri a@l bdr thiee otdrerousignanasegrentst inotha
sel ected user KE0YBer 8a"WIBEL) OpoPtBR, ARATTTL Pés%@ﬁdgs% the

each at a difter en%l&r ecerve- corr
bank of proj ectitranspass frexation. The UBFiLaBéeﬁr’éJ%‘il%ndﬁPe?dsﬁaeé the

spanned by y 1%9f&éﬂéeecé38ssrﬁﬁmlmed4 b9 ¥hel ds@t &sddéragenei-atbe
signal segnent 142 is |IIutrateled [ 4dYS ace _134 4 ves"og ned
i's obliquely proftcted s"B 1§8 epentl,  FESPaEt Ve LY g gB%ﬂnE&‘e

by S. Obli-gze proyafsmots tame 2for mihe ceféketted tdigmadr t begment, and the

projections in rwe&& times of all of the other signal segments in the
selected filtered signal portion. Because the data is
indexed by the receive time, S is also a function of the
receive time. : '

25 To apply the above-equation, the projection builder 98
estimates the transmit times and symbols of each of the
signal segments in the selected filtered signal portion.
As noted, the trial time is an estimate of the transmit
time and the candidate symbol of the symbol. '

30 Next, the bank of projection filters 102, with one
filter corresponding to each trial time and candidate
symbol (i.e., to each hypothetical projection operator),
provide a set of filter outputs (i.e., hypothetical'
eorrelation ' functibns) to be threshold detected by the

35 threshold detecting device 74. Each of the bank of
projection filters correlates 130 a plurality of multipath
signal segments for a given trial time and candidate



interference attributable to the other users where the Wal sh codes are:

not synchr i%zazﬂ?%nd t hus not orthogonal, such as in ths,céﬁyﬁ%éﬁfngi.nk

of a CDMVA In such cases, the correlation func
i'ndependent of the 30 anplitudes of the signal segnents of other users
and, therefore, power control of the trd®smitter is not a
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third nultipath signa segnent 8 by a third user path
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for the bage staki medlt‘ridigsel(boﬂﬁm é@z@ﬂ@iﬁa@sln the téepébtibemllum@a
si gnal segnent 50 pr oj i on | der 9? n& oy’S %irrkt[err and
atrial time Si9BR 18&e %oﬁq‘f% 1P BT oPRRTT oR" oBRIFAEBE &Gu

and gener at es aOhyboghaalcm‘OJ#@}msr @t gpemdicoispage speanned bii Hsttcusmrll

i ndexed by the Rﬁté&f&b@ﬁcénd((i%d' da&ﬁt%\ﬁf%@!encg’ fE-% the (ion(éegments
mul tipath S|gnal se 154, 'the projection der e
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operator aguat tﬁansmctt@erwatm% $electedy meichet | cabcanepemh@nr@wmbor
ate_s

for second user X the trial ti.nme _and candi | . Thi s
operation i 20t RS, E0E TEh TR LPut 8 LORENG SRUMEER 1P, B SF L88bREnEsEEy
wi th a hypot het avel upkopen; i annepkexnt of Sdgnaleseginentssef the beemg each
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the projection builder_repeats t above _st eps for eac
and fifth rrultlféaﬁhbépﬁnaﬁ EEQ&EHF%"?Sfl%’Erénd 166 to generate additional
proj ecti on2oper at or sther obllcjd”e projéctidn§ off hh spacs. 134ASganmgda tbe y

Lt 2 o B TR A a5y, 009} B Ohy"pSEEHRESBY e
signal segment 142 is illustrated in Fig. 4. Y space 134
spanned by Y is obliquely projected onto the H space 138
along S space 146 spanned by S. Obligue projections ai'e

25 more effective than orthogonal projections in removing
interference attributable to the other users where the
Walsh codes are not synchronized and thus not orthogonal,
such aé__ in the reverse link of a CDMA system. In such
cases, the correlation function is indepéndent of the

30 amplitudes of the signal segments of other users and,

| therefore, power control of the transmitter is not a
significant consideration.

By way of illustration, Fig. 5 illustrates a four (4)
~ user system in which the various users are transmitting

35 symbols representing bits of data. The source signals are
received by the antenna 50 as a number of multipath signal
segments. A first multipath signal segment 150 is



fourt'h nul'ti path signal segments are different due to 30 differing

degrees of wbgesdier ence. These steps are repeat ed Porrusssesent
receive time offsets. The nunber of receive tinme offsets generated is -
determ ned by the base station control syggem using known techniques.

The bank of projection filters 102 then apply each of the hypotheti cal

35 projection oppaakRittedd byha fitétr adersi HakeckRad |Jﬁ’|ﬁ1t1path signal
corresponding to the respective receive tine offset tt?'v\ﬁ gg op g _
plurality of hypoPREFERE 1af rBYad oFFORL: VSR dyghgssigath signal
PCT/ US97/ 14783 segment 158 by a third user,- 1d- fourth fmultipathvaiignsl
users. .Each of the r t O C
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t he source signal tec devi

haol d . (4
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out put t ed blehe knaknotephpigueson fHdn diee 10Prsto multl;lpa'ehnsngnalle segment
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hypot hetical correlation func I on. to el ays, - each
hypot heti cal cor randt Fapdidater gymhamh %’&ntH&v@rmleﬁtﬂi‘%‘ p%%ﬁ%aggr sk tiien
Fig. 6. As ssﬁdf gehleraktere.a tigpotiiebiSapepkojeetibs wyerdttdr Ofor the

rface can ol at ed the cal _2 tegh
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peaks (or tikbng qufctltmtsen@nd mulmngam:h By.g’nhé shgmehb| US5det Gbe pyodecitien
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t he RAKE processor he referente tine is ase pon 25 _t rec
times of the varith® pRpeiecfdand pperpEor FﬁPEEHBPd ARdct Hﬁj’ ee a
74. The refer enqen;d.mﬁﬁ;ﬂs Qii-ojecﬂ&)bnt bpeEAKErpfeﬁeﬁseénBZuQ&rt hfgkied by

which all of the rrent for ven user, are ned.
The RAKE pr ocesso‘f’h%Z%Bg?zd ‘? ﬁlaﬁsld ‘?11 30 e ORgxation is
anplitudes 26 tdnhsohppnfbemedalforcdtheelmnﬂ\ multlpiamttsm(xa} segnentd 159

the threshol d detggij ng lﬂ&}ﬂt‘iﬁeti%ﬁ projection operator for the third user
being likewise generated. For the second receive time
offset, At,, the projection builder repeats the above steps

for each of the fourth and fifth multipath signal segments

25 162 and 166 to generate additional projection operators for
the first and fourth users. Although the first and fourth
miltipath signals are multipaths of a common source signal,

the hypothetical projection operators for the first and
fourth multipath signal segments are different due to

30 differing degrees of interference. These steps are
repeated for subseguent receive time offsets. The number

of receive time offsets generated is determined by the base
station control system using known techniques." The bank of
projection filters 102 then apply each of the hypothetical

35 projection operators to the filtered signal portion
corresponding to the respective receive time offset to
‘develop a plurality of hypothetical correlation functions



the filtered signals 62 and , 66 scales and aligns (in tine and phase)
the various nultipath signal segnents transmtted by a_qgiven user and
t hen suns Wﬁ’e"sﬁ’ﬂ’aned 35 signal segnents for that user. TﬁgTMRE“’”
processor 82 can " be a maxi mal SNR conbi ner. WO 98/ 08319

PCT/ US97/ 14783 _ : ~14- -15- The
operation of the RAKE processor. is illustrated in Fig. 7 (for an,
antenna array).If5 néhed, LR pUESeFSthe Eachhaff of theoj Byppshetilcedr s
is the hypft htet J:_sﬁi-clalx@eih&h afﬂ%ﬁ)@ticl)rtxs (lﬁeﬁshéena EBAgﬁblﬁﬂiBrlLb"tuQ?EEe 170 of
environments typjca a ol . peaks. sumi at, there are p
nul ti paths or the &K |3§85ﬁ§%€s ’“Jﬁdgfﬁergf'or"éh%r%eﬁ‘g, Rorizonkal §XESs
det erm nes the mepresemiesrdddive [Gimer and tirimldéimpgsahd| the] ypetibalaactis
phase del ayg {i | R FRS e LajLng .

filtered si gnal Lgéﬂgréggég ttf?een %‘%@‘AﬁAﬁg squéﬁggflgt?g? ertﬁ;’%lz)l:on for a
[err] 10 specifiterpainy ofai receivpg. times hamdukErpadcctinesg? f Pnet

sums 178 the ouggpisigtibhe YancRYeorNltiresddiit Sso a 8Bhibs 1844hR4
vari ous sequences in f amounts of the nmultipath

he qut puts, by the |
del ays between Fﬁ%nﬁﬁFFg§Bong¥ngthg selpeted: 1S8mal nPeaks Z74a-d
sel ect ed si gnal reppesaits s mifl tipath aignall sepathtsognthessguetessignal.
perfectly %i ghed. It then weights each shifted nultipath signal
segnent by the anplitude of the correlation function corresponding to
that segment and sun®hege threshol@it eddebepbingt s device Frodumeeshe the

al i gned si gnal 0 d s Vi r t
fhe ARAKEDG  MiBothetical gf’gg%ﬁ%ﬁf‘hﬁ#ﬁ@%&ﬁ%‘fﬁ?ﬁ% Shef axe
he | t

of the codeQuEPYkLed n bank,nRE1 0PrPaeFEdTce ers dQ2 otpe
correl ation fundaétesmine dheetemporiy 4cerighs of ttheshatriodet ralttipath
device 90. .RefeLE] t ' , th | | |

correl ati négdev%%ggge} ge@mlgrrfg u g‘sq-'el{?eash code ’gée%i;?%‘?ﬁirléﬁ%ﬁgg”é %‘r‘liéjggép ?'én
bui | der 204buendte paditip_tdy ofledaysn feackr bypothehicadr oferredation

function can have multiple peaks as shown in Fig. 6. Aas

set forth above, the various peaks in the correlation
surface can be isolated using known mathematical
20 techniques. Using techniques known in the art and the
temporal 1location of the peaks (or timing information)
output by the threshold detecting device 74, the timing
reconciliation device 78 determines a reference time for
the RAKE processor 82. The reference time is based upon
25 the receive times of the various peaks located by the
. threshold detecting device 74. The reference time is used
by the RAKE processor 82 as the time to which all of the
signal segments for a given user are aligned.
The RAKE processor 82 based on the timing information,
300 the peak amplitudes of the hypothetical correlation
function{s) detected by the threshold detecting device, and
the filtered signals 62 and , 66 scales and aligns (in time
and phase) the _various multipath signal segments
transmitted by a given user and then sums the aligned
35 signal segments for that user. The RAKE processor 82 can
be a maximal SNR combiner_ .



bU|Ider 204 and bank of projection filters 208 use the equations set

forth- above‘{,@gg{,@“ de projection operators.30 and correl at i pPOT/USIRL4TEINS .
Unli ke the correlating device 70 which provides for a series of

hypot heti cal projection operators and coryglLation functions based on

the trial WO 98/ 08319

PCT/ US97/ 14783  The operatlon of the RAKE ﬂaﬁscessor ié @llﬁ&ﬁ?éﬁ@d in
time, and candi date synbol for each rrultlg g%ﬁﬂ ﬁ"% %FI

denodul ating devifdggd Udexr tal‘i’ea“ﬁﬁREBf array) seqfie et cHqQubhnt af the
Si Ingl e alhi gned isixgﬁa& S gdilection gﬁl]lwré higgn ﬁmé)lhypdthqtihéal ndepeallatiion
mul tipath signa nents, .Accordin e |

abl e to rel |féﬂ'f'§/t 21 r’rﬁ?’e‘c helrécf“g?élﬁaﬁ‘s dy'!n%#lg?st ﬁ:&p&ca qsy uP%g
si gnal and t Her efmrkt iplhei pesksonsAdsnating | that therpr sresy mplihipaths or
determ ne a CO”@J?HJPP EHQ&EH’.Q A ﬁl@@reforecﬁ"rﬁéﬁé ngtﬂév'ﬂﬁ(ﬁopréeess

For each of the | nels, the user enerator
denodul ati ng dewd(%t%“’s'éﬁ%c?’%etﬁEPlltudﬁ§e|{A!bzﬂec&}g‘ thilgned and

si gna: segnent, g Zda%ays {tlg}sﬂ}slm txf i ynekancissyarbséqﬁlencéhﬂﬁirghﬁji the
si gnal segnent an Qr c t L an enerat.es t
user 15 or int elffle"rtﬁﬁgg (?&gga? gz rEéer'} ét& mEH emg se QE)

proj ection builder 204 selects a portion of t he " RAKED' sequence to
process, collects the pertinent 174 ___Q % & 1 & tuper code
generator 200, and, using the lisqrec %ﬁ W&fnsnﬁf times, and
synbols, creates a 20 series of projeg n operators for each aI I gned
signal - segnent in the "RAKED' sequence. Next, the bank of
projection filters 208, wth one filter corresponding to each pair of
transmt tinmes and synbol s and therefore each projection operator,

provi des a. ZD set of Héﬂe::anm;uagatin (:e Big.co; r that RAKE fprrogessoy &acfiirst
defining a secongd rghat "Eﬂes%f e%‘ijﬂms afELRh

The second correlation surface S n de?ectﬁ% secon% t res %T%
det ecti ng devi ce Sdoifites dader fhfe YReigws mnqqsdnsm fthe) RuEpMtsy o| the

for each alignedagidittls of théigulOipathcielaysepetverndithe: ffedponding

A0S 212 | pRASEARAY BRa00 AR B 1 JoNGi TR b 0T

the correl atlifon Slhﬂtacaalnlmllmm ysignahgsegaentgeare? perfentd vt cﬁli@ned-

alignment of the gl ¢l PRt Be$5APE! each shifted multipath signal segment by
the amplitude of the correlation function corresponding to
that segment and sums 186 the weighted components to
produce the aligned signal yi(k).

20 The demodulating device 86 correlates the ARAKED@
sequence, yp(k) with the appropriate replicated segment of
the coded signal in the filter bank 102 to produce the
correct correlation function for detection by a second
thresﬁeld detecting device 90. Referring to Fig. 8, the

25 demodulating device 86, like the correlating device 70
includes a user code generator 200, a projection builder
204, and a bank of projeéti_on filters 208. The projection
builder 204 and bank of projection filters 208 use the
egquations set forth above to provide projection operators

30 and correlation functions. Unlike the correlating device
70 which provides for a series of hypothetical projection
operators and correlation functions based on the trial



segnents in the "RAKED' sequence) as opposed to nmultiple peaks. °

WD 98/ 083} ' PCT/ US97/ 147

-17- &098’08399 ng the transmt tine and synbol, the al f*’&ﬁi‘&s"g’ﬂaﬁ&
segnment can be despread to provide the digital data for the al i gned
signal segnment transmitted by each user. =16~ Because the

above-descri bed system assunes that the 5 _interference fromother users.
i s substanti al I5i%ehe regpdveotime, ang|capdidyte FEIRMalf e RGT Mbkeipath
that the anbuntgignaih@egmenti, NtRel @eRbEE1AivRdevidd igmhised G SOO0ED
Is relatively smal IWht hﬁ KE c§)rocessor. 8 andlderm ul-gting device 86
require reconfi RSN LF §gﬁpl Y i BnSiHE A 11gned 151907 de FRIRERE
in each of thenmatihempathani gnagblweghity s ofs independmmitanmudklipathi f4€ibgeal
and the in Ce ped : 'g'f'Q%%O, : e '
differing. ht e%@?ﬁ?&' Acc%grdglp r]f?'i %lheelac mﬂutligg:a{'t g@éﬁ%ﬁé gaeégﬁesntafb%%e
user code tenreddablyoceshingtet ithe bartyal Joansmit bAdmeof £05 the

projection filddirce 2d8gnBOCoSS tierdid { rBgulires OBGhsideraBeyMeiiss
corresponding to a ea‘_{( | orrel ation sur.face, befpre the RAKE

n _th
processor has &% ’é%ang,% ine 3, GREreda&ion: TURFHPR| fhen SHhgal
- segnments. Aft ercarmelating mesrifaer sttce portion of each nultipath signal

segnent | SJhOZO removed by afl icgy_etpkloj £cti g bec&{g#@fsfr Al k@%;er?i oqhale
segnent, the various nultipath signal segmentsS can be ' aligned, scaled,
and summed by GeReUAOHr2eR@s3Hr seemodulaging gsyice B¢ gsdactsncthe

scal i ng f:?n b;e uwzgf %mclaéd@rforteaaﬁi g?sgﬁélaj 8§ | an b&gﬁx@ﬁ&l,;ﬂsﬂé&é Gy @
given nultipa signal segnent or r all o ue proLection is
conpl et ed R&arﬁqltﬁuﬁ"f‘%agﬁ%si%g]seg%nt e aii%“%gl F#BP@lArﬁ%W%“_t
Syst ens and;i gorleacdhpitraasaitultiimel e@nsdnisymbelsy gemeratesr ditieg Wse80
anot her e di ts }?éq, | R tian. fwéarftpa Sina 50a-n is
connect ed@t%g finéﬁ?elrrge Oa-e?{%zg'f%4a- n, i Torre a‘?irung devi ce 258a-n,
threshol d det ecti ng W&/ iRECIRFRion buplderd 294RmeLastet 3 speriden- of Tie
threshol d det edtRAKED" s&lpVdries €628rbcéss, abblPbctBetRB! CpRdE i Medrt) e

connect od 35 Ko SER il Wt ORI | SRS SY, 8802 Gnd! GDiLE LD
of the RAKE proesssiveg times) | dframsmift |timesl, and symbols, creates a
20 series of projection operators for each aligned signal
segment in the “RAKED" sequence. ' '
Next, the bank of projection filters 208, with one
filter corresponding to each pair of transmit times and
symbols and therefore each projection operator, provides a
25 set of filter outputs (e.g., correlation functions) each
defining a second correlation surface to be threshold
detected.
The second correlation surface is then detected by a
second threshold detecting device 90 to determine the
30 actual transmit time and symbol for each aligned signal.
Fig. 9 depicts a representative correlation surface 212
corresponding to a correlation function determined by one
projection filter. Compared to the correlation surface 170
" of Fig. 6, the correlation surface 212 has only a single
35 peak 214 (due to the alignment of the multipath signal
segments in the "RAKED" sequence) as opposed to multiple
peaks. '
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-18- - Si Woseid perforned relative to a common ref er ence ptrross /14783 The
out put of the RAKE processors 266a-n is provided to a cormon

denodul ati ng device 274 for determ nat i on of 22 correlation functions
and summing of the si gnal portions receiv by all of the antennas that

are attributable to a e{ggt%mt t-li_l.% % %g{aﬂg'%&gf fget a’i&@%?s%iﬁ}&l

out put of each antenna in or to maximze t L
be appreci ated, t#egmerpusanibefasnraachte Provide fhesfigitadndatandomihe

array contains a gesghed §hgﬂah Bugméﬁt @kaasﬁqb¢hdr®bauauhtuséﬁueoutputs
of the other antennas. r el at

function of the EFFaﬁagnﬁﬁe o‘#"?‘ﬁ%" GEehhRgd s y\fgﬁ"aia/%sﬁme%nﬁﬁPgr the
| ocation Bf thﬂtmfnmc@cﬁnmntatduul usexrs: atsesubstg,anbtb&dy &hecspme for

o comensate foral il ui{{Badlel e Widhehle dRR)b80xhas EhETERBUAAor the

constructively t hereby Th esire
general, an N antimeerfgeengs cian each mm#$a9a§htﬁégsmm sygaenﬁcasrreﬂamlvely

in the multiple aghenpa wwel e bb8cBE8seN's2 anal AR Iy CgBVIEE! a6

t he conpensation for tne rel atlve del ays Js perfqrned jn the

processors 266a- nF egRrHPderrecon ’c‘!}’%&%‘n‘bl i shP ¢ higPPLigatdans m é‘i}ﬁﬁ?’? he the
antenna out pubs intewfebentecdmpesdi iof) the mbatipath wigiedBysegihbats is

correl ation procggagggxn£$%fig 'ndygf 9@5@ as QRPOSQQuQO nte*f§£egcg is

mul ti path i'nduce dre then 25
scal e the vari ousssmnﬁncgagnent'gopﬂcmommodatta) thmrﬂhﬁﬁerm RAKgrference

processor, in effgoty;BRET ShMealdie multlﬁa%esﬂﬁhax ceuReMtal ¢tk Uskat! Yode
- done in beam steerin stem ar fecture of 'the present

i nvention thus ge“%ﬁ%%"ﬁot:"?@qw PE"R\H/GWQng 11der,y Rbmet3Rds BRRK of
steering 30 15ectprsjectibndoﬁ$1uersrequsreprbeea:i veasharmhttipath signal

directions as is ERE° f8£r§¥§%§ﬂ§1§$ ﬁtegr ﬁgﬁkbefﬂ‘ the “éb@gelFtlon

techniques like L i’ts varra ut at
very efficient. surface, hefiaxier ithg RAKE| §'°C§§SQQ h@ﬂea%bﬂl ¥ eS€aleger ané

the 35 nultiple sphiRBgaecarht &F @hf'ﬂilﬂﬂpﬂ%ﬁ' sighale s@%%ﬂt@d After TRRe
software detects spread s ectrug1 %I naI S |9n t}t]emultl g{hses-tc%a(i ceqment

i nterference frombteetererre portidn of eac P 9 gment is

20 removed by oblique projection techniques from that signal

segment, the various multipath signal segments can be

aligned, scaled, and summed by the RAKE processor as set

forth above. Alignment and scaling can be performed after

oblique projection is completed as to a given multipath

25 signal segment or after all oblique projection is completed

for all multipath signal segments.

Multiple Antenna Systems
: Fig. 10 depicts a multiple antenna system according to
30 another embodiment of the present invention. Each antenna
50a-n is connected +to filters 250a-n and 254a-n,
correlating device 258a-n, threshold detecting device 262a-
n; and a RAKE pfocessor 266a-n. The threshold detecting -
devices 262a-n for all of the antennas 50a-n are connected'
_'35 to a common timing reconciliation device 270, which in turn
is connected to all of the RAKE prdcessors 266a~n. In this

manner, all of the RAKE processing for all of the filtered
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-19- Initially, a channel is opened 278 to the res ectlve

ant enna SOMOA® 5 user is sel ected 282 to denodut ate the PETUSSTRRS
‘segnents transmtted by the sel ected user. The out putted spread
spectrum si gnal of the respective antenna -38-50a-n is converted 286 into
‘the | and Qchannels The - channels are filtered by the filters
250a-n and 254asAgn@ls is manfiqured rekrtive|§Patsconpannreferenss. tings

will be ap@héc'o@ltt%t tote tfHé tmmpﬂp@é@éw@ 2668encisl pyovited to a

performed in radar and GPS cati red . signal
“portions are SePEOLS Mgf?#l“g 8eﬁfr16’8e%74hgf°rl r?tetm x®805he
ot her users arecorrelptdoantfunctimnsecandt sdmhihgercftl henaligpailt paxrtions

Plerr] is sgf ggﬁeﬁgdbﬁgﬁ6912gofa{?ﬂédgﬁebﬂéﬁgiﬁ%”%é %%1{:33:“&41%{)’1:0 a

Plerr] is user 1's se
282, trial tinesedeeted usgenerthe systen in effest Aphageséethenontput of

candi date USer gach GAURANA’ 2nUeRREH @ AbKikdceate aivghe trial tines.
Next, hypothetical projection operators, are or ch tr,al
Hme and fi I torod 5| BRaRLpS: PPORBPESOLASR0: HEREoORERUt PlaSArhy BRESTRY A
portion is Correl ebadendtlonal amtenna arrhyt bentaiiak & desiredeisdigralmout
and candi d sy te t o) o] I

The hypot h [ caf’tc ;%‘}ﬁ} 8" ﬁ:flic‘% o‘l'n}? a‘?a%‘?ﬁé'illg%s H‘S 3&:#%% a%@fekm%@
si gnal segnent sTheomameungsepfof redntive: delley 23s n@l | iftMgpcddon h@f the

interference fr 0 '$nt vélqogrseltﬁ@ =\ 2
generated and t%?gghalggeﬁa?%\% e atSf(,) erlxr:jaesntalsf e Bgﬁt@.afxafi%daﬁ:lon

e p
hypot hetical cBfr g igppree. (CoRYeRHLonal beam=s QEHnSnm?ﬁB°P§cét\F§mPt
times for all rrulothseﬁbeﬁsgﬂal 3y shgseniimd oledayi ven thatcetise Jidesired

recei ved D%s°a0s9hat ieaaq cBALERNBS LI U EHCLRRONHEERLEINGTH G Boer of

per f or med. mrecerve t € cor espon
mul ti path n:gnaldqs;:gmmtsmsa%el dot agenerahe anf &y mnnaresystem can

Based on the nagRitiddes thle SR RRAlLS f@&otxh%teﬁl mated 35 receive tines
and the reference tine, RAKE processl is ggrform%d gg all of t
IﬂD §§Fb antenna o

dat a segnents. e presen
PCT/ US97/ 14783 invention, by contrast, the compensation for the relative

. 20 -delays is performed in the RAKE processors 266a-n. In order
to accomplish this, the system sums the antenna outputs
without compensating for the relative delays. The
correlation process may result in Np peaks as opposed to
just p multipath induced peaks. These Np peaks are then

25 wused to align and scale the various signal segments prior
to summation. The RAKE processor, in effect, performs the
phase-delay compensation usually done in beam-steering.

The system architecture of the present invention thus
does not require knowledge of array geometries and steering

30 vectors. It does not require iterative searches for
directions as is the case for systems that steer the beam
using techniques like IMS and its variants. Finally, it is
computationally very efficient.

Referring to Figs. 11-12, the software to operate the

35 multiple antenna system of Fig. 10 will now be described.

* The software detects spread spectrum signals in the
presence of interference from other users. '



- 20- - ) The outputs fromall of the RAKE processors 266a-n are
conbi ned 343Ayvbeskssived a conbi ned out put. Usi ng t he POTIUST/14T8RY
codes and the correct i nterference codes, which are provided by RAKE
processing, 5 projection operators are creatgg-346 for each data segnent.
Based on the projection operators and the conbi ned out put, the aligned

mul tipath signals segneRigibenyal b @hanne]ﬂ'!fb%ﬁ@:ﬂé@szwetéoth@ FeapettGve
and a second correl ati on surface enerat ed. .10

Tor
detection 354 is PRIFAIRLPIP AR Fe sgigctef d8ea £6° 3ﬁ@°gulate the
above- not ed step5sﬁgﬁaue[mgm§hﬁsortnahsmittedjsbystamd/ml@d:hed mislelri.pat IThe

it pl o antenna YIRS Yo b Hdbb i PLindl BNenS/EbERLLR ive antbhfa
source of a sl ec?@aRj gﬁachQﬂ‘r%ﬁngaﬁét iigyko the [In andeQt I@mﬁlﬁol e The

antennas on a basgnghfbleNapeCreyeBkkd by t&@CﬁﬂltéM-é h2S6&ch "énd. 25480nt e
time difference between Vt\lgg-' theflrst S|gnal rQqm_t he source |rr211nges
on any two 20 ant sthen fdteTed @ISt 20T RcAPAOR%R T | AF

the signal. This mreeﬁ;htedsurrmet Ml teweindg r dpeataidn i s  gen@rdiligct not
signal fromthe ?#%%m% r{_i?éls %RS épgl gpbg_ibﬁgtiontshesource and t[err]

is the time dela first antenna
and then thel@econd anFéh’ﬁﬁre@heﬁlgsalt hé’ﬁlzﬁm%\ f arecomsdEated er298i s for

[err] : V\hlerﬁrocess??@nt en:gl@ %B@Ct 'c?ﬁlery bdx SEQQ;ngf | gtﬁﬂér usef§'t B%e
rangi ng protocols curren in ba i can obt ai m es}i nat es

of range to the i 535(9% ed fcﬂr#?ﬁ‘?fitsr’tﬁp%lr (BRFCIPnF o 1EnSet
conbi nation wit h .'Bmgl Based onsbaﬂaﬁdatewdme&tﬂaleneﬁ fdottegwl tiplwot, PZ is

base-stati ons, ocessed using decentralized filtering
al gorithns to tvﬁ'%gﬁg%

PCT/ US97/ 147338 After the user is selected in box 282, trlal times are
' generated 314 for the selected user. Next, candidate user
codes are generated 318 for each of the trial times.

Next, hypothetical projection operators are created
322 for each trial time and filtered signal portion to be

20 processed. The filtered'signal portion is correlated 326
by user with the trial time, receive time, and candidate
symbol to create the hypothetical correlation function.
The hypothetical correlation function characterizes the
multipath signal segments from the user of interest while

25 nulling out the interference from other known users.

A correlation surface is generated and thresholded 330
to identify peaks in the hypothetical correlation
functions.

Based on the receive times for all muitipath signal

30 segments for a given source signal received by each of the
antennas, timing reconciliation 334 is performed. The
minimum receive time of all of the corresponding multipath
signal segments is selected as the reference time.

Based on the magnitudes of the peaks and the estimated

+ 35 receive times and the reference time, RAKE proce551ng 338
is performed on all of the data segments.



-21- get accurate | ocation information about the source. The '
decentral j tering algorithms are known. Exanples of permseriiarss
decent ralV §§g°ﬁ i”t ering algorithns include decentralized KaI’ man
filters and the Federated filter. 5 Wi | e vari ous enbodi nents of the
present invention have been described3d% detail, it is apparent that
nodi fications and ada tat | ons f tho di ose
skilled in the art.T %rpgt ?ﬁ SR r%% spII-OAesusr?(fes(r)g%goad r? %{:
such rmdificaidmlrna-xedmnﬁb fmamchta owmnlaxl@etir\nmmwthe scope of the
present invention, Us:mif éﬁ% S:'Q'eb% t Rfxdo! | YWY ChAEMS the correct

d ai ns: receiving a struct ured signal,
conpri si ng: 1nterferm¢@m¢@ﬁﬁ§,aaﬁ§t°év are Proviged, by RANE nrRcessing .

having a fd r sty had Etéi:éerétéPé&téd) 6 ificy ed6H tﬁt@@bméﬁcond
si gnal” segrrent attrlbuta an em.tt [ ot her taR:Ian the t emtteré_d
and, obl i qRARD] QBt |t(r)ttf ngﬁﬂge? 1oBe PREHAYCTS IR ?t AR

segnent of thenstpie) , thbeaiigﬂédsmgmahpaegrmm;naﬂst lsegmegrtasl ftef ial hgof

first signal ace | Lgue pr¢ JEAN eLng rgpﬁp]t

with the ante ﬁ'éf‘e? a%lgngdQ he |ré¥ Sl gn% aség%gr?tanc%) the si gna?'nby
obli quel y projsamfa@ wenepattedpace defined by the signal onto the first

si gnal sppge. Threchold dB8eS¥3bAM3ch Cié"ﬁéﬁf&ﬁﬁé&' fot %ﬂ]ﬁi@'tﬁ@ace

is obliquely projected onto the first si space al on second sigha

space correspshEHRY datige SQBSanQVSnHngg S A% ad'r%ff for gh

The system of Jdetsn dndfer edthéhemsysipath nsignek: segments.

plurality .of antennas, each of which receives at |east a portion of the

signal; and L)) a plur aI | ty of obI i que projecting means
correspondl ng Ld Ry ANCERRANAYSWEE bei ng i n conmuni cation

therew thygeach of -fﬂiLe :ﬁtwﬁhé té:ﬁfene.al ggaﬁeﬁrefepiqngmr&am i Wi Bileed ed
to determ ne by obI| d’.ﬁ’loJeCtlonthefli s% nal slre] r)% of tu A tion
respective si gral 19RAYS e SOMFFE Oy 3: fitleGH? %T)’(ﬂﬂﬁ %‘6 THHA .
In case the multiple antennas on a base-station are evenly
spaced, with spacing d, then the time difference between
when the first signal from the source impinges on any two
20 antennas can be used to estimate direction of arrival of
the signal. This approach assumes that the first signal is
a direct signal from the source. If ¥ is the angle to the
source and t, is the time delay from when the first signal
hits the first antenna and then the second antenna, then

25 the formula for computing § is

o et
cain-} of
s:.n(d)

- where
- d-antenna spacing
c-speed of light
Using ranging protocols currently in base-statlons, one can
30 obtain estimates of range to the source.  This range
information either alone or in combination with angle
estimates, when obtained from multiple base-stations, can
be processed using decentralized filtering algorithms to



4. " The 'systemof Caim3 including a plurali ty of RAKE processors
correspondi Rgo%kkbdsd he plurality of oblique projecting neans, pedvesgra7ssach
of the plurality of oblique projecting nmeans produces a respective oblique
proj ecting neans out put which is received as_g, RAKE processor i nput by
[its] each of the plurality of oblique projecting nmeans' correspondi ng RAKE

processor, the r g@cgbgsrgeap%c%hwm&fomﬂﬂrabbw theOllduilite.  The

proj ecting means ber ng aye tive to one, anot her, each of

plurality of RAKEgfesEEdczed&idd-ardas AlIeF HHms aFR KRoO¥R- [tﬁ’éﬂ‘rlﬁﬁsﬁ
respecti :‘/eCi nput [@dcéx@tﬁépﬂﬁé& Figeepdraat £1geri thihs J.ncr:]ludfe Gﬁecerlutfﬁ;!.lzed_
system o aim er ei e_conpensat ed qu of the plurality

of RAKE processoﬁgvﬂgalaef#/%?xé% %gaééu e%ﬁ}"%géée?g'%gg% 6. The
systemof Od&m1l furtWeileénverdong erpedinentssost thei By eseRAKELhVipDt ion

wherein the obli i rogyce, bl i gie 0j
out put which is %?e??ﬁt%%@?ﬁr o’gi{a‘ssié)t?']ealP S 26 %éPQnGEaEﬁat

[
The system of C zl‘l‘?é)kfl%%*@% apd radaptatiens %mseom@é@e&ts will
pl ;Jr altl ty of nul Itlc{b’ﬁdk?tantﬁho§éggkﬁll§.ewcir{ %@?&tﬂ?e nameeekl n@.trr%lasuo l{)e
outputs a correlation cti avin ity o pea S. £ ondi ng_
the plurality of SHRRSFRh sﬁtfﬂ%‘r feg'?fgnts 2hd FEHGHer ’E%‘?Fp$+‘§?€5°ns
threshol d deteect iadpptedrions areominhioattlen sedge tdfe Wi ippesento] Bovengion,
means, for generg} q&g@t [ enporal relationship
anong the plural |adt§yrl’&fl‘E pea’{}q‘ ' fgﬂlgﬁ{i}_ﬁ gg?lg?éem of Caim?7, wherein

the system conprises a plurality of oblique projecting nmeans and a
plurality of antennas in comunication with a correspondi ng threshol d

detecting neans and further conprising: timng reconciliation neans
for determning a reference tine based on ti.mng information received from
each of the threshold detecting neans. 9. The system of C ai m 8,
further conpri sing: a RAKE processing nmeans, in comrunication with

each of the oblique projecting means and the timng reconciliation neans,
for aligning the plurality of multipath signal segnents in at |east one of
time and phase as a function of at | east one of the magnitudes of the
plurality of multipath signal segnents, the reference tinme, and the phase,
t he phased RAKE neans outputting an-aligned first signal. 10. The
systemof Caim9, further conprising:



a plurality of RAKE prTblsébfsi acedBaCh RAKE processing nmeans being in’
communi cation with a co e of the plurality of antennas and
produci ng ¥V pond| st signal ; and PCTHSTHUWIPAL i ng
means, in conmunication W|th t e p urality of RAKE processing neans, for

denodul ating at | east a.portion of each corRk@sponding aligned first signal,

the at |least a portion of each corresponding aligned first signal defining
a respective aIE@ﬁ&dlﬁpﬁéﬂlﬂﬁﬂeéﬁ'the denodul ati ngneans deternining the
respective correspongi,ng al i ggsdedi r 66rsiteveiving Ol | @teictirAECEIGhad ,
respective signal ace defined by a corresponding aligned signal onto the
respective allgﬁ839EF§§P 9pace. 11. A system for receiving a
spread spectrum si gnah awpgninsi adapted to receiwvd canaimtl cdthe sdemale
a spread sp ctr m aI a o] e S|g I, t

§ v agad B&Sﬂa} 9&%&%8{ 2L AR %pol 8 a B rst

out put signal. rst S1' g r
attrlbutable tosgurpesgn@natgggond signal segment attrlbutable to a source’

2 ' other(hhhn theSEgeRE %bg&@b pgmﬁgon attributable to a second

emtter other than t

noi se portion, the nBSQéﬁ&ﬁtﬁfﬁP?@§*W% Qﬁﬂﬂin{%ﬁegegﬁﬁmlnlng exe gﬁrst
obl i que projectsdqnaﬂem@gmenu1aﬂnﬁhanszgna&nwtn@ fhesﬁnkégnalfsegment of
determnin th |r g r e ut g e .

proj ecti onqopergpo %eqnsal Qfléf F}&r#ﬁj(r?cg T \Sfﬁg'?%gt h‘éﬁ%n g%% Egglje%%ﬁng
det erm ni ng themﬁﬁn§t:§%ﬂng ;ﬁﬁtlﬁﬁmaﬂvhéabapputquyuﬂthﬁw #hGEHDannmng

equat i on: wﬁa&:&mmlwreﬁeomg@ ghgnaqt pélégﬁéﬂﬁabf Heha fﬂéﬁﬁ’ by
an interference gde trix of the first e %é é £ h
i nterference coag FFPREENG R/ AR s?%$?]d WBedsPyht etF&H?ﬁ&se

operation, | deontesthee fiidett sppceatri x, and [err] corresponds to the

variance of gt he ME'tUd%hgfs§Q€ ﬁobfeFﬁcﬁﬁcé?%hereln the 51§§a1 sggge is

syst em of ai m 11 whérein thalantenna s a receiver
portion of the Rbldauedyt irwriectrthepnted the tfirstecapaee. along a secopd

The system of Chahtelledritddybnifiniy PLET thid Ys&orP! E94Ral’ YeRfldrt) of the
operators signal.
3. The system of Claim 1 wherein the system
20 includes:
a) a plurality of antennas, each of which
receives a portion of the signal, and
b) a plurality of oblique projécting means
corresponding with a plurality of antennas and being in
25 communication therewith, each of the plurality of oblique
' projecting means being adapted to determine by obligue
projection the first signal segment of the respective
signal portion received by the corresponding antenna.
4, The system of Claim 3 including a plurality of
30 RAKE processors corresponding with the plurality of oblique
projecting means, wherein each of the plurality of oblique
projecting means produces a respective oblique projecting
means output which is received as a RAKE processor input by
its correspohding RAKE processor, the respective output of
35 each of the plurality of oblique projecting means being
delayed relative‘to one another, each of the plurality of
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corresponding to a pI ur. and bei ng i n communi cation

therewi t h, beiiih1d m m mjlﬂ. I i que projection operptRusSs7ALYIA0
adapted to determ ne a si gnal portion of a correspondi ng
~ portion of the spread spectrum si gnal recel vg by each of the plurality

of antennas and -determine the respective first’ signal portion ofthe spread

spectrum signha n:

(]yg e; /r][ H( H][ err]( respe[cgtrg;rj;%%a%?rg] éfeelrlﬁ ) @fgéajl—i‘;;é éef Ig'i:g( Sa[nec} rgu al[ler r?’%?
r])y)/[err [ urality
0}‘ RAlK_Etpro]g:esElO_rS ing, CO@H@t '§§%t@ﬂ Wt hoBa CRT 1€ SR 1Y Qﬂtéthox? lsaftced
plurality of oblique rOJeC|ono ator reln e plurali
e gttty S eyt
proj ecti on opgera i laC [sunnireyr et ar processor input by
its - correspondi ng E pr, cessg t he ¢qrr.es orlg‘i rlqldgligll ' qu j.ection
oper at or output of dch et e %’P -Q?i ??a&?“ gbl | qcue pr(% ec%pg{ﬁcﬁﬁ?%?%?gr
bei ng del ayed r ehatviirey tax RAKE aimpue; , wherxeih thet bbliQuealprojesft ivgKEeans
processors bei nggg%}%%&t%na' bﬂmlga@ Sjaﬁbsew@hb RERRS! 'a@tprutn%fcﬁo

produce a corresponding corrpensate outp he system o
Cl ai m 14 wher ei nSPN®1ES ks Fdied BAF Fr?ssoﬁ% Rt | s] of each of the
plurality ofigAKE proca&sora'}{ear@jsténwflahafﬁ 1o wheeedndthel iffist signal

I TSt sl gnal por FLUNeEE SEONL o8, ReBONpAIeaYo o TSRS TR, “Agiihy giromeiits
(y[err] H(H err] (lan8( Skber | isug 5P€pUPFH)'-P9r redns r putpSts| ear ]@ﬁmlﬁ&m
rl)y)/lerr]. #unction hav:.ng a Jf1u S¥§t?ghﬂf5 Ebﬂ:gbﬂ:lm %%edcf' e

first signal portion conprises pl urarflty of nu Sl nts and

the oblique proj 8&Mrdtidper Klor Wm%t% cOIFRRAL | 5ﬁ91“8ﬁ5 ronaﬁ‘é\/l fgrether
plurality oﬁspeak:s;nm-rﬂgﬁmndl ng to the plurality of nultipath signal

segments, and further o o%.d-'%eétec Redfk esbl d g RS LOL 5 ohnwz.th *%he

conmmuni cation with the que ecffmo% operaf or’, gor gener ag'l ng 't _
i nformati on def i pbddauet pnpmﬂql:mgélmam Hiqx ammgratm@m i!malllmy mﬁmuastmn
17.  The systeny@irGhfidg 18, tuhpbehil e HHsisnaK P;B'Tainéﬁg %@lé”?ihi'h%y of

antennas in conmunication with a corresponding threshold detector and
further conprisi R§aks- a timng reconciliation device for determ ning

a referenceziol ne baseg.on tihe n@yisﬁ‘eifrmiﬁ ocldari vgd Whetedach tile t hgystem
threshold detect (c):[:?nprlses ap ral:ug’a Sflséx?&l%ag %%&Zmuﬂf&glﬂion with a

conpri si ng:
corresponding threshold detecting means and further

comprising:
timing reconciliation ‘means for determining a
25 reference time based on timing information received from
each of the threshold detecting means.
9. The system of Claim 8, further comprising:
a RAKE processing means, in communication with the
obliqué projecting means and the timing reconciliation
30 means, for aligning the plurality of multipath signal
segments in at least one of time and phase as a function of
at least one of the magnitudes of the plurality of
multipath sigﬁal ‘segments, the reference time, and the
phase, the phased RAKE means outputting an aligned first

35 signal.
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[a] one or nore RAKE processors, in communication with the oblique ‘
projectiqgn rators ' onciliation device, L.ani ng the
pl ural i t)yv?)%}%ﬂﬁl pat ﬁ'ﬂllymﬂlllm]jmniul:l n at | east one of qéﬁ%sgg#“%ﬁase
based on the magnitudes of tRe Plutality of multipath signal segnments and
the reference time to forman aligned fir®4ssignal. 19. A et hod
for denodul ating a structural signal the,struE$ured signal c¢copprising a
first signal portidf-at S FYARED QF £13309 o FYFHHEE PUPELE NG si gnal
]E)_ort ion att Iri but ablae mua-asﬁe@g_doem RhKEf obhecessangt heedns st h@mﬂ:}temme
irst signal portion.corresponding.ta.a first vect i he et hod, cgnpri sing
the steps of: rocessi ) §TIO"'araé‘csei vibﬁslrﬁ'ne st uctclcjolﬂg{unsjiéﬁ:aﬂ?n ang’,""’él'l a
(b) obl i quelcprmesipending .a wignapf spbice chilurapatti n@ft o amternas ctandl
si gnal ontg agfdystlcit lcoaeD i first $i . i on
20. Thetsorret ﬁod of l?:ligg:l?nclg V\herdgﬁll,ﬂble%ﬁ%ﬁ%ﬁl iilfjel ,i?g@jé'clto?{‘\a step, the
signal space is obf qFeBPRHGLINE( BEANS 4 hkT¥ | r%qqm@“}‘ér‘i%tiﬁﬁcé”%tbn he
second si gnal pIpaea it r 68 P RAKE (pidcédeing Cc mednsi, JnBdr paehbanlating at
21. The net hod of C ai @.19 \Ager ei ntge obl i |y prQj ect%rstep . :
det ermi nes t hé“A8gnP: BRE-3PD Ab 3¢ (CRRFRRONHNY M 2o0¢ Sth 383y st
and second si ¢hal ps] 1pasti enporktdonnoft edchs porrespomling aligned £ixst
The nmeth of i 1 in,t | : sl gnals | 9 P& a
pllaral i tytor SaPpen e thEhg' t despdciiy NATigHAS ERree TEAES, @ the
aligning at | é&gpdﬂﬁétéﬂgam?%%i‘g%‘éﬁmwréﬁlm&?é;ﬂﬁcttlﬁ’@ AT eERINGInhal
segments to paadynedafigstgBegnhlesbysopldlquely projedting BhadBpdutsh v
Cl ai m 22, furtskier a;_ong)rising: . scalié}jqrthe nu#iiati.siggal . 1
segnent s. gnal, SPaqRAREIRERAY ai A IFPTIVFRE I F 21 PRFSHEN2
portion conpriosk® &heurslspectdfvenaltiigred Sixgtalspaepent s, each of the
pluralityeof miltiglh of AyaleRCIBENLcATViny & Yot apliddsth i drdBS:

and further conprising: assigning to~a poftion of each of the
“plurality of MMPTI&INGSi gnal segnents a respective respective tine of
recei pt. 2an antkanacadapgted €d areteive falrdpitiad epeidtdiulg signal

determ ning aah4 GhARE8a' LEPqBhel S8 A QASE Yidhld, THRHilekne! ' IFha
comprising:

20 (i) a first signal attributable to a first source,
(ii) a second signal portion attributable to a second
source other than the first source,

(iii) a noise portion, the noise portion having a

_ magnitude; ang,

25 . oblique projecting means for determining the first
signal of the output signal, the oblique projecting means
being in communication with the antenna and determining' the
first signal of the output signal by the following
equation: _ , '

30 - (Y'H(H"(I-s(8"s)’s™)H) *H (1-5(5878) 'sT)y) /&®

' wherein y corresponds to the output signal, H is related to
an interference code matrix of the first source, S is
related to an interference code matrix of the second
source, ' denotes the transpose operation, I denotes the

35 identity matrix, and o corresponds to the variance of the

magnitude of the noise portion.
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26." The nethod of conpri si ng: first summng the
plurality wbssmt:{wpatcﬂmmnﬁ g W t hout regard to thectiusbwm147a3)
times of receipt to f speak magnit ude; second al i gni ng
the plurality of nultipath signal segnents_sglative to the reference tine

of receipt to forma plurality of aligned signals; scal ing each of

the mul tipath signalygegnpgds é%’séé’nﬁm@f Platrald t 110 yhedledd, Sikgaal §nt@ma
third sunm ng at | east one of t al i gned signal s and the scal ed signals.

27. The met hodtiludes @ FECSHINGhANE Apricdshy: @ portion gt thi APA§eads
actual time of Jeratedilon the thecéiver.signal portion:

deterniing an Ul coghyel LG b s e SORAAE 806y 88y o

repeating step (b) Usl ng ransni ssi on
portion and t hokiigne pgeaevtungu means correspordirg atio @hdIwrabikygofew

Caims 28-36, ante as_an d being in communication therewith, @ach of the
28. A system for atl ngBa structured signal, the structured signal

conprising a flﬂls‘%r%}bﬁlél Yor PPLETYLt RURAeH g o meaps dreing @gdantiad ato
second signal putéemingt @ boéspeetivea sﬁmmdseqntaueroﬂt berccbhﬁesbbﬁdfihgst

emtter, the first signal &?”gﬂﬁeﬁﬁr S?P: ”%1\%913?1 erée:txylfﬁ%# ﬁagﬁgﬁ§|

syst em conpri siEny: means receéiving t

and, 10 (thhe pdawalidy obfi gndlennasj andi detemiiprl theaceespective
correspondi ng_ tyidte sigidq! BEeens! 8 ﬁéa&”éﬁeé‘t{'ﬁzﬁ%l?ﬂagf%y sae&eegﬁ;wsﬂ by

the first signal portio rein

obl i quely projecting rrebhé*(@oﬁﬁﬁéﬁys)p-rl%ﬂéﬁt- t(ﬁé'%(l%ﬁ& bli):écont o the
first signal space along mxéeqa@ﬁeﬁl aﬂablaaﬁcascqwcﬂsxmri@ Y grutdeiepcend

[S)Irgjnglct P(rjl(r;]t Irrggmetp&pﬁeﬁggrs corre po f vg.'l?l'xm 2e8 P uezrae.ll.{!t}; hoef Ogiﬁgclitelley
- 15 projecting means, wherein each of the plurality of oblique
projecting means produces an oblique projecting means
output which is received as a RAKE processor input by its
corresponding RAKE processor, the output of each of the
plurality of obligque projecting means being delayed
20 relative to one another, each of the plurality of RAKE
processors being adapted to align and scale their

respective inputs to produce a compensated output.
15. The system of Claim 14 wherein the compensated
outputs of each of the plurality of RAKE processors are
25 delivered to a second obligue projecting means for
determining a refined first signal of each of the
compensated outputs by the equation (y'H(H'(I-S(S"S) 's")H)"

W' (I-5(5%)'sN)y) /0% o
16. The system of Claim 11, wherein the first signal
30 comprises a plurality of multipath signal segments and the
| oblique projecting means outputs a correlation function
hav:mg a plurality of peaks corresponding to the plurality

of multipath signal segments, and further comprising:

threshold de_tecting means, in communication with the
35 oblique projecting means, for generating timing information
defining a temporal relatlonshlp among the plural:.ty of

peaks.
Tl




t he magni t ude ofthe ortlon and wherein the first and second
si gnal are mﬂj,ﬂ té ousl y. of
Claim 28%«\5\#2&3} rt i on conprises a pl L}’%{Q‘E%ﬁg‘l

mul ti pat h si gnal segrrents and further conpri si ng: means for
aligning at |east one of a received ti ne"dAd phase of the' mul tipath signal
segnents to produce_an aligned first si ~ The syst em of
O aim31, further tdnprflpngSystem of rrggl%‘“\‘ orlss'calwlhﬁﬁetlﬁ‘e thet | pYshen

Si gna: segnenéémprises a @ﬁulral'ﬁ{w mtmeﬁ-inﬁ alrn é’&nm&m@tﬂpﬁhelfhr ﬁt f
si gna portlon conprises a plural it S nt ch o
the plurali ty %r%’ﬂ’%?i?ﬁ srt elsr%(é(jﬁe é%l{%ég%gr eﬁ‘%a@éd ?qnn% ?BFgﬁF
times, and fmmmprlsmn\prl si ng: means for assigning to a portion of

each of thg plural | £¥ngh 'tfer@aﬁbﬁg% of COFRALS A £85PCHdkimliding " a

e
receipt. e system alm- 33, turther, conprising
means for det’é@ﬁ?ﬁ?ﬂﬁeatﬂé‘ﬁer@ﬁﬁdt?ﬂetbﬁlpﬂcéﬁﬁprﬁ%é&’brF%WY%p@é’ﬂﬂve

times of receqgddéh of the thdésholdh@esistéefiyohehal. m 34, furt her
conpri si ng:

means for summing e pFafafYEheBr ofuFirdm: A7 §H5Fh?§gﬁ‘8ﬁ‘?§l\ﬁlpﬁ0ut regar d
to the differing tanmmf preoecepsing insamsg smrrabmnlupeehtrragnmim the
means fojpaligpyp u epz%j&é‘éiﬁé‘ ?J o2 ta ur;ﬁ gQihlﬁﬁg@é%én&ﬂi‘%h!Snto

t he reference t receipt to forma

neans for sca‘T‘?‘l‘r‘@seaC@P’bf aldgrimg i phen EJ-%?—’-%légr&fnt E“&Glf’ém aSHoDRAl ity

of scal ed si gdédiene8din at leaBtawmed 06f StlifieN®MAIph&S6t basedOfor Nehe
a0, oned o1 InGeafidutle 830t hAAPity or murtiBatn HiRdP! SLRLaELY ™

and the reference time to form an aligned first signal.

15 19. A method for demodulatlng a structured signal,
the. structured signal comprising a first signal -
attributable to a first source and a second signal
attributable to a second source other than the first
source, the first signal corresponding to a first vector,

20 the method comprising the steps of:

(a) receiving the structured signal; and,

(b) obliquely projecting a signal space corresponding
to the signal onto a first space defined by the first
signal.

25 20. The method of Claim 19 wherein, in the obliquely
projecting step, the signal space is obliquely projected
onto the first space a second space corresponding to the
second signal. | ' _

21, The method of Claim 19 wherein the obllquely

30 projecting step determines the magnitude of the first
signal. . '

22. The method of Claim 19, wherein the first signal
comprises a plurality of multipath signal segments and
further comprising:

35 aligning at least one of a received time and phase of

"~ the multipath signal segments to produce an aligned first
signal. '
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means for’ determning a transm ssion of the first signa
porti-on; aRglo 9g/08319 nguﬂmHMI“uz"mmml ng an actual recei vecrtisomabgy the
first signal portion, wherefn thet ol 1 quely projecting nmeans uses the
actual tinme oftransn1SS|on ofthe first S|gm¥7lxnt|on and the actual

received tine.

/ 23. The method of Claim 22, further comprising:

scaling the multipath signal segments.
24. The method of Claim 19, wherein the first signal
comprises a plurality of multipath signal segments, each of
5 the plurality of multipath signal segments being received
at different times, and further comprising:
assigning to a portion of each of the plurality of
multipath signal segments a respectlve time of receipt.
25. The method of Claim 24, further comprising:
10 determining a reference time of receipt based on the
respective times of receipt.
26. The method of Claim 25, further compr151ng.
first summing the plurality of multipath signal
_ segments without regard to the differing times of receipt
15 to form a summated peak magnitude;
second aligning the plurality of multipath signal
segments relative to the reference time of receipt to form
a plurality of aligned signals;
scaling each of the multipath signal segments to form
20 a plurality of scaled signals; and
' third summing at least one of the aligned signals and
the scaled signals.
27. The method of Claim 21, further comprising:
determining an actual time of transmission of the
- 25 first signal; '
determining an actual received time for the first
signal; and _
repeating step (b) wusing the actual time of
transmission and the actual received time.
30
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