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-1- DESPREADI NG OF DI RECT SEQUENCE SPREAD
SPECTRUM W%Aﬂ ONS SI GNALS BACKGROUND OF THE | NENFPENo813
Technical Field of the Invention The present invention relates
to spread spectrum communi cations systens and, in particular, to the
despreadi ng of di rect sequence eread spectrum

comuni cations signals. 10 Descri'ption of Related Art The
cellular tel ephone industry has made phenonenal strides in comerci al
operations in the United States as well as the rest of the
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el ectromagnetic ectr.u llo ed-to, 20 cel.lular service providers
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i ncreasi ng capacithe presengedbneeniedh aelaremi npaispnhégﬂl qqﬁdﬂxymservi ce
and a ce rfe e S
primarily a%%“gt‘\}{edl%udﬁn%ﬂéz5 éysltz‘?tgaueﬁ’g? givrl{ s?%éi‘tﬁﬁ}?gg ccg-’zhsé

(FDMR) anddeppgeading Dok si GHL¥EFE| pl BedBerss (Tmaﬁet hmctrunn
frequency commuﬁﬂagﬁiuhgngigﬁgpsaccess systens, a communi cati on channe
Is a gngle radlu freou nc Lch the transm ssi on power of
a sig | S conceftatet T—sO———utvi sion nultiple access systens, a
channel conpriseghe cellularmteﬂephmmealnénsbﬂychhsamad@fghdﬁbmdﬁémvals
over the rﬁ%’% {naddo‘?m&éxe&“ﬁcc{pera?lozas in vhE e%%ﬁ:%%“srﬁ SPL i ses a
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Wi rel ess 35wellcomfunitd i grest S;free\?dl%pé\tﬂrrlﬁn syst@mytiaydrheamaimound

since the daws QhpdOftsh VBFekhl- nkar lparaRBldLeddé@NExPBELations and is

15 outstripping system capacity. If this trend continues,

the effects of rapid growth will soon reach even the
smallest markets. The predominant problem with respect
to continued growth is that the customer base is expanding
while the amount of electromagnetic spectrum allocated to
20 cellular service providers remains fixed. Innovative
solutions are required to meet these increasing capacity
needs as well as to maintain high quality service and

avoid rising prices.
Currently, channel access is primarily achieved using
25 Frequency Division Multiple Access (FDMA) and Time
Division Multiple Access (TDMA) methods. In frequency
division multiple access systems, a communication channel
is a single radio frequency band into which the
transmission power of a signal is concentrated. In time
30 division multiple access systems, a channel comprises a
time slot in a periodic train of time intervals over the

same radio frequency.
Spread spectrum comprises a communications technique
that is finding commercial application in wireless
35 communications. Spread spectrum systems have been around

since the days of World War II. Early applications were
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-2- predomnantly military oriented (relating to smart_j L '
and radar WO 98/H8dkver, there is an increasing interest 5’?3@%”@%‘%9 ng

spread spectrum systens in commerci al applications, including digital
cellular radio, land 5 nmobi | e radi o, and I ndoor and out door

per sonal conmmuni cati on net wor ks In a spread spectrum
transmitter, a digital bit streaffat a basic data rate is spread to a
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processed output signals. for multi-channel transmission
over a communications medium. The output signals of
20 multiple users (channels) advantageously share one
transmission communications frequency, with the multiple -
signals appearing to be located on top of each other in
both the frequency domain and the time domain. Because
the applied digital codes are user unique, however, each
25 output signal transmitted over the shared communications
frequency is similarly unique, and through the application
of proper processing techniques at the receiver may be
distinguished from each other. In the spread spectrum
receiver, the received signals are demodulated and the
30 appropriate digital code for the user of interest is
applied (i.e., multiplied) to despread, or remove the
coding from the desired transmitted signal and return to
the basic data rate. Where this digital code is applied
to other transmitted and received signals, however, there
35 is no despreading as the signals maintain their chip rate.

The despreading operation thus effectively comprises a
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- 3- ¢~ cofrelation process conparing the received signal with the
appropr i aO WPl code. In many spread spect r uRCESHHIMSERt i on
systens, the transmtted data sequences include two conponents: an
in- 5 phase (1) conponent and a quadrature phase (Q conponent.

These conponents are typically viewed %s the real and | magi nary parts
of a conpl ex signal. In the spread B spectrumtransnmitter, a conpl ex

spreadi ng sequence.i s appLi . and et wo. conponent.s .ar dul at ed
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di spersion occurs when a sjgnal proceeds to the receiver

one, but nREPCessing)yr AR LPHEEY &S kX et IERRERFRAY BERWMS havi ng
di fferlelnt amgnagmf@m %mwsmﬁaglidﬁl. ayseaiadserrﬁh'et mféles:.ived sig]ﬂails ﬂclﬁv
typically caus Qr_€x i gnal 30 refl ections ro ar ge

bui | di ngs S&Wlﬁﬁ% r?ﬁﬁ%tlﬁcf Both rgﬁlge?.1 %3ﬁenu??rfl%%?‘ﬁnh Y sapersi on
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typically bawe rehkghhtarki BBquence) del @$sWM & hey1$BRECLy t @l iy  Of

| ess than one s ol . .
us?.ng)/nt%wo scalar correlators, one fed with in-phase

Q

samples and one fed with guadrature phase samples. If a
20 complex spreading sequence is used, however, four scalar
correlators are needed further increasing the complexity

of the correlation process.
The signals transmitted between two places in mobile
communication systems may suffer from echo distortion or
25 time dispersion. Multipath dispersion occurs when a
signal proceeds to the receiver along not one, but many
paths, so that the receiver receives many echoes having
different and randomly varying delays and amplitudes.
This is typically caused by, for example, signal
30 reflections from large buildings or nearby mountain
ranges. When multipath time dispersion is present in a
spread spectrum communications system, the received signal
comprises a composite of multiple versions (or images) of
the transmitted signal that have propagated along
35 different paths (referred to as "rays"). These versions:
of the transmitted signal typically have relative time
delays with respect to each other of less than one symbol
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-4- erigd. In certain situations, like macro-diversity and 1 °

soft hando™C 2831842ye| ays may be greater. The pr e F&EGTAESI39843
multipath tinme dispersion with respect to a conplex transmtted
spread spectrumsignal 5 significantly conplicates the receiving and
correl ating processes. A RAKE recej ver, so naned because it rakes the
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It is further noted that in some systems the overall

spreading sequence may in fact comprise a combination of

20 multiple sequences. For example, in the digital cellular

standard TIA IS-95 for code division multiple access

{CDMA) spread spectrum communications, ‘downlink

information is spread by using a real signature sequence.

The information is further scrambled with in-phase and

25 quadrature phase scrambling sequences. Thus, the overall

spreading sequence is complex, resulting from a composite

of a complex scrambling sequence on top of a wreal

spreading sequence. At the receiver, complex correlations

are needed to process the signal giving rise to a high

30 degree of complexity when using conventional techniques.

The complexity is further increased when multiple channels

(for example, traffic and pilot) need to be simultaneously
despread.

There is a need then for reduced complexity

35 correlation architectures for processing complex spread

spectrum communications signals subject to multipath time
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section and a plur - si gnal processi ng sections. The
comon- si gnal and channel si gnal processi ng sections each receive and
process the received signal . The gconmon-si gnal processing section
processes the received signal to conmpute values required in conmon 10
toall of W ehamal - ST GRHpdYIAGESSIRG SHRAMPNS e’ mulei-SREAAL)
spectrum de ul ation. The chénnel signa processi ng
sections t F@FREIPe conputed val ues to performthe required

denodul ati on. 15 SUMVARY OF THE | NVENTI ON The present

i nvention ¢ i St ot uced conpl exity architectures
usef ul for5§£§@¥§§d?n r sequence spread spectrum conmuni cati ons
si gnabs. The The presyard atroreritoion ecemprihgeand pumbessbtigriedagsd tt ed

direct 20 cat i ] |
et utes a COTFIMENGE ABEATECIRAGC! MEORTTEES | RSorelitng, SERECE Y dump
unit . sequenqe) §PFPRS ILBPFEM| FeMEIEHIqaiene Ségnalsonpl Bhe

sequence r Il akirt £oehirBreR?ERY SRATPHESCSIIDAS St M T ted rdfigf%ic%ed and
effectively nultiplied by a phase rotated, despreadi ng

., conpl ex
sequence. SEVGHTERPREGT FRRCHRPR communicrbigBs FRENahSpIepsEad l¥onpl ex
sanplies andmAnfdea® & complleir Stsdpién®d t pemewialli phirgtiad | 0AndY an

sel ectivel y negat.i t he sanpl es based on the conpl ex despreadi ng
sequence. C&%uﬁégiﬁﬂwﬁﬁﬁ %%ﬁquétrenoval unit further includes a

conpl ex switch \ini ch farbtr mespmspbing parthitechare for nal topbileat i on by

sel ect i vel LA Pmb 081 SURH | VEh¥p-spaceBCIRhifld PliisFo8 d e
guadr ature phase sanpl e val ues base on the cConpl ex spreadi ng
sequence. ¥sceived anq gffecsddedasprebieipiiadchit cctRhase orokatefpl ex
sequesice r eFpalextiNdéspiERAERLD SHRARREL.ONMPAS I Snég&tion unit
represented 1L {08 1 98" LEREL S 2008 Lor} M Sl LT Sha performs a
first part of the multiplication by selectively negating
the samples based on the complex despreading sequence.
The complex sequence removal unit further includes a
20 complex switch which performs a second part of the
multiplication by selectively exchanging the selectively
negated in-phase and quadrature phase sample values based
on the complex despreading sequence.
In a second despreading architecture for a complex
25 sequence removal unit, the chip-spaced complex samples are
represented in the logarithmic domain, in which a first
number represents the log of the signal amplitude and a
second number represents signal phase in a modulo 2n
domain. A phase related to the appropriate complex
30 despreading sequence is added to the detected phase of the
chip-spaced complex samples. The resulting complex signal
including the phase adjustment may then be converted, if
desired, from the log-polar domain to the Cartesian
domain.
35 In a third despreading architecture for a CDMA
correlator, the complex sequence removal unit processes
the chip-spaced complex samples in the log-polar domain.

THIS SHEET HAS BEEN |
REP|.ACED
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second nunber represents signal phase in a nodul o 2n donai n.:
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sequence used ﬁpoégga éan%gﬁilé% despreading sequence to obtain

resulting de-spread phases. Circular averaging of these

phases is performed. The resulting complex signal

including the averaged amplitudes and phases in the log-

20 polar domain is then converted back to Cartesian
coordinates for further processing.

In a fifth despreading architecture also for a CDMA
correlator, an overall sequence used in the transmission
of a spread spectrum communication comprises a plurality

25 of component sequences, wherein one of the multiple
component sequences is shared by all channels. A common
descrambler is provided in the receiver for removal of the
shared sequence from all channels. The resulting signals
are then sent to a plurality of individual correlators for

30 removal of channel specific sequences.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the method and
apparatus of the present invention may be obtained by
35 reference to the following Detailed Description when taken

in conjunction with the accompanying Drawings wherein:



of a spread spectrum communi cati on conprises a plurality 25 of

conmponent: w pces, wherein one of the multiple

sequences |sﬁ&ﬁared by all channels. A common descra Ieﬂﬁ?éq%?%V|ded
in the receiver for renoval of the shared sequence fromall channels.
The resulting signals are then sent to a plurality of individual
correlators for 30 renoval of channef. specific sequences. BRI EF
DESCRI PTI ON OF THE DRAW NGS A nore conpl ete understandi ng of the
met hod and Fmppamatyslgf al el gulesanbgiramerdf oa wpyreael obpetpedmby 35
reference to wing Detailed Description when taken in

conj unction RP?Hn%ﬁé 5888n63 eﬁb Dr awi ngs wher ei n: WO 98/ 21842

PCT/ US97/ 19843 FIGURE 2 is a block diagram of- a despreadiﬁgGURE 1
bl k
is a bloc 959 8% %é@aeagl S‘P’Sesp Pead spEOFIUR C@ér{“agﬁlém

FIGURE 2 is ramo corre used Tn the
spreadispecsyaﬁﬁmoﬁﬁuﬁﬁ HREoRY 5 systenlof FI GURE 1; FI GURE 3
is a nore detail pdgiRacks dﬁ.égraarﬂl&f'ethétalled desRiieadi Agrafl '$¥ atRE
illustrated_ in FIGQJRE 2 and in the spread spectrum

conmuni cat | SREPEFECARTC %? illustratedpip RECHRE % pdcrsadagr am
of a first e¢AboHe @pieddrsdtran comMith G axy e eHE eFIGUREAL ; uni t  of
t he present njio illustrate the
possi bl e val ues &F‘% 3 'It']hae RN S a““Gg@Ego%QF%E sB‘E@gEﬁ"ﬁ ¥:s Ghence;

FI GURR 6 i san bihprevdiagrapiek aegmm @emsdiae units of fhe gpreéspnbved

conpl ex sequgpe tiggnval unit of the present invention;
FIGURE 7 is a block diagramof a first enbodi ment for an ingroved
correl ator of thEIBPVREENPA| ARENtR oltlustrate the moggible jwalues oERTdi agr am

of a secondtrabedinpenent@ of a0 oo lieR rapiarh $iid b &dn@én®é ; t he present

I nvention; and i agram of . an { _enbodi nent
f or an i npf 67EEE: S rJe&f at 3518?]!( ﬂéaﬁrgg‘eﬁ% ARSI © SRS nERR
15 for an improved complex sequence removal unit of the

present invention;
FIGURE 7 is a block diagram of a first embodiment for
an improved correlator of the present invention;
FIGURE 8 is a block diagram of a second embodiment
20 for an improved correlator of the present invention; and
FIGURE 9 is a block diagram of another embodiment for
an improved correlator of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

25 Reference is now made to FIGURE 1 wherein there is
shown a block diagram of a direct sequence spread spectrum
communications system 100. An informational data stream
is received on line 101. A spreader 102 then impresses
a much higher rate data stream known as a signature (or

30 spreading) sequence onto the received informational data
stream to generate on line 103 a spread or transmitted

data sequence of “chips”. This combination of the higher
rate spreading sequence with the lower rate informational
data stream is often also referred to as spreading or
35 coding. Spreading of the informational data stream may
be accomplished by performing exclusive-OR operations to

logically combine the informational data stream and the
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sequence on [ . ) The spread data sequence is then nodul ated
onto a SeARGNGSr Ceydets ¥t rier by nodul ator 104. If the synbol s

of the spread datrmesaspieds® daeabismiuenddensbithany npthskatldd onsbi ft

keyi ng (BPSK) ..s effectuated_by.the no 0 t g?x ol s of
the spread %5 aﬁgﬁggcgr Saé%ﬁ%f”e’%’ rqgé&ig%%%veégﬁ‘f tﬁgn%‘%ﬁag a urITg5 phase
shift keyi nof( @R8Kppread dataokeqeencPSkresbinasyt ushes bjnemy ph@dcat or

104. ;5 The sgifSGEE%?riln%t ech P eark dat fe SEINELECLYSthBeRoBAISRS ! Q dar 0adcast

20 ant enn transm Sssi on using. el ect r%)g%gnet | C_Waves.

A receive adterihe 198nbelBelfs thife SHXGTY Wet g ence argnCoMPLeXy tt ed
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et o P et OFSE, 48 dffectuacedBY 1S mblliSERy oS
modulated spread data sequence is then passed to broadcast
20 antenna 106 for transmission using electromagnetic waves.

A receive antenna 108 collects the signal energy of
the transmitted modulated spread data sequence and passes
that energy to a radio receiver 110. The receiver 110
amplifies, filters, mixes, and analog-to-digital converts

25 as necessary to convert the received radio signal to a
complex, baseband signal having both an in-phase (I)
component and a quadrature phase (Q) component. These
components are usually sampled at least once per chip

_ period and may or may not be stored in a buffer memory

30 (not shown) .

The complex baseband signals are passed to one or
more correlators 112, which correlate the data samples to
the known spreading sequence. This is sometimes referred
to as despreading since the correlation coherently

35 combines the multiple spread data values back into a
single informational value when the despreading sequence

is correctly time-aligned with the received sample



25 as necessary to convert the received radio signal to a conpl ex,
baseband-~si gnal havi ng both-an i n-phase (1) conponent

quadraturewgr? 218420) conponent . These conmponents ar egg'g’&gﬂlvms
sanpl ed at | east once per chip period and may or nmay not be stored in
a buffer menory 30 (not shown). The conpl ex baseband signal s
are passed to one or nore correlators 112, which correlate the data
sanples to t he known spreadi ng sequence. This is sonetinmes referred
to as despreading sinc h e | €obgE et LY p3RBvide@ORY RS he

mul tiple spF&&HegS?a ng}ﬁeguggék {’%%‘?ga 2 s%ng e nformational val ue
when the dempreadi dgtesetorsce 114  whicdor r BRPFPARLRe- R ne@riiginadhe

recei ved Sagg%%rmational ME:38/AH%dn. The form of detector used
PCT/ US97/ 19 ence. The
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5 conpl ey cPPﬁ‘FFﬁ?i g§§8 < ?Sﬁégﬁéhc%gd%f%%%%%g léegt?érr%ﬁtgln&b%r}{heand
coherent RAKbmbdmiing ,n@s creckessarenti al detection and conmbi ni ng, as
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shown a bl ock di aframo the correlator 112 used in the sprea
spect r um comingwt A | bhackydiagrago off theoferyelator 1ggnysed df Fhganpl es

for tfg complgeRRSePeBErengRdmmunicatibmlt sgEeepr aMicleds t @TCORE ex.
sequence renoval_ uni

120 over lines 121. _The conpl ex,seguence
renoval uni CoRRpex chip, papples t%%’éet pCOTRHEES %?g%)lﬂ%n%orﬁqtﬁj’a% of an
15 el enenuthuthamppmaprided conpbeplspr sadiegcseqeamml unit (I7K))
conprising the d r eadi se C essé&‘;' [ I are
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Ref erence is now nmade tq FI GURE 3 wher ei g,there I S g own a%rmre
det ai | ed bl d&dkdi)aGoRwrasinge ther FESRESAAIRG sequenppr TR ETSHHEHIEURE 2
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unit 122 collects and then outputs correlation values

20 (denoted X) once per symbol period.
Reference is now made to FIGURE 3 wherein there is
shown a more detailed block diagram of the correlator 112
illustrated in FIGURE 2 and used in the spread spectrum
communications system 100 of FIGURE 1. Chip spaced
25 samples of the in-phase component (denoted I(t)) of the
complex baseband signal received by the complex sequence
removal unit 120 on line 121i are provided to both

multipliers 132 and 134. Multiplier 132 is fed with the

in-phase component (denoted i(k)) of the spreading
30 sequence, and multiplier 134 is fed with the negative of
gquadrature phase component (denoted -qg(k)) of the

spreading sequence. Similarly, the chip spaced samples
of the quadrature phase component (denoted Q(t)) of the
complex baseband signal received by the complex seguence
35 removal unit 120 on line 121g are provided to both
multipliers 136 and 138. Multiplier 136 is fed with the
in-phase component (denoted i(k)) of ‘the spreading



conpl ex baseband signal received by the conpl ex sequence renoval unit

120 on line 121i are provided to both multipliers 132 and 134. .['°
Mul tiplier WIB98/2184% ed with the i n- phase conponent (denttEHSIT(IRYH of

t he spreadi ng 30 sequence, and nultiplier 134 is fed with the negative
of guadr at ure phase conponent (denoted -q(k)) of the spreadi ng
sequence. Simlarly, the. chip spaced sanpl es of the quadrature phase
conponent (denoted Qt)) of the conpl ex baseband signal received by
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accumulate and dump unit 122 is dumped and reset once a

20 symbol period providing both the real and imaginary parts

of the correlation values (denoted X). It should be noted

that in instances where the complex accumulate and dump

unit 122 is run at twice the rate of the multipliers 132,

134, 136 and 138, then adders 140 and 142 are not needed.

25 The correlator 112 accordingly pexforms two

operations. The first operation comprises the

functionality performed by the complex sequence removal

unit  120. The second operation comprises the

functionality performed by the complex accumulate and dump

30 unit 122. The present invention addresses reducing the
complexity of both the first and second operations.

Reference is now made to FIGURE 4 wherein there is

shown a block diagram of a first embodiment for an

improved complex sequence removal unit 120' of the present

35 invention. The complex spreading (or scrambling) sequence

may be written as:



functionality perfornmed by the conpl ex sequence renoval unit 120.

The secongm)ﬁfﬁ@atlon conprises the functionality é@ﬁéﬁ%g&ay t he
a |

conpl ex accunul ate and dunp 30 unit 122. The present inv

addr esses reducing the conpl exity of both the first and second

oper ati ons. Ref erence is now made to FIGURE 4 wherein there is
shown a bl ock diagramof a first enbodipgnt for an | mproved conpl ex
sequence renoval unit 120" of the present 35 invention. The conpl ex
spreading (or scranbling) sequence may be witten as: WO
08/ 21842 PCT/ US97/ 19843

s(k) =1i(k)+ jq(k) wher ed(=lifkj¢ t he in-phase conponegﬂ of the
spr eadi ng sequence, and q(k) is the quadrature phase conponent of

t he spreadi ng sequence. Both i(k) and q(k) are either pl us one or

m nus one in value. Accordingly, there are 5 four possible values for
the conpl ex spreadi ng sequence s(k) positioned as shown in FI GURE 5A

B/ otating.iassan 5 () ved UeiDynl Bhkke! Iifefiparion anhel g by the

square root of as, shown I'n our

val ues for Fﬁ@%'e&r&%n‘ﬂ)“&k ipr EBGi ﬁglaéigm Bhyse q@nporbenbnefpl us
one, mnus ehe sﬁnﬁhdlﬁ@dsaqnaﬁcb 'ﬁch i (k)| BREO\EGk)CRL exigrgpence

renoval uni 0' th corr.el at 112 .advant ageously uses this
relatlonshlélgé orld ©%i %ﬁ???yoPﬁelgoﬁﬁlgf sedﬁﬁﬁygi él}iﬁﬁ"’éﬁe§§“'—‘by
exM<m§|ng ﬁmmﬁennssih&etheluQSafed $hquemmpﬂux;spréud1ﬂ§ se@uénce _
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by forty-five _degrees Is possi bl SBhat the
present i nv¥alves iy fortYT?&%@d@ﬁgFéeﬁné@ﬂp&@ﬂkﬁkﬂg kit Hehe asigaategeous

rotations, root SECBwAS ¥ ah&¥n bYnonerdunilr e, t ikt )fédxvepéiégiﬁfé two
20 hundredluesrga%fégg rOEQESSScomple&hg%%égg¥géasequenggns (k)
degr ees.

10 become plus one, minus one, plus j and minus j. The
improved complex sequence removal unit 120' of the
correlator 112 advantageously uses this relationship to
simplify the complex sequence removal process by
exploiting the fact that the rotated sequence has either

15 a zero imaginary part or a zero real part. It should be
noted that rotation by forty-five degrees is not the only
possible rotation, and that the present invention is
intended to incorporate all other advantageous rotations,
such as rotation by one hundred thirty-five degrees, two

20 hundred twenty-five degrees or three-hundred fifteen
degrees,

The complex sequence removal process essentially
comprises the multiplication of the received complex
baseband signal by a despreading sequence comprising the

25 conjugate of the complex spreading sequence. In the
improved complex sequence removal unit 120', a negation
unit 150 performs part of the multiplication of the
received complex baseband signal by the rotated complex
despreading sequence by selectively negating or not

30 negating a received complex baseband signal value. An in-
phase negation unit 150i connected to line 121i to receive
chip spaced samples of the in-phase component (denoted



The conpl ex sequence renoval process essentially conprises the
mul tiplication of the received conpl ex baseband si gnal a_ .
despr eadi NYOS8BWhce conprising the 25 conj ugate of the & :éfsé’%’ms‘”
spreadi ng sequence. In the I nproved conpl ex sequence renoval unit
120', a negation unit 150 perfornms part of the nultiplication of the
recei ved conpl ex baseband signal by theyotated conpl ex despr eadi ng
sequence by selectively negating or not “30 negating a received conpl ex

paseband. s\ §1 L bt tne ecblex padiifn 1egahaoN U cdpfLobBRARRLCd O

line 121i eive p space | es the I n- phase” conponent
(denot ed quadratun® gdyasEs4regation unlt 150q is connected to line
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further |ncludes e rest
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exchangi ng the correspond |ng I n- phase and quadrature Eﬁase sanpl es of
the recei vedyc&he asetated %@%‘ﬁﬁoﬁew%n@atwenﬁe Ly eehesE2Vedipri ses

a firs excﬁlﬂﬁg?:mgl!f'goﬁ' ﬁaentexbi&hgq@@;nemeﬁobé@mép@hwmgl inephsBe and
control |l able t ctively switche ke a flrst 15 03|Elon
connecti on l?é’t‘iv\)e %r’F $e P?{ﬁg ©185™ I Pre BufPut s t he
i n-phase redsddaband s jprehpralue . Thegmmitcuehbzedompttﬁes anfiimssecond
position Comcttth.%@ glemepz?:t \.ﬁﬁgg L8R ?égdlﬁ&e:.ril'iﬁ{asae?qﬂdenﬁs%&?’gnwm ch

outputs t he ase resulting chip sanp e Si not ed 20
Q(t)). A smmmebkinblaikg bﬁeﬁeﬂtecatagqlws%fwe‘& te omake a aaaafsature

phasejki ne 1R66 @\dni éoﬁﬁe&t:%habka%wtegann phaséeiﬁﬁéll@éy anit ched to
make a first 05|t Qn connectlon guagrature hase |Iﬁe 156q
and |ine 123¢3thi ¥hich OUTRRLE §hﬁheuhl}§tﬂ%ﬁ uFESBh &S MR i A NS

sanpl e si gnaﬁlg?iﬁal (detsotosddI At X)) )andnal aesendnpoemmbnoaonnlenemnon
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quadrature phase resulting chip sam e signal (denoted

20 Q'{t)). A second switching element 158q is connected to
quadrature phase line 156q and is controllable to be
selectively switched to make a first position connection
between quadrature phase line 156g and line 123g which
outputs the quadrature phase resulting chip sample signal

25 {denoted Q' (t)), and a second position connection between
quadrature phase line 156qg and line 123i which outputs the
in-phase resulting chip sample signal (denoted I'(t)).

Selective operation of the negation units 150i and
150g and first and second switching elements 158i and 158qg

30 is controlled by control unit 155. The control unit 155
receives the complex spreading sequence s(k) and outputs
first and second control sequence signals on lines 154 to
the negation units 1501 and 150q and first and second
switching elements 1581 and 158q which in essence

35 effectuates multiplication of the chip spaced samples by
the conjugate s'' (k) of the forty-five degree rotated
values of the rotated complex spreading sequence s' (k).



Sel ective operation of the negation units 150i and 150q and first and
second switching el ements 158i and 158q 30 I's controll edﬁr 15943 uni t
155. The WOMRH42Zunit 155 recei ves the conpl ex spreadi éﬁsequence
s(k) and outputs first and second control sequence signals on |ines
154 to t he negation units 150i and 150q and first and second

swi tching el ements 158i and 158q which f3n essence 35 ef f ect uat es

mul tiplication of the chip spaced sanpl'és by t he conjugate s'' (k) of
thefortyf| ede I f eadi ng
Sequence. s’ @ 15" Hoted Ve is nflHALLI1Y EebOb8hEY EQTRLRLULY
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150i F e~sequenc k) is either 1 or |
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1509 yha a QuARaidH & Phasedinsd Bpnikiol in- phaséeﬁagaeeosn gndlt tmscriegate
the quadraturge phase congonent 15 .-{ }he congks ageggnd 2|gna |f s(k)
is in eithertid&j. PIVEPLEf f 1 (F) o 15t RECPSFat ©d Feqdénce STFK) is
ei t her indlwded ) logOeherividerlyo cne:garoba ithepeqiadratuby hase
quadrature phas ne gLl segushge

s (K) is efﬁ%ﬁ g%ﬁf? 5.'5\?% 47§9. a L&dréﬂfté 8:51%.5@ first

resp ec swtch 152, the
i ncl uded | ogﬁW@%ssmém f4e s‘%e%’éle the quadsAluIRi PERSSY CHTRARNE 158]

a][‘d 15?q indhgyd rc‘cﬁmtlhex bla{)é@:béﬂd)nsi/gﬁal hefse¢rNdigonir @ityrauencej si gnal
if s is in either, 1-

t he .rot at, ed uence
s'' (k) is eiQ@herl-0 dormy)li. ﬁus EgﬁnEB{:?ﬁad ﬁ‘gﬁ}"l?@sel F?]e (%é fﬁ&q‘ % line
123| and conr@cbrng,)quadoahamlabasmd imegation is6dxfdrmed 1By the

t I h bot d t t
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158i and 15 e second tion rot at ed
sequence s''ddquersce s'' (k) is either 1 or —j With respect to the
20 switch 152, the included logic places both first and

second switching elements 158i and 158g in the first
position via the second control sequence signal if s(k)
is in either 1-j or -1+j form (i.e., the rotated sequence
s'' (k) is either 1 or -1) thus connecting in-phase line
25 1561 to line 123i and connecting quadrature phase line
156q to line 123qg, respectively. Otherwise, both first
and second switching elements 158i and 158q are placed in
the second position (i.e., the rotated sequence s'' (k) is
either j or -j) thus connecting in-phase line 156i to
30 quadrature phase line 123q and connecting quadrature phase
line 156g to in-phase line 123i, respectively. A
practical implementation of a negator can, for example,
be to make always available both the negated and the
unnegated values, and then to select one of them for
35 output using a two-way selection switch. Such a device
can be economically fabricated very small using the
technology of CMOS silicon integrated circuits.



either j or -j) thus connecting in-phase |line 156i to 30 quadr ature

phase |ine 123q and connecti ng quadrature phase line 1569 'to

i n- phase WOI9§8184223i . respectivel y. A practical i nPFERENWIRB430Nn of
a negator can, for exanple, be to nmake al ways avail abl e both the
negat ed and the unnegat ed val ues, and then to select one of themfor
35 out put using a two-way selection_swtch. Such a device can be
economnical |y fabricated very small usi'ﬂé'the t echnol ogy of CMOS
silicon integrated_circuits. WO 98/ 21842

PCT/ US97/ 19843 Reference is now made to FIGURE 6 whgrein there is
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t he spreadlng Sequence ex spreadi ng ‘Sequence,

however, d&ds$s %ﬁd’e there %ﬁ%’g @qwébﬁlccmldﬁ%ffqmé:%mpﬂedwes of

the recei veghreadindg %ﬂ&@nd 2sgeakny dfueheBlSohase §$ﬁ$ val ues
of +45[err] +135 %p 15 +225[err -135[err]), and +3i LLlerr] err]) are
Sdded 20 | Ehe SHES Bk eATERLITA & 4 GRaPTPLLEE

on the val e idenconpédxtopacadung sequdecesignal px&cmslsemig/ forr t h
respggt to ot I que rated
o PR o SRt e IR epreadiBl AR PR idd L0
+270[ er r] (0190-'11@; rqqual%xaannqad@n%sequten@ene@@ﬂﬁy@morﬁﬂm dindend

signal val Ygygj P@ d %ﬁ\ﬁ%atlon o@%é%hﬁ%@%&%eéeHPV@lkn%%ée%?é’d' of
the correl ator advant ageously uses the fixed er of_ phase

of f set COITIP&I%?%%?R%%I-"IW% Fedtifpl eX SquEES SFARS
The conpl exofsemeENce 13ROV al2380cesBEYsedndl4315° (-45°) are added

20 to the received complex baseband signal value depending

. on the wvalues of the complex spreading seguence.
Similarly, with respect to the phase rotated complex
spreading sequence illustrated in FIGURE 5B, phase offset
values of +0°, +90°, +180°, and +270° (-90°) are added to

25 the received complex baseband signal value. The improved
complex sequence removal unit 220'' of the correlator 112
advantageously uses the fixed number of phase offset
values to simplify the complex sequence removal process.

The complex sequence removal process essentially

30 comprises the multiplication of the received complex
baseband signal by the complex spreading sequence.
Remembering the log-polar form discussed above, it is
noted that in the logarithmic domain multiplication, such
as that performed in connection with the complex sequence

35 removal process, becomes addition. Accordingly, in the
second embodiment of the improved complex sequence removal
unit 120'', the received signal is represented in log-



30 conprises the nultiplication of the received conpl ex baseband
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log-polar signal processing unit 170 may include a series

20 of saturating amplifiers, for limiting the signal and
providing a log-amplitude waveform. The limited signal
is used to determine phase values using any known method
including that method disclosed in U.S. Patent No.
5,148,373, which is hereby incorporated by reference.

25 The improved complex sequence removal unit 120%!
still further includes a phase converter 178 connected to
receive the complex spreading sequence s(k). The phase
converter 178 processes the complex spreading sequence to
extract four possible phase offset values (see, FIGURES

30 SA and 5B) for output as a phase offset signal ¢(k) on
line 180. 1Included logic within the phase converter 178
preferably implements a look-up table functionality for
generating the values for the phase offset signal ¢(k),
which corresponds to the phase of the conjugate of s' (k).

35 An adder/subtractor or summer 182 is also provided in the
improved complex sequence removal unit 120'' to combine

the extracted phase of the received complex baseband



line 180. Included logic within the phase converter 178 preferably

I mpl enent -up table functionality for ' generating the -val ues
for the pﬁ‘ggg&,gﬁﬁget signal [err](k), whi ch correspond’gﬂt"@%’lﬁ%&%hase

of the conjugate of s' (k). 35 An adder/subtractor or sumer 182 is al so
provided in the | nproved conpl ex sequence renoval unit 120'' to

conbi ne the extracted phase of tﬂ%_received conpl ex baseband
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in effectuating the correlatio

improved correlator 112' of the present invention. The

20 correlator 112 of FIGURES 2 and 3 essentially computes

arithmetic averages of the product of the received signal

with the complex conjugate of the complex spreading or

scrambling sequence, by means of an accumulate and dump

circuit. The improved correlator 112' instead bases its

25 operation on the computation of geometric and

multiplicative averages. In this connection, it is noted

that a multiplicative average comprises an arithmetic

average with respect to logarithmic values. Accordingly,

_ in the improved correlator 112', both the logarithm of the

30 amplitude of the received complex baseband signal and its

phase (as offset) are used in effectuating the correlation
process.

Similar then to FIGURE 6, the improved correlator

112' of FIGURE 7 includes a log-polar signal processing

35 unit 170 connected to line 121 to an RF or IF signal and

output the logarithm of the amplitude of the received

complex baseband signal on line 172 and the phase of the



process. Simlar then to FIGURE 6, the inproved correlator
112" of Flﬁsﬁ@ﬂshnc' udes a‘l og-pol ar signal processing 35 pcHO§d71988

connect ed I'ne 121 to an RF or |IF signal and out put the logarithm
of the anplitude of the received conpl ex baseband signal on line 172
and the phase of the WO 98/ 21842
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20 in the complex baseband signal based on the complex
spreading sequence phase.

The adding of phase values is not as straightforward

a process as the adding of the logarithmic amplitude

values because of the wrap-around characteristic of phase

25 (i.e., 0° and 360° are the same). It is noted that after

complex sequence removal, phase values near 0° (or O

radians) imply the transmission of a value of plus one,

while phase values near 180° (or n radians) imply the

transmission of a value of minus one. To effectuate the

30 multiplicative averaging functionality referred to above

with respect to the phase of the received complex baseband

signal, the complex spreading sequence shifted phase of

the received complex baseband signal output from the phase

adder or summer 182 in the logarithmic domain is

35 represented as between -180° and 180° (- and n radians),

or some equivalent form, and processed in an absolute

value converter 192 and an accumulate and dump unit 194.



t he recei ved conpl ex baseband signal output fromthe phase adder or

summer 182 in the logarithmc domain is 35 represented as between -180
and 180[ erwjo%s/d1842] and n radi ans), or sonme equi val eRCHEIYH19%3d
processed in an absolute val ue converter 192 and an accumnul ate and
dunp unit 194. WD 98/ 21842
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Of fset sof 1he COMHgAS M udd'S AUk i&vék?@f‘t 52, SECUHAGe and Hd
out put on l'ine 18 he nu ues accurul at ed™and

over which awmﬁtuﬂﬂﬂ}cﬁﬂﬁnﬂ?fmallzathn urhe APFt Rhiuei EgrmyPhaseagedn

logarithm ¢ pepbibaHEe with EﬁéuﬁélQéﬁEﬂg tgaaribasaccunul ate and dunp unit
190 and 15 the arithnetically averaged phase val ues output fromthe

normal i zation unit 196 may then, if desired, be processed by a
converter 184 which converts the d pr ead S|gnal from | og- pol ar form
to Cartesian formto output the r ﬁﬂﬁ-f )] | magi nary parts of ,the
correl ation val ues (denoted X) on %&% 198i and 198q, respectively.
This essentially

=Y
b= 3)

wherein 06(k) is the detected phase of the received complex
baseband signal output on line 176, ¢(k) is the phase
10 offset of the conjugate of the complex signature segquence
s' (k) output on line 180, and N is the number of values
accumulated and over Which averaging occurs.
The arithmetically averaged logarithmic amplitude
values output from the accumulate and dump unit 1390 and
15 the arithmetically averaged phase values output from the
normalization unit 196 may then, if desired, be processed
by a converter 184 which converts the despread signal from
log-polar form to Cartesian form to output the real and
imaginary parts of the correlation values (denoted X) on
20 lines 198i and 198q, respectively. This essentially
converts the arithmetic averages of amplitude and phase
in the logarithmic domain to a multiplicative or geometric
average in the Cartesian domain.
Reference is now made to FIGURE 9 wherein there is
25 shown another embodiment of the an improved correlator
112'' of the present invention. Like reference numerals
refer to corresponding parts as in FIGURE 7, and thus a
repeat description will not be provided. The outputs of
phase adder or summer 182 are averaged through the use of



converts the arithnmetic averages of anplitude and phase in the
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In a code division multiple access (CDMA) type of
spread spectrum communications system, the overall
spreading sequence or signature sequence may be the result
of multiple component sequences combined together.

25 Furthermore, it is known to have multiple channels share
one or more of the same common component sequences. For
example, in the downlink specified by TIA 18-95, all
channels share a common complex scrambling sequence,
referred to as the pilot sequence. The channels are then

30 individually spread using different Walsh code words,
which are real or non-complex sequences. One of the
channels, however, is not data modulated, providing a
reference or pure pilot sequence channel for use in
obtaining channel tap estimates. In a conventional

35 receiver then, for example with respect to the 1S-95
specified signature sequence, separate correlators 112
(see FIGURES 3 and 4) are provided for each channel to be



30 I ndi vidual ly spread using different Wal sh code words, whi ch are

real or non-conpl ex sequences. One of the channel s, however, is
not data NYA88 , providing a reference or pure pil SCTAIYEWdR
channel for use in obtai ning channel tap estinates. In a
conventional 35 receiver then, for exanple with respect to the |1S-95
speci fied signature sequence, separate gorrelators 112 (see FI GURES 3
and 4) are provided for each channel t@be V\D 98/ 21842
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scranbling sequence, and the common descr ading unit
202 is an &pFoRATRE NG caRT MeFRreading uﬁ%ﬁst%é%| %?d%%¥r§£%E¢aﬁﬁllng
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process eac Jehgcei ve chann a g%rrel te_to rent seqfences
30 thus provEUPRECH f PSS co ?’é|a F6nevE deeeived” Bhas
(denoted X, and Xi). These 1nd1vidual descrambling and
20 despreading units may comprise a correlator 112' as shown

in FIGURE 7. The common descrambling and despreading unit
may utilize the complex sequence removal units 112' and/or
112" of FIGURES 4 and 6. With respect to the foregoing
IS-95 downlink example, the common sequence comprises a
25 complex scrambling sequence, and the common descrambling
or despreading unit 202 is an appropriate descrambler.
For the individual descrambling and despreading units -206,
a Walsh code correlator may be used to process each
received channel and correlate to different sequences,
30 thus providing different correlation values.

For example, an IS-95 based CDMA phone would have
multiple RAKE fingers, each finger including a common
descrambling unit and two individual descrambling and
despreading units, one for the pilot channel and one for

35 the traffic channel. When two individual despreading
units are required to correlate with different Walsh
codes, they can share a majority of the processing. This
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fingers, @eodgniggroer including a conmon descranbl i ng wirthusaneogsyo
i ndi vi dual descranbling and despreading units, one for the pil ot
channel and one for 35 the traffic channel. When two i ndi vi dual
despreadi ng units are required to correlate with different Wal sh
codes, they can share a majority of th@iprocessing. This WO
98/ 21842 PCT/ US97/ 19843
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and the bits in disagreement are:

11 11 00_0_ 0,
20 where the bit polarities of Walsh code word #1 have been

used in making the comparison. In accoxdance with the
foregoing, a first average over the eight bits in
agreement is computed, inverting the sign of the wvalue
being averaged when the bit in agreement is a zero. A
25 second average over the eight bits in disagreement is
likewise computed. When these two averages are added, the
resulting sixteen bit average represents correlation with
the first of the two Walsh codes, as the bit polarity of
the first code was used by default for the disagreeing
30 bits. By subtracting the second average from the first,
the sign of all the values contributing to the second
average is effectively inverted, thus making it agree with
the bits in disagreement for the second Walsh code word,
which are inverted with respect to those of the first code
35 word to obtain the result of the correlation with the

second code.



average is effectively inverted, thus neking it agree with the bits

i n di sagreenent for the second V\al sh code word, whi ch are inverted
with resp@9818¢hose of the first code 35 Word to obtai FGIAESYRAEt of
the correlation with the second code. WO 98/ 21842

PCT/ US97/ 19843 -22- Two
correlations with two different Wal sh Cﬁdes may t hus be obtai ned by

perform ng one comon operatl on (202) yielding two internediate

brocessi hg at 5 TeolSRzdeaariones ey o TfFEeph it bh. Ohs B BB L o
produce t hetHesi bedobneinedrky apévfermiie ongucennanopperatienf d202appl i es
al so when W%@H%eoe&bonfm!\@me&i&fsreﬂésults \Wlsh ooallen apexieayl red,

| eadi ng ultrimate ranst or
correl ati ong‘hﬂﬁﬁhrﬁlslul\ﬂ‘&l srel Fhery fguthge nipbned nbyit EHOC338189 P&t ent

No. 5,856, 454 reducQ&SfﬁaJtlé.eS(ﬁ/B'@ﬁf fererdhics r urtlbauacior@t&mﬂge)ca&b Wal sh

Transf or ns, i S incorporate referenc erei Al t hqugh
enbodi msntsPSP rF&t%o‘ge gé?af:8§r8 a 1°ns‘th The e§%ﬂ’t’cFﬁ9§nf’gon have
been il ust e&ifedti appﬂldzeéa5a1sacwheqnanaymyngcdi)rmla’gsoaadwtﬂehcdnlﬁéérentt he

foregoi ng ?,e 8C Rl QLg | tlé’A&ixaQ F‘L'E%(r?%te‘i%d ¢dhag %‘Q%t

i nvention i s %6 o the énbodi ments apabl e
of nuner ous Wedshr angéﬁﬁmf@ shpUct et WReR Welatl@mﬁillqmtaldné"ahshhout

gepa[]iopgl}"a%@etéﬂea%' d Bk tdnpifted. In\tﬁrglopaean%etns orsh3aed 48l i ned
y the to gg;g%lbes ag efEEc1ent c1rcu1t for computing Fast Walsh

Transforms, and is incorporated by reference herein.
Although embodiments of the method and apparatus of
the present invention have been illustrated in the
15 accompanying Drawings and described in the foregoing
Detailed Description, it will be understood that the
invention is not limited to the embodiments disclosed, but
is capable of numerous rearrangements, modifications and
substitutions without departing from the spirit of the
20 invention as set forth and defined by the following
claims.



VWHAT IS CLAI MED | S: conpl ex sequence renoval unit for
Processi MGgooanipes @ rIMLIIHLLHJIIIIH | [Hpavence spread spectpusynone
a

comruni cati ons gnalt havi 7g an i n- phase conponent

guadr at ure phase conponent characterized by: a
control unit (155) for processi ng the phase of a conpl ex
spreadi ng sequence for the received diregt sequence spread
spectrum communi cati ons signal to out put a first and a second
control sequamee; IS CLAQMED Is: a first negation unit (150i) receiving the
I n- phase onent.of the received direct ,sequence spread

spect rum 28uﬁ?@8%?5n§e§P§ﬁSF LREONEda i %PrIPWQEﬁﬁﬁﬁﬂgto t he

first contra :S@Imamﬂs direct sequence spres€lCepedctiegaldcmuriidtidrld0q)
receiving t rat h n f the received dlrect
sequence ék nal %ﬁ#%éﬂggpeg%%h%S%o%%ﬁﬁgggﬁgoﬁgasggﬂ%?gﬁﬁﬁu 39 |

responfe tC)Q¢mp¢m¢8t.c@ﬁWP@PSSunence and a switch un|t

152 f '
(152) receiving fgogtheof iwsit mgg;rocessmgs%@ﬁ:n ex?hangl n ﬁpﬁt‘%’pe

i n- phase and uadrature(glase nal_s

received irk ngfpdquence for dF&FGF@eﬁh§é§e§Fgﬁ%ﬂ%eﬁQﬁ QRE%ﬂﬂ

response t o ggectrum commusﬁmltd.o@mtéﬂ_f;néletwenwtput a first and & The

conpl ex seque nit of claiml 25 wherein the first

control sequé%c n% %%ﬁ?ggf ﬁqeﬁnﬁﬁase first control sequence for

contrdPling the megafiost negatiompenfmitnedréyeiténgi r shenedai-ipdmamit,

and a quadr g &1 n 4 controlling t he
Udigonen: of ¢ egf%%%lﬁ;eras igaRt gta,%a%%% Epreda QUL

negat i on e secon
3. The corrm%wn%%@nﬁeﬁwaﬁluﬂp@ aﬁger:anm it in respongeertsi thehe

switch unit fﬁﬁs@ncbﬂtgbasgequbaub and a guadr at ure phase out put
and further conprlse hase switch é158|) recei vi ng

the i n-phase coﬁﬁgﬂﬁﬂagﬁﬂT'HﬁéFaEFEeﬁglESnFEthYﬁﬂ He1 1 e -RIRES
out puflSor componenti heef e atoeriereh dd@eetit petiuieh cee SpaRIE tspetdlfhﬁ‘econd

control Seq%ﬁﬂﬁﬁﬁnfggkions signal and negating it in response tdzgke
first control sequence; and

in

a switch unit receiving from the first and second

negation units the in-phase and quadrature phase signals

20 and exchanging the received in-phase and quadrature phase
signals for output in response to the second control

sequence.
2. The complex sequence removal unit of claim 1
25 wherein the first control sequence comprises an in-phase

first control sequence for controlling the negation
performed by the first negation unit, and a quadrature
phase first control sequence for controlling the negation
performed by the second negation unit.

30
3. The complex sequence removal unit of claim 1
wherein the switch unit has an in-phase output and a
quadrature phase output and further comprises:
an in-phase switch receiving the in-phase signal and
35 operable to connect to the in-phase output or the

quadrature phase output in response to the second control

sequence; and
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a quadrature phase switch (158 ceiving the guadr at ure phase
signal and operable to m“gm“ﬂ“\m I'\H“I quadr at ure phase oz!tésput or the

i n- phase W95(24842n resu ! second control seqf&FAESI7/49843

4. A nethod for processitng®a ‘freceived direct sequence spread spectrum
comuni cati ons signal having an I n- phase conponent and a quadrature
phase conponent to ef fectuat e conpl ex sequence renoval, characterized
by the 10 steps of: proceSsing (155) the phase of a conpl ex

spr eadi ng se f recei. | rect_.se nce spread spectrum
communi cati ons §t g&.;g@ggtugé gﬁgsen%g%}éﬁglg%(ef%dﬂ”ﬁ%&%%-%ﬁgggaggﬁgonent of
the 15 s & edigna b c ande pransdlsprieadeepnectumoc drheingeadirahgre

signal in nARAODSEutBut NS PaReSBehilAs Soutput in re d "G (LRAq) the
guadr at ur e "phase_conponent of the recel ved direct sequence spread
spect r um cHBRANE LIRIECL SequeReal in response to the processed phase;
and 26 exchangi ng (152) the output in-phase and quadrature

phase signals in response to th rocessed phase. . .5. A
conpl ex sequence*r en&almetﬁﬁ?éf%'dprpr BECSESTGNI 2 Lerei¥pdeqddrest:

sequence sEesarbrsEedpread oIpRel0a | corsmbi cat Sogwasidnagl njaeing an

| og-anpl it > o] a o] C | Z by:
 phase condrrary 1ognbpRRtel ERF quackalRER BRIRe CHASIGERY, .
conpl ex sprefffigtyateneonpd ekopegrenceceenerl, compiistngsehaeatepspr ead
spectipum coygruni cations signal; 30 a sumer (182) for summng the
phase conponent of the ei ved direct sequence spread spectrum

, re
conmuni cati ons Procesgifighthen®haRe 8%t PacPERLENSRT BRALRY BEIHRBCEONDI ex
spreadi ng skspientRet 0 raitiginied sdimect phasguencd spread spEABEUMOr

formng a ch%mxﬁ—xxiéétg{@ljgsi 0%5%{‘%%961“ thmc 35 domai n conprising the

| og-anplitu conponen . recei ved direct sequence spread
spect rum conmmunitegabirg the dhngphhsgndconeoremtedhhide received

-25- 15 direct sequence spread spectrum communications signal in
response to the processed phase;
negating the quadrature phase component of the
received direct sequence spread spectrum communications
signal in response to the processed phase; and
20 exchanging the output in-phase and quadrature phase
signals in response to the processed phase.

5. A complex sequence removal unit for processing

a received direct sequence spread spectrum communications
25 signal having an log-amplitude component and a phase
component, comprising:

a phase converter for extracting a phase offset
relating to a complex spreading sequence for the received
direct sequence spread spectrum communications signal;

30 a summer for summing the phase component of the
received direct sequence spread spectrum communications
signal and the extracted phase offset of the complex
spreading sequence to ocutput a summed phase; and

means for forming a complex signal in a logarithmic

35 domain comprising the log-amplitude component of the
received direct sequence spread spectrum communications
signal and the summed phase.
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6. The wunit of <claim 5 further including a converter (184)

for recei\y @ﬂﬂ t hen fornmed conpl ex sicaiddorfiodsa

out put i n\(@?§95| %-n Coowﬂnmm’nm“ﬂnﬂ““l 7. A method “for pr o?:%ssi ng
a received direct seqlente Sprlead spectrum communi cations signal
havi ng a | og-anpl i tude conponent and a phase conponent to

ef fectuate conpl ex sequence renoval, chacacterized by the steps of:
10 extracting (178) a phase offset relating to a conpl ex

spreadi ng sequenge forrhteheurrﬁttel Wil dlget SqURNSEh&D! eBfcludingSPECt rum
comruni cati ons Si

182) the hase nent of the
recei ved convm:gga:t fs%ﬁu’éﬁ%%lgb?%a&néipgé’gerrhn%ﬁ FEgt |t§’rFsrm§ PEASR and 15
t he extract edmphase sibhadt folr uepranyilre )Caresniimgcoordinaeggence to

output a summed phase; and form ng a conplex signal in a

| ogarithm c domain conprising the | og-anplitude conponent of the

r ecei \fed di’r.ect Asetgbhed spPeadospeessiingcoammecaiveds élgﬁat and 20
the summed E gokence spread speé%ruﬂhéoﬁﬁﬁﬂ9€a€§oh§ oy ﬂQﬂ'$

i ncluding the of convertl ng gl e forrre ex s gnal for
out put in CAPTs&MRAL é'-b'é‘rped fEREenest ~a phasg C&Q“Q%QﬂtfoFo
processi Nng a8fFeEEUNEE HbhPTéx sequerkds) WRIMSra80) Q&ﬂnﬁpﬁ@iﬁg%ﬁenﬁyapgat i ons
si gnal haV|ng a | og-anpl i tude conponent and phase

conponent, characterized by: 30 a phase converter (178) for

extradting a phasatafafdeing a phageat pAgset arebaplisyg s eadi ogmpkeuence
for the reC§b¥§Qdin% ?eguéx?&é éc?qu{ﬁﬂé?‘i-e%%r %&%%E”c“%%&ggﬁg' CREERRS

si gnal ; t accunul at1on an unp unit
accumul at i n§PERETHN FEMMUGG-CAFHANE i B¥Hponent s; a summer (182)

for summ ng the B'ﬁﬂﬁﬁr@@%‘%ﬁa@é ébﬁponent b@fCth\éeQéHéi&Eéd sggresee
spread spectrum conmuni cat Lons Qgl;nnal c{lhe extrac rP ase of f set
of the conpPEguence sprea spectrum communications signajg
15 - extracted phase offset of the complex spreading sequence
to output a summed phase; and
forming a complex signal in a logarithmic domain
comprising the log-amplitude component of the received
direct sequence spread spectrum communications signal and

20 the summed phase.

8. The method as in claim 7 further including the
step of converting the formed complex signal for output
in Cartesian coordinates.

25

9. A correlator for processing a received direct
sequence spread spectrum communications signal having a
log-amplitude component and a phase component, comprising:

. a phase converter for extracting a phase offset
30 relating to a complex spreading sequence for the received
direct sequence spread spectrum communications signal;

a first accumulation and dump unit for accumulating
the output log-amplitude components;

a summer for summing the phase component of the

35 received direct sequence spread spectrum communications
signal and the extracted phase offset of the complex
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spreadi ng sequence to output an absol ute val ue sunmed phase;

a second accunul ation 4) for accunul

nor mal i zi Wé)?%%t put‘mﬂlﬁm{lumupluiﬂg sunmed phases; éﬁ-}?ﬂyﬁ{}ﬂn

means for formng a conplex S|gnal in a logarithmc donaln conpri sing
dunped accunul ated | og- anplitude conponents relating to the received
di rect sequence spread spectruntggnnunlcatlons signal and dunped
accurul ated 10 sumed phases. 10. The correlator as in

claim9 wheg f&atﬁ'ﬁgf '§e°t£u?nct%e @:CQ}M\% € AN TP, 1 {28 BkC Ul dhdasg an

arithnetic erag accunul at ed | og- anpl 1 tude conponents. 15
11. The cobe*%?br as in claim9 wherein the second accumul at e and

dunp unit cal cul at §éc©ﬁdaéd:étfitﬂ@1at€1c§w&£r&ﬂﬁiump un:taif fide ﬁ&ﬂmﬂﬁﬁﬁg
nornal i zed ab olute ial ue

correl at or %E i BT ﬁ?%nsugmf’utﬁ’b‘ltu#ﬁéﬁuste vaa}‘beorﬁ}ﬁ‘?“teeq R]}iﬁﬁs"for

recei ¥i ng amadt hen converting the forned conplex signal for output I n
Cartesi an coordi 2 P@t r0g
received di rectﬁg&ﬁg forq)?gﬁ%nelngpr e{acg) ?p olm%%uaga %aél%

having a domaing- AANPYLLANT coMyowesk aqmmulatedphatseg ar@lmmt

char act er i zegmhndhes SE&Pst Mg to the recei®¥d AGtkle LddBinle p%afé‘a&ffset
relating to a conpl ex 30 $¥ead|ng seq}ence for the recei ved direct

sequence spFREEFEYUM  CQPERERiGAT ISR LR ERT bnaRg gAyrped accumulated
accumol at i ngurd@8) phleelkag- anpl i t ude conponents; sunmi ng (182)
t he phase conponent of the received di rect sequence spread spectrum
comuni cati ons signal and 35 the extracted phase offset of the conplex
spr eadi ng 3equefibe roroeillptoramsalsolaitzin g vheratirediphatirst
-27- accumulate and dump unit calculates an arithmetic average
of the accumulated log-amplitude components.
15
11. The correlator as in claim 9 wherein the second
accumulate and dump unit calculates an arithmetic average
of the accumulated, normalized absolute wvalue summed
phases.
20
12. The correlator as in claim 9 further including
a converter for receiving and then converting the formed

complex signal for output in Cartesian coordinates.

25 13. A method for processing a received direct
sequence spread spectrum communications signal having a
log-amplitude component and a phase component, comprising
the steps of:

extracting a phase offset relating to a complex

30 spreading sequence for the received direct sequence spread

spectrum communications signal;

accumulating the log-amplitude components;

summing the phase component of the received direct
sequence spread spectrum communications signal and the

35 extracted phase offset of the complex spreading sequence

to output an absolute value summed phase;
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accurul ati ng (194) eHmm(m "" ' 196) the out put _ absol ute val ue
sumred PRog§gp1sasd l lﬂmﬁ Ia conpl ex signal in a pEfBEd7H9HdsC
domai n conpri si g thetacecunul ated | og-anplitude conponents 5
relating to the received direct sequence spread spectrum

comuni cations signal and the accunul ated, nornalized absol ute val ue
summed phases. 14. The mephod as in claim13 wherein the step
of 10 accurul ati ng the output |og-anplitude conponents conprises

the step of cal aWcinulgtAihdgr andehbemalekagy otheheoutput atEsMuE ed
| og-anplitud 15. The method as in claim13

conponent s.
wher ei n t h&2 ngg§ﬁmﬁé Phag&H4 3 ng and normalizing the output absol ute
val ue sumfednpghases compliecesstiibaadt ejn o chbgatithmjjcarlomain

arithnetic t ac tyed,. nor 1 t e
suhned phaggﬁﬁg¥€;#g éﬁé %ggﬁh%ﬁgﬁﬁg?h&gaggéﬁﬁlgpggéy1?%ﬂﬁ3ﬁ%§€§lJ
i ncl Wi ng KRdating tex dhefregmingd i dyreaBipegnencenspaeast grectim out put

in - CRphReimR AA0UE Natighal and the acklimflLHd el d¥mazeq
processi ng gﬁéﬁcelved mul ti- 25 channel direct sequence spread spectrum

communi cat B ute vadue, fupmediPRReGSte nultipl e conponent conpl ex
sequence renmoval , the multiple conponents including a first

conmponent sequenge s e | _channel.s. .0 e direct seguence
spread spectr um&%dm*nr}ﬁl{%gl??%ﬁghs?%n%% éinlf?lé{ 3%51 "’QSFSF& a7 ﬁitegeco%d
conpbhent sequendstingi the ovtphb log-ampiitu@e ecohpomentiss aivgrmictes i zed

by: the 8t&BMBX €9 ariﬁmingeﬁyﬁn%erirm@icug%x(a%@o£0rt

. ) X &e
processing the received nmulti-channel direct sequenc spread spectrum

communi cat AEFYMILGTAS tpEranrt tiapde 36OMPOpgREPal of the first component
sequence and out put an I nternmedi ate signal; and

15. The method as in claim 13 wherein the step of

15 accumulating and normalizing the output absolute wvalue

summed phases comprises the step of calculating an

arithmetic average of the accumulated, normalized absoclute
value summed phases.

20 16. The method as in claim 13 further including the
step of converting the complex signal for output in
Cartesian coordinates.

17. A correlator for processing a received multi-

25 channel direct sequence spread spectrum communications

signal to effectuate multiple component complex sequence

removal, the multiple components including a first

component sequence shared by all channels of the direct

sequence spread spectrum communications signal and a

30 plurality of second component sequences unique to the
multiple channels, comprising:

a common component sequence removal unit for
processing the received multi-channel direct sequence
spread spectrum communications signal to effectuate

35 removal of the first component sequence; and
| a plurality of individual component sequence

correlator units, one for each channel of interest, for
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- 28- a plurality of indiwsdual conponent sequence

correlator units (ZOgM“u“j( i i“k\mﬁannel of interest, for
processi NP P84t er I st o~ ef fectuate cor PETAISPEIEAY t he
second conponent sequences relating to 5 t he channel s of interest.

18. The correlator as in claim17 wherein the conmon conponent

sequence renoval unit effectuates a d%écranbling of the received
mul ti-channel direct sequence spread 10" spectrum comuni cati ons signal .

19. The correl S Jy clai ' h . t he individual
conponent Eﬁﬁﬁeégéngortr% a}t) gé?ma%lg éh?e%&‘gﬁa#egﬁégtlég hgn&?ﬁ‘r e@la’t‘?%ﬁ of the
descranbl edegugnae t sRURAAS sperhyhmi drdmusrporehonseqedmml  to

20. The cogfglat@ar@SchPrehat TbhBorhendl Betaniy %mpon%n% ﬁ?gﬁffgﬁ,&gua'

conponent sequence correlator units ) ef f ect uat'es ron of the
descr anbl eBesaEhRE £6 theochanpglscofpidtexsiionent sequence.
21. Bhe correlator as in claim1l7 wherein said common conponent

sequence renoval  uni rocesses. a ., received spreaq spectrum

communi cat i ons é?gna&hgae?’ﬁﬁe FEo% as ’irh-cgi‘?&é'b IoMisHEAR SR8 SOWNSAr at ur e
phase conpeoeponamd sequenaomemicsed: unit effectuateentr ksupainblihg) for
processingothe phase ofi Ba mu QML P Q39LRG SEAYEDGE T oL Lhe r ecei ved

di rect sequence spread spectrum conmuni catl ons él gnaF top%%?%ut 30

a first an@PackEEBnacBPHRicRtIOHFeRdgNal . a first negation unit

(150ig) receiving the in-phase conmponent of the received direct

sequence spread connunicatiogs,signal and negating it in
alfg

pectrum
response to thelS' &EFiF§F§§%%ﬁ9ﬁ & gtrent 8 wherein ‘eachngf
negation tinét in@iSQdualr ecemporent hesequenceuadicainglaatyrseusoeponent of

the rECEiVéfké%é&%ﬁeé*ﬁ“@ﬁ%ﬁ%lation of the descrambled signal to the
individual component sequence.

15

20. The correlator as in claim 18 wherein each of
the individual component sequence correlator units
effectuates a correlation of the descrambled signal to a
non-complex component sequence.

20

21. The correlator as in claim 17 wherein said
common component sequence removal unit processes a
received spread spectrum communications signal having an
in-phase component and a quadrature phase component and

25 comprises:

a control unit for processing the phase of a complex
spreading sequence for the received direct sequence spread
spectrum communications signal to output a first and a
second control sequence;

30 a first negation unit receiving the in-phase
component of the received direct sequence sgpread spectrum
communications signal and negating it in response to the
first control sequence;

a second negation unit receiving the quadrature phase

35 component of the received direct sequence spread spectrum
communications signal and negating it in response to the
first control sequence; and
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- 29- spread spectrun1connunications signal and negating it in
response: {

0 contr uence; a sw.t uni_t 152)
recei vi ngv’l’?3§fﬂsr% f| rstlmﬂﬂ "I”!iw ""! ﬂlE negat ion units the?(ﬁqu%:fﬂg 83and

guadr ature phase 5 nging the received in-phase

and guadr ature phase S|gnals for output In response to the
second control sequence. 240, The correlator as in claim17
wherein said 10 comon conponent s€quence renpval unit processes a

recei ved spread %p%{é%cgmn'z%%éﬂﬁﬁngggnem g wing.an ar’rrf:\)d second

| og-anplitude conmponent an hase co
a phase convégﬁéﬁoprﬁﬂlqﬁnthﬁd#QRRh#ﬁFeﬁ%ﬁa%%a@¥¢§é¥919haseréﬂgmﬁﬁ@ to a

conpl ex sprgadi E&ch@.ﬁgﬁﬁ@ethér réBeivegeingshase andi ﬁé&rﬁ@ﬁ%@nfﬁa%@ ead
spectrunlconnunggﬁtlﬁns Si r summ ng the

phase conpofi¢f gr O&p‘?%céf’veﬂeﬁ?‘?@%‘? i&ugh‘c’:e%%‘%c@"a‘g SpBEEPIm

comurl cat i segiuence. si gnal and the extracted phase offset of the conplex
20 spreadi ng sequence to output a summed phase; and means for
formng a conplex signal in a logarithmc dormai n conprising the

| og-anpl i t ude coRFonerfthef coxgelator rageiivedcdipdact 12 eqienesispredd

spectrum CopBHRIcA! iiifponent Sidipgéndd +ORovaIMRdypRAS
23. The correlator as in claim?22 further |n%Iu di ng B ﬁrogggﬁsgrter (184)

f or receiviﬁ@cﬁﬁaephé@?ﬁﬂﬂ&ﬁﬂ?9&f%¢m?°mmunl$%Fh%ﬁscﬁh@ﬂé% baydag Ao

out pur0 i n Cablgesindl itnodeli nedesonen80 and a Zhasdhec6RpEREALOr aag I N
claim 17 wherein.each of t he i ndividual conponent sequence renoval
units proceggggrlses sanpl es having a | og-anplitude conmponent and a phase
conponent and comprpbese converter afmasatceman'rgera(p}&)sé opféxktact i ng

a phase 0ff§s&a§ rbehatbRg1ER egfgaaiﬁ %@éﬂeggf&%ﬁa%ec%&vgﬁe
recei ved ct sequence spr spe tr conmmuni catl ons Si
dlrect sequence spread spectrum communications signal;

15 a summer for summing the phase component of the
received direct sequence spread spectrum communications
signal and the extracted phase offset of the complex
spreading segquence to output a summed phase; and

means for forming a complex signal in a logarithmic

20 domain comprising the log-amplitude component of the
received direct sequence spread spectrum communications
signal and the summed phase.

23. The correlator as in claim 22 further including
25 a converter for receiving and then converting the formed

complex signal for output in Cartesian coordinates.

24. The correlator as in claim 17 wherein each of

the individual component sequence removal units processes
30 samples having a log-amplitude component and a phase
component and comprises:

a phase converter for extracting a phase offset
relating to a complex spreading sequence for the received
direct sequence spread spectrum communications signal;

35 a first accumulation and dump unit for accumulating

the output log-amplitude components;
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- 30- a first accunulation and dunp unit (190) for

(162) 130 Sl MMM 7Ene™ S romomend? S

sequence spread spéct rfum-cofmuhi cati ons 5 signal and the extracted
phase offset of the conplex spreadi ng sequence to output an
absol ute val ue sumed phagge; a second
accurul ati on and dunp unit (194) for accurul ati ng and

normal i zing the Quljpdh. a@épl léhﬁm‘i%'guethe ﬁhage c&méneh%%es nand neans
for formng a conplex signal in a lNogarit domai n conpri si ng

dunped adefrivadqd ?-EQCEWEFFIPG&Se spread SPRGHIH FRBIRL GREHGNEO t he

recei ved gligresl &elweme spteadted phase oirf%@trucﬁfCQM%Gxﬁﬁléﬁs si gnal
and dunped accumul at e The

25.
corr el at SIPERATHE| §F Fﬁufﬁlcieu]ﬁ%e?ufé'ﬁggetﬂ’ﬁgggsolute valpe, ngupgedconverti ng
(188) t hepl=swp! ex S|gnal for out put I n Cartesian coordi nates.

20 198308 aREOGGRS 91 €, ££6 SLYEtnTYaELnGhanne

di rect sequence spread s ectrum communi catT ons” Signal

ef f ect uataeidrmqlfﬂpﬂ]@moﬂ@tomw e@b%@kfmc*ealwmmeddphases,

correlatigqy the nultiple conponents I ncluding a first 25
conponent sequence share channel s of the direct sequence
spr ead spectrdﬁ*ﬁ%b"?n{ﬁ’ﬁ s"?g?\%ﬂ‘P gignal in a legardfhmjcof second

Cormonentdcﬁﬁ;]uence&mpml@:liﬁgt 0 ditgped accumulatteld pl Eo h&ﬂpﬂﬁude
characterlzednéégrma t%a Fo the v rocessin % é
recei ved SRIRSETEn Féc Rred %%dﬁéﬁ%% SEFPER e §BE fFum
comuni capertsrusi goaimurtications signelf esidiatiempedovatcaohul deedi r st
conponent1ﬁ§g£§q£ﬁ§§gg{ generate an internedi ate signal; and
for eachﬁi annel™ of 1 nterest, processing (206) the gener at ed
internediate signal to effectuate correlation 35 to the second
congonent sequencesrhe! i dtdrt Be ehasnghd 24 further PhclBlehgst.
means for converting the complex signal for output in
Cartesian coordinates.

26. A method for processing a received multi-channel
20 direct sequence spread spectrum communications signal to
effectuate multiple component complex sequence removal and
correlation, the multiple components including a first
component sequence shared by all channels of the direct
sequence spread spectrum communications signal and a
25 plurality of second component sequences unigue to the
multiple channels, comprising the steps of:
processing the received multi-channel direct sequence
spread spectrum communications signal to effectuate
removal of the first component sequence; and
30 for each channel of interest, processing the received
multi-channel direct sequence spread spectrum
communications signal to effectuate correlation to the
second component sequences relating to the channels of
interest.
35
27. The method as in claim 26 wherein the first step
of processing further includes the step of descrambllng

-
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- 31- 7 jn claim?26 wherein the first step
of proce P’%’M hH"-mﬁ ﬂmggﬂﬂgmt ep of descranbling {ﬁ L1dgas el ved
nultl-ch I'Tect* seguan spectrum connunlca I ons signal .

5 28. The nmethod as in claim27 wherein the second step of
processing further includes the step of correlating the descranbl ed
signal to the second conponent sgQuence. 10 29. The net hod
as in claim?26 wherein the second step of processing processes a

received Sﬁh%a‘ieéﬁ?&éauﬂhltl ch&RHELI NG LR d O e i gt sEo%‘é'a@gsPEcEBnﬂhase
conponent and a , q¥§ rature phase conponent conprising the steps of:

15 phase of a conpl ex spreading sequence
for the recelved dlrect sequence spread spectrun1 conmuni cati ons

si gnal ; n ti Qnent ,of the

recei ved direct zsaequg%%e Cs%%rr(%éggspecg tim comﬁ%ﬁ&?gﬁgnz(‘}%e S?Faﬂgl in
respohse t stelpe prpbcepredephang; further imeludeag @hﬁkﬂsuépaquﬁdrature
phase conpenenbighihBethe desEf&mbYEd Qic_{&qt t%ﬁwssca@ae% mpBAEHEU™

communi cat i ons signal in response he processe
exchangi ng SE@BBNG&re out put i n-phase and quadrature 25 phase signals in
response to the processed phase 30 The nmethod as in claim26

wherein the secqnd f roce p ses a recei ved spread
spect rum %(I}rrnurﬁrbeat ﬁ}go‘g S%allnha ?Pg“ 5 cBRPBAENt and
30 10a phsmapunﬁxpmoCeselagfprbuaSeesompM@cemxpdﬁmpréampspéctrum

CO”DFISIngggQﬁdﬂfﬁgiths 51gna1 %vaﬁirfﬁtiﬂ%b§&g§)%3mggﬂé§t én§|rect

relating t equenc t ecel ve
sequence sSM@Q?ature RﬂﬁﬁﬁrQHWRRﬂﬁﬂ#uQﬁwptkéleggﬁhﬁ sgegps of:  sunming

(182) the phasep&@ﬁﬁ@@ﬁ&b QhetBﬁa&écéfvédcomplexdséﬁééd§§§U§8&§eﬁEéead
spectrun1c%nnun|cat|ons Si, % (p
or the recei irect

sequence spread spectrum
15 communications signal;
negating the in-phase component of the received
direct sequence spread spectrum communications signal in
response to the processed phase;
negating the guadrature phase component of the
20 received direct sequence spread spectrum communications
signal in response to the processed phase; and
exchanging the output in-phase and quadrature phase

signals in response to the processed phase.

25 30. The method as in claim 26 wherein the second
step of processing processes a received spread spectrum
communications signal having a log-amplitude component and
a phase component to effectuate complex sequence removal,
comprising the steps of:

30 extracting a phase offset relating to a complex
spreading sequence for the received direct sequence spread
spectrum communications signal;

summing the phase component of the received direct
sequence spread spectrum communications signal and the

35 extracted phase offset of the complex spreading sequence
to output a summed phase; and
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- 32- t he ext Tracshed b eRgpfafslet of the conpl ex spreading
sequence to output a and formng a conpl ex signal
in a | ogdYPeHAEE2 domy i sing the | og-anplitude COHBHLRE of the

received 5 di rect' 'sequence spread spectrum conmnuni cations signal and
t he sumed phase. 31. The nethod as in claim26 wherein the
second step of processing processges a received spread spectrum 10
conmmuni cati ons signal having a | og-anpf1tude conponent and a phase

conponent, conprd Si h D et . ext J (17 .phase
of fset relating ftogzlngq}ém%l 2%(0%%& g;l)?relg [ nlg}'1 s%qéériag%ﬂgg“%‘%egéggéﬁved
direct seqeempzrispimsdthe logspewlimwdsoneempensnbnofsithml re¢sived
accu”U|at'agrgégoéﬁhggnkﬁgéﬁgggatQgSCEPﬂﬁoéﬁﬁﬁﬁﬁications si%ﬁﬁﬂnhﬂg (182)

t he phase conponen e fecelve I rect sequence spread spectrum
communi cat tHes ssimgiesd phase- the extracted phase offset of the conplex
spreagli ng sequence to output an absol ute val ue summed phase; 20

accurrul ating (194) a nor i zing (,196).the t put . absol ut e .val ue
sunred phases; %r?d the mg@i’c’%o?%i ng* a‘l%%ﬁbl gg E#'tfﬁzflmf nthe | 8§5PREhni ¢
domai n stegonpf | srogeshéngcpuoglesised |s0grarplvddidspreapospatsrum
relating t I Is I C _e‘Qg NaGd Wa g

conmuni cat f%grflﬂgﬁgflg%gk'ggl%dg%’ﬁgggcgﬁﬂ%ﬁgt%d : no nlzjl | zee'(rj %neatsgpf}t e val ue
sumed phage®hase component 3 COMPELPIRY Ehe HBEPHEr6€essing a received

diregy Se@uaNGe @At SPRabEUMFRYERINreakitaRy Stgnal Bambmgxa 30

| og- anpl i tude gonponent agd g ghase &,o onent,

char act er | SBFeg§iing sequence fophthe FerRbyed diH seFueRcer SPEPAY a phase
of f set spelctirain ngorinburad caonpdex spywatli ng sequence for the received

di rect seqguence

accunul ation aﬁ?guﬁﬁfr#pﬁaﬁ%{éﬁ% ig%?y%%ﬁh%é égggél&ﬁ g?i"ng t he oﬁt pL![rst
| og- anpl i t ude cEvumierg sthe phase component of the received direct
15 sequence spread spectrum communications signal and the
extracted phase offset of the complex spreading sequence
to output an absolute value summed phase;
" accumulating and normalizing the output absolute
value summed phases; and
20 forming a complex signal in a logarithmic domain
comprising the accumulated log-amplitude components
relating to the received direct sequence spread spectrum
communications signal and the accumulated, normalized
absolute value summed phases.
25
32. A correlator for processing a received direct
sequence spread spectrum communications signal having a
log-amplitude component and a phase component, comprising:
_ a phase converter for extracting a phase offset
30 relating to a complex spreading sequence for the received
direct sequence spread spectrum communications signal;
a first accumulation and dump unit for accumulating
the output log-amplitude components;
a summer for summing the phase component of the
35 received direct sequence spread spectrum communications
signal and the extracted phase offset of the complex

spreading sequence to output a summed phase;
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a sumer (182) for ghm‘,ﬁﬂvm R&Q conponent of the recei ved direct
sequence ﬁf@ pec t i ons signal and t RgGud d
phase of?§£§ 0 4?he | ”ﬂgpreading sequence to out put éhégﬁﬁed

phase; 5 means for circularly averaging the output sunmed

phases to output accunul ated phases; and means for formng a
conplex signal in a logarithmc gmai n conpri sing dunped accunul at ed
| og- anpl i t ude conponents relating to the received direct sequence

spread 10 SPRehngM E6FMEIXAIILITSy averdlgidR eREUBUEHA] SumRd
phases. 33. The cornggﬁgﬁi %5 In clalg132 wherein the first
accunul at ePBf§eFuEP PHTPYE ARG FHTERRBE | B"@ver age 15 of the
accunul at ed | ogmeapksi fode foanpiore complex signal 34. aThega@titékdicor as in
cl aim 32 Lo th : irgul veragin OnpLi.S

a sine/co!@%égéghvég?ggg?%ba? fé?L@%ﬁgerggﬁg%%%giﬁﬁ i8§f%ﬁ? %&Hﬁ%d phases
to sisne andowpehaetiaredatinagdto the received shigmut semendeatspreadd dunp

unit (304)nebBhum comPGAYBHEALNHRY $1¥ns1 NG ANd ACRRIMA A d".eﬁumﬁl'%g .
cal cul ati ng an arithnetic average of the accunulated sine and cosine

val ues to BO®EBE-accunul ated phases. 25 35. The correlator as in

claim 32 further including means for converting that conplex signal

for output in rtesian.coordinates,._.30 .36, . A_.nmethod for

processing a Pacei &2‘& c&rl;rgéfa%or a8 48, GEALR 35 wherejBcEPgmEiTst

cormmifhi cat acoemeighel ahdvivgp aunit caloglaes i anderithmpohentverage a

phase  cogpopgat adfLrd ; h :
S accumul K AILIIReL négw?é soagﬁggne&

extracting a (178) phase offset 0ac ex 35 spr eadi ng
sequence for the received direct sequence spread spectrum

comruni cati ons sikgnalthe correlatorag&gUiHl alhig §29%het8¢n! edcamRbhizude
conponent s; . . .
for circularly averaging comprises:

15 a sine/cosine converter for converting the output
summed phases to sine and cosine values; and

a second accumulate and dump unit for accumulating

the sine and cosine values, and calculating an arithmetic

average of the accumulated sine and cosine wvalues to

20 output accumulated phases.

35. The correlator as in claim 32 further including
means for converting that complex signal for output in
Cartesian coordinates.

25

36. A method for processing a received direct
sequence spread spectrum communications signal having a
log-amplitude component and a phase component, comprising
the steps of:

30 extracting a phase offset relating to a complex
spreading sequence for the received direct sequence spread
spectrum communications signal;

accumulating the log-amplitude components;

summing the phase component of the received direct

35 sequence spread spectrum communications signal and the
extracted phase offset of the complex spreading sequence
to output an absolute value summed phase;
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suming (182) the phéb@b e‘ihe recei ved di rect sequence
spr ead sgfctrun1connu and t he extractednghase of f set
of the crﬂﬁ%&”@pread nce to output an absol BEYUSEEY umed

phase; C|rcularly averaglng t he out put sumred phases to

out put accunulated phases; and formng a conplex signal in a

| ogarithm c domain conpri si ng tgg accunul ated | og-anplitude
conmponent s relating to the recei'Ved direct sequence spread spectrum

T Comn”“Caéi??%%%#%gaw#%ygégﬁﬁaQ&EﬁU&@?5gtpqgﬁ@%%%nﬁPaﬁlu;%%e o

The nethod as in'¢ e ste out put
| 0g- anpl i teriepeonpereNRsat6APPRIESS ; and-the step of calculating an

arithmetic averf&fm%gt he éémpléﬁc%@éledlhoga amsbawéﬁm&% ﬁ

38. The nethod as in Clalm 36 mhereln the_step of |, circular
aver agi ng ¢ORP¥828It h&he eROPimulated 109~ BB‘Pfldtthﬁg ac%‘ﬂm%%’l; ne
convgrm(NréfﬁﬁﬂnﬁntbhEhéOrecemuéaualieﬁﬁe@a@ﬁ&ﬁﬁht HENE sp&cShig and

cosine valu A n % culatlég.(304) an arlthnetlc aver age
of the comgﬂﬁbﬁﬁFé?gﬁ §1FB2AnFE0 &% ATHHT BRfS%ccumul at ed
phases. 25 39. The nethod as in claim36 further including the

step of converting tR-CUUIHSE HINAh EPLiRUERUL N ein thdUL&S! GF

coor di nat es. )
accumulating the output log-amplitude components comprises

10 the step of calculating an arithmetic average of the
accumulated log-amplitude components.

38. The method as in claim 36 wherein the step of
circularly averaging comprises the steps of:
15 performing a sine/cosine conversion on the output
summed phases to generate sine and cosine values; and
calculating an arithmetic average of the accumulated
sine and cosine values to output accumulated phases.

20 39. The method as in claim 36 further including the
step of converting the complex signal for output in
Cartesian coordinates.
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