; e3ec™_, avaxc6PcTc”rg>- 8 N O V 2002 MJULTI PATH COVA RECEI VER FOR %g 0
PI LOT *1~~6s* Field of the Invention *~pppp2* The present inventio tgg 2
generally to digital conmunications. Mre specifically, the invention

relates to a systemfor and nmethod of using a code division nulti
a: r bi Int er](‘jace whi cg g_r?aat ly refluc_es the signal power regui red for ﬂmﬂmnmmm,ﬂﬂm
Quadrat ure phase shi ft Heyean cpd RNt Pl BEURETPRER ¥ part i cul ar cracise

to perform channel estinmation and carrier recovery. Description oﬂml“m
| AW

Prior Art Mbst advanced conmuni cation technol ogy today nakes use
spread spegkhiyny Aokl atdv@nt@bncode divisional nmultiple access (COVA) ..g00000+
Digital spread spectrumis a conmunication technique in which data is
transmtted w The a gresatenethbamdiqrsprebttespegenenglly rodudiafiitag t he data
to be transmtted with a pseudo-noise signal. CDVA can transnit data

wi t hout bePrgur¥daddoad - byMargnapedfifdicot iy ontlr laveppienf eeiatgs tequency in
the transm ssion path. Shown in Figure.1l is a sinplified .cQmmuni cati on
Syst em o ndr EVHUGRY £ DA RS BT oft CRGPIGHY bTEEP g AbAnc d h
which is nixed:.by;p spreadig fade YWhlot § eRERLSsacRE 4R ﬁlmg%e,@rpa.“ef”
generated by a pseudo-noi se (pn) sequence generator. A data signal is

nodul at ed reqibréderpn Sequartaipeadussaggeedipdilbes eRL Badighektingm si gnal .
A carrier signal is then nodulated with the digital spread spectrum signal
est abl i shiprgfardagrogabs hEhRg Gl quegitefiite athase sBiRtoke RBDAQPBKA recei ver
denodul ates the transn ssion extracting the di f’i tal spread spectrum signal.

: g
The transhrefEHCdatads T ¥prddbRET EFdr “Earnel at? FreWiam tHhenwglchi ng pn
sequence. eTQ§m§@g§n QLess ks, repealsd to establish a reverse link. During
terrestrial CONMuNI cation, a transmtted si gnal is disturbed by reflection
due to varying terrain and environnental conditions and man- made
obstructions. This produces a plurality of received signals with differing
ti me del apssatiptioa egeither Pribrsaef fect is commonly known as nul tipath
propagati on. Moreover, each path arrives delayed at the receiver with a
uni que anpl it udesandHG9% CoPREsecaqP derRPYoThet PR ke Sc8fponent s i n
the mul tipath, prgopagation,.the rel ative, delays and anplitudes and phases
nust be dg’?erdrﬁ%lgt@fi TH S Het FH nat’ o"hOdé’gﬁtBénpgff 6:ro%d (%\nwt]*r?lé’n dul at ed
data signalacbyict YRILAL! Y(cBvAPDr € phegisa repaald ngpks phh ainedawhen
conpared to an unnodul ated signal. In nost digital spread spectrum systens,
it is noreoahbactaviod cardmigmeunnodulat ethtpi liot t sagsneal ctdidsetieheaf rom t he
transm tted nodul ated data by assigning the pilot an individual pn
sequence. brogied banfotswiapdaPret gt Py drasaBréiog shat&ts wWebe nany
signals are transm tedu;c I ase station tlo W#MI e users. Ln the case
of a base t$EEETORhI Eh'l & tPAREM TOMRG REAY chan S he T GRSBAR- pi 1 ot
signal prauides, {hg3amB. fid OL rEEALENC ! & itfhg 1Pl drald i oaf disery serviced
by that particular base station and is usedfor the initial acquisition of
an i ndi vi duakriseinqgiddq@entheinsetie ttaaabhassi ahaarel. - esti mates for
coherent reception and for the conmbining of the nultipath -~ 0 ~n ~!
2002 for cohcskeewnrécepidene ahdibor tshepddfbidi FiYMof cotreunhdatipat h
conponents. However) at the requited sisal, strength, the gl obal -pil ot
si gnal mayYase™ dfidto 18P b énfLovle ﬁé"“‘f“brﬁfﬁ'rtdoﬂi‘it@d’(”ie&nogiar Lipacity.
Simiar MLLRAL, AT LLORiAld 66 8 BobSH R LBUE! 3fi i Neddaasyl ssion to
t he base station insérting In eacH in Pvidual® gser' S return signal an
assi gned- pirkab c ABY i $QNS Wik tepnt Ogdih RRaeNby Ofa t Beali@b ahoiRvVerpa) channel s
air capacity. Atypical prior art systemis disclosed in EP 0O 675 606 Al
whi ch conisienesnae remmitadioad sidsdhtai $ g lbdsebaddl stghatittho thiet gnn a
frequency of fset conponent This frequency offset conponent of the conbined
si gnal CcoPrEYESCEh@PABGiBACY offFidtal spread spectrum signal.

carrier signal is then wmodulated with the digital spread

spectrum signal establishing a forward link, and transmitted.



conponent of the channel signal. 'Wthout phase and anplitude est_i_gatmelv 2002
honcoherent or differentially coherent reception techni ques nust 6
performed. Accordingly) there exists a need for a coherent denodul ati on
systemthat reduces the air capacity of the global-pilot and assi gned-pil ot
signals while maintainging the desired air-interface performnce. SUWARY
OF THE I NVENTION The present inventiop relates to a digitat spread spectrum
comuni cation systemthat enploys pilot-aided coherent multipath

denpdul at ix0peMi e radsubsiRitesalhe aduekn0dsich ekobadtiRig Oheadtdyital

assi gned- pi |l ot overheads. The system and net hod uses a QPSK- nodul ated dat a
si gnal whepelepdt bpeotodut atiamhadat aThs vemoved tedddehe iecoverethcedrrier is
used for channel anplitude and phase estimation The resulting signal has no
dat a nodupdtiesncargeldtiedridd Fh5saGE6hpny oPr sFence-n 48 $9€e on

AMENDED SHEET  -. ~ NOV 200z, -3 i.t.h,t he_pseudo-pilot signal, a
mul tipl e- ipﬁﬁﬁ?sf)h‘asser-elp&%ggl ngelgtsé%elr%ﬁlhoﬁeagv?ﬂsear%lé‘%t’)odi nment of the

present inventhop i ddiiderighi Bbadlf &Iiohs duerbQs®Rd£rsidihget by
using a plurality of pseudo-pilot signals A pilot signals is stilt required
t 0 AVENDERsSHEESturbed 8bN (ref12@@20n4 desokwe ahsdngt et phasen amiagui ty, but
at a greatly reduced magni tude. Accordingly, it is an object of the present
i nvent i oneny ippovericala eeuditdionssiag maAtisde abssésgcebamani cdbhilen system
whi ch Teduces e I 29U Lo 9! 9P 210258 JNE% RELR B8N g e

delays at the receiver. This effect is commonly known as

multipath propagation. Moreover, each path arrives delayed

at the receiver with a unique amplitude and carrier phase.

To identify the multiple components in the multipath

propagation, the relative delays and amplitudes and phases

must be determined. This determination can be performed with

a modulated data signal, but typically, a wore precise

rendering is obtained when compared to an unmodulated signal.

In most digital spread spectrum systems, it is more effective

to use an unmodulated pilot signal discrete from the

transmitted modulated data by assigning the pilot an

individual pn sequence. A global-pilot signal is mwmost

valuable on systems where many signals are transmitted from

a base station to multiple users.

In the case of a base station which is transmitting many

channels, the global-pilot signal provides the same pilot

sequence to the plurality of users serviced by that particular

base station and is used for the initial acquisition of an

individual user and for the user to obtain channel-estimates

for coherent reception and for the combining of the multipath



strength. It is a further object of the invention to reduce the transmtted
| evel s of the gl obal and assigned-pilots such that they consunme neghi WGZUUZ
overhead in the air interface while providing information necessar yof
coherent denodul ati on. O her objects and advant ages of the system and

met hod will becone apparent to those skilled in the art after reading the
detail ed description of the preferred enbodi nent. BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a sinplified bl-dck di agram of a typical, prior art,
CDVA conmuni cation system Figure 2 is a detai]ed block diagramof a

B- CDMVA' "foceshengtiteeneptinn ayd fasithe qoinghinin g9A thasnylipat CasrpRpsntss BT bi t
stream Figure 3B is a plot of a quadrature bit stream Figure 3Cis a plot
of a pseldo: BahiRad §ipi shehaGEH4QISEl-PilosiEAatmh Puse Weledld pilcdirothedi agr am
of the present i1nvention uSing one pseudo-pilot” signal, with carrier-offset
correct ictgn igp({ie nted at the chip level. Figure 5 is a block diagramof a
rake rec@fVyEe. Tf?rggﬂ?él%:aip%c'g‘di agram of a recei ved symbol po on the QPSK
constell ati on showi ng a hard deci si on. - ~~0V <2002 -5 _ Figure 7is a
di agram of t ISmélagheiltpatbalistedidnoaffons p es@Ggiverge tliokt tansaygsiigm éaltiey nbol .
Figure 8 is a diagramof the resultant synbol error after applying the

correcti e?ﬁfi&ﬁ??%ﬁiixgggilnt%ﬁgzﬁdi a0 088 SYRPbionkl SUARi ghel ikt BhCkK

di agram of a conventi o el ocked |l oop. Figure 10 is a detail éd bl ock
di agram of the present invention ysing a.pseudo:pilot, signal with
carri er -RFEaE updp Mﬁﬁﬂtpﬂfﬁeéﬁ@x{%‘(f?%ﬁd{)aﬁ&c ?ﬁﬁfﬂpa?‘@&el . Figure 11 is a
detail ed bl ock diagram of the present invention using a pseudo-pilot signal
and the M PLIA wi¢d] peiat mitesysehi seatisdoseddn tHRa 67 miidérkeht wbichtconténashi p
| evel . Figure 12 is a block diagramof the multiple input phasel ocked | oop
(MPLL) -, remodulated signal with a baseband signal to obtain a frequency offset component.

This frequency offset component of the combined signal corrects the frequency offset

component of the channel signal.

Without phase and amplitude estimation, noncoherent or differentially
coherent reception techniques muost be performed. Accordingly, there exists a need

tor a coherent demodulation system that reduces the air capacity of the global-pilot

and assigned-pilot signals while maintaining the desired air-interface parformance.

SUMMARY OF THE INVENTION

The present invention relates to 2 digital spread spectrum communication
system that employs pilot-aided coherent muitipath demodulation with a substantial
teduction in global-pilot and assigned-pilot overheads. The system and method uses
a QPSK- modulated data signal whereby the modulated data is removed and the
recovered carrier is used for channel amplitude and phase estumation. The resulting

signal has no data modalation and is used as a pseudo-pilot signal. In conjunction

AMENDED SHEET



Figure 13 is a detailed block diagram of the present invention usingBa'\l :
pseudo-pil ot signal and the MPLL, with carrier-offset correction ~ (JV 2002
i npl enented at the synbol |evel. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
The preferred enbodiment will be described with reference to the draw ng
figures where like nunerals represent |ike elenents throughout. A B-CDVA""
communi cation system 25 as shown in Figure 2 includes a transmtter 27 and
a receiver 29, which may reside in gither a base station or a nobile user
receiver. The transmitter 27 includéS a signal processor 31 which encodes
voi ce and . nonvoi ce signal s,33 intq dat t varj rares .data rates
of 8 kbpaul g PREIO-PUY Signal ﬂéieﬂ%al.l’%fﬁ%ﬁ"*%goqﬂ sy i 3, gnal
processor 31 selects a rate in dependence upon the type of signal, or in

r espons embodanediof thet preseat sveBtiondy foftheradioginalgredrors diee txapicapésdtnyol ved
in the generation of a transmtted signal in a nultiple access environnent.
First) i SR C ot €1oadl @ sHil- s&] ppdul at ed

si gnal Pg%gir? 0 elé‘g‘ﬁgfﬁgﬁ?wcﬁﬁg%%% c‘g;brﬂggtglirgﬁg %obgll nrga?ﬁFEcgm?»S. For
exanple, if a I2=~/z convolution code is used, the single bi-phase
nodul at ed data signal becones bivariate or two bi-phase nodul ated signals.
One signal is designated the in-phase channel | 4la. The other signal is
desi gnat ed the quadrature channel Q 41b. A conplex nunber is in the form
a-1-bj, where a and b are real nunbers and j'=-1. Bi-phase nodul ated | and
Q signals are usually referred to as quadrature phase shift keying (QPSK)
In the preferred enbodi nent, the tap generator polynomals for a constraint
| ength of K=? and a convol utional code rate of R="~ are 3 =1718 37 and
&=1338 39. In the second step, the two bi-phase nodul ated data or synbols
41a, 41b are spread with a conpl ex pseudo-noi se (pn) sequence_ The
resulting I 45a and Q 45b spread signals are conbined 53 with other spread
signals (channels) having different spreading codes, multiplied (m xed)
with a carrier signal 51, and transmtted 55. The transm ssion 55 may
contain a plurality of individual channels having different data rates. The
receiver 29 includes a denodul ator 57a, 57b which m xes down the
transmtted broadband signal 55 into an - 8~ Ov 202  internediate
carrier frequency 59a, 59b. A second down conversion reduces the signal to
baseband. The QPSK signal is then filtered 61 and m xed 63a, 63b with the

| ocal |y generated conpl ex pn sequence 43a, 43b which matches the conjugate
of the transmtted conplex code. Only the original waveforns which were
spread by the sanme code at the transmitter 27 will be effectively despread.
O hers will appear as noise to the receiver 29. The data 65a, 65b is then
passed onto a signal processor 59 where FEC decoding is perfornmed on the
convol utionally encoded data. As shown in Figures 3A and 3B, a QPSK synbo
consists of one bit each fromboth the in-phase (1) and quadrature (Q
signals. The bits may represent a quantized version of an anal og sanple or
digital data. It can be seen that synbol duration t9 is equal to bit
duration. The transmtted synbols are spread by nmultiplying the QPSK synbo
stream by a uni que conpl ex pn sequence. Both the I and Q pn sequences are
conprised of a bit streamgenerated at a nmuch higher rate, typically 100 to
200 times the synbol rate. One such pn sequence is shown in Figure 3C. The
conpl ex pn sequence is mxed with the conpl ex-synbol bit stream produci ng
the digital spread signal. The conponents of the spread signal are known as
chi ps having a nmuch smaller duration tc

AMFENDED SHEET



When the signal is received and denodul ated, the baseband signal is at
chip level. Both the | and Q conponents of the signal are despread’ .NW 2002
t he conjugate of the pn sequence used during spreading, returning the
signal to the. synbol - 8 NO1~ 2002 _ _ level. However, due to
carrier-offset, phase corruption experienced during transm ssion manifests
itself by distorting the individual chip waveforns. If carrier-offset
correction is perfornmed at the chip level, it can be seen that overal
accuracy i S Q2 Gruth it 2Nbut’ 88 Hid2AyOfedl, i bl | signal.
Carri er-of %é?ﬁbg§%gg§?gn may a%ggﬁﬁe per f or red 2{ theg§§%%%ﬁtﬁ§§él, but
with | ess over akbboP®iy1acy it HowevebbjstnoE the myamele hakent soueh | ess
than the chip rate, |less overall processing speed is required when the
correcti omproyidene cdet évighbolnyldigle Sysees comhinticetipessyotren ecei vers
taught in accordance with the system and nethod of the present invention
that do nothicdqaPfBcesr'gie it GdeIprPdt st In6ArBRloTheigmtd owi ng.
systens re Iacethhe filtering, despreading and signal processing shown in
Fi gure 2. €"dyStens are inplenented with carrier-offset correction at
both the chip gpd;gyabelrtayvel Sbjls DHOWRel AnkbAHESn dro b QEEL ViGle USI NG the
system 75 and nethod of the present invention is shown. A conplex baseband
digital spneadnspest nereds glalché 7gbdrgdr bsé daefignad phaks sadchuagktat ur e
phase conponents is input and filtered using an adaptive matched filter
(AVF) 79 drhet monsygapPeobidilleePvAghardndt thee 2ANF ingersage twhanlsyer sal
filter (finite inmpuls responseg which yses fjlter cpefficients 81 to

overl ay dét=grddt pf?@ﬁgmﬁ?oPhg FeEEVed % GRAFT d@iBHLBPher to

provide a fi!tetad Shahal: S3havidaRaqblcreashd sgnal-10 Mlakd ati o

(SNR). The out put e AMF 79 iIs coupled to a plurality of channel

despr eaderg; 185bec&RZ appade@Ntodt RbdDlskd@sed ialehe8drt afted reliing2002 _9_
._In the preferred enbodi nent, n=3. The pilot signal 89 is despread with a
separ at e ddsprdeadéle@desrd iptisequende precontedportanboentwi th t he
transmtted data 77 assigned to channels which are despread 851, 85z, 85a
with pn sequences 931, 932, 93a of their own. After the data channels are

de spread 85i, 852, 85 q”gg& LS z, 95a are coupled to
Viterbi decoders 971, 895%99 0 a%ﬁqgéyﬁ%{ gglpggégfgg9n. The filter
coefficients 8hijgareWei Gt S, Us@dikNeddhusdi N@idfeaAME 79 i @pt ai ned by
t he denodul ati on of the individual nultipath propagation paths. This
oper at i on pisi qrekiror nepMbyanmuakear eoeisyertet0l. The use of a rake receiver
101 to conpensate for nultipath distortion is well known to those skilled
in the communi ddgien artss As dHowd edn Hiaglr edmg%die phka riece@PMEr 101
consists of a parallel conbination of path denodulators ("fingers") 1030,
1031, 1032?°ﬁRQ%%cﬁﬁ?8% Yeirddul ate a particul ar nulti path conponent. The

pi | ot sequence Etr%rg?ggl e ]{Soodp_pqgtaopag,{ |iq]u%@55gegpg%l@tt(gm_l S initiated by

the timng esti Ion of a given path as determ ned by a pn sequence 105.
In the prior amtigu@epsbois S gnak o8 aspddracudespreadiigat.he indivi dual
signals of the rake. In this enbodi nent of the present invention, the pn
sequence 10S nwRigbet 03 itsoaaplotclvdnacpsa@gD -opishelrodmimibi satthoncsyst em The
channel with t.he largest received signal is typically used. Each path
denodul at or i ndlig¥es & cohpt eRerR Frsk 1 SpgrafpRL 18, PER¥ER~umer and
| atch 1090 10%1 109k 109n.  For eag?f&agggelfneni t he PN, .sgppence 105 is
z: .

del ayed r Ppyqution uging ofic pseuda e 4% By Bh& TR ahd 1i xed 1071,

107z, 107n_yitdrdike DRsebantd spheadnspatty yavaignal 113 thereby despreadi ng
each signal. Each nultiplication product is input into an accunul ator 1090,
1091, 109z, 109Qguirer e it 4 dladdedibgrdadefprevhbesretaduat. and | at ched out
after the next synbol -clock cycle. The rake receiver 101 provides relative
pat h val ues forrigagh énid apaidyeenpénentecelhedpsyitadli py oaf the dppsmsi on *
out puts 115a, 115i, 115a 115Q provide estimates of the sanpl ed channel

i npul se r espRASA IthabnCoRb@iYy a hakatdss qikase error of either 0, 90, 180,
or 270. Referring back to Figure 4, the plurality of outputs fromthe rake
recei ver are coupled to an n-dinensional conplex m xer 117. M xed wth each
rake receiver 101 output 11S is a correction to renove the rel ative phase
error contained in the rake output. A pilot signal is also a conplex QPSK
signal, but with the quadrature conponent set at zero. The error correction
119 signal of the present invention is derived fromthe despread channel
9S1 by first performng a hard decision 121 on each of the synbols of the
despread signal 951. A hard decision processor 121 determ nes the QPSK
constellation position that is closest to the despread synbol value. As
shown in Figure 6, the Euclidean distance processor



conpares a received synbol po of channel 1 to the four QPSK . constrelphalj of
points x~, |, x ~ ~, x_i, |, x~ r. It is necessary to exam ne eaé%lqg\}giuz
recei ved synbol pa due to corruption during transm ssion 55 by noi se and

di stortion, whether multipath or - 8 N OV 2002 -11 radio frequency_ The
hard deci sion processor 121 conputes the four distances c~~, dZ, d~, c~4 to
each quadrant fromthe received synbek-po and chooses the shortest distance
d2 and assigns that symbol |ocation x_1,~. The original synbol coordinates

po are di scar dedguRef & r ing hadkagvawi qfr ete ahgbe widecgorextieach hard
synmbol decision 121, the conpl ex conjugates 123 for each synbol output 125
are deterﬁPﬁ€8?P%P%HﬁbH§ktg@nfﬁ@é?%ﬁ$§g@ﬁéﬂof a pair of conpl ex nunbers

with identical ,teal patts Lih j i rts. differing only in sign

As shown in Fi Sﬁ%r%!% %gs?/ (®)dalg\4y:a¥§l %Iterm uP%%ée{lcfpa%‘rt dero lateeraogya%%rst

det er m ni rasg)pwﬁngfml eXr£ON BR e reE spdiRiagstgnag %)é@@%he&oé%ﬁﬂdl@t es

X ~ ~, formng the correction signal 119 which is used to renove the

rel ati ve phaseregiane gomsaknédoch diegkakeodutpubnvditisondihgaalese out put i s
effectively derotated by the angle associated with the hard deci sion,
renovi ng tlesked| be¢we phase error. This operation effectively provides a

rake that is driven b% a,gilot si?gal, ut Wi thout an absol ute phase
reference. Ref BIFPRY bAck®td EF§arecd, PIASk ot Pe™ Y rism RIRS Sl ex
conj ugate .1 i oupl 0 0 - di; i 1 117 re each
out put of]fﬁgnkg g ggég V%rE%EgQEEbEFQEdgﬁgﬁﬁftﬁg@%o?%ggi?%ﬁﬂéfﬁﬁa| 119.
The resul tdhgept 08I Cinp1L4éndER AOI She astdbdat esvef. t he channel inpul se
response pl as shown in Figure 8. The error shown in Figure 8 is indicated
by a radian di Biamce bf is/6 feomilée bhophadimagpains.of the8 gte@dent2002 - 12
Referring back to Figure 4, the outputs 129 of the conpl ex n-di nensional
m xer 117 i@venedopl Baing anPrardRmRl bial s kHa@dnéndesthiendtidila3witihe channe
estimator 131.is a Phﬁyalit 9£O|OMF ass filters fik%&éiggvgﬁch mul ti path
n- r

conponent SeFR&CHUTHIRE P TRE n i HEnsT ORal ot ker el pled to the

AMF 79. These pignal S2a¢t AH16BR MMebd bF! &y oWel ghites 1nfhe AMEse79 filters
t he baseband signal to conpensate for channel distortion due to nmultipath
wi t hout raguikedngosp | ergpe.tagni t ude pil ot signal. Rake receivers 101 are
used in conjunction with phasel ocked |oop (PLL) 133 circuits to renove
carrier-of fset Figarei b} - 5f 3edebeehed hiogk ré&sagmamofoft rtdies nesentr ecei ver

conponent m snmatches and ot her EF distortion. The present invention 75
requires tHYE"EIPOWFEVRI ¢ pPPEYIST hgt:f§§ﬂﬁ% ﬁf'dﬁéﬁdpgfL&esﬁ?ﬁéding 87
the pilot fr h ehand . si | ; | i 0B84 U 91. The

pi | ot sigﬁ%fggékcgﬁg ed to §§§?ﬁ§|3%%ﬁ%%%QE§LQ?é%%3%%e P%L9§%§lheasures t he
phase difference between the pilot signal |35 and a reference phase of O.
The despread pilot signal 13S is the actual error signal coupled to the PLL
133. A convent i onal DEHCIRIPIION SOK HEjth HREFERBEP cEMBODENENPEL 133 i ncl udes an
arctangent anal yzer 136, conplex filter 137, an integrator 139 and a
phase- t o- conpl &ke mrrferred mdrdirenty willthe dascaibed gish 185 Hencehe error

si gnal iant H? the PLL 3%3 agg h%e%gu k Q t8m££5 cogyl%éefilter | 37. The
conpl ex fi9% L FF TRNECPUIES WD §arhcstages)Van I 1t egrator 42 %8d a summer
147. The qutRehcbromdPfde@npl ex Filter is coupled to the integrator 139.
The integral of frequency is phase, which is - ~ N O1~ 202

A B-CDMA™ communication system 25 as shown in Figure 2
includes a transmitter 27 and a receiver 29, which may reside
in either a base station or a wmobile user receiver. The
transmitter 27 includes a signal processor 31 which encodes
voice and nonvoice signals 33 into data at various rates, e.qg.

data rates of 8 kbps, 16 kbps, 32 kbps, or 64 kbps. The



-13output 140 to the converter 141. The phase output 140 is couple %@ ?/
converter 141 which converts the phase signal into a conplex signaluf 0 2002
m xing 151 with the baseband signal 77. Since the upstream operations are
comut ati ve, the output 149 of the PLL 133 is also the feedback |oop into

the system 75. By inplenenting the hard decision 121 and derotation 123 of
the data nodul ation, the process provides channel estimation wthout the

use of a large pilot signal. If an error occurs during the hard deci sion
process andqhhe gHeuliask 91 drctecsivad datde ke i gHhdiPknas ed
correctly, the process suffers a phase error. The probability of phase

error i s radudgdalhoseviar redpente thea igwtr dasaedratgnal -t o-noi se ratio of

the traffic channel. The errors that occur are filtered out during the

channel - est i maBrorvaghdfc dpashariadesly ertyopradedss e Thiwvalyvelf jia ctennel is

approxinmately 6 dB stronger (2x).than the level of the despread pilot. As
dggcri bed ragtony hoeEO p e§§%f‘5%‘h5'é‘?‘§i 8h9%3h APs& pBt %]rH]tﬁPn%%C%%t h

carrier-of cti t e; eyel . s ' di ment
150 inpleﬁ%ﬁ?gaﬁgéﬁfhe%ggﬁgb“ﬁgéég &?ggghoaﬁ‘pﬁé%ig%ég&ﬁg%h¥§%§%%$ference
bet ween t he whighaaedmsyabated asiejnapr esessesdQE Alinghebewhhe outsyut of the
conventional PLL 133 is conbined. At the synbol |evel, the PLL output 140
does not wWleae iali Pc&omeer Sirer) 14ds and ipsyi Nbx d ijpt o5t he—HF 79

wei ghts after the rake receiver 101 by another n-dinmensional m xer 153. The
phase corregtof 140 Jpedhackssustcrdl $9n8ee MhX§ohakdA hoahPdZeq 104Q With the
out puts 951, 952 95a of each of the plurality of channel despreaders - 8
hl 0 V 20Q2gnk4 8Stom852;i8ha aakdofi xed BH6pddd dddalautusid@dn of the

pi |l ot despreader 87. As shown in Figure 11, another alternative enbodi nent
193 uses @®neardigmiadn igf delvégeared ekhenbodbimss schiimevedby atlldar d Teci sion is
rendered on each received, synbol after despreadi ng, and derotated by a

radi an anﬁ&ﬁ?re&dHPa%ol?kﬂ?%&ﬁﬂﬁgg EBRj P CUFRe CHRPR? hal et Hhpr dach 193
uses a plurality of channel _despreaders 85L, 85Z, 85a and the pil ot

despr eadercBPIEX iMIhES €6 A°mifEi HPETi wiptit PREER- T RREP |V {MWPLL) 157
shown in Figure 12. Since each of the despread channels 951, 951, 95n
cont ai Ns anuarEisguous jepr es@it-ahhea obdtherqu | btarsl ghasigre lsnedde si gnal
pilot 135 is required to serve as an absolute reference. The despread
synbol s froemaall chésmelds tbnasomiathcttiver phise tdie fdegpydéad smede) .si gnal
pilot signal are input to the MPLL 157. Referring to Figure 12, the output
from each BhéﬁﬁeP“@§¥Y9959WbQQMNeP§'dHHbFéE I F A/AF a8 okt clorpl ex

conj ugate operation 1591, 1592, 159n. The derotated pseudo-pilots 1611,
1617, 161p2 armstheanti kewtki of el dgeldapedosyebylionglogadt nkpte cdnpl ex

vol tage error 1631, 163Z, 163a. The error 1651, 165Z, 1650 is input into a
converter R67Brel67Z7116¥a,ambatl whi 8R-t akes an inverse tangent converting
t he conpl ex nunber into a phase error 1691, 169Z, 169a, 169a,1. Each phase
error 1691, 16@2,CPGQE?OTﬁgé?T*%stﬁﬁpﬁvoih{tPQ?ﬁﬁa%Pﬁﬂﬁ?F??é@?ﬁbdﬂfconbiner
171 which assigns,variaus wei ght o .the plurality of .Jnputs. apnd .produces a
sun1output§ 28 ?%%1G§%Hafﬁ gﬁgéééuﬁégg Phgog%%ﬁﬁ)éﬁiﬁﬁglRB%%%tG¥§5 phase
1690, 1 whi gdydehdespheadrd3e1 @ty 1 458 hn@Vo 2062 sphea@0BYghiEs 4&7a, 1. The
wei ghting of the small pilot signal may be enphasized since its phase is
unanbi guousSombliim@dous puwioh tdudecondpreard l9inaAd hécleaingiatie dvie
carrier-offset and is coupled to a conplex filter 175 and coupled to an

i nt egr at ordifferent Iseteadiapds cedes r imutd pléedhénbsdInatiehop ¢dperier
carrier-offset frequency with the a sg%ute hase erraqr renoved by the
unanbiguou%liﬁﬁ%tséigﬁﬁﬁ.LfﬁBSThf%ﬁ$a r ac FRBEIERECRT SPor%P%f t he

sunmed si er les.: & Lt HQN, egt} f the
phase err g'?&lltsa \élutap t U%%%n‘%%ﬁ ed%?gugpcggn%%?o%o a{"gg‘%‘ g%g@%ﬁéjt 183.
Referring &ack ds@eki.gure 11, the output 183 of the MPLL 157 is coupled to
a conplex m xer 185 upstream of the rake receiver. This conpletes the error
f eedback for tHheMRideit87. 2Evencltirghn tdamdatbodirnéha, r 8tui wiesctaddi t i onal
resources and conplexity, the MPLL 157 architecture can be efficiently

i mpl ement eWi%H ERUBULHE | FrARWGitedl RiqptRangr ot edr PHSPRte R erring
now to the alternative enbodi nent 195 shown in Figure 13, this enbodi nent
195 m xes the output of the MPLL 157 at the synbol level. The MPLL 157 is
m xed 197 with the output of the rake receiver 101. As descri bed above, the
out put of the rake receiver 101 is at the synbol |evel. The synbol-to-chip
conversion 181 in the MPLL |57 architecture is disabled. Since the output
183 of the MPLL 1S7 is mxed with the outputs of the rake 101 which are
used only for the AMF 79 wei ghts, the phase correction for carrier-offset
must be added to the portion of the receiver that processes traffic - 8N

- ey M I o N A ~NA - o, M 1 1 T I 1 ——r



wei ghts, the phase correction for carrier-offset nust be added t.o§t R@V 2[]{]2
portion of the receiver that processes traffic data. A plurality Of Xers
199,, 1992, X990 downstream of each channel despreader 851 8a 1, 85u and a
m xer 193 downstream of the pilot despreader S7 are therefore required to

m X the phase-corrected output 1S3 (at the synbol |evel) as feedback into
the system The present invention maintains the transmtted pilot signal at
a low level to provide an. absol ute phase reference while reducing pil ot

i nterferenggrapiediicLasingicit I f cépasiidyy.sdde s, ef faecteddnd h@owhr t ual
elimnation of the pilot overhead. AMFNDED SHEET - a N o v 2002 -17 '~JE
CLAIM 1. Aoneeesiver yedbretorhaseigmala toolmmnabeaad i orfhet QFSEN sdfnal CDVA
systemwherein a plurality of cvznrnunication stations conmunicate with
each ot her isvéhen divsesrd iodt PhacRixed ntPa ptil avityofhendrealiyand a

pilot signals for carrier-offset recovery,durj reception,. the_receiver
conpri si ng9gReadLp iﬁ%m‘?r% tnBa PPAYEYCT 7¥3a‘f o!riﬂge"élgll@?nﬁa etﬁ%sdupré‘?ed CDVA

conmuni cat !:8E't§<#aQ:%aL)§ POYCHAE; Bedd lbrp Bk HodBal dyi Mg o3 1¥ehght i ng
signal; ara L eceiver (101'1 for receivVving basebaad 'CDVA comruni cati on
signal s angadepsandownacie séghalspgendr abed dier asasel esided Ben phé ot

channel and producing a filter weighting signal; neans for refining the
filter wei gmansgigignmad? wikhl abeoefeettiioielyi geabreadi d ebheret wohl si gnal

for producing the weighting ﬁi gnal .used_by sgi d ada%[éi ve_imtched filter a
channel de8pPeaXiérs P51y W55NegEFHYF sal d SBFf ety ®chant®l EobPPRd to said

adapti ve matehed filLer, (78 AUt phbcd HordesPT AN g @Al Helbd 6 efl, i gnal
usi ng the Bseuao

performed on the convolutionally encoded data.

As shown in Figures 3A and 3B, a QPSK symbol consists of
one bit each from both the in-phase (I) and quadrature (Q)
signals. The bits may represent a quantized version of an
analog sample or digital data. It can be seen that symbol
duration ¢, is equal to bit duration.

The transmitted symbols are spread by multiplying the
QPSK symbol stream by a unique complex pn sequence. Both the
I and Q pn sequences are comprised of a bit stream generated
at a much higher rate, typically 100 to 200 times the symbol
rate. One such pn sequence is shown in Figure 3C. The
complex pn sequence is mixed with the complex-symbol bit
stream producing the digital spread signal. The components
of the spread signal are known as chips having a much smaller
duration &_.

When the signal is received and demodulated, the baseband
signal is at the chip level. Both the I and Q cowponents of
the signal are despread using the conjugate of the pn sequence

used during spreading, returning the signal to the. symbol



noi se signal generator for said selected channel to produce a deng??g \ 2002
channel signal of said selected chancel; a pilot channel despreaderV ( g%
far a pilot channel coupled to said adaptive nmatched filter Q79) output for
despreading said filtered signal using a pseudo-noise signal generator for
said pilot channel to produce a despread pilot signal of said pilot
channel ; AMENDED SHEET - 8 N O V 2003 _-~g_ a hard deci si on processor
(121} in association with a conplex conjugate processor for receiving the
channel signabepf saidhsRiectRE chansgliriandopreduci Rasal %&Qﬁgﬁ%hon
signal; and a phase-locked loop (133) utilizing at |east said despread

pi | ot si ghakxperigneedudimiggat phase ssopn gatniifrsss gitadeMhbghdistoapphyed to
produce phase-corrected channel signal 2. The receiver (75) according to

cl ai m 1 whekbe ninsHaRdypl t R WAVELPEYS of Ith&arErer rf Esomoarcthpnphase

modul ated signal pompL sed gt ayiRol s, Lnclydiag 1o phase and quadigture

conmponents F ng ‘data, sai ard ‘deci ston" pr S mpar es

each despregd.ghannehcsifnal aayniolenkoi Qne-<pft oM R85 bE ea&U%@l&?t_ ure
constellation points and assigns each of said synbols to a neares

constel | at i gav@Disignaand airdlet onfiiseX canjedgabr P @AS$50be (pekr-féhedecor at es
each of said synbols by determ ning the conplex conjugate of each of said
assi gned poinht she sypboliuswedai Bute oritbcléssn ogpyabl .ac@urdhe. r dowiever, (75)
according to _clain2 wherein saidighase-locked | oop (133) phase correction

p

signal is afiBCehipe| aClafdtes 1appisedess 5ARR tergdtimar@decDipss
communt o2t | Qepl P facchai 1O EER| YOIl AGRLY O (O GLRLILE fur ! Der
conprising a plarality of chHanhel despreaders, i, X, a)°8ath coupl ed
to sai d adapbh¥estmaihedmbbl t B6vd179) output for despreading said filtered
signal each using an associ ated pseudo-noi se signal generator to produce a
plurality of despysath ehanitedctsirgisakgr receivers taught in accordance

with the system and method of the present invention that do

not require large magnitude pilot signals follow. The

following systems replace the filtering, despreading and

signal processing shown in Figure 2. The systems are

implemented with carrier-offset correction at both the chip

and symbol levels.

As shown in Figure 4, a receiver using the system 75 and
method of the present invention is shown. A complex baseband
digital spread spectrum signal 77 cowmprised of in-phase and
quadrature phase components is input and filtered using an
adaptive matched filter (AMF) 79 or other adaptive filtering
means. The AMF 79 is a transversal filter (finite impulse
response) which uses filter coefficients 81 to overlay delayed
replicas of the received signal 77 onto each other to provide
a filtered signal 83 having an increased signal-to-noise ratio

(SNR) . The output 83 of the AMF 79 is coupled to a plurality

of channel despreaders 85,, 85,, 85,6 and a pilot despreader 87.



AMENDED SHEET - 8 N 01~ ~G-2 -19 5. The receiver (75) according to claim
wherein the numher of channel despreaders (S51) 852 85a) is three & N{W¢ 2002
receiver (75} according to claim4 wherein said phase-locked | oop (t33}
f.urther conprises a plurality of inputs corresponding with said plurality
of channel despreaders (851, 85i, 8.5n-) 7. The receiver (75) according to
claim6 wherein said phase-locked 1oop {133) further conprises: a hard

deci sion processor ( X 21 ) is as association with a conplex conjugate
processor (1d28heWpokBrart&tadubebitdkatk hoop f aheeaghodf ssghdl cosr espondi ng
channel despreader inputs to produce an error estimate signal for a
respective éhspreld siigrial 2 eapdraa demprepdest Binaeds pgnakgandcsabd
despreader pilot signal coupled to an inverse tangent processor (
1671-167") €onpRBRRICE %P YSorYiddh ot n§ PR tesh rédta ofh’ sPgRigrednlosai d

channel and '[1)i I otlo%n@;lsfchcorrec ion sidgggl S B(‘Souphgd tQ,a maxi mum | i kel i hood

conbi ner (19137} Ny & Conbi at ron cgr recti on®si gnaf cSaped td an

integrator §177)g30 pypduge §aiid phase CREEEF! LR ShdBalkhafnelhesfgCEI Ver
(75} accordiny to C¢laim7 wherein the nunber of channel despreaders (85l)
851, 83") l&ipwreni AMNDES, SBELT the data bt 2a02an20959, 9bhe axcaryer (75)
according to claim2 wherein said phase-|ocked |loop ( 13 31 phase
coupled to Viterbi decoders 97,, 97,, 97, and output 99,, 99,,
99,.
The filter coefficients 81, or weights, used in adjusting
the AMF 79 are obtained by the demodulation of the individual
multipath propagétion paths. This operation is performed by
a rake receiver 101. The use of a rake receiver 101 to
compensate for multipath distortion is well known to those
skilled in the communication arts.
As shown in Figure 5, the rake receiver 101 consists of
a parallel combination of path demodulators (“fingers”) 103,
103,, 103,, 103, which demodulate a particular multipath
component. The pilot sequence tracking loop of a particular
demodulator is initiated by the timing estimation of a given
path as determined by a pn sequence 105. In the prior art,
a pilot signal is used for despreading the individual signals
of the rake. In this embodiment of the present invention, the
pn sequence 105 may belong to any channel 93, of the
communication system. The channel with the largest received
signal is typically used.
Each path demodulator includes a complex wmixer 107,

107,, 107,, 107 and summer and latch 109,, 109,, 109,, 109

af n-

For each rake element, the pn sequence 105 is delayed 7 111,,



correction signal is at a symbol level and is applied to said fi+8NQV 2002
wei ghting signal and to said despread channel signals of said channel and
pil ot despreaders (85i, 852, 85a, 8 i.) 10. The receiver (75 ) according to
claim9 further canprising a plurality of channel despreaders, (85,, 852
85n) each coupled to said adaptive notched filter ( 1 9) output for
despreadi ng said altered signal. usingl@p associ at ed pseudo- noi se si gnal
generator to produce x plurality of despread channel signs. 11. The

receiver (75;§ a r di,0g LM 48 i Ro¥ he yybe r n
despreaderséf%% ??985§? §%§ %?gkhféé.“qgégTheﬁyeé%iGér&?$5)ﬁgggo§h?ng to
clai m 10 whes&ivinsakfrehdsgrdceekedsigop (11331 hénsihhelesporpkingseach! urality
of signal inputs corresponding with said plurality of channel despreaders
(851 852 ) 8Hanjl.13. Faehr @cdiipli¢aSloracpopdiqly te clrput 1Anglerann sai'd
phase-1 ocked | oop (133) further caonprises: a hard, decision processor ( 121
j in associ aFFeRIRE¢h W%omblex dOrughi® BPEERsibrif129edi EA Shfocal

f eedback 1 0gp f a1, e8604 8L SRS BLUGEL dut QlecSEOOAL ddRULSBRCH, BLOUCT NG

an error esPTREtIEFBroa respective channel” signa ai d channel

error estinayes. andngdihxdespeeader W1 @hrovigaal rauhed pas hakaANYENDED
SHEET -- O f~ O-J 2002 inverse tangent processor (1671-167a) outputting

a channel phasee&ach racitipatsi gnabeonand sahd pharmkltvard pi-kdtephase
correction signals coupled to a maxi mum | i kel Wood conbi ner {|71£ groducing
a conbi nat i ontpAxdd6i.0A18i.gRdP:.cddpi IOV @St Sr the7 FRupbedr oduce

Said ~7~i ase corrBCti 1 Sk%g%JSelghaénggt5§%eiv§gl ZSe %épordin to claim
13 wherei n FRRMINBBPULFE HARTE Cdeshr eaders™ (85 %ﬁig 375 §* TRt ee. 15.

A nethod of jregeiyingoat gheastgpne [f 2gopl urality of channels over a CDVA
alr
Referring back to Figure 4, the plurality of outputs from
the rake receiver are coupled to an n-dimensional complex
mixer 117. Mixed with each rake receiver 101 output 11§ is
a correction to remove the relative phase error contained in
the rake output.
A pilot signal is also a complex QPSK signal, but with
the quadrature component set at zero. The error correction
119 signal of the present invention is derived from the
despread channel 95, by first performing a hard decision 121
on each of the symbols of the despread signal 95,. A hard
decision processor 121 determines the QPSK constellation

position that is closest to the despread symbol value.

As shown in Figure 6, the Euclidean distance processor

compares a received symbol p, of channel 1 to the four QPSK
constellation points x;,, x;,. x, ;. x,4- It is necessary to

examine each received symbol p, due to corruption during

transmission S5 by noise and distortion, whether multipath or



interfaca using a reduced magnitude pilot signal for carrier-offsgt
recovery during reception wherein a plurality of con~unication ﬁ&tNQn\é 2002
corxununi cate with each other cornprisiug the sups: receiving derru~duhted
CDMA conmuni cation signals; filtering said received denodul at ed CDVA

comuui catiou signals wth an adaptive matched filter (79) to produce a
filtered signal i-cy using a weighting lsi gnal ; producing a filter weighting
signal witli a rake receiver (i01) usi rhj sai d denodul ated CDM 4

conununi catl g, S gahsy ANdi REENUR-NQLSE MiobabGENEALEHRIEL: 3,981 ect ed

r~on pilot ¢ ning said filter weighting signa a correction
signal ; despread sai dyseljectyed ychan r id filtered signal using
t he pseudo-%ﬁldfséejlsg‘% élﬁ%? cf,'érd’s'afl“’(i ‘sl‘éltlg)c%%%ll cqtﬁlgaghéﬁ@t%ob“r lgéﬁcléecéa l&% read
channel signal of said selected channel; AVENDED SHEET - 8 N OV 2002 -22
despr eadi n§vabe} Imptanchghferes ridyy §BPHCYSY CdéFedne gnaindudpiggns fdetdo- Noi se
signal generated for said picot channel to produce a despread pil ot signal
of said pilsghbshanseitidit @Ggssi Nige sar ilyigelleeyator hasmeli despr pads gnal

wi th a hard decision processor (121 j in association with a conpl ex

conj ugate preegsdad. (123) to produce said correction signal; and generating
a phase correction signs( fromsaid despread pilot si gnal with a phased

| ocked | oop (1383fé¢eoriplndmakotreEigyné dt salfderedndhpamialg siaghalhard6s. The
met hod according to c¢laim 15 wherein each of the plurality of channels is a
conpl ex, bisyb‘ﬁage desdarated?dr ghle &5’#‘?}5’&?&&08?“% Sol43 i ARTu8PRY i n- phase

and quadr atur e, £ONRONEN: 55 .GRN BSEALARTA A cdllf o3 EBn Pl MLGES8LRY fur ther
i ncl udes t hé 'steps o

of a pair of complex numbers with identical real parts and

with imaginary parts differing only in sign.

As shown 1in Figure 7, a syumbol is demodulated or

derotated by first determining the cowplex conjugate of the
assigned symbol coordinates x, ,, forming the correction

signal 119 which is used to remove the relative phase error
contained in the rake output. Thus, the rake output is
effectively derotated by the angle associated with the hard
decision, removing the relative phase error. This operation
effectively provides a rake that is driven by a pilot signal,
but without an absolute phase reference.

Referring back to Figure 4, the output 119 from the
complex conjugate 123 is coupled to a complex n-dimensional
mixer 117 where each output of the rake receiver 101 is mixed

with the correction signal 119. The resulting products 127
are noisy estimates of the channel impulse response p, as

shown in Figure 8. The error shown in Figure 8 is indicated

by a radian distance of n/6 from the in-phase axis.



assigning a received synbol to one of four possible quadcature

constellation points; and derotating each of said assigned synboPSBbNOV 2002
determ ning the conpl ex conjugate of each of said assigned points to

pr oduce said correction si;aal. 17. The method acCOldl ag to claim 16 when
ein said phase correetiott signal is at a chip leyel. AVENDED SHEET - 8 N
0 ~J 2002 -23 18. The nethod according. Lo claim17 wherein-the step of
despreadcng said sel ected cnacnel al so’includes despreadi ng a piurahty of

channel s to prodg@ggrﬁgﬁgngﬁ@kcbgn@qbu§ggqglqj&Q.oggghggﬂigp ggc%rding to
correction &

claim 18 wherein said step of generating a phase. Si'g further
i ncl udes t heospepr oi-:diagsisibhal anieaei uad syrbolcdupirene of fQurpossible
guadrature constehati oa points for said despread sel ected channel signa

and each of ddmersidesdr ehanrHaerbinatiendBd: derotcdibinugl eashimitaaildiassi gned
synbol s for said gesgread sel ected channel signal gad each of said despread
chat | net si §faPsPhYTabtef Aty PRES chhbiess ddltesire eack et tdpashi d

assi gned poi ro ti rror .estinmate signals; coupling each
of said errgr%‘écs){“lgrrlrgt edgthe;n% a%d Ogitg‘edgsﬁirlgﬁrdsb%a&t P Gialt i o 2 firer sE

tangent proeeSSES thOrRd QUAEC @9 COrFREROBELNN HRRS e, S UH-E alek- 0Ny Si;gRals; and
cornbi . nng said channel and pil ot phase correction signals to produce said
phase correetiigintsi gitad . AMEa 79Thel tretsh otle aec@bdhdgs ighaal abntddhemaaiei n sai d
phase correction signal is at a synbol |evel. 21. The method according to
cl ai m 20 whépP&i Ahapiel GigiostigBsPreat My lddratberbeheut ofraqwielingl so

i ncl udes deigggquﬂgd%uggug§ $E>%f§héihain9|s Lo pt ~duce despread channel

Rake receivers 101 are used in conjunction with phase-
locked 1loop (PLL) 133 circuits to remove carrier-offset.
Carrier-offset occurs as a result of transmitter/receiver
component mismatches and other RF distortion. The present
invention 75 requires that a low level pilot signal 135 be
produced by despreading 87 the pilot from the baseband signal
77 with a pilot pn sequence 91. The pilot signal is coupled
to a single input PLL 133. The PLL 133 measures the phase
difference between the pilot signal 135 and a reference phase
of 0. The despread pilot signal 135 is the actual error
signal coupled to the PLL 133.

A conventional PLL 133 is shown in Figure 9. The PLL 133
includes an arctangent analyzer 136, complex filter 137, an
integrator 139 and a phase-to-complex-number converter 141.
The pilot signal 135 is the error signal input to the PLL 133
and is coupled to the complex filter 137. The complex filter
137 includes two gain stages, an integrator 145 and a summer
147. The output from the complex filter is coupled to the

integrator 139. The integral of frequency is phase, which is



signals. AMENDED SHEET - 8 0 ~J 2002 22. The tneChod a.ccordi n_ayﬂidﬁ
21 wt-~erein said step of gen~:.ra~.inj a pt~ase correction sibual f 0 2
i ael udes the steps of: assigning arecei vedsynbol to one of fourpossi6le

guadr atuzeconstel l ati on points for said despread sel ected channel sina~ and
each of said desprzad channel signals; decorating each of said assigned
synbol s for said despread sel ected chatizarel signal and each of said

despread channel signals by determ ning the conpl ex conjugate of each of

sai d assi gnedtpofni40t soptbgucenvespert 14 erflor mwtsenmiugpsicgaalbs iscoupl i ng
of each said error estimate sSi~. ais ang,ssid despread pilot signal to

i nverse t an§eHPIBR0ERsBoFEE hibdtite §ﬁBﬁ8Fﬁ@ Uiashassy recmada

signals; and_gconbini aj a I L Lot a c ction.signals to
prgduce sai én%%a%e&én%??%c%? n s?%%a'f‘miﬁgklggﬂ’%{]tﬁe. %i‘%@nﬁflﬂ FA 2 A
QYr. A3C. A% Ayl N A(hAYe AA. dpAireAn. HPSratAbnd YA %oimutative, the output
9. Al 3. Al F% An3L. AfNL. ASA{} ij) +
.1} xsni d_Z] cad céfa]de] Pajcapialsadlca] chpchedhadd dappaletad adiec alysakmba) cal ca
] ca] ca]ca] ca]ca]cal calca]calcalcalc(al/l-~;
7P?1BCUCbrv2¥xsnid_Z]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]c
aJ ca] cal ca] ca]cal cal calcalecal calcalcalcal cal.ca! 2nx)dif"#8cenar G xrnphc”Y] ca
cL]cL]cL]c{aLﬂc(aXc%%?%h hg %%?%h %3 %é%%ﬁf%g dé?bé éa?%%ﬁ%éh%%ﬁ&ﬁfca]zg]cg
]Ca]Ca]Ca]C%kcaLﬁé]CéiGQ!(*%dulatibh! the process _provides . channel
!!%5)!G'H'|""""####*######}xsnld_YNdca]ca]ca]ca]ca]ca]ca]ca]céﬁcgfca]ca]ca]
ca] ca] ca] cakegahaa)on] eafkalc aealee] od] callaayeapLritcalic@mheal #A#HEHS1$3555$
$S(YUMIREEE " "'n" 0" ~" " 9(: (((
)) | wr mhc”Y] eaten]eajues] dakted dapchieddesje{ @] arafess caldc bhe ajwalrealcal cal ca
ca] cal] ca] ca] ca] ca] ca] ca] caV] ca] caJ.cal)5)6) k)| *R**XA6,1,),,, -4-5-9-=-
T CORBT GOV GBIXF AP EET CR i JPb oA APEAVUS] co et kUi baal] caa] ca
ca] ca] ca] calcalcalc C a a C cal Q0
%33£3XLY4L4 8% %?%¥%§%8%%§?%%c§§?%§a}gg%é%%%% gg%@éfgafc%(%éngfca]ca]ca
] ca] ca] ca] cgkcal&LRleal corlvealea] aakcabcahealigrl-eated] s eallcA892299: 1 ! #;
; U< ==(=) =====h>] >>> 2?2?21 ?24?nP????ztoj e [ V] c&a] ca] ca] ca] ca] caV] ca
UV] caV] ca] capeadcalfcalhea]toad fdalcc ajheahed] cajiha] eajroalcahea] oafca] eakcal ca] ca
] c6a] ca! ????2????@@3@aa0BB! BLBVBi BqBC

filtered out during the channel-estimation and carrier-

MLNI111T1MBN3s3t 333

recovery processes. The traffic channel is approximately 6
dR stronger {(2x) than the level of the despread pilot.

As described earlier, the present invention can also be
performed with carrier-offset correction at the symbol level.
An alternative embodiment 150 implemented at the symbol level
is shown in Figure 10. The difference between the chip and
symbol level processes occur where the output of the
conventional PLL 133 is combined. At the symbol level, the
PLL output 140 does not undergo chip conversion 141 and is
introduced into the AMF 79 weights after the rake receiver 101
by another n-dimensional mixer 153. The phase correction 140
feedback must also be mixed 154,, 154,, 154, with the ocutputs

95,, 95,, 95, of each of the plurality of channel despreaders
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operation 159,, 159,, 159,. The derotated pseudo-pilots 161,
161,, 161, are then mixed with the delayed symbols producing
a complex voltage error 163,, 163,, 163,. The error 165,, 165,,
165, is input into a converter 167,, 167,, 167,, 167,, which
takes an inverse tangent converting the complex number into
a phase error 169,, 169,, 169, 169, ,,. Each phase error 169,,
169,, 169,, 169,,, is input into a maximum likelihood combiner
171 which assigns various weights to the plurality of inputs

and produces a sum output. Also included in the sum is the

small signal pilot 135 phase 169,,, which is despread 135 and
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phase error remove una ous pilot signal. The
integrator accumulates the history of the summed signal over
many samples. After integration, the estimate of the phase
error is output 179 converted to a complex voltage and output
183.
Referring back to Figure 11, the output 183 of the MIPLL
157 is coupled to a complex mixer 185 upstream of the rake
receiver. This cowmpletes the error feedback for the MIPLL
157. Even though this embodiment requires additional
resources and complexity, the MIPLL 157 architecture can be
efficiently implemented and executed in a digital signal
processor (DSP).
Referring now to the alternative embodiment 195 shown in
Figure 13, this embodiment 195 mixes the output of the MIPLL
157 at the symbol level. The MIPLL 157 is mixed 197 with the
output of the rake receiver 101. As described above, the
output of the rake receiver 101 is at the symbol level. The
symbol-to-chip conversion 181 in the MIPLL 157 architecture
is disabled. Since the output 183 of the MIPLL 157 is mixed
with the outputs of the rake 101 which are used only for the

AMF 79 weights, the phase correction for carrier-offset wmust

be added to the portion of the receiver that processes traffic
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181 in the MIPLL 157 architecture is disabled. Since the cutput 183 of the MIPLL
157 is mixed with the outputs of the rake 101 which are used oaly for the AMFE 79
weights, the phase correction for carrier-offset must be added to the portion of the
receiver that processes traffic data. A. plurality of mixers 199, 199,, 199,
downstream of each channel despreader 85,, 85,, 85, and a mixer 193 downstreain
of the pilot despreader 87 are therefore required to mix the phase-corrected output
183 (art the symbol level) as feedback into the system.

The present invention maintains the transmitted pilot signal at a low level io
provide an absolute phase reference while reducing pilot interference and increasing

air capacity. The net effect is the virtual elimination of the pilot overhead.
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WE CLAIM:

1. A receiver (75) for use in 2 communication station of a CDMA system wherein a
plurality of communication stations communicate with each other over a CDMA air
interface using a plurality of channels and a pilot signal for carrier-offset recovery during
reception, the receiver comprising:

an adaptive matched filter (79) for receiving demodulated CDMA communication
signals producing a filtered signal by using a weighting signal;

a rake receiver (101) for receiving baseband CDMA communication signals and
a pseudo-noise signal generated for a selected non pilot channel and praducing a filter
weighting signal;

means for refining the filter weighting signal with a correction signal, said
correction signal for producing the weighting signal used by said adaptive matched filter
(79);

a channel despreader (85,, 85,, 85,) for said selected channel coupled to said
adaptive matched filter (79) output for despreading said filtered signal using the pseudo-
noise signal generator for said selected channel to produce a despread channel signal of
said selected channel;

a pilot channel despreader (87) for = pilot channel coupled to said adaptive
matched filter (79) output for despreading said filtered signal using a pseudo-noise signal

generator for said pilot channel 1o produce a despread pilot signal of said pilot channel;
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for receiving the channel signal of said selected channel and producing said correction

signal; and

aphase-locked loop (133) utilizing at least said despread pilot signal for producing

a phase correction signal which is applied to produce phase-corrected channel signais.

2, The receiver (75) according to claim 1 wherein each of the plurality of channels
1s a complex, bi-phase modulated signal comprised of symbols including in-phase and
quadrature components representing data, said hard decision processor (121) compares
each despread channel signal symbol 1o one of four possible quadrature constellation
points and assigns each of said symbols to a nearest constellation point, and said complex
conjugate processor (123) derotates each of said symbols by determining the complex

copjugate of each of said assigned points to produce said catrection signal.

3. Thereceiver (75) according to claim 2 wherein said phase-locked loop (133) phase
correction signal is at a chip level and is applied to said demodulated CDMA

cornmunication signals.

4. The receiver (75) a.ccording to claim 3 further comprising a plurality of chaanel
despreaders, (85,, 85,, 85,) each coupled to said adaptive matched filter (79) output for
despreading said filtered signal each using an associated pseudo-noise signal generator

to produce a plurality of despread channel signals.
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S. The receiver (75) according to claim4 wherein the number of channel despreaders

(85,, 83, 85,) is three.

6. The receiver (75) according to claim 4 wherein said phase-locked loop (133)
further comprises a plurality of inputs corresponding with said plurality of channel

despreaders (85, 85,, 85,.)

7. The receiver (75) according to claim 6 wherein said phase-locked loop (133)
further comprises:

ahard decision processor (121) in association with a complex conjugate processar
(123) with a local feedback loop for each of said corresponding channel despreader inputs
to produce an error estimate signal for a respective channel signal;

each said emor estimate signal and said despreader pilot signal coupled to an
inverse tangent processor (167,-167,) to produce a corresponding phase correction signal;
and

said channe! and pilot phase correction signals coupled to 2 maximum likelihood
combiner (171) producing a combination cortection signal coupled io an integrator (177)

to produce said phase correction signal.

8. The receiver (75) according to claim 7 wherein the number of chaanel despreaders

(85,. 85,. 85,) is three.
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9. The receiver (75) according to claim 2 wherein said phase-locked loop (133) phase
correction signal is at a symbol level and is applied to said filter weighting signal and to

said despread channel signals of said channel and pilot despreaders (85,, 85,, 85, 87.)

10.  The receiver (73) accordiag to claim 9 further compiising a plurality of channel
despreaders, (85,, 85,, 85,) each coupled to said adaptive matched filter (79) output for
despreading said filtered signal using an associated pseudo-noisc signal geuerator to

produce a plurality of despread channel signals.

11. The receiver (75) according to claim 10 wherein the number of channel

despreaders (85,, 853,.85,) is three.

12.  The receiver (75) accordiog to claim 10 wherein said phase-locked loop (133)
further comprises a plurality of signal inputs corresponding with said plurality of channel

despreaders (85,, 85., 85..)

13.  The receiver (75) according to claim 12 wherein said phase-locked loop (133)
further comprises:

a hard decision processor (121) in association with a complex conjugate processor
(123) with a local feedback loop for each of said plurality of signal inputs, each
producing an error estimate for a respective chanunel signal;

each of said channel error estimates and said despreader pilot signal coupled to ag
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inverse tangent processor (167,-167,) outputting a channel phase correction signal; and

said chanael and pilot phase correction signals coupled to a maximum likehhood
combiner (171) producing a combination correction signal coupled to an integraior (177)

to praduce said phase carrection signal.

14. The receiver (75) according to claim 13 wherein the pumber of channel

despreaders (85,, 85,, 85,) is three.

15. A method of receiving at least one of a plurality of channels over a CDMA air
interface using a reduced magnitude pilot signal for carrier-offset recovery during
reception wherein a plurality of comrmunication stations communicate with each other
comprising the steps:

receiving demodulated CDMA communication signals;

filtering said received demodulated CDMA communication signals with an
adaptive matched filter (79) to produce a filtered signal by using a weighting signal;

producing a filter weighting signal with a rake receiver (101) using said
demodulated CDMA. communication signals and a pseudo-noise signal generated for a
selected non pilot channel,

refining said filter weighting signal with a correction signal;

despreading said selected channel from said filtered signal using the pseudo-noise
signal for said selected channel to produce a despread channel signal of said selected

channel;
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despreading a pilot channel from said filtered signal using a pseudo-noise signal
generated for said pilot channel to produce a despread pilot signal of said pilot channel;
processing said selected channel] despread signal with a hard decision processor
(121) in association with a complex conjugate processor (123) to produce said correction
signal; and
generating a phase correction signal from said despread pilot signal with a phased-

locked loop (133) to phase-correct said selected channel signal.

16.  The method according to claim 15 wherein each of the plurality of channels is a
complex, bi-phase modulated signal comprised of symbols including in-phase and
quadrature components representing data, the step of processing further includes the steps
of:

assigning a received symbol to one of four possible quadrature constellation
points; and

derotating each of said assigned symbols by determining the complex conjugate

of each of said assigned points to produce said correction sigaal.

17.  The method according to claim 16 wherein said phase correction signal is at a chip

fevel.
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18.  The method according to claim 17 wherein the step of despreading said selected

chaunel also includes despreading a plurality of channels to produce despread channel

signals

19. The method according to claim 18 wherein said step of generating a phase
correction signal further includes the steps of:

assigning areceived symbol to one of four possible quadrature consteliation points
for said despread selected channel signal and each of said despread channel signals;

derotating each of said assigned symbols for said despread selected channel signal
and each of said despread channel signals by determining the complex conjugate of each
of said assigned points to produce respective error estimate signals;

coupling each of said error estimate signals and said despread pdot signal to
inverse tangent processors to produce corresponding phase correction signals; and

combining said channel aud pilot phase correction signals to produce said phase

correction signal.

. 20. The method according to claim 16 whereia said phase correction signal is at a

symbol level.

21.  The method according to claim 20 wherein the step of despreading said selected

channel also includes despreading a plurality of channels (0 produce despread channel

signals.
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correction signal further includes the steps of:
assigning areceived symbol to one of four possible quadrature constellation points
for said despread selected channel signal and each of said despread channel signals;
derotating each of said assigned symbaols for said despread selected channel signal
and each of said despread channel signals by determining the complex conjugate of each
of said assigned points to produce respectve error estimate signals;
coupling of each said error estimate signals and said despread pilot signal to
inverse tangent processors to produce corresponding phase correction signals; and
combining said channel and pilot phase correction signals to produce said phase

correction signal.
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