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the Invention The present invention relates generally to digi H'ﬂmww”mmw”"’
comuni cations. Mre specifically, the invention relates to a

and nethod of using a code division nultiple access air interfacewhch
greatly reduces the signal power required for the gl obal and

assigned-pil ots whil e i ATAPATHY) CRMAr REDEDVERCRORDREDUSEIN @G ILGTe quadr at ure phase
shift keyed (QPSK) traffic signal for a particular channel to perform
channel estimation and carrier recovery. Description of the Prior Art Mbst
advanced communi cation_technol ogy today nmakes use of digital spread

spect r um notRtGa A Fhs IBEAREYPRI si onal nmultiple access (CDMA). Digital

spread spectrum,i s nicagi echn i i a is, transmtted
with a br oadenemélebaﬁgggggyealﬁéﬁggfﬁun{ghlba&%%r?odg?%%aﬁlgfh%gda laglttd'ﬁbe
transm tt eshiivnh cat PSS dO-Misthes & picdfakal PV Hea A nkbARSSh t r &L G MNdout
being affected by signal distortion or an interfering frequency in the
transm ssi@nspatdn Showand nmEthod eofl usimg s npddd | @t GhMA aoulmigileat i on
systemthat involves a single communication channel of a given bandw dth
whi ch i s mMoweshyrix spteadrrg whdebwhtedt vegedrsea phedeisral maveyat t ern
generated by a pseudo-noise n) sequence ner, at or . ata signal is
nodul at ed ’?/%‘i"rfrt%‘?e%ﬁ’ﬁ §g’6ugﬂi§?§azrﬁﬂ‘gcﬁ1@1%‘% "8??‘3 Ss‘ﬁﬁ’eﬂ% ’s'?ﬁe'iﬁq’r’ﬁﬁﬁ si gnal .
A carrier si ' 4 t | g ?ﬁgis um si gnal
est abl i shiiég&%%ggbmgr%l}hﬁ%nlwgrﬁ ?raglr%%nbﬁ%z).hqsg %gh?%cel ver er)mdul ates
t he transndssf o exdgraqt ifkg thepditgichahrsphemte s pes t e Sing elannEhe
transmitted data is reproduced after correlation with the matching pn
sequence. Ewirsdienpprodesaritey eprmvedyto establish a reverse link. During
terrestrial comunication, a transmtted signal is disturbed by reflection
due to varying terrain and environnental conditions and man- made

obstruct i qis, . kRIS R 8EUERS @r%yrp@le’ ty of received signals with differing
time delays at e receiver. This effect is comonly known as mnultipath
propagati on. MpReveidvatael pahhulidcanies dekhyeloqt tdeay aefdeeriseith a
uni que anplitude and carrier phase. To identify the nultiple conponents in
the nul ti paf hdpgopagatsiperadt pacgiran yeddébhysn and amde tdideiss iamdlphases
nmust be determ ned. This deferm nation can_be perfornmed with a nodul at ed
dat a si gndlulitimie ypreaffy, (PMore prXd@iélr eMfeTdhg SPECHBYRi étl R’hen
conpared to_an. un | a ks 5 I amst,_digi um syst ens,
it is nore @r %%%ﬁ%g%tnottgggﬁgﬁnﬁn%dﬁ lreg%e(?aglkl (%tga!éf%ﬁ% %%S@%@ ?r omthe
transm tt egh-daadukat Behdatsproydassé@niveg bhendadiatiag thdisddualo pe
sequence. A global-pilot signal is nost val uable on systens where many

si gnal s arteranswigitied ed thr gmpsdygdloensi ae i orenad -nul GOMA ecarsdyzmnsmitt he case

of a base station which is transpmitting many, channels, the gl obal -pil ot
si gnal pr &?%swﬂﬁéogﬁn@eﬁq%taggﬁ%ﬁ;ebi’o §E3)| S0P uSer £%er vi ced

by that p ic . .on. ' L or pnitial acquisition of
an i ndivi %z%t}exi‘#g%{m%ﬁ%?ﬁ%&@{xﬁg ngrtgle!t %rgﬁt&gf%&c%&a %é: -estimates for
coherent receptdquranich fRigde combi A @ngiitr@i neiA pébdimunichti®hn coheren
reception and for the conmbining of the nultipath conponents. However) at

t he requi regstsingobht simerigeels, at finglleobahmpiicat ign grignngdyolfise qipyeno | 0
percent of the forward directjon air capacity. Simlar nultipath distortion
affects a bandwigtheybich 15 Mdt9hhnPssPEIPdids FedgavRich ASRARLS Aserti ng

0 o Mot SEFABly RS BaLELHAN 2L NG AT 870 LONBABRb N TRY AU UP o

20 percent™0 e everse channel's air” capa
sequence generator. A data signal is modulated with the pn
sequence producing a digital spread spectrum signal. A

carrier signal 'is then modulated with the digital spread

spectrum signal establishing a forward link, and transmitted.
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A typical prior art systemis disclosed in EP 0 675 606 Al) which conbi nes
a renodul ated signal with a baseband signal to obtain a frequency offset
.conponent. This frequency offset conponent of the conbined signal corrects
t he frequency of fset component of the channel signal, 'Wthout phase and
anpl i tude estimation, noncoherent or differentially coherent reception
techni ques nust he performed. Accordingly, there exists a need for a

coherent danpskd idteh-OBefySiilRiFekhehe radiers s&heh aixt raapasd tt)heofii%hé‘al
gl obal -pil ot and assigned-pilot signals while maintaining the desired

ai r-interfapeepérfpeaanue.siSUMVARYTEF THE$INEEED Qitihésprepeodudeyent i on
relates to a distal spread spectrum comuni cati on systemthat enploys

pi | ot - ai dedf&oherentehitiqpatitiydicd medchdRIWPRhSaadem3e ant The #aeRiction in

gl obal - pi l ot and assi gned- pi,l ot overheads. The system and nmethod uses a
(~f' SK- rmoBHPSERRY ‘Fat Qﬁﬁﬁgglgﬁh%ﬁﬁﬂé}ﬁ: eanﬁﬁﬁFﬁg% Wta is removed and the

recovered car i Gloidd Yt kAt shannahuaId e a0 bAgEL LTt LI on. The

resul ting signa ata nodul ation and 1s used as a pseu

signal . |njgonjidiciided by3aadliktiba peeideopi tatysi@nadlerraiAulddd! e-i nput
phase-locl "ed | oop is enployed, in an enbodi nent of the present invention,
to further eavinomedrecadr r opmdidueniso agat riar-tgides edbdiyrugtiingsa plThid ity of
pseudo-pilot signals A pilot signal is still required to -4 resol ve

absol ut e prESSuUGafbiRgRIEY2LbEY At TEGr¥sH| §9RRR otf thadALEaUENT Ackrs di ngl y,

It s an OQL?%§SO£ttpﬁepEgégf e%pveeﬁlgneEEEct 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 cowmponents 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 more 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 most
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



provi de a code division multiple access conmuni cation system which reduces
the required gl obal and assigned-pilot signal strength. It is a further
object of the invention to reduce the transnmtted | evels of the global and
assigned-pil ots such that they consune negligible overhead in the air
interface while providing informati on necessary for coherent denodul ati on.
O her objects and advantages of the sg§stem and nethod wi ||l becone apparent
to those skilled in the art after reading the detail ed description of the

preferr e?o?%ﬁﬂﬁ%gﬁ%hﬁf&@%ﬂhﬂﬁ $thd IRV ol Teoweér, @

sinplified ramof a typical, prior art, CDVA comunication
system Figure 2 is.a detailed block di.agram of a B—(%"" commund cati on
system M@t gl?rréq@b?(f YgnalSigpe m&rg??lf‘ﬁlﬂﬂg’gé‘gﬁf‘fmg}’ PEERR Y %B?rge%té’r}i €a plot
of a quadrature bit stream Figure 3Cis a plot of a pseudo-noise (pn) bit

sequence.folvgdrdireétios arr apheaity.ed bl ock di agram of the present invention
usi ng one pseudo-pilot signal, with carrier-offset correction inplenented

s a i agr am oYL B e R B P o R g 5
o oas e raRmEation: NscHOM grRaeh daimglual user's Tetarm sigaal as ashigned-pliot may
correspo
consume up to 20 percent of the total reverse channels air capacity.
A typical prior art system is disclosed in EP 0 675 606 Al, which combines
aremodulated 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 must be performed. Accordingly, there exists a need

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

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

SUMMARY OF THE INVENTION
The present invention relates to a digital spread spectrum communication
system that employs pilot-aided coherent multipath demodulation with a substantial
reduction 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 estimation. The resulting

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



Figure 8 is a diagramof the resultant synbol error after applying the
correction corresponding to the assigned synbol. Figure 9 is a block
.diagram of a conventional phasel ocked | oop. Figure 1D is a detailed bl ock
di agram of the present invention using a pseudo-pilot signal with
carrier-offset correction inplenmented at the synbol level. Figure 11 is a
detail ed bl ock diagram of the present invention using a pseudo-pilot signal
and the MPLL, with carrier-offset cétrection inplenented at the chip
level . Figure 12 is a block diagramof the nmultiple input phaselocked | oop
(M PLL) . feh @ fsebdoipilon sifginhia mdltipledtoulipigie Ckgd fq'ﬂP %x&gﬁﬂ){eq‘? N afiti on

usi ng, a pseudo-pilot signal and the MPLL, with carrier-offset correction

i npl ement ed at t hi oS BRI <Dishi fkte Brior PREFERREDEEMVESD VENTS
The pref&H %%“be&gggﬁ%nﬁ%e&kﬁ%beodescri bed with reference to the draw ng

figures where |ike nunerals represent.like. S St A B- CDVA""
conmuni chy usingsypusditp of ascudn tisﬁg"fi‘ﬁgu‘&é’@It ?ﬁ?ﬁ%@é‘“ﬁ?;ﬂgﬁﬁﬁ tter 27 and
a receiver 29, which may reside in either a base station or a nobile user
receiver. The transmitter 27 includes a signal processor 31 which encodes
voi ce and nonvoice signals 33 into data at various rates, e.g. data rates
of 8 kbps, 16 kbps, 32 kbps, or 64 kbps. The -s signal processor 31
selects a rate in dependence upon the type of signal, or in response to a
set data rate. By way of background, two steps are involved in the
generation of a transmitted signal in a "nultiple access environnent.

First, the input data 33 which can be considered a bi-phase nodul at ed
signal is encoded using forward errorcorrecting coding (FEC) 35. For
exanple, if a R=l/a convolution code is used, the single bi-phase nodul at ed
data signal beconmes bivariate or two bi-phase nodul ated signals. One signal
is designated the in-phase channel | 4l1a. The other signal is designated

t he quadrature channel Q 41b. A conplex nunber is in the forma+bj, where a
and b are real nunbers and j'=-1. Bi-phase nodulated I 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 convolutional code rate of R="~ are Gl=1718 37 and GZ=1338 39.
In the second step, the two bi-phase nodul ated data or synbols 4la, 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 ot her spread signals (channels)
havi ng different spreading codes, nmultiplied (mxed) with a carrier signal
51, and transmtted 55. The transm ssion 55 may contain a plurality of

i ndi vidual 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 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 locally generated conpl ex pn sequence 43a,
43b whi ch matches the conjugate of the transmtted conplex code. Only the
original waveforns which were spread by the same code at the transmtter 27
will be effectively despread. Others will appear as noise to the receiver
29. The data 65a, 65b is then passed onto a signal processor 59 where FEC
decoding is perforned on the convolutionally encoded data. As shown in
Figures 3A and 3B, a QPSK synbol consists of one bit each fromboth the

i n-phase (1) and quadrature (Q signals. The bits may represent a quantized
version of an analog sanple or digital data. It can be seen that synbol
duration t, is equal to bit duration. The transmtted synbols are spread by
mul ti plying the QPSK synbol stream by a uni que conpl ex pn sequence. Both
the I and Q pn sequences are.conprised of a bit streamgenerated at a nuch
hi gher rate, typically 100 to 200 tines the synbol rate. One such pn
sequence is shown in Figure 3C. The conplex pn sequence is mxed with the
conpl ex-synbol bit stream producing the digital spread signal. The
conponents of the spread signal are known as chips having a nmuch small er
duration tc Wen the signal is received and denodul ated, the baseband
signal is at the chip level. Both the | and Q conponents of the signal are
despread using the conjugate of the pn sequence used during spreading,
returning the signal to the synbo



_g_ level. However, due to carrier-offset, phase corruption experienced
during transm ssion manifests itself by distorting the individual chip
waveforms. |f carrier-offset correction is performed at the chip level, it
can be seen that overall accuracy increases due to the inherent resolution
of the chiplevel signal. Carrier-offset correction may al so be perforned at
the synbol level, but with |ess overarﬁ"accuracy. However, since the synbol

rate is nmu S ?&%s&i : 0 ocessing speed is
required m%ﬁgﬁﬁea%@%% I ongarsab{c?%%gy'a%ﬁ ?%g %%&%’J{l I{é%%cgéﬁgﬁﬁfdee‘

archi tectures faEcsREAING,Sitaughin bbjaceasaneepiladnd NoayeaM pd et hod
of the present invention that do not require |arge magnitude pilot signals

fol | ow. Theroetiteva ngpdey stietsioephabtei fllee abickber cagnudesrioadspgrand si gnal
processing shown in Figure 2. The systens are inplenented with

carri er - of mbdichc yeduees obhat remiirechglohpp and asadgried-gidos. sAgnahown in
Figure 4 a receiver using the system 75 and nethod of the present invention
is shown. ﬁt(,r@rl‘?ﬂf:éx baseband digital spread spectrum signal 77 conprised of
i n-phase and quadrature C hS, s nd filtered usjng an
adapt i ve matcheggf ?%t g%r f?%@%?‘gg}é?g%t %rd%da%p ivte:?11 I I;fér Fﬁguﬁ%aﬁ‘? The AMF
79 is a trapsvenseded ilelBls (df Hiheeglomill SAr 259RMSR) pMbCh @S chitter
coefficients 81 to overlay delayed replicas of the received signal 77 onto
each ot her theyroovisdeeanégligrlsld sivgrhkad3ihavhagian interéasedwhile

signal -to-noise ratip (SNR). The output 83 of the AMF 79 is coupled to a
plurality &Fovkdans 1’6&%‘}3@5&6’& segsgsagsforggphgrant danestulgddoneader 87.
~g_ In the pref ed embodi ment ., n=3. The pilot,signal 89 is despread with
a separate desp%éﬁ’ér ogge%%sd P sadintageg © o&iflg &7 'ﬁ‘BoﬁEgv\i“?ﬁR‘P‘ﬁe
transmi tteq,;q4at go ddndSphaPest 1@ ehaBnels 19hhcly, 358 d Laifys, 85
with pn sequlence% 9“:131,%832, 93a of their own. After ?ﬁga{ﬁ%‘tqa§%hgﬁﬁgl s are
despread 8%he @2EaiBbd,ddde-igatianbbt Shd gaFepdd hidoddaihtare coupled to

Viterbi decoders 971, 97Z, 97a and output 99i, 99Z, 99a. The filter
coefficients 81, or weights, used in adjusting the AMF 79 are obtai ned by

t he denodul ati on of the_jndivi | mul tipath propagation paths. This
operation is perforned BﬁxﬁFr%%&;é’(%Pve Fl’c‘)‘iE.D"Fﬁé‘%'dgé of a rake receiver
101 to conpensa l;t.i pat [ [ j o) o] skilled
in the conmuni cg‘t?[?ggéa??;% %s %@ﬁk?%&F?gﬁ% ég?ééﬁéépra egrté ?;é/%% 101
consi sts ofpracpakat| etpeo rdainiainieat 0én patdretlenodul ators ("fingers”) 1030,
1031, 103Z, 103n which denpdul ate a particular rnultipath conponent. The
pi | ot sequence Figokeng@ | bop aofdetgpded celenk débagidmat of is BrCbHat ed by
the timng estimati on of a given path as determ ned by a pn sequence 105.
In the pri GPHMPICEEPP Y Shal is used for despreading the individual
signals of the li,gke ol this erhedipe %_pthrf]x%epgggegéréaq!yenti on, the pn
% 9310 ;

sequence 105 may Be ong to any channe the conmmmuni cati on system The
channel with thejbargess ieceipied SkghaduddratyRbCBlt Ystusgh. Each path
denodul ator includes a conplex m xer 1070, 1071, 107z, 107n, and summer and
| at ch 1090, 109Figtfe@ZAC 169n. pkefr ofaehpsaldy-abésentpn)t bdtpeegequeace 105 i s
del ayed r 1111,  -10 111s, 1.11a by one chip_and m xed 107i, 107=, 107a
with the basebafd9¥redd Spet fiﬁﬁ?%i/%all’lciq]% Hrarayy Aespheadragerhch
signal .. Eaich mfil.ti plllsi{:nat iccr)lrga gg ct 1{15 iggukaint&i&n Ca&cci‘:lirml_a%gr 090,
1091, 1091, 169 Rhere i 9 PAqaed Ro I hé Hrevl ous pro&ucferaﬁ f8rched out
after the nggtre3xBAl 16h P&t &t The &RKE kel ver 101 provides relative
pat h val ues fox each multipath conmponent. The plurality of n-dinension

out puts 1150, | Fagurél5sis 14594 cgakodi dgrastd et eakef rédei wanpl ed channel

i mpul se response that- contain a relative phase error of either 0, 90, 180,
or 270. Referrimngghaeke tiz B giagraly dthe peadialeidt yyiifolop! it $her gpskhe rake
recei ver are coupled to an n-di nensional conplex m xer 117. M xed wth each
rake recei vesndddh 1auti pHt sHddins aahaear @et¢ioivd.0 renove the rel ati ve 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
951 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 pa of channel 1 to the four QPSK constellation points xl,r, x_1,~,

X ~ ~ xl, ~ It is necessary to exam ne each received synbol pa due to
corruption during transm ssion 55 by noise and distortion, whether
mul ti path or -11



radi o frequency. The hard deci sion processor 12x conputes the four

di stances dl1 d2, dg, d4 to each quadrant fromthe received synbol po and
chooses the shortest distance al2 and assigns that synmbol |ocation x_|,I.
The original synbol coordinates pa are discarded. Referring back to Figure
4, after undergoi ng each hard synbol decision 121, the conpl ex conjugates
123 for each synbol output |25 are determ ned. A conplex conjugate is one
of a pair of cqyRh&% Wm_%rsawciifagx%ntwalc_heeaéng}%rtéfa%ﬂé&f gi nary
parts differing only in sign. As shown in Figure 7, a synbol i1s denodul ated
or der ot at@srissgdndihgdesd et rdiaejgnled epapdEX conj ugate of the assigned
synbol coordinates x ~, f, formng the correction signal 119 which is used
to renove the Fdoargv@ ighasdizgrast ofohbairasgliant teepreptftethus, the

rake out put is.effectivegy der ot at ed bé éhe anglg associated with the hard
deci si on, FRESFHPAGERRCTEREETOR FHASEPRRIYIY tenlbe opesidncsh sambedti vel y
provi des a rake,that i,s driyv | i I i u n,_absol ute
phase ref erencg?.l % ergrilg{; %g}g}(&%&oa#gil%tem jc%fg{%ec%rﬁ%%ﬁéfoi%g #)rh%ﬁet—he
conpl ex cojyMgat Qobg3 is coupled to a conplex n-dinensional mxer 117 where
each output of the rake receiver 101 is mxed with the correction signal
119. The resul tFiR@rer ddudtss d2Jetarid edoildpckstdingtraa of the ¢hareek i mpul se
response pl as shown in Figure 8. The error shown in Figure 8 is indicated
by a radi abngistimr ausing-ri 6PEewHe tiieldtn-preasd asdith  carniEiReffdiseitng back
to Figure 4, the outputs 129 of the,conple - di nensi onal m xer 117 are
coupl ed toc%‘ffer?cfilﬁé‘ngl“B are %eaci]r?é:l %é“s’t g?r%‘f%]r r‘llleé'fqe The channel esti nator
131 is a plurald; f {0 i Jstqerss Hiidbery; C i nponent .
The out puts of Elt er%- d‘llnghgg?agfl%%dér%l%gr gfggkaﬁelggg%gl gglmtdglgt %gte%ﬁéew. These
si gnal s acinwasmtike AMing o ipdaidompiigbts sighel AMd79nki MreLs, t kethaseband
signal to conpensate for channel distortion due to nmultipath w thout

requi ri ng eatwirege offigett cohergitiion jngharented atr 6bei ¢his I&Melre used in
conjunction with phase | ocked Ioop,%PLL 133 circuits to renove

carri er - of f set .Figarei 17 - AsBlode dirgrat of Fheuriltdpler JREM: RbéSrrecei ver
conponent M snai ghes er RF distortion. The present invention 75
requires t %ék%éfig%plg@g B%P]ot signal 135 be produced by despreadi ng 87
the pilot fromgshgfaseband 5ignaliled widrka Qlab@hmpbrseavenies2he The
pilot signal is coupled to a single input PLL 133. The PLL 133 neasures the
phase dif f emernos dretwsiew tehepgiddst-pdilghals ig881 apddathef ¥I&8hEe phabe of 0.
The despread pilot signal 135 is the actual error signal coupled to the PLL
133. A conS®ftiermattseL T%ér?%F%%b@ﬂ@?ﬁm?PBﬂ?é“QFh?thPE?11§%V?%CIudes an
arct angent anal yzer 136, conplex filter 137, an integrator 139 and a
phase-t o- conpl ex- nunber converter 141. The pilot signal 135 is the error
signal input to thepRkbriBPIAN®F THEOHRELERAED Hy@opeMBirex filter 137. The
conplex filter 137 includes two gain stages, an integrator 145 and a sunmer
147. The out putTHe plireféered epbedividrtt elll soec dapbeibdd wiihb refegmator 139.
The integral of frequency is phase, which is -13 output 140 to the
converter 44| thghdrpiise 6igpirs TdeYs il Bgdle cswmresest Idkewhi ch
converts th hase signal into a conplex signal for mxing 51 with the
baseband ngﬂ%n%%fﬁgﬁwg °Yhe upstream operations are comutative, the
output 149 of tﬁe%PW%_ohﬁuﬁlé&i&? dypedhask hoopndutt 0id He geMet em 75. By
i npl enenting the hard decision 121 and derotation 123 of the data

nmodul at i onin¢heigy acessngiidtiedes? chranaekeesivamizioonwhi thaudy trhesidee of a

| arge pilot signal. If an error occurs during the hard decision process and
t he quadrahn efithhe ﬁe@@ﬁ@e@tééians?ﬁbél“F@igétua§§igﬁéélﬁérrecﬂmf, t he
process suffers a phase errqr. The probability of phase error is reduced,
onover, - dEEAEREHERT 1 SRSTHIS PR AP S AT S FRPF 03 br it (424IE channel
The error sybial Qefubndbeed HibREES LULnddrddg, bhevahanaelaeal] ned on and
carrierrecovery processes. fhe traffic channel Is approxi matel y dB
stronger (Qxkatharether! @vedbpef tilae kbpspr sad kppkot orAssdebpki. bedrar | i er,
the present invention can also be performed with carrier-offset correction
at the synbol level. An alternative enbodi ment 150 inplenmented at the
synbol level is shown in Figure 10. The difference between the chip and
synbol | evel processes occur where the output of the conventional PLL 133
is conmbined. At the synbol |evel, the PLL output 140 does not undergo chip
conversion 141 and is introduced into the AMF 79 weights after the rake
receiver 101 by anot her n-dinensional m xer 153. The phase correction 140
feedback rnust al so be m xed 1541, 154a 154R with the outputs 95i, 95s, 95R
of each of the plurality of channel despreaders -14 85i, 85,2 85a and

m xed 156 with the output 135 of the pilot despreader 87.



As shown in Figure 11, another alternative enbodi nent 193 uses a variation
of the earlier enbodi nents whereby a hard decision is rendered on each

. received synbol after despreading and derotated by a radi an amount equal to
the conpl ex conjugate. The alternate approach 193 uses a plurality of
channel despreaders 851, 85Z, 85n and(%Ee pil ot despreader 87 as inputs to
a multiple input phase-locked | oop (MPLL) |57 shown in Figure 12. Since

each of the; p I 5 i an_amnbj guous
representa Jiggflﬁmbgtgg% %?:Pg? g?g‘%ﬁs %a;gﬁgﬁ% ggg%%?&%ﬁ (l)’PoTB% styrpgqui red to
serve as agf ax allt,eo&eiﬁrﬁéﬁ%ns@ﬁzodﬁsﬁééaﬂaéé/’%é fromall channels in
conjunction with the despread small signal pilot signal are input to the

M PLL 157. Ref ey iwaytof Fbgukerdu, t treo ostéepds sremiasshvedamnels1 @51, 95z,
95n is coupled to a hard deci sion/conpl ex conjugate operation 1591, 1592,
159n. The RRNERIOP p’Eudo-Piamistiedl sigpak Bla sudtipda miocedswith the
del ayed synbal s.produci C l.ex yolLta error, 1631, 1637, 163a. The
error 1651?“‘[%???‘63& 5a Elilgs?hp%@ilﬁ?&gaé%%%sgr gfdié}f’f, beggonsidered 1674, 1
whi ch tak _ Ay, t rd C X gggggg into a phase
error 169%? q% f%u%%ggﬁh%ggggléf acﬁzﬁ%g%ﬁ£%%909g¥%§1f,l ,?ﬁﬁﬁ{— 169a, 1
i's i nput i j | kel j d nmbi n 171 _whi ch assjigns varjious
wei ght s togélﬁléeacp u alrrfg??/ﬂtﬁ ilnpu S g%d prgg:cf)u%esexgmgureﬁ out put® 'é%z i ncl uded
inthe sumis the.small.si.gnal pil 135 phase 169n, 1 ich is despread 135
and - 15 SReaPEER A 1Y FreBe i TG BB baRAI OB Agha rmy be
enphasi ze inGe y a L S5 I QURUS: - u iner 173
is the es?%ﬁ%?g'5%£%ﬁ§gc§?¥?€?¥%??%%t an%li§n§8§p+£%&%%g%§tg;%ﬁ%gg'fiIter

| 75 and cooypd eslidmnlanid ndegirataaedl Fhe Ahlpahaanehsnsont ti buse t a@pkhe
estimate of the carrier-offset frequency with the absol ute phase error
renoved byothrr wismsilgdsudepigented gl quidsarwregrhoreladcdabl. at 8s t he

hi story of the summed signal over many sanples. After integration, the
estimat e ofomtkephawedeas rigr iins tdhet flsrn ze-boormtemesd temda becampl exatol t age
and output 183. Referring back to Figure 11, the output |83 of the MPLL
157 is couphfskdd @ngofmpliex nxemakd5 mepataeam of ahheqr akgnreseiyer. This
conpl etes the error feedback for the MPLL 157. Even though this enbodi nent
requires agglidingnakréesuteeasagdagoaphexigntset B8i M Aldy,iih7 @pefhtecture
can be efficiently inplenented and executed in a digital signal processor
(DSP) . Ref & rihegprefetmed hubadimmtat the ipbgdnarator] P5lghowirlian feirgur e 13,
this enbodi ment 195 m xes the output of the MPLL 157 at the synbol |evel
The M PLL 45forissraixed1é8gtiniath KHhé and putconfvoflheioakke ceieiraee b@l. As
descri bed above, the output of the rake receiver 101 is at the synbol

| evel . Thersynba ¢ orThi pP7comiyel.sion, 131 in the MPLL | 57 architecture is
di sabl ed. Since the output 183 of the MPLL 157 is mixed with the outputs
of the rake 10Emtileh sgcendsetiennl he dwot bé - REsg e kfittesl dalve phase
correction_fqr carrier-qffset nust .be,added to.the portion .of the receiver
t hat proce§%§§?%§r§%?ic4fk-ﬁqﬁ sREsas Bt H%CFQW&eFeEg?ﬂéﬁ"qoﬁﬁf i®ndt the
synbol |ev sy -4.Q7,6 Pk R, C WeT o i P 5
architectu%%gTigﬁﬁéagﬁgéfggﬁgggn?hgn%ﬁ{%ﬁ@'%8§ggfg?ﬁ%£%¥%L H%%ng m xed
with the osbfmtirfedf s havithkeotlfdyr Wepedadr eigfglls Onlchaha¥lsne AMIngd

wei ghts, the phase correction for carrier-offset nust be added to the
portion ofdifkereaterpreading qedesesvebtipldfedd drdaed) With i alarnjiegf i xers
1991, 1997, . 199 downstream of each channel despreader 85Z7) 8Sl, $5" and a
mi xer 193 GO r 8dm G HE PTG CaEs PreadellS7 LARBSRHEF I 85 8f¥i red to
m x the ph -cQl Te U1 + e I as. feedback into

t he syst emé8 atelqvlpraegéel(raﬁl[qmlﬂl"r%gn%FoﬁI?fcrilr%?lr%utéiilqnéz%t)él egé?aﬁ%ﬁ%q ecf’ti)ﬁ%lrgtn%si ghal at
a Low | evelat® @4 de an absol ute phase reference while reducing pil ot
interference and increasing sir capacity. The net effect is the virtual

el im nati on of The pedeaitvegv@Shdadludes a demodulator 57a, 57b which

mixes down the transmitted broadband signal 55 into an



-i 7 "WE CLAIM 1. A receiver (75) for use in 4 comunication station of a
CDVA system wherein a plurality of conmunication stations comuni cate with
each other over a CDVA air interface using a plurality of channels and a
pilot signal far carrier-offset recovery during reception, the receiver
conprising: an adaptive matched filter _£79) for receiving denodul ated CDVA
comuni cation signals producing a filtered signal by using a weighting

signal; a rakeetReiMeS CatPlorf e¥ehBEREYI BIabaSBBAN LDVA W tion
S|gnals and a Sseudo noi se si gnal ggﬁeréged ?or a sel ected non pi &¢

channel andcphedusiag medudesetheebgghahgtsilgnsibandeanshé oppsef s 1gin t he
filter weighting signal with a correction signal, said correction signa
for produci g tthenwdigitered $Hilgrend usdyedyocdai d5&hapt1|the theet chech X1yt er
C79) a channel despreader 852, 85J for said selected channel coupled

to said adafePrgEa @cﬁ@ﬂp}é¥t89 €#§Feﬂﬁ?p&9afa#38e§$P%%khWﬁfC¥%ﬁththered
si gnal u5|ngothe5§§e§got 'E%%n%h?@@%d toraior H‘ g Iected channel to
sal c

produce a desp anne Si gha s6l €Cted ¢ *?ﬁ channel

despreader ($virdffs awbiichl &ERENalpcRup! 8¢ t@héa'éimédaebbe\ée g@toc!}f‘ed filter
(79) output for despreading said flltered Signal using a pseudo-noi sy

si gnal genetatnsmitdrersalt wilbtbehaffiettivelyr athmeaddesmtﬂmiqnlwml si gnal
of said pilot charnel; 18 a hard decision processor (121)
Associ at | onapPedr @Scéﬁﬁ%it%ghFu‘@%ﬁ%Wﬁrro%ss&fhef grta Rfaovichl %ﬁetlcd"rannel

signal of Sal dsg o ttgd aChsa{]g?r?alll aggogégsdourm 89 wﬁtlax(jecg‘gzr €¢ ecoglng is

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 t, 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
couplex 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 ¢t,.

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

used during spreading, returning the signal to the symbol



signal; and a phase-locked loop (133) utilizing at |east said despread
pil ot signal for producing a phase correction signal which is applied to

. produce phase-corrected channel signals. 2. The receives (75) according to
claiml wherein each of the plurality of channels is a conplex, bi-phase
nodul at ed signal Conprised of synbols igcluding i n-phase and quadrature
conponents representing data,, said hard decision processor (1Z1) conpares

cach despreaf, fanNeloueag) LYo tga,gﬁ%rszgfgcggg oL PR Cduagl gl e

constel l ati on pai'nts and as§igns each of ‘sai a near

const el | at i QyJaQk Bheed Whrialde FAEMiI% 1 68 HAMIFEBLH " AGRIAFO by ( aié%ra%;gm ates
each of said synbols by determ ning the conplex conjugate”of each of said

assi gned poittes ihdipiddhic ecteipi dravefoans i onfSicagried-offfeet enBire@itiGAD)
according to claimwherein said phase-|ocked |oop (133) phase correction
signal is atim penfenuadeptafbiei shipplevad t dtsapa Bensrern dihat CoRKkall

Compr i1 ng PEVGREY] Ty HRoERaelCLehr EHSPEE TREo LIt igh SFCRHS hign

coupl ed 10 salfl adapldye EaLENEr Jnsber odrieahRilly LalsolRS A& Ng sal d

filtered signal ea usi ng an assocl ated pseudo-noi'se signal™generator to

produce a play ahbt ¥yiborlaspeeathdhanr! 16d08ekall addhrlcy. ThiowResd, ver
(75) according to claim4 wherein the nunber of channel despreaders ($~1

gJZ, BJ~n~ tSrdad ethe Gymbod retei ve-mudh/Ipsacthbadi vige tchiqh ataved Weekei n
sai d phase-locked | oop (133) further conprises a plurality of inputs

cor r espondi rRVstiall SFoFesrindl FRedfis FeaHéredcshrrddhst cqBBictignrisgs' | )
ZiB;?e receiggﬂé QZS%h%cgg&gg{uhéé%fj aim 6 wherein said phase-|ocked | oop

System architectures for receivers taught in accordance
with the system and method of the present invention that do
not reguire 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 comprised 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 iwmpulse
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, and a pilot despreader 87.



further conprises: a hard decision processor (121 ) in association with a
conpl ex conjugate processor ( 123} with a | ocal feedback |oop for each of

. sai d correspondi ng channel despreader inputs to produce an error estimte
signal for a respective channel signal; each said error estimte signal and
sai d despreader pilot signal coupled tagan inverse tangent processor (
1671-167") to produce a correspondi ng phase correction signal; and said
channel and 1pi ltble Pragercedr embodimehgnahs3 couhed ptidoa @ayhaunsbi kel i hood
conmbi ner (171) producing a conbi nation correction signal coupled to au

i ntegrator @EEpread pibtHuee sepadashasiespoeaderi 8 engnan. s@quheer 8tei ver
(75) according to clainf wherein the nunber, of channel despreaders (8Sl)
85z, 85") | §omke@poraneoysgWithe thec et TRRSYIESLd RHi B rESEEREFRERer ei n

said_phase Izﬂgggl%g?g %P%gg Bh?éﬁ?ggrggcth$ sb nq#uj§£%}dg synbol | eve

and is appl i ing si‘gnar’ and=to sai 858%channel

signal s of said ghanngh agg phket dreRrcagersr (8Rd, 1882, cﬁéﬁneﬁ? )aréo The

recei ver (75) *accofding“to claim9 further conprising a plurality of

channel despespdesd, 8%585,85,3525,,85hF data leiupitetaie 9&|.d ssgapes,varsnt ched
Eater ( (79) output for despreadlng said Mtered signal using an associ at ed
pseudo- noi seospyedl tgdhideabdr dacpetiact’a BV ur A%t yndfottestr 88d. tfannel
signals. 11. The receiver (75) according to claim 10 wherein the nunber of
channel desﬁpbaders (851) 85z,~85rj is three. 12. The receiver (75)

according to cl aim, 10,4 %L@fgfaﬁr&@aﬁf | kRYGhPOP \(L33)n! HEANSL ,

conprises a plurafTty of signal 1nputs correspoRding wth Said p grality of
channel the AMF 79 are obtained by the demodulation of the individual

multipath propagation 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 mixer 107,,
107,, 107,, 107,, and summer and latch 109,, 109,, 109,, 109,.

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



despreaders (85" 852, 85 13. The receiver (75) according to Claim12
wherein said phase-locked |l oop (133 j further conprises: a hard decision

. processor (121.) in association witch a conpl ex conjugate processor (123)
with a | ocal feedback |oop for each of said plurality of signal inputs)
each producing an error estimte for a respective channel signal; each of
sai d channel error estimates and Said ﬂ%kpreader pil ot signal coupled to an

i nverse tanggg;ﬁpgﬁgfﬁalroéé£%§$%fgg%omi£%gti@p al%Qanngéyghggﬁbfg rection

signal ; and and as€ correction 3f gn °to a

maxi mum | i kgL bood GpHaaReEpetiin R QAT RE3 atmw@e'sg&lesa&ﬁﬁ%wﬂ si gnal
coupled to an I ntegrator (197) to produce said phase correction signal. 14,
The recei vegigh’) . acc®@adhngmt bt D Hicatidnwhereivett heés nuiririt ofingbangg!
despreaders (85,, $52, 852 is three 15, A nethod of receiving at |east one
of a plural atguehlatbhanefs M alCDVA 189 wintes fHreinisadded tedused
magni tude pilot signal four carrier-offset recovery during reception

wherei n a pPUPYIPYS RPRSINARA AR TS 4t BRESE drifu ekt 8YRbeRk-ebedk ot her
BN Tty et L P
filtering. 5?’%186 ep&herg%g%%ﬁﬂ‘%a’?%go M&%&M g %%C%ﬁgﬁg"%%a "

filtering s received connuni cat i on i FTh° an
adaptive matghed th! h81c{dMh t@upduee aTﬁé'éIHinf%PQBﬁ'ntaiméﬁéﬂgna

wei ghting signal; producing a filter weighting signal with a rake receiver
(101) usi ngosapdtsamsdul EHtSed TONA, 1XHnpwovidat eenimkEpsalbs ahd aapskedo- noi se
sisal generated for a selected non pilot channel;
channel impulse response that contain a relative phase erroxr
of either 0°, 90°, 180°, or 270°.
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 c¢losest to the despread symbol value.

As shown in Figure 6, the Euclidean distance processoxr

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 55 by noise and distortion, whether multipath or



refining said filter weighting signal with a correction signal; despreading
s aid s elected channel froms aid filtered signal using the pseudo-noise
signal for said selected channel to produce a despread channel signal of
sai d sel ected channel ; -22 despreading a pilot channel fromsaid altered
signal using a pseudo-Noi se signal generated for said picot channel to
produce a despread pilot signal of saidlprlot channel; processing said

sel ect ed channel despread sigpal, w a, hard deci sion processor (121 j in
associ at i on XA%R gr‘é‘g*ﬁﬂcé’x C%HF u‘b%ﬁdte Iaﬁf’b’éb%% HFOFEBLYT I3 promritees &he

correction signals and gengrating a,phase correction signal froms aid
despread pi [fUrsPyREINGHS Qea "Eah edfld bRkearh gypdyant3frpn: bhetreceivedr ect
sai d sel ected channel signal. 16. The nethod according to claim 15 wherein
each of the gymbbal pt ynéfclehaeiekhei shartearpiestante- ghane apsidat edasi gnal
conprise of synbols including in-phase and quadrature conponents

representi n%ﬁ’g‘g’%ﬁ’ lgggﬁ £ of pr’ﬂfé%?i@&n%h”é%?g?i 'L%oggagglakgs SleRy of:

assigning a eive ymbol t6 one of faur pos e qu ture
constellatig?s%gggga; anal derotating each of said assigned cynbal s by
detetm ni ng he conplex conjugate of each of said assigned points to

produce said cor ge¢ti@fngi Baak . td Figdre net a@ee,acem@&gfmﬁgoe%ﬁi a1
wherein said phase correction signal is at a chip | evel.
symbol decision 121, the complex conjugates 123 for each
symbol output 125 are determined. A complex conjugate is one
of a pair of complex numbers with identical real parts and
with imaginary parts differing only in sign.

As shown in Figure 7, a symbol is demodulated or

derotated by first determining the complex 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 ig indicated

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



-23 1 ~. The nethod according to claim 17 wherein the step of despreadi ng
sai d sel ected channel al so includes despreading a plurality of channels to
produce despread channel signals. 19. The nethod according to claim 18
wherein said step of generating a phase correction signal further includes
the steps of': assigning a received synbol to one of four. possible
quadrature constellation points for séﬂa'despread sel ected channel signal

and each of said, despread n i ; dergtating each sai d assi gned
synbol s far sai gp“%_g%%?fe%j é% ec%d?i%ﬁ%%nél‘ s%ena Y ‘(‘jts_ea%ggof"%lsa'?kbe
despread chappghes! oNalidisid8hET hidYd 1he CQPP| epufiaugebe Qf gach of
sai d assigned points to produce respective error estinate signals; coupling
each of sai digen®ioredt bhateelsSieghahst@nd sai drigesqieme 1pekeinstepalat o
inverse tangent processors to produce correspondi ng phase correction

si gnal s; andscenplnrabitwiaf disanpessahfdl pitotf idkesdngoeaeht moht spaptal s to
produce said phase correction signal. 20. The nethod according to claim 16
wher ei n sai §OPRABENE or r TRE | FERYGh AT itea-F18GREIPI b VRIXeD; 117 Tagke net hod
according tgo Claim20 qhﬁ; th reading sai | ect ed channe
al so includgguﬁg%gbﬁbaﬁgg a gfurSP%%%FSEQ%%Eiﬁﬁﬁsg?ogﬁﬁo uczgdgé%&%%d

chancel siggakgnts. _Fhe2amMA e FRINOG 2660BLHAN0sChMIMY MBEREL sai d
step of generafing a phase correction signal further includes the steps of:

assi gni ng afpecehsadekyddrtiortd oonduef té ourl tpgsginbiwe tfjuadr aégitring a
constellation points
large magnitude pilot signal.

Rake receivers 101 are used in conjunction with phase-
locked 1loop (PLL) 133 circuits to femove 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 wmeasures 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



for said despread sel ected channel signal and each of said despread channe
signals; derotating each of said assigned synbols for said despread

. sel ected channel signal anal each of said despread channel signals by
determ ning the conpl ex conjugate of each of said assigned points to
produce respective error estimate signayg, coupling of each said error
estimate signals and sand despread pilot signal, to inverse tangent
processors batpueduad® e respaudivegtpiaddlcor mbet phassi giepse apgl £9nbI ni ng
sai d channel and pilot phase correction signals to produce said phase
correction siogpdled tAFa AlomveagenuMdl Aehirh JcomyErta? thaSphAshlf ¥ighdl . AGN
.A@A YE .A A uS .A . Au. A AS . ASY. As. Ahs

A / hsY. As_, C~
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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 outputs

95,, 95,, 95, of each of the plurality of channel despreaders
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uses a variation of the earlier embodiments whereby a hard
decision is rendered on each received symbol after despreading
and derotated by a radian amount equal to the complex
conjugate. The alternate approach 193 uses a plurality of
channel despreaders 85;, 85,, 85, and the pilot despreader 87
as inputs to a multiple input phase-locked loop (MIPLL) 157
shown in Figure 12. Since each of the despread channels 95,,
95,, 95, contains an ambiguous representation of the pilot
signal, a small signal pilot 135 is required to serve as an
absolute reference. The despread symbols from all channels
in conjunction with the despread small signal pilot signal are
input to the MIPLL 157.

Referring to Figure 12, the output from each channel 95,

95,, 95, is coupled to a hard decision/complex conjugate
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 cowmplex number into

a phase error 169,, 169,, 169,, 169,,. Each phase error 169,,

nf
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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coupled to an integrator 177. All channels contribute to the
estimate of the carrier-offset frequency with the absolute
phase error removed by the unambiguous pilot signal. The
integrator accumulates the history of the summed signal over
many sawples. 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 completes the error feedback for the MIPLL
157. Even though this ewmbodiment 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 10l1. As described above, the
output of the rake receiver 101 is at the symbol level. The
symbol-to-chip conversion 181 in the MIPLL 1587 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
BAMF 79 weights, the phase correction for carrier-offset must

be added to the portion of the receiver that processes traffic
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output of the rake receiver 101 is at the symbol level. The symbol-to-chip conversion
181 in the MIPLL 157 architectore is disabled. Since the cutput 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 must be added to the portion of the
receiver that processes traffic data. A‘ plurality of mixers 199,, 199, 199
downstream of each chapnel despreader 85,, 85,, 85, and a mixer 193 downstream
of the pilot despreader 87 are therefore required to mix the phase-corrected output
183 (at the symbol level) as feedback into the system.

The present invention maintains the transmitted pilot signal at a [ow level to

provide an absolute phase reference while reducing pilot interference and increasing

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

1. A receiver (75) for use in a communication station of 8 CDMA system wherein a
plurality of cormmunication stations communicate with each other over &« CDMA air
interface using a plurality of channels and a pilot signal for carrier-offset recévery during
reception, the receiver comprising:

an adaptive matched filter (79) for receiving demodulated CDMA communication
signals producing a filtered signat 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 wejghting signal with a correction signal, said
correction signal for producing thc-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 chanpel despreader (87) for a pilot channel coﬁpled to said adaptive
matched filter (79) output for despreading said filtered si gnél using a pseuado-noise signal

generator for said pilot channel to produce a despread pilot signal of said pilot channel;



4 10% U& ()- 210% U& ()- 0"10% U& ()--"10% U& ()- + 10% U& ()- eeeeeeCfffhbC
1!, 1@ Y1098B& () -, @G#109B& ()-f 109B& ()- 109B& ()- 10 U 10 U 10 U9"10%

U8 () -Zf g ggh*hhdEbC 1!, 1, #109B& ()- #109B& ()- , F#109B& ()- - #109B& () -
 L"109B& ()- f 109B& ()- hiciijQfjdEbC 11,1 . 109B& () - +#109B& () -

L F)#109B& () - ,$ 109B& ()- ,"#109B& ()- , -#109B& ()- fjj kmkkkkkkxmbC

-18-

ahard decision processor (121) in association with 4 complex conjugate processor

for receiving the channel signal of said selected channel and producing said correction
signal; and

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

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

2. The receiver (75) according to claim 1 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, said hard decision processor (121) compares
each despread channel signal symbol o one of four possible quadrature constellation
points and assigns each of sajd 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 cotrection signal.

3. Thereceiver (75) according o claim2 wherein said phase-locked loop (133) phase
correction signal is at a chip level and is applied to said demodalated CDMA

communication signals.

4. The receiver (75) according 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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5. The receiver (75) according to claim 4 wherein the number of channel despreaders

(85,, 85,, 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 processor
(123) with a local feedback loop for each of said corresponding channel despreader inputs
to produce an etror estimate signal for a respective channel signal;

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

said channel and pilot phase correction signals coupled to a maximum likelihood
combiner (171) producing a combination correction signal coupled to an integrator (177)

to produce said phase correction signal.

8. The receiver (75) according to claim 7 wherein the number of channel 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 (75) according to claim 9 further comprising 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 generator to

produce a plurality of despread channel signals.

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

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

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

ahard 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 channel signal;

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

combiner (171) producing a combination correction signal coupled to an integrator (177)

to produce said phase correction signal.

14. The receiver (75) according to claim 13 wherein the number 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 communication 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 cwel 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-poise signal
generated for said pilot channel to produce a despread pilot signal of said pilot channel;

processing said selected channe] 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 fromsaid 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 furtherincludes the steps
of:

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

derotating each of said assigned symbols by determining the complex conjugate

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

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

level,
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18.  The method according 10 claim 17 wherein the step of despreading said selected

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

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 constellation points
for said despread selected channel signal and each of said despread channel signals;

derotating each of said assigned symbals 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 emor estimate signals;

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

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

correction signal.

20.  The method according to claim 16 wherein 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 to 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 symbols for said despread selected channel signal
and each of said despread channe] signals by determining the complex conjugate of each
of said assigned points to produce respective 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.



