MULTI PATH COVA RECEI VER FOR REDUCED PILOT Field of the Invention The
‘present invention relates generally to digital comunications. Mre
specifically, the invention relates to a systemfor and nmethod of using a
code division nmultiple access air interface which greatly reduces the
signal power required for the global and assigned-pilots while inproving

- performance by using the quadrature phase shift keyed (QPSK) traffic
signal for a part'CU|amLcﬂameMNAGEDEWbeﬁRdﬁﬁmﬁ@IVﬁé§t|natlon and carrier
recovery. Description of the Prior Art Mbdst advanced conmuni cation

technol ogy today nakes use of digital spread spectrum nodul ati on or code
divisional nultiple access (CDMA). Digital spread spectrumis a

comuni c&tiedd e&chime qtrrentifi ch data is transmitted with a broadened band

(spread spectrunm by modul ating the d e a
pseudo- noi se SPGB EHRC qu’ ansmit lg&%?a%%%%?ﬁef%gdia\fq‘lté:?ged by

signal distortion or an gnkecheri picdiBhURREYinfehtEoh Nbeislessicon pat h.
Shown i n- P e” %?f%nﬁ Spﬁp|l ?ed CIMMS%gnnunlcatlon system that involves

“a singl e cqupRixCadonmghatidlodiof gien a bt it sdee iy - dpleed by a

spreadi ng code which repeats a predeterm ned pattern generated by a

pseudo- n@icg@skpalir interface which greatly reduces the sSignal power
réquired for the global and assigned-pilots while improving
performance by using the quadrature phase shift keyed {QOPSK)

‘traffic signal for a particular channel to perform channel

”  esrimation and carrier recovery.

Descrlptlon of the Prior Art

Most advanced communication technology today makes use
of digital spread spectrum modulation or code divisional
multlple ‘access (CDMA) . Digital spread spectrum is a
communlcatlon technicue in which data is transmitted with a
‘broadened band (spread spectrum} by modulating the data @o be
traﬁsmitted.with a pseudo-noise signal. CDMA can transmit
data without being affected by signal distortion or an

lnterferlng frequency in the transmission path. '
Shownr in Figure 1 is a 51mpllfled CDMA communlcatlon
system that involves a single communlcatlon channel of a given .
bandwidth whlch is mixed by a spreading code which. repeats a
" predetermlned pattern generated by a pseudo n01se (pn)
sequence generator. A-data-51gna1 ;s modulgtgd‘wlth the pn
”sequenée pmoduting‘ea_digital'SPread spectrum signal. A
-Carrier sighalﬁis then wodulated with the digital spread

Spectrum éignal establishing a forWard 1ink, and transmitted.




sequence generator. A data signal is nodulated with the pn sequence
producing a digital spread spectrumsignal. A carrier signal is then
modul ated with the digital spread spectrum signal establishing a forward
link, and transmtted. -2- A receiver denodul ates the transm ssion
extracting the digital spread spectrumsignal. The transmtted data is
reproduced after correlation with thg_matching pn sequence. The sane
process is repeated to establish a reverse link. During terrestrial
comuni caty 8ce Brerl aBROHE LAk ithaat ransniGssbHr Had-¥ i hef 19ctdigncdye to
varying terrain and environnmental conditions and man-nade obStructions.
This proépcegdaspearamt tSﬁgjfalr ecdbged rengmat sedv ddtadiiff ercprgatiee del ays
at the receiver. This effect_is comonly known as nultipath propagation.
Mor eover , 2&45ER Eﬁfﬁe%ﬁ?%@%§WH@Pd9§H‘mﬁi R PacePgEengRt h Zhensame
anplltude nd carsier, ph o] the nulti conponents in. the
: p%oc SS 1 a%%% tIla§g§Qi é{gygegﬁasgng+$k

mul t i pat h* propaga i'Gh,the re rve udes and phases nust
be det er ni ned. DJﬂr% Q4,4 7Rk OB oRARn Den RS Ol et} c8aMTRAMl 2f ed data
signal, but typically, a nore precise rendering is obtained &7 conpar ed
to an unnmdulé&gﬂﬁﬁﬂegnaby et Imstiofl gibal t3Pr ady SRECIHHRGUStLN®, it 1S

nore effective to use an unnodul ated pilot- signal discrete fromthe
environmental conditions and man-made obstructions. This

_produces a plurality of received signals with differing time
‘delays at the receiver. This effect is commonly known as

“'multipathﬂpropagation. Moreover; each path arrives delayed

- at the receiver with a unique amplitude and carrier phase.

To identify the multiplé components in. the multipath

' propagation, the relative delays and amplitudes and phases

- must be determined. This determination can be performed with
‘a wmodulated data signal, but _typicélly; a more precise

rendering is obtained when Cdmpared to an unmodulated signal.

“In most digital spread spectrﬁm systems, it is more effective
to use an unmodulated pilot signal discrete from the
transmittéd modulated data by aSsigﬁing the pilot an
Vindividﬂal pn sequence. A global pllot 31gnal is most
valuable on systems where many 81gnals are transmitted from
~a base station to multiple use:s--.
| | In the case of a base stétiop”whiéh is trahsmitting many
1¢hannels, the global—piiOE siﬁﬁal-érovides the same pilot
sequence to the plurality of users sefviced‘by that particular
-base station and is used for ﬁhe initial acquisition of an-
lnd1v1dual user and for the user to obtaln channel estlmates

for coherent receptlon and for the comblnlng of the multlpath



transmtted nodul ated data by assigning the pilot an individual pn
sequence. A global-pilot signal is nost valuable on systens where nmany
signals are transmtted from a base station to nmultiple users. In the case
of a base station which is transmtting many channels, the gl obal -pil ot
signal provides the sanme 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.-estimtes for
coher e”foﬂc%ﬁ@d@:hi&ﬂ:e%ﬁdnﬁmifdﬂﬁ&mﬂﬁnmg@tmW%P@Wﬁaﬁﬁm FAOPEChoher ent
reception and for the conbining of the multipath conponents. Hovxﬁllgr, at

t he requited si. . St : sRinaPinaghghap g pesenup , 10

per cent & 3?%%%@5&%%@&@&%0%@9?58%&&. “Simlar multipath
distortion.affects a users reverse link transmssion to the base station.

| nsert i figrwand derehtipmaingapaaly-users return signal an assigned-pilot ny
consune up to 20 percent of the total reverse channels air capacity. A
typical priok;@aflhr SdaEedMidistoitie] afeds mnsEPs 0TS Bl bApsiFsI HhiCBi®hi nes  a
renmodul ated signal with a baseband signal to obtain a frequency offset
conponent. This frequency off. - ‘ bipged-pilgoataycorrects
the frela¥ndyif Yo W&ﬁﬁﬁkwgcﬁanﬁgh%@@lﬁ@%t ho?t1 phagtca and
anpl i tude estimation, noncoherent” or di ffereqr%isi(al | él? coherent reception

t echni qoessumestp be2f gefentol thexotdreverss jhamest U 3P4 a need

A typical prior art system is disclosed in EP 0 675 606 Al, which combines

a remodulated signal with a baseband signal to obtain a frequency offseﬁ COmpOneETH.
This frequency offset cornponentof the combined signal corrects the frequency offset
c_'omp‘onent of the chgnncl signal.

Withoﬁ phasc' and amplitude estimation, noncoherent or differentially
‘cohere.nt receplion techniques must be performed. Accordingly, there e}ds:ts anced .
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
In accordance with an aspect of the present invention, there is provided a
user equipment (UE) for carrier-offset recovery during reception of a
" communication signal over an air interface using a plurality of channels and a
pilot signal, comprising: an adaptive matched filter for receiving demodulated
communication signals producing a filtered signal by using a weighting signal; a

rake receiver for receiving the demodulated communication signals and a pseudo-




for a coherent denodul ation systemthat reduces the air capacity of the

gl obal -pil ot and assigned-pilot signals while maintaining the desired
air-interface performance. SUVMMARY OF THE | NVENTION I n accordance with an
aspect of the present invention, therg.is provided a user equipnent (UE)
for carrier-offset recovery during reception of a comunication signa
over an air interface using a plurality of channels and a pilot signal,

conpri si fise 3ol aRheMledgHE hestlddtéd @hahidl ART produdéhgdanfiled ateighting
conmmruni cation signals producing a filtered signal by using a weighting

signal; a rake recei Jor, receiving.the.denodul at ed icatio

i gnal s Selhpansder dehpinghe ffigt elghand il 8 cotrefNERE sl el and
producing a filter weighting signal; neans for defining the filter

wei ght i nepredogioal signalltozproduceethei waightipgadignalaised osaié adaptive imggiehed o
produce the wei ghting signal used by said adaptive matched filter; a

channel 1???:2 £ 8R%inel UespriaferS B4rC6di8 kefElA8N €ha i PERDID t& Jafl %ﬂaﬁl\iéé/ e

mat ched r output for dispreading said filtered Signal using

pseudo- noi s si.gnal rated far sai el ected channel, to pr.oduce a
Cospr eadneiiind oti9 cyasht Yor Gifhpahe aid siteal et CaME s, SRERS:
despreader for a pilot channel coupled to said adaptive matched filter
out put fsignaligenemaetl fur saad sklédted ehauhel itg paddursi mdespreasschatnehsigael ef gnal
generated for said pilot channel to produce -a despread pilot signal of

sai d pi Qg cHyapfRg! éhaﬁn@laradgﬂgtgjr:lﬂrﬂl’él !%?;ﬁ:gﬁ?ﬁ; fdggas gﬁépehﬁiﬂe? otbldd &

conpl ex conjugate processo receivit pread channel “signal of
hase- | GBRLANE TRFIGHEF SRTEADE SaPHadBEpHHddHro G as g
produci ng a phase correction signal
pseudo-noise signal generated for said pilot channel to produce a despread pilot
signal of said pilot channel; a hard decision processor in association with a
complex conjugate processor for receiving the despread channel signal of said
selected channel and producing said correction -signal; and a phase-locked loop
utilizing at least said despread pilot signal for producing a phase correction signal
which is applied to produce phase-corrected channel signals.
In accordance with another aspect of the present invention, there is
provided a user equipment (UE) for carrier-offset recovery during reception of a

~ communication signal over an air interface using a plurality of channels and a

pilot signal, comprising: a means for receiving demodulated communication

signals and producing a filtered signal by using a weighting signal; a means for
receiving the demodulated communication signals and a pseudo-noise signal
generated for a selected channel and producing a filter weighting signal; means

for defining the filer weighting signal with a correction signal, said correction




which is applied to produce phase-corrected channel signals. In accordance
w th anot her aspect of the present invention, there is provided a user

equi prent (UE) for carrier-offset recovery during reception of a

comuni cation signal over an air intgjface using a plurality of channels
and a pilot signal, conprising: a nmeans for receiving denodul ated

conmuni cati on S|gnals and producing a filtered signal by using a weighting

si gnal ; ns?%ﬂﬂ%‘atﬁs foQlice rtf?&%éi%lﬁ%:t% Ef‘gn‘éﬁ%%m%‘hhan e%cxﬁ {cBBd il#talss and a

pseudo- se si na generate a se and pro uci hg a
filter ht.i ng si gnal i efining the fi ht|n i gnal
with a \é%ﬁ%@élt qhgwegﬁglsamea%sd?% %3 rssﬁaﬂeénch &%‘ngdr Fbeb‘ HIGED ife

wei ghting signal used by said adaptive rratched filter; a channel

di spr eagiraducingnke fidteresisignslebeptic dor dspaedding saidl fildered ssgriad usagnthef or
producing the filtered signal output, for dispreading said filtered signa

. ¢ e :
Eﬂ)ggceqﬁ (f?(g-glpfeégdﬁg% o eﬂe%;(?gnfgf%%{(f‘égl%{eﬁr ec%gld&g ann ;ﬁ Pféot channel
di spreadi ng neans for a | ot channel, coupled to saj.d rreans

produci riarmd signal fespid |S§1ﬁ§13d&ha}!iﬂ?1 afaslowlsq&nshémﬁge%iaﬁlgj mGang PE& si gnal

usi ng a pseudo-noi se signal generated for said pilot channel to produce a

despr eaghilpt chainsdlgealpled ¢ 8hid pebwy fahpiodating thafitdred sigrad enyputgidrhe
despread channel S|gnal of sai d sel ected channel and producing said

correcti - as r |
utili ZI ?ﬁr?ﬂcﬂﬁéasg dasal Pg"’pragaaﬂ{ﬁ goﬁéeﬂﬂo%oﬁgé V\%I %ﬁ glkggllglﬁéﬁ?gﬂdg@g pr oduce
phase- corrected channel SI nals. -4-

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

receiving the despread channel signal of said selected channel and producing said

correction signal; and means for producing a phase correction signal utilizing at

least said despread pilot signal, which is applied to produce phase-corrected

channel signals.




O her objects and advantages of the system and nethod will becone apparent
to those skilled in the art after reading the detailed description of the
preferred enbodi nent. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
sinplified block diagramof a typical, prior art, CDVMA conmuni cation
system Figure 2 is a detailed block diagramof a B-CDVMA' comuni cation
system Figure 3Ais a plot of an irphase bit stream Figure 3Bis a plot
of a quadrature bit stream Figure 3Cis a plot of a pseudo-noise (pn) bit
sequence. Figure 4 is a detailed block diagramof the present invention

usi ng one pseudo-pil ot. signal ; with rrier-offse correction .i npl ement ed
at .the chip |3§§F?'ﬁFBEF5g53F§ gdﬁFgggg%ﬁaﬁﬁa%?%fgﬁs?%.ea?ed%$5%$£ Figure 6

is a di agram efcgnd eGMeArSYINGloR Rl ide iQPBKe sPNstRlh-al-hog; showing a
hard decision. -5- Figure 7 is a diagram of the angle of correction
corresponghd@draitiba asstghedieyriltheFpgaferBed sebadiiagham of t he

resul tant synbol error after applying the correction corresponding to the
assigned synbol. Figure 9 is a block diagramof a conventional phase-

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a simplified block diagram of a typical,
" prior art, CDMA communication system.
E;igure 2 is a detailed block diagram of a B-CDMA™
~communication system. |
Figure 3A is a plot of an in-phase bit stream.
-Figure 3B is a plot of a quadrature bit stream.
‘Figure 3C is a plot of a pseudo-noise {(pn) bit sequence.
Figure 4 is a detailed block diagram of the present
invention using one pseudo-piiot signal, with carrier-offset
correction implemented at the chip level.
Figure 5 is a block diagram of a rake receiver.

Figure 6 is a diagram of a received symbol p, on the QPSK

constellation showing a hard decision.




| ocked | oop. Figure 10 is a detailed bl ock diagram of the present

I nvention using a pseudo-pilot signal with carrier-offset correction

i npl emented at the synbol level. Figure it is a detailed block diagram of
the present invention using a pseudo-pilot signal and the MPLL, with
carrier-offset correction inplenmented at the chip level. Figure 12 is a
bl ock diagram of the multiple input pgase- |ocked |loop (MPLL). Figure 13
is a detail-ed bl ock diagram of the present invention using |la pseudo-pil ot
signal and therdrbkd, W ih acadtagrawf idet tihor kaglteornnd npberestednat the
synbol |evel. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The preferred
enbodi nentowréspdredides do kb afshoned epaied - to the drawi ng figures where
li ke numeral s represent ll&%- el ement s t hroughout . Y@%E-CDNA conmruni cati on
system 25 as sHbHHFS & agrag rgsy 1 Proofd24teEcei ver

29, which Ies r e L& ecei ver.
The trangﬁP ¥l?9'f$%|ncfre QEQS g?ﬁ% ?ﬁ?écéssofggi%ﬁﬁggheencgﬁési voi ce and
nonvoi ce si gnaﬂrﬁg&%mtesdat ﬁl@&kVa&hg&a’émrQEe§ cBn¥ent §8ha0 r Bhgse of 8 Kbps,
16 kbps, 32 kbps, or 64. kbps The -6-

rlocked loop. _

Figure 10 is a detailed block diagram of the present
invention ‘using a.pseﬁdo—pilot signal with carrier-offset
correction implemented at the symbol level.

Figure 11 is a detailed block diagram of the present
invention using a pseudo-pilot signal and the MIPLL,‘with
carrier-offset correction implemented at the chip level.

Figure 12 is a block diagram of the multiple input phase-
tocked loop (MIPLL). | -

Figure 13 is a detailed block diagram of the present
invention uéing\a pseudo-pilot signal and the MIPLIL, with

carrier-offset correction implemented at the symbol level.

DESCRIPTIONVOE THE PREFERRED EMBODIMENTS

The preferred embodiment will be described with reference
to the drawing figures where~1ike numerals represent'like~
elements thrcughout

A B- CDMA” communication system 25 as shown in Figure 2
includes a transwitter 27 and a receiver 29, which may reside
in eithef a base Statlon or a nmblle user receiver. The
transmltter 27 1ncludes a signal processor 31 which encodes
ﬁolce ‘and nonvoice s;guels 33 into data.at various rates, e.g.

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




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 transmtted signal in a multiple access
-envi-ronnent. First, the input data 33 which can be considered a bi-phase
nodul at'ed signal is encoded using forward error- correcting codi ng (FEC
35. For exanple, if a R= 1/2 convolution code is used, the single bi-phase
nmodul ated data signal becones bivariate or two bi-phase nodul at ed "si gnal s.

One si gnak; g$a1d93888588 siheeh Bopbas e ghapnede regphgnal s
desi gnat elgl%jﬁdel %gdr ature channel Q 41b. A cc?#gﬁhgﬁc‘%&ﬁ%%‘?t‘#‘% 'itﬁbghe form
a+bj , wheoe @idgd b car énr eabppnseinixers satddach. rBte phase nodul ated 3 and Q
signals are usually referred to as quadrature phase shift keying (QPSK).
In the preferrikxd wavodfmiackarpundaptyenstaper el yitormlates] foor the
constraint length of K=7 and a convo] utjonal c¢ode rate of R=Mare Gl=1718
37 and G 99338350 | At fe SEUUHY S, S1HP Y wotbid JRALE BhRIuREERES dat a or

symbol s 11 telte S8be0 WAL AROMLES PSSR Dol s, (ol seyence. The

resul ting sighal's are bther spread

signal s (ghgnnshsde hvdugcedi Eighant 5 5 pdgasiadd 2Q96S Folhi-iPLL£Gr( M xed)
with a carrier signal 51, -and transmtted 55. The. transm ssion 55 may

_correcting‘ coding (FEC) 35. For exam?le, if a R=k

convelution code is used, the single bi-phase modulated data
signal becomes bivariate or two bi-phase modulated signals.
One signal is designated the in-phase channel I 4la. The

other signal is designated the quadfaﬁure channel @ 41b. &
complex number is in the form a+lbj, where a'and b are real
numbers and f=a1. Bi-phase modulated i‘and'Q Signals are
uéuaily referred to as‘qﬁadrature phase shift keying (QPSK).
In the preferred ewbodiment, the tap genérator7polynqmials for
a constraint length of K=7 and a convolutional code rate of
R=% are G,=171, 37 and G,=133, 39.

In the second step, the two bi~phasé modulated data or
symbols 4la, 41b are spread with a cowplex pseudo-noise (pn)
sequence. 'I_‘hé resulting I 45a and Q 45b spi"éad sigrnials are
combined 53 with other spread signalé .(chanhels) haﬁing
different spreading codes, multiplied (mixed) with a carrier
signal 51, and transmitted.ss. -The_trané@ission 55 may
réontain a-pluralityrpf individual chanﬁelérhavihg:different
data rates.

" The receiver 29 includes a demodﬁlatdfiSVa, 57b which

mixes down the 'transmiﬁted.gbroadband signal ‘5% into ‘an




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 -7- 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, 43bh.ghich matches the conjugate of the
transmtted conpl ex code. Only the original waveforns which were spread by
the sanme cddgeaimetiatet ransiiiett efrQjuandy s of 5851 i vel ysdespd eadwnt her s
will appear as. noise to the receiver 29. The data 65a, 65b is then
passed ont gapvsirghan peéeess ofhessigerle thEbagebaning The QRS erigedion. -t he

convol utional ly encoded data, As shown in Figures 3A and 3B, a QPSK symbol
consi sts oft® oe; l]e%%lFF% r 9 B3Ch FHES rePhast R | Yithdthgadiosedite (Q

signals. The bit y. Lepresent ntiz veysion, of. an al og, sanpl e or
di gi tal da®s e %ggﬁlcﬁé“%gggcn a?e%‘%béoei g%adr a%?%nwpfc?sfngﬁgg?st ghﬁi t
duration. ThgihiAnsPst tad syabols e csprad el bin) W0 dhg 1 nQPSK
synbol stream by a uni que conpl ex pn sequence. Both the 1 and™Q pn
sequences amesfopaPr iwedtiof waerki t spreaamigenehat edame code at the

transmitter 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

- performed on. the conﬁolutionaily 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 syubols are spread by multiplying the
QPSK symbol stream by a unique complex pn sequeﬁce. Boﬁh the
I and Q pn SequenCes are.compriéed of a bit stream generated
at a wuch higher rate, typically 100 to 200 times the symbol
‘rate. One such pn sequenceé is shown in Figure 3C, The
_cbmpiex pn- sequénce is mixed with the-complex—symbél bit
stream pfoduciﬁg theﬂdigitaIISPread signal: The components
-of the spread sigﬁal are known as chips having a much smaller
duration too |
| 'When the signal is received and demodulated, the baseband
‘signal is ét the c¢hip level. Both the I and Q coumponents of

the signal are despread-USing the conjugate of the pn sequence

used dﬁringrépreading,-returning'the signal to the. symbol’




at a much higher rate, typically 100 to 200 tinmes the synbol rate. One
such pn sequence is shown in Figure 3C. The conplex pn sequence is m xed
wi th the conpl ex-synbol bit stream producing the digital spread signal
The conponents of the spread signal are known as chi ps having a nuch
smaller duration t.. Wen the signal is received and denodul ated, the
baseband signal is at the chip IeveI._&pth the I and Q conponents of the
signal are despread using the conjugate of the pn sequence used during
spreading, §etuyni nguife &l IN@he t Lot RErrsYNOtradt, | Gle EONRYSL; o due to
carrier-offset, phase corruption experienced during transm ssion nanifests
itself by digppo¥idnied bheind@rvnoupdsioh Ranbieiter BBself Haalkesrofdpet
correction. is performed at the chip level, it can be seen that overal
accuracy i nchearelsivideailochile watedicams - r el eaigrerobLfhet chopredtaie]
signal. Carrier-offset correction may al so be perfornmed at the synbol

| evel , but -#FtRerEesnedettaltheaiPadfretovidy&ian bsj seent Rartyeiialate is

much less than the chip rate,. | ess .overall processing speed is required

when the co??@@ﬁFﬁhlP§geﬁ§ﬁ%d§F %%éj§§ﬁ8§?”? vé’?°§§%g%hf§rgﬁ?t%%¥ﬂ?es f or

i“:\‘i:'n;_’?gf] E H%at Ed (Séi%n@tﬁgor(geﬁ:'}@'%r-&f&é Q@rﬁi{éﬂﬁm aad IBihed piridady esent
h at the symbol level, but with less ove:all accuracy. However,

since the symbol rate is much less than the chip rate, less

overall processing speed is required when the correction is

ddne-at-thensyﬁbol level.

System aréhitéctures for recéivexs taught in accordance
with the system and method of the present invention that do
not reguire large magnitudé pilot signals follow.- The
‘following systems replace the filtering, -dESpreading' and

.signal processing shown in Figure 2. -The sgaystems are

implemented with carrier-offset correction at both the chip

and symbol levels.

s 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.
-guadrature phése components is ipput and filtered uéing an
adaptiﬁé matched filter (AMF) 79 or othex adaptive filteriﬁg
means. The AMF 79 is a transversal filter (finite impulse
iesponse)-ﬁhich;uses filtexr coefficients 81 to overlay delayed

_ rép1icaé'of the received signal 77 onto each otﬁér'to.provide
a filtered signal 83 haviné an increased signal—to—noise ratio
(ﬁNR). The output 83 of the AMF 79 is coupled to a plurality.

iof channel despfeaders 8s,, 85,, 85, and a pilot despreader 87.




not require large, magnitude pilot signals follow The follow ng systens
replace the filtering, despreading and. .signal processing shown in Figure
2. -The systens are inplenented with carrier-offset correction at both the
chip. and synbol levels. As shown in Figure 4, a receiver using the system
75 and nethod of the present invention is shown. A conplex baseband
digital spread spectrum signal 77 conprPsed of in-phase and quadrature
phase conmponents is input and filtered using an adaptive matched filter
(AVF) 79 orimt hee BHAPETVRA f ePRRAFARAE metmis. TH%EAR/F?R?‘Q sianpk r¥thsiker sal
filter (finite i | se . response), whi.ch uses filjer coefficients 81 to
overl ay del‘é e%p'l’%%sao cp %EQF%CQ?\S/%?%fegrnaé'} 7o BRI Nihelt t o

provide a fi el B3-hayipg IcRE ed,$Lana -1Q:NQ tio
(SNR) - The ‘GOt HIREs R A oEhe) e At S AT el

despr eader sc§fune 85, widixh .ard degitaia daspreagderssl7wikh phespgeérseed
enbodi ment, n=3. The pilot signal 89.is despread with a separate

despr eader $%,.amBpn Saquwénceheilr oont enpditamedis wiate t dhannedrsnite ed dat a
77 assigned to channels which are despread 851, 852, 85, with pn sequences

931, 932, 9&srieahd® - oftrs Afeerthhdladtd R1EnShARRES afu despréad® 51, 852,
oot or5, (obtuclels B! ERBRS Yy, A1y, COHPIEh Lol o5, dggoders
" 99,. : '

The filter coefficientslel, or weights, used'in adjusting
the AMF 79 are obtained b?-the demodulation of the individual
multipath propagation paths. This opération is performed by.

" a rake reéeiver 101. The use of a rake receiver 101 to
compensate for multipath distortion is well known to those
'.Skilléd_in the communication arts.
| s éhown in Figure 5, the rake receiver 101 consists of
é.parallel_combination.of path demodulators (*fingers”) 103,,
103,, 103,, 103, vﬁﬁxﬁl'demodulate a particular wmultipath
componént. The piltot sequgnCe tracking loop of a particular
demodﬁlator is initiated by the-timihg estimation of a given
path as determined by a p@ sequence 105. In the prior art,
-a-piiét gignal is used for despreading-the_individual_signals
'_,of_the rake., In thié embodiment of the present invention, the
pn. sequence 105 may belong to,.ény channel 93, of the
‘commini.cat ion SYStém;:.The channe1 with the largest received
signal is typically uséd. .- |
| Each path’ demodula’_cor’ includes a cémple'x mixér 107,,
107;,'107,, 107,, and summer and latch 1090,'1091,.1092,‘109n.

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




99,. The filter coefficients 81, or weights, used in adjusting the AMF 79
are obtained by the denodul ation of the individual multipath propagation
paths. This operation is perforned by. a rake receiver 101. The use of a
rake receiver 101 to conpensate for nmultipath distortion is well known to
those skilled in the communication arts. As shown in Figure 5, the rake
recei ver- 101 consists of a parallel,_gggbination of path denodul ators
("fingers") 2030, 1031, 1032, 103, which denodul ate a particular multipath

conponent . jThe pijh9t SEqURRCeLACKdGihQAP 19k, 2 Def LT Gusar wiﬂﬁ"g@%' ator is

initiated by tThe tihing estimation of a given path as def'erm ne y a pn

sequence 1G5 sdvankihspPéadIsptidtrund sphel Bigrakreby UgeshFadddespeadi ng the
i ndividual. signals of the rake. In this enbodi nent of the present
i nvention, giwmalpn sekpanceul@iplayabidbongroduany ichaanpit 93intaf whe
comuni cati on system The channel with the | argest received .signal is
typical |y useehmBadiorpdiff.dedBaul bk i heTuddseTs dbnmpFerdfPdeto1fbs, 1071,
107" 107" and sunmer %nglat%p %-%gé 1qg',. 092th109é. sgg%fﬁgp %gke
el enent, t HFPHOLERIERIE L8 F25EM5Fed s AhHET, TRT oA 1 ; ne chip
and m xed Wé‘le.loyhel(}gke%tegeibgr 101 provides relative path values '
for each multipath component. The plurality of n-dimension
outputs 115,, 115, 1152,' 115, provide estima_.tes of the sampled
channel impulse response that contain a relative phase errox
 of either 02, 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 115 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 cofuponent set at zero. The error correction
119 signal of the present. invention is derived from the
despread chaﬁnél 95, by first performing a hard decision 121
on each of the symbols of the despread signal 95;. A haxd
decision processor 121 determines the QPSK constei_lation
position t-ﬁat is closest to tl"_ie dés'prea'd' symbol wvalue.
aAs shown in Figure 6, the Euclidean distarice processor
compares a received symbol p  of channel 1 to the four QPSK

constellation points x; ;, x,; 4, x; 3, x,4- It is necessary to

examine each. received symbol p,” due to corruption during

t’rahsmi‘s.sic.m 55 by noise and 'distcirtic_n_,, Whethei_: multipath or




baseband spread spectrum signal 113 thereby despreadi ng each signal. Each
mul tiplication product is input into an accunulator 109, 1091, 1092, 109.
where it is added to the previous product and | atched out after the next
synbol -cl ock cycle. The rake receiver 101 provides rel ative path val ues
for each nmultipath conponent. The plurality of n-dinmension outputs 115,
115;, 115, 115, provide estimates of the sanpled channel inpulse response
that contain a relative phase error of *&7ther 09, 90, 180, or 270.

Referring bagk: t Sﬁ%&%‘g@gﬁ’ n‘%‘lglv? R alai:]{y%ég{ nﬁg&@@%& f:!z‘ig‘ﬁ@k@i%(s;%‘ﬁ?.

recei ver aré cou mensi ona M xer Wi t h
each rake receiver oyt p 145 s CQrr i t eppve the relative
phase error-%gléjﬁt SREGTh g’c’hgjz'ra e “%u%%ﬁ??C%Aqgg %%{]:si%r?gﬂl E’}ﬁ% ]é?csﬁ&v&%conpl ex
- QPSK signal,- but with the quadrature conponent set at zero. The error
correction sTkiaraid shoorespils efhortieny ehiFiamaesdd @ndy ags igrumthhs
despread channel 951 by first perform ng a hard decision 121 on each of
the synbol sgy@bol heog@sinead, si gmale 95igiAabasgnbsle cici@inpkesessarel2l
determ nes the QPSK constellation position that is closest to the despread
synbol val ug; Asr-&&wwn in Figure 6, the Euclidean distance processor

~ conpares a received synbol pa of channel 1 to the four QPSK

Referring back to Figure 4, after undergoing each hard

symbol decision 121; the compiex conjugates: 123 for each
symbol output 125 are detérmined. A comﬁlex conjugate is one
of a pair ef 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 coéordinates x; ,, forming the <correction

signal 119 which is used to remove the relative phase error

containéd. in the rake ouﬁput. Thus, :the rake.-Odtput is
effectively derotated by the angle associated with the hard.
decision, removing the relative phase error. This qpération
effectively provides a rake that is driven by =z pilof signal,

‘but without an absolute phase reference. |

Referring back to Figure 4, the output 119 from the

CGﬁplex~conjugate 123 is coupled to a comp1Ex'ﬁ}aiménéiOna1

mixer 117 whereﬁeach output of the rake reCEiver 101 is mixed
with ﬁhe;cdrrection signal 119. The resulting products 127
are ﬁoisy eStimétes of the c¢hannel impulse respénse P as
shown in Figure 8. The error shown in Figure 8 is indicated

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




constellation points x1 ,, It is necessary to exam ne each. received
synbol p, due to corruption during transm ssion 55 by noise and
distortion, whether multipath or -11- radio frequency. The hard deci sion
processor 121 conputes the four distances d" d2, d,, d4 to each quadrant
fromthe received synbol p and chooses the shortest distance d2 and
~assigns that synbol location x_,,: The_original synbol coordinates po are
di scarded. Referring back to Figure 47 Yafter under goi ng each hard synbol

decision 121, t gl e | ugat es; 23 f ea b out.p! 125 are
MO A0 (08 Sl T3, And 6o TRk ORED

determ ned. A conple elso of "a pair of conp mets with
~identical reshpRatt h-Achenwlibhal Maginar y1par tsrdi fdRipiag opby dh sign. As
shown in Figure 7, a synbol is denodul ated or derotdted by first

det er mi ni ngiidemsdonpl exhayowlugat emafort 81 . asEhegréchnayhbebt Der sk Naties
form ng the correction signal 119 which is used to renove the, relative
phase erroris corpBidd tyn othdoraRassuf blitersTiid terhagr akeh owMuipatd

effectively derotated t he angl e ciated with the hard. _decision,
Cenovi ng. t IRCTRATA Ve (Rab U, S tbc, BERAPFBALONY Mt diy Aidvi des a

rake that g ghldelo Bhd 2! 95 . it s1dith S'GEROLL AR ARROLYLA RNgSe
' weights. The AMF 79 filters the baseband signal to compensate
for channel distortion due to multipath without requiring a
large magnitude pilgtlsigﬁall
Rake receivers 101 are used in conjunction with phase;
locked Iloop (PLL).133 circuits to femove carrier-offset.
Carrier-offset occurs as a result of transmitter/feceivér
component mismatches and other RF distortion. The present
invehtion 75 requireé that a low level pilot signal 135 be
producéd.by despreading 87 ‘the pilot from the baseband signal
77 with a pilot ?n sequence 91. The pilot signal is coupled
to a single input PLL 133. The PLL 133 ﬁeasures the phase
difference betﬁeeh the pilot signal 135 and a reference phase
of ©. 'The despfead_pilot signai 135 is -the actual érrofﬂ
signal coupled to the PLL 133.
A conventional PLL 133 is shown in Figure 9. The;éLL 133
' inclﬁdeé an-arctangentiaﬁalyzer.136, complex filter 137,'an
integrator'139 and a-phése;toécomplex—number converter 141.
The pilot sigmal 135 is‘thé error signal input to the‘PLL'iBB
aﬁd is ééupled to the.éomplex filter 137. The complex filter
137 includes two gain étages;-aﬁ integrator 145 and a summer
147. The output from the comwplex filter is coupled to the

integrator 135. The integral of frequehcy ig phase, which is




Referring back to Figure 4, the output 119 fromthe conplex conjugate 123
Is coupled to a conpl ex n-di nensional mxer 117 where each output of the
rake receiver 101 is mxed wth the correction signal 119. The resulting
products 127 are noisy estimtes of the channel inpul se response p, as
shown in Figure 8. The error shown in Figure 8 is indicated by a radian
distance of it/5 fromthe in-phase axisi3-12- Referring back to Figure 4,

t he out puts 129 of the conplex n-dinensional mxer 117 are coupled to an n-
di mensi onal cghRHRe48stomitier ceBYertae dhhnnelhesphase oPutBl: 140 ais

lurality of lo ass filters filtering each nultipath conponent. The
gutputs of_Fﬂgpxggi§8n§i883V8ﬁ¥§5r£%g?%§F§1‘ﬁﬁﬂﬁFgﬁ t8et RBa2g= yenahese
signal s act t ﬁ&ﬁ 9.f 1l 1er ' Sy cdNE; 79.filters the seband
signal'to-céﬁ%%ﬁggie F%rs%ﬁgﬁthrgﬁgggg ﬁgE ﬁﬁ@ﬁﬁgm%ﬁFfF%%?ﬁ %ﬁ?ﬁ%ﬁt
requiring ayyl arggdeRgnk sl Riak0bp&igNidnsRake damBtyeive, 1Qheabgepsed in
conjunction with phase- |ocked |oop (PLL) 133 circuits to renove _
carrier-of f 3¢% .of Cirer PE&L- 388 skt owutheaseadbaskl| ol inkanshe téestfenk €cei ver
conponent m snmatches and other RP distortion. The present invention 75
requires thédf-a low | evel pilot signal 135 be

By implementing the hard decision 121 and derotation 123

of the data modulation, the pfocess provides channel

- estimation without the use of é large pilot signal. If an

.'rerrorlgccurg_during the hard decision process and the quadrant
of the received data symbol is mnot assigned correctly, the
-prbcess,suffers a phase error. The probability of phase error
_is reduced, however, due to the increased signal-to-noise
ratio of the traffic‘channel. The errors that occur are
filtered out. during the channel-estimation énd carrier-
‘reqoveryrprqcesses. The traffic éhannel is apbroximately 6
dB stronger (2x) than the level of the despread pilot.

As described earlier, the present invention can also be
performed with carrier-offset correction ét the symbol level.
An aiternative embodiment 150 implémented at the symbol level
is shown in Figure 10. The differenbe-between‘the chip and
symbol level processes occur ;where the output of the
‘eonventional PLL 133 is combined. .AL the symbél level, the
'PLL‘Output 140 does not undergo chip conversion 141 and is
" introduced into the AMF 79 weights after the rake recéiver 101
by another n-dimensional mixer 153. The phase correction 140
;féedback must also be mixed 154,, 154,, 154, with the outputs

95;, 95;, 95, of each of the plurality of channel despreaders




produced by despreading 87 the pilot fromthe baseband signal 77 with a
pil ot pn sequence 91. The pilot signal is coupled to a single input PLL
133. The PLL 13.3 neasures 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 includgg_an arctangent anal yzer 136,
conplex filter 137, an integrator 139 and a phase to-conpl ex- nunber

converter 144, gB)e Pbl GndshgRall 186 dscH haLbupusi iRl N 10 Jhe PLL
133 and is coupled to the conplex filter 137. The conplex filter 137

I ncl udes twlegarendiradds, an integrator 145 and a sumer 147. The out put
fromthe conplex filter is coupled to the integrator 139. The integral of
frequency i's phddeshaiRchn iFégurg-1loyppathayGliteraseiveonrbotienend 1.93The
phase output 140 is _coupl ed a converter 141 which converts the phase
Conal i hEPS COnYPERREIR G’ (5P ARG 1 ST e Wageming Sigeal 17,
Since the l{ﬂé%-fﬁ%ﬁl Rer -0 & LN | E%]E% t, 149 of. the PLL
133 is al so t?é feegbaCK Fbop intéitﬂggé€%%%ﬁf i %g&?#p?%%%ﬁlﬁ % he hard
deci si on 12dn@ndederatalli @y 123 rafiahheadtatd: meguh Bt iken, chde RPHEesSs

pr ovi des. channel .

- conjugate. The alternate approach 193 uses a plurality of
channel despreaders 851, 85,, 85, and the pilot despreader 87
as inputs to & multiple.input-phasenlocked loop (MIPLL) i57
shown 41 Figure 12. Since edach of the despread channels 95,
§55, 85, contains an ambiguous tepresentation of the pilot

-,signal, a small signal pilot 135 is required to serve as an.
absolute reference. The despread symbols from all channels
in copjunétion-with the despread.small signal pilot signal are
input to the MIPLL 157.

7 Referring.to‘Figure ;2} ﬁhe output from éach channel 95,
95,, 95, is coupled to a hard:deciSioﬁ/cpmplak conjugate
operation 159,, 159, 159n. The dexotated pseudo-pilots 16111-
161;, 161, are then mixed with the delayed symbols producing

a complex voltage error 163,, 163,, 163 The error 165,, 165,,

n-

165, is input into a converter 167,, 167,, 167, 167, which
5takes an inverse tangent cohvgrting the complex number into
a phase error 169,, 169,, 169,, 169,,. Each phase error 169,,

169,, 169,, 169, is input -into a max i mum likelihood combiner

‘171 which assigns various weights to the plurality of inputs
and produces a sum output.-fﬁlso inc¢luded. in the sum is the

.small signal pilot 135 phaSe 169.,; which is despread 135 and




estimation wthout the use of a large pilot signal. If an error occurs
during the hard decision process and the quadrant of. the received data
synbol is not assigned correctly, the process suffers a phase error. The
probability of phase error is reduced, however, due to the increased
signal -to-noise ratio of the traffic channel. The errors that occur are
filtered out during the channel -esti matisen and carrier- recovery processes.
The traffic channel is approximately 6 dB stronger (2x) than the |evel of
t he despr eadowidmted A§7.dsscihbedeightiingr of tthe predénpiloventdrml ey al so be

performed with carrier-offset correction at the synbol level. An

- al't er nat i vebenpeRhafse 1§6nPﬁpFEﬁmﬁﬂ%ﬁf af Pﬂ%@?ﬁﬂﬂﬁﬂs l evel is shown in
Figure 10. The ffer en th Chlp Iev Gesses
occur where thedgﬁfﬁﬂf 6? qgwg%onv&% tPShat f&f %?t“%%lnedp  the

symbol | evel dff@r -Jlfse@UtRi AAQLLASNSL lan%n@,@eghlfaleey}vq&%' Wl and

Is introduced Into the AMF 79 wei ghts after the rake receiver 101 by

anot her n- digmiIEdORal affl XefegkaBor THEY phate auivetki oendddbudeatbage must

al so be n1xed 1541, 1542, 154. with the outputs 951, 952, 95, of each of

t he plural iégtbﬁam\awﬁ'\etth%ie@@ﬂefmie@f%ﬂ fgsquergs? Wi831 thendalmodetel56 wi t h

the output 135 of the pilot despreader 87.
phase error removed by the unambiguous pllot signal. The

integrator accumulates the history of the summed signal over

. many samples. After integration, the estimate of the phase

-érfor;is output 179 converted to a complex voltage and output

183.

Referring back teo 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 embodiment vrequires -additional
resources and complexity, the MIPLL 157 architecture can-be
éfficiently imbiemented and executed in. a digital signal
processor (DSP).

Referring now té tﬁe alternative embodiment 195 shown in
‘Figure 13, this embodiment 195 mixes the output of the MIPLL
lsv‘at the symbol level. The MIPLL 157 is mixed 197 with the
output of the rake receiver 101. lAs described above, the
.butpuﬁ of the rake receiver 101 is at the symbol level. The

' éyhbol—&é—éﬁip conversion 181 in the MIPLL 157 architecture
iS'disabied.r Since the output 183 of the MIPLL 157 is mixed
‘with the outputs of the rake 101 which are uséd‘oniyvfor.the
AMF 79 weights, the phase correction for carrier-offset must

be. added to the portion of the receiver that processes traffic




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’
recei ved synbol after despreading and derotated by a radi an anount equal
to the conplex conjugate. The alternate approach 193 uses a plurality of
channel despreaders 851, 852, 85, and the pilot despreader 87 as.inputs to
a nultiple input phase-locked loop (MPLL) 157 shown in Figure 12. Since
each of the despread channels 951, 952; 95. contains an anbi guous
representation of the pilot signal;*™ small signal pilot 135 is required
to serve as an absolute reference. The_ desprgad s | s, fro .. channel s
‘i n conj yaghitoftheiraite mna'vdewiaauttmamb%kqﬁ&ﬁb‘i SIYB%%E%%'EHW %r%“%%lﬁ%ut to
the MPLL 157. Referring to Figure 12, the output fron1eaq€@;g3%g§L.951
951, 95n,i S GO t A=t s i AW &0 B e (eanitpgel 83 obier n 1591,
1592, 15§i.m%?m%tl§te pé%&%%ﬁ%ﬂg 1611, 1612, 161. are then mixed
with the del ayed synbols producing . a £x vol t age .er, - 632,
163x. THE7as mixed e4ih, the @gmuts obgie q@cilﬁg%c e ﬁs%g%‘\‘}g'rf%‘gﬁ‘%‘gglﬁ, 7 672,
167,, 167, which takes an.inverse tangent converting the conpl ex_ nunber
into a phase @L@:@méé&%wﬂeﬁ@ﬁar h6Qer-off6&. muyst Heaidegiiadke pertsin alb®e, 1692,
16 i's I rput

69. ; oy into a m_axi mum I i kel i hood conbiner 171 which assigns
various veights to the plur gl ¥.al | APpffatity of mixers 199, 199, 199,

'dowﬂs,-treani of each channel despreader 85,, 85;,85,and 2 IIﬁJFGI‘ 193 downstreain
of the pilot despreader 87 are therefore r;equired to mix the phase-corrected output
| 183 (al the symbol level) as feedback into the system. |

| Tlic present invention maintaims the transmitted pilot signal ata {ow level to
provide an absbluie phase réferencc while reducing pilot intexference and incrcasiqg

air capacity. The net effect is the virwal elimination of the pilot overhead.




and produces a sumoutput. Also included in the sumis the small signal
pilot 135 phase 169,.,1 which is despread 135 and -15- converted 167at, .
The weighting of the small pilot signal may be enphasized since its phase
i S unanbi guous. The output of the conmbiner 173 is the estimate "of the
carrier-offset and is, coupled to a conplex filter 175 and coupled to an
.integrator 177. Al channels contribute to the estinmate of the
carrier-offset frequency with the absot (it e phase error renoved by the
unanbi guous pilot signal. The integrator accunulates the history of the
summed signal over nany sanples- After integration, the estimte of the
phase err8kAIMBs output 179 converted to a conpl ex voltage and out put
183. Referring back to Figure 11, the output 183 of the MPLL 157 is
coupled to a conplex m xer 185 upstream of the rake receiver. This

completes UheLert o geAghhOE ty LBkl oA EXER, BRSNS, ot

S anal  SSPBEUGERO B ovREHLAF Jef HRSSIS & Pl of haRReLb b pHDIRETALL05

shown in Figure 13, this enbodi ment 195 mi xes the output of the MPLL
comprising:

an adéptive matched filter for receiving demodulated communication signals
producing a filtered signal by using a weighting signal;

arake receiver for receiving the demodulated communication signals and a pseudo-
noise signal generated for a selected channel and producing a filter weighting signal;

means for defining the filter weighting signal with a correction signal, said correction
signal to pfodﬁce the weighting signal used by said adaptive matched filter;
| achannel despreader for said selected channel coupled to said adaptive matched filter
output for despreading said filtered signal using the pseudo-noise signal generated for said
selécted channel to produce a despread channel signal of said selected channel;

a pilot channel despreader for a pilot channel coupled to said adaptive matched filter
output for despreading said filtered signal using a pseudo-noise signal generated for said
pilot channel to produce a despread pilot signal of said pifot channel;

a hard decision processor in association with a complex conjugate processor for

receiving the deSpread channel signal of'said selected channel and producing said correction

signal; and




157 at the synbol level. The MPLL 157 is m xed 197 with the output of the
rake receiver 101. As described above, the output of the rake receiver 101
is at the synbol level. The synbol-to-chip conversion 181 in the MPLL 157
architecture is disabled. Since the output 183 of the MPLL 157 is m xed
with the outputs of the rake 101 which are used only for the AM 79

wei ghts, the phase correction for carrier-offset nust be. added to the
portion of the receiver that processest&raffic -16- output of the rake
receiver 1QL is at the synbol |evel. The synbol -to-chip conversion 181 in
the MPLL 157 architecture is disabled. Since the output 183 of the MPLL
157 is mxed wth the outputs of the rake 101 which are used only for the
AVP 79 wei ght Bhaserecksddeer wilizingmt leant savt dasprenil pilotsignebfor pusiicing agdidsd t o
the portion of the receiver that processes traffic data. A plurality of

m xers 18&iectibiSZanal Blich iﬁ@pplﬁddﬁ@@ﬁ&difce%ﬁi’b—@&%f&ﬁ'chﬁﬁﬁ?ﬁi@ﬁﬂ@f 85" 852, 85"
and a m xer 193 downstream of the pilot despreader 87 ar€ therefore
required to m x the phase-corrected output 183 (at the synbol |evel) as
feedback into the system The present invention maintains the transmtted
pilot signal at a |ow]level to provide an absolute phase reference while
reduci ng pi | o0& i ntier BeAecording o rdaigndi figthenicompepiagia plurdlite ofechashblect i s
the virtual elinmnation of the pilot overhead. -17- CLAIMS: 1. A user

equi pmendespidajicdspgach asupled toshidadiptiveeQuetied fHisr bitgul BERRpleMnPEaid filtered

signal each using an associated pseudo-noise signal generator to produce a plurality of

despread channel signals.

3. The UE according to claim 2 wherein the number of channel despreaders is

three.

4. The UE according to claim 2 wherein said phase-locked loop phase correction

signal is at a chip level and is applied to said demodulated communication signals.

5. The UE according to claim 2 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 compares each
despread channel signal symbol to one of four possible quadrature constellation points and

assigns each of said symbols to a nearest constellation point, and said complex conjugate




communi cation signal over an air interface using a plurality of channels
and a pilot signal, conprising: an adaptive matched filter for receiving
denodul at ed conmuni cation signals producing a filtered signal by using a
wei ghting signal; a rake receiver for receiving the denodul at ed

communi cation signals and a pseudo- noise signal generated for a sel ected
channel and producing a filter weighting signal; neans for defining the
filter weighting signal with a correcti%n signal, said correction signal to
produce the weighting signal used by said adaptive matched filter; a
channel despreader for said selected channel coupled to said adaptive

mat ched filter output for despreading said filtered signal using the
pseudo- nBIOSesser daratateyenedrefisaid sy mbolsdiydietesringng mmbnytianceljugate pf cadkofsaid
~despread channel signal of said selected channel; a pilot channel

despr eadsysigned paindé loirogiag] c&%bl%ﬁ@igh@l, sai d adaptive matched filter

out put for despreading said filtered signal using a pseudo-noi se signal
generated for said pilot channel to produce a despread pilot signal of
said pilot channel; a hard decision processor in association with a conpl ex
conjugate processor for receiving the despread channel signal ofsaid

sel ected charfhel dt¢ PFodersdrdigesta d¢labor 2 exhdrein sasd grhase-lawkdd -loop -further - -
----- a phase-locked loop utilizing at |east said despread pilot signal for
pr oduci ngpnaprises aluralityr Edapas cSireipahdb ivith dafl oAl

phase-corrected ?hantri:ﬁgl si%nal s.@g@ T\r:% TIE aclgor dihﬁgf‘%i%nglégi%nﬁ&a eur?'t her
conprising a plurality of channel despreaders, each coupled to said
adaptive matched filter output for despreading said filtered signal each

usi ng an associate% pseudo- noi se signal generator to produce a plurality of
7. The UE according to claim 6 wherein said phase-locked loop further

comprises:

a hard decision processor in association with said complex conjugate processor 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 to produce a corresponding phase correction signal; and

said respective channel phase correction signal and pilot phase correction signal
coupled to a maximum likelihood combiner producing a combination correction signal

coupled fo an integrator to produce said phase correction signal.

8. The UE according to claim 7 wherein the number of channel despreaders is

three.




despread channel signals. 3. The UE according to claim2 wherein the nunber
of channel despreaders is three. 4. The UE according to claim2 wherein
sai d phase-1 ocked | oop phase correction signal is at a chip level and is
applied to said denodul ated commruni cation signals. 5. The UE according to
claim2 wherein each of the plurality of channels is a conplex, bi-phase
nodul at ed signal conprised of synbolséaﬂpluding i n-phase and quadrature
conponents representing data, said hard deci sion processor conpares each
despread channel signal synbol to one of four possible quadrature
constellation points and assigns each of said synbols to a nearest
constellation point, and said conplex conjugate 19 processor derotates
each of sai d sPnbol $hol/Edetendigto nim | oiepdigsaid phisedati@ddbo ricdtifn
assigned points to produce said correction signal. 6. The UE according to

claim 2 wigkeisat § 'rﬁbmé@eﬂz-h&)&ka‘g i i EJS plural ity of

i nput s correspondiﬁr}g with said ?ﬂ%‘gﬁ 3 {;ﬂ(ﬁ#&S{?é%ﬁ@%%%ﬂgﬁﬁ@&spg{&sggege}he UE
accordin o c¢laim6.wherein said phase-|locked | oop further conprises: a
har d decig%gﬁgﬂﬁggéggﬁ‘SFﬁm5§i@$fE@ﬁ6ﬁamWﬂHe%%ﬁﬂb@bnplex conj ugat e
processor with a |ocal feedback |oop for each of said corresponding

channel despreader inputs to produce an error estimte signal for a
respective channel signal; each said error estimte signal and said

despreader pif@! STIRNYE aOMRAIRE thoclaih ignﬁlg{l]%p co gﬁgﬁ ty @?&%ﬁgiﬁgﬁh%}rfé&oduce

a correspondi ng phase correction signal; : sal d reSpective hase
correcti ﬁgsp%a%g%l, ea%ﬂ%ot% l!:(? fo sgmﬁgpt?v%rtﬂeﬁgﬁéd%ﬂtc?é)l?tggtl for despreading said filtered

signal using an associated pseudo-noise signal generator to produce a plurality of despread

channel signals.

11. The UE according to claim 10 wherein the number of channel despreaders is

three.

12. The UE according to claim 10 wherein said phase-locked loop further

comprises a plurality of signal inputs corresponding with said plurality of channel

despreaders.

13.  The UE according to claim 12 wherein said phase-locked loop further

comprises:




coupled to a maxi mum | i kel i hood conbi ner produci ng a conbi nation correction
signal coupled to an integrator to produce said phase correction signal

8. The UE according to claim7 wherein the nunber of channel despreaders is
three. -20- 9. The UE according to claim| wherein said phase-|ocked | oop
phase correction signal is at a synbol level and is applied to said filter
wei ghting signal and to said despread _ghannel signals of said channel and
pi |l ot channel despreaders. 10. The UE according to claim9 further
conprising a plurality of channel despreaders, each coupled to said
adaptive matched filter output for despreading said filtered signal using
an associ at ed pseudo-noi se signal generator to produce a plurality of

despread chanmetd drcipia procdsior fihesddBati@aaetos fgnplex ehRjubhtd Grodesidivii e
nunber of channel despreaders is three. 12. The UE according to claim10.

wher ei N $aiatl FRMAG |RHHBH ehOBF it LRI SR RLY 3Li 4 v of . si.anal
i nputs correspondi ng g\’n th sal Jc;if pﬁ&)g‘ﬁ{ﬂfv of %‘ﬁzﬁ‘?{’éﬂ%’ e&ﬁ@ﬁf%‘ﬁ%’fg’r&?n §39F The
UE accorditﬁ_ﬂ tg cl ai m?ﬁjt_z' \/\gere'i n sgid phase-locked | oop further conprises:
-21- a h&PYIYEIPL? BiiPHiye byl signals soci ation with a conpl ex conjugate
processor with a local feedback |oop for each of said plurality of signal
i nputs, each grcbdifcaidghannd error estsatesmidesald despraadeppititisichat baged wsignal ;

inverse tangent processor outputting a channel phase cotrection signal; and

said channel and pilot phase correction signals coupled to a maximum likelihood

combiner producing acombination correction signal coupled to an integrator to produce said

phase correction signal.

14.  The UE according to claim 13 wherein the number of channel despreaders is

three.

15. A user equipment (UE) for carrier-offset recovery during reception of a
cominunication signal over an air interface using a plurality of channels and a pilot signal,
comprising: |

a means for receiving demodutated communication signals and producing a filtered
signal by using a weighting signal;

a means for receiving the demodulated communication signals and a pseudo-rioise

signal generated for a selected channel and producing a filter weighting signal;




each of said channel error estimtes and said despreader pilot signal
coupled to an inverse tangent processor outputting a channel phase
correction signal; and said channel and pil ot phase correction signals
coupled to a maxi mum |ikelihood conbiner producing a conbination
correction signal coupled to an integrator to produce said phase
correction signal. 14. The UE according20 claim 13 wherein the nunber of
channel despreaders is three. 15. A user equi pnent (UE) for carrier-offset
recovery during reception of a comrunication signal over an air interface
using a plurality of channels and a pilot signal, conprising: a neans for
recei vi ng denndula&gﬁ ommuni cation signals and producing a filtered
signal by usi f§358 ﬁﬁ&‘ %f‘sﬁl&ﬁéﬂe;gfémgémngl wigh a ¢qereetivi signalleidiermdibat ed
comuni cation signals and a pseudo-noise signal generated for a sel ected

channel afghapteguiuducegthe weigltting sigial biddrtey SidaRptive AAtchEB#e,:f or defini ng
the filter weighting signal with a correction signal, said correction

signal to proguys: Mo chg ' . y.sai d adaptjve natched

filter; a channe%HEQ?S%gﬁggﬁéﬁﬁ%i%gﬂ?@@%§§§§B§%$%ﬁ tﬁ?qgﬁghﬁépgﬁ@ﬁﬂﬁﬂ@ﬂ to
said neans for roducing the filtered signal output, for despreading said
filtered Pg?%*ﬁmg tﬁ% ?‘ﬂ‘ redisiensd auipyt forfespreadigs spidgiteeedisipnnl using sl peadb-ect ed

channel to produce a despread channel signal of said selected channel; a:

pi | ot chagisebigdalgenenattidfgr smdsededial chanmil koprodh@niRkpres@IInGE sig?laf@qsgldm ans
i

for producing the filtered signal output, for despreading sard tered
si gnal usélege@chaREdo- noi se

a pilot channel despreading means for a pilot channel, coupled to said means for
| producing the filtered signal output, for despreading said filtered signal using a pseudo-noise
signal generated for said pilot channel to produce a despread pilot signal of said pilot
. channel; |
means for receiving the despread channel signal of said selected channel and
producing said correction signal; and
means for producing a phase correction signal utilizing at least said despread pilot

signal, which is applied to produce phase-corrected channei signals.

16. The UE according to claim'15 further comprising a plurality of channel
despreading means, each coupled to said means for producing the filtered signal output, for
despreading said filtered signal each using an associated pseudo-noise signal generating

means to produce a plurality of despread channel signals.



signal generated for said pilot channel to produce a despread pil ot signal
of said pilot channel; neans for receiving the despread channel signal of
sai d sel ected channel and producing said correction signal; and neans for
produci ng a phase correction signal utilizing at |east said despread pil ot
signal, which is applied to produce phase-corrected channel signals. 16.
The UE according to claim 15 further _ggoprising a plurality of channel
despreadi ng nmeans, each coupled to said nmeans for producing the filtered
signal output, for despreading said filtered signal each using an
associ at ed pseudo-noi se signal generating neans to produce a plurality of
despread channel signals -23- 17. The UE according to claim 16 wherein the
number of chahhel §8ebFeansorting treelnim 16 whureie the fumBereofdhanmdt AleslirBstih
claim 16 wherein said phase correction signal is at a chip level and is
appl i ed weeaggiskhenodul at ed comruni cation signals. 19. The UE according to
claim 16 wherein each of the plurality of channels is a conplex, bi-phase
nodul at ed signal conprised of synbols including in-phase and quadrature
conponents representing data. 20. The UE according to claim 19 wherein said
means for producing said connection signal includes: a-decision neans for
conparing eacht-deshreddt aeenidingto gnignbh wherehdaid phaseyenrodotibo signaliostsi dhke
guadrature constellation points and assi gning each of said synbols to a
near est levehatdeik lappli@htopalddémdiidhted communication signals.

19.  The UE according to claim1 6.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.

20. The UE according to claim 19. wherein said means for producing said
connection signal includes:

a decision means for comparing each despread channel signal symbol to one of four
possible quadrature constellation points and assigning each of said symbols {o a nearest
constellation point; and

a processing means for derotating each of said symbols by determining a complex

conjugate of each of said assigned points to produce said correction signal.

-




a processing neans for derotating each of said synbols by determ ning a
conpl ex conjugate of each of said assigned points to produce said
correction signal. -24- 21. The UE according to claim 16 wherein said nmeans
for producing said phase correction signal conprises a plurality of inputs
corresponding with said plurality of channel despreading neans. 22. The UE
according to claim2l1 wherein said negp for producing said phase
correction signal further conprises: d decision neans in association with a
processing neans with a | ocal feedback |oop for each of said correspondi ng
channel despreading nmeans inputs to produce an error estinmate signal for a
respective channel_signal; each said error estimte signal and said
despreader pi4lot shhgdak agenrdingdo clpimd 6iwhaseissaidiraeape for produsiag said pliesens t o
produce a correspondi ng phase correction signal; and said respective ’

channel ghestionsighalcbinprised mﬁia{iwlﬁt‘iﬂ@dt@éqrmgﬁ&ﬁlh‘fg)ﬂtﬁﬁéihgﬁlr§ﬁ Q#thanfi@uP! ed

to a conbi ni ng nmeans producing a conbi nation correction signal coupled to

an int ec%s?féaﬁ& r@@@g to produce said phase correction signal. 23. The UE
according to cl % m wherein the nunber of channel despreading neans is

three. -25- 24. The UE according to claim 15 wherein said phase correction
signal is at a synbol level and is applied to said filter weighting signal
and to said despread channel signals of said channel and pilot channel

despr eadi ng #2ans Th2$IE dherdifg aeclaiml2ngvhiceeis bal Meafls Fordrb@icitLRa priRI 2
plurality of channel

correction signal further comprises:

a decision means in association with a processing means with a local feedback loop
for each of said corresponding channel despreading means inputs to produce an error
estimate signal for a respective channel signal;

each said error estimatg signal and said despreader pilot signal coupled to an inverse
tangent processing means to produce a corresponding phase correction signal; and

said respective channel phase correction signal and pilot phase correction signal
coupled to a combining means producing a combination correction signal coupled to an

integrating means to produce said phase correction signal.

23.  The UE according to claim 22 wherein the number of channel despreading

means is three.



despreadi ng neans, each coupled to said neans for producing the filtered
signal output for despreading said filtered signal using an associ ated
pseudo- noi se signal generator to produce a plurality of despread channel
signals. 26. The UE according to claim25 wherein the nunber of channel
despreading neans is three. 27. The UE according to claim 25 wherein said
means for producing the phase correctison signal further conprises a
plurality of signal inputs corresponding with said. plurality of channel
despreadi ng neans. 28. The UE according to claim 27 wherein said nmeans for
produci ng the phase correction signal further conprises: -26- a decision
means in assogiati ith a ,rocessinq means with a | ocal feedback |oop for
each of said g‘ﬂur aﬁl % wEoﬁ‘CCﬂ aato tlapui § whesein spidophase egrrectionrsigial éshi #at e
for a respective channel signal; each of said channel error estimates and

sai d despymbhdklevpl dmt issipghiad t« saipfit@r mimngisﬁyﬁlaﬂd&@@ﬁa%éﬁ%ﬁ&@ﬁ |y
means outputting a channel phase correction signal; and sal d channel and

pi | ot ph@%ﬁa&‘?ff@&iﬁ?&h&%éhﬂ&‘ﬁh& %g%@él%gspéga@%n%éiﬂn%m | i kel i hood conbi ner

produci ng a conbi ni ng nmeans” cor 1on'sig led to an integrating
means to produce said phase correction signal. 29. The UE according to
claim 28 wherein the nunber of channel despreading neans is three.

25.  The UE according to claim 24 further comprising 2 plurality of channel
* despreading means, each coupled to said means for producing the fiitered signal output for
- despreading said filtered signal using an associated pseudo-noise signal generator to produce

- a plurality of despread channel signals.

26.  The UE according to claim 25 ‘wherein the number of channel despreading

means is three.

27.  The UE according to cIaim;’QS- wherein said means for producing the phase
correction signal further comprises a plurality of signal inputs corresponding with said

| plurality of channel despreading means.

28.  The UE according to cla‘im;27 wherein said means for producing the phase

correction signal further comprises:




~26-

a decision means in association with a processing imeans with a loéal 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
inverse tangent processing means outputting a channel phase correction signal; and

said channel and pilot phase correction signals coupled to a maximum likelihood
combiner producing a combining means correction signal coupled to an integrafing means

to produce said phase correction signal.

29.  The UE according to claim 28 wherein the number of channel despreading

means is three.




