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1 CANCELLATI ON OF PILOT AND UNWANTED TRAFFI C SI GNALS I N A CDVA SYSTEM
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel ates generally to digital comunications. Mre specifically, the
i nvention relates to a system and nethod which cancel s the gl obal pil ot
signal and unwanted. traffic signals froma received code division

mul tipl e access _.si gﬂgl ; eby renpving themas interferers prior to
decodi ng. Descr F%’t'l on o 4 ﬁ&%NBP”)WTq%W%&Gﬁmm@aﬁsmchno| ogy

t oday nakes use of a co L cation technique in which data is transmtted
with a broadened band by“h }?);#ﬁ%nﬁ’%t ﬁgEd&W'SI% transmtted with a
pseudo- noixg 1P HOI ¥ ventiEnt €ChNol ogy is known as -digital spread
spectrum or code divisional nultiple access (COVA). By transmttihg a

signal with a hiendgirdsbniucinvaigaher rehakekhesignalibapgwi can
transmt data w thout being affected by si gn? di stor}thi on o(?{%nta

o~

interferi sguuiicgénny- i Mot apearisiicsslilgn paieh infbntfoShevhids Rigure 1 is

a sinplified, single channel CDMA comunication system A data signal with

a. gi ven banWFEhand dnekbady wiiich eergrlmdihey sdebal gehtetatsibinl aph

sequence ,GGREral Ot RERNCI ;A i otal, spread spectrumsignal. The
muitiple access signal thereby removing thé‘m as interferers:

prior to decoding.

Description of the‘ Prior Art
~ Advanced communicatioh technology today makes use of a
communication technique in which data is transmitted with a
brqadened band by modulating the data to be transmitted with
a pseudo-noise (pn) signal, The technology is known as
digital spread spgctrum or code divisional multiple access
(CDMA) . By transmitting a signal with a ,béndwidth nuch
greater than the signal bandwidth, CDMA can transmit data
without being affected by signal distortion or ah interfering
frequency in the Eransmis'_sion path.
Shown in_F:‘..gure_l is. a simplified, single channel CDMA
- communication system. A data signal ﬁith a given bandwidth
is mixed with a spreading code generated by a pn sequence
genéirator producing a digital spread 'ééectrum signal. The
signal which carries data for a specific channel is known as
a traffic signal. Upon reception, the data is reproduced
after correlation with the same pn séquence used to transmit

the data. Every other signal within the transmiésion

bandwidth appears as noise to the signal being despread.



-signal which carries data for a specific channel is known as a traffic
signal. Upon reception, the data is reproduced after correlation wth the
same pn sequence used to transmt the data. Every other signal within the
transm ssion bandw dth appears as noise to the signal being despread. 2
For tim ng synchronization with a receiver, an unnodul ated traffic signa
known as a pilot signal is required for every transmtter. The pil ot
signal allows respective receivers to synchronize with a given

transmtteg, alihow,ns AesRbaadingPf wachr af f ikeceSianal sat Jn%dﬁ?&@éd’er I'n
a typl cal conmuni cati on syst em a base stati on conmmuni cat es with a

plurald i OF siigdbyi durlwnsubscrd bpisot | xa¢nan mMdi lrequlbeqbase statyon
which transmts many signals, transmts a global pilot signal common to

t he pranadidterof usthies sganvicesidneglt hatlpast imdpactbhase reiedtviean ato a

hi gher power |evel. The global pilot is used for the initial acquisition
of asvigidioniidgavituser gaveh ftopnshitisser al bowvtamidaspriayiial- eStd raedési¢ or
coherent reception and for the combining of nultipath conmponents during
receﬁ%gQﬁﬂ i FhPaFRyeiva¥-a reverse direction, each subscriber transnits a

uni que assi gned |Iot for communicating with the base station. by
having a At ehFRG Fh SEHHEREETH &% | 3 &3FEcBHBL: O™ HEWE S c2 ‘é‘f"gr/

Si gnaltshac'{é,l%sraﬂolc}z P Jtndll?rg_lgcffrseur]]ocecrlbggs gl: }Ra%! o@l J‘ﬂgl}ufleand thr a%% % pl | ot

si gnat's” ar &€ noi se 5i despr ead the

and ééétfahw%fl%ﬁ ££%{Jr4ﬁs%gﬂgl s%gﬁ%‘i'sq @ﬁaﬁgfmvseg gRLL Q1 Eslqoc&e%géﬁl ng a

desired signal, the overa noi se woul
common to the plurality of users serviced by that particular base

station at a higher power level. The global pilot is used for the
initial acguisition of an individual user and for the user to obtain
signal-estimates for coherent reception and for the combining of
multipath components during reception. Similarly, in a reverse
direction, each subscriber transmits a unique assigned pilot for
communicating with the base station.

Cnly by having a matching pn sequence can a signal be decoded,
however, all signals act as noise and interference. The global pilot
and traffic signals are noise to a traffic signal being despread. If
the global pileot and all unwanted traffic signals could be removed
prior to despreading a desired signal, much of the overall noise would
be reduced, decreasing the bit error rate and in turn, improve the
signal-to-noise ratio (SNR} of the despread signal.

Some attempts have been made to subtract the pilot signal from

the received signal based on the relative stfehgth of the



be reduced, decreasing the bit error rate and in turn, inprove the

signal -to-noise ratio (SNR) of the despread signal. Sone attenpts have been
made to subtract the pilot signal.from the received signal based on the
relative strength of the ..... e -3- pilot signal at the receiver.
U.S. Patent No. 5,224,122 to Brackert-3di scl oses a spread-spectrum noi se
cancel er which cancels a portion of spread-spectrum noise signal in the
recei ved BirgREl SBgngdnatattihey resedstanrat &b Si gindlerdy Npr dadiavy, 122 heo known
signal . Subseguently, the known signal is processed out of the received
spr ead- spBERFORTSI %‘aﬁlcwes%bﬁr SR ReC el el bee segngelerorhich

denodul ated_form of the received spread-spectrum signal, Were the
esti mat edcgflﬁﬁ’i\fss 9 spoﬁgﬁ‘@?atogg %%’égﬁgbﬂj‘? ErUfp oidfe StPdhe iphdate

i nformati he, ignal s, recejived fro base station in_a prinar

'!ser vi ng Ic?a nggﬁg %Hé arrplYiSI %%Eaitrllpgr?‘r%te’isotnl"farrgo% Fﬁgnﬁ‘jﬂ R¥ S%’?e"’ffiﬁrtglfo-pat h d
. Si I i j I e 1. WD 98 43362 t

SePT i oreubhes e sa AN sl ROBNECRESIIALY ot HRMRRE L MR AT S, ©

Yellin et a di scl oses a

noi Sy uUSegusi @halhe MR d TP AL TRNEHIH IS g@ghaﬁhgﬁ[mfg&iﬁgn%%se of

pilot signal and its interference effect the particular user si

However , ¢beigateagbhighaluedcn ndie alemEEH] 2t &1 CPEFACLET gl S?reééiirved
calculating interference due to the plurality of received signals wth

di f f er entspresd depaysreaussidityl. 1 ef | BRéronsHile estamheeral 8ighi i pal h
propagati on makes power |evel estinates
: - generated based on the amplitude and the phase information of
the known signals received from a base station in a primary
- serving cell, and the amplitudes information from the noise
of multipath signal and the noise signal from a secondary
serving cell. WO 98 43362 to Yellin et al. discloses a CDMA
noise canceler by detecting at least one noisy user signal
from a spread-spectrum signal and removing the noise of pilot
signal and its interference effect the particular user signal.

However, the strength value is not an accurate characteristic

for calculating interference due to the plurality of received

Mo’

signals with different time delays caused by reflections due
to terrain. Multipath propagation makes power level estimates
unreliable.

There is a need to improve overall system performancé"by
'removing multiple noise contributors from a signal prior to

decoding.



unreliable. There is a need to inprove overall system perfornmance' by :
renoving nultiple noise contributors froma signal prior to decoding. -3a-
SUMVARY OF THE | NVENTI ON Exanpl e enbodi nents of the present invention seek
to reduce the contributive noise effects of the global pilot signal and
unwanted traffic signals transmtted 433-a spread spectrum conmuni cation
system Exanple enbodi nents of the(ggresent i nvention seek to effectively

t

cancel the gl obal pil ot and Ut TEﬂEaFFY%NE%m (s) froma desired

traffic signal Exatphe r ea@bdehcptd Obft ocgkecpdifight Thaveesidd | BgeBi gral has

an inpre%% dcsi n@-wékguns .gatio” Acco:%%p Iy h% eind sirib.d is a
code di vi $i°on ?‘rulq:thi pl € gcl(?él&: Eorﬂﬁjﬁleca?{ tgys?%m F’@ceqj\ijgjra \M’ﬁ’@‘r?tr educes
the cont siibublvendoiwseaeté@ctsaffom thenglid otraanchiackdvan unwamntaad
traffic signals. Furthernore, exa Ie'enb%gine tse%ﬁothe {gs%@ttggyeption
seek to |n%rove thé H%S|red”traf?¥€x?}gnalX§Nﬁr%y |§%ﬂ%§|ng t he'°noi se

ef fect s ofprekenyl dbadntpichotseaid tackiffect iaflfiy cansefnahs. globalccorldance with
one aspect,of [AE, PLESENL 4+ NVENT].ON. () LNGLE LS Lovided a-ppbile user
receiver conflgureg %o renove §%1ecféd srgnal s fion a frag?lc §%gna| prior
to decodi rg, at heceipdi |rriggertor geepdéng conPre siasgltangeceyvaer teaviamg an

i nput increased signal-to-noise ratio.

Accordingly, herein described is a code division multiple
access communication system receiver which reduces the
contributive noise effects from the pilot and active, unwanted
traffic signals.

Furthermore, example embodiments of the present invention
seek to improve the desired traffic signal SNR by eliminating
the noise effects of the global pilot and active traffic
signals.

In accordance with one aspect of the present invention,
there is provided a mobile user receiver configured to remove
selected signals from a traffic signal prior to decoding, the
mobile user recelver comprising: a receiver having an input
configured to receive communication signals from a transmitter

over an air interface; the input input to a traffic signal
canceller configured to cancel unwanted traffic signals and
having an output; the input alsc input to a pilot signal
canceller configured to remove a global pilot signal and
having an output; and whereby the ocutput of the pilot signal
canceller is subtracted from the output of the traffic signal
canceller to provide an output, said output being free from
unwanted traffic signals and the glcobal signal.

In . accordance with a second aspect of the present
invention, there is provided a mobile user receiver having a
global pilot signal canceller configured to remove a global
pilot signal from a desired traffic signal prior to deccding,

the mobile user receiver comprising: a receiver having an



configured to receive comunication signals froma transmtter
the input input to a traffic signal canceller configured to
the input al so input

interface;
cancel unwanted traffic signals and having an out put;

to a pilot signal canceller configured to renove a global pilot signa
out put; and whereby the outgg} of the pilot signal canceller

havi ng an

subtracted fromthe output of the traf
out put, saimguout putfibgireg ftee faiveunwamied carabhi csisjrgnal sfamd tahe

over an air

and
is

Ic signal canceller to provide an

‘global signal. |n accordance &P %F%F%%”d as§g$ve 1ﬁ%g$ggr§3fgﬁ%ﬁ%5 pi | ot

i nventi on,

there is rovﬁﬁegu e use

si gnal carﬂﬁ@phfead@orﬁncgw eﬁsn@edenmﬁéfla; glighal dmpmac&lrgaad:hmen@ desired
| 9naly Oé%%%tdecao%é'&i od h&a;@}%c esf‘sner rSCRI YL, Gonpry Si ng:

traffic s
receiver

havi ng an i'nput “configure

froma trenesareeerelatdoan deutpeat ; séhe §hyhdl qoupitediespraagdobaltmpit! ot .
fi I ’ i unme
r é)eeﬁe& d@é' deoaJ ls réh i dgﬁﬁ%frﬁg}%f S%Pcé‘a‘ﬁa(}g?%“ ah

despr eader,
out put ;

Sired traffic S|gna gl oba Cross-corre

devi ce; sdﬂﬂpgrobaﬁapﬁloﬂnd@§préﬁéﬁﬁgbmtpd@tem@UphEH t deal g Iomﬂsnﬁength

det er m ni ng deyi £&y %“dh“%aé'a UL DU 3L d5 P 'rcg’%viséer %’&géﬂtde&%{ igng

device output "nultipli th sald cross-cor

ation Vi ce out put;

and

a

t0 receive €o nlcatlon S|gnals

said mul tfpriedigd oHH‘é‘tﬂu%@bﬁlﬂla@thQfefdr oo symyeanedt putret o4& dsaldiem red
traffic sigrakegdespreader swﬁ@ptde&;rwera@@x QueRULL | RYe LHE dEBLEEd draffic

signal fr

ee fromthe gl obal pilot signa
the desired traffic signal free from,the global pilot signal.

In accordance with a third aspect of the present
invention, there is provided a mobile user receiver having a
traffic signal canceller configured to remove at least one
unwanted traffic signal prior to decoding, the mobile user
receiver comprising: a receiver having an input configured to

receive communication signals from a transmitter and an

output; the input coupled to a desired traffic signal

despreader having a desired traffic signal despreader summed
cutput; and at least one unwanted traffic signal canceller
comprising: an unwanted traffic signal despreader having an
input coupled to sald desired traffic signal despreader summed
output and having an unwanted traffic signal despreader summed
output; the unwanted traffic signal despreader comprising an
unwanted traffic signal code generator and a mixer for mixing
an output of the generatcr with the input to preoduce +the
unwanted traffic signal despreader summed output; said
unwanted traffic signal despreader summed output coupled to a
hard decision processor having a phase output and a data
output; said hard decision processor phase output coupled to a
low pass filter, said low pass filter having an output; said
low pass filter output coupled to an input of a processor that
filters the product of the unwanted traffic signal to desired
traffic signal cross-correlation outputting the unwanted

traffic signal strength; said processor output multiplied with



In accordance with a third aspect of the present invention, there is
provided a nobile user receiver having a traffic signal canceller
configured to renove at |east one unwanted traffic signal prior to
decodi ng, the nobile user receiver conprising: a receiver having an input
configured to receive communication sjgnals froma transmtter and an
output; the input coupled to a desired traffic signal despreader having a
desired traffic signal despreader sunmed output; and at | east one unwanted

traffic signal ganceblers: HoMRldsSi Ao wient eduieaffie signaly dgspreader
having an input coupled to said desired traffic signal despreager sumred
out put and®PH@¥itngdahl iffiight 88 t3af Bidgustapbt dEPpiéaeer semBEvaRifchut; the

unwant ed tyaffiric 8b8akedaSREEAIEF GO YULIEATL@Nan URRE 8¢ LI abfdG.si gnal
code generator and a mxer for mxing an output of the generator with the
i nput to PFPdUGEtEhRrOTRTRAt BAVITIRAP EUsPYhal S3ies priddmé fX s uRfBHV Gt ;

said unwgiedskbaf biep e gnakadespr eadeimpwsmedn P gowpkede oy hard
deci si on processor  having a phase output and a data output; said hard

deci si on prédédSori Prs €066t Pute dUESFeBaY 7% a0 SWERAss $4i%t er, B | ow
pass filteudpavi Bguple®UWdDUl; i8p0€ of QW Ppassnbi btey PtdRUEoe0URsLthd 0O an

i nput of a processor that filters the product of the unwanted traffic
signal to FeSUEHT t PAFTi T8 HiTaldUBPoBEOERF Y A SButPutti HPthe funwant ed
traffic signabmsiifingt hhasaigd pfiocRSEetadoLd PYhifulddnpirbeddedM bl -S0id sai d
hard deci %ﬁu‘i@igi‘h@rou&%‘ﬁtut‘?’i tatl]m? rg?!llitdi pcljxin%utha\éifngsg{]d amplifier 1is

coupled to an adder which subtracts the output of each

variable amplifier from the output of the desired traffic

-signal despreader to obtain the output.

In a fourth aspect of the present invention, there is
provided a method for removing selected signals from a traffic
signal comprising: providing an input configured to receive
communication signals from a  transmitter over an air
interface; inputting the input to a traffic signal canceller
having an output equal to a desired traffic signal minus
unwanted traffic signals; inputting the 1input to a - pilot
signal canceller to remove a global pilot signal and providing
an output equal to the desired traffic signal minus the global
pilot signal; and subtracting the output of the pilot signal
canceller from the output of the trxaffic signal canceller to
provide an output.

In a fifth aspect of the present invention, there is
provided a method for removing the global pilet signal from a
desired traffic signal comprising: providing an input for
receiving communication signals from a transmitter over an air
interface; inputting the input to a global pilot signal
canceller having a global pilot signal canceller output;
coupling the input to a global pilot despreader and a desired
traffic signal despreader each having a summed output;
identifying a desired traffic signal and providing a glcbkal

pilot cross-correlation device; coupling the gleobal pilot



out put delivered to an adjustable anplifier; an unwanted traffic code
generator output coupled to an input of a conplex conjugate processor
havi ng an out put; said conplex conjugate processor output mxed with a
conpl ex conjugate of the desired traffic signal code by a m xer having an
output; said mxer output coupled to-gn input of a sumand dunp processor
havi ng an output; said sumand dunp processor coupled to an input of an
anplifier having an adjustable gain controlled by said nultiplier output;
and said Qiét%lfteagérsaéﬂm@gpl blfﬂj:p?urt i $6 CQU%JQ_Q)tt Os@Pe@rf&er d%éﬁ@lrﬁqgt racts
the output of each variable anplifier fromthe output of the desired
traffic <legR&r de3pteader™ t GUBBERi n MHE IBhYpUT. i a PEGEt hSBEPELh of the

present i neREMQAin ha@ele§ ogfw& dedirR mekhod-JQr chepoyvingrsehested
signals froma traf gnal conmprising: providing an input configured to

receive COYRRUAY ca?tqbéﬁangri’ﬂal §19 r BH BLR &GS Rt aBrCtovigiomanthd rdes et f ace;

i nputting ttﬂa&fllaptstlghgzadters,gf:éa@erm Giiihe £ABCEINET afAVHMN A 194t Pide equal
to a desired traffic_signal minus unwanted traffic signals; _ inputting the

input to &iFEH tjé?@ﬁ'cﬂ sdgpelf&e fféo?‘eﬁ%%eglé’bé‘lloﬁjalr“p F:§82&t gnal and

providing an auhpwt =fuakst anbhexdesirgdst baf fine sg;gsn;@kn il smé byl obal
pi |l ot signal; ?)nd subtracting the out put of the pilot signal  canceller

fromthe SUEPUPSGP™EhBPPREFF ¢ %itdivae @%&é??eﬁnt ghe pfbvi gt avHUHPut. In a
fifth _aspemueabmmhxelcmtam@t arfi¥entre@ing hene idetaprevi desew grbhod f or

removing the global, pi oL gignal, froma



desired traffic signal conprising: providing an input for receiving
communi cation signals froma transmtter over an air interface; inputting
the input to a global pilot signal canceller having a gl obal pilot signal
cancel l er output; coupling the input to a global pilot despreader and a
desired traffic signal despreader each having a summed out put;
identifying a desired traffic signaﬁ—and providing a global pilot

cross-correl ation deyreei SO ENS Fggﬁg QL - 3d- despreader summed
output to a pil ot strength determ ning evi ce havrng an out put;

mul ti-plyi ng tshigrupiel Dt st 4 engigl i Feke bTLBkNG: 4VAk eoPUL AYE; Y L. f he
cross-correlation device output; subtracting the multiplied prdduct from

t he desitd qqm@PﬂF@aGAQﬂuﬁYSdespreader sumed out put; and outputting the

desired traflrc signal free fromthe global pilot signal. Qher objects and
advantages ofJ@WEesﬁ§teH§aiddﬁE?h8di pPrkbedeswaappes eat B-coMABSe ski | | ed

in the af %QX% teleconnunrcatrons after readi ng the detained :

descrlptlon 5?' e pre erred enbodi nent. -4- BRIEF DESCRI PTI ON OF THE

- DRAWNGS Fi gurigukel 253 33/ Pl ddiad il oglediipgiam.of, aprior art,  COWA
communi cation system Figure 2Ais a detaile oc araﬁraﬁ ©X B- CDVAT
comuni catmber sydtgmieki.gure 2B is a detailed system diagram of a conpl ex
. .Figure 3A is a plot of ad in-phase bit stream. |

Figure 3B is a plot of a quadrature bit stream.
QW). - . Figure 3C is a plot of a pseudo-noise (pn) bit sequence.
- Figure 4 is a block diagram of a global pilot signal
cancellation system according to the present invention.
Figure S is a block diagram of an unwanted traffic
signal({s) cancellation system according to the present

invention.

Figure & is a diagram of a received symbol p, on the QPSK
constellation showing a hard decision.
Figure. 7 is a block diagram of a combined pilot and

unwanted. traffic signal cancellation system according to the

present invention.

DESCRIPTION OF THE éREFERRED EMBODIMENTS
The  preferred embodiments will be described with
reference to the drawing figures where like numerals represent
like elements throughout.
A B-CDMA™ communication system 17 as shown in Figure 2
includes a transmitter 19 and a receiver 21, which may reeide

in either a base station or a mobile user receiver. The



.nunber nultiplier. Figure 3Ais a plot of an in-phase bit stream Figure
3B is a plot of a quadrature bit stream Figure 3Cis a plot of a

pseudo- noi se (pn) bit sequence. Figure 4 is a block diagramof a gl obal
pil ot signal <cancellation systemaccording to the present invention.
~Figure 5 is a block diagramof an unwagted traffic signal(s) ‘cancellation
system according to the present invention. Figure 6 is a diagramof a
recei ved ' sywbsbupeteth Shdnghgdescanstighhdt puacedswr ng3 avhichl ergiddon
Figure 7is a_bl ock diagramof a conbined pilot and unwanted traffic signal

cancel | at i SRAEG TR FIordis e P& ERtai abelprdnus DENCRIABEION OF THE
PREFERRED ENB e.pr rred enbodi nents w ll .be desgri.bed with
reference to ?%e‘l draﬁi %’g P?S%%eg{lﬂﬁér &P KE-RietsF s 1PEBrEsdnd? 15h& |
el enents t Beadgheitn & BaChMALSEMANY Caiif SYst e JhadspifRohddyFigure 2
i ncl udes aBtransm'tnt er 18 and a receiver gﬁ whi ch may regligevmféné]sécjizt her a -
base st ati envirommanthi | ®ivse; thReeinpit dAEa-Ghidl agsHi bé etoddiddidaides a
signal processor 23 which encodes voice and nonvoice signals 25 into data
at - var i ousapbi -phasss mogplasgdosigaskgisuntcoded wsbps Ewxward cimed-+ n t he

generation of a trans ',ttecz siignal ina mlti El e access
. correcting coding (FRCy 27. One signal is designated the in-

)

. phase chammel I ‘33x. The other signal .is designated the .

~quadrature channel ( 33y. Bi-phase modulated Iand Q signals

are usually referred to as ‘quad:.rature phase shift- keyiﬁg
{QPSK) .

. In the second step, the two bi-phase modulated data 61:

symbols 33x, 33y are spread with a complex, pseudc;)—noise {(pn)

-.sequénce 35I, 35Q using a complex number muitiplier 39. The

operation of a complex number multiplier 39 is shown in Figﬁre

2B and is well understood in the art. The spreéding operét‘ion

can be represented as:

(e4ig) X ([450) = GI50) + j6:Qyl) Equation (1)
= a-l-ilv. |

LY

A complex number is in the form a+jb, where « and b are
real numbers and [f=-]. Referring 'back to Figure 2a, the

resulting I 37a and ( 37b spread signals are combined 45a,

 45b with other spread signals (channels) having different

spreading codes, wultiplied (mixed) .with a carrier signal 43,



environment. First, the input data which can be considered a.bi-phase
nodul at ed signal is encoded using forward error- correcting codi ng (FEC)
27. One signal is designated the in- phase channel | 33x. The other signal
is designated the quadrature channel Q 33y. Bi-phase nodul ated | and Q
signals are usually referred to as _%gadrature phase shift keying (QPSK).
In the second step, the two bi-phase nodul ated data or synbols 33x, 33y
are spreadawWddamamGereleexqy pse ; NPJ . segilence 351, 35Q using a
conpl ex nunber nultiplier 39. 'llj'ﬁ% g%%‘?%télgognmo gycglr%l St Ber® mul ti plier
39 is sholwmrahify guff en®@Briahwdli sigehis understood in the art. The spreading
operation can be represented as: (x+jy) X (1+41Q = (xI-yQ + 1(xQtyn
Equation (1) Thejpegetonpl 8k hrbsles s idenchimlboom a%hp, 4ohesgiéh and b are
real numbers and 12=-1. Referring back to Figure 2a, the resulting 137a
and Q 37B* %P7 eS8“Gi gHAT s EPESEEHhebrazdbandspignah 67 herithprided si gnal s

. (channel ‘i g, di spreadin odes,, multiplied (mxed)wth a - .
“cartier tsgji)gna t4%ng%£ﬂé% t4r3a%§%’ tatnegnﬁﬁ?meﬁfeatter ﬁﬂg?ﬁeé-’s?’o’ﬁq@%y eontain
a pluraidy oibi ndiavidnsi@nal Sonthesf&ECLLSE i.ncl udes -a .denodul at or
49a, 49b which m xes down the trar??m’ t?ed br oa%%%%dé}{sél gér#ﬁnab[ﬁth t he
- transm thdswpaat 1 | Thel DPIK osignallnEBA NESHIAL s Qddn €1 1EERMVSNCYng
. mixed 56 with the locally gene—rated complex pn 's'equence 35T,

35Q which matches the conjugate of the transmitted complex

- code. Only the original signals which were spread by the same
- code will be despread. B2All other signals will appear as ﬁoise
to the receiver 21. The data S7x, 57y is coupled to a signal
processor 59 where FEC decoding 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 £, is equal to bit duration.
The transmitted symbols are spread by multiplying the

QPSK symbol stream by the complex pn sequence. Both the I and

Q pn sequences are comprised of a bit stream generated at a

much higher frequency, typically 100 to 200 times the symbol
rate. One such pn sequence is shown in Figure 3C. The
complex pn sequence is mixed with the symbol bit stream

producing the digital spread signal (as previously discussed) .



51a, Sib. A second down conversion reduces the signal to baseband. The
QPSK signal 55a, 55b is then filtered 53 and m xed 56 with the locally
generated conpl ex pn sequence 351, 35Q which matches the conjugate of the
transmtted conplex code. Only the original signals which were spread by
the sane code will be despread. Al o§her signals wll appear as noise to
the receiver 21. The data S7x, 57y is coupled to a signal processor 59
wher e FEC Thec corpgnestpearff cheesgposrd el grednssd u&ﬂoﬂﬂahbycl@{p“@dﬁiirﬂ%a- ' As
shown in Figures 3A and 3B, a QPSK synbol consists of one bit each from
bot h t he ianupiads en@@ilezndutpaibmieure (Q signals. The bits may represent a
quanti zed version of an analog sanple or digital data. It can be seen that

synbol durati Wheh, the €igmal 19 RideiPeEAEheBemballadd, 20881 b &4, 5yqPol s are
spread by nultiplying the QPSK synbol stream by the conpl ex pn sSequence.

Both the kignthl PRSeHHEEEES W w1ICOMHSECIne 1 Anhl b Stk eherated at a
much hi gher frequency, typi c?l y 100 to 200 ti mesntah%2 syr‘gcg.{&—‘g:rsgtc’etfle One

such pn s@@HeNnce jicsaa3NoWe | e &b LAY . The, counl. sequence i s m xed
wi th the synbol Bng?l stream %r%’ducfnggtlﬁé 3‘.“& téﬁ]%?ggd ogﬁgﬁf;? &y

previ ousl gedueadesahed -darihhe spRepAIRRL S tHe H1EnaPr eaduShgNEL e known as .
chi ps having, a nmuch smaller duration t. Wen the signal is received and
denodul at dbphe lprséband '

The embodiments of the present invention are shown in
Figures 4, 5 and 7. The global pilot signal cancellation

system 61 embodiment is shown in Figure 4. A received signal

r is expressed as:

Equation (2)

r:ocgp-l—ﬂgf-t—n

where the received signal r is a complex number and is
comprised of the pilot strength « multiplied with the pilot
codec,, summed with the traffic strength f multiplied with the

traffic code ¢, summed with randowm noise =n. The noise =

} : includes all received 'noise‘ and interference including all

other traffic signals. To cancel the global pilot signal from

A

the received signal r, the system 61 must derive the signal

strength of the pilot code =~ where:

o« + B Equation (3)

since the global pilot is transmitted at a higher power level

than a traffic signal.



signal is at the chip level. Wen the | and Q conponents of the signal are
despread using the conjugate of the pn sequence used during spreading, the
signal returns to the synbol |evel. The enbodi nents of the present
invention are shown in Figures 4, 5 and 7. The gl obal pilot signal.
cancel l ation system 61 enbodi ment is shown in Figure 4. A received signa

r is expressed as. Equation (2) r @P + = where the received signal r is a
conpl ex nunber and_is conprised of the pilot strength multipli&d with the
“pilot codec," SUAEI S FTT e hR Rk £ 4 StumEnest Pver Fikei pEaudtideh t he
traffic code c,, sumed with random noi se n. The noise n includes al

recei ved {Abi BeSfF i nterference including all other traffic signals- To
cancel the global pilot signal from the received signal r, the system 61
must derive the signal strength of the pilot code where: " x p Equation

- (3) since the global pilot,is transmtted at a highe ower leyel than a
traffic signal. Wien the réteiv §ﬂg%af'£"1s sunmed %9§F%?Pﬁe?xkquation :
(2) becones: F.r = ~Ec + PE" + E"~, Equation (4) :

Referring to Figure 4, the received baseband signal r is

input 63 into the pilot signal cancellation system 61 and into

a pilot despreader 65 which despreads the pilot signal from

the received signal r. First mixer 67 despreads the received

\"5../

signal r by multiplying with the complex conjugate e, 69 of

the pilot pn code used during spreading yielding:

Equation (5}

P P

Erc. = 0CI}cc" + Bzctc’: + Enc;.

A complex conjugate is one of a pair of complex numbers with
identical real parts and with imaginary parts differing only
in sign. |

The despread pilot signal 71 is coupled to a first sum

and dump processor 73 where it is summed over time. The first

R

sum and dump 73 output O, is:

) . E tion (6)
Oy ==L + BEeg, + Tne, e

where I, is the product of the pilot spreading code ¢, and the
complex conjugate of the pilot spreading code ¢, summed over

L chips.



pt Referring to Figure 4, the received baseband signal r is input 63 into
the pilot signal cancellation system6l and into a pilot despreader 65

whi ch despreads the pilot signal from the received signal r. First m xer
67 despreads the received signalr by multiplying with the conpl ex
conjugate c," 69 of the pilot pn code used during spreading yielding:
,Cp + ()FctcA + Enc Equation (5). ‘rcp = -3~C p A conplex conj ugate IS
“one of a pai r &ke cempland manper3 mtbutl(dgpié; CabupPal 031414 3)%%

imagi nary parts differing only in sign. The despread pilot sidgnal” 71 is
coupl ed t 613te¥ Kt sThe bowl phenp A110eeS YOI dd8eYREhHEs| Ehésmé a‘{'[ over time.

The first _-sum and dun{> 73 output QGa, is: Equation (6) , =OL+p EA+E. | Cp
where L i §°Fh"éa by gdgeel grompnnesiti-ot Ther mednngataderot, pﬂ%&%aﬁl@' ex

conj ugat e ggséhceo rl I ot sgreadl n% code cc* summed over L chips. -9- The sum
and dunp 73°8TipiRebatietcdfpreyot gnd |58 Yasshe | feen ¥BIughefl alepass

filter 75ngleterm ngs t he nean value for each signal conponent. The nean
val ue for Ptiort FAFFFIOTCr fdsegofidraring 15 Zthe sadosd dmi tdnﬂrﬂean val ue

of the .
terms in Equation (6) become zero. The low pass filter ¥5

output O over time is:

- Equation (7)

g

The low pass filter 75 output Oy  is .coupled to a
processing means 77 to derive the pilot code strength «. The
processing means 77 calculates « by dividing the low pass

filter 79 output O, by L. Thus, the processing means 77

output O, is

O =« Equation (8)

The pllgt spreading code cp' complex conjugate generator

.
69 is coupled to a complex conjugate processor 79 yvielding the
pilot spreading code <. The pilot spreading code ¢ » 15 input
to a sedond mixer 81 and'mi.xed with the output of a traffic
_spreading code &' complex conjugate generator .83. ©  The

resulting product from the second mixer 81 output is couplea

to a second sum and dump processor 85. The output O of the



noi se n. Therefore, after filtering 75, the second and third terns in
Equation (6) becone zero. The |ow pass filter 75 output Ow over tinme is:
Equation (7) ) The low pass filter 75 output O is coupled to a
processing neans 77 to derive the pilot code strength ". The processing
means 77 cal cul ates " by dividing thiolow pass filter 79 output O01,f by L.
Thus, the processing neans 77 ‘output" O is: O _ ~ Equation (8) The pil ot
spreadi ng_.code c. ¢ | ex conjugate generator 69 is coupled to a conplex
~ conj ugat geég%{gessdsmo?n%navf“&mﬁ T8 8gi E8t Yspr eadi ng caddned widhe pil ot
spr eadi ng code ,, is input to a second mxer 81 and m xed with the out put
of a traffft 2 dpieddmigetole- c Thecohpréxnicen] wyakaganesat oyl A@}%.C-The
resulting product fromthe second mixer 81 output is coupled td*a second
sum and dunp processor 85. The output O Mof the -10- second sum and dunp
processor 85ﬁiilhs EcPi and is conbined wwth at a third m xer 87. The third
m xer 87 out piite 8FeiceivedCPEigndhe rr dcei ¥Bsh sicwg,-%lrer [ I spread by
traffic despreader 91. The traffic despreader 9 dggp?)e}gdgg?ﬁélgrecei ved
si gnal rdespwgadery Fhe re&'hbveffasjfgaaldersp%gaeghegltg@érégecadcsodteh c, conpl ex
conjugate generator 83 using a fourth mxer 93 yielding: ©
- received signal r by mixing 1'The received signal r with the

traffic code ¢' complex conjugate generator 83 using a fourth
mixer 93 yielding:

Erc; = o-cEcgc:' + ﬁ)}:tci‘ + Z}nc;_ Equatlon (9)

The traffic despreader 91 output 35 is coupled to a third sum

and dump 97. The third sum and dump 97 output O over time

is:

. . . Equation (10
O‘b = Erc‘ = [3[. + “Ec"cf + Xne ( )

£

where L is the product of the traffic spfeading code ¢, and the

complex conjugate of the traffic spreading code g*' summed over

N’

L chips.

The third sum and dump 97 output O is coupled to an

adder 99 which subtracts the third mixer 87 output 89. The

adder 99 output O, is:

Equation (11)

Pt

O =BL + «Zog ¢ Bne, - oFee .



AN

Equation (9) FErct = nt +pa 1, + & * The traffic despreader 91
95 is coupled to a third sum and dunp 97. The third sum and dunp 97 out put
OJ, over tine is: QG = Frc! Equation (10) pz, + -Et + &e where L is
the product. of the traffic spreading code ¢, and the conplex conjugate of
the traffic spreading code c,” sumed-gyer L chips. The third sum and dunp
97 output Ois coupled to an adder 99 which subtracts the third m xer 87

out put 89_ The TiedlereR9 pilowitcdaddies eaaWatHAR OL))is

+ Enc, '’

out put

1"tBl the E C' 14

"F pot -11- Thus, the pilot canceler 61 output Qu is equal. to

th ived signal_s_ni the piJ ot |, sigplified below. O _ PL
Encr . EqUATPOI T 2.9 He f AVERE! O° (REC Sohe GP bt ath Pedokancal

unwanted traffic signal(s) froma desired traffic signal. Wile traffic

signals are interference to other traffic signals just

signal is, unwanted traffic siqgal_,ﬁgnpgﬁlation differg fron1gk§2?I
‘dat a

si gnal

cancel lation since a tratfic

signalt’is nndulate&wﬁflfﬁe

therefore dynamic in nature. A global pilot signal has a

The invention uses a“ similar approach to canc;al unwanted
traffic sigmal (s} from a desired traffic signal. While
traffic signals are interferencé to other traffic signals just
as the global pilot signal is,- unwanted traffic signal

cancellation differs from global pilot signal cancellation

_since a traffic signal is modulated by the data and is

therefore dynamic in nature. A global pilot signal has a

constant phase, whereas a traffic signal constantly changes

. phase due to data modulation.

" The traffic signal canceler system 101 embodiment is
shown in Figure 5.  As above, a received signal r is input 103

to the system:

_ Equation {(13)
r = ll!c]cd + ﬁc‘ +n

where the received signal r is a complex number and is

comprised of the traffic code signall ‘strength ¥ multiplied

with the traffic signal data d and the traffic code ¢; for the
unwanted traffic signal to be canceled, summed with the

desired traffic code strength f multiplied with the desired

traffic code ¢, summed with noise n. The noise n includes all

received noise and interference including all other traffic

~as the gl obal

pi | ot
pi | ot
and i s’



constant phase, whereas a traffic signal constantly changes phase due to
data nodul ation. The traffic signal canceler system 101 enbodi nent is
shown in Figure 5. As above, a received signal r is input 103 to the
system Equation (13) r =4iacd+ +n where the received signal r is a
conpl ex nunber and is conprised of the traffic code signal strength r/r
multiplied with the traffic signal~¥ata d and the traffic code cd for the

unwant ed L;p.atf ] i gnal cancel ed, sumed with the desired traffic
code stren%?% %%n%$?@%ppﬁgaggﬂ%ﬁﬂ%hglgggire&k’F?&FPPCtBGdBnU?PtQanEd Wi th
noi se n. Qi Se_n 4 nGl ydes | received, noise and interference
inclqdin&lgﬁfggtékﬁnﬁ%éﬁﬂ:ﬁ%owlgges?%ﬁﬁﬂ“?daﬁﬂg?ﬁ%'glSbalsﬁﬁF@m &0gnal . To
cancel- t nwanted .tratfic signal (s) fromthe received signal r, the
systen118@89n%§31W§eFP$eS%ﬂ g%iiﬁ%ﬁng r 8hgthe srvpREedntweREBHct cadiéi c code

Vi to be¢§thractg§ and estinpte the data d, where d x O Equation (14)
When t he % d&eiRFefUBFFRGFET 3¢ ssimBatevidie dete, dEqeion 13 can be
expressed as: Equation (15) Fir = ~dFrd + PEC, + Referring to Figure 5,

t he recei ved baseband signalr is input 103 into the desired traffic signal

despreader 91 which
p . ) LS d = B. Egquation (14)

When the received signal r is summed over tiine, Equation
y 13 can be expressed as:

Equation (15)
Tr = §dBc, + pSc, + T,

Referring to Figure 5, the received baseband signalr is

. input 103 into the desired traffic signal despreader 91 which

despreads the desired traffic signal from the received signal

r. Desired traffic signal mixer 93 mixes the received signal

r with the complex conjugate ¢' of the desired traffic pn code

used during spreading. The despread traffic signal is coupled

L

N . £o a sum and dump processor 97 and summed over time. The sum

and dump 97 output O is:

O, = Zre, = PL + ¢ d¥cp + T, Equation (16)

The traffic signal canceler system 101 shown in Figure

5 includes » unwanted traffic signal cancelers 115,-3115,. An



despreads the desired traffic signal fromthe received signal r. Desired
traffic signal mxer 93 m xes the received signal r with the conpl ex
conjugate cl1' of the desired traffic pn code wused during spreading. The
despread traffic signal is coupled to a sumand dunp processor 97 and

sumed over tine. The sum and dunpl®7 output Ois: Oz =. Brcl' = PL + tr
d&dci + Forci - Equatjon (16) The traffic signal canceler system 101 shown
i n - Fi gurg "8 PRY| eitkadifenhvintladesr i f(whesigrab) cangehess 415:415. . An - 13-
exenpl ary, enbodi nent includes io (where n=10) unwanted traffic signal
cancel'er%ngélgﬁ!ES?;b@r%ée%mlﬂmm ed traffic signal canceler 1151-115.

conprises: ap_upwanted traffic signal despreader 1391-139. ‘that includes a
first mxer F2gh. 1 ppesnred ot waivin edignaflf | cansiegral am_ggggrator

119- 119 coppesend. 1331 Lxer, first,  121,-123. and second 123,-123, sum
and durng:og?ocessor%}31 ﬁ%?ﬁgédgff‘g%b% ploeet sgpsprsaders 13918y, pass
filter tRZf-i@Auded aPrOEASHiRL MEPNS 13491-129 . third m xer 1311-131., a
conjugate processor 1351- 135, an a’djllj'}éfa%rf% Hhoirfared 4REEE | and a

desi r edsignd} iapdsi geakraoae 1gspervd §r s83ond\S1 #PQUEG recei.ved signal r
i's inpui:2 103_into each unwanted traffic cancel’er ?Ié‘%%?ﬁ? Elﬁ% unwant ed

traffict?bighl #8dpiassandr 12893233%un andodphe biidrddioridIpul 1103 where the

recei veg, si r.is m xeg 171-117. with the conplex conjugate cd, -cd"
of the t?a%??%’p%r%%e S 2%0?12&acha low pass filter 127,-127., a

Processing means 129,-129,, third mixer 131,-131_, a conjugate
Ty pProcessor 135,~135, an adjustable amplifier 137,-137_., and a
7 "
desired traffic signal code generator 83,

As above, the received signal r is input 103 into each
unwanted traffic canceler 115,-115,. The unwaﬁted traffic

signal despreader 135,-139, is coupled to the input 103 where

- the received signal r is mixed 117,-117, with the conplex

conjugate cy,'c,” of the traffice Pn sequence for each

respective unwanted si_gﬁal- The despread 139,-139, traffic

signal is coupled to a first sum and dump processor 121,-121
1 n

-

where it is summed over time. The first sum angd dump 121
. - 1—.

S

121, output O, is:

O.Jh. = I}rcd,; =y dl + BE"‘&E, £ Enc‘,:. Equation (17)

where I is the product of the unwanted traffic signal

spreading code ¢ and ¢, is the complex conjugate of the

unwanted traffic signal spreading code.



respective unwanted signal. The despread 1391-139. traffic signal is
coupled to a first sum and dunp processor 1211-121, where it is sumed
over time. The first sumand dunp 1211- 121. output is: mat = cam _ dL +
RFcf + Enc~ . Equation (17) where L is the product of the unwanted traffic
signal spreading code cj, and cj,* is the conplex conjugate of the
unwanted traffic signal spreading céfle. -14- The first sumand dunp
1211-121. output _Qa,,, is coupled to the hard decision processor 1251-125..
"The hard dec?g?oﬂlrifr cRES S ogp. 123, -Weleroitray (o, phaseowhlielt in the
data due to npdul ation. The hard decision processor 1251-125. also

det er mi &s thfebepdideshstil |RRIEF R3S 125emL2h.t haThe shatdsdstisiba t he
despread_synbol e hown jn Figure 6, the _ hard decision processor
1251- '1g’§9¥‘8%5 ra\rigssulél?gea‘%ﬂ%%ﬂgﬁ Resg shihl ¢t 0 tthe dogr QPSK  ~-.
const el baki a9 palIkesds ]’ Mndpbral aodledon Ieob8 006RRA Y, Lo XaT N each

recei ved synbol pa due to corruption durin transm ®noi se and

di ot o s@erithel ehoHELkPBLN, O 1LAMe LJegueoy. Tt hard decision

processor conputes the our drstances

the recejve |, 40 chooses the shortest distance d2 and assigns
t hat synboﬁed§¥ caﬁpbﬁygg%llvg fie" hard deci si on processor also derotates

(rotates back) dHmOnngiFaglrsi BNaLnEORLA NS ABHDYroBBHGS S ATOUN  thht

is equal to the phase corresponding to
125, compares a received symbol p, of a signal to the four QPSK

. ) . . _ -
constellation points = ,, x,,, *¥3,.a¢ *,3- It is necessary to

-examine each received symbol p, due to corruption during

transmission 47 by noise and distortion, whether multipath or

radio frequency. The hard decision processor computes the

four distances 4,, 4_1_2 dsy d; to each quadrant from the received
symbol p, and chooses the shortest distance d, and assigns that
symbol 4 location Xy q- The hard decision processor also

derotates (rotates back) the original signal coordinate P, by
} a phase amount ¢ that is equal to the phase corresponding to

the selected symbol location =x, ,. The original symbol
cooxdinate p, is discarded.

The ha_t?:d decision processor 125,-125, phase output ¢ is
coupled to a low pass filter 127,-127_. Over time, the low
pass filter 127,-127, determines the mean value for each
signal component . The mean value of the traffic-to—traffic

cross-correlation and also the mean value of the noise n are



the sel ected synbol location x_1 1 The original synbol coordinate pais

di scarded. The hard deci sion processor 1251-125. phase output 0 is coupled
to a low pass filter 1271-127.. Over tine, the low pass filter 1271-127.
determ nes the nean val ue for each signal conponent. The nean val ue of the
traffic-to-traffic cross-correl atiag-and al so the nmean val ue of the noise
n are -15- zero. Therefore, the low pass filter 1271-127, output Cki over
time i sZe¥P= t dherefpygat ithe (U8) pale fowepas 7 iiber i pat 1), out put
04,p isogé%m%fqatp_ t he processing neans 1291-129, to derive the unwanted
traffic” signal cdde strength rri. The processing nmeans 1291-129,

estimates 0 by dividihg the filter 1273-127, output O by L. The other hard
deci si on processor 1251-125, output is data d. This is the data point d

corresponding to the snallestﬁpf LQEIQistances dl,dE%u ol q s shown in
e At g

Figure 6. Third m xer 1313-13 m xeS "t he unwant ed t c sighal

strength 1/i with each date value d. The unwanted traffic signal spreading
code conpl ex conjugate generator cd, -cL is coupled to the conpl ex

conj ugat e pridsesisnr PE8E]-A88;eryixTi-ng7] hengpava®,ed ity abhhgeqstgnal
spreading code cj,-cd and is input to the second mxer 133,-133, and m xed

W th t Hheoprpaessinglasiared 1agiie, sicy@livePtBadiie: Qe GQPPL £X conj ugat e
generator ¢, _ The product
signal code strength g, The processing wmeans 129,-129,

estimates ¢ by dividing the filter 127,-127, output O, bylL.
The other hard decision brocessor 125,-125, output is

data d. This is the data point d corresponding to the

‘smallest of the distances d, d, d, or d, as shown in Figure 6.
Third wixer 131,-131, mixes the unwanted traffic signal
strength ¢ with each date value d.

The unwanted traffi.c signal spreading code complex
conjugate - generator cqtcy” is coupled to the complex
conjugate processor 135,-135, yielding the unwanted traffic
signal spreading code careg, and is input to the second mixer
133,-133, and mixed with the ocutput of desired traffic signal
spreading code complex conjugate generator ¢'.  The product
is coupled to the second sum and dump processor 123,-123_.

The second sum and dump processor 123,-123, output O  is

»

Yede, and is coupled to variable amplifier 137,-137_. vVariable

amplifier 137,-137, amplifies the second csum and  dump




is coupled to the second sum and dunp processor 1231-123,. The second sum
and dunp processor 1231-123, output O,' is Eccja,and is coupled to
variable anplifier 1371-137,. Variable anplifier 1373-137, anplifies the
second sum and dunp -16- processor 1231-123, output O,p, in accorance with
the third mxer 1311-131, output which is the determ ned gain. The
variable anplifier 1371-137, outpuquﬁl ri4l , is coupled to an adder 143

whi ch su h u t fromeach variable anplifier 1371-137, fromthe
out put o? Egﬁgg%%,t_glf%% &? I?.’J'af(f‘ft_cpléti Al H’és%‘?%é@?elﬁsthﬂtéleomlmﬁdo is: 0=
PL + ylcl ation (19) The adder 143 output O (also

cp. Equ
t he unvvan%e%Pt]F?'a]flf%‘C&’HEBP'érWhé%’ét’e‘?ntileld@‘tﬁtrpuln)edl gaggual to the received

signal r mnus,dhe .y t taffic gnls sinplified below. 0 = RL +
Znct. Equation (205 % %91 15eL %m $e 1?1;'7 |es°HEB\éﬁd|1n’d- oA4ihe immount of

traffic cowgnal &osmta&&féxe%f?.rwm he 19&% t her enbOd' ment
145 cancel ling the gl obal pilot é.l gng‘i3L gﬁgtlﬁén\%a %?“éﬁ |eé‘ gnal S is.

shown i & pple BupAs fipre®Bopslys, dlfscmlStSt&d ,ouﬁ:BﬁtUBWaEhéd JdAL
cancel l ati on system 101 includes the desired traffic signal espr eader 91

~and a  pimatfic pighalindesthethdenafifoisc stighalucpapc®l g5s 1151-115, _ The
traffic cancellation systemis coupled in parallel with the pi B ot
cancel l ati on system 61 previously described, but wthout

O = BL + YdSop, + Bue, - ydoy,. Equation (19)

The adder 143 output O (also the unwanted traffic canceler

system 101 output) is equal to the received signal r minus the

" unwanted traffic signals simplified below:

O = BL + Zuc,’ Equation (20)

where the noise =» .Yaries depending on the amount of traffic
signals subtracted from the received signal.

Another embodiment 145 cancelling the global pilot signal
and unwanted traffic signals is shown in F:Lgure 7. Az
previously dlscussed the unwanted traffic cancellatlon system
101 includes the desired traffic signal despreader 91 and a

._plurality of unwanted traffic signal éancelers 115,-115,. The
traffic cancellation system is coupled in pafallel with the
pilot cancellation system 61 previouslyl described, but without
a desired traffic singal despreader. A common input 147 is

.coupled to both systems 101, 61 with a common adder 149 which -



a desired traffic singal despreader. A common input 147 is coupled to both
systens 101, 61 with a conmon adder 149 which 17 is coupled to the outputs
0, Cadd from both systenms 101, 61. The pilot and unwanted traffic signals
are subtracted fromthe desired traffic signal yielding an output 151 free
of interference contributions by the pilot and plurality of transmtted
traffic signals. -18- Wiile specificignbodi nents of the present invention
have been shown and described, nany nodifications and variations could be
made by On&,gkidd ed, i fhd hgudphicwi thodl, denant g H ropstdhe poipceple and
scope of the’invention. The above description serves to illustrate and not
limt the RANHCYRY unf@nPdd 3B MRY s 14Ra 16 AkBsubt rh ol Ir@ cliSehe _
receiver configured to renove selected ‘signals froma traffic signal prior
to decoding.ed h}f&%@é;ﬂé‘ USfinal €CL{ Y1 CQNPEA S BGtpdt! eesiiverBavi pg an
i nput configured to receive comminication signals froma transmitter over
an alr i'r{’clfeefffeaféea'cé h%oh%?!iﬁodt'l%sl t%ga dkﬁéf fh L1858 INla CNGEld 18 cOoBE gur ed
S an

to canc unwanted traffic signa aving an output; the input also

e
i nput té%%?%ﬂﬂégeéﬂéyggfﬁéqg %ﬁiﬁsponfigured to renove a gl obal pilot
si gnal an ving an output; an 7 7



whereby the output of the pilot signal canceller is subtracted fromthe
output of the traffic signal canceller to provide an output, said output
being free fromunwanted traffic signals and the global signal. 2. The
mobi | e user receiver according to claim1 wherein the traffic canceller
conprises a desired traffic signal despreader coupled to a sumand dunp
processor to produce an output and an-ismwanted traffic signal canceller,
t he canceller conprising: an unwanted traffic signal despreader having a
si gnal input Wollt ebawol Sad culnplitneartcs afsuhmegdrestput i nt et Loman-rd
traffic signal despreader conprising anh unwanted traffic signal code
gener at orP&GR Shewx eandodertxiihgdan menypmoddff iidad i cgenenat orami dthi e
signal input to produce an unwanted traffic signal canceller output; said
unwant ed 494 7€ BRgRaPYderpreabled immsdicoarpuvitbapt edepart andiafbm

deci si on processor having a phase output and a data output; said hard
deci si on tg}eocé)é%’d}cﬁa’%egadlﬂ pFCOBSupPéd thea invephien-fi| tBre gsdiald ow
pass filt ving an output; said | ow pass filter, output coupled to an

i nput of ‘gersé%c?etsls ot S%Va%os 19 tlil}élsttﬁé‘tﬁr 8BHcEebf L 1REL Ui madd iqwer ¢
signal tggfdes rs J4@ffic signal cross-correlation outputting the
unwanted traffic ignal strength; 20 said processor output nultiplied
w th said hard decision data output with a first nultiplier having an .
out put delivered to an adjustable anplifier;



an unwanted traffic code generator output coupled to an input of a conplex
conj ugat e processor having an output; said conplex conjugate processor
output m xed with a conplex conjugate of the desired traffic signal code
by a first mxer having an output; said first m xer output coupled to an
input of a first sumand dunp processgy having an output; said first sum
and dunp processor coupled to an input of an anplifier having an

adj ustabl e gain controlled by said nmultiplier output; and said output of
sai d anplAmser is coupled to an adder which subtracts the output of each
vari able anplifier fromthe output of the desired traffic signal
despreader to get the output of the traffic signal canceller. 3. The
mobi | e user ¥-eceifvemmclétor disgy t oectitian 1 cwhéiwimed heo pidmptvesi gabdcted

cancel | &15GOEPr4:36S s acghobal pidRL despreader dgg&gﬂ gd _tﬁ%esqa&ih@w}se*}avi ng
a sunmed output; a desired traffic signal and glo al pi | ot
cr oss- coiterati oifPrdévi€e havi ng an out put; said gl obal pilot despreader

out put coupledrddeidepi hatvisd r engt houded ik 8g 06Vie8eNAVI digr@Ri QAR ;
said pil ot ﬁtrfqﬁgh determi ning device output nultiplied with said
cross- cOrFErat tom Gevied Bt Hat CVemd sairtl MictfpFted product is said

out put. 4. The nolpdte Lserc recebvelrad3teor diiggal 0 cchaémer whaimEignrsai do
cancel unwanted traffic signals and having an output;
the input also input to a pilot signal canceller configured to
remove a global pilot signal and having an'output; and
whereby the output of the pilot signal canceller is subtracted
from the output of the traffic signal canceller to provide an output,
said output being free from unwanted traffic signals and the global

signal.

2. The mobile user receiver according to claim 1 wherein the
traffic canceller comprises a desired traffic signal despreader
coupled to a sum and dump processor to produce an output and an
unwanted traffic signal canceller, the canceller comprising:

an unwanted traffic signal despreader having a signal input
coupled to said input and a summed output;

the unwanted traffic signal despreader comprising an unwanted
traffic signal code generator and a mixer for mixing an output of the
generator with the signal input to produce an unwanted traffic signal
canceller output;

said unwanted traffic signal despreader summed output coupled to

.2 hard decision processor having a phase output and a data output;

said hard decision processor phase output coupled to a low pass
filter, said low pass filter having an output;

said low pass filter output coupled to an input of a processor
that filters the product of the unwanted traffic signal to a desired
traffic signal cross-correlation outputting the unwanted traffic

signal strength;



cross-correl ation device conprises: a global pilot spreading code conpl ex
conjugate code generator; a desired traffic signal conplex conjugate code
generator; 21 a second mxer for cross-correlating said global pilot

signal code and said desired traffic signal conplex conjugate code; and a
second sum and dunp processor for sumdqg over time said cross- correlation
product. 5. The nobile user receiver according to claim4 wherein said
pil ot signal strength determ ning device further conprises: a | ow pass
filter havi ngpian mtddputor andtutpriocessaiecouptiedshnd SR | awepaiss fddtker

deriving.and ouLPuLt g Lhe, gLobal. P Lok: o] 0Ral SELENILD, 0,/ TROI 1,9 user
recei ver having a global pilof stgna cancel fFér coﬂ?lgurea to T enbvéa
gl obal pilwttabilgrairlfifbera desired traffic signal prior to decoding, the

mobi | e user (EGRILMEEEAMFSENGoad JLeeLVEE Navhpd.alidapyt, gantfiqgnred to
recel ve comuni catl on S|gnals froma transmtter an an Output; t he |nput

coupl ed® t¥RIGK oblI PR FBIPPESpPRAJEV iaAda A WeSPEed traffic signal
despreader eagh haiglgxa SWATRL OULPLtsssdrdesivgd thiabhi ¢ishanal cahdd gl obal
pilot cross-correlation device; said global pilot despreader output
coupl ed“TH UGBTI Bt §1G effgihcd dbt 2t Mihisigrabyred® Mg EatolitHet ; hading
pi | ot sin engbhtdeterm ning device output nmultiplied with said
5(:ross-correlggdeQigggi%E&égué%gbﬁtaggupled to an input of a first sum and
dump processor having an output;
said first sum and dump processor coupled to an input of an
amplifier having an adjustable gain controlled by said multiplier
output; and
said output of said amplifier is coupled to an adder which
subtracts the output of each variable amplifier from the output of the
desired traffic signal despreader to get the output of the traffic

signal canceller.

3. The mobile user receiver according to claim 1 wherein the
pilot signal canceller comprises:

a global pilot despreader coupled to said input having a summed
output;

a desired traffic signal and global pilot cross-correlation
device having an output;

said global pillot despreader output coupled to a pilct strength
determining device having an output;

said pilot strength determining device output multiplied with
said cross-correlation device output; and

said multiplied product is said output.

4, The mobile user receiver according to claim 3 wherein said
cross—correlation device comprises:
a global pilot spreading code complex conjugate code generator;

a ‘desired traffic signal complex conjugate code generator;




said nmultiplied product subtracted froma sumed out put of said desired
traffic signal despreader output, thereby outputting the desired traffic
signal free fromthe global pilot signal. 7. The nobil e user receiver
according to claim6 wherein said global pilot signal strength determ ning
device further conprises: a | ow pass fjylter having an output; and a
processor coupled to said |lowpass filter deriving and outputting the

gl obal pilot signal strength. 22 8. A nobile user receiver having a
traffic signals@anmehmﬁmrcam&igumed &@mﬂﬂﬁﬁyﬂgabal@aglo@ﬂﬁ pﬂmanhﬁ@nhuaffic

Si gnal pi.0L,h0., 4eG0I NGy (LOP- b Lg ser, fegel ver, Comprising. a recel ver
havi ng an input confi gured T ecer Ve  cortint catl e SI gnal¥ Fom a

transmitter fardcand curpeang die iprpoessougbedstouiagdeser edrtr ahfd corsisgnal
despr eadgrrhavi g 2oqdesi red traffic signal despreader summred output; and
at | east one unwant ed traffic signal canceller conprising: an unwanted
traffic signal despreader having an input coupled to said desired traffic

si gnal deSprEﬂader’I‘héuﬁﬁEﬂl@UIs@ﬂ r@@é‘lvéla\é!c@gr@fhdv'm’@rgl%th hafhb e s g;g"i‘li
desprea r .supmed out the unwanted traffic signal despreader conprising

an PEASTYHFT FET ‘g TR E B Gt e ARACREMCPBPYEYRS i xi ng an
out put of thaelgeﬂeersa;t milWei matvhagi apuiathat praaduce the unwanted traffic

si gnal desprea er u sai d_un ted traf sig despr eader
sunmed out pit %cou couP}gac}rdté’emsgll%n porwoé’@g%orEHa 38 *hhd¥e 80 put
and a dattputting the global pilot signal strength.

6. A mobile user receiver having a global pilot signal
canceller configured to remove a global pilot signal from a desired
traffic signal prior to decoding, the mobile user receiver comprising:

a receiver having an input configured to receive communication
signals from a transmitter and an output;

the input coupled to a global pilot despreader and a desired
traffic signal despreader each having a summéd output;

a desired traffic signal and global pilot cross-correlation
device;

said global pilot despreader output coupled to a pilot strength
determining device having an output;

said pilot strength determining device output multiplied with
said cross-correlation device output; and

said multiplied product subtracted from a summed output of said
desired traffic signal despreader output, thereby outputting the
desired traffic signal free from the global pilot signal.

7. The mobile user receiver according to claim 6 wherein said
global pilot signal strength determining device further comprises:

a low—-pass filter having an output; and

a processor coupled to said low-pass filter deriving and

outputting the global pilot signal strength.



out put; said hard decision processor phase output coupled to a | ow pass
filter, said | ow pass filter having an output; said | ow pass filter output
coupled to an input of a processor that filters the product of the
unwanted traffic signal to desired traffic signal cross-correlation
outputting the unwanted traffic signal, strength; said processor output
multiplied wwth said hard decision data output with a nmultiplier having an
out put delivered to an adjustable anplifier; an unwanted traffic code
generator ow.put xauplid@d tueean reicepuér oﬁaxair@o'rml X2 fG0R] ugahel pg@ﬁ@@ﬁ@rr
havi ng a ut saldcorrplexco ugat e essor utm ed with

conpl gx cof% ugg(%e Bf "tRe dedr & Y né Sc s‘“{agrln ? %58g‘fljb‘$ PHEYI 1§ an
out put ; desmddnmxlé’re mbpu@ W;rplrecbnt@ranommwtmgf a sum and dunp processor

having an ouf pit;e.i23, %@bgn(%ugﬁ aE‘Qp\E’dJ”Po ll(i_?; ?éc?o{:.oc?gdé qﬁ%l (B Hnj_g'a[;}:q_ton()f ff’m

anplifier having an adjustable gai'n controlfed b |er out put ;
and sai L BALPutrVF asEranamiditeri epd jag evtpited to an adder whi ch subtracts

the output ofheeagpuvard@iks 8op idikered ramethe %tnl%lit a@fp i@ rdgSH80 5
traffic_ si, nal de5£reader to obtain the output. Er)md for renmoving

sel ect 6 ﬁﬂapéa’? GnFégTar]aijFEreaﬁeg*nﬁP’“’&%?rﬁ’HtgPﬁg and"®

at least one unwanted traffic signal canceller comprising:

an unwanted traffic signal despreader having an input
coupled to said desired traffic signal despreader summed output and
having an unwanted traffic signal despreader summed output;

the wunwanted traffic signal despreader comprising an
unwanted traffic signal code generator and a mixer for mixing an
ocutput of the generator with the input to produce the unwanted traffic
signal despreader summed output;

said unwanted traffic signal despreader summed output
coupled to a hard decision processor having a phase output and a data
output;

said. hard decision processor phase output coupled toc a low
pass filter, said low pass filter having an output;

said low pass filter output coupled to an input of a
processor that filters the product of the unwanted traffic signal to
desired traffic signal cross-correlation outputting the unwanted
traffic signal strength;

said processor output multiplied with said hard decision
data output with a multiplier having an output delivered to an
adjustable amplifier;

an unwanted <traffic code generator output coupled to an
input of a complex conjugate processor having an ocutput;

said complex conjugate processcr output mixed with a
complex conjugate of the desired traffic signal code by a mixer having
an output;

said mixer output coupled to an input of a sum and dump

processor having an output;



provi ding an i nput configured to receive comruni cation signals froma
transmtter over an air interface; inputting the input to a traffic signal
cancel l er having an output equal to a desired traffic signal mnus
unwanted traffic signals; inputting the input to a pilot signal canceller
to renove a global pilot signal and propviding an out put equal to the
desired traffic signal mnus the global pilot signal; and subtracting the
output of the pilot signal canceller fromthe output of the traffic signal
cancel ler to prowade amroudnplt durd®. p?h@xﬁ&thodnmﬂedladnéthhpmerof an

Conpri Shiid 2 QHP! 10 1Ba088! BLLLANI Co . 0N20, GEIPLEAGET L0y aslA Lol ym and
dunp processor to pro Gce an ut put dﬂd‘prOV|§ing an unwant ed -
si gnal «HmeEl | &rd having an unwanted traffic si gnal despreader and a sunned

output. 11. The nmf eogu%utcl&y 010 Lupiher. CQ@PEbé% +0uR! LRg. 2 Si;qnal

i nput of the unwanted traffic signal despreader t e input; providing
t he unvat€gcts ats CUSPYhatt Feshr Batete I Pﬁphhfltﬂ?vﬁﬁtﬂédthet CEEPRE af dial

code gensfiatarcadrtia bigsdl MeXpredr RLXbMG AN tAMIAMLLLOf the generator
with the input to produce an unwanted traffic signal canceller output; 24

coupling a summed out put of the unwanted traffic signal despreader to a
hard deci si dn pr gcessttccha¥ong ramphase eutputedndignaldat areut put traffic

signal comprising:

providing an input configured to receive communication signals
from a transmitter over an air interface; |

inputting the input to a traffic signal canceller having an
cutput equal to a desired traffic signal minus unwanted traffic
signals;

. inputting the input to a pilot signal canceller to remove a
global pilot signal and providing an output equal to the desired
traffic signal minus the global pilet signal; and

subtracting the output of the pilot signal canceller from the

cutput of the traffic signal canceller to provide an output.

10. The method of claim 9 further comprising:

coupling a desired traffic signal despreader to a first sum and
dump processor to produce an output; and

providing an unwanted traffic signal canceller having an unwanted

traffic signal despreader and a summed output.

11. The method of claim 10 further comprising:

coupling a signal input of the unwanted traffic signal despreader
to the input:

providing the unwanted traffic signal despreader with an unwanted
traffic signal code generator and a first mixer for mixing an output
of the generator with the input to produce an unwanted traffic signal

canceller output;



coupling the hard deci sion processor phase output to a |low pass filter,
the I ow pass filter having an output; coupling the |low pass filter output
to an input of a processor that filters the product of the unwanted
traffic signal to a desired traffic signal cross-correlation, and
outputting the unwanted traffic signaly strength; nultiplying the processor
output with the hard deci sion processor data output and delivering the
output to an adjustable anplifier; coupling the unwanted traffic code
generator outqupilite an inputdof catecotrpl @X coRj ugatenfydocesgribaviitghaan

out put ; . xi he ¢ onj t rocessor._output with a conple
conj ugac%éég OFQ'EQ%% g%s?pg%&%(r%f%sgggi §ﬁ§ o e%ﬁgﬁlﬁ 2 BRAThC MRS anﬁa\‘?i ng
an out piata evtpihting the second mi xer output coupled to an input of a second

sum and dunpRpOERSSO;e Pﬁi‘@dﬂgeégsﬂﬁ Plocet oyp! Liﬂﬂ:t%et %ﬁt?ﬁ%lo@cg éuﬂmﬁg%sgu”p

processor to an input of an_ anplifier having an adjus e gain controlled

by the Ti'firpl R LoguPpia ;LiaRer dvupimiongn t4ErPtt put of the anplifier to an
adder whi ch Bl Eagt She ths QuilspUlr: 0GR MAS i1@DIG %Ehicfi)@raf pefed e
out put t?{{iﬁt e del§| red tr%ffjcc s nal despreader_to obtain the traffic
si gnal cEPHETTS ot itTodst A nEtho ot fehbRi G thengt obal @ piesitresdi gnal
from a tmesicediduaf fdrossignale laanpiij Samy): oyppavt hg-ran Wrpdted of rdreGei Vi Ng
com’runisci%thgﬁ_)nsg&r&%h's froma transmtter over an air interface;
multiplying the processor output with the hard decision processor
data output and delivering the output to an adiustable amplifier;
coupling the unwanted traffic code generator output to an input
of a complex conjugate processor having an cutput;
nixing the complex conjugate processor output with a complex
conjugate of the desired traffic signal code using a second mixer
having an output;
coupling the second mixer output coupled to an input of a second
sum and dump processor having an output;
coupling the second sum and dump processor to an input of an
amplifier having an adjustable gain controciled by the multiplier
output; and
coupling the output of the amplifier to an adder which subtracts
the output of each variable amplifier from the ocutput of the desired
traffic signal despreader to obtain the traffic signal canceller

output.

12.. A methoed for removing the global pilot signal from a
desired traffic signal comprising:

providing an input for receiving communication signals from a
transmitter over an air interface;

inputting the input to a global pilot signal canceller having a
global pilct signal canceller output;:

coupling the input to a global pilot despreader and a desired

traffic signal despreader each having a summed output;



inputting the input to a global pilot signal canceller having a gl obal
pil ot signal canceller output; coupling the input to a global pilot
despreader and a desired traffic signal despreader each having a sumed
output; 25 identifying a desired traffic signal and providing a gl obal
pilot <cross-correlation device; coupliqng the global pilot despreader
summed output to a pilot strength determ ning device having an output;
mul tiplying the pilot strength determ ning device output with the
Cross-correlmanonidew cedestpd trsuifibl¢ acidrnag &he pgruktdphd ed qaebducti forom
t he deség&@_ggg{gﬂagioﬁi | ..despreader summed output; and outputting the
desired traffic signa ree fromthe global pilot signal. 26 CANCELLATI ON
OF Pl LOT ANDAUWARNT EBRG RaFFaE SPiaAL SldsirAaGDMAS SYSTEMUutABSTRACE A Igitobal

pi | ot and-Jaawandad ki affd GevhgpahaLiaRCceh ey Rk ;a spread spectrum
comuni cati on systemreceiver that reduces "their contributive noise

ef fects. Thé“prréBertng frenPitift séreaeth isitpribiawl devhes gluspat pittotthand

unwant eskosactbyee14driahfdsdriskegsatsugri or to decoding a desired traffic

signal at the recejver, Thgrgégstem nd nmet hod decreases the bit error
LT

rate (BER) yi'&l"drhg%h ATr aPrPQiTioi {E°F atti's. BFQIRE 1Fraffic

signal despreader summed output; and
outputting the desired traffic signal free from the global pilot

signal.





