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SI GNALS | N A CDVA SYSTEM BACKGROUND OF THE | NVENTI ON Field of the Invention
The present invention relates generally to digital comuni catiias. Hﬁée
specifically, the invention relates to a system and met hod whlGAPUZAER) s

the global pilo .anal [ jgnal s froma received code
division nulti p%ﬁ%@e@%@ﬂ’&%&%@tﬁ@?’e y ?ﬁ%@??ﬁ’&%‘%&%‘% AYBFPEr er s prior
to decodi ng. Description i comuni cation technol o

: 2 comiidody U e, RS ”

t oday nakes use of a co I'ch data is transmtted

with a breqadegeds hap M-oiddhating the data to be transmtted with , a
pseudo- noi se ?pn) signal. The technology is known as digital spread

spectrum or coglige dipdesieptal invbiit Dhe acsleaes( ChbheraBy t tansaigitay a
signal with a , bandwi dth nuch greater than the signal bandw dth, CDVA can
transmt danaunidatdonshei Hgraf spetciiicyl by gridie dinyeotiponrelatasi tiverfering
frequency in the transm ssion path. Shown in Figure 1 is a_ sinplified,

si ngl e chanaesteasprndcaatied ddiichncapsedm the adj phdrtwhignal gandn

bandwi dth is m xed with..a spreadj ng code generated by a.pn seqguepce

gener at or YBFBAEET nd T2 LG t AT PrEad TP c ey uhFSTHAH c‘?ﬂg sﬁgbﬁé’?l%i ch
carties dglgeiplo e oliif IdidnANAMAGlryS JARNANES theh! 2 1 SHE0ALys UPON
reception, ﬁe ata is reproé‘uce af t & correlation wth t%e sane pn
sequence @sggrt@td@mﬁn@,t he data. Every ofher signal within the

transm ssion * 16 April 2003 2 For timng synchronization with a
recei ver, an unnodul ated traffic signal known as a pilot signal is required

for every transnmitter. The gilot signal allows respective receivers to
synchr oni Pesgriptirnyiafetber BRiAFt£EF, all owi ng despreading of a traffic

signal at the yeceiver. Iln a.typkcal pcat] Y, basg station
conmuni cat es V\ﬁs‘ ‘?‘ﬁa“zf ‘%{ great 3} Cé? k?ﬁdf\%ﬁ%?%b&é’@?ieﬂ?‘%ﬁﬁq ngS oorterﬁ)bi | e:
The base $hahibRfc¥iGh ddARSHuls MBI iSRS, ik apswedscded!whal Hil ot
signal common to the plurality of users serviced by that particul ar base
st ati on abreademgiiebapdwby thedelatiiie thobddtapitoobei sramemifosd tyith niti al
acquisition of an individual user and for the user to obtain

si gnal - estdi rREBYUF-HPiIgBheEt FEFEDY i on THRY FRFrhRMeBontt niHGWBf afil ti pat h

conponent &, dup L NG L eCept L Ol ol A" L¥ae! ?igi%f&?a(lsemﬂgig) td o &ach
subscri ber " transmts a urﬁ’que assignéd pil ot for conmunicating W t he
base stati@pmaPnl y By Bayhsgiec i Chi NidHhISeqence GARdXisk8Natudle
decoded, however, all signals act as noise and interference. The gl obal

pi | ot andgreatérctbagnahe aignadi bendeidthy, afdiMd siagndiraveswig dbspr ead. | f
the global pilot and all unwanted traffic signals could be renmoved prior to
despr eadi Mithoyedieing affprfied hycRigral ndighrRitdrn Abi 3R WA Pe-1educed,

decr easi n% t6he bi t error ragest%gd i.lcl’)] tuLdy i nprove the signal -to-noise
ratio (SNRFEGFYRe chésg"reega UPOhEP 1 OSoh@ 4t t enpt s .have been nmde to

subtract the piholm SifNAqddePM tike J eGeip16¢isagnakindhs ethMhd Necpp] ati ve
strength of the 16 April 2003 -3 pilot signal at the receiver. U S

Pat ent No.commdRdcd@Pon GBitaeker A diazel edemad spthad-gpeai rhsmdveidich cancel er
whi ch cancel s a portion of spread-spectrum noise signal in the received

si gnal by igemdxedi wdthn acsipneadandsicgdsl dgnesteddbiig at mn ksewwerdgnal |

Subsequent |y, the kno sjgnal s pracessed out of the received

spr ead- spé’f%‘?ﬁﬁfgf gﬂ‘é‘\#\g‘b‘il"'g%b? ré\’cq{) t FRT Y | RS giEatrom Thife
denodul at f .1 [ S - L [ s

esti mat edesg' g%%tlrugﬁlcs%1 %%ﬁ%?gtgeﬁg as%jleﬁ %Eeg&lafrr%pqﬂc?l hggégnldg\bﬁé&ﬁ gagse
informati on wfariehe lkAgWa1Si gifon NetRipiathd, ARed diase i atdProddley Pri mary
serving cell, and the anplitudes information fromthe noise of multipqth
si gnal andfthe cwrsdatiignavithovhe smwwnoarseaencengsed|to W08ni43362 to
Yellin et al. discloses a CDVA noise cancel er by detecting at |east one
noi sy userth§j gfatia f r om BvepY e@fbepectigmr ki gidhiandheenpvargmiseioni se of

pilot signal .and jts interference effect the rt.i cul ar, user signal.
Fonover . iRsdERfch RpP4RRd, e SoI6° bR ELE P RTEA T fhains; BEFREPadt o
calculating interference due to the plurality of received signals with
different tine delays caused by reflections due to terrain. Miltipath

_propagati on-makes power |evel ~esti mat es unr_el i abl e. _ Ther e | S
e oo g ol ol NN

*1ARATAR*
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-3a SUWARY OF THE | NVENTI ON The present invention reduces the contributive
noi se effects of the global pilot signal and unwanted traffic signals
transmitted in a spread spectrum comruni cati on system The present
invention effectively cancels the gl obal pilot and unwant ed traffic
signal's) froma desired traffic signal at a receiverlprd®fito2@@2oding. The
resulting signal has an increased signd -to-noise ratio. Accordingly, it is
an object of the present invention to provide a code division nultiple
access confrRihi &anien Syscbreriradilpar wHikchar aifedgerhe atonurpeditliatednoi se
effects fromthe pilot and active) unwanted traffic signals. It is another
obj ec?r%)‘?fltchesb?%%]entknpﬂverﬁﬁ oft t%l]tOerrS%HEl‘]he igesTeRE %R £PE SYGFAl SNR

by eljmi nating th fects of th bal_pilot. and active traffi
o) gnal S RHHBFTob) e aRd-dvaareagss o1 Te SPEPETTiIt0 RECROIEG | | *becoe

appar KL | of a after
readi%gﬂgth:ﬁrgngg%)sﬁt% . %SCI’I p %gﬁnloﬁ:%fhealg%egﬁg ds&;‘%ﬂ%ﬁ%’ﬂ%n'}'tﬁ It’}Cé’cl)")gé:i,&PRl L
2003 3hyAacarding tadiRerfirst aspect of the invention, there is provided a
cancel lation systemfor renoving selected signals froma traffic signal

prior to degodi fgpildala corfeh Ve tildhalsyEER] VL So L MIHALG3hI @BmBhAAltesf rom a
transmtter (19) over a CDMA air interface, the systemconprising: a system
i nputwitid) pllaral eceiofi ngdihedcdmiubscatbers Sigaal sr nediideSysSTisenbaseut
(147) inputted as input (103) to a traffic signal cancellation system (101)
havi ngtatricguwpiach (Qarsqiss many dodess r etkansafiftisca sikpiall piihos simalnwant ed
traffic signals; said signal input (147) also inputted as input (63) to a
pi | otc%ri“'g?ﬁ’alt%a?ﬂfélH’Jd%rladﬁts’yﬂfemseﬁi) SeFHéC%@slPﬁénF’(l@i) PpFokaEsrndaske i nput
(63) to renove |Iot si gnal and havj n? out put (Oaa~ equal to

o]

the des3red talta g?ﬁn PWER NS e djlhﬁbgl B P%‘?b -USHTY Wfer t he
t put ~ | ot | t 61 t t ed
?‘rjoﬁ]unfrh(tla"i @ {L% In%_‘lf b?gg#uv@uaei ag O, $Y&LEM( %e' Se UG €

e out ut I C Sli gna cancel1ation SysS em( % o

prOV'Qfgr{Jle-e%%EE@{é@t '£8H %ﬁ%?@ﬁ@UEBHépéﬂoﬁ})and\C(EQJ’:d't'Rg L Oni81§C R

aspect of the invention, there is provided a global pilot signal

CanCeihthiillpfhfthSY&I@Br(e@l)s fQiringe idtepthiBfei Vegihiadringceives casgapyecati on
direction, each subscriber transmits a unique assigned pilot for
communicating with the base station.

Only 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 pilot 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 strength of the



signals froma transmtter over a COMA air interface that renoves the
gl obal pilot signal froma desired traffic signal prior to decoding, the
system conpri si ng: 16 APRIL 2003 3c an input (63) for reggpNispgst he
comuni cation signals and a system output (~add)~ said input coupled to a
gl obal pilot despreader (65) and a desi¥ed traffic si gnal despreader (91)

each havi S d,ou . a desired traffic signal _and gl obal pil ot

Ccross- corgg}égi %ggﬁgéng?pg&ed L5581 pi | 5‘? esp MNQ 65y 9 pLiR2 (Bpal )

coupl ed t L].pt r th deternni means, said determ ning neans

ha\lﬂong an%%?’%%%e( 83}59;%%25% %i I%(S’t es?tdp%ﬁ"&t Th R FE n&aﬁé’%rgu‘t’lb"d‘t:h( Opt
ltiplie i sail cQl € i ut put. (GCsa?2) ;.and said

% t: BI i e‘y(;au\[{)\ér:"(L')g%ct%l g% t?gé?eg)ff r%ﬁgggﬁéﬁ%gdé%ulf'p&mﬁ%sa 1)%‘6?156}% R r ed

plied prod o Safid WeSired
Lraific srasalvdesprgationy( Sdheodt phly SH'aMLIGd Cragly 5 deslisitrarfic

signal free fromthe gl obal "pilot signal. According _ ct of

the i nventh®kndwitsd gn10r Oissqdeht By | he kIR &3 ESP' f%'gpmfggg o (101)
n S

for use in a receiver that receives conmuni cati on Sigha romitran tter

(19) overout Gl ireniivinep:Ehal speabYan BiqhaaShy M ABNLEY (el i c
signal froma desired traffic signal prior to gecodi ng, the system

conpri si mptimatepusighad) firom rdeei démeiu et €ONFUPCAE @heSi gnal s,apd a
syst em out put 16 APRIL 2003 _
spread-spectrum signal. Where the estimated signals is
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 fré& 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
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.



3d said input (103) coupled to a desired traffic signal despreader (91)
having a first summed output (OS~); an at |east one unwanted traffic signal
cancel er (1151_g conprising: an unwanted traffic signal d&sapitaded (1391_g
havi ng an input coupled to said first sunmmed out put and a second sumed
out put; the unwanted traffic signal d8spreader (1391_g conprising an
unwanted traffic signal code generator (1191 g and a m xer (1171 g for

m xi ng an out put of the geSOMMARY OF1THEg INVIENTILON | nput (103) to produce
an unwanted traffic signal despreader output; said unwanted traffic signa
despreader (139t GosesaRe QukidWe i0AUPFEdudds athal bS8 SHRPi PEOGRSSE
(1251 g having a phase output (t) and a data output (d);said hard decision
processoeffidel npfphase glbpel (pllevuplieghalo anHowmasstdd ! taraf(didy1l_g,
said | ow pass filter (1271 _g having an output (O pfg; said |low pass filter
(1271_g edgnpall s( Orphenicoedl td a4 eparadngucofum qonmoasisest {d2 By dgtent hat
filters the product of the unwanted traffic signal to desired traffic

si gnal cMbespresentainvenboiopefifiant vl ywoaacedd thefdlobsl gnblotstarehgt h;
sai d processor (1291 g output nultiplied with said hard deci sion data

out put ( Wpwantleda tmatifiig isrgrling Grewa pdesivedveradfic signdlusttabl e
amplifier (1371_g; an unwanted traffic code generat or (1191_? out put

coupl ed Bo rafgivar RFier cbaprescddRpugatepriruiskoing 18353ng lhIgsngmn
output; , 16 APRIL 2003 _3e said conplex conjugate output mxed with a
conpl ex ABNFEGECE SR IR F&THFS &% % signal code by a mixer (1331 g

havi ng an out Qut; . Co s . . .
9 %ccbrdlngly, it is an object of the present invention to

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

It is another object of the present invention to improve
the desired traffic signal SNR by eliminating the noise
effects of the global pilot and active traffic signals.

Other objects and advantages of the system and method
will become apparent to those skilled in the art of advanced
telecommunications after reading the detailed description of

the preferred embodiment.



said m xer (1331_g output coupled to an input of a second sum and dunp
processor (1231 g having an output; said second sum and dunp processor
(1231 _g coupled to an input of an anplifier (1371_g having an adjustable
gain controlled by said nultiplier (1311 _g output; and said output of said
anplifier (1371_g is coupled to an adder (143) which subtracts the output

(1411_g of each variable anplifier (1371_") fromthe ouig Pglflg?(ﬂ% of the
desired traffic signal despreader (_9131;0 get the output %O of the traffic

cancel l ati on system (101). 16 April~2003 BRI EF DESCRI PTI ON OF THE
DRAWINC-S Figure 1 is a sinplified block diagramof a prior art, CDVA
communi cat i onAsgortlimg tofthe first aBpedt of dheimvantienl, theredk pdovddedancancellaofDVAT"
comuni cation system Figure 2S is a detailed system di agram of a conpl ex

s pl onelse? SE Pl SelfRet3ydhly oot PSRRI b dodolRR a0 TG oo

(pn) bit sequence. Figure 4 is a block diagramof a global pilot 1vll;“gnal
cancel | ateceives that eeneias®ogimynicatiom signalssieom a wansmitten (1Piayer e GDMAa bl ock
di agram of an unwanted traffic signals) cancellation systemaccording to

the pr esﬁPﬁrftisﬂX@é“tﬁé’ Stgﬂi%gﬁﬁ%}%g‘-da di agram of a received synbol po on the

QPSK constelTatidn show ng ecision. Figure 7 is a block diagram of
a conbined pilot and unwanted traffic signal cance]lation system according
to the presend SysteBinpwn (1458 dorreoeivang tre qemnmmpmirationeigmlBoD VENTS The
preferred enbodi nents wll be described with reference to the draw ng

figures wher esdid kstétH iR @47%0A as ihpp6t @OSYRIA frafiity Skl VdheelAtion
B- CDMAQ' "' conmuni cati on system 17 as shown in Figure 2 Tncludes a
or 2 mobhien BT} fengn Satnat (Odeaal 19 hosired traffic sighal mins the”
unwanted traffic signals;
said signal input (147) also inputted as input (63) to a pilot signal
cancellation system (61), the system (61) processing the input (63) to remove a
global pilot signal and having an output (O,qg4) equal to the desired traffic signal
minus the global pilot signal; and
whereby the output (O,44) of the pilot signal cancellation system (61)

is subtracted from the output (O) of the traffic signal cancellation system (101) to

provide the cancellation system output (151).

According to the second aspect of the invention, there is provided a global
pilot signal cancellation system (61) for use in a receiver that receives communication
signals from a transmitter over a CDMA air interface that removes the global pilot

signal from a desired traffic signal prior to decoding, the system comprising:



-5 transmtter 19 includes a signal processor 23 which encodes voice and
nonvoi ce signals 25 into data at various bit rates. By way of background,
two steps are involved in the generation of a transmtted signal in a

mul tiple access environnent. First, the input data which can be consi dered
a bi-phase nodul ated signal is encoded using forward errorcorrecting codi ng
(FEC) 27. One signal is designated the i nphase channel L6§§NL§5?3 ot her
signal is designated the quadrature chanpel Q 33y. Bi-phase nodulated |I and
Q signals are usually referred to as qu ature phase shift keying (QPSK)
In the second step, the two bi-phase nodul ated data or synbols 33x, 33y are
spread with aaminpute(63) Poreredeivingg the domnuargtionsigile ands &ysteinnmtpuiconpl ex
nunber nultiplier 39. The operation of a conplex nunber rmultiplier 39 is
shown in Eigure 2B and is well understood in the art. The spreadi ng
operatio% ¥ be represented as: (x+Jy~ X ~I'"fl Q- ~ ~xI fI Q- + | ~xQtyn
Equat3.on (1) = 4 ~jb. A conplex nunber is in the forma+j b, where 4 and 6
are real nunbsaid impud cpiapled to Belabal pilgt despkeader (65) and azlesired raffessighalng |
37a and Q 37b spread signals are conbined 45a, 45b with other spread

signal s i ' rent & spreadi ng codes, multiplied (mxed)
wth a Cé@?éﬁg?%l&g%\éhgﬁvﬂ{%%&/_{a %d%ugﬁ-s and transmtted 47. The
transm ssion 47 may contain a plurality of individual signals. The receiver
21 incl udes aadesiteilitraffisr signal andoglobal pitotreressscaroslatiommeansins i t t ed
broadband signal 47 with the transmtting carrier 43 into an internedi ate

baseband, | The  IhLRs PR esraBEF 637 BHpuf 0L PoRREL8 R0l MeBALR ' ©

the locally generated conplex pn ,sequencz\ 351, 35Q which matches the
conj ugat determiniag meansmaid detepprpng Mmeang daving an eWpuL(Qgdhal si gnal s whi ch

-

were spread by the same code will be despread. Al other signals will
appear as noi gfdpflot ftfergfs GétéRhintdg mEARs S@that G0 reul¥iplisd GAMRaRFCrbSs-a
si gnal processor 59 where FEC dPCOdi ng is per ormed on the convol utl onal |y

encoded dat .
corr&atlon means output (O,q;) ; and

said multiplied product subtracted from a summed output (Oyq3) of said
desired traffic signal despreader (91) output outputting (O,g4) the desired traffic

signal free from the global pilot signal.

According to the third aspect of the invention, there is provided a traffic
signal cancellation system (101) for use in a receiver that receives communication
signals from transmitter (19) over a CDMA air interface that removes at least one
unwanted traffic signal from a desired traffic signal prior to decoding, the system
comprising:

an input (103) for receiving the communication signals and a system output

(0);



As shown in Figures 3A and 3B, a QPSK synbol consists of one bit each from
both the in-phase (I) and quadrature (Q signals. The bits may represent a
guanti zed version of an anal og sanple or digital data. It can be seen that
synbol duration t~ is equal to bit duration. The transmtted synbols are
spread by nultiplying the QPSK synbol stream by the conplex pn sequence.
Soth the | and Q pn sequences are conprised of a bit st{gaprgeRgHRted at a
much hi gher frequency, typically 100to O times the synbol rate. One such
pn sequence is shown in Figure 3C_ The | ex pn sequence is mxed with
the synbol bit stream producing the digital spread signal (as previously

di scussed). sdié ikmurti(102peRpledtaca dpsirhtraffuf sighal despreades(9d)ahaving aknown
as chips having a nmuch smaller duration t~. Wen the signal is received and
denodul a . i.gnal is at the chip level. Wien the | and Q
corrponenflgsqg’f'&?ﬁeedog‘?tgﬁgw@é despread using the conjugate of the pn
sequence used during spreading, the signal returns to the synbol level. The
embodi nent s ofantaideast ene nnwiantedriraffic sagral chnoeler 18, ghicomptisig:and 7. The
gl obal pilot signal cancellation system 61 enbodiment is shown in Figure 4.
A received signal ' eSFh : ' ) = ~ P where
the received si gnai'm Pﬁ?vgﬁ%ﬁconp?g ﬁL%?édé%gq%lﬂ)oﬁ%W%eaginoql&fcﬁ)gp%fil ot
strength multiplied with the pilot codecP, summed with the traffic

st r engt hto-srignfirsti symmaed eptt and arseeend sumpred QAtpdlinmed with random noi se n.
The noise n includes all received noise and interference including all

ot her traffi cysgRding qﬁ%ﬁ pi ki Jov cei ved
signal r, theﬂl?ystem%dl&r?rfuﬂgt elrlidé ?iﬁiee?gir%%g?bés@?lgﬁ%?%hof thﬂeéd[;l??ﬂ(i)i';é code

where: # , E ' i he gl | pil ' ' . hi gh
thor e el B Beba 196, Jrend SRl ) o FRTR &1 Sl & 0"

generator (119,.,) with the input (103) to produce an unwanted traffic signal

despreader output;

said unwanted traffic signal despreader (139,.,) summed output coupled to a
hard decision processor (125,.,) having a phase output (1) and a data output (d);said
hard decision processor (125,.,) phase output (1) coupled to a low pass filter (127,.,),
said low pass filter (127;.,) having an output (Oypsm);

said low pass filter (127;.,) output (Oyps) coupled to an input of a processor
(129,.,) that filters the product of the unwanted traffic signal to desired traffic signal
cross-correlation outputting the unwanted traffic signal strength;

said processor (129;.,) output multiplied with said hard decision data output
(d) with a multiplier having an output delivered to an adjustable amplifier (137,.,);

an unwanted traffic code generator (119;.,) output coupled to an input of a

complex conjugate processor (135,.,) having an output;



16 April 2003 -e Wien the received signal r is sumred over time, Equation
(2) becones: ~Ec + ~ + E', Equation (4) p ~t Referring to Figure 4, the
recei ved baseband signal r is input 63 into the pilot signal ~cancellation
system 61 and into a pilot despreader 65 which despreads the pilot signal
fromthe received signal r. First m xer 67 despreads the received signal r
by multiplying with the conplex conjugate cP* 69 of th A code used
during spreading yielding: !'!'11 (~ Equaty on (5) ~CP ~ve¥£Athf%8B+ ~CP . A
conpl ex conjugate is one of a pair of c ﬁblex nunbers with identical real
parts and with imaginary parts differing only in sign. The desp~read pil ot
signal 71 is saidipbdraglek@onjigate sutpstumixaddyih aroppdeesagugatd ofttey desiredi s
sumed over tine. The first sumand dunp 73 output O-~ is Equation (6)
where L st he pro of _the i ot . spreadi ng code c~ and the conpl ex
conj ugatt«g‘l gllc %&Fga‘ﬁ.g%f"ysﬂp‘?*@%?&i(ﬂ?k@&@gﬁg %ﬂﬁ@&gover 1, chips . 16 April
2003 -9 The sum and dunp 93 output O a~is coupled to a | ow pass

said mixer (133;.,) output coupled to an input of a second sum and dump

processor (123,.,) having an output;

said second sum and dump processor (123,.,) coupled to an input of an
amplifier (137,.,) having an adjustable gain controlled by said multiplier (131;.,)
output; and

said output of said amplifier (137;.,) is coupled to an adder (143) which
subtracts the output (141,.,) of each variable amplifier (137,.,) from the output (Oqs3)
of the desired traffic signal despreader (91) to get the output (O) of the traffic

cancellation system (101).



filter 75. The |low pass filter 75 determ nes the nean value for each signal
conponent. The nean value for pilot-traffic cross-correlation is zero and
so is the mean value of the noise n. Therefore, after fil16ekprih@00B, the
second and third ternms in Equation (6) becone zero. The |ow pass filter 75
out put O-over tinme is: Equation (7_)4_o~, _ L. The low pass filter 75 output
O~ is coupled to a processing neans 77 to derive the pilot code strength .

The processing MeanggffrCoksed AN 0¥ 1éevbehfgntae | ow pass filter 79
output O-~ by ,L. Thus, the processing neans 77 output OP,~is Q- ,

Equation ($)rigurthe pil atsiipeadiddy ledRk GRagEapPloEX aCpRliBgaggr generator 69
is coupled to a conpl ex conjugate processor 79 yielding the pilot spreading
code cFCDMAhecquinupicapiemdiyegesode cP is input to a second m xer 81 and
mxed with the output of a traffic spreading code c,' conplex conjugate
gener ator 8Fignre r2&sulti Agdstadded fHARk Hgl%‘?f’&hdoﬁi »éer BeIDMAR' put i s
coupled to a second sum and dunp processor 85. The output O ~ of the 16
Apri | Zﬁﬂg‘"ql}locag:éf?ﬁnﬁy%%erﬁ‘and dunp processor 85 is ~cP, and is conbined

wWith at a thyd, %8 7 2 Thecdlidd BL%eLnSA:qYtam &P dScofpist The
received si gna%q"r is al soadespread bgytra?fié gesprecglger Sﬁ@p]r‘%% traffic
despr easlgibed nii@sppEEs. t he received signal r by mxing the received signal

r with the
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 block diagram of a global pilot signal
cancellation system according to the present invention.
Figure 5 is a block diagram of an unwanted traffic

signal (s) cancellation system according to the present

invention.
Figure 6 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.

DESCRIFTION OF THE }.;REFERRED EMBODIMENTS
The preferred embodiments will be described with
refere;ce to the drawing figures where like numerals represent
like elements throughout.
A B-CDMA™ communication systewm 17 as shown in Figure 2

includes a transmitter 19 and a receiver 21, which may reside

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



traffic code ct' conplex conjugate generator 83 using a fourth m xer 93

yielding: ~ Equation (9) ~'t-ct~ _"~y.~t~ + p~IC~ + 4itCt . The traffic
despreader 91 output 95 is coupled to a third sum and dutfAgHi.2008e third
sum and dunp 97 output O ~ over tine i.s Equation (7.0) O- = Frct™ _ (31. +

Fcp t* + Fnct® where L is the pro'ofh’ct of the traffic spreadi ng code ct and

th t ‘
chi pe. CRRPpitHy 38 fadludds b Bloly IEGRAAN, 4 Rufion MR er oo
whi ch gofid %‘ﬁhsn&{%ﬁ:@ gé%m%erzsﬁn%t BHEta89 Jgﬁlaﬂéi%@%awsout O- is:
Equation (11) + Fwtct™ - ~ ct . 16 April 2003 -11 Thus,

the pil ot %ﬂ%}eroﬁlbadk@ﬁrbulﬁl“ i BwequAlepso die fimeciwedl $hgmdle r M nus t he
pilot signal sinplified below O- = ~3~ + F~c~ . Equation (12) The

i nvent genexseiomn of nal dramwitsed teigamtefinurmamndtiplaf faccesisgnal s) from
a desired d¢raffic signal. Wile traffic signals are interference to other
traffi en‘S%ﬂ?m}%ltj usFLRSt hehe IRHE et Wigithl o3 P fifidenedar fi c si gnal

[ ff f b | ot I | | t traffi
cronal o bl ke, e pEERL ARl By e Nl i iR e A ¢
gl obal é%ithﬁg%&imga%ﬁci?%t AneP B3SRa) WIS 8851 1%1&@ fdpe Sipgnal

constant ges phase due to data nbdul ati on. e traffic signal

cance’ ghas éyéﬁ%ﬁeﬁoéi;i@;@d' T ISRioV b T ger%eélgﬁatég% e 2 received

si gnal IS 1n to the system r guation (13)

wher e the recei ved mgnab is a,conplex nunber ar}d is fi |
quadrature channél 33y. Bi-phase wmodulated [and Q signals

are usually referred to as quadrature phase shift keying
(QPSK) .

In the second step, the two bi-phase modulated data or
symbols 33x, 33y are spread with a complex, pseudo-noise (pn)
sequence 35X, 35Q using a complex number multiplier 39. The
operation of a complex number multiplier 39 is shown in Pigure
2B and is well understood in the art. The spreading operation

can be represented as:

betjy) X (14Q) = CeI-4Q) + jQ+yl) Equation (1)

= aﬁb.

A complex number is in the form a+jb, where a and b are
real numbers and iz=-1. Referring bagk to Figure 2a, the

resulting I 37a and Q 37b spread signals are cowmbined 45a,

45b with other spread signals (channels) having different

spreading codes, wmultiplied (mixed) with a carrier signal 43,

\



conprised of the traffic code signal strength ~/r nultiplied wth the
traffic signal. data d and the traffic node cd for the unwanted traffic
signal to be canceled, summed with the desired traff is aedgrifR0@ngth /|
multiplied with the desired traffic code c,, sunmed with noise n. The noise
n includes all received noise and interference including all other traffic
16 April 2003 -12 signals and the gl'obal pilot signal. To cancel the

unviant ednhr 4L o R Shal ! OO dBRRRYEDIShONA! day [ D8 EYRY O 201 Must

derive e signal strength of the unwan raf fic code

subtracbgqram@@séfnm,gi{,{mlﬁat&ggalmere: ~r~d#~i . Equation (14) \Wen the
received signal r is summed over tinme, Equation 13 can be expressed as: -

Equati on ( 15¥hér receitelr~2d intlades +taEdembBhEdttongida) Hispurmich t he

recei ved baseband signalr is input 103 into the desired traffic signal
despr eatéxesl d¢wich thesprranpnithedddyicadbandafdignadi gi¥al witlhomthiee recei ved
signal r. Desired traffi.c signal m xer 93 m_xes the received signal r with

the conBFaRseyifghcarrier 3 dnkoqar; e irdipfe GATTdeHHRBIENGYT i ng
ding. T d ffi | | t dd
Spread grga Qﬁb es%eggcgrﬁg‘ &ngignmiégq_ rél%nc%%u%%ﬁu%gg%ggﬁg u f: unp

process 97 "and sunmed over The sum an _ _ °0-is O~ =
F~i - ~basepand~~Tht OPRK sighllads PN dsiblisTheeh ffddred $3akhngcancel er

system 10l shown in Figure
mixed 56 with the locally generated complex pn sequence 3SI,
35Q which matches the conjugate of the transmitted complex
code. Only the original signals which were spread by the same
code will be despread. All other signals will appear as noise
to the receiver 21. The data 57x, 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 [ and

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

much higher frequency, typically 100 to 200 times the sywmbol
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) .



5 includes n unwanted traffic signal cancelers 1151-115n. An K . , 16
April 2003 -13 exenpl ary enbodi nent includes 10 (where n=101 unwant ed
traffic signal cancelers |151-1151a. Each unwanted traf f 1GApfl@RMB cancel er
1151 -115a conprises: an unwanted traffic signal despreader 1391-139a that
includes a first mxer 1171-117n a8 an unwanted traffic si gnal code
genera I - X d P i xer, Jirst 1211-121" and second
1231- 195 s‘,’é’%‘g’g?}‘éggﬂn%e %?‘gc%éggogr‘%%g‘r ég%ekc'{"s‘,‘ﬁ“oﬁsp‘r’%% EBPVIng1 1252, a

| ow pass filter 71- éZ?a%. a processing neans 1291 -129a, third m xer

131 1- 1F1 fueh SRFGE: SUpPoc¥dor §351-135a, an adj ustabl e anplifier
1371-137n, and a desired_traffic signal code generator 83. As above, the
recei ved si dfigR FheSigmidt 190556 ar driRdidated  &bei basgharder

11 51-115a. The unwanted traffic signal despreader 1391-139a is coupled to
the i nF#oNEd3 ighate thiechiR cleril si gfhan thesl Ande & pemponants wEh t he

conpl ex conjugate cd, .-~a"" of the traffic pn sequence for each respective
unwant ddssi grilgnaitheaye s feapteado usizgs theaf ¢orjugateal of stbeugped to a
first sumand du rocessor 1211-121a ere it _is sumed over tinme. The
first ﬁﬁﬂ“ﬁ’d’edg}%ecgfg‘ir’i‘ﬂlas%‘iﬁa&%‘%aﬁ i$gnad retugpggto- ghe ¢ +
pEcEcd~yTnb~'ln “velE~@~3.0n (17) where L is the product of the unwanted
traffi c signal” spreading code c~" and cd"" is the conplex conjugate of the
unwant ed tr afifd CenticilentBr 88dithe §R&Rent 1fBvAFidn 208Q3 st NE, first sum
and dunp 121i-121a output O-I" is coupled to the hard decision processor

| 251- 128agurie har s aedi 31 on Theogadsderl |pdide125gnadkt eandeiEkat fvh phase shift
in the data due to nodul ation. The hard decision processor 1251-125n al so
det er nigy@esemh 1 epispdimenst £F | gqevBh ipodignem ©1 Rhaeceived oseanal o t he
despread synbol value. As shown in Figure 6,- the hard decision processor
1251125nésnprprssaed easi ved synbol pa of a signal to the four QPSK
constellation points xl,,, x I, i, x ~,1, x,,_1. It is necessary to

exam ne each received synbol po due to corruption duEqwagtigmnéhl ssion 47 by
noi se and distortion, whetiet “nil tiflsat® or radi o frequency. The hard
deci si on processor conputes the four distances cjl, ch, d~, d4 to each
quadrant fromthe received synbol po,and chooses the shortest distance d2
and asdfhgre t ke SSRASGIved 19t R3onT x18, a1, copfpd epfar yuthedi sPBA pkdcessor al so
derotates (rotates back) the original signal coordinate po by a phase
anount coupreised cudle palbhesphasgtboxrmsipopding wbth hehes ghbdted synbol

| ocation x_t, 1. The original synmbol .. coordinate pa is discarded.

codec,, summed with the traffic strength f multiplied with the

traffic code ¢, summed with random noise n. The noise n

includes all received noise and interference 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:

o< # 3 Equation (3)

since the global pilot is transmitted at a higher power level

than a traffic signal.



The hard deci sion processor 1251-125n phase output ~ is coupled to a | ow
pass filter 1271-127n. Over time, the low pass filter 1.271-127a determ nes
the nmean value for each signal conponent. The nean val ue 1 ApMe003
traffic-to-traffic cross-correlation and al so the nean value of the noise n
are 16 April 2003 -15 zero. Therefgre, the |ow pass filter 1271-127n

out put over tine is: p =~ ~ Equation (18) The |low pass filter .1271-127a
output O-, is ad, Lo.itRa B Ssi g 1R%r t eri.ve the
unwant ed trafwégpgghgng% clo e stTength ~/r. §ie pr 5cé:s%§{|éﬁg%r§l§r%%29l -129"

esti mat e%2y Bé’codui\evsi-di ng the filter 1271-127a output 0,~, bye. The other

har d deci%?on processor 1251-125a output is data d. This is the data point
d corresponding to the smallest of the distances df, c~~, d~, or d4 as
shown in Figure 6. Third m xer 1311-131" m xes the unwanted traffic signal
strength ~/r with each dateyvalye ;;IBECTh,eEHnwant ed tr dquacidg@h spreadi ng
code conpl ex conjugate generator &d," -€d"™ is coupled to the conpl ex

conj ugat e processor 1351-135a yielding the unwanted traffic signal

spreadi ng code cd~-cd" and is input to the Second m xer |331-133a and m xed
wi th the out prefefridgste ddguraf4i chei geatived deakelgped deigwableisconj ugat e
generator c~ _ The product is coupled to the second sum and dunp processor
1231- 123anpdtes3s daoodeisu pi botd sdgnpl praceddatidA3dyd28a ewtgnd igko” is r
acl,F~ and is coupled to variable anplifier 1371-137a. Variable anplifier
1371- 1372 RipPEfieaprapdercfpnehicimdaspreads thecpApet| siapal £8opr ocessor

i 231-123a output O'~" in accorance with the third m xer 131r 13la out put
whi ch i stheerekaizedi atgnadarn. Finat valiein|6d Sespireiads tdplredeavedt put 141 ~
141 n is coupled to an adder 143 which subtracts the output from each

vari abl e Rt = 1137 : o) ired ,ratfic signal
despr eadg?‘gﬁég.r %keagﬁ%lpé}ﬁléai g&etg Eﬂ?ﬁ%ﬁ’? c{%ijﬁﬂfré Far cgb- gfL‘-t c~Fc~r ~.
Equat i on 19.) The adder 14 ut.put O (also the unwanted traffic canceler
Syot em 168ecREIRR 1 2988 41T B, vkt Suie el diRE ls ' e

. . . . Equation (5)

Ercy = «Ecncp + [}Ec‘cy + Encp.

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

sum and dump 73 output O, is:

Equation (6)

L

Oy = =L + PEeg, + Bnc,

where I is the product of the pilot spreading code ¢ . and the
complex conjugate of the pilot spreading code cp‘ summed over

L chips.



unwanted traffic signals sinplified below Equation (20) O - (3L + Fna
where the noise n varies depending on the anmount of traffic signals
subtracted fromthe received signal. Another enbodi ment héagrppesd |ing the
gl obal pilot signal and unwanted tgaffic signals is shown in figure 7. As
previ ously di scussed, the unwant e traffi c cancell ation system 101 includes
the desire rafflc nal ,ggs rea 9]. and alocgralltxﬁé:i)f unwant ed
traffic si é‘g'nég Wy 'é ¥ &R | S %ystemis
coupled in parallel with the pil ot c?nc | | ati pn system 61 previously

descr i biteerh I8 - wi T Jova PAES| FL4CEFaf Pi e%‘?ﬂ@h’l‘eﬂeglb‘?é“a"r‘fé} vadunmon i nput
147 | ed t 1 d 49 whi ch 16
EADECE IR e e

The p'é%s@%ﬂt@m@m@ﬁ t5akEis §han%40s :@éetﬁélb&\éaﬁt %alﬁéoeslft hgdesired
traffic signal yielding an output 151 free of interference contributions by

t he p',!\gfseagd @Lﬁtﬁb@égw gfa;g;ra@%ﬁék@ﬂgtmff&ﬁeswaaﬁévaendbﬂ&ﬁg]l' 2003 -1 8

Wil e specific e ments o e present invention ha een own and

deser | P8fno RVERUNLLC ) BB ARG YALLAL! 408 SO hhe LY Ane Skil | e

in the a parting from the principle the invention.
The above an 0p,tlon serves to il-lustrate and not |limt the particul ar
formif \%g‘i L6 PAITT 2003 19 Claims: 1. A cancel | ation system for
renovi ng sel ected signals from atraffic signal pri ngr, eco(g ng in a
receiver that receives communication signals froma Fih P (19) over a
CDVA air interface, the sys efprising: a systeminput (147) for

recei ving the comruni cation sfgnals; said systeminput (14'n inputted as
input (103) to a traffic signal cancellation system (101) having an out put
(O equal to the desired traffic signal mnus the

The low pass filter 75 output O,y 1is coupled to a
processing means 77 to derive the pilot code strength «. The
processing means 77 calculates o« by dividing the low pass
filter 79 output O,P/ by L.' Thus, the processing means 77

output O, is
O = o, Equation (8)

The pilot spreading code c,,‘ complex conjugate generator
69 is coupled to a complex conjugate processor 79 yielding the
pilot spreading code ¢,. The pilot spreading code ¢, is input
to a second mixer 81 and mixed with the output of a traffic
spreading code ¢' complex conjugate generator 83. The
resulting product from the second mixer 81 output is coupled

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

&£



unwanted traffic signals; said signal input (147) also inputted as input
(63) to a pilot signal cancellation system (61), the system (61) processing
the input (63) to renove a global pilot signal and havi B APril@ebput (Cad~
equal to the desired traffic signal mnus the global pilot signal; and

wher eby the output (Oad~ of the pidgnd- signal cancellation system (61) is
subtracted fromthe 16 APRIL 2003 19a output (O of the traffic signal

cancel | ati on, syst ( roxl.dee t anc atlo A put (151).
2. The %?ﬁ%@l Fé i%rllnasys e aé%grgé%ngstggcf‘%f‘mgliam#ér%@ﬁ%gn}dggéfi c
cancel l ation system (101) conprises . a desired _traffic signal despreader
(91) cotiptted Fglﬁds‘ﬁﬁ%oﬂdu he bhted 4i¥es §7t SUSPHEURR Hh Bt%ut ( 0S-)
and an unwanted traffic signal canceler (1151 g, the canceler (1151 g
conpri sing 16 APRIL 2003 20 an unwanted traffic signal despreader (1391_J
having a signal input (103) coupled to said systeminput (63) and a sunmed
out put ; the Thevameegiveds f $tgvaynal idesplaadelespraat gbofprfsiag an
unwanted traffic signal code generator (1191 g and a m xer (1171 g for
m Xi ng desprégpidr oP1t he Fbmertatafifilcl 1dgspreagierh 9hedeapueads 08het 0 produce
an unwanted traffic signal cancel er output;

received signal r by mixing the received signal r with the

traffic code ¢' complex conjugate generator 83 using a fourth

mixer 93 yielding:

. R . . Equation (9)
Yire, = «Xcg, + PXog, + Ync, .

The traffic despreader 91 output 95 is coupled to a third sum
and dump 97. The third sum and dump 97 output 0,4 over time
is:

. . . Equation (10)
O“B = Erc! = DL + “Ecvc! + znc‘

where I is the product of the traffic spreading code ¢ and the
complex conjugate of the traffic spreading code ¢ summed over
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_y is:

. . . Equation (11)
O_JJ = BL + “Ilc?c, + chl - °'=Z‘x:’,c. .



said unwanted traffic signal despreader summed out put coupled to a hard
deci si on processor (1251 J having a phase output (i) and a data output (d);
said hard decision processor phase output (t) coupled to1@Abﬁ|vzqgass filter
(1271_J, said |low pass filter havi ng an output (O pfn); said |ow pass
filter (1271_J output (O, pfJ coupla#to an input of a processor (1291 _n)
that filters the product of the unwanted traffic signal to desired traffic
signal crossThug+ cthe i hlofutganaaler Gheourimant Odu t imfdqualsitgnathest r engt h;
sai d processor (1291 g output nultiplied with said hard deci sion data

out put fddedd Fdidstr ﬁuhagpém@rpﬂ&lbghama&i £ QURYbydel i vered to
an adjustable anplifier (1371 _g; 16 APRIL 2003 20a an unwanted traffic

code generator (119) output coupled to an input of" a conplex conjugate
processor (1351 g having an output; said conplex conjugate output m xed

wi th a conpl ex conjugate of Ogge:dﬂléiwﬂdc‘traffi C Si gnedutads 2y first

m xer (1331 _g having an output; said first mxer (1331 _g output coupled to
an input of a first sum and dunp processor (1231 g having an output; 16
APRI L 2003 21 said first sum and duynp processor (1231 coupled to an input
of an arrpl i fThe Wflﬁ’nh'é%%g"‘ fﬁ“‘&&?ﬁs?%ﬂﬂ‘?cﬁ‘af:ﬂ T %olqné'énl‘}y?dsal d

L0 eki b, R BRI e gl ShaliE7E0 1o

traffic signals are interference 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 wodulated by the é:ata and is
therefore dynamic in nature. A global pilot signal has a
constant phase, whereas a traffic signal const:aﬁtly changes
phase due to data wmodulation.

The traffic signal canceler system 101 embodiment is

shown in Figure S. As above, a received signal r is input 103

to the system:

Equation (13)
= lllc’c‘, + ﬁc‘ +n

where the received signal r is a cowplex number and is

comprised of the traffic code signal 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 wmultiplied with the desired

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

received noise and interference including all other traffic



subtracts the output (1411 J of each variable anplifier (1371_n) fromthe
output (OCs~) of the desired traffic signal despreader (91) to get the
output (O of the traffic signal cancellation system (104p Apr;ﬁgoa'jle
cancel | ati on system according to claim 1l wherein the pilot signal
cancel | ati on system (61) conprises=ia-global pilot despreader (65) coupled
to said input (63) having a sumred output (Osdl); a desired traffic signal

and gl ohsilgnpilkoind rass -giashadl plilon sBanel .haTongafte DUt aitutksalizda sai d
gl obal pilot despreader (65) output (Osdl) coupled to a pilot strength

. det er m niFATRABSgnS A S) JLESK NHY HGcERRES Sajtiald rancKalt PbcdfP1@L Sai d
pilot strength determ ning neans output (Opt nmultiplied with said cross

16 APRI LyygfR03e2ife GO 6 @raQn sERaAGE P WM Whe( 08@2hi e @ 56¢ £ r%%é plied

product is said output (GCaaa). 4. The cancellation systemaccording to
claim3 phenepd Sl £JQR6 258" ESE AhAQN tm%aagt&%pr‘gzeq}gner 16 APRIL 2003 22

a gl obal” pilot spreading code conplex conjugate co ator (69); a
desired traffic signal conpl-ex conjugate code generator (79); a second
m xer (81) for cross-correlating said global pilot signal code and

¥+ d + p. Equation (14)

When the received signal r is summed over time, Equation

13 can be expressed as:
- Equation (15)
Yr = llIJZcJ + DEc‘ + Xin.
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

to a sum and dump processor 97 and summed over time. The sum

and dump 97 output O, is:

0,4 = E"’; = BL « ¢ chft. * Enc;. Equation (16)

The traffic signal canceler system 101 shown in Figure

$ includes n unwanted traffic signal cancelers 115,-115,. An



said desired traffic signal conplex conjugate code; and a second sum and
dunp processor (85) for sunm ng over tinme said cross correlation product.
5. The cancel | ati on system according to claim4 wherein qgiAq,rinmggs to
derive said global pilot signal strgength further conprises: ‘a | ow pass
filter (75) haV| ng an out put (O pf]) and a processor (77) coupled to said

Iow—passfl .deriwvin ttin | ob pil ot _si gnal

st r engfFe™P 5‘ 1550 %98.3 ng& lﬂeﬁl "g"t1 b‘ﬂg ngﬁﬂcléf:f‘gff‘ﬁn system
(61) for, us |n a receiver that receives conmunication signals froma 16
APRI L $308224°8RGaLHS tdritthea CDMVA air interface that renoves the gl obal

pi1 ot T gna Lo B 8oL eI dAd © AN LA deEpal nge the System

COI’TpI’I Sl ng: an | npu recei vi omruni catTon sigmals and a

syst emQi ik ead% urt@hd aneyafs%plﬂ@ b9 @e@ﬁ%‘d&"ﬁs dgqspr eader (65)
and a desired traffic si gng despreaderg?gl) each having a susr?Pféd out put; a

desi r edhataihiduddsgpakEiand wglxekall1pid 17 candsafionneaate@nt pRAaNSe sai d
gl obal pil ot despreader (65) output (08al) coupled to a pilot strength
det er msigngl needss gasgiratdet By Alfy mesendhddBagl 3. vixent fpst;

121,-121, and second 123,-123, sum and dump processors, a hard
decision processor 125,-125,, a low pass filter 127,-127_, a
processing weans 129,-129,, third mixer 131,-131_, a conjugate
processor 135,-135,, an adjustable amplifier 137,-137_, and a
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 139,-139, is coupled to the input 103 where

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

conjugate ¢y 'c;” of the traffic pn sequence for each

regpective unwanted signal. The despread 139,-139, traffic

gignal is coupled to a first sum and dump processor 121,-121_

-

where it is summed over time. The first sum and dump 121,-

121, output O, is:

O, = Ercj =Y dL + P¥ogs + Tncy. Equation (17)

In

where I is the product of the unwanted traffic signal

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

unwanted traffic signal spreading code.



said pilot strength determ ning neans output (Op",) multiplied with said
cross correlation nmeans output (08d2) ; and said nultiplied product
subtracted froma sumed out put (08d3) of said ~~desirexi#éﬁg '6 §|gna
despreader (91) output outputting (Cada) the desired traffic S|gnal free
fromthe global pilot signal. 7. Thg, gl obal pilot signal cancellation
system (61) according to claimé6 mhereln said means to derive said globa

| ot |y St h furth I f |t h
o 2 A SIS, LUBE Dy A

2§65V'229<3a€‘t§e°“t decibgpa ot gggg'ﬂ,% 12 -@3?2%%%%%#%@% a el ver
9 CDVA
| ntor FAREGaRREY B raetili kbR A SR B 2 tes 1 e

trafficosd EAkoBhl X id denadhagd dd@issnt 9%@&8&' a28g-18% LARWt (103) for
recei ving the communication signals and a systemoutput (O" said input

(103) couvdsdnke ehéeépé@dc&ﬂﬁélra@l&ﬁ@osdewﬁ%quad 9B Aawlpy a first

summed out put (OSd3); an at |east one unwanted traffic signal canceler

(1151 g SOMpY | gggeaan syapet eghisaffic signal despreader (1391 _n) having
an |nput coupled'to said first summed out put and a second summed out put;

the unwant edad rebloldnC i8i gRglirdes prendeniakd Rbigi6ANPEOSEHGoRN 2] want ed
traffic signal code generator (1191 _g and a mxer (1171 _n) for mxing an

out put P3stdpares a received symbol p, of a signal to the four QPSK
constellation points x,,, x,;,, *;.,. ¥ 4. 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 d,, d, d, d, to each quadrant from the received
symbol p, and chooses the shortest distance d, and assigns that
symbol d location x4 - 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 «,; ,. The original symbol

coordinate p, is discarded.

The hard 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 cox'nponent. The mean value of the traffic-to-traffic

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



generator (1191 g with the input (103) to produce an unwanted traffic

si gnal despreader output; said unwanted traffic signal despreader (1391 g
sumed out put coupled to a hard deci sion processor (12514bé?m”?g a phase
output (i) and a data output (d);said hard decision processor ? gl_g phase
output (i) coupled to a | ow pass = APRI L 2003 25a filter (1271 _n), said

| ow pass filt (1 vin n p p S d_| ow pa filter
(1271_&35&'puﬁfﬁeﬁﬁo%eedﬂ?‘g Eﬁg%n%%é‘% %Q%ﬂ 01%%8}18?‘1'29% t hat
filtergebecpredyst of the unwanted traffic signal to desired traffic
si gnal 26 cross-correlation outputting the unwanted traffic signal
strength; 16 APRIL 2003 said processor (1291 g output nmultiplied with said
hard deci sion data output (d) with a nultiplier having an output delivered
to an adjustable anplifier (130L 6 yah. unwanted t r afBquatdiede(I®hner at or
(1191 g output coupled to an input of a conplex conjugate processor (1351 g
havi ng an out put; said conplex conjugate output mxed with a conpl ex
conjugate of the desired traffic signal code by a m xer (1331 g having an
out put; sai ¥h@itew p2esifdiserpdZeotdlePUtBUENUmpdf SPUBleddeMd sum and
dunp processor (1231_g having an output; said second sum and dunp processor
(1231_&heonprerrting Fepmsud 281 - 139affl ArFEYe (dgy mayansedngraffielj ust abl e
gain controlled by said multiplier (1311 g

signal code strength ¢. The processing means 129,-129,

estimates ¢ by dividing the filter 127,-127, output O, by L.
The other hard decision processor 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 Pigure 6.
Third mixer 131,-131, mixes the unwanted traffic signal
strength ¢ with each date value d.

The unwanted traff‘ic signal spreading code complex
conjugate generator o<yt is coupled to the complex
conjugate processor 135,-135 yielding the unwanted traffic
signal spreading code c¢;~,; and is input to the second mixer
133,-133, and mixed with the output 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

4

Yede and is coupled to variable amplifier 137,-137,. Variable

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



output; and said output of said anplifier (1371_g is coupled to an adder
(143) which subtracts the output (1411 g of each variable anplifier (1371 g
fromthe output (OS~) of the desired traffic signal despr.l%%j‘ﬁn 2p§d) to get
the output (O of the traffic cancellation system (101)
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where the noise »n varies 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 Figure 7. As
previously discussed, the unwanted traffic cancellatic)n system
101 includes the desired traffic signal despreader 91 and a
plurality of unwanted traffic signal cancelers 115,-115,. The
traffic cancellation system is coupled in parallel with the
pilot cancellation system 61 previously 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
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While specific embodiments of the present invention have
been shown and deécribed, many modifications and variations
could be made by one skilled in the art without departing from
the principle and scope of the invention. The above
description serves to illustrate and not limit the particular

form in any way.
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Claims:
1. A cancellation system for removing selected signals from a traffic
signal prior to decoding in a receiver that receives communication signals from a
transmitter (19) over a CDMA air interface, the system comprising:
a system input (147) for receiving the communication signals;
said system input (147) inputted as input (103) to a traffic signal cancellation
system (101) having an output (O) equal to the desired traffic signal minus the
unwanted traffic signals;
said signal input (147) also inputted as input (63) to a pilot signal
cancellation system (61), the system (61) processing the input (63) to remove a

global pilot signal and having an output (O,q4) equal to the desired traffic signal

minus the global pilot signal; and

whereby the output (O,44) of the pilot signal cancellation system (61)

is subtracted from the
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2. The cancellation system according to claim 1 wherein the traffic
cancellation system (101) comprises a desired traffic signal despreader (91) coupled

to a sum and dump processor (97) to produce an output (Osy3) and an unwanted traffic

signal canceler (115;.,), the canceler (115,.,) comprising :



10: 10: 10:410% & ()-s010% & ()-1.10% & () -,

10% & ()-*-10% & ()-9999": A:: dEYNC! y@ 10%& ()-ny- 10%& ()- @ y1l0%& ()-y
1098 ()-fS 109& ()- “'109%& ()-:;;;;0<p<{\=YNC!$ 10%& ()- y 10%& ()-9
10% & ()-' ' k109%& ()-ys10%& ()-'y, - 10%& ()-- p<!=] =======aVK@ 10 10 1034
10%&' ()-!1t 109%& ()-3.10% ()-@ 10%& ()-y& 10%&' ()-===5>B>c>>aBVK@
S109%&' ()-!3
t 109%22& () - YL0%& () -f10%& ()-Lyml0%& ()-!L10%& () - >?T2?HfRRBvR@: -

109& ()- ! @10%& ()-" s10% ()-" F10%& ()- 20 10% ()-L 10% ()-| @1@@0
AAUAaBVK@ s/ 109%&' ()- !, ,&L0%& ()-s)10%& ()- ' 109%& ()- %S10%&' ()- s9$

Love |- Abmoph inRafted A3t sikind Bedpfedder (1300 Gavhie a'kie 5‘%@% ()-s@

18‘0’2 g ()-g9 10% &B&% mACr CCC#D2DI DdBbC! ! Sy’ 10%++&' () - 3@#10% & () -
( )coupied Buga system@npob(ed) end aguaned outpmbD; Er EEJEbC! ! f 5@
10% & ()-f3- 10% & ()-f0- 10% & ()-S.- 10% & ()-S,- 10% & ()-*
the unwanted traffic signal despreader (139;.,) comprising an unwanted traffic
signal code generator (119,.,) and a mixer (117,.,) for mixing an output of the
generator (119,.,) with the input (103) to produce an unwanted traffic signal canceler
output;
said unwanted traffic signal despreader summed output coupled to a hard
decision processor (125;.,) having a phase output (1) and a data output (d);
said hard decision processor phase output (1) coupled to a low pass filter
(1271.0), said low pass filter having an output (Oyps);
said low pass filter (127,.,) output (Oypsm) coupled to an input of a processor
(129,.,) that filters the product of the unwanted traffic signal to desired traffic signal
cross-correlation outputting the unwanted traffic signal strength;
said processor (129,.,) output multiplied with said hard decision data output

(d) with a first multiplier (131,.,) having an output delivered to an adjustable

amplifier (1371.,);
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said first sum and dump processor (123,.,) coupled to an input of an amplifier
(137;.,) having an adjustable gain controlled by said multiplier (131,.,) output; and
said output of said amplifier (137,.,) is coupled to an adder (143) which
subtracts the output (141,.,) of each variable amplifier (137;.,) from the output (Oyq3)
of the desired traffic signal despreader (91) to get the output (O) of the traffic signal

cancellation system (101) .

3. The cancellation system according to claim 1 wherein the pilot signal
cancellation system (61) comprises:

a global pilot despreader (65) coupled to said input (63) having a summed
output (Osa1);

a desired traffic signal and global pilot cross-correlation means having an
output (Osa2);

said global pilot despreader (65) output (Osq;) coupled to a pilot strength
determining means, said determining means having an output (Opp);

said pilot strength determining means output (Opp) multiplied with said cross-
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correlation means output (O44;); and

said multiplied product is said output (O,44)-

4, The cancellation system according to claim 3 wherein said cross-

correlation means comprises:
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a global pilot spreading code complex conjugate code generator (69);
a desired traffic signal complex conjugate code generator (79);
a second mixer (81) for cross-correlating said global pilot signal code and
said desired traffic signal complex conjugate code; and

a second sum and dump processor (85) for summing over time said cross-

correlation product.

5. The cancellation system according to claim 4 wherein said means to
derive said global pilot signal strength further comprises:

a low-pass filter (75) having an output (Oyyy); and

a processor (77) coupled to said low-pass filter (75) deriving and outputting

the global pilot signal strength.
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6.A global pilot signal cancellation system (61) for use in a receiver that

receives communication signals from a
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transmitter over a CDMA air interface that removes the global pilot signal from a
desired traffic signal prior to decoding, the system comprising:
an input (63) for receiving the communication signals and a system output
(0aaa);
said input coupled to a global pilot despreader (65) and a desired traffic signal
despreader (91) each having a summed output;
a desired traffic signal and global pilot cross-correlation means;
said global pilot despreader (65) output (Osq;) coupled to a pilot strength
determining means, said determining means having an output (Opy);
said pilot strength determining means output (Opy) multiplied with said cross-
correlation means output (O,q4;) ; and
said multiplied product subtracted from a summed output (O,g3) of said
~desired traffic signal despreader (91) output outputting (QO,qq) the desired traffic

signal free from the global pilot signal.

7. The global pilot signal cancellation system (61) according to claim 6
wherein said means to derive said global pilot signal strength further comprises:

a low-pass filter (75) having an output (Oy,9); and

a processor (77) coupled to said low-pass filter (75) deriving and outputting

the global pilot signal strength (Opm).



10" 10"& 10% & ()-LY z10% & ()- &L0% & ()- 10% & ()-{{E||||*}dEnbC 10&
1096& ()- OL109B& ()-& 109B& ()-91096& ()- 93 !109B& ()-
1096& ()-*}W}} (~x~~dEnbC 10LI "' 1096& ()- & 1096& ()-L109B& ()- &9
10968 ()- &109%%& ()-LY 109%& ()- ~~; e3dEnbC 10993@L0%& ()- "0 109%B& ()-
ol . 1096& ()- ") 109B& ()-9' "109B& ()- & 1096& ()- 3bC 10&
109& ()-109& ()- 109%& () -

16 APRIL 2003

25

8. A traffic signal cancellation system (101) for use in a receiver that
receives communication signals from transmitter (19) over a CDMA air interface that
removes at least one unwanted traffic signal from a desired traffic signal prior to
decoding, the system comprising:

an input (103) for receiving the communication signals and a system output
(0);

said input (103) coupled to a desired traffic signal despreader (91) having a
first summed output (Ogq3);

an at least one unwanted traffic signal canceler (115;.,) comprising:

an unwanted traffic signal despreader (139,.,) having an input coupled

to said first summed output and a second summed output;

the unwanted traffic signal despreader (139,.,) comprising an unwanted traffic
signal code generator (119y.,) and a mixer (117,.,) for mixing an output of the
generator (119,,) with the input (103) to produce an unwanted traffic signal
despreader output;

said unwanted traffic signal despreader (139;.,) summed output coupled to a
hard decision processor (125;.,) having a phase output (1) and a data output (d);said

hard decision processor (125;.,) phase output (1) coupled to a low pass
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filter (127;.y), said low pass filter (127;.,) having an output (Oypg);
said low pass filter (127,.,) output (Oypg) coupled to an input of a processor

(129,.,)) that filters the product of the unwanted traffic signal to desired traffic signal

L
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said processor (129;.,) output multiplied with said hard decision data output

(d) with a multiplier having an output delivered to an adjustable amplifier (137;.,);

an unwanted traffic code generator (119,.,) output coupled to an input of a
complex conjugate processor (135;.,) having an output;

said complex conjugate output mixed with a complex conjugate of the desired
traffic signal code by a mixer (133,.,) having an output;

said mixer (1331.,) output coupled to an input of a second sum and dump
processor (123;_,) having an output;

said second sum and dump processor (123,.,) coupled to an input of an
amplifier (137,.,) having an adjustable gain controlled by said multiplier (131;.,)
output; and

said output of said amplifier (137,.,) is coupled to an adder (143) which
subtracts the output (141,.,) of each variable amplifier (137,.,) from the output (Og43)
of the desired traffic signal despreader (91) to get the output (O) of the traffic

cancellation system (101).



