1 CANCELLATI ON OF PI LOT AND UNWANTED TRAFFI C SI GNALS | N A CDVA SYSTEM
BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates generally to digital comrunications. Mre specifically,
the invention relates to a system and net hod whi ch cancels the gl obal pil ot
signal and unwanted- traffic signals- froma received code division

mul tiple access signal thereby renpoving themas interferers prior to

decodi ng Descri pt ic@aeQlbl 8 BLOOLy Advanced conmuni cati on
t echnol ogy today makes use of & %Ngr?%vqusé%w&mm data is

transmtted with a broadengg{cﬁ@ﬁ@bﬁydp%a | he data to be transmtted
wi th a pseudo-noise (pn) signal. The tec no]&ggfgqtrémknovm as digital spread
spect rum or Fé6d¢é <f Hhsi Smedntrignt i pl e access (CDMA). By transmitting a

signal with a .bandwi dth nuch greater -than the signal bandw dth, CDVA can
transmt data witHoub* 5y aRrTertian byesayeal gehstarty 0Roorgfy: i erfering
frequency i BotdiSibh@0 SS| path.. ... Shown in Figure 1 is a
sinmplified, singl te:gc'hanrielh S%%%ﬁiﬁ%&ﬁoﬁh%y@veaﬁtgmmmm@m Wi th

gi ven bandwi sitdteinsartl xeehod &ihian SPLRaAG 0 nerated by a pn sequence
generator producing a digital spread ° spsgg%lg °§%§n8%.°‘?rm%l%faglnan%i ch
carries dat&f¥ited- spedithirc ciwmmel fsoknamnrasefrdd afbig $i;9naly., Upon
reception, tﬁngl‘i‘fidi‘t aaécs reproduced after correlation with the sar%é’ﬂpn
sequence used 15 tran&iitt “tHRAYtherevemenovting Shemals WindairFob-Re.

transm ssi q;ribgn@l(yvidj_,_tcgdggg_ears as noise to the signal being despread. 2
For timng synchronization with a receiver, an unnodul ated traffic signal
known as a pilot signal is required for every transmtter. The pilot signal
al l ows respective receivers to synchronize with a given transmtter,

al | owi ng dESPrERARY of tha Pafiprcastgnal at the receiver. In a

typi cal communi LQRy S stem. atba‘se station communicates with a plurality
of individual subScribers 1Tixed dP2nbbrieclogye toder walatd oserbEn transmits
many Si gnakemmiitiaas b Se 13 iohal iR i | common to the plurality of
users serviced by that parti %I a%ﬂbgggcgt% ron at "B T Herd poiidr 4 evel . The
gl obal pi | BF3%ened dunobytivedinittiingl taeqEhE td MOt Mkl vi dugl, user and
for the usgr L9 (?b_t ai.n signal -estimtes for coherent recep ionand for the
conbi ni ng of Prults ﬁé’tlﬁeco(gﬁbnéﬁ@a&uri nghe etephnoingySi 18 | Rhbyn ixd @ reverse
direction, araehsYpPsEld rapsmts unj.que:assigned pilot for

comuni caté;%gf;q.L Wi tﬁ thed %g%é:ttsxﬁgt ?%n.CO%e rgl%l%??a]b)}“mﬁg &cmesehi ng pn
sequence cH®PMA)si g heudecededy howey, ignals.act as noise and
interference. The global pilot and traftic 2%«%{:”1;% ‘%?Iédﬁb‘i!l%ké f8<) traffic
si gnal beifi§*t®spriedy. the simmagl dsaidwdident, ameizakhnUavapied t B?I:Ili c signals
coul d be mg@g&d {rilor 0 de%%eadi ng_a_desired signal, nmuch of the overall
noi se woul d be reduced “AEETLYI iGoPRd Bigtastion ot dndeiBetungy, | NMProve

the si gnaltreguaiiysen’ eid &SN <01 of NG, despread signal .

Shown in_Figure 1 is a simplified, single channel CDMA

- communication system. A data signal with a given bandwidth

is wmixed with a spreading code generated by a pn seguence

genérator producing a digital s

pread ‘spectrum signal. The

signal which carries _data for a specific channel is knowu'aé

a traffic signal. Upon xfecepi:ion, the data is reproduceaed

after correlation with the same pn sequence used to transmit

th i
e data. Every other signal within the CLransmission

bandwidth appears as noise to the signal being despread



“ne attenpts have been made to subtract the pilot sinnal fromthe received
S?gnal baggd on the relative strength of the - 3 - pilot signal at the
receiver. U S. Patent No. 5,224,122 to Brackert discloses a spread-spectrum
noi se cancel er which cancels a portion of spread-spectrum noise signal in
the received signal by generating an estimated signal by spreading the
known signal . Subsequently, the known signal is processed out of the
recei ved spread-spectrum signal by subtracting the estimated signal from
the denodul ated form of the received spread-spectrum signal.Were the
estimated sigri&rs tigingenercitodibaisied onthhen arptditvede amd dheaphase
i nformati O %f the known signals received froma base station in a primary
serving celt and PhY afpiit ulies & nbioroat fismatr o t heawigiese ©Bfr medsdypat h

ignal a i Qi-se sigpal .froma secondary serving cell. WO 98 43362 to
igglin e?ggﬁgﬁgﬁgéfoseggg éﬁﬁﬁgn5P§3acaﬁggP%? By “Beteeti ntf Gt VEBAStEoone

noi sy usetynshgmake fidma qspsead=sRactEUM$i gNa LEIRY 0P 1 .ril_gap JI.S€ of
pilo¥ sigﬁéljgﬁd its interference effect the pgr?¥%h ar user signal”
However , StHeaktatehbg regalwe.is not an accurate characteristic for
calculating interference due to the plurality of received signals wth
different tinme”del BPLcEhfEBIUPYC T dPRettitons dueaseo steria monhihidqath

propagat i,op, @%ﬁﬁraqq\é@rot]‘ %\égkvfdsl}allmsa&besscrgge"resl if?}?éde'or mobile. The base

station which transmits many signals, transmits a global pilot signal

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 acquisition 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 unigue 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 pilet
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 siemal from

the received signal based on the relative stiength of the



There is a need to inprove overall system performance by renoving nultiple
noi se contributors froma signal prior to decoding. 3a Summary of

| nventi on According to the first aspect of the invention, there is
provi ded an apparatus for code division nultiple access (CDVA) wirel ess
communi cation conprising: a receiver configured to receive a CDVA signal
that includes a desired traffic signal -and a second signal, the desired
traffic signal, being spread with a desired traffic spreading code and the
second signéPjﬁﬁiﬁﬁg§ﬁEeaH e hrecsietond $piseadfangncore; seams, 197 o
generating %f%%%%gg §¥ ngl cancel | ati on conponent including neans for
generating a second § l%r‘f PSEEr EngtRF P - FO§FLEHi My itsiee CDM&1sirgnettidased on

the second spreadin ;. lreans for nerating a second signal

cancel | ation factorgbﬁ&ggf%%figél?pg%%%7§ﬁﬁﬁfﬁ Yet¥hdssegabl igpridedi ng
code and theedesie8d:ifafif gadi; "y ans for conbi ning the
second si gnal strengtlagr and %;hg;é?geecor%ﬁgsi%g%%l’tlgggggrgflfﬁa&ng?(a?ﬁ'ﬁaql@g-

gener at e t hehsecomwh siignal . canbekhabhon, COMROREHL, IT r_generating a
despread desired traffic signal bg des%?eadingﬁﬁﬁ%s%%ﬁgﬁsgg A°PaSES on the
desired trafRbceSpleadtngi cedespraad -aspansrigr s GpEi My NGulb s SRy ead
desired traffigc signal and the second signal cancellation conponent to
cancel secont ¥ Torwe fhean tihe dhamdeddtedsificet torafthieC reicgnaky
Accordi ng t%#§gga§§cggd aspect aof the invention, there is provided an
appar atus for codé divi-§lor® Hitdh pl e HddEssteDgRt iniatee ssigerinuniieat i on
conpri si ng: BGelyV igyred to.receive a CDVA signal that includes a
desired tra%éf%}e{: si éinnggﬁgg%g:gﬁeuﬁg ?%éu t Bth&Pekhbare sinfisamatioheotesi r ed
traffic signal KiekmdssBhead Wetdy i traffi preadi ng code and each
of the other known sig%alsgbg%ﬁglg%$§§g%§g%ﬁ&gﬁ?é%ﬁ%ffwvénk%oﬁﬁl§ﬁ¥%ading
code; neansefreingeneiat i agdr es@e@rﬁ;wﬁdﬂwnrﬁﬁo&%'ti%ﬂn%%ha%g%8%@0”9”t S
i ncluding for each respective known signal: neans for generating a
respect i ve©$i givdit ippibngtignby cesprdedimg ddhes CAMA sighal 2 based g9, he
respective known spreadi ng code; nmeans for generating a respective known
si gnal canEEFVaPForcthct o0 K $8Péet toeYyltombimialy tHeclespecki ymuknown
spreadi ng gﬁggeand thf desir&% traffic spreadi ng code; and neans for
conbi ni ng The°FeSPREETVE RNoARLEFyHT 2% r beath ane bhisy espectsiendnown
si gnal can [ factor to generate the respective known signal

MEEL 3 B lég%iﬁk%’r‘é‘gn%l%arl GOFeF SPPRENG thasprdas dbsi¥lert traffic

cancel | ati on conponent;

si gnal by slespreagdiang:i VA s . ed,on the. desired traffic
spreading code; and n%aﬁgn?or 5%%%?ﬁ+%€ %hﬁe%%¥%ﬁﬂEGE%PF@H $¥E# ¢ signal

and the rakpestdwe thaowdrshgnalvoacek! abi an, %gg&%%ﬁt snio Gancel pilot

signal noise fromthe despread desired traffic signa e%&ﬁﬁﬁ%ing to
t he third faspeed coflat hegi nventicamndehaue &6 PhOWIGEE 18Rl had. Qf; code
division multiple access (CDVA) wirel ess comunication conprising:

recei vi ng S390PNK . ¥il§haflif harennct idesied adesicoedetr BYf +6f Bianalnpgea second
signal, the desired traffic signal being spread with a desired traffic

spr eadi ng "ot  BHER t hHUdEEBABL SR Avdiongme e 8 arbwsizt heve b earithaspreadi ng
code; gengrating, g .second signal cancellation conmponent including
generating a seconﬁ‘signal strength by despreadi ng the CDVA signal based on
t he second spr jng: cade. geperating a seco si gnal cancellation factor
by seIectivelyﬁggﬁggﬁfﬁb%ﬁﬁgg%cﬂn é&%ﬁ%ﬁex§g3eﬁa hE™ deiste e se Pelesi r ed
traffic speeading eefe;HRN i £ signal strength and the
second si gnal éggcelIai?ondéggﬁgfﬂ?ggaéﬂgfgﬁi <§]§%53ﬁﬁa§igﬁ§pr to

cancel | atderodionponent ; generating a despread desired traffic signal by
despreadi ng t he CDVA signal based on the desired traffic spreadi ng code;
and conbi ning the despread desired traffic signal and the second signal
cancel l ati on conponent to cancel second signal noise fromthe despread
desired traffic signal. According to the fourth aspect of the
invention, there is provided a nethod for code division nultiple access
(CDVA) wirel ess conmuni cation conprising: receiving a CDVA signal that
includes a desired traffic signal and a plurality of other known signals,
the desired traffic signal being spread with a desired traffic spreading
code and each of the other known signals being spread with a respective
known spreadi ng code; generating respective known signal cancell ation
conmponents including for each respective known signal: generating a
respective signal strength by despreading the CDVA signal based on the
respective known spreadi ng code; generating a respective known signal
cancel | ati on factor by selectively conbining the respective known spreading
code and the desired traffic spreadi ng code; and conbining the respective



cancel lation factor to generate the respective known signal cancellation
conponent; generating a despread desired traffic signal by despreading the
CDMA signal based on the desired traffic spreadi ng code; and conbining the
despread desired traffic signal and tfie respective known signa
cancel | ation conponents to cancel pilot signal noise fromthe despread

desired traffic si naI ... BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
i s a sinptYPMRYSHR E’Neﬂf'ﬁaram of a prior art, CDIVA communi cation system
Figure 2A is a det |Ied k di agr am of a B— conmmuni c n system
Figure 2B is Yo ? RS 0h Hre é{“'V@rS‘HBF HBniSePraHAE @ er .

Figure 3'%4:!%1‘%@'1‘8]3 cBBe"H\néaBnQﬁ@l% Iebééc?%%t(@?‘ﬂnA'):'vﬂl'ﬁl SBoirdnihi @ét@nb()f a

guadr at ur t stream Figure SC a’' pseudo- noi se
sequence.comprisingi gueeeider sorfidured Iéod'leagwana &IDMAgsigbal thitlintludegzal

cancel | at | ystem according to th rese vention, Figure 5 is a block
i agr am SRR, ol SHNEr G1F 1% SEOPER-HPES dhn AR By SBBR, BB df ng ©o
the presaprehd\@H iz08esired traffid SPFéading TodedhA@ AR ﬁcoﬁdr 8igRbY 8dingy Mool p.
on the QPSK constellation show ng a hard deci sion.

spread with a second spreading code; means for generating a second signal

cancellation component including means for generating a second signal

strength by despreading the CDMA signal based on the second spreading

code; means for generating a second signal cancellation factor by selectively

combining the second signal spreading code and the desired traffic spreading

code; and means for combining the second signal strength and the second

signal cancellation factor to generate the second signal cancellation

componen{; means for generating a despread desired traffic signal by

despreading the CDMA signal based on the desired traffic spreading code;

and means for combining the despread desired traffic signal and the second

signal cancellation component to cancel second signal noise from the

despread desired traffic signal.

According to the second aspect of the invention, there is provided an
apparatus for code division multiple access (CDMA) wireless communication
comprising: a receiver configured to receive a CDMA signal that includes a
desired ftraffic signal and a plurality of other known signals, the desired traffic
signal being spread with a desired fraffic spreading code and each of the
other known signals being spread with a respective known spreading code;
means for generating respective known signal cancellation componenis
including for each respective known signal: means for generating a respective
signal strength by despreading the CDMA signal based on the respective
known spreading code; means for generating a respective known signal
cancellation factor by selectively combining the respective known spreading
code and the desired traffic spreading code; and means for combining the
respective known signal strength and the respective known signal cancellation

factor to generate the respective known signal cancellation componeni;



Figure 7 is a bl ock diagram of a conbined pilot and unwanted traffic signal
cancel l ati on system according to the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENTS The preferred enbodi nents will be described with
reference to the drawing figures wherg |ike nunerals represent |ike

el ement s t hroughout. A B- CDVMAI' N conmuni cation system 17 as shown in
Figure 2 includes a transmtter 19 and a receiver 21, which nay reside in
ei t her a rbages $vrageveradingaa mebptaadudesired driffiesignBhéey despreatiingethel9

i ncl udes j.gnal proceesor 23 L.ch encodes vqi ce and nonvoice signals 25
o dat £0A Sl o560 TaBS dBySHLGAGE TaeRgrGuRc At Teds e

i nvol ved dginiRRgARBRIAbtdY Qdsid frAME Bidri Gndll iBabspdbiReMAWPSignaccess
environnment. Fifst, the input data which can be considered a hi-phase
nodul at eccagicgliation cosrdats dsi eandadr pilatdsignabmoise from the despread

desired fraffic signal.

According to the third aspect of the invention, there is provided a
method of code division multiple access (CDMA) wireless communication
comprising: receiving a COMA signal that includes a desired traffic signal and
a second signal, the desired traffic signal being spread with a desired ftraffic
spreading code and the second signal being spread with a second spreading
code; generating a second signal cancellation component including
generaling a second signal strength by despreading the CDMA signal based
on the second spreading code; generating a second signal cancellation factor
by selectively combining the second signal spreading code and the desired
traffic spreading code; and combining the second signal strength and the
second signal cancellation factor fo generate the second signal canceliation
component; generating a despread desired fraffic signal by despreading the
CDMA signal based on the desired traffic spreading code; and combining the
despread desired traffic signal and the second signal cancellation component

to cancel second signal noise from the despread desired traffic signal.

According to the fourth aspect of the invention, there is provided a
method for code division multiple access (CDMA) wireless communication
comprising: receiving a CDMA signal that includes a desired traffic signal and
a plurality of other known signals, the desired traffic signal being spread with a
desired fraffic spreading code and each of the other known signals being
spread with a respective known spreading code; generating respective known
signal cancellation components including for each respective known signal:
generating a respective signal strength by despreading the CDMA signal
based on the respective known spreading code; generating a respective
known signal cancellation factor by selectively combining the respective
known spreading code and the desired traffic spreading code; and combining

the respective known signal strength and the respective known signal



correcting coding (EEC) 27. One signal is designated the in- phase channel
| 33x. The other signal is designated the quadrature channel Q 33y.

Bi - phase nodul ated rand ()signals are usually referred to as quadrature
phase shift keying (QPSK). In 4he second step, the two hi-phase
nodul at ed data or synbols 33x, 33y are spread with a conpl ex, pseudo-noi se
(pn) sequence 351, 35Q using a conplex nunber nultiplier 39. The operation
of a conmmeﬁmtrd)eﬁaomktﬁoplgeeeréé the seswective Ehgwnesi@lﬁaaménicellaﬁeiri
understood in the art. The spread |Hg operati n can be regresente

(c4-iy) CONRINYE) IRRETAEDS )a-qaaR S qqsg)red figpsional by dg BSRERAINGK aber i s
in the farrya ng back
to Fi gurceEZa gﬁgamgi ?Hgﬂg Q%?gé‘gﬁ'f?%% b sﬁi eg%dglén%?émgﬁggggﬂrﬁ)

45a, 45b omspheaxd Idesireqbrtmﬁb &wnhbsd(tbbmeﬂpest)vehbmwg SoiE] e:aﬂneflxmreadl ng

codes, multiplie m xed) wi.th a carri.er n and tr.an ed 47. The
transni s4% Qf‘farﬁig(}oc%’ﬂ I Pilgt signal) nqige forﬂ %ievéaﬁ%ﬁeag desly eadst?h(téc recei ver
21 incl udggns denodul ator 49a, 49b whi ch m xes down the transmtted

br oadband Signal 47 with the



transmtting carrier 43 into an internmedi ate carrier frequency 51a, 51b. 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 conplex pn
sequence 351, 35Q which matches the conjugate of the transmtted conpl ex
code. Only the original signals which were spread by the sane code will be
despread. All other signals will appgar as noise to the receiver 21. The
data 57x, 57y is coupled to a signal processor 59 where FEC decoding is
performed on the convoBBEDmaEstyrerendes #ai dpawrnes AS Shown in Figures
3A and 3E, a QPSK synbol consists of one bit each f;r om both the in-phase
(1) and quadrat%’r%‘r%zﬁ 5T gh&Pgplifhedbblechaif abepieseNh g pitantized version
of an anal egvs ke, % digi tal. data. It can be seen that synbol ‘duration /4
is equal to bit duration. YSEER-The transnitted synbol s are spread by

mul tiplying theigkRSK synmbhel aSti.e conpl ex pn sequence. Both the |
and Qon sequences are conprised ggléa&/b%?g%kt r(glgarﬁxgaé‘fqe?gt 8d BaCO¥A™uch hi gher
f requency, St¥PpReartpn1 80sten.200 tines the synbol rate. One such pn sequence
is shown in Fi gure 3C._ The conplex pn sequence is mxed with the synbol bit
stream produci ng°the di gt at Spfredddsisyaben (dsagrani eashy hpgussed).  The
conponent swabethg13ppead- si gnal are known as chips having a nuch snaller
duration C. When the signal is received and denodul ated, the baseband
signal is at theswhi palevel prihesr theis ) onents of the signal are
despread usi nggp_t he conjugate of the pn ?;%ﬁgn%ggﬁggﬁe%i ng spreading, the
si gnal returns G EnE syinbobletewd] a quadratutbepeabgdiamnts of the present
invention are ﬁ@gg\@ N nigin%ures 4, 5 and 7. The global pilot signal

cancel | ation system 61 8nbddPhetit ai BS&wRoLre Fimgur did. sdquggai ved signal r

IS expressed aSgufe = CLE é‘éi%%k+dQ§89§$'89 ézglobal 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

bresent invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Tpe. preferred embodiments will be described with

reference to the drawing figures where like numerals represent

like elements throughout: .

- m 1 1
A B-CDMA™ communication system 17 as shown in Figure 2

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

in i ol i
either a base station or a mobile user receiver The



where the received signal r is a conplex nunber and is conprised of the
pilot strength " nmultiplied with the pilot codenr, sumed with the traffic
strength ft nultiplied with the traffic code cf, summed with random noi se
n. The noise n includes all received noise and interference including al
other traffic signals_ To cancel the global pilot signal fromthe received
signal r, the system C nmust derive thqislgnal strength of the pilot code
where: Equation (3) since the gl obal is transmtted at a hi gher power
| evel than attaaﬁdnUteslgmaincldmbenaté&gﬂéxxyﬁeaésgbgnﬁh &hlé%,%%ﬁg%gaover
(4)

tinme. Equatlon (2) becones: = c4c+ fiEc + P Equation
volce and nonvoice signals 2% into data at various bit rates.

By way of background, two steps are involved in the
generation of a transwmitted signal in a rmultiple access
environment. First, the input data which can be considered
a bi-phase wmodulated signal is encoded.using forward error-

cogecting coding (FEC} 27. One signal is designated the in-

phase channel I 33x. The other signal is designated the

quadrature channel @ 33y. Bi-phase modulated [ and  signals

are usually referred to as 'quadfature phase shiftr keying
{QPSK) .

In the second step, the two bi-phase modulated data ér
symbols 33x, 33y are sprgad with a complex, pseudé—noise (pn)
sequenqe 35I, 35Q using a complex number multiplier 39. The
operation of a cowplex number maltiplier 39 is shown in Figﬁre
2B and is well understood in the art. The spreading operation

can be represented as:

ety) X (145Q) = (I—+Q) + jQ+yl) Equation (1)
= a"i[)-

AN

A con_zplex number is in the form a+jb, where a and b are
real numbers and =_1. Referring bagk to Figure 2a, the

resulting I 37a and Q 37b spread signals are combined 4S5a,

45b with other spread signals (channels) having different

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



Referring to Figure 4, the received baseband signal r is input 63 into the
pil ot signal cancellation system6l1 and into a pilot despreader 65 which
despreads the pilot signal fromthe received signal r. First m xer 67
despreads the received signalr by nultiplying with the conplex conjugate c
69 of A conpl ex conjugate is one of a pair of conplex nunbers with

i dentical real parts and with imaginary parts differing only in sign
The despread pilot signal 71 is coupled to a first sum and dunp processor"

73 where | 90ds Sygnmedtoger 4zi.ne. ride ckhisdi SHRLaANG J3.output (U is:
ation (6) where L is the product of the pf15?“sﬁ?eading

gﬁgefcr;ng% Hgggbﬁbrékl&éﬁr&é&ﬂeséﬁnﬁh%-pilot spreadi ng coder: sunmed over

L chi ps. The ST aﬂéi;e‘l‘ér@ é:i gg(t:ﬂ%éss ac%léa!)gglatt%raélfigyv Essswhich
mixes down the transmitted broadband signal 47 with the
transmitting carrier 43 into an intermediate carrier frequency
5la, S51b. A second down conversion reduces the signal to
baseband. The QPSK signal S5S5a, 55b is then filtered 53 and
mixed 56 with the locally gene'rated cowplex pn sequence isx,
35Q which matches the conjugate of the transmitted complex
code. Only the original signals which wer;a spread by the same
code will be despread. Aall other signals will appear as ﬁoise.
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 OPSK sywmbol consists of
one bit each from both the in-phase (]} 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 wmultiplying the

QPSK symbol styeam by the complex pn sequence. Both the [ and

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

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

producing the digital spread signal (as previously discussed)



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 nean value of the noise n. Therefore, after filtering .75, the
second and third terns in Equation (6) beconme zero. The |ow pass filter 75
out put %over tinme is: Equation (7) The | ow pass filter 75 output 04
is coupled to a processing neans 77 to derive the pilot code strength oc.
The processing freans 77 cal culates 0, by dividing the |ow pass filter 79

out put 04 byThe ddMpRunehdle oBr OREIY dir%%'%%l77reogt8%g{$ ;ﬂQ.SOE: ug;:g&é{g&))l ed to a

The pilot spreading code cps conplex c ugate

conpl ex conj dgaksh RIRA8SS Uyt 1%L€ ding the pilot spreading code cp. The
pil ot spreading code c, is input td& a seCond m xer 81 and m xed with the

output of a traf firensekeading GG ; I conj.ugate generator 83. The
resul ting product fromthe second %%?g%QB (%é$%ﬁghﬁge od%FéHa%%P%w%econd
second sum and dunp

S A USRS RAROCIBORE S &gpoyé'ﬁé!i' ° eﬁ{ ?ﬁ h%?’éc} ]@%Omﬁ?&mﬂ’ﬁ < mi xer 87

processor 85 isand is conbined wth at a
output 89 | MY PPGignal are despread using the conjugate of the pn

sequence used during spreading, the signal returns to the

symbol level.
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. & received signal
r is expressed as:

Equation {2)

r=°<cp+ﬁcf+n

where the received signal r jis a complex number and is
comprised of the pilot strength « multiplied witi'x the pilot
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:

« B Equation (3)

since the global pilot is transmitted at a higher power level

than a traffic signal.



The received signal r is also despread by traffic despreader 91. The
traffic despreader 91 despreads the received signal, by mxing the received
signal r with the traffic code e: conplex conjugate generator 83 using a
fourth mxer 93 yielding: Erc: ocrc Oct* PEcp: + Enc: Equation (9) The
traffic despreader 91 output 95 is coupled to a third sumand dunp 97. The
third sumand dunp 97 output Occo over tine is: 0d3 = Erc: = 13L +

"rein' Equation (10) where L is the pgoduct of the traffic spreading code s
and the conpl ex conjugate of the traffic spreading code s" summgd over L
chi ps. TH&ep Hitred recpived s iguad +97s audnfisty QuOr-i §irg@(upé1§gttignan adder
99 which subtracts the third m xer 87 output 89. The adder 99 output CLu
is: c?, = pflodeepees: Pg ocEpc,.. Pt Equation (11)

¥ o= xEcP + ﬂy‘c( + T Equation (4)

Referring to Figure 4, the received baseband signal r ig

input 63 into the pilot signal ecancellation system 61 and into

a pilot despreader 65 which despreads the pilot signal from

the received signal r. First mixer 67 despreads the received

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

the pilot pn code used during spreading yielding:

'Equation (5)

r

e = c’C}?;cp«:"‘: + ﬁzc‘cp. + 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

sum and dump 73 output O, is:

OaJI =of, & pzc‘c; + )}nc’: qulatign (6)

where I is the product of the pilot spreading code ¢ and the
[
complex conjugate of the pilot spreading code ¢' summed over
} T

I, chips.



-11- Thus, the pilot canceler 61 output OGa" is equal to the received
signal r mnus the pilot signal sinplified below cud = gEquation (12)

The invention uses a simlar approach to cancel unwanted traffic signal(s)
froma desired traffic signal. Wiile traffic signals are interference to
other traffic signals just as the global pilot signal is, unwanted traffic
signal cancellation differs fromglobal, pilot signal cancellation since a
traffic signal is nodul ated by the datg"and is therefore dynamc in nature.

A gl obal pilot siwgrak,fasefqq nt .phase, whereas a.traffic signal
constantly changes phgse ue @%sggfﬁnﬁ%%dﬁﬁi+§nﬁ°“ﬂ%§qlﬂﬁfﬁi@09igaa$
cancel er systiamei0is enbpydi ] wn in Figure 5. As above, a received
signal r is input 103 to tEe g?é?éﬁﬁﬁ¥“évﬁiﬁ8 TFALIPEL CheEggati valyd 3)
where the rédtai vedh siignal domp&nén€ONREX WAYRDEry And: i s conprised of the
traffic code signal strength ift mul ti pl i ed vaﬂﬁ%ﬁ%nipﬁgggétﬁ?ﬁﬁ%ﬂ data d
and the traffi€octfdraiption therero and so is the wean value of the

noise n. Therefore, after filtering 75, the second and thixd

terms in Equation (6) become zero. The low pass filter 75

output O over time is:

- Equation (7)

The low pass filter 75 output O, is '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 Oy by L‘A Thus, the processing weans 77

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

The pilqt spreading code e’ complex‘ cornjugate generator
€9 is coupled to a complex conjugate processor 79 vielding the
pilot spreading code %- The pilot spreading code ¢, is imput
to a secdond mixer 81 and mixed with the output of a traffic
spreading code ¢ complex conjugate generator éB. The
resulting product from the second mixer 81 output is couplea

Lo a second sum and dump processor B85. The output O, of the



unwanted traffic signal to be canceled, summed with the desired traffic
code strength fi nultiplied with the desired traffic code ¢, sumred with
noi se n. The noise n includes all received noise and interference including
all other traffic -12- signals and the global pilot signal. To cancel the
unwanted traffic signal (s) fromthe received signal r, the system 101 nust
derive the signal strength of the unwanted traffic code it( to be
subtracted and estimate the data d, where: Iffit ci it 11. Equation (14)
Wien the received signal r is sunmed over time, Equation 13 can be

expressed &5°OF spaend dudn procEssdzqeat konyL I5), Referring to Figure 5, the

recei ved baseband signalr is . input 103 |n?6 tﬁé gé5|r%%g¥¥%f?F si gnal

despreader “92twhitdhrdesirandy .t hendesi f&d,:tLaf §4 C s&gpal f£0n1the recei ved
S“cc

si gnal

The received signal r is also despread by traffic
despreader 91. The traffic despreader 91 despreads the

received signal r by wmixing the received signal r with the

- by L «
traffic code ¢, complex conjugate generator 83 using a fourth
mixer 93 yielding:

Sre, = wBeg 4 PBap, + Tne! Fauation (9)

-

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

- - L3 - E t-
O‘J_.J, = Erct = ﬁL + «Ecacf + Eﬂct ation (10)

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 Q_, is:

O = BL + «Boe” ¢ Bne' - oo, Equation (11)

Pt



r. Desired traffic signal m xer 93 m xes the received signal r with the
conpl ex conjugate cl of the desired traffic pn code used during spreading
The despread traffic signal is coupled to a sumand dunp processor 97 and
summed over tinme. The sum and dunp 97 output CU, is: 0,43 = Err: = 111, +
dEcf: +Equation (16) The traffic signal canceler system 101 shown in
Figure 5 includes n unwanted traffic sighdt cancelers 115,-115a. An -13-
exenpl ary enbodi nent includes 10 (where n=10) unwanted traffic signal

cancel ers 115, - 115&huEachhenmnaftte dapratdn ¢lsioghpiit cAnE elserqials tol khe
conprises: an unwanted traffic signal despreader 1391-139. that includes a
first mxer 1¥Abei$dd atighen -uniend edlet pafdd Gighanadignde: genghatar

119, -119.; second 133-133 mixer, first 1211-12 and second 123,-123. sum and
duihp processors, a hard decision processor 125,-125., a |low pass filter
127-127 processing neans 129,-129., third m xer 131,-131., a conjugate
processor 135,-135., an adjustabl &.ampPlfi &re,137,-137., &andaticesiined

traffic signal code generator 83. . As above, the received signal r is

i nput 103 into each unwanted traffic canceler 115,-115.. The unwanted

traffic . The invention uses a similar approach to cancel unwanted
traffic signal(s) from a desired traffic signal. While

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 mwodulated by the data and is
thérefore dynamic in nature. A global pilot signal has a
constant phase, whereas a traffic signal consl:aﬁtly changes
phase due to data wodulation.

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

to the system:

Equation {13)
r = l{fz!cﬁ, + ﬁc‘ +n

where the received signal r is a complex number and is

comprised of the traffic code signal strength ¢ multiplied

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

desired traffic code strength J multiplied with the desired

traffic code ¢, sumwed with noise u. The noise includes all

received noise and it_lterference including all other traffic



signal despreader 1391-139. is coupled to the input 103 where the received
signal r is mxed 117,-117. with the conplex conjugate cji-c4 of the
traffic pn sequence for each respective unwanted signal. The despread
139,-139. traffic signal is coupled to a first sum and dunp processor
121,-121. where it is summed over tinme. The first sumand dunp |21-121
.output CU. is: san + Err + ¢ IL + Peet/ + Encl.Equation (17) where L is

t he product of the unwanted traffic si%gnal spreading code cl1 and cf is the

conpl ex coniygate of: the yovanted, traffic signal spreading code. -14- The
first sumand dunp 121"- g gu SUTt GPREY s dBupPRCPL tthe HewhREEddeci si on

processor L;%ff;g a I.Sj.on .processor 125, -125n determ nes the
phase shift 0 in tﬁ%ﬁﬁgﬁgmdggmfgghoﬁﬂfatl 19 ﬁaﬁﬂmﬁ§€P§PBn1®100essor
125, -125n glLse &sliebmpes. stel lation posjtion d that is closest
to the despread s;hbo val &@31Q5§§h§99 1§tﬁ| ﬁ?%? e fig2h5i8 eed¢ si on
processor 125 pLl22,G0MNa/ QSanﬂﬁﬁﬁh%gatﬁé ati. %L a signal to the four

, X4,47"XL4.”

QPSK constellation points x1.1, X.. 8  necessary to
exam ne each received synbol pO due to corruption during

¥ #J;cp.. Egquation (14)

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

Equation (15)
Ef = IFC{ECJ + ﬁ&‘ + Eﬂ.

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 trafific 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:

O = &—Cﬂ - L + J - -

43 ¢ = BL o+ Y dicg + Ene Equation (16)

The traffic signal canceler system 101 shown in Figure

5 includes n unwanted traffic signal cancelers 115,-115%,. An



transm ssion 47 by noise and distortion, whether nultipath or radio
frequency. The hard deci sion processor conputes the four distances d, if2,
L, d4 to each quadrant fromthe received synbol p0O and chooses the shortest
di stance d2 and assigns that synmbol if |ocation The hard deci sion processor

al so derotates (rotates back) the ori_%gal signal coordinate pO by a phase

anount O that is equal to the phase corresponding to the sel ected synbol
| ocati on Thex@kbPaRalens ¥Rk CQQk dina .. I's discarded. The hard
deci si on processor 125, - 125 phag:gg%%% Bﬁt P‘ﬁlﬁ’? 3P| vEvRRted |towfifdss filter

127, -127n. @ighaki&mlcetlggslpyglpﬁ%s filter 127,-127. determ nes the nean

val ue for each signal conponent. the nean value of the traffic-to-traffic
- 15- zero.

cross-correl ati ofrdnd whsocehe yeanival yg,pf the noise n_are
Therefore, the | pw pass filter 127-1270wm" over r&te‘%ﬁnrn%"Lleé‘": 1§aué't]i%n (18)

The | ow pasS°FPT1E® 1287 urpantedt ratfakp signebupkegrbOat he; Pb qu?si ng means
A he -

129, -129. tengerine,d u ted trafficsignal code strength ‘vc
processi ng rreansm12‘§,%pi§9m\€%[ it e s 10 Uy 7di 3 dHisny urhenftieBt era P - 127.

out put 04, csidndl. code generator 118,-113,; second 133,-133, mixer, first
1231,-1231_, and second 123,-123, sum and dump processors, a hard
decision processor 125,-125,, a low pass filter 127,-127_, a
pProcessing means 129,-129,, third mixer 131,-131_, a conjugate
processor 135,-135,, an adjustable amplifier 137,-137,, and =z

desired traffic signal code generator B3 .
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 wixed 117,~117, with the complex

conjugate c4,'c,“ of the traffic PN sequence for each

respective unwanted signal. The despread 139,-139, traffic
n

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

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

121, output O, is:

O = Zrey, =@ dl + PEees + e, Equation (17)

where L is the product of the unwanted traffic signal

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

unwanted traffic signal spreading code.



fhe ot her hard deci sion processor 125,-125. output is data d. This is the
data point d corresponding to the smallest of the distances di,
cl4 as shown in Figure 6. Third m xer 131,-13l. mixes the unwanted traffic

si gnal
si gnal

strength O wth each date val ue d. The unwanted tr
spreadi ng code conpl ex conjugate generator Qi

conpl ex conjugate processor 135,-135. yielding the unwanted traff
spreadi ng code circa, and is input té4the second m xer 133, -133.

with the output of desired traffic signal spreadi ng code conpl ex
generator el' . THheligisbdaer e chig d@lidi%lhe osepondOgymiancowiieg processor
123,-123.. The second sum and dunp processor 123,-123. output O,

i s coupl ed® Fh¢ahrubldecafprif PEFCSEFPL 137,-12Var | Sbkehanpl dédwfiohd7, - 137.
anplifies
pr ocessor

which is the detebiinedndai fhe hard dedNBolasiabl LT LGE 137, -
output 141 r141 is coupled to aﬁ'ader 123a%hicﬁggﬁg¥%%b?gg il

Sth

each vari @eterd@npki fh&lorbk7 cohddel f£OM: gss%io@#y eﬁag&?gfd sired
= I'r dECT :

si gnal

despreader 105. The output O is:

(3L + |
to the despread symbol value.

As shown in Figure 6, thé hard decision process:::r 1258,-

125, compares a received symbol p, of a signal to the four QPSK
constellation points x,, e ®pae X,- 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 éomputes the

four distances ql,, ‘_::[;y dy d, to each quadrant from the received
symbol p, and chooses the shortest distance d, and agsigns that
symbol d location xg - The hard decision processor also

derotates (rotates back) the original sigpnal coordinate p. by
a phase amount ¢ thit is equal to the phase corresponding to

the selected symbol location Xy - The original sywmbol

coordinate p, is discarded.

The haffd 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

d2, d3, or

affic

k is coupled to the

i ¢ signal

and m xed

conj ugat e
Yoe/ A-and.

-16-

ond.sum.and, dunp. _ ,
ﬁf%geé %3928’[%%5“ O%aeggglghrﬁ%se Wit Riefe THEFIPniRefha BBEa13] . out put

137.

SBut put from

traffic

Eqdatton (19)



The adder 143 output O (also the unwanted traffic canceler system 101
output) is equal to the received signal r mnus the unwanted traffic
signals sinplified below 0 = (IL + EtlCl Equation (20) where the noise n
vari es depending on the amount of traffic signals subtracted fromthe
recei ved signal. Anot her enbodi nent 145 cancel ling the gl obal pil ot
signal and unwanted traffic signals istsshown in Figure 7. As previously

di scussed, fhe unwanted traffic cancellation system 101 includes the
desired traffic si ghai® @ESpr EAGef Y1Pafe &ilflear 4RVIyL0f, uamant ed fraffic
signal cancglsar £i&d5;5115.. The traffic cancellation systemis coupled in
parallel with the pilot cancellation system 61 previously described, but

wi thout a desired traffic singal despreader. A comon input 147 is coupled
to both systens 101, 61 with a common adder 149 which 17 is coupled to the
outputs 0, Oadd from both systensOlO% ¢6Gl. The pilot amdatiwantied traffic
signals are subtracted fromthe desired traffic signal yielding an output
151 free of interference contributions by the pilot and plurality of

transmtted traffd )&l gRaksS¢;1:18- 1.,V le specific enbodi ments of the
present invention haveqﬁégn shown ahd déderiwseyt ﬁ%ﬂylﬁnﬂﬂﬂﬂééttgns and

vari ationscgoyld e Gel¥c0Pes skill ed in the art w thout departing from
the principle and sgg%g of 'the ?hé&ﬁrﬁ%hdfﬁéwa e "¥sRFePtirahfEer ves to
|11 ustrat esahokobd Mok Ligeary | culgl, fOUmLn, any vy,

estimates ¢ by dividing the filter 127,-127, output Oy by L
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, dy, or d, as shown in Figure 6.

Third mixer 131,-131, mixes the unwanted traffic signal
strength ¢ with each date value d.

The unwanted traffic signal spreading code complex
conjugate generator oyt is coupled to the comnplex
conjugate processor 135,-135, yielding the unwanted traffic
signal spreading code cycs. 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

-

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

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



- 19 - CLAI ME: 1. An apparatus for code division nmultiple access
(CDMA) wireless comuni cation conpri sing: a receiver configured to
receive a CDVA signal that includes a desired traffic signal and a second
signal, the desired traffic signal being spread with a desired traffic
spreadi ng code and the second signal being spread with a second spreadi ng
code; neans for generating a second signal cancellation conponent including
means for generating a second signal - $trength by despreadi ng the CDVA

si gnal bas he co spreadi ng code, means for generating a
second si g%qoggg%celfﬁt“g% EEF%‘I‘ bY-s elte cticestyc orifsibnitng: tdhei:second

si gnal sprﬁgg gtfpdﬁ%and the desired traffic spreadi ng code; and

means for |n|ng Jo QUENd Bighats She clrsenuarms hénsecond si gnal
cancellatlon f aeeor v4:6; er S n i gnal cancell ation conponent;
neans for generating azgggpfggﬁ gggfrgg91?%.*l%?%ﬁﬂﬁndPt%ylﬁéspﬁéadlng t he
CDVA Si gna¢01k1?91§@dt'@mﬂ hedeesiqedntical fitrsprLadng, GRde s and | means
for conblnln e despread desired traffic signal and the secon&'3|gnal
cancellatldﬁ oﬁ@ﬁ ?ﬁﬂb&ﬁaefﬂghc@ﬁwl§hgnamqnm1se tnemdhe - dgspr ead
desired traf 1f naI . The apparatus of claim1l where the second
signal is aéﬁi Y6t © ‘5ﬂaﬁeﬁmﬁF%4ﬁ§ d8€ondhei gwalutspr eadi ng code is a pil ot
spreadi ng code wherein: the means for generating the second signal
strength generates a pilot signal strength and incl udes: a first
despreader nmeans conbi-gpr ed mg, rQq%ge qﬁggspread pil ot signal conponent by
despreadi ng the received fgnal ‘conpl ex Fegvafbgat €19 t he pil ot
spreadi ng code;

The adder 143 output O (also the unwanted traffic canceler

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

" unwanted traffic signals simplified below:

O = BL + Em:“ Equation (20)

where the noise n varies depending on the amount of traffic
signals subtracted from the received signal.

Another embodiment 14% cancelling the global pilot signal
and unwanted traffic signals is shown in F:Lgure 7. As
previously dlSCU.SSEd the unwanted traffic cancellat)_on 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 previouslf 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 -



aJIOM/pas filter configured to performlow pass-filtering of the despread
pil ot signal conponent; and a divider configured to divide the
out put of the | ow pass-filter to produce the pilot signal strength;
t he means for generating the second signal cancellation factor generates a
pil ot signal cancellation factor and includes a nmultiplier configured to
multiply the pilot spreading code and a - 20 - conpl ex conjugate of the
desired traffic spreadi ng code; t he neans for conbining the pil ot
signal strength and the pilot signal cancellation factor generates a pil ot
si gnal cange ' e rs iplier; he neans
for generg§i%gééiﬁgégggggpdggfre Sga FPC%gfgngﬁk%ngﬁﬁgggsa18%60%%'
despr eadefy, <apfi gured. L9 gg§§g- : eceLv %QNQ eE it.h a
conpl ex conj gaf% gﬁlthe geg%re tr&%?%éggggéaé?%ggg% e; 5%% lmWhgthe
means forycofhi i ng 48 despraad desiied draffic.signal 1iss contiguped to
conbi ne the desired trafficiéﬁgnal9and:9ﬁ% %%fotléﬁgﬂal cancgllgtion
conponent ; £ 0= CANGEI el LBk $igRa] o101 3§ fE}‘P%“ tﬂ%&es%@adp X fi?ﬂ,at paffic

: S

signal and conprises a subtractor. e apparatu im?2
wherei n: ¢ransmid®) WBaRgitoL ggAesating the pilot signal strength includes
a sum and dunp processor configured to sumthe despread pilot signha
conponent over time in advance of |ow pass filtering by the low pas filter;
the means for generating the pilot signal cancellation factor includes a
sum and dunp processor configured to suma product of the pilot spreading
code and a conpl ex conjugate of the desired traffic spreadi ng code over
time to produce the cancellation factor; and t he neans for
generating the despread desired traffic signal includes a sumand dunp
processor configured to sumthe recei ved CDVA signal after despreading with
conpl ex conjugate of the desired traffic spreading code over tine to
generate the despread desired traffic signal



4. An apparatus for code division nultiple access (CDVA) wirel ess

conmuni cati on conpri sing: a receiver configured to receive a CDVA
signal that includes a desired traffic signal and a plurality of other
known signals, the desired traffic signal being spread with a desired
traffic spreading code and each of the other known signals being spread

wWth a respective known spreadi ng code; nmeans for generating
respective known signal cancellation canponents including for each
respective known sjgnal: nmeans for generating a respective signal

strength by desgfleddi mpechéichmboesiigral sbasethopricient espesti ¥, knawn
spr eadi ng ggde' -21 - - means for generating a respective known signa
cancel | ati one‘?%c?}b‘?wrbfr?eldéﬁqr\?é’ﬁ?r cHABY nagif heatriawpe clridv erderiow gy eadi ng
code and t kred traffic spreadi code; and means for conbini ng
t he respec?ﬁﬁgﬁﬁﬁgmﬁaé?3ﬁépn§t$@ﬁ€¥ﬁpgﬁdt?%énﬁé§ﬂééPPUékMﬁU%ngi@mﬂm

cancel | ati amd aghqpigigen t respective known signal cancellation
conponent ; % ngéﬁs fdg&geﬁg% ?iﬁgéaq:é%pﬁgﬁﬁnﬂégPred 408 f B®osiegnal by

despr eadi ngicishe igRNAnSEgRad s hased @ ir -af fi.c spreadi ng code;
and means for combining the g%ﬁ%@%g§§%g§?r%%é%$a i a§%dﬁ£ﬁa5nd t he
respect i ve feaowins rgpakagancel | ati on conponents to cancel pilot signal

noi se fromthe despread desired traffic signal. 5. The apparatus of claim4
wherein: each neans for generating a respective known signal strength

i ncl udes: a first despreader neans configured to produce a despread
pi |l ot signal conponent by despreading the received CODVA signal with a
conpl ex conjugate of the respective known spreadi ng code;



a low pas filter configured to perfoimlow pass-filtering of the despread
respective known signal conponent; and a divider configured to divide the
out put of the | ow pass-filter; each neans for generating a
respective known cancellation factor includes a nmultiplier configured to
mul tiply the respective known spreadi ng code and a conpl ex conjugate of the
desired traffic spreadi ng code; and the nmeans for generating a
despread desired traffic signal incluges a second despreader means
configured to despread the received CDVA signal with a conpl ex conjugate of
the desigegpgd.affic spreadi ng code; and the means for conbining the
despread desired traffic signal and the respective known cancel |l ation
conponents to cancel known signal noise fromthe despread desired traffic

signal conprises aArIS:}a}'J?S:EﬁQFo?EOdg%V’ 158 rfiiple Tgb%es@?(g%glﬁt) Usrelds ctﬁjﬁxﬂ!.uﬁn%ﬁ% oyher ein:

each neans for generating a respective Known s streng udes a sum
and dunp°jideessor configured to sumthe despread respective knomn si gna

conponent Ovearre&éz@?cdn@gured %%ecezv@gm shal QWi RAZS o debit8Ri-FQ sRY P? | ow pas
filter; neans for gener at i ng a resp ective known cancel | ati on

fact or |ﬁéq°€fl§éégflé[ %’ﬁﬁ‘?%fﬁ%ﬁfél@ﬁﬁlgﬁﬁ* OeBs SPFadHRT § %v%v%f%c SHias prisdoet of the

respect i e sdkaRMins REBA A iSdReRRdspRaaRERLEX CONj Ugate over tine to
produce the respeg}lve known cancellatlon factor; and t he neans for

generating t HBS3GRSpEBSHRRAISFR SERah FAnrell ﬂg%wpomﬁ%mala@gga sum and dunp

processor confi gurdnd fr seiRtiRe: 5LaRIsved GOM S| 80Blcadid €F cORsPEigadi ng with
conpl ex conngéte of the desired traffic spreading code over tine to

generate the ROP & FPRE P EGmE FF i ¢ signal . 7. The apparatus of
claim4 or 5 wher en@ne fof deheatal h‘erseck)ﬂ@V\ﬂgz&E gaadeSation acPt |9t s@dcgii@l that is
spread by a péo'm%;mngqhees%gong %gnag sprea\égg coée and the desired traffic spreading code; and
means for combining the second signal strength and the second signal
cancellation factor to generate the second signal cancellation component;
means for generating a despread desired traffic signal by despreading the CDMA signal
based on the desired traffic spfeading code; and
means jor combining the despread desired traffic signal and the second signal

cancellation component to cancel second signal noise from the despread desired traffic signal.

2. The apparatus of ciaim 1 where the second signal is a pilot signal and the second
signal spreading code is a pilot spreading code wherein:
the means for generating the second signa}.strength generates a pilot signal strength and
. includes: |
o a first despreader means configured to produce a despread pilot signal component

by despreading the received CDMA signal with a complex conjugate of the pilot
spreading code;

a low pas filter configured to perform low-pass-filtering of the despread pilot
signal component; and

a divider configured to divide the output of the low-pass-filter to produce the
pilot signal strength;
the means for generating the second signal cancellation factor generates a pilot signal

cancellation factor and includes & multipiier configured to multiply the pilot spreading code and a



the neans for generating the signal strength for the pilot signal includes:
a first despreader neans configured to produce a despread pilot signal
conponent by despreadi ng the received CDVA signal with a conpl ex conjugate

of the pilot spreadi ng code; a low pas filter configured to perform
| ow- pass-filtering of the despread pilot signal conmponent; and a
divider configured to divide the outpyt of the |ow pass-filter to produce
the pilot si gnal strength the neans for generating the signal

cancel | at i on factor {tg datf)arﬁtl ost es ; na(t el ncludes a multiplier configured
to mul t PR REVYSFF § %?ﬁslé% ¥ PEAE"28¥%a conpl ex conj ugate of the desired
traffic spreagh m@ns:ﬁndeombtmng the ptlbtetgmelaausngtio&ndctbﬂhldnsug@ﬁ threelpiibrofacsi gnal

strength _an canc i.on actor onprlses a multiplier.
8. The &p ’E)%%%Stadjé ﬁ“gnélcﬁ?cfcn a?mv\ﬁom%ongtan compriSeRIHIEISS f or generating t he
pi | ot signal tstmemgtdn gemecdinigle siespred deamd trelifipigpal ovessor sgond dagpreeidr t 0 sum

L

pi | ot sngf@ispmadmgectddatand)n factor includes a sum and dunp processor

configured tQq,g Sxyégné‘foflé g%t% déﬁf‘ea&’hés% ﬁﬁgﬂ%t ?9 c&?f?g%re%@@' %(%hb?r%qﬂ ex

conj ugate over ce the cance atl 0
The appatesitadgraffc sighaliand the pitot Sigwh eanseltsien efmpohent t@tolamel Mmmaémgmﬂom is an

unwant edy 56@%%%&699%6 E,qat] allloscoﬁ'l?) ead hy.ap. unwanted traffic signal

spreadi ng co erein: means or generating the signal strength for
,I,he unwanted traffic signal includes:

Lo 3. The apparatus of claim 2 wherein:

the means for generating the pilot signal strength includes a sum and dump processor
configured to sum the despread pilot signal component over time in advance of low pass filtering
by the low pas filter;

the means for generating the pilot signal cancellation factor inciudes a sum and dump
processor configured to sum a product of the pilot spreading code and a complex conjugate of the
desired traffic spreading code over time to produce the cancellation factor; and

the means for gensrating the despread desired traffic signal includes a sum and dump
processor configured to sum the received CDMA signal after despreading with complex
conjugate of the desired traffic spreading code over time to generate the despread desired traffic

signal.

4. An apparatus for code division muitiple access (CDMA) wireless communication
comprising:
a receiver configured to receive a CDMA signal that includes a desired traffic signal and
a plurality of other known signals, the desired traffic signal being spread with a desired traffic
spreading code and each of the other known signals being spread with & respective known
spreading code;
means for generating respective known signal cancellation components including
for each respective known signat:
means for generating a respective signal strength by despreading the CDMA

signal based on the respective known spreading code;



a despreader neans configured to produce a despread unwanted traffic signa
conponent by despreading the received CDVA signal with a conpl ex conjugate
of the unwanted traffic signal spreadi ng code; a hard deci sion
decoder configured to performa hard decision on the despread unwant ed
traffic signal conponent to select a constellation point as an unwanted
traffic synbol and rotate despread unwanted traffic signal conponent by a
phase error to produce a phase output!-a | ow pass filter configured to
performlow pass-filtering of the phase output; and a processor for

di vi di ng an out putmeas forigendraing passsective kr@wnémaalc,c@mgﬁmnéacwhby jeeegliNety with t he

sel ect ed Un""%@x‘iﬁﬂm% 'Ek%fréép&‘cu% R stp%a&hg%tfé%ﬁh% &é&%q}a%i: sg: Alihd Cogs! gnal

strength; e neans or generating the signal cancéllation factor
for the unwarteéd traffic signal includes a nmultiplier configured to

mul tiply the unwanied ff @Jnmlﬁngthgn@ém@t%nggﬁm%@ma@ HOWRb&EIvCON] Ugat e
of the desired traffic spreading code; he neans for conbining the

unwant ed t r affewEn SEHAICEREEhFERT dhEreHE @ﬁ\wﬁf«%“ KRPOIFOF §1 gnas pagpadiation
cancel | ation f@sdnef; t 0 generate the unwant ed trafflc signal cancell ation
conmponent conprises an adjustable amplifier. The apparatus of claim9

wher ei n: means; fRpeHEAITE ¥ @Fprﬁérﬁéﬁlﬁélqﬁ%wahwr%‘%r% EPMAsiigAal

strengthm&ﬁqbuge§§@@§gﬂ@@m@dﬂgamkp&@cessor conflgured to sumthe despread
unwanted traffic signal . onent %ﬁfr ti e t he neans for

generating t HeF2Rik it FoPEead R o %I}dd]?‘r FRERDF KPR DS a sum
and dunprafpdengRs Seipo Ry tb gaHce BilbiGi dlMoRe po@dbtdesiadldbsretipumpEigtLt raf fi ¢
(sfgnal spreadi ng code and a conpl ex conjugate over time to produce the
unwanted traffic signal cancellation factor. 11. A method of code
di vi si on mﬂtipleI&@g@&imé@DMﬁh@Mmmmfss conmuni cat i on conprising

receiving a signhal that includes a deS|red raff c signal and a second
T onal | The eYI TR BT LG GRET b TG ‘UBP AN TR dos( 1 od £ raf i ¢
spreadi ng code and firdnéespeadenhesis gaeilzured to produce a despread pilot signal component
by despreading the received CDMA signal with a compiex conjugate of the respective
known spreading code;
a low pas fiiter configured to perform low-pass-filtering of the despread
respective known signal component; and
a divider configured to divide the cutput of the low-pass-filter; _
each means for generating a respective known canceliation factor includes a multiplier
configured to muitiply the respective known spreading code and a complex conjugate of the
desired traffic spreading code; and
uo the means for generating a despread desired traffic signal includes a second despreader
means configured to despread the received CDMA signal with a complex conjugate of the desired
traffic spreading code; and
the means for combining the despread desired traffic signal and the respective known
cancellation components to cance! known signal noise from the despread desired traffic signai

comprises 2 subtractor device.

6. The apparatus of claim 5 wherein:
each means for generating & respective known signal strength includes a sum and dump

processor configured to sum the despread respective known signal component over time in



-24 - being spread with a second spreadi ng code; generating a second signal
cancel | ati on conponent i ncl udi ng generating a second signal strength
by despreadi ng the CDVA signhal based on the second spreadi ng code;
generating a second signal cancellation factor by selectively conbining the
second signal spreading code and the desired traffic spreadi ng code; and
conbi ning the second signal strength _and the second signal cancell ation
factor to generate the second signajz%ancellation conmponent ;

generating a despread desired traffic signal by despreading the CDVA signal
based omdtanes déwy pastifiliariag b the oprmeadittiy code; and conbi ni ng the
despread desi.f&dnihakd g@ne?dtigé@lres?&qiv& heoweeaRdigbdnsk: GRAGE! 4 all Ry _
conponent to cancel second signal noise fromthe despread desired traffic
si gnal . dPRp TRt FBESEEC ©) Wint PPARRSH e FePsErolpYS| Frafing $o% P Dt si gnal

and t he ;3R6RACLRIHRBer SRE RAHIG BOHEdcBvATRI, CincaRESAEIAYne0de wherein: the
generating the second signal strength generates a, pi| ot signal gtrength and

i ncl udes: pr GuBERRY fd wespire s e dsigwhiralio igshaNtdty? 88 Areddithg t he
recei ved, &M SiriRaded Wb tsimatmhe QBRheY CONAIGRLE Mer tdBgralingtwisPeaagi:ng code;

| ow- pass-filtering, of the despread pilot signal co nent ; ~and, divi ding the
out put  GPURERE §T00F Grass carRaes i?rdgaﬁ%’émt% eFerabt tﬂ@?ﬁ?{éﬁd dFy ,
signal.
7. The apparatus of claim 4 or 5 where one of the other known signéls is a piiot

.

signaj that is spread by a pilot spreading code wherein:
the means for generating the signal strength for the piiot signal includes:

a first despreader means configured to produce a despread pilot signal component
by despreading the received CDMA signal with 2 complex conjugate of the pilot
spreading code;

a low pas filier configured to perform low-pass-filtering of the despread pilot
signal component; and

a divider configured to divide the output of the low-pass-filter to produce the
pilot signial strength;
the means for generating the signal cancellation factor for the pilot signal inciudes a

multiplier configured to multiply the pilot spreading code and a complex conjugate of the desired
traffic spreading code;
[ the means for combining the pilot signal strength and the pilot signal cancellation factor

comprises a multiplier.

8. The apparatus of claim 7 wherein:

the means for generating the pilot signal strength includes a sum and dump processor
configured to sum the despread pilot signal component over time in advance of low pass filtering
by the low pas filter; and

the means for generating the pilot signal canceliation factor includes a sum and dump
processor configured to sum a product of the piiot spreading code and a cornplex conjugate over

time to produce the cancellation factor.



the generating the second signal cancellation factor generates a pil ot
signal cancellation factor and includes multiplying the pilot spreading
code and a conpl ex conjugate of the desired traffic spreadi ng code;

the conbining the pilot signal strength and the pilot signal cancellation
factor generates a pilot signal cancellation conponent by multiplying;

the generating a despread desired traffic signal includes despreading the
recei ved CDMA signal with a conpl ex-édnjugate of the desired traffic
spreadi ng code; and t he conbi ning the despread desired traffic signal
is by subtracting the pilot signal cancellation conponent to cancel pil ot

si gnal noi se f r ombe,deshr sadsiglesif 80 hATLEL 6r HeIRRk knosd JismaE ATRONEN
over time in advance 6 ow pass filtering; e geneﬁ%%lng he pil ot
si gnal canegetd waffiongizbibitor spieathiladenwenmhtaifc sigpi arkading ofdetviereimi | ot

spr eadi ng. codg, A0, A COURL X, LOBLHIR S B A5 ES] 88 451 flifacgPr eadi ng

code over tinme to produce the C tion factor
generating the despiesrichdelentane dorthigue ite pyidgerad disprshdidessanted rireiffregsigriab

recei ved CDMAsfgna byagegpﬂréadggwr@&@lﬁe@g:m Qig%arm{h%o%@@é%ggh&m%f Jﬂche _

desired traffic spreading code over tinme to generate spread desired
traffic si gnapwanted traffic signal spsadig 4968l f or code division nmultiple access

(CDVA) wireless comyieRioh QBo8QMBhASG0 perform a hdr@8&kYIh @ GMR. ST gnal
that includes a desired traffic signal and a @gurallty of ot her known

si gnal s, the "W&aitekiptis sigrs eompopmafe BEChy cypiedsian wpiphasgn davpradrafiiaf fi c
spreadi ng codemBAhn8aehicOfestrite @hAREd KRGYNsigh0REhSonBRI 102 SREB AW h 2

respecti ve known spreadi ng code; generating respective known signa
cancel | ati on ESFORWREELUPHE| udi ng for each respective known signal :

generating a respegbk ¥@s sitgRaifiesles eﬂ;g}ﬂambwudm@ﬁmﬂg Bithd his<abihy, shanal
based on the res peacl;[réc\és%orkt%? c\ﬁ@idﬁggg‘utkiggof (t:h%qgv;v pass filter and combining the result
with the selected unwanted traffic symbol to produce the unwanted traffic signal strength;
the means for generating the signal cancellation factor for the unwanted traffic signal
includes a multiplier configured to muitiply the unwanted traffic signal spreading code and a
compiex conjugate of the desired traffic spreading code;
the means for combining the unwanted traffic signal strength and the unwanted traffic
sigﬁaE cancellation factor o generate the unwanted traffic signal cancellation component

comprises an adjustable amplifier.

10, The apparatus of claim 9 wherein:

the means for generating the unwanted traffic signal strength includes a sum and dump
processor configured to sum the despread unwanted traffic signal component over time; and

the means for generating the unwanted traffic signal cancellation factor inciudes g sum
and dump processor configured to sum a product of the unwanted traffic signal spreading code

and a complex conjugate over time to produce the unwanted traffic signal canceliation factor.

11. A method of code division muitiple access (CDMA) wireless communication
comprising:
receiving a CDMA signal that inciudes a desired traffic signai and a second signal, the

desired traffic signal being spread with a desired traffic spreading code and the second signal



.,ﬁ\
¢ .

generating a respective known signal cancellation factor by selectively
conbi ning the respective known spreadi ng code and the desired traffic
spreadi ng code; and conbi ning the respective known si-gnal strength
and the respective known signal cancellation factor to generate the
respective known signal cancellation conponent; generating a despread
desired traffic signal by despread[gg t he CDVA signal based on the desired
traffic spreadi ng code; and mbi ni ng the despread desired traffic
signal and the respective kpown, K signal cancellation conponents to cance

pi ot SPRESPreRoYaie? FPUHSPREIMEE]T ead desired traffic signal. 15. The
met hod of clahéiid whehelifial @acdlagenenpbicngndudigspect i ve known si gnal

strength i ncl udes: . produci,n desprea ilot si g%?co nent by
Gespr gadi ng the. risearEd R ey ey thosbistion Bk SDBH GEF 8% e
respective khmeowdorsppeadii@dgode; | ow pass-filtering of the despread
respective known s out put of the

i%nal conc'poC{]eint' Canétl o 2@ o ﬁi viltgi ]Q)g] t%e Ut
| ow- pass-filter: BEREHThATRET NG A FaShEini VK ROWR CRRE SR8 F act or
i ncl udes nul debqaldisiagal sireadirepécht e dkaredmaSipreadiingodndel and a conpl ex
conjugate of the desired traffic re%%in code; .and.the.aen ting a
despread desired %opiﬂqgghesﬁeéoﬁglﬁg? 3?1?: THEL G EESFERGT R £ %lé“urgg%ﬁf%%%r °Ccova
generate the second signal cancellation component;
generating a despread desired traffic signal by despreading the CDMA signal based on
the desired traffic spreading code; and
combining the despread desired traffic signal and the second signal cancellation

component to cancel second signal noise from the despread desired traffic signal.

12. The method of claim 11 where the second signal is a pilot signal and the second
signal spreading code is a piiot spreading code wherein:
the generating the second signal sirength generates a pilot signal strength and includes:
producing a despread pilot signal component by despreading the received CDMA
signa! with a complex conjugate of the pilot spreading code;
low-pass-filtering of the despread pilot signal component; and
dividing the output of the low-pass-filter to produce the pilot signal strength;
the ge:neratiﬂg the second signal canceliation factor generates a pilot signal canceilation
factor and includes multiplying the pilot spreading code and a complex conjugate of the desired
iraffic spreading code;
the combining the pilot signal strength and the pilot signal cancellation factor generates a
pilot signal cancellation component by multiplying;
the generating a despread desired traffic signal includes despreading the received CDMA
signal with a complex conjugate of the desired traffic spreading code; and
the combining the despread desired traffic signal is by subiracting the pilot signal

canceltation component to cancel pilot signal noise from the despread desired traffic signat.

13, The method of claim 12 wherein:

the generating the pilot signal strength includes summing the despread pilot signal



signal with a conplex conjugate of the desired traffic spreading code; and
the conbining the despread desired traffic signal and the respective known
cancel l ati on conponents to cancel known signal noise fromthe despread

desired traffic signal is by subtracting. 16. The nmethod of claim 15
wher ei n: each generating a respective known signal strength includes
summ ng the despread respective known signal conponent over tine in advance
of | ow pass filtering; each gererating a respective known

cancel l ation factor includes summ ng a product of the respective known

spr eadi REmESER cdtdim CAVRIce X! DRhdigaten®ver time to produce the respective
known cancel | ation facgt r.ati .the d S%réffgd' desired

or.;. an . the gen n
traffic signdl® SFHEHg pélﬁtrﬁﬁ”%gca?cﬁ%m%gaéfagg’ﬁﬁeﬁﬁﬂm ™ di%r eadi ng
Wi th conrplegingCedl ugdheoniblek enidesd bthet desifeldi eafBpEmeadinggododeramertoti me to
generate %&e gg%ﬁrﬁad ge%ire traffic signal. 17. The met hod of
cl ai m 18 B8 FREFEBAE' B he ot her known signals is a pilot signal that
i s spread by ta gahdraing sprdegoiad gedod eaffih eizead! mchitdaesugeney Gt ragvidieEDddihgnal
strength. for .the pil.ot signal includes: . oduci.n read pil ot
signal ¢ c?ﬁ%rﬁijngdia%‘sV%b g%mo‘?lﬁ}‘gwfuﬁ%aq'r el e d(ﬁﬁﬁ& Sg%%(%ﬁré%gm?\f ?‘%%gm%%rrpl ex
conj ugatgenoite thbdespricddodesisydreadidisipgalcode; | ow pass-filtering of the despread
pil ot signal conmponent; and dividing the output of the | ow pass-filtering
to produce the pilot signal strength; the generating the signa
cancel | ati on itact érmétoed fdneods diosios inghple dcnesh (deSlAmwiteieyd sammgnichi@npi | ot
spreadiqgnﬁgg%ﬂand a conpl ex conjugate of the desired traffic spreading

.code; The conbi ni ng the pilot signal strength and the pilot signal
Lcancel | ati on rfcavingra GI3MBysigngl tiiphgiideg a desired traffic signal and a plurality of other

known signals, the desired traffic signal being spread with a desired traffic spreading code and
sach of the other known signals being spread with a respective known spreading code;
generating respective known signel cancellation components including for each
regpective known signal:
generating a respective signal strength by despreading the CDMA signal based
on the respective known spreading code;
generafing & respective known signal cancellation factor by selectively
combining the respective known spreading code and the desired traffic spreading code;
and | ‘
combining the respective known signal strength and the respective known signal
cancellation factor to generate the respective known signal cancellation component;
(4 generating a despread desired traffic signal by despreading the CDMA signal based on
o the desired traffic spreading code; and
combining the despread desired traffic signal and the respective known signal

cancellation components to cance! pilot signal notse from the despread desired traffic signal.

15. The method of claim 14 wherein:
each generating a respective known signal strength includes:

producing a despread pilot signal component by despreading the received CDMA
signal with 2 complex conjugate of the respective known spreading code;

low-pass-filtering of the despread respective known signal component; and



18. The nmethod of claim 17 wherein: -27 - the generating the pil ot
signal strength includes summ ng the despread pil ot signal conponent over
time in advance of |ow pass filtering; and the generating the pil ot
signal cancellation factor includes sunm ng a product of the pil ot
spreadi ng code and a conpl ex conjugate over time to produce the
cancel l ation factor. 19. The ngghod of claim 14 or 15 where one of the
ot her known signals is an unwanted traffic signal that is spread by an

unwanted traffic nal. s a erein: the generating the signal
strength for thecﬁﬁ&ﬂ%%%ag?ﬁ g?wqu g%g incl udes: produci ng a

despr ead unw&ﬂigﬂmﬁmmﬁﬁmumSngmaNWU@mpﬁm@m@mbynu@sbved@ﬂﬁ@tkh@wﬁé@élved CDVA
Sianal YA B PRk 0hHOR! &Ll BN Rl LALEREcaLARR SPr cacl 10

m n 'St on on rea unmanted traffic
signal co rrpothe pdne mamnmeemadade@mdgrta@ic Istenil onelysles drspraadingrthersosivee E@MAe af fi c

synbol a'réx(]ja](m agomg(ije?%glg gfage&W&lﬁgvgﬁ@ggréﬁnﬁﬂﬁgﬂm&Ormonent by a phase

error to des"out put oW pass-f ering the phase output; and
di vi di ng an tmthanmmuﬁ th@hiesplr@wdp@a@%tmfﬁw@nalah@lﬂ@d?ﬁﬁﬁwrfﬁénq“ﬁéawgﬁloﬁ with the

sel ect egorgﬁm@r{?st gd. zh\ Laf }Edo@nséfgtn% Plnok® AMREOHHCEshRS WBMRN Qe El?’t&f i v$i gnal

strength; e gener at the signal cancellation factor for the
unwant edutteegi ¢ si gnal includes mul tiplying the unwanted traffic signa
spreadi ng code and a conpl ex conjugate of the .desired traffic spreading
code; the combining the unwanted traffic signal strength and the
unwant ed traffic Biegrrftodeapedl |5aViesi f act or to generate the unwant ed

[ traffic signaly GRACKINL 8l FRPcERTRRRENicraS sthethSinBlda Nsuaeints the tlegoraapl i f i er .
respective known signal component over time in advance of low pass filtering;
each generating a respective known cancellation factor includes summing a product of
the respective known spreading code and a complex conjugate over tme to produce the
respective known cancellation factor; and
the generating the despread desired traffic signal inciudes summing the received COMA
signal after despreading with complex conjugate of the desired waffic spreading code over time to

generate the despread desired traffic signal.

17. The method of claim 14 or 15 where one of the other known signals is a pilot
signal that is spread by a pilot spreading code wherein:
the generating the signal strength for the pilot signal includes:
{ producing a despread pilot signal component by despreading the received CDMA
h signal with a complex conjugate of the pilot spreading code:
jow-pass-filtering of the despread pilot signal component; and
dividing the output of the low-pass-filtering to produce the pilot signa! strength;
the generating the signal cancellation factor for the pilot signal includes multiplying the
pilot spreading code and a complex conjugate of the desired traffic spreading code;

the combining the pilot signal strength and the pilot signal cancellation factor 15 by

multiplying.

18. The method of claim 17 wherein:



20. The nethod of claim 19 wherein: t he generating the unwanted
traffic signal strength includes sunm ng the despread unwanted traffic

si gnal conmponent over time; and the generating the unwanted traffic
signal cancellation factor includes summ ng a product of the unwanted
traffic signal spreading code and a conpl ex conjugate over tine to produce
the unwanted traffic signal cancellation factor. 28 CANCELLATI ON OF PILOT
AND UNWANTED TRAFFI C SI GNALS | N A CDMA_SYSTEM ABSTRACT A gl obal pil ot
and unwanted traffic signal cancel er for a spread spectrun1connunication

System [ ecel el Lol SIUARP BT eRANUIARLL 1SN0 ae JBLLEE LRy Jhe P esen:

i nvention effec Ive unwant ed, act ve traffic
signal s q@mpomentwemmﬁodﬁmma oﬁ@@meescﬁiterlaifamt Si gnal at the receiver. The

system and ”%@&Qergtﬁ% rﬂ%?lmgﬁcamehatgwf&rmr el BERling/d SLALNG sRBubNCT eased

signal -to-noise rati
spreading code and a complex conjugate over time fo produce the canceliation factor.

19 The method of claim 14 or 15 where one of the other known signals is an
unwanted traffic signal that is spread by an unwanted traffic signa! spreading code wherein:
the generating the signal strength for the unwanted traffic signal includes:
producing a despread unwanted traffic signal component by despreading the
received CDMA signa! with a complex conjugate of the unwanted traffic signal spreading
code;
performing a hard decision on the despread unwanted traffic signal component to
select a constellation point as an unwanted traffic symbo! and rotate despread unwanted
traffic signal component by & phase error to produce a phase output;
low-pass-filtering the phase output; and
dividing an output of the low pass filter and -combining the result with the
selected unwanted traffic symboi fo produce the unwanted traffic signal strength;
the generating the signal cancellation factor for the unwanted traffic signal includes
multiplying the unwanted traffic signal spreading code and a complex conjugate of the desired
traffic spreading code; '
the combining the unwanted traffic signal strength and the unwanied traffic signal
canceliation factor to generate the unwanted traffic signal canceliation component is by using an

o adjustable amplifier.

20. The method of claim 19 wherein:

the generating the unwanted traffic signal! strength includes summing the despread
unwanted traffic signal component over fime; and

the generating the unwanted traffic signal cancellation factor includes summing a product
of the unwanted traffic signai spreading code and a complex conjugate over time to produce the

unwanted traffic signal cancellation factor.
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CANCELLATION OF PILOT AND UNWANTED TRAFFIC SIGNALS IN A CDMA SYSTEM

ABSTRACT

A global pilot and unwanted traffic signal canceler for
a spfead spectrum communication system receiver that reduces
their contributive noisé effects. The present invention
effgbtiQely cancels the global pilot and unwanted, active
traffic signals prior to decoding a desired traffic signal at

the receiver. The system and method decreases the bit error

rate (BER) yielding an increased signal-to-noise ratio.

FIGURE 1



