+ ; 4567e3eLf " _| abe6eTLfzr 1 9 SEP 2002 PARALLEL | NTERFERENCE CANCELLATI ON
RECElI VER FOR MULTI USER DETECTI ON OF CDVA SI GNALS BACKGROUND COF THE
| NVENTI ON Field of the Invention The present invention relates generally to
“mul ti pl e access digital communication systens. Mre specifically) the
invention relates to a parallel interference cancellation recei V8rSESy#8ilem
and nethod for the sinultaneous reception of data frommultiple users. -

Description of the Rel ghRdiAH WTBHFERENCECAMGEIIQNTION cation system
allows a plurality of users to access the same conmmunication mediumto

transmt or recej ' I o] Ji s FECTRN LSE xanmpl e) a
networ k cabl e mkﬁﬁpﬁﬁ @i&ﬁﬁr&‘b@%%n a c@)gp;%g%mwslr(%@%ﬁt hng| ZB.SSi C
t el ephone system or an air interface for wireless comunication. A prior
art nmultiple access communi cation systemis shown in FIG 1. The

-communi cation nedia is referred to as a conmmuni cati on channel .

Conmmuni cati on techni ques BAGKGBOUN OEIGYE BNVENT3ANnul ti pl e access or
FDVA, time division nultiple access or TDMA, carrier sense nultiple access
or CSMA rrpflsr @k Yavehgyn mul tiple access or CDVA and others allow access to
t he same communi cation nmediumfor nore than one user. These techni ques can

be mi xed toge&g};g@mggnmgmpma génmnmtxﬁmwicca@sldtgi@l@nmﬁﬁmmﬁ?@@ms. For

exanple, tine I'sion duplex or" TDDr node of the proposed thir
generatign W tandard.j s j A |l e
CoNA pri Sl epe oA e e e R bl Blbclenc Rodfortigier UG
conmmuni cati on technj qtfe in which (g)gt a%i ) tralPsn‘itted with a broadened band
(spread &pFERadigrjhe smultgnepugrecepsion 54 §’°Fﬂ>‘8t5 lglf’iuﬁas‘t he ,rata to be
transmtted with a pseudo-noi se signal. The data signal to be transmtted
may have a bandw dth of only a few thousand Hertz distributed over a
frequency band that nay be several mllion Hertz. The conmuni cati on channel
i s bei ng DesetbtinrofitHedRetmertsAy by K i ndependent subchannel s. For each
subchannel , all other subchannels appear as interference. As shown, a

si ngl e subchangghui@le-dccgiswmmiaitdiérystemnsliowvx e dlurdlityrofausens ito) aecessthe saieng
code which repeats a predeterm ned pattern generated by a w de bandw dt h,
pseudo- “Qbr‘r&u@%@)ioérﬁwikﬁﬁ'&qra%ﬂi@m&&m infér@fbon ITHY HRdI4SRY c@rﬁ;ﬁ:@a,dbmmﬁ{alé,e_s are
typi cal |y pseudo-othogonal to one another such that the cross-correlation
bet ween the spr.eadin es .| Wit i ki | | at ed
with the apﬁet‘évgaku%%lgég%?o% uc?an%ngérgﬁg}aﬁcaﬁ &?nggﬁelggiﬁéﬂ%%p S%IZCI %g\ﬂcg‘ﬁ rier
signal is then dgj ated with the digital spread spectrum signal and
transm ttaéé”i‘ﬁtegg?? RUBHEESS SRBMUME 'Y ansni ssi on medi um A recei ver

denodul ates the transm ssion extracting the di itah‘rﬁ%r ?aﬂi spectrum.si gnal .
The transnitt cHPERIEE MuiipleasFeS8eRTRBIAERH SR SYS SIS AVR - th! REFAMIYERTY pn
sequence. Wen the spreadi ng codes are orthogonal to one another, the

r ecei ved rsddimialrefemed foas @ commusitawnwhannela Communisatien techneques sughas fre@ieaced to
the particul ar spreadi ng code such that only the desired user signal

rel ated tawi$ibe mafiple Geéeds of FDMA file Ao mukiphanaest whTDMAhearfiemhsnse
signals for all other users are not enhanced. Each val ue of the spreading

code is mﬂp@e%% sSh'tg\ﬂdcoh@aavaaoﬁhmm@s&egsfzsatdmtah@oa@fseanecv dastes than

the data ra e rat etween the chip rate and the subchannel data rate
is the spreading factor. To.ex t I dat a
si gnal , QR%WO "V%u"lfgté?i"f'%j'ur”éﬁr?g‘greer% %gg&kﬁﬁe{m‘és{t\;\.@% &uﬁ%ﬁaﬁ@éaﬁg%g&c ehrl'gﬁary
and quaternary synbols.take on three and faur val yes respectjvely

Concept CF bR RS i MBIt esengres S SIS Fmp SRR S oA TER he

bit content of each synbol dictates a unique pul se shape., Dependi ng upon

t he numbenodsfofgheperosedubimgenasatioadVralD M sigedardif a eaplinatiop of E@V’Eﬁa“d&&gviéhapes

exist. The information at the source is
An example CDMA prior art communication system is shown in FIG. 2. CDMA is a

communicatian technique in which data is transmitted with a broadened band (spread spectrum)
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-1 9 S E P 2002 convened into : ~bols which are nodul ated and transmtted

t hrough the subchannel for denodul ation at the destination. The spreading
codes in a CDVA system are chosen to mnimze interference between a

*desi red subchartnel and all other subchannels. Therefore, the s{8rid&r2002
approach to denodul ating the desired subchannel has been to treat all other
subchannel s as interference, siml.ar,tQ.i rference tha ifests itself
in the cobhiefelating et tarPe ﬁéﬂsé?@%dr ‘éwqgeagklssg%dceoa&%'?)ers'%l‘S%ngﬁéssgnﬁfteo be
single-user, matched filter and RAKE receivers. Sine_different subchannels
do i nt er f warsmistadmayane sbhandwidshakapyafew thaysand Hega disgibutedioyenadregusnsy bangt e
all subchannels at a receiver. The receiver can listen to all of the users
transm t t ihagmay bosserabpillichMerty Ehechocwulinivgticn chanriel isipeing usalauhulehesdsbriyi n
parallel. This ideology is known as nultiuser detection. Miltiuser

‘det ect i ONgGAN:HBERU{ Hﬁcﬁanﬁ#lgnﬁriéﬁéﬂfmb&ﬁhﬁ&rm subBhahéeREpPéar @Y Riterference.
singl e-user recelvers. Referring to FIG 3, a system block diagramof a

prior art CDVA,receiver. usi i : kS illed
o thi e art el fipegy < indle oyt d pBan RS fed Fieb e Rl et
frequency or rf down copversign and associ.ated f.i.lterjng. for radi
frequencngﬁarfﬁ%?aés, 25 %?j’l"t"lf-gcﬁa F?‘a¥°"8’3ﬁe\92¢ys?ow'nd% aEpt ?%a?segfi%ﬂg?e (pn)
denodul ati on for a specific comrunicati.on di a. The out put of the receiver
is a procisyerregengralor. ThespBRAUEIRFOEr3AIng L ﬁsé{",fyﬁ%ﬁlﬁ’é’ﬁ daeprineegonadifiised
spread signals ofall active subchannels. The nultiuser detector perforns
mul t i user andeberstdhahatactrassicpurtistien beryaen thespreadinggogasis slosegp zerop Hddiasignalo
each active subchannel. Al or a snaller nunber of the total nunber of
subchannejssnétuatfEwith eemseghenéprodudingradigital spreadispeetoiro signalr & carrier signal
conputational ly intensive devices perform ng nunerous conplex mathematic

operati ong tﬁéﬁ%@&uﬁtémﬁ}?{hgHﬁitﬂisfvrfeil&é&&mh@si'gﬂphﬂmEmﬂ@@ fdEbériehde updf the
m nim ze expense, suboptimal nmultiuser detectors such as |1 near detectors

£
q | . : . ] . | q
oqubri g PeriEmEHERT e SRREE AR N lrinhSRh KRl (B B9 el ope
corprom Se ag-lehydggngatélc té‘hagf@?téé %%t]anﬁg%ﬁro%mcéboéﬂeg%knglgfi&nc&% gl'rle k}k}%&% pn

det ect or sSRk m nean squar e error

detectors, zero-forcing block |inear equali,zers or ZF-BLEs .and.the |ike.
By C 1 bt SRaenes VU ARE PRt BT UTEOT! ¢ BRATPHE AP¢ Reir CLE AL By

are soft-decision (SD) or hard-decision (l~) based. A system bl ock diagram
of a pri oforaglated witbarpanishlar ussesignpblelatadde thegrrtisylat sareadingcode sush thatprin iU
CDMA conmuni cation is shown in FIG 4. Data output from the conmunication
medi a spedédiied usee cighaleelatedm thepdFi@lar 3preadingepdpisehancedwhilesbdwthersignals farmat or
whi ch estrmates the inpul se response of each synbol transmitted in a
respect i vell stleehanngk notldiardceiear detect or uses the inpul se response
estimates along with a subchannel's spreadi ng code to denodul ate each

subchartnel ' s gatiayaldd\6 19dpRealiihg @b kndveh Subshlipdhdctas 8ahip rite e RIhd@mel ocks
for respective users. To ef~ ect paral |l el detection of K subchannel users

L0 8 PhYSHE AR YRheMl qdd REAr TG BERGLendfd G6f Ofc ARUAOLDAIRIDEB GRS
fixed gate arrays, nmcroprocessors, digital 'signal processors or s and
the like. Fixed |Logic systens allow for greater system speed while

mi croprocé%"%‘g“%jf:’ic &n systems offer programming flexibility. Either

i mpl ementation that is responsible for the nultiuser detection perforns a
sequence of mat ferextdnd tprassible sange offwalufs S thesiatarsanak a sEmbe)isused e rapstsedni ng
vari ables typically define the structure and operation of a |inear

mul ti user nobe¢ echawo Hnary vileest Gealannandbpateofanusysbelsttekenemthreeasd fohavalesse
active in the system N~ = the nunber of chips in a data bl ock. The nunber
of chips ir&pe@Rdiy’ etheoREt BF & byl Miong feme grastemdegteraifanfermidtion sinvartebiti s a
measure common to all users. For the case of synchronous CDhl A, a synbol

from the Uéf;&m\'@ﬁeﬁﬁﬂ {yg}?'ogaaa%é&amg@@ahgagh;p@cmbeﬁmg pRASAd Aukir 8 Binftpls Of

data. Therefore, e reduced to be equal to the |argest spreading

factor ~ 9 s E P 2002 W.= the CLJmuni cat chann i npul response
length i n“8fh Gg_eqqa‘llingmgg Oégﬂl@\‘eawlgyecg%arvg g |e%g§5tp§'r¥'5r'rn§{3ré?aq'§fl afﬁ‘@ SYET Em

Q' ~ = the spreading factor of user k. The spreading factor is equal to the
nunber of chips that are used to spread a synbol of user's data. A system
knows the spreading factors in advance gnd does not need to estimate them
fromthe received data. ' N~t'~t t he nunber of synbols sent by user k.
Nt'~~ =N 1| Ott. x N,'= ~ N~ the total nunber of synbols sent. x=~



-d~k~ = the data (information) sent by user k. The data is presented in the
formof a vector, where a vector is an array of data indexed by a single
i ndex variable. For the purposes of vector and nmatrix operati ohg SEpi %0

-follow, all vectors are defined as columm vectors The r~""' elenent of dtx~
is the rr''' synbol transmtted by the k’°' user. h~k~ = the inpul se
response of the.subchannel experi eBYarldS8inskh, e :
Thi s quantcPPV'rﬁgéatg t-oﬁlr?gs ‘évgliéﬁfraragt gr@(agltq ' t hae recnesgﬁverd. eﬁﬁggg‘f@%}r{&g xr

esti mates of the subchannel .inpulse responses are referred to as htkt. The
el enent s Sempadatiacat dhe ¢astinatighe typical |y conpl ex numbers, which model both
anpl i tude and phase variations that can be introduced by the subchannel. -5
1 9 S E P 200Z Thelspreadingeodes in.a CRMiASystepRse eoserstomiimizsiinleepnencs bevegn a
vec.or. For the purposes of linear nultiuser detection, it is useful to

- thi nk of \desitedrsebchamiebandiall@tiehsubsianndlo Thefefereghepandadiapprosdde dembdiiategr eads
a particular synbol. Therefore, the vector v~k"t is defined as the

spr eadi ng goOdeiwhi GBcHafind! SRY bedh $0RAC all hther 'subchasesbR)! infepfafenby) dififarktio~'
user. Mathematically, 1t is defined as: v,t'~"t=vt'~t for (n-1)~"~t+1 s i
S n~'~t an for all other .j LS hofex @f . .
r<k~ = a \}ré(%%%rre n%‘?%thm?%%r?tés'%ﬁ{ yﬁég?wugm%tgﬁ a'j,n spr'ez;kgc %5&% ﬂ%s'@%‘?ea I ng

sequence vt'~~ and, transm tted rou r's subchannel htk~. The
vect or rt'plo‘?eéi)?’éé‘éﬁ?’é‘sirhﬁ‘ﬁﬁg?d%B’ééﬁ‘ ! %é“ﬁ%r%f ormed during the period of

time when a block of data arrives. The i~ el nt of the vector rtk~ can
be defined as: S‘J}ceﬁiﬁ'ﬁﬁFW*éut)ChaMﬂaéQ@%&f-W’lSa raﬁ‘eis?miwi’fl"a" FAPPERCA 150=1
~=1 _ The signal received at the receiver includes all user signals rlk~

pl us noi seo ddhedudtealbsubrienoeyat d edceives. Thereceivesicandistanse &l efgkauserstransmiftisg| ows:
X r=~r~~+n. Equation 2 k=l The vector n in Equation 2 represents noise

i nt r oducedt byceHiuaingaigdceding algosthaforedach &f thiem th miadiels TisSyeail agyiskhebwirdshod
of a prior an linear nultiuser detector. The estinmated subchannel inpul se

response mtiﬂesdé?e&ian.@admb&%dé@ét@a@lin@gommsgnmt&nEammuﬁ@g#nmv&ﬁaabeera
system transm ssion response matri x for each user A mtrix is a block of

nunbers ingdexed by fwa -6 1 9 SEP Z002 indexing variable: fhe matrix is
arranged i'nca rec anguf'ar gr,,., with the first indexing variable being a

i nd dt j ' i,ahl ' index. A. t
L ansm ai on-r ORISR TG % § BPes Pk Ciegrat o Ly S ERRA Al 7

i~ -row, rt''-colum elenent is dengted as Adnrk~ and is, defined as: w' "
~ ~ - ~ + rpultiugeg detestonis 3hawae hAE BPQUTHH egrIn thisart FeafizesythafscaivelgpReplydeiacho a
mat ched filter response for a particul ar synbol sent by user k during the
peri od of fumttieness radidfegnericngr tfalokn conversian ang assopiated Sleringder rdiodraquensy

mat ched to a conbination of all user's spreadi ng codes and subchannel

i mpul se r ehpaiee sanalthebeafigirab, coiversior oort aiptisal Nsighat ~demidohaedn f fort er specific
responses. The colums of Arks are of the formA ~r7 =n00bck ~nO0O0

wher e eachoufelnatibn mkdia. "0 Gutplit GBIS re@Biveris a plocestedWignal; either BeHIGH dr@igidl,
Equation 5
containing the combined spread signals of all active subchannels. The multiuser detector performs
multiuser detection and outputs a plurality of signals corresponding to each active subchannel. All
or a smaller number of the total number of subchannels may be processed.
Optimal multiuser detectors are computationally intensive devices performing numerous
complex mathematic operations and are therefore difficult to implement economically. To

minimize expense, suboptimal multiuser detectors suchas linear detectors and parallel interference

cancellation or PIC receivers have been developed requiring less computational complexity as a



-1 9 SEP 2002 and is offset fron. .e top of the matri x A~~x~ by O-k~(n-1
). Equation 6 Since the spreading codes are not periodic over synbol tines;
b,~'~~ ~ b~t"~ for i ~j. The elenents of a vector which nay be E(SEP%UTO
"values are referred to as the support of the vector. Therefore) ~"i
the support of A~~k~. Once a systemtransmission matrix for each user is

d, I A ]
g;ggg oo bgont&grhgléstesar@@emt{@w %ﬁgﬂms%@ n@ﬁﬁmn@a@a&s m&# ggleg@f indidde

I ng mtransm ssion nmatrice e users

as shown bel ow, A=[ A~| ~~~ ~' ~~ tion 7 1n cor e.Wwth
prior artd ‘FFB&FG‘aéQ'F’o'ﬁ"‘!’E‘EHdPﬁﬂég“é’FrFéméIc’érME‘?] g?tﬁc‘ﬂrrs &ﬁ‘*@éﬂ&%gﬁq gx"“w
nunbers. It then follows that the non-zero el enents of A can be conpl ex
number s. ¢quabixeasrpt ZFBdEs|and ythe ke tRIGTSeACE ¥R upyally designedas mpkistageiteratiyey i or
art nultiuser defector assenbled in accordance with Equations 4) 5, 6 and 7

s _g_ 1\6&1%:/539@&%séﬁldeﬁsmn@ﬂm)mdmrd}dcdm@()@wmﬁ&ﬂOOO b; Z' 000b3b2';
000000; b; 3' 000b~ 4bz' ZOO0O000~b~ 4' OOOb 5b2' 3b3', ' 00000fi b; 5'bz

, * 000b2" 4b312040 lo& BiagénD8OR prior 2rtdfizar maltier’ detebok 380 rRRBRods b~
3 200, , , ~ ?*%‘9‘2 23@‘00l 062240400b; ' Sbd’ 3b5' : 000 0b2 5' b %'" )

00000 155 2100 R SOBRE Ao RO Sl AodBRRIAGL g

3. 6b~2' 4. 200000b~'' 6, 5b~'"' 7.3b~'' B.1~ O | 3, Th~2' 4..3000000h;
“Abe' | ~ Cnepiazpenisonver (sdn FdGopus 50%?90‘6@0%‘%@“&@ sHimAeoue TR B

000b4 ~A~uA~~~ PCT/ USp(~0~~~7 2002 Equation 8 -9
impulse response of each symbol transmitted in a respective subchannel. The linear detector uses

the impulse response estimates along with a subchannel’s spreading code to demodulate each
subchannel’s data. The data is output to subchannel data processing blocks for respective users.

To effect parallel detection of X subchannel users in a physical system, linear multiuser
detector methods are executed as fixed gate arrays, microprocessors, digital signal processors or
DSPs and the like. Fixed logic systems allow for greater system speed while microprocessor
driven systems offer programming flexibility. Either implementation that is r_eéponsible for the
multiuser detection performs a sequence of mathematic operations. To describe the functions, the

following variables typically define the structure and operation of a linear multiuser detector:
K = the total number of users/transmitters that are active in the system.

N. = the number of chips in a data block. The number of chips is required since
with varying spreading factors this number is a measure common to all users. For
the case of synchronous CDMA, a symbol from the user with the largest spreading
factor may cor;stitute a block of data. Therefore, N, canbe reduced to be equal to

the largest spreading factor

4.



1 9 SEP 2002 for two users (k = _,, having sixteen chips in a data bl ock
(N~ = 16), a channel inpulse response length of four (W= 4) and a
spreading factor for the first user of two (O~ = 2) and a spreading factor
for the second user of four (0~=~ = 4). In the resultant total gSSEP 20D
transm ssion response matrix A b,~,t'~ denotes the ~'' elenent of the
conbi ned system,an ha . p f; mhol, .of e ~' user.
The received dg}tp:-ﬂhfg§“%&§é‘8{§§3§dg}%§%}1dﬂpwép'?%@éqses"i/n hem f}?’%smﬁhéssison
response matri x A which represents a nk of matched filter responses to
create a vect org%‘FmHﬁt‘c?FFQ&é)’FgPP‘@F‘e%P SY§$ff-ch is denoted as y. The

mat ched filtering operation is defined as y=~~r. Equation 9 The matrix A"
represents the Hermtian (or conplex) transpose of the matrix A The
Herm tian transpose is defined as ~ = A~, where the over-bar denotes the
oFeration of tagtrRghaspfreingdater ofliser kC Thpbprradingfiedr is dial athe hagberi | ter
outputs are then nultiplied by the inverse of an objective matrix O The

obj ect | ve Ml 1| g R GRAES 16 B5eRr PSRRI BSusth @ltaliA CRIAN kRS, ach Type

of linear receiver. It is gerlved fromthe systemtransm ssion matrix A.

focer ver voi th BB SR gt Bina: fe el G b el

square error block linear equalizer (lvllvlSE-BLE) receiver is a |linear
receiver with Bbj ective matrix specified as O = AHA + 0?t- where o= is

t he variance of the noise present on each of the synbols of the received
data vector r and the matrix | is known as an identity matrix. An identity
matrix is square and symetric with I's on its main diagonal and zeros
everywher e el seVfrretleinpmbafof symbdldent iyt yserkt N e Ns/ @Hosen so as to make the
addi tion operation valid according to the rules of linear algebra. For a
decorrel ator (decorrelatin~ receiver), matrix Ais sinplified by ignoring

t he channel -10 1 9 S E P 2002 responses hue, co. ,iering only the
spreadi ng codes ang: tho.. cross-correlation (interference) properties. A
cross-correl at iﬁn:v;W@E GBRMhmbebeiyniidisiseneas R) is generally
constructed for ‘de grr'el ator type recei'vers. This matrix can be constructed
by assumi ng that -1 and h, tt~=l in the definition of A above (i.e. the
channel response of every subchannel is an inpulse). Then the cross
correlation matrix Ris the objective matrix O as defined for the ZF-BLE

receiver. A decgsrrelator. often serves as,a.sub-process of a _nore conpl ex
mul ti user dete |T)ﬁ“°§é@&q“&é¥“?n SEPt PYSER gﬁetqba\‘%smf??‘it?{j'f‘éhecfff’%?%, t he
mul tiuser detector wU invert the matrix, denoted as O'. The inverse of
the obj ective rMEEOFWVhese 2 Yeator ingnerpy pletataipdexpbbymsinglemdex varableofoput vect or
y to produce estinmates of the data vector d where d(estimate) = Oty. The

i nversi on of t the phpesss pimectarandimetix operajioppwiittefollow,aiyettatsiacndefingd i nt ensi ve
process. The nunber of operations required to performthis process

i ncreases as t hs colubhm vettotsh&hs i elemént toli g riethe irksythboFeansnitedd lyajaehr onous
CDVA receivers, the size of 0 is very |large which makes the process of

i nversion inpragki cable. Techni ques using |inear al gebra reduce the
conplexity of taking the inverse of the objective matrix. However, these
techni ques may be inpracticable for some applications. Unlike |inear
receivers, PICreceivers do not invert the objective matrix O Therefore,
PI C receivers f(,;i_erhan @Isternativ t hat islless compl ex than |inear
mul ti user det edt or 4¢ BPEse ESPORR 1 L0Y1pag! epenenced Py usst Epresemipday . The
received data vector r_is input to a plurality of channel estimators which
i ndependent | y esY§CHt d sAupntily aeeds 1o phesvasted|at thepereieerr eShoreseiverthe
subchannel inpul se responses are output to a data estimtion and

i nterference castwhtestfitsunherebgpnisevespinsessteirefatredstoths® r Boailansshtdat a f or
all users in parallel. The estimated received data is output to subchant: el
dat a processi ngfieoeksr Fbire typidateconplaamabedgvhichauvde] bath EhElitude bl t he prior
art data estimation and interference cancellation process used in PIC
receivers. The JRhG Ja86dnY &far In@3WIRRLL Ay (RAGBcHRghannel consists of L

di stinct signal paths froma given user's transmtter to a receiver due to
the transm ssion nedia. For each path 1 9 SEPZ2002 L, the relative
de. ~ s, anplitudes and phases are estimted a~ the receiver by the
subchannel estimation processors shown isn FIG G For each of the L

di stinct paths of each user K present in the system the PIC receiver

all ocates a despreader matched to the specific code of a respective user
and the specific tine delay of each path. Therefore, a total ofKL
despreaders are allocated in the despreader bank. Each despreader produces
estimates of the received data fromits respective user. The L data

T T r N L Y T Y M I T T 1 I L



capabl e of producing soft and hard deci sion synbol estimates for further
processi ng by the dedi cated subchannel data processors shown in FIG 6.
This is shown in FIG 7 by placing a final output data synbol generator for
generating the final receiver output and may be different from thg SERZgQnal
data synbol generation circuit. An inherent problemwth prior art PIC
receivers resides in the received signal nodel that is used. Prior art PIC
recei vers assun® = that., eading sobrofaseot, prosaried esa obcdr. i aliecputpgsat bs t hat the
transnutted signal undergoes in the transm ssion nedia. The separation of

the despreadi ngingi thultivgérdelectior & i uderul 1o&hihlo 6 RGPy conbinif IR bdMiBF o OCeSSsor)

operations is the result of this assunption. However, a Tecelver

constructed w .S - ] : r t i nperfereng

Fesal ting. 1 omon afipf S iBraak AL SR ThAlol it gbrIer
commonly known.as_.nmul tiple access,interference or, MAL. It cannot correct
for interferentSHipg PEH "%5%4”"@”%&??%@?%&?ﬁéﬁ@b?'éeﬁtﬁéthq e
spreadi ng of t{k}(;se synbol s_during transm(§§i on in the conmuni cation
channel . This Fopser-o¥iatbpmativally; 8isdefnedas: 78" mo? fordo@hity skua@® asl i nt er
synbol interference or ISI. ISl contributes to a phenonenon referred to as
"the fat fingep fafdllether’, Wireee fiathefindegef vedtérededmentscur s when two paths from
t he sane user have such a small relatwe tinme delay that the delay cannot be
resolved by the receiver as two distinct paths. The receiver fails to
estimate the data fromeither of the two paths thereby affecting all users
resulting in PpOLakgqsl wiith REEIATRIGS ol Y EdtykhdiBRaqiE Leglibdcelacel ver s

use the sinplifying assunption of L paths to separa espreadi ng and

t he channel cogbjninhg. ' Pl | y®r using t accur ate
received si gnandngé’éﬁurgﬁﬁeté@?}gg%} u%ﬁ tfgl%%’?&gggtt@? Vf’gmﬁl §if?Péa§e"R| ein et
al.) "Zero Forcing . and M.ni num Mean: Squar e- Error, .[Equal i zati on for Miltiuser
Detection in Cﬁ*&fé’gﬁ&?@%‘ﬁnﬁ\iﬂ%ﬂ?‘&%@gZlé"speéﬂgﬁg‘@?'WhFEEIPlUFké?ﬁéaféti ons on
Vehicular -13 1 9 SEP 2002 Technol ogy% vol . 45, no. 2, 1 May 1996) pp.
276-287) di scl a3wes. jOierf elgment of th6rvestacd? ¢asrbs definedagiei ved signal having a
plurality of CDMA data signals is passed through a whitening nmatched
filter. An output of the whiteningpratcheg filter is passed though a
whitening filter. The whitenedkyes gj(s) ked (eynd passed through a

f eedback | oop to recover dat & of T at azzgné{b_gﬂ The feedbac% Lﬁ% 1has a
threshol d detector and a feedback eperatoel EPO 767 543 A2 di scfloses ‘an
interference cancelling systemused in a joint detection receiver. Using
received training sequences, channel pul se responses are estimted for
transmtted data signals. Interference nodeled fromthe estinmated channel
pul se responses is subtracted fromthe received signal for use in joint
det ect i onTb¢ sighed retatvad si theatesiveDnliddsial!|user, signals F&ldsyndife. MHetdfokebve can

Deci si on- Feedback Detectors for Asynchronous Code-Di vi sion Miltiple-Access
Channel s, definele rEt¢ivigaiata v@odr ofs foeweini cati ons, vol. 43, no. 2/04, Part 1,
1 February 1995, pp. 421-434, discloses a feedback |oop used in a nultiuser
detection receiver. An output of g feed forward filter is passed through
deci si on devices. The decision d cegjdeterm ne received data for each
data signal in order from hi dﬁe’éEZeEel vEdisi gnal strength to Lowest, The
estimated data signals are passed;Ihrough a feedback filter. ES8¥UPPPtered
data signal is subtracted fromthe original feed forward filter output.
This m xed signal is fed into the decision devices conpleting the feedback
| oop. -14 1 9 SEP 2002 SU vLI ~ARY OF TIC I NVENTi vN A parall el
interference cancel |l ati:on receiver systemand nmethod is presented that
reduces i MPRUYESETd8 Fapdieni2ieripeals apisdintrefiyrgd by thedemmunhicativn chesredlved si gnal
simlar to that used in block linear equalizers. Block linear equalizers
conpri se decor FEL.&tshowgs # systeinasd sethadsfa-phor o1 irgar ieeigusse8&ectn. MhEWMBRaN
square error receivers and the like. The invention conprises an

i nterfer eneéehmAaRHbALd RHHoRIALESSOM a‘%@ﬂ@%f&%dih@%eg b ar%q{sgdat%tcir&gez; sh%te%Ut put
ofa direct interference canceller. The miterative process refoves

interferer 4 t t put I chedfi|ter. The.PlIC receiver
:.ISGS recgir%ghusg{garggﬁ%orgr%d@ﬁqéx %?g?ﬁgéﬁg{i%us 1D %Hclkr?gﬁ?'mgﬂﬂgldieféjr@ tt“lf?\z;t do

not assume that each subchannel consists of several distinct paths. The
receiver estimates the inpul se response characteristic of each subchannel
as a whole. Accordingly, it is an objeét of the present invention to
provide a system and nethod of receiving and decoding a plurality of
signals over a CDVA interface. It is another object of the present
invention to provide a PIC receiver system and net hod havi ng greater
accuracy with | ess required conputations. O her objects and advant ages of

M e I T T . o g, M [ R 1 T



BRI EF DESC uPTION OF THE DRAWTIGS FIG 1 is a sinplified block diagramof a
prior art nultiple access conmunication system FIG 2 is a sinplified

bl ock diagram of a prior an CDVA communi cation system FIG 3 if

sinplified block diagramof a prior art CDVA receiver with mult 9135?2”02
detection. FIG 4 is a sinplified block diaeramof a prior art nultiuser

detector. FIG ~ is a block diagramqf a prior art |jnear mnultiuser
det ect or . indgging varighlesEFhe owerixs @rangep & yrestangulas g Witk thaifissy indexing variadle or
art PICrecc.. . er. FIG 7 is a system block diagramof a prior art PIC

dat a esti being@roarisdexnhe tiecseconddndeaing ohrizhie bemgarcolessadex. FIG 8 is a system
bl ock di agram of a PIC receiver of the present invention. FIG 9 is a

system bl ock di@%%@mmsxﬂishbmaﬁonsammwi@&% tibibally AeitdPds 401 THagsphesent
tnventton. FIG I0 is a system bl ock di agram of a hard-decision PIC

‘receiver- en ny Ne&) J1S..@ System bl ock di agram of a
non- 1 i nea?’fh'scéWdé%ﬁes"Itgsn&eﬁ?%B%g‘éi \?gé ﬁ(#ﬂ?éﬁ}'pr esent invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The enbodi ments will be described with
reference to the drawing figures whaere Like nunerals represent |ike
el ements throushout Shown in FPG_ 8\'spdkpatialkbel interference cancellation
recei ver 17 ofthe present fvient | o or jdetectjing, after r.eceptHquations
plurality of users transmtting ovgr=a common CDVA channel. The receiver 17
conprises an input 19 for inputting data fromall users k tcansmtted in a
di screet block of tine in the formof an input vector r containing the
conbi ned data from each user's subchannel, a channel estimation processor
21 for deriving individual inpulse response estimtes ht'~~ for each user
and assenbl i ngEach cdlahn sf/sie enatnixe4 P oorsssponds td xmatchedl filter sesporise farta panticule
interference canceller 23 for generating interference free user data rh"~

and an oukptbol 28t us@Utdaihg tHPeHEERH iftatest. Weferringftatk RARIG. $SAE récefve@ Bt he
recei ved channel data r in the formof an output vector. The parall el

e
interfer eF?semgégtgoeJol aeé%ﬁbznaQi?%F LlF@ér’?fﬁLﬁﬂf:@léoB% aﬂg s@ncg:ﬁgrﬁglsi&r ﬁlsp ?e:s/sl Q €s.

col l ateral menory whi ch performyvarious vecCtor an rx opera

Al t er nat e.enbodi nept s nmay, . ml e the invention 17 | fixe ate
arrays anﬁfﬁ?%’e’ggr) F%’F?ﬁ’%@ut %tcﬁﬂﬁ‘tef SARONEY ?ﬁ%c‘{}wso@wp%&?té?g?% -16 1
9 SEP 2002 The total nunber Isers h and the spreading factor Q-x~ for e~ ,
user (k =1, 2, 3... b~ are known a priori by a teaching transm ssion or by
pre-loading into the PIC rerxiver 17. After denodul ation, the received
signal r is input 19 to the channel efs0i matior processor 21 where individual
k subchannel inpul se response estimates are] nodel ed 27 as vectors h~x~ to
correct inter-synbol interference or |5l caused by a subchannel's own
synbol s and MAI caused by synbols frojpot her user's subchannels for al
recei ved data signals. The individual|k subchannel inpul se response
estimates ht'~~ are input to g4fftst Pyl 29 where it is conbined with
the sane user's spreading code {Equat Bn 3)| creating a system Egaatomdssi on
response estimate matrix A'"tx~ for th user. Each systemtransm ssion

response estinmate matrix A't~~ is output tof a second nenory 31 where a
total systemtransnission response nmatiix A is assenbled. The total
0

where each vector b, has a dimension of

oW+ W-1, Equation 5

7.



"system transm ssion response matrix Ais conprised of all system

transm ssion i npul se response estimate matrices A'"tx~ (Equation 7). The
total systemtransm ssion response matrix A contains joint i nflo%g'@; z[m
about all of the subchannels in use by the active transmtters tains
i nformati on about any possible cross-channel and inter-synbol interference
present in the received ta si. r. The total systemtransm ssion

r esponhd Fﬁa‘ié;f:&é%‘i o @Bt‘%ﬂlﬂ "P%”?Hg'j’ B%ta detection and interference
cancel |l er 23 which perforns an egtination of transmtted data based on the
recei ved data vector r. The dat@ @ebection processor 23 est i hguagion 6
subchannel data synbols and outputs a received data vector d~'~ to

per - subchannel processing units 33,, 33~, 333, ... 33r; such as
interleavers) Viterbi decoders, and the |ike The data estimation and

S nterfSmeORR spRAGRE k&des 2k ot p&f&%kﬂgﬂb@j tifles; 36 glalfgr OS] efld dimdocessor
23 is conprised of a matched-filter 35 which match-filters the i nput 19

dat . voe] e RISOHE MR UESAE 1 FOIGNSS S LB T 7

mat chedqeut er 35 ouégqu, a direct interference cancei ~er 38 for deriving
est i mafres's e WRBOHOEA data d~x~, an iteration counterlswitch 41, a feedback
interference processor 43 and a symbol generator 45 for assenbling synbols
from the esPnéfod BistesERNSHESSIAN MATX top eaghiusends gieated (atosal gystem.transmissigreci f i ¢
user fromthe conbined user data r, the user data r nust be filtered using
a mat cresplrfse tmatrix, Ghoted ats Kés dreatesl by Cprealenativigd bipgystbingransmisdiorematritesifecatigni zes
that a matched-filter 35 requires a response characteristic whose el enents
ar e cothplusers aosiowgeieksv:0of t he conbi nati on of the spread pul se shape and the
user's subchannel inpul se response to produce an output with a |evel
representative of the signal prior to transmssion. Signhals r input 19 to
the filter 35 which do not match with a given response characteristic
produce a | ower output. Th natiggf-fil r 35 is simlar to the

mat ched-filtering opepﬁtﬂngrper ,0E /% ]Iinear mul tiuser recei.vers. The
mat ched-filter 35 operation is described by Equation 9 unli ke Ei

despreadi ng operation of prior art parallel interference cancellation
receivers. The input user data r is matched to the spreading code v~x~ and
t he subchanhdccondprdessth priopen seodulesion feghnigugs iheeleméntuofsh™ canlbelvampiex k. Each
el enent ofthe matched-filter 35 output vectory is a first rough estimte
of t he montrees ploricknfollsysthatlthd montdeeo ¢lermerssofid enh dabaplercumbed. The tot al
system transm ssion response matri x A provides the response characteristics

to the mat chgexdmpid REal Sptenfiembmisaibii@ipaabe thitfix 4 ¥6d ok 8% RRNARerMREdcdor A 1S a
vector which represents the response characteristics of a particular

SYMbol assdiibled BGRENAshAMiM BRSHSE 4T 5 icaddyt to the matched-filter 35 where
it is matched wth every response characteristic fromthe total system
transm ssion response matrix A to produce the matched-filter output vector
y. Each el enent of output vectory corresponds to a prelimnary estimate ofa
particul ar synbol transmtted b~ a given user The matched-filter 3~ output
vectory is input to the direct interference canceller 39. The -18 1 9 SEP
2002 direct interference snceller 39 perforns a partial interferes.
cancel | ati on operat.ion on the matched-filter 35 output vectory. 'The

operation may be a scaling operation or a nore conpl ex



Joperation.
estimates d and is input to the feedback interference processor 43
t hrough W@ g1j266s3t i on/ counter switch 4la. The feedback i nt gid©n
interference canceller 39 output

interference estimates output as a vector ¢ that were not

synbol
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previ ouslly cancel ed by the direct
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(-1)m (STj"~1 (ST+ ~~ 1 ~. Equation 14 The PIC
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he nunber of iterations increase.
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-Equation 15 where Ois the objective matrix. Referring back to Frquations
13 and 15; if matrices S and T are selected such that (ST + n'"'S = 0O 1 and
if the receiver 17 defcned by Equations 10 and 1 | converges) itl SuSEP 2002
“converge to the linear receiver defined by the objective matrix O Linear
al gebra requires that in order to have (ST + n"1S = O"') matrices S, T, and

O nust satisfy the follow, ng.iden ity: (P:T +§i@_§gyat'on l16 at her t han
havi ng t ofargveusers the™ obfaergSHae 313 G2 lack G~ 18): & shanel iBpp e ESRSAmt 1 i x
Ointo two discrete matrices, T and S'. Matrix T defines the feedback
i nt er f er eleagthpfdaeFor 4Yd alvhreadingfacton forithpfpiaisersl twa (@1 2 anyl agprepding t he
direct interference canceller 39. The present invention 17 replaces the
i nver si ongRfor T8 the ¥ecbhdMisePofdfBur (e &). oin the resultantteral syatem tranrilissipn sespbrae senes
of matrix nultiplicat~ons in the feedback | oop. An advantage of the present
-i nvent i _onm;gn-,g iep o ?e,{oﬂg thed8 lelehl3Al of TRE Edmibirnd’syst@fl dhd Efanse] B63pbrise Ftithy b €SS
conplexity to i'nvert than the original objective matrix O For exanpl e,
matrix S'' g %,,,di agonal matrix (a matrix with non-zero entries only on
the main Eﬁrg%ﬁﬁ ﬁﬁe Y#& i nversion of a diagonal matrix only involves the
i nversion of each individual elenent .Iyi ng_on_the min diagonal. -21 19
S E P 2002 T shdereevehiag hlSaHchei-‘éB J3ng Eﬂﬁ?fﬁﬁaﬂfyﬁﬁmt‘%‘“{‘%% %F?ﬂi‘F%F‘PW of
matrices T and S with Equation 16, a specific fornn for_ a general PIC
recei ver hichrepresedts aGianioof matthed itter regroases & Cragte B vemiorgmasqbed-dlterautputs O)
matrix Sis defined as | =di ag~ 0 ~ Equation 17 where di ag(X) defines
a matrix whishds d&tddaisp. Thagerhtd frering eperation ivdpfiatd 20 t he nai n di agonal
entries of X and all other elenents of the matrix are equal to zero. Using
Equation 16 and solving for matrix T yigids = O_ S 1 . Equation 18 Since
the direct interference canceller BF pdrforns the nultiplicati Boguaion®(nm) by
matrix S (which is the inverse of diag(O), the canceller 39 perforns a
scaling of -each individual element of the vectorz(n). The matrix
mul tiplication,of d wth [ r ' e i.nje rence
processor 43 caﬁﬁlﬂa&? 4 h%epfeﬁ?’”gsﬁ ?‘8?@%@@% ﬁpcgﬁgﬁ%‘&rﬁlﬁﬁ?%cog?p%? r-ilc’:(cflrit Fal..lkﬁi ng
this architecture is referred to as aparallel interference cancellation
receiverwith full interference cancellatiop rn %he feedﬁlgck or a PlGfl
recei ver . Heonitian giaaspesn is Aefined ey (i red ¥SEBS PYFRRTFIAES g 9PEation ddaliag ei ver
must converge to thé ZF-BLE |inear receiver. The ZF-PIC-fl of the present
invention 17 uses the ZF-BLE objective matrix O = AHA. Therefore, matrices
S and T ameonjefitsefh @mpkx humbedi Blgp riaached Aterputpusgeetheromultigiied B the invegse S E P
2002 cr~nvts )

an objective matrix O. The objective matrix O represents the processing which differentiates each

type of linear receiver. It is derived from the system transmission matrix 4.

The zero-forcing block linear equalizer (ZF-BLE) receiver is a linear receiver with an
objective matrix specified as O = 474 The minimum mean square error block linear equalizer
(MMSE-BLE) receiver is a linear receiver with an objective matrix specified as O = 474 + ¢’/
where ¢ is the variance of the noise present on each of the symbols of the received data vector
r and the matrix / is kmown as an identity matrix. An identity matrix is square and symmetric with
I's on its main diagonal and zeros everywhere else The size of the identity matrix is chosen so
as to make the additi;n operation valid according to the rules of linear algebra.

For a decorrelator (decorrelating receiver), matrix 4 is simplified by ignoring the channel

-10-



“What is clainmed is: 1. An interference canceller (17) for use in a receiver
t hat separates received conmunication signals (r) froma plurality of
transmtters over a CDMA interface into a plurality of desired {s3 gpR82
(d~k~)) the interference canceller (17) conprising: a channel estimation
processor (21 ) for receiving the comunication signals (r) producing

i npul se response,gsti mat es ] of _desired.signal.s (d~k~))
sai d inpuf%sgo?sfgi on&¥ é‘t§flp%é@£stggé%r%%hg%go oegudﬂta & ecé?sl‘c"ﬁﬁfrﬁg(ﬁonaﬂ’aerfereécc)
interference canceller (23), said data estinmation and interference

cancel | er P{OPeItiess AcHasscormelation Magix. cammenly fefaTeq toras K, isasperally gonatguctes fohe
communi cation signals (r) and said channel estimation processor (21) output
(A for odeqrtedtogrypsteteiedre sTioé matnx clnbe candtredteshby assurhing thaeFet and/k sl gmal s
(y) toafirst (+) input of a sumrer (37); said sumer (37) having an

out put  (Z¢HBdefifRidRI0EA ab&vedi. &lith€EHanhdl repbrie N @RryGabetahhe? is ah &fpulseF aTkendhd eCt
interference canceller (39) outputting scaled estimtes using a first

matrix muldpllGabh N mafrid A% mfﬁ ibe/ mafrixd9 2k B@Qxeﬁiﬂpﬁie%§%&%¢w}r.w}\

i nput of an 1teration counter  said iteration counter aving a

Fcedback PISAPLNED By Biese PSR UEE Pl o RRle R AR MRS Bhetabe™

(c(m) of the selective signals to,a second input (-) of .said s (37);
and said F*Pﬁ@d?cé‘?’%ﬁ’é@xééﬂeﬁ‘ﬁ&ége MultissT detestor é@f ‘é&efg F’%‘}rﬁ“’é‘é\’fﬁeﬁfﬁf‘%@-fi | ter
(35) output (y) for miterations by said iteration counter (41) whereby

sai d iterationIboinvesse of the pbieetivsumasrix isithenaauliipligd by thermatehed dilier quepint yegoml s
(d(m) as the plurality of desired signals (d~k~). 2. The interference
cancel | er y(td Prodee estthmngs bHthel datarvectorwhwherie w(ssdindte} Falthe| Thiversidbf oS 2002
estimation processor (21) is further characterized by: a channel estinmator

(27) couplofctive rhitflx €O ALBMEREK] Eingingidailly iftedsiveProsdss. PP ufbeCbrpRRkions
| mpul se response estimates (htk~) for the plurality of desired signals

(d~k~), S%%g@&@@g@forﬁ?ﬁﬂs{ygégss {rfefdasEOURhE BubeDf IS UL §'hé GG € FRR ok
(29); s m 9

assenbl er Id syst response matrix assenbler (29) outputtin
system response matthces (A-~~tk~)_ faor~: I ] f .desired signals
i AR T ol b it OB Uy Rt b ol RS oS o
system r esponse trix (A output. 3., The,interference cancel]ler (17
accordi ng' EfaE‘I‘C&gE\ e%ﬂpﬁ%ﬁ"@ﬁ%ﬁéﬁlgwai%‘% & Sommpfexpy of '}gﬁ{“’e‘f"f’eé?eé}f)@ée
cancel | er égQ) operation defined by an S matri x and sai d feedback

i nt er f er eREECHYeTBREROHOPERY, BpertasinkieyBey Pramprgticable fansomeapphsatioed by 0 =
T-~ ,S1 wiere matrix Ois an ob~ectwe matnx that defines a receiver
structure prodlbdibe lirerngedvees, PHE eekeiversdannt ingemthn objectiemiatrin () ThedeforERIC
interference canceller (17) according to claim3 further characterized by
t he obj ectécerersadfiex afalbehdtige tanisees bympiet thaplineanguitiubee dertbaN FIEG. § BiRowsot al

system response matrix (A') to the total systemresponse matnx (A). The
| nter Irg[ e gquagag;bﬁﬁg.gﬁggt}%a@gc ahdirfQive® dita 3edbSr {sUnbhtab SHARRG R haRg bY
estimators which independently estimate each user’s subchannel impulse response. The
subchannel impulse responses are output to a data estimation and interference cancellation
processor which estimates the received data for all users in parallel. The estimated received data
is output to subchannrel data processing blocks for further processing.
Shown in FIG. 7 is the prior art data estimation and interference cancellation process used

in PIC receivers. The PIC receiver presumes that each subchannel consists of L distinct signal

paths from a given user’s transmitter to a receiver due to the transmission media. For each path

-11-



19 SEP2002 S = (diag(O)-t and said matrix T defined as T = O -
diag(O. 6. The interference canceller (17) according to claim5 furthei
characterizing said objective matrix O representing a zero-forgi n? bl ock

| i near equalizer. 7. The interference canceller (17) accordi ng1 9 SER 280 m 5
further characterizing said objective matrix O representing a m ni mum nmean
square error block linear equalizer. 8 The interference canceller (17)
accor di ngLt thecteldtive Sef s mmphudpasrdchhasgs Arhesuaaied wiheteackiver byethe gutchannel
defined as O= AH A, where Ais a total systemresponse matrix. 9. The

interfer eaﬁen&@ﬂ?eéd&rors(sh&maﬁm.di Bor ¢aoh of the Indistidan patheor eabteusack prezad iby
said matrix S defined such that said direct interference canceller (39)

: def i ned suct i ence .

C T onal an g Ol PC FocyB) BlocCh Brept Al MR RS i PR coBEBTs REEEH V@
43 tes.multi- ' f tr.i but ' h

Gl oot 1 ve et b Frepeats umeadhy S0 vt LRrofber § R o R gt aleloeee”™

cancel ler (17) according to claim3 further characterized by a hard

deci si on #yHsodes . (Eadl) deHrRIARIPIBEYSRS Stiaatpy of thestecaiVpd fista fram its) of
said iteration counter (41) and said feedback interference processor (43)

i nput pr odespegtiyehiserd Tecl sienrestimates £pvidifferent pathssplythasame migrest subchaniel pe. - 25
11. The interference canceller ( 17) according to claim 10 further

char act e~icombinied td proficeiaxompldes darcsdtimste Sf the trnsngy(t€d Ysed’'s dnd. Anshdwama FIG, T
defined as T = 0 - diag(O. 12. The interference canceller (17) according

to claim § &BEddifbn ﬁﬁ@rfaﬁ%f?ﬁgi@%g%@oggﬁggﬂn@@%ggbﬁg{g;dggﬂ})cfs.meﬁc%m | d

direct intérference cance I nter synbol

interferenc | Sn. of .each sel ective signal d sai.d rix T defined such
hat sai dDipEEE eah theRBRE St el b A5 e isy Bl drigies e cput o
interference (MAL7 contributed to each selective signal by said desired
signal s (@skmyol generatigneprpgessor bica generatenfowpated sympbe) infarmation wijch is outpyt te 3
further characterized by a non-linear soft decision synbol generator (53)
coupl ed béheneterfesacaicantceligtioopriopessor( 41a) of said iteration counter (41) and
sai d feedback interference processor (43) input producing non-linear soft
deci si ons on Baihd spteadificodzl Giradactesder Huine she(rdlatiye deldyd betibeen ket &l paheaee
canceller ( 17 ) according to claim 13 further characterized by said matrix

Sngf i ned kagweby tHeGrhtBGéreAck chnc@ildiod ptdded¥BL. Phe Infoheatios & 38d tb proddce edind®dsO

of the interference that each user’s received path (i.e., 1, 2, 3 ... L) contributes ;o another user’s
L signal paths and to the signals received on L-1 signal paths of the same user. The interference
estimates are subtracted from the despreader outputs which are again passed to the combining
processor to produce revised data estimates. The revised data estimates are againused to generate
revised interference estimates which are used to produce another set of revised data estimates.
In theory, the process can be repeated indefinitely. However, in practice, the process terminates
after two or three iterations

The distinction between an SD-PIC and an HD-PIC lies in the symbol generation process.
For the SD-PIC, the"symbol generation process generates confidence information about the

decisions made on the received symbols, for the HD-PIC, the symbol generation circuit does not

generate confidence information for the received symbols The difference refers only to the



1 9 SEP 2pp2 15. The interference canceller ( 17) according to claim 13
further characterized by said matrix S defined such that said direct
interference canceller (39) perforns cancellation of intersynidd SEP 2002
interference (1S17 of each selective signal and said matrix T defined such
that said feedpack intefference processo 43) ut es ft| -access

i nt er f er erlBEMENI PSCSEB&P éﬂﬁ&%‘éaswﬁaﬂeamfeéﬁh&zﬁcwg %%YP“S‘KU}‘ HGiTeceansss #ed
signals (d~k)). 16. The interference canceller (17) according to claim 15
f urt her champablecofi preduding sofii ahdnherd decissordsyimbob dstimsatesrfier Authpr procéssisg byAhk) H
A(k) O Acrc)x Acx) J and _ said matnx T defined as T - AHA _ S-~ 17. A

met hod ( 17kdibAkd SPPRINALI dih frecegiovetlowh GNRIG. &.1 Thif fseRvwn B FIGUT bypl&din 2
transmtters over a CDVA interface |nto a plurality of desired signals

(d))) charg, %ﬂg&%@%ﬂ%@% E»a%l—sffp cncra the findl rcccf':vexpout %n@)nagf)@%#t Fng} from

total systemr ponse se response ‘esti mat

therecelved n fllterln therecelved signals (r) with said

t ot al syst@’ﬁ&’&g’ﬁ éé’(“%ﬁyﬂggg git ng estimtes of the desired signals
W th selectlves nal s 26 roducmg an objective matrjx Ousmtgnthe
total system ré® Seé“hfﬂg F‘)&”‘%ﬂ ior g7y PIgapseiversgesides i thegersi vedrsignal maded that

obj ective matrix O e) deriving a T matrix fromsaid objective matrix QO f)
scal i ng sas eed.i Priczart BUT pegeivery jssame thebdackesibshagnel (corsisty ofdtdiscrateipaths thinghe

mul tiplying by said matrix S; g) conputing interference estimtes (c(m) by
mul tiplyi ngnswitteld sigedll estepgoepintthe whinsnjssioy mediad Theteparatidr ofthe daspieading andy
(z(m) said interference estimates (c(m) fromsaid filter output (y); i)

scal i ng sahghnbi IaRhin® Ltb&'ﬂ&mﬁh YySthé BbsbiniHg SirbRE QAL Spesifohs® 82 eAfind) uﬁss

desired signal estimates (d(m) by multiplying with said matrlx S,

repeat i ng ;s,eR%o) ﬂ&w&ugm fc);mb&rcomﬁﬁc%a&mmﬁs ghplﬁ)m Qi R c%%

desired signa estlmates the plurality o deS|re S|gna s (d~k~)

18. Th

char acte eri z%gg%'(&sraﬁu t ri ngétogh%oﬁh eggn gggf’%%ﬁﬂ a%%%)gfr@f In§° L%P ég’%re}

furth h t fined = 0O 1
0's E P Eé%éaf‘i@s%%ﬁ%%ﬁww(feﬁfe bl dF oA °°‘2’?%i¥?ﬁ"f7rf%ﬁ‘é%‘é% “)gfwcc) s
further characterized by choosing said objective trix Orepresents a

zer o- f or ci¥fg SpieHER %W@érduééﬂj Pt g@smcg@ng ﬁi‘ﬁ@e%émg@ gyrms %‘EG‘FSGEOHQ" ths cl ai m

17 wherein steps f) andeg are further characterized by defining said
matrix S §e@mumawors@iaan c dhisfgrmp ef sigrahsoEuntien i mpfegempponinkrawn as inter-

symbol interference or ISI. ISIcontributes to a phenomenon referred to as “the fat finger effect.”

The fat finger effect occurs when two paths from the same user have such a small relative
time delay that the delay cannot be resolved by the receiver as two distinct paths. The receiver
fails to estimate the data from either of the two paths thereby affecting all users resulting in poor
receiver performance.

Since all prior art PIC receivers use the simplifying assumption of L paths to separate the
despreading and the channel combining operations, a PIC receiver using the accurate received
signal model of a linear multiuser detector is desired.

Klemetal., "Zero Forcing and Minimum Mean-Square-Error Equalization for Multiuser

Detection 1 Code-Division Multiple-Access Chanels," IEEE Transactions on Vehicular
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synbol interference (1SI] of each selective signal and defining said matrix
T such that said conmputing interference estinates conputes nufti-access
interference (MAI) contributed to each selective signal by sai dl 8&diPrgal
signals (d~'~~)) respectively. 22. The nmethod (17) according to claim 21

wherein s c) is further,c ize id objective.matrix O

repr esent .tleﬁ@"ﬁ)%ér ¥l %#’cﬁoha’ g%@ﬁb%’ ﬁéa%ﬁg a?.‘sglgfc's 198t ‘5"\{%8°%?°ﬁ8'afs( )
according to claim1l7 wherein ste is further characterized by producing
hard deci $86i¥8d signa hpvingjaBluradity %ﬁ@%‘% da@sighals sagsed Hrqugh awvhitenias matdhed (17)
according to claim 23 wherein step d) is further characterized by said

mat nx S ddflienednamtyBt of (ot whiedjng mataimd fslteps pisseédsthbught hevhiteriag dideenThe by
said matrix T defined as T = O - diag(O. 25. The nmethod (17) according to

cl ai m 23 wWhaeRidtesult@Pscaled bid fadéddligbughihresibhéd 1b85© rbddvardia of Bieqfatd syghaliat nx O
represents a zero-forcing block linear equalizer. -29 19 S E P 2002 26.

he methogut ﬁgﬂggﬁq{ggﬂu{r&hSidade{&l%?’aAM‘aefe@db'acﬂ ) 1S further

characteriz jective matrix O represents a nmini_num mean square

error block i r lizer, 27, .The. nethod 7 ccording to claim 23
wherei n steps E?Ba?ﬁz%é?%f SQEF HeP pc(;%ﬁléep ‘E’fc aé‘?‘?(‘%‘é%sygk?md%ﬁ&manﬁ’"&aﬁ%%ﬂ rix S
such that said sg@éi ng@ gier orns cancel | ation ff u#gt er sxnbol i nterference
(1Sn of e&&fVeel ectievE® V@%HP%S"GEWCFH- anngl PUINRIPIPROSPS AT IFSHREEC 495 o
conputing interference estinmates conJ)ut es rnulti-access interference (MAl)
cont ri but gansmgtieshddta signadse t Intpefersnepyacdelnd fam theeaiimeted changelutse respenges is
respectively. 28. The nethod (17) according to claim17 wherein step g) is
further chanactefiomatle tregeipedodignal fog usedn jdintrdetectigodfitheldatd sigrals on sai d
desired signal estimates (d(m). 29. The nmethod (17) according to claim 28
wherei n steps Djeldidlled, " AAF&nil ot Metiusd desisiotRegdtdclbPedabisTongsyirhfbno®m ri X S
such that said scaling perforns cancellation of inter synbol interference
(1S1) of edshpslisciiuMpleshedRad Crangel SRR TR &lbfs SRt dmnfurmidatdteE ol 8o sai d
conputing interference estinmates conputes mufti-access interference (MNAl)
contri but et pa£qCH F%ﬁllu%itﬁ‘ég, B R ala3byuisadses 9aabat 18b9NdSin(ArtiTuser

O .AYHY. A . A &R A R A3?. A5. AL A  As9. A[ . A& A A{ &, . A As. AGH

respectively. -30.

st val oo FeaRualeley A opol dha bt dirtmeliibuan decision devices, They 1 o
ca] cal cal,cal.ca) ca] cal cal] ca] ca al3 . . . .
bot b vEIEnie st RSt Berited £41 ek o) UL B RSB e cay
BT bl S G R e b e e fessbesk) Biew) Exehoal cav
LoRRBeE DUGES SIS S EY 13 o rscEh o oA T OO L] G eRyc S ST oaf sengion] ooy
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interference computation processor feedback loop for correcting the output of a direct interference

canceller. The m iterative process removes interferers from the output symbals of a matched-
filter. The PIC receiver uses received signal models of the various block linear equalizers that
do not assume that each subchannel consists of several distinct paths. The receiver estimates the
impulse response characteristic of each subchannel as a whole.

Accordingly, it is an object of the present invention to provide a system and method of
receiving and decoding a plurality of signals over a CDMA interface.

It is another object of the present invention to provide a PIC receiver system and method

having greater accuracy with less required computations.

Other objects and advantages of the system and method will become apparent to those

skilled in the art after reading a detailed description of the preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is a simplified block diagram of a prior art multiple access communicatjon system.
FIG. 2 is a simplified block diagram of a prior art CDMA communication system.
FIG. 3 15 a sfmpliﬁed block diagram of a pnor art CDMA receiver with multiuser

detection.
FIG. 4 is a simplified block diagram of a prior art multiuser detector.

FIG. 5is a block diagram of a prior art linear multiuser detector.
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FIG. 9 is a system block diagram of a linear soft-decision PIC receiver of the present
invention.

FIG, 10 is a system block diagram of a hard-decision PIC receiver of the present
invention.

FIG. 11 is a system block diagram of 2 non-linear soft-decision PIC receiver of the present

invention.
DETAILED DESCRIPTION OF THE INVENTION

The embodiments will be described with reference to the drawing ﬁgv:Jres where like
numerals represent like elements throughout

Shown in FIG. 8 is a parallel interference cancellation receiver 17 of the pg;sent invention
for detecting, after reception, a plurality of users transmitting over acommon CDMA channel. The
receiver 17 comprises aninput 19 for inputting data from all users k transmitted in a discreet block
of time in the form of an input vector r containing the combined data from each user’s subchannel,
a channel estimation processor 21 for deriving individual impulse response estimates A* for each
user and assembling a total system response matrix 4, a data estimation and interference canceller
23 for generating interference free user data & and an output 25 for outputting user data d* for
each user & from the ;'eceived channe! data r in the form of an output vector. The parallel
interference canceller 17 comprises a plurality of processors having collateral memory which

perform various vector and matrix operations Alternate embodiments may implement the

invention 17 using fixed gate arrays and DSPs performing the functions of the various processors
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*u33109B& ()- 33109B& ()- S2U2V2Y2[ 2] 2 2eFniV 331098310988 () - B3368a81 () -
331008& ()- 33109B& ()- 3310%B& ()- 33109B& ()- _2f 2h2j 2| 2nROFNN S>

Eﬁﬁgﬁgfff f%‘f §%’8§%§ié}%@ég%%qm§sloc%§§ () Gty b 3l 2 ) fe knovm
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222222sT5i J+/ 33310988 ()- 333109B& () - 13310%3&' ()- 13310%3&' ()- S
*U2222222eF+/ 33&2A9BH0NES, (hereddBiad 6igidr s jnput 19 to the channel estimator processor 21

where individual k subchannel impulse response estimates are modeled 27 as vectors k® to
correct inter-symbol interference or ISI caused by a subchanne!l’s own symbols and MAI caused
by symbols from other user’s subchannels for all received data signals. The individual k
subchannel impulse response estimates #® are input to a first memory 29 where it is combined
with the same user’s spreading code (Equation 3) creating a system transmission response estimate
matrix 4,® for that user. Each system transmission response estimate matrix 4,* is output to a
second memory 31 where a total system transmission response matrix 4 is assembled. The total
system transmission response matrix A is comprised of all system transmission impulse response
estimate matrices A,* (Equation 7). The total system transmission response matrix A contains
joint information about all of the subchannels in use by the active transmitters and contains
information about any possible cross-channel and inter-symbol interference present in the received
data signal r.

The total system transmission response matrix A4 is output to the data detection and
interference canceller 23 which performs an estimation of transmitted data based on the received
data vector r. The data detection processor 23 estimates subchannel data symbols and outputs a
received data -vector d® to per-subchannel processing units 33,, 33,, 33;, ... 33, such as
interleavers, Viterbi decoders, and the like

The data estimation and interference canceller 23 is shown in FIG. 9. The data detection

processor 23 is comp'rised of a matched-filter 35 which match-filters the input 19 data vector r

producing a vector of matched-filter outputs y, an adder 37 for removing feedback interference ¢
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33109B& 33109B&' ( .
(u)ser data d¥, an 1terauon counter/switch 41, a feedback interference processor 43 and a symbol

generator 45 for assembling symbols from the estimated user data .

To obtain user data &% for a specific user from the combined user data 7, the user data r
must be filtered using a matched-filter 35 or the like. One knowledgeable in this art recognizes
that a matched-filter 35 requires a response characteristic whose elements are complex conjugates

of the combination of the spread pulse shape and the user’s subchannel impulse response to
produce an output with a level representative of the signal prior to transmission. Signals r input
19 to the filter 35 which do not match with a given response characteristic produce a lower output.

The matched-filter 35 is similar to the matched-filtering operations performed by linear
multiuser receivers. The matched-filter 35 operation is described by Equation 9 unlike the
despreading operation of prior art parallel interference cancellation receivers. The input user data
r is matched to the spreading code v® and the subchannel impulse response k™ for each particular
subchannel k. Each element of the matched-filter 35 output vectory is a first rou;_zh estimate of the
corresponding symbol in the transmitted data vector d.

The total system transmission response matrix A provides the response characteristics to
the matched-filter 35. Each column of the system response matrix A is a vector which represents
the response characteristics of a particular symbol. The received data vector r is input to the
matched-filter 35 where it is matched with every response characteristic from the total system
transmission responsé matrix A to produce the matched-filter output vector y. Each element of
output vectory corregponds to a preliminary estimate of a particular symbol transmitted by a given
user

The matched-filter 35 output vector y is input to the direct interference canceller 39. The
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J 3pat 3v33<p3§a::>50§1'e 'li'hg gfrﬁfllxr%??ger(xc)ecagc%}e%%eegor( )’ is output as data symbol estimates d and is
input to the feedback interference processor 43 through an iteration/counter switch 41a.

The feedback interference processor 43 uses the direct interference canceller 39 output

estimates d to arrive at interference estimates output as a vector ¢ that were not previously

canceled by the direct interference canceller 39. The interference estimates ¢ aré subtracted from

the matched-filter 35 output vector y. The result zis the matched-filter 35 output vector y less the
subtracted interference estimates ¢. Theiterative interference subtraction process may be repeated
m times depending upon the degree of desired signal correction. After m iterations, the interferers
are removed from the matched-filter 35 output y and the iteration/counter switch 41 is thrown 41b
outputting d for final output symbol generation 43.

The operation of the direct interference canceller 39/feedback interference processor 43
negative feedback control loop shown in FIG. 9 represents an m iteration recei\;er. For example,
if m = 2, the PIC receiver 17 has repeated the cancellation process twice. With ¢(sm) as the
interference vector output by the feedback interference processor 43 and d(m) as the symbol

estimates vector output by the direct interference canceller 39, for the m™ iteration,

C? (m) =S @ ~C (m)) and Equation 10

-‘ E(m) = TC?(H’Z— D Equation 11

where the direct interference canceller 39 performs a multiplication of the matched filter output
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recognizes that otherinitial conditions can be chosen without significantly affecting the operation

of the system.

The output of the direct interference canceller 39 is the vector d(m) after the last iteration
m. Asin prior art paraliel interference cancellation receivers, this output is processed by the final
output symbol generator 45 which produces hard or soft-decision information on the output
symbol estimates depending on the system requirements.

Depending upon the number of iterations m performed by the present invention 17, the

output of the data estimation and interference canceller d(m) can be written as
dm)=(ST+1)7 Sy +=D"(ST)™ (ST+I)™ Sy Equation 12

where the steady-state response is, -

dss =(ST+I)—IS§ " Equation 13

and the transient response is,

Ez (m) = (—1)m(ST)m+l (ST+ I)_l 5? Equaton 14

The PIC receiver 17 converges to the steady-state response if the transient response
approaches zero as the number of iterations increase. When this occurs, the receiver 17
converges to the steady-state response given in Equation 13.

The steady-state response of prior art linear receivers such as ZF-BLE, MMSE-BLE and
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Equation 15
where O is the objective matrix.
Referring back to Equations 13 and 15; if matrices S and T are selected such that (ST +
DS = O and if the receiver 17 defined by Equations 10 and 11 converges, it will converge to

the linear receiver defined by the objective matrix Q. Linear algebra requires that in order to

have (ST + IS = 0", matrices S, T, and O must satisfy the following identity:
O=T+S"
- . Equation 16

Rather than having to invert the objective matrix O, Equation 16 splits objective matrix
O into two discrete matrices, T and §'. Matrix T defines the feedback intcrfcren‘ce processor 43.
Matrix S (the inverse of matrix S) defines the direct interference cancellér 39. The present
invention 17 replaces the inversion of matrix O with an inversion of another matrix (S™) and a
senies of matrix multiplications in the feedback loop.

An advantage of the present invention 17 hes m the fact that matrix S requires
significantly less complexity to invert than the original objective matrix O. For example, matrix
S may be a diagonal matrix (a matrix with non-z.ero entries only on the main diagonal). The
inversion of a diagonal matrix only involves the inversion of each individual element lying on

the main diagonal.
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33109B& ( for a general PIC receiver is created. Given a linear receiver with an objective matrix O, matrix

S is defined as

8§ =diag(0) Equation 17

where diag(X) defines a matrix where the main diagonal entries are equal to the main diagonal
entries of X and all other elements of the matrix are equal to zero. Using Equation 16 and

solving for matrix T yields
T =0 - S'l Equation 18

Since the direct interference canceller 39 performs the multiplication of z(rn) by matrix
S (which is the inverse of diag(0)), the canceller 39 performs a scaling of -each individual
element of the vector z(m). The matrix multiplication of d(m) with matrix T performed in the
feedback interference processor 43 computes the interference components. A receivercontaining
this architecture is referred to as a parallel interference cancellation receiver with full interference
cancellation 1n the feedback or a PIC-fI receiver.

For a system that requires a zero-forcing mechanism, the receiver must converge to the
ZF-BLE linear receiver. The ZF-PIC-fI of the present invention 17 uses the ZF-BLE objective

matrix O = A¥A. Therefore, matrices S and T are defined as

s~1 =diag(AHA) and Equation 19
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communication signals (r) from a plurality of transmitters over a CDMA interface into a plurality
of desired signals (@®), the interference canceller (17) comprising: a channel estimation
processor (21) for receiving the communication signals (r) producing impulse response estimates
(A) for the plurality of desired signals (&), said impulse response estimates coupled to a data
estimation and interference canceller (23), said data estimation and interference canceller (23)
is characterized by:
a matched-filter (35) coupled to the communication signals (r) and said channel
estimation processor (21) output (A) for outputting estimates of the desired signals with selective
signals (y) to a first (+) input of a summer (37);
said summer (37) having an output (z(m)) coupled to a direct interference canceller (39);
said direct interference canceller (39) outputting scaled estimates qsing a first matrix
multiplication of the plurality of desired signals (d(m)) to an input of an iteration counter (41);
said iteration counter (41) having a first output (41a) coupled to a feedback interference
processor (43);
said feedback interference processor (43) outputting interference estimates (¢c(m)) of the
selective signals to a second input (-) of said summer (37); and
said interference estimates (c(m)) subtracted from said matched-filter (35) output (y) for

m 1terations by said iteration counter (41) whereby said iteration counter (41) outputs said

estimates of the desired signals (d(m)) as the plurality of desired signals (4%").

2. The interference canceller (17) according to claim 1, wherein said channel
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for the plurality of desired signals (d*); and

said system response matrices (4,") assembled into a total system response matrix (A)

output.

3. The interference canceller (17) according to claim 1 further characterized by said
direct interference canceller (39) operation defined by an S matrix and said feedback interference

processor (43) operation defined by a 7 matrix related by

O=T+S5"

where matrix O 1s an objective matnx that defines a receiver structure produced using the total

system response matrix (A).
4, The interference canceller (17) according to claim 3 further characterized by the
objective matnx 0 being denved by multiplying a hermetian of the total system response matrix

(A™) to the total system response matnx (A).

S. The interference canceller (17) according to claim 3 further characterized by said

matnx S defined as
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6. The interference canceller (17) according to claim 5 further characterizing said

objective matrix O representing a zero-forcing block linear equalizer.

7. The interference canceller (17) according to claim 5 further characterizing said

objective matrix O representing a minimum mean square error block linear equalizer.

8. The interference canceller (17) according to claim 5 further characterizing said

objective matnx O is defined as O = A™ A, where A is a total system response matrix.

9. The interference canceller (17) according to claim 3 further cixaraétcnzcd by said
matrix S defined such that said direct interference canceller (39) performs cancellation of inter-
symbol interference (ISI) of each selective signal and said matrix T defined such that said
feedback interference processor (43) computes multi-access interference (MAI) contributed to

each selective signal by said desired signals (d@®).

10. The 1nterference canceller (17) according to claim 3 further characterized by a
hard decision symbol generator (49) coupled between said first output (41a) of said iteration
counter (41) and said feedback interference processor (43) input producing hard decisions on said

desired signal estimates (d(m)).
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3"10%"F& ()- 12. Theinterference canceller (17) according to claim 3 further characterized by said
matrix S defined such that said direct interference canceller (39) performs cancellation of inter-
symbol interference (ISI) of each selective signal and said matrix 7 defined such that said

feedback interference processor (43) computes multi-access interference (MAI) contributed to

each selective signal by said desired signals (d®).

13.  The interference canceller (17) according to claim 3 further characterized by a
non-linear soft decision symbol generator (53) coupled between said first 6utpi1t (41a) of said
iteration counter (41) and said feedback interference processor (43) mnput producing non-linear

soft decisions on said desired signal estimates (d(m)).

14.  Thenterference canceller (17) according to claim 13 further characterized by said

matrix S defined as
S = (diag(0))™ and
said matnx T defined as

T'=0 -diag(0)
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17. A method (17) for separating received signals (r) from a plurality of transmitters

over a CDMA interface into a plurality of desired signals (&%), characterized by the steps of:



K" & ()- SI10% K" & ()- 9110% K" & ()- !10%K" & ()- 10% K" & ()- f10% K"
& ()-398"| [: VU410 -10% K" & ()- *10% K' & ()-Z &10% K" & ()- 1&&&@2

& ()- T"110%K" & ()- 10%K" & ()- |obU410 $&10%8q"3& ()- 10

‘K" 9GLO% K" & ()- S 4rrfL0% K' & ()- 1z10%K" & ()- /10% K" &'

@ [:buU410 Giti sy\ééﬂr{}%gﬂ nsefndmix(@) frdAY "&fiﬁcs(p}mse%ﬁhﬁﬁ 53(#‘)%
1098q" 3& ()- !1098q" &' () Lo ) 37108 3&°()- S. 1098q"

, 1098q" 3& %)r s%owa% e () |310%3%3&' ()- ZlO%Bq"S&' () BGHIJY(VU410
1098q" 3& ¢ Tecpigda ') - S1098q" 3& () &$y109%8q" 3& ()-103q" 3103q" 3103q" 3
59G1098" 3& () - ( [ vU410 9100 % ga(%[y%?)iys " 3& ()~ s 1098q"3& () -

F3100/<3q" 3& () -D)dHienoe EW{VF SIER; WYLy #Fi%%&“f)ﬁ?d@?mg
1&109809" 3& () - s10%8q"3& ()- 10%3q" 3&' ()- 1098q"3& () -
S 10%3q" 3&stinateof the desired sigRalo wih sdectivy sxgnalem%q" 38 ()- -z10989"3& ()-3
| +10989" 3& ()- S)1093qg"3& ()- s3%40%3q9" 3& ()-49:; <KCvU410 410% K" & () -
MLO% K" & ()- ) pk6ddcing an objective matrix O using the total systcm response matrix (A);
d) deriving an S matrix from said objective matrix O;
e) deriving a T matrix from said objective matrix O;
f) scaling said filter output (y) as desired signal estimates (d(m)) by multiplying by said
matrix S;
g) computing interference estimates (c(m)) by multiplying said scaled output (d(m)) by
said matrix 7
h) subtracting (z(m)) said interference estimates (c(m)) from said filter output (y);
1) scaling said filter output minus said interference estimates (z(rm)) as desired signal
estimates (d(m)) by multiplying with said matrix S;

j) repeating steps g) through 1) for m iterations; and

k) outputting said desired signal estimates (d(m)) as the plurality of desired signals (&®).

18.  The method (17) according to claim 17 wherein step d) is further characterized

by said matrix S defined as
S = (diag(0))" and
step e) is further characterized by said matrix 7 defined as

T =0 -diag(0).
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by choosing said objective matrix O represents a zero-forcing block linear equalizer.

21. The method (17) according to claim 17 wherein steps f) and g) are further
characterized by defining said matrix § such that said scaling performs cancellation of inter-
symbol interference (ISI) of each selective signal and defining said matri-x_ T such that said
computing interference estimates computes multi-access interference (MAI) contributed to each

selective signal by said desired signals (4®), respectively.

22, The method (17) according to claim 21 wherein step c) is further characterized

by said objective matrix O representing a zero-forcing block linear equalizer.

23.  The method (17) according to claiam 17 wherein step g) is further characterized

by producing hard démsions on said desired signal estimates (d(m)).

24, The method (17) according to claim 23 wherein step d) is further characterized

by said matnx S defined as
= (diag(O))" and
step €) 1s further characterized by said matrix T defined as

T =0 - diag(0).

25.  The method (17) according to claim 23 wherein step c¢) is further characterized

by said objecuve matnix O represents a zero-forcing block linear equalizer.
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V" HEUR () * +, - . hD123RbARM0d (17) according to claim 23 wherein steps f) and g) are further
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T HS%E () ’E:E"aréctér&%g%y defining said matrix S such that said scaling performs cancellation of inter-
symbol interference (ISI) of each selective signal and defining said matrix 7 such that said

computing interference estimates computes multi-access interference (MAI) contributed to each

selective signal by said desired signals (d%), respectively.

28. The method (17) according to claim 17 wherein step g) is further characterized

by producing non-linear soft decisions on said desired signal estimates (d(m)).

29.  The method (17) according to claim 28 wherein steps f) and g) are further
characterized by defining said matrix S such that said scaling performs cz_u;cc}lation of inter-
symbol terference (ISI) of each selective signal and defining said matrix -7 such that said
computing interference estimates computes multi-access interference (MAI) contributed to each

selective signal by said desired signals (d*), respectively.



