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_ the Invention The present invention relates gelﬂ um " "l“ |tiple access

‘ Y t

di gital comuni cation systens. Mre specifical ion relates to
a parallel interference cancellation receiver systé&fi®hd net hod ﬂ?rsgﬂnl‘qggz

si mul t aneous reception of data fromnultiple users. Description of the

Rel ated Art A nultipl epARAEEELINTERFERENCGICANGREDATIONS a plurality of
users to access the sanme comuni cation nediumto transmt or receive

i nformation. Theﬁ(@@ﬂi@ﬁﬂéRmﬁm%ﬁ@EmF@mﬁWﬁ@N&@l e in a |ocal
area network or Tan a copper wre in the classic tel ephone system or an
air interface for wireless comunication. A prior art nultiple access
comuni cation systemis shown in FIG 1. The communication nedia is referred
"to as a conmuni cation channel . Co nj ' [ ques such as frequency
division nultiple access M@ﬁ&omgw&m& pl e access or TDW
carrier sense nultiple access or CSMA, code division multiple access or
CDVA andFeldhefitbe Bvkrmionaccess to the same communi cation nmedi um for nore than
one user. These techni ques can be m xed together creating hybrid varieties
of multiple aThRemEsencinaition fefdtes@ensnlyao nuitipie adtess digna compluaication syiEmsode of
t he proposed third generati on WCDVA standard is a conbi nati on of TDMA and
CDVA AN BRIl e6; [VehticRrblale ST B ardiel ihteHersiceicandellsticn edMvel §ysfehfand?.
CDMA is a corrr?tefrilii C fihggldvt?@::hni gque in which data is transm ttedgywith a

br oadene . 3 by nodul ating the .rata
to be tr%ﬁ%ﬁ?? ?’(etgg%%}%ﬂa'%gg%%ﬁ(?f%%a g?én‘éfﬁﬁl ﬁg&gd%ita signal to be
transmtted may have a bandwi dth of only a few thousand Hertz distributed
over a frequency band that may be several mllion Hertz. The conmmunication
channel is being used sinmultaneously by K independent subchannels. For each
subchannPescrigtipn of the Relatadc¥annel s appear as interference. As shown, a

si ngl e subchannel of a given bandwi dth is m xed with a unique spreading
code whack repeatBipi-gresd eommuninsgnsynee ebovgarvalivdiygeratamadess bbenshmiedi t h
pseudo- noi se (pn) sequence generator. These uni que user spreading codes are
t ypi cal | yorameriefioninedRaakrakstmii escaineinfematianc The inedia mapconipeiss farexamplat i on
bet ween the spreading codes is close to zero. A data signal is nodul ated

W th the; RRASERUSHE & Plotd dieh Retwdridbdhd, alcoppbr Sard i the elakdidieRbBotR!systém ! I'i er
signal is then nodulated with the digital spread spectrum stgnal and

transm t%xﬁ%r%rﬁg@{é@?&%&?&s HMuﬁi&%oﬁf ansm ssion nedium A receiver

denodul a Fansm ssion extracting the digital spread spectrum signal.

The t itted data is duced af t tion with the matchi
cequence. e FRELBHRRRRG AOIEL AP YT DGR BTG TIRGCRBRNe i |

recei ved signal can be correlated with a particular user signal related to
t he part mediads refqsreddel anacamnkenicatiemchanngl. Gempuripationdeshnigyes syeh asfregygncy
related to the particular spreading code is enhanced while the other

si gnal s finisianl iubiphetccesesrsFRAME, nome divisanceultiplEaarhess air UEDMA, t daeries preasedi ng
code is known as a chip and has a chip rate that is the sane or faster than

the datamulttgle acth@ dr&IMA Desaemvisibh Bukiplefactadt 6r GDMIA b StHbS ARG akceddioa rate
is the spreading factor. To extend the possible range of values of the data
signal,  &e3YARO mindinitstfRfl nleiuFiG RS fHan one user. These techniques can be mixed together

creating hybrid varieties of multiple access schemes For example, time division duplex or TDD

mode of the proposed third generation W-CDMA standard is a combination of TDMA and CDMA

An example CDMA prior art communication system is shown in FIG. 2. CDMA is a

communication technique in which data is transmitted with a broadened band (spread spectrum)
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- nore than two binary values Ternary and quaternary synbols take on three
and four val ues respectively The concept of a synbol allows for a greater
. degree of information since the bit content of each synbol dictaﬁgngsz
uni que pul se shape Dependi ng upon the nunber of synbols used, an equa
nunber of unique pul se or wave shapes exist The information at the source
IS 1 5 onyer i : | s ADyd t
transnit%édﬁgﬁﬁggéﬁﬁfHégghggﬁgﬁﬁgpﬁ¥ggggzﬁﬁ%ﬁﬁg?ﬁgﬁgg? Fh%‘%g%? négfgﬁ. The
spreadi ng codes i n CDMVA sy.ste re.chosen mni ze. interference
bot woen AraISed Fa HERLANBTIG o gy f oY apeend Herke dindb & ke EGiency band
st andard approach to denodul ati ng the desired subchannel has been to treat
al | ot herthasumaythersaedral million Hegtzf de ARAMUIICAHOR ghanng) iy bring ysef smudiapgeusly by
mani fests itself in the conmuni cati on nmedi um Receivers designed for thus
‘process & mdspengdere-suisshannelyaFoheathfsubchanneh all otensabekanpely appear &iinterfetiendeer ent
subchannel s do interfere with each other sonewhat, another approach is to

denodul at e al |AsHBGhanmgleSubtharmel agivesbandWitzh is afitsdweith auaiquk kreslind dddal | of
the users transmtting at once by running a decoding algorithmfor each of

themin patal t&ears W &dkt‘!ﬁﬁh&g%ﬂaﬂtén lgleRMted by b de UsRB wilRH SskidyInoidd{dn)) User
detection can provide a significant performance inprovenent over

singl e-user receivers. -Referrin : i a
ot o ar CoRISIRE FRFET The Ungd b Pprbadite cbacfuu HRICAIN eSS oMb BTG P
inthis art realjzes, the receiver may include such.functions r adi

f 1 equencyBIer Fchihahhe SRS F T 08 he SR PLReaRe FPAes i T8 19 570, At igmal
frequency channel s, anal og-to-digital conversion or optical signal

dermodul ati$ Badelated avithsbe pi sequensmprasiueiag @ Sigttabspresd smyrrupLtignat Aramigesigeadei ver
is a processed signal, either analog or digital, containing the conbined
spread siigthah sodfilawt ithtiid digtabsppead apastm sightl@nditransmitsestin depieaderce upmrthor ns
mul tiuser detection and outputs a plurality of signals corresponding to
each act iiv@ssisbiehaHaRim. Al decéiver Aembtullates theurdnamisidn bxreacting tHe dipiedd@pread
subchanmel s may be processed. Optinmal nultiuser detectors are

conput at isgegrl-]&dx asigﬁtdﬁ n‘fﬁéfgmsiﬁﬁ(&éae&:aogrrmbaadag aRERIr RS of GATH % xﬁ@&ﬁ%@ﬁ Ic

operation re theretrore difficult to inplenent economcally.

m ni m ze ense opt.i mal ' t i or
andI paf al S‘Izé enlc?sﬂ %?‘?ﬁ Bgﬁgléeg@%% gaéqe% grtéisogl?lmgcrﬁa E@(‘}q rE 23@#@2%@§ ae%gg%{ 3%%%§§%I o;s)ed
requiring | ess conputational coml exi s a. . 1.9S P .2002

c o?rpr oni g‘@”& ‘?’?gtp? PRIHIEUHRS USRS ,SEBNE ﬁéﬁ&iy%tﬁe Btice sprgading ?‘lﬁé‘.‘ch_‘gﬁé’&}y the

det ectors include decorTei ators, nininmum nmean square error or. MVBE

det ect or Sesigedruser sgnal relgtad)to he prticular spesgding codsisenbanced while the oshes signals for ke.
PIC receivers are usually designed as nultistage iterative receivers and
are sof t -allegheivsers @8D)ot enhaheadd- deci si on (HD) based. A system bl ock di agram
of a prior art linear multiuser detector for synchronous or asynchronous
CDVA conmuni cadchfalug oStheépreadingdcode isknoBatasa ohip pod hdsia chip fatethatdsthenameat i on
nmedi a specific receiver (as in FIG 3) is coupled to a subchannel estimator
whi ch estdrtadt&sthiie 499 Hhes € THE FIR0 BERveeh tHRREM rit¥ AR®thelshBohBAnd Hit8 Fat B the
respective subchannel. The linear detector uses the inpul se response

esti mat es %ggp é%éila subchannel ' s spreadi ng code to denodul ate each
subchannel” €45t 8 °The data is out put to subchannel data processing bl ocks
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more than two binary values Temary and quaternary symbols take on three and four values
respectively The concept of a symbol allows for a greater degree of information since the bit
content of each symbol dictates a unique pulse shape Depending upon the number of symbols

used, an equal number of unique pulse or wave shapes exist The information at the source is



detector nmethods are executed as fixed gate arrays, m croprocessors)
digital signal processors or DSPs and the like. Fixed |logic syst1egn§Efamhpw
for greater system speed while m croprocessor driven systens offer
programming flexibility. Either inplenmentation that is responsible for the
mul tiuser detection perforns a sequence of mat hematic operations. To

descri be the oflGhbANS ok NEhikto hleOMbATaré@ land@t2asml %Bi thaubY thetibRRadnbE for
structure and operatron of a linear nultiuser detector: K = the total
nunber of user Itranﬁ_lgittters r¥hat are active in the system N~ = the nunber
of chips AFMAdRHR 35 SESURHION hunber of chips is required since with

varyi ng spreading factors thi s;% is a r{‘?as%re.commn t%o al |l users For
the case of syrdBAFRSPAANS qoBfAm 2 fe AL APRRD th Zupimge ptesfgiance betweep a
spreading factor may constitute a bl ock of data. Therefore, N~ can be

" reduced t desired eshchanneland hlkothersybehannely: dherefage. thestapdard approacy isdemadujaging W =
the ,..,mmunication channel inpulse response length in chips. This is

gener al | ytie 9ésiteéfsibhaniehhasvbéer tootresthal sthet suhch@nels as intedferepeeg athilag thact or
of user k. The spreading factor is equal to the nunber of chips that are

used t0 Spii&adeste T MRUnifBs USAF inShél BérAmuricains trtudivi) ORBcdivees dddigaed! fdrGhis
factors in advance and does not need to estinate themfromthe received

data. Nt =t 1€ e EReteive®r k. N~ = N1 Q' "~ x
N, ' =~ N~~§:°Cﬁ15eap€%{‘]% %’n‘g;et?@g;mgi/ﬁ]gol S sentc. k=1 d~k~ = the data

(information) sent user k. Th i S ' .

vector, where 3“\7&8%@} ?li’é}??"ﬁ%? g%/gge%é‘fa‘?‘gp%aggg&%ﬁ&b@&ﬁgﬁ%ﬁé%ﬁ%é% '

vari abl e. For the purposes of vector d matrix operatians which fql]ow,

al | vect otedemedulass alksubehaanelsst %Wﬁ“‘(féﬁ?ﬂ‘?’§“ﬁﬁé°"}“ﬂ“s‘g“ “bqt'“éﬁgﬁt“sfff UBRSPUING t he

r~'' synbol transmitted by the k''' user h~k~ = the ir_}}})ﬁul_se response of the

subchannekt encedyiremirga degodisgalgddithn fareagheef them i paeadielo (T hisfology isdenowmasneeds

to be estimated at the receiver. The receiver's estimtes ofthe subchannel

i mpul se r gadRsEdetaRlien. Nfithiseedbtdctomh ptovide a Sigaificdne performarak ithprevensmt overi rt ° ~

are typically conpl ex nunbers, which nodel both anplitude and phase

vari ati ongjpbRRalseC@Reiitgs | Ntroduced by the subchannel -5 1 9 S E P 2002

i~F~ =the T.r . eadin~ code of user k, presented as a veL.or. For the

pur poses of i [ {4 d tdiQ0, dihdras I i rs
WA SRS, o §E§§atgea disfrahortSeide!arl CDMM RleeRE: ¥RL 9

contai ni ng the secti I ng code which spreads a partic r

synbol . Therefore, the vector, v<k"~.jg.defined as the spreadi ng ,code ich
'3 used t PUBHSERERERE if FRowm s KU B hisafis, ‘%5*&?‘?"—%%?&3%%%1& ly,

it is defined as: vtk"~= vt"'t for (n-1)~"~t+1 s i ; n~ "~ ang O for al
other i, nstiens asiradip fiequengeqr BHovyReeRnyersion@ad aisqciateq filtering forradig freguency
represents user k's data, spread by the spreading sequence v<' ~~ and

transmi t t ebarnklspuaphlogherdigitsie rcogvesudrc hetnweticaht signal  demodyletieroriort @ spepifiesent s
channel observations perforned during the period of tine when a bl ock of
data arri eemmuhit@tiémrmedid. eTRRRUIpYE of thereceiedras a pratessedsnalheithdednatugdraigital, v; '~ ~

w
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 such as linear detectors and parallel interference

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



rck) - ~dnkyhczwc~~) r j+1 ~ Equation 1 n=1 ~ ( _ The signal received at
the receiver includes all user sigtals r<k~ plus noise. Therefore, we can
define the received data vector r as follows: x r=~r~~+n. EquatijanSEP }a}
The vector n in Equation 2 represents noise introduced by the comunication
channel . FIG. 5 shoms a systemand nethod of a prior art linear multiuser

det ect or § t SlariigDhb 3RARmMANTE WUf wptimeb ABG6rsV AGhaF Yeldctérs mBiddé he
spreadlng es V ~~ are’used to create a systen1transn133|on response

f ch 1
oS E P 565 wéiﬁwﬂw e et na‘??f"ﬁ"g.% K Qﬁée%&&%“% Hod el

gi.~ wth the first |nde 8 arh?,r.ble .bein |ndx ang he seﬁond

i ndexi ngewlizes PeZhB ks apddhs lirm SRR F%{ eias Dl aes L3R
matri x for user klstyplcall denot ed as A~ ~ e r'~ -row, r~"' col um
" el ement teseivensané dresoftAjecision (éﬁbloﬁ@aféréﬁ*ﬁ%(}ﬂ%)bw’d ~ hck~vck. ~~ ' ~" ~ ~ -
~ + ~ ~ Equation 3 ~ =t Each colum of the.matrix At'~~ corresponds to a
mat ched filtepn §RerPBIBEK dRagram paatprmuIaarhrx:ynhmltusendetdm]omelsydchnlmousngr t he
period of |nterest Referring back to FIG 5, the received datar is

mat ched dr%m T;rﬁ\xﬁur@éahomeﬁovsn iaFIGa4li Déta 6OGRGHoM theuhRiARARN
ponses ererore

| mpul se r A~' "~ contai ns Nstk~ matched f| | ter
Th f A h
Voot or bt Fsgherariseres BTGy 31§ funkd o Aplhandl lirfed i e smR e 070"

P 2002 a?rgpt.:lsse rgigoigct offeggxnsymbol txt'a.cr)l.grmtted {nhaeresr;r)aect:tlrvle subc~hannel~ 'llpe/ linear détectc:JLr L?SCS

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 K subchanne! 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 rc_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 2 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, can be reduced to be equal to

the largest spreading factor.



Equation 6 Since the spreading codes are not periodic over synbol tines;
b,t'~* b~t ~for i * j. The elenents of a vector which may be non-zero

. values are referred to as the support of the vector. Therefore, bn~""~is

t he support of A~tk~ Once a systemtransmission matrix for eacH YSEP 2063
created, a total systemtransm ssion response matrix, denoted as Ais
created by Conﬁat—-e{ﬁ)@t..iuﬂﬂufnt&ﬁti&yﬁﬁﬁﬁlltih@ﬂ&@r&@b@d&x hiig @Rip.OrTId fis the users
as shown below ~2z) ~. . , ~, . . , tl' ~ . Equation 7 In accordance
with prior art _noduyl ation.techni ements of h~k~ can be conpl ex
numbers It theBeHE Vaﬁg“@ﬁ% lFﬁEﬂﬁ%§W§E§§“§?9nents of A can be conpl ex
nunbers. An exanple total systemtransm ssion response matri xA for a prior
art rmultiuser detector assenbled in accordance with Equations 4, 5, 6 and 7
is -s 19 S E P 2002 for two users (k = _,) _having, sixteen chips in a data
bl ock (N~ = 16® =thelspreading factpupfaiserke sihesaeadingacter istequal te thewembyr and a
spreading factor for the first user of two ('~ = 2) and a spreading
factor for theoféggyfatgeuseaditofspread @ Gymbol-of4iper’sidata. ha sysielkhaws theot al
system transm ssion response matrix A, b,~t'~ denotes the r' "' elenent of
the conbined systeim ofs ANl ce RBJVREAG nk& to kdlighatd them ASMThOlecéiedt he K™ "
user. The recei'ved data r is processed using the total systemtransm ssion
response natriémé whi ch represents a bank of matched filter _responses to
create a vector of matched-filter outputs which is denoted as y. The

mat ched filtering operation is defined as y = A~ r. Equation 9 The matrix
A" represents the Hermtian (or conplex) transpose of the matrix A The
Hermtian transpose is defined as ~ = A~, mgﬁge ver - bar denotes the
operation of téBfﬁgh%méﬁﬁT9@%?@°Bﬁﬂébﬁﬂﬁﬁﬁe =nﬁ&%22f9The mat ched filter
outputs are then multiplied by the inverse of an objective matrix 0. The
objective matrix O represents the processing which di $ erentiates each type
of linear receiver. It is derived fromthe systemtransm ssion matrix A
The zero-forcing bkock linear equalizer (ZF-BLE) receiver is a linear
receiver with arf=0 jN(_f,"’E Evee p@blrmunbepecymbasseaas 0 = ANA The mi ni mrum nean
square error blocK:]inear equalizer (N-vi SE-BLE) receiver is a linear
receiver with an objective matrix specified as O = AKA + a?l where a= is

t he variance of the noise present on each of the synbols of the received
data vector

d* = the data (information) sent by user k. The data is presented in the form of a
vector, where a vector is an array of data indexed by a single index vax:iable. For
the purposes of vector and matrix operations which follow, all vectors are defined
as column vectors The n* element of @ is the n* symbol transmitted by the &*

user

h0 = t};e impulse response of the subchannel experienced by user k presented as
a vector. This quantity needs to be estimated at the receiver. The receiver’s
estimates of the subchannel impulse responses are referred to as A, The elements
of the vector ;f*’ are typically complex numbers, which model both amplitude and

phase variations that can be introduced by the subchannel



-r and the matrix | is known as an identity matrix. An identity matrix is
square and symmetric with I's on its nmain diagonal and zeros everywhere
.else The size of the identity matrix is chosen so as to nake tgeg glglﬁﬂtuion
operation valid according to the rules of linear al gebra. For

decorrel ator (decorrelatino receiver), matrix Ais sinplified by ignoring
the channel -10 1 9 S E P 2002 responses hue, co. .iering only the
spreadi ng codeS’ Atk w.hEANZCPAE 8L L5 FRTEIISH 3 BiYPepr cFefbe pupesssofti es. A
cross-correlation matrix, commonly referred to as R is generally

construct ed f dinestemdtivsed detestion, tpsusedd t think ©f veptors containing theaectioa of onst r uct ed
by assuming that W-1 and h, t"~=1 in the definition of A above (i. e. the

channel responaesppéadiig@blie whiticipreade b parsicalar symboll Thirefofé) e vebr V+0SS
correlation mtrix Ri1s the objective matrix O as defined for the ZF-BLE

receiver. A dgelihed &ML sprkdifi SH84 WfiEh Rlscl 18 Yiedf tREFEmibbl &n{r@hﬁecorm' ex

mul tiuser detection recelver. e objective matri'x 1s created) the

mul tiuser detegtor will inpvert. . b= d "', Theg inverse of

‘t he obj ective%rré‘lserri %ﬁti?"?ﬁ%aﬁy'ﬁﬂ%ﬁgﬁﬁ??se{ik"by ?hg%rg'flc)@gﬁqﬁ 'I‘['é‘?ﬁ&ﬁ put vector
y to produce esfinpntes of the data,vector d where d(estimate) = O'y. The

i nversion of tOn'Ié’r gﬁ?@ﬂli Véerﬁéisrtﬁimée’i %ftvgc@f)ﬂﬁ‘l"‘%'% conput ational |y intensive
process. The number of operations required to performthis process

i ncreases as the cube of the size of the matrix O Far nost-asynchronous
CDMVA receivers, the size of 0 is very |arge which nmakes the process of

i nver si on i npréietd veatolr whicH eephasergsigssr &/'s datg, spieadby thespyedding seqobnce® he
conplexity of taking the inverse of the objective matrix. However, these

techni ques MaynBerahshltias thirsuth| that fdér’ s arehampell A aThOWetor BNfebleerdid Near
receivers, PIC receivers do not invert the objective matrix 0. Therefore,

PI C receivers I bSedk YR {.bear
mul ti user det e@%ﬁ@%@&gbgﬁ%\g&gh{?ﬁ% Fﬁcgf‘?fotr-arit]% %B%%tledlaver. The

received data vector.r.4 s in to wur al of _channel estimators which
i ndependent | y aé'%‘ﬁs'r’rgf’%’ eeeérﬁ"ﬁ(gftetpe \éecgoﬁglchcﬁﬁkee{qu“ﬁ%ﬁ'se response. The

subchannel inpul se responses are output to a data estimation and
interference cancell ation processo’v’f"’vmi clWestimates the received data for
all users in parallel The esﬂﬁa&eﬂ&@éxﬁwdﬁﬁka)i s output to subchanrrel
data processing bl ocks for further Otegsing. Sidvin in FI G 7Equatibhe prior
art data estimation and interferentd candel | ation process used in PIC
receivers The PIC receiver presunes that each subchannel consists of L
di stinct signal paths froma given user's transmitter to a receiver due to
t he transm ssion nedia. For each path 19 SEg2p02 L, the relative
de. ~s, anplitudes and phases are estimted a~ t e receiver b¥ t he
subchannelheestgmahigesived #rtbesawr dncdydshall Haer migegls 8. Plsmoisac Aheetarpave can
di stinct paths of each user K present in the system the PIC receiver
al | ocat eglelinglds peasvde datameatdrecks fallodse specific code of a respective user
and the specific tinme delay of each path. Therefore, a total ofKL
despreaders are allocated in the gespreader bank. Each despreader produces
estimates of the received da _frE'lfk}s pective user. The L data
estimates for different paths of sar?ée)zser' s subchannel armg,gaghbned to
produce a conplete.data estimate tef/ the transmtted user's data. As shown
in FIG 7, the comon prior art conbining nethod is maxi mal ratio comnbi ni ng
or MRC. O her conbining nmethodol ogies exist in the prior art and can be
used. The conbi ned data estimates are output to a synbol generation
processor. hWhi ch enﬁrat’.es esti mat ed sgnbdol c!eg]f rmation which is output to
the int er FaraHeb” EhFAEiPh? FRFESHILRULIBYOdusE ys@?é%faT"Hﬁ‘cill?ﬂ apglk each user
K and the rel ative del ays between the KL paths are_ known by the
i nterference ddfcenhatsiagystn sdarahnd of TRECY 3tlnesranyldiser deteptard Thoesdimathdc e
estimates of the interference that each user's received path (i.e., 1, 2, 3
L) conbetiabart éspulse respodsheectars 6asd the sprgading qaltnd® avdsddaoichatesd giahs
received on L-1 signal paths of the sane user. The interference estinmates
are subt rtewk@ilsibn eEpélie mleRIbeadrus@ut Pumstinhi € Blodk of AGAbds RASRAh ot he
conbi ni ng processor to produce revised data estimtes. The revised data
estimates are again used to generate revised interference estinmates which
are used to produce another set of revised data estimates. In theory, the
process can be repeated indefinitely. Pbmever, in practice, the process
termnates after two or three iterations The distinction between an SD-PIC
and an HD-PIC lies in the synbol generation process. For the SD-PIC, the
synbol generation process generates confidence information about the
deci sions made on the received synbols, for the HD-PIC, the synbol

. - " I g, o o, Y I . Y 42 L



--assunption. However, a receiver constructed with this assunption can only
correct for interference resulting from non-orthogonahties in the spreading
. sequences, nore commonly known as multiple access interference or MAI. |t

" cannot cotTect for interferences between one user's various synbd SER8 t o
the tine spreading of these synbols during transm ssion tn the

comuni cati,on chanpel. This formof signal corruptian is.nore conmonl
known as. WHPERE KBl TFE BRTRLALaIee] medFeangllar gl opfhbe B ngexng yistbleenon
referred to as "the fat forger effect.” The fat forger effect occurs when
two pat hsbeingarewéndexand the second indexing wariable baing 2 colpmniindext i ne del ay that the
del ay cannot be resolved by the receiver as two distinct paths. The

recei ver fail sAtspsteratriansmissidnirespdaseamdtriofor eser histypidally Genotedas &t Mae Hhrveby
_affecting all users resulting in poor receiver perfotznance. Since al

prior artReslufinfCRimedl 8 desdted 564,39 B is Gyfineg agssunption of L paths to
separate the despreadng and the channel conbi ning operations) a PIC

recei ver using the accurate received signal nodel of a |inear nul UUSer
detector is desired. Klein et al., ¥Zero Forcing and M ni num

Mean- Squar e- Err or Equalizayloﬁ)har Ihfﬁhé?-t%tection m Code- D~vi s~on

Ml ti pl e- Access Chapel s," | BEE Trarfsdctiong -on +\kehi cul ar -13 Eggat®ng P
2002 Technol ogy, vol. 45, no. 2, 1/May 1996, pp. 276-287, discloses joint
detection receivers. A received signal having a plurality ef CDVA data
signals is passed through a whitening matched filter. An output of the
whitening matched filter is passed though a whitening filter. The whitened
result is scaled and passed throygh a feedback | oqp.to recover data of the
dat a signal s. gﬁ@ qodERLtRe. MAGHs 4 aLOrTESRAR %@ﬁdr'ﬂdafé%éts& tsepanseifos aperisnlac k
operator. EPO 767 543 A2 discloses an interference cancelling system used
in a joi ntymbol sant byuser &detingthe péssidaf interessi Refdrming hacki taFISe fubaceaiyeddaannel
pul se responses are estimated for transmtted data signals. Interference

nodel ed fr RhdtbiRdastal dorbRA!GheTUNGIsePidpSeding S6deS 8RB subShanHA imadiedsidnedd t he
received signal for use in joint detection of the data signals.

Duel - Hal | $Rarefoft, BN dnYaifiin Mt ddHed BlteledpoRd gnnlfeec%ﬂ{a@%f X [
Asynchronougerde-E%&%@?Oﬁ Nﬂ%sgple?Accesg Channel's, " ?gﬁﬁgégﬁggi I ons on
Comuni cations, vol. 43, no. 2104, Part 1, 1 February 1995, pp. 42134,

di scl oses a feedback |oop used in a nultiuser detection receiver. An out put

of a feed forward filter is passed thlgugh_decision devi ces: The
0
4 | p )
" g Equation 4
0 q
0
where each vector b,:“" has a dimension of
o+ W-1, Equation 5
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. deci sion devices deternine received data for each data signal in order from
hi ghest received signal strength to | owest. The estimted data signals are
. passed through a feedback filter. Each filtered data signal is supg iSapygmg

" fromthe original feed forward filter output. This mxed signal is fed into
t he deci sion devices conpleting the feedback | oop. -14 1 9 SEP 2Q02
SZT1VL~LARY THE | NVENIj,. r N asallel interference cancellation receiver
systenf&ﬁ& 9HBHLi§tBP§ZQﬁ %ﬁ%%atgieduces i mpul se response interference
using a nodel of the received iéggal simlar to that used in_block |inear
equal i zers. Block linear equali Snconprise decorrel ating r Bquatioe fs,
zero-forcing receivers, mninmum nean square error receivers and the |ike.
The invention conprises an interference conputation processor feedback | oop
for correcting the output ofa direct interference canceller. The m

i t er at §iviee e @prRading E3HRY &% nbDp&iolizrdessytnbohtihdsph But B8forsy¥Th CRileSlHients

mat chedfilter. The PIC receiver uses received signal nodels of the various

bl ock L NRasor GAka Nl 4-08b vElQes ¢ reftid 18 ad thebuppaf lof BHaReL8N AGkref@eSi St's of

. a?%Eﬁo
several distinct paths. The receiver estimtes the inpulse response
char acf @y st | f by subchannel as a whole. Accordingly, it is an object
of theb"prlézgeensglpﬁ%r\tlgﬁ% on to provide a system and net hod of receiving and
decoding a plurality of sjgnals over a,COMA interface, It is anqther object
of the pr es&ﬂ‘f"'ﬁﬁ’\%ﬂ"c‘i"%ﬁ“‘{s OF, FIRTPRfRT SR UEET IR EERtee, A WOIAL SYSHAML HANSRUSSIAI havi ng
greater accuracy with less required conputations. O her objects and
advant Esrensematrpiedenpted as inrreaiadibn sencaicnatngdhesiviten sransmaission matripesder allki | | ed
in the art after reading a detail ed description of the preferred
enbodi timemsers BRBFWNDEBSRI PTI ON OF THE DRAWNGS FIG 1 is a sinplified block
diagramof a prior art multiple access conmunication system FIG 2 is a
sinplified block diagramof a prior art CDMA comuni cation system FIG 3
is asinplified block diagramof a prior art CDVA receiver with multiuser

detection. FIG 4 is a sigﬁaifi%k | ock %lagramof a prior art nultiuser
4 ]

detector FIG ~is a H=® j.ag ,0f 5 ior art linear rrulgdrugg&{—,det ect or
-15 19 SEP 2002 FIG 6 is a s, __emblock diagramof a prior art PIC
rec~. . er. FIG 7 is a systemblock diagramof a prior arc PIC data

estimation and interference cancell ation_processor. FIG 8 is a system

bl ock di agriracegrdancpvithrrsios py Stodulptiomiechiiques ke ¢lementss ofdi canjbe comples a
system bl ock diagramof a |linear soft-decision PIC receiver-of the present
i nvent mwmpers| IGthet Golicsvsahas it mom-dsroedkmefithefrAcandfe camiplexchiuthbedssi on Pl C
receiver of the present invention. FIG 11 is a system bl ock diagram of a
non- | i near Afttantfeiosd SRte ttansmicston@Eponke mitfix AfeePHor b WRMIRE: debdsfN LED
DESCRI PTI ON OF THE | NVENTI ON

assembled in accordance with Equations 4, §, 6 and 7 is



The enbodi nents will be described with reference to the drawi ng >?gures
where like nunerals represent |ike elements throushout. Show-rt {igngfpl 1807 8
is a parallel interference cancellation receiver |7 ofthe present invention
for detecting, after reception, a plurality of users transmtting over a
common CDMA channel . The receiver 17 conprises an input 19 for inputting
data fro aII user K trans bl i I orm
of an inpdt V%Efeésr r o E’x?}eﬁﬁ? ﬁgpgéﬁfﬁgﬁggﬁ alﬁg&f?{e“g%}hgﬁu}w@&%sz
subchannel , a channel estlnatl oce r 21 for .deri i vi du

ipul e rlebgsh 06 Eoue OF Ffiaad 2 preading BROCIE e 08 eod i LG S a Srseiine
systemresponse matrix A a data estimation and interference canceller 23
for venerfattionfpriti srérgirusercaf fourd@™\ ). 1a shegesuliant totahsystem tansmstomISsFasnse
outputting user data dt~~ for each user k fromthe received channel data r
in the fomairRfi4, @) “0denpies theet tlement Tff ehepmmiinied Isystam and' charnet eespanse &irlthe -7
conprises a pl ural i ty of processors having collateral nenory which perform
various V&GSl ofih Elk‘”ﬁ‘ég' X operations Alternate enbodi nents may i npl enent

t he mvent <on 19 using tixed gate arrays and DSPs perform-n~ the functions

of the var i ousypr geg5ac) fan%gmce;s;@ueg%hﬁ&%lsmgrﬂ@hﬁhw éﬁﬁém*; and

t he spreadlng k = nown

priori by teachlng n 0 |ver

| 7. After%W Prﬁ%?sﬁ'ﬂ‘r" aﬁqaﬁgq{!gxqﬁ%gg?l{}gdwg, 6%? Jﬂ’a;’%ésjal (Uto Q?'f)d E‘r‘l shel
est i mat or ocessor 21 where indiyvidual k subc nnel i mpul se response

esti mat eswglicb iydsaeted @s p7Thesmitghad ditgnpg gperatign &)&?’B‘E’t i nt er - synbol
interference or ISl caused by a subchannel s own synbols and MAI caused by
synbol s from ot her user's subchan fdr. all rectived data signals. The

i ndi vi dual k subchannel inpulse r spo e éstimtes h~x~ are i npaNatien 93

first menory 29 wheFe it is conbined wth the sane user's spreadi ng code
(Equation 3) creating a systemtransm ssion response estimate matrix A"t' ~~

for that user. TE@@Qtr&WEHﬂeEJnenﬁmmm (R 2BAPIED) 1Pfrish R ISE tHBALHX A\ The~ 1S
output to a secon ITEFYDI‘y where a total systemtransm ssi on response

matrix A is assenbled. The total systemtransm ssion response matrix Ais

At~ (EHRERB AP TRATOI Byst o Pt EEPENREL PR bR e

contains joint information about all of the subchannels in use by t he
active transmtters and contains information about any possib
cr oss- chanfetiugaiofiasomplesjumisr. Thsrmaignsd B Quipis aksihennltiplied P)é@éif\)"é’i‘u‘e ght a
signal r.

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 A.

The zero-forcing block linear equalizer (ZF-BLE) receiver is a linear receiver with an
objective matrix specified as O = 4”4 The minimum mean square error block linear equalizer
(MMSE-BLE) receiver is a linear receiver with an objective matrix specified as O = A4 + &%/
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. Anidentity 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-



The total systemtransm ssion response matrix Ais output to the data
detection and interference canceller 23 which perforns an estimtion of
transmtted data based on the received data vector r. The data H8t¥CtWBn
processor 23 estimates subchannel data synbols and outputs a received data
vector dt~t to per-subchannel processing units 33,, 33~, 33,, ... 33~; such
as interl geider bis decad o |4 T, I e d
interferéﬁ@é%%n’féﬁ*ér J’fglgl S°’s S%re?gqq?:c%@es&nh%ce" a’?%@&é%%aggbi(on 6&2‘8 ssor
23 is conprised of a matched-filter 35 ' ch-fi.lters,the input 19

dat & vec BRSO ChEOSTE R RIS comip LA ERIEE £t BERY sty o7
for renmoving feedback interference c -17 19 % E P 2002 fromthek)_ .

mat ched- recemrela®r type preeiyersa Thismeax Fanbscrpytrusted by assumingshat =k 4yd Afer] v ng
estimtes of the user data d~x~, an iteration counterlswitch 41, a feedback
" i nt er f er athe definitiunesfsoabo48 (ianthezhannelyespogsernievery subtbaringlis amigpnise). Adesthebol s
fromthe estimated user data dtt~ To obtain user data dtt~ for a specific
user frorgrbdiecdrlition akhtHs & is dRé abjective eattie € asiddfined forithé ZBBIE rdceived Asi ng
a matched-filter 35 or the |ike. One know edgeable in this art recogni zes

that a mejLhedaior bh&l seﬁé]; LEALLREceds GRATRSE S6mPIBAMARILSE dstebtion HIRARr. EDREENT S

are conpl ex conjugates of the conbination of the spread pul se shape and the

e eotBE RS TR Lo BN L R BEOAUG BRIl idhofha VP

represent prior ransm ssi on. nput "19 to

the filter 35 which do not natch with iven.rgsponse characteristic
produce a | owekhegfyesssof thebigrhye MaLXss ﬁxfxgpugxphfcgb}gtﬁﬁmagﬁef@te{ [Etput vector

mat ched-filtering operations perforned by linear nultiuser receivers. The
mat ched- £ ta Bfodgee essimaasi afithe datadsetpr Aarliers d telo Gyunihedaversien of the
despreadi ng operation of prior art parallel interference cancellation

r ecei ver sobjétiige mapix O issacomppéexa compgtatienaliy, igensiye prasessp lda dimberof dperations and

t he subchannel inpul se response htx~ foi each particul ar subchannel k. Each
el enent  ofehlieed Rt gebfRe fthik pRIceSs intiepses ay drtaaby of theaiziof e mattigD. eBéi modte

of the corresponding synbol in the transmtted data vector d. The total

systemtral éﬂ—ér?du? @ﬂﬁég&&%rsnﬁk IsizX oPOEH»QY)i lﬂx%‘é whikh rﬂﬁc‘épﬂx@iﬁ‘ocﬁil%rf ﬁﬁEr%{oin,St ics
ed-T1 . A

to the mat ter Each col um of t'he systemresponse matri x is a

t whi ch_r. t he . teristi . ticul
Lo BN SRl PP IB A LR BB BB
it is matched with. every resrﬁ)onse charact%ri.sti c.frlo?)the totlal .system
transm ssPRTFIVE s dIAKEVer theRe fErhDIAeS 8Y D BPRERRIE L PME APPSRt vect or

y. Each el enent of ) ) . _ .
Unlike linear receivers, P1C receivers do not invert the objective matrix O. Therefore, PIC

receivers offer an alternative that is less complex than linear multiuser detectors. FIG. 6 shows
a typical prior-art PIC receiver. The received data vector r is input to a plurality of channel
estimators which independently estimate each user’s subchannel impulse response. The
subchannel im;_)ulse 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 subchanmel data processing blocks for further processing.

Shown in FIG. 7 is the prior art data estimation and interference cancellation process used
in PIC receivers Th.e 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-



out put vectory corresponds to a prelimnary estimate of a particul ar synbol
transmtted by a given user The matched-filter 3~ output vectory is input
.to the direct interference canceller 39. The -18 1 9 S EP 2002 ﬂgrsﬁgtzm
interference snceller 39 perforns a partial interferes. . cancellatio
operation on the matched-filter 35 output vectory. The operation may be a

scal ing operation or a nore conpl ex operation. The partial interference
cancel ed lae‘@PGFlaSWei %“ﬂ&tﬁﬁlﬁ“‘é‘g’s&fﬁah 61 SSWasted at the Teceiygy by g’eﬁﬁ’% anpg ¢ he
f eedback interference processor 43 through an iieration/counter swtch 4la.
The f eedbestimation professen skovar io F&#6s6rFot 3achanf ther/distimict paths of sachuserXepresent in
cancel ler 39 output estimates d to arrive at interference estimtes out put

as a vect@e s¢stddhe PRY Rci10r aRb&ivdsQUiRkpresienmaichel fo)thé SRt todd of aitbpediieence
canceller 39. The interference estinmates ¢ are subtracted fromthe

mat ched- f i J.t g,{dytﬁg é&g{ﬁg lfigneva%gas'%'? each 81{3? ThERHrt, atotafofKYCddtfresdbedart biidcaled 35

out put vector Ss the subtracted 1nterference estimates c¢c. The iterative

interference subtractjion process nm i ' n the
degr ee of mcfgg idF?de@Fb h%ﬂk cg?ﬁ’e%ts?r&?ﬁ er %? ?Je"'%Q% %ﬁ%%ﬁoﬁg?ﬁgﬁgg i%%{aekr Ee“ ﬁtgr s
are renoved fromthe _matched-filter _35,.utputy and the iterati,on/ counter
Swi tch 41TePRECEYR bR AMer SR ST Ryl deredtnaths & the, HmegS8E & SURsBRBELE e o
45. The operation of the direct interference canceller 39/feedback

i nt er f er ecroebinadao eexiuce 2 Gomplefa dhte estimastipltbktransmitied|usersiofata Hsmhown iInFIG. 9
represents an miteration receiver. For exanple, if m= 2, the PIC receiver

17 has repemd &phidiHoriE Bdrhihih@MethbdBaRRinialtacie conf¥ihig 6¢ MIRG2 ©thdtCombining
i nterference vector output by the feedback interference processor 43 and

o7 RSP 8B R A O, B B B RO
=T .1~ E | 11 . [ ' . . 39
U o T i ARl PR AP SBTHERS S S 200,

the interference cancellation processor.

The spreading codes for each user X and the relative delays between the XL paths are
known by the interference cancellation processor. The information is used to produce estimates
of the interference that each user’s received path (i.e., 1, 2, 3 ... L) contributes to 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 again used 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
afier 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



vectory by a matrix S and the feedback interference processor 43 perforns a
mul tiplication of the synbol estinmates d by a matrix T. The initial
.condition of d(m) is 0. One skilled in this art recogni zes that other
initial conditions can be chosen without significantly affecting

operati on; %5&‘? ceskitig o th heﬁﬁ QRN Gic drtke r@éeﬁ\‘;egt Bbi?ﬁfécs%??ﬂf?cca%g [ 3o

-

is the vect ast |terat|onm rarl
|nterference ca ceI atl on_r ive this ocessed b t he fi nal
out put syfApgble grﬁ’éqd&‘flag soft aﬂfﬁﬁ F’ﬁ'&ﬂéé’?‘ﬁ gmat,cs z‘?ff {“méfécﬂr%‘ieésr’n%/g RY Stemat i on
on the output synbol estinmates dependl ng_on the system regw rements.

Dependi ngdegirstedisyechannebdata processers alaqvah@gﬁ%ér fIisrie shawp in fdGo¥ by lacing a
invention |7) the output of the data estimation and interference canceller

d(m can fHsaloniput dam symbbHdenerdtor for g&rating the-finbl receiver-obijpm {n8Thaytie diffdrent | ) 1
~ Equation 12 where the steady-state response is, CUSS = (ST+ 1) 1 ~ -

Equati on #dmandinthfl b2 BN fedettBRBRG. S, dr (m) _ (-1)"" (ST j" ~1 (ST +
1) 1 ~ Equation 14 The PICreceiver 17 converges to the.steady-state

response i f thﬁnﬂlﬁa@&\ﬂﬁdﬁ#n{iﬁ?@ﬁ@%@ﬁ?@?f&ﬁgg‘?&sﬁ&rﬂtrﬁ Wéd@igﬂg?ﬁodglfth?t

iterations increase e recelver conv es to

1501 SR Bl AR,

ot hers and decorrelators is defined as d-4, 1Y _Equation where Ois the
obj ect i ve'r#pmged Slmgﬂ@fi?rg?@ iy W?%Snlﬁéﬁi’af??%s'rhf °%ﬁ‘i%?°ﬂ5’ﬁ\°fd°fﬁﬁdi“1£@§ ds and
T are selected such that (ST + n''S = 0" and if the receiver 17 defined by

Equat i onscheone ragtahing (neviermpessby the ¢ombiniag proasesyer) tapenatiens| is heyresnls o thisr
defined by the objective matrix O Linear algebra requires that in order to
have (ST asswmpt®n- Bowgverat recesr SpnsEpctadh with tnissassempticnf gant helyf ainteconfang
identity: O=T +S 1.
interference resulting from non-orthogonalities in the spreading sequences, more commonly
known as multiple access interference or MAI It cannot correct for interferences between one
user’s various symbols due to the time spreading of these symbols during transmission 1n the
communication channel. This form of signal corruption is more commonly known as inter-
symbol interference or IS1. 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 estimnate 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 muluuser detector is desired.

Klein et al., "Zero Forcing and Minimum Mean-Square-Error Equalization for Multiuser

Detection 1n Code-Division Muluple-Access Chanels,” IEEE Transactions on Vehicular
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~ Equation 16 Rather than having to invert the objective matnx O Equation 16
splits objective matrix Ointo two discrete matrices, T and S'. Matrix T
_defines the feedback interference processor 43. Matnx S (the ilvEERHIDL
matrix S'i) defines the direct interference canceller 39. The present

i nventi OnTéc?mBl%?%%?%St g@ 3, rivraay'sus% Bp. 2TBLRY &Quweé it eleBYS ok

Der®f
anot her matrix senes of matrix nultiplications | n tﬂ eedback

Ioop. An adv.an e, of .the es in.the fact th mat ri x
S " equi FESVE SRt RAR) e CONBY 888 8o bl oy @ig gt

objectlve matrix O For exanp matrix S'' may be a diagonal nmatnx (a

matri x wi filkernohn pupet efnthe é@%tewngym&hc@ rﬁétemmwwmgma)w g filkery sThen of a

di agonal matrix only involves the inversion of each individual elenment

| yi ng on thitenedrasultisacpierbdnd pasded throigh a feskbhck dovpaéd recaver date phihe data@igBale P

2002 Conbining the two formulations of matrices T and S with Equation 16) a

speci fic Ry feduatk RopRited thteskdICderenar man feedbakeptatr. G ven a |inear

t~eceiver with an objective matrix O matrix S is defined-as S -' = diag (0

) Equation 17 pWwener SaPA0 Yscldedsi A SstedersiechncelMAR sPstéh @séih A ,dinaaae@don
entries are equal to the main diagonal entries of X and all other elenents

yi ei d @f@e{af B e‘?"%s&@; %e"ﬂ"“&éfﬁ%@“‘" T FapnEOu By R 'f !
i ag( 0, & egu”t‘é&ﬁ#e& s drrt mesgta B wﬁm%arwiwfﬁfﬁaﬂgﬁéﬁeﬁt of

the vector z(m. The matnx nultiplicatjon of dim. with matrix T performnmed
in the feBUHALR from dierresedyed slgplderiss ot o E‘S?P;?&toégletq%@?&i‘la@rference
conponents. A receiver containing this architecture is referred to as a
paral | el | nt erPesidhalien, ¢ Arkemilynf MitiyseeBecisien-Kpedhadk Deteqtors &prf Agyaplrenous
cancel lation in the feedback or a PIGfl receiver.

Code-Division Multiple-Access Channels," IEEE Transactions on Communications, vol. 43, no.

2/04, Part 1, 1 February 1995, pp. 421434, discloses a feedback loop used in a multiuser
detection receiver. An output of a feed forward filter is passed through decision devices. The
decision devices determine received data for each data signal 1n order from hl_ghest received
signal strength to lowest. The estimated data signals are passed through a feedback filter. Each
filtered data signal is subtracted from the original feed forward filter output. This mixed signal

1s fed into the decision devices completing the feedback loop.
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. For a systemthat requires a zero-forcing mechanism the recei i/g rrust
converge to the ZF-BLE linear receiver. The ZF-PIC-fl of the p

. invention 17 uses the ZF-BLE objective matrix O = AHA. Therefore, rratri ces
Sand T are defined as S 1 = diag(AN A and Equalon 19 -22 C~s 19 SEP
2002 What is clainmed is: 1. An interference canceller (17) for use in a

recei ver that separates rec W als (r) froma plurality
of transmtters over WW%& ty of desired signals
(dt~~), the interfer ence cancel | er (17) conprising: a channel estimation

processor (21 A pdraliel merferencaepnedliatioroiessivar systampindaneshnd is presented tivad nesiuncy
i npul se response estimates (A) for the plurality of desired signals (d~k-),

sai d i NPumpEisé RSFENRE Bit@fetdni@isify £modd! of theveativéd kigna? Siniilabio that Wedlin block
interference canceller (23), sal d data estimation and interference

cancel lef(23) L'xﬁxz ar?&;cﬁrlin c%hzé‘s @%Fﬁfddé‘cbhhﬁﬁ ﬁ( @w&?u%rgfi\%ﬁc&at he

comruni cat 1 on I gna channe stimatl o processor Tout put

(A) foroutputting estinates of the i I S Iectlve si gnal s
(¥) o a bt pyiin, o e bt egv] B biRer, M mzeﬁ T EPYS

output (z(m.) coupled to a diregt terf rence cancel ler_(39); |d di rect
bt br 1 or GHERERRIB PN P RSP GORBE SR P B O AR iyoRarece

mat ri x rrultli)llcatlon of the plurality of desired signals (d(m) to an

i nput of capeellererEheimferativeprogesy removes iteferare framithmoutpit symbalg ofia atshed-ng a
first output (41 a) coupled to a feedback interference processor (43); said
f eedback filtet. eThePKhreeeiperasessecaivefl 4gnal auddels tof lhtg/aﬁmsé:ldakrliam&qeﬁ'izbmhas
(c(m) of the selective signhals to a second input (-) of said sunmer (37);

and sai d dofHoeadseie tHaeRR bUUTRInAE! cORsH Of seveb Histiricepathy. (Te Seteier@timbedcnei | t er
(35) output (y) for miterations by said iteration counter (41) whereby

said iter egéﬂﬁ,b%gelggwﬁages of the desired signals
(d(m) aslﬂPﬂgpgﬁ %?{?&ﬁ%{aﬁgred signals (a'~k~) 2 The interference

cancel ler (17),4 SFdOng?y, 19s ;.noob(]:ic?bmh% ’pre‘é@ft‘ ifvetiohdb gréwo% s?'stem 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 communication system.
FIG. 2 is a simplified block diagram of a prior art CDMA communication system.
FIG. 3 is a simplified block diagram of a prior art CDMA receiver with multiuser
detection.
FIG. 4 is a simplified block diagram of a prnior art multiuser detector

FIG. 5is a block diagram of a prior art linear muitiuser detector
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- -23 1 9 SEP 2002 estimation processor (21) is further' characterized
by: a channel estimator (27) coupled to the comunication signalg #EP) ﬁ r
. outputting channel inpulse response estimates (h~k~) for the plura |t%g of
" desired signals (d~k~), said channel estimtor (27) coupled to a system
response matri x assenbler (29); said systemresponse matri x assenbl er (29)

out put ting s§g?msgae§21gg,s°§?/%%{%}gﬁaféﬁﬁsrgrfm)c ,J‘eg_r._e?_he plurality of desired

signals (dt~~); an response matrices (A~"~~x~) assenbled into
a total systemresponse matrix,.(A) output. Tgﬁ i nterf.erence canceller (17)
accor di ng tompai7ﬁ$i57m'!‘%?°kc4ﬁﬁ’é'ﬂt°graipfgﬂaﬁ ga&ff%ﬁ‘?"é‘ﬂ?“m‘@ ot e
cancel l er (39) operation defined by an S matrix and sai d feedback

i nt er f ecenebatpmgresessor. (43) operation defined by a T matrix rel ated by
~=T+S | where matnx Ois an objective matnx that defines a receiver

structure prquacgGk 4'§sfs itk distrath oy BI@raceivarminiscpreshrinvenéipn. 4, The
interference canceller (17) according to claim3 further characterized by

the objectiv nx,Q bei ] By st sdmbdidsh I YekdFd: o2 He total
systemr espoﬁ??k&f Pisxgg‘}i{ﬁ?’#?'ﬁ@q?oté system response rrator F’fo‘;'ié . The
interference canceller (17) according to claim3 further characterized by
sai d matFENOYHefined a's -24 1 9 SEP 2002 S = (diag(O)-t and said matrix
T defined as T = O - di ag(O%. 6. The interference cancel]l er@f( 17) according
to claim5 fUIGId0 islasysiemeblpek digeaam af aRrEdscisionRIC receiver efpthe puesephg a
zero-forcing block |inear equalizer.
invention.
FIG. 11 isasystem block diagram of a 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 ﬁggres where like
numerals represent like elements throughout.
Shown in FIG. 8 is a parallel interference cancellation receiver 17 of the present invention

for detecting, after reception, a plurality of users transmitting over acommon CDMA channel. The

receiver 17 comprises an input 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 k® 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 k from the received channel 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

mvention 17 using fixed gate arrays and DSPs performing the functions of the various processors

-16-



7. The interference canceller (17) according to claimb5 further
characterizing said objective matrix O representing a m ni rum nean square
error block linear equalizer. 8 The interference canceller (1 érggcl@@dl ng
to claimb5 further characterizing said objective matnx O is de 0=
AH A, where Ais a total systemresponse matrix. 9. The interference

cancel | errpehdihi RffoeF di 8&s Kanfihaispreadinglatibef dhrar aniser (k2€g2 By, Kpardkn@is i X S
defined such that said direct interference canceller (39) perforns

cancel lation of inter synbol interfere ] ective signal and
sai d mat GBCOM ?F%@H"%&E’H“’ﬁ'ﬁf‘ °§é¥ ﬁ'refq gg@%@%ﬁ?&?@‘éﬁ?é processor (43)
conputes nufti-access interference (MAl) contributed to each selective
signal by sai cAfthedemedilatiogsthe eeceivedsignalyps inpud fotheshaprelertimatos REQeessar 21 17)
according to claim3 further characterized by a hard deci sion synbol

gener at or, A9} AR £ duRBEMRE inp@édrebpdnsé eqtiviapsstard hibddeldd DT a5 eéddors the &g i on
counter (41) and said feedback I nterference processor(43) input producing

hard deci si ons on sai d. desired sjgna i oS (.d(Di MAL

i nt er f er SAEECIBRTSMRASY nfe %“C%chfé?a?dﬁa“e% %&Pgmin"cigg%mbeoﬁ%ﬁar acfaeu;gigh;dw
s~D~2 matrix S defined as S = (diag(Q)-1,and.said matrj x def [.ned T =
O - di ag(tw)symbpls fra@ othercysees éH@‘@'&Ec%?f Iagrre‘fuvf?)dda&cﬁ'ﬁ?a&' né.hf d"‘%wg'i'%aé
further characterized by said matrix S defined such that said direct

i nt er f er anbehanmed rmpdlerredpdnie asimites A apinpus|te atfirso megiory 2# whers yjtrib odmbined
interference (1Sn of each selective signal and said matrix T defined such
that sai d ' Qfeafi KA sRBssiH bdshorRE E&Fm
interfercelﬁg@ﬁg n‘*’g%’%ﬁf%ﬁ?%ﬁﬁ?g@%ﬁﬁﬁ??efgcﬁ% Si gngl by saP% desi ré%
signals (d~x~) _ahe internference cang QF dj; g im3
furt her c‘ﬂﬁ%éﬁ‘é?‘?rﬂﬁ UEY- E‘a?ﬂposﬁf‘tlgfngear g%ﬁ ’l%g’glie s%%')r'\’atgy g'({)ﬁd'g‘ge'ﬁtggtgﬁ lo% {n53)
coupl ed between said first output (41a), of said iteration counter (41L and
sai d f eediserid memary Bbmbered tpiabyssagrangssion respanssTRB R diitayssmhied. i Thedetas of t
deci sions on said desired signal estimates (d(m). 14. The interference
cancel | ersyfteth HanafieSsieBghnsOmattiaidns é@ngrised biall spdtem tretserissivedmpyisesraspbns@t nx S
defined as

estimate matrices 4,® (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 A is output to the data detection and
interference canceller 23 which performs an estimation of transmitted data based on the received
data vector . The data detection processor 23 estimates subchannel data symbols and outputs a
received data ;'ector 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-;-ised 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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= (diag(O)-i and said matnx T defined as T = O - diag(O. -26 19SE
P 2002 15. The interference canceller (17) according to claim 13
furthercharacterized by said matrix S defined such that said direct
interference canceller (39) perforns cancellation of inter syr[gngp 2002
interference (1S)7 of each selective signal and said matrix T defined such
that said feedback interference processor (43) conputes nufti-access
i nt er f er gimethée Madched-ant3shouipady, bdirea aherferénee tanvanes38jioaderyingestirdateefitiiee d
signals (dct~). 16. The interference canceller ( 17) according to claim15

further char t ze S

Acx>xA(x) ‘ﬁ%‘ a&‘ﬁ@?ﬁ%‘%%% 1§f%ﬁ§dc%ﬂc@§e&c$to?§§tﬂ8ﬁa§y? b§l7) for
separating recewed signals (r) froma pluraljty of t;ansmtters over a CDVA
i nt er f acgenerator 45 inassemibiiyg Mﬂbébsﬁqﬂéﬁ’eﬁlﬁ?ﬁétds“ characterized by the

~steps of: -27 1 9Sr P 2002 a) creating a tot aI system response

mat ri x(A) fromd JBeilh S&r RS ROTSEa GetificBies fomhhecombined sédtataretRivy@dati -gnal s
(r); b) filtering the received signals (r) with said total systemresponse

matrix (A .estinma r
si gnal s SPEEgF ﬂ‘&g ﬁﬁ’aghedsglj?eég% :a\stehq(r?g rlége @%@@ﬁ%‘ %%%g%%&
response matrix (A); d) deriving eEFgmatrlx rom sai d objective rratrle
e) deri vithaj a@mﬂtﬂhﬂf Srequirsat 'HSRS’BT pragtenstig hpse elsments Ftp CQUIRALES | ¢ er
out put (y) as desired signal estimates (d(m) by nultiplying by said matrix
of the combination of the spread pulse shape and the user’s subchannel! impulse response to

em

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
ris matched to the spreading code v and the subchannel impulse response h® for each particular
subchannel k. Each element ofthe matched-filter 35 output vector y is a first rou:gh estimate ofthe
corresponding symbol in the transmitted data vector 4.

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 response matrix 4 to produce the matched-filter output vector y. Each element of
output vectory correspondsto 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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" g) conputing interference estimates (c(n)) by nultiplying said scal ed
output (d(m) by said matrix T; h) subtracting (z(m) said interference
_estimates (c{m) fromsaid filter output (y); i) scaling satg tﬁhl;@ﬁzr out put
mnus said interference estimates (z(n)) as desired signal tS s (d(m)
by multiplying with said matrix S; j) repeating steps g) through i) for m
iterations; and k) outputting said desired signal estimates (d(m) as the
pl ur al i tqirest ingestarense anGiien Y pyglommsy2 pael 'ﬁ‘ﬁ’égﬁ*et-rﬁaﬂ"félmﬂ g 6‘5% fgy theo
claim 17 wherein step d) is further characterized by said matnx S defined
as S = (slarbddiller 35aupusteeprg) The operatidnanaydiearssalingrapemtiohgr s mioct comtpléxx T
defined as T = O- diag(O. -as 1 9 S EP 2002 19. The nethod (17)
accor di ng, f-0; %?})Md%ﬁ\@ﬁ@e&e%ﬁ&lﬁ)veh%r § 8IcubiRk a6 8RS AR bkiathidW 20BROST NY
I X

sai d objective ma represents a zero-forcing block |inear equalizer.
'21. The nethod (17) according to clai 7 erein.steps f) and are
further BRsttathetier Elklﬁ‘y"'géq“ %Prﬁﬁesé%ﬁ‘{?%u%ﬁn @ergﬂgq{c YkY S%’&?’b"ﬂ%m ing
performs cancellation of inter synbol interference (I1SlI) of each selective

si gnal and deThefeadbasiainterfeednes protessercdd ysanthe slirpet interferenderngnealiendd eutpuice
estimates conputes nufti-access interference (M4l} contributed to each

sel ecti vatifiatddd tdoumis@binflefeienbdlestingiiesl cutpul-as-a) yectorsothat wel ot pediouklie
met hod (17) according to claim?21 wherein step c) is further characterized

by said gbjective natri [ i ; 2 i j

cqual i zerregl byl i plbsRen e RaRRl A i Rt cR RG] B KpteabiERhom |
further characterized by producing hard .decisions_on _said desired signal
est i mat ethe ma{ahpy-filterBS optrart MestHgd 1 paresultidy Fma}fg#iéhe@éiquz%"m%ﬁ%t@t ep d)
is further characterized by said matrix S defined as S = (diag(O)-1 and

3 te p( 8 fubtrheted edrfecdned dtimaege Thbirerativedntasi¢rence subtchefiommrdcassmdy be répeated
ia :

’ m times depending upon the degree of desired signal correction. After miterations, 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 45.
The operation of the direct interference canceller 39/feedback interference processor 43
negative feedback control loop shown in FIG. 9 represents an /n iteration rccci\;er. For example,
if m = 2, the PIC receiver 17 has repeated the cancellation process twice. With c(mm) as the

interference vector output by the feedback interference processor 43 and d(im) as the symbol

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

6_2; (m) =S5 O-’ -C (m)) and Equation 10

, c (m) = T;tJ (m ) Equation 11

where the direct interference canceller 39 performs a multiplication of the matched filter output
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- 25. The nethod (i7) according to claim23 wherein step c) is further
characterized by said objective matnx O represents a zero-forcing bl ock

. linear equalizer. -29 1 9 SE P 2002 26. The nethod (17) at8dtdidE t o

"~ claim 23 wherein step c¢) is further characterized by said objective nmatrix

O repr ese%a a,gycs(}ir J(}hmlm GTHR A theSEdRE ﬂge?fgfeﬁéﬂ S@&&séo]r Q?g&g&ﬂiﬂ%'xh&lﬁ])hcat%én of N€

nmet hod (1 ngto cIa|m23

characteri,zed def i ni sand. S suc al perforns
cancel | at ﬂt?ﬁy’@gglleﬁ?@?tﬁ p mafgixe- é?f&‘%l con H°‘b dé’é‘gﬁ%sz? c‘qu&é gthisat  and
defining said matrix T such that sal d conmputing interference estimates
conput es mebgrizeadhabetherinitial consitéons eanbivichgser without $ignifcantly affecting Sweloperaiiare
signal by said desired signals (dtk~)) respectively. 28. The nmethod (17)
accor di ngof the gysednin 17 wherein step g) is further characterized by producing
non-linear soft decisions on saiddesired signal estimates (d(nm)). 29. The

nethod (17) acerydligiofife &itcdi ifleABrenthmicerIoeNEe &actaadn)ga)ﬁcame ﬁsuﬁér&%n

characterized by defining said matrix S such that sai d scaling performns

cancel | at jon g a?‘*a‘mﬁ?ﬂﬁ{mfgeﬁgéﬁﬁmﬁ gﬁﬁﬂ ?&' &elib Exc?hg.”a'

and defining s at sal comf) eren e estimtes

conputes nufti-a SS | nc con |buted t.0_each se] ective
ol gnal byoUEYREE FIErlr gRAHich FopleEt hid 3P B PR intpgiaton of the Gurpi

. A9! . AsnLe. Afy. ALn9y. A3y. A. AL A9, . A@R A A( . AH. A AsA AS. A . AsF. A9. A. AS% A{, 9
A Ah . A SYSPO nmateagememeéep e syplemp regpirements.
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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 0. Linear algebra requires that in order to

have (ST + I)!S = O, 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;:e processor 43.
Matrix S (the inverse of matnix S™) defines the direct interference cancelier 39. The present
invention 17 replaces the inversion of matrix O with an inversion of another matrix (S™) and a
senies of matrix muluplications in the feedback loop.

An advantage of the present invention 17 lies 1n 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-zero 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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S—l — dzag(O) 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_1. Equation 18

Since the direct interference canceller 39 performs the multiplication of z(122) 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 matnx multiplication of d(m) with matrix T performed 1n the
feedback interference processor 43 computes the interference components. A receiver containing
this architecture is referred to as a parallel interference cancellation receiver with full interference
cancellation in 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 recerver. 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

571 =diag(AHA) and Equation 19
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of desired signals (&%), the interference canceller (17) comprising: a channel estimation
processor (21) for receiving the communication signals () producing impulse response estimates
(A) for the plurality of desired signals (d®), said impulse response estimates coupled to a data
estimation and interference canceller (23), said data estimation and interference canceller (23)
1s 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 using 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 iterations 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 (@®).

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 (A, 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 § matrix and said feedback interference

processor {43) operation defined by a T matrix related by

O=T+S5™

where matrix O 1s an objective matnix that defines a recerver structure produced using the total

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

(A" to the total system response matrix (A).
) p

5. The mterference 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

objecuive matnix 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 cixara-cterized by said
matrix § 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 (&®).

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 iteraton
counter (41) and said feedback interference processor (43) input producing hard decisions on said

desired signal estimates (d(m)).
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T =0 - diag(0).

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 T defined such that said
feedback interference processor (43) computes multi-access interference (MAI) contributed to

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

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

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

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

matrix S defined as
S = (diag(0))™ and
said matnx 7 defined as

T =0 - diag(O).
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matrix S defined as

O (K)H 4 (K)
A A )

said matnix T defined as

T=A%A-S1

17. A method (17) for separating recerved signals (7) from a plurality of transmitters

over a CDMA 1nterface 1nto a plurality of desired signals (d*)), characterized by the steps of:
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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 T;
h) subtracting (z(m)) said interference estimates (c(m)) from said filter output (y);
i) scaling said filter output minus said interference estimates (z(m)) 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 (d®).

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

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

T =0 -diag(0).
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characterized by defining said matrix S such that said scaling performs cancellation of inter-
symbol interference (ISI) of each selective signal and defining said matrix T such that said

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

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

22. The method (17) according to claim 21 wherein step ¢) is further characterized

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

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

by producing hérd decisions on said desired signal estimates (d(m)).

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

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

T = O - diag(O).

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

by said objective matrix O represents a zero-forcing block linear equalizer.
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217. The method (17) according to claim 23 wherein steps f) and g) are further
characterized by defining said matrix S such that said scaling performs cancellation of inter-
symbol interference (ISI) of each selective signal and defining said matrix T such that said

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

selective signal by said desired signals (@), 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 § such that said scaling performs ca_u;cc}lation of inter-
symbol interference (ISI) of each selective signal and defining said matrix 7 such that said
computing imnterference estimates computes multi-access interference (IMAI) contributed to each

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