; 5678e3eLh™ "a] cdgbgTLh{ 1 9 S E P 20D2 PARALLEL | NTERFERENCE CANCELLATI ON
RECEI VER FOR TECTI ON OF CDVA SI GNALS BACKGROUND OF THE
| NVENTI ON Fi el ’ m ‘”” &enti on The present invention relates generally to

~multiple acces mruni cati on systens. Mre specifically, the

i nvention rel ates*t¥%4 parallel interference cancellation receiver.,.s Elt em
and nethod for the sinultaneous reception of data fromnultipl 49 ré.l
Description of the Related Art A nultiple-access comruni cati on system
allows a plurality of HMLEI@U}{EEEEERENGE%CEmeQNaH on nediumto
transmt or receive information. The nedia may conprise, for exanple) a
network cabl e i RECERER FORMUDEIUSERKDETECTIONOF CDRVEA SIGKRLEN the classic
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 nmedia is referred to as a comuni cati on channel.
" Communi cation techni ques such as fr W mul tiple access or
FDVA, time division nul tlgﬁgK@&g@ﬁw . %&I sense multiple access
or CSMA, code division nultiple access or CDVA and others all ow access to
t he saneFiedmfithe Inatntion nedi um for nore than one user. These techni ques can
be m xed together creating hybrid varieties of nmultiple access schenes. For
exanpl e) ti meTHé presshrinvetitipl elates genERlly nonieltiple acdres qigitad osrmutubitidtiod syseames: at i on
W CDVA standard is a conbinati on of TDVA and CDVA. An exanpl e CDVA pri or
art COMNRYLE i BiRaIRY b GiFkAtDNIE AW RoiarparallébinterferéddiBancelllion peRiver ykm@Rd
technique in which"data is transmtted with a broadened band (spread
spectru 2 - i ; 0 be transmtted with a
pseudo- g%“fﬁ‘é’d;‘? rrtiggfr.%g%gusd%%!?@?gﬁﬁi ft?gmtl;*ehhtlé!i%%ﬁ% tted may have a
bandw dth of only a few thousand Hertz di stnbuted over a frequency band
that nmay be several mllion Hertz. The conmunication channel is being used
si mul t aneous| y. by K i ndependent subchannels. For each subchannel, all other
subchann®escrpypr af tha RefatpdeMt er ence. As-shown, a singl e subchannel of a
gi ven bandw dth is m xed with a unique spreadi ng code which repeats a
pr edet er mi ned 4 atitipleracgess spmmuicasipn SYsiF allaysiopipralivy of ysw&s trorcaess the sepA)
sequence generator. These uni que user spreading codes are typically
pseudo- ocbiogaiationnedameoarotrherT reapinfammationh & hemedis meyeameicag, fag mxdmpiesr een
the spreading codes is close to zero. A data signal is nodulated with the
pn sequeRcCkerwbdisbleida Rcdiaghandatwosipocian aspppdr mineiis thg ehksic tdlephoneisgstersioggnal i s
then nodul ated with the digital spread spectrumsignal and transmtted in

dependengg R AGol RIS tSRnBACARA] um A receiver denpdul.ates the
transm ssion extracting the digital spread spectrumsignal. The transmtted

data i ¢ X ; O
Che spr oady no STl aR i hicalies oty Altabbr bR STAVEINFIE. PITIREGHANACaoN R
be . c_orrel,at.ed with a particul ar user ls'ggnal .re_l atteqm}o t he g_ia%ti cul ar
spr eadi ng"GHFE FEEEH PRaE CHRPYUEAREN FIAIG e O MCRY FHETIMWELIUER oY BequAReY

parti cul ar spreading code is_enhanced while the other sjignals for all other
users ar éivigen emiupie aecessEar FDMA LEMS MRS @BV‘BQd?%@SSCWdEBMk‘FM %8%¢a chip
and has a chip rate that is the same or faster than the data rate. The

rati o betmdepletaneesctn ESMAL eodndivisior multiptdroqess or ERMA 2ad ethess allbw asgesetadi ng
factor. To extend the possible range of values of the data signal) a synbol
i s used tthe $289 RERAInicARSAnddianfot worehhan@anyuseal These tehniymeycan bemixadiogether v
synbol s take on three and four val ues respectively. The concept of a synbol

all ows T Qreind G of uRipleiaBéeas SEREAN FoF Barmpleh Bmb dlvisuB ik opDBACH
synbol di é%ﬂéltnésh?gﬁ(ﬁfﬁngﬁ%ogﬁlug’ esahape. Dependi ng Sponmt hé"nunbgr gffrsynbol S

d I mb 1. ' | [ Jhe i ti
at e SdintaptyPorssed st iR AR oY 2R R Bl M AR

and transm,ted through the subchannel far denodul ﬁti on at _the _destination.
The spreadi ng &bgsampleCRMIPDRACASERIMUIGUEHSSED SSomittiYe 3 nEPMAishce

bet ween a desired subchannel and all othgr sgbchannels. Therefore, the
st andar d appnoschich oectsnmciahtchderatdreandwiied @ath s bbeddamddiand ésprelae spectram) r eat
all other subchannels as interference, simlar to

M
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,somewhat, anot her approach is to denodul ate all subchannel s at hyer --
4 B

interference that manifests itself in the communi cati on nedium Receivers

‘designed for this process are single-user, matched filter and RAKE

receivers. Since different subchannels do interfere with each other

The receiver can listen to all of the users transmtting at on ni ng
a decoding algorithm-for each of themin parallel. This ideology is known
as multi o816t {HONiardMé! e tsBmitetdtvaich & PseudamoRE @¢hale FhesdatS ikl its dat
performance 1 nprovenent over single-user receivers. Referring to FIG 3, a

t bl ock dj f J i US '
et oot or Tawsaed Re el offl a R ol RFRE piahdta SV b tiGlbend
ascoc! at SRR By seHgaBICRHATG. 16 BRI ALRR AHOPE B (58 SEn ol by

conversion or optical signal denodul ation for a specific comunication

‘medi a. ThE irsdependentcsibthaanale Jieir eash subchannst, @ll ethsesubshagnels apperr asdntegferanesy or

digital, contaitung the conbined spread signals of all active subchannels.
The nul tiuser SedBeiod sintsd sibehaRnelbliaigives banduddtristmined vaittch unidup sprsadingdode al i ty
of signals corresponding to each active subchannel. Al or a smaller nunber

of the tofalyUIBRr, g&&%ﬂm pattém TERNerBiRd YyOL Q6ceeBand WiRith, "BseudBLhdisel )

detectors are conputatio y i'ntensive devices perform ng nunmerous conpl ex

th ti ti d t j L (. i
cconom calyecrterAph DEsEiuld SeRhinttode 6 dricaly pIRUERRRbsonal 0 v
| i near detectors and parallel int (;brference cancel l.at.i Pl C recei v

I I n_Qr rs
have beena"fthes sushdhet thegTasscoigelptRnbesSANtE 57" c°8%’%$8§?3? f/er%sAﬁatif'g’f? 19
S E'P 2002 - conpronise appr~ ~matin~ the perfornmance of timl .
dei ~ct or sis mq Wik é@tpolsgqeieﬁ‘%ﬂ ME@‘CH‘(S&A}?Q?%R’WSS,WW ﬁﬁﬁ‘?ﬁﬁé&?ﬂ"@&ﬁf&?"é

error or MVSE detectors, zero-forcing block Linear equalizers or ZF-BLEs
and the | isktieen niRiiGlatelowithrbe digital epread spedtipmregrialand grapsmifted injdspengendeupenitheve
receivers and are soft-decision (SD) or- hard-decision (1~) based. A system
bl ock di agtmsmigfonamediifr A kdceivemndemrodaiates ithes transohissios tegtradtimg they dighalmspeaad or
asynchronous CDVA communi cation is shown in FIG 4. Data output fromthe

conmuni CaEﬁ&ﬂuH?ﬂ%ﬁh].s PG itfah6mitt8& htd &4 reﬁﬁtﬁl}xbéﬂ dHeBcodlaticn GRN PheeRlatcling pn
subchannel estimafor which estimates the inpul se response of each synbol

transm tted bf.2 WhSRRE %ﬂré’a%ir‘%%ggkaa?é‘@llthogshﬁ tb bAaHotHE HRE FeREivelSdishal &8 be

i npul se response estinmat'es alfong wth a subchannel's spreadi ng Tode to

e oS SRR R SR ki

processing b I Ve users. ect 'para of K

subchannel, users in hysi cal syste l{.near [ £ . ector. net hods
are exec ufjgﬁreaé‘sﬁris%@a rgé’%i“’éﬁ? B\%}é‘fut]arﬁgérf ‘!'Dd[il)‘l?%c 3 S{ngﬁéa,ngéf‘é’p&gﬁe %tli“ér gn”%s Rt
processors, or, DSPs and the |ike. Fixed |logic systens allow for greater
syst em sp@bathRhRseEs #eapPbPBsSsor " driven systems of fer programing
flexibility. Either inplenmentation that is responsible for the nultiuser
det ecti on per f &rnsvausefjbesceadios case B&newn as pPwr and hep g chipgatgdhat isithesamee
functions) the follow ng variables typically define the structure and
oper at i on coffaseerlthanané daxw kdte. USley raieberetavthe Ehiprathiand the shbchanmbledatzofate is the
usersltransnutters that are active in the system N~ = the nunber of chips
in a datasPlleQ@iKgfa-E&ﬁ_ nunber of chips is required since with varying
Spreading factors this nunber is a nmeasure common to all users. For the

case of Synchr GpoUSe i sodipmiihRlor VAR dritfe HeLligtl labyhis) & BLAIGS reBeRAd! ND

factor may consti ata. Therefore; e reduc to be

equal to the | argest, .spreadi ng.factor, - 002, W = e

e un R RETCnHERY VAR SherPh SEhSR ST OATIR kF 0 thike and Bgalursay |
a predefined paraneter of the system O~ ~ = the spreading factor of user
k. The spre®aFig abhesonrept 8fasimeab aliovs fQuaBERIehAegrrs plintormationy sancg ket o
spread a synbol of user:s data. A system knows the spreading factors in
advance ansnumesf ewoh syraed dicatsstunimat pulsdwbaps. | Dependingupacide nedbetatf aymbols

N,t' "~ = the nunber of synbols sent by user k. Nt~t = N1 Q"' ~ x N'"= ~
N~~ = the (sed aln dquaMRmbef ofSAiRe pslss 8Nivavdshlap@tekist. =Thdiafodmbfor( dt ThOSoIRdeiiON)
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 index variable. For

g



t he purposes of vector and matrix operations which follow, all vectors are
defined ' as colum vectors. The rt'' elenent of a'~x~ is the n~" synbo
transmtted by the k'' user. h~ = the inpul se response of the s&?channel
experienced by user k presented as a vector. This quantity neddsSkFollie
‘estimated at the receiver. The receiver's estimates of the subchannel
i npul se responses are referred to as h~k~. The elenents of the vector htk>
are typi caddv¥n&Limb X Halokeich arehhahularaidetd tratdm, aepklirbuhetharaibeaass for
variations that can be iIntroduced by the subchannel. -5 1 9 SEP zOD2 -
~~k~ = the ~t eadj ng caqde. of user k, presented as a vec:.or. For the
pur poses g?m?q%xgpam?tdf:%glgt}ondet ection) it is useful to think of vectors
contai ning the_section of the readi ng code whi ch. spreads.a ticular
synbol . Ther ef &hespreading\eeesdp amﬂ%&aé‘ﬁfﬁ%s "é%"‘l’ﬂ@z%w?“ 5 nﬁéﬁ%bva@ %hi ch
is used to spread the n'" synbol sent by the k'" user. Mathematically, it
- i's defi nedesired subchdstheland bli-othérsnbghpnnels) Therefore; the siandard,egpraach tg.dempdpigfing) |
other i) where i is the index of vector elenents. r<k> = a vector which
r epr esent sheUs&irek 'sSbcfiadridl haspbeadtobyredt el stheresubichapnele g dnterderendes siguldr to
transmtted through that user's subchannel |rt~> The vector r represents
channel Ot}ﬁ&w%mm nmﬁffé&f IYedF il URd Egnrhii@canion nedival Réderenshizsighiedofon ehis of
el'" e

data arrives. ement of the vector rt' ~ can be defined as: N k~ w
rc~) - ~dc=)-=hck)wu(z~>_ - j ' %A'K]E?éé@i%r?.n 1 n-_1J=I _ The signal
recei ved g{gcf?feargﬂééf'\‘}ﬁ' W\@fﬂ&é@%? user signals r~k~ plus noise.
Therefore, we can define the received. data Vv r 0 : T
+n. Equation 2°K&e¢ g%ﬁé"“ﬁ%&‘ﬂﬁmﬁs %’"E&ﬁ%?‘f'@lnmgﬁ’@ﬁ?geoggﬁﬁhé‘ %Jbolqﬁ% apﬁ? %‘g‘dfjced
by tthe communi cation channel. FIG, 5 fhows.a é%@téﬁmm?’@df t hod of a .prior
art | i neato demedulateall sybehaprelyat 2 ieReveEs T RorEERYT A © f18 HapsEUighs e
vectors h~k~ and the spreading codes v<k~ are used to _create a _system
transmi ssiabongedypenmsng adecoding lgorithrm £97 eacheof thempinparaliel, This ideolaayisknepmasnber s
i ndexed by two -6 1 9 S E P 2002 indexing variable: fhe matrix is
arranged iniulfuseeddadign | Moltigser detection ¢an prdvidefaisigaificint perfarmence imprakémenbeveng a
row i ndex and the second indexing vari able being a colum index. A system
transm ssisgld.@epRasesmtri x for user k is typically denoted as A~ka. The
i~"-row, n 7" -colum elenent is denoted as A "~t~ and is defined as: wcm ~
heck~vek. ~~ " 4" e Lo 16 FIGT3, a sysiemEolBat BaBrad &L Priciodrt CDMA. rbdbfrer DBAg b X

. 9~k~ correspochfgerb%g 50 %?b%’e%syfs%el ter resgronse fgr a particular synb%l sent
by user k dyring.the perjod of interest. ]

recei ved dﬁ‘ﬁﬁ“sregflgmﬁﬁ{)ﬁﬁbm'o%%eo%t‘}% af itkgggrg?da%’ @ggééeégrs?g%ggallg%g%gdes
and subchanne] inpul se res ongc&fs Theref ore

j . A~ ~~ ai N, mat ched
T o ioms A i Fgncm & Hronmgomeraoind aracipel At g e o redlich ¢

channels, analog-to-digital conversion or optical signal demodulation for a specific

~r —_—~—~

,\ communication media. The output of the receiver is a processed signal, either analog or digital,
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 suchaslinear detectors and parallel interference

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



nnO O where each vector b~~k~ has a di nension of ak~ + ~ - 1 Equation 4
+ Equation 5 19 S E P 2002 and is offset fron. .e tap of the matrix A~~kj
by 0~'~~(n-1 ). Equation 6 Since the spreading codes are not periodic over
synbol tinmes; b,t'~~* b~t'~ for i * j. The elenments of a vectbg SEpiypfz may
" be non-zero values are referred to as the support of the vector. Therefore)
b~~k~is the support of A~<i k~. Once a systemtransm ssion matrix for each

user is %éﬁ%k%se gpaé&m%ziégv%eﬁwnawai&sdp@mar 8&Rasse m&fid&ecz‘é%nmalﬁele as A

i s creat y con enatimg the systemtransm ssion matrices for all 1 the
users as

ho bel ow.. f~ = tt1' i ~_ -~ ' l Ny
accor dan CW\AQ"IH‘%‘T RRImym. meafyeAUaLs 810 ¥e nlsq%ggt,ec&oﬁsé gﬁgﬁgﬁﬁ g b(?)?%t lineat. 2n be
conpl ex nunbers. It then follows that the non-zero el ements of A can be
conpl ex requigess. or ¥ -BlEnpndthe bke PLyEcams #&Hﬁéﬁ%@%%@%ﬁﬁ% f or
a prior art multiuser detector assenbled in accordance w th Equations 4, 5)
-6 and 7 irsceiwkrs and: S5RH-2Q5%h (8D) o hardaie@isiod (HDpbased.0005; ' 20000000 ; b;
Z' 0005; 3b2' ~000000 ~b~3' 0005~ 4bi || 000000 ~b; 4' 0005~'"'b~""'b~""00000
~b~2' b~2' 001, 52 ,s33erk bldck 3R 2r4bsrict WROMaf iniltiGeP detzf00fr spndhbomous 3r 3b~"
210000 i ot 2 et oide 203(?,“, " Ifj%.‘Cb34b4! 20000 0b2240000bsg:')5b;!3bs' . 000

; 0b2 s)b; ;' Q000b4/ . 2000 ~ 0. b 0Q0pdi st BE! ;@{) ~ Oz b3
3 ooooobsafs?i'b‘((g"’%’(?tjS 968%%?°‘Hm6‘66’8‘8é%%§€¥??‘b1?1!@’?0' P%t@o Uipug gt ey c“%“b’%( 1
66, 4(1) brr71éd2i!a s;%cfﬁc?ec%v%? (as in FIG. 3) is coupled to a subchannel estimator which estimates the

impulse response of each symbol transmitted in a respective subchannel. The linear detector uses
the impulse response estimates along with a subchanne!l’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 rrﬁcroprocess-or'm
driven systems offer programming flexibility. Either impiementation that is r:a;ponsible 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 ablock of data. Therefore, N, can be reduced to be equal to

the largest spreading factor.



b3.6(2) b4, z00000b~")b(''b(') ~ 00b(Z)b(2) 0 0 0 0 06,5 07,3 b~'48.1 | be'z
~ 008, 7 04,3 64 4000000b7' 5b8' 3 ~ 000b4 50000000b8' 4 ~ 000b; 2s0000000b8" 5;
000b4; A~' ~Am PCT/ US f 1~0~~~7 2~~2 Equation 8 -9 1 9 SFP 2002 _. for two

users (k = _,) having sixteen chips in a data block (N~ = ~ 6), a channel
i npul se response |ength of four (W= 4) and a spreadi ng factoy]Spp 200he
first user of two (0~'~ = 2) and a spreading factor for the second user of

four (0~=~ =4)y, I th . S r 1.SS] r onse nmatri x
A b~ 1t~ denoq/es??%é‘%ﬁﬁﬁﬁ&épgn%éﬁng{)?h %Lﬁ% Fg%%en'ggétg]y@téeh?ﬁganﬁﬁgﬁsannel
response for the rr'"'’ ;4/%‘0% of the?{l ~" user. The received datar is
processed usi ng@eptialt wpragenacrsparametrrofhs 9518 r esponse nmatrix A which
represents a bank of matched filter responses to create a vector of

mat ched-filter outputs which is denoted asy. The matched filtering
operation is defined as y = A~ r. Equation 9 The matrix AH represents the
Hermitian (or a@frplikespradingfpes ef ader k. HEhawpteading Actof ixceqbaiittitte nambeds anspose
is defined as ~ = A~; where the over-bar denotes the operation of taking .
__a conjugate ; g t@,ﬂm SMRe { ddid e e then

mul tiplied by gﬁgﬁpg\%gﬁggﬁﬁgﬁd;&c“ veF mat r ig;(d%i.' ?h%ﬁg@ﬁggﬁ&% matrix O
represents the proecessing.whjch di I each.type of |ine
receiver. It is chfg?*."%%a‘ O?Sr"(’)?év %%§é$%%8{¢e§]t§%st@?% e%&ﬂ"lt&e PN 11
zero-forcing bl ock linear equalizer (ZF-BLE) receiver is a linear receiver
wi th an obj ect 8 matri x specified as 0 = A'~A. The m ni nrum-nmean square
error block linear equalizer (lvilviSE-BLE) receiver is a |linear receiver
with an objective matrix specified as O = AHA + ozl where a-' is the
vari'ance of the noise present on each of the synbols of the received data
vector r and t &“rrathe number ofsymtolarseatdyarsen MO =N, /@®.ri x. An identity
matrix is square and symmetric with 1's on its main di agonal and zeros
everywhere el se. The size of the identity matrix is chosen so as to nake
the addition operation valid according to the rules of l|inear algebra. For
a decorrelator (degorrelatin~ receiver)) matrix Ais sinplified by ignoring

the channel -1Qy7= ZN,M = the total number of symbols sent.
k=1

d*® = the data (information) sent by user k. The data is presented in the form ofa

vector, where a vector is an array of data indexed by a single index variable. For
the purposes of vector and matrix operations which follow, all vectors are defined
as column vectors. The 7 element of & is the 7 symbol transmitted by the k%

user,

K8 = tt;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 9. The elements
of the vector }‘7"‘) are typically complex numbers, which model both amplitude and

phase variations that can be introduced by the subchannel.



1 9 SEP 2002 _ _ responses h~') co. ,ierinQonly the spreading codes and
‘tht.. cross-correlation (interference) properties. A cross-correlation
matri x, commonly referred to as R, is generzlly constructed for
decorrelator type receivers. This matri x can be constructed by ;ﬁ n}nzg
that W-1 and h, t~~=1 in the definition of A above (i.e. the cH §§1 00
response of every subchannel is an inpulse}. Then the cross correlation
matrix Ris the objective matrix 0 as defined for the ZF-BLE receiver. A
decorrel at or ebtefhesereéing asdesofsutr-kppraseed a5fa vecroor Eoc thepueposeudft i user
detection receiver. Once the objective matrix is created, the multiuser
detector W1 ' ihO¥fliuld SeftBidnl ?Igl)s WAERIIb eliniet vattors cORiniriERe SeetieH oft he

objective matrix I's then nu ied by the matched filter output vector y

L e e ptmrne eI Fept S et YR PebbleT Bl e Bl v, The

i nversion of t I's ac conputational ly intensive
-process. The nunber of operations requiredq to rformthis process

i ncreases as tisrefinedns thef spreading pode vi¥C ‘ﬁ@cgﬁﬁpfésg?e’#ﬂmﬂﬂéfrﬁ%@ﬁchronous
CDVA receivers, the size of ‘0 is very large which nmakes the process of
inversion i npriéeserchfathemaiiatyitisdesioedasi WG T riiden(nddgehit 5 i saflitand he
conplexity oftaking the inverse ofthe objective matrix. However, these

t echni ques nayy faeali SREFCWharablsehd indexsafivectapgéments i ons. Unl i ke i near
receivers, PIC receivers do not invert the objective matrix 0. Therefore,
PIC receivers offer an alternative that is | ess conplex than |inear

mul tiuser detectors. FIG 6 shows a typical prior-art PIC receiver. The

received data ’M)e_%t ‘(F)?rﬁ ttoré wh% giﬁe%pe%nt; &eﬁk,ggﬂéﬁhﬁybﬂge fblsggapglsp hédpat ors whi ch

i ndependent |y ‘est user's su I'npu nse. The
subchannel inpul se responses . are outpu o] ta, estimaiy on_an

i nterference @é‘ﬁé@l“f'&f‘f’-‘g B‘fg(?cté%’s‘ﬁfr ﬁfﬁtbc?ﬁan@gt}?ﬁa‘&esvﬁ%— ']ﬁ eCBIVEY data for
all users in parallel. The estimated.received daia i s outpyt subchanrr el
dat a processi nejatriebetservatipnsparemiea dﬁF‘?ﬁ:é@?F"ﬁ‘@f’. °§W§?W¢B€L‘ °ft7‘§)qt% the prior
art data estimation and interference cancellation process used in PIC
receivers. ThearRVe&. Tae & alemenp piibe Hestorriian b definsdBEhannel consists of L

distinct signal paths froma given user's transmtter to a receiver due to
t he transm ssion nedia. For each pgth 19 S E P 2002 - L, the relative

3

de._~ s, anplitudes and phasegipre\gsti Fﬁ(}.ﬁr(nﬁ)e recei ver by the
subchannel estimation procesdbrs*sEﬁéi § : ﬁV&j+1For each of Eh@ation 1
di stinct paths of each user K presest in jgthe system the PIC receiver
al l 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
estimtes of the received data fromits respective user. The L data
est i mat esThokigilfré@ivedtt prtrasivef intldesslimseuggnalss*splorhcise cTheasforec wiisiamed t o
produce a conplete data estimate of the transmtted user's data. As shown
in FIG 7deffahERREDE did @ctonl ks lleWs:ni ng nethod is maxi mal ratio conbini ng
or MRC. O her conbining methodol ogies exist in the prior art and can be
used. The conbi ned data estimates are output to a synbol generation
processor which generates esti mat sympol information which is output to
the interference cancell ati on’pto s%r. THhe spreadi ng codes f(ﬁqu%ﬁ user
K and the rel ative del ays between the KL 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 estinates
are subt r ddeedctbr om Equatide2 prpessensy nissripieduceghbyctie spamyusitionshadel to t he
conbi ni ng processor to produce revised data estimtes. The revised data
estimates are gud@.sshsad stgemenanabe ofeprisedt lingtraniltusendeecest ivetwgnavddi ch
are used to produce another set of revised data estimates. In theory, the

process caf, {’r{%nﬁe@?ﬁ@%ﬁe{p@ﬁ%%&% GlYand HRWBMEding Ed¥ePIaGel 68 tolcRGudd §BRAS

term nates after hree iterations. The distinction between an SD-PI C

and an HD-PIC lies in the s ol gener,at | . . For . he
synmbol gerfEFaFHORN pFBeRSE é“a(",)'g@f getcg 5Tt %‘ gr{elﬁr(%l?i%ﬁ)?%}‘ r%gt(:?1 Prghprgﬁrgdl%(% @ewyo

deci sions made on the received synbols, for the HD-PIC, the synbol
generation circuit does not eenerate confidence information for the

recei ved synmbols. The difference refers-nly to the -12 1 9 SEP 200z

i nternal processing of the data estimation unit of the receiver. Both types
of PIC recei vers are capable of producing soft and hard deci sion synbol
estimates for further processing by the dedi cated subchannel data

o o [ 1 e . - 1 o~ -— B Y R 1



Duel -Hal l en, "A Fam |y of Miltiuser

Communi cations, vol. 43, no.
of a feed forward filter is passed th
devi ces determ ne received data for e
recei ved signal strength to | owest.

original feed forward filter output.

s The estimated data signals are,
t hrough andexizglvaibld.i [fhematrisais rranged svagianguiar gl.grrath the fiestindexieg et

Deci si on- Feedback Detectors for
* Asynchronous Code-Di vision Miltiple-Access Channel s,

| EEE Transacti ons on

2104) Part 1) 1 February 1995) pp. 421-434,
di scl oses a feedback |oop used in a nultiuser detection recei

ut put
rough deci si on devi ces. %ﬁ&sgﬁﬂmgion
ach data signal in order from highest
gassed
apleom t he

This nuxed signal is fed into the

deci si on ydRgi 8% iRGERING tHe@cdrdandering vartdblelbeimg 2 collhn indeS. i nol aai ap

~asnt| ~nw . ~zau~i ; 3E | oud E~0 wEl bEl p
ut: Loud E ~0 ?| aFEl ~0~ ~
[1~v,~ lanr aaa¥vt sy—f@i%s%l&%atgé&@ns

- ~wal s~Cs yoi ~munwwo ~Q- UE | oyd,

~s~Cs ToROHTIEAMET 500G HE3E Ay
pat~i ~dults t: st t y~ SJt~1~iQ ~i.L
pai ca~a~d aqi, | o uonduasap papE~ap j
of | ua~ddE awoaagq mmn poq-~ mupug_wEEi
sat ~l p ~suoyE~ndwoa pannbdtissal™ q

wal s~Cs ianraoal ~Id t:
st Il "aoE, ~alut yy~QO s | ano sp;u~ts
poel ~am pue ui al s~Cs E apyoid o~ not;
" ~C ~mpl oooy ~al ognn E s>r laucri:qaq
asl ndwc agl sah:wtisa santaaal a~ ~sq

~dl - i k
5 i S L e Bl s

s

"(~O~q t: sr c yl~ lolaa~ap | asnyl nm

Prhe ¥y, W
dwts a st '~13

~aol g pat~ddys a si z yl3

| oud ego WEl aEt p xaol g

30 I ~1A, LdR ~S3Q 33Ri g ' | uawt pogwa
nut peal ~a~e ue agl mpa~lr~s asotl~
E@E) t4,mn30 sa~el uEnp' ~ puk s~af qo
~El hpaE | ahrara ~mst ~ [Rydhéon PUE

ap~noi d olfgqc~uann1~uasa~d a4l , 10 ioafgo saql oui;

~0 ~Cul el n~d a ~npooap pus ~mMmaaal ,lo
uanut ~uasald aqgl,lo iaafqo uE sr ~c
ns uakEa ~o acl sual aESeqa asuodsai

~Ed ~uc~.stp p?sanas30 sistsuoa

~auusqgaqns  qabg,dhebhinfiCditiesSiratkie U Rrredpands6 azyindhed fit@respons! far s patitulara~ 30

sl apoui p:u8ts pancaaar sasn ~ancaaal
s(dquLfs

.nd~no._a~ wot .Sk ~as g
Sal'| aoue b oboy ¥ F Bl e el of
~0ssaaoi d not; E~-ndwoo a~-pyasa~ i Uk
si anr aoas’ 15duatched tg a,pgmbpatign gﬂﬁﬂ\ﬁf‘
BupEl a~r ooap asudwoa ssazypnba |
~Erl~ 01 Ihﬁe@se,%\{%@t%ﬁﬁd?a‘%{ﬁ
astndwi saanpal | Eql panasald st poc~
aoual a, ~a~ut ~a~~e~d y N'T. L1~I 3Al ~I |
-91 siossaoo~d snouEn at~i,~0 suououn
paxg oucsn ~ 1 uonuanuc at~1 ~uawa( dy]
suonEi ado tui Ew pus roman snouEn uuo-
s~o0ossaao~d 30 ~Cttlemd E sasudwoa ~—
uol oan Jndlno ue 30 wro3 ar~i uc .r
goea 103 t~,~7 t'"I Ep iasn ~uril ndino
~asn aal 3 aoual a~al ur i 3ucl EJaiJaa’ 1.03
uot| Ewrlsa Ei Ep a ~d xui > w asubdsal
i{ot;a 103 c~,tsl salt:w]lsa asuodsal
~0ssaaol d uouEwti sa ~auuEqo ~ " j awkEqo
ar~i autur>auoo .r ~olaan induc ut:~o
y paunusuESl x ssasn tp; wok Ei ~p ~uu

ﬁ@%sRéf’éﬁiﬁ

Ui
L e

add aq,l, vallg -pagalem>r ~o

BAEKRDFIGSE Yhe 1dc PR data
no aql ~uya~oa | 03 dool xaEqgpaa~

sasudwo, uot] uanu~ agZ '.axtl ag~ pus
prE el 81 3iBligand Mpu ¥ikspcltls |
~a0~g ~sSl az~l enhg,i Eau 00~Q M pasn
 The e g duiae o the S8 adon

aui pug cual s~Cs | antaoal aot~Bl ~a~uea
~i.L 30 ~~i "d1~'"~I11S zooa ~ ~ s s ~

3 at~i oucno~ad sds4 pus s~CH JE al ga

[ gCt; rju siuawt pogqwa ai EUi al[y

ad yoijgn~ ~Gowaw | E~al ej j o0 ~urn~q

~a~| doueo aoua~a-~ai ut ia~(El >?d ag~
~b~p (fauuec(o pancaaal ayl wo.q ~ | asn
~0, | | ndino u>; put: t~.~J gl>p

hi oi a ~ur (gwass2Egudtidnaisn
~enp~ni pur ~urnuap ~o~ |
asn gakEa wok t:|zp paut qwoo

Z

| ayaoai agqZ yauuEga yy~QO uowoo E ian
“uotidaaai ia~ ~~unoaiap .ro3 uotluan
uouE~aau~a aouasauaiuc (a(lEt;d E st
siuawa(a a~r~ iuasa~dal s~ESawnu axtt
aauasa3as yl ~nn paquosap aqg | ynn siua

uo~ gt~ ut awu30 :(00~q iaa,rasrp E
Ui 3 61 | ndut uE sasudwoa ~

b ~urid rwsuEii siasn3o ~Ci r(~In-d E

ut iuasaid aqi 30 ~I sancaaai

g 'A,3 ur unnot~S ~inot{onolr~i
al agM sal n~g 8urnnE.rp agl 01
tucpogwa aq~ |~ OLLI ~I 3At~ ALL 30

| ~I OLL~i ~S3Q B' 1| ~' 13Q wor |l uanur iuasa~d agl 30 | ancaaal O d uorsraap-Los
~aurl -uou B30 wWEi oEtp ~aoigq wais~Cs ~ sr | | 'O3
where each vector b,:"" has a dimension of
oM+ W-1, Equation 5



uocl uanuc luasa~d aqgi 30'lancaoal O d uorsroap-p~q a 30 unB~rp xoo(q

"cuai s~Cs B sc pT 'O~ wotiuanur |uasaid ayl 30 | ancaaai ~ld uorsroap-Los
sEaur~ E 30 cu~i ~nmp xao(q waists $ sr 6 ' A 3 vocirsanc~r icrasald a~ 30

| ancaaa~ O d t? 30 wgcascp x00~q wai s~(s t: sc g y~ ~ossaool d gQfp fpp aoc~o
aar ~ai a~ai ur pus uorxewzi sa slap ~Id ~ Loud E 30 w~.taErp xaolq wal s~Cs ~

sr ~'~13 3? "~~al Od uE Loud E 30 wEl oscp ~0o0~g wa-- ~s ~ st g 'a3 zZQ4d
d3S 6 L 3l d er Isers Ii and the spreading factor
rﬁf‘m%.A_". %E? are known a priori by a teaching

. 1.9 SEP 2002 The t ot
Q-t ~ fyid igofiset figne € f4p Q_JJ%EC
transm ssion or by pre-| oadi nngk)nt? the PIC receiver 17. After .
derodul ation, the received sigdal? )s input 19 to the chann&fUE¥niGmt or
processor 21 where individual k subchannel inpulse response estinates are
nodel ed 27 as vectors h~x~ to correct inter-synbol interference or 1Sl
caused by a subchannel's own synbols and MAI caused by synbols from ot her
" user’ ssisUnab ey dolks Ak hotpRAGIY 6krdanbol @R ™ » HPhfr i RYli Thelelaherts
subchannel 1 nmpul s€ response estimates h~x~ are input to a first nmenmory 29
where jd& J hi ned, W ' j (o) 3)
creat idnftga Jﬁag §§F’1§W§ g?\'%& hzsegél]\garll&?g% 63%‘2&9 g)sat% :ilﬂrfegsta gﬁ dr?rg(t)f?t?g@eﬁ(dfw T %frBFEt hat
user. Gh systemt sm ssion response estimate matrix A'~t~ is output to
a secoﬁ@‘ﬁ@?ﬁl‘gp%‘loéﬁg’re a total systemtransmission response matrix Ais
assenbl ed. The total systemtransmi ssion response matrix A is conprised of
al | syst em OnegrasTyhiem) rnshisHon Hatrx dQT3AR uses & reatede ar‘rﬁ‘é\[ YSERLYRASMISSIOR Equat i on
7). The total systemtransm ssion response matrix A contains "_ joint
i nf or nEspanse @iy deadted as 4 islieeated by ¢rNGRIENNNE thegystern yransmissipamayrces fagaBmi t ter s
and lcontai ns informati on about any possi bl e cross-channel and inter-synbol
i nt er f the @B&re aPdhosAelowd t he received data signal r. The total system
transm ssion response matrix Ais output to the data detection and
interference canceller 23 which perforns an estimation of transmitted data
based on the received data vector r. The data detection processor 23
esti mates subchannel data nbol g,,and o@ uts a received data vector d~x-~
to per-subchannel propﬁeﬁ[%ﬁ,.uqb‘?s)ﬁﬁ,fl 3_1) 333) ... 33~ gdltggticgﬁ
interleavers, Viterbi decoders, and the |ike. The data estination and
interference canceller 23 is shown in FIG 9. The data detection processor
23 is conprised of a matched-filter 35 which match-filters the in@gt'lg‘
dat a vect or Lracgerganesiwith priog at madulaionigeiniguss.fthe glerpensy @it cappbegamptedter 37
for renoving feedback interference ¢ -17 1 9 SEP 2002 fromthe:
mat cheourabdrer It Bfendfollqus that the whinFzeca elpmenss plof eanche complexinumbe38 for deri vi ng
estimates of the user data dt'~~, an iteration counterlswitch 41) a
f eedback i nparkensional pysemesannisdan espbnae wywmi dl forpeprenr attanltiiBsef detecaasenbl i ng
synbols fi omthe estimated user data dtx> To obtain user data dt~~ for a
speci f hzembRE if {RBdRAR B ARGhsUS6r6 et Bisr, the user data r nust be
filtered using a matched-filter 35 or the |like. One know edgeable in this
art recognizes that a matched-filter 35 requires a response characteristic
whose el enents are conpl ex conjugates of the conbination of the spread
pul se shape and the user's subchannel inpul se response to produce an out put
with a level representative of the signal prior to transm ssion. Signals r
input 19 to the filter 35 which do not match with a given response
characteristic produce a |l ower output. The matched-filter 35 is sinmlar to
the matched-filtering operations perforned by linear nultiuser receivers.
The matched-filter 35 operation is described by Equation 9 unlike the

3
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vector output by the direct interference canceller 39, 4

ynbol esti-ates
or the m-

=Tcl (m 1) Equation 11
interference canceller 39 perforns a nultiplication of the

matrix S and the

f eedback interference processor 43 perfornms a nmultiplication of the synbol

estimates d by a matrix T. The initial

inthis art recogni zes that other initial

condition of d(m

is 0. One skilled

conditions can be chosen w t hout

significantly affecting the operation of the system The output of the

di rect
iteration

interference canceller 39 is the vector d(n) after the | ast



m. As in prior art parallel interference cancellation receivers, this
output is processed by the final output synbol generator 4~ which produces
hard or soft-decision information on the output symbol estimate f Sgpaﬁ |ng
on the systemrequirenents. Dependi ng upon the nunber of iterat d
performed by the present invention 17) the output of the data estimation
and interference canceller d(m can be witten as d (m _ (ST +1 )-1 9S8y +

-1 ST ST | t t
s, s byt dseps (=1 agohnd Yol i e B (118 & iy BieRlse sBRen 2
1 STj"~1 (ST + | 1 14 Th .
((:(r;?weréeslznr;@é Dﬁbusmé(ad?a@caaipéﬂﬂ@géﬁﬂ%g LE’ ferﬁgusF %fﬁg’i%ég'%)E é)s%’glr?\slsg‘te&é'ﬂgoaches

zero as the nunber of iterations increase. Wen this occurs) the receiver
17 converfgesr fop thetecond aseyf fua(@” medpbriberegiliaatioral smmrmms;@n respense
steady-state response of prior art linear receivers such as ZF-BLE, »

MVSE- BLE 42Q ® |@héht deteeombingdystem and ehinneldespong fohd

Equat i on r']ﬂ.%{:lw{?é(raé [c)h?%tg%tﬁngebj ective matri x. Referring bac?st o Equations 13
and 15; {yg{ga%étg ?. and T are selected such that (ST +n"'S=0" and if
t he recei efi & by Equations 10 and 11 converges) it will converge

to the linear receiver defi.ned b bra
requires that The geeved dgig ’H%li?@c lﬁ;’"ﬁ%)%t%%@é%ﬂ%b“ﬁéggr lr’J‘?'Jels(El %%9 rrust
satisfy the followi ng identit O=T +S 1 uation 16 Ea her nélhan havi ng t

i nvert  t hehighfepeesentea harkrdf maty) et@ftﬁﬁt’ ?sB?Psisé° feadvegior ebmptghedailier PYPEIS nt o
two discrete matrices, T and S'. Matrix T defines the feedback

i nt er f er ewhieh prdeneted as y.4Bhe mchedﬂt@f(&%mﬁﬂﬂ/étds@eéﬁs matrix S-') defines the
dirett interference canceller 39. The present invention 17 replaces the
inversion of matrix Ow th an inversiopt#qQf another matrix (S ') and a
series of matrix multiplications %’tb@ fleedback | oop. An advduaben df the
present invention 17 lies in the fact that matrix S ' requires
significantly | ess corrpl exity to invert than the original objective matrix

O For exanpl ey, (RLLL X (R tpﬂ—l HiBERR BB tahsf e BRIt rachtk 4D RN~ 2€r 0

entries only o a ona The inversi on of  a diagonal matrix only
i nvol ves the |nver5|on of each i ndi vi dual el enent Iylng on the main

di agonal . _-21 19 SEPZ2 T7sh n eros. ng the
two for nuf‘léf‘?‘b‘ﬁ%“é‘isl’ﬁsét‘? ??f‘é%doals éﬁd '@ %frﬁq'quﬁ'a{ ?%%e%ge“ éca:tf"fnl rcz:lg ?ké 't or
a general PICreceiver is created. Gven a |linear recei ver wth an

obj ective mativc 0, matrix
aconjugate ofa complex number. The matched filter outputs are then multxphed by the inverse of

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 = 4¥4. 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 J 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), matnx 4 is simplified by ignoring the channel

-10-



Sis defined as =di a g~ ~ ~ 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 elenments of the matrix are equal to zero. Using Equation 16
‘and solving for matrix T yields 1 Equation 18 Since the directi8rE&iBrence
cancel ler 39 perforns the multiplication of z(m) by matrix S (which is the
i nverse of diag(O), the canceller 39 perfornms a scaling of -each

i ndi vi dua nt. of e ) ri ULt phil e ad d(m
e b R e R s e L G
the interference ﬁor’g)onents“ A receiver onfaieai ngsré’gi S a[rﬂ%hi tecture.is

r ef er r edt BIOREMISH A ALTISEICOTTRIRUAT BATK COMIUMDET LHE &y S BERSFRY Eepstryfted for
interference cancellation in the feedback or a PICGfl receiver. For a

syst em t hd¢correlptontyns receiverso-Thisraatriy canelerfanstaIied by assuming that ' rhand Adbmhier ge
to the ZF-BLE linear receiver. The ZF-PIC-fi of the present invention 17
"uses the #e-dBEREtLORNbEL bote (L@ tiHe chafletrespdhse dfleeerg futrchinnekis an impalss). dhen thear e
defined as S 1=di ag(AHA) and Equation |9 -22 1 s s~ Zoo2 cr~nvls What is

clai med i $rosd codBlakdht MhHR e RGRe ©BREMe! Ritrik TV ks Echined! $6 the ZF-BIEE fdc¥ikr. t Rat
separates recelved comunication signals (r) froma plurality of

t itt CDVA i f ' AYE [ j

(k) AR Brirtiesath Bl igfes REA Bt bkidlr BRI NS
RIS eomprT ST g: |

il so. 1 S RSE RO AR HEREhyha BHELI CHaPaFgveer e el PealelgI e d-k-) )

said i npul se response estinmates coupled to a data estimtion and

i nterference cdheuverse of thephieasivieanata iy theamultpiedby the anatched Altesoutpup vector
cancel ler (23) is characterized by: a matched-filter (35) coupled to the
comuni capitorpredugpe astim4tey ofathe detd Ybctanahwhdre déastimate) &0 br oCkesigwersion of theut put
(A) for outputting estimtes of the desired signals with selective signals
(y) to a fobjestive(mitrik Opigta complex seompatatioBallyintemsive psenese r THedbjnberaofiopgrations
output (z(m)) coupled to a direct interference canceller (39); said direct

i nterfer eneRieans gkidin Mz ProQlds RitrddstitasIhabitd of SHe iR EXhe!fait @ TFoF st
matrix multiplication of the plurality of desired signals (d(m) to an

i nput of q%}{,jc%,x}rfg%%moggﬁ@{rsdQﬁie @'islvér?ﬁ&getm& ﬁ%aw(frécﬂeks in%}?’)s%d;ﬂgsgi g

first outp couple eedback T nterference processor

feedback i.nterference .processor. (4 ' i f nce, estinates -
(c(m) of ‘?’H@cg%al%@c&ﬁ)ﬁ“%b‘ﬁéﬂgs}m%% Joe B rBEL %hﬁga“{’ﬂ%% otk e YA Uea7)
and said interference_estinates {_’% n)% supt.ract edbie(r)%m sai d tched-filter
(35) out pPIEEyye PamxnHiomev e s HINBET T2Y PeMRIIcBrRoloRh sUPe PRYRURRr eby
said iteration counter (41) outé)ut s, said estimat eg_ of the desired signals
{d(m) as the piniikalineayresgives®i egeixsrgAanatinven sepbjestivermatrix ¢+ Eherelpre

cancel l er (17) according to claiml, wherein said channel -23 19 SEf’
2002 est i matdiens pifaeessonat{va that isdessicpmplek then Gicar awltisérdstecioys. FGe hahoved
estimator (27) coupled to the conmunication signals (r) for outputting

channel  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 subchanne! 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
1s 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, Thé: 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-



inmpul se response estimates (h~k~) for the plurality of desired signals
(dtk~), said channel estimator (27) coupled to a systemresponse matri x
assenbler (29); said systemresponse matrix assenbler (29) outputting
system response matrices (At"~tk~) for the plurality of desirF§ ?h%@ﬁls
(dtki); and said systemresponse matrices (A~"~~k~) assenbl ed é t ot al
systemresponse matrix (A) output. 3. The interference canceller (17)

according to claim 1 further characterized by said,direct interferenc
cancel | erL,(t39yelatiey iJérF“Hg’f‘fdrc?éG“‘gi}haé?f Y ﬁ%‘i”?ﬁ‘?@&&" ¥ o A téye{ﬁ‘ﬁéﬁt?fha““e
interference processor (43) operation defined by a T matrix related by
0=~' ~S 1 estimatiomproceszorEsticsvnen FbG; & dior eachefithak distiaet paths ofieash user K pegsertiin
structure produced using the total systemresponse matrix (A). 4. The

i nterferefieeycan G PRT refeivar af6&Ms Qi degpréddecmatchedlo ithy spaeific eduriofs repectiod by
the objective nmatrix O being derived by nmultiplying a hernetian of the

‘total systemr onse natrj t X4 (A)
5. The | reel P R i geky of iy pa TReRES n SURIRT, SRR okt
characterjzed by said matrix S defiped ars -24 S = (di ag(0))-1.and.said
Mt T ot dewraserbiy Each degpraper prefudes ey o7 he SEVEY btk RS i
cancel l er (17) according to claim5_fuyther characterizing,said objective
matrix O reemncgs;enW-nahang&té)t#téiP%}Fﬁ&fh{“%’dk‘“IH’-R’ééﬁ? thgtagne YsEY's subchapgigl are
interference canceller (17) according to claim5 further characterizing

sai d obj ecérhbiredmdiprdducn tapplesdatiestynate of the wansmittedusertpdatee Asrshown in FIG.

bl ock.linear equalizer. 8. The interference canceller (17) according to
claimb5 fV',rtfxé"@c{mrﬁ&?ﬁrf%?%ﬁ%ﬁlbiﬁgg?n'é!h@d%mﬁﬁﬁdmﬁowﬁﬁihMngmﬁthd?@&nﬁﬁinQ = AH
A ere A1s a total systemrésponse matrix. 9. The interference canceller

(17) acc Ot diol el AL Be bUOI Hfing CUPSARKE THCrhines bl clithdlobrblBldifed

such that ™ rence cance per
inter synbol interference (I1Sn, of each selectjve,si.gnal and .sai.d trix T
dof | neq s acmie|genection resstiBatReh RTErF s A L BLEE e i SR o
mul ti-access interference (MAI) contributed to each selective signal by
sai d desi tedntgrigieaescapiepllationprogessorThe i nterference canceller (17) according
to claim3 further characterized by a hard deci sion s&nbol ggnerator (49)
coupl ed bet weefhs aprelading sidepfor path ysan & rndthegaladve delaya bpieen tedilepatiary and
sai d feedback interference processor (43) input producing hard decisions on
sai d desikneehn 5y thaadtefaticarimeslidtioh pracessyr. The fnformafion ihused totpeoduse esticmtes
cancel ler (17) according to claim 10 further charactel Ti ~e~~y~~~i matrix S
defined agfheintedbratde@hatedchaRer’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 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



said matrix T defined as T = 0 - diag(O 12. The interference canceller
(17) according to claim3 further characterized by said matrix S defined
such that said direct interference canceller (39) perforns cancellation of
inters synbol interference (1Sn of each selective signal and 5%iSGPa#llri x ~
defined such that said feedback interference processor (43) conputes

mul ti-acce \nterfere : t a } si.gnal by

sai d desi ?HZ%nAsli%@ cg%s%g(ogil?ej(j%ﬁsk@?@ @l#%}gcﬁFéec?vecgcg&ggﬁJggﬁ te,frter(cie) 2 &Cor di ng
to claim3 further characterized by a non-linear soft decision_ synbol

2ener at or <{P3Blp of prgsiusias sett\iad hardfegision symbe) sstmatey for Ayrther peogessing bt tei on
counter- (41) and said feedback interference processor (43) input producing
non- | i neadedicatdd sibehasned dsta procesaom see indtiGs i6g Tals igshtowmen E$G( Wbyplacing4. The
interference canceller ( 17) according to claim13 further characterized by
sai d mat I Xl Sufhef daReGmel n&afo@f&%@r@ﬁtﬁé tiRITrhabrRtdhvarphipht ahddedyivaeskigen T = O
- diag(O. -26 9 S~ P 2002 _ 5. The interference canceller ( 17)
according.to .c|ai fur r _char .jzed by said matrix S defined such

t hat sai dfraﬁrtgicltnkcl%l%g‘?t §¥r}g€°‘§gﬂ}§gﬂﬂlg§?#§{¢(39) perfornms cancel |l ati on of

i ntersynbol interferenc | Sl] of e sel ective .si,gnal. and said trix T
o et Such  ABImMERR PR CR L Rl BPENGE BB LR A5 R mpdpiaas

mul ti-access interference (MAI) contributed to_each selective signal by

sai d desi isadeds PaigaarsPiCGreceiyers asgumerthat epgiysubghanneheqnsists o€ & Hiseretepaths that ther di ng
to claim15 further characterized by said matrix S defined as _, Aa>H Aa> O
S Ack~x Athnsméitdd skghalundergoes in it trangmissiommedia. XTHE sdpdrativadf the dEspieddlirg-and17. A
mathgd (17) for separating received signals (r) froma plurality of

transm t t ehisnélvstciin Lot d bl ake comtining ppdcdssal)i dpgradbnsdissthe eebultiagrhiss
(dc~~)) characterized by the steps of: -27 a) creating a total system

response pRbmpXér) HoweWer APidtdierc@ffiabee Wigl tHifkasmptiod tan bhgntdmeer fecei ved
signals (r); b) filtering the received signals (r) with said total system

response pRifdrenct MsuRfn@idnh Roh-631dgBRAREs A tht B AleRd {e§fenit ARS céﬁ’iutngnlelot al

sel ective signals (y); c) producing an objective nmatrix O using the f
SYStem [ eqAQNS S ALl todedd imefhlec AR KL 1PN RAIBLd Yor LR IRE ARGl ©
matrix G e) deriving a matrix fromsald objective matrix Q scal i ng
said filter_out ut% s, desired signal i mat é )..b rrulti.}ingby
st d i rmore VeRbls bl Sk Rabf e Sp@REhe ST rRhuut Sle bRt it ins] 1P g
sai d scal ed_out put (ché ‘% : sfai dﬂ{rat ra'éx T; .h‘l)).subtracti ng, z(vrrjc%i‘sai d
i nt er f er e ATBTUEEFHARDANL( A TP SEY COTIRHEP ISP FPMEPRY FPVECSIPRY sai d
filter output mnus said interference estimtes gz( a gﬁisired si gnal
esti mates s?‘ﬁ?‘?ﬁ')‘e’ﬁiycr}?ﬁf’f]isbll% GRgIiRPIER IOLRNENAMENPT Seteged asré‘ﬁ A fingy efedps g)
through i) for _miterations; and ..
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 mode! of a linear multiuser detector is desired.

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

Detection in Code-Division Multiple-Access Chanels," IEEE Transactions on Vehicular
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k) outputting said desired signal estimates (d(m) as the plurality of
desired signals (d~'"~) 18. The nethod (17) according to claim 17 wherein
step d) is further characterized by said matrix S defined as _ %h:
(diag(D))'1 and step e) is further characterized by said mat ri A Iokfedlhed ..
as T=O-di ag(O -28 19 SEP2D02 19. The nethod (17) according to claim
17 wher ei Yvah Suof UL thar CHEe Mg k i j; iye
'Tc&ﬁ‘c?f&gg, vol. %45, 15! f?ol}{glpg%%bfﬁ 276 9§7,Qﬂscﬁ§9@u%fd?9et§@ddﬁ1@9éfﬁg§. rrét Hod

matrix O represénts a zero- ock |1 near eq I zer. 2

(17) according to claim1 ner ej teps .f),and re . furt.her

char act er Feféldgqﬂ}grﬂﬁf‘qvmwzgr\éﬁg °ﬁ§ﬁM§f‘x BT 13 PFé?Qdé%oﬁgr%”éW%b“gdB?‘?Wrm
cancel l ation of inter synbol interference (I1SI] of each selective signa
and def i nfilier. shn gutpnt of she vhiigning thpsghed Silter ispepigd ithaypgh mt whitepingnidléere Skhenat es
conputes multi-access interference (MAI] contributed to each sel ective

si gnal by wakfbddeal [sadaled gidalassed thirdugh a feedbaaR ddop\teteyove? 2ata dhiae derh bigrald. 17)
according to claim?2l1 wherein step ¢c) is further characterized by said

obj ective ! o f } |l inear equalizer. 23.
The et hoa e R e et | T ther
characterized i,BG: hal =y [ [ I | mat es
(d(my. 24 THEPQRBRAAS WIS HEALERS A-RlpIyHED ok in 3 iUAF Btk
further characterjzed by sajd matrix S defined as S = (diag(0).)- d step
e) is fur 98V hgs%t @F%&‘é‘i&l{f?}%%aﬁ"’a“%’tsr i°§“'i‘°e‘d8\?lf“h &P °Sr“g=é Eg&m%?“: T0) .
25. The method (17) according to clajm 23 wherein step c) is further,

char act er irersanifisd daga sisnsly datericranceanqdeled frogpihe setimaiedichapnel Pplse E5SRRNSES 5ck

| i near equalizer. -29 19 SE 1" 2002 - 26. The method (17) according to
cl ai m 23 viteretedirotmahe rereived signat foensedhjnintdeectionenf thedatzsighalsbj ecti ve matri x
O represents a mni num nean square error block |inear equalizer. 27. The
met hod (17) acDo¢ldiabignt'® EdnailynofMuliher Biecisist-Fpaibhjk Rerectors far Asynahrtohears
characterized by defining said matrix S such that said scaling perforns
cancel | at iCoBe-Dividitt BRI AtcebsTHanhdy, TBEE TrdnSdclions ondedineda@iohsd, vél. 43, ghlal  and
defining said matrix T such that said conmputing interference estinmates

conput es it ParfqC e Febiultyerdos! B e 1 UbMNisaty b BeEdBAtkt 8oL a5 Be ARltu&
signal by sald desired signals (d~x~), respectively. 28. The nmethod (17)

on- 11 noarSaRr TRkt AREUEUTEER Bl g g e R Al s PR
Char act er F5S5 S5 P Rel e REMEL B Folh BHP Rl o B0 B ible i

et i ning S Srenef] SV PhER-EATS st anfre RRGRDFuRiL e hRS, ™
comutes HiLkageens | DLELLELRgh (Nl GONCHLDUGEL 48,20 SELShYC

si gnal by C respe

AL, Al . A A3l . A E. A AU AY(Y2. AhF?. ALE. A A Anl n. A@. Al ;
A Ans. AI‘_S{fl.eNi‘.‘%W,‘@ﬁs‘?‘.‘ ROl xR TRt oot &
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VS3} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cPa! sl _X1] x5c" D} xsnid_YV] ca] ca] ca] ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]caJca]c
*a] ca] cal / 19 SEP 2002

IM I ptzn " Gi##SI#S SASFSLIRISS~xsmhb] Whi d_YV] ca] caV] ca] caV] ca] caV] ca
] caV] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
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al caV]

c$aV] ca] ca] ca] caV] ca] caV] ca] ca] caV] ca] ca] ca| ca\/(]ic caj] calca] ca] ca] ca] ca
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A))))))B***X+ +n++,,,,, . b.r.v. z. I #1t1{/000{vqgl fa\W] ca] ca] caV]ca] ca] ca

1 ca] ca] cahg lﬂl&@lE;ﬁﬁkﬂ ﬁ&]’f@ﬁh@ea]sﬁ@]aﬁﬁddéh¢m§ ceztive] sighCsihitaltc eac ajedaq blaticaV] ca]
ca] ca] ca! OIMLT1E2L2X2[ 2222222

"33*373_3 3 \ cajc
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a] ca33333333333333334<4@N4S4e4i 4u4v4 4 44%4ﬁ4| g . f a\ ca] caV]c
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ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] caV] ca] ca] ca] ca] ca] cal] ca] cal] c
a] cal] ca canceller. The m iterative process removes interferers from the outpuit symbals of a matched-
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- 10- u$&910% u§1E) 3Ha system block diagram of a PIC receiver of the present invention.

FIG. 9 is a system block diagram of  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. 11is a system 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 figures where like

numerals represent like elements throughout.

Shown in FIG. 8is 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  containing the combined data from each user’s subchannel,

a channel estimation processor 21 for deriving individual impulse response estimates B® 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 4 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 matnx 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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10% u& ()-! P&610%IU& ()-0&610% E& ()-!O0L# 10% ) & ()- !L# 10%!& ()-

.1 #/ 00gEC 10- u! z#10%& ()-! Y&109%KK& () -z, # 10%& ()-!{
SI 109" & () - MBYYL09%& ()- 10-u 10- u0011E2l 2J2K2L2}~ASH= 10-u 10 10 10<
109& ()-! , $10%{& ()-.,!, $109% ()-,  SI10% ()-10% ()-L2X2[ ﬁ/egzg_ﬁ,e@ dESH=
10-u 10FF10% h& ()- FF10% h& ()- FF10% h& ()- FF10% hé& () - 10%
h& ()-g2i 2k2n2v2x2z2eFSH=  10-u 10FF10% h& ()- FF10% h& () - FFlO% h& () -

FF10% hé&' & (g5 kFaRd O%sbdading fagidt @), 2822 = 1, 4.0- UFFEORAIWR
FFL0% ha&: ?% %%%Ph&' %‘)"‘Mﬁagfms Faldd%i he: E)Q}' 222%’55’3&# 10 jti%FFlO% 0

h& ()- a priori by a teaching transmission or by pre-loading into the PIC receiver 17.

After demodulation, the received signal 7is input 19 to the channel estimator processor 21
where individual k subchannel impulse response estimates are modeled 27 as vectors k® to
correct inter-symbol interfcrlelnce or ISI caused by a subchannel’s own symbols and MAI caused
by symbols from other user’s subchannels for all received data signals. The individual &
subchannel impulse response estimates #® are input to a first memory 29 whese 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 A4 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 4 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 4 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,, ... 33y 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 compi'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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h& () - AFHHe Bitdhbd-nftEB3YutySt f, X direct interference cancener 38 for deriving estimates of the

user data & an iteration counter/switch 41, a feedback interference processor 43 and a symbal
generator 45 for assembling symbols from the estimated user data .

To obtain user data &® for a specific user from the combined user data r, 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 im;.;\;lse 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 charactcn'st‘ic 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. Theinput userdata

ris matched to the spreading code ¥ and the subchannelimpulse response h® for each particular
subchannel k. Each element of the matched-filter 35 output vector y is a first rouﬂgh 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 response matrix 4 to produce the matched-filter output vector y. Each element of
output vector y corresponds toa 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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matched-filter 35 output vector y. The operation may be a scaling operation or a more complex

operation. The partial interference canceled vector y 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 vectory. The result zisthe 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 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 m iteration receiver. For example,
if m = 2, the PIC receiver 17 has repeated the cancellation process twice. With c(in) 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,

d (m)=3S (y—c(m)) and Equation 10

E(m)=Td(m-1)

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 parallel interference cancellation receivers, this output is processed by the final
output symbol generator 45 which produces hard or soft-decision information on the output
symbo] 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 \;/rittcn as
A(m) =(ST+ Iy Sy+D)(ST™ (ST +1 )'IS" Equation 12
where the steady-state response is, -
dss = (S T+1 )—1 Sy " - Equatic;n 13
and the transient response is,

d.(m)=(=)"(ST™(ST+1)"Sp. Equation 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 +
'S = 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 O. Linear algebra requires that in order to

have (ST + I)"}S = 07, matrices §, T, and O must satisfy the following identity:
-1
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 S™. Matrix T defines the feedback intcrfcrcn;:c processor 43.
Matrix S (the inverse of matrix S) defines the direct interference canceller 39. The preécnt
invention 17 replaces the inversion of matrix O with an inversion of another matrix (S) and a
series of matrix multiplications in the feedback loop.

An advantage of the present invention 17 lies in the fact that matrix S requires
significantly less complexity to invert than the original objective matrix 0. For example, matrix
S may be a diagonal matrix (a matrix with non-iero 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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h& () F'?%roa/gocggfal(f)lc rc'f:'g%/(e)r{ns Qr%atgc] Gi'\im"::t]lzic]lig)egrgfe&)x ver with an objective matrix O, matrix
S is defined as

§$7 =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(rmn) by matrix -
S (which is the inverse of diag(0)), the canceller 39 performs a scaling of -each individual
element of the v-cctor Z(m). The matrix multiplication of d(m) with matrix T performed in the
feedback interference processor 43 computes the interference components. A receiver containing
this architecture is referred 1o as a parallel interference cancellation receiver with full interference
cancellation in the feedback or a PIC-f1 receiver.

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

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

s~ =diag(AHA) and Equation 19
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1. An interference canceller (17) for use in a receiver that separates received
communication signals (r) from a plurality of transmitters over a CDMA interface into a plurality
of desired signals (d*), 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 (&), 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 (#) and said channel
estimation processor (21) output (4) 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 gsing a first ma}rix
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 (¢(rm)) 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 (d®).

2. The interference canceller (17) according to claim 1, wherein said channel
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0 1rnpu(isc resl(x)msc estimates (}ﬁ(*)) fz)r the plura{ty o%dcsn‘cd signals (d*), said channel estimator

(27) coupled to a system response matrix assembler (29);

said system response matrix assembler (29) outputting system response matrices (4,)
for the plurality of desired signals (¢*'); 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+S"

where matrix O is 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 matrix O being derived by multiplying a hermetian of the total system response matrix

(AH) to the total system response matrix (A).

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

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

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 matrix O is defined as O = A" A, where A is a total system rcspoﬁsc matrix.

9. The interference canceller (17) according to claim 3 further ci1ara_ctcrizcd by‘sa.id
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 interference 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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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 6utp11t (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, The interference 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(0).
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said matrix T defined as

T=A%A-S

17. A method (17) for separating received signals (r) from a plurality of transmitters

over a CDMA 1nterface into a plurality of desired signals (&), characterized by the steps of:
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i) scaling said filter output minus said interference estimates (z(m)) as desired signal
estimates (d(m)j 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 plurality of desired signals (&©).

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

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

T = O - diag(0).

_28-



I & ()- f10%! & ()- 910%! & ()-ai"\e|[:bWil0 Oyf '10%! & ()-Z @0% !
& ()- 110%! & ()- 10%! & ()- 10%! & ()- 310%! & ()- e6|[:bUsl0 210%!
& ()- 1.10%! & ()- ,!10%! & ()- s*10%! & ()- @10%! & ()- 9%$!10% !

& ()-/4567KduvU410 le‘V&S&' ()-3 91098& ()- 109%& ()-Y10 ! 10 '{ Q4GP ZUUZF GL0%
I & ()- 410%'! &'() us|[:vU410 ,109%& ()- S1098& ()- ) Y $1098& ()-3

10988&' ()- | 109%4% ()Thweﬂm&l@) acgendingfeglaim 17 whergier siep-c) Isdhnbarchagwierized F
'11098& ()- 19 1096& ()- 0"10%& ()- 1098& ()-m RWKYZ| [ NA41010$10$10$

3: Z10%&' (bych&ssial Q% &bjertivesha RBEerpsentt b LOREStcno-blook L®E&q(alizZX| [ : NA41010
10% QB & ()- S10% Q8 & ()-3 z10% QB & ()- 10% Q6 & ()-Y y10% B & ()-
10% Q8" & ()-GYv|[: NA41010 #' 10% QB & ()-: ~ @10% " & ()- z10% Q8 & ()-
t110% QB & ()- t110% Q6 & ()- $10% Qb & ()-4Qey|[: NA41010 y410% QB & () -

212(6/0 /‘®®&&( %) @100 ﬁs{{’ﬁé})"fl (17) acgor%h%t fefalm 1 Ohcrc ‘s{gélpg)f)_ fnd 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 (MAT) 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 hard décisions 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=0 -diag(0).

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

by said objective matnx O represents a zero-forcing block linear equalizer.
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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;ce}lation 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.
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