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: OR V. DI'NG FACTORS BACKGROUND OF THE | NVENTlll Field
ntlm”ﬂmummﬁ t invention relates generally to rafl bkl access
onmmuni catl on tenms. More specifically, the invention relates
iser det eCt8? system and et had, fanvkineasd Y. ERRSORRIATAP! | o of
mul:ti pl e users having different spreading factors. scription of
ed Art A nmultiple-access communication systemallows a plurality
..t0 access 10 the same conmuni cation nediumto transmt or receive
tti on. The nmedia may conprise, for exanple) a network cable in a
area net WWUEKTOUSERMERECTORFORI Y ARIABLESRREAPINGtRAETORSE syst em
air interface for wirel ess communication. A prior art multiple access
nication systemis shown in FIG 1. The comunication nedia is
ed to as a communi cati on channel. Communi cation 15 techni ques such as

juency division nultipl i E@J hsion multiple access

FDIVA, ycar rier sense wlqeﬁgﬁé‘ig%é@sggfﬁgsmyﬁ &é"‘*ﬁ. vision nmultiple

cess or CDVA and others allow access to the sane communi cation nmedi um for

re than ordeldséihe Mewon echni ques can be nixed together creating hybrid
rieties of multiple access schenes. For exanple, tinme division duplex or

s The present invention relates generally to multiple access digital

5 communication systems. More specifically, the invention relates to a multiuser
detector system and method for the simultaneous reception of data from multiple

users having different spreading factors.

Description of the Related Art
A multiple-access communication system allows a plurality of users to access
10 the same communication medium to transmit or receive information. The media may
comprise, for example, a network cable in a local area network or lan, a copper wire
in the classic telephone system, 6r an air interface for wireless communication.
A prior art multiple access communication system is shown in FIG. 1. The
communication media is referred to as a communication channel. Communication
15 techniques such as frequency division multiple access or FDMA, time division
multiple access or TDMA, carrier sense multiple access or CSMA, code division
multiple access or CDMA and others allow access to the same communication
medium for more than one user. These techniques can be mixed together creating

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

T
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,vV 3,8 : r_, _ TDD node of the proposed third generation
‘i's a cohbination of TDVA and CDMA:’ ..yet , _a:; = An
lor art conmmunication systemis shown in FIqu aqny COVA i s
n technique in which data is transmitted with 4 BED AN ned

yad spectrum by nodul ating the_d 0 be transmtted with a
50D siaga#Hf theprepergd shigd gmatwwéaﬁﬁ%éwgﬁféds A&YMRYIHOY

=of only a few thousand Hertz distributed over a frequency band
“be 9PVl andidDMan Hertz. The communi cation channel is being used
eously by K independent subchannels. For each subchannel, all other

nel s appegr e%xmiggat %f){l\ﬁ&??ﬁ)‘?:artj&nﬁﬁurﬁ&hqw&sy&eﬁi RghewaUREIENE! of a

andwi dth i's m ni que spreadi ng'code which repeats a
rmned pattern generated py a w de bandw dth..pseudo-noise (pn)

nce gerldp Aoksﬁcqﬁ‘&@l%ﬁw%ﬁﬁg‘&‘“é’g}‘g&%‘%ﬁ trc?B&‘B’é!% rwéﬂ}ay P%‘iﬁ“f:é

do- ort hogonal to one another such that the cross-correlation between
sgr eadi n@né @pesdispecniunsy by trodzlatiog thaddatebsiamaittedsvithipiesdedoidtt h t he
15 sequence producing a digital spread spectrumsignal. A carrier signal

s then md%&g&ﬁdmtﬂtm ndli 91 fetdrar3REGAImaPOaTE UrPasigiiah odndlst & das i tt ed
n dependence’ upon the transm ssion nmedium A receiver denodul ates the

“transm ssion extr ing. the digital spr i | nsmtted
‘datais r epr%ﬁ‘ﬁi‘é@%&tﬁ?t? g?“@é‘?&éﬁ'ﬁf?%ﬁq‘%‘l?ﬁg %@gﬁﬁé@meﬁé%ﬁ %uélgét}g%%{ég Wen
~the spreading codes are 20 orthogonal to one arllot her hhe regei vgd thi gnal
can be corr &llet eommiunisatiomhannel|iabeingepsedi grmultapequstya By K inflePepdenti ¢l ar

spreadi ng code such that only the desired user signal related to the

particul ar sgbeRdiinBe. Fefechsubdhaangd el othed sbtlirmnels hppeasiag raeréertage. al | - 2
zy 20 SEP 2004 Each val ue of the spreading code is known as a chip and has

a chip rate that ,. ... 0 B NolveR BRANGALh is nfixéd@ithammidque faster
t han e data ratAeS.Sh?Hé‘";}Qﬁ‘Sg@Z‘{h%‘é@ tﬂg V(E::hi p rate and the subchcg{mel dat a

rate is the spreading factor. 10 pul se or wave shapes.exi.st...The. .
i nformation spreadig sedg cdhighs rERﬁ‘Hﬁe?t%rBdf?t?ffrB“%@r%g?rg g%nﬁée@&en rgm?nedet han two

bi nary val ues. Ternary and quaternary synbols take on . _
bandwidth, pseudo-noise (pn) sequence generator. These unique user spreading

codes are typically pseudo-orthogonal to one another such that the cross-correlation
between the spreading codes is close to zero. A data signal is modulated with the pn
L5 sequence producing a digital spread spectrum signal. A carrier signal is then -
modulatéd with the digital spread spectrum signal and transmitted in dependence
upon the transmisﬁon medium. A receiver demodulates the transmission extracting
the digital spread spectrum signal. The transmitted data is reproduced after
correlation with the matching ph sequence. When the spreading codes are
20 orthogonal to one another, the received signal can be correlated with a particular user
signal related to the particular spreading code such that only the desired user signal

related to the particular spreading code is enhanced while the other signals for all
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“-three andg al ues rﬁ;pecti vely. The coricept of a synbol allows for a
greater g of information since the bit content of each synbol dictates
a uni qu shape. Dependi ng upon the nunber of synbols used, an equal
nunb que which are nodul ated and transmitted thr ougEUtSlﬁB Blabchannel

|-ation at the destination. LS approach to denodul ating the

b otteen medrs hrendpeeltanced.t r eat al | ot her between a desired subchannel
t'her subchannels. Therefore, the standard subchannel s as

rence, si Bhétavalt®of the epreading cadd ib&khownas b ekipsandttme hichipratetthat
1ication medium Receivers designed for this process are single-user)
d fil ter of

s of 't Hogatecyig s Eh (6E Ban'rale. [THHGELIAR METHDE: WATER, 1T
system are chosen to . m rgerference Since different subchannel s
‘i nt er f er subghapnelLam @E"h‘érthesscﬁ’ﬁ@\aﬁ‘it FQhot her 20 approach is to denpdul ate
“I" subchannel s at a receiver. The receiver can listen to all of the users
ransgitting at Goestdny thepussibly rangieafodiucg obthgdafatsignal.grsyedehisgsed 9em i n

" parallel. This ideology is known as nultiuser detection. Miltiuser

detection -3Jg,relent fnore that o Frarl? vafld. q@maky avd dRat8rratPEYrhbslafike on
performance | roverrent over single-user recei vers. eferring to FIG 3,

et betor i's ioand e wtes eI R TR el SF e s oHEy S?O?éc%##%? g

i ncl ude such functlons as radio freq uencg rf down conversion a
associ at ed Slegrdetafrinfogmpion siner e PequEREY @ﬁhﬁﬁ@bgl d‘ﬁmﬂsé‘g‘“‘t“dﬁetﬁ’ ?Gt al
conversion or optical signal denodul ation for a specific comunication

medi a. The agwhpait Deperidivg; ugmeahy aumber 6f symbobssed, @i gnal pumbehefrurged og or
digital, contalning the conmbi ned spread signals of all active subchannels.

The myl tiuse u1§’ee&r gﬁ%gﬁgmh@‘ﬁkfbfﬂﬁﬁfna@ﬁ{&%fc@r‘s ettt o3 ol ural ity

of signals correspon to each active subchannel. All or a smal | er

mil 0 user deVBiERarem %cfuibte%w%&fai‘f’?\%“% S e FetelG i%g%sm%’ér%‘@

numer ous conpl ex mathematic operations and are therefore difficult to
i mpl ement ecdssonatged. | y. To minim ze expense, suboptinmal nultiuser detectors
such as |inear detectors have been devel oped requiring | ess conputational

conplexity as a IthexpraatngicseesdpRICDMrRLysim dréehgzen tomiramize interfornceral
detectors. Linear detectors include decorrelators, m ninum nean square

;Ir:r (I;rLE MVBE, (8L, 1471 ARG ARECaddCAIFoMEr Mb@ﬁ%nels”eﬁ{er%k@lthéﬁﬁﬁdﬁd
15 approach to demodulating the desired subchannel has been to treat all other
subchanhels as interference, similar to interference that manifests itself in the
communication medium. Receivers designed for this process are single-user,

matched filter and RAKE receivers.
Since different subchannels do interfere with each other somewhat, another
20 approach is to demodulate all subchannels at a receiver. The receiver can listen to

all of the users transmitting at once by running a decoding algorithm for each of

them in parallel. This ideology is known as multiuser detection. Multiuser detection
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gram-of a prior art linear nultiyser detector for
synchrohous CDVA communication is shown in FIG 4. Data 20
communi cati on nedi a specific receiver (as 20 JEPGN0L3) is -
gubchannel estimator which estimtes the inpul se response of
ransmtted in a respective subchannel .. TG; | i near detector

h peovideshygaificant perfopmange &BPIOYEARNL OVeR UNEISELICLRINAS. with a
spreadi ng code to denodul ate each subchannel's data. The

ut put  t Reforiind anFEE. 3 atsystpmddessdiagrapl ofckprifrart €BMpAatdener user s.
.ect parallel detection of K subchannel users in a physical system
Y. -us '&Hgltfg@g%ﬁi%te%frw ﬁh'brﬁrtnh%%rérsﬁill%d?& tHiesht AulitdsX @@ r&RtRrar r ays)

ocessor si gnal processors or DSPs and the |ike. Fixed
ystens g

|l ow fo reater systemij:. ‘..  V ) i .
o esson arde iy dihn Bradd AL ARt s BaT B AR Al Bocineg
enmentation that is responsible for the nultiuser detection perforns a
juersce of fitteringifat adiodegnendyshannefipanides:(o-digitaliconyeipien PoARticat fignal o| | owi ng
ables typically define the structure and operation of a |inear

ul tiuser dejeggdd@latiok RKrspebgictcdhmhunictibe medfa. UBer aitputarfising teteiver it hat are
ctive in the system N~ = the nunber of chips in a data bl ock. The nunber

wof chips is required. si i M ; i i er is a
 easure: comBRo s G thilg PR I0ARARAS AU RIRL e FarB T

‘| argest spreading factor allowed. For the case of s nﬁhr onous CDVA,, a LS
synbol from ?dh%ctl)’?:érlb%aﬂﬁelﬁ-hJhPéP’&Egﬁcr955%‘88%‘@5%‘%% L Sieridli e a

bl ock of data. Therefore, N~ can be reduced to be equal to the |argest
spreadi ng f agitputs a\Meratityeofcsigmainteatspondich éneash 4ctipelsskcheeaglorslé of angt h i n
chips. This is generally a predefined paraneter of the system -5 ., 20

SEP 2004 )~k§mil¥r3%ﬁ§m§8r(ﬁ4ﬁé f3eh1 haabef offubtis@hels malhe medessdi ng factor is
equal to The nunber of chips that are used to spread a synbol of user's

data. A system knows the.spreadin I i .need to
atimate themfro RtH’éatlFE‘été S\‘?re%q%fg%%gl%%ér?}éﬁta@%aﬁgYrﬁét}ﬁn@g?iggf g@&%gﬁégsent by
user k. Ns~k' = N1 @~ KN, .T=~N,.~~ = the tot ?I un e{ ofgg@%[gbol S sent.
dt ~~ = the daumerpineQRpiet MaFhemasia OPeptiopsandiare figeelopgdyiicult & in the
formof a vector, where a vector is an array of data indexed by a single

i ndex var i abé@nofriyally h®o prinipasesxpehse; edioptimahhulfser detesprar stdhanding@ whi ch
follow) all vectors are defined as colum vectors. The n °' elenent of d-~r'
is the n "' 3upRGL L4ARNEMNt heLidPedt RGuifing' leskS @bmputational complexity as a
15 compromise approximating the performance of optimal detectors. Linear detectors
include decorrelators, minimum mean square error or MMSE detectors, and zero-
forciﬁg block l.inear equalizers or ZF-BLEs.
A system block diagram of a prior art linear multiuser detector for
synchronous or asynchronous CDMA communication is shown in FIG. 4. Data
20 output from the communication media specific receiver (as in F IG. 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
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e response of the subchannel expexienced by user k

sector. This quantity needs to be -estinmated at the receiver.
vestimates of the subchannel inpulse L 5 regqpﬂgeﬁ piar e

g The el enents of the vector Iz are typically conpl ex
nmodel both anplitude and phase 20 SEP 2004 .riations
stitnaterRlergividya ﬁmhmbﬁmﬁmmgwdewqeﬁ@dgwweh Hbchamel’st user
‘as a vector. For the purposes of linear nultiuser detection,
datad Thbidats i9butpacioaubcimantlaiatd prgcdskiagbdadkis dor eipectiee sereadi ng

ch spreads a particular synbol. Therefore, the vector vector' is
as the s vt | sent

> user Wﬁ?ﬁ*t%&&aﬁgﬁ%ﬁ?@%f RO A RRp SRl sent K

=~'+1 S i for all i mhere i S th

7 ol emsmltuser dafector etpodsaps SR ERSH & g&fi@é@ﬁwﬁn%@omw&%ﬁ g@%r ead by
preadi ng 10 sequence v' and transmtted through that user's subchannel
he vect aignagpoeseors sr DEBarel thobke rRined logis spesems akhas fafgréatey systemper i od
ime when a block of data arrives. The i '' elenment of the vector r~~'

n be defiRgekdaghildNnicrop¥édborydrivendgstBmb oftkr pfoprammbpu@dAibilityl Breferj =1 15
he signal received at the recelver |ncludes all” user signals r~~'" plus

“IFNOI Se. Therefo eflne

¢ 0 S E P 208% eRiePY\%on?hatfs rl?~p°wUSl ?qsg%tf?ﬁ?ﬁ?gbgﬁ?{maasseh%lkquat| on 2
represents noise introduced by the connunlcatlon lel. FIG . S sho a system
“and net hod of mathemafic gperaionsearl ondaseies dhe finciensrthe Solpwingsyariablesd
subchannel i npul se response vectors h~k~ and the spreadi ng codes v~~' are
used to cr eay,%acalysdeﬁnemhdmmam aisd operatespafisinamtmultustodetedah user k. A
matrix is a block of nunbers indexed by two indexing variables and is
arranged as a rectangular grid, with the first indexing variable being a
row i ndex and the second indexing variable being a columm index. . 10 A
system transm ssi n.res enot ed as AAA

i i.cal l
The i%~ -row) n° Wﬁ%ﬁggﬁﬁﬁ%ﬁﬁeﬁgmﬁﬁﬁﬁﬁﬁﬁ&ﬁghg?%%%hgaﬁﬁéﬂﬁg defined as:

w~k~Ar ." - ~; _~+ ~ Equation 3 ~=

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. The number of chips is divisible by the largest
spfeading factor allowed. For the case of synchronous CDMA, a
15 symbol from the user with the largest spreading factor may constitute
a block of data. Therefore, N, can be reduced to be equal to the largest

spreading factor.

W = the communication channel impulse response length in chips.

This is generally a predefined parameter of the system.
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| mat-r-ix AAA" corresponds to a matiched filter response for
ol sent by user k during the period of interest. Referring
S, the received data r is matched to a conbir§iPHlbf all
user “ng codes and subchannel inmpul se responses. Therefore, A~-"'

" matched filter responses. _g_ 20SEP 2004 nns of Ac~~
rmO O  Acm- bc~~00510whhere each vector b"ck' has a

f @~ + W- 1, and. is offse omthe t f. trix A'c~'
1). Qﬁkﬂéﬁh‘%wr@dﬁtﬁlféﬁof)ﬂz %SCEEU&[‘? ?ﬂe%ﬁgﬁ ﬁagéoqtl#eﬂgbirggadi ng codes
eriodic over synbol tines; b ~k' ~ b~c~' for i ~ j The el enments of
“whi ch nmaye henteodf aapothatdreasedae spreasd asymapl pbugs sdr@. dupport of the
Therefore, b"cA" is the support of A'c~'". Once a system

ssion mat I feh@noRR L ypaiidetasORThadarkebil dbesyatiead ) 20. SEP
ssion response matri x, denoted as A is created by concatenating the
mnission matrices for_all the. as shown below. A A~t~ A~k~ A .
e Ifﬁﬁ@f‘ﬁeé]ﬁe@frg“}Wcéé(}gb#gg%%’e with prior art nodul ation

ni ques, the elenments of h~k~ can be conpl ex nunbers. It then follows

- the non-zero elenents of A can be conpl ex nunbers. :

5 N® = the number of symbols sent by user &. NO=N_10%.

K
N/]= ZN ) = the total number of symbols sent.
k=1

4" = 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 variable. For the purposes of vector and matrix operations
10 which follow, all vectors are defined as column vectors. The n?

element of &¥ is the n™ symbol transmitted by the k" user.

K® = the impulse response of the subchannel experienced by user &
presented as a veétor. This quantity needs to be estimated at the
receiver.  The receiver’s estimates of the subchannel impulse
15 responses are referred to as 1. The elements of the vector h" are

typically complex numbers, which model both amplitude and phase



ystem transmi ssion response matrinx A for a hypotheti cal
ser detéctor assenbled in accordance with gﬂggﬁ[ﬁ s 4, 5 6
-~ _\ 20-SEP 2004 A=l 6"" |. b'Il Lz b"" 1, “4°% 4 be" Ls
200 0 0 0 O 0O 0000000 b; ;'0000000000 fib;;'000b;"'~000000 ; b;
00 ~b; 4'000b; "' 363! ;00000 ~b: 5'bj %880b~‘463';00000 fib

. ~@ariatimgthatcpn be ingodacegddyhe sybehamnisho ; obz 4' 000b; ' Sb:

£ Ob2 5" b3 ;' 000b4' ;65 1000 i b2 ~b3 Z0OOb;' Sb5' 3b6'; 00 ~ Ob
bs'; b~'~00 ~ 00b3 ~' 0000b5' 566 3b;' ;0 ~ 00bj.5" bi ;'0000b6' 4b5' ;0
~0000b~" 5b; " 3bg' ," ; 00b3 ~b~ 300000b;"; b$' ~ ~ 000b j Zs00000b;
000b, >, 2000000hg: 4. = : 18000 - Bal . FohqHda~ ~

o - PO HEng (O800F R RGRLA SRR AWML - 2)
At" and Atz', having sixteen chips i.n.a d -bl qc N~=1G, aJi
innel i nmpul Parpasepeinérear BHuseretacyan. 1 ‘S\Nﬁ‘iﬁji?‘)&ﬁ‘ﬁ‘(gféeﬁoé&di ng factor
e first user of two (Q'' = 2) and a spreading factor for the second

f four (Q-Zonmirhg thgsectionpf thespreading coderwhigtespreasisppamiculapt al syst em
m ssion response matrix A) b",;~k' denotes the i' ' .. r~5 elenment of

, QJFO' ned syst&mLBNdTELGBRAS thd SRS if defifidieasthe spreathiole cotlet he |~

r. The received data r is processed using the total systemtransm ssion

trix A whjch t K fiplt t
Cento 5 voctor OfNAA Bt 1) SBERAEUL s el SR Hy b B AREGPOrReS 1O

ate a vector noted as y. The

~matched filtering operation is 10 defined as, = A Equationg 9 The
“'matrix A" repr eseMatheriaticalyy iilt dedined as: ngb)rr'pl’i(gf?r&rmmpb’sg‘(ﬁ"@he matrix N =

. A~~ where the over-bar denotes the A. The Hermitian transpose is defined as
At d, and O for all other i, where i is the index of vector elements.

#¥ = a vector which represents user k's data, spread by the spreading
10 sequence v and transmitted through that user’s subchannel h®. The
vector ¥ represents channel observations performed during the period
of time when a block of data arrives. The i element of the vector ¥

can be defined as:

N® w _
k) _ \ g (k). (k)
£ —Zd_n Zhj Vieje1 - Equation 1
n=l1 j=1

L5

The signal received at the receiver includes all user signals r* plus noise. Therefore,
we can define the received data vector r as follows:

-



operation @
out put's
obj ecti
of ling
A }

aking a conjugate of a conplex nunbér. The matched filter
5 then rrul]tiplied by the inverse of an objective g@”l O The
Btrix O represents the processing which differentli[}a S Ugéch type
eceiver nodel. It is derived fromthe systemtransni ssion matrix
o-forcing block Iinear equalizer (ZF-BLE) receiver is a linear
12 20 SEP 2004 with anKobjective matrix specified as O = ANA
‘mum nean square error plec Iirl‘(féa-[- gpqual i zer (MVBE: BLE) receiver is
i receiver with an objectivé=mtrix specified as O4UA ozl where
st he variance of the noise present on each of the synbols of the
ved data vector r and the matrix 1 is known as an 5 identity matri x.
dentity matrix is square and symetric with 1 s on its main diagonal
f"zeros everywhere el se. The size of the identity matrix is chosen so as
‘make t he Taddickiod GpByadtionn? veprestnacmusedintgduesdt bie theuFREEMYAICRIioRar
J-gebra. For a decorrelator (decorrelating receiver)) matrix Ais
implified bﬁ rimqyflori ng the channel responses h~k~, considering only the
‘spreadi ng cSUEY™4nd their cross 10 correl ation (interference) properties. A
= cross-correlation matrix, commonly referred to '
constructed for Eé@o$§%‘?“é%%?ys{t%éx‘?5}? gt & pr rl%gt 1nﬁlﬁ€¢ﬁl>%g§§§{€ééé%%rhstruct ed
by assuming that W1 and h; ~=1 in the definiti n of A abaove (i.e.,the
channgl r esprtesetinhted valchasnd chpulseresponsaveciarp (11 98y thepesrdingrodrs s
correlation matrix Ris the objective matrix O as defined for the ZF-BLE

receiver. A 15 deGoLfdatedt Sttt kARmeRIonasspaasamsuix-for ebasent. 4 masrie conpl ex
mul ti user detection receiver. Once the objective matrix is created) the

mul tiuser detector, wi.ll i.nver € I Nt n@is -arrhReed Ay gr se of
the objectivé anlélPF]foiné’“{bﬁg’nm%ﬁ*%b |e(<;1Il fx?%e rratg}:eﬁzad fil terg%ut put vector
y to produce estimtes of the data vector. ere d(estiat = hy. 20
The i nversi mactgﬂgltlﬁegfébj‘)‘é@tth?E“Srﬁ“&’tdre?‘wgda{‘@a‘é%g@ﬁﬁlr8x,mé%x%nﬁite( %{F F%C%lfil y

i ntensi ve process. The nunber of operations required to performthis
process i nCrg@asAn@varidbie baibeaoblutinendéxze of the matrix QO For nost
asynchronous CDMVA receivers, the size -13 20 SEP 200b 7 is very large

whi ch qnakes the A 9 trQILsniliE‘sY&{ st fRfrAcbt aebkés typioalby éermomeastAil.s
Iirrit5 ion, and to make the system physically realizable) a nerical nethod

due to Chol egky ,is usgd. K Cholesky . Si4 iR, FRNBLEMAS. cant |y reduce
the conput at ?:B%fil'm@’oﬁp1c8%%elgwe%{tﬁg§r %l% tl{‘l'é matrix Oif the matrix is
banded.
W
k) _ (kY (k.n)
A, = Z h]- V,- el Equation 3
j=1
Each column of the matrix A% corresponds to a matched filter response fora
particular symbol sent by user k during the period of interest. Referring back to FIG.
15 5. the received data r is matched to a combination of all user’s spreading codes and

. . & . (k) .y, .
subchannel impulse responses. Therefore, A% contains N, matched filter responses.



A banded |,

several
di agong
el eng

a square matrix that contains nop-zero values only on
-away flromthe main diagonal. The nunber of non-zero

- to the main diagonal that have at |east onkl.AbRIléro -
rred to as bandwi dth. Thus) a symetric matrix Mis said to
bandwidth p 10 if m~ =0 for all j >1i + p, Equation 10
adcslimmeaf AGfardwf the form bei ng the row i ndex and j the col um
banded matrix with size denoted as n and bandw dth denoted as

objective QL5 matrix O fromvarying as the cube of the size
n', to varying as the size of,the matrix tinmes the square of
npz. As di scussed aboveﬂ Q he obj ective matrix for a ZF-BLE

is O= A"A To illustrate the|nunmeriic conplexity, the objective

for the total systemresponse|nmatrix A shown in Equation 6 is -14
S E P 2004 XX X00000XxXX®O0OXxxxx0000xx00X X X X
OxxxOOxxxxxOOx(kx,>g(€(D)xxxxOOxxxOOOxxx
'xxxOOOOxxxxOO‘L&"xU( "0 0 x Xx Xx 00 X XEotaioxax 0 0 0 O
OX XXX XXO0OXXxXxX000xfX&xxx0xxx00 Ox xxx00

‘Equation 1 ~ where zeros denote allj .el engnts that by mathemati cal
eration yield zero and with x's reprgsenting non-zero values. If the
n-zero elenments of the i "' rowand j| ' colum of the total system
esponse matrix A do not have the sane vector index, then 5 the
orrespondi ng el enent of objective matrix Owith row index i and col um
dex j wilt be 0. The bandwidth of O (Equation 1 1 ) is equal to 9 since
~there are non-zero elenents as far as nine colums away fromthe main

. di agonal . The objective matrix Oas it is constructed in the prior art
receiver shown in FIG 5 is not well banded. Therefore) Chol esky
deconposition cannot be used 10 effectively to reduce the operational
conplexity when inverting nmatrix O However, -15 20 SEP 2004 the prior
art di scl osesvherrgachivestonb* hasardimepsders®i t with equal spreading factors,
arearrangenentt of the total systemtransm ssion response nmatrix A can be
performed prior to calculating an objective matrix O turning matrix o into
a banded matri x. A system block diagramfor this process is shown in FIG

6. 0¥+ w-1, Equation 5
5 and is offset from the top of the matrix A, by
0% (n-1). Equation 6

Since the spreading codes are not periodic over symbol times; b® # b for i # j.
The elements of a vector which may be non-zero values are referred to as the support
of the vector. Therefore, b,* is the support of A,

10 Once a system transmission matrix for each user is created, a total system

9.



1l ch conputes the colum re-arrangenent of matrix A perforns
yement wit hout any additional informati'on. The rearrangenent
toperational conplexity when inverting the matrixZ 0GtPeliihe
rocedure '"a is conplete, a user data vector d i's conputed, a
‘e-arrangenent process is perfornmed descranbling vector d back to
A1 Nakrah MiBibPFeshotist Medtriprdeaend and.is brardtbymonedtemsing tlnr yseus CDVA,
he bandwi dth of a re-arranged objective matrix is at |east ten
ess than .t W] i r .savi-ngs of at |east a

of 1B6ﬁﬁﬁkﬁ§%§%§§?ﬁghﬁﬁé§§F§E§§ﬁ?53@3”&ﬁ%n Chol esky deconposition is
med on an objective matrix 'based upon a re-azzanged total system
nse matri x. However) the prior art has not addressed a re-arrangenent
od for when different spreading factors are in use between active

s. Klein et al., "?:ere Forcing and M ni numvean- Squar e~Err or

zation for Multiuser Detection in Code-Division Miltiple-Access
annels,"” | CE Transact| on hi Technol ogy. Vol . 45, No. 2, My
996, pp. 276-287, di AcF gg- %ﬁusgxh?atection appr oachdsguafitve3 e
pproaches use a systemresponse matrix in a zero forcing equalizer and a

“'m ni mum mean square error equalization to recover data. Karuni et al., "A

"~ Novel _.and efficignt Solution to B - i - ' = fLL6) , ~ 1

20 SEP 2004 Usi n§" é}f{ﬁﬁ&&&ﬁ@&%[ﬁ@%ﬁ@\@@%@@ Be%ﬁfég%’?%ﬁ{,e%% gt ?fﬁ}? ot i onal

" Synposiumin Personal, Indoor and i Vlobile Radio Cbnnunicat}ons. ~ ~, Col.
3, J.998, ppe comphronymhey. di shanofadlows that therppncrsse SArks Pf Aecan Byual i zer

usi ng an approxi mate Chol esky factor. The Chol esky factor is derived using
a system r esp@pkt oimibetsx, Accordingly, there exists a need to determine a
met hod to reduce the nunber of inversion steps when different spreading

factors are in uge. ex?%{wﬁgg% %teﬁﬁﬁaﬁ%@éﬂ% pegé%(}}{gg oRdt8% ANfor W MYypothb@iL T el at es

to a noltiuser detec etects an des synchronous” ar
asynchronous CDVA subchannel s havi di fferent spreading f ors-with
reduced conPFCaRL BH‘iq‘“SEbﬁiﬁﬁ?Cé% ats%m#%jemr‘?ﬁf?rfiﬁ%c&w@b@é‘éat% 8s 61?5(: Eéﬁéla grésent

-t 6a 20 S E P 200b is conpatible with ZF-BLE, MVSE, decorrelating
detectors and the |ike using Chol esky deconposition to mnimze numneric
operations. The system and net hod arranges the colums of system

transm ssion response matrices representing the response characteristics of
i ndi vidual users into a well-banded total systemtransm ssion response
matri x which represents a plurality of matched-filter responses for a given
bl ock of received data. The invention in conjunction w th Chol esky
deconposi tion reduces the nunber of required mathematic operations prior to
parallel matched filtering. Accordingly, it is an object of the invention
to detect a plurality of users 10 transmtting over a CDVA interface with
reduced comput ational conplexity where each user may enploy a different

spreading factor. It is another object of the invention to use existing
| i near detectors in a

-10-



‘mul tiuser ector Wi thout requiring a uniform spreadi ng factor anong all
CDIVA -sufy nels. LS It'is a further object of the invention to efficiently
i ndwi dth of a matrix that represents a plurality of0 9t phed

or to inversion. O her objects and advantages of the system and
wi || becone apparent to those skilled in the art after reading

| ed description of the preferred enbodi nent. 20 BRI EF DESCRI PTI ON

RAWNGS FIG 1 is a sinplified block diagramof a prior art

- access - 17 20 SEP 2004 conmunication system FIG 2 is a

i ed bl ock diagramof a prior art CDVA communication stem FIG 3 is

ified block diagramof a prior art CDVA receiver with 5 nmultiuser

tion. FIG 4 is a sinplified block diagramof a prior art nultiuser

tor. FIG 5 is a block diagramof a prior art linear multiuser

’ctor. FIG 6 is a block diagramof a prior art linear nultiuser

ict or usi ng Chol esky deconposition. 10 FIG 7 is block diagramof a

near nultiusgr det ector of the present invention. FIG depicts system

_ansmssmn respons trix A=rr andbtto colum_,offsets. FIG 9

epicts matrix ZQI ur% dex value (gsm gnn% tg FI (98 IOO and 10B are fl ow

i agrans of an aJ‘terOnat Dve Gret Rod @ npleneft |bng t(he r es€nt invention.

| G 11 depicts |t,he sbepy fay a@ser’r@l i r@g aos r’eacb ngdact)o group matrix

“A-~r. FIG 12 defficty the s& o M8 r X in accordance
with the presertbuln sant Pon. DE IL S IP O\ICF | NVENTI ON The

enbodi ments wi l|lbibebiest} i b@d \Ql t hOr efer eActbd obfihe Odra\Qi mg figures -18
20 SEP 2004 wherg 'b;?;e Jounes al g regresgent gl !blgle gﬁ)en&pt s ot hr oughout .

0 b by B 0 0 0 07 by 0 0

0 0 &) s% 0 0 0 00 by 0 O

0 0 &) B) K1 0 0 010 &2 b 0

A=| 0 0 0 b by 0 0 010 HE bR Ol i

0 0 0 b B3 B 0 010 by bY O

0 0 0 0 Y BY 0 010 0 Y 0

0 0 0 0 bY by by 010 0 b3 by

0 0 0 0 0 BB 010 0 bE b3

0 0 0 0 0 53 b3 b0 0 by b

0 0 0 0 0 0 b BMI0O 0 0 b2

0 0 0 0 0 0 &% b0 0 0 b3

0o 0 0 0 0 0 0 HIiO 0 0 bE

0O 0 0 0 0 0 0 kIO O 0 &Y

i A0 A@ |
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s a multiuser detector 17 of the-present invention for
.recept?on, a plurality of users transnitting over a

jannel . The mul tiusex detector 17 conprises a pPOERINUy of
‘ng collateral menory which performvarious vector and matri x
Al t ernat e enbodi nents of the invention include fired gate
Pavpar Dy usersgAt endfAf\diaivimgssixaéent dhipsiiara datesblpc Essdbsa The

al so conprises a fast input 19 for inputting individual k

o|' ‘| n’t"'f? ﬁgéﬁwms@%gﬂﬁf?§uﬂm§u§dn@§ smﬁﬁiﬁé Eachor fhEthE kg ect

ence or | Sl “caused by a subchannel™s own synbols ari

ccess jnterference or MAL caused. by synbols fr o] ser's

s e oo (i) a8 A ek ading TS Tof el Foap RO 1T~ R0 T ng

om al | users k transmitted in a discreet bloc); of time in the form

nput Ingbe prsultans dotahsystany trapmisshiom respansgamatrikrdbnf.¢ 2 dhnarsethe i

nel and . an output 23 for outputting user data data~ far each user

t he d1&a&it\betheddaibiedd Sateth dnd ohahiel repohaf fontheatft Puibovecthen” The

nunber of users K and the spreading factor @Q-, fob each user (k = 1,

3... |~ g[g known a priori. . To obtain user data d' ~~ for a specific

r. fromthe conbi ned user data r, the user data nmust be filtered using a

tched filter 2a_or the |like, One know edgeable in this art recognizes

hat a matched filihe&cepsd daig tﬁi‘srl?égceés‘?d&mgﬁg%méﬂéY%%‘Pé‘FP%’P‘F%OQ\EﬁSE‘PPSFs t he

s“conpl ex conjugate of the combination of the spreadpul se shape and the

“user's subchastrielA whishlrspreseaspobak dfonpclodufiieer aesponseas e ceiatetn veckar\od|

“representative of the signal prior to transm ssion. Signals input to the
filter 25 whi,ghndOaRQtouIREE WhH 8 dedled a2, SER RARHedlAI&EREopestion dual k
subchannel inpul se response estimate h~k~"is input to a first 15 matrix
A~" A~Z~, A-%', .... A~k~ columm for the nunber of zero-value elenents from
t he e arrdﬁﬁ@ﬁ%ﬁi processor 33 exam nes each systemtransm ssion response
gi ven response characteristic produce a | ower output. ienory 27 where it is
conbined with the same user's spreading code 29 (Equation creating a system
transm ssion response estinmate matrix Ask' for that user. An rrangenent
processor 33 of the present inventiogn_17 mgrforns a re-ordering of al
natrix A'~k' columms. The arrangene t_né&hod 99 requires tHa¥a©ach

subchannel ystemtransm ssion response. matrix A~'"' have the col um
structure defined by :quation 4 which is typical of |inear receivers. |If
the systemtransm ssion response natrices A~ "' are not of the form defined

by Equation 4, the arrangenment processor 33 first re-arranges the col ums
to the structure el Aflabyc FAUR i HAmilPLARERY) kIMERL Rihclhatiges not
require that all systemtransm ssion response matrices A~-k~ be concat enated
into a total systemtransm ssion response natrix A as defined by Equation

7. t of tor b k' . | on#4) zdef.i nj O~ T" and bott
of 1 Sot o o~k A& THE FelfBiaR mmimcte isfoHB} H7: 147 SN Aol Pag dpde BR7 P01 1OT

descri bed, each systemtransm ssion response matri x Ask' has the sane
nunber of rows; only the nunber of colums v%ry. As ngﬁ?,in FIG 9, the
arrangenent PREGRENS fakTe a008) ugate of 4 complex nomdbety Tl mptcheg HEEUHPLS RS of

each systemtransm ssion response nmatrices A ~' based upon their respective
top ot "' r" thed nndtiplomh ly~thie alvensef afednsobjdtipequdtimO.v Ahaebjeative awygigfed in
the order of increasing magnitude from col umms having mnimal top -20 t

0 S E P 2004 Wik bk e 08X M RO ee 245 R 8H tyh® of RhdAIRR e RRY iBelMeXi muM
top offset mF:‘%ﬁﬁﬁg‘ I&ﬁotton1offseg. Ifstwo g%lgnns areeencoun%ered wher e

one has a greg}er %ﬁg quseg aEd:ﬁuéﬁggﬁg&xgptton1offset t han anot her, if
the differenteBEETWERN PoprsotT S-PE P GIEAYEr han the difference between
bottom of fsets, the colum with the |lower top offset .is assigned the |ower
index n;. |f the Hhezeo-wrciasblochtinsnr patalizen (GF rBleElrece vefiehlingr feqgiiehe
difference between top offsets) the columm with the greater bottom of fset
is assigned the lower index n;. If the differences between top and bottom
of fsets are equal, either of the two columms can be assigned the | ower
index ~t;. 10 The arrangement processorl®3 assenbles a total system
transm ssion response matrix A in the order of the assigned columm indices
n;. The colum indices n; are retained in nenory 33 for use during the
descranbl i ng process 45. As an exanple, using the total systemresponse
matrices A~l ~ and A~Z~ descri bed and shown in Equation 8, the arrangenent °
nmet hod 99 of the present invention 17 produces the total systeml|5
transm ssi on response matri x A shown bel ow -21



', by, " 0000 .0,0000 Ob;";b; ;'OOQOOOOOO Ob;"'; .b;

;' bZ' : ;' ; b;.~"bz' ;00000000 Obi"'S b; 5'bi";b;";b2 ;'000000 00b;

~'b; ' 4b3ZbZZZ000000 00b; ;' b2' 5b3" 362 3' b4~i 00000 0000b3" 4bZS&P &4l i 00000
#Bbi.s' ba~i bs~i bs i' 000 0000062 ~b3' 4bs'; b3 Z' 000 00000b2 ~' 64' 5bs -;

i 00 0000000b5' 4b3 4' b6 i 00 0000000b5' 5b3 5' b~' Sb; " ; b3 ;'

063 ~with anébjectivd#diri0R00RAADD =60745bi -
5’ 000000000b; * Sh4 5' b8 0000000000b3 ~%%%'8@W%ﬁq‘ém prgor

Tton 12 p1d& 1 r egnent nethod 99 indexed the eight
ms. (1. ek neas Ba e GRS RLA PERREEREr 5 Wi seceixer widhn ohiectiour

umms (9-12) .of s%tstcgmtran%n‘i szi on response matrix At2' in an order of
9, 2, 3, Mynxgpedlied sy O AA +ppl where " iy batverianswedfl thbaoide grdseitaln Syst em
nsm ssi on response matrix A (Equation 12). 5 10 The arrangenent nethod

9 enbodi nereackie trei dyetosufule rdveived estaarc¥ Ak ARrd 7 RAGR wIYALEM
ransm ssi on response matrix A-", AtZ', A'"") ... A~~'" conparing each col um

Wi th svery qa&g st afq ' baottom o' k' B! qffsets. G ven the
speci al structure of each g;@{?gr%%{[?xa;r%&r%ﬁg%iag F’é%ﬁ?ewﬁléﬁrsi% Ij§siRaIn napel y,

that the col yyms_of .each matrix are arranged in order of increasing top

of fsets and J@P%Iaaéﬁdr‘?ﬁr%&wfré’ﬁﬁh@fef%& 3‘h§§12§6’l§ theriggptety snaftix ks dhesdn somasr i ght
(reference Equation 8, matrices A~" and ADZ')) an alternative nmethod 199
can be per f 8¢ miske fetaddisionmperatign valid ravvidieg eathe rales be lhédraleRsSi on
"response matrix A~k~ directly. The alternative nethod 199 is shown in FlGs.

10A and 10B. Al | Feyasdeenireletok (ROSHEI86ADREIPSN INRA X« MBE Libe8FicAh SOr respondi ng
(step 201) to users having equal spre%gi ngé?act o?(s aﬁ‘g&gﬁlg@gggﬁ@g&gt her

(step 203). 4k ding. f [ grou nories are allocated
within the pr%f:@g%:}e%“g%p}éb’lg%’“g‘de§¥%gPB(g‘BS%%feg&‘"tgr@dE%Pfeﬁﬁﬁeu’f<Fr©$ﬁ-a||
syst?§n transm ssion.matri cgﬁé A-", A~z~) A-'', ... Ask'. The spreading

fact O grouﬁgﬁéa%‘?rb(l%ﬂfﬁfﬁ@ PrapeBiegef cerssicaneleticn mgtrspraadionly réfaatar . An
exenplary systemillustrating the perfornmance of the present invention 199
30 cont ai ns Gaaris gererallyravitngddoor debiotfeRnt@nypsReadisNThiAaLEkS IQBeSaSSi gned
as follows: User 1 (Q') =8 User 2 (Qz') =8 User 3 (Q-'~) = § er 4

(Q') = 32 c@dtrucitd bPERuLAR¢ = -B_) ;7 kS ES R oS = 16 User 7
(Q~'~) = 4. “ gtrt he s?stseum a%&mrrg{ ﬁ?&lﬁ%é %)fn {%edeﬁggoenn?t(%%%vﬁt(f'6‘&%7, t he

system trangii, sy ~ i A~' ~' are separated into spreading factor
groups: groélgan?a(lg roe“rég?rfmgg ‘%r csﬁ gcrsnaﬁﬁlel,&i'anérlr‘%lﬁgz f@%‘r@éﬂ%@ CPHElaBPn 8) A~",
ADZ') A-~-" grog_ %t;s reallg)ii ng factor 16) A=5') A" group 4 (spreading factor
32) A-4' A8 E% S ECs prigdticngatrac (b as glebogd Jor tpZiFsBEEatectieast sne
system transm ssion response matri x A~~', where each matrix Ate' is

ar bi t¥ ari | ydeaodeletat dfreprsetves @s b-sub-pEaels &/Q siie a6knplx At Qfer GeRURSH | S

i ndexed according to increasing spreading factor nagnitude. Wthin each

spreadi ng f eetiotr. PidéRhe SB)EctR IS isQtedt R RSB LA et LM nvert the

matrix, denoted as O™
The inverse of the objective matrix is then multiplied by the matched filter
output vector y to produce estimates of the data vector d where d(estimate) = O™y,
20 The inversion of the objective matrix O is a complex, computationally intensive
procgss. The number of operations required to perform this process increase as the

cube of the size of the matrix 0. For most asynchronous CDMA receivers, the size
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“transm ssi, 5 'r esponse matrices A~' "~ are assenbl ed-into common spreading

p transm ssi bn response nmatrices A~~') where g =1, 2, 3) ... G
(step 2@5) As shown in FIG 11, the method 199 copies the ZilrEP B#I umm -of
t he Sy# 2 transmi ssion. response 15 matrix having index one to the first
bl ankgheo! Ut pfis Aery largkfhil frikesiBt BeQlofiferiyR LGHRALASBRIN SS1 ON T esponse
mat aving index t to the secohd bl ank colum of A~~"; continuing

out the renaini.n /st.em Lransmi ssi on response matrices ip a

i ve sprealp Ayctrate 1S RUaHon saiq maky tnesyHen RhyncHhaeaieblopi ca. The

d 199 proceeds with copying the second columms, the third col ums,

f or eaummeriealr methaslk du@Qoi @holeskyr ¢ peed.i vEhelsskadieogmpesitianr cgnoup

. Al matrices in a spreading factor group g have the same nunber of

-umms  due sipdticantly teddcé R cdaiphtdioniln®nipiertty i faiing tHeagh@ix. O Tthae ef or e,

e assenbl eg spreading factor croup transm ssion response matrices A~~'

il 5.hav_e 'rﬁé'tri} lereaﬁdéJ.'e nunber Of. colums in one associated system

“transm ssion response rmatrices Ask' To assenble a total systemtransm ssion

“‘response matrix A" accommpdating variabl e spreading factors. the spreading
factor group trafistinded gt BpofiarEATTNRALCONGS AGNEZRE YaduRanlypr eadi ng
factor is copied sequentially (step 207) into nmenory 33a. beginning with
the first cetwemaldidgonsals awag fonmthe ong difgokat' Thetruntbee of hosteraldiapoasled col um
of A'. The spreading factor group transm ssion response matrix A ~~' having

the |ovest 30584018 thel Afih MagbAR thithalBX IBMTORY DL erBlel GRH TR ferfildlto O hET
spreading factor ~-roup transm ssion response nmatrix colums wll be

i di hj [ SN N A . ' f
| nteger mil e BOLRGR” SGu ol i o 465 S 6 BeTBb BRI SRR RS The'

total systemtransm ssion matrix A" (step 211) by considering the remaining

spredding falctor group transnission matrices A~~' in any order (step 209).
For each spreadinc factor G oup transm ssion matrix A~~'. the processor 33
derives a columm placenent reference index nr, ~rri =rz - 0~~~ - |~ -
Q o Equation 13 -25 i 0 SEP 2004

m;=0forallj>i+p, Equation 10

where m;; is an element of M, with i being the row index and j the column index. For

a banded matrix with size denoted as n and bandwidth denoted as p, Cholesky

decomposition can reduce the required numeric operations of inverting the objective

s matrix O from varying as the cube of the size of the matrix, #°, to varying as the size
of the matrix times the square of the bandwidth, np’.

As discussed above, the objective matrix for a ZE-BLE receiver is O = A"A.

To illustrate the numeric complexity, the objective matrix O for the total system

response matrix A shown in Equation 6 is

-14-



“he spreadi-ng factor associated wth the spreading factor group
matri x A~~~ under consideration, Q-"= denotes the | owest
actor anong all groups and n is the colum of th20$SpPdi ng -

up transm ssion response matri x A~~~ under consi deration where n

3, ... (ste 1 e,th pl acenent index n) a
ice IocatT&on% nL?A'201 o der| ve?(steg gqsmm ng the total nunber of
‘transni §si ot résp’bné’e fat?®i s *L~*X~ @ h&| constitute the spreading
I group mgty i x having 4 he |e@wast xspxeadi pg factor) mx L~ ~. Equation
he processqry 33 derives a ng set fromtlhe spreadi ng factor group
1Ismi ssi on 10 responsex mét r Fx A~~ dnd&r Tofsi derati on (step 217) using
e nunber of 9gyst 8m transmi ssi on esPonse xmata|i ces that belong to the
readi ng factqrp gooup currnengly,undep censjdgriation, L~~ x (r: - 1) + 1
hr ough L~~Ck—r E ua 15 15 The processor 33 copies the colum set
efi ned by Equath o R?oﬁ1A£~~ *arfd Pnsert’s i*t| (step 219) into the base
“matrix A after &t he C@|dhﬂ00fXAmF ~ WAi ch has xtlhe reference | ocation
defined by Equatiop 14 as ghoyn g ngFl G 12.q TRg remai ni ng _col uims of the
spreading factor gro mat ri x under con5|derat|on are copﬁ 8rRoRd L nsert ed
into the base {26 * ZPOXSEP 2004 5+410%15 x %A’ Odinmilarly (step 221) After
~all columms fr o ofie spreadi ng faactorogroup nmatiri x are placed) the

processor 33 chgosgs § heg nExt Spfeadigg dactor |group matrix A~~' (step 223)
and executes tﬂe above net hod Equati ons 13) 14'and 15 allow the i
~colums fromthe renmining spreading factor group transm ssion nmatrices
A~~'" to be placed in A after an nt " colum that has simlar support (step
22S),. When the system spreading factors are not even integer multiples of
each other, the right side expression of Equation 13 does not yield an
integer. In this case) the processor 33 will round the result of Equation
13 to the nearest integer above or the nearest integer bel ow the val ue
(step 213). The rounding direction has negligible effect on overall system
performance. The order in which the rest of the group systemtransn ssion
matrices A~~' are considered may have sone effect on the system
performance. A priori know edge of the spreading factors can be used to
choose an optinum order in advance. Using the arrangenent techniques
descri bed above, and for the case when spreading factors are even integer

nul tipl es oWhaaeéropttweite albelbmbiits Xhab o ehattdidatiBal ©pBralgn et RYSshhjigh can be
shown to be bounded as:

x's representing non-zero values. If the non-zero elements of the i* row and j*

column of the total system response matrix A do not have the same vector index, then

5 the corresponding element of objective matrix O with row index i and column index

J willbe 0. The bandwidth of O (Equation [1) is equal to 9 since there are non-zero
elements as far as nine columns away from the main diagonal.

The objective matrix O as it is constructed in the prior art receiver shown in

FIG. § is not well banded. Therefore, Cholesky decomposition cannot be used

10 effectively to reduce the operational complexity when inverting matrix O. However,

-15-



KwW-1~~QW ~Bc W1 +1 ~ ~QWkx -1 Equation > AVAX k=l Q ~MAX k=~ 16

+ Equation 16 predicts that the bandw dth of the total systemtransm ssjon
response -27 20 SEP 2004 matrix of Equation 11 will be betvBebEB Zilﬁlu 6.
*An exam nation of Equation 12 reveals that the bandwi dth after either
arrangenment nethod 99) 199 of the present invention 17 is 4. The

i nprovenent the present invention 17 provides is further appreciated as the
5 nunber of transmitted synbols increase. If a systemtransmtted 16, 000

chi ps (800 synbols for a first user and 400 s ol s .for ' er), the
bandv 0t 0 of 0ggpit ancisiebibmube: S resER RO foR FE A e
arrangenment nethod 99 to produce a total systemresponse trix émcahe
bandwi dth of @&%@'cm%&mfﬂ@tw%s@mmmﬁmwpmse@ﬂmw \PerD

i ndependent o e nunber of transmtted synbols. After &ﬁlﬁéf thed*_o

el enents of obj ective trj AR O admiddrRatrin Chintes meERF. g ned.

Si nece the conﬁF%%Ptc?c?}gg l%/n)(;orb I ngga mat?‘l X is proportional to the square of
its bandwidth, the present invention 17 pravideggaereduction of

conput at i onal systsrpblogk dipgrap ETAS PEICCSE AP oxi nat el y (800/ 4) 2=200Z=40, 000.
The total systemtransm ssion response matrix A provi & SefpRse 15
characteristics toThdproceas whishwmmteﬂ@@l%ﬁeﬁwmﬁmgﬁ&?%%ést em - .
response matrix A- is a vector which represents the response

characteri sti @Iarﬁngﬁﬁéﬂt%ﬂ\&ﬁtaﬂyﬂﬁﬁommﬁé@ﬂ-v@ffﬁ'&frénﬁwwqus i nput
to the matched-filter 25 where it is matched with every response

characteristi doRloxits Whie Mivestag s satinnOneshofsectionbrocedars o
produce a mat glﬁ;e‘%r& |qt°'lta§r g%t pur? vector y. Each el enment of output vector y

corresponds tqQ a 2Q prelim,nar [ @reyersbd fldrfngayeitqirotasaissmi t t ed
by a gi ven usé??‘“?%&goﬁl"?)eﬁ vé%ftgfkgsr@&%r%&?he mat ched-filter 25 is | oaded

into a multiplier 43 wth the inverted, objecti. | dBsdihe

mat ched- fi | t erpeziormed %Fm@éb%ﬁﬁmﬁgﬂ*ﬁ‘éh?ﬂﬁv%‘%iﬁefgﬁﬁ g‘% -2%%33,6@520 4
objective matrix O ,are .nmultiplied yielding a yser data vector e user
data vector d cont @n egypitdl @WQM@%@W%%W’I ﬁ’@g’#g@éﬁfgﬁgé?gn%ﬁ]i ng

the discreet tine block. Since the objective matrix 0 and tthe mat ched .
filter 25 out pyedtne nhewed aoleast en Grotsdbsseheimozansh sind e HEHPTR * AT Ehe user
data vector d nust be de-scranbled. The de-scranbli ng@SJrocess 149 is the
inverse of they@nf asEeRERktoresha08 i89protdsing Aldeds raghisves WBnr Ehaleslhges

each el enent of the user data vector d based upon the colunmn re-assignnents

performed whil LAG RGeflokined oft b dblgaiveThatie bised 190D = 1O8ramged WEEMeENt S
of the data ve%etcg?ﬂg 1are ian the sane order dictated by the total

transm ssi on response 'E%%H?ﬁifg{c;wevgr, ﬂge)p,{’br aftBas dot aBdredstd a b9-afangbPgens,
e

t ransposed ver ¥%° e&?’l'e)s/?‘) escranber 45 allocates a nenory space havi ng

t he sane di nmensign and pla eac t I e t sk@ive ingdrs.or der)
120 A ter t nEelos torben Gl R R e b et e | s

output 23 for further processing. Wi Ilgg,the ﬁ#ie eqf .| SoBEN
described in terns Kleinagga. pERPEPFRRE : o?h‘édrrg'ﬁ?a "ons whi ch are

wi thih the scope of ‘the invention_as outlined {n.LS the ¢l ai ng be will
be apparent toMudithser sPetecteon i in t GedePivision zyuiuple-iccess Chal s, Pehory:

Trapsactions on Vehicular Technology, Vol. 45, No. 2, May 1996, pp. 276-287,
discloses multiuser detection approaches. These approaches use & system response

matrix in a zero forcing equalizer and 8 Minimum mean sguare erox equalization to

recover data.

Karimi et sl., "A Novel and Efficient Solution to Block-Based J oint-Detection
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2 0 SEP. 2004 CLAIMb What is Clainmed is: 1. A nmethod for recovering data
froze a plurality of data signals transmhed in a wirel ess code division
mul ti pl e access comunication system the data signals having differing -
‘spreading factors, the plurality of data signals are received szERnEﬂ?En,

i mpul se response is determ ned for each received data signal (19), for each
data signal. a systemresponse nmanix is derived using that data signal

i mpul se response (27) and a spreading code 'of that data signal (29)) the’
net hod characterized by: grouping the systemresponse nogté{ ces _i.nta_groups
havi ng a saneumgeﬂgéraﬂﬁﬂwmblcﬁw Fadienization TEEBoETR YRPEHUPRSIY 203) ;
for each group) ConStructing a group systemresponse matri x conpri sing

col ums of al gata Q@l’sl\é%ﬁ%?ﬁgg@?ﬁa&a@dmbﬁmﬂm(, B0 ol (208998, ppr each.

group, in seq e group having a | owest spreading factor,
inserting the colums of that group.in e Rk g @§iafe 9r oup
as a total syéﬁ%3%§&ﬁ?§ﬂ%F%°ﬁ?§%§§§%;ﬁﬁe%ac %"gerﬁgd cofum is
inserted using an index and a reference insertion location, the |ndex is
based on in pahbleskyfaceadTheCholesiyrfagor SHERVRINSIRER SRR RRG ' owest
group spreading factor the reference insertion |ocation is derived from

that columm's gr OUR{;&I?%QEH?&&&%‘S {pead o daerannt ngettad toredyerkhe nHBRBer of -
the“a

conbined matrices o I owest spreading factor group, the total system

response matrix, having a |i,mt : Qra@eni ng data (25, 41., -
43, 4~, 23) oP)fgméfsb%&%%i%&l“@gﬂgﬁ?{r%g’%@gfﬁgﬁ% 0 SEP 2004 dat'a
signals anal the total systemresponse matrix. 2. The nmethod of claiml
further characterized by descranbliug the determ ned data (45). 3. The
method of claim1l ox 2 further characterized by the constructing of each
group system response matrix MN\%EJN ting one colum from
each systemresponds matrix of the group, in turn (37). 4. The nethod of

claim1 further chefapioei HAln@vn febksdb Bgniset detectordisat detecannd deges

' synchronous or asynchronous CDMA subchannels having different spreading factors

with reduced computationel comaplexity. The multiuser detector of the present

-16a-



g1 any clains 1-4 wherein the data determnining uses a mninmum
r detector. 6. The nethod of clains 1-4 wheregj tﬂ dat a
s a zeroforcing block linear equalizer, 7. T@'@t of any
wherein the data determ ning uses a decorrelator, 8, A

ROAVEEIMShtBRS With ZPIBIE,IMMSH, desorrlatidgtdetesiognaddsthe ike 20 SEP
tted in a wreless code division nmultiple access comruni cation
at Lanal - L fF r ' a K receiver
B GBS Rl BT M e A90. P ThE shterh i

each received data si g[pal , .for each data si gnal a system
memethad prsangss ihe salugis AbSYSEHT raRaRULS SO GESRPNGHIRINESS TFRIEHHHEE and a
code of that data signal, the receiver eharacterised by: neans
I or @uREpDnidenaetraacs of patisiduatatseiscias hnvall-bammieddotabsysigna same
ng factor for their corresponding data signals; neans (33) for each

for &ﬁ{aﬁﬁsrsfé%&és gnsacﬁtﬂyah&xéélﬁ@ehﬁaeﬁmﬁymadcﬁe@mmrré bR&s col urms

the systemresponse matrices 10 the group; neans (33) for each

" in sequence,, excludin e grQup having a | owest s ding. factor,
nsertiﬁ’gatﬂ“\%e“cWPE}fﬂ 5608?“6{1 Hﬁ?' éﬁ}gdqurﬁpgqpﬁgqug\%g%q @‘%ﬁ%‘a"é‘?sgé fact or
p as a total systemresponse matrix; each inserted colum js inserted
g an, idaerpasitiom redsfces drecaumbeseeft feguiredh emthampdict QRETAING AFIOr 0§ nsert ed
‘ng an i ndex and ar eference insertion |ocation, the index is based on in
a spreggglqu,ﬁg&{eglfm@ﬁnghat colum's group and the | owest group
eading factor the reference insertion location. is derived fromthat

ol um' s group gggé}%c{a@goﬁ\w;an ggﬁ&poﬁ@é?mwsn kG ak@E %ﬁltrﬁmwmﬁ rsOf

onbi ned matric owest “spreadl ng factor group, e"total system
frresponse matrix having a limted bandw th;, and nmeans (33) for determ ning
~ dat al®bf t hetrepsmittiaggnen aCHY higtqrse P”é'gé?‘s’ée‘? a%fflautéﬁ“aﬁif%rz‘%‘iaﬂx WE‘”P ot al

. systemresponse matrix. 9. The receiver of claim8 further characterized by

descr anbl i ngachhier. m2y emplby @ d§ARe@Gpadiog daatdmed data (45). 10. The receiver
of claimS or 9 further characterized by the constructing of each group

system response fg¢ kigthdrSotidct HEARE viedlidry td 0SeEkibigy Onearadekderars izam each
system response nmatri x of the group, in turn (37). 11. The receiver of

claim8 further character.i.ze .1 Q I | EXmbie & Cmgger, 12.
The recei vefnug[fusgﬁw ¢ orcvl”glmr‘rlgre!%f@%ﬁ@?ﬁ%&e@&@gtfgageter(?% n?ng uses a
m ni mum nmean square error detector. 13. The receiver of any of clains 8-11

wher ei n t heseehané er ni ni ng uses a

L5 It is a further object of the invention to efficiently limit the bandwidth of a
matrix that represents a plurality of matched filters prior to inversion.

Other objects and advantages of the system and the method will become

apparent to those skilled in the art after reading the detailed description of the

preferred embodiment.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified block diagram of a prior art multiple access

-17-



%9 bl ock |ifear equalizer. 14. The recei’ver of any of clains 8-11
‘e data decorrel ator uses a decorrelator. 15. A receiver for
hg data froma plurality of data signals transmittd&d 3P Hlwi rel ess
sion multiple access comunication system the data signals having
nt sgsmadhiRatidvoisens, the reciever receives the plurality of data
, a channel estimator estimates an inpul se response for each
rved 33 - 20pRER) RO0Gnflidd BlodR Magrdin bi B PRbr SAICDMR helincefioach data
)al deriving ‘a systemresponse natﬁlx usi ng that data signal inmpulse
ponse and a spreadi ng code of that data signal, the receiver
aracteri z&$9). a rearrangenent processor (33) for grouping the system
esponse matrices into groups having a sane spreading factor for their
orrespondi ng daFEGs3 gnalsimplifed Hadhdgegoapof e @nior radct PMA aeept wipvigy st em
“response matrix conprising colums of all the systemresponse nmatrices in
~ that group; n{dmriusg?gae(g{ogup, i n sequence, excluding the group haying a

| owest spreading factor, insetting the colums of that group into the

| owest spreading cfor gro t.ot al stem.r J [ X; each

i nserted colum F L@izf‘bs&s?@aﬂﬁgﬁlaaéﬂlag%gg aaé{ g ‘f@‘ﬁ g@é%cdﬁcgds%rti on

| ocation, the index is based on in part a spreading factor of that colum's
group and the | oREGtS grachipclsdingeadi ofp drics tegirlinepempifiserededectomser t i on

| ocation is derived fromthat colum's group and the | owest group spreading
factor and a nunpgs. §fs £OBBE BRgralPéd sies adflidehemubigst desqteradingg fact or
group, the total systemresponse matrix having a limted bandw th; and
wherei n data of e data S| ~l]. 15 determ ned using the received data
signals and the bgf)ggk}%@escf’renr%oélgé%onse matrix. 16. The receiver of claim 15
farther charactarized by descranbling the det «?r.m' ned data (=$). 17. The
receilferr of cl aFkG1g br blpgk rdiparpmr ofc Adingat MIGEET BieteCkl ot PEEHiing - 34
20 SEP 2004 of each group systemresponse matrix is by sequentially

i nserting ongvépdbymm from each systemresponse matrix of the group, in turn
(37). 18. The receiver of claim15 farther characterized by rounding off

the FIG. 8 depicts system transmission response matrix A% top and bottom

" zero-forcj
wherein
recover,
code ;

column offsets.
FIG. 9 depicts matrix column index value assignment.

15 FIGs. 10A and 10B are flow diagrams of an alternative method implementing -

the present invention.

FIG. 11 depicts the steps for assembling a spreading factor group matrix AG®.

FIG. 12 depicts the steps for assembling an A’ matrix in accordance with the

present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

The embodiments will be described with reference to the drawing figures
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determ ning uses a mninmum nean square error detector. 20. The receiver of
clainms 1.5-18 wheeein the data dekermining uses a zero forcing block |inear
“equal i zer, 21. The receiver of any of clains 15-18 wherein tho data

determ ning uses a decorrelator. 35 .A% A 2 0 SEP 2004
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nearest integer below the value (step 213). The rounding direction has negligible effect
10 on overall system performance. The order in which the rest of the group system

transmission matrices AG® are considered may have some effect on the system

performance. A priori knowledge of the spreading factors can be used to choose an

optimum order in advance.
Using the arrangement techniques described above, and for the case when
r, a matrix bandwidth B can be

15 spreading factors are even integer multiples of each othe

achieved which can be shown to be bounded as:

W 1 Q A W"]. K Q AX
UQ’""X\ 2 Qm(}<3< UQMAx\H).;_é%‘% ! Equation

16

Equation 16 predicts that the bandwidth of the total system transmission response
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10  elements of objective matrix O are derived, the inverse 41 is performed. Since the
complexity of inverting a matrix is proportional to the square of its bandwidth, the
present invention 17 provides a reduction of computational complexity by a factor of
approximately (800/4)*=200°=40,000.

The total system transmission response matrix A’ provides the response

15 characteristics to the matched-filter 25. Each column-of the system response matrix A’
is a vector whiéh represents the response characteristics of a particular symbol. The
received data vector r is input to the matched-filter 25 where it is matched with every
response characteristic fromthe total system transmission response matrix A’ to produce
a matched filter output vector y. Each element of output vector y corresponds to a

20 preliminary estimate of a particular symbol transmitted by a given user. The output

vector y from the matched-filter 25 is loaded into a multiplier 43 with the inverted

objective matrix 0. Both the matched-filter 25 output vector y and the inverted
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9,10%" & ()-49, 10%" & ()-49, 109" & () -4~99qqqqq_"7zZ: {

N B A Rare s S s rhe ARarkdinctnbehodepdl 485 & () -49, 109" & () - 49, 109

9, 10%> & ()-49, 10%" & ()-49, 10%" & 09R' &
9, 10%" & () - Agiemambls!‘i‘))w@raﬂewaghe mggtc;f w%r%%w%%%b&%%g%ﬁg 109%" & (
e Lo ’

r Ontd PUROBIed)w iR, ubBSROBIE(E) thARrBO RN L M)ethysl Ko
qqqquV6Dz£{ MD, 105" &“(? 4% 109%9" & ()9%9 1ggt)>/a> & ()g&;ﬁg1 182/@ & () /(ZI\/(I% ()- 49

199. The elements of the data vector d are in the same order dictated by the total

transmission response matrix 4, 1,9,2,3,10,4,5,11,6,7,12, 8, transposed vertically.

10 The descramber 45 allocates a memory space having the same dimension and places

each vector element in sequential order, 1-12. After the user data vector d is
descrambled 149, the user data is output 23 for further processing.

While the present invention has been described in terms of the preferred

embodiment, other variations which are within the scope of the invention as outlined in

15 the claims below will be apparent to those skilled in the art.

* * *
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, 0999q9qq_?zZ: {
MD, 109%' & ()-49, 109" & ()-49, 10%" & ()-49, 10%" & ()- 49, 109" & () - 49, 109" &
() -49qgqqqquus?zZ: { M, 109" & ()-49, 109%" & ()-49, 10%" & ()-4MP
9,109%" & ()-4qqrr rrr_?zZ:{ 2 0 SEP.
MO, 1099" & () -49, 109" & () - 49, 10%" & ()-49, 10%" & () - 49, 10%" &
"()-4rrrrrrquUs?zZ: { M, 10%" & ()-49,@80 & ()-4MP
9, 109" & ()-49, 109" & ()-4rr!r'r,r2rarpe?:
MO, 109" & ()-49, 10%" & ()-49, 10%" & ()-49, 109" & () - 49, 109" & () - 49, 109%' &
' () - 48r >r OWndtiecRERedif MD, 1099' & () -4MP
9, 109" & ()-49, 109" & ()-49, 10%' & ()-4G I rKrM O Q Vr_2?zZ:{
M, 19, 109%" & () 149, 1Q9@" & - R ( %" FurkdinA Of kI8 sfembls- 49, 1092
& ()-4Vr\rar créfhr 1%2/%?%4\5?3%1;914&@11& da’t{flgﬁ&ﬁ/é?piﬁn@hy“ sfen

1099 & () -4 o & () - o & ()-49..10%" & () - 4hri. :
P L0 & St in's hre 664 G506 Givisioh Tipte costs obianbarohPbekh! 3> 2 € VP
9, 109%" & ()-49, 109%" & ()-49, 10%" & ()-49, 1099" & () - 49, 10%" & () - 49, 109" & (
) - 4t ryrrrr dafz @ghalbMaving differing spreading factors, the plurality of data signals are
9, 109%" & 9, 109%%' & ()-49, 109" & () - 49, 109%' & () - 49, 109" & ()- 49, 109" & () - 4r
rerrrvvez ét%eﬂ)& &Y 8 & ah himpsé 08P oS e(ik USRI 18 each48oclPeddafa SipndMP

rrrrrrr_%?z
M, 109" & () = 0% & ().-49, 109" & ()-49, 1097 & () -A49.109%%. & ().~49, 109" &
()-4rrrrrr&l@§?§‘.l?m’/%ﬁ e -a%ﬁ‘a@f%i gf%h%wgfé% “%‘ull%otﬁ%\%églgﬁa o E

impulse response (27) and a spreading code of that data signal (29), the method

%D)mi 49, 109" &

characterized by:

grouping the sysiem response matrices fdnto groups having a same spreading
factor for their corresponding data signals (203);

for each group, constructing a group system response matrix comprising
columns of all the systemn response matrices in that group (203);

_for each group, in sequence, excluding the group having a lowest spreading
factor, inserting the columns of that group into the Jowest spreading factor group as a
total system response matrix (209-223); each inserted column is inserted using an
index and s reference insertion location, the index is based on in part a spreading
factor of that column’s group and the lowest group spreading factor the reference
insertion location is derived from that column's group and the lowest group
spreading factor and 2 number of combined matrices of the lowest spreading factor
group, the total sysn;m response matrix having a limited bandwith; and

determining data (25, 41, 43, 45, 23) of the data signals using the received
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;9,109 & ()-4rrrrrrr_?zZ:{

MD9, 109%" & ()-49, 109" & ()-49, 109%" & ()-49, 10%" & ()-49, 109" & ()-49, 10%" &

"()-4rrrrrruUs?zZ: { M, 109" & ()-49, 109" & ()-4MP ; A 2004

9, 109" & ()-49,10%" & ()-4rrrrrrr_?zZ: 20 5EP

M9, 109" & ()-49, 10%" & ()-49, 109" & ()-49, 109%%"' & ()-49, 109" & ()-49, 109" &

"()-4rrrrrr@®?zZ:{ M, 10%" & ()-4MP .

9, 109" & (Yatas; the tofgl sy RSEONSHMATESS 2727: {

MD, 19, 109" & ()-49, 10%' & ()-49, 109" & ()-49, 10%"' & ()-49, 10%" & ()-49, 10%

"& ()-4ss ssssl1?zz:{ MP ;

g, iggg i 8-49, 109" & ()-49,10%" & ()-49, 109®' & ()-4sss s"s$s&sdDzz: { MP ;
: "& ()-49,109%" & () - & YRStz 109" &

). 48a(ses b s75imn szb{,#e ;odl&?’%as?mw tékthel Qrabrelibed By e Erafatiihp48e (

9,10%" & 9, 109%" & (J -49, 109" & ()-49, 10%" & ()-49, 10%" & ()-49, 10%" & ()-47

s8s: s<s>s @ewenieddam(ddhor’ & ()-49, 109" & ()-49, 10%' & ()- 49, 10%' & () - 4P

; @BsDsFsHsJslLs ?zZ: { '

M, 109" & ()-49, 10%' & ()-49, 109" & ()-49, 10%" & ()-49, 10%" & ()-49, 109" &

()-4LsVsWXsdsi svU4?zZ: { M Y710%&R&' ()- , #410%&&' ()-9, 1099 & ()-4MP ;

9, 109" & ()- 4i sksl s t X STk & oderenidel '
lsL 10%:& ()- -vyﬁnowm?@%gf&%ﬁfé&&&f% %glttt-vwe\?w%\?ﬂf? :yxé?mclxﬁ&g of
! - 0, ! - 0, ! - 0, ! - ! - ! -
/0% ()cacth@o%IC; édyi&eéx)rcspgg enlxa(.)bﬁ% b(})sequle%{lﬁﬁ‘y QscmG%g SR frolx?%%ﬁ‘ 0

system response matrix of the group, in turn (37).

4. The method of claim 1 further characterized by rounding off the index

1o an integer.

5. The method of any claims 1-4 wherein the data detepmining uses a

minimum mean square error detector.

6. The method of claims 1-4 wherein the data determining uses a zero-

forcing block linear equalizer.

7. The method of any of claims 1-4 wherein the data determining uses a
decorrelator,
8. A recejver for recovering data from a plurality of data signals
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uwy Uy Xyyyy| [ yX7{ M 3Y4y1l0%i& ()- 4 10%#& ()- [10%t& ()-G |1s010%t& ()-1
| -10%#& ()-G | "y 109& ()-Z yyyyy zBzzzvU4{ Mf109%@& ()- f100&& ()- L,
109&& ()- 1098&S& ()- 10#10#10# |1 710%#& ()-zz! {1 {1 {{]|[:vUs{ M__ 10%&R& ()-
1098& ()- 9109&& ()- 109&& ()- 109%&& ()- S109&& ()- |o| |} dEN~iaP-Nibay ™m
39' - #1098& ()- % 109&& ()- " 10%R& ()- f 109%&& ()- LL10YR&' ()-

. #1098& ()-~h~~f|[:vUH M s4109&& ()- y2109%&& ()- 90 10%&& ()- O-

109%8&' () - ntransnoifted iy p - wiyslessgededivisio fiplelaccesy oommugiqaion sygemobe! & () -
- f#sml0% ! & ()--10&10&10&10%R&' ()- F7109&& ()-"z+ [:zY8{ M  &#10% !

' ()-3 #10 e Arbadind NAS 0% the & 10% !
@ () a0 ol L O P S B e e By T e 1ove

L0, Tl o S g B Bt B,

,91098& ()- , . 1098& ()- , 10%& ()-3 f1098& ()- @910%& ()-
10988 () ( ?wm qa.ubtigpall\é s)yst&mmse)mams 13 derped (Wsing thadega gipnal imp@so 968 () -
, 109%& ()- "109& ()-8Gtv%[:bu4{ t(l\g f 90 iO%iée;-e%_#locﬁi?é@/ s ()
3" 10%&| 1 ]&W@I Ed. ﬁﬂ Qgﬁ]&l { Ogg 1 H! lgE o, .Oe 1 _
"f|)100/e$&'(%c)sl??%s§10$1o é71(1)13/'&& ()- T4 f&/&%‘ (V- f2 1\60/&&' ()[-e9|[:vu4{ M

glggoo/?/gg&( % ) i 4{@? %ﬁﬁ%} foryg]rglg/ﬂﬁgzﬂ@ §y%e%9 %ﬁgg‘ns@mam@s‘]ig%egr%uﬁg having a

same spreading factor for their corresponding data signals;

means (33) for each group, for constructing a group system response matrix
comprising columns of all the system response matrices in the group;

means (33) for each group, in sequence, excluding the group having a lowest
spreading factor, for inserting the columns of that group into the lowest spreading
factor group as a total system response matrix; each inserted column is inserted using
an index and a reference insertion each inserted column is inserted using an index
and a reference insertion location, the index is based on in part a spreading factor of
that column’s group and the lowest group spreading factor the reference insertion
location is derived from that column’s group and the lowest group spreading factor
and a number of combined matrices of the lowest spreading factor group, the total
system response matrix having a limited bandwith; and

means (33) for determining data of the data signals using the received data

signals and the total system response matrix.

9. The receiver of claim 8 further characterized by descrambling the
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M 03S 10%%$& ()-3 @10%3$& ()- Oyz 10%3$& ()- S10%%$& ()- 0@@ 10%3$& () -
C10%$& ()-x|[:vUM M *-10%& ()-Z *-10%$& ()-Z hO*-109BZB&' ()-Z

L' 10%%$8& ()-F y09" @ 10%$& ()-G s! 10%$& ()-3BGH JWUW4{ M 2IERPH& () -

| 1090?$0& () - F10e$10e$10e$ F810%e3$& ()- s410%$& ()- SH#110%$& ()-|[:vUid{ M
Bs' @109$& ()-| X L’ @10% ?$ & ()- LnPL® @109%®$& ()- PL° @109%@$& ()-

L> @10% ?%$°,& 10% 2% & ()-)vU4 MIf 10%R& ()- f 10%&& ()-G

| @10%:& (§ e‘rﬂ%‘m@ 25‘§ 10°?2$ 710% ?$° & ()- nmH s’ @10% ?$! & ()-3i|[:vU4{
M &S 10%&R& ()- g 109%&R& ()-3 10%&R& ()- S109%&& ()-3 g 10%&& ()-3 ¢

109%R& ()-Gm [[:vUH M &'f 10%& ()-3 f 109%&& ()-F L10%&& ()- S 10%&& ()-3
"109%&& ()- fS 10%&R& ()-3cF)yl0%R& ()-" 10%&& () - 10%8&' () - GLOYRSE () -

710988 ()- & 18% % e
8109 (§) 109& ()&&igﬁ%rmfg%p (?é 10&%%10&%%%&2 eaby %%‘%@fm%& () -

%& () - 09 0%&: 4 10%& f &10&
as1006? () - 1 Pacuizbip s dgenbnc MRl by peuekilly Ghiapat il g0

3s109&' ()- 1109%&' ()- f/10%& ()- & 10%&' ()- *10%& ()--XvUdyl &10%

, & ()- @O0%ch system sespOfbe mAik)of the grbdp in,tiin((87). 101010 910%&' () - X}|[: vyl
610% ,& ()- S/10% ,& ()-& (10% ,& ()-s '10% ,& ()-M-10% ,& ()- Y

& 10% , & ()- )| +vUdyl Iy 10982 S& ()- 19 10982 S& ()- Y 10982 S& () -
#710%82 S& ()-10, 10, , 910% L, & ()-+W[:vUdyl 110982 S& ()-

@o¥s2 s& ()- '}?%52 ég‘reﬁclweroiL c§100§f2u%§r él‘?aractenzedbyroundmg off the index

to an integer.

12.  Thereceiver of any of claims 8-11 wherein the data determining uses a

minimnm mean square error detector.

13.  Thereceiver of any of claims 8-11 wherein the data determining uses a

zero-forcing block linear equalizer.

14.  Thereceiver of any of claims 8-11 wherein the data determining uses a

decorrelator.

15. A receiver for recovering data from a plurmlity of data signals
transmitted in a wireless code division multiple access communication system, the
data sigx;als having different spreading factors, the receiver receives the pluraﬁ_ty of
data signals, a channe] estimator estimates an impulse response for each received
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sj | [ : bUdy 1 mdtdiQ %&ir(p) tht ﬂiﬁ%&ér(al impﬂﬁé/@és@mse a8/ @prehding chAe@f (&)az dafa
109%&' ()- _ 3z|[:bUdyl /109%& ()- *glO0%& ()- (,10%& ()- @IL0%& ()-

109%& ()- T1098S (= Ty#9710%&' ()- 101010 S910%& () -
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109%& () - 109%& 10%& %& 9nTLO%&
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group, constructing a group system response matrix comprising columns of all the

system response matrices in that group; for each group, in sequence, excluding the
group having a lowest spreading factor, inserting the columns of that group into the
lowest spreading factor group as a total system response matrix; each inserted
column js inserted using an index and a reference insertion Jocation, the index is
based on in part a spreading factor of that columm’s group and the lowest éroup
spreading factor the reference insertion location is derived from that column’s group
and the lowest group spreading factor and a number of combined matrices of the
lowest spreading factor group, the total system response matrix having a limited
bandwith; and

wherein data of the data signal is determined using the received data signals

and the total system response matmx.

16. The receiver of claim 15 further characterized by descrambling the

determined data (435).

17.  Thezreceiver of claim 15 or 16 further characterized by the constructing
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mMIimumn mean square error detectoy.

20.  Thereceiver of claims 15-18 wherein the data determining uses a zero-

forcing block linear equalizer,

21.  Thereceiver of any of claims 15-18 wherein the data determining uses

a decorrelator.
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