WO 01/ 22610 PCT/ US00/ 02621 . MULTI USER DETECTOR FOR VARI ABLE SPREADI NG
FACTORS BACKGROUND OF THE I NVENTION Field of the Invention The present

i nvention kel Lhsy generally to multiple access digital l.cation
systens. Mor e&spegi fically, the invention relates to a rrﬁ’l“‘tﬂcﬂltugsﬁaeiér%ﬁdet ect or

system and nmethod for the sinmultaneous reception of data frommnultiple
users having different spreading factors. Description of the Related Art A
mul ti pl e-access comruni cation systemallows a plurality of users to access
10 the sane conmunication nediumto transmt or receive information. The
media may conprise, for exanple, a network cable in a |ocal area network
or lan, a copper.wre _in classic tel ephgone syst L interface
for wirel ess CMWN&ERJNE CEQR)FO&YAWL@- &ﬁ@éﬁﬁi“@ﬁ#ﬁ&% i on
systemis shown in FIG 1. The conmunication nedia is referred to as a
conmmruni cati on channel . Conmuni cation 15 techni ques such as frequency
division nultiple access or FDVA, tinme division nultiple access or TDWVA,
carrier sense multiple aceggsske) OﬁQﬂQEQN'. mul ti pl e access or
CDVA and others allow access to e sane comrunicatiron nediumfor nore

t han one user. These techni ques can be m xed together creating hybrid
varieties offigl VeRK®ss schenmes. For exanple, tinme division duplex or
SUBSTI TUTE SHEET (RULE 28) WO 01/22610 PCT/US00/ 02621 TDD node of the
proposed third g¥her ptesemt \Mvehibn s relmear denesally ctonnuitpleoraccess 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 mediumto transmit orreceive 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, or 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 corﬁmxmication
medium for more tl;an one user. These techniques can be mixed together creating

hybrid varieties of multiple access schemes. For example, time division duplex or
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of TDVA and CDVA. An exanple CDVA prior art comunication systemis shown
in FIG 2. CDMA is a conmunication technique in which data is transmtted
with a br Is) 5 band (spread spectrum by nodul ating the data to be
transm tt&g%sﬁﬂmﬁoa pseudo- noi se signal. The data signal TgRO0/PFE s t t ed
may have a bandw dth of only a few thousand Hertz distributed over a

f requency TBinodatof nkeeyploposeeMitiird| genesation WHEDMA stahi@rdGe Aroombigdtican

channel is being used sinultaneously by K independent subchannels. For
each subch a+ @ subchannel s appear as interference. 10 As shown,
a single subc anne a given bandwidth is.mixed with a unique. spreading

code whi ch rep kn&@ m ne attern_generated by a w de__bandw dt h,
pseudo- noi se ( B‘CQ‘EH‘G Ll@érﬁ?od't COmEFRUICAtRN ystensis shopmeiadFHg. 2codes

are typically pseudo-orthogonal -to one another such that the

cr oss- cor r EDMAdG»a céimmunainatibh eechpigaa th whichalhesisinansihiveed with 2 Bfoadededdat a
signal is nodulated with the pn 15 sequence producing a digital spread

spegtrum s Lad %tltgftlﬂf taI

spr Cesad spe%% rgﬁ%ﬁﬁc ab?r ansir%n{n fed 1 na%%encgeﬂlmagééﬁtﬁﬂqi&g
transm ssi qn dt‘BF Eﬁﬁ:v dermdul@(?tes the transm ssiagn. extracting
the digi ta?lg%?ge Qﬁ‘é‘c%‘g 19 bgnpnsmifed may,have: 3 bandwidt of onlyarfeWuced
after correlation with the matchi ng pn sequence. \Wen the spreading -

codes are thousamdiderondistribatedroyepafittuencybhand theac miay b sevegalahilliamnHesz.
correlated with a particular user signal related to the particul ar

spr eadi ng T‘H@'%oﬁgﬁl.'imé.{tﬁin Chinhet € wigsd v'ﬁgﬁ‘ ltédegjﬁﬁbl bf gnaflaé’ge&ﬁeﬁ

particul ar spreadi ng code I's enhanced e ot or all" -2
BSTI TUTE
SUBSTI TUT u%HEanne S. Lf-l"or eacl)l subchannel all other subchannels appear as interference.

10 As shown, a single subchannel of a given bandwidth is mixed with a unique
spreading code which repeats a predetermined pattern generated by a wide
bandwidth, pseudo-noise (pn) sequence generator. Thésé unique user spreading - -
codes are typically ps@udo-orthogonal-to-onel another suéh that the cross-correlation -
between the spreading codes is close to zero. A data signal is modulated with the pn

15 sequence producing a digital spread spectrum signal. - A carrier signal is then
modulated with.the d_igital spread spectrum signal and.'transmitted in dependence .
upon the transmission medium. A receiver demodulates the transmission extracting
the digital spread spectrum signal. The transmitted: data is reproduced after
correlation with the .matching pn sequence. When :the spreading - codes are

20 orthogonal to one another, the received signal can be correlated witha particulaf 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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WO 01/ 22610 PCT/ US00/ 02621 . ot her users are not enhanced. Each value of ft-
spreadi ng code is known as a chip and has a chip rate that is the sane or
faster tharwohm2adtt a rate. ‘The rati o between theichip rat BCEHUSHNZ61
subchannel data rate is the spreading factor. 5 To extend the possible
range of val yes of the dat | gnal, a synbol is used to represent nore

t han two bi VR?EHS&E%‘.“’fé‘ﬁﬁ‘i‘iﬁg- and quaternary synbols take on three and
four values respectively. The concept of a synbol allows for a greater
degree of i nfor mkeclhnale otBitspreading codadeknovsr avhéhip apdbas a ghipiratedhaty

uni que pul se shape. Dependi ng upon the nunber of synbols used, an equal

nunber of uni guesab Srfasfer Fan'Biealathies ThY irsdo bdtheeh the chipt fatenami tHehe
source is converted into synbols which are nodul ated and transnmtted

t hrough the suyhchannel for.denodul ation at the destination. The spreading
codes in a @B&‘Wg@?ﬁ%lsgﬁ%%ﬁa Bg%‘%?rm' ze interference between a
desired subchannel and all other subchannels. Therefore, the standard 15
approach to denodiolexténdghe hessitde rangd of walubsofithe data signake A sywbekis siseddp| ot her
subchannel s as interference, simlar to interference that manifests itself

in the comupi-cal: it TRAH tW0 biRAGEINEES TaBhe e @wxerh ' fake @he

single-user, "matched filter and 'RAKE receivers. Since different

bch I ' f ith h i
To. domoaul ai Bres PR RIFLACSPSEEAL, R CBRebIA pmmn e 47 p AR g | °

all of the users transmtting at once by running a decoding algorithmfor
each of t hategree gfdnfurmation Fincs thedsbtangentiof eactosymbnd digiates asBiqugddsst i on.
Mul tiuser detection

shape. Depending upon the number of symbols used, an equal number of unique

10 pulse or wave shapes exist. The information at the source is converted into symbols
which are modulated and transmitted through the subchannel for demodulation at the
destination.

The spreading codes in a CDMA system are chosen to minimize interference
between a desired subchannel and all other subchannels. Therefore, the standard

15 approach to demodulating the desired subchannel has been to treat all other
subchannels 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

themin parallel. This ideology is known as multiuser detection. Multiuser detection

3.
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-3 SUBSTI TUTE SHEET (RULE 26) WO 01/22610 PCT/ USO0/ 02621 can provide a
significant performance inprovenent over single-user receivers. Referring
to FIG Soavawmetem bl ock diagramof a prior art CDVA rgegiNfilaaeySi N9 @

mul tiuser detector is shown. As one skilled in this art realizes, the
receiver may include such functions as radio frequency or rf down

conver si offngAvids asignitieant perfprmance igprayentead pver sieglasiserrectiaarsel s,

anal og-to-digital conversion or optical signal denodulation for a specific

communi cat i on Refeliring SRIGI3; Rystern B106k BRGRiK OF aiptio artCDMEA $8&iviranal ,
ei ther analog or digital. containing the conbined spread signals of all

active s nek.s i t ect ot perforns .tiuser detection and
out put s g& ?@?Eﬁ'%segaag%%%lsg&gé? ?“gss‘%%ﬁ’r? lhealf‘&glé&&f%ﬁsv CIEE5EYAnnel . Al
or a 10 smaller nunber of the total nunber of subchannels may be

pr ocessednayisclugds such fupriensas sadie frequencyos ridovcenviersion and associatedv e

devi ces perform ng nunerous conpl ex nmathemati c operations and are

t her ef or efiltirfrig foritadié Red ﬂmbﬁmhelseﬁiw@%ﬂ@aigliﬁl cobfvef¥idh & ﬂg@*ﬁ%@ ©

suboptimal multiuser detectors such as Tinear detectors
devel ope

h 1] lonal conplexjty as a.l15 conpram se
appr oxi ma e:’ng :g%H%iéﬁ%‘g% ? gﬁ?ﬁﬁggﬁ%&c{aﬁﬂﬁImedié?'m%%gt.puﬁf’ﬁé’&rre‘beén?gdf Brs
i ncl ude decorrel| ators, mninmumnmean square error or MVSE detectors, and
zero- f orREPeR§sesl Bgnal| eihenanalegen digialscantainingrhecombined spreadisignals ofi agr am of
a prior art linear nultiuser detector for synchronous or asynchronous CDVA

comuni cadli adtivesudbigatelsn TheCmuttiusBRHetectdP peHbAHS ngdlﬁﬁ@e} iRt QBH ARG Cat i on
(0]

nmedi a specific receiver (as in FIG 3) is coupled

(@)

outputs a plurality of signals corresponding to each active subchannel. All or a
10 smaller number of the total number of subchannels may be processed.
Optimal multiuser detectors are computationally intensive devices performing
numerous complex mathematic operations and are therefore difficult to implement
-economically. To _minimize expense, suboptimal multiuser detectors such as linear
detectors have been developed requiring less computational complexity as a
15 compromise approximating the performance of optimal detectors. Linear detectors
include decorrelators, minimum mean square error or MMSE detectors, and zero-
forcing block linear 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 FIG. 3) is coupled to
a subchannel estimator which estimates the impulse résponse of each symbol

transmitted in arespective subchannel. The linear detector uses the impulse response

-4-
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a subchannel estimator which estimates the inpul se response of each synbol
transmtted in a respective subchannel. The |inear detector uses the

i mpul se respeBeRs- 4 SUBSTI TUTE SHEET ( RULE 26) WO 01/ 226;%,}{?5{)&5{:0 2621
estimates along with a subchannel's spreadi ng code to denpdulate each

subchannel 's data. The data is output to subchannel data processing bl ocks
for respect PEnatesaang wih asuhchanned’s spreading eedsdo demodilate eactimyibekansiel’ssers in
a physical system linear ., pultiuser detector methods are executed as fixed

gate arraysdata) Thedardesepusto sibahdnakl dfta pideMinPHRERSER TéspetiveiRerand t he
| rke. Fixed logic systens allow for greater system speed while

ol onent at o ¢ poptire PHEuctoRor B SBHBRR Retr A bRl Sy e s

sequence of mathematic operations. To describe the functions, the.
fol | owi ng vanltiuserdeteqtninethodsareiefecniedanfixed gatesrrays, minxbpogressors, digital  a
| inear multiuser detector: 10 K= the total nunber of users/transmtters

that sre aCEiigMﬁﬂr@cefsQﬁs wpswandthle1ife.tﬁ§e@w§b@§rys@¥ns%hbwo} egteggfg%nl?l ock.

The nunber of chips is required since wth~™varying spreadrn tors this
-nunber is a_nmeasur. common to all users. e nunber .of chjps is..divisible
by the | ar g8 @B&e‘gtﬁr?gfo?csﬁgc%b‘?enaﬁyﬁ&m&}PGP(FFOQIH@I‘B%% geﬁ’ll’%étynisr\&ﬁhous
CDVA, a 15 synbol fromthe user with the |argest spreading factor may
constitute irmplomentation thagiscresprimeibld for the Mipltinaer deteatiod performea bequegoal t o
the largest spreading factor. W= the communication channel inpulse
response | eggipththeéindtie! Herations. To describe the functions, the. following variables

typically define the structure and operation of a linear multiuser detector:
10 K = the total number of users/transrmitters 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. The number of chips is divisible by the largest
spreading .factor allowed. For the case of synchronous CDMA, a
15 symbol from the user with the largest spreading factor may constitute

ablock 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.

-5-
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This is generally a predefined paraneter of the system -5- SUBSTI TUTE
SHEET (RULE 26) WO 01/22610 PCT/ US00/ 02621 Q k) = the spreadi ng factor of
user k. ™Weogpswadi ng factor is equal to the nunber of earpsoddzein are used
to spread a synbol of user's data. A system knows the spreading factors in
advance and does not need to estimate themfromthe received data. 5 N, (')
= the nunber of synbols sent by user k. Nsck> = Nc / Qk). K NT=INsk' =
the total nunber of synbols sent. k=1 d~k~ = the data (information) sent
by user k. TheQfhrahe spreading facier ofusenk Theospreading facsor isequaliter e a vect or
Is an array of data indexed by a single index variable. For the purposes *
of vector and %rfd%&%bﬁ?hma&s%t&@réﬁé%b(ﬂbfu.*{e‘i‘cstdhrtzﬁ Are defined as
colum vectors. The n"' elenment of d) i's the™n"" synbol transmtted by the
kth user. P) = _the inpul [ espons f t.he.subchannel experi.enced by user k
presented as asy,ségp&(ﬁgw?ﬁﬁg sgﬁ%ﬁpg ?@F?Wééﬁ 5‘1‘(*&5‘%@“@ %Fﬁﬁ?gﬁee&mt he

receiver. The receiver's estimtes of the subchannel inpulse 15 responses
are referred t ostimsats(them fmme the reegiveddath. t he vector h(k) are typically
conpl ex nunbers, which nodel both anplitude and phase -6

5 N,® = the number of symbols sent by user k. N®=N_/ 0%,

K
N'= ZN ‘" = the total number of symbols sent.

k=]

d® = the data (information) sent by user k. The data is presented in the
form of a vector, where a vector is an array of data ipdexed 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*

th

element of d® is the n™ symbol transmitted by the k” user.
h® = the 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
15 responses are referred to as A%. The elements of the vector A are

typically complex numbers, which model both amplitude and phase

-6-
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SUBSTI TUTE SHEET (RULE 26) WD 0112261 O PCTJUSQOQ 02621 variations that can
be introduced by the subchannel. vtk) = the spreading code of user Kk,
present ed agoe26ewt or. For .the purposes of linear nulti uoavosieeenti on, it
is useful to think of vectors <containing the section of the spreadi ng code
whi ch spreads a partjcular 5 nbol.. Therefore, the vector 0-") is defined
as the spreadi nge%ad@nsmﬂtew%lfw&éa“’t@% S4PehaRBelt synbol sent by the k"
user. Mathematically, it is defined as: vt(k.")= vl for (n-1)QKk'+1 Si <_
nQ k) and O for all other i, where i is the index of vector elenents. rl1l7
=:a vector which represents user k's data, spread by the spreading 10

sequence Vv(k) angk)t;ﬂﬂ,’séprg&g?g gggﬁyeg%%gﬁ?r%gﬁa%s%pﬁg&qnp& . The

vector r{} represents chann ormed during the period of

time when a bl ock of dat%arrivF,s. The i el eman% of t.h ector,-"*" can
be defined as: NPRIPOFes(af)linear yppltiugsr qegection, it fiusg ‘}“%h_mFP Vect®uat i on 1

n=1 j=1 15 The signal received at the receiver includes all user signals
r (k) plus noi se. cdfaintrigthesectionofthe spreiding codeowitich spreads ajparticulact or r as

follows: -7-
5 symbol. Therefore, the vector v** is defined as the spreading code
which is used to spread the n™ symbol sent by the k* user.

Mathematically, it is defined as: v*?=v® for (n-1)Q%+1 < i < nQ®

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 #°. The
vector P represents channel observations performed during the period
of time when a block of data arrives. The * element of the vector ¥

can be defined as:

N® W

(k) _ (%) (k) ,(kn)

o= Zdn Zhj Vi- 20 Equation 1
n=1 =1

15
The signal received at the receiver includes all user signals 7* plus noise. Therefore,

we can define the received data vector r as follows:
-
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SUBSTI TUTE SHEET (RULE 26) WO 01/22610 PCT/US00/02621 K r =1 rikl + n.
Equation 2 k=1 The vector n in Equation 2 represents noise introduced by
t he conmwo@makéion channel. FIG 5 shows a system and npgiyosoofebe2g prior art
linear nmultiuser detector. 5 The estimted subchannel inpul se response
vectors h(k) and the spreadi ng codes 0) are used to create a system
transm ssion response matrix for ser k. Amtrix 1is a block of
nunbers i ndexed by two i ndexing=v |a'6’ie-$- Bmnd is arranged_a a‘H‘bieCt angul ar
grid, with the first indexing var{Z@ble being a row index gﬂﬂatf second

I ndexi ng variabl e being a colum 1ndex. 10 A systemtransm ssion response -

matrix for user k is typically denoted as A(k). The i"-row, n ''-columm
el ement is denoted as A;.,,(k) and is defined as: A' h (k )V (k, n) 1 3 +
1 Equation 3 ! Each columm of the matrix Alk) corresponds to a matched

filter re$hervsctorar im Eqpatien Sutepreseptsimiises imrodigedi byrthé odmmumgcation peri od
of interest. Referring back to FIG 15 5, the received data r is matched
to a conbpppepn of all user's spreadi ng codes and subchannel inpul se
responses. Therefore, A(k) contains N, (k) matched filter responses. -8-

FIG. 5 shows a system and method of a prior art linear multiuser detector.
5 The estimated subchannel impulse response vectors A* and the spreading codes v®
are used to create a system transmission response matrix for each user k. A matrix
is a block of numbers indexed by two indexing variables and is arranged as a
rectangular grid, with the first indexing variable being a row index and the second

indexing variable being a column index.
10 A system transmission response matrix for user & is typically denoted as A%,

The i*-row, n"-column element is denoted as A,,* and is defined as:

h(k)v(k.n) .
2 j i- j+1 Equauon 3

Each column of the matrix A® corresponds to a matched filter response for a
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

subchannel impulse responses. Therefore, A® contains N® matched filter responses.

-8-
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SUBSTI TUTE SHEET (RULE 26) ard WD 01/22610 PCTI USOQO 02621 transm ssion
response matri x, denoted as A is created by concatenating the system
transm ssion matrices for all the users as shown bel ow. Equation 7 5 In
accordance with prior art nodul ati on techni ques, the elements of h() can
be conpl ex nunmbers. It then follows that the non-zero elenments of A can be
conpl ex nunbers. An exanple total systemtransm ssion response matrix A for
a hypothetical prior art nultiuser detector assenbled in accordance with
Equations 4, 5, 6 and 7 is -10 SUBSTI TUTE SHEET (RULE 26) WO 01/22610

PCT/USOCO/ 02621 0 00O O0OO0OO0Oib; 1" 0O0O0Dbs;" 0O000O0O0O0O ;bl;" 00O
bi15 b 000000 'b;3 000 bi b,", 000000 ,b;2;" 000 bl5Db"
b3'1 00000 Ib, $ b;;" 00 Ob; 4b3._', 0O000O0!b1.6" 2500 O

b(" b3 3 4i 0000 bl7 b25 00 00 b3 4b4.200000Db2.400



QO b3 5b4.3 bs 1 000O0Db; 5b3i" 0OAO0O0O Db;”4 b512 00 00 b; 6 b3 ;
0 Equation 8 0 O O bb 5 b5 3 b6.1 0 0 O b, 7 b3.3i 00 00O b"'4 bbl2 00

0 0 b32~ Obs 5b6'3b'1000b3s bat} 00 4 b.7(") 0
00 b3 6 8"026}’28“8 000"615b 3b8 100hb3bd3.1 .ec?of”g“@gﬁlo 0b: ' 4

b81; 0 0 O b4d) 00O O0O0OO0ODbD7.5b$3 000Db;5 0000O0O0O0 bg30 00 b 2
4 0 0 0 0 frafsniis$iBR ré3pOnse matrix, déngtedd9A is erehtedUBSIInthfehatii-the syRelnlE 20 WO
01/ 22610 PCT/ USOQ 02621 for two (k = 2) users, At" and A(21, having

si xt een Ch{r&?sxini?si@nﬁﬂlﬁcé@'f@?!ﬂlfﬂﬁl\t'lsérs]a@spo@n veltipnel inpul se response | ength

of four (W= 4) and a spreading factor tor the first user of two (Q') =
2) and a spreading factor for the second user of four (Q2) =4). In the
resultant total systemtransm ssion response matrix A, b" .t") denotes the
irh 5 el enent of the conbined system and channel response for the n''
synbol of the user.

—I AD Alk)
A-—-[A ,...,A ,...,A(K)_]_ Equation 7

5 In accordance with prior art modulation techniques, the elements of 4 can
be complex numbers. It then follows that the non-zero elements of A can be
complex numbers.

An example total system transmission response matrix A for a hypothetical

prior art multiuser detector assembled in accordance with Equations 4, 5, 6 and 7 is

-10-

SUBSTITUTE SHEET (RULE 28)



The received data r is processed using the total systemtransm ssion
response matrix A which represents a bank of matched filter responses to
create a vew0o1226f¢6 nmatched-filter outputs which i s denotrck/esoegsilhe

mat ched filtering operation is 10 defined as H 1' = A T. Equation 9 The
matrix AX represents the Hermtian (or conplex) transpose of the matrix A
The Hermtian transpose is defined as ~N =A - , where the over-bar denotes
the operation of taking a conjugate of a conplex nunber. The matched
filter outputs are 15 then nultiplied by the inverse of an objective
matrix 0. The objective matrix O represents the processing which
differenti ates each type of linear receiver nodel. It is derived fromthe
systemtransm ssion matrix A The zero-forcing block linear equalizer
(ZF-BLE) receiver is a linear receiver -12 SUBSTI TUTE SHEET (RULE 26) q o
WO 01/ 22610 PCTI US00102621 w th an objective matrix specified as 0 = AHA
The m ni mum nmean square error block linear equalizer t | MSE-BLE) receiver

is alin at redeiver with an objective nmatrix specified as 0 = AA + 02l
where o0? is thg yariance of the noise present.,on each of fhe synbols of
the recei ved ddtm véito r Qnd(%heonat ix‘1{ﬁ§ kifownYas @n| 5 identity
matrix. An identfty Omati0i x s shuale a@d synpEtriocc woth Osjon its main
di agonal and zQnas gmerxmhebe qiseo Thg su;dygf Qpe bdenbity matrix is
chosen so as LTl P13
B B2 0 0 0 0 0 0B® 0 0 0
BY BY BY 0 0 0 0 0BF 5} 0 0
O 5 b2 0 0 0 0 0B EY 0 0
0 5% BY B 0 0 0 0 B2 0 0
0 0 ¥ B2 0 0 0 oi K2 06 0
0 0 b5 bz by 0 0 010 BY &Y O
A=10 0 0 B Y o ! 2 bl .
b 0 o o lo g pa o |Equaions
0 0 0 b5 b by 0 010 b3 by O
0 0 0 0 % B3 0 0:0 0 B2 0
: 2 ! !
0 0 0 0 B3 B3 BY 010 0 b2 b
0 0 0 0 o0 B) o o0 ;o 0 b2 3
0 0 0 0 0 b &) 510 0 b7 53
i
6 0 0 0 0 O B prio 0 0 Y
i
0 0 0 0 0 0 2% pi0 0 0 b2
o 0 0 0 0 0 0 H%i0o 0o 0 B
. ¥y '
0 0 0 0 0 0 0 pIiO O 0 bY
AW A®
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to make the addition operation valid according te the rules of |inear
al gebra. For a decorrelator (decorrelating receiver), matrix Ais

si mpl i fi qgo Pifaaknoring the channel responses h"', cons%&g&é&&zgﬁl y the

spreadi ng codes and their cross- 10 correlation (interf operties.
A cross-correlation matrix, conmonly referred to as R is generally
const r uct éat tivar (kee2)ousess, 4f'band 4Pehaving sikesen. chifs in andzits blockdN, Be16), a
constructed by assum.ng that WEl and h, tx}=1 in the definition of A above

(i.e. the Eﬂ’%}é _85}&{3- ' [ n the
Cross corf%%{gx??gﬁéulgﬁﬁ%r' X %l??fgl?ﬁgfdgg;{g?f? e n%%é@i‘ﬁggg%m e@?}r%leeafxggr t he
ZF- BLE recei ver. correlatqr often serves as a sub-process of a nore
Sl ox. nHRn G e (67 520 A5 2 RaBInE At ot HEC) Wier P B = 4)s
created, the nultiuser detector will invert the matrix, denoted as 0''.

The i nver §e thef restiéam ptak sysvem nmnsmission teSponseuthitii! A,eb), Bydehbes nié ¢hed
filter output vector y to produce estimtes of the data vector d where

d(esti mat =0 : ' j f ' V.S ' | g @
ol ox. - clemEnPol the cofthirFe i a3 Sl IPqR G elP (AL brBod £1,
required to performthis process increase as the cube of the size of the
matrix 0. 9¥r nost asynchronous CDMA receivers, the size -13 SUBSTI TUTE
SHEET (RULE 20) WO 01/22610 PCTNS00/ 02621 of 0 is very |large which nmakes

the process of Theseeeiveddatamis protessediising Tie toted systemr utahsmiskiofiréspohsy), and to
make the system physically realizable, a nunerical nmethod due to Chol esky

i's used. %ﬁfﬁ@hﬁ!ﬁ?ﬂ%ﬁﬁﬂ5B&xl@@ﬁglalft%lmg{iEfgfef?éﬁbbx\{se%‘?g‘dfe%té DGe&Oippt at i onal

conpl exi t I nverti e matri X

matched-filter outputs which is denoted as y. The matched filtering operation is

10 defined as

H
y=Ar _ Equation 9

The matrix A” represents the Hermitian (or complex) transpose of the matrix
L . H_7
A. The Hermitian transpose is defined as 4; =A; where the over-bar denotes the

operation of taking a conjugate of a complex number. The matched filter outputs are

15 then multiplied by the inverse of an objective matrix 0.. The objective matrix O
represents the processing which differentiates each type of linear receiver model. It
is derived from the system transmission matrix A.

The zero-forcing block linear equalizer (ZF-BLE) receiver is a linear receiver

-12-
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5 matrix is banded. A banded matrix is a square matrix that contains
non-zero values only on several diagonals away fromthe nain diagonal. The
nunber of womizmi® di agonals adjacent to the main di agopet/usteatehave at

| east one non-zero elenment-is referred to as bandwi dth. Thus, a symetric
matrix Mis ﬁﬁid Q0 be banded wi.th ba&‘cai_\r/]vigth 10.if mv =0 for all j > i
b, Equat i BHD 28 OBIFEE R SRECC AL HemA 6 The TR BERh SRR SR8y | ndex
and j the columm index. For, a banded matrix w th size denoted as n and
bandwi dt h deltock tideareqpalizeh MB4SK-BldBaecqivaiis & linéifaaceiesturith aebjectins r ed
nuneric operations of inverting the objective 15 matrix O fromvarying as

t he cube of Lhe & f e Amt 1 %, I: ' he
matrix tines t "leﬁjse(éjﬁlaeraea sof f“{:g %g‘g%ﬁbg?ﬁ"'%nt}égR/XfAsﬁlﬂ:g?toctﬁgggﬁbggegslgoxft he
objective matri or a ZF-BLE receiver is 0 = AHA. To.illuystrate the
nuneric corr%"rcé‘xq)%t(b? SYHRO S?bmee@‘fﬁ%ﬁaweet%@n@ gy é‘a%\"é‘masr@sponse
matri x A shown in Equation 6 is -14- SUBSTI TUTE SHEET (RULE 26) WO 81/22610
PCT/ BSOQ 02fa2ftityXmatrix. QAN iden€ityOmatrix 8 squaterand xyrfimerir @itk Is o ifs méinx x X X
0O0O0xxx0 Oxxxxx00xxx0 00xxxxx00xxx

diagonal and zeros everywhere else. The size of the identity matrix is chosen so as

)

to make the addition operation valid according to the rules of linear algebra.
For a decorrelator (decorrelating receiver), matrix A is simplified by ignoring
the channel responses A", considering only the spreading codes and their cross-
10 correlation (interference) properties. A cross-correlation matrix, commonly referred
to as R, is generally constructed for decorrelator type receivers. This matrix can be
constructed by assuming that W=1 and k,®=1 in the definition of A above (i.. the
channel response of every subchannel is an impulse). Then the cross correlation
matrix R is the objective matrix O as defined for the ZF-BLE receiver. A
15 decorrelator often serves as a sub-process of a more complex multiuser detection
receiver. Once the objective matrix is created, the multiuser detector will invert 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 4 where d(estimate) = O'y.
20 The inversion of the objective matrix O is a complex, computationally intensive
process. The number of operations required to perform this process increase as the

cube of the size of the matrix O. For most asynchronous CDMA receivers, the size

13-
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000X XXXXO0Oxxx(c) _0000xxxx0@6xx 00000xxx00
XXX XXX0000xx 00 Equation 11 x x x X X Xx 0 x x x x 00 0 x x X
X X X 0 xwoe1/226000 O O x x x X 0 O x x where zeros denotpgcrtiscoeraanent s t hat

by mat hermati cal operation yield zero and with x's representing non-zero

val ues. |If e non-zero elenments of the i'. rowand j'' olum of the
total systPis¥srylage yhich 'eﬁ@erﬂﬁ’“ﬁé%1‘¥Vﬁégl%’r¥ﬁpl{9§‘é‘f®ie-i ndex, then 5

t he correspondi ng el enent of objective matrix O with row index i and col um
index | wll BBo6vercome s timithtion pdndoto(thakecthe systérh)physicaitynehlizabl® asi nce
there are non-zero elenents as far as nine colums away fromthe main

di agonal . 1 6ol MoX Chobsikitisl ns ' L oL art
receiver s %&gﬁ%ﬂ% ﬁ{gl G galés not vveH’ gaﬁgﬁ%. %glr%lf'}grdg?o@%lgéﬁyém
deconposi ti,on_canpot be ysed 10 effectively tqQ.redyce the operational
conpl exi t ySIamqam?aoaquFﬁ coERRaonal gmplendty of rsvmﬂem@:‘sﬂeéﬁe( RULE
26) WO 01/ 22610 PCT/ US00/ 02621 the prior art discloses that when all users
tradsm t wnatrixdgbahdebr eadi ng factors, a re- arrangenent of the total
system transm ssion response matri x A can be performed prior to

cal cul ating an | ' 3 ' | F | ] trix.

A system bl ock @ilﬂgggédmﬁ@g?? H“é. )séq‘garr(e)té%%ugk ?%t%%ﬁﬁ ﬁmLPé% galg&n&ﬂg oif?
several diagonals away from the main diagonal. The number of non-zero diagonals
adjacent to the main diagonal that have at least one non-zero element is referred to

as bandwidth. Thus, a symmetric matrix M is said to be banded with bandwidth p

10 if
my=0forallj>i+p, Equation 10

where m;; is an element o'fM,. with i being the row index and j the column index. For

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

decomposition can reduce the required numeric operations of inverting the objective

15 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 ZF-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-
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5 The process which conmputes the columm re-arrangenent of matrix A perforns

the re-arrangenent w thout any additional

i nformati on. The re-arrangenent

reduces tweoRMati onal conplexity when inverting the nmetriscongge t he
dure is conplete, a user data vector d is conputed, a

detection proce
reversed re-arr,
its original f

system the ba
times less tha
factor of 100 i
is perfornmed o
response nmatri
15 net hod for

users. AccoppL
nunber of I nv
SUMMVARY COF THE
det ector that

subchannel s ha
conplexity. Th
Has Been Rep S

Pm For*f Ut t cllsifigx 10 19
aw dt hxofx a or egar@anged: @bj ect
jts original gizg. Jherefore,
r’fl p?‘ocesg’f ng tlﬁrregi sérac‘hi &ved V\ﬁﬁ
Oanxobfecti ve watPix0 based upond
o Hpweyery theypriorgarg has,not
en _di fferent spreading factors :
1y0 tHerk i dts¥a hedd #o det#|
0si On &t eps when gi ff ergeny spr egy
NVENT, The present invention_ |
g)te tségr\léd @ecgde"s’ 20 Ogy chfondi
pngxdi £f ex et 8pr@ad ng f act Or sO
xubtiyser detectger pof h? p%es(ger
%STI TUTE SHEET ( RUL 26(5 LT
0 x x x x x x x x x

ngement pr ceBs 'és perfornmed descranbling vector d back to
er “pr

a typi cal asynchronous CDVA

e matrix is at least ten

savings of at |least a

en Chol esky deconposition
re-arranged total system

addressed a re-arrangenent

are in use between active

m ne a nethod to reduce the

ling factors are in use.
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where zeros denote all elements that by mathematical operation yield zero and with

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

column of the total systemresponse matrix A do not have the same vectorindex, then

5 the corresponding element of objective matrix O with row index 7 and column index

Jwillbe 0. The bandwidth of O (Equation 11)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. 5 is not well banded. Therefore, Cholesky decomposition cannot be used

10 effectively to reduce the operational complexity when inverting matrix O. However,
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111111 WO 01/ 22610 PCT/USQ(c)/ 02621 invention is conpatible wth ZF-BLE,
MVBE, decorrelating detectors and the |ike wusing Chol esky deconposition to
m ni M zewoewn60 operations. The system and met hod arr gopesootobe21col urms of
system transm ssion response matrices representing the response
characteristics of .individual users into a well-bapded fotal system5 '
transni ssthnPriargpshisdoseathat whepa NS?ré.saaegramf@ﬂheqwﬂwm‘flg» B oAdRed- 1 | t or
responses for a given block of received data. The invention in conjunction
wi t h Chol eftiygeman ofties totaleysteariramsmisdien raspbrse mhtrixed) can éd pexfoimedit i ¢
operations prior to parallel matched filtering. Accordingly, it is an

obj ect of ,LAed i bflehi & nafti i/ mafri/%h a behdedaRatit t i ng
over a wﬁkgthgériﬁg%iéﬂ%a%ﬁgeguce co%&tﬁgﬁ%na conp eél(?,ty where each
user may enploy a_different. spreading factor, I s anot her object of the

i nvent i on 4 systese block iagram for, ?P’E%F%{séh%wi‘mﬁ(;nai tiuser detector without
requiring a uniformspreading factor anong all CDVA subchannels. 15 It is
a fyrther obj eThe pfockésawhiok esrnpoes the colinutiecditdngemenidf mdnéx Apecforres h of a
matrix that represents a plurality of matched filters prior to inversion.

appar ont. 15 PrbReBRAANTR oty addifod RSy, 118 bRl REERTR, 01 o

of the preferred enbodi ment. 20, BRI EF DESCR| PTI ON OF THE DRAWNGS FIG 1
i s a sinpltheopegatinnatcomaplexityvhen inyepingihe matrix, (PRceshedeteetionprocedure

is complete, a user data vector d is computed, a reversed re-arrangement process is
performed descrambling vector d back to its original form for further processing.

10 In a typical asynchronous CDMA system, the bandwidth of a re-arranged
objective matrix is at least ten times less than its original size. Therefore, a savings
of at least | a factor of 100 in processing time is achieved when Cholesky
decomposition is performed on an objective matrix based upon a re-arranged total

- system response matrix. However, the prior art has not addressed a ;e-arrangemént .

15 method for when different spreading factors are in use between activé uSers.

Accordingly, there exists a need to determine a method to reduce the number

of inversion steps when different spreading factors are in use.

SUMMARY OF THE INVENTION
The present invention relates to a multiuser detector that detects and decodes
20 synchronous or asynchronous CDMA subchannels having different spreading factors
with reduced computational complexity. The multiuser detector of the present

e
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-17 SUBSTI TUTE SHEET (RULE 26) WD 01/22610 PCT/ US00/ 02621 communi cati on
system FIG 2 is a sinplified block diagramof a prior art CDVA

comuni cat i em FIG 3 is a sinplified block diagr ior art
CDMA r ecei V@I’Bo\llﬁ 5 nmul t'fuser detection. FIG 4 is a si ﬁﬁlﬁ%’lo@ﬁﬂggl ock
diagramof a prior art multiuser detector. FIG 5 is a block diagramof a

prior art |iinesdtioniscompatible tidCZPBLE; MMIE, decdirdlatipkdeictars afi ee lkedr | OF
art linear multiuser detector using Chol esky deconposition. 10 FIG 7 is

bl ock di agr am: [ | et eg f.t ;ese Lnyention.
a8 dopi Cruie g aplsRf BlcoRhdiht Eh TR dundiic ol aloRSC e SRR,
colum offsets. FIG 9 depicts matrix columm jndex value assignnment. 15

FI Gs. 10A andmgdpd arranges #ig clHgREofs YSemAnamission 26SpeBSaIBAtNGES IepysSentngt i ng
the present invention. FIG 11 depicts the steps for assenbling a spreading

factor grouphageiponsPciicterifiice of liadHedial tuzeds 18t h apSll-baidedspenliem an A
matrix in accordance with the present invention. 20 DETAI LED DESCRI PTI ON

OF THS | NVENT] Qission response matrix which represents a plurality of matched-filter responses

for a given block of received data. The invention in conjunction with Cholesky
decomposition reduces the number of required mathematic operations prior to
parallel maiched filtering.

Accordingly, it is an object of the invention to detect a plurality of users

10 transmitting over a CDMA interface with reduced computatioial complexity where
each user may employ a different spreading factor.

It is another object of the invention to use existing linear detectors in a
multiuser detector without requiring a uniform spreading factor among all CDMA
subchannels.

15 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-
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The enbodi nents will be described with reference to the drawi ng figures
-18 SUBSTI TUTE SHEET (RULE 26) WD 01/222610 PCT/ US00/ 02621 where like
nuner al sweoegrzesient | i ke el ements t hroughout. Shown in Fp&ruseoiesezg nul ti user
detector 17 of the present invention for detecting, after reception, a
plurality of users transmtting over a cormmon CDVA channel. The nul tiuser
det ect or  OMPEWHFAHORSYSICI) yral ity of processors having 5 collateral menory
whi ch perform various vector and matrix operations. Alternate enbodinents
of the inventiBHKGi 2ds admmplifiedcblgek diagranapf aqmibr RBRFEDMA foomrhmgcation
functions of the various processors. The detector 17 also conprises a first
input 19 f@rinputting individual k subchannel -inpul se response estimtes
nodel ed as’ vectors hikf to correct intersynbol interference or ISl caused
by a subchannel wn synbql.s nd multiple access_interference or MNAl
caused by synb%lé' rlﬁ)ﬁﬂ%mﬁhhe‘&i’&"% lagrapt ahAMgios arbCDMA reseivey ddthgat a
signals, a second input 21 for inputting data from all users k transmtted
in s di schmdtiuset detkctivn.time in the formof an input vector r containing

t he conbi ned data from each user's subchannel and an output 23 for

out putting us el Y f . e i el datar in
the Torm 15 of PG By iR ibctathertioy S Bichient BERYBL0GRRRET, (R 7 1
spreadi ng factor %,) 41 for each user (k =1, 2, 3... Ky are known a
priori. To obtBIG. isct blgek diagram of a prigr sysdinear muliiser detestpr.he conbi ned user
data r, the wuser data nust be filtered using a matched filter 25 or the

l'ike. One knowrRG96e & Block didekdrfi oflb priof 8A diMedeHulthintr detb@belgagfil ter 25
requires a response characteristic which

Cholesky decomposition.
10 - FIG. 7 is block diagram of a linear multiuser detector of the present
invention.
FIG. 8 depicts system transmission response matrix A® top and bottom
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 A ;%
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
-18-
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20 is the conpl ex conjugate of the conbination of the spread pul se shape
and the user's subchannel inpulse response to produce an output with a

| evel repr isve of the signal prior to transmi ssio ' i nput to
the filter Qg(g@ﬁv\%ﬁgh do not match with -19- Thi s iSheet Hag’cg&sﬁ&@esp aced
SUBSTI TM SHEET (RULE 26) [ 11T 11T INZILELETETTrT WO 02/ 22610

PCTI USOQ' 02 6etere Bkgynumeraiserepressrs likh aleadnts thsdighopt.oduce a | ower out put .
Each individual k subchannel inpulse response estimate hl) is input to a
first memory 27suheheniFIG.S7 SOHNifGse detbcldi 178 heUsiRhert iAPERAN fog code
29 (Equation 3) creating a systemtransm ssion response estinmate nmatri x
Ask) for that user. An 5 anrang%rreaﬂtbx pﬁrocessor 33 of the present_invention
17 per f or s I5teFROBAFEF FoEGPBPN. A Rluraipt of ysers transguiuggover Rerman{gnt

met hod 99 requires that each subchannel systemtransm ssion response
matri x A(K) chauelt HEhecminltingers ietsabri 0% cdedprizes alpluraiguef peotessordhaving s
typical of linear receivers. If the systemtransm ssion response matrices

A() ate not : | [ 4 ntypLogessor 10
35 1 7ot e lpkif meidty i BroHt A Bt and BT DRRARIR" ARERRER S
The present invention 17 does not require that all systemtransm ssion
response natmbediments obte invantiondneludelfixed gatg argysand PSPs performingrthe si on
response matrix A as. defined by Equation 7. The arrangenent processor 33

exani nes eaghindiivns 6fihervarisnd srobsRorse ThedsRctor 17 Ao dotphises a filkt Hput 193) . - - .
A(") colum for the nunber of zero-value elenents fromthe support of each

. : 0 ,
vector bn(k foéiggﬁig}lé o i\%zluﬁ?cfs'u&':hna%nél?%pgﬁlé ?&Loﬁs%%s&%}e? mogélfeg (aag vec t;[rs/6

h*® to correct intersymbol interference or ISI caused by a subchannel’s own symbols

10 and multiple access interference or MAI caused by symbols from other user’s
subchannels for all received data signals, a second input 21 for inputting data from
all users k transmitted in a discreet block of time in the form of an input vector r
containing the combined data from each user’s subchannel and an output 23 for
outputting user data d* for each user k from the received channel data r in the form

15 of an output vector. The total number of users K and the spreading factor Q, 41 for
each user (k =1, 2, 3... K) are known a priori.

To obtain user datad™® for a specific user from the combined user data r, the
user data must be filtered using a matched filter 25 or the like. One knowledgeable
in this art recognizes that 2 matched filter 2S requires a response characteristic which

20 is the complex conjugate of the combination of the spread pulse shape and the user’s
subchannel impulse response to produce an output with a level representative of the

signal prior to transmission. Signals input to the filter 25 which do not match with

-19- This Sheet Has Been Replaced
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as shown i
transm ssi

nunber of Wodd2efts vary. As shown in FIG 9,
assigns an i ndex 20 val ue n,

n FIG 8 (for one matrix). As previously described, each system
on response matrix A(k) has the sane nunber of rows; only the

t he arrangeremusopomeessor 33
for each colum of each systemtransm ssion

oK) B, of roetvet g CARRAERoARE WP BRORLIT 112 ordbr of i nor easi ng

fromcolums having mnimal top -20 SUBSTI TUTE SHEET ( RULE 25)

magni t ude

WO 01/ 22610 PCHasbdndiyisimal k sitbchaanelimpulsesasponseicstimaie s’y

fsdaputito adigsturms

havi ng maximumtop offset with mninmal bottomoffset. If two colums are -

encount er egleitidpy 27 FRerd16i conbil with ttsagichiel's Shrdading 268629 (EQP&tfoﬁm of f set
than another, if the difference between top offsets iS greater™ 5 than the

di ff bet hottomoffsets, the col i th t top offset i
assi gnod +HETPHES = ST Byl psbuiief Zolie pai AR tof i oek 85121 o °

greater than the difference between top offsets, the columm with the

gr eat er boarrangeniehtprocessor 3% of thequieseheinventon 1% gerforms a ré-ordesingidffalir ences
between top and bottom offsets are equal. either of the two colums can be

X80 oERAGHS. "The AfanbfmeRf hARHRI® feddiRs mgg?ﬁg?ﬁcgﬁgﬂglsgfgge g

assigned t
total syst

em trahsm ssion response matrix A In the or

colum indices n,. The colum indices ni are retained in mempry 33 for use

during t heSYSEEE TARMISHGN FEIRABSE mairix o4
response matrices A" and At23 described and shown in Equation 8, the
ar r angenenEquationcidwRizhas typival aff lasanteceiveentlf e systepr wahsndssidihrespoise!

10

.invention 17 does not require that all system transmission response matrices A® be

15

20

matrices A% are not of the form defined by Equation 4, the arrangement processor

33 first re-arranges the columns to the structure defined by Equation 4. The present

concatenated into a total system transmission response matrix A as defined by

Equation 7.

The arrangement processor 33 examines each system transmission response
matrix AV, A®, A9, . A® column for the number of zero-value elements from the
support of each vector b,*’ (Equation 4) defining top 0%, and bottom offsets 0%,
as shown in FIG. 8 (for one matrix). As previously described, each system
transmission response matrix A%’ has the same number of rows; only the number of
columns vary. Asshown in FIG. 9, the arrangement processor 33 assigns an index
value n, for each column of each system transmission response matrices A® based
upon their respective top 0“7, and bottom 0%, offsets. The column values are

assigned in the order of increasing magnitude from columns having minimal top
-20-
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15 transm ssion response matrix A shown bel ow -21- SUBSTI TUTE SHEET (RULE
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greater bottom offset than another, if the difference between top offsets is greater

5 than the difference between bottom offsets, the column with the lower top offset is
assigned the lower index n;. If the difference between bottom offsets is greater than
the difference between top offsets, the column with the greater bottom offset is
assigned the lower index n;. If the differences between top and bottom offsets are
equal. either of the two columns can be assigned the lower index n,.

10 The arrangement processor 33 assembles a total system transmission response matrix
A’ in the order of the assigned column indices n,. The column indices #, are retained
in memory 33 for use during the descrambling process 45. As an example, using the
total system response matrices A® and A® described and shown in Equation 8, the
arrangement method 99 of the present invention 17 produces the total system

15 transmission response matrix A shown below

21-
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Equation 12 -22- SUBSTRUTE SHEET (RULE 26) iii WO 01/22610 PCT/ US00/ 02621
The arrangenment nethod 99 indexed the eight colums (1-8) of system

t ransm sswomi2zesponse matrix A ")and the four colums (BcTi@se0mis2syst em
transm ssion response matrix Ate? in an order of 1, 9, 2, 3, 10, 4, 5, 11,
6, 7, 12, 8 to create a wel | - banded total system transm ssi.on response
matrix A (Bouatilm 129 . 50 TheOarr 8ngefent Onet Bod 9 erfbodi®ept descri bed

above invol pvgs 12 exgm n@ti og of geaclh sygt emg ramgsm gpi ong response matri x
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decreasi ng poft orfof fFet siias ou Br ogress fromleft to right| (reference
Equation 8,| OmathisceBaAt Branbzntel), 8n alterfati Vb mfl hod® 19 can be
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processor 3 le of storinly alf ofi-thé;colyms fromall|system
transni ssio trQcesOA t0, Bie>bid 835, 555, B TH: sPead®ng factor groups
g are arranged irpordgr of inoreagi ng{$prigadiasfl fartoro 0 :

o o 0 o0 o0 o BY b® BY BY B 0

Q@
ca
Gra

0 0 0 0 0 0 0 b2 p® BY BY 0
0 0 0 0 0 0 0 b7 by by bY b
o 0 0 0 0 0 0 0 0 BY »¥ B
0o 0 0 0 0 0 0 0 0 b B2 Y
o 0 0 0 0 o0 0 0 0 0 B2 M|
o o 0 0 0 0 0 0 0 O By by
Equation 12
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An exenplary systemillustrating the performance of the present invention
199 20 contains seven users having four different spreading factors Qk'
assi gned aswhoigdiys: User: | (Q") =8 User 2 (QQ2') = olﬁzélq 3?) =8
User 4 (Q ") = 32 -23- SUBSTI TUTE SHEET (RULE 26) WD 01/

PCTI USO0/ 02621 User 5 (Q(Sjg = 16 User 6 (Q6)) = 16 User 7 (Q") = 4.

Usi ng t heThe siramgeanent 9 bglenéd theecightanbrhng (Iv8N6f oteh trahhiaissipat em
transm ssion response natrices A(-) are separated into spreading factor
groups: ¢ matRk 4604 1 QL | 8)
AT), A 2§é§g‘?§sé ik gdn? ?b%@g%ﬁ%‘é@%@g%%)%f%&%g%?ﬁ?%m Pégspg%%%jﬁu%
(spreadi ng,f.actor 32 ). A respective spreading factor group_g conprises
at | east ﬁ&n@ﬁ%‘{fﬁ%ﬁs@’&g’ Ueép'érﬂeigrﬁ%?ﬁeﬁ?f awell-b totab systemamt r i x
Alk' is arbitrarily indexed from1 to L4'. Each 10 spreading factor groupg

I s i ndexettagsnissioh regposeinrtrie As(Bygatigit €2)di ng factor magnitude. Wthin each
spreadi ng factor group, the colums of the associated system transm ssion

respopse nmatri e lggdd it Q. CO n spreadi ng factor group
tr ans?ri ssi on r@ge;ﬁ%géﬁggr;i %gegﬁﬁbG(qg ehkﬁ@?’éemesfngﬁf %’,ov.g. 11y EV(“’ét gﬁ 205) .
As shown in FIG 11, the nethod 199 copies the first colum of the system
t ransni ssexamipginmoat cath Syser wansmissign i mspousomatria AAb AP sA¥pl.amté® col um
of A(9'; the first colum of the system transm ssion response matriXx

havi ng i netgpdrite dabh ESlanmasieneyery sk @&ﬁxﬁﬁ%ﬁia?ﬁ(’a R8Ot B9, ! SHEqpghout

the remai ni ng systemtransm ssi on response nat icdsin a
Given the special structure of each system transmission response matrix A%, namely,

that the columns of each matrix are arranged in order of increasing top offsets and
10 decreasing bottom offsets as you progress from left to right (reference Equation 8,
matrices A and A?), an alternative method 199 can be performed without having to
examine each system transmission response matrix A% directly.
The alternative method 199 is shown in FIGs. 10A and 10B. All system
transmission response matrices A%’ corresponding (step 201) to users having equal
15  spreading factors are grouped together (step 203). For each spreading factor group g,
memories are allocated within the processor 33 capable of storing all of the columns
from all system transmission matrices A, A®, A9, . A®, The spreading factor groups
g are arranged in order of increasing spreading factor.
An exemplary system illustrating the performance of the present invention 199

20 contains seven users having four different spreading factors Q% assigned as follows:

User1(0" =8 User2(@®)=8 User3(@® =8 User4(Q") =32
-23.
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respective spreading factor group g until all first colums are copied. The
met hod 199 proceeds with copying the second colums, the third col ums,
etc., forweentzéreatri x A(*) 20 in the respective spreadi RGTAUSOWA2621gr OUp
AGE'. All matrices in a spreading factor group g have the same nunber of
col ums due . .-2 STL TUTE SF { RULE L/ 22610 PCT/ USOQ 02621 to,
the same 'spr%%f&?‘ fa‘c{l%r.ﬁﬁﬁoié'}%t hﬁ%&ﬁ%%g 'spreadi ng factor group
transm ssion response matrices AG9) will have L") times the nunber of
colums in one associated systemtransn ssion response matrices A(*). For
equal spreading factors. the arrangenent nmethod as-applied to each ;
I ndi vi dU?ihgiHé%%f@xﬁ ARt 199 JfRROPRSEtTRYEdtond T e hRUPritnbddbA ar to
prior art tTechniques for assenbling a total systemtransm ssion response
matrix A To assenbl g,a total sns&emtr&gsrpﬁsi on response matrix A
acconmoEaRISE MAMECES A @re Sparated 9 Sereading faqier EOPRYGi ng factor group
transm ssion response matrix AG (9) having the |owest spreading factor is
copi ed sequential |y (gtap RGpreadmgfactard)y 33a, 1048bginning with the first
columm, i.e., columm one of AG9', to the first allocated colum of A'.
Thecspreadi ng factor 1 SEy esponse ngty i AE9) having the
| owest spreadi ng fac%gr iEaggrltﬁem f>:?i|c£rqriu}n8’:)nunber -ogncdfeljznheg Al'l ot her
spreading factor group transm ssion response matri % cohums will be

(Speasing Jactarjy 4

inserted into this basEoypi (Spreading syst-em sfir e&di ng factors are even
i nteger multiples of each other (step 209), 15 the processor 33 assenbl es
the total system trangnngs4 (spreding facr 323t ep 211) ABY  considering the

remai ni ng spreading factor group transm ssion nmatrices AG ~9> in any
A respective spreading factor group g comprises at least one system transmission

response matrix A%, where each matrix A% is arbitrarily indexed from 1 to L®. Each
10 spreading factor group g is indexed according to increasing spreading factor magnitude. .
Within each spreading factor group, the columns of the associated system
transmission response matrices A%’ are assembled into common spreading factor group
transmission response matrices A%, where g = 1, 2, 3, ... G (step 205). As shown in
FIG. 11, the method 199 copies the first column of the system transmission response
15  matrix having index one to the first blank column of A ;®; the first column of the system
transmission response matrix having index two to the second blank column of Ag®;
continuing throughout the remaining system transmission response matrices in a
respective spreading factor group g until all first columns are copied. The method 199
proceeds with copying the second columns, the third columns, ezc., for each mat;ix A%

20  in the respective spreading factor group A%

All matrices in a spreading factor group g have the same number of columns due
-24-

SUBSTITUTE SHEET (RULE 26)



order (step 209). For each spreading factor group transm ssion matriXx

AG E , the processor 33 derives a colunmm placenent reference index n:,
menQ(g) ., wbsindde (i) Equation 13 -25 SUBSTITt7TE SHEEj-~fB&lefs2ei8) WO
01/ 22610 PCTI USOQ 02621 where 04) denotes the spreading factor associated
with the spreading factor group _transm ssion matrix AF 9) under

consi der 3 it sawr 19prepsing dactohe Thepriote. sthe cassrmailed Spreading: f¥MeF &T9uPyr oups
and n is the colum of the spreading factor group transm ssion response

matri X AGaESmIsSIOn Fesponss rasmiats A5 WHEhaveL® timesthe dumber of\bdlGePin2dE) . 5 To
use the colum placenent index m a reference location in A" is derived

(step 215) usi [ . |t 11581 Qn- sg matrices
L0 hat Eoriee bt ARl B3 7 SRR AR TRBBRE e
spreading factor, mx Lai. Equation 14 The processor 33 derives a colum
set fromatraegespme mgthog asappbed treaghindi vidualisysemirangioissionpespoasemenixx AG-- "
under consideration (step 217) using the nunber of system transm ssion
r espgnse pEREohE ¢S sitdiRF (dBHONEt teRhhid8es fir @8HnMlinkaliotd] sg§teMRrmYmisMnl ¥ under
consideration, L(g) x (n - 1) + 1 through L4) x n. Equation 15 15 The
processor 33 copies the colum set defined by Equation 15 from A 9) and
i nserts FEPPRYIPEEE) into the base matrix A after the col um of AG1)
whi ch has the reference

To assemble a total system transmission response matrix A’ accommodating

variable spreading factors, the spreading factor group transmission response matrix A ;&

having the lowest spreading factor is copied sequentially (step 207) into memory 33a,

10  beginning with the first column, i.e., column one of A4%, to the first allocated column

of A’. The spreading factor group transmission response matrix 4 ;% having the lowest

spreading factor has the maximumnumber of columns. All other spreading factor group
transmission response matrix columns will be inserted into this base matrix A”.

If the system spreading factors are even integer multiples of each other (step 209),

15  the processor 33 assembles the total system transmission matrix A’ (step 211) by

considering the remaining spreading factor group transmission matrices A;* in any

order (step 209). For each spreading factor group transmission matrix A%, the

processor 33 derives a column placement reference index m,

Q(gl Q(g}

25-
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| ocation defined by Equation 14 as shown in FIG 12. The remai ning col ums
of the spreading factor group matri x under consideration are copied and

i nsert ed wobmsiee base -26 SUBSTI TUTE SHEET (RULE 28) \MOTAKSH@E26:10

PCTI USOQO' 02621 matrix A" simlarly (step 221). After all colums from one

spreading fa . grou matrjix are placed, .the processqr 33 chooses the
oxt spibsts G5 Rerthicy e Sadits Hiotasspapted witn e Spieading et FR8 « he
above nethod. Equations 13, 14 and 15 allowthe i"™ columms fromthe

remai ni trgnsyission magix Ag¥omdgr considerationyiQ$ demotentheilowestA@eading factob pl aced
in A after an md' colum that has sinmilar support (step 225). Wen the °

syst em sppRRdNGohAS bAd S A e WuGHSIT 18! GHEITY chib SR uBAGhiSGbRer .  the

ri ght si xpresston of Equation 13 does 'not yTe aff integer. I'n this
case, the processo 3 wll rqung the result of E tio to the nearest
i nt eger ISSPORSE Iﬁ?mi‘l‘f{c(g;%ﬁ’é‘g’é‘gfm WPB@%W?G@ B bife 3vaﬂgzs‘69{}éé§213). The
roundi ng direction has negligible effect 10 on overall system performnmance.

Thesor der i nTyiteahe tolmmesihconhent hfleg mpurefeyaiceocadtionis A’ ssdepivedustep ces Af ;
(9) are considered may have some effect on the system performnce. A

priori w ed f it [ | ] .OF {Qn R, optinmum
b der 1 ALaHvaege R RR b AHl R GRS e BRECIRARR 2N
the case when 15 spreading factors are even integer nultiples of each
ot her, therspreadingfantonigmup Bakixhaying helowos spraading fagterhe shown to be

bounded as: [[W1.tQ~ B < W1 +1 QVAx Ji Equation QVAX k=1 Q QVAX kL=1 Q

mx LY, Equation 14

The processor 33 derives a column set from the spreading factor group transmission
10  response matrix Ag® under consideration (step 217) using the number of system
transmission response matrices that belong to the spreading factor group currently under

consideration,

L®x(n-1)+1 through L® xn. Equation

15

15  The processor 33 copies the column set defined by Equation 15 from As® and inserts
it (step 219) into the base matrix A’ after the column of Ag® which has the reference
location defined by Equation 14 as shown in FIG. 12. The remaining columns of the

spreading factor group matrix under consideration are copied and inserted into the base

-26-
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16 Equation 16 predicts that the bandwi dth of the total system

transm ssion response -27 SUBS' 1TrUTE SHEET (RULE 26) WO 01/22610

PCT/ USCO Opdizzémt ri x of Equation 11 will be between 3 a&gwg @ﬁ

exam nation of Equation 12 reveals that the bandw dth aft AN,
arrangenent nethod 99,199 of the present invention 17 is 4. The

i mpr ovenematrixhd’ sinsidashit (stepy 821). OAftET alh roolirtkestrom dne spreddingpictsd gloag as t he
5 nunber of transmitted synbols increase. If a systemtransmtted

16, 000. chjypgi j . cond
user), the baxglac%g\/\ﬁ lgtc ?\d/’%r%gésrgrgﬁﬁéﬂoroiﬁ&}!%%’ftgﬁ%%&gg5?%%%@%@%.&3Usi ng

t he arran&emeii nmet hod 99 tqg produce a total systemresponse matrix A the
bandwi dt hiStEP nd g¥RePies the @poss methashnBanations 13eddaandohs alywi the i

i ndependent of the nunber of transmtted synbols. After all of the 10

el ement s edlumhj &0 the repiatriing Spréading €ididesoup Mansmie6A tndldicdssa gend g med.
Since the conplexity of inverting a matrix is proportional to the square

of its b | ' £ iavention. 17 provjdes reduction of

conput at | DAYt A18% ap B EEBhp BHGA sphar Sl steteed)

(800/ 4) 2=200' - =40, 000. The total systemtransn ssion response matrix. A
provi des the rWhpnhesysiem spreading faetoss dre sot evenlintegetmiiéigles iof eash dther, Each
colum of the systemresponse matrix A° is a vector which represents the
response Bbaghe kitel exbteaSion fof ER@tibn q9! eqgi tife VECT OF
r i s input tc?ht he matched-fil td;ﬁ? 211’5(13@"%5"??9@5‘* arrﬁla-thgﬁqee(rﬁ v%ﬁttﬁggc\?g%ytﬁe

response charactefistic fromthe total systemtransm ssion response nmatrix
A ![O 0 pr onﬁ% sOr % W’?ﬁ roun(f 816 result ofolt:'quatxo% 13 to the nearest integer abovlg or the

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 A;® 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

15  spreading factors are even integer multiples of each other, a matrix bandwidth B can be

achieved which can be shown to be bounded as:

wW-1 X QMAX W-1 K Q
<B< MAX |_ .
{QMAX].E o® [QMAX ]4—1 Oz 0 1 Equation

k=l k=1
16
Equation 16 predicts that the bandwidth of the total system transmission response

27-
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a matched filter output vector y. Each el ement of output vector y
corresponds to a 20 prelimnary estimate of a particular synbol transmtted
by a gi vewmowsessio The output vector y fromthe mat ched- fedrisoodds2a s | oaded
into a nultiplier 43 with the inverted objective matrix 0. Both the

mat ched-fi]ter 25 output_vector an he inverted -28 SUBSTI TUTE SHEET
(RULE zmymmf@ﬂtlﬂ@ﬂé?ﬂ@#@g%‘l%éé 4 EpRexayBation of ﬁq'eﬁttane&fﬁm blied

yiel ding a user data vector d. The user data vector d contains all of the
dat a t r daastiie bhedwidtloafte dithesarmgdmentmethiod 99, 199 ofthetpresenbinvestiorSlhice t he
objective matrix O and the matched filter 25 output are based on the total"
system ..esponse matrix A, the user data vector d nust be de-scranbl ed.
The de-Scranbling 5 process 149 is the inverse of the arrangenent nethods
99, 199. A descranbler 45 re-arranges ei h el rre_n} of the user, data vector
d based uponlheimprevameai thepraseat gHiseHen ﬁar% ¢ mqrépmww%&ée ei t her
arrangenent nethod 99, 199. The elenents of the data vector d are in the

sang or fghbel 61 shmehiftyd sjrabblstiAtreasel alf SR frah&BiedSES,000 chipsA80Q, 9, 2,
3, 10, 4, 5, 11, 6, 7, 12, 8, transposed vertically. 10 The descranber 45

o1 cront ST ARpAREE 0 Jihpbto f I ARG e nAR PTG Re gl Vot o

descranbl ed 149, the user data is output 23 for further processi n& Wi | e
the predéAtwaould beappraximaielyS0f. Hsingrthe amangement methad e pspduceratatal
enbodi nent, other variations which are within the scope of the invention as

glrlt ' i ?ggis'téiln réspoh niudk F, theltandwidth sfeAdRpareding folrndaee Suhdwiithin the

(Equation 16) is independent of the number of transmitted symbols. After all of the
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 which 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

228-
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SUBSTI TUTE SHEET (RULE WO 01/ 22610 PCT/ US00/ 02621 CLAIMS What is clainmed
is: 1. Anmethod (99) for assenbling on a processor a response matrix with
limted nmpigdpeedagndwi dth froma plurality of individual PEERROIRE matri ces
representing a pI urality of filter response characteristics, characterized
by the steps of :: (&) _exam ni ng each colum of each i ndivi dual response
matrix f oPOipetedpatiy ) ars mapired yighlind s usardatao(eciop'd) Tief wset data(veptordsi gni ng
an index value (n) fromi to n for each of said exam ned colums based

upon sai de@mmAingTals oheheidag: tPansHidd frérh MffseRdufiag lﬁﬁerlkcfébﬁtihx@bioékQS &eet t Om
offset (Q(k)8) to said colums having a large top offset (otk'T S a

smal | bot of f.set re vel and 10, (c) arfran sald

exani ned (rfpbﬁ héﬁfmﬁfé’ég’ ‘H’sd)e[hﬁ&f’ﬂ%ﬁ'ﬁ?aéﬁ 3%50 VIR afe-base éé’i‘i‘c‘é %ﬂ?%y%%md i ndex
val ues (n) according to increasing nmagnitude. 2. The nethod (99) according
t o cl ai m IEspdnse aatriys Adpthe iser datd vedtdred nmisebade-scransbded. b¥hé dosatmblingf : (b
1) obtaining a difference between top offsets (o(k) T") and a difference
bet wegn Bésgrmgf-gﬁﬁt-ﬁ g o | first colum has a

| arger top offset ' (of R vq(r J,‘f[aéaé-% éEﬂa@tg‘% ?gmi%’?fset (o(k)B") than a

second col um,; ébZ) ccin;p&rl ng said top offset (o(k"T") di fference and said
bot t om of f set /% #¢sctasphle W*B?@B@%C%Fﬁ@llm%%ﬂ@r‘@ﬁ@{a vegion dbased mpon r
bott om of f set (o(k)B) difference; and (b3) if said top offset (o(k)T")

di f f er encthe csluginaataesighiaiits perfernal wine wdes&fing sither Bingement method 99,

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.

"% * *

-20.
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Thi s Sheet Has Been Replaced 11111111 111 SUBSTI TUTE SHEET ( RULE 25) i

FLil il 222222 10t teeer e tril 1trrtontti 111 i Bl W 01/ 22610
PCT/ USOO/Ma@ Bidhe1odi f f er ence, assi gni ng a | ower index val pethstoeesid col um
with a larger top offset (o(k)r") difference. 3. The nethod (99) according

to claim2 wherein step (b2) is f@&ﬁ\g characterized by the step of:

(b2a) if said bottomoffset (ol Sf ference is greater than said top
offset (o()rn) 5 difference, assigning a | ower index value for said col umm
with a Whagircldinetldsn of fset (o{k' B") difference. 4. A nethod (199) for
assenbling on a processor a response matrix with [imted matrix bandw dth’

froma plurg "AM0$@g¥bP%E®HEQBH%S)Fgcgc{sgdr@gﬁcg&[e?%‘iﬂi'vﬂﬂx @tpaura' ity

of filter response ¢ cteristics st eps

groupi ng the plur lit diyi du ponse matrices according to I|ke 5
spr eadi WAl banst é%am a(Bf mdﬁ\ga #r eapOIRG ARICSS EPISERUNEL R i ces

(205) fromsaid groups of individual response matrices with |ike spreadi ng
f act or splugdlidy 6ffiltéroresparge ehinasterisiidsa tharacprizetkbytiersteps©Z07) from a

spreading factor group matrix having the | owest spreading factor. 5. The
met hod (199),pGGanERE eabh chRirM 4f L4thliNGividA TapbRsd ARRLPYor Vit t6pS ©f
5 (o™, and bottom (0®5,) offsets;
(b) assigning an index value (n;) from 1 to n for each of said examined columns
based upon said columns having a small top offset (0®;,) with a large bottom offset
(0,,) to said columns having a large top offset (0*',) with a small bottom offset (0*5,)
respectively; and
10 (c) arranging said examined individual response matrix columns in accordance

with said index values (n;) according to increasing magnitude.

2. The method (99) according to claim 1 wherein step (b) is further characterized
by the steps of:
(b1) obtaining a difference between top offsets (0%';,) and a difference between
bottom offsets (0®,) for two columns if a first column has a larger top offset (0*;,) and
5  alarger bottom offset (0“;,) thah a second column;
(b2) comparing said top offset (0*;,) difference and said bottom offset (0“5,)
difference yielding a greater top (0%, or bottom offset (0™;,) difference; and

(b3) if said top offset (0*';,) difference is greater than said bottom offset (0%,)

-
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(d) choosing one spreading factor group matrix for consideration fromsaid
remai ni ng spreading factor group matrices (209); This Sheet-jw Reen

Repl aced -W@IVEEBS Tf TUTE SHEET (RULE 20) WD 01/.22610 PRII/US00IQL621 (e)
deriving a col urm pl acenent reference (211) for a first columm of said

chosen f @)I ocat i on
(217 i n SRR AR} Rl iR R i ol A e b RERR L 210
fromsaid chosen spr eadi ng factor group matrix; (h) inserting sai d col um
set aft ediffegerfecol um pl acenent reference in said base total response
matrix (221); 10 (i) repeating steps (a) through (h) for each successive
colum of said spreading factor group matrix under consideration; and (j)
repeati ng steps (a) t hrough (i) (223) for remaining spreadi ng factor group

Furt hor  char ot AP 200RY Of EraRig 10 e’ 22 Bl Bas itroren:

ref erence |ndex m (211) for said spreadl ng factor group matri x under
consi der shimgeterigedigy thestep ol g) 5 men (1) -2QWwhere (9) denotes the
spreadi ng factor associated with the spreading factor group matrix

(b2a) if said bottom offset (¢*,,) difference is greater than said top offset (0%,

5  difference, assigning a lower index value for said column with a Iarger bottom offset

(o™,,) difference.

4. A method (199) for assembling on a processor a response matrix with limited
matrix bandwidth from a plurality of individual response matrices representing a
plurality of filter response characteristics, characterized by the steps of:

(a) grouping the plurality of individual response matrices according to like

5 spreading factors (203},

(b) assembling spreading factor group matrices (205) from said groups of
individual response matrices with like spreading factors; and

(c) forming a base total response matrix (207) from a spreading factor group

matrix having the lowest spreading factor.

5. The method (199) according to claim 4 further characterized by the steps of:
(d) choosing one spreading factor group matrix for consideration from said

remaining spreading factor group matrices (209);
-

e [T




under consideration, Q') denotes the | owest spreading factor anong all
groups and nis the colum of the spreading factor group matrix under
consi deraWbmmszre n =1, 2, 3, This Sheet Has Been RROTAISSONN0263L ~' S
A T T B B ,~!" .11 BSTI TUTE SHEET (RULE 26) WO 01! 22610 PCTI US00102621
7. The nethod, (,19 accordi to har a by the .
step of rodﬁbg1 v%‘a &Wh‘ﬂgc eéﬁ:'l E‘rﬁ"t“c‘?@éﬁ%@gﬁﬁéW% %%hqsfmnot an

i nteger. 8. The rrethod (199) according to claim7 wherein step (f) is

f ur § her spreadmgfactor gredp Mattixie step of: (f 1) assigning a reference |ocation
In said base total response matrix (217) using, mx V 5 where L' is total "’

nunber of i ngj efvle 4 RERONES06RIoN (227) i vaid bR Ibial tésPoriseiHlateiRt eadi ng
fact or group mat ri x haV| ng the | owest spreading factor and mis said colum

pl acement e ence I ndex for SPr fact trix. under
consi der at| ‘?Pg %ae%%gﬁg%éﬁﬁ%ﬁ%f%ﬁ@?%%%& ﬁ.{xep (g) is
further characterl zed by the step of. (g |I) assigning a colum set from
sai d spr eadi(h) ifserting sajd colpmmeset aftensaifeeolumn placement rederenceliosaidkhasg, 5 L9>
X (n - 1) + 1 through LWx n where L(g) is said nunber of individual

responsﬁ,mgr‘joﬁgénﬁm(zzqgng said spreading factor group matrix under
consi deratio A ‘met hod of detecti ng in a recei ved CDVA conmuni cati on

(r )10 a plural ei) ¥epeating steps (a) through (h) for each successive column of said spreading

“n

factor group matrix under consideration; and
(j) repeating steps (a) through (i) (223) for remaining spreading factor group

matrices.

6. The method (199) according to claim 5 wherein step (e) is further
characterized by the step of:
(e1) assigning a column placement reference index m (211) for said spreading

factor group matrix under consideration using,

(g) (2)
5 m=n- %(1) 2?Q(1)

where Q® denotes the spreading factor associated with the spreading factor group matrix
under consideration, Q" denotes the lowest spreading factor among all groups and # is

the column of the spreading factor group matrix under consideration where = 1, 2, 3,

| [ p—— L
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of data communi cations each corresponding with a specific user (k)
characterized by the steps of This Sheet Has Been pte laced -33 .. ¢ 1.
SUBSTI TUTEYBHBEESIPRULE 25) WO 01/ 22610 PCTI USOQ 02621 ( apcTassivivdeiing

i npul se response estimates (19) for synbols within each data 5

conmuni cati on;4 (. I .ng. & system tr.apsm Ssi on respaonse nmatrix (27)
for each of the r@seelrﬁ&ﬂégt(@ggﬁ%ﬁﬁnéé? F@HE 0% m&Bﬁ#‘%‘f‘W%@@ S€BShonse
estimates (19); (c) assenbling a well-banded total systemtransmni ssion
response Tounding 8@81)19011381,1 placememreferencedndexon (285)df netan myegeem t r ansni ssi on
résponse matrices (27); (d) filtering (25) said received CDVMA conmmruni cati on

(r) with said total system transm ssion response matrix yielding a matched
filter output; (e) form ng an objective matrix (39) based upon said total

systemtransmgssiQn r matrix. 15 i gverting (41).said qQbjective
matrix; (g) mil't i@jli,ilﬂf‘gﬁ&ggig@aiﬁﬁcq&é@gh%%@% rW EﬁetHJts{% h ’§a?‘cheﬁverted
objective matrix yielding estimated user data; (h) descranbling (45) said
est i mat edchasasterirad dyyhestepp off user data corresponding to the plurality of
data communi cations; and 20 (i) repeating steps (a)-(h) for a next CDVA
communi cat i on(f1) assigning areference location in said base total response matrix (217) using,
mx LW
5  where L™ is total number of individual response matrices that constitute said spreading

factor group matrix having the lowest spreading factor and m is said column placement

reference index for said spreading factor group matrix under consideration.

9. The method (199) according to claim 8 wherein step (g) is further
characterized by the step of:
(g1) assigning a column set from said spreading factor group matrix under
consideration (219) using,
5 : L% (n-1)+1 through L®xn
where L® js said number of individual response matrices comprising said spreading

factor group matrix under consideration.

10. A method of detecting in a received CDMA communication (r) a plurality
of data communications each corresponding with a specific user (k) characterized by the

steps of"

Been R;ﬁaced -33- I I,”[’!I l”’” ”!!!{ . I"m

This Sheet Has
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L
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11. The method (99) according to claim 10 wherein step (c) is further
characterized by the steps of: (c 1) exam ning each of said system

transm swas/2z@sponse matri x colums for vector top (op&rAsdeeacad bottom
(o("B,) offsets; This Sheet Has Been Repl aced - 34-

JAlTYELL/ T g, 1, 21231 L TLL LI SUBSTI TUTE SHEET (,RULE ,
LErnnnn @) pegiiring isipglss fﬁﬁﬁ‘?‘lﬁ%ﬁﬁ"@é@%@ farosymhals $athin eath daBex val ue

(n) from1l1l to n for each of said exam ned colums based upon said col unms

hadi ng camsmmli¢ationp of f set (o(k)T,T) with alarge bottomoffset (o(' ')B,),)

to said colums having a large top offset (o(k)T") with a small bottom
of fset (0(K} donskrBERBEA Sysfin h-aﬁéiﬂiséi(%ﬁ}esggfsnﬁkﬁh@ﬁ; QP thresabnee us&t al

systemtransm ssion response nmatri x colu 10 in accordance with said

I ndex \{ﬁl ues (n) according to increasing magnitude. 12. The net hod (99)
accordi &to claim1l wherein. step (c2) is further <characterized by the
steps of. (c2a) obtaining a difference between top offsets (o~k' T") and a
di f f er cooenumcations (k)doemeaddfipusesesponke Stimdtes (ko col ums if a first
colum has a larger top offset (o(k)T") and 5 a l|arger bottom offset

(o(k'B") t hg%)dékggxﬁﬁﬂﬂga SRl Eded ﬁ%k{ﬁ?&ﬁ?ﬁb@ﬁs@'r eﬂkﬁﬁe tlabget31093% T')

di fference Id bottom offset (O ce ylelding a greater
(c2c) if the top

B0y ol S o S B LRS! h S b eS8 (7)o 1
(d) filtering (25) gaid received CDMA communication () with said total system
transmission response matrix yielding a matched filter output;
(e) forming an objective matrix (39) based upon said total system transmission
response matrix;
15 (f) inverting (41) said objective matrix;
(g) multiplying (43) said matched filter output with said inverted objective matrix
yielding estimated user data;
(h) descrambling (45) said estimated user data yielding user data corresponding

to the plurality of data communications; and

20 (i) repeating steps (a)-(h) for a next CDMA communication.

11. The method (99) according to claim 10 wherein step (c) is further
characterized by the steps of:
(c1) examining each of said system transmission response matrix columns for

vector top (0%,) and bottom (0*p,) offsets;

W
is Sheet Has Been Replaced -34- \\\, ' RN Ry ’!” ”’I’ ” I"I
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di fference, assigni ng the | ower index value for said colum with a |arger
top offset 10 (otk'T") difference. 13. The method (99) according to claim
12 wherei n woepzém2b) is further characterized by the steprodovnoiseb 1) if
the bottom offset (OWNB") dlfference S greater than the top of fset

(a(k"T") difference, .assi ex v e for said colum with
a larder bott bp@sggﬁmgaxg §1“$ hqu %QSXWMP cplumns| | -
1~ I ~~~~* r. SUBSTI TUTE SHEET (RULE 26 C L WO 01/ 22610

PCT/ US00/ b2®a ipofiaeid) ddlythnsihavieg arsoell th.offsbe(aty)hwith @da)gedsomi offgett o
claim 13 wherein step (e) is further characterized by the step of formng

sai d obj egiw r ¢agcor di ng
to claim @ B{\}/\ﬁtgg%?ﬁbié ep iﬁ%ﬁ?ﬁéﬁgégﬁﬁ%&ﬁ%?}@g %ft@ﬁ%éﬁsgtp()eo 9

form ng said opjectiye matrix (39) as a mninmum nmean square error

det ect or . T%BCCWHS' ﬂ%‘¥hod (99) according to claim 13 wherein step (e) is
further characterized by the step of formng said objective matrix (39) as
a zero-forci ny(cB) aakngihg sedd examined oz systdi trafidreissioh hesgofst98tria colmmbisng t o
claim 10 wherein step (c) is further <characterized by the steps of:

10  inaccordance with said index values (n;) according to increasing magnitude.

12. The method (99) according to claim 11 wherein. step (c2) is further
characterized by the steps of:
(c2a) obtaining a difference between top offsets (0*';,) and a difference between

k)

bottom offsets (0'*',) for two columns if a first column has a larger top offset (6";,) and

5 a larger bottom offset (0*';,) than a second column;

(k)

(c2b) comparing said top offset (o', difference and said bottom offset (0“5,)

difference yielding a greater top (0%7,) or bottom offset (0*’;,) difference; and
(c2¢) if the top offset (0*,) difference is greater than the bottom offset (0%'3,)
difference, assigning the lower index value for said column with a larger top offset

10 (0%, difference.

13. The method (99) according to claim 12 wherein step (c2b) is further
characterized by the step of:
(c2b1) if the bottom offset (0“'5,) difference is greater than the top offset (0%7,)

difference, assigning the lower index value for said column with a larger bottom offset

-35-
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(cl) grouping said systemtransm ssion response matrices according to |like
spreading factors (203); 5 (c2) assenbling spreading factor group

transm swon/ngeponse matrices (205) from said groups QETEI¥M€91

transm ssion response matrices with Iike spreading factors; and (c3)

form ng a hase total systemresponse matrix (207) froma common spreading
factor @redsifferents having the | owest spreading factor. This Sheet Has Been
Replaced -36 I L0011 11 1reenr (eerr 12222 ¢t reee b reerrer rrrerr N 111
1111 SUBSTI TUTE SHEET (RULE 26) C L h + WD 01/22610 PCT/US00/ 02521 18.
The met hod (199) according to claim17 is further characterized by the

steps of. (364) 0QsS| | cto r.oup. transym ssi on. response
matrix for 1gi)nsi e%% |on%o%&égcﬁgép%né%ﬂings eégiﬂi ﬁtﬁpf@tlﬁrfo &Up
matrices (209); .5 (c5) deriving a _colum placenment reference (211) for a
first COREAsHTIZed byithe step ot Erming said objpctive matrix( 3 @sardecsrrelatiron r esponse
matrix; (c6) deriving a reference location (217) in said base total system

transm ssion response matrix; (c7) deriving a colum set (219) fromsaid
chosen spreading factor group 10 transm ssion response nmatrix; (c8)

i nserting sakd lLu t t | ol.um acenent referenc n said
base total qus?‘g’% ﬁ%‘s‘%@ngy)nﬁ??@hgz@ﬁﬁ“{‘% RSt ?tﬁﬁ @5 éﬁsf%(tbﬁr) t hr ough
(c8) for each successive col unm of said

characterized by the step of forming said objective matrix (39) as a minimum mean

square error detector.

16. The method (99) according to claim 13 wherein step (e) is further
characterized by the step of forming said objective matrix (39) as a zero-forcing block

linear equalizer.

17. The method (199) according to claim 10 wherein step (c) is further
characterized by the steps of:

(c1) grouping said system transmission response matrices according to like
spreading factors (203);

5 (c2) assembling spreading factor group transmission response matrices (205)
from said groups of system transmission response matrices with like spreading factors;
and

(c3) forming a base total systemresponse matrix (207) from a common spreading

factor group matrix having the lowest spreading factor.

This Sheet Has Been Replaced -36- I I!Illlcl "lIILI III"" "Ilsl " I!Il
MM svmsrrore sveer eune 2 .




spreadi ng factor group transm ssion response matrix under consideration;
and 15 (c10) repeating steps (c5) through (c8) (223) for renaining
spreadi ng fYRoWR2610gr oup matrices. 19. The nmethod (199) acarrekodrgeedio cl ai m
18 wherein step (c5) is further <characterized by the step of: (cba)

assigning a cq| Rl ace ref er.ence .i.ndex, 11) for .sai r eadi ng
factor group M%’ﬁ%ﬁ%ﬁ@%h@%@%ﬁbﬂ%%%ﬁ ?fﬁtfﬁiéglai%fﬂ’ﬁllllll
-37- ¢ L x SUBSTI TUTE SHEET (RULE 26) WO 01/22610 PCT/ US00/ 02621 n¥n. Q g) _

5 Q' 2, @k where Q91 denotes the spreading factor associated with the
spreading factor group transm ssion matrix under consideration, Q"

denot es the | Quep!cliudsingBrbOsphddehlf FRA8Soup! danSoiivh ASforle! RatitCror 0! UM
of the spreading factor 'group transm ssion tesponse mattiXx under
consi der at i on, wher

n=.1 2.3 .....20. The nethod (1 according to
o m 10 verS et trdin apid ceBhiniie BRI e OL GO MR BGR S S O Col crm
pl acement reference index m(215) if not an integer. 21. The nethod (199)
accor®i ng to dt3i rMdefi®inghe celumnsplegentend refesenicel (2 hirfor acfiat acluem afskidy t he
step of: (c6a) assigning a reference |ocation in said base total system
transm ssiffen §RERANS PactBigrbup kefshissict A¥ponse matrix;
(c6) deriving a reference location (217) in said base total system transmission
response matrix;
(c7) deriving a column set (219) from said chosen spreading factor group
10  transmission response matrix;
(c8) inserting said column set after said column placement reference in said base
total system response matrix (221);
(c9) repeating steps (c5) through (c8) for each successive column of said
spreading factor group transmission response matrix under consideration; and

15 (c10} repeating steps (c5) through (c8) (223) for remaining spreading factor

group matrices.

19. The method (199) according to claim 18 wherein step (c5) is further
characterized by the step of:
(cS5a) assigning a column placement reference index m (211) for said spreading

factor group matrix under consideration using,

[ ——————
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5 mx L"" where L" is total nunber of systemtransm ssion response natrices
that constitute said spreading factor group matri x having the | owest
spr eadi ngw?@l §p and mis said colum placenent refere ffmb&?ﬁéafor said

spreadi ng Tactor group matrix under consideration. (199)
according to claim?21 wherein step (c7) is further characterlzed by the
step Of 1 ----mmm e - -38 IImunBll1 CL SUBSTITUTE
SHEET (RULE 26) WO 01/22610 PCTNS 692621 c7a) assigning a colunm set
fromsaid spreading factor u ansn1 |on response matrix under

corgsi deration (219) using, 5? nl through L') x n where L(Q)

~1s said nunber of systemtransms on reib@?se matrices conprising said
spreadi ng factor group transm ssion nmatrix under consideration. 23. The
met hod (199) according to claim 22 wherein step (e) is further
characterized by formng said objective matrix (39) as a decorrel ator. 24.
The netwinae (@9 denatesahe ispreading: facton @godisted avith shee ppreading Sfactor gheup
characterized by form ng said objective matrix (39) as a m ni num nean

squar ee‘?ﬁ“ﬂﬁ?urt A k%de?c’imsﬁ@?atﬁﬁt %G’fiieﬁé&?ihe%%Mgbj ding f6d18¢ dhaidg Wher ei n

step ( characteri zed formng said ective matrix (39) as

a zero-forcing bloc i ne
groupg and n i<s t&'xe co?umn of the spreading factor group transmission response

matrix under consideration wheren =1, 2, 3, ....

20. The method (199) according to claim 19 is further characterized by the step

of rounding said column placement reference index m (215) if not an integer.

21. The method (199) according to claim 20 whgrein step (c6) is further:
characterized by the step of: |
(c6a) assigning a reference location in said base total system transmission
response matrix (217) using,
5 | m x L®
where L is total number of syétem transmission response matrices that constitute said
spreading factor group matrix having the lowest spreading factor and m is said column

placement reference index for said spreading factor group matrix under consideration.

22. The method (199) according to claim 21 wherein step (c7) is further

characterized by the step of:
[
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equalizer. 26. A nethod of detecting in a received CDMA conmuni cation (r) a
plurality of user (k) data communi cations (dtk)), each user data

comuni catwonugskalk) having sane or different spreadi ngpépg§dfgst @ K?) .,
characterized by the steps of: (a) acquiring inpul se estimtes (19)
correspondi ng \yith each s%/nblrc.)ll in each of. 5 the plurality of user data
communi cat i on&7/2). #§signng 4 polpmp sef from |Saldmﬂmaﬁa£t<sm ROBWISSPR WD

01/ 22610 PCT/ US00/ 02621 (b) constructing a systemtransm ssion response
mat ri x ( PeSporsermatexundér ¢dmsidetationl(219) wsingyser data communi cations (ddx')
fromsaid respective inpulse response estimates (19); (c) assenbling a
wel | cbanded total systemtr 1,SSh r ix (31, 33, 5 37) from
al | gf said systemtransm sg?ﬁirzbfe%-gr%se ﬁ%}f?‘gg?{(d) filtering (25) the
recei ved omuni cation (r) with said arranged total system

transm s¥hswe ?“g’slﬁéa@enmqriqf SY$ RIS B3I ESSPRISE AnaLriees gIpprisipg saiflor ni ng
an objective matrix (39) fromsaid arranged total systemresponse nmatrix;
10 (f) i ?madihggac(tdﬂg)msptrdnmm@ﬁhmmmﬁddmbnsﬁ@éramﬁ.ti plying (43) said
estimated outputs with said inverted objective matrix . vyielding user data
corresponding to the plurality of user data communications; and (h)
repeating steps (a)-(g) for a next CDVA conmunication. 27. The nethod (99)

according to claim26 wherein step (c) is further
23. The method (199) according to claim 22 wherein step (e) is further

characterized by forming said objective matrix (39) as a decorrelator.

24. The method (199) according o0 claim 22 wherein step (e) is further
characterized by forming said objective matrix (39) as a minimum mean square error

detector.

25. The method (199) according to claim 22 whereir step (e) is further
characterized by forming said objective matrix (39) as a zero-forcing block linear

equalizer.

26. A method of detecting in a received CDMA communication () a plurality
of user (%) data communications (d®), each user data communication (¢*) having same
or different spreading factors (Q%), characterized by the steps of:

(a) acquiring impulse estimates (19) corresponding with ezch symbol in each of

5  the plurality of user data communications;

SUBSTITUTE SHEET (RULE 26)



characterized by the-steps of: (c I) exam ning each colum of said system
transm ssion response matrices for top (o(RT,,) and bottom (o(''B")

of f set s; wip §s10assi gni ng an i ndex value (n;) from 1l toporAissoesh of said
exam ned colums based upon said columms having a small top offset

(o(k)T") with a large bottomoffset. (o(k'B") to sai | uims. having a i
| arge top of(PkEENYBICUNZ G SySlem JARFSSION 155D st‘B?““@‘C%ﬁ%‘DS eaﬁb&ﬁé’&?i vely:
and -40- 11t rurrrerrerrerrr rerrrl o SUBSTI TUTE SHEET (RULE 26) of WO
01/ 226 1flufAGTy UBQEED A6 IconimBicatiomsn@“Hofreni shid respentive impulse spsponse

transm ssion response matrix colums 10 in accordance with said index

val ues ing to increasing nagnitude. 28. The nethod according to
claim Z#Q%&ﬁ?g step (c2) is further characterized by the step of: (c2a)

obtaining a djifference be en, t.o ffsets (0" T") and a dif.f e between
bot t om of f sf} a3sGmDlng af%qﬁi,lgg&pe&g&aﬁwgtqmugésmpg?& ESPORiT rﬂaatglngf, ger top
offset (o' )T") and 5 a larger bottomoffset (o{k'B,) than a second

col §im; 37)d2dh atlofsaid sygtesmirensmuipsior fesponsdtnétiieesnce and said bottom of f set
(o""B") difference yielding a greater top or bottomoffset (o "T")

di fference; ?gn{eﬁfxgﬂi)@% REei EPCOMIAoritfficArion () Wik sAAGfahgedibadt ef than

the bottomo e erence, assigning the lower index value for

said columm with a |arger top offset.. 10 (o{A T") djfference.
system transmission rgsponse atrix yielding esug-na{teA& Jatza_ outputs;

(e) forming an objective matrix (39) from said arranged total system response
matrix;
10 (D inverting (41) said objective matrix;
. (g) multiplying (43) said estimated outputs with said inverted objective matrix
yielding user data corresponding to the plurality of user data communications; and

(h) repeating steps (a)-(g) for a next CDMA communication.

27. The method (99) according to claim 26 wherein step (c) is further
characterized by the steps of:
(c1) examining each column of said system transmission response matrices for
top (0®7,) and bottom (0%,) offsets;
5 (c2) assigning an index value (n,) from 1 to £ for each of said examined columns
based ﬁpon said columns having a small top offset (0'7,) with a large bottom offset
(o™, to said columns having a large top offset (6'r,,) with a small bottom offset 0"

respectively; and

40- LT
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29. The nethod according to claim 28 wherein step (c2b) is further
characterized by the step of: (c2b 1) if the bottomoffset (ol"B")

di f ferenceW0igR@dt er than the top offset (o0o"'r") diffemrerason@ssi gni ng
the | ower index value for said colum with a | arger bottomoffset 5

(ol B") differenc th 9) . accordi.ng to claim 29 erein step
(e) is furt helgg‘ﬂca ar gg{gesr;{bgeé(gg%v%&ﬂ %%@FWHS%%%%S%SEHHB}%&QF%S mat ri x
(39) as a decorrelator. -41.11111111121111111 1 1111111111111 SUBSTI TUTE
SHEE ( RUR@Ecemdlancewith saidvmidsx v2hes 7 PERoulog toizéfasing naghitederet hod (99)
according to claim29 wherein step (e) is further characterized by the step

of formng said objective matrix (39) as a m ni num nean square error
detector. 32. The method (99) according to claim29 wherein step (e) is

further charagtey] he.step, of form ng said,objective matrix (39) as
a zero-forci nggbﬁ’h(é@%q?o%gégrﬁg&j&c}%g& gngere e%@%’é(ﬁ“‘@l@@ﬁ“&ﬁ'@ﬁ?@ﬁ ng to
claim26 wherein step (c) is further characterized by the steps of: (cl)
gr oupi ng byaheistepofiem tr ansni ssi on response matrices according to |ike
spreading factors (203); 5 (c2) assenbling spreading factor group

Lransm ssion |CZapeBamiEh tiff@EadcHMeer bABIEAL (Uar RS e BHSY ¥ieen

transm ssion response matrices wth |1 ke spreadi actors;

bottom offsets (0*';,) for two columns if a first column has a larger top offset (0®;,) and
5  alarger bottom offset (o', ) than a second column:
(c2b) comparing said top offset (0'*';,) difference and said bottom offset (0*',,)
difference yielding a greater top or bottom offset (0**';,) difference; and
(c2c) if the top offset (0';,) difference is greater than the bottom offset (0%,
difference, assigning the lower index value for said column with a larger top offset

10 (o%y,) difference.

29. The method according to claim 28 wherein step (c2b) is further characterized
by the step of:

(c2b1) if the bottom offset (0*,,) difference is greater than the top offset (0'*',,)
difference, assigning the lower index value for said column with a larger bottom offset

5 (0™, difference.

30. The method (99) according to claim 29 wherein step (e) is further

characterized by the step of forming said objective matrix (39) as a decorrelator.

-41-

I

SUBSTITUTE SHEET (RULE 26)



and (c3) form ng a base total systemresponse matrix (207) froma common
spreading factor group matrix having the | owest spreading factor. 34. The

met hod ( 1@8h1eer di ng to claim33 further conprising thegdsopees§ . (c4)
choosi ng one spreading factor group transm ssion response nmatrix for

consideration fromsaid remaining _spreading factor group rgst,ri e 209);
(c5) ' derividlg dhsomsthed)(¥Denccordingsier elar 29 Milereid, stgpr (&) Sis é’&i‘ﬁ\gm of
said -42 111112111221112112112%iiiiiliii * SULSTR UTE SHEET (RULE 26) CL MS

1i . WO GhbfR2hiked By Tthe FRPBObRIng Said lobjeetve miariri(39) asatminipunumean

transm ssion response matrix; (c6) deriving a reference location (217) in
sai d base total dse?/e?go%mtransm ssion response matrix; (c7) deriving a

col um %qéxgre(ezxi(g) i said chosen spreading factor group transni ssion
response matrix; 10 (c8) inserting said colum set after said col um

pl acenent reference in said base total systemresponse matrix (221); (c9)
repeating steps (c5) through (c8) for each successive colum of said
spreadi ng f &z orTly awthdd @WHNM&Drdingr ©s phaime29ravidreinuseer (e)oissittent i on;
and (cl O repeating steps (c5) through (c8) (223) for rennining spreading

Factor cl%&gclfgﬁz%ﬁtbr}li tfi€ Step of forming said objective matrix (39) as a zero-forcing block

linear equalizer.

33. The method (199) according to claim 26 wherein step (c) is further
characterized by the steps of:

(c1) grouping said system transmission response matrices according to like
spreading factors (203);

5 (c2) assembling spreading factor group transmission response matrices (205) -
from said groups of system transmission response matrices with like spreading factors;
and

(c3) forming a base total systemresponse matrix (207) from a common spreading

factor group matrix having the lowest spreading factor.

34. The method (199) according to claim 33 further comprising the steps of:
(c4) choosing one spreading factor group transmission response matrix for
consideration from said remaining spreading factor group matrices (209);

(¢5) deriving a column placement reference (211) for a first column of said

-42-
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35. The nethod (199) according to claim 34 wherein step (c5) is further

characterized by the step of: (c5a) assigning a columnm placenent reference
i ndex m (2Wb)ncmie sai d spreading factor group matrix ungerusmaséder ati on
using, Qg) Qg where (-*) denotes the spreading factor associated with

t he pre%n}g f act.or rogrgﬂp transnd ssion matrix under consideration, Q)
denofes FHSCH SRE_YINg FAGLOrHTARP {rapsTyssSIORFSEOnsg IR Xoups and n is the col um

of the spreading factor group transm ssion response -43 SUBSTnUr E SHEET
(RULE 2 | 111(t6) defivingld refdrgAdd Ibidtiohl(P 1WoirOskid® BfstQoRLTysténh Gcafghidgion mat r i x
under consideration where n =1, 2, 3, .,.. 36. The nethod (199) according
to clai |8 phdtfikher characterized by the step of rounding said colum
pl acenemegﬁ%r*sgrenc;é’ i ndex m(215) if not an integer. 37. The method (199)
according to cJaim 36 wherein ste 6) is further characierized by the
step of: (c6dfThs&yinsg %P??@Peﬁeég%‘fggl%@&tﬁakfﬁchﬁe‘%as%“aﬁge%ﬁcﬁﬁragm%yst em
transm ssion response matrix (217) using, 5in x L(" where V) is total

nunber oframsysibsion tesporsRinsAIIRN r esponse matrices that constitute said
spreading factor group matrix having the | owest spreading factor and mis

vt 195 undor CBRERARERE shR ELERF R SNd Al bR SRERAERACE FaR it Do

wherein step (c7) is further
total system response matrix (221);

(c9) repeating steps (c5) through (c8) for each successive columnn of said
spreading factor group transmission response matrix under consideration; and
(c10) repeating steps (c5) through (cB) (223) for remaining spreading factor

group matrices.

35. The method (199) according to claim 34 wherein step (c5) is further
characterized by the step of:
(c5a) assigning a column placement reference index m (211) for said spreading

factor group matrix under consideration using,

where Q% denotes the spreading factor associated with the spreading factor group
transmission matrix under consideration, Q"' denotes the lowest spreading factor among

all groups and n is the column of the spreading factor group transmission response

-43-
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characterized by the step of. (c7a) assigning a colum set fromsaid
spreadi ng factor group transm ssion response matrix under consideration
(219) usiwgorfzéle x (n - 1) + 1 through L4" x n where Leeruseomsiid nunber
of system transm ssion response rrat rices conprising said spreading factor

grouptransmssmn trjx under nsideration. 1CCIIL Il TR X1111 1
~~~| - Amatrigupdgy @ns%ﬁé*ﬂ“ﬁh@ Ti@RULE 26) !'li: WD 01/22610
PCT/ USOQO' 02621 39. The net hod (199) according to claim 38 wherein step (e)

is further characterized by form ng sad objective matrix (39) as -a
decorrelator. 40. The nmethod (199) according to claim 38 wherein step (e)

i's further Gh%@?ﬁéiﬁéc?ﬁ@95’¥c€o?&1ﬁb?&cﬁﬁh@aqpflﬁ-ﬂ{eh)égar?&%i%éﬂaﬁéyggge d‘fef?gato

m ni num mean square error = detecto . The net

claim3 vvhe .ein i s further ract d by form ng said

ob; ot 1o} Ul Reid ST PaoSe R rpTecR R 2l S ST H e o 42, A
mul ti user detector (17) that detects in a received CDVA communi cation (r)

a plurality of user data conmunications (d k)) characterized by: neans for
acquiring inmpul se estimates (19) corresponding with each synbol in

37. The method (199) according to claim 36 wherein step (c6) is further

characterized by the step of:
(c6a) assigning a reference location in said base total .system transmission
response matrix (217) using,
5 m x L™
where L is total number of system transmission response matrices that constitute said
spreading factor group matrix having the lowest spreading factor and m is said column

placement reference index for said spreading factor group matrix under consideration.

38. The method (199) according to claim 37 wherein step (c7) is further
characterized by the step of:
(c7a) assigning a column set from said spreading factor group transmission

response matrix under consideration (219) using,

.t

L®x@n-1)+1 through L® xn
where L® is said number of system transmission response matrices comprising said

spreading factor group transmission matrix under consideration.
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each of the plurality of user data communications (d k)); 5 neans for
assenbling a systemtransm ssion response matrix (27) for each of the
plurality B0a#&e610data communications (dl') from said reeoxasvesiinpul se
response estimates; neans for assenbling a total systemtransm ssion

response matrix ( f..said syst.e ransni.ssjon, Lesp e
matrices vyiel g?’ngfegé ml%{'ﬁ%z%%ggdg%gf g(;to 1('8211 n?hsws?ﬁﬁlq ?@eﬁ) rfé t‘(&%ﬁ’r t he
recei ved CDMA communijcatipn,with said total systemtransm ssion response
matri x yicbaartegzedsby frrmeng shad abject yaumatrix-(38) asiadacomrelatar1 111111111111

SUBSTI TUTE SHEET (RULE 26) " ¢ ' WD 01/22610 PCT/ USOQ 02621 neans for
formng an objective matrix (39) fromsaid arranged total system response
matri x; means for inverting (41) said objective matrix; and 15 nmeans for

mul tiplying (48) | ' d_outputs wt.h i d. inverted objective

mat i i ofar ag LBt Tdidd TR ABbrBe dncidih OB PhERE eR (D)t dEBES data
comuni cations. 43. The nultiuser detector (17) according to claim42

wher ei n shardctaragdsby farming saidiobjeagvematrix 3% @8l atronithumyseamsqUARNEmMITS si on
response matrix is further characterized by: neans for exam ning (33) each

of said fdefealorsystem transm ssion response matrix 5 colums for top
(dx)T,) and bottom (0")B") offsets;

}—t

41. The method (199) according to claim 38 wherein step (e) is further
characterized by forming said objective matrix (39) as a zero-forcing block linear

equalizer.

42. A mulitiuser detector (17) that detects in a received CDMA communication
() a plurality of user data communications (&%) -characterized by:

means for acquiring impulse estimates (19) corresponding with each symbol in
each of the plurality of user data communications (d®);

5 means for assembling a system transmission response matrix (27) for each of the
plurality of user data communications (d*) from said respective impulse response
estimates;

means for assembling a total system transmission response matrix (31) from all
of said system transmission response matrices yielding a well-banded matrix;
10 means for filtering (25) the received CDMA communication with said total

system transmission response matrix yielding estimated data outputs;

AT L
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means for assigning (33) an index value (n) from1 to n for each of said
exam ned colums based upon said colums having a snmall top offset

(o(R T") wobirz2a1d arge bottom offset (o("B,,) to said colcaseosder ng a

| arge top offset (Q(k)T") with a snmall bottomoffset (0"'B") respectively;
and 10 nmeans for re-arrangi ng,sai.d examn otal system transm ssion .
response matFRS {o&t@mgxggﬁn g’(‘?ﬂﬁ?ﬁ‘ﬁﬁﬁ"&%’%@ﬁ) g‘éPF’H s@ﬁ%ﬁé&%@fé)‘ﬁe”&ccordi ng
to increasing magnitude. 44. The multiuser detector (17) according to

cl ai m 4fespbmseanatrizai d means for assigning is further characterized by:
means for obtaining a difference between top offsets (oM TO and a

difference mdfckhlidk 13 A il oblectibd dahrik) sl 11 SUBSTRUTE SHEET (RULE
26) ' CL MG Bt G At cblectihd Bk antt L ! Com of f 51 s (o( B")

for_two colums if a first ceol.um has a larger top offset 5 and a | arger
botlfom of f se‘[“e'i”{f“ﬂ’)' Bﬂ‘;‘“?ﬁ(ms &3§éwrﬁ§u%F"1§ln‘?\‘gPWéaYﬂ said IpVsmied QIRFLYSI d t op
of fset (o(k)T") difference and said bottomoffset (o(k)Bn) difference

yi el di ngagrixyryelding twgser ( k) @) otortespomding ofc )tBE ) phirdlitgt ofli fifeer datae; and
means for assigning a | ower index value (n) for said colum with a |arger
top of f sgtmiuB{datidng. di fference if the top offset (o;k',.,,) difference is
greater than the bottom 10 offset (o(k'B") difference. 45. The multi user
detector according to claim44 wherein said nmeans for conparing is further
characterized by nmeans for assigning a |ower index value (n) for said

colum with a |arger bottomoffset (o(k'B") difference if the bottom offset
(o(k)Bn) 43, The multiuser detector (17) according to claim 42 wherein said means for

assembling an arranged total system transmission response matrix is further
characterized by:
means for examining (33) each of said total system transmission response matrix
5  columns for top (0%';,) and bottom (0, offsets;

means for assigning (33) an index value (n,) from 1 to n for each of said examined
columns based upon said columns having a small top offset (0*',) with a large bottom
-~ offset (0“},) to said columns having a large top offset (0*';,) with a small bottom offset

(0®,,) respectively; and
10 means for re-arranging said examined total system transmission response matrix

columns in accordance with said index values (11;) according to increasing magnitude.

44. The multiuser detector (17) according to claim 43 wherein said means for

assigning is further characterized by:

means for obtaining a difference between top offsets (0*;,) and a difference

SUBSTITUTE SHEET (RULE 26)
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difference is greater than the top offset (o(k)T") difference. 46. The
mul tiuser detector (17) according to claim45 characterized in that said
obj ective mepoir2zelios a decorrelator. 47. The multiuser detreatioo/é2éal)
according to claim45 characterized in that said objective matrix is a

m_ni mum nmgan_square erLor ctor. 48 The_ multiuser detector (17

accor di ng eawg%hu?q@%oéfﬁ%}f g‘g%;}%tof b¥o F%%ﬂf&%cg@ﬂwiﬁ?%t‘% Qﬁﬁeé a
zero-forcing block linear .equalizer. SUBSTI TUTE-SHEET (RULE 25) WD 01/22610
PCT/ USbO/ d@%’a& and @ largaebettdnt pffses(0¥g) dunersecand celumns di ng to clai m 42
wherein said neans for assenbling an arranged total systemtransm ssion

response Mat 11 ndadd ol Sorhbiciaid (PSR R502 ?@%F%%Eﬁig%%@maﬁ%mg (33)

said systemtransm ssion Tesponse rices acco e spreadi ng

factors; far assempling (33) spr i ng factog, Qr .Lansni ssi.on
response ;@?’;«3 gé@“"’??"oﬂ?@mgog %&’B‘iﬁé topde 6’23?? gf-ﬁt?ma(ﬂ{é’ﬁ nggg‘rfh Etengsand
matrices with |i ke spreading factors; and neans for formng (33) a base
total system r esgsonier assigning & lower sndearwabue (n))fos paid @dlumn ftht aolargar dom
matri x having the | owest spreading factor. 50. The nultiuser detector (17)
accor di ng dfPse§¥@“’T, di¥fekénck 4f tR%p UIRERAEUEY digfdrdite is BRARS tha e g (33)
one spreading factor group transhi ssion résponse matfix for consideration

fromsaid remjning..spreadi ng factor group matrices; neans for deriving
(33) colq.ffﬁ'?t{ﬂ a’re}e‘ﬁéé%enf:%f erence for a first colum of said

45. The multiuser detector according to claim 44 wherein said means for
comparing is further characterized by means for assigning a lower index value (n,) for
said column with a larger bottom offset (0%';,) difference if the bottom offset (0%,,)

difference is greater than the top offset (0*},) difference.

46. The multiuser detector (17) according to claim 45 characterized in that said

objective matrix is a decorrelator.

47. The multiuser detector (17) according to claim 45 characterized in that said

objective matrix is a minimum mean square error detector.

48. The multiuser detector (17) according to claim 45 characterized in that said

objective matrix is a zero-forcing block linear equalizer.
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5 chosen spreading factor matrix; neans for deriving (33) a reference

| ocation in said base total systemtransm ssion response matrix; neans for
deri vi ngwbo¥33p24i0 cOl um set from sai d chosen spreadi ng faciosoostaarp

transm ssion response matrix; and 10 means for inserting (33) said colum
set after said colunn placenent reference in ,sajd pase tqtal system '
response mafiPi Xhe mpltinsergietecior|(1y) agcording tq cleim 42 WB?TC}H saad fmy | TUTE
SHEET (RULE 26) WO 01/22610 PCT/US00/ 02621 51. The multiuser detector (17)
accor diasenitling an rarffigedeoml systerndtraresanissibm response inmyria (33) usnfurthercenent
reference is further characterized by: nmeans for assigning (33) a colum

pl ace Lef.: e index mfor said spreading factor group matrix under
consi ggﬂé‘ia"%%%‘g? g, Qg) Qg) where Q-) denotes the spreading factor
associated with the spr,eagi g factor group, transm ssion.matrix under

consi der at | HfanglonSrAupBE %&M?N@E%“E S9N TESPORsE BRUIGES AGCOTME gr oups
and n is the colum of the spreading factor group transm ssion response
maty i x to/fite spreadimgdactats; on where n = 1, 2, 3, .... 52. The nultiuser
detector (17) according to claim51 is further characterized by neans for
roundi ng sai ce d hikei I HhAs 53. The
mul tiuser d(llaIEL gg?tdr}g%f%@lgﬁg%? 5?‘%&‘?’%?%55@@@&%&;5“ g?lﬁﬁgeg gngmeanseésor

deriving a reference location is, further charact e.riﬁed t}g: e a
from said groups of system transmission response matrices with like spreading factors;

and
means for forming (33) a base total system response matrix from a common

10 spreading factor group matrix having the lowest spreading factor.

50. The multiuser detector (17) according to claim 49 is further characterized by:

means for choosing (33) one spreading factor group transmission response matrix
for consideration from said remaining spreading factor group matrices;

means for deriving (33) a column placement reference for a first column of said

5 chosen spreading factor matrix;

means for deriving (33) areference location in said base total system transmission
response matrix;

means for deriving (33) a column set from said chosen spreading factor group
transmission response matrix; and

10 " means for inserting (33) said column set after said column placement reference

in said base total system response matrix.

4. A OO
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means for assigning a reference location (33) in said base total system
transm ssion response matrix using, 5 mx LJ" where L(2) is total nunber of
system transadszmn response matrices that constitute saigerSbpae NY
factor group matrix having the | owest spreading factor and mis said colum

-49 | EIIEE E lLIE EE Ett SUBST| TUTE, SHEET (RULE 25) * ¢ L WO
01/ 22610 PCTI %Wﬁl E b”?é?%qf oiclaimnoG whereln said mreansifarg
factor group matrix under con3| deration. 54. The multiuser detector (17)

accor di ngdereving alcnilmlphemmmrsfaramcemsaﬁusthémharﬂﬁrimdlbg a colum set is
further characterized by: neans for assigning a colum set (33) fromsaid

spreadi ng factlﬁéargrfafpass% (BBS)SA Qaldﬁ%%%nﬂp}gfh? s_,wqﬁ&excgp%ldg g';l on

using, 5L 1x (n - 1) + t roug sal d

systemtrans n res onse matri ces _conprising said spreading factor
group tra?gﬁ{% ?HP&H’GHH%‘FD b ARYGTAQIWSING 5. The nul ti user detect or
(17) according to claimb54 wherein said neans for formng an objective
matrix is further characterized by formng said objective matrix as a
decorrelator. 56. The nultiuser det %ra (17% according to claimb54 wherein
said nmeans for form ng an obj ectlvé tr further characterized by

form g said objective matri agmﬁl‘nw square error detector.

where Q® denotes the spreading factor associated with the spreading factor group
transmission matrix under consideration, Q™ denotes the lowest spreading factor among
all groups and # is the column of the spreading factor group transmission response

matrix under consideration wheren =1, 2, 3, ....

52. The multiuser detector (17) according to claim 51 is further characterized by

means for rounding said column placement reference index m if not an integer.

53. The mulﬁuscr detector (17) according to claim 52 wherein said means for
deriving a reference location is further characterized by:
means for assigning a reference location (33) in said base total system
transmission response matrix using,
5 mxL®
where L% is total number of system transmission response matrices that constitute said

spreading factor group matrix having the lowest spreading factor and m is said column

-49. -
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57. The multiuser detector (17) according to claim54 wherein said neans
for formng an objective matrix is further characterized by formng said

obj ecti VveudWhhdiy @s a zero-forcing block linear equali I
SUBSTI TUTE SHEET (RULE 26) qual | gefrusoofofs |

placement reference index for said spreading factor group matrix under consideration.

54. The multiuser detector (17) according to claim _5_3 wherein said means for
deriving a column set is further characterized by:
means for assigning a column set (33) from said spreading factor group
transmission response matrix under consideration using,
5 L®xn-1)+1 through L® xn
where L® is said number of system transmission response matrices comprising said

spreading factor group transmission matrix under consideration.

55. The multiuser detector (17) according to claim 54 wherein said means for
forming an objective matrix is further characterized by forming said objective matrix as

a decorrelator.

56. The multiuser detector (17) according to claim 54 wherein said means for
forming an objective matrix is further characterized by forming said objective matrix as

a minimum mean square error detector.

57. The multiuser detector (17) according to claim 54 wherein said means for
forming an objective matrix is further characterized by forming said objective matrix as

a zero-forcing block linear equalizer.

0 RN O
* [ L M S *

SUBSTITUTE SHEET (RULE 26)

1 ~5C




