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"Fiéld of the Invention The present invention relates to a nethod and
receiver for joint detection in a CDVA system whereby the i{mﬂﬂmm‘ﬂmmmma
processing is considerably reduced. Definitions The follow lons
are used in this specification: 3GPPThird-Generation Partnershi pisoiso
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letters, respectively. () "denotes Hermtian. Imdenotes an nfmidentity
mat ri Xx. BackgFieldhef the lhventlonventi on Joint detection is used for reducing
Inter-Chip Interference (ICI) and Multiple Access Interference (MAI) in a
Code Division Multiple Access (CDMA) system In a CDVA system data

detection fa ' J I i i i e
(V) due t o Tp PleRt AReESp rbibfes b Ingtiod B reedvaSRE R RPN R

si mul t aneous| @DMA systept) aliserEbp thd Aamountotdataereesssing Bcdnsidargbigt ur e
sequences that are unique to each user. Asynchronous transm ssion or the
time-varying "8UGEd of the nobile radio channel disturbs any orthogonality
anong users and results in co-channel interference. The channel itself also
gives rise to inter synbol interference (I1SI) and inter chip interference
(1<) due to Definitipas h propagation. In the third generation nobile system
(3G, a hybrid multiple access schene is adopted in the standard, terned
TD- CDMA, which is a proper conbination of TDVA and CDVA princi ples. The
hybrid mul ti i it ik antage of TDMA and
oxi bi 11ty oo B et el I L Rt F9F Ly From t he
capacity feature of the TD-CDVA system an appropriate receiver will be

chosen to mtj t he inpact of Anter ol. interference (ISl) and
nul tiple accegg?"ﬁt erference%bml(éenef?%npﬁgﬂﬁfsthmlﬁ&t ectors for
continuous tr ] SSi on syst e.not applicaple to TD- CDVA systens
because of th@BI?:EI’OdUCti on QE’BCK eﬁbﬂ/ﬁ%@ﬁb@ﬁ‘é%ﬂpaﬁﬁé

CIR Channel Impulse Response
CP Chip Period

DL Downlink

FFT Fast Fourier Transform

GP Guard Period

HCR High Chip Rate

IFFT Inverse Fast Fourier Transform
ISl Inter Symbol Interference

JD Joint Detection

LCR Low Chip Rate

MAI Multiply Access Interference
MMSE-BLE Minimum Mean Square Error Block Linear Equalizer

TDD Time Division Duplex



3 nmost powerful technique for this block transm ssion systemis the joint
_det'ection receiver which takes burst transmission into account and detects
the nultiple user signals sinultaneously, thus conbating the inpairing
effects of ISI and MAI. Joint detection conbines information about al

users that share a single tine slot into one |arge system of equations. The
resulting system of equations can be very |arge and thus al gorithm nust be
devel oped to exploit its special structural characteristics. Current
approaches to solve the conplex equations are based on the block - Toeplitz
structure of the coefficient matri x. However, if decision feedback is
introduced to the joint detection algorithm the data detection seguence
will be re-orﬂ red accordin t@the recei ved signal power. Correspondingly,
the coefficie matrix wll be re-schedul ed. The resulting matrix
becones a Toepli bl ock stryct sent Jjnvention exploits the
structure of f'llgﬂ,BtL&ol esky f ?T&%Q{PIQQIEOE@ "Tqa&ééWPFTﬂ%ﬁrl x and utilises an
approxi mat e conputation nmethod which can significantly reduce the
conput ati on conplexity and at expense of negligible degradation in
performance. There are four joint detection techniques suitable for

di scont i nuouspy

MVBE- BDFE[ 1] . Itéf)r{r%'%g%np Iklgf?tto;é( 3¢ Fent G]E:V\f bold %%EPE%F@H@S‘?EF@?S? e her e
i s one ant enn@spectively.t(sh sierm&esaHeEmdienarh,dden@teatantﬂnémndentltyenaislkde The
transm ssion nodel is depicted in Figure 1 of the acconpanying drawi ngs. In

uplink transnission, sigpals of different users arrive at the receiver
t hr ough i ndi ﬁa&@mﬁeﬁﬂm@m- ~, h~2~, , h~k~), where h* _ {ho, h,,

., hWT is a colum vector representing the channel inpulse response for
each user. In downlink transm ssion, all active userslcodes travel through

t he sane RF cﬂmnhdetehjlomsuded far eedncmg tnieleﬁhm Lntenfenemeel(er)rmdt Moripleot .
4 The formt t he transm ssi urst is sh
drawi ngs. The ﬁ%ﬁﬁ§erj @%gé‘iﬂﬂ?ol(%lﬁjdﬂs% {edg V'%'QEh tt'%{ef %@F h@qM'ﬁhr st)

i s denoted bygNterhhe data transmtted on the kth spreading code IS
represented by vector d~k~, where 1 <k<K. d (k) d (k) z ) - ~ ~ (1) dN(k)
Between the two data fields, the mdanble chips with Lmbinary elenments are
transnitted. W afPBMA sysienk data-detection-faces twe Ergblemsmthedirst samultiple ode

mis known at recei -'
Fosponse cocto U SERHfe AT B W i bRl
si gnat ure_seqbandwidee rmaftameous g Q The wgwaI8! frerfnPleciséR) Bfe aepalatdd by
interval T~ which is equal to T
signature sequences that are unigue to each user. Asynchronous
transmission or the time-varying nature of the mobile radio channel disturbs
any orthogonality among users and results in co-channel interference. The
channel itself also gives rise to inter symbol interference (ISI) and inter chip

interference (ICI) due to multipath propagation.

In the third generation mobile system (3G), a hybrid multiple access scheme
is adopted in the standard, termed TD-CDMA, which is a proper combination
of TDMA and CDMA principles. The hybrid multiple access scheme inherits
the capacity advantage of TDMA and flexibility advantage of CDMA.
However, in order to benefit fully from the capacity feature of the TD-CDMA
system, an appropriate receiver will be chosen to mitigate the impact of inter-
symbol interference (ISI) and multiple access interference (MAI). Traditional
CDMA detectors for continuous transmission systems are not applicable to
TD-CDMA systems because of the introduction of the TDMA component. The



5C (k) I C(k)y 2 kec() -~ k = .K(3) C (k) QFor sinmplicity, the

_ di scussion focuses on the domnllnk The proposed net hod can be applled to
uplink in a straightforward manner. h (x) h (x) 2 h(k) - ~, k = . K (4)
hw( k) To reduce conputation cost of nobile termnal, the RF channel is
assuned to be tinme invariant during the transm ssion of the data synbol
sequences d~k~. 1Sl arises for Wgreater than one, and MAl arises due to
channel distortion or nonothogonal signatgre sequence or both. The conbi ned
channel inpul se response is defined by the convol ution of spreadi ng code
and esti mated channel inpulse response which is given by: b cx) b (x) z
bck) - cck~ * hck~ - ' = .K (5) (k) bg+w ~ 6 At the receiver

ite, The. received .seguence

obt ai ned at PR ¥>§&veerrﬁ??t’e¥§ﬁ'a“§ PSR ShE PoharT gk SRt TR °
chips, that adetestioreeer Which takesDursttramissivn |mréd¢bbﬁﬂaﬁddéféo?§iﬂ1et've
noi se sequence wWith zero nean and covariance matrix R~ = E(n ").

recei ved sequBHiipleausermsigpalsepimsiitaneeuslysthals eambating thﬁAtunpal(lag eéflegta/\pf

where the COW%IIQEQI\ER a vector d = (d~~)T, d~2)T,..., d~k)T)T _ (d~(1),
d2(~), ,dN~K)) T (7) And system matrix AAE ~
(NQ+W-~)x(KN) cont ai ns vector b~k), k=1,.. .,Kand is given by

Joint detection combines information about all users that share a single time
slot into one large system of equations. The resulting system of equations
can be very large and thus algorithm must be developed to exploit its special
structural characteristics. Current approaches to solve the complex equations
are based on the block — Toeplitz structure of the coefficient matrix. However,
if decision feedback is introduced to the joint detection algorithm, the data
detection sequence will be re-ordered according to the received signal power.
Correspondingly, the coefficient matrix will also be re-scheduled. The
resulting matrix becomes a Toeplitz block structure. The present invention
exploits the structure of the Cholesky factor of the coefficient matrix and
utilises an approximate computation method which can significantly reduce
the computation complexity and at expense of negligible degradation in
performance. There are four joint detection techniques suitable for

discontinuous transmission systems : ZF-BLE, MMSE-BLE, ZF-BDFE,
MMSE-BDFE[1].

For simplicity, the following description assumes that there is one antenna at
the transmission side and one at the receiver side. The transmission model is

depicted in Figure 1 of the accompanying drawings.

In uplink transmission, signals of different users arrive at the receiver through
individual RF channels (h", h@, | h®), where h' = {ho, hy, ...., hy} is a
column vector representing the channel impulse response for each user. In
downlink transmission, all active users/codes travel through the same RF
channel h. K codes are simultaneously active in one timesiot.



A= (A1); i=1...,NQW1, j=1...KN _ bl (k) fork=1...K n=1...N 1=1...Q+tW1
.S ~Q(n-1)+l, n+N. (K-1) - e e e O el se The systemmatrix A
defines the systemresponse, representing the effects of MAl and the nobile
channel s. The structure of the systemmatrix Ais presented in Figure 3. A
ZF-BLE estimated data is given by: dzF-s~E = ~AHR~ ~A) | AHR' -~e 7 In the
follow ng, noise is assuned tenporally and spatially white) with zero nean
and covariance matrix R~ = Q21. Then the ZF-BLE is sinplified to dZF-BLE -
~AH ~) 1 AHe 10 In many cases, a zero-forcing equalizer provides adequate
performance, in particular when the SNRis high. In other cases, the noise
enhancenent caused by ZF equalizer may be unacceptable. A MVSE-BLE can

bal ance the interferen suppr essi on_agai nst nai amyl ifjication. The

ot ected dat AT TOTRESHe TSR RS Fhgw TnFiaulte of Betiagitos A + -
)- Aa (11 ) Were Rd is the covariance matrix of d. The data synbols are
assuned uncorTigl aueder of shmbol transmitetitinheaeH Hagl fi&@ﬁﬁélfﬁdr@ﬂ)‘,is defliotedd =
1. The MVSE detected data then becones: dMVSE-BLE -~ARHA+621) ~AHe (12) A
bl ock di agr arRYoN. zAheL gajap tiansaitted: onother ktheBp@ading sadanisi igprespnted Ly The
nost power i (RY() essi of the ZF-BLE and MMSE BLE al gorithmis to
sol ve the Ia;‘%gszy tb\&bgﬂ‘% T?*}éggr equations as shown in the grey box in
Figure 4. Specifically, two blocks of data each of N synbols are to be
detected in one tine slot, if the nunber of active codes is K, assune K =

10 and N =22 in 1.28 Mps TDD node operation of UMIS, the dinension of A'A
is KN KN = 220 * 220. If Chol esky_de(ltc:)cﬁrrposi tion is used to solve the

d

dl(k)

2
a¥= " | (1)
d (k)
Rt N

Between the two data fields, the midamble chips with L, binary elements are
transmitted.

m= m e {1,-1}, I=1...Lp ()

The midamble code m is known at the receiver and used to estimate the
channel impulse response.

Each data symbol d,* of user k is spread by the user-specific signature
sequence consisting of Q in general complex chips at chip interval T¢ which is
equal to T;Q.



| inear system the nunber of conputations are sunmmarised in Table 1. Table
1 Conputations to solve |linear equations using Chol esky deconposition
Qperation DescriptionOperation typeQperation count (cycles)Chol esky Dec.
LL"mac conplex (4 cycles)(KN) ' 16+(KN) | 2+KNI 3 = 7, 195, 760 8 sub conpl ex
(4 cycles) div_real (6 cycles) sqrt_real (10 cycles)KN*KNI 2 = 96, 800
KN* KNI 2=145, 200 KN = 2, 200Forward Sub. Lx = A"Emac conpl ex(KN) /2+KNI 2 =
97, 240di v_real KN = 1, 320sub conpl exKN = 880Backward Sub. L"y = xnac
conpl ex(KN) 12+KNI 2 = 97, 240di v_real KN = 1, 320sub conpl exKN = 880 The
conventional nethod of solving the Iinear equation systemis as follows. In
order to reduce the conputation conplexity, the systemmatrix Ais re
ordered as the structure shown aln ﬁgure 5. Correspondingly, the estimted
| ¢

data, d~k) in equation (8), is red to d~k~ = (d~~' ~, d~~2~,...,d~~k~)T
(13) where d~~k~ denote the nth s(yﬁbnl of the kth user, and vector d,
equation (8), beconmes d = (d~~)T|, d~2f , d~ N)T~T— (d~~~)

d~i K), ..., dN~~) ~. .. ~dN-K) ~T (@d4)| An =xanp| Z.oi /% g| ven (gr (15) where W
= 16 and the spreading factor Q[ 16{ O. ,Ccz> ck) ...

bl AlAo... Ob ~' ~

For simplicity, the discussion focuses on the downlink. The proposed method
can be applied to uplink in a straightforward manner.

h® = | k=1..K (4)

To reduce computation cost of mobile terminal, the RF channel is assumed to
be time invariant during the transmission of the data symbol sequences d®.
IS| arises for W greater than one, and MAI arises due to channel distortion or
nonothogonal signature sequence or both.

The combined channel impulse response is defined by the convolution of

spreading code and estimated channel impulse response which is given by:

bl(k)
k
bz( )

b® — ¢® % p® — " Lk=1..K (5)

(9]

_bQ+W-—1



zb ~z~ z... b ck>Al... pz00... pAo _ whereb '~1~ 16b ~z~ 16 b ck> 1600...

_0A"b ~'~ 17b ~z~ 17... b ~k~ 170 00 O0... Ao A b 16+16-1 b ~z~ 16+16-1
b ~' ~ 16+16-1 (15) After this re-arrangenent, the resulting matrix S = A"A
has a bl ock Toeplitz structure as illustrated in equation (16) SoS, HO'

OCS, SoS, H'' O0s - AHA _0S,So... 00(16)OCs, "' S, HOSoS, HOOO. .. S~ where So
and S~ are sub-matrix each of size K*K. A block Toeplitz matrix i s conposed
of shifted sub-matrix and constant di agongl blocks. The S matrix can be
represented by a single block row of the matrix, since a Toeplitz matrix is
made up of a single row shifted so that a particular block elenent is

al ways on the diagonal. This nakes the matrix easy to store and easy to
solve. There are efficient algorithnms for solving Toeplitz systens, such as
bl ock FFT algorithns presented in [5] and approxi mate Chol esky
deconposition nethod presented in [3]. A summary of the state of the art

i mpl enent at i At thetrbeeisef site,j arienindilédiet récaiveranal \ber carsidetedc riHeetbcelved4] -
sequence e is obtained at chip rate. It is a sum of K sequences, each of
length N*Q+W-1 chips, that are supposed to arrive synchronously, perturbed
by an additive noise sequence with zero mean and covariance matrix R, = E(n
.n"). The received sequence e can be represented as

e T

e,

e= ' =Ad+n (6)

| Envpew1 |
where the combined data vector
d= (d“’T, d‘z’T,..., d""T)T= (d1‘1’, d2‘1),..-,dN1,---. d1"‘),---.dr\|(K))T (7)

And system matrix A 4el “2¥# &M oontains vector b®, k=1,...K and is

given by
A = (Ay). i=1,...,NQ+W-1, j=1...KN
b® or-k=1...K,n=1...N,I=1...0+W -1
AQ("_I)H,“N'(K_,) ={ IO ............... f 0 (8)
else

The system matrix A defines the system response, representing the effects of
MAI and the mobile channels. The structure of the system matrix A is
presented in Figure 3.

A ZF-BLE estimated data is given by:

aZF—BLE = (AHRn_lA)—IAHRn_Ie 9)



The aforenentioned conventional solution nethod gives rise to a problem

_ That is, for ZF-BLE and MVSE-BLE, the above nentioned al gorithnms are 10
conputationally effective. However) when the bl ock decision feedback
equal i zer (BDFE) is introduced, the structure of the systemmatrix (15)

| osses its advantages due to the data detection sequence alternation. In
the BDFE al gorithm detection and feedback of past decisions are based on
conpl ete synbol streans. Past decision on7conplete concurrent synbols can
be used to inprove MAI cancellation. The receiver structure of ZF-BDFE
algorithmis shown in diagramfigure 6. Miultiplying L" at both sides of (11
) or (12), we obtain a = L" (A"A)_' A'e = L" (LL" )_ A" (Ad + n)

A'e l;
= L"d +1;" A'n.: £ L1 - £ A oy da | ar
marix, the dRang EIOHRE. foire i Aerotmed bR, i spafln, AE, Wit 20, &
| f the synbolméasaad @ovasance manex Re =as’dleTheh thé ZF-BUEYs simifieddoent s in d,
the backward substitution is conputed as: fori=N,1 forj=l+1, Ntenp =
U ~.dzZF BDFE d(i) _ (d'-(i) - fq@_] u~i dzF aoFE(i) = decision(d(i)) endfor
where u;~ is the (1,]) t%zrede e Aermtrix. d', id1Phe internediate
result of the ith detected synbol as shown in Figure 6. The previous
detected symal is g:uanti zed agd t hen ﬁalss thro§gh ?t‘F;]e f?edbz#:k filter 11
If the past dBJT8MHPASES: AT PERICNG PAYANIT JYRYEPP o GNP S PEIPTMRAGS M
i mpai ring ef fpgticaan wien afSMR DY Higior dpr bihér td¥Res U Bve HoNes ehAahdBmand t he

corresponding colums in A, so that synbols which are nost likely to be

det ect ed cor reaused byr&F gqualkizes raay basinasceptablel A MMSIBLE canchalancenthet hus

are detected fjr | Lok t i qu e n, _he nked by
ecei ved si grnieusRge shRBietBI Bt glBLablihuBRy T BE BRedcodBl oL e
first. The dqmmsge.gLEaigegimqygnpe, vect or dzF-BLE and dMhnsE- BLE, are
arranged user by user as shown in (7) and the synbols of the high power
user are i.e. arranged at the botton19f theldata vector. Correspondingly,
the system matrix A maydhaye,t FASR fekn Ris ¥halle in \yure 3. The conbi ned
channel inpul se response, b~k~ vector, of the user that has the highest
signal power is arranged at the last N colums. The matrix A shown in

Figure 3 has WhemRd B8 the gevaranceamaliix irhl ekhe Wata gymhalsnare assumed he

| i near system w (¥ : ' j IS rpant 4 i h 0
efficiently meﬂqc%r'tzééé%mﬁiﬁgggéﬁaﬁt ﬁ‘?'ﬁé@#ﬁl :Eg%cg[?llr%ﬂg Egl v1é It? H.gs“ﬁ@?o | em
as w |l now hdetdetedrddiatherdbécombson of the Invention A first aspect of the
present invention provides a joint detection nethod for a discontinuous
transm ssion system the nmethod c riging applying a data detection
algorithmto a recei veddsignat ﬂ(éqggﬁérﬁt Ah estinat@d)data set,

A block diagram of ZF-BLE joint detection receiver is shown in Figure 4.

The most power intensive processing of the ZF-BLE and MMSE_BLE
algorithm is to solve the large system of linear equations as shown in the grey
box in Figure 4. Specifically, two blocks of data each of N symbols are to be
detected in one time slot, if the number of active codes is K, assume K = 10
and N = 22 in 1.28 Mcps TDD mode operation of UMTS, the dimension of
APA is KN*KN = 220 * 220. If Cholesky decomposition is used to solve the
linear system, the number of computations are summarised in Table 1.

Table 1 Computations to solve linear equations using Cholesky decomposition

Operation Description Operation type Operation count (cycles)

Cholesky Dec. LL" mac_complex (4 cycles) | (KN)*/6+(KN)“/2+KN/3 = 7,195,760
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ptn row of tjhat sub-block to t hg ¢ %ﬁ'i nder of that sub- bmc'k1 %Oth one rj ght
shift of signal position in eacrs eht—row P .cp.CﬁS@%§7?—eeﬁﬁu%ed
val ue of theg nunber of rows and coﬁunnggto be conpleted in a sub bl ock.
Further, in suchpreferredenbodiments,the tinear equations—are generat ed

by a ZF-BLE al gorithm or an MVSE-BLE al gorithm The joint detection nethod
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In order to reduce the computation complexity, the system matrix A is re-

of the prese
a nobile tel

ordered as the structure shown in Figure 5.

Correspondingly, the estimated data, d® in equation (8), is altered to

d" = (d,",d4?....,ds

(k))T

(13)

where d,™ denote the nth symbol of the kth user, and vector d, equation (8),

becomes

d=(d"7,d@T dN)T=

(ds ..., d1",...,d\D,....d

N(K))T (14)

An example of A is given in (15), where W = 16 and the spreading factor Q =

16.

t of



w reless data link or any other device enploying 3G technol ogy which
_acquires data via a radio downlink. Brief Description of the Draw ngs
Figure 1 shows a baseband nodel of TD- CDVA system Figure 2 shows a formt
of one timeslot; Figure 3 shows a structure of the systemmatrix A, Figure
4 shows a bl ock diagram of the ZF-BLE algorithm Figure 5 shows an
alternative structure of matrix A, Figure 6 shows a receiver structure for
ZF- BDFE joi nt detection; Figure 7 shows ag approxi mte conputation of the
systemmatri x; Figure 8 shows an approxi mate Chol esky deconposition; Figure
9 shows the structure of the L matrix; Figure 10 shows a proposed nethod to
conput e Chol esky factor on a reduced dinension matrix; Figure 11 shows the
M PS requirenent npagi son ai nst nunber of active users/codes; and
Figure 12 shows tphi@oeM PS r'equf rlenent for rnpbeskyhdecoqppsi%kon gai nst K

and N. DescriptiopApf Ayef-err@d Enbodi ments” The b ock rows of the Chol esky
factor of an infipi:te plock Tpeplitz mat r|i %, can blarepr'esenbgd by a finite
nunber of non-zerp ‘bl ocks. Thig gives the :14 theoretical justification of
what can be obgervd®d wBen--exahi|ni | n% Ape_pl ogk rowg,of chol gs(lé)y a§:1t r L of
a Toeplitz matfix| o, gftear r@v?"’#ﬁr oxplitledist he flie'st bl ockleows| of ', and
copying the | ast phtained.untjl| the en of bl very ®nal |, degr@&@afion can be
seen on the estinpted data at‘tlhe output.| Based on.this theory, pnly small
portion of So is f@muped..whiach can be iljustrated in Figure7. [These
approxi mations arg very effectilve and arelbhg,rdasens why bhe Chpl esky
algorithmstill r r?ai nS conpéttidtive with the other nore optinised and nore
conplicated algorithnms. However, this approxinmation does not apply to

Chol esky factorization of a Toeplitz block matrix which is dense. The

foll ow ng description explores the structure of S = A"A where A has a

After this re-arrangement, the resulting matrix 8 = A"A has a block Toeplitz

structure as illustrated in equation (16)

s, s o 0o 0

S, §, s" . 0 o
s=aia=|® 51 S o 00 (16)

0 0 s, - S* o

S T A

0 0 o0 .- S, S,

where Sp and S are sub-matrix each of size K*K. A block Toeplitz matrix is
composed of shifted sub-matrix and constant diagonal blocks. The S matrix
can be represented by a single block row of the matrix, since a Toeplitz matrix
is made up of a single row shifted so that a particular block element is always
on the diagonal. This makes the matrix easy to store and easy to solve.
There are efficient algorithms for solving Toeplitz systems, such as block FFT
algorithms presented in [5] and approximate Cholesky decomposition method
presented in [3]. A summary of the state of the art implementation methods
for joint detection receiver are described in [4].

The aforementioned conventional solution method gives rise to a problem.
That is, for ZF-BLE and MMSE-BLE, the above mentioned algorithms are



format of Figure 3. S matrix is no |longer block Toeplitz matrix as in (16).

~ However, it is still a positive definite hermtian nmatrix as shown in (17)
and can be processed by chol esky deconposition. SUBSULSU2... SDK-2S~, K 1SU
1HS 1S 2... S1 K- 25~,K1 S - AHA -H S~2HH S~ 2H S ... S2~K 2 ( S2,K-1
17) S~3S13S23... ,'''"'" S K-2,K-2S K-2,K-1H S O K- 1H S 1,K-1H S 2, K-1H . .

S K-2,K1S K-1,K-1 Each sub mat ri x S ~1is a NN Toeplltz matrlx whi ch has
the structure of (18) 15 Sa S, S, ~ So % S~ So S, Sn So Chol esky
deconposition of matrix Sis given by: = ~ k=~-~ )1/2 li.i Sl.i ~k=l
li.k ~li.kj-~S.J~1li.k~1j.k

computationally effective. However, when the block decision feedback
equalizer (BDFE) is introduced, the structure of the system matrix (15) losses
its advantages due to the data detection sequence alternation. In the BDFE
algorithm, detection and feedback of past decisions are based on complete
symbol streams. Past decision on complete concurrent symbols can be used
to improve MAI cancellation. The receiver structure of ZF-BDFE algorithm is
shown in diagram figure 6. Multiplying L" at both sides of (11) or (12), we
obtain

e =L1(A"A)'AMe
=IH@L*)'Ale
=L'A¥(Ad+n)
=L +L'A"n
=d+(L"-Dd+L'A"n

where LY is an upper triangular matrix, the decision on each symbol depends
on previous detected symbols. If the symbol decision is in reverse order of
the index of components in d, the backward substitution is computed as:

fori=N,1
forj=1+1,N
temp = u;;.dzr_sore(])
d(i) = (d’ (i) — temp)/u;
dzr spre(i) = decision(d(i))
endfor

where ujis the (l,j)th element of LM matrix. d’, is the intermediate result of the
ith detected symbol as shown in Figure 6. The previous detected symbol is
quantized and then pass through the feedback filter



k ~) li.j -1 j.j (18) (19) where s;,~ is elenent of the S matrix, El enent
~l;,~is deternmined only by the current row colum and the all previous
rows/ colums. The L matrix can be partitioned into L, L - Lz (20) Lx Were
each L; , i={1,2 ,K} is Nrows. It is observed that in each L;, the

el ements al ong the diagonal and subdi agonal converge. The structure of L
matrix is shown in Figure 8. Therefore, Chol esky deconposition can be done
approximately in each submatrix as illustiqated. After the shaded parts of
each sub-block is updated, the last conputed row is copied to the rest rows
of this sub-block with one element shift down and zero element is inserted
I n each subsequent col ums. 16 Furthernore, although the L matrix is

dense: (1ot 5 SR A TR e o Mg 0 BECH, e houg

adj acent symigffest ddre bet easdtﬁreelncrg/ frebrdamgbahe subvedtots af 8y tawd fhef ore
can be ignored. Therefore an approximgation to the L matri x can be done by

omi tting thoLON&sRPN diggepRHMS hAct8a hat nprabeif whichyare mast Jikelyetp be~ =" o
|:: Th

degr adat] on WREe0d IBREChY o ERARRE 3 i bOIm ol 6 ok PLOP RG] AR Rl are

mat ri x exhi bidetectpdr first.alnd the rdbyehliokr thet detectibn csequencieooan i be Fagked by.

F t he Chol esk ti I [th 9). fi t,th
conponent s o SEENEIISTAL fower” duftsah basyoade-diandlpoudr bl Binspileg
However, if lfirkt The détBetediodatanddopiy nbed@&ﬁoﬂéég Eﬂe%addmgiggi dettdted

colunn/rowk Therefore, the sparsity of matri x can utilized to
reduce the cotaenbytusaias shaw in éf)cand ﬁreewmbalsmfrtbaﬁu@u pbweDLeeChrs beky

of oS mat rTARHOCA TE S Bf RSt VBER, e BOndthaly, i bRISRTBI of

col ums/rows A endieh @ g gattérm a@JdeWmWEsgu%?aotrﬁd devntiined @ﬁhb{nél |ﬁ1p@|s%'mnt S
of each sub- bl ock are tored in The di nensi on reduced matrix S'

turns out to neepense,HiPvectesiaf tbe@ﬁebthasuhaé the ighmstsigngl power iscarfangad
Chol esky fact4ithg#di N cBnPE. ihé matrbCa (RbFhIn Fle 3 hh&BoH iz Tidctisn -

A low complexity algorithm to solve the linear system with matrix structure in
Figure 3 is important in order to efficiently realize BDFE. The present
invention aims to solve this problem, as will now be described.

Definition of the Invention

A first aspect of the present invention provides a joint detection method for a
discontinuous transmission system, the method comprising applying a data
detection algorithm to a received signal to generate an estimated data set,
said algorithm comprising a step of (a) generating a set of linear equations
and (b) solving said linear equations using Cholesky decomposition to
produce said estimate data set, wherein said Cholesky decomposition step
comprises:-

)] generating a system matrix (S) of sub-matrices, said system
matrix having a Toeplitz block structure;

(i)  generating a reduced dimension matrix (S');

(iiiy  performing Cholesky factorisation on the reduced dimension
matrix (S’) to obtain a triangular matrix (T'); and



17 - Expand the L' matrix to L by expanding each sub-block to a size of

~ N*N. The expanding is done by copying the Pth row of the sub-block to the
rest of this sub-block with one right shift of signal position in each
subsequent rows. The following is an illustrative exanple of how to put
this method into practice. The very first step is to determne p - nunber
of columslrows to be conputed. p is proportional to the maxi mum chi ps of
channel delay spread. This can be indicatied by the factor M= ~(Q + W-1) |
Q- which determ nes the nunber of sub-diagonals in each sub-block. Wen W
is small, the sub-blocks are sparser and therefore | ess colums/rows are
conputed, e.g. W=Q M=2, the sub-blocks are tri-diagonal bl ocks,

S a0 eSO ik BN e oY PR GEER £
to achi eve the perforndocsolutiohofhsaitiliaebt equistiprsdat i on. When Wis | arge,

the interference of current synbol spreads into nore subsequent synbols.
The systemmatrix is dense. In each sub-block, nore colummslrows shall be

conputed. p i&sﬁ%‘ﬁ'& aigg%%f‘o’?“’th? 8503 in0¥n AN Bk &Vt é’%\abi%%lﬂfiffor% il § 1O

performthe esky npositi'on on the origi na I'X vvever,
only el ement disdfontinuous tiansedssiors sysiehgokhieh aeceivpreatployshe jomtaietéction

el enents in each ubblock are co fromthe th row. This proce eis
I Tuetrated BBog. 3800 FEmDrEss L Blorianh ARSI APPNing da pgien dedtion
deconposi ti OlgditRth &Baéeféc@tme ah't® g%&;:%‘i'efér?”@féti?ﬁat%hdé Wset, §§i€ih

sub- bl ock and Dl ank part 1s fill W th Zeros ferent value of can
be chosen basgorghm mpesmgramheoe)fe(a)ageaenanng a set®fAinear eguatiordeard (b)ned
the matrix d| ion.n.ls_ detern ned : = max(x: + y.. +.z; + 1) + max(yl
) 1515K 15158 ’i‘?éaf"ql"%e?rh%q‘b‘?“‘”ﬁso%'{}g Céﬁ%!%s‘%’uéé‘b‘?'ﬁeﬂgl't"}" t?é”?ﬂ‘é‘}‘? sa
bandwi dt h, y;estitn&té@atepBet, whaieini siid' ChBIbsky detofp®sitioRtitép ebnprices.- on t he
| eft hand side of the non-zero elenents. That is, g is determ ned by the
maxi mrum band wi dth anong the pt" rows of all the sub-bl ocks. Wen p=6,

degr adat ton. - Ther lor o SsreRat Ay SR BRI bl Matiche” AU ARAES
g*q. The covari ance matmatrlxlhavﬂ ad%vé liz slocressuctoregkKxgK Chol esky
regl P

deconposition as gl ven qtuatl on is perforned on the reduced
di mensi on matrix dHY |r9 ﬂ'@QJB-rB@ d'mﬁnﬁ'%‘ S’ rows are conput ed

and the elerrent5| jth L:g.-9
illustrates the | xe%étrfoah"ﬁ# ?és'?xg&%hﬁ etsq?;&% g&eﬁ?g’t"@ﬁmﬁ?‘ﬁa@?& t he
matrix is expanded to NKatry( (BK) tesobtéinwstriaagathrinmatfik ¢T')andror t he di agonal
bl ocks, copy the pt co tot r OWS nd zeros, af . the
et hand o te. POV hePTRanc B8 fifnanlat et ) [ edneligtetmetis
zeros, then copy the ptf‘@rg@m,bﬁdfgg,drm@ar(ebhgﬁoﬁé)m w th zero paddi ng at
t he begl nni ng. Based on the expanded L matrix, the receiver perforns

forward and backward substitution . The banded structure of L reveals that

the forward gﬁ :% @;dsé n be further sinplified. The
forward substtre &q CH Hheﬂhbgﬁi—%}aven by 19 x~ =Y~ ~| for i=2:KN
mn(P, i) x( yi ~l~i-JIxi-j j=I

In preferred embodiments of the present invention, expansion of the triangular

matrix (T") is effected by expanding each sub-block thereof by copying the P"
row of that sub-block to the remainder of that sub-block with one right shift of
signal position in each subsequent row. P represents a computed value of
the number of rows and columns to be completed in a sub-block. Further, in
such preferred embodiments, the linear equations are generated by a ZF-BLE
algorithm or an MMSE-BLE algorithm.

The joint detection method of the present invention may be embodied in a
receiver which may be part of a mobile telephone, a computer having a



for k =1: Li/NJ min( P,i %N) xi = ~xr - ~1Ir.j-x~-j Xj-kN-j ) I I;. j=0
~endfor endfor Finally solve the upper triangular systemUd = x by dNK -'xNK

| uNK, NK for i=NK1: -1: 1 min(P,i9N) di = Xi ' ~ui,i+ ~xa+ j=1 for k =1:
Li/NJ ItlIn( P.1 %9N) di =~dt - ~ut,j+xNt+jxj+xrv+j)lurr j=o0 endfor endfor
Where p is the nunber of colums/rows to be conputed. By this

approxi mation, the conputation conplexity reduced to 0[g*K)3]. In general,

t he nunber of synmbols to be detected, N 18 greater than nunmber of users K
for exanple in TDD node, N equals to 22 per user per detection for 1.28Mps
operation, and Nis 64 for 3.84Mps operation, while the nunber of
users/codes is normally less than 16. Bl ock decision feedback equalization

scheres of { ehyldissdRARALMN o Shy SanePdVIan UmBRYTE 0 BoRdBgf WRRRS] t©

their corresponding linear equalizers by ons on
al ready det eadcqdirey datd gia alteeliaidownliek.ecti on order is critical for the
efficiency of the decision feedback al gorithm 20 which can be determ ned

adaptively dy.i t he Proc Si tinme or determ ned before the data
det ecti on anﬁé&g&@@—'@ﬂ-ﬂ@—@mﬂﬂgl e detection process. The approxi mate
Chol esky factorization schene proposed in current invention is used to

sol ve the linear ¢yl PEheRS@rbddedanaModelof TDI1IEDMARyYSRL® det ection order

is based on the received power users so that the user feceiving higher
power synbols are detected first. A fast algorithmto solve this nore
conpl i cat ed mat ri Xigyreut shpws afosngtofronatimesiotinake t he al gorithm

applicable in real tine. Thus, this invention reduces the conputation

conpl exity of the Fggm@%ga&ng a'@(ﬁl%’uﬁ@':tﬁtﬁgﬁg%teﬂ?ﬁ%ﬁ)i gn receiver. The

conpl exity of a Chofesky decomnposition of rix i's O((KN)3). The
approxi mati on nethod reduce the conplexity to J (gK)3-(pK)3], where P N
For bl ock burst ofFigjanegkshbws lacblocktiagramof tieel dELBlok algorithoi fi cant. The
associ ated conplexity requirenment of the proposed approxi mate Chol esky
factorization tec

in Table 2, wher eﬁ‘-ﬁé téeiéﬁé\ygglegélﬁhaelg%zétﬁ@t&% &fmétﬂ]& 'éF POFE 15 presented
Figure 6 shows a receiver structure for ZF-BDFE joint detection;
Figure 7 shows an approximate computation of the system matrix;
Figure 8 shows an approximate Cholesky decomposition;

Figure 9 shows the structure of the L matrix;

Figure 10 shows a proposed method to compute Cholesky factor on a
reduced dimension matrix;

Figure 11 shows the MIPS requirement comparison against number of
active users/codes; and

Figure 12 shows the MIPS requirement for Cholesky decomposition
against K and N.

Description of Preferred Embodiments

The block rows of the Cholesky factor of an infinite block Toeplitz matrix can
be represented by a finite number of non-zero blocks. This gives the



Tabl e 2 Conputation conparison of different chol esky deconposition nethod
_~ OpérationQOperationO eration CountdescriptiontypeEquati onsExact Chol . Row

wi se Chol . RDMChol eskyC MAC4* KN / 6+ KN /2+KN 63. 85e60. 9e60. 3e6Decom C
SUBKN* KN3097623042304R DI V3KN* KN9292869126912R SQRT | 20KN ~3520 ~960 [ 96~
|f the operations are translated into DSP instructions according to the
follow ng rules: one conplex nac equals to 4 real nmultiply and adds, one
real mac is assunmed to require one DSP ingtruction. one real addition or
subtraction is assuned to require one instruction, one division is
translated to 21 6 instructions. one square root operation is assuned to
be 20 instructions. In a 1.28Mps TDD system allowed-time for real-tine

processing o yuﬁm T i r,gqu%p | esky
deconposi ti ofrtl éﬁ;ﬁ%a ecr%ghﬁ Wﬂ%tdggﬁ MSEQ‘B &%gl es yte&‘ég]dng@ﬁe gg&r ow
wi se Chol es kyowlsscnrbrqhoisslkycfacmnd. oédu'fxmbllth meatex @3, after having@¥dmpated the
corrpared in F| es 11 an pre ts t he copputatiaon

requi rement s B%BQ! rﬁ‘ﬁd:c PV'HEt '1‘9e|a§ts@ e&:@"ﬁb%?ﬁ@ﬂfr‘- very
requi renent | % nght tggﬁ,y c g

much | ower t ﬁgﬁ'mt ﬁﬁdr{‘céﬁ" EB&?% I g%‘ree écrimdr?g%ap e &?tﬁgp anbhod
does not dep&tmsl theonyhonhustall pdrtioy rdfBesist oomputdadtwhtohdcmtbebijustrated iB2
CLAIMS 1. A j(l):OI nt 57det ection nmethod for a discontinuous transm ssion system

the nethod c ng applying a data detection algorithmto a received
signal to generate an estimated data set, said algorithmconprising a step

of (a) gener Jtese a‘)pﬁmrﬂéuénsﬁ@é eawab'ff@aﬁvearuhd Rares e/ irBls&d dvhy ABT
equations using Cho esky deconposition to produce said estimte data set,

wher ei n sai d @k ?%@M&'l FEnaRing teaMReSitivei with :the i gthge meoret optgmsedyst em

tri S f t t
structure, (1 Dore CqiaalSd AodiE ERafeer B! Shiiexpidlidn fio8s ot
perform ng CappBstoyChelesky fambﬁmmrbfbhﬁ)émwﬁbdk%éfﬁﬁwméh [Seddrise. (S') to
obtain a triangular matrix (T ) and (iv) expanding the triangular matrix

(T") to are sjructed matrix for solution of saidlinear equations.
2. The joi nt T Y H@%WHHIO@fe 'a'f% e meﬁo@ﬁpan’é Arwhgret fchas a
triangul ar T f f r

copyi g the e ST S5 ShRfhe Ty r RAGE MG Tacpha, MRS at 16 Pk

wi th one ri gtifowewert ltdﬁstﬂi:gpasnlpesiefmmhermmanmnatubsasqakmm ino{17 ) ehe canP

represents. 2 (aaBLbEshd 8} dhoidbi) BSdpBSioR! ove and colums to be

So,o So,l So,z t So,K-z SO,K—I
So,1H Sy S],z S k-2 Sl,K—l
S=AHA = :0,z: Ssl—z: SSz,zH Sz,:(—z Sz,:K-l (17)
03 13 23 . .
: 2 K-2,K-2 SK—-Z,K-I
Sok 1H SI,K 1H S:x 1H Sk 2,K—1H SK—I,K—]_

Each sub-matrix S;;is a N*N Toeplitz matrix which has the structure of (18)



bl ocks. 3. The joint detection nmethod of claim1, wherein said set of
_linear equations is generated by a ZF-BLE al gorithm or an MVSE-BLE
algorithm 4. The joint detection nethod of claiml1l, where said nethod is
effected in a nobile tel ephone or in a conputer having a wirel ess data

i nk. 23 5. Areceiver for use in a discontinuous transm ssion system
whi ch receiver enploys a joint detection nmethod and conprises el ectronic
means for applying a data detection algoqgthmto a received signal to
generate an estinmated data set, said algorithmconprising a step of (a)
generating a set of linear equations and (b) solving said |inear equations
usi ng Chol esky deconposition to produce said estinmate data set, wherein
sai d Chol esky deconposition step conptises: (i) generating a systemmatrix
(S) of sub-matrices, 56 d ystem matrifx having a Toeplitz bl ock structure;
(ii1) generating a redJSedsgimﬁnsion trix (S'); (iiti) perform ng Chol esky
factorisation on e_feduced -dinensiop matrix (S) tg1 btain a triangul ar
matrix (T); and wv7 expandlng t he tfiangul ar matri ') to a
reconstructed matrix (L) for ol §i dh|of said |inear equations. 6. The
receiver of claim5, Wierein in galgvzlgorithnl expansi on of the triangular
matrix (T') is effected by expandi ng’€ach sub-bl ock thereof by copying the
Pt" row of that sub-block to the renainder of that sub-block with one right
shi ft of i gTHolguKyiddcRbIRACE MURRCSINCGleA Yy Where P represents a
conput ed val ue of the nunber of rows and colu s to be conpleted in

subbl ocks. 7. The receiver of claim5, wherein in said algorithm said set
of linear equations=(, g@ﬁ alpquyza ZF-BLE al gorithm or an MVSE- BLE
algorithm 8. The fecel véT*df "cl4im 5, when incorporated in a nobile

tel ephone or in a conputer having a wireless data |ink

. An. A9% AYI . AY. AAF. AF. AF. Af 3. A3. AUl . AF9. AY. AF. AUF9. AhFI9AhF. AA3R AA3. A F. ALF
. A3& Ah3, . A35LOXrv] e7Q+ T
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cal] ca] caUl] ca] cal] ca] caU] ] aa] caU] ca] cal] ca] ca] ca] caV] ca] caV] ca
...... [V111]a4}44b5J6666&LF¥1779: = ..+, R X;
<<{vqgl ga\ WWV] ] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

Ieralcal cal cqyfand 68 G3VI582 Ky is N rows. It is observed that in each L, the

elements along the diagonal and subdiagonal converge. The structure of L

matrix is shown in Figure 8. Therefore, Cholesky decomposition can be done
approximately in each submatrix as illustrated. After the shaded parts of each
sub-block is updated, the last computed row is copied to the rest rows of this
sub-block with one element shift down and zero element is inserted in each
subsequent columns.
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&410%Z¢& () - 3 Thgesimulation| results d9nmmaze§)that1§nm19( no pefforrpe@ae degradation

LRSI s 450 AR ol = RROC AP Moot s ARG R
&0°10% & (pparsefaddBandéd sjructuke WMich istsHown  ERfire 9. From the Cholesky
decomposition algorithm in (19), we figure out that components of column/row
j is determined by each previous columns/rows. However, if lx = 0, the
column/row j does not depend on the previous column/row k. Therefore, the
sparsity of the S matrix can be utilized to reduce the computations if the zero
elements are removed before Cholesky decomposition.

Therefore, the present invention can utilise reconstruction of the S matrix
which is illustrated in Figure 10.:

- Determine number of columns/rows to be computed in sub-blocks,
denoted by P

- Only g*q elements of each sub-block are stored in the memory. The
dimension reduced matrix S' turns out to be K*K sub-blocks each of
size q*q, where q<< N.

- Perform Cholesky factorisation on matrix S’ to obtain lower triangular
matrix L.
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compute 6 rows/columns in each sub-block and then copy the last row/column

ﬁ:H-

to following rows/columns are sufficient to achieve the performance with
negligible degradation. When W is large, the interference of current symbol
spreads into more subsequent symbols. The system matrix is dense. In each
sub-block, more columns/rows shall be computed. p in general can be
obtained by simulation. The next step is to perform the Cholesky
decomposition on the original KNxKN matrix. However, only elements of p
rows in each sub-block are computed, the remaining elements in each sub-
block are copied from the pth row.

This procedure is illustrated by Fig. 8 where dark shaded rows are obtained
by Cholesky decomposition, grey shaded elements are copied from the pth
row of each sub-block and blank part is filled with zeros. A different value of p
can be chosen based on the performance evaluation.
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After p is determined, the matrix dimension q is determined by:

q =¥2§3{((x,. +y, +z; +1)+5151i§3<((y,-)

where i is the p" row of each sub-block, x; is the lower bandwidth, y; is the
upper bandwidth and z is the number of zeros on the left hand side of the
non-zero elements. That is, q is determined by the maximum band width
among the p™ rows of all the sub-blocks. When p=6, simulation results show
that g=11 can achieve negligible performance degradation. Therefore each
sub-block of the matrix S can be reduced to q*q. The covariance matrix is
reduced to dimension gKxgK

Cholesky decomposition as given by equation (19) is performed on the
reduced dimension matrix and in each sub-blocks only p out of q rows are
computed and the elements in the rest rows are copied from the pth row. Fig
9 illustrates the matrix structure of the Cholesky factor L.

Finally, the matrix is expanded to NK by NK as illustrated in Fig. 9. For the
diagonal blocks, copy the pth computed row to the rest (N-p) rows and zeros
at the left hand site. For the non-diagonal blocks, pad the first p rows with

zeros, then copy the pth row to the rest (N-p) rows with zero padding at the
beginning.

Based on the expanded L matrix, the receiver performs forward and backward
substitution .The banded structure of L reveals that the forward and backward

substitution can be further simplified. The forward substitution to solve Lx=y is
given by :

10%
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x =y /1l
for i=2:KN
min(P, i%N)
X =Yi- Zli,i-jxi—j
n
for k=1: |_1/N_|
min( P,i%N)
x, =(x, - L joni % joaw-i ) b
Jj=0
endfor
endfor

Finally solve the upper triangular system Ud = x by :

dyg =X /uNK.NK
for i=NK-1:-1:1

min(P,i%N)

d; =x; - Zui.i+j’xi+j
=
fork=1:|i/N ]|
min( 2,i%N)
d;=(d, - U joine; X juane ) U
J=0
endfor
endfor

Where p is the number of columns/rows to be computed.

By this approximation, the computation complexity reduced to 0[q*K)*]. In
general, the number of symbols to be detected, N is greater than number of
users K. for example in TDD mode, N equals to 22 per user per detection for

1.28Mcps operation, and N is 64 for 3.84Mcps operation, while the number of
users/codes is normally less than 16.

Block decision feedback equalization schemes offer the opportunity of an
additional performance gain compared to their corresponding linear equalizers
by feeding back past decisions on already detected symbols. The data
detection order is critical for the efficiency of the decision feedback algorithm,
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which can be determined adaptively during the processing time or determined
before the data detection and is fixed during the whole detection process.
The approximate Cholesky factorization scheme proposed in current invention
is used to solve the linear equation under the condition that the data detection
order is based on the received power users so that the user receiving higher
power symbols are detected first. A fast algorithm to solve this more
complicated matrix structure is significant to make the algorithm applicable in

real time.

Thus, this invention reduces the computation complexity of the ZF-BDFE and
MMSE-BDFE joint detection receiver. The complexity of a Cholesky
decomposition of matrix S is O((KN)?). The approximation method reduce the
complexity to O[(gK)®-(pK)?], where P << N. For block burst of large N, the
complexity reduction is significant.

The associated complexity requirement of the proposed approximate
Cholesky factorization technique for the implementation of the ZF-BDFE is
presented in Table 2, where K=8, N=22, p=6 and q = 12

Table 2 Computation comparison of different cholesky decomposition method

Operation | Operation Operation Count
description | type Equations Exact Row RDM
Chol. wise
Chol.
Cholesky | C MAC 4*{(KN)’/6+(KN)*/2+KN/6} | 3.85e6 0.9e6 0.3e6
Decom. C SUB KN*KN 30976 2304 2304
R DIV 3KN*KN 92928 6912 6912
R SQRT | 20KN 3520 960 960

If the operations are translated into DSP instructions according to the
following rules: one complex mac equals to 4 real multiply and adds, one real
mac is assumed to require one DSP instruction. one real addition or

subtraction is assumed to require one instruction, one division is translated to
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the other methods. Figure 12 demonstrates that RDM method does not
depend on the number of symbols to be detected per burst.



, B-B. BLBCDGEEDA410&k & 'y 1099~ 9& ()- ff 109@~ 9& ()- 'y 1099~ 9& ()- vy
1099~ 9& ()- SF1099~ 9& ()-108k &108k S&EEEEEEFCCA4108k & ~s' MLOY®-~

' 9& ()-Ss' MLOY®~ 9& ()-Ss' MLOY®~ 9& ()-Ss' MLOY®~ 9& () - Ss' MLOY®~ 9& ()- S

Y' @09%®~ 9& ()- FFF FFFFqQLA41s' mLO%®~ 9&' () - Ss' mL0%~ 9& () - Ss' mL0%9~

9& () - S5W *ks' mLOY®~ 9& () - Ss' MLOY®~ 9& () - SFF' F. F/ FOF1FMLA41s' ml0%9~

9& ()- S5EW *ks' mLO%®~ 9& ()-Ss' mL0%®~ 9& ()-Ss' mL0%®~ 9& ()- Ss' MLOY®~

9& () - S1F; F=FBFDFJFKF_CA41s' mL0%®~ 9s' mlP2®~ 9& ()- Ss' mL0Y®~

9& ()-Ss' MLOY®~ 9& ()-Ss' MLOY®~ 9& ()- Ss' MLOY®~ 9& () - Ss' MLOYD~

98& () - SKFMENFYF[ F\ FcFdFgG+4s' mL0%®~ 9& () - Ss' mL0%®~ 9& () - Ss' mLOY®~

9& ()-Ss' MLO%®~ 9& ()-Ss' MLO%®~ 9& ()- Ss' ML0%®~ 9& ()- Ss' MLOY®~

9& () - SdFhFi Fj FnFr FvFmv +4s' mL0%®~ 9& aML0%®~ 9& () - Ss' MLOY®~

9& ()- Ss' MLOY®~ 9& () - SEW *ks' mLOY®~ —SvF| F} F~FFFFqU5+4s' mL0%9~

9& ()-Ss' MLO%®~ 9& ()- SEW *k-s' mLO%®~ 9& ()- Ss' mL0%®~ 9& () - Ss' mLOY®~

oc (1-5s' mole” ok Byt diddtmnaled o3 At rimietiasinabion. he
9& () - Ss' MLOpR hpﬁ&ngﬂér_}%’ﬁlzy Eg% &ata%eté@t%ﬁgélgggtw t§§ r@&ng g?/g signal to

9&' ()-Ss' nTLO°/<9~ 9&' () - SFF A5W *ks' mLO%D~
9&' () - Ss' mLogenrerate (an sstimeded -daia: sot, SeidrEty@ithew.conpsisingl @@tep of (a)

9& () - SFFF+ 240D 100 0 | 1109

o 0% 9&%&%&%9%%%@%%&%%@83@ g 599 nsakafiatons ddog,

& ()- 1090 &Chbfes @b@%‘rﬁx&s(tibn t6)88806e §aid EetiFatéldbta &HSW FIA09D & () -

&y 109D & ()- 109 &z i 109D & ()- h 0yl10% & ()- Fylow®

& () - HHHgJ{th\Fnelnﬁﬁlﬁ olgrs n%cmpsm;ontqmgomomes 81090 & ()-- /f 109D

& ()-- y' 109 & ()-z-!y' “10%& ()-zJJLL_NNN|[: *Y 109D & ()- | (y 109D
&()- y 109 & ()- @O0 & ()- y 109 & ()- mff 109D & () - NOOOPPPPP| [ NA4
1

OD 10D 10D 81 tifig ED&ftém(MatBixy(S$ dPSBb-En4t)i daid 894tbrmh & () -
109D h& () - Pppwgwmmjgégglol 101(611?51')6(02 1094 &' ('?es 1(')%1%51 () 1094

0
& ()- f 1091 U& () vigg @ TerRlitz/Riack stingture; b 109D & ()- f 109D
&()- 8 @ (if)  generating a reduced dimension matrix (S');
(iify  performing Cholesky factorisation on the reduced dimension
matrix (S’) to obtain a triangular matrix (T°); and
(iv)  expanding the triangular matrix (T') to a reconstructed matrix (L)
for solution of said linear equations.

2. The joint detection method of claim 1, wherein expansion of the
triangular matrix (T') is effected by expanding each sub-block thereof by
copying the P™ row of that sub-block to the remainder of that sub-block with
one right shift of signal position in each subsequent row, where P represents
a computed value of the number of rows and columns to be completed in sub-
blocks.

3. The joint detection method of claim 1, wherein said set of linear
equations is generated by a ZF-BLE algorithm or an MMSE-BLE algorithm.

4, The joint detection method of claim 1, where said method is effected in
a mobile telephone or in a computer having a wireless data link.
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copying the row of that sub-block to the remalnder of that sub- block with
one right shift of signal position in each subsequent row, where P represents
a computed value of the number of rows and columns to be completed in sub-

blocks.

7. The receiver of claim 5, wherein in said algorithm, said set of linear
equations is generated by a ZF-BLE algorithm or an MMSE-BLE algorithm.

8. The receiver of claim 5, when incorporated in a mobile telephone or in
a computer having a wireless data link.



