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WD 2006/ 038886 PCT/ S&005/ 000315 1 Method and system

for determ ning a signal vector and conputer program
web@aosessdi el d of the invention 5 The inventiBPeI/SG2005/000315

relates to a nethod for determ ning a signal vector,

a system for determ ning a i gnal vector and a

conputer program el enent. 10 Background of the

Methad, @nd Gy stam fion dahamining & FigrdloVades Piths
pﬂg%@ﬁ]@x i ess channel capacity in a MM
cem (multip |atr1£5etl% 1-?&' pl e output) comunication system

can be increased linearly with 15 the nunber of
. tra i ver antennas. The great potential for
Eﬁl&tﬂﬁ-ﬁ%ﬂﬁm rate in wrel ess communications by
exploring the spatial domain using nmultiple antennas

has been attracting nore and nore attention in the
The Husiandsioramelafdserid fa aadminial eteaomihad EEBignal

802. 11 wi r.eles 0 £a twor. '
VGCté)%ug)a ¥ sStseél} flSJopJ t e?%@%%gﬁuap,%@%wcﬁg kalrﬁ? @
compsitandarrdizadn elenefnthi gher t hroughput enhancenents. of

802.11 by using MMO technologies. It is supposed to
provi de nore than 100Mops 25 (e.g. 320Mops with 20MHz

Bacmﬁ\qdﬂt(ﬁ) 9t & Jadf tdansm ssion in a WAN system
— T fact, M MOtechmrques

; are al so considered as
prom sing for other standards, such as the | EEE 802. 16

W Ma | dwi de, jnt . ility f '
Recaliry RS I g IR TAAD IS Wb B (RS
wird1BMY ,cHitd 1ERR3:1862.120 andiaGPRHSORA { hixghuispeerkiple

downl i nk packet access) for high data rate cellular
outpdyfdt IPEIMERE A HEWIRdi S A3 difcelpcreased linearly with

the number of transceiver antennas. The great potential for
achieving high data rate in wireless communications by
exploring the spatial domain using multiple antennas has been
attracting more and more attention in the business and

scientific communities.

The IEEE 802.11 wireless local area network (WLAN) working
group has set up the task group 802.11ln for standardization
of higher throughput enhancements of 802.11 by using MIMO
technologies. It is supposed to provide more than 100Mbps
(e.g. 320Mbps with 20MHz bandwidth) data rate transmission in
a WLAN system. In fact, MIMO techniques are also considered
as promising for other standards, such as the IEEE 802.16
WiMax (worldwide interoperability for microwave access) for
high data rate broadband wireless access"(BWA), the IEEE
802.20 and 3GPP HSDPA (high speed downlink packet access) for
high data rate cellular systems, and the WiMedia Alliance /

1394 Trade Association for very high data rate wireless
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1394 Trade Association for very high data rate

W rel ess WO 2006/ 038886 PCT/ S&005/ 000315 2 persona
w@e@a/0sssseswor ks (WPANs) wi th probably nore thanpdI/Sbm®s5/000315

transm ssion rate. In theor the great channel

capacity prom sed by M MO 5é/systerrs is fully

achi evabl e only by using the optimal maxi mum

pergqngd| id¥sed e et edtl atWJttHe REkERAgd mygseiign 1 Gbps

trandi® JBIY rJHLbl em associ ated with such a nonlinear
recerver is its conputational conplexity, which

increases exponentially with the nunber of antennas
the transmtter and the receiver 10 and,t ' of

tt Tod R |%1eactor‘F§"taé}r}ea1t |C&P§C1§éée‘%ﬁcfr§/ls?$eb%

sysif@&se(‘itsorftﬂa.l_%f heeft dviyRduged; iy, MM g sysd e3Pt irdd1e maximum
| ure of thenpfhere decoder is that |ts expected (or

Likehvidyamge) (Momslabaatyian golthmoieteiwe [Hqyevers, the major
probli fortsl'sne}:t tyéd tvn]echs ceH ! eqno%lpﬁqcéaexd Lpe é’:ﬂ%? a_JLs its

I N Sofe speci a
compMﬁﬁﬁﬁthHWQﬁMpﬂéﬁltylﬁwhiﬁﬂﬁﬂﬁtKE§§§ﬁ(prﬁnéﬂtiaﬁﬂy with
exponenti al average coaneX|ty Apart fromthis, the

the FBRAINTorAR S35 AL (TR St dete@ The mrgpiver
and [ HIY: DY 1R PRI PAE CHME S de 1 HOorfs 20 practi cal

systemdesign, a limtation of the nmaxi mum conplexity
i s desirable. However, a sphere detector with Ilimted

rec TR UL AL Yol % 0%, P16 LRl SRt 20 e o

sysﬂteftsﬁctmw soheres frayesgiehe dseshidn ¥ agtdcaltMddpected
systens. 25 A considerabl e anount of research has

(or FeET A d el 93 tof diet PQJoYTfCPIWea]l e%%e%oh%)] Jex

t r
sncBLARANE, 2 LR LES | 0gRa A loospdeh Sy
is Qrtﬂa,nrml\san Armorepricheged el rmeq),opﬂh@reasr cin t@@t@raalu sthe

sphéggadetector still has exponential average complexity.
Apart from this, the maximum complexity of the sphere
detector is much larger than its average complexity. For a
practical system design, a limitation of the maximum
complexity is desirable. However, a sphere detector with
limited maximum complexity is no exact implementation of
maximum likelihood detection. Therefore, suboptimal detection

schemes have to be used in practical MIMO systems.

A considerable amount of research has been conducted in order
to find less complex algorithms or structures to exploit as
much as possible the transmission capacity provided by MIMO
channels. Among them, the most popular architecture is the
Bell Labs Layered Space-Time architecture (BLAST), including
the most practical version so far, the vertical BLAST (V-
BLAST, see [2]). According to V-BLAST, the information data

stream to be transmitted is first de-multiplexed to a
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30 Bell Labs Layered Space-Ti ne architecture (BLAST),
including the nost practical version so far, the
WO 2006/088886 BLAST (V- BLAST, see [2]). Accordi ngp€DSG2005/000315
V-BLAST, the information dafa streamto be
transmtted is first de-nultiplexed to a WO
2006/ 038886 PCT/ SG2005/ 000315 3 pluraljty of
pluraid-tst rafaraiovi e e s mie efdra@sr@ﬁweé% dng different

trar{srn%.nts 'Qﬁteq{}{aﬁg]%sa Val %tﬁﬂ%gﬂkpg’f atr&ﬁi : tﬁjie tf@celver,

recei ver e signals recelve p e recelve
the antgraias wreeiviet ect edilitigyls m/esie/imdantt@m exte on

rder of de 5 exed b streans 0 zed
det??ﬁﬁé?%ﬁﬁﬁ??ﬂ?éi&: gh ‘i %ﬁ%&?nl?r d%%ﬁ%%trated
mu 1 ite ABLAPL Ardndes £asic ahf2cd | #efess pantbfice point
spectral efficiency and that by using V-éJAST nearly

of iEw0% of the channel capacity can be reached. The
conpl exity of V-BLAST is varied using different
detection algorithns (see [3], [4], [5]).

It Essesidadtdatdd disatmiciBlLASEpLdvaidéhatoof - eflﬁe(d:mmeness
| i kelihood detection and in the order of, cub

and duiffl SRS 6L | S GIERESpiRd B2t HRY ey §rBLAST nearly
605 [JANSEET MeL H%PBCL%T@%SC&IJ% PELL QR EBNCEL Of cdS1exity of

convent i ona orithms Is, as expected, far
V- BEASEnIHnNamund|¢&ﬂm¢ummﬁfhﬁ$mn|@$t$m¢i@mn®h@@rltmms see

13 o0Phhe g1 1 B GOV {cotle O VESTBERUTE | D8l obRBEe)”

max ¥k | 11 WSEIhEled Q&éﬁ@éﬁlmsameihimé ostiget secembly to
M MO systens (see [6]). QRD—M det ecti on reduces the

complRmLiEAtPBNEESToEt FREPLBHIR i Hie GiHeebnpbst FRBRCRRANCT
ant%% gered detection with the well known Malgorithmin
e coding theory to sinplify the 25 tree searching
process. The perfornmance achieved by QRD-Mis

The SOUPAT AL Lo LAt of B MO L] keLATRef JRSSEILRNs s, as
expected, far from maximum likelihood detection performance.
In light of this, the so-called QRD-M algorithm, proposed
originally for CDMA (code division multiple access) multi-
user detection, has been introduced recently to MIMO systems
(see [6]). QORD-M detection reduces the computational cost by
combining QR-decomposition and ordered detection with the
well known M-algorithm in the coding theory to simplify the
tree searching process. The performance achieved by QRD-M is
comparable to that of maximum likelihood detection,
especially when the number of antennas and the number of

modulation constellations are relatively low.

The trade-off between performance and complexity of QRD-M can
be adjusted through setting of the parameter M, which is the
tree searching size in each step. However, to achieve near

optimal maximum likelihood performance for QRD-M, a larger
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especi al ly when the nunber of antennas and the nunber
of nodul ation constellations are relatively Iow 30
wab@enssase- of f bet ween performance and conpl exP@HS©1005/000315
QRD- M can be adjusted through setting of the
paranmeter M which is the 4ree searchi ng size in each
step. However, to achieve near optinml maxi mum
valdd ke |Dhomiaqxertfcorbfamfeed-or1rq¥[bﬂl\ﬂ caser gi'é're V@mPUtatlonal

com o%étg’gssfr@fﬂs%ge, J?"icw) rg/ Ajt%r?l ona con‘p &@fé;xlty

is 19fmi@RA) Md Hetddmpareityl digh. ch%hti@q&bﬂWHXAS‘ly is
limted to be conparable to conventl onal V- BLAST

detepitinti dihe tRRT Rt tarile G0 DROIMITRGE 2 fE Gt k|
othdd! &09&41“%}%”1\9515 QR Méf‘y Not £ Vet dnef £ Cé&@:teﬂr.’[hg near

achieving hear ‘optimal mnmexi mum Iikeliho
optjmex T anasimmen J]':tﬂw]eﬂmced pdefermance e’émdalyeﬁomedth@re is

ove t M MO stem er nce W|th
Cletthpl a5 G0 TR FORT WSy, Coe ek HeRBL T Ear e with
modé:%ﬂ@'c%rhﬁb}@{t ome detection nethods usabl e
according to V-BLAST is given, in particular of the

Q?D M det ecti on nmentioned above. Let a M MO system

rééﬂiggéﬁgéﬂglnat e AL f&fﬁHigt}5n08€E£bﬁ§ Nt

and . recel ve antennas
detééﬁﬁﬁﬁnmeﬁﬁﬁ@ﬂn@§ablanaﬁtérﬁlﬁggnalVVBBAST ds—g@dén, in

1T . of which, each
parEr i 1§60t hby0BHa (A8HEH 1 SATRRACATY 4PP7e-

conponents are transmtted simultaneously, the
recei ved signal vector 20 r =1[rl, r2, ... , rerlq
Let(ealvmmosrp@’n@ntaq:sorémgv‘e@ biye oﬂeBLﬁé’Eea%hahﬁé REF

Comwl%%ﬁ%’!l eJ%E%ﬁ%ﬁh‘él art‘m‘?rl x Wi %%% Nét a%‘@g?@ Hﬂ\geﬁﬂgs[\” When
the! PEgRENAENL €O AL €St 2RHsHi £ Sat BEgRMPY % tor

d =[d1,d2,...,dNth, of which each component is transmitted

by one transmit antenna and all components are transmitted

simultaneously, the received signal vector
r = Dl,rg,...,rNrfr (each component is received by one

receive antenna) can be written as

where H is the Ny x Ny complex channel matrix with

statistically independent entries and v is the complex

. . . . 2
Gaussian noise vector with zero mean and variance Oy.

A linear detection is simply to multiply the received signal

vector r with a linear transform matrix G, i.e., the

estimated signal vector @ can be represented as
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Gaussi an noi se vector with zero nean and vari ance a2
v, A linear detection is sinply to nultiply the
WO e@ei0sssde si gnal 30 vector r with a |inear trBOBEsG2005/000315
matrix G i.e., the estinmated signal vector d can be
represented as WO 2006/ 038886 PCT/ S&005/000315 5 G
= GHd+Gv. (2) This linear processing is also known as
“nulling". Because 5 the effect of the |inear ‘
AproceSS|n for ach sub-streamis to keep the desired
d sutk st &af sEgrdit §hi Fe suppress or "null" the other (2)
sub-stream signals at the sane tinme. The |inear
detection algorithns differ fromeach other by the 10
Thisdlisrd opmfcdss iy cls s dekrdewn vesl 'hasedion”. Because

er.ent rlterlon The nobst co n |inear detectlon
the T Il Wb LIARA 1RACTIE () L e it e 15 to
keepsq_q?é ecﬂeﬁlrfé& dAER) r d 0f svgnem Mﬂé‘osm POSEli BF "nu1l”
linear transformmatrix are 15 = and G=PHH

the (ahher ub-stagrarts Va3l s vﬁtﬁar‘teh@ &ar(leltme H+ 6v2 1M

and the superscript '+ represents matri x pseudo

i nverse, superscript 'H represents Hermtian and
The supesSCrdgiedtilon ref@settiss ditfeX frIversech Astigan e the

seen, by the linear detection, 25 estimates for all Nt

seleGrgthent Sofvii G cbthe MRl Bred Hea 2eteon tdhef e TRt
crlﬂéx{ﬂr{ erﬁ{b@gn&sa@%%msa on {d ) gete &:%i&ﬁ‘ éPcEE?&EPIrQé“ are

ti-user tection. According to I's kind
zeradefeotion (ZF) and minimum mean squared error (MMSE) for

which the corresponding linear transform matrix are

G =ut (3)
and
G =p-ut (4)

2

-1
respectively, where P ==(EH -H + oy 'lM) and the

superscript '+' represents matrix pseudo inverse, superscript
'"H' represents Hermitian and superscript '-1' represents
matrix inverse. As can be seen, by the linear detection,

estimates for all Ny components of d are obtained at the same

time.

The interference cancellation (IC) detection comes from
multi-user detection. According to this kind of detection

method, not all Ny components of the transmitted signal

vector are detected at one go. Instead, it starts with linear
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30 nethod, not all Nt conponents of the transmtted
signal vector are detected at one go. Instead, it
wG@@en3sses t h | i near WO 2006/ 038886 PCT/ SG2005/PODSAH05/600315
detection of only one sub-%;reanlby means of nul ling
with ZF or MVSE for exanple, i.e., by multiplying r
wth a row vector of the linear transformmatrix G
deteicidtomas fofonliye aReolsathmattioan QY Tiensunis ddmng with ZF

t i gnal vec . e i
or MRFPPEN R AN SO huldSUSANALS f Wi 8 AP vector
of thiegnadlnezo- nojssss ficatni Ma(tNR) G Tirert ek cef figet vofoltehenatrix

etected sub-streamis subtracted out fromth
G- T?’@céj"\ﬁi’éc?tﬁ%l Oyt GOmPrEdtli Aing i3 fiufitqey detected
firdteGel el R Qo MddhdREiny itd eifentlighest ost-detection
sub-streans that give rise to 10 interference. This
signerodesnqirssc eadsl untSNRal ITheame Hb-sstfechef diee detected
d%;ected. Let
sub~ x

t he .ordered se = {kl._: el k
TSR ChE (T Bper® £oopived sjgnatfedror,
resuSREGd VMG hllididel ddtaiienh vk teonpaitantissdf t he

transmtted signal vector d are extracted. The ful

"intgafearn raligdt tTHRWIIPEP dlidh i Ear 1=° dedcri bed
int do. a% 1% rgﬁ?‘t%{ Vg: c%%ﬁfg“r ed N Ui sup-streams
TRt eter%%natloﬁ' Tt es% f#%a or&g}ﬁhg, as folliﬁw: 20
are ajetauttddal i zation: i < 1 d = H+ (5a) kI = arg mn
11(G@) jl12 (5b) 7 25 b) recursion ki [(iki]T (5c)
Yki = wki ri (,]'. =7r) (5d) dki = QYki) (5e) WO
Let %QQ@QQ%ﬁﬁ&Qi%QE{SEZQQ§LQQ9315,th} be a permutation of
the integers 1, 2, .., Nt specifying the order in which
components of the transmitted signal vector d are extracted.
The full detection algorithm with ZF nulling can be described

compactly as a recursive procedure, including determination

of the optimal ordering, as follows:
a) initialization: i <« 1

Gy = H (5a)

argﬁﬁilmgl)jf (5b)
3

-
'—.\
ii

b) recursion

Wiy

i
|
~
1N
'_l-
N’
~
-
| IR |
[
o1
Q
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7 ri+1l - ri - dki - Mi (5f) ~i+1 = Hki (5g) ki+l =
arg mn 11 (G+1) jIl2 (5h) jo{ki,... ,ki} i i+1 (5i)
WG 20h/08888¢ . )] denotes the jth colum of the naRPCT/%G2005/000315
within the bracket, Hki stands for the matrix
obt ai ned by zeroing the col ums k1, k2, ..., ki of H,
11.11 denotes length of vector and .) denotes the
r;qyant @ailcg{] (%1-1 },cing) operation appropriate 10 to (5f)
the const el Fationdi n use. For IC detection with MVSE,
the steps are simlar except that G (i =1, ..., Nt)
Gare © djgul ated based on the formula (4) instead of (59)
(3) and™an ordering is determ ned based on matrix 15 P
instead of G as ip steps;£5b) and (5h). As nentioned
kiappve, téhleg@DMlEEgem tj mis a variant of the well (°1)
known Jd@{ gar.i,khm or the breadth-first detection
algorithm Essentially, it puts an upper limt on the ,
i mHrhes 20 of searching branches during the tree (51)
searchi ng process based on the maxi numlikelihood
cost function. The maxi mum | i kelihood estimate of the
whetd aOS)TiZt&&%ﬁ/@ttQEe i th scé hemsobfit tloe mitthe Fbthomi bige
mnimzation problem 25 arg minllr -.H dlil2 (6)
bradbet £ &, 1itahasdsofrorhthmavedkoobhalmed\Dy2@e80038886e
PCT/ S&20b5/ 000315 8 Instead of the brute force
cpj ngpfor the. sgkui onl ded{des aBerditth hef MaxE MM and
COli | Eel Loodﬁdet ec]tgl oﬁf %he”ﬁl} M al gori tdﬁt
0(.) denotes the quantization (slicing) operation appropriate

to the constellation in use.

For IC detection with MMSE, the steps are similar except that
Gy (i =1, .., Ny) are calculated based on the formula (4)

instead of (3) and an ordering is determined based on matrix

P instead of G as in steps (5b) and (5h).

As mentioned above, the QRD-M algorithm is a variant of the
well known M-algorithm or the breadth-first detection
algorithm. Essentially, it puts an upper limit on the number
of searching branchés during the tree searching process based

on the maximum likelihood cost function.

The maximum likelihood estimate of the transmitted vector d

is the solution of the following minimization problem:

~

d = argminfz - & - o (6)

where WH stands for the vector norm.
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utilizes QR-deconposition to get a nodified

mnimzation problem 5d=agmnllr" - QH H
wa@lkdog/opssge ) where r' QHr 10 QH Q = | [Nt XNt =PEI/SG005/000315

-INr -Nt) xNt Note that the channel matrix Hin (7) is

in fact a pernutation of thhe original channel natrix

It is re-arranged so that the colum normis
Insteast ezafsm"ge dree s meR e nmtiax He sscawfuw?srof

as Lntr r ongesef}[ éﬂ% ]t q‘-g%\l\ogia%é%e rblpesﬂgg%enrg I —g\Fn gi%orlthm

utlHﬁﬂﬁBﬂQR}dﬁddmmﬁgltkﬂﬁiﬁd(yBﬁfEEMQﬂIﬁL&ﬁimEnngﬂatIpn
each step. The best solution for equation (7) is 20
ying the optimal tree searching technique, which
requires searching through S Nt branches (S denotes
the constellation size). However, the conputationa
COS LxpeHenti ahly with the value of N.
d ﬁ%‘%ﬁgﬁFl th@theh aJiIgorlthm each survivor path is
ext ended and only M branches with m ni nrum 25
accunul ated di stance netrics are retained at each
wheteevel of the tree. Thus, this QRD-Malgorithmis a
suboptimal tree searching algorithmbut with | ower
conmput ational cost conpared to maxi num likelihood
.detegtion. As Mgoes to SNt WO 2006/ 038886
S SG2B05/ 000315 9 the detection performance
mpgéngpes the maxi mum |i kel i hood

RNpxN
Q| gt =8
= [Q(Nr—Nt)th]

Note that the channel matrix H in (7) is in fact a

pro

permutation of the original channel matrix. It is re-arranged

so that the column norm is in increasing order.

Since the matrix R is an upper triangular matrix, decisions
can be made from the strongest data to the weakest data
sequentially by removing stronger data from the received
signal in each step. The best solution for equation (7) is

applying the optimal tree searching technique, which requires

searching through sNt pranches (S denotes the constellation
size). However, the computational cost grows exponentially

with the value of Ng. Combining with the M-algorithm, each

survivor path is extended and only M branches with minimum
accumulated distance metrics are retained at each level of
the tree. Thus, this QRD~M algorithm is a suboptimal tree
searching algorithm but with lower computational cost

compared to maximum likelihood detection. As M goes to SNt,
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detection performance. Summary of the invention 5 The
object is achieved by a nethod for determ ning a
W@ r@embssseect or, a system for determ ning a siPCEEG2005/000315

vector and a conputer progfamelenment with the
features according to the ndependent clains. 10 A
met hod for determ ning a signal vector conprising a

the glairedtiian gerdfoneR SERTM AT dep%imial 1 Vet Hrood

detéé%iéﬁf?@f%%&ﬂﬁﬁ% in a conponent of the plurality of
conponents Is selected, and wherein for each
candi date synbol of a list 15 of candi date synbol s,

mheretg ach candi date synbol represents a possible

5ﬂg@g¥ﬁb&L—ﬂgﬁiﬂH€5§E£5¥1ed conponent, a candidate signa
vector for the candidate synbol is generated under
the assunption that the sel ected conponent is equal to

The tahe eeindilach g by Thansihprdl Lo doke FBiybrgra pbgnal
from 20 e c | d ' vecto
vecdfm £ o0 (RE ShaAly VecL oG, PRCOR fha o
comgubid hesrodraay 4 eemdror wietlerthai figpttusé gnatcoeding amdthe
. .a conputer programelenment according to the method
indgrpndety&i i ng a signal vector described above are
provi ded. Short description of the figures
[llustrative enbodi ments of the invention are
A medpbdi fed deteommiBhgda sigizl eneeten ¢torpYia2inngs.

Figure 1_shows a co ni cati on system accordi t
PLURZELN et TP R FTerTT oh. - W5 D008 Dadees veorof ¥
pro déPEAed HV03 1omdéhdhgus £ Snshensral {1 pvodi agmadhents

according to an enbodi nent of ) ,
is selected, and wherein for each candidate symbol of a list

of candidate symbols, wherein each candidate symbol
represents a possible symbol for the selected component, a
candidate signal vector for the candidate symbol is generated
under the assumption'that the selected component is equal to
the candidate symbol. The signal vector is determined from
the candidate signal vectors based on a quality measure of

the candidate signal vectors.
Further, a system for determining a signal vector and a
computer program element according to the method for

determining a signal vector described above are provided.

Short description of the figures

Illustrative embodiments of the invention are explained below

with reference to the drawings.

Figure 1 shows a communication system according to an

embodiment of the invention.
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the invention. 5 Figure 3 shows sinmulation results
according to an enbodi nent of the invention. Figure 4
WG haes3sssérul ati on results according to an enmboPCTEGL005/000315
of the invention. 10 Figur%ié shows sinulation results
according to an enbodi nment ~of the invention. Figure 6
shows sinmulation results according to an enbodi nent
15 of the invention. Detailed description
t lvely I SH
Tiodd S S0 oo e R [T e S e of
exanpleheofiraveetiaf. constellation synbols that are
possi ble for the selected conponent. For each of the
elements of the list, it is assunmed that the sel ected
Flgmww@cgmimu&ﬁpa}ésdn@s £t @RMnANb W edmbdd Sment
assunption, the renaining conponents 25 are gener at ed.
For exdhpilee iesntions assuned that the selected
conponent equals a certain elenment of the list, the
interference that this el ement would cause if it was
Figweeual dipwd heimel eciad sasmbnedcisrdnngetd egh fammodheent
renalnlngﬂ?onponents of the received signal vector and
t he retai MHglBERoHFonents of the signal vector are
determ ned. The different candidate signal vectors
gener at ed based on the assunptions that the selected
Fi guomenio rediv e griiahisl 4 thieore | :mesenlt tss afcadmed1ngttWGin embodiment
2006/0 %f6 PCT/S 005/ 000315 11 are conpared using
some dUg HESYSUrE°"and the best one is chosen as
t he signal vector to be determ ned. Near opti nmal

maxi mum | i kel i hood detection performance can be
Figure 6 shows simulation results accordlng to an embodiment

of the invention.

Detailed description

Illustratively, a list of possible symbols for the selected
component is used. The list exists for example of a set of
constellation symbols that are possible for the selected
component. For each of the elements of the list, it is
assumed that the selected component actually equals the
element and under this assumption, the remaining components
are generated. For example, when it is assumed that the
selected component equals a certain element of the list, the
interference that this element would cause if it was equal to
the selected component is cancelled from the remaining
components of the received signal vector and the remaining
components of the signal vector are determined. The different
candidate signal vectors generated based on the assumptions

that the selected component equals the elements of the 1list
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5 achieved. The invention is especially efficient in
and can for exanple be applied to high data rate
WEawkesssss ansm ssi on  systens such as WLAN (wi PET/86205/000315
| ocal area network) based qptspots, fi xed broadband
Wi rel ess access systens, 4G cel lular based hot spot s,
WPANs (wirel ess personal area 10 networks) etc. The
are CORRATAY MfainL digRegual gty tnr?@ﬁ%;aerﬁr}%rrhﬁf Pegprone is

cho AT %Héqt#&q]a%%ﬁ; cﬂ%%prdé%

significan ower t at of naX|nun1I|keI|hood
detection and the state of the art technologles 15

e SRR, L0 LML o0 FTLS8 L oI5 A5pEn0n e

acm@fg&xtﬂ@‘ id-hen tmihods foypadetarnng Hanf G signed amectedn
are anal ogously wvalid for the system for determ ning

for gxma heearliad ’Qméll%rﬁgﬂhaerra&%g?%%ﬂ drigptsmigsion
syster}lne rs“:ﬁc% esd V\?’L]—%\n { (‘fosrs %ﬁe %eﬁq{@cﬁ‘ Ibased
8Ct 61 C 't 6Cei Ve eas one ant enna or
hot@«ﬁﬂql & 14de Hlﬁmibeeﬁbl vall g lad s &/ epi¥s § Ssystrank 0 4G gnal
vector received via a MMO system 25 A candjdate

cellylgialbaasd drotgrots cdidiNfat & ismois merinal area
netml&r mdyed, %é%éxﬁﬂlﬂ:éﬁhﬁo&% egoh SOMPENeAt 1O {iention

candldate synbol and determ ning the renmaining
, componamrsle 3 |qne)rmnl@cvmnmrrmrdesctm1éa¢@rmmvng

LTS L SIS e L5 SR g o

and deeddae Af br}hearwme\fe&mwmﬁl@al detection. WO
2006/ 038886 PCT/ SG2005/ 000315 ~ 12 For exanple, the

conmponent of the plurality of conponents is selected

Embdd@edias dhed OVESe AU tdhnd ihd NEr & CEl & 8k 5490 £

claims. The embodiments which are described in the context of
the method for determining a signal vector are analogously
valid for the system for determining a signal vector and the

computer program element.

The received signal vector can be a radio signal vector
received via at least one antenna. For example, the received
signal vector is a radio signal vector received via a MIMO

system.

A candidate signal vector for a candidate symbol may be
determined by setting the selected component to the candidate

symbol and determining the remaining components.

In one embodiment, the remaining components are determined by
IC detection. The remaining components by also be determined

by linear detection or by another conventional detection.
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vector. For exanple, the conmponent of the plurality of
conponents is selected that has the lowest quality in
wao bweH3asecei ved signal vector in ternms of postPEMRGLNNG/000315
| argest nmean square error. The signal vector is for
exanpl e determned fromt hé? candi date si gnal vectors
by determning a netric of the 10 candi date signal )
For \egmprls artd e nsowiongnthe o 4 daltrasliigialof et 1s

t he t tri i : i.catd . .
selfebT AT fnd 1o WA BGPTSR e Wignal
vectbie mnﬁnd iagatliegn thes teampditeroonpf itdes @l dralnsty taler

101 and . a receive 02. The transmtter 1Q1 conprises
compensnisal it porech % DR dritfastomest it the

recARIRNNR Rl r GoUR@dMdh g desectdy el Sefuli itnean
unit 104. 20 Each sending unit 104 is supplied wth a

squapmnponet. of a signal vector d = [dl, d2, ... , dNt]T
where Nt is the nunber of transmt antennas 103. Each
sending unit 104 transmts the respective conponent

The ¢fidrhe Siitdr ieCtisr destigipgige tdeer niespetidn eclaat enna
103, such that altogether, the signal vector d.is
candsightte FHonaaikaR ikt RY ginlie Vet idd ia Teldet o

| S t J02- by ' r &Ceh v, t
canafg:ga,géeac rg(elc:‘i;eve angt)eanrﬁ%p(%}g%@%ier?%ggﬁ:%upl edl&vﬁ% %I‘@ﬁél
vect@speicth viehe reeei wvelgeiumi t 106, in form of the

recei ved signal vector 30 r = [rl1, r2, ... , rNf]T via

a comuni cati on channel 108. Nr denotes the nunber of

Fig [ECRis ant @it i1dk: 1 whes wi et 10 AN co MO 2§06 038886
PCT/ SG2005/ 000315 13 Since Nr and Nt are bigger than
embqshignenth eo i drirRIM EER T B¥PBYy st em

The communication system 100 comprises a transmitter 101 and
a receiver 102. The transmitter 101 comprises a plurality of
transmit antennas 103, each transmit antenna 103 being

coupled with a respective sending unit 104.

Each sending unit 104 is supplied with a component of a

signal vector d =[d1,d2,...,dNth where Ny is the number of

transmit antennas 103. Each sending unit 104 transmits the
respective component of the signal vector d using the
respective antenna 103, such that altogether, the signal
vector d is sent. The transmitted signal vector is received
by the transmitter 102 by a plurality of receive antennas
105, each receive antenna 105 being coupled with a respective

receiving unit 106, in form of the received signal vector
r = h1,12,...,rNrfT via a communication channel 108. N,

denotes the number of receive antennas 105, wherein Nt < Np.
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100 is a MMO (multiple input nmultiple output) system
for exanple a M M3 OFDM (orthogonal frequency
walRoso38886 nmul tipl exing) systemwith Nt = Nr =PdI/862085/000315
and working at a 5 center flrequency of 5 Gz with a
syst em bandw dt h of 20MHz. ach receive antenna 105
~ receives one conmponent of the received signal vector
Singe dnd aride Ne yec tdheg o e NS s thsutgmBiL afelon system
receiving unit 106 coupled ta .t.he antenna and 10 fe
100 (i & JHNBoL GF O AR a A S ST, Y ST e
exardl® GOMMY -SRI N HRAHNRINa 1108 hptaran diRe dransm t
antennas 103 and the receive antennas 105 can be
mul trigdeidieg )bys vs teohpiibh dharmdlr mat4 o 1§ and wihgking at a
recei ved signal vector r can be witten as, r =Hd+v_ (8
centgpy \{HE&BIaNG% G¢he %|W%§X%ﬁ%&?a§@%&%r0%%é¥ﬂg2-

zero nean and variance 62 . v The contmuni cati on
system 100 is in one enbodi nent formed according to

Each heeddiBleAShiaarotd t1d5d urexe ifres sigmatommwtent df sthes
enerat.ed fromag single ta streamthat is .

reCRIAHI T Pl SE T 1P Ho THArd (REPP L | hugogonent is

out gD 15} aaITEr e dRAGH 1S3 QS €808 | SouSineaasl 1Y Garsteied Ssand
and one synbol of a sub-stream corresponds to a

fed donporfafieior Wd'ki gnal vector d. 30 The conmuni cati on
channel 108 is a rich-scattering multipath channel
and is assunmed to be fading slowy relative to the

The Sirgainidg quathdhadtdhiestatdematilon cogrerm sreetohychannel
one or a \WD 2006/ 038886 PCT/ S&005/000315 14 few

108 bahuasn ddiea §20HVHr i A SRR st G sttt ioh TRCTATT d

antdas 105 can be modelled by a complex channel matrix H.
The recelved signal vector r can be written as
r=H-d+v¥ (8)

where v is the complex Gaussian noise vector with zero mean

and variance G%.

The communication system 100 is in one embodiment formed
according to the V-BLAST architecture. The signal vector d is
generated from a single data stream that is de-multiplexed in

the transmitter 101 into Ny sub-streams. Each sub-stream is

encoded into symbols and one symbol of a sub-stream

corresponds to a component of the signal vector d.

The communication channel 108 is a rich-scattering multipath
channel and is assumed to be fading slowly relative to the

signalling such that the attenuation experienced by one or a
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many systens. For exanple, the transceivers are fixed
in BWA (broadband wirel ess access) systens and the
worewslosssyge i n WPAN (wi rel ess personal area netMOF/K63005/000315
systens is mniml, hence he Doppl er spread is
expected to be very small. For WLAN (wireless |oca
area networks) and cellular systens, M MO techniques
few grackags ety idedingiradiandi- tHolse 2598 ihnet svalig tfer
iJudt.e i1t hi,gv it t : :
many PSR do? e R e R P g B
(broadddrl eviardlerem ddrdseohmno)odgpres dndke e andlor iig BmdiPAN

. selection diversity can be sed. The fadings, be en
(L e SRR 5 o 9 T K Dol STy G TiteL, Aance
the WWHPIEL & &l W anck Qe & a6l Wer piRne, 1050 WA
15 assuned to be independent. However, the enbodi nent
(winsredre lasaleradmh digtetatks t candreel htkalr MWD ehan el o0
with sone erf.ormance, degr adat i on. way, | i "
reeHAdh o T AL LY 9 ETen 198 T Taodd hddnels
witperirieneohetweert i ddeient peiet efdt Hnesehemesnsi@lssion.
The communi cati on channel 108 is further assuned to be

For fhighen smpinigl ¥tor SHATEERS, VRV arulihel @ nbobf At
Q t r 5 td Waly)
e e S e e S B g v
usednd [6]. 25 The detector 107 uses the received signal
vector r to generate an estimted signal vector d
which is an estimate for the originally sent signal
The V@d Xg4dl. bSO, ddie frcinonahd tya Of st [enslep£Lt otodd¥st $ng of
explained in the followng with reference to fig. 2.
one TheartEe t3wFenR: hot g rees %%ﬁeb‘?et%t%@%&%g) 187e

assx.ilrf?ecﬁ eéc?rkgegdlﬁ@eﬁec‘ncﬁéﬂ @&E@&é}:,onthe embodiment can be

extended directly to correlated MIMO channels with some

performance degradation. Anyway, it will introduce a trivial
effect on the relative performance between different

detection schemes.

The communication channel 108 is further assumed to be flat
fading for simplicity. However, the embodiment is also
extendable to a fregquency-selective fading channel in an OFDM

system, as it is described in [4] and [é6].

The detector 107 uses the received signal vector r to
generate an estimated signal vector d which is an estimate

for the originally sent signal vector d.

The functionality of the detector 107 is explained in the
following with reference to fig.2. The detection method
carried out by the detector 107 is referred to as list

detection.
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WD 2006/ 038886 PCT/ S&005/ 000315 15 Fig.2 shows a
fl ow di agram 200 according to an enbodi nent of the

WO pwensdsed. 5 In step 201 a detection order of PCT/SG2005/000315
sub-streans i s determ ned. ThIS nmeans that an ordered
set q = {k1, k2, ... , kN } is determned, that is a
permutation of the integers 1, 2, ..., Nt and
speci fies the order in which the conponents of the

Fig.: ets% f&d Signg) o%’ﬁ%éf%m % Ry %c%xecflrﬂgg% e %Hcli%eﬁto of

onventlonal nterference ¢
the mmvaﬁﬁxum.the detection order of sub-streans can be
determ ned using the channel matrix H It should be
noted, however, that the optimal order for the I|ist

in sé{%#)?@tdlo% H—%@Hﬂ&{j ockl&erbkf_t hedetied s B dscermined.

erent fromthe optinmal order in conventional IC
Thisdeteects drhatThirs drsidmechuse the fk,Sto, .detégtddis
sub-streamin the list detection is no |onger the
deteamasimedyl néraablies sulpesimeamiavhich tlse timiseders 1, 2, .., Nt
conventional IC detection. In fact, the first
and cheteatitfdc s Ulhves tamstan viid Iwhiech HheCanpadmarm $ idel thmod
detection with full diversity order @ achieved and thus
deteqtednsdianadl ivasiteorg, arer d6pesnipedof the channel
conditions. Therefore, the first sub-streamto be
detected (corresponding 25 to k1 in the set q) should
simiherseledrd sisleddiaind 1 (iatrdeSpotiagdrcd himtion)
"worst" sub-channel in the conventional |C detection

detecdiave iR HAE SuIRTIRINR Uy P Y T3 et er
deteq_?rh 3151&;{1 16 thesanvenidonaly | Gi ssidPl @Ysd noted,
After et ec

ion of the first sub=stream the
howedetmcttitert griderodtoimag0 arver efm ity bidr sdezrsioan

carﬁlécgequec ecq1 N ettlr]eectsoarm‘aldﬁ'fil ac%.ff]erenet CORNE }|1eonc§a timal
order in conventlonal IC detection. This is because the first
detected sub-stream in the list detection is no longer the
most vulnerable sub-stream, which is true in conventional IC
detection. In fact, the first detected sub-stream will be the
maximum likelihood detection with full diversity order
achieved and thus the most reliable one, irrespective of the

channel conditions.

Therefore, the first sub-stream to be detected (corresponding

to k7 in the set ¢) should be selected such that it is

corresponding to the "worst" sub-channel in the conventional
IC detection to save the better sub-channels to be used in
later detection, where the conventional IC is employed. After
detection of the first sub-stream, the detection order for
the remaining sub-streams can be determined in the same way

as in the conventional IC detection.
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WO 2006/ 038886 PCT/ S&G2005/ 000315 16 The ordering step
201 can be sunmarized as follows: - ldentify the worst
WG aivens888@M as the first sub-streamto be detBCI/8E2005/M00315

ternms of having | east post R or | argest MSE 5 (nean
square error) by using con tional 1C ordering
t echni ques, such as using pseudo-inverse of H or

The sggeréndosttert édhinicgede saanag)ized Eentirewss
identify the best sub-streamin the remaining 10
sub-streans one by one iteratively, as in the

- Ideorbicnt ithmalworGt defecttiraam Weerthehe idette ctulorstoreder to be

is determ ned, a candi,date |list for e first
det A5t B E e o1 AL L s i SN U deea g MSE
(mea_%_l5 RAREHAINF I the dNIRX ddndehiS¥naduP 1) HRR-i3072.

hi s" neans that a’list of possible synbols for the

techodigiesentsugitl aiss usgarse mssaioRAayveneansife H @11 ssiupig-root
anstell atio may be included in the candidate |i st
tec}ls&&ile?shat%etehg%gi'ze of the candidate list is equal to
the constellation size S. The 20 constellation size S
depends on the nodul ation used for generation of the

- Cogyrpies trodfsnd iiftve HiggRasty etors i eam 1nedde sremgdming
sub—@%aﬂ%’ %E %ﬁﬂ%’i’l%nq&e‘}%t%l rda]sﬁ %Mhé%wmﬁt&lal IC
ed. 25 | a

IS us step 203, a candi té’ romthe
detecdnagindate |ist is selected (starting froma first

candi date, according to an arbitrary ordering of the

candidate list). Illustratively, a hypothesis is made

Wher e e czeliest e eandidate disiltiey f id darcompanentist for
(corresponding to k1) of the transmtted signal vector

the dirsd WO G06/°G88886 PCHISGIHoETOOTERPnept to be detected
according to the index ki is set up in step 202. This means

~

that a list of possible symbols for the component gkl is

generated. For example, all'signal constellations may be
included in the candidate list such that the size of the
candidate list is equal to the constellation size S. The
constellation size S depends on the modulation used for
generation of the symbols forming the signal vector d. In
case of QAM modulation, S depends on whether 16-~QAM, 64-QAM

etc. is used.

In step 203, a candidate from the candidate list is selected
(starting from a first candidate, according to an arbitrary
ordering of the candidate list). Illustratively, a hypothesis
is made that the selected candidate is the first component

(corresponding to ki) of the transmitted signal vector d.
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In step 204, using the selected candidate as the first
conponent of d, all remaining conponents of d
wgaowemssssvel y determned. 5 This can be done BCTBG2105/000315
to conventional |C detecti on, for exanple according
to the equations T wki = G Jki (9) (10 ) Yki =
VWi (a =0 10 dki = Q (Yki) (11) ri+1 =i - dki (Wi
In gtED 204 +lusing YhEs)seliedied cangifiatie ag dihel)fiasp
(14 jo{kl,... ,ki) + 1 (15) 15 wherei.n 4 he ,
com G éﬁé Gredar Fﬁéalaatﬁ&i FEFRPPGRLY Sfaf iTFCsFThvely
=R ending with i=Nt (in each iteration, equations
det%ﬁgEﬁQ?&15) are processed successively). (.)] denotes
the jth colum of the matrix within the bracket, Hki

. stands for the 20 matrix obtai ned by. zeroi t he
This SR KoK FIMILAT 150 gonyenytqal dinAeearith 4
exaf8Id CHq&JEBng )tdj_@crlﬁi eéqdeh"?i&%im' zation (_S| i cing)
operation appropriate to the constellation in use.
The matrix Gis a linear transformmatrix and is 25
initizialized by d =H+. (16) WO 2006/ 038886
:§b0315 18 The result of step 204 is thus

PCT/ $G2005/
Ylgin 'éi@ sefl signal vector d, (3)
T
vk =mcn (@ =1z) (10)
by = 0 )
H+1l = 4 — aki : (E)ki (12)
Git1 = Hy (13)
1
. 2
ki+1 = argmin M§i+1)ju (14)
jg{klr- . 'Iki}
i« 1i+1 (15)

wherein the equations are carried out iteratively starting

with i1=1 and ending with i=N{ (in each iteration, equations
(9) to (15) are processed successively). (.)j denotes the jth

column of the matrix within the bracket, ﬂEi stands for the

matrix obtained by zeroing the columns ki, kp, .., ki of H, W”

denotes length of vector and Q(.) denotes the quantization

(slicing) operation appropriate to the constellation in use.

The matrix G is a linear transform matrix and is

initizialized by

G = H'. (16)
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the first (corresponding to k1) conponent of which is

the first candidate fromthe list. 5 Based on this
w@saossissOn of the signal vector, the quality PET/SGHO5/000315

first candidate is eval uat using a metric in step

205. The netric is in thi nbodlnent based on the

maxi mum |i kel i hood detection cost function and is

given by 10 A 1(17) where d, as nentioned, is the

esti ted si gnal ctor based o the f rst c di date. -
The i AEH P4 DTS P R S e (S hffien vector 4,

the %%Jlerdc £ Cﬂ@ﬁﬂafetz&ba]st ecdor?ﬁ%é'&{‘t &5t 'vﬂ‘gi@rg 84 9@1%

vect or ed on this candi date, 1.e

£irdthefandifal eridn usedhas the first conponent of d and
t he remai ning 20 conponents are cal cul ated based on

the first conponent as described above. Then, the

pasdlf il RS A S O VP e R LTl fe of

the afdrcanthothtdxst e ni ¢ ma%MMM@ aimdétridein este;b 205.
is apluraljty of estimted signal vectors d,, each

The R Ont Drid? cahef diROF IR HAISH PRt Ta%imuRg
1ikd NS T B &<k S9N s v eEl Qe Lo he%d | 5 oy paiy By the

detector 107, the one with the | owest netric according

to equation (17) is chosen in step 206. Al others

are 30 discgrded. WD 2006/ 038886 PCT/ SG2005/000315 19
AThiE-ca@. g~ done successively, i.e. when two estimated(17)

si ghal “vectors d have been cal cul ated according to

two candi dat es,

where d, as mentioned, is the estimated signal vector based

on the first candidate.

The processing returns to step 203, in which another

candidate is selected and an estimated signal vector d is
calculated based on this candidate, i1.e. the candidate is
used as the first component of é and the remaining

components are calculated based on the first component as

described above. Then, the metric of the vector d is

calculated to according to equation (17).

The steps 203 to 205 are repeated for all candidates in the

candidate list. The result is a plurality of estimated signal

~

vectors d, each based on one candidate from the candidate

list. As the estimated signal vector § that is output by the
detector 107, the one with the lowest metric according to
equation (17) is chosen in step 206. All others are

discarded.
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the netrics may be conpared and the estimted signa
vector corresponding to the higher netric and the
W@ a0vdiosks8e on which 5 it is based are di scar dePCT/S6G2095/000315
may be done until only one_ candidate is left. From
the detailed steps of the 15%t detection described
~wth reference to fig.2, it can be seen that the .
Thisetamndls cipns suncesigive st sub- StheumF i¢stimated signal

conponent coyrespondi n o kl) is fromthe hypot hesi

vectiShy A1 BAVEnBeGanaraRPL=ary BREPFILE8I G0t GO BREELaRtes,
; ' r - s b Ih |

the oL Al i TR laff the (X CIAa St Jfjetor
cortgpeansiray e d\tthaNrh:ghdir et ric .gndtthe espetidates yon which
.. .Conpared 15 with copnventional |C . detection, the st
it R T e RS o (e TGS e et o EY fone
candidid icanteses rors now becomes the nost reliable one

with the sane diversity order as the maximm
i keli hood detection. Wth the reliable estimtion of

t fi det ect, t C det.ect i or._r i nj .
rrod I il SRLECLIAN, DS SleTilon Lt amLal g wies
refekerafe 4Ol g A, dert tdwmn wonkent i onat 1K dedentatoton of the

. Both effects of , enlarged diversity order,6 and | ess
flr%ibs%ﬂﬂ%tré@r%r(fplrlb%}hg%‘?rﬁll?ﬂperbibd%?r¥&?r%?‘bré‘?¥%$ nehcel bfls

t caonventi onal 1.C detectio significantly. As gan
sron, ShE SO i oriot o R A ared BT R
selddtsdd datetdd Gy approashesseipt idRtfOf cd@Xi WA stream as

| i kel i hood detection and shows hi gher diversity order

in Fhaehortiianh e Mg etiiorrddes cimpteed yEof dhe sub-
' ti iS e ent t i dat '

serddd, S%0.90L A 15 eREnetty B Lo ARG el 9% Cohitteo

witi ol d Yol tihe &G Ldetaat ] omethd s Pl v ethakdibié heirst

candidate list size and is nmuch lower that that of
sub-GRrean St MHlt ysauihes k@npl e5anly $FCQERS Meowibegemes

the b%%{fsg%l%gofg ﬁ%l% Vgrgé)og’lxpg@ss?@y order as the

maximum likelihood detection. With the reliable estimation of
the first detection, the IC detection for remaining sub-

streams starts with diversity order N, — Ny + 2, one more

order than conventional IC detection. Both effects of
enlarged diversity order and less possible error propagation
boost the performance of the conventional IC detection
significantly. As can be seen from simulations, the
performance of the list detection approaches well that of
maximum likelihood detection and shows higher diversity order

that that of QRD-M detection.

The complexity of the list detection is dependent on the
candidate list size. In general it is roughly equal to the
complexity of the IC detection multiplied with the candidate
list size and is much lower that that of QRD-M. Specifically,

the complexity in terms of the required number of complex
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20 mul tiplications and additions in one signal

for the

det ecti on
+ 1) requir
mul tiplicati

in

ed 2Nt
ons - Nr

table 1. 1C QRD-M |
+ 3Nt - 4) / 2
(Nr 2 + Nr -

vect or

list detection and QRD-M detection can be
W@ 2006/08888€@d as shown
nunber MIW(N%

Nr +2MAE
number of M2 (N2 + N2) / 2 S

i SPCT/SG2005/000315
S (2Nt Nr

Nt )

multe-PNthNrthtﬂSt anlde@mdrlédom inNongvisigd pechqr £or) the

lis ta%gltte'c(%Q% I,O_lﬂr —H %ett ?L o:l'x fc'a o I?J%u lc%l% lréctte%d tsh z%thown
hannel “mat ri x In om1 di or quasi
in tebdendl. can be assuned to be constant for one or a

f ew packages,

10 synbol s.

typically with hundreds to thousands of
The mani pul ati ons on the channel

itself,

such as OR-
be perfornmed

geconposi U1 pHrD@/ Or 1 nver st on

only once

Dertpackaqe and do

gliGt, deflction
not 1| ncur

numbrerc ko fconpl ex

cal cul ati on
requited  Ther ef

multipielchtao s
are used, th

ity surplus

58 P

eiN,count ed |

eterns giv

QonR@r d th
proce 3 kln%P?F
WEM'@RN@'Q»S anﬁ

n table 1. Exa
BN i N tahle 1 qhom1

t he synbol
he channel
npl e val ues

hat the

numbegnmelfexi ty d
IS _nuch | owdr
requ:Lrercriple wh

addifQRnM det ect
the list det

f the |ist
the

ér?Nttzo 16- QA

i-0¥x SNpore

ection (fm‘

plﬁtzec(tl\ﬁon
tonple |ty
Myivs+ ygéd. ]the conplle

anedium to large

%&%? hed- 6dgve Ny

bR

than five tlnes t han t hat of

nunmber of

transmit antennas and ré@%ﬂ#%]antennas) It can be
derived fromthe terns given in table 1 that, if S

It should be noted that the channel matrix H in a slow fading
or guasi static channel can be assumed to be constant for one
or a few packages, typically with hundreds to thousands of
symbols. The manipulations on the channel itself, such as QR-
decomposition and/or inversion etc., can be performed only
once per package and do not incur much complexity surplus
compared with the metric calculation and nulling process
working in the symbol rate.

Therefore, the manipulations on

the channel itself are not counted in table 1.

Wheﬁ example values are used, the terms given in table 1 show
that the complexity of the list detection as described above
is much lower than the complexity of QRD-M. For example, when
16-QAM 1s used, the complexity of QRD-M detection is more

than five times than that of the list detection (for a medium

to large number of transmit antennas and receive antennas).

It can be derived from the terms given in table 1 that, if S

equals M, the complexity of the list detection is one order

3

(0(52)) than that of QRD-M (0(S>)). list

detection has a clear advantage concerning complexity when

less Therefore,
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equals M the conplexity of the list detection is one
order 25 less ((Q(S2)) than that of QRD-M (0(S3)).
wab@sesssse, |ist detection has a clear advant BgESG2005/000315
concerni ng conpl exity when WO 2006/ 038886
PCT/ SG2005/ 000315 21 the &dnstel lation size is |arge,
such as in case of 64-QAM nodul ation. For different
the pensesdd atian itz dfs tisads stsuddt && ilgh cas et raddhd
nodu3lye ey be used. |f the conplexity is of big concern
In case of a large constellation size S, such as in
case of 64- QAM nodul ation or even 256- QAM nodul ati on,

smal l er candidate |ist, can be used .10 by, usi some
FOT GHid bsrtsits SR EcHn Gide ol et 851 [dfmction
descd8iRE 129 n2Re younrd pf conventional |C detection
can be perforned as an initial stage of detection.
After the conventional detection, one of the detected
ub-streans.can _ b | ected as t.he first sub-stream
If h PR Cacdd 1 St LB GREXIS 1k Adb Bited i cEHISS n
cons®fdllleniian Biec adisdrite d9 Sin eise kef -G el Eledtion or
includigg only the adjacent. points to the

h
evere grd @AMamosh ledtliorat &d el kel Sandidatauplistl caft (ke used
oy Bpd SR SR 0 RO O el NI e

can t I S candi da
detadtiich i omal leunchart 20ntves o adlonit iditrert@ldn can be

ossi pl e constel l.ation synbal s wever,_ the
per il o8 BB S BT WG Ea AL B Tt as
conv@RRd A% 1l Hidthe tamgdigRnic e ided Ay &sud-dtreams can
appl i cations where many transnit antennas and receive

be spg egitashmgs tree fémsitoyelp - sdriiaiert o &19 alrtecdirbeudde

I .t jt frais i:s, n t 1. ne t4hy
nethiSztéﬁc;%f bt(‘ah%éne‘124 ?gfn&?é(fgtt%eqﬁ i%l%ezfnl 'eoilthnescraealzi{skgl te ltlest can
be sﬁp alhey sert dasd wafirgmalrlly ddrestaeljaatdron miize;s suchthe
consail:sélI l%t%%she eosft i%:;%}éd( qf%ard rt:}litil'lsr ef ie:hs Sesub—stream to be

detected during the initial stage. List detection can then be

performed based on this candidate list which is smaller than
the one comprising all possible constellation symbols.
However, the performance of the detection will typically be

not as good as in the embodiment described above.

For applications where many transmit antennas and receive
antennas are employed, another wvariant can be used. If the
complexity constraint is not stringent, the size of the
candidate list can be increased especially in case of small
constellation size, such as in case of QPSK (quadrature phase
shift keying) and BPSK (binary phase shift keying). In this
case, the candidate list may not be limited to contain only
one dimension of constellations, that is the possible
constellation symbols for the first sub-stream to be

detected. The candidate list may contain two or more
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shift keying)
this 30 case,

and BPSK (binary phase shift keying). In
the candidate list may not be limted to
webassssonl y one di mensi on of constell ati onspCT/kG2005/800315
t he possible constellatiog synbols for the first
sub-streamto be detected.?“The candidate |i st may
contain two or nore WO 2006/ 038886 PCT/ SG2005/ 000315
dimegpidgingeres siesdfeldarisitas) |t sy idw s, 19 RALES ‘bfau rs
stel vect f%?E% I
consq;er%olcﬁ%én E!e’?lfét% O(r)iLr“L’eac coCrSTC'pog{lenoff: c%r?se%tolon S £l
whersajim stadamdmpdientdaetcetesthorfey texanpdy-Jtoredmec d ivest

VS LSS O Sl oFL, all plrs. cong U

dete%lﬁecft r@l@@?&(ﬂ:@ &ﬁ%ﬁ@dﬁl%%ta@'ﬂ@ééw‘le st e f Qi tion
the second sub- stream may be contained in the
synlrsindi dattérd |fs1tr@ncwb-§tmr@can%ra wass Bel perdnitrblation
S thls S;
Symbtgﬁ' ?I Ts V\S/oecs&bC[1 10st reaérraéTli % Ekgeed&yrﬁ% oég%us %he

candlrda(ﬂeesllai’td ateCtiorss: Widtectiigheri Xi msp@momeyd leased on
used for the candidate list. This wll increase the

this gidbdate ofltthe Whaste dBRRGITHLS LR e f b Frincee nsub-
stréé%ﬁ“%fg £§&¥f@ﬁﬁa§%ﬂ?%?_'“%f%ﬁ%%%'éh&fWébtafy with

2 gives a co I"C detection and the
higHdmstdimmtsictnomayf mnmeaisbothnerite danerdarentest. This

detqﬁt

Wllf?ncaléglgﬂlLlst

VR Rt R D M

perfidfariie tie &danal st aatcéilltéd'ﬂ? &Hn the 14eesh yed Mt’thhi\&

receive receiver with Nr
way.

receive

ant ennas. antennas.

Table 2 gives a comparison of IC detection and the list

detection of one embodiment.

Interference Cancellation

Detection

List Detection

1. Recelve Ny transmitted

signals at a time at the

receiver with N, receive

antennas.
2. Identify the strongest
signal, in terms of the post-

detection SNR, amongst the Nt

signals.

3. Detect the strongest
signal.

4. Cancel the effect of the
detected signal from the

1. Receive N transmitted

signals at a time at the

receiver with N, receive

antennas.

2. Set up a candidate list
(typically the candidate list
size is the same as the
constellation size of the
transmitted signals).

3. Identify the weakest
signal, in terms of post-

detection SNR amongst the Ny




2. ldentify the strongest 2
signal, in terns of the pos
WO p@b/03838¢ ect i on SNR, anongs
as the signals.
the strongest transmtted
ldentify the weakest 4 C

constel | atg’

. Set up a candidate I|ist
t- (typically the candi date
t the Nt size is tPEI/SGINBS5/000315
on size of the 3. Detect
gnals). signal. 3.

el the effect of the

recelivgrhlsidmraker ms of post- d

o ESGO0HOaHE YoLa

sigrdalentify the next strongest
signal . candidate fromthe
6. Hejortt (10 ST 1% gnal

sighdd¥e 7. Cancel the effect o

weakest detected signals f
7. Gajers] filel efieeed vald 3ignal

until all signals 6. Cancel
deteacencteeéctsejagn%ia i ‘oAt gt%? gnal
recdivddenidiayld he next strong

identified signal. 9. Canc

8. RRAeRS et Wighaiakk opd ghels
are Uil @l 1 signals are de

etiegnaks signal fromthe

S S o

Ve
dandredetosr froel ged bihet in
i St i 6. Detect the
Etfke a hypot hesi s t hat

f5 alyacandi W@t @chSsidechat the
romthe transmtted signal

scandidaiep Bs Bhe Reprigst
Himalett il Mgicie
est stségnal . 8. Detect the
el the effect of the

ceei GRRCR] gHa® sef4ect Repelle
[ eeh@fiate signal from the
received signals.

7. Identify the next strongest
signal.

8. Detect the identified
signal.

9. Cancel the effect of the
detected signal from the
received signals.

10. Repeat 5 until all signals
are detected.
11.
the
the

12.

Calculate a metric for all
detected signals due to
hypothesis made in step 5.
Compare the calculated
metric with the previous
(saved) calculated metric (the
initial metric may be set to
positive infinity / the
largest number).

13. If the calculated metric
is smaller, save the metric
and keep the candidate in the

list.
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11. Calculate a netric for all the detected signals
due to the hypothesis made in step 5. 12. Conpare

W b@oosdssaul ated mnmetric with the previous (saredyG2005/000315
calculated netric (the initjal netric may be set to
positive infinity / the |a&%est nunber). 13. If the
calculated nmetric s smaller, save the netric and

keep the candidate in the |QtherwiB006i938886the metric

PCT/ SG2005/ 000315 24 O herm.s C r i
and del ete the candi date friom %edi Stea %l @ é%éze from

anot her candi date fromthe|dhestlasd. repeat 5 until

only one candidate is left|in the list. 15 Qut put
the remai ning candidate togethetelfth anR h?fét%%}?%bdate

signal s based on the candidat&, i¢,Jd0 8st tzﬂ’?‘dffé‘ﬁ’éat 5

detection table 2 Sinul ati ons show that the |i st
detection inproves the | C detectionly ld:dNGEGdate is

| C-ZF, significantly in terr&sel,:og PnERche list

15. Output the remaining
candidate together with the
detected signals based on the
candidate in 10 as the final

detection

table 2

Simulations show that the list detection improves the IC
detection, IC-MMSE and IC-ZF, significantly in terms of BER
(bit error rate). In case of a frequency selective fading
channel, the performance of the list detection is as least as
good as the performance of QRD-M, although, as mentioned

above, QRD-M has a much higher complexity.

It can be seen that QRD-M needs larger M, hence exponentially
increased computational cost to approach maximum likelihood
performance. For smaller M with lower complexity the
performance improvement over conventional detection might not

be significant.

The list detection algorithm can be considered as a
combination of a conventional algorithm, such as IC
detection, with maximum likelihood detection without explicit
tree searching. IC detection has much better performance than
linear detection. However, the performance gap between IC

detection and maximum likelihood detection is still very
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5 (bit error rate). In case of a frequency sel ective
fadi ng channel, the performance of the |list detection
WO 200893488@ast as good as the performance of QREETVBG2005/000315
al t hough, as nentioned abqgve, QRD-M has a nuch hi gher
conplexity. 10 It can be séen t hat QRD- M needs | arger
M hence exponentially increased conputational cost
largeg dpyrodeh bemeiumemthick dliitsdodle ewrtfest mavcest @ams in IC
[ler., Mw th | ower c | exit per f ce. . .
det e oGt e ST S CRt B N i It
can %degnrickincamat IT Tae ddtStondeizectadhil edlegarivdyBican dagler of
considered as a conbination of a conventiona
Nre—Nagridor Nt *uchrradl oy cEodetté& Gt eGhish swsqshRfams 1, 2,
NIikeliho d. d tecthgghmﬁtho t .explicit tree searching.
- NECTESREET I Was “hith 1t (& 15er¥ o hditde Tivih SpHmption

. li near i on ver, . I

in cpdlCHLedeit Sniliey Hhe WG MRk ATTNGHARD REARTN

achistvids Adereyr D2 @A6IA3858 &1, PELrSEA00 W3 n A =rgemnms .
This is because the first detected sub-streans in IC

In oddteecmicqdsar heultver dloitd. 1 efregrkist Heostigpglaifedtdon, as

det ion, i.t _can.,be.seen, that |.C detection can ,. .
PP G A LSRR B R g B divgrsity
ordefr@r fidie tiet etlired hettdeRRMibl,sthedns .and Mrror

respectively, with the decision error free assunption

Propagaddcn i Msn AUfh &10e 45 e dRBASHART 198l iltRoo-

stre%‘?hts‘%c'ﬁ'h%n gr%gYe%\ée%e@oYfer Shfeh MRS J.qgvé\f;]e fferfldne
etecte ub-streans. |In other words, the two

numbleatst lcehecles1shdrt la@dd eteectiiven ardsropposect: fidre rtiawnn

. l'i kelihaoaqd tecgt.ion, .are | ower diversit 10, orders
this 80 1 Aol i 00 A R oG e s O
divelisQRIYAlsaie RIsOhliers rduR te@ tAN g fARCIHHIHONS ft I ected

sub- streans. The probl ens become even nore severe _
sub-whagahas opposed to Ny for maximum likelihood detection.

Further, the error prone detection of the first detected sub-
stream is used for the detection of all other sub-streams
which might cause catastrophic errors once the first
detection is incorrect. Therefore, one of the main aims of
this proposed list detection is to tackle the problem of the

two bottlenecks for IC detection.

Fig.3 shows simulation results 300 according to an embodiment

of the invention.

The simulation results 300 shown in figure 3 are the results
of simulations that have been performed for a flat fading
channel. In the simulations, the numbers of transmit antennas
and receive antennas have been set to 4. The MIMO channel is
assumed to be independent Rayleigh fading with additive
Gaussian noise. The BER performance of QPSK modulation of the

list detection is shown compared to the BER performance of
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nunbers of transnmt and receive antennas are the sane.
In this case, IC detection will achieve only one
wo@er@en3ssse 15 diversity (sanme as |inear detectipel/SEm05/000315
the first detected sub- stre§n1as opposed to Nr for
maxi mum | i kel i hood detectld%. Further, the error
prone detection of the first detected sub streami s

convpd Gl Mt e e o M |ARTRi SUAST R ihi ahere
decdlidlY, cRUSRSGAtAR] rophigc _errors once the first 20

etection is incorrect. Therefore, one of the main
ains of this proposed |list detection is to tackle the

As (%r o%fem of tq%ﬁjt%{% g;e}ltr:vlseinlﬂ%cktsr% | C de ectslt on%e;:ectlon

oveﬁ'ﬁwlm t1d Ml dderd nsertd 18. T-Hl'-,e @dﬁ&é’éd Ok st

results 300 shown in figure 3 are the results of
deteqitmgratimmz efatt Hraveorbeat ipad lorifed™MTE and | - FRdi g

channel . In the sinulations, the nunbers of transmt _3
margintse a0 aem:ti k@fbimm‘@n@whm BRRenlesetl taf 410

The MO ¢ i d t dependent
The WXHoB Pt 1 0] (7S RusUIhE A So. The BER

per formance of CPSK nodul ati on of the list detection
IS shown conpared to the BER performance of WO

Fig . A) Gy 038886 Pel i ous10ie3 180 26 cutiigh itohain embodiment
'y M. detection achi eved by sphere
Of'%ﬁ% 31 1£$%ENWBE and 1 C-ZF. As can be seen, the BER
curve of t he proposed list detectlon 5 overlaps Wi th
e. M. cur.ve _exac roposed t detection ,
Fig. npﬁhc% S B G ing 4 |3 fpribodinent

of ﬁngxydv%ﬁqﬁﬁggB and 14dB respectively, at BER | evel of
10-3. The margins will be enlarged when SNR
i ncreases. 10 Fig.4 shows sinulation results 400

Fig O Qan%ltnRJlaﬁ:l%ﬂfp%ﬁ@s 6QJfO tafb%dfﬁ’fr{b} ' an embodiment

of the invention.

The simulation results 400, 500, and 600 are the results of
simulations for frequency selective fading channels in a
MIMO-OFDM system. Both QPSK and 16-QAM modulation have been
considered. The number of transmit and receive antennas were
equally set to 4 or 8. Each simulated multipath channel was a
16 tap (sample spaced) slow fading indoor channel and was
constant during one packet. The MIMO-OFDM system was working
at center frequency 5GHz with system bandwidth 20MHz. The
number of subcarriers (or FFT size) was 64 with the
subcarrier frequency spacing 0.3125MHz (guard interval 0.8us
and symbol interval 0.4ps). The maximum channel delay spread

was assumed to be 50ns.

The BER vs. SNR performance of list detection in a 4 x 4

MIMO-OFDM system is shown in figure 4. For comparison, the
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Fig.5 shows sinulation results 500 according to an
enbodi nrent of the invention. 15 Fig.6 shows
wa@ onaloagsson results 600 according to an enbodi PERSG2005/000315
the invention. The sinulati results 400, 500, and
600 are the results of 20%imulations for frequency
sel ective fading channels in a M MO OFDM system Both
per gl offe-1GaM o i A KRR Mhetith cbnsiereandd M Traslues

]t ' ! I
enc PSE, e IAs GANLISER N ARl R0l
inclifildcap Jiswinipire tspacien)res|Dw Hrad iBER ipedotrrncdrasmed £ arte
prodfd i e 2B St T RE A sveren
As E¥StRMPIWEHIL WM v JuHRers ofasueas ier s (or

FFT size) was 64 with the subcarrier frequency _
perfgyasinng 6.8 EXSNHL puarttbwanast v dihe) @pep Letid: wyaibol ist

I nt.erval_ 0. 4ps)....Th X] ha le] ay. .spread , 30
detev\d/;csloe{lsgiusrrg(fs?so hea%glr@g.a %%RO\%%%% pelrtfsrgr _ncleégof
(conldaste dgfeeciiare inent kX cbndd M- [RMngyIsd:eina y Swistrown

in figure 4. For conparison, the WO 2006/ 038886
refemeryosGi005/209®318 - 27 performance of | G ZF, | G MVSE,

QRD-Mwith different Mvalues and the M. detection

achi eved by sphere decoding is also included. Simlar
The tso.nfulgurien3, retshe tBER Qlerdmar nare ecesfulittee foor opioselht iwis

etecti.on coi.ncides with that of the M, system 5 .
ror 3 SRR it ke R g K gt Tat dom.
Tt dReY T nange diat hiistCarae HOMRY &lch tidie £ ol ty of

list detection is less than 1/5 of that of CRD-Mwth
perfgrmarge (epLROthe idiove4-endr kehddrides Migher diversity

ordeczmmla%?(id@b—wj t ta.“lrler %;eq:rf%q:cfr?agc% tgaem e_'Lr@reases with SNR.

More importantly, it has at the same time less complexity

than QRD-M, as explained above.

The simulation results 600 are the results for simulations
for 8 x 8 transmit and receive antennas with 16-QAM
modulation. The BER performance of both QRD-M (M = 16) and
list detection is approaching ML performance within 1.5dB.
Unlike list detection, the QRD-M begins to show error floor
at higher SNR region. Furthermore, QRD-M has more than five

times the complexity as list detection.



10

15

20

25

30

10 The sinulation results 500 are the results for
simulations' for 8 x 8 transmt and recei ve antennas
wowak/osBSK nodul ation. It can be seen that |iBECT/SG2005/000315

detection achi eves better erformance than QRD-Mw th
M4, It exhibits higher di sity 15 order than QRD-M
The performance gap increases with SNR  Mre

In thipordemiment i tthmsfaltl ahians aublieat lens awmmpteiedy
than QRD-M as expl ai ned above. The sinulation results
600 are the results for sinmulations 20 for 8 x 8

[1] tHansEdiEmncndedel Wa ket nttas tid hesdfedd codel extiton.of

) The BER perfornmance of both ORD-M (M= 16) a i

0t Qi LT T S RATHEN ot op e AT oSS B

vol U i k& | istofletRed | oy theQRD- M begins to show error
floor = at higher SNR rregi on. Furthernore, QRD-M has
nore than five 25 tines the conplexity as |ist

(o1 JELEC BN IO 2O00I 030805 PO OB D00, e o

cu 1icdations ar'e
Wolrdidndky Hassd e ciainsh Bl kiadion "4 thel expeciasbratory
conplexity of integer |east-squares problens," in

resiprtgy ugipEE V-@igs hacevigine Jcompinjomiyl amopr ciygiecture”,
G | gen, ., Foschini Val enzuel a,
Ele%%od‘%b.%tvb&ﬁ%s%}, p‘%eﬁe%t?%’n % gbrlﬁtaﬁgm and initial

| aboratory results using V-BLAST space-tine
onmuni cation architecture” El ectron_ Lett.,_vol.
[3] %Blrg%p Y- 1 ,O"j%FEl.ngl Tﬁn%%@ncz%s. %fo’ﬁ’gdi%%r%% mance
Comp¥h SAraneo iy Wi g.e "Refd ainBnGel + rdatd s&vefv-BLAST
Mul tiple Tr an,srri%nl Mul ti pl e- Recei ve V- BLAST
algqigdma hgMobVbdidd antir o ¢ 2F eSQUEdhemt E@RF 0ABTPPr ot
f e j | ; r
T one (L 08 T ahagr o P o X80 GELG 020
Sindprsherisluwgr AdadefyiORul@Didhers, pp. 11-17, Oct.2002

[4] Yan Wu, Sumei Sun, and Zhongding Lei, "Low complexity
VBLAST OFDM detection for WLAN", IEEE Commun. Lett., vol.8,
no. 6, pp. 374-376, Jun. 2004

[5] Hufei Zhu. Zhongding Lei, and Francois Chin, "An improved
square-root algorithm for BLAST", IEEE Signal Processing
Lett., no. 9, pp. 772-775, Sept. 2004

(6] Jiang Yue, K.J. Kim, J.D. Gibson, and R.A. Iltis,
"Channel estimation and data detection for MIMO-OFDM
systems", in Proc. Globecom'03, vol. 22, no. 1, pp. 581 -
585, Dec 2003



10

15

20

25

30

[4] Yan Wi, Sunei Sun, and Zhongding Lei, "Low
conplexity VBLAST OFDM detection for WLAN', | EEE
w@omsgssd.ett ., vol .8, 20 no. 6, pp. 374-376, BCRSGROHA00315
[5] Hufei Zhu. Zhongdi ng Lig and Francois Chin, "An
i nproved square-root al gorithmfor BLAST", |EEE
Signal Processing Lett., no. 9, pp. 772-775, Sept.
Claimg0q 25 [6] Jiang Yue, K.J. Kim J.D. Gbson, and R A
[Itis, "Channel estimation and data detection for
M MO OFDM systens”, in Proc. G obeconmi 03, vol. 22,
1. Medhol flor EEErmis8mg Be$1@&&3iﬂédﬂaﬁﬂﬂﬂﬁﬂﬁﬂﬁﬂﬁﬁ a
P /SGZOOS/ 000315 29 dains 1., eg:]t hod f ar
PLUTGe i P ROFGT & &r TEGHIMSS g oI RS yhsrrein
- a COTRRRRMS Jff RA prl‘%ﬁ%'l\i@:% D ORYmpEB s WerRinca
a conponent of the plurality of conponents is selected
- for fe@rchea:@hld@ai@dnedwelb@,hﬂ@cﬂ aoflist icfi asindiaiatiadatymbols,
nbols, € each ndi dat e Sy nbal re ent s
Wherp?\ésmeﬁlcél 5% dr&da or” Hke alsérleé)crt & osnﬁ"or?e l%;e Syrtbol
for ¢ardisddleetsrampeeeinds, for the candidate synbol is 10
generated under the assunption that the sel ected
a cagipigients ligaale gt aro fike %@%J@mmhok Hes
S d.hr the 11:9:% :
gene\?gg&gﬂr s\ﬁb%%;rg(}hoen a%%gﬁ{g@l%% r%léa?l?rté{éofsce?he can%ozﬂte nt 1is
equadi gwalthevesinorisiatkb symoddt hod accordlng to clain11
wher,ei n .t he recei,ved vect or

- g edaTEr Vi e Egoech g tre Bartidace Yignal

vectors based on a quality measure of the candidate signal

vectors.

2. Method according to claim 1, wherein the received signal
vector is a radio signal vector received via at least one

antenna.

3. Method according to claim 2, wherein the received signal

vector is a radio signal vector received via a MIMO system.

4. Method according to any one of the claims 1 to 3, wherein
a candidate signal vector for a candidate symbol is
determined by setting the selected component to the candidate

symbol and determining the remaining components.

5. Method according to any one of the claims 1 to 4, wherein
the remaining components are determined by IC detection,

linear detection or other conventional detections.
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antenna. 20 3. Method according to claim2, wherein
the received signal vector is a radio signal vector
WO e@eisssss via a M MO system 4. Met hod accor dP@ySGZHO5/000315

any one of the claims 1 to 3, wherein a candidate
signal vector for a candi dat® synbol is 25 determ ned
by setting the selected conponent to the candi date

6. Mafthuyl agwbxibieg Maiany tdree rafradie r@la;bnmoheimsii Svherein
Met hod cor di t n ne o

the vﬁwomrponé?}1 hePrtcra}?real (rjljil%‘”gél%% ongen(% e de? eersheegé%te?Cthat

has deieclowdst 3:@.15{1Itgﬁrlrdaimti@féﬂe®t$@;n£pwm¢@nal
detections. WD 2006/ 038886 PCT/ S&005/000315 30 6.
Met hod according to any one of the clains 1 to 5,

7. MG e %Was ané Nee Pl aéléii)’mé’fl C@cﬁ’g@ﬁ%érein

I's selected t owest quality int
the rcecu@qm&msmgmatthe/thmalﬁtw o fvet drgeb raETios dlagsetbecamd that

f th wherein .the copponent of
has (15 AR (G S ol o Te BTt E Dl oS HEs Theterns
of ﬁmsﬁmt&*@a&?@ﬁ hee 418 CcdyLee Sé @@k, vector in terms
of post SNR or 1argest nean square error. 10 8. Method

accord| ng to any one of the clains 1 to 7, wherein

' t \
S1 gna# vec ors rté Seﬁgtﬁ{@g@dtﬁgo ‘HH?S Cﬁnﬁ%dﬁ’ Swherein

rmning a netric of t
the mi@aﬂatxaecsucgmais dmﬁmmmdfmmotshmgcérh@l@af@ stadieal
signal vector with the best netric. System f or
VeCT it ity rﬁeﬁge%{msmg‘}%nla\}%%ti%%céb%p‘?fﬁ%u%n%ld%*f rSt 9231 of

vec%%t&lééﬁﬂ@ TIRC el Mash $4anal; yeet %ecﬁ@ﬁ wSYStene
conprising - a selection unit adapted to select a

bestomgonient of the 20 plurality of conponents

9. System for determining a signal vector comprising a
plurality of components from a received signal vector, the
system comprising

- a selection unit adapted to select a component of the
plurality of components

- a generation unit adapted to for each candidate symbol of a
list of candidate symbols, wherein each candidate symbol
represents a possible symbol for the selected component,
generates a candidate signal vector for the candidate symbol
under the assumption that the selected component is equal to
the candidate symbol

- a determination unit adapted to determine the signal vector
from the candidate signal vectors based on a quality measure

of the candidate signal vectors.

10. Computer program element making a computer perform a
method for determining a signal vector comprising a plurality

of components from a received signal vector wherein
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- a generation unit adapted to for each candi date
synbol of a |Ilist of candidate synbols, wherein each
weandiosksse synbol represents a possi bl e synmboPCT/e62005@00315
sel ect ed conponent, generates a candi date signal
vector for the candidate sy3r11bol 25 under the
assunption that the sel ected conponent is equal to
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