1 Method for detecting a signal, detector and conputer program
product Field of the invention 5 The invention relates to a nethod
for detecting a signal, a detector and a conputer program product.
Background of the Invention 10 In nobjle comunications, high user
capacities and high data rates are desirable. To achieve this,
nobile radio systens have to be highly spectral efficient. Using
mul ti car r Merhsadgbat a@ﬂe@em)g i ngLdna1OFAMteetbRogadatordutdequency
di vision mul tiplexin robust perfornmance and high spectral
efficienc?regﬁaﬁepﬁeﬁ?%Ped Bef ore the OFDM nodul ation, a
pre-transformcan be carried out, resulting in a so- called PT- OFDM
(pre-transform OFDM) 20 system In [1] (and also in [2]), an

i terativeFdetdcpifohnal ger¢ntipn for a PT- OFDM systemis descri bed.
Thi s |1 be described in the following. 25 An iteration

(corresponding to an iteration index i) of the iterative detection
aIgorithnﬂheriesponﬂsntrelmnef'Biaga@thod recodsteutingm stiegmala a

| i near flb%% i.ng ste E”E%ﬁ%ué¥¥”§¥ég}a%tp@oduct-

Background of the Inventicn

10
In mobile communications, high user capacities and high
data rates are desirable. To achieve this, mobile radio
systems have to be highly spectral efficient. Using
muiticarrier modulation according to OFDM (orthogonal
15 fregquency division multiplexing) robust performance and

high spectral efficiency can be achieved.

Before the OFDM modulation, a pre-transform can be carried
out, resulting in a so-called PT-OFDM (pre-transform OFDM)}
20 system.

In [1] (and also in [2]), an iterative detection algorithm
for a PT-OFDM system is described. This will be described

in the following.

25
An iteration (corresponding to an iteration index i) of the
iterative detection algorithm corresponds to three stages,
a reconstruction step, a linear filtering step and a
decision step.

30

In the ith reconstruction step, 1l.e. in the reconstruction

step of the iteration corresponding tc the iteration index



30 In the ith reconstruction step, i.e. in the reconstruction step

of the iteration corresponding to the iteration index 2 i, the mth

conponent of the received signal r (received signal vector) is

estimated. This is done by using the previously detected synbol Xxi_

(i.e. the signal vector detected in the previous iteration). m
corresponds to the 5 frequency domai n channel with the ith small est

1

anpl i tuded, knethethi témpomenistean, cHhecerassdi pignderenceeafidde data

is renoved by a linear filter denoted by G In the detection step,
tentativesihard vecsofl)idevitsiterted.dghdtedsbyodeciy)ysisy nade to

generate the_synbol detecte 10 in the ith iteratign i. The
o or 1 et Vi RIE Tk FELEECRT A la Ll s B Snalakeckes. 1
The ith igeration i by fodd T ebmni + ) J! b b =
Gi xi = gec?xi) %% gﬁhere%égﬁcidsg dlgcfel ned as 'amg%é%%%&% $i5 v>g\nhteh
val ue 4 ofrrehhisnBlhadhagonaladimang @net herwss8: 1866 4P S Rle .
di agonal _matrix wth value O on its nth diagonal termand 1
ot herwi seln the filtering step, the cross interference of the data
is removed by a linear filter denoted by G. In the
detection step, a tentative (hard or soft) decision
(denoted by dec{.)) is made to generate the symbol detected
10 in the ith iteration, X;.

The algorithm is initialized with rg = r, X = Gry and

%y = decl¥p).

15 The ith iteration is given by:

r: = 1., r. . R
=i =mj; =i -1 =m4 —=1 -1

20
where Op is defined as a diagonal matrix with value 1 on
its mth diagonal term and 0 otherwise, and 1, as a diagonal
matrix with value 0 on its mth diagonal term and 1
otherwise.

25

In [1], the filter used in the iterative detection
algerithm is based on the least squares criteria, also
known as zero forcing (ZF) filter. Improvement is marginal
even when a filter based on standard minimum mean squared

30 error (MMSE} is used.

a



25 In [1], the filter used in the iterative detection algorithmis
based on the | east squares criteria, also known as zero forcing (ZF)
filter. Inprovenent is marginal even when a filter based on standard
m ni nrum mean squared 30 error (MVSE) 4s used. 3 An object of the
invention is to increase the performance of existing detecting

met hods. 5 The object is achieved by a nethod for detecting a signal,
a detector and a conputer program product with the features
-according to the independent clains. 10 Summary of the Invention A
nmet hod for detecting a signal received via a conmmuni cation channel
i's providegd, oyhesei dr tihe icREMRLeatkoRsCchappel sd soaf fireted hy -poi se,
wherein the 15 received signal is processed according to a filtering
step, thefferiering dtartdagpriesasdaul tiplication of at | east one
conponent of the received signal with a filter coefficient and the
filter coefficient conprises a noise variance offset which
correspontlset abidiet viar izanideved bheannksbod 20r Metdrerineg deteakar, and
o ;ﬁg})”ggécﬁéggéég‘%pro ”agﬁcgngﬁl O{rgigg_ggi»gmtB&é’&éth%’iJhorth%etf%%tt'uré s

according to the independent claims.

i0 Summary of the Invention

A method for detecting a signal received via a
communication channel is provided, wherein the
communication channel is affected by noise, wherein the

15 received signal is processed according to a filtering step,
the filtering step comprises multiplication of at least one
component of the received signal with a filter coefficient
and the filter coefficient comprises a noise wvariance
offset which corresponds to the variance of the noise.

20
Further, a detector and a computer program productr
according to the method for detecting a signal described

above are provided.

25 Short Description of the Figures

Figure 1 shows a transmitter/receiver system 100 according

to an embodiment of the invention.

30 Figure 2 shows a receiver 200 according to an embodiment of

the invention.



25 Short Description of the Figures Figure 1 shows a
transmtter/receiver system 100 according to an enbodi nent of the
invention. 30 Figure 2 shows a receiver 200 according to an
enbodi rent of the invention. 4 Figurg 3 shows a nonlinear detection
unit according to an enbodi nent of the invention. Detailed
Description 5 Illustratively, a filter is used for reconstructing the
recei ved siignak 8hilcdwhas ddidl inease deakekcance afit hecehanngl tcAsn
addi tional input an i ch processes the received signal in
dependence of the M5 GF (he ¢AYPRAL& of the noise 10 that
affects the channel. At least one filter coefficients of the filter
is nodified by an offset nmade up by the noise variance. This means
that at | B8&R1oAG PeSFEPidfficient is a termthat conprises the
noi se yariance as sumand. 15 Especially in cases of high SNR (signal
to noise ratio), wusing the invention, a performance gain in terns of
BER (bitIéinetrabieylym tzh Tidgpmectist ospri forarécomrs tiodst igan the
achi eved. _20_ Enbodj nent f. the inyention arise.formthe dependen
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clai ms. Enbodi hent 3 of 5

I
cont ext otst hecdhei bwodl fiampdeteet Whdca pirgbaksas erh@nad @gious Vs ivgalkild
for the detector and the cqrputer,progranl ,
in dependence of the magnitude of the wariance of the noise
10 that affects the channel. At least one filter coefficients
of the filter is modified by an offset made up by the noise
variance. This means that at least one filter coefficient

is a term that comprises the noise variance as summand.

15 Especially in cases of high SNR (signal to noise ratio),
using the invention, a performance gain in terms of BER
{(bit error rate) with respect to prior art methods can be

achileved.

20 Embodiments of the invention arise form the dependent
claims. Embodiments of the invention which are described in
the context of the method for detecting a signal are
analogously valid for the detector and the computer program
product. "

25
In one embodiment, the received signal is grouped into a

plurality of blocks.

- The processing of the received signal according to the
30 filtering step may corresponds to the multiplication of a

block of the received signal with a filtering matrix.



product. 25 In one enbodi nent, the received signal is grouped into a
plurality of blocks. The processing of the received signal according
to the 30 filtering step may corresponds to the nmultiplication of a
bl ock of the received signal with a fidtering matrix. 5 The
filtering matrix may correspond to a product of matrices, wherein
one of the matrices is a channel coefficient matrix that conprises
conponent §hehif¢htar éng tres hisi x0fmagh arnele spoatif toi enpsodinet sPpeci fy the

transm ssion 5 characterjstics o he channel . A channel coefficient
i's typlcapﬁ§r68ﬁ8tegh BYEH aHf < 5%&@@f@§§rﬁﬁ35 hpuf sEReRPonses of the

channel , fteerexamphe mitrihecHItequRRey sdamibipodéntd wieciendbadi nent
at Ieast one of the conponents of the channel coefficient matrix is

a term of “&TBRAafRferharert G dhiciamnd st hBafaPPaREEY of¢ hier FieE s ion

anot heg gggggbgggistgc§ldgegﬂé36H% ~he conponents of the channel 15
coefficient matrix are terns of a channel coefficient and the

vari ance of the n0|se For exanple, at |east one of the conponents of

the channgl | ggg g%§¥%%§ggre>& %ttQ%aﬁﬁnjégatF?ﬁf a chaqpel 20

coefficient IVI & sumof the squar
spec1f1es the impulse responses of the channel, for example

in the frequency domain.
10
In one embodiment, at least one of the components of the
channel coefficient matrix is a term of a channel
coefficient and the wvariance of the noise. In ancther
embodiment, a plurality of the components of the channel
15 coefficient matrix are terms of a channel coefficient and

the variance of the noise.

For example, at least one of the components of the channel
coefficient matrix is the conjugate of a channel

20 coefficient divided by the sum of the square of the
absolute value of the channel coefficient and the noise

variance.

At least one of the components of the channel coefficient

25 matrix can be the inverse of a channel coefficient.

In cone embodiment, the variance of the nolse of the channel

is determined.

30 The inveniion can for example be used in communication

systems according to WLAN 1la, WLAN 1llg, WLAN 11ln, Super



absol ute val ue of the channel coefficient and the noise variance. At
| east one of the conmponents of the channel coefficient 25 matrix can
be the inverse of a channel coefficient. In one enbodinent, the

vari ance of the noise of the channel 4s determ ned. 30 The invention
can for exanple be used in comunication systens according to W.AN

| la, WLAN 11g, WLAN Il n, Super 6 3G H PERLAN 2 and W MAX (Worl dwi de
| nt er oper &Bi | HIFERDAN Maardd R XAdtiesdiwadd B3 (daeyond 13@)y. fioirg. 1
shows a t@ansnitte%£rece|ver(fﬁg} 100 gcg ding to 5 an enbodi nent
of the | nUSREPBRYS THE T FHInetd (e (BEEPDaT SSyst em 100 i's for med
according to a PT-COFDM (Pre- Transforn1CXthogonaI Frequency Division
NUItlpIeX|ng) system For sinplicity, it is assunmed that 10 M=2k,

e.g. M=32Fignd %lh%‘fsMFri‘fad“rSﬁHtﬁt@ﬁ@?ﬁﬁéV@rxﬁYSW& 100 aggomiddng to

transng tteg ahobBenSATEA iR IihykaLALAl one OFDM  symbol . For
transmtting these information symbols, the vector of information

synbol s, x [xI, x2, ..., xn]T in the follomﬁng al so called the

ori gi nal n t d to. 1 p tran or uni t 1 he
superscrip e ﬂae%%ﬁ J&re%rr{llseci ranspos etgrﬂeig e pr eactcogn lfngr% uni t
101 cal cubaP®sSOBDN et 08~ Tfan sfadu @&mbngsyabotﬁe@&éﬁdy ;i SMnT for

the Origiﬂﬁﬁtlpf%§£§§ﬁﬂn¥;Ctorﬁ%&p%E%£T9c5€y, it is assumed that
10 M=2k, e.g. M=32, and that M information symbols xy, m=1, 2,
.« M are transmitted gt the same time in form of one OFDM
symbol. For transmitting these information symbols, the
vector of information symbols, X=[X1, X2, ., %plT, in the

following also called the original signal vector, is fed to
15 a pre-transform unit 101. The superscript T denotes the

transpose operator.

The pre-transform unit 101 calculates a vector of
modulation symbols s=[s1, S$2, .., Syl® for the original

20 signal vector according to

W represents a PT (pre-transform) matrix of size M x M.
25 There is no loss of code rate in terms of number of

information symbols transmitted per channel use. In the

case of an OFDM system, the matrix W would simply be an

identity matrix.

30 The vector (or block) of modulation symbols s generated by
the pre-transform unit 101 is then passed to an IFFT




s = Wx Wrepresents a PT (pre-transform matrix of size Mx M 25
There is no loss of code rate in ternms of nunber of information
synbols transmtted per channel use. In the case of an OFDM system
the matrix Wwould sinply be an identyty matrix. 30 The vector (or
bl ock) of nodul ati on synbols s generated by the pre-transformunit
101 is then passed to an IFFT 7 (inverse fast Fourier transform
unit 102 whinekrear fhes Pobridan irurerfzen)ashiEouod exhi clansd of nomuthe
bl ock of _nodul ation_s gb 5 The inverse fast Fourjer _transformis
used in tﬁpsln¥ﬁ588|ﬁ%% g‘lﬁﬁﬂéﬁﬁﬁﬁéﬁﬁm}8glFE%tP%ﬂC%fOBn i nverse
Fourier tmaasflacibnCsi@bodomai n transformati ons can be used instead
of the inverse fast Fourier transform for exanple an inverse

di screte sine transformor an inverse discrete 10 cosine transform

The vegt O@hgeaﬁe@t_»gg Pé(sE hﬁod]_FlEJ'r W s %mi §st nggdgfﬁrep@ﬁl from

parallel to serial, i.e. to a sequence of signa ues, by a P/'S
(paraIIeIem©0§emeat)aﬂnam @IﬁhcuhnnuﬁaailZEt@pefbi aniinG£MBenserts a

cyclic pr f t sequ e val.ues
synbol mh?bk§le@ F%ﬁ%ﬁ%ﬁﬁegﬂﬁFf a gﬁa% eFafﬁgorTﬁ% %n%l?%?rﬁ fq%ggw
that is insetted basthe ditadion fis2Fshidet-etrbhafothe AEXidRHNAple
channel delag gread The channel

an inveérse discrete sine transform or an inverse discrete

10 cosine transform.

The vector generated by the IFFT unit 102 is then mapped
from parallel to serial, i.e. to a seguence of signal
values, by a P/S (parallel to serial) unit 103. A cyclic

15 prefix unit 104 insertis a cyclic prefix into the sequence
of signal values to form a PT-OFDM symbol which is

transmitted wvia a channel 105.

The cyclic prefix that is inserted has a duration no

20  shorter than the maximum channel delay spread. The channel
105 is assumed to be a quasi/static frequency selective
Rayleigh fading channel corrupted by additive white

Gaussian noise (AWGN).

25 The pre-transform unit 101, the P/S unit 102 and the cyclic

prefix unit 104 are part of a transmitter 106.

The PT-0OFDM symbbl is received by a receiver 107. A cyclic

prefix removal unit 108 removes the qyclic prefix from the
30 PT-OFDM symbol. The resulting sequence of signal values is

mapped from parallel to serial by a S/P unit 109 and is

domain transformed according to a fast Fourier transform by




105 is assuned to be a quasi/static frequency selective Rayleigh
fadi ng channel corrupted by additive white Gaussian noise (AWEN). 25
The pre-transformunit 101, the P/S unit 102 and the cyclic prefix
unit 104 are part of a transmtter 106 The PT-OFDM synbol is
received by a receiver 107. A cyclic prefix renoval unit 108 renoves
the cyclic prefix fromthe 30 PT-OFDM synbol. The resulting sequence
of si gnal avaFue€s (fsstapped 1 dmapafalrhel uhotser 0 al Aty @R wnict 109

and is i ansf or cordjn ast Fourier transformby 8
an FFT (fggﬁ Egh’ﬁ. ?lTrg(ﬁg’f gfr%fﬁ FngTi gnifo?lhn‘éﬁ’&gb%s? % the | FFT

unit 102, ehBedEhrdntdi 41dd bLamdgt ot her peerbodi geat scalso g adapt ed
to performa discrete sine transformor a discrete cosine transform

or anot heF*88FaPH™ & t3 a#s?rc“cﬁ% |C@r$ln‘?héré(]§§9¥mv@€t@?0’@'¥elt fomEET

unit 140 h%aﬁ@ﬁ@%ﬁ&it@a(n r=frl, ,rmM T and can be witten as 10 F
Wwhere F = diag(h hl\/p |s a di agonal matrix wth di agonal
el enrents hl, ..., hM V\/m ch are the frequency donmain channel

coeffici e@ég gggpg%iéeé{ Vg%lhve%tg%r ugfltdh%nm on, Iﬁ?ﬁ 1. The

f requency “domar i channe Ci ént's "are giveh I'Y En exp

(-i2m(m r=1} /M. ;rnTPe%m?@an be wMi t@8§UALNY a sanpled spaced Lth
order FIR(fi n|te |nput response) channel nodel {hn}L n=0 "

10 r=L's+n=0C-W-x+n

where I' = diag(hi, hp,...,hy) is a diagonal matrix with
diagonal elements hi, .., hy which are the frequency docmain
channel coefficients and n is the AWGN vector of dimension
15 M x 1. The frequency domain channel coefficients are given
by hp = z;lﬁn.eprﬁZMﬂm-—l)/M),m =12 ...,M, assuming a
sampled spaced Lth order FIR (finite input response)

channel model {Hn}izo

20 The output vector r of the FFT unit 110 is fed to a
detection unit 111. The detection unit 111 performs an
iterative detection algorithm. An iteration (corresponding
to an iteration index i) of the iterative detection
algorithm corresponds to three stages, a reconstruction

25 step, a linear filtering step and a decision step.

In the ith reconstruction step, i.e. in the reconstruction
step of the iteration corresponding to the iteration index

i, the mjth component of the vector r is estimated. This is

30 done by using the previously detected symbol Xj_q (i.e. the




20 The output vector r of the FFT unit 110 is fed to a detection

unit 111. The detection unit 111 perforns an
algorithm An iteration (corresponding
the iterative detection
reconstruction 25 step,
In the ith reconstruction step, i.e.
the iterasignatoreespontdturttanl tile thikepativboous ntdexratiortihe
conponent of the vector

iterative detection

to an iteration index i) of
al gorithm corgesponds to three stages, a

a linear filtering step and a deci sion step.
in the reconstruction step of
myi th

r is estimated. This is 30 done by using the

previ ousl godeeeppeds syorbdie ¥irdauency. doein chagmal widt diheddttéct ed
in th I Lt j i t e equency domai n
[ the P eNRous Lt BEAt LA W, coqr naspandnopLhe {requney domin

w t

cross intietkefeneecofof hthadatada 9 sr erpveddbyyaal 1 esar fiilliter 5
denotgg by G .In the detection step, a tentative éh rd or, soft)
deci sidn %8885?§db%dee .SBei4§?%§%%°PoS§§ﬁer%tE@ Wé}l¥ﬁuﬁﬂﬂrdH§Fected
in the itbBoFteraétosioxi cdéMﬁﬁbd_t ey H@fét{ bt esaki @) tasydreaneerter med
(e.g. after a given nunber of iterations, e.g. 4, has been
per f or redpYPRe! déeereteri 10 difwbdltd iitearéiont pit -byheaectse okt dii ts
112. The algorithmis initialized wwth rO=r, x = G0 and x0 =
dec(x0). 15STRE'PEHFT 15T SFLOTgedeneny: PETRRI @ rgivEn THMPE. Wk - 1
XI = Gl iterations, e.g. 4, has been performed) the detected
10 symbols X; are output by decision units 112.
The algorithm is initialized with rp=r, X = Gry and
Xp = dec(Xg) -
15 The ith iteration is given by:
L, = lqni rs -1 t gmj_zjlﬁl 1
Xij = Grj
%y = dec(;)
20 where 0Op is defined as a diagonal matrix with value 1 on
its mth diagonal term and 0 otherwise, and 1, as a diagonal
matrix with value 0 on its mth diagonal term and 1
otherwise.
25 Under the assumption that the variance of the noise

30

corrupting the channel 105 is known, the MMSE {minimum mean

square error) filter described in the following can be used
by the detection unit 111 to improve the performance of the

transmitter/receiver system 100.



xi = dec(xi) 20 where Onis defined as a diagonal matrix with value 1
on its nth diagonal termand O otherwse, and 1,,, as a diagonal
matrix with value 0 on its nth diagonal termand 1 otherw se. 25
Under the assumption that the variancggof the noise corrupting the
channel 105 is known, the MVBE (m ni num nmean square error) filter
described in the follow ng can be used by the detection unit 111 to
i mprove t Mekpegf cbnnanaec@lint hehe tMMBESmirtittetrireardvessaysiemhkd0. 30
10 Taki ng into acig{ogt,u [2 l\%ﬁ criteria and assum that previous
det ect ed SYMIGPESal'8 Correcty SeddF CPECEASt FAELFIN the |inear
filter fO&ebbﬁstEhcﬁioﬂ Zhe . l1neaﬂWE1ﬂE@&aEant§@n1@@ gerived: 5 G =
W1l B =W1 diag( , where 10 hm, where m—{nn n =1,
, i} Pm H[r)d(thﬁﬁﬁngn(q?l} be (ﬂeﬁ@r‘wdse and a2 is the noise vari ance
This Gjis used in the fllterlng step of the reconstruction algorithm
carried out by the detection unit 111 as descri bed above. 15 For the

initial itprat-oh .of Lhg-fecqnsgkfaichlon aggerithm

where

10 By = hint, where m = {mp,n = 1,-, i}
m =
). otherwise

and 62 is the noise variance. This G is used in the
filtering step of the reconstruction algorithm carried out

'by the detection unit 111 as described above.

15
For the initial iteration of the reconstruction algorithm,
the MMSE filter with
* 2
B = hm/(|hm| +6%),m =1, M
20

is used.

When the matrix W is chosen as unitary and has constant
amplitude elements, even when the MMSE filter is used, the

25 cheoice of mj is unchanged ({(corresponding to the frequency

domain channel with the ith smallest amplitude)}. That is,
this choice still maximizes the worse post-filtered SNR at
every detection step under the assumption that the previous

detection is correct.




the MVBE filter with Pm= hm(hm2 +a2), m=1,...,M 20 is used.
When the matrix Wis chosen as unitary and has constant anplitude

el enents, even when the MVSE filter is used, the 25 choice of m is
unchanged (corresponding to the frequegcy domain channel with the ith
smal | est anplitude). That is, this choice still maximzes the worse
post-filtered SNR at every detection step under the assunption that
the previous detection is correct. 11 Sinulations show that using
this filter, the error floor can be reduced and superior performance

can be achiBYed 7S HiYh SRR URGPE ThAF thiseMEES i9458° Fe§6ir es

the know gdfepé td@hcddadiPiss@rabirapee rbsmkAonn-a1 B dHaeRle¥eor
However, sinulations showthat it is robust to noise variance

errors. |higheSBrbolRirerithat HbisetAst Flstebnr¢auissaerided kaowiedbe 10
be de§§r'gggtmtﬂg L& &1 enea 4of i :%n@?qo%tgﬁﬁ% %gééf%éﬂhoﬁQT%v$ﬁé

receiver according to an enbodi nmen he 1 nvention.

recei ver 20f0uhayides ugedk ithsttedd daf thbusecedveriddFarshowr in fig. 1
in the transmtter/receiver system 100. The receiver 200 conprises a
det ecti on®UhTT®201 and, corresponding to the decision units 112 of
the receiver 107

In one embodiment, the reconstruction is extended as will

10 be described with reference to fig.2 and fig.3.

Fig.2 shows a receiver 200 according to an embodiment of

the invention.

15 The receiver 200 may be used instead of the receiver 107
shown in fig.1l in the transmitter/receiver system 100. The
receiver 200 comprises a detection unit 201 and,
corresponding to thé decision units 112 of the receiver 107
shown in fig.l, decision units 206. Analogously to the

20 receiver 107, the receiver 200 comprises other functional
units, for example an FFT unit, which are not shown in

fig.2.

Analogously to the detection unit 111, a vector r, e.g. the
25 output vector of an FFT unit performing an FFT, is fed to

the detection unit 201.

A filtering unit 202 of the receiver 201 performs a
filtering step of a reconstruction algorithm, e.g. the
30 initial filtering step of the reconstruction algorithm

described above. The result of the filtering step, denoted



shown in fig.1, decision units 206. Anal ogously to the 20 receiver
107, the receiver 200 conprises other functional wunits, for exanple
an FFT unit, which are not shown in fig.2. Analogously to the
detection unit 111, a vector r, e.g. the 25 output vector of an FFT
unit performng an FFT, is fed to the detection unit 201. A
filtering unit 202 of the receiver 201 perforns a filtering step of
a reconst byc&hoinahgostéfmie et @.tHh@bo3@ dakstiraptibhtefing step of
the reconstruction algorithm described above. The result of the
filteringrstepstdenotad dZotchw0 iisn sappbdiddnte 4 of ixwt alwoMd near
descriptign_of the rec ruction algorithmis supplied to a first
nonlingargeagFgﬁ ?o%nﬂ%gﬂf%03. 5 The receiver further conprises a
second nonlinear detection algorithmunit 205. The structure of the
first Qonlinear detection unit 203 and the second nonli near

det ect¥ onTOfi FECOBEEh T IS iBERTLFCENE FHFPBN PRPE W RGR Y &redr&ident o

fig. 3. 10akher3rehowsi@ 10Nl iMear dekbectboprunid B0 @GERAING L0 an
enbodi ment of the invention. The nonlinear detection unit performs an
ordered Fatertepeneelcaitelarst ithe akgonit nembsnedt |ddfeddser uped i n

15 the fohbhgw pg. ;Jhe i t; vegtor e _non: i et ect | uni t
300 is a soft est%nate 0 ngtr%ngﬁ?Engﬁgig£%+ %?fg%%§%3§¥’gﬁg'srrst
10 Fig.3 shows & nonlinear detection unit 30C according to an

embodiment of the invention.

The nonlinear detectiocn unit performs an ordered
interference cancellation algorithm as will be described in

15 the following.

The input vector of the non-linear detection unit 300 is a
soft estimate of a transmitted signal (in case of the first

non-linear detection unit, this is the output X5 of the

20 filtering unit 202). The input vector of the non-linear

detection unit 300 is fed to an ordering unit 301.

The ordering unit 301 performs an ordering step by
obtaining the minimum Euclidean distance of the .input to

25 any point of the signal constellation. Then, the components
of the input vector are ordered from largest to smallest
(minimal) Euclidean distance and a hard decision is |

performed on the components of the input vector to form cq,

C2¢ wr CM-
30



non-linear detection unit, this is the output xO0 of the 20 filtering
unit 202). The input vector of the non-linear detection unit 300 is
fed to an ordering unit 301. The ordering unit 301 perfornms an
ordering step by obtaining the m ningm Eucl i dean di stance of the
input to 25 any point of the signal constellation. Then, the
conponents of the input vector are ordered fromlargest to small est
(m ni mal ) ckuckbdean oy starceandoa shapdcdétasi om wsit B evhiied on t he

components of the input vector to formcl, <c¢2, ..., CM 30 13 cl,
c2, ..., ERrapemsethe ofwl kurice ladwiosAtinit 302 which perforns the
follow ng algorithm For interference cancellation j=1, ..., J, 5 (i)

use {ck}k# to cancel fromreconstructed received signal ri to
obtain a Soft iestrhmtenad wingqalilatpenf gein har dfdeci sion on the soft

esti e agnd update. the newly detected cj (iii)increnment j _.and
cont | ntie W nEEFS de) T8 FRCR i grecoameal At o e bERe ana
for exanple _ch n. equal to M .lllustratively, the interference
cancellg{)ﬁéntgl é)%rﬁrh?na %fttuseesél:lf“ﬁéce" Bésts conponents of the

est i mat ﬁaﬁ““” PEr BEAF radd e diBYnNAYE AN ORE Eycddean f siAcs to
J the newly detected C

{(iii)increment j and continue with (i)
10
J is the number of cancellation steps and is for example

chosen equal to M.

Tllustratively, the interference cancellation algorithm

15 uses the “best” components of the estimate, in the sense
that they have minimal FEuclidean distance to the signal
constellation to improve the “worse” components, which have

a higher Euclidean distance to the signal constellation.

20 The output of the first cancellation unit 302 is fed to the
reconstruction unit 204. The reconstruction unit 204
performs the reconstruction step and the filtering step for
the ith iteration (where i=1,2,..) according to the
reconstruction algorithm descriked above. 7

25
The result of each iteration performed by the
reconstruction unit 204 is fed to the second non-linear
detection unit 205. The output of the second non-linear
detection unit 205 is fed back to the reconstruction unit

30 204 for the next iteration to be performed except for the



constellation to inprove the "worse" conponents, which have a higher
Eucl i dean di stance to the signal constellation. 20 The out put of the
first cancellation unit 302 is fed to the reconstruction unit 204.
The reconstruction unit 204 perfornstzhe reconstruction step and the
filtering step for the ith iteration (where i=1,2,...) according to
the reconstruction algorithmdescribed above. 25 The result of each
i teration lpetf dreedtbynt hehen eﬁmqsiurtlp@:tti as snppl264 ts fled daritdien
second non-l.i ne d t ct| on u t%gg The ou put of the second

non- | i nea &t 2@?I Bn* |?e%r5a Oblée‘?kltt8 tﬁ]éerﬁ%%%‘f‘?%cthoon uni t
30 204 for the next iteration to be performed except for the 14 | ast
iteration, when the out is supplied to the decision wunits 206

whi ch gendh&t éef:ﬁév%ﬁt%ﬁ@ N tHS T SFeiperl PO0h aTRESTEEEISAITIR00 can

al so be used-wW.-thng QBeatﬁ§%¥§§”W? %c&%&%@ﬁ kg &913rn§fE'§h&Nw1th

according to prior art and with=a I'ter Caccording to a matrix
accor di ng fid tgri d)ﬁca@rdlnqhtcs érre@rtsrltm&t) eheoirdéng of o aptievsi regrtt-he

signal valg i st ance nmeasur and u5| the si gnal
val ues WhilrllgL réllrgg8 }ltlg? glrérjrezs‘a1 St SRSFraLe glh t%ﬁ%%rj‘ oalcaenscel 10
t he i nt er herendéenfir om 4 h@l.ﬂtéh’ﬁ:fe Siegialrevahdessiisg thﬂéi%)ﬁjftdﬁlntvafll’w@

using a pr ansformation matrix d fr ing a filter which is
dependent E‘ﬁCE‘ BTG aPTahc e bf S e O?Fglsg‘é gFSFh 1ghahnel WREFTFSH data

transppssi@B. interference from the other signal values is
independent from using a pre-transformation matrix and from
using a filter which is dependent on the variance of the

noise of the channel used feor data transmission.



15 1In the above, the follow ng docunents are cited: [1] Receiver
Havi ng a Signal Reconstructing Section for Noise Reduction, System
and Met hod Thereof, International 5 Application Nunber:

PCT/ SG02/ 00194 [2] Z. Lei, Y. Wi, C KgsHo, S. Sun, P. He, and Y. Li,
"Iterative detection for Wal sh-Hadamard Transforned OFDM', in Proc.
57t h | EEE Vehi cul ar Technol ogy Conf., Jeju, Korea, 10 Apr. 2003, pp.
637-640 16n €hai abode, Anetfrdd dwdmgdebeahienygs aasd gnetedecei ved via a
comuni cati on channel, the conmmuni cation channel being affected by
noi se, wherein - the received signal is processed according to a
filtering (13t Rpceit&e HAJilRY iaNGiStnen @eBBhbSLScPUG i Pddicidd enrof at

| east one conponent of the received signal with a filter

coef fici eNPiset RRAVGTIQ COETHY L i2@Gt Mebhpdi Seerachoi Bt aratdmee 1

of f sets V"ﬂ%ﬁ*ﬂiéé’ﬂ%%ﬂﬁé‘efzo P& s\6@kl/apgg40f the noise. 2. Method
according to claim1l, wherein the received signal 1is grouped into a
plurality of blocks. 3. Method according to claim?2, wherein
processin f,the .regeiyed signhal according,to.the filferi.ng step
correspongé? %b ?%%’ﬁﬁ]ﬁ%ﬁlﬁga'i%ﬁ’o%'agﬁpbci’ogeiH%péé%éﬂﬁéd si gnal
“Iterative detection for Walsh-Hadamard Transformed OFDM”,

in Proc. 57" IEEE Vehicular Technology Conf., Jeju, Korea,
10 Apr. 2003, pp. 637-640



with a filtering matrix. 4. Method according to claim3, wherein the
filtering matrix corresponds to a product of matrices, wherein one
of the matrices is a channel coefficient matrix that conprises
conponents which are terns of channel jgoefficients that specify the
transm ssion characteristics of the channel. 5. Method according to
claim4, wherein at | east one of the conmponents of the channel
coefficiepflamasrix is a termof a channel coefficient and the

vari ance of .the noise. 17 6. Method according to claim5, wherein at
| east one of the conponents of the channel coefficient matrix is the

conj ugat e10f pamshiadnefo€arfddciient adisviyded b¥céheesumofy the square
of the absol ute val ue of the channel coefficient and the noise
vari ance. CPMINRE FRbl e ORIt FDE SPRNBNIGABEeR ncanndadeidge of the

conponent gref-tbe Ghalwel. cogfdigient matrix is the inverse of a
channel coefficient. 8. Method according to any one of the clains 1

to 7, wheréha réecivead arigmadf itsherooeseedf atherdhmnned 4 Siltering
deternineglt é. Met hod according to any one of the clainms 1 to 8,
wherein - “th filtering step is perforned iteratively on the at
| east one-cohpofithtcofng her arecemped sekgnall fighticat idre 4 lderneast
coefficient conprises a noise variance offsEt , )
one component of the received signal with a filter
coefficient
- the filter coefficient comprises a noise variance offset

which corresponds to the wvariance of the noise.

2. Method according to claim 1, wherein the received signal

is grouped into a plurality of blocks.

3. Method according to claim 2, wherein processing of the
received signal according to the filtering step corresponds
to the multiplication of a block of the received signal

with a filtering matrix.

4. Method according to claim 3, wherein the filtering
matrix corresponds to a product of matrices, wherein one of
the matrices is a channel coefficient matrix that comprises
components which are terms of channel coefficients that

specify the transmission characteristics of the channel.

5. Method according to claim 4, wherein at least one of the
components of the channel coefficient matrix is a term of a

channel coefficient and the variance of the noise.



whi ch corresponds to the variance of the noise, in at |east one
iteration of the filtering step perforned on the at |east one
conponent of the received signal. 10. Detector for detecting a signa
received via a communication channel 4+ he conmuni cati on channel
being affected by noise, the detector conprising a processing unit,
adapted to process the received signal is processed according to a
filteringest &pthbdr ecaordithe fd ldlerime,steprednpset sSesagtl digldcathicon

of at least one co nent of the received signal with a filter
coefficieﬁ?mfgnepgﬁﬂgng$?eéh%ﬁﬂﬁ%i?ﬂqgﬂ%C&SHﬁrngglé #di S vari ance

of f set whicehjagrEespendscishidie sriraRGenef ai beqbgi §¢. thd lsurbejsect or
according to claim 10, wherein - the fllterlng st eps perforned
15

i terativelPSofRESaPT Flotisto e ioripdentiothehehaprel veer & igHant

and - the iy ter geeffi¢ient,conprises a noise variance offset which
corresponds to the variance of the noise, in at least one iteration

of the filtering step perforned on the at |east one conponent of the

recei ved si gpal 2, ut er. progr.am_product .whi ch, when executed by
a conputzf,ﬁ%EEgé ?ﬁégggﬁ%%fgf(beﬁﬁbﬁﬁ1g ﬁ%?ﬁ%dago%e%%?e%ﬁ?rﬁfjgie
signal receinpedeuia af comanuttaatdloncdf@ainekntt fietreemMuinticatioerse
channel being anectid Qg gpise, wherein the received signal is

pr ocessed ®dcCoFarRESt oC A 14 EFi ing

8. Method according to any one of the claims 1 teo 7,
wherein the variance of the noise of the channel is

determined.

9. Method according to any one of the claims 1 teo 8,
wherein

- the filtering step is performed iteratively on.the at
least one component of the received signal, and

— the filter coefficient comprises a noise variance offset
which corresponds to the variance of the noise, in at least
one iteration of the filtering step performed on the at

least one component of the received signal.

10. Detector for detecting a signal received via a
communication channel, the communication channel being
affected by noise, the detector comprising a processing
unit, adapted to process the received signal is processed
according to a filtering step wherein

- the filtering step comprises multiplication of at least
one component of the received signal with a filter

coefficient



step - the filtering step conprises nultiplication of at |east one
conponent of the received signal with a filter coefficient - the
filter coefficient conprises a noise variance offset which
corresponds to the variance of the noijge. 13. Conputer program
product according to claim112, wherein - the filtering step is
perfornmed iteratively on the at |east one conponent of the received
signal, and - the filter eoefficiant LAMHilsSESsanBoksevYAIiRNEE

of fset which corresponds to the varjance of the noise, in at |east
one iteration GFIERE PRIERr PG SIRGPGFertorhed vk iapee abl taastolgite

conmponent of the received signal.

11. Detector according to claim 10, wherein

- the filtering step is performed iteratively on the at
least one component of the received signal, and

- the filter coefficient comprises a noise variance offset
which corresponds to the variance of the noise, in at least
one iteration of the filtering step performed on the at

least one component of the received signal.

12. Computer program product which, when executed by a
computer, makes the computer perform a method for deteciing
a signal received via a communication channel, the
communication channel being affected by noise, wherein

- the received signal is processed according to a filtering
step

- the filtering step comprises multiplication of at least
one component of the received signal with a filter
coefficient

- the filter coefficient comprises a noise variance offset

which corresponds to the variance of the noise.

13. Computer program product according to claim 12, wherein
— the filtering step is performed iteratively on the at
least one component of the received signal, and

- the filter coefficient comprises a noise variance offset
which corresponds to the variance of the noise, in at least
one iteration of the filtering step performed on the at

least one component of the received signal.



