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Method for transmtting a digital signal, nethod for
receiving a digital signal, transmtter and receiver

woe@ba14afit | nventi on The i nvention rel ates to aP@ERGUS/000264

for transmtting a digital signal, a nethod for
receiving a digital signal, a transmtter and a
recei ver Background of the Invention In nobile
comuni cati ons, high user capacities and high data
Methodsfor cthrsinidiiiang Fo dé,qﬁitemesﬁ.ghs;t rm@tﬂt@d riaedt o

be .h Us
reéé’.ﬁﬁ@r“ efgf@ac?'uleé'ﬁl N a c ect rgjt? I e?n"ti)‘?’t%%’égggal

frequency divi sion nultlpIeX|ng) robust perfornance
.aEg h': gh sgec_tral efficiency can be achi eved. Before
i ion, a pre-transformcan be carried
out, resulting. in a so-called PT-OFDM (pre-transform
Dl\/p system In [1] (and also in [2]), an iterative
Thel el mEe T Bl kpdrd temtoR AchToOrbRrshsersmi ttik® e i bed.
n ter t|on
dl%co‘?}f \gésip% % daeﬁrgerﬂzg%%:jtﬁg?a Iggﬁ&%ég\ggl gj)gig%jt hsglgé}l aly
tranenbtier et ex:tnemelazieg:orl thm corresponds to three
stages, a reconstruction step, a linear filtering step
and a decision step.In the ith reconstruction step,
Batk@round tdie HIRE anRsignitdionon

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
multicarrier modulation according to OFDM (orthogonal
frequency 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)

system.

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

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.
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step of the iteration corresponding to the iteration

index i , the nm _th conponent of the received signa
WO 20060e0ei ved signal vector) is estimated. Thi BCT/SGHON@00264
by using the previously detected synbol i _i (i.e. the

signal vector detected in the previous iteration) .

mj _corresponds to the frequency donmain channel with

the ith smallest anplitude. In the filtering step, the
In Ct]ms&tmtmo‘cersejmtdfont Beegat a.&S f®noive drdyorss ddutddion

filter denat In the detection st

st?%n?i e (AT IR SRS HBERLRBnCE deffor By K ey
, | Shemalec Cdpelaie oithensyrbekbidelesi @hi - t hasddifred
|terat|on X _. The algorithmis initialized with r_o

signal Frect@) amd edtQmatedc(Xhis Thedond b)t eIsaiIng:)r‘I:heS
where Oln i s

i\ : i = L Lii -. 1 -Lm1 - i
pr%ﬁléi\‘/ﬁ?‘?r%ﬁy AU TSP i Wi v&lhﬁesigaﬂlhi’%%%l

i h
e (AARTY, AR G HEp LR Pagbnacfrfmansz%“m
fr%@&wﬁfeméﬁ [clﬂ]a'nnteliewﬁﬁzﬁ thansierand 5 bas % St s attdgfe

damard transform (WHT) or on ot
Intehmsioriering cijedct the cheshnimherDarence of rMdreakda

t f e i.0g i hg t,ho The
s GhEaRfd B A e R R B Re oy 80 i g
detection step, a tentative (hard or soft) decision

(denoted by dec(.)) is made to generate the symbol detected

in the ith iteration, gi.

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

XO = dec(go).

The ith iteration is given by:

ry = lpyry-—1 * Qp, FWR; g
; = Grj
Xy = dec(¥;)

where Oy is defined as a diagonal matrix with value 1 on
its mth diagonal term and O otherwise, and 1lp as a diagonal

matrix with value 0 on its mth diagonal term and 1

otherwise.

In [1], the pre-transform is based on the Walsh-Hadamard

transform (WHT) or on other standard transforms.
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digital signal, the nethod for receiving a digital
signal, the transmtter and the receiver with the

wo e@b0r431 accordi ng to the i ndependent cl ai ns PCBSGINAF/Y00264

of the Invention A nethod for transmtting a signa
conprising a plurality of signal values is provided,
the signal val ues being grouped to at | east one signa
val ue bl ock wherein each signal value block is

An plogessed heaipienttansioroat irrdaspriddueerd ornacke

of nmodul ation s ols. The pretransformati on conprises
of £XHING &F&Pr‘iﬁﬁggﬁngh%egﬁ‘a‘ﬁ%r bl ock val ues, whi ch

corresponds to the multiplication of the signal value
bl ock with a phase rotation matrix. At |east one

The f3eqt disgrshiryerolll BEed dERY BIF th@nmthiitaldod
di@eﬁaﬁ'ﬁg@m; tﬂﬁe”ﬂ phahiedorardéelvalPnalai gy 38Nkignal,
urther,” a method for receiving a signal 1Is pFOVIged
thenhoragi amid beodandt EHecaecetvesightlh titse rimpdivced and t he
nodyl at ed rri.er, si [ i enpdul ated to produce a
ac?ﬁﬁ)ﬁpq;%QQﬁ§ﬁ 5998 e%g%%glé%g n%’block of nodul ation
synbols is processed by an inverse pre-transfornation,

wherein the inverse pre-transformati on conprises a
§E¥ﬂﬁ£¥>&in2§34iﬁzﬁﬂﬁiﬂg nodul ati on synbol's, which
corresponds to the nultiplication of the bl ock of

nmodul ati on synbols with a
A method for transmitting a signal comprising a plurality

of signal values is provided, the signal values being

grouped to at least one signal value block wherein each
signal value block is processed by a pre-transformation to
produce a block of modulation symbols. The pre-
transformation comprises a phase rotation of the signal
block values, which corresponds to the multiplication of
the signal value block with a phase rotation matrix. At
least one carrier signal is modulated based on the
modulation symbols and the modulated carrier signal is

sent.

Further, a method for receiving a signal is provided
wherein a modulated carrier signal is received and the
modulated carrier signal is demodulated'to produce a block
of modulation symbols. The block of modulation symbols is
processed by an inverse pre-transformation, wherein the
inverse pre-transformation comprises a phase rotation of
the modulation symbols, which corresponds to the
multiplication of the block of modulation symbols with a

phase rotation matrix.
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phase rotation matrix. Further, a transmtter according
to the nmethod for transmtting a digital signa

waemenided above and a receiver according to tPET/f62005000264

for receiving a digital signal described above are
provi ded. Short Descriptiong of the Figures Figure 1
shows a transmtter/recei ver system 100 according to
an enbodi mrent of the invention. Figure 2 shows a
Funtdegl,ver t2e0sadtbedi agcondamg embddiarertthold tflee

[ i.on. _Fi,guc h a, nonl.i.near .detecti.on unit
tragc%gag:%&lg% Fodgﬁlgﬁgogfﬁé\%{’ %?S%%lebe?cﬁvaéar?tvieoﬁpdDgt ailed
rededs@r plcicomdihbustr ahévedyhod foe-dtgaisfiogmal sligsedl

. that conprises hase rotatjon, By the phase
Sl%ﬁatdie&ﬁfléﬁgoFgog?eaﬁgeﬂﬁf?vjs%r%ad and error
propagation is reduced. Especially when the transform

size is small, i.e. when the dinmension of the signa
Shard) Heseirdpkipa efptheahlguremal -t 0-noise ratio is

hi gh, performance in terns of BER (bit error rate) is
inproved with respect to transmtting nethods
Figueoddishgwisoaptirensait teEfbock et ssyfterhd Oioneeebirdhsg

ari se fromthe,dependent _cl.ai ns. Emhodi ments of the
o ont o dhn FERO DB Lo T BTt oxt of e

nmet hod for transmtting a digital signa
Figure 2 shows a receiver 200 according to an embodiment of

the invention.

Figure 3 shows a nonlinear detection unit according to an

embodiment of the invention.

Detailed Description

Illustratively, a pre-transform is used that comprises a
phase rotation. By the phase rotation, errors are evenly
spread and error propagation is reduced. Especially when
the transform size is small, i.e. when the dimension of the
signal value block is small and signal-to-noise ratio is
high, performance in terms of BER (bit error rate) is
improved with respect to transmitting methods according to

prior art.

Embédiments of the inventions arise from the dependent
claims. Embodiments of the invention which are described in
the context of the method for transmitting a digital signal

are also valid for the method for receiving a digital

'signal the transmitter and the receiver.
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are also valid for the nethod for receiving a digital

signal the transmtter and the receiver. The
w@e@sramst or mati on can further conprise a donmBETISG2005/000264

transformati on of the signal value block. In this

case, the pre-transformati og can correspond to a

mul tiplication of the signal value block with a

product of a phase rotation matrix and a domain

transformation matrix, for exanple a FFT (fast Fourier

ransf or trix. In one enbodi nent, ,the domain

Th%rgﬁéf%#%gﬁ#gkpﬁgﬁ?ﬁﬂ?ﬁﬂwﬁﬁﬁqgﬁfeFOPﬁélﬁﬁaéed?%é%ﬁion.
trdhefdonat iod ren sy neildraN eanubebdodikSCEAt €n85 NGase, the

transformation, a discrete cosine transfornation or a

PTRTEERRFEORAN T taaiTgasRongn toTRemultiplication of
thel 81 §A&NSFLIR QLIC3N & $0 sGRARELSEe2 i
Vﬁ[sg-deanard-;ransfornatigﬁ E%HT) } ?np%%%? rotation
magpbydanem dat ipHasa sistrakitdonr nehtes, afot easdmpine f
h Qgppﬂﬁqi i gnal_.val ue bl ock by an angle
FF?hgggls no f%ﬁggﬁﬁﬁﬁgﬁgﬁhgﬁtgﬁ§0dinent, t he phase
rotation rotates all or all but one of the conponents

of _the signal valye b]ock by an angle that is not
Tn 0208, SO oo ITa AR eP RS b ks RAL faiaed
afeenpeme i 2 ddw@tsicgnal val ue bl ock are not changed
by the phase rotation. The phase rotation matrix is

for exanple a diagonal matrix. In one enbodinment, the

Thabsahate ﬁ&aériéefocifma&klilonc%%.oggggsd?g‘c}@@e d ggonal  of

the phase rotation matrix is
transformation, a discrete cosine transformation or a

discrete Fourier transformation. The pre-transformation can

also comprise a Walsh-Hadamard-transformation (WHT).

In one embodiment, the phase rotation rotates at least one
of the components of the signal value block by an angle
that is not zero. In another embodiment, the phase rotation
rotates all or all but one of the componenﬁs of the signal
value block by an angle that is not zero. In one
embodiment, the absolute walues of the components of the

signal value block are not changed by the phase rotation.

The phase rotation matrix is for example a diagonal matrix.
In one embodiment, the absolute value of all components on

the diagonal of the phase rotation matrix is 1.

In one embodiment, the phase rotation matrix has the form

diag{1, a, -+, O where o = exp(—jn/(2M)) and M is the

dimension of the signal value block. Other values can be
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In one enbodi nent, the phase rotation matrix has the
formMI1 diagd, a, ,a ) where a =exp (-] p/ (2M )
w@ar@oM4181 t he di nensi on of the signal val ue bl BCRSG2005/000264

O her val ues can beused for a or for the di agonal

elements o f the phase rot@ation matrix such that other

phase rotations are realized. The invention can for

exanple b e used in comuni cation systenms according to
useMLAB 13,0 AN Hie SipeondC e HRERIANL tiued PURNAX

(Worl dwi de, Intero bid i M crovay c S
rOt?ﬁéoﬁe?ﬁBH%xaﬁﬁg}gi t&e%hg%|ﬁ$eﬁ9|2? %%%E%S% )
reaG@rehed out by a conputer which i s supplied with the

corresponding instructions. Fig.l shows a
transm tter/receiver system 100 according t o an

Thee[fBQQhE?g% Qah f&e deNtd o uElé@ tHARSRLA CEAE £6€1 Ver

system ormed according t o a PT- OFDM
systBme- EcansﬁlmgntQ)WEﬁﬁyﬁﬁﬂ Mleduddey Bhpesi R, HIPERLAN

I Xi y t med
L e RN
AccéRs) . nel, 2 .., Mare transmtted at the same tine

informo f one OFDM synbol . For transmitting these

i nformation synbols, the vector o f information
Thes yiddlosls mcmrdm@ to e 'invertienf slanoWengagried out

by %auo%%u%he " ghnls suf%h? eCtéH’the %or?gsboﬁdlng

instructions.

Fig.l shows a transmitter/receiver system 100 according to

an embodiment of the invention.

The transmitter/receiver system 100 is formed according to
a PT-OFDM (Pre-Transform Orthogonal Frequency Division

Multiplexing) system. For simplicity, it is assumed that
M=2K, e.g. M=32, and that M information symbols xq, m=1l, 2,
.., M are transmitted at the same time in form of one OFDM

symbol. For transmitting these information symbols, the
vector of information symbols, X=[X1, X2/ -« xm]T, in the

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

transpose operator.

The pre-transform unit 101 calculates a vector of
modulation symbols s=[s1i, s2, .., syll for the original

signal vector according to
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a pre-transformunit 101. The superscript T denotes
the transpose operator. The pre-transformunit 101
wealcolates a vector o f nodul ation synbol s s_PEEBG2082000264

., Sjy[] t for the. original signal vector according

t os = W- x . Wrepresent$ a PT (pre-transform

matri x of size MKkM There Is no |l oss of code rate in

ternms of nunber of information synbols transmtted . per

channel use. In the case @f. an .OFDM system the matrix

Wwoul d sinply be an identity matrix. The vector (or

bl ock) of nodul ati on synbols s generated by the

re-tra sf r gn d to | EE
PGS LEEST 8L ke M e e R sl BT
The@arnseﬁooMbsanofnmmﬂsexﬁashnF&@mm@rOErangb@rnpﬁn t he

. block,of nodul ation symn The inverse st -Fo er
infOFRRSH BPnPVEbBLe T H T o hBod FER T8 4ot Fh ot et
cas%e@If' 2at bePMOEy dfeh NVEHS endtlird &1 wioidds banpl ybaean
domai n transformations can be used instead of the
1denﬁw§ys@aﬁaé¥ Fourier transform for exanple an inverse
di screte sine transformor an inverse discrete cosine
transform The vector generated by the IFFT unit 102

Thel yechem rappbdotkbnopaneduldtian sembglls is genpgsatgd by

se
%ee%%%n%%o%hgﬂght 101 is then passed to an IFFT

(inverse fast Fourier transform) unit 102 which carries out
an inverse fast Fourier transform on the block of

modulation symbols.

The inverse fast Foqrier transform is used in this
embodiment as an efficient realization of an inverse
Fourier transform. Other domaih transformations can be used
instead of the inverse fast Fourier transform, for example
an inverse discrete sine transform or an inverse discrete

cosine transform.

The vector generated by the IFFT unit 102 is then mapped
from parallel to serial, i.e. to.a sequence of signal
values, by a P/S (parallel to serial) unit 103. A cyclic
prefix unit 104 inserts a cyclic prefix into the sequence
of signal values to form a PT-OFDM symbol which is '

transmitted via a channel 105.

The cyclic prefix that is inserted has a duration no
shorter than the maximum channel delay spread. The channel

105 is assumed to be a quasi/static frequency selective
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values, by a P/S (parallel to serial) unit 103. A
cyclic prefix unit 104 inserts a cyclic prefix into

wo b@medeguence of signal values to form a PT- OFBM/SGosh00264

which is transmtted via a channel 105. The cyclic
prefix that is inserted hasga duration no shorter than
t he maxi mum channel del ay spread. The channel 105 is
assurmed to be a quasi/static frequency

Ragks gh i fasHayd eihginrfeddicog ropandeby cadd iiptesl white

It WE‘%HSSi an noise (AWGN) . The
Ga&ggi%ransvg(;rl(% uni't™ 101, the P/S unit 102 and the

cycllc prefix unit 104 are part o f a transmtter 106.
ThThe PT %rrbol_ i .s.received b y a receiver 107. A
RIS ‘pﬁ‘g% 1 Odmi Fhiog/?’e%%%slq%@lt%/ctmﬁ: cyclic
prof Bt iva it a4 he PECROMrSkMhoknsiber sestdd] ng sequence
e

of signal values i s mapped from paral to serial b
y a SSPunit 109 and i s domain transformed according

E ET_(f Faur i er.
md S A S RO B VoD EET s P gt
prefiex RERhawalt u:tli(t das u:amotrlaer tle@b@ylélfﬁcﬂt;ﬁréaﬁﬁo firom the

iscrete sine transformo r. a

Tg&aﬁ}ed ope fgorma 2
I 'SCT 6t St FERSFGHIP0STARTRE Nt dorit values is
mappsmsﬁmmmamnlelheoo@tewtalvsgt@rspé die: Ao Wid 1410

i s denoted b y rm] and can e witten as r =r-s +
doqﬁln (thgnsforped according to a fast Fourier transform by
an FFT (fast Fourier transform) unit 110. Analogously to
the IFFT unit 102, the FFT unit 110 can in other
embodiments also be adapted to perform a discrete sine
transform or a discrete cosine transform or another domain

transformation.

The output vector of the FFT unit 110 is denoted by

r=[r1,r2,.,rplT and can be written as

o]
i
(L
ln
+
13
I
=
=
I
+
|=

where I = diagthy, hy,...,hy) is a diagonal matrix with
diagonal elements hy, .., hM which are the frequency domain

channel coefficients and n is the AWGN vector of dimension

M x 1. The frequency domain channel coefficients are'given
by hy = Zn ﬂn exp(-32nnm -1)/M,m = 1,2,..., M, assuming a
sampled spaced Lth order FIR (finite input response)

channel model {En}i=o



10

15

20

25

30

where F = diag(h]_, h2, .. .,hjw) is a diagonal
matrix with diagonal elenents h]_, ., h which are

wo b@sfordaguency domai n channel coefficients andPer/s62005e00264

AVWGN vector o f dinmension Ml. The frequency domain
channel coefficients are gpven y m= n n exp(-j2 pn(m
-1)/ M), m=1,2, . .., M, assumng a sanpled
spaced Lth order FIR (finite input response) channel
Themodepuh we€ide vuwbHuthe tBbrunitofl 0hésFEFduRPt 2110 is

fed.to a det ion,unit 111.. Th t [ [ o |
detge 8Pm}§néﬁ fﬁer atTve TEEEE ﬁo-gln%&qgo???hﬁ]‘grxﬁkﬁs i
iteirherabi a8té€0L 6. SPDHSE Nichr O Zan iitearadtiioon (cndegspohdbig

the iterative detectjion_al gorithm corrgse OE?S to three

to gpadésragirrcbidex utt i oh Siep tH At NEa &Pf'ng step

a1 tAndeek-8£9PoREEP o | Fhide dddydsfeanshyasicencsten,
I.e. In the reconstruction step of the iteration

stegor redpordirn§ilberiegi seertansh § RSLSLON SREPM | th
conmponent o f the vector r is estimated. This is done
by using the previously detected synbol X (i.e

In the Sitnakceestpuctibbecstebi ni the oy dVico s ConsitaLcEAPD
. mcorresponds.to the frequency .dommjn. | W
stemef Hhes FF@E?OﬁnﬁPFFﬁﬁ%Q CFlnn He £ éﬁﬁ%%%%gtogp,lhtgﬁé
i, GIHRSS;itht ebhpbaese 6f the datwoi srrisnesednizteal.| Théar is
filter denoted by G. In the detection step, a
dodeematisdag( haedpoevéohs)ydeeiastioed (dharstledk by tikce. the

(.)) is nmade to generate the synbol detected in the
signdi ivemrtatd detexted Waehheheregkeus iteration). mj

corresponds to the frequency domain channel with the ith -
smallest amplitude. In 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 in the ith iteration, gi. When the last
iteration has been performed (e.g. after a given number of
iterations, e.g. 4, has been performed) the detected

symbols &; are output by decision units 112.

The algorithm is initialized with rg=r, ¥ = Grg and

&g = dec(Xp).

The ith iteration is given by:

£y = lp;fi-1 * Qpy LWE; g
X4 = _Ci]_:..l
Xy = dec(x;)
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iteration has been perforned (e.g. after a given
nunber of iterations, e.g. 4 , has been perforned) the

waledsoiddl synbol s X _ are out put by deci si on uPCT/SG1002000264

The algorithmis initialized vvithQ= X GTQandXQ
= dec(xQ . The ith |terat|qg is given by: r i =mL 1
-1+ Q _mOL*-i i X dec(X j_ )where Ol is
defined as a diagonal matrix with value 1 on its nth
whelfag@nal s tdrfnead a8 at Heegbse] astrix Macts v ldicagoral
matrix with value 0 on its nth diagonal termand 1
1t gt Vit g orre teary BrdW), ohhpetigef i aed hes a diagonal
re-transformtion carrled the pre-transform
matg’t:ﬁrzf “i%;h i@t dePad E8r B Rg giL%g Pl ot oY eriteria
otWshoid d be unitary and Wshoul d have el enents which
are of constant anplitude The first requirenent serves
to preserve the capacity of the system while the

heS &eaNd; %uuh%%nhemw %;?é #P&M attlfo'n' ter8deq.

SNR(SI gmal -to-noise ratio every i'on step
ounhen themerd<moséoror upibpagat 1s>mh@e/reractdtﬁ:td1tn|@e to
satlsfl s_the criteria nentioned, there exist
tlflécn:f%r({iafl(On rflgreﬁs “that lead to better perfor mance
W Sﬂ’(@.{ﬂ.dﬂ)tﬂ’é&ﬁﬁll\/ﬁa&ly angor propagation occurs . The

W should have elements which are of constant amplitude
The first requirement serves to preserve the capabity of
the system, while the second requirement maximizes the

worse post-filtered SNR (signal-to-noise ratio) at every

detection step when there is no error propagation.

Given that the matrix satisfies the criteria mentioned,
there exist certain transforms that lead tg better
performance than others when error propagation occurs. The
effect is most striking when a ZF filter is used for the

filtering step and when the transform size is small.

Using the Walsh Hadaﬁard transform performs worse at high
SNR condition when QPSK (quadrature phase shift keying)
signal constellation is used. This is because the error
propagation leads to an “error constellation” which
increases the bit error performance as compared to the case

when other well designed transforms are used instead.

In this embodiment, a transform is used according to a

design which gives a more random-like “error constellation”
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effect is nost striking when a ZF filter is used for
the filtering step and when the transformsize is

W@ pmb0141si ng t he WAl sh Hadamard transf or m perPOr/862005/000264
worse at high SNR condition when QPSK (quadrature
phase shift keying) signal jgonstellation is used. This
i s because the error propagation leads to an "error
constel l ation" which increases the bit error

sipeef @rnancpraga@@mmr eids foounkle toaseculrenTbi vet s wethieved

desi gpne nsf or .used i nstea In_this .

by ﬁ%i%g gn%£gL§ ?%ns g ﬁgggrgéggrBPnﬁﬁ?om%FHE§ﬂ§h

de¥WheR thﬁﬁeaf&@ié%fﬁﬂ“%@?ﬂdlge whEK8in the tra sform
constel lation"since error propagation is boun

sigechr . aghtbated atiesred shypsavimrg &opbe- araménwﬁétZ on
according to the matrix Wo defined in the foll ow ng
formula, wherein the transformsize M, as stated

ahov, I8 25 umadtoMe power of 2 . WQ = F X
Oalg%e|CIS §1)vx$%‘1e|r]ﬁ5=exp(-jp/(2|vp)ana|F
is the FFT matrix of size M. It can b e easily

verified that WQ is unitary and has elenments with
whepastart eaptjt @) )Candck dentidhd YEFT st dinars eime §.

proposed for maxi mum |ikelihood detection (MD) in

order to exploit maxi num channel diversity in [3]

1t HOURVISE . cd biE1 PRI PRI I Rl & aégphﬁﬁtﬁﬁgeaﬁé has
different since WQ is used tO mnimze error

elpnepagaliomn éﬁh&ﬁﬁhﬂhﬁﬂﬁﬂitﬁﬁansfOrn1and Wh is not used
for MLD which is very conplex in inplenentation, in
Coincidentally, this transform is proposed for maximum
likelihood detection (MLD) in order to exploit maximum
channel diversity in [3]. However, the approach that is

adopted here is different since Wp is used to minimize the
error propagation caused by the transform and Wp is not
used for MLD which is very complex in implementation, in

the order of 4M for QPSK constellation. Note also that when
Wo is used for the transform, the PT-OFDM system shown in

fig.l becomes a single carrier frequency domain
equalization (SC-FDE) system whereby the symbols are pre-
rotated according to the phase rotation diagonal matrix

defined in the formula for Wg.

Advantageously, this means that the peak-to-average-power
ratio is reduced to the smallest possible when the signal

constellation used has constant amplitude.
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the order of 4Mfor QPSK constellation. Note al so that
when WQ is used for the transform the PT-OFDM system

wabaeid4im fi g. | becones a single carrier frequeeL/gG2005/000264

domai n equal i zati on (SC-FDE) system whereby the
synbol s are prerotated accgsding to the phase rotation
di agonal matrix defined in the fornula for WQ

_Advant ageously, this neans that the
S iipalekc-itapsasdoag shpowby nafhg aspreduced font kecmalihgsto

i bl . i | [ ] i ed h
end I AL W S B b e RRE gl e i N tgoms
of PIrdd 3 QTaeeRbdi RYLED, the Bt Wx{lérg h&{eB SNR, is,

_performance can be achieved in terns "of |ower
highr dhazgfere, ddpsbrahbysahearisrecsNR imthikgtown at the
Th ore,. if .t o] j.an [.S. not_ known at .th
oS er = Re e nsa ry SRR or FLTY drer e meiiGe oo
imppeovierprsdved fdicgnitliycant | y. Under the assunption that
the variance of the noise corrupting the channel 105
is known, the MVBE (m ni mnum nean square error) filter

Undi®s ahidbed subptthenf ehheweRg ¢ari Hecdissd die e se
detection unit 111 to inprove the performance of the

CORTRIIMG -6/ FBEBPGr 18 stenknom, Tdie AGISEnt (G iadgwgnmean
squanf% MYBE . §r istierikbad abdcassugi 1Y ‘Eﬁ@tfﬂl%\{«}i%%s ct%glé 8et §deq

nmbol s are correct for each reconstructi o
by |theegletiicition fioitt héli td {mpteve the psgriMpmanier afi dhe

tréﬁ?ﬁf%%qu&E%QQ§er system 100.

Taking into account the MMSE criteria and assuming that
previous detected symbols are correct for each
reconstruction, the linear filter for the ith (i=1, 2, ..,

M) iteration can be derived:

G =u"tl-B=w"""diag(pyBy, .. Bu)

where

ha;, where m = {mp,n = 1, -, i}
Pm =

h;l/(lhmlz +o%), otherwise

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

by the detection unit 111 as described above.
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G=W1B=WI1dag(bb2..., bM) where l,--,i} and
s 2 is the noise variance. This Gis used in the

wo RdobeI4imy step of the reconstruction al gorit hPCT/862008000264
out by the detection unit 111 as descri bed above. For
the initial iteration of the reconstruction algorithm
the MMSE filter wwth Pm= hm(|hm|2 + s2 ), m=1, -

M. is used. When the matrix Wis chosen as unitary
Foﬁﬁﬂﬂhagr@@ﬁﬂtaﬁ@raﬁpbﬂtQﬁetbeenen@sstEﬂQﬂhQﬂNﬂigdnathm,
th g1 %tfg f:%l%%ed t he choice of mis unchanged

correspon I'ng to the frequency domain channel with
the ith snallest anplitude) . That is, this choice
still £1zes t he worse post- flltered SNR at every
Bmdeiag; ﬁ_ tHep mnder tthe. agsunption that the previous
detection is correct. Sinmulations show that using this
filter, the error floor can be reduced and superi or

'lsgﬁeggrnance can be achieved for high SNR Note that

IS MVMBE filter requires the knpw edge that the noise
vari ance is known at the receiver. However,
Si | ations show that it is robust to noise variance
Wheh o

S MG Ind éfpGEPAERL 25t MR FRELRIG Jrag gipnstant
amEKi Qe 1asalitlsl, even when the MMSE filter is used, the

choice 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.

Simulations show that using this filter, the error floor
can be reduced and superior performance can be achieved for
high SNR. Note that this MMSE filter requires the knowledge
that the noise variance is known at the receiver. However,
simulations show that it is robust to noise variance

errors.

In one embodiment, the reconstruction is extended as will

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

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

the invention.

The receiver 200 may be used instead of the receiver 107
shown in fig.l in the transmitter/receiver system 100. The

receiver 200 comprises a detection unit 201 and,
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be described wth reference to fig. 2 and fig. 3 .
Pig. 2 shows a receiver 200 according to an enbodi nent

wo@Roobketisnventi on. The receiver 200 nmay be usePCT/662008000264

of the receiver 107 shown in fig.l in the
transmtter/receiver systeg 100. The receiver 200
conprises a detection unit 201 and, corresponding to
the decision units 112 of the receiver 107 shown in
coﬁﬁq}ﬁopddagisbonhendesi§KMh vnidl Ddoslof tthet hecrévervad?

107,, recei,ver 200 co ther fun t| na
ShQ 18, R8¢ JexHRpr B PR LT AP oRE 1oL OoRBn i n
reddigrer? 107Anah@geaséyvé:o 20 caiecitdaan dthietr Iihihctaonal
vector r, % t he OUtﬁﬁﬁ vector of an FFT_un
rf GO ﬁgaalﬁ @Fér PEY 1E .o WHE R ficm SHRME. 501, A
Jljterlng unit 202 of the receiver 201 perforns a
filtering step of a reconstruction algorithm e.g. the
initial filtering step of the reconstruction algorithm

b I fjl ig st
SRR AENE ATDECCERY Infl A1 LSO 80, cne
ouuﬁuﬂIveoﬁ@monftancFFBnumigoperfwmmrngnqnﬂﬂFﬁd tis éeﬂ|tst

i near detect] unit 203. The receiver further
th%: é%&?naugég kgfnonlinear detection al gorithm unit

205. The structure of the first nonlinear detection
unit 203 and the second nonlinear detection unit
A filtering unit 202 of the receiver 201 performs a
filtering step of a reconstruction algorithm, e.g. the
initial filtering step of the reconstruction algorithm
described above. The result of the filtering step, denoted

by Xp in accordance to the above description of the

reconstruction algorithm is supplied to a first nonlinear

detection unit 203.

The receiver further comprises a second nonlinear detection
algorithm unit 205. The structure of the first nonlinear
detection unit 203 and the second nonlinear detection unit

205 are described in the following with reference to fig.3.

Fig.3 shows a nonlinear detection unit 300 according to an

embodiment of the invention.

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

the following.
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205 are described in the followwing wth reference to
fig. 3. Fig. 3 shows a nonlinear detection unit 300

waewondiimg to an enbodi ment of the invention. HGESG2005/000264

nonl i near detection unit perforns an ordered
interference- cancellationgalgorithmas will be
described in the follow ng. The i nput vector of the
non-Ilinear detection unit 300 is a soft estinate of a
Thet RapaRi Ftedosi ghathd inbrodsimenfr treeldtion nontl Bheats a
~detection unit, this is the output of _the fi rj
soffineetagaye. oFhe FRRATVER rs%¥3¥hé§ﬁoﬁ§ﬁﬁn grng £t
non(j—qu?l%_ta'roaelﬂ_@l:Eiglqouﬂlft,f achid @ WditR@tudt o30theThe
ordering unit 301 perfornms an ordering step by
£i19RkainR Raitheop) ni Then fiysdt desrtalt stiande abnt-héneaput
to any point _of the_signal constellation. Epﬁn, t he
detesiionentd toB0Phés| Fpditt AR T F&YEd *Prom
| argest to smallest (mniml) Euclidean distance and a
hard decision is perfornmed on the conmponents of the
Thd mp@eniegt enito3Pérpecformeoen ordering stegp bve | -
C.are f tg.a. c ' ' '
OLLHH NG &%ﬁ ﬁdnéﬁggr?%%%#aéghtg¢é%riergﬁ%gﬁggﬁggﬁFg??on
any Point of the GipnasecéusielbatchorelTHaromthe components

reconstructed received signal .r | -to ohtain i
of G4 MR PECEI T P PERP LT FaTh U o b eSSt ¢
(mi8Siridmt eNd eRfati@stance and a hard decision is

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

C2; w1 CM-

c1, c2, ., cq are fed to a cancellation unit 302 which

performs the following algorithm:

For interference cancellation j=1, .., J,
(1) use {cklkzy to cancel from reconstructed received signal
r; to obtain a soft estimate of cjy

(ii) perform hard deciéion on the soft estimate and update

the newly detected C

(iii)increment j and continue with (i)

J is the number of cancellation steps and is for example

chosen equal to M.

Illustratively, the interference cancellation algorithm
uses the “best” components of the estimate, in the sense

that they have minimal Euclidean distance to the signal
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the newy detected CJ (iii) increnent j and continue
wth (i) J is the nunber of cancellation steps and is

wo eoosexanpl e chosen equal to M. Il ustrativel BCT/BGE05/000264

interference cancellation algorithmuses the "best™

conponents of the estimate gsin the sense that they

have m ni mal Euclidean distance to the

signal constellation to i nprove the "worse" conponents,
copit €l diaivan & chiigiperovieuched®aor gé’st amapotientdie wdiighahave

onst el ati.on.. _The output of the first cancell.ation
a %}1 e%ﬂ%?ﬁ%%%%ﬁ? £ Sgﬁgcﬁe58n§??u%f$?ﬁiLﬁﬁ?sgﬁiiatﬂﬂg'
reconstruction unit 204 perfornms the reconstruction

step and the filtering step for the jth iteration
The vaitrpélﬁ Qf Fhe .f)lréec&P&Fﬁgl%l%eu%%o?r&% rifcthesh to the

re @ HddvnAesatiitbedabeye. rdBsnLesibii H &R 204

iteration performed by the reconstruction unit 204 is
PeFriy e resooRd tishlornater dendctheont i ariz@p stepe for

1.put: S non- | Lnear tion unit 205 is
th?éh 5%%5?%H%ﬁe%%g%%ﬁs?raé?fﬁﬁ %é§§§§&ﬁ9;%ﬁrh e next
re¢erertatiairi ano algoreérchor dedcekiceptabove t he | ast o
iteration, when the output is supplied to the decision

units 206 which generate the output of the receiver

Th@Mbsullle ofeeRicheri t208t63A pbsfobRedSed Widh a
Bre-transforn1(according to a matrix ) according to
re

UG BN it KO4 51 Fef FackRe dverpid nenmdiinerr( 3)
de BEHOISH R itO 2B Orhal butput of the second non-linear

detection unit 205 is fed back to the reconstruction unit
204 for the next iteration to be performed except for the
last iteration, when the output is supplied to the decision

units 206 which generate the output of the receiver 200.

The receiver 200 can also be used with a pre~transform
(according to a matrix W) according to prior art and with a
filter (according to a matrix G) according to prior art.
This means that the idea of ordering the signal values
according to a distance measure and using the signal values
which are best (in terms of smallest distance) to cancel
the interference from the other signal values is
independent from using a pre-transformation comprising a
phase rotation matrix and from using a filter which is
dependent on the variance of the noise of the channel used

for data transmission.
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This means that the idea of ordering the signal val ues
according to a distance neasure and using the signa

wo adoeesiiwhi ch are best (in terns of snall est dPGIL/&GL®F/000264

to cancel the interference fromthe other signa

val ues i s independent fronugsing a pre-transformation

conprising a phase rotation matrix and from using a

filter which is dependent on the variance of the noise
1n0fhé hepshanngle used JuamgdabauiheatsNhssi @0edd: t he

above, the follow ng docunents are cited: [1] Receiver

Havi ng a Signal Reconstructing Section for Noise
[@Sﬂ&&éw& RPN AN tlh@@cgﬁgrcﬁ?ﬁf:tiﬁgt sLbetdONaly

pl 1 cation Nunber: PCIT/ SG02/ 00194 [ 2] . Lei, Y.

NoWae Bedudhiors .Sw@urem pnd MethgddThereof, Ingermatianal

' J 'ff#&% I ransfornmed OFDM', in
Apgiéggé%ggﬁﬁ Vé%fcu a?% g%éﬁology Conf., Jeju,
Korea, Apr. 2003, pp. 637-640Cains 1 . A nethod for
ranspmtting a signal conprising pl.urality_ of_signa
[ZiaFue%?ltﬁé'QW@ha J@aﬁﬁhssbe'HB'ggoukgd ?%éa¥'l%bSt

“I0B8a Bl gdade Vet tiEoD | K waheheha dame 26N Tsh 88 8b riéd UsFDM” ,
bl ock is processed by a pretrans formation to produce

ingPpPeeck> 6f ABEEI ¥ehdfubymbitdinokqy ($108Lt-r adSE Br nBPF 8-
Ap99n§25§?$$3_p@@ﬁﬁ@JQtation of the signal block val ues,
cor

whi ¢ esponds to the rmultiplication of the signa
val ue bl ock with a phase
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rotation matrix - at |east one carrier signal is
nodul at ed based on the nodul ati on synbols - the
wore@aloatied carrier signal is sent. 2 . Method BCSGZION00264
toclaim1l , wherein the pretransformation further
conprises a domai n transfonrgation of the signal value
bl ock. 3 . Method according to claim2 , wherein the
domai n transformation is perforned after the phase
Claphstion. 4 . Method according to claiml1 or 2 ,
wherein the domain transformation is a discrete sine
transformation, a discrete cosine transformation or a
1. dAsesteied Mooy iwefardsrdnsfiagmat k@gnalScompet Sy accor di ng
to an of the clains 1. to 4 , wherein the phase
pl%?gig%no otiAngsl gtaljuesat tBﬁesbﬁnF%eV%%ﬁ%%riké‘?& Fragped

toSh@nedad@al 4 bl epla by ancanabext §REr&snNOt zero. 6 .
Met hod according to any one of the clains 1 to 5 ,

~ @hel es Fonde WHake bleck ilenpracepredisby @i ponal
di, |
tr gféf&natj I\(% :kg.%“ X Ofy c&:oof ﬁég%_g?wi:lggeéﬁ%fshe

phase Fotati on &s t e form
- mherﬁrertx&anqrmqqlqh @MprisandaMhssé heoth tbmsich thfe

sié{w%}w}ﬂw"%r Vg uees,bI 1ch %orrespoggsf ee { getving a
multiplication of the signal value block with a phase
rotation matrix

- at least one carrier signal is modulated based on the
modulation symbols

- the modulated carrier signal is sent.
2. Method according to claim 1, wherein the pre-
transformation further comprises a domain transformation of

the signal value block.

3. Method according to claim 2, wherein the domain

transformation is performed after the phase rotation.

4. Method according to claim 1 or 2, wherein the domain
transformation is a discrete sine transformation, a
discrete cosine transformation or a discrete. Fourier

transformation.

5. Method according to any one of the claims 1 to 4,
wherein the phase rotation rotates at least one of the
components of the signal value block by an angle that is

not zero.
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a nodul ated carrier signal is received - the nodul ated
carrier signal is denodulated to produce a bl ock of
wore@albatison synbols - the bl ock of nodul ati on BgIB6L0©5/000264
is processed by an inverse pre-transf ormation - the
inverse pre-transformation;gonprises a phase rotation
of the nodul ati on synbols, which corresponds to the
mul tiplication of the block of nodul ation synbols with
6. aMeptiase Fot@tdiong et kny. ofe. ofr ahsnclatmsfdrto 5,

trapsmtti a signal,, the signal conprising a .
WhSFSIRI TAS RITSE Grifis hAPuBS tEtRe S Gnal SGaR T Ty
grouped to at | east one signal val ue bl ock, the
transmtter conprising - a pre-transformation unit
7. Mabhed 1 PrOEES S e &R 18 émawhﬁﬁ%é Bh%dkh%ﬁﬁ gotation
gre-transfornation to froduce aNpIPCk of nodul ati on
ma

yhBOras Wirrkemn tHeadile Xrans®or nat i WrReE®ONPri ses a

h tat f the, si | bl ock, val .. Whi.ch
% CoPRBSpURGL D] ERE Thitei HiT CHTBI o e tigidf o4 Talue
b1OtRCK W th a phase rotation matrix - a nodul ation unit

adapted to nodul ate at | east one carrier signal based
on the nodul ati on synbol s- a sending unit adapted to

8. Sﬁé‘ghé@ef@dé‘é@éﬁf’in?rar 8531 9RRbre140- ReCEi ver for
a 0]

receiving a sign nprisi ng
- a modulated carrier signal is received

- the modulated carrier signal is demodulated to produce a
block of modulation symbols

- the block of modulation symbols is processed by an
inverse pre—transformatiqn

- the inverse pre-transformation comprises a phase rotation-
of the modulation symbols, which corresponds to the
multiplication of the block of modulation symbols with a

phase rotation matrix.

9. Transmitter for tranémitting a signal, the signal
comprising a plurality of signal values, the signal values
being grouped to at least one signal value block, the
transmitter comprising

- a pre-transformation unit adapted to process each signal
value block by a pre-transformation to produce a block of
modulation symbols, wherein the pre-transformation
comprises a phase rotation of the signal block values,
which corresponds to the multiplication of the signal value
block with a phase rotation matrix

- a modulation unit adapted to modulate at least one

carrier signal based on the modulation symbols -
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- areceiving unit, adapted to receive a nodul ated
carrier signal - a denodulation unit adapted to
walewodudiat e t he nodul ated carrier signal to prpdIse2s/000264
bl ock of nodul ati on synbols - a processing unit
adapted to process the bl ogl of nodul ati on synbol s by
an inverse pre-transformation, wherein the inverse
pre-transformation conprises a phase rotation of the
- apskenatiomusimslapteghitoh seodr 85ponddulatedecarrier
Siggg%iplication of the block of nodul ation synbols with
phase rotation matri x.

10. Receiver for receiving a signal comprising

- a receiving unit, adapted to receive a modulated carrier
signal

- a demodulation unit adapted to demodulate the modulated
carrier signal to produce a block of modulation symbols

- a processing unit adapted to process the block of
modulation symbols by an inverse pre-transformation,
wherein the inverse pre-transformation comprises a phase
rotation of the modulation symbols, which corresponds to
the multiplication of the block of modulation symbols with

a phase rotation matrix.



