| 0 4 JAN 2006 W100, Description 1011111111 The invention relates to a
nmet hod for equalising and 5 denodul ating a data signal transmtted via a
time-variant channel to a receiver. Mdern data transm ssionfjigr JANdR)06s
via time-variant channels (fading channels) are susceptible to inter 10
synbol -interference (1Sl) or inter-channel-interference (1C)" *Channel

estimation and equalisation are therefore required. Cony i hods
for channgksegt p¥@bhon and 15 equalisation are based upoﬁmﬁmgm W@ﬁon of
t he channel inpul se response as a function in the tine '

spectral donmmin. The channel inpulse response is generally estimated
directly

ing training.s ences. _ The channel nodel. upon whjch the
estimatio %FSQBX?Q&}OEaﬁegg ﬁﬁdgp éipﬁgpog&gpﬁéﬁﬂﬁ BHEIhGE time
functign, gRmcdRY atiing dd@avar isQés apaths nantift t@ dififere i ndelay- Using the
conventional tapped-delay nodel.” These nodels, and therefore also the
associ at e¢hesmiedntticor F&Ae3Fer-share the di sadvantage that they do not

take into consideration 25 the geonetry of the scatterers causing the
distortion. In the context of multi-carrier methods, e.g. OFDM different
Doppl er shiddexn rate doedisnidislore paveaddyraddisrid eaihd-ordfGlant . €. a gi ven
carrier is influenced by 30 adjacent carriers. |f the real channel
conpri ses S&ERAS ([FRAND DR Fr SFhtSERARR P i 2 , 1t nvent i ona

met hodyowi t |41ect i | h : _ Ml A _v'{g%% ponse
canno?mdetge}'rn{niﬁ\leq'tnﬁges?tef%%I%‘ée%]eﬂs%ogoplfer shi fét/kgnﬁ:%olf%l ng %/l?e% % | Cl
persists, @lthehraavelegstimation and equalisation are therefore

required.

Conventional methods for channel estimation and

15 equalisation are based upon an estimation of the channel
impulse response as a function in the time and/or in the
spectral domain. The channel impulse response is
generally estimated directly using training sequences.
The channel model upon which the estimation is based, can

20 model either exclusively a single time function, or may
include various paths with a different delay using the
conventional tapped-delay model. These models, and
therefore also the associated estimation methods, share
the disadvantage that they do not take into consideration

25 the geometry of the scatterers causing the distortion.

In the context of multi-carrier methods, e.g. OFDM,
different Doppler shifts in the individual channel paths
lead'}o ICI, i.e. a given carrier is influenced by

30 adjacent carriers. If the real channel comprises several
paths with a different Doppler shift, a conventional
method with direct estimation of the channel via its
impulse response cannot determine these different Doppler

shifts. Accordingly, the ICI persists, and the receiver
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i ~uu~NOmu~ *fnnnnt 2 0 4 JAN 2006 cannot achi eve optimumreception and
processing of the signal. Conventional understanding of the tinme variation
of the 5 channel is based upon the assu%ption, that the inpul gg Uﬁﬂpgmﬁe
of the channel between the training sequences changes only slightly or in
a determnistic manner, and, that the channel estination and tracking

al gorit hrr§a6’§’é)§ AP EPAABYTR EECP P TWAN RARGSTHT &7 rethods, e. g.
OFDM it isidgglicitly assuned that the channel is constant over a OFDM

bl ock. For "'exanple, a nethod for the equalising DVB-T based on the
assunption of constancy is described in Burow R, 15 Fazel -K; Hoeher-P;

Kl ank- O -H_.P ba-P: .. Robertson-P; Ruf-MJ "On t f
of the DSOS SIAaIAY s € RHIY et T L HEGIM A998 S W th very
rapi dly changima channeled dgh reidadss i dese) | bed abaveirsguise a rapid

sequence of training sequences and/or lead to a poorer convergence of the

channel estéspanssm.ofwthe mhannalarbetreent torlstrzonsranegqueneesa bl ock, as
ment i oned

ve, i s nger uar ant ee and. t he_perfornmance_of the
ot hods dear e h s, B B e S0 e B UREF vt on i o
t heref ore tigat priowi clearmn et dwdi it i @6 uahd St Pgclandg deDydul ahinBgusedat a
signal transmtted via a tine-variant transm ssion 30 channel of this kind,
whi ch avoi SR eI RNRIVHF_Evant ages and |initations regarding the
properij es of
With multi-carrier methods, e.g. OFDM, it is implicitly
assumed that the channel is constant over a OFDM block.
For example, a method for the equalising DVB-T based on
the assumption of constancy is described in Burow-R;
15 Fazel-K; Hoeher-P; Klank-0; Kussmann-H; Pogrzeba-P;
Robertson-P; Ruf-M-J “On the performance of the DVB-T

system in mobile environments” IEEE GLOBECOM 1998.

With very rapidly changing channels, the methods

20 described above require a rapid sequence of training
sequences and/or lead to a poorer convergence of the
channel estimation. With multi-carrier methods, constancy
over a block, as mentioned above, is no longer

guaranteed, and the performance of the methods decline
25 considerably.

The object of the present invention is therefore to
provide a method for equalising and demodulating a data
signal transmitted via a time-variant transmission

30 channel of this kind, which avoids the above

disadvantages and limitations regarding the properties of
the channel.



the channel. 3 0 4 JAN 2006 This object is achieved on the basis of a

met hod according to the preanble of the independent clainlbgqiygﬁ 200
characterising features. Advantageous further enbodi ments are de ineg in
t he dependent clainms. 5 Wth the nethod according to the invention, the

channel inpul se response is no |onger used for channel estimation.

| nst ead, ThéSsePdgFlFedSsEalieVer CBoEPEI EREREs Oft Raf§ea% say, the

conpl ex-val att.e ti R I a IR olele]] j fit, i. he
channel . Aee8idEAe TR HE! PRERTBNE SF Sisl gna o anam rrad ok vidn a
transm tt ehaaiad teriedeigvdeacaread Abyasa-acadued Roatier enddiavers-scausat i ve
i nfluence on the K quality of the transm_ssion channel, as described for 15
exanpl e, Pﬁetﬁ€f56gﬁ By RAPGER Site SN 1 e Radi o Conmuni cat i ons”

Pent ecP Press, London, 1992, Section 2.3.1. Scatterers of this kind, such
as buildings or vehicles, distort the data signal transmtted between the
transm tt ériténd hehenertdeal \aarcorScatg ercert oo efrfveanteins, i the 2thdrme dat a

signal, which _are attributable tq_the scatgﬁrfr can be determned in the
recei ver, AWRFLSFe TRSABSd W% LG HiTalieh T HerC P al i sed and final Iy

denodul at et i Gl Nthdtedde dHY eI 1 ddes€danaed properties are
therefore defined by these scatterer coefficients, which 25 can be

det er mi nedcef i Gianie dmteris riemaate dike orerplegavalsednal s recei ved on
the bagl s ol dNE L0 NG aSESPTe IOl JOS,10Nenhl oD ! Lpbe described
greater detail ow ref efence schenatrc draw ngs of
exenpl ary channel, are used. The reflections of a signal
transmitted between a transmitter and a receiver caused
by so-called scatterers have a causative influence on the
quality of the transmission channel, as described for
15 example, in the book by Raymond Steele, “Mobile Radio
Communications”, Pentech Press, London, 1992, Section
2.3.1. Scatterers of this kind, such as buildings or
vehicles, distort the data signal transmitted between the
transmitter and the receiver. Scatterer coefficients in
20 the data signal, which are attributable to the scatterer,
can be determined in the receiver, and the distorted data
signal can then be equalised and finally demodulated.
According to the invention, the channel properties are
therefore defined by these scatterer coefficients, which
25 can be determined in a simple manner from the distorted
data signals received on the basis of the following

description.

The ipvention will be described below in greater detail
30 with reference to schematic drawings of exemplary

embodiments. The drawings are as follows:



enbodi ments. The drawings are as follows: () 4 JAN 2006 Figure 1 shows the

t wo- dirmensi onal arrangenent of the scatterer with the discretj sed,pappl er
frequenci es and delays; 5 Figure 2 showsfa search tree; Figuréfﬁ‘gNBW§m£

tree derived fromthe search tree of Figure 2 taking the coding into
consideration. 10 On the basis of a two-dinensional field, Figure 1 shows
the di scr EEI8EEi on of SERWSDEPI EVOr HeBERAEYIRA SKIPREMEAS &F then t he

transm ssi on channel Eggt¥g%g9u%itﬁc@Egeggggrezgggdg5%%%%%%representation

can be directly 15 converted into a scatterer matrix the scatterer
coefficients S(mk), &seusedciipst hedfdellawsng equations (1) to (4). The
coefficients of the matrix S represent the conpl ex-val ued attenuation

val ues (anplitude and phase). The quantisation in the delay direction Z

and i ns20 ghe Joppl er shikt 2diskeeidhor fd.depends on the channel and the
data transmssi on schene. The maxi num values K for the discrete,

st andar di sed Doppl er shift and Mfor the discrete, standardi sed del ay,
result fraomthe ysical paraneters of the channel. As can be seen, it is
5 advant JOMHRE ahl. OISR REGE Rt & igendie 139 Haderah Tor ¢ he
quantisation in the delignrd reetdidhante tRiiepplfio shift direction to be
equidistant in each case. |If no physical scatterer occurs for a given

entry, then the corr&psidiarpsi@itterer in the matrix is sinmply 30 set to

zero. figure 1 shows five scatterers, of which the indices correspond to
the position in the scatterer matrix; in

On the basis of a two-dimensional field, Figure 1 shows
the discretisation of the Doppler frequency f4 and the
delay 1 in the transmission channel for various
scatterers. This graphic representation can be directly
15 converted into a scatterer matrix S with the scatterer
coefficients S(m,k), as used in the following equations
(1) to (4). The coefficients of the matrix S represent

the complex-valued attenuation values (amplitude and

phase). The quantisation in the delay direction 1 and in

20 the Doppler shift direction f4 depends on the channel and

the data transmission scheme. The maximum values K for

the discrete, standardised Doppler shift and M for the
discrete, standardised delay, result from the physical
parameters of the channel. As can be seen, it is
25 advantageous and, without restriction to generality,
useful for the quantisation in the delay direction and
the Doppler shift direction to be equidistant in each
case. If no physical scatterer occurs for a given entry,
then the corresponding scatterer in the matrix is simply
30 set to zero.

Figure 1 shows five scatterers, of which the indices

correspond to the position in the scatterer matrix; in

this context, the numbering begins with 1.




this context, the numbering begins with 1. 5 0 4 JAN ?006 The symretry with
reference to the Doppler shift (positive and negative val ues) QSJFPI}
necessary a priori; it is dependent up the channel. 5 As a esu Wﬁrs
physi cal nodel takes into consideration the geonetry of the channel
propagati on nodel instead of the pul se responses. This geonetry, and
therefore also the delay ti and the Doppler shift fd allocated to the 10

rel evant t fOr iciently | ong
_ SOl t8Rlat ALRRIYE ARG /Or et 18 ezl

peri ods, because the“transmtter an cannot nove at an
arbitrary (mgdiitve and! oregeaninet Eernfeor m changte snedf e saeyeant patoab;

arbitrary veIoc y contrast, the jnpulse response of  the channel
can, in é]‘eéy 'ﬁl?éﬁgél%ﬁrblttk}earcmﬁp%ﬁjthi n the pernitted physical

boundarsi es The di screte i npul se response can be calculated fromthe
conpl ex scatterer coefficients S(mk) 20 to give: h(m i)=1,5 Mh(i) =
h(i, m M&s (Eﬂ_)r%llltnl ttHi s quinreikaal Knodet healhexi huhe Dopps édefaefoency

o 1 SR e S Ay U N d NI O 6868 Y0R Mokie) %10t P 8E7 1 ©
the pulse responses. This geometry, and therefore also
the delay 1t and the Doppler shift f4 allocated to the
10 relevant scatterer, remains practically constant for
sufficiently long periods, because the transmitter and/or
receiver cannot move at an arbitrary velocity and/or

cannot perform changes of movement at an arbitrary
velocity.

15

By contrast, the impulse response of the channel can, in _
principle, change arbitrarily within the permitted

physical boundaries. The discrete impulse response can be
calculated from the complex scatterer coefficients S(m,k)

20 to give:

h(m,i)= :/% SN
h(i) = D h(i,m) (1)

m=0

25 In this context, K is the maximum Doppler frequency
occurring, m is the running index for the delay and i is
the discrete running variable for time. h{(i) is the
resulting discrete impulse response of the channel in the
time domain. It is observed over the length N.

30

The time-variant continuous impulse response of the

channel h(t,t) is physically bounded in t and f4.



resulting discrete inpulse response of the channel in the tine domain. It
is observed over the length N 30 The tjme-variant continuous { ApuhXe(0h
response of the channel h(ti, is ph%glcally bounded in ti and fd. 0 4
JAN 2006 Accordingly, for the scatterer function, S(t,fd) as the
transformation of h(t,t) over t can be set to S C, fd) =0 for t>_tmax, |
fd |l ?fd, kexorBynaigl, ofgprwithke thetsempli fgnctheore®( lig) i aputise response
h(t,t) can therefore be 5 presented conpletely through sanpl ed val ues

Wi thin t h&oufriequemeysdormpfiiosoothdt(tel) Pyesbtaraadbassgtditscrete
presentation of the channel. The maxi mum |i kel i hood approach for

det er i ni B Tt he) = QIﬁ%%éﬁﬁeneﬂfgﬁ%ﬁfNQJeﬁY ABELPIYSWLED FES SREPAEREi n i s
obt ai ned b n1n|n15|n the follown res |on ac rdl to.the scatterer
coef fi ci e"$OTRMy [ChE ﬁﬂ@ﬁ%ﬁ? FigsP e% 15d(Fan %% e%% P (2) 15

In. this copentdd do?nﬁl@%él?y‘ tﬂmcﬁw%oﬂer@tvéms ty ans tigd data
synbol s d(i-m are known. r(i’)) is a  sanple of the signal received. 20 The
vari abl es frféquenay didmain arse ddfathe(d witshiabtdienad s odbsereThe dat a

synbol s are either .assu e kn vvn directly as a training sequence or
they are dHEIH r]:r?etd'qmr @%E&r{be recei ved using the nethod descri bed
bel ow.

Fouri er

The maximum likelihood approach for determining the
10 scatterer-coefficient matrix S in the time domain is

obtained by minimising the following expression according

to the scatterer coefficients:

5
N-1 ]21:-—

> @ -—= Zd(z m)ZS(m k)e , (2)

i=0 m=0 k=—K
15

In this context, it is implicitly assumed, that the
transmitted data symbols d(i-m) are known. r(i) is a
sample of the signal received.

20 The variables r(i) and d(i-m) are defined within the time
domain.

The data symbols are either assumed to be known directly
as a training sequence or they are determined from the

25 signal received using the method described below.

The scatterer coefficients are preferably estimated in
the time domain with data transmission schemes, which
operate within the time domain. Such methods include, for
30 example, single carrier methods with PSK or QAM

modulation.



The scatterer coefficients are preferably estimated in the time domain
with data transmi ssion schenes, which operate within the time{dongiN)fBuch
met hods i nclude, for 30 exanple, singlelcarrier methods with PSK or QAM
nmodul ation. 0 4 JA 2006 In the case of nmulti-carrier signals with known
transmtted synbols, the estimation could also be carried out within the

time domaiIm, thecause tife mulanswessiier ssiggrdls iwsifir eriawrs|y known. 5 The
nodul ati on schene can be taken |nto consi derat i

A equatlon (2 in that
the data SFAPGMS FHES MYTERTS, (e S SHHOTSISIG oA GTe (4 Tt at i on
type used,, qptj;qnald M:h‘@ Lt!ln{@rcidrﬂu{ SHREAE LU RS Shaping s dannel s 10
with a large nenory, i.e. with a long pul se duration, can be equalised by

a correspandjneg cloipprewfoudley renawrum  del ay M In this context, the
duratign of observation N is naturally also of a corresponding |ength. 15
An estiPmation can be inplenented in the frequency domain in a simlar
manner tc’THE“Hd&HEééQon'ibﬁéﬂé ééH“E@Itaﬁ@@ ih b | Q¥ OO LARRLbON; h S

obtained: 20 KM1 - j2m-k 2 Dn kSm ke N (3) The variables R(n) and D(n-k)

shown in (équmtrleordeﬂ hedLn Wik e mmmedat@oﬁwnbglﬂo%Lm) Tharsyatherer
coefficients, are e er i ted in

1 f 0es 5 tge % ueng domain with data
transni ssiomr SEHe % IR C %%e? %m??ﬁ ?E% Fr n8§ bmai n. Such
met hods | M&Maliprwﬁmnpé@tlayl fésﬁ@ﬂiéé epuﬁgbem&apsugh 0Ba BV

10 with a large memory, i.e. with a long pulse duration, can

be equalised by a corresponding choice of the maximum

delay M. In this context, the duration of observation N

is naturally also of a corresponding length.

15 An estimation can be implemented in the frequency domain

in a similar manner to equation (2).” In this context, the

following egquation is obtained:

N-1

2

\R(n)——— > ZD(n K)S(m,k)e il

(3)

n=0 k-—K m=0
20
The variables R(n) and D(n-k) shown in (3) are defined
within the frequency domain.
The scatterer coefficients are preferably estimated in
25

the frequency domain with data transmission schemes,

which operate within the frequency domain. Such methods
include, for example, multi-carrier schemes such as OFDM
with ‘the DVB-T method.

30 As for an estimation within the time domain, the data

symbol D(n-k) can carry the signal form of the modulation
type used, presented in this context, within the

frequency domain.



with'the DVB-T nethod. 30 As for an estimation within the tinme domain, the
data 'symbol D(n-k) can carry the signal formof the nodul at {jon JANRB0gsed,
presented in this context, within the ®requency donain. 8 0 4 JAN 2006 As
can be seen fromequations (2) and (3), for the estimation of scatterer
coefficients, the transmtted data are assunmed to be known. The estinmation
is carried 5 out over N sanples in the tinme donmain and/or N spectral

f?gﬁggﬁg;%&ln thgﬁfre uegﬁﬁgsgggégéﬁgé II% Hs*ﬁgpe,beglqg%ng of a data

ed is used for 10

synchroni gatli @R+ 168l beWska thRirer icbelthe cGase sof wknawh spdate sequences,
the receiver nust track the estination of the channel and/or, with a new

transm ssd@rtaofaresﬁﬁehlmm &t iben kingfvor. mithieo i seyimartiani rilgs sxﬁﬂml%i re-

estimate an dapt onve e beh vi aur Qof 5 est ion and
tracki ng <'§ﬁgor°|'\’te%?I s?%“ gt on O etﬁc TS A Erat %%} |C|e ma]preferably

carri ed oWorponeeanrs iof thd erdfiemKalgmiml gorithmor an RLS al gorithm
in which, after initialisation with the 20 known synbol sequence, the
channel is tracked with initiaIIy unknown sequences An RLS al gorithmfor

<1 =P - D BRI R T B AT £ RS e ™
e(|~|-1)-TKn©dengquJ@eqdﬁn@eﬁis -t artm i) e e ﬂbl¢ﬂ)ls used for
10 synchronisation. Following this, in the case of unknown
data sequences, the receiver must track the estimation of
the channel and/or, with a new transmission of
synchronisation information or training symbols, re-
estimate and/or adapt the convergence behaviour of the

15 estimation and tracking algorithm.

Estimation of the scatterer coefficients is preferably
carried out by means of a recursive Kalman algorithm or
an RLS algorithm, in which, after initialisation with the
20 known symbol sequence, the channel is tracked with
initially unknown sequences. An RLS algorithm for
determining the scatterer coefficients reads, for

example, as follows:

25 K(i)=P(i-1)DT(i)(D(i)+P(i-1)-DT(i)+w(i))™*
P(1)=P(i-1)-K(i)+D(i)-P(i-1) (4)
e(ili-1)y=r(i)-D(i)-5(i-1)

S(1i)=8(i-1)+KR(i)-e(i|i-1)
}

30 In this context, K(i) is the Kalman-gain, P is the
prediction state covariance matrix, D is the data matrix,
which results from (2) and/or (3), W is the noise-

covariance matrix and S is the vector of the estimated

scatterer coefficients, which results from the



30 In this context, K(i) is the Kalman-gain, Pis the pred”pglqﬂwsgwﬁe
covariance matrix, Dis the data matrix which results from (2) an

(3), Wis the noise- covariance matrix gnd Sis the vector of the estinmated
scatterer coeff|C|ents which results fromthe q 4 2006 9 arrangenent of
the scatterers in a 'Linear vector fromthe matrix S r(i) is the

recei ved, FFHAIBILGRA W (REAYRGTRE Ori reqhidtRIT dORRFP) | E5OR sER®e i ndex
in the ti 1OF i fq ewcylglg@é;tf \%bdrhesa;@f@ Sg P néfc‘%ﬁﬁge estl mat i on
are per se

nown an ave been descri S, 7 HayKki
"Adapti ve (tHnda eyr Thesruencyl Storkedin j o, fsngttlear\ondd@cl ifﬁ stbé\leu\izﬂersey,

Prentice 1986. 10 It should al so be noted that the RLS algorithm
descri bed f%ﬁ%ﬁﬂ%ﬂrﬁgﬁ Ot as one exanple of a large nunber of different

enbodi nents. 15 After the initial estimation of the channel using training
synbol s, a maximum | i kelihood (M.) approach is selected, in which

nininisatifhﬁimﬁthﬂd$eﬂﬁcﬂﬁcmnSihe egyima f bos QQQ pad ¢8)khownuakdown data
sequences over .all oss q% a sequen es and g §233|b[e arrangenent s
of 20 scab? &y erec? A ??%%l %%fc Oﬁr%%%ﬁﬂ 8’ caf édv A¥ 8yBousf§2BE 1 Y&ed in
conj uncti opineéh tieo erANNEY® egltiicABhi, 0BngllRWIHIES COAHRX! News RAddYg, from
the channel estimated wth reference to the 25 tralnlng sequence, "a pat hway

in atree P5enbi¢e HEplbyl?He- receiver for each of the potential data
sequenggs. A channel estimation is carried out with the estinmation of

It should also be noted that the RLS algorithm described

is only mentioned as one example of a large number of

different embodiments.

15 After the initial estimation of the channel using
training symbols, a maximum likelihood (ML) approach is
selected, in which minimisation is carried out in the
equations (2) and (3) for unknown data sequences over all

possible data sequences and all possible arrangements of
20 scatterers.

A tree-search procedure can advantageously be used in
conjunction with the channel estimation. In this context,
starting from the channel estimated with reference to the
25 training sequence, a pathway in a tree is built up by the
receiver for each of the potential data sequences. A
channel estimation is carried out with the estimation of
the scatterers for each of these pathways, and a metric
is cé}culated according to equation (2) and/or (3). The
30 data sequence with the best metric is presented as the
data sequence which has probably been received. Because

of the ML approach, the metric is known as a ML-metric.



the scatterers for each of these pathways, and a netric is calculated
according to equation (2) and/or (3). The 30 data sequence MA g é@@f
nmetric is presented as the data sequgpce which has probably “been r ved.
Because of the M. approach, the netric is known as a M.-netric. i0 0 4 JAN
2006 instead of the netrics according to (2) and/or (3), which are

det er m nednkRegBeol! @tk AeeritBeaeBbirEiengbser \(ali and/ioht gnyal WNicadn
incremental netric nmay al so be used. This takes equation (4) into
conS|deraﬁK@ndaéerﬁﬂﬂéﬂsln50ﬂ€|PiocklONF¥eGhE|e@%@#ﬁiﬁhﬁgﬁMHqum (5) This
tree-sear dyre_is hena aII Fi for bi nary
synbol s, %gfg%ggi.&y) l&erjfln g%%h%%?om%% Ficc for %? 5?%&%%%# ols X. .Y, S
denot es t hakest eiggationh t(2g seabl eoassdéelgrimnmed ffyliides . rel evant pat hvvay.
The nunber of indices indicates the depth of the tree; in the exanple, up

to a méxi mum of three. The additionally marked pathway characterises the

best path sehect a the metri tu t,he .monent T e algorithm
describedwﬁéda so %ﬂ%ﬂnﬁﬁ@ﬁﬁ 5%?% %3I0n95|de he denodul at ed
data, can al so present a qual ity measure for the denodulation in the form
of a 20 netric. Accordingly, it is possible to present not onl the dat a

sequence %’clesr FGPET SES T Prﬁ%otedbﬁ'r@oa}tﬁ elllbiﬁtraa’?% $ NP
sequences., CGSSI;?A§ta es su%p 9? ers cO nected mmstrean1|n t he
recei ver, G & 1 AR BValcy, %ﬁ%ﬁt . Xohi CH M dBosi tive 25
i nfl uepce r@utfte falidey anjsunef@rgyrmblé nethy s Smcﬂ‘é‘@éte§et‘!l% aha €Al 2
sequences can continue to be

for the scatterers determined for the relevant pathway.

The number of indices indicates the depth of the tree; in

the example, up to a maximum of three. The additionally

marked pathway characterises the best pathway selected

15 via the metric at the moment.

The algorithm described is a soft output algorithm,
which, alongside the demodulated data, can also present a
guality measure for the demodulation in the form of a

20 metric. Accordingly, it is possible to present not only
the data sequence determined as the most probable, but
also less probable sequences. Processing stages, such as
decoders connected downstream in the receiver, can
contain additional information, which has a positive

25 influence on the quality of reception.

In this manner, several data sequences can continue to be
processed in the subsequent processing stages, a decision

about! the actual sequence received being made only

30 afterwards.

Moreover, the method can advantageously be combined with
a convolutional code or a block code as a single code or

internal code of a concatenated code structure.



processed in the subsequent processing stages, a decision about the actual

sequence received being made only 30 afterwards. Moreover, thﬁ ﬂé@@ﬁg(@an
advant ageously be conbined with a convidl uti onal code or a bl 8ck 0 s a

single code or internal code of a concatenated code structure. 0 4 JAN
2006 Presentation of convol utional codes and bl ock codes in the form of
tree. strddeFeESadon PdadPRidwtioRadogedest ndorp kask snsas night i oned tree

Structure Jdl siehh 2AMHNR o Ll O ald NAIWRY S U Oy VoML be possi bl e
if the 5 code were not taken into considerationm, acotua'lly exi st

Accor di nglgn, thlzembesee nafdmid atrdes surciamdat in t9eth of mddhésr kind wil |
not contain all pathways. This conbination provides conbi ned channel

esti mat i orkhat GagEd sl%ﬁtiWster‘(HﬂtﬂhatW%CQrﬁP RITUIME Whieeis referred
to as ‘ssequeyi ‘%fbocﬂi . hj od, | ady. known, its
use i nSCOI’l] unct“fgornedvm t t{%een e%%%a%ﬁmo%aoﬁrﬂ’ed%%a %aieff}grg%%%?fi cients is
novel . 15 McdamE ey vedhdn anddea mbamiteiaf 8 gutel2dés, altusérared in

Fi gure 3. nparijson hf the two trees = shows that pathways determ ned by
t he code afﬁglrgg?ﬁn‘gﬁ@t]erﬁc?t FPIWIH ittt iBAEWAYRie data synbols and/ or | ong

data sequences, very nmany pathways occur during the course of processing,
for each of which the netrics and scatterer matrices as well as other
auxi | i ary Pakrsieerndipion herowl¢es i comsimedtchannal cesaivdtand, st ored. The

nunber, of géu%%f@ﬁ@énfa@erggdﬁfgyfgglainx??ﬁéder to Iesgen t he burden of

cal cul Bt i ohTEhd FRHOr Y regul T enent SO Ext "IthB ‘Potal number of

pat hways isetérté@dcd oad MEXGONt AD@EcodRGeh depradgnonntiBe avail abl e
cal cul ation capacity and , ) _ ,
method is’already known, its use in conjunction with the

determination of the scatterer coefficients is novel.

15 A tree derived from the example of Figure 2 is

illustrated in Figure 3. Comparison of the two trees
shows that pathways determined by the code are non-

existent.

20 With multiple-value data symbols and/or loﬁg data
sequences, very many pathways occur during the course of
processing, for each of which the metrics and scatterer
matrices as well as other auxiliary parameters for the
algorithms must be calculated and stored. The number of

25 pathways can be reduced in order to lessen the burden of
calculation and memory requirement. In this context, the
total number of pathways is limited to a maximum number,
which depends on the available calculation capacity and
the m@mory requirement of the receiver. In this context,

30 the known metric-first, breadth-first or depth-first
algorithms can be used.

Known special methods for equalisation with a tree-search

procedure have disadvantages in the context of channels




the nenory requirenent of the receiver. In this context, 30 the known

metric-first, breadth-first or depth-first algorithnms can be e ANK
speci al nethods for equalisation with ajgree-search procedureﬁa 3 ﬂﬂﬁn

di sadvantages in the context of channels 12 0 4 JAN 2006 with long inpul se
responses, in which a |arge proportion of the energy of a data synbol is
di sposed avitihelemy bhoulse Tegodsees esponskickoat hatgéhpsopaetgyni s not

| uded the estinmati t he recejved synbol In this 5 context, the
ggflgeelnpﬂfs%h?e%ﬁ%ﬂ%% %ﬁs? FEheFYRP? tlﬁed“ﬁaPF%G 2brthet Ang of

corresponding, i@l & opabpeRsay, sOrthit Enst Qﬁet:g{&eg s! H5P ?ﬁ‘é%%dthrough
additional estimation nethods with a nodelling o ese I nfluences as

noi se. W#ih Ehe estipavienant, thﬁnyeaedvedoaambpathmayshmscur 18 whi ch
b n, even if e rejecte
nave | bechiEbled L Lhe: sl Lan sen Ll ther ape rgeoted

conput at i onsiteat foal wayh aS@oihésﬁaﬁdﬂﬂalCB&BB%thH@Uhéﬁay %Ehit and the
al gorithm nust therefore be designed for this in advance 5 The et hod

accor di ng WBSFhéelﬁ%Eﬂﬁléﬂtaoégcﬂ@ﬂtaVerugbhéddldnsad&aasagmataopr|or|.

h.reference to the scatterers,
the. o min aeatr T rg derascThia0 Ror SRS LHE “GPRERS 87 GPieRe 20

scatterer Wathigkhecénrbe naasaned hanﬂehaﬂﬁtgbmglt@@thh@b@é%&bficatterfLS
Whi | e S m | engt | ways be taken into consideration in e
contexﬁ BaghnEﬁBﬁntgepﬁoﬂgclPﬁﬁdnéPhGHeaEEEP&Fﬁﬁlpé t ®&¥einnviént i on

al | ows thetﬁa i guan dekaytal tah%e%a?a%' te REARRLARANEL 2R 2 adaptive
manner, and the necessar{nde ay in

general and unknown channels, the computations must
always use the maximum channel impulse lengths, and the
algorithm must therefore be designed for this in advance.

15
The method according to the invention does not avoid
these disadvantages a priori. However, since the channel
is modelled with reference to the scatterers, the maximum
océurring delay, and therefore the dimension of the

20 scatterer matrix, can be measured by determining the
relevant scatterers. While this maximum length must
always be taken into consideration in the context of the
known methods, the method according to the invention
allows the maximum delay of the channel to be approached

25 in an adaptive manner, and the necessary delay in
demodulation and decoding is adjusted accordingly. A long
additional delay in the demodulation and coding becomes
necessary only in special channels, in which significant

scatterers occur with long delays. Since the geometry of

30 the scatterers does not change abruptly, the dimension of

the scatterer matrix can be increased adaptively if a
scatterer with long delay occurs. Conversely, if a

scatterer of this kind disappears, the dimension of the

matrix can be adaptively reduced.



denodul ati on and decoding is adjusted accordingly. Along additional delay
in the denodul ati on and codi ng becones necessary only in specL I ?gﬁ el s,
in which significant scatterers occur wth | ong del ays. Sindh-t#ﬁ} try
of 30 the scatterers does not change abruptly, the dinension of the
scatterer matrix can be increased adaptively if a scatterer with |ong
del ay occurs. Conversely, if a scatterer of this kind disappears, the
di mension of the matrix can be adaptively reduced. n 4 JAl 2006 The
deci si on TP A SR ds Fargefenifed foranes dhsedfamyD): 5 d (0. .
N-L-1) arg,qddy Nl pZ()O..I\I-L-l)d(I\I-L..I\I-L) L~ S(mk) i=0r(i) - Ed (i - m
~E S(m k)e ] . nN21'"(®) In this context, L is the necessary delay. The
mninmnumis determned for all possible data hypotheses d and all 10
possi bl e scatterers S. In addition to optimsing the dinmension of the
scatterer et ¥t reference to delay, the maxi mum Doppl er shift
occurring can also be optimsed. 15 In the context of equalising and
dermodul ating sapghm caridjer nefjhods, the g4 ransmjfefridata can only cause
ISl in t g At h Nigd(io—maiﬂS(baﬂaetr%l

' ato

i nfl uence d¥r4 transmitit'ed at
in the frequency domai n when

smtted (&p the past

er tinmex 20 Becau of the ICl occurring

In this context, L is the necessary delay. The minimum is

determined for all possible data hypotheses d and all
10 possible scatterers S.

In addition to optimising the dimension of the scatterer
matrix with reference to delay, the maximum Doppler shift

occurring can also be optimised.
15

In the context of equalising and demodulating single
carrier methods, the transmitted data can only cause ISI
in the time direction, that is to say, data transmitted
in the past influence data transmitted at a later time.
20
Because of the ICI occurring in the frequency domain when
receiving multi-carrier signals, e.g. OFDM, a given
carrier can be influenced by adjacent carriers both in
the positive and also negative frequency direction.
25
It must also be taken into account that a cyclic
contiguation of the carriers occurs in the frequency
domain. This cyclical continuation can be taken into
consideration in the data matrix D, by defining the data

30 symbols D(n-k) with a negative index occurring in

equation (3).



receiving nmulti-carrier signals, e.g. OFDM a given carrier can be
i nfl uenced by adjacent carriers both in the positive and al so negative
frequency direction. 25 It must al so be ltaken into account tfu@azﬂﬁ@yqn?
continuation of the carriers occurs in the frequency domain. This cycll cal
continuation can be taken into consideration in the data matrix D, by
defini ng tAe HatSCWHHH CDERIeidetina hewatdebayadex deeurring in
equation ( : i . considering | ong del ays
in the ch%qn%%ﬁ%ll %p“?ﬁ%lgé\% g@%%%@ﬁs%%e%%r%’%é%%b% " EhBE ] R donmain, thi s
i nfl uence damaire, tken imfbuaccoumn anel tLloapensadedcbyuhachudi ng "future”
events, that is, data 5 of hjgher frequencies, through a corresponding
del ay of TTEP?E%?%?%H%Y Het IR RD, ?%%u§%at?§?%anagPﬁ§ ¢8n Betavaried

adapti vel y 'é%@% 1 Sk O I ti lat ' 10
achievéﬁ i?f€§% IS 8%@%&?%§€%§%'$%%9%% o% gégggggéhaégﬁegpgg§o%grate
without inheiddcsationn. bdsed ahsor athe ngcaegaracesatkixt bha base,
processi ng is.initiaILsed with default values, e.g., the 15 matrix P from
(4) is prelUetFRed @R {\eYnity matrix, and the scatterer vector Sis
initialised at zero. The algorithmw |l then generally converge nore
slowy. Furthernore, all possible starting configurations for the data
sequence nfiBtabelegengdégcigdoni SoNemuttaphe carrier methods is

10 achieved if (3) is used in (6).

The method described can also operate without
initialisation based on training sequences. In this case,
processing is initialised with default values, e.g., the

15 matrix P from (4) is pre-defined as the unity matrix, and
the scatterer vector S is initialised at zero. The
algorithm will then generally converge more slowly.
Furthermore, all possible starting configurations for the
data sequence must be included.

20



5 0 4 JAN 2006 1. Method for equalising and denodul ating a data signa

transmtted using a single-carrier or multi- carrier data-tran?mlgANommﬁ
procedure via a time- variant channel td5a receiver, 10 characterised in
that the scatterer coefficients (attenuation, delay and Doppler frequency)
in the received data signal, which cause signal distortion in the channel
are neasured in the receiver, and that the data signal 15 is equalised
with the scatterer coefficients determned in this manner and then

denodul ated. 20 2. Method according to claiml1l characterised in that the
measur enent of the scatterer coefficients and the equalisation of the data

si gnal takg: gﬁb within the tinme domain. 3. Method according to claim 2,
25 characterlse y its use in the context of single-carrier data

transmisssi on schenes. 4. ; Method according to claim2, 30 characterised by
its use in the context of nmulti-carrier data transm ssion schenes for

recei vi ng known Mefthed SOFuSHIYEd 15169 a1 AGTIIHE - I NEth gt e cor di ng t o

claim1,

char a e f 1 -
Coef ficlents ancéfgfriasl Qﬂa&s&h@té&”‘%ﬂ%ﬁfl& 1L cdhei scalt eferei

carrier data-transmission procedure via a time-
variant channel to a receiver,
10 characterised in that
the scatterer coefficients (attenuation, delay and
Doppler frequency) in the received data signal,
which cause signal distortion in the channel, are
measured in the receiver, and that the data signal
15 is equalised with the scatterer coefficients

determined in this manner and then demodulated.

2. Method according to c¢laim 1

characterised in that

20 the measurement of the scatterer coefficients and
the equalisation of the data signal takes place
within the time domain.

3. Method according to claim 2,

25 characterised by
its use in the context of single-carrier data
transmission schemes.

4. ,Method according to claim 2,

30 characterised by

its use in the context of multi-carrier data

transmission schemes for receiving known data

sequences.



the equalisation of the data signal take place 5 within the frequency
domain. 10 6. Method according to claimyb characterised by its use in the
context of multi-carrier data transnis on schemes. 7. théédléﬂcﬂmﬂing to
any one of the preceding clainms characterised in that the scatterer

coefficiepts ar u La.a .15 ximum | i kel i hood criterion. 8. Method
accordinggfo clg?ﬁ$$§ g%ﬁ%%%@%%r?%e% ?ﬁmyﬁat the scatterer coefficients are

determ ned as achaPasterpustointbratucl i di an di stance between the received .
signal, the data of the received signal denodulated in the receiver and
al | possible sthetBpapuEeBeRFcPéntbe(forhhirter2caadidyienssganiet hod

according to an n " cedi i . r erised in that a
first neasurene%?gogq?%%£§§5?§§r§? gggf%%g%g%%g%giigg%ﬁppéﬁgﬁted with the
assi stance of awkehwn datafr8QusequedesaifQ. Method according to claim9,

characterised in that 13 0 4 JAN 2006 the first neasurenent of the
scatterer coefficients is inplenented bl ock-wi se over an entire data

sequence. ¢5 11-MB%BBQda@ES?EQthtBocﬁﬁimpgg of the preceding clains
characterised by

its use in the context of multi-carrier data

10 transmission schemes.

Method according to any one of the preceding claims
characterised in that
the scatterer coefficients are measured via a

15 maximum likelihood criterion.

8. Method according to claim 7,

characterised in that

the scatterer coefficients are determined as a
20 minimum of the Euclidian distance between the
received signal, the data of the received signal
demodulated in the receiver and all possible
scatterer coefficients (formulae 2 and 3).

25 9. Method according to any one of the preceding

claims,

characterised in that

a first measurement of the scatterer coefficients

'+is implemented with the assistance of a known data
30 seguence.

10. Method according to claim 9,

characterised in that



1to 6 and 9 and 10, characterised in that a Kalman algorithmis used
iteratively for the measurenent of the scatterer coefficientBh 1aN12006

Met hod according to any one of the precéting clains

1to 6 and 9 and 10,

characterised in that a recursive-|east-square algorithmis used 15
iteratively for the nmeasurement of the scatterer  coefficient.. 13. Method
according o ol & & Ge HBe AR ERaBte et 1§ PIRE B (e Sos et

coefficients detjer Ripadnich el tlidekl-wdz 3@ viBasy eeMrargused for
receiving the associated user data, wherein the data are equalised and

denodul at ed bl oslegmegeover an entire data sequence

coefficients determ ned
reference to the data equalised and denodul ated in

and the scatterer

in the first neasurenent are corrected with

this bl ock-wi se nanner.

14. ;, Met hod, acepiidty dcxSHding S PrankD.ond el agt€rpseded g hatatihe

scatterer coefficients determned in the first

nmeasur enent are used for

receiving the asksd@ &t ethd sedndat®, wherein the scatterer coefficients
determned in tkEhJé%é%e 4T &8 ,2r e corrected JAN 2006 according to a
-Teast-squ

Kal man or recursive
equal i sed and

ar e a?gorithmwith reference to the data
a Kalman algorithm is used iteratively for the

measurement of the scatterer coefficients.

10
12. Method according to any one of the preceding claims
' 1 to 6 and 9 and 10,
characterised in that
a recursive-least-square algorithm is used
15 iteratively for the measurement of the scatterer
coefficient.
13. Method according to claim 9 or 10,
characterised in that
20 the scatterer coefficients determined in the first
measurement are used for receiving the associated
user data, wherein the data are equalised and
demodulated block-wise over an entire data
sequence, and the scatterer coefficients determined
25 in the first measurement are corrected with
reference to the data equalised and demodulated in
this block-wise manner.
14. :Method according to claim 9 or 10,
30 characterised in that

the scatterer coefficients determined in the first
measurement are used for receiving the associated
user data, wherein the scatterer coefficients

determined in the first measurement are corrected



denodul ated. 5 15. Method according to claim13 or 14, characterised in
that a tree-search procedure is used for correction of the goanmarqmm
coefficients and for data denodul ation,l8wherein, the scatterer '
coefficients 10 and netrics are neasured, in each case, for al
dat a sequences, 19se. data nges, . Wi provide _t he best
naxinun}likelihggggﬁépgchg ér§g$ﬁ§§ §glégfggsgpgn%tﬁé%tfgggggructure. 15
16. Method accoedybgitamclvait tferehacaeberheedaita thakltiledseald erer
coefficients corresponding to the selected best data sequences are used
for subsequent 9ef@aPid4€Fon and denpdul ation. 20 17. Method according to
claim15 or 16, characterised in that the selection of data sequences is
carried out block-wise for the entire data sequence observed. 25 18.

Met hodsacadr.di ngetchod aickolding 16 clelar act erd seid in that, the data

sequences are selected after. a predeterm ned pathway depth of the tree has
been 30 reachefPargctrifsd ddcdh@tng to claim 15 to 18, characterised in

that 0 4 JAN 20Q6 i, e SBl/diC ridadloard thmd ssdisedddidig, d rge search

procedure.

possi bl e

the scatterer coefficients and for data
demodulation, wherein, the scatterer coefficients
10 and metrics are measured, in each case, for all
possible data sequences, and those data sequences,
which provide the best maximum-likelihood-metric,

are then selected from the tree structure.

15 16. Method according to claim 15,
characterised in that
the scatterer coefficients corresponding to the
selected best data sequences are used for

subsequent equalisation and demodulation.

20
17. Method according to claim 15 or 16,
characterised in that
the selection of data sequences is carried out
block-wise for the entire data sequence observed.
25
18. Method according to claim 15 to 16,
characterised in that,
the data sequences are selected after a
ypredetermined pathway depth of the tree has been
30 reached.

19. Method according to claim 15 to 18,

characterised in that



20. Method according to claim15 to 18, 5 characterised in that,

breadth-first algorithmis used in the tree- search procedureﬂqldAibzwm.
Met hod according to claim15 to 18, chgfacterised in that a depth-first

algorithmis used in the tree-search procedure. 22. Method according to

claimis5 to 21, , ﬁ@%&gﬁlgﬁkgﬁda' go&&‘%b the pathway, depth andior, the number
of pathways is “varied adaptively in e tree-search procedure "accordi ng
to the scattereproeebirei.ents determ ned. 20 23. Method according to any

one of clains 15 to 22, <characterised in that the netric value is al so

presented in the output of the denodul ated data sequence. 25 24. Met hod
accordi ng 4 C'#e@h%@ LR 2% din %Ba%ﬁ%ﬁk§§%i€Btf§“ in addition to the data
sequence with the best maxi num i kel'i hood metric,” other, next-best data
sequenges W th ahamactieedised kal ithatd netric are 30 al so presented. 25.

Met hod accordin o any .one of clains 15 to 24, _.characterised in that 0 4
JAN 2006 when rgcﬁﬂr\ﬁ Rydtig & GHAoT IS d it 1Yy TP a5 %%de,

excl usively dat g SqQUeEnmRdRidesponding to valid code words are included
in the tree-search procedure.
21. Method according to claim 15 to 18,
10 characterised in that

a depth-first algorithm is used in the tree-search

procedure.

22, Method according to claim 15 to 21,
15 characterised in that
the pathway depth and/or the number of pathways is
varied adaptively in the tree-search procedure

according to the scatterer coefficients determined.

20 23. Method according to any one of claims 15 to 22,
characterised in that
the metric value is also presented in the output of
the demodulated data sequence.

25 24. Method according to claim 15 to 22,
characterised in that
in addition to the data sequence with the best
maximum-likelihood metric, other, next-best data

'y sequences with a next-best-likelihood metric are
30 also presented.
25.

Method according to any one of claims 15 to 24,

characterised in that



5 26. Method according to claim25, <characterised in that in addition to

taking the code into consideration, a Viterbi algorithmor APR gANo00g hm
i$ used in the 10 tree-search proceduré%°27. Met hod according to any one
of the preceding clainms characterised in that the first neasurenent of

scatterer coeff]glients LS4 | egent ed _exclusi vel i.t h unknown user

dat a sequences?ﬁ%ﬁdgé ggvéé?aégggvgﬁgéggérégﬁggda?ﬁ%Fﬁg“% °t ifal i sati on of
the al gorithm iostieadeatltbévelyadakagsandesyashomirsaboamisequences. 20
28. Method according to any one of clains 7 to 10, characterised in that

t he maxi mum nunﬁélllgf ceggt Werdr esef fncilenes (9 Bée AGCTEERToR t he

algorithms is adapbed,iB each case on the basis of the scatterer
coefficients 25 previously determ ned. 30
5

26. Method according to claim 25,

characterised in that

in addition to taking the code into consideration,

a Viterbi algorithm or APP algorithm is used in the

10 tree-search procedure.

27. Method according to any one of the preceding claims

characterised in that

the first measurement of scatterer coefficients is
15 implemented exclusively with unknown user data
sequences, and that default values are used in the
initialisation of the algorithm instead of the
training and synchronisation sequences.

20 28. Method according to any one of claims 7 to 10,

characterised in that

the maximum number of scatterer coefficients to be
included in the algorithms is adapted in each case
on the basis of the scatterer coefficients

25 previously determined.

30



