;e3eg%d ! D'F"#r $6$TW%IS= Description *159159* The invention relates to a
met hod for equalising and 5 denodul ating a data signal t mmMMﬂmwm!a a

ti me-variant channel to a receiver. Mdern data transnisymﬂm es via
time-variant channels (fading channels) are susceptible to iRjsgEe10

synbol -interference (ISI) or inter-channel-interference (1Cl). Channel

estimation and equalisation are therefore required. Conv N’ | mmﬂWods
for channe+e§é{.j_ Lpn and 15 equalisation are based upomm mmum ““I on of
the channel Tnpul se response as a function in the tinme and/ oLgjdhst he

spectral domain. The channel inpulse response is generally estinated
directly using.trainin uences. The channel nodel ugon whi ch the

se
estimati ont ¢ HRYRRHL1RL T OEahRetO ef tHRFNRI cF Rk S8PSL LS SRAgRRAt i ne

functi o, Q@EmSBYLARLAYIE JALA O¥SgRAL NErahéhi B8l eal ¢ fRbayaHShAg the
conventional tapped-delay nodel.” These nodels, and therefore also the

associ at edckarient tona neet@eershare the di sadvantage that they do not take
into consideration 25 the geonetry of the scatterers causing the
distortion. In the context of nufti-carrier nethods, e.g. OFDM different
Doppl er shiédernndabe thnshsmilsaloshpnoetdpaédisvigatdihe-v&tiahte. a given
carrier is influenced by 30 adjacent carriers. |If the real channel

conpri ses SRYRP&IS phfrdingtphanpets brake TRPPERFLIRKSTEC AnEBHVent i onal

net hod;gu t L, €C ! i e~£h _MNha iis i onse
cannotu§Lt€¥ﬂ$%g %%gégfdl ?géeﬁis%gp%fe?ﬂgﬁ#f¥2$n%%%o%ﬁ?%gf§?éﬁ g | Cl

persi sts, &RAI} heChaueeleestim8ttannand aehialbsapionuareetkpteborand
processi ng_of the,signal. Conventional understanding of the tine variation
of the 5 ch&Alef?s based upon the assunption, that the inpul se response of
t he channel between the training sequences

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 to 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



changes only slightly or in a determnistic manner, and that the channel
estirmation and tracking algorithns used converge adequately. 10 Wth
multi-carrier nmethods, e.g. OFDM it i$ inplicitly assunmed that the channel
i 8 constant over a OFDM bl ock. For exanple, a nethod for the equalising
DVB-T based on the assunption of constancy is described in BurowR, 15
Fazel -K; Ho@RRPt PACK] QViR- @Rt kKia® npeee Pt it grr@bRr Peesdbegt 8bntie Ruf - M J
"On the peéggﬁggyce of the DVB-T systemin nobile environnments" |EEE
G:OBECOM | : th very rapidly changi ng channels, the nethods 20

descri bed above require a rapid sequence of training sequences and/or |ead
to a poorer convergggie of the channel estimation. Wth nmulti-carrier

met hods, cHPRYSREY ru%d%¥%E%?dé%gn%ﬁtF%ﬁeHl%%oW%fiPEiﬂB Pbngee
guar anteedeh ARfei hes PEEEO4 NBHGE Phet st@gﬂs‘a@éﬁ, deght Dgléggiﬁggﬁgger abl'y. The

obj ect of the present invention is therefore to provi od for
equal i si ngraspodeepdfll Biné nghannat abetygean thansmainedgvéagaenceas- vari ant

transm ssi Q. ch el of g's ki nd mhic? avoi ds_t he above di sadvant ages
and linita ﬁ%ﬁgegeéﬁﬁﬁiﬁgl?ﬁ i%r%ﬁe%?i%sd% StRE" tRhnRef Rt g %ﬂgs obj ect
i s achi evethat the &rRshsedfeatimébodn andatcacking &dgbhetpneanbbe of the
i ndependent claimby its characterising features. Advantageous further
enmbodi ment SORYRLgef fAeduaket¥ie dependent clains. 5 Wth the method
accordigg to the invention, the channel inpulse response is no |onger used
for channel estimation. Instead, the so-called scatterer coefficients, that
is to ;ay,Wihb pohpiexavaieedndOhads eneagi odFDMheideiayimpilithelPoppl er
Shift in the GhaRNeha« 2L ge U88%hnd o1 L CELESELOR 0 0L - % SbFBR! b1ock.

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-0O; 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.




“channe

transmtted between a transmtter and a receiver caused by so-called
scatterers have a causative influence on the quality of the transm ssion

channel , as described for 15 exanple, ©¥n the book by Raynond Steel e,

"Wobi |l e Radi o Communi cati ons", Pentech Press, London, 1992, Section 2.3.1.
Scatterers of this kind, such as buildings or vehicles, distort the data
si gnal trahRHstekiepet ibenchheved aprnthecbaghg ehearbethodr. Scatterer

Soatterer, “asePalla rs, L TaRedile I EReCSadbhoRt IR LR Fipa i gra

can then behenaatésedingdféatatéy. drtrodnt agedus Acaptléngetboliigenhbyent i on,
t he channel gragerties,are therefore defined by these scatterer

coeffici enfES GRFERC251R abDBelRERART heBl# A8  si npl e manner fromthe

di storted data signals received on the basis of the follow ng description
The invention will be described belowin greater detail 30 with reference
t o schematWetlr b nysthéd exenptaiyg ehbotheennvenThen dr tine ngsannelas

fol | ows: i 0] fi%U£e 1 shows_the mo-dinensiOﬁal aﬁranggnent of the
scatterer Wrh the %?g%?%?i%%dn?b%%P%?er%aﬁe 2f 5 48 del ays; 5 Figure 2
shows a segstimbteen. FIgetead, Sbovssa-taEEedestyedefepm the search tree of
Figure 2 taking the coding into consideration. 10 On the basis of a
tmo-dinens?%ﬁﬁgl$%%nﬂ§'FFB@Feli §PoBRY t hEhei Gereiesayabnedf t he Doppl er
frequensy de ot 0t t SHL SSA el f vari ous
scatte?grsgg%ﬁﬁgag?gﬁhi%ﬁge%?%g%ngg?i%ﬁgcg%ﬁg%ggiggg?ﬁy£&59%%nverted into a
scatterer ohannegls aréhuséd. sThet refliecoedbhscoEnassSinak), as used in the

- foll ow ti 4). Th i Ci f th trix S t
Lhe conpl ok YaPIBHCat BAEAETBne F CRETCRHBF | P00 aFACRRASE) Cathgd

quantisatipp k6-£he188! s¥atteLets ORalea8dchiis20itBei PEPRLRESBAT thdi rection
fd depends on_the channel and the data transm ssion scheme. The maxi mum
val ues K f@palhbydpEckeeectranamniasipscahdoppl eraghfescunbde for the

di screte, di sed I resu ysigal . par rs of the
1 SREHAREC! BECLHE, Bl B kbR B8Py S B8P BLRTELE T Ction to
general i tyComsefutatbonstie Beabétkhabress| nLoheodel ayodi rsettoonand t he

Doppl er shift direction to be equidistant in each case.  If no physical
scatterer 6céuts PERLECHPTENCENERYS FhBA.t RECROPPeBPdhELAGSsREtterer in the

gﬁ;rgﬁdgiegéﬂp&ye§9 §e6tbPrZ€h8- aktAUEBghasheMEnbhYEL8G2DEENEES, tRE Whi Ch

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

embodiments. The drawings are as follows:



correspond to the position in the scatterer matrix; in this context, the
nunberi ng begins with 1. 11 The symmetry with reference to the Doppl er
shift (positive and negative values) i#® not necessary a priori; it is
dependent upon the channel. 5 As a result, this physical nodel takes into
consideration the geonetry of the channel propagation nodel instead of the
pul se respbhgerse This shonettie twerdingnd wrahlsoratgegenayof @l t he
Doppl er shift fd alloc d ..10 rel eyant scatterer emai ns
practically constant f%éae%%‘%%}cngln]}fytkf onaéfspcerr?% s‘?gblg%%%g%rt he transmtter
and/ or receiver cannotfrayeerdied aididépdysvel ocity and/ or cannot perform
changes of novenent at an arbitrary velocity. 15 By contrast, the inpul se
response of the channel can, in principle, change arbitrarily within the
perm tted phygigap bo des. cdhewisgdet e i npul se response can be

cal cul ated ffomthe conplex scatterer coefficients S(mk) 20 to give h(m

i)=1Krr~lc~ ~Z~-NMh(i) _ ~h(i, m mO0 (1) 25 In this context, Kis the
[ Doppl f ' is, t ' i f t del
and 15 {RESGrRch ot UM o VAT TELYSH ok, iR Set i fectd ing

di screte inpul se respomsgued 2 healehannede idod ey timEo domain. It is observed
over the length N. 30 The tine-variant continuous inpul se response of the

channel h(i,t) is physSa$iderstiried in i and fd. 12 Accordingly, for the
scatteyger function, S(i,fa) as the

On the basis of a two-dimensional field, Figure 1 shows
the discretisation of the Doppler frequency f4 and the
delay 7 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.



Fourier transformation of h(i,t) over t can be set to S(i,fa)=0 for

i >-infaxr ~fa~?fa, max By analogy with the sanpling theoren1 t he i nmpul se
response h(i,t) can therefore be 5 preskented conpl etely through sanpl ed
val ues mnthln the frequency domain, so that (1) is obtained as a discrete
presentation of the channel. The maxi mum | i kel i hood approach for

determ ning the 10 scatterer-coefficient matrix Sin the tine donmain is

obtained b L S f ' expr [ rding,.to the scatterer
coer 1 oi ently SRRELER bren SofprbRge CEB ERE BBpREEE, hOE:)0) 02 STE
this contekpositive &n@lhegatyvassmheds)thatnbhenécaasatytedpdabai$ynbols
d(i-m are, Fnomn é é ﬁ ng#e of the_ signal received. 20 The vari abl es
r(i) and di deRenden eﬁpﬂPt f tR&"Efhe dommin. The data synbols are

ei t her 9ssuned to be known directly as a training sequence or they are

determ ned fromthe 25 signal received using the nmethod descri bed bel ow.
The scatteﬁérac§%$ﬁlbrehhssanY%%@@br@9ﬁ9le§@kﬁateﬂtbnc@héldenetdgnaln with

data trans gge?ggﬁgn8§ tM@'SHaRRSif% C§5§Q£905hﬁﬁggﬂﬂlggggﬁgKoguch

met hods i nclud 0 exa sin I er

modul at i onthe pu1§e.fesponhescamblgfgauﬁétryaranerthegéabﬁemalboknomn
transmtted synbols, the estinmation could also be carried out wwthin the
ti me domai RhebéehayeT tand timAoppien shifital f4 oldosdtedsIbp kiewn. 5 The

o244 1 SSGFUR; CB0abEa Lk LAMS,ECUELOBLAL 0D HOLERNRLL PRL(2), 1 L1t
type used, sopfiobahtyywibdhgppetialis| espoaagepvhsetshaphngtehanaghs
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:

hhmﬁ————-zymﬂy

h(i) = ih(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.



10 with a large nenory, i.e. with a |long pul se duration, can be equalised
by a-correspondi ng choice of the maxi mumdelay M In this context, the
duration of observation Nis naturallylalso of a corresponding |length. 15
An estimation can be inplenented in the frequency domain in a sinilar
manner to equation (2). In this context, the follow ng equation is
obt ai ned: Atgondingly, - E@enthke 2s®therer fulhionk)S({mMq)kee Mhe 3 ) n=0 ~
k=-K nF0 20 The variables R(n) and D(n-k) shown in (3) are defined within
the frequefRYrHovatranghernzhioeref Robff st st fan frefwdaty esti mat ed
in 25 the fre ngy domain w ta transm ssj on schenes, which operate
Wit hin theéﬂ' éﬁc;f%ﬁ%m:f' E{}J%%mmo%ﬁ’imkﬂﬁa\{ Wigr anpling
mufti-carrj e S ' VB: T 0 for an
estimati onh\?\né?%%ﬁ' t”ﬁ’iet#ﬁ g%%acf%%%éegd%[]g’%%%q r%grf%orgean&zar ry the

si gnal 4 orprefethbted nocbbétohyt ypeowgkds appes@nt&ueésd Hbtsigophext, within
the frequency donain. S 14 As can be seen fromequations, (2) and (3), for
t he estinaf?%ﬂu%?cﬁc%?W%+%r t0ckRr?ti bhi sistphteinpdndtt addéafaetfe assuned

to be knowyyeJdbgt £61bHBLEOPHhL SckhALEd 5 out over N sanples in the tinme
domai n and/or N spectral conponents in the frequency domain. Normally, at

t he begi nning of a data transm ssion, a known synbol sequence is
transmtte which is used for 10 synchronisation. Follow this, in the
cace of unihevehret LEEEHEBtod RRUPERER VP i€Perhori kB ee i on o
the channetcabtéper-vbébf ac D6t t HapskSSi On he SYDREr @Bhsahi 98 i nformation
or training synbols, reestimte and/or adapt the convergence behavi our of

the 15 estPhRBRiBRdahy PERERIAENGI Boei Ak owERY nBXPHASHIOR hacserdiRger
coefficientg {ﬁegiéégf@pgy ﬁgéf%fgi His by means of a recursive Kal man
a m in

algorithmor an gorit Irch, after initialisation with the 20
known synbol sequence, the channel is tracked with initially unknown
sequences. An RLS algorithmfor determ ning the scatterer coefficients
reads, for yg jor

y r(i)——\/%_-fd(i—m)fsm,k)e Y (2)

i=0 m=0 =—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.



exanple, as follows: as K(i)=P(i-1) DT(i) (D(i) P(i-i) DT(i)+wmi) )-1
P(i)sP(i-1)-K>(i)D(i)P(i-1) (4) e(i~i-1)=r(i)-D(i)S(i-1)
S(i)=~(i-1)+K(i)e(i~i-1) 30 In this cobext, K(i) is the Kalman-gain, P is
the prediction state covariance matrix, Dis the data matrix, which results
from (2) and/or (3), wis the noisecovariance matrix and S is the vector of
the estimaiedtBeatdeecpfcoeliticrenrserwaighatesuits knownthe v 15

ar rangenen a i i vector fromthe matrix.S, r(i) is
t he receiv%ﬁ?ﬁgéggFéﬁ %%§%§F§Vaﬁﬁg %%?%ﬁgg%ggrgaﬁg%cglﬁgng?nf?rfl?g t he
index in thettwiehin thequemeydomaent i becabsdhehsethadsmobsiesursi ve
estimation are per se knpwn and, have been described, for exanple, in S
Hayki n, "ABAPRRYel®i PFRYLI9RBLYyKNOYRt Edition, Engl ewood Ciffs, New
Jersey,s Prentice Hall 1986. 10 It should also be noted that the RLS

al gorithm described is only nentioned as one exanple of a |arge nunber of

di fferent EhboubdehationsSseheme che bai takéneshtontbnaidéraheoohannel using

trai ning synbols, a,guxinu i kel i hood, (M rogch is selected, in which
ni ni ni sati 9R"F leﬁrﬁ?gd 6ﬁgkﬁﬁbtkbee§ﬁﬁ%i8%@g§gf gzﬂ'TZ)c?BFyuﬁ fiown dat a
sequences g@eévaht POgahDI eofit af SEHYENE851aRdoA1LypeSEERLE arrangement s of
20 scatterers. A tree-search Erocedure can advant ageously be used in

conj unct i oRPHEPRRLKE WhbRneRresalnesPANSENPLAPS EbAPERY; Sharpehg fromthe
channel, est.i pat ed; wi nc 0 {he.2 I Nj e a hway in
o oot o BEFR ELLAELE, RERSERLTE L0 kRENTR, 1ERLDLRT58AHERE Fon, B2
sequences. bd efaahibedsbynat conrespondingdchoficai b the makimaii on of the

scatterers for each_of fhese t hway and a netri¢ is calculated according
to equatioﬂe$§¥ gnd?ﬂrtﬁéf.c ﬁge§€?d§Pﬁ EBEGEHBE ﬁ?tﬂg?ﬁﬁvﬁﬁéPnngtric i's
presented as hheudalaysguygnse whtehrB3soRaPRgbl¥nhern received. Because of
the ML approach, the netric is knowmn as a M.-fretri C. :

15 An estimation can be implemented in the frequency domain

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

following equation is obtained:

n—-k 2

R(n) - —11\7 f MZ—ID(n —B)Smk)e "N

k=—K m=0

N-1

2,

h

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.



16 I'nstead of the netrics according to (2) and/or (3), which are determ ned
in one block over the entire observation interval N, an increnental netric
may al so be used. This takes equation {4) into consideration as follows: 5
)= ?2(i-1)+e(i~i-1)(r(i)-D(i)HS(i)) (5) This tree-search procedure is
illustrated schematically in Figure 2 for binary synbols, ~ (x,...Yy)
denotes the 10 netric for the assuned synbols x..y, S denotes the matrix

for the scatt r§ad } r e a pat bhway. . The numnber of
i'ndi ces inﬁ%cgégsﬁ?h§é§%g¥ﬁ8@fé§%%£?§%%;k?x ?ﬁ% géihp?%? Egeto a maxi num of
t hree. Theeatlimétbonl 6f seakedrpatbvaffibacacsertsesttnshéstegat hnay

sel ected 1% via the metri¢ at the noment. The algorithm described is a soft
out put al g ?F?hﬂfemﬂ?%ﬁweglBﬂgg?dgn?ﬂ%°dﬁﬁ%dﬁ?ﬁ% ACHIP alScGATEIEY present a
qual i tys megsHr 8véer Nt 8emgeapduhath@ntifet 86mh OhMuRE/8r 2R BBLELEal
Accordingly, it is possible to present not only the data sequence

det er ni nedc@8PehenEdsinpEhpabrequeney afemaliess probabl e sequences.
Processi ng stages, such as decoders connected downstreamin the receiver,
can contain additional information, which has a positive 25 influence on

t he qual i tyoohalkgepatonhel beggbnsingnoéra deveratadahssseégnenges can
continue to be processed in the subsequent rocessing st ages,. a decision

about the 5RPWAI S¥BBALNERANERESVLE EE?ﬂﬁmhﬁg%dopW9i§ _é?t%?ﬁﬁré@r. _
Mor eovy E?ﬁcﬁ?éﬂQQaE§8n?dyéﬂiéﬁﬁﬁgskﬂig? SRTRhBeda ¥kt BrauiRA¥RHUL T Onal
code or a block code as a single code or
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)+DY(i)(D(i)+P(i-1) DT (i)+W(i))?
P(i)=P(i-1)=K(i)-D(i)*P(i-1) (4)
e(i|i-1)=r(i)-D(i)-S(i-1)

S(1)=8S(i-1)+K(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



- denodul ati'on an

- denodul ati on and decoding is a

internal code of a concatenated code structure. , T 17 Presentation of
convel utional codes and bl ock codes in the formof tree structures is
al ready known. A code acts on the abov& nentioned tree structure in such a
manner that not all pathways, which would be possible if the 5 code were
not taken into consideration, actually exist. Accordingly, when code
i nfor mati oRTFangaBeREeaf Bhereeabterears kind hineanoveebarafrnomitheat hways.
Thi s conbi ' royj des. coppin el i TRt | 0 | i sation,
I T S e R0 e R
Al t hough t it smeedhoflréguahcpgadymainyp, iiis tse indernjnnehéodimet Brt he
determ nation of the scatterer coefficients is novel. 15 A tree derived
fromthe eXxBRPPENGY 1EBFEIONts illustrated in Figure 3. Conparison of the
two treges shows that pathways determ ned by the code are nonexistent. 20
Wth multiple-value data synbols and/or |ong data sequences, very many
pat hways otbermethodg ofiereocursévef eptbvasiongaréoperash bhowhi ghdt he
metrics angd_scatterer natrices as_well as other_auxiljary paraneters for
t he algorigﬁﬁé Rosh %%S%ﬁiéﬁﬁatg raﬁﬁa@Pg?éd}nTﬁe ﬁﬁ%é?’ofgggp atfivays can
be reducedribterdeheboyl pss¥n Edie ibur, dengalewodldc gliatfifen ames; vRPakRY,
requirenment. In this context, the total nunber of pathways is limted to a
maxi num nuRBePt1GRI BALdep@BBs on the available cal cul ation capacity and the
menoryg equi rement of the receiver. In this context, 30 the known
metric-first, breadth-first or depth-first algorithns can be used. Known
speci al nefhogkotdd afsal bsanvbadwthatatheeRLSeatgbrptbrnedaserhhed
disadvantages ig t he gonteﬁt of channel s %8 mgth Ioag anul e responses,
in which a*FaPBey pPopbreieh 3% PRE &RETEYCoPLaddfhISyABBPET sOfi sposed at
the end of di heeishyl smbbesRENES., SO that this energy is not included in the
estimation of the received synbol. In this 5 context, the entire inpul se
response nust either first be waited for with a correspondi ng, additional
del ay, 0r }j S e. [ ; t th g Lt estimation
ot hoat i ECBE LR hERRY BREIARERUR of MERUIOn AL O0Pbe The i ot
vari ant, manyiaddgt spmhblpat Avagtinanul iké0inbodh(khayeapprbachnékuded in

t he conputation ven if_they are rejected, afterwards. If the nmethod is
used for gERLPaFedndiBnkROR BABRLFSELPReL oRpHT APROALENLSE thPuays Use t he

maxi mum chagngt i bARUL 5§ hﬁagiﬁz,féEduhﬁﬁo@hgeétEhgbaﬁéhcégebeé9r81@?
designed for this in advance. 15 The nethod according to the invention does
not avoi d PResebdesddtansagusnaepr pbdi alHopeseiblei apccanpemehsanel s
nodel | g4l 'hgtggggggnce to the scatterers, the maxi mum occurring del ay, and
therefore e drnension of the 20 scatterer matrix, can be neasured by
determ ning the relevant scatterers. Wile this maxi nrum | ength nust al ways
be taken into considerﬁtion in the context of the known nethods, the nethod
[

accor di ng fotfRE-PRALAL BROSPABRE CRB ARXPRUAFABPEYYoPet HESEhaRnel to be

appr oachedcdhjufic@Road@RthVenBBRBAghne@Ndst RRaREERSSRRY tHEkA¥%ohRext ,
dj usted accordingly. A long additional delay

in the denBgaratnenfsea cbei aAjabrednestamessdamytbnirpfenespecital tbkannel s,

i n whi signifLcan recrs Lt h_| delays. 9 nce,th eonetry
of 30 fhe Seatpndybegahbey Pl p Attty b e SRder IS RAT: BR BY The
scatterer meteixecafiobeenntr edstticagapenvéby dhta segukares.wath | ong del ay

occurs. Conyerse a scatterer of this kind di%appeans, t.he di nensi on

Ly, if
of the mat FPXPBSY BEABASEPNels FAUAGEH. out with the estimation of

the scatterers for each of these pathways, and a metric

is calculated 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.



r . 19 The deci sion can be represented in terns of a fornmula based on (2):
5d~»( 0. . NL-2) z __argmnN'"1MK-~2~Nd(O.NL-1)d(NL..NL) ~
r~t~- ~ ~d~I -m~ ~S~~Yhk)e ( 6 ) S(mk}6i=0 mO k=-K In this context, L is
the necessary delay. The mininmumis deternined for all possible data

hypot heses_d and all 10 possible scatterers S. |In addition to optim sing
the di mnensiBRteRdtAE thatPeEEiCchuaerRrdine Eef é2&naBdferdéBay, whhehmaxi num

Doppl er shi k c o} pLi,Qi.s Ln_t of
cqual | si ng enctSEaEatfidaral GhachRBeRrbill the cReile BB5ERNRE bICY data
can only canserv&l Np asheit¢remdhtattimebrithatyi 8156 Bayusddt arhignsmtted
in the pas# 'nfluence,datz &ransnitted, t a later tinme. 20 Because of the

| Cl occurr ﬂbeﬁnegﬂﬁt%?ﬁq &hcy N HBNEPRS WABRaFERR| P n§OMiPYFicarrier signals,
e.g. OFOM a given carrier can be influenced by adjacent carriers both in
the positive and al so negative frequency direction. 25 It nust also be

t aken i nt o?&tevuht ithat-ed idyelli)c (cont)-pyai®nipj the calbjers occurs in the
frequency domain. This cyclical continuation can be taken into
consideration in the data matrix D, by defining the data 30 synbols D(n-k)

with a negahiyetr86eseQe6H! prbdeliirequat i DMubBratedaseleMNitiBatlhg cont ext
of considering long delays 1n the channel inpul se response when processing
in the ti nendBhgiine 2hferi hfihaencsymanlbe Lékeny) nlenatesutheand

conpeniated b¥.ingludiﬂg "futurﬁ" evenis, that is, data 5 of higher
frequehti e¥e* hfobgh B EorPeYBs d?ﬁﬂ?ﬂ Paj-of / t RedBBEFSFORBS WBFEHI so, the
scatterer HB%FtKeC§8a@€e¥éfseée@éﬁﬁlhé&'iorAghéUEEQGGHﬁtdﬁﬁgﬁWSQ.fOr

In .

multiple carrier methods is 10 achieved if (3) is used
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 wvia the metric at the moment.

The algorithm described is a soft output algorithm,
which, alongside the demodulated data, can also present a
quality 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.



The .net hod descri bed can al so operate without initialisation based on
traiming sequences. In this case, processing is initialised with default
values, e.g., the 15 matrix P from (4)1is pre-defined as the unity matri X,
and the scatterer vector Sis initialised at zero. The algorithmw || then
generally converge nore slowy. Furthernore, all possible starting
conflguratP6ﬂ§eﬁ§@t%ﬁ@ @étgogéqh@héénﬁﬂs@oﬁeslﬁndubédckzoodeszinC1|glnaI

o e el BoEn ] OF eeual LokRg aPds IPHTdYE LAY O ACNRY a RNl

fransmitted g o5 Chetyeti 3R annel rfEES in that

t he scatteoﬂrtheeéﬁoceeméﬁtiahé&nﬂﬁéeOﬁtrdetayeamd bopp! ermhhgguency) in
the recei ved data si?nal 10 whi ch cause S|gnal distortion in the channel,
are measur BRAFnPPhedFbcRATRVAYEndWhAER YPBlAaPE BPERAPLESiEqLERI sed and

then doymdebabederb! fot hedkes: 1 HEbNOGn2Ea0EHL NNl Caltabing d3schar act erised

in that the neasurenment of the scatterer coe nts a e equal i sation
of the dat&csbydanginkewhehacedei ihfornheionnmesdonainded) 2. theehod

accordi ng . Cl Ln12 aracterised by.its e in the context of
single-car%ﬁé? 34 W%gﬂsﬂ? s?%ﬂégﬁﬂeﬁéi.pﬁgﬁﬂéyﬁkthod according to claim
2, characterised by its use in the context of nufti-carrier data

transm ssion procedures for receiving known data sequences (training or
synchr oni spi®nceuhieatsey . PB@VSdeR@FQEBlQE@o@H@ﬁge@oeétamﬁtlon,

char aci@ | sedli 0oLb3bn, alRoliealbasUARITRCB: e SALhergr coef ficients

and the equalisation of at a S|gna he frequency
domain. 5 ﬁefhbrbddtacasrHsaguéntthalde5odmhgfacAEthsedhbthEs use in the

cont ext of nggtl-carr er transn135|onn€rocedures 10 7. Met hod
accor di ng F8tARY bRed Fe? 8 RR¥Rdi hGS cREP el cRARABREFiQBAVL ANt hAe

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 long 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 memory 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 scatterer coefficients are neasured via a maxi nrum |l i kel i hood criterion.

15 8 Method according to claim7, characterised in that the

maxi mum | i kel i hood criterion is deterni®ed fromthe Euclidian distance
bet ween the received signal, the scatterer coefficients and the signal data
20 denodul ated in the receiver. 9. Method according to any one of the
precedi ng ¥iiPnonghamaELEr 5€8PPASERat iR5Whirhr 8t laESUPEARALLOPNL he

scatterer etfLCi i §¢l n hth t iL.§t apc f known dat a
seguence (??a?%%ngﬁg?égyéghggﬁgggt%gﬂbégqggnggfggﬁga %@tﬁgg 5%80? ing to
claim1l totBe 3fipuharacesposed,i not bhttt hhiki eabrgpassr esentnefiutiba

scatterer coefficients s inplenented bl ock-w se over an_entire data

sequence. % gkﬁseig?mﬁ%%RBSBQCnEFdFﬁﬁeEBe§n§Y8H8 of TBhé&BpPecedi ng clains 1

to 9, charaeheeksgdtha bhatra EQbHEBeakGQthQ%EhﬁsHS6@thé?r@Ek!@'%efor the
S. :

5 nmeasurenent of the scatterer coefficien 2. Method according to any
one of thevwpiteddfay wiahns ¢orsesposdangct addsedonalt Halagd ar it

he seat t cPart o8 FRkEantA%hsb8ebhAn EREebbE Rhul B bralnebtopatooiis

charact eri sedhbtst hatht hemsdalilengr o€oehései enrsudatesmuBedoliBet he first
measurenent_.are used.for receiving the associated user data, wherein the
data are eldiPi §88 ShYSHeHBdtPRFed™BRYCRIGLEACBREr PARNEAYFr BCHEEA 20

sequenge, @H@chhﬁsvgheossat&ﬁ&@ﬁdgaeiﬁiEhsn&amgﬁg§u&sﬂ,iavgne-%irst
measurenent are corrected wth reference to th at a equallseé and
denodul at etthew ehesrbieckedi sétauwaeds . 25f14heMpehbddadsondedgfbo any one

of the pre i clLai,ns. . characterised ipn that th catterer coefficients
deterninedggﬁe?g% ?ﬁ?s?hﬁgggﬂrghgﬂPegﬁé gggqchpugéiéngn8u?ﬁe associ at ed
30 user dahawayheﬁgbnthbemaﬁamhﬁr@haﬁﬁéﬁfEﬁFambé dehgeRAknednynthbe first

measur enent _are corrected according to a Kalman or recursive-|east-square

al gorit hm ®it@RriEher BHEE therméoyat heedasaipsed 4RY sBABddhapdyance.
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
occurring 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 td 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.



M 3 24 15. Method according to claim 13 or 14, characterised in that a
treexsearch procedure is used for correction of 5 the scatterer
coefficients and for data denodul ati onl9wherein, the scatterer coefficients
and netrics are determ ned, in each case, for all possible data sequences,
and those data sequences, which provide the best maxi numlikelihood-netric,
10 are then selected fromthe tree structure. 16. Method according to claim

15, charac i LB th t oefficients_corres ding to the
15'selecte%ﬁ%eéggég gﬁsgéﬂe§§e§8§%é8u5é8 tﬁﬁ@@qﬁgn? 386§ngat|on and
denodul at i based7onMe2heod according to cIa|n115 or 16, characterised in that
20 selection of the data sequences is carried out block-wise for the entire
dat a sequence observed 18. Method according to claim15 to 16,
charact;rlsgd 25 the data sequences are selected after a
predeternlned paf may bepth of the tree has been reached. 19. Mt hod
according to claim15 t , 30écharacter|sed in thatya metric-first

al gorithmLs U SERIMHTH th sea r . 7 hod ac rdlng to
claim15 to %&"HW”-L V3L ﬁir 2215( d%ls %{@fl,c)zea efadt h- f| t) al gorithm
is used int treesear rocedure 5 21. Method ac rding to claim15 to
18, characterised in that a depth-first algorithmis used in the
tree-search procedure. 10 22. Method according to claim15 to 21,
characteri $adthastbantext, 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
continuation 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).



t he pat hway depth and/or the nunber of pathways is varied adaptively in the
treessearch procedure according to the scatterer coefficients determ ned.
15:23. Method according to any one of & ainms 15 to 22, characterised in
that the netric value is also presented in the output of the denodul at ed
data sequence, 20 24. Method according to claim15 to 22, characterised in
that in ad®¥ftiBnthe FARtEREaCEcqORPEEEHing LABIbESEanBxiAuERRI kel i hood
metric, ot X% = d c LLh:a next-hest-] kel ihood
metric areggfggggrgg ﬁ?%ﬁ.E%gpgﬁééﬁgﬁggcég?ﬁ%%glﬁg gﬁytg§e£5ﬁbclains 15 to
24, char actemased thishahfBlembencarckéviaigedaintei gnabsntoded according to

a code, exclusivel fa sequences rrespponding to valid,code words are
i ncl uded iHOTREH??€%8§B¥rtﬂggP§&88u§g9£ur§9'ex?gtie E%?tN%Fhogaﬁécording to
claim 25, @banaghefi§§dqhenéba§,iehaédg§ianéeréa bhAgihheqeode brto

consideration, a Viterbi algorithmor APP algorithmis Used inh the 5
tree- sear chhprdeedaiens27Hexpt Abgoactbedpagtteranymahsisf cahebpr ecedi ng

cl ai ns cha&gg&g&iéggﬁ%ﬁgéggt the first neasurenent of scatterer

coefficients 1s 1 fed exclusively with unknown useful data

sequences, and that default values are used in the initialisation of the

al gorithminstea t[alnin? and sznchronisation sequences. 15 28.
c

of th
Met hod acc%?d?ﬂ@f?goﬁﬁygﬁﬂésb?n AF nBu7tiBleoCaERAPLCIEFNSEE £A that the

maxi mugp nugbgriepbasecat {gyefsceebhi ¢hepts.to be included in the algorithms
is adapted in each case on the basis of the scatterer coefficients 20
previously determ ned. .A& A@.A&R Al 9. A A . A&@ A&@ A

S. AY, 1. ASGASN EPnohY e b8rinby Eahl Q6D B3R £8 18513 M
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
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Y 109%& ()-f 109%& ()-S 10%& ()- 10" 10" 10"8 10% & ()-T5 J M dEb@ ;

' @0%; () 3], 10%igb L pba 1080k hgMOYBL )92, 10% () -1 10%& ()-M
characterised by
its use in the context of single-carrier data

transmission schemes.

25 4. Method according to claim 2,
characterised by
its use in the context of multi-carrier data
transmission procedures for receiving known data

sequences (training or synchronisation sequences).
30

5. Method according to claim 1,

characterised in that
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characterised in that

the scatterer coefficients are measured via a

maximum likelihood criterion.

15 8. Method according to claim 7,
characterised in that
the maximum-likelihood criterion is determined from
the Euclidian distance between the received signal,
the scatterer coefficients and the signal data

20 demodulated in the receiver.

9. Method according to any one of the preceding
claims,
characterised in that
25 a first measurement of the scatterer coefficients
is implemented with the assistance of a known data

sequence (training or synchronisation sequence).

10. Method according to claim 1 to 9,
30 characterised in that
the first measurement of the scatterer coefficients

is implemented block-wise over an entire data

sequence.
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iteratively for the measurement of the scatterer

coefficient,.

13. Method according to claim 9 or 10,

15 characterised in that
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

20 sequence, and that the scatterer coefficients
measured in the first measurement are corrected
with reference to the data equalised and

demodulated in this block-wise manner.

25 14. Method according to any one of the preceding
claims,
characterised in that
the scatterer coefficients determined in the first
measurement are used for receiving the associated
30 user data, wherein the scatterer coefficients
determined in the first measurement are corrected
according to a Kalman or recursive-least-square
algorithm with reference to the data equalised and

demodulated.
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10 are then selected from the tree structure.

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

subsequent equalisation and demodulation.

17. Method according to claim 15 or 16,
characterised in that
20 selection of the data sequences is carried out

block-wise for the entire data sequence observed.

18. Method according to claim 15 to 16,
characterised in that,
25 the data sequences are selected after a

predetermined pathway depth of the tree has been

reached.

19. Method according to claim 15 to 18,

30 characterised in that

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

procedure.

20. Method according to claim 15 to 18,
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10 22. Method according to c¢laim 15 to 21,
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.
15
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.
20
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
25 sequences with a next-best-likelihood metric are

also presented.

25. Method according to any one of claims 15 to 24,
characterised in that
30 when receiving data signals coded according to a
code, exclusively data sequences corresponding to

valid code words are included in the tree-search

procedure.
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characterised in that
the first measurement of scatterer coefficients is
10 implemented exclusively with unknown useful data
sequences, and that default values are used in the
initialisation of the algorithm instead of the

training and synchronisation sequences.

15 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

20 previously determined.



