" *159159* Method for deternini ng the residual carrier power in a QAM
modul-ated nmulti-carrier signal in the 8K node accor DVB T

" -8tandard The invention relates to, and is based on @@ﬂ%ﬁﬁﬂ% according to

the precharacterising clause of the main claim Th DVB-T

standard describes a nulti-carrier signal whose indivi *W¥A" carriers which
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one 35 %y oq as shown by Figure 1. Within this carrier range,

some of carriers are 2PSK-modulated with additional
information about the FFT mode»which is used, the QAM order,
etc., and these are referred to as TPS (Transmission
Parameter Signalling) carriers.

20 Also present are many unmodulated individual carriers
(pilots) which have a higher amplitude by the factor 4/3
compared with the mean square of the amplitudes of the
aforementioned carrier types, and a rigid phase of 0° or
180°, as shown by the constellation diagram according to

25 Figure 2. The phase angle is determined by a pseudo-random
number from a PRBS (Pseudo Random Binary Sequence). These
pilots are referred to as continual pilots, they are found
at fixed carrier positions and they are used for coarse

adjustment of the frequency of the local oscillator in the
30 receiver.

Likewise transmitted with increased amplitude and a rigid
phase of 0° or 180° are the so-called scattered pilots.
These are distributed uniformly over the carrier range and
alternate their position within the carrier range from one
35 symbol to the next, as shown by Figure 1. Channel o
estimation at the carrier positions k is possible by
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estjmation at the carrier positions k is possible by *@0002* 2 _
"interpol ation of these scattered pilots along the frequency and tine axes,

~.and this information obtained by interpolation can then be used for

channel correction of a perturbed DVB-Rsignal. Wth the aid of the
constellation 5 of one or more QAM nodul ated individual carriers, it is
possi bl e t dnderpeéavapnoos thalenbsatmarpdr@ﬁ&b@@saMmmﬁHjﬁEEméq&ymcy
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re-co neEr?Hsﬁﬁsﬁ s3dgndeafe TEFbSHRAsCArZI LS PﬁeQW@@é3¢@ﬂe on the
i nput si degracbatk-conversion of the received input signal fromthe time
domain to the frequency domain in turn takes place via FFT in the input

stage 10, nggrghg gkg&gngﬂglggg s %ﬂﬁkP%%E% f%g Qn b%Hﬂ arried out by

|nterpolat|on in a correction s Y& scat t er ed
pilots, i.&eCehEerepatheef §c§ws§emepekatsngreccomd&n@edd it heu dvBaTWay

t hat, On tB@anHQQ@DtEﬁnaSHQQa FQ@EeQQEHEC%%EEEylas%%gedggﬁtaqe%l gsition

accordj to Figure 2 in the | ane ubsequent ~ “signal 1874 vati on
deviceigg SfﬂBa?ECEPVBB §F68§m§F§ﬁ§I§r3rérocessed in the frequency

domain and subsequently converted to the time domain
(computer 2) by inverse Fourier transformation (IFFT). The
I and Q components produced in this way are sent, after
digitising in D/A converters 3 and amplification in

20 amplifiers 4, to a quadrature mixture 6 in which they are
mixed up to the desired output frequency with the
components, mutually phase shifted by 90°, of a carrier

signal 5 and are re-combined in an adder 7 and are
broadcast.

25 1In the receiver, on the input side, a back-conversion of
the received input signal from the time domain to the
frequency domain in turn takes place via FFT in the input
stage 10, then the aforementioned channel correction is
carried out by interpolation in a correction stage 11 with

30 the aid of the scattered pilots, i.e. the received
scattered pilots are corrected in such a way that, on the
reception side, they respectively assume the ideal position
according to Figure 2 in the I/Q plane. In a subsequent

signal evaluation device 12, the received video signals are
35 processed further.



35 processed further. 3 A DC conponent U or UQ on the transnitter side, as
'schematically indicated in Figure 3 by the adders 8, can lead to a

- perturbing residual carrier which shifts the constellation, in particular,

of the central carrier of a 5 DVB-T signal, as indicated in Figure 3b
(Figure 3a is the ideal constellation of the central carrier). In the case
of a mult - B&r compogiegrialU;obrt Uy sont yiges tienaeidted €odej efis lies in the
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y residual carrier cannot therefore be identified directly
with reference to it.

It is therefore an object of the invention to provide a

20 method with which the residual carrier power can be
determined in a straightforward way with reference to the
central carrier even in the case of a DVB-T multi-carrier
signal operating in an 8K mode.

This object is achieved, on the basis of a method according

25 to the precharacterising clause of the main claim, by the
characterising features thereof. Two particularly
advantageous possibilities for a practical embodiment of
this are given by the dependent claims.

By evaluating the influence of the residual carrier power
30 on a carrier neighbouring the central carrier, it is hence
possible, according to the invention, to determine and
display the residual carrier power of the central carrier
even in the case of a DVB-T multi-carrier signal which is
QAM-modulated in the 8K mode and in which the central
35 carrier itself therefore remains unmodulated. This merely

requires a conventional measuring receiver.



requires a conventi onal nmeasuring receiver. 4 The invention will be
"explained in nore detail belowwith the aid of schematic drawings with

_-teference to two exenpl ary enbodi nents. In the DVB-T standard according to

the ETS300744 5 specification, there is 4 scattered pilot at every third
carrier position in a transnmssion frane, as shown by Figure 1. The
carriers | ¥PRginnebstiwoemidrie beuegplednedatia moakr idetsi 1Woe owher iaibd of
these scat tRecdiBl Lot Scrihakc RASHIRLS 1A 10Mcqel 3 pertunhed DVB-T signal
by a nethod 10 represented in Figure 4. By neans of this,” the user-data
carriers | §FRUPLALHcEMOSR1BEALE 50 corrected. The correction system
represented in Figure 4 consists of a correction branch and;a user-data
branch. | nIhhéheoDVeeli fanbibadChcdoieipid @ls tok EHgsongani ng multi-carrier

signal are tstly normalised, i.e. ch individual received scattered

pi?ot S igggfgkééétﬁﬁthgﬁfﬁgaﬂspgsff?%%effq P&y afmfeetdr béd & gnal |
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I | ocated.in_an ide osition a nl’y e cen

with thQ pSSPEPGRNESS 4808 oM Fer uPBel B> Ofe TASVASE SREH-SACBy means

of the subseyuértrschyingl inebeteenomren alle icoreepaleat.i ahefilter of the

CorreCtiOnCOQEQEQQOQC%&%Qb%Qr%%r@s B8 ot o &%u?%gwggg%%ggésbéé Byi ng

i nterpol ati on between the scattered pilots _ _ 3
i n- bet weenFeBEPEELPANPEABCHr angl @ ugent-ideited brainch . il ¢het lve reaatiiens

transm ttedrbAchhetheehidatd BraReR anomiheN neakhieched 13 %q?%gqe%r%}ége'
By neagﬁ of..th correction, f exanpl e, the neighbouring carriérs K =
e

ar L Lne . :
3406 ﬁﬁFF?ﬁViBHrﬂﬁ & SEmpie® ¢ GRCEC tingd vi r IRGL0F G BeadBegmcri er k
= 3407 by pitompbexisodiettieanbfacter idé407pokh€ion I,. In an
unperturbed signal, all the scattered pilots hence appear
with an amplitude of 1 and a phase angle of 0°.

In an 8K mode multi-carrier signal, the central carrier has

20 the position k = 3408, as shown by Figure 1 and Figure 4.
Assuming that an incoming signal in Figure 4 is perturbed
only by a residual carrier V, and not by any other
influences, then all the carriers before the channel
correction are located in an ideal position and only the

25 central carrier with the position k = 3408 is perturbed by
the residual carrier. By means of the subsequent channel
correction in the interpolation filter of the correction
branch according to Figure 4, in a known manner by
interpolation between the scattered pilots for the carriers

30 1lying in-between/correction factors are identified, with
which the carriers transmitted in the user-data branch are
then corrected in an adder stage. By means of the
correction, for example, the neighbouring carriers k = 3406
are multiplied by a complex correction factor X3406, the

35 carrier k = 3407 by a cémplex correction factor X347, the
carrier k = 3409 by a complex correction factor X3409, €etc.

This leads to a rotation and compression of the respective



carrier k = 3409 by a conplex correction factor X3409, etc. This leads to
"a rotation and conpression of the respective 5 constellation about its
centre. If, however, the interpolation algorithmof the correction branch
is known, then it is possible to infer Yhe correction factor x3408 of the
central carrier by identifying the conplex correction 5 factor Xk of a

nei ghbour i f§ne&edilat i oandbblud desid&akrecaﬂﬁiemoQOQn-VtQ@nplitude) can be

deternlnedlh@e&BbiaW@$n ahborﬁt%ﬁp f Qe %Qﬁée% %%§§§F§n£9yﬁ%$ n%ﬁ%@ an
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correctlonIEaggthéagQgrgfOhgﬁohgg%gggkggrgtnel %FS%&IF%nlse -data carrier

3407 and by usin e same wn 1 nt Ngded in
t he correcﬂPSﬁrPBﬂéﬁéﬁnaéééﬁéﬁn@5t@Cﬁpgda@thotmagmampMeXW¢dkﬁe¢kkﬁn factor

x3408 of tbﬁecgahéabréééEtQEsC%@ Q%edQBQEQE% %tﬁ%nafgﬁggHﬁ%f 9116 and the
resi du V th is shifting the ce carrier can &n be

carrier t
calculgbedc9ﬁ§FgFF8ﬁlg §n§8heﬁﬁt9@§PF9fYSﬁ6WW E@eﬁqynngdsequarnﬂa;s
assunpt i onthRatotrecmibhi faatoirer x3i gpabvisuspertyehedrexgl ysi vgLby by a

resi dual e I applies for the received central carrier
bef or e thee% g%%&ﬁggcgggéc ygﬁ% %§Eo§a1r1§5§8n$19%HQH¥l§§4G@e—QQ&&qua
signal of FRETéent pAR Ear crRécU128408he cdealkechdsint ifartolr the,Ccent ERb

carrier ascanseatt ea@gleéobgl hﬁftera'a‘ia\(l‘ Sh'fg Ogﬁsn@&% Xg?i%lég’%gi?(fs o

carrleﬁ Eﬁ follomnng urt hernore 't es
the cofPecFPEnTPSEVEF ﬂeFéFﬁ?ﬁééoﬂyfﬁﬁéoéhéanﬂlOf the immediately

neighbouring user-data carrier 3407 and by using the same
known interpolation algorithm as was used in the correction
branch according to Figure 2, the complex correction factor
X3408 0f the central carrier can be determihed in a computer
20 16 and the residual carrier V that is shifting the central

carrier can then be calculated therefrom, as schematically
shown by Figure 5.

With the assumption that the multi-carrier signal is
perturbed exclusively by a residual carrier, the following

25 applies for the received central carrier before the channel
correction:

S3a08 = Iz408 + V
with S3q08 = received signal of the central carrier,

I3408 = ideal position of the central carrier as a scattered
30 pilot, and

V = shift due to the residual carrier.
The following furthermore applies:

T3408 = S3408/X3408

X308 1s the correction factor determined by the channel
35 correction.



35 correction. 6 The conplex residual carrier is therefore given as
‘follows: V =1 + Q= 13408 (x3408 - 1) where 13408 is the predeterm ned
known ideal position of the central carrier. 5 Another possibility for
determning the residual carrier in the® 8K node involves eval uating the
scattered pilots before the channel correction represented in Figure 2. In
this case, The Fompdexmue stilkate la qeemtienbalsi dineire fidre cfiaremelasha ] idws same
effect on both the central carrier and scattered 10 pilots imrediately
nei ghbouriwg=i tr. +By detrgf i ning, the anplitude of one of the scattered

pi | ot s nei ghbouring the centra? carrier, it is hence possible to identify
t he reS|dugI carrier, ﬁubtra tion, the scattered EI|Ot i nedi atel y

nei ghbouri Ag t he é@ﬁt?ﬁl SrPrercERringdgknaus idep epﬁééFﬂP6n°§4GBeor
3411, as indntaeédcamrkiegure 1. Wth the assunption that the signal is
again perturbed only by a residual carri er this means that it has no

perturbgngA bﬁﬁgge & t t r a I = but
r at her gn eBcgﬁggélq% ??%r% ig e ré%%ﬁuaélgglcarrﬁﬁlﬁﬂﬂ%
t her ef or e bBE| égnfnpfjieed“&‘?léfﬁm Iea'@tllué‘ﬁln‘q £hg3408 tLe3340 P ibqiresedibrien

terms of thﬁenehghh@Qrb@ﬁr%@%hb%rQ@p&b%@ht%@QQn FilRifeeSl dyg) gargier Vis
defined as _foll m@ 25 S3405 S3405°71n this case, attention

shoul d be A&’ td&t K& aﬁﬁP@Fdn§haﬁh§s@egﬁ&FQaGFOPhéW ey ichadinedc draser ed
pi | ots. Whtheasambotlifettt ba sb@aht ehed cenltelay 2405 iatd a3l kddrmdicat el y

cay U nUsaRe phS ARALETR LR nEL AR RAT I BV B it e ed

say the sane ase an

pilots 3402m526t94§40%a@@eaO§h§§e sgagite red @llbhmsnmuQMUmmnﬁmbemhdﬂ()

account appeaprhat ehyrit nithe sShghcel pol 8 «ARQYE JoRHTH A+ hE
residual carrier by subtraction, the scattered pilot
immediately neighbouring the central carrier (k = 3408) has

15 the position 3405 or 3411, as indicated in Figure 1. With

the assumption that the signal is again perturbed only by a
residual carrier, this means that it has no perturbing
influence on the scattered pilots, for example k = 3405,
but rather only on the central carrier 3408. The residual

20 carrier can therefore be identified by subtraction.
V = S3408 = S3405

Expressed in terms of the neighbouring scattered pilot 3405
the residual carrier V is defined as follows::

14

V. = 83408 - 1
25 S3405 S3a0s

In this case, attention should be paid to the differing
phase angle of the individual scattered pilots. Whereas
both of the scattered pilots 3405 and 3411 immediately
neighbouring the central carrier have a phase angle of 180°

30 that is to say the same phase angle as the central carrier,
the next two scattered pilots 3402 and 3414 have a phase
angle of 0°. This must be taken into account appropriately
with the sign * 1 in the above formula.

’




CLAIMS: 1. Method for determining the residual carrier power in a

QAM nodul ated nulti-carrier signal in the 8K node according to the DVB-T
standard, which has a central carrier, Léing S in the mddle of the

i ndi vidual carriers, which is sonetines continual pilot and sonetinmes a
scattered pilot, characterised in that the influence of the residual
carrier power on a carrier nei ghbourGiftM$e centr al carrier is determned
and then 10 converted with respect to the central carrier. 2. Mthod

according 10 C Refhdd ifBr'MileGRrrd$iing dhe &%%%H@%hagdy}féﬁJ duldimiand, by
eval uati on s of the ti-carrier signal, correctlon

th ttere pi | ot

fact ors, %R@APﬁgﬁﬁﬁgﬁd mBﬂ&ﬁn@PreéﬁFééﬁQEHl g the B& &QHQG%Q$
mul ti - carr ber tBeghEB-IT's standiaed , Ouihi car elalsd%nfc:cefnthdlf Q:][aﬁrfl%lr I rl?'l\ﬂ(_:fjual
carrierg char e in.that the.correctian factor east one
user - da?a ggr?ﬁ%rﬁ&§§98 géc?ﬁe ln%ﬁV&FﬁggthrﬁéFﬁﬁboﬂ ﬁ%lfﬁb central
carrier isSongEdpesead ﬁpmﬁuﬂuakﬂnmﬂﬂﬁ -yl reenedimes t & - saatteredi gaabt, and
t he conple&hggégegghg@dfggtqman the central carrier is determ ned
therefron1Q i nt ol ation, and then the residual carrier power is
cal cul ated gﬁe?@%ﬁgﬁpcﬁ5°§ et K63 1ddedr g e eodien PN aciedratiear i sed in
that the Cneﬁ)ghboneihduaheca;relh:ctQEaﬁp@\&erﬂeS:l Ga @@It@t&ﬁnger&{anHﬁgélegSSOCI ot ed

redet gpmi ositian of the central carrier and its
ponplegécogggc%gggdfgc?é refpeﬁﬁtHSH% EcGERtRG 1t GaBFd®h 1, characteri sed

in that even before the channel correction of the nultl-carrier 35 signal,

t he conpl ex. powak t ary- of, &a,scattered pilot .
nelghbourlngﬁtng tgFgegggggaﬁggnt%fClgq% ¥ d@ﬁhgh§§§iduaﬁn@éﬁ er power is

det er mi ned* @FBP#BH?B? adgpriibm and by evaluatlon of the scattered
pilots of the multi-carrier signal, correction factors,

15 with which a channel correction of all the carriers of the
multi-carrier signal is carried out, are identified for the
individual carriers
characterised in that
the correction factor of at least one user-data carrier

20 directly or indirectly neighbouring the central carrier is
recovered from the channel-corrected multi-carrier signal,
and the complex correction factor of the central carrier is
determined therefrom by interpolation, and then the
residual carrier power is calculated therefrom.

25
3. Method according to Claim 2,
characterised in that
the complex residual carrier power is calculated from the
predetermined ideal position of the central carrier and its

30 associated complex correction factor.

4, Method according to Claim 1,
characterised in that
even before the channel correction of the multi-carrier
35 signal, the complex power of the central carrier as well as
of a scattered pilot neighbouring the latter are identified,

and the residual carrier power is determined therefrom by
subtraction.



